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LOI NOI PAU

Cuth sdch “CO CHE VA PHAN UNG HOA HOC HUU CO”
nay duge bién sogn trén co sd cudn “Cd sd Iy thuyét hoa hitu cd”
(Nhé xudt bén Khoa hoc va Ky thugt Ho N§i, ndm 1999 va tdl ban
ném 2001) nhdm b sung thém nhitng kién thitc co bdn va hién
dai vé lién két hod hoc, cdc hiéu ing cu tric, hod hoc lgp thé,
nhét la cde cd ché phén ing cu thé trong cde logi phdn ing co ban
clia hod hoc hitu co nhu phdn ing thé géc, electrophin va
nucleophin; phdn iing céng goe, electrophin va nucleophin; phdn
iZng tach; phdn ing chuyén vi; phdn ing nhiét va quang hod; phdn
ing oxy hod khit.

Cudn sdch dung cho sinh vién dgi hoc, cao hoc va nghién
cizu sink dang nghién citu vé hod hoc hitu cd va c6 thé lam tai liéu
tham khéo cho cdc cdn bd gidng day va nghién cttu vé hod hoc hitu
cdad.

Cudn sdch gém 15 chuong duge chia ra lam ba tép.

Chde réng cudn sdach con ¢ nhitng ché chua ddp itng duge
yéu cdu ctia déc gid, chiing t6i mong nhan duge y kién nhdn xét dé
cudn sdach duoc hoan thién hon.

Tdc gia



CAC CHU VIET TAT VA THUAT NGU

1- Chir viét tit:
THF
DMF
HMPA
DBN
DBU
DDQ
DMAP
9-BBN
LDA
DABCO
DAST
DCC
DHU
NBS
TEBA
DIBAIH

Tetrahydrofuran

Dimetylfomamit
Hexametylphotphoric triamit
1,5-Diazabixyclo[3.4.0] nonen-5
1,8-Diazabixyclo[5.4.0]undexen-7
2,3-Diclo-5,6-dixyano-1,4-benzoquinon
4-Dimetylaminopyridin
9-Borabixyclo{3.3.1]nonan

Liti diisopropylamit
1,4-Diazabixyclof2.2.2]octan
Dietylaminosunfua triflorua
Dixyclohexylcacbodiimit
Dixyclohexylure
N-bromsuxinirnit
Trietylbenzylamoni clorua

Diisobutyl alumi hydrua

2- Cac thuft ngit tir ti€ng La Tinh dugc gii nguyén géc.

3- Céc thuat ngi¥ dich tir ti€ng nudc ngoai duge ghi thém tiéng Anh.



Chuong 5

PHAN UNG THE NUCLEOPHIN Sy CUA
HYPROCACBON ALIPHATIC

5.1. KHAI NIEM CHUNG
Phan tng thé nucleophin Sy xay ra bing sy t4n céng cta tic nhan nucleophin (Nu)

vao trung tam thiéu electron va su phan cét anionit ctia nhém di ra (Z) cing cip electron
lién ké&t (Z:):
/——-\
P N il .
Nu ;C =7 & —= Nue—C +Z:

T4c nhan Nu 1a anion nhu €, H, O, §, N ... hoic nhimg phan tlr trung hda nhu

HOH, RNH,, PH,...
Nhém di ra Z 12 nhitng nguyén t6 hay nhém nguyén t6 ¢6 d¢ am dién cao di ra O dang
anion Z_ nhu Hal, OH, OR, OSO,R... hoic nhitng nhém mang dién tich duong di ra & dang

phan tir trung ho nhu N'R;, $'R,...
Trung tdm phan iing 12 nguyén tir cacbon ¢ trang thdi lai hod spj. sp2 hay sp va nhiing

nguyen t6 khdc nhv O, N, S...
Trong tat ca céc trudng hgp Nu déu ¢6 cap electron khong lién két, ¢6 nghia 1a Nu la

nhitng bazo Lewis. N&u Nu déng thoi 1a dung moi, phan ting goi 1a dung moi phan.
Mat khdc, ngudi ta ciing ¢6 thé néi phan dng thé & cacbon ankyl 14 phan Ung ankyl

hod cila nucleophin, thé & cacbon axyl la phan tng axyl hod cla nucleophin...
Phan ung dién hinh 12 phan Gng Sy dé xay ra & cacbon lai hod sp° ¢6 mat do electron

nho nhat, hat nhan khong bi chén va tdc nhan dé tiép can.
V& mat c¢ ché phan ng, c¢é thé phan loai phan fing Sy nhu sau:
i- Phan tng Sy ¢6 su phan cét lién két C-Z truéc hay nhom di ra trudc, tan cong

nucleophin sau:
: ~ I~ -
7(: 7 — /C + Z
=c— Nu

l“‘c’f + Nu =
-~

Phan ting trén thudc loai phan ing Sy/.



2- Phdn itng Sy ¢6 sy phan cit nhém di ra va tdn céng nucleophin déng thoi:

;C—Z + Nu —=

Phan ing di qua trang thdi chuyén ludng phan tir nén 13 §2.
3- Phan 1ing xdy ra theo hai giai doan tich - cOng qua hgp chat trung gian chita ndi
doi:

- | 1
e e

4- Phan ting c6 su tdn cong Nu trude va phan cét nhém di ra sau. Phan éng thudng xay
ra & nhitng hop chat chita nhém CO, CN... nén thudng dua vio phan ting cong nucleophin &
nhém CQ, CN... (chuong 10).

Trudc hét cdn chi ¥ rang, cdc nhém th€ cho electron 1am dé& dang cho su phan cit
anionit, cidc nhém thé hiit electron 1am d& dang cho sy tin cong nucleophin, nén trong ciu
tric ban ddu, n€u phan Gng xay ra d& dang thi sy tdn c6ng lai khé:

VRS-
Nu "}C_K?
khé  dé
Trong phan ung Sy, tdc nhan Nu mang tinh chét cia m6t bazo, nhém di ra ciing &

dang mét bazo (hoic mot nucieophin tuwong ng), cho nén phan Ging xay ra véi t6c do cao
néu cdu tric obitan ctia nhém di ra va tdc nhan nucleophin Nu ¢6 ciing tinh chét.

5.2. PHAN UNG THE NUCLEOPHIN CUA HYDROCACBON NO

Phuong trinh chung la:
R-Z+Nu — R-Nu+Z
C6 cic loai sau:
1- Chét du trung hoa + Nu trung hoa:
R-Z + Nu ~—= RNu"+ 7~

1 -
R-1+R":P —> RR’P']

2- Chat diu trung hoa + Nu anion:
R-Z+Nu — R-Nu+Z
CH;CHBrCH,CN + Nal — CH;CHICH,CN + NaBr (96%)
3- Chat dau cation + Nu trung hoa:
R-Z"+Nu — RNu* + Z:
R-N*(CH3); + H,S — R-5'H; + N(CH,);



4- Ch4t ddu cation + Nu anion:
R-Z'+Nu — R-Nu+Z:
CH,=CHCH,CH,S*(CH;)CgHs + I” —= CH,=CHCH,CH,I + CH,SCxH;
Cic phan Ung trén déu tudn theo nhitng co ch€ chung v6i hai co ché gidi han, déng

thoi cling ¢6 nhitng co ch€ trung gian cla hai co ché d6, & day chi di sau vao hai co ché gidi
han Sy/ v Sy2, d6ng thdi nhiing thay déi vé co ché khi ¢6 nhém ké va chuyén vi.

5.2.1. Co ché Sy1
5.2.1.1. Coché
Phén ting ¢ hai giai doan:
k
R-Z TT_.I-'* R* + Z
R* +Nu -2 R-Nu
Téc do phan ting la:
ky.dy [RZ)[Nu~™]
ks [Nu~] + &k ,4(Z7]
Néu k,[Nu] > k.;[Z"] thi phuong trinh t6c do ¢6 dang: d[RZ] / dr = k) [RZ].
Khi ¢ nucleophin manh, &, > k_;, t6¢ d¢ phu thudc vao giai doan xdc dinh t6c d§

-d[RZ]/dt =

phan ly ra ion v phan ng khéng phu thudc vao [Nu].
Giai doan tuong t4c cacbocation véi Nu x4y ra nhanh. Gian d6 phdn tmg nhu & hinh 5.1.

|
E F Y . "(;Z

T E

& (td hap ion)

(ion hda)

Y -(ll: ~Nu

[

Toa @o phan (ng

Hinh 5.1. Gian d6 th€ nang cia SyJ/

Trén gian dé cho thdy, giai doan quyét dinh t6c do 12 giai doan ion hod. Khi tang néng
do cla ion déng dang, t8¢ d6 phan ng gidm goi 12 hiéu tng ion chung. Khi thém muéi



khong c6 ion déng dang thi téc d6 phan \ing tang do tang luc ion cha dung dich, goi 14 hi¢u
Wing mudi bac nhat. Higu ing ion chung chiing 16 co ch& phan dng 1a Sy!, c6 tao ra ion tu
do: cation va anion. Trong nhimg trudng hgp ma giai doan xic dinh t6¢c do 1a str phan cét dj
thé lién két C~Z, phiic hoat hos c6 dang [R...Z]. Lien két [C®*...Z°] bi phan cit moét phén,
¢6 dién tich duong & C>* va 2%,

Sy phan cit ndy doi héi nang lugng 16n, nhung duge b trir bing nang luong solvat
hod vi dung moéi solvat ion 16n hon chat ban dé4u, song nang luong phan ly vin cdn 1én nén
giai doan nay vin la thu nhiét. Theo tién dé Hammond, trang thii chuyén nay gin véi csu
triic ion hay cép ion hon, nghia 12 lién két C-Z hdu nhu bi phan cit. Nhu vy, nhimg nhén t6
anh hudng tdi cau tric ion trung gian ciing 4nh hudng t6i trang thi chuyén.

Giai doan thi hai 12 tuong tdc ion cacboni v6i Nu~ phu thudc vao tuong tdc tinh dién
1 tuong tic khéng ché€ dién tich:

AE = (gc+ - quu)l Ior-no-
nghia 1 twong tic nay dugc ddnh gid bing lyc Coulomb.

Giai doan ddu 12 sy ion ho4 cham ch4t ban d4u va 1a giai doan quyét dinh t6c d6. Giai
doan thit hai xay ra nhanh giita chét trung gian va nucleophin. Sy jon hod luon luén dugc hé
trg bdi dung moi nén nang lugng cén thiét cho sy phan cit lien k&t C-Z 16n dugc b trit bing
solvat hod clia R™ va Z™. Ching han, ion hod fert-butyl clorua thanh cation rert-butyl va CI”
trong pha khi khong c6 dung moéi c4n 150 kcal/mol (630 kJ/mol), khi khéng ¢ dung moi thi
& diéu kién thudng khong xay ra trir & nhiét do cao, trong nudc, sy ion ho4 chi 20 kcal/mol
(84 kJ/mol). Sy khdc nhau dé 1a néng lugng solvat hod. Trong trwdng hop dung méi ¢6 tham
gia vao qué trinh di ra cita nhém di ra ti phia dién, & day khéng cé tham gia phia sau cla
dung moi, co ch€ goi 13 Sy/ gi6i han. Ciing ¢6 dit lieu dong hoc va chitng minh khéc, Z di ra
tir RZ véi hai phan tir dung moi proton tao lién két hydro véi Z:

' .-H-O-R __ o,
R=Z --.po-r
Co ch€ Sy/ 12 bac nhat theo dinh luat 18c do: v = k{RZ] (1)

Trong giai doan chim nay chi ¢6 chat ban ddu tham gia, t6c do chi phy thuoc vao
néng d¢ chit ban ddu, mic di dung moi cdn cho su ion hod nhung khong ¢6 trong phuong
trinh t6c d¢ va ham lugng qué du. Tuy nhién nhiéu trudng hgp cho th&y phan ting don thuin
1a S/ nhung cling c6 trudng hop khic ¢6 dong hoc phiic tap, trong trzong hop nay cé thé
dua vao tinh thuan nghich clia giai doan 1. Z~ hinh thanh & giai doan nay canh tranh véi Nu~
cho cation va t6¢ d c6 thé thay déi nhu sau:

R-Z —“7(—*' RY + Z
-1

R* +Nu 2% R-Nu



_ kik[RXJNu]
klZ) + kplNu]

& ddu phan ng, néng d6 Z~ rdt nhd, k,{Z} c6 thé bd qua so vdi ky[Nu] nén theo phuong
trinh (1). Co ch& S/ néi chung 13 bic nh4t & giai doan ddu, nhiéu nghién ctu cho thdy di
lech ra quy tic d6. Trong phin ding dung moi phan Sy/, {Z] theo phuong trinh (2) va thdy téc
d6 giam. Nhu trudong hop diaryl metyl halogenua, khong phai ters-butyl halogenua, theo
phuong trinh (1). Gial thich sy khdc nhau d6 13 cation tert-butyl kém chon lgc hon,
diarylmetyl tuong d6i bén hon. Tuy nhién ion halogenua 12 nucleophin manh hon nude, ¢6
nhiéu nudc hon nhu 12 dung moi, cation diarylmetyl chon loc hon t6 hgp véi phan tir dung
méi trude khi két hop véi halogen, con cation fert-butyl kém chon loc hon khong thé cher doi
ion halogenua trong d6i hi€m hon ma t6 hgp véi dung moi.

@

N&u Z hinh thanh trong phan tng 1Am gidm t6c do, ¢6 thé tim thdy biing thém ion Z tir
ngoai va s& thay gidm t6c do. Su cham d6 khi th€ Z goi 12 hi¢u tmg ion chung hay hiéu ting
dinh luat khéi tugng. Khi thém ion Z lam giam t6c d¢ d6i v6i diarylmetyl, khong gidm déi
véi tert-butyl.

Mat khdc ¢6 hiéu vng muéi tang lugng ion trong dung dich 1am tang t6c d¢ Syl
Nhung vé&i phan iing loai hai, chit ban ddu va tic nhén 12 trung tinh va Z 1a dién tich am, lyc
jon tang thi t6c d¢ phan ng tang. Thuc 1€, thém ion ngodi lam tang t6c d6 nhiéu phan ng
Sn con su giam t6c 46 gay ra bdi ion chung.

Cacbocation trong S/ khé c6 thé phdt hien vi ddi s6ng ngén, nhung trong truong hop
3,4’-dimetoxydiphenylmetyl axetat (2) va vai chat khic trong dung moéi phan cyc ¢6 thé

kich thich quang phan va duéi diéu kién d6 phd UV c6 thé phdt hién chat trung gian cation
ching minh cho Syl:

©,om3 OCH;
| hv i ...
CH;0—4_)—CH=OCOCH; o c,0—{_)—CH" + "OCOCH,

(2)

Duéi diéu kién Sy, cation khong hay rdt cham tao thanh & vi tri ddu cdu nhu hé
[2.2.1] norbornyl (1-cloapocamphan) (3) khi dun s6i trong KOH 30%, hay trong dung dich
nuée etanol nitrat bac 80% trong 21 gid vin khong xdy ra phan ng do khéng thé tao
cacbocation phing. Tuy nhién, phan itng Sx/ c6 thé xay ra trong cdc hé vdng rong hon tao
cation (4) bén trong dung dich SbF--SO,CIF & -50°C. M6t s6 vdng nho [3.3.1] nhu (5) hay
cubyl (6) tao cacbocation tuy khong phing nhung ¢6 nang lugng thép, cation 1-norbornyl ¢é
thé phan tng theo Sy /.



L e A Fown
) Br

a s (4) )

Mot s6 phan (g th& nucleophin c¢6 xay ra & norbornyl ddu cdu nhu 12 phan tng tao
cacbocation binh thudng (tuy khong phai 12 tat cd), néu nhém di ra khéng cé chitc naing nhr
1a m¢t nucleophin nhu phén dng sau (7) véi nucleophin 1a CgH;Cl:

LR + CO, + BF; + AgCl + HF

AgBF4

a
C-C=0 )

3.2.1.2. Co ché cdp ion ctia Syl

Trong phan ting Sy/ ¢6 sy hinh thanh cacbocation, n&u cacbocation nay tu do, c4u tric
phing va sir t4n cong ctia Nu & hai phia clla mat phéng giéng nhau thi thu duge san phdm
raxemic hod hoan toan. Song ¢6 nhidu phan fmg cho san phdm raxemic hod, nhiéu phan ing
khic lai khong, ¢6 phan ting nghich dao khoang 5 + 10% nghich dao cfu hinh va cling c¢6
trudmg hop hoan todn bao toan cfu hinh.

Nhitng ké&t qua d6 dya trén sy hinh thanh cacbocation khong phai hoan toan tr do ma
& dang cidp ion nhu sau:

R-Z == [R--Z] === R'Z == RY||zz == R +7
chat ban ddu trang théi chuyédn capion lign k&t  cipion phan chin  ion ty do solvat hod
trong d6, cdp ion lién két c6 nghia 12 hai ion & gin nhau, c6 thé goi la cdp ion chit, cip ion
phan chia 14 hai ion bi phan cdch bdi mot 16p dung moi solvat & trang thai long 1éo hon va
ion ty do ¢ trang thdi solvat cia dung méi. Céc cip ion lien ket hay chat ¢6 thé t6 hop véi
nhau cho trd lai chat ban ddu, ¢6 xdc suft tao lién két gira R* va Z~ va gitt dugce tinh bat d6i
xing. Nu~ chi solvat dugc & phia nguoc véi Z, cho nén din dén nghich dao céu hinh.

Nhu biéu dién theo so d6 sau, phan dng véi dung méi SH bd qua phdn tng chuyén vj
va tich:

SR SR 8 SR + (1-8)SR
SH| (52 SHTB SHf 1 1
RY === R'X- = R+" X- \\ %&' 3 RS + ESR
e TS
XR === XR* == X'“R"/
SH¢(SN2} S“¢ SH
RS RS SRS +(1-8)SR

10



Trong so d6 ndy, RS va SR biéu thi erantiome, & biéu thi mot phdn, ¢6 nhilng khi
ning sau:

1- t&n cong truc ti€p SH vao RX cho SR (hoan toan nghich dao) 1a qud trinh Sy2;

2- cip ion chat R*X™ hinh thanh, dung moi tin céng vao trang thii nay cé thé din dén
nghich dao hoan toan néu hudng A khong c6 chd hosc 1a t8 hop clia nghich déo va raxemic
hod khi cé canh tranh giita hai huéng A va B;

3- n&u cip ion phan chia dung m6i hinh thanh, SH c6 thé t4n c6ng vao ddy, hod hoc
1ap thé xac dinh nhu 1 c6 raxemic hod it nhiéu;

4- néu R tr do hinh thanh va phing, SH 14n cong c6 raxemic hod hoan toan.

Quan niém vé cap ion duge chitng minh qua nhimg thyc t€ sau day:

1- Thuy phan 2-octyl brosylat ddnh diu & oxy sunfon v6i 1*0. Brosylat chua phan tng
tim thdy & c4c trang thdi khdc nhau clia thuy phén c6 ¥ mic dit khong hoan toan:
18

R—O—5—Ar —/—— R—1%0— 5—Ar
O
trong cap ion chit ba oxy tuong dwong nhau:
O
R* O—S5—Ar = R'O=35-Ar == R'O= Iﬁ—Ar
O

LL ;

Két qua tuong ty thu duge d6i véi este sunfonat, c6 kha nang ion hod mot phan tir cho
R* va ArSO; va tdn cong ti€p theo bing ArSO; vao cacbocation khdc hay phan tir
ROSO,Ar theo qud trinh Sy2. Thuc nghiem cho thay, c6 sy trao d6i ngoai phan tir (3 i
20%) nhung khong tim duge ham luong tranh gianh d6 trong thyc nghi¢ém ban dau. Ciing
nhu khi thuj phan este R-'*0-COR’ v6i nhém di ra R’COO”, them RCOO" bén ngoai vio
khong cho két qua vé sir trao d6i. C6 dé nghi ring, co ché vé sy trao déi déng bo, khong cho
cip ion trung gian.

2- Hiéu ting mudi dién hinh: Thém LiCl0, hay LiBr vio axeton phin mot vai tosylat
lam ting t6¢ do giai doan ban d4u réi gidm theo t6c d¢ tuyén tinh binh thudng (gay ra boi
hiéu Ung mu6i thudng). ClO, (hay Br') bit 14y cip ion phan chia dung méi cho R*Il C10,",
thudng khong bén & diéu kién d6, din t6i sin phdm. Ham lugng cap ion phan chia dung moi
quay trd v& chit ban ddu bi gidm va t6c d6 chung cia phan ung ting. Hi¢u ung ndy quan sét
bing phé hp thu picosecond .

3- Khi nang raxemic hod hay nghich ddo cia san phdm RS. Sy hinh thanh c3p ion tiép
theo sau khi quay tr& vé c6 thé anh hudng t6i hod hoc lap thé ciia chat ban ddu RX. Pa tim
thay su quay trd vé 1am raxemic hod RX quang hoat ban diu, nhu khi dung moi phan axeton

11



nuée cla o-p-anisyletyl-p-nitrobenzoat, trong trudng hop khdc tim thay bao toan hoan toan
hay mot phin khi dung méi phan axeton nudc clia p-clobenhydryl-p-nitrobenzoat. Sy
raxemic héa gy ra theo cich:
RX =R'X" == X R*'== XR
Trong mot s& trudng hop sy quay tré vé cé sy raxemic hod va cé khi nhanh hon

dung moi phan, nhu p-clobenhydryl clorua quang hoat raxemic hod 30 I4n nhanh hon dung
moi phan trong axit axetic.

Tinh todn co hoc lugng tir d6i v6i rert-butyl clorua cho thdy khoang cich C—Cl 1a 2,9
A ctia jon chat, 14 5,5 A clia cap ion phén chia dung moéi (so vdi lién két C—Cl1a 1,8 A).
Trong mét s6 trudng hop, phan (ng Sy/ tim thdy bio toan mot phin (20 dén 50%) do

cép ion, ching han, phenol phan a-phenyletyl clorua (8), trong do6 ete tim thdy cfu hinh bao
toan do co ché 4 trung tAm:

) §—H
Cl—H o—Cy
e
H3C/(f Hsc/(f\ H

Két luan tim thdy sy bdo toan mot phin trong hé clorua hay nhém trung tinh di ra
khdc, con v6i nhém mang dién tich duong trong d6 it nhiéu tao lien két hydro véi dung méi
thi khong ¢6 bao toan cfu hinh. Sy bio toan mét phin gay ra bdi cap ion bi chin & phia sau
bai chat thém vao nhu axetonitrin, axeton, anilin...

Su khdc nhau gifta Sy/ va Sy2 12 cdc giai doan quyét dinh. Trong co ché Sy/, nhém X

_dira truge khi Nu t4n cong, trong Sy2 12 ddng bo va ciing ¢6 thé c6 kha nang thi ba 13 Nu

tin cong trude va phan cit X sau. Diéu nay khong thé c6 & cacbon no vi ¢6 nhidu hon 8

electron & ben ngoai. Tuy nhién co ch€ nay cling tim thdy & chat ban ddu khic nhu trong céc
hop chat cacbonyl CO.

5.2.1.3. Hiéu ttng nhém ké

Nhém ké c6 thé tham gia béng lien két C=C, C-C va C-H tao nén nhiing chat trung
gian goi la cacbocation khéng ¢8 dién (hay cacbocation cdu).

Trong cation c6 dién, dién tich dwong dinh chd & nguyén tir cacbon hay duge giai toa
bdi lién ket déi hay ba & vi tri allyl, cdn trong cation khong c¢é dién dién tich dvong duge
gidi tod bdi lien k&t d6i hay ba khong & vi trf allyl hay bdi lién két don. Ching han nhu
cation norbornenyl (9), 7-norbornyl (10) va cation xyclopropylmetyl (11). Cation (9) goi la
cation homoallylic vi ¢6 mot nguyén tit cacbon gifta cacbon mang dién tich duong va lién
két doi.

12
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(10)
Hy @
TSon—8, < ? NCHI, @E:z\cn= CH,
~ CH,
H™ e :

Cic cation nay hinh thanh bang nhiéu cdch, thudng bing sy di ra cha nhém di ra:

SR .~

H (12 (13)

Trudng hop tao cation tir (12) goi 12 cdch o di 61 cation khéng ¢é dién vi ¢6 su tham
gia ctia lien két o, con tir (13) goi 1a cdch n. Nhilng cfu tric trén ciia cation khong cé dién
khong phai 1 cfu triic cong hudng, ma 1a c4u triic that va & trong can bing nhanh.

Su hinh thanh cation khong cé dién c6 sy tham gia cia lién két © hay o nhu 1a chat
trung gian trong nhiéu phan dng.

1- Nhém ké C=C: Sy tham gia cba nhém ké C=C dugc x4c nhan trén NMR cia tinh
6n dinh tuong déi cita cation norbornadienyl (16) cho th&y, hai lién két doi & vi tri 2 va 3 va
gita vi tr{ 5 va 6 khong tuong duong nhau, nghia 12 ¢é tuong tic clia mot lien két doi véi

dién tich duong & C,.
X H X~ H
5 3
L\E L\B -

(14) (15) (16) ?

Ciing nhu khi axeton phin din xuit tosylat cha (14) (v6i X = OTs) nhanh hon din
xudt (15) dén 10'" 14n va bio ton cu hinh. & (16) lien ket doi c6 tinh hinh hoc thich hop
cho sy tdn cong sau cila nhém di ra thé hién duge hieu Wing anchime.

Cing nhu axeton phan hgp chdt B-(syn-7-norbornyl)etyl brosylat (17) & 25°C, axeton
phan nhanh hon hgp chét no tuong ng (18) dén 140.000 l4n.

Ciing cn thdy ring, hiéu iing nhém ké c6 thé m4t di hay triét titu néu cé nucleophin
bén ngoai c6 tic dung manh hon nhém ké trong sy t4n cong vao trung t4m cacbon hay 1a nhém
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di ra dit manh. O day c6 lién quan t6i nhu cdu electron tang, Gasiman cho rdng, nhém di ra
tham gia ¢6 thé bi triét tiéu néu tinh én dinh cia cacbocation tdng. Ching han, khi c¢6 nhém -
p-anisyl & vi tri 7 cia (14) va (15) c6 anh hudng manh d&€n nhém di ra véi t6c d6 khic nhau.

E B H}; -

an (18)

Khi axeton phan (19) & 85°C nhanh hon (20) chi ¢6 2,5 14n. Ca hai (19) va déng phan
(21) déu cho citng mot hén hop san phdm nhung khong c6 tinh chon loc lap thé nhu & (14).

ArCO Ar'  ArCOO ' OCOAr
;b L\E Ao
Ar = p-NO,CH,

(19) (20) (21)

Su khéc nhau giita (19) va (14) 12 & (19) c6 di¢n tich duong & vi tri 7 trong trang théi
chuyén duge 6n dinh 16n bing nhém p-anisyl. Tinh 6n dinh clia cation bing nhém p-anisyl
16n hon nhém k€ C=C nén khong c6 su tham gia cha C=C. Néu ding phenyl thay cho
p-anisyl thi khong di dé ngan can hoan toan sy tham gia clia C=C ma chi giam di. Diéu dé
cho phép dua ra két luin ring nhém ké thé hién hiéu ng anchime khi cé di nhu cdu
electron cho nd. :

Su tham gia clia nhém ké phu thudc vio mat do electron. V&i nhém hiit electron manh
nhu CF, dinh véi lién két doi nhu & (22) s thuy phan cham hon mot gid tri 10°,

MosO~_ Ar Téc 39 tuong déi
bRI R1=R2=H 1,4.1012
N R =H,R,=CF; 1,5.10
R2 Rl = R2 = CF3 1
Mos = CH;0- Cgll4-50;-
(22)
Néu ¢6 hai nhém CF; giam mat d6 electron, gid tri thuy phan cham hon 17 14n d&i véi

hop chét no tuang tng, hdu nhu 1am mat di hiéu tng nhém ké chua C=C.
2- Nhém ké xyclopropyl: Tinh chit ciia vdng xyclopropan gidng ndi doi nén cé thé

tham gia nhu nh6ém ké:
Hw_ OCOAr ;035 BSO% E H

Ar= p—OzNCgH;;. .
(23) (24) (25)

14



Thuy phan endo-anri-lrixyclo-[3.2.l.02'4]00tan-8-y1 p-nitrobenzoat (23) nhanh hon
p-nitrobenzoat ciia (15-OH) d&n 10'* idn chiing to vong xyclopropan cé hiéu tng manh hon
ndi d6i nhung hop chat (25) chi nhanh hon (15-OBs) ¢ 5 14n, con (24) thi cham hon
(15-OBs) 3 ldn. Diéu d6 cho thdy vong xyclypropan tham gia hiéu img anchime do twong tac
clia obitan p cha cation véi lién két vong, trong tic ndy manh néu obitan p va vdng song
song vdi nhau.

3- Nhém ké vong thom: Cic vong thom & vi tri  ¢6 chiic nang 1a nhém ké. Khi dung
mdi phan L-threo-3-phenyl-2-butyl tosylat (26) trong axit axetic thu dugc san phim axetat
vl 96% threo va 4% erythro. Ca hai dong phan (+) va (-) threo (27), (28) ¢6 lugng nhu
nhau nhung trong axit fomic thi déng phan erythro thp hon, Phin dng bao todn ciu hinh vi
phenyl hoat déng nhu nhém ké. N&u nhém aryl B thic ddy su ra di clia nhém di ra, t6c do
phan \ng tang, nhung ndi chung khéng cao.

H3C o

H H\a CH,
+
OCOCH, 1S/ ococw,

(26) Q7) H™ “cH, 28y

Khi nghién ciu t6c d¢ dung mai phan clha he 2-aryletyl, phan ing cé thé xay ra theo
hai cich:
Ar

SOH é:
| —— i
pro A _E)s
C"q-: &, C—C
X ?H‘ %r (PS
C—C

Céch a nhém phenyl nhir nhém ké thic ddy nhém di ra t6i ion cdu goi la ion phenoni
16i quay trd vé bang dung méi SOH nén ¢6 sy bao todn cfu hinh (hay chuyén vi néu bi t4n
cong tir phia khic). Con cdch khédc b 1 sy tdn cong cia SOH theo S\2 vio nhém di ra va
phdn ng & day 1a th€ v6i nghich dio c4u hinh va khong ¢é chuyén vi.

Nhém di ra dinh chd & cacbon bac nhat va hai nén hai cich déu doc lap nhau, nhung
khi c6 cacbon béc ba, trong trudng hgp S/ tao cation mach hd ArCH,CR,"* 1a chat trung
gian thi theo cdch khic véi k. ma khong theo kg, k... Cich k, va k, phu thuéc vio dung moi
vk nhém ké aryl. Nhu khi Cl 1a nhém ké, ty 1& k, / k, cao nhit d&i v6i dung moi ¢6 tinh
nucleophin kém va canh tranh rdt kém v6i nhém aryl. BSi véi dung moi thudmg, ty 18 &, / k,
tang theo thit ty: C,H;OH < CH;COOH < HCOOH < CF3;COOH. PA tim thdy d6 phdn tram
bio toan cdu hinh khi dung moi phan 1-phenyl-2-propy! tosylat & 80°C trong C,Hs;OH la
1%, CH;COOH 35%, HCOOH 85%, ¢6 nghia I3 k, quyét dinh trong C,HsOH (phenyl tham
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gia nho), k, quyét dinh trong HCOOH. Axit trifloaxetic c6 tinh nucleophin rét kém neén theo
k, va cho 100% bao toan c4u hinh. T6c do dung moéi phan ctia CgH;CH,CH,OTs & 75°C
trong CF;COOH xay ra 3040 14n nhanh hon CH;CH,OTs.

Khad nang tham gia ciia nhém ké nhan pheny! phu thudc vao cau tric nhém ké, nhém
the hiit electron gidm hiéu img ké, cho electron ting hi¢u tng ké nhu nhém p-nitrophenyl
trong mot s6 dung moi nhu CH,;COOH thuc € khong tham gia nhém ké, p-metoxyphenyl
hiéu ttng k&€ manh. Khi axeton phan ZCsHsCHyCH,OTs & 90°C cho két qua phu thuse
nhém thé.

Bang 5.1. Ty 18 &,/ k,, khi Bang 5.2. Sin phdm % hinh thanh theo k, khi
axeton phan ZC,H;CH,CH,0Ts diung moi phan p-ZC¢H,CH,CH(CH,)OTs
Z ko 1k, Z Dung méi % sdn pham theo &,
CH,0 30 H CH,COOH 35 + 38
CH, 11 H HCOOH 72+79
H 1,3 CH,;0 CH,COCH 91 + 93
Cl 03 CH,0 HCOOH 99

Ion phenoni dugc nghién ctu bing phé 'HNMR va *CNMR cho thay ¢6 c4u triic cia
vong ba canh xyclopropan binh thudng, chi cé ¢ong hudng & trong vong 6 canh va khéng cé
dac tinh thom nhu 12 chét trung gian trong phan g the nhan thom:

29 -G-9 @

4- Nhém ké la lién két dom cachon-cachon )
Lién két don cacbon-cacbon c¢é vai trd nhém ké trong nhiing h¢, thudng 12 hé vong:

a- Hé 2-norbornyl. Khi dung méi phén trong axit axetic ciia exo-2-norbornyl brosylat
quang hoat (29), Winsstein tim thdy hén hop raxemic clia hai exo axetat ma khéng cho san

phim endo:
OB HCOQH cmcoo#b * Abococr{3 C% H
H H Bs

(30)

Déng phan exo dung moi phan 350 14n nhanh hon déng phan endo, va thudng tim thay
trong h¢ [2.2.1]. Nhu vay, dung méi phan mét dfng phan exo cho hén hgp raxemic déng
phéan exo va ty 1& t6c do exo / endo cao, cho thdy lien két 1,6 tham gia vao sy di ra clia nhém
di ra va tao cation khong ¢§ dién. Diéu nay cling hop 1y cho ddng phan endo (30) khéng ¢6

9)H
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tham gia cla 1,6 vi khéng ¢6 vi tri thich hgp cho tan cOng sau nén t6c do dung méi phan
trong tu nhy tc d6 binh thudmg. T6c d6 nhanh hon cia (29) do cé hiéu tng anchime. Hod
hoc 1ap thé ciing giai thich dugc bing chat trung gian (31) c6 hai vitri 1 va 2 wong duong
nhau va tin cong nucleophin dé& nhy nhau vi chi vé phia exo ;

OCOCH,
HOCOCH; 7 .
KD T [ HococH,
b N CH,C00
(29) (31) [
CH,CO0
(33) H

Axeton phan ddng phan endo (30) cling cho wu tién exo axetat (32), (33) nhir trén
nhumg trong trudng hop nay Winstein cho ring, du tién hinh thanh cation cé dién (34) r6i
chuyén thanh cation (31) bén hon. Dung moi phan (30) khéng cho sin phim raxemic ma
chida mot lugng san phdm (33) nhide hon (32), tuong ttng v&i nghich dio tir 3 dén 13% (phu
thudc vae dung moi) do (34) hinh thanh chuyén thanh sin phim (32) trude khi hinh thanh 16
hop (31).

Tir két qua d6, Brown cho ring, dung moéi phan (29) khong c6 sir tham gia cla lien két
1,6 ma cho cation ¢ dién (34) véi can bing nhanh véi cation (35):

R S S

29y H (34) (35)

Theo Brown, trong khi chuyén tir (34) t6i (35) ven c6 t6n tai (31) nén cation (31) chi
1a trang thai chuyén khong phai chat trung gian. Vé hod hoc Iap thé, Brown giai thich bing
SY tin cong exo, con tr phia endo ¢é khé khan khong gian, 13 tinh chat chung cita hé
2-norbornyl khong chi khi ¢6 tao cation hay khéng tao cation. Sy t4n cong uu tién exo & he
norborny!l cfing ¢6 trong nhiéu phan Ung. Su raxemic hod c6 khi (34) va (35) tén tai véi
luong bang nhau va cing twong duong nhau vé tdn cong exo cho (32) va (33). Brown gidj
thich ty ié t6c do exo/endo cao Ia do, néu t6c d6 exo binh thudmg thi 16¢ d6 endo thip bat
thudng, néu t6c do endo binh thudng thi t6c do exo cao bit thudng vi khé khan 1ap thé dé
phan cdt nhém di ra theo hudng dé. Song hién nay da s6 nha hod hoc chdp nhan ¢6 sy tham
gia cla lién két 1,6 va (31) 1a chat trung gian.

Cdu triic cla cation 2-norbornyl da duge nghién cifu bing phé BCNMR & nhiét do
thdp, phd electron tia X cho thdy ¢6 s¢ tdn tai cita cation khong c8 dién. Nhu nghien ciru ha
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nortrixyclan (36) cho thdy cu tric khong cd dién (37) hay (38) ¢6 tinh d6i xting hon déu ¢6
dién tich duong tap trung & C, va Gy, rat nhd & Cg¢ cho thiy cation 2-norbornyl bén hon
cation khong c6 cdu 1a 6 + 10 kcal/mol hay 25 + 40 kJ/mol ma tinh todn cho thiy cation
khong c6 dién c6 nang lugng cye ticu hon.

LN

, CeHs
Nortnxyc]an(36) H (37) (38) (39)

Nghién citu cling cho thdy, cation bac ba 2-metyl va 2-etyinorbornyl kém giai toa, con
2-phenyinorbornyl (39) thic t€ la c6 dién, ciing nhu cation 2-metoxy va 2-clonorbornyl, c6
nhém metoxy va clo ciing lam én dinh dién tich duong, CNMR tim thdy cdc nhém hit
electron trén vong benzen cla 2-phenylnorbornyl lam che ion kém c6 dién hon, cdc nhém
cho electron 1am tang ban chat c¢b dién cua cation.

b- Hé xyclopropylmetyl

Khi dung moi phan hé xyclopropylmetyl khong chi thu duoc sin phdm cla
xyclopropylmetyl khong chuyén vi ma cdn ca sdn phdm xyclobutyl va hop chat homoallylic
véi téc do cao bat thudng:

OH
|>—CH2C1 MD_ CH,0H + + CHy=CHCH,CH,0H
48% 47% >

va néu dung moi phan chét ban dan 13 he xyclobuty! ciing cho san pham tuong .

Ngudi ta cho rang lién két C—C c6 tham gia vio qud trinh hinh thanh chat trung gian
chung nhu la jon khong c6 dién (11) tir ba chdt khic nhau sau:

3 ; . )
E 2 CH2C]. ion (11} [ ion (1 l)] jon (11)
4 T w tham gia
CH2=CH-CH2-CH2-X

X

Khi dung moi phan he xyclopropylmetyl don gian, téc do cao do c6 sy tham gia cla
ci hai lien k&t o ctia vong. Ton ban ddu hinh thanh la cation xyclopropylmetyl khong chuyén
vi 13 iou 6n dinh d6i xing c6 hai lien két ¢ 2,3 va 2,4 déu 1am 8n dinh dién tich duong.
Nhém xyclopropyl 1am dn dinh dién tich duong t6t hon nhoém phenyl va biéu dién bang cdu

triic (40):
4 2 ®

(40)
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Cation (40) 12 ion d6i xing va khi vi trf 3 hay 4 c6 nhém thé mety] lam tang t6c do
dung moi phan clia xyclopropylcacbinyl-3,5-dinitrobenzoat véi 10 14n nhanh hon cho mét
nhém metyl. Néu chi lien két o 1am én dinh cation thi nhém metyl & vi tri 3 ciing [am ting
t6c 49, nhém metyl thi hai & vi tri 3 cdn ting nhiéu hon nhung nhém metyl thg hai & vi tri 4
¢6 anh hudng nho.

Tinh hinh hoc bén nh4t chia cation xyclopropylmetyl la su tham gia cla obitan tréng
v6i cdc litn két o (xem phdn cacbocation) ma khi khéng c6 tinh hinh hoc nay thi phin ng
cham.

Cation hinh thanh cé kha nang chuyén vi thanh cation xyclopropylmetyl khédc ¢6 tinh
dac thit 12p thé qua chét trung gian: cation trung gian xyclobutyl khéng phang hay trang thdi
chuyén. Cic san phim xyclobutyl v homoallylic hinh thanh tir cation xyclopropylmetyl
ciing dac tha 1ap thé.

@ @
3 1CH, 3 ] ;CH, 1
D = & = &Y
4 H2 4 2

Cdc san phdm hinh thanh tang lén do sir tAn cong truc ti€p ciia nucleophin véi ion (40)
hay véi cation xyclobutyl trung gian.

Téc d¢ dung méi phan chat ban ddu xyclobutyl bac hai gy ra béi sy phan cit tryc tiép
lien keét d€ tao thanh ion trung gian (40), nén thuc t€ thu duge cing mot hén hop san phim
khi dung moi phan chat ban ddu 12 xyclobuty] va xyclopropylmetyl, nhung chwa chitng minh
dugce su tao thanh cation xyclobutyl 12 chét trung gian trong he Xyclobutyl bac hai, trir cation
bic ba la chét trung gian khi dung moéi phan.

H @ H
LA
A sy —
Cation xyclopropylmetyl khéng thé dugc nghién citu trong dung dich supeaxit & nhiét
d6 thap bing '*CNMR cho thdy cd sy tén tai cation xyclopropylmetyl trong can bing véi ion

bixyclobutoni & trén. Sy tinh toén obitan phan tlf ciing tim thdy hai tiéu phéin nay cé nang
lugng cuc ti€u va ca hai ciing ¢6 nang lugng gdn nhu nhau.

c- Nhom ké metyl

Nhi¢u ching minh x4c nhan hiéu iing anchime cha lien k&t C—C trong cdc hop chit
mach hd, chang han nhu neopentyl tosylat:

®
CH3 CH3 ,(:.HS ® CH3
| | \1 K _é_-
CH5~C— CHOTs —¢—C< 0Ty —~ ~(= &= = =
CH,4 @1
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He neopentyl chiu chuyén vi hoan toan, lién quan i hai vdn dé: su di ra cha nhém di
ra dé tao thanh lién két CH;—C 12 déng bo hay khong va ion cdu (41) 1a chat trung gian hay
trang théi chuyén. Bang hi¢u ing déng vi cho thdy nhém metyl tham gia trong hé neopentyl
nhung khong 1am tang 16n t&c d¢ va ion (41) la chat trung gian vi dd tim thay c6 10 = 15%
xyclopropan trong phin ng.

Khi nghién ctiu ion 2,3,3-trimetyl-2-butyl trong dung dich supeaxit & nhiét do thap
bang 'HNMR va "*CNMR, phé Raman tim thdy cap ion chuyén hod nhanh, con ion ciu la
trang thii chuyén khong phai chit trung gian, song theo phé tia X quang electron (ESCA)
tim thay 2-butyl cation cé cdu metyl (42):

?Hg CH3 CHs
Cli- G-g-CHy = CHy~ (3—(5‘9-<:H3 CHy— G- G—CH,
H3C CH3 H3C CH3 H3C CH3
(42)

d- Nhém ké hydro

Vin dé nhém ké hydro, cling nhu nhém metyl trén, 13 hydro c6 tham gia vao sy dira
clia nhém di ra va ion cdu 12 chdt rung gian hay trang théi chuyén:

Trén co s§ dung moi phan sec-butyl tosylat deuiri hod (44) trong axit trifloaxetic thu
dugc hén hop duong lugng (45), (46) sau:

OTs OOCCE; (QOCCF;
1 CF,COOH I
CH3CH2CDCD3 - CH3CH2CDCD3 + CH 3CHCDHCD3
(44) (45) (46)

Néu hydro 12 nhém ké khong tham gia thi chi thu duge san phdm (45), néu hydro c6
d&ri chuyén chi & cation mach hd thi ¢6 can bing clia bon cation:

)
CHyCH,CDCD; == CH;CHCDHCD; == CH;CDHCHCD; == CH;CDCH,CD;

nén khong chi ¢6 san phdm (45) va (46) ma ca (47) va (48):

®
OOCCF; OOCCF H,

CH;CHDCHCD, CH;CDCH,CD;  CH,CH—CDCD;,
47 (48) (49)
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Két qua cd thé d& so sénh v6i cation cdu (49) v6i su tan cong ciia dung moi vao vj tri 2
va 3. Sy néd luc téng hop ra ion cdu (43) trén 6n dinh trong dung dich supeaxit & nhiet do
thap chura dat dugc.
5.2.1.4. Nhitng nhdn 6 dnh hudng t6i phdn dng Syl

1- Cdu triic chdt ban ddu

a- Hiéu ing electron

T&: do phin tng phy thudce vio do bén cita cacbocation. Cacbocation cang bén, t8c do
phén ung cang cao. Nhitng nhém thé cé hidu tng +/, +C & vi tri o d6i vdi trung tam phan
ing 1am 6n dinh cacbocation, 1am tang t6¢ d6 phan tng:

(CH3)3CBr > (CH,),CHBr > CH;CH,Br > CH,Br
(CsHs)3CBr > (CsH;),CHBr > C,HsCH,Br > CH,Br

Khi nghién cttu ddy phan tng P-ZCcHCH,X ¢4 higu ting lap thé nhod cha Z cho thdy
anh hedng cia hiéu ing electron clia Z. Khi Z 1a nhém thé hit electron 1am giam t6c do
phan tng, nhém the cho electron 1am tang phan tng, cdc nhém cho electron 1am giam ning
lugng chia trang thdi chuyén (cling nhu cacbocation) bdi c6 su giai toa dién tich duong nhw
trudng hop sau:

0—H @ﬁ)-H
-~ )
|

® 2

H,

¢on nhém hiit electron lam ting dién tich duong, lam mat 8n dinh cacbocation.
Phuong trinh Hammett véi 6* thay cho o phi hop véi 16¢ d¢ trong nhiéu phan itng, gid
tri p thudng bing —4, ¢ nghia 1 dién tich duong dugc tao thanh trong trang thdi chuyén.
Cac din xudt allyl hay benzyl phan ting theo Sy! nhanh hon ngay ca din xult bic ba,
duge gidi thich bing tao cacbocation bén khi duge 6n dinh bing lien k&t doi véi sy gidi toa
céng hudng nhir sau:
CH,-CH=CH, CgHs-CH,"

Cation allyl Cation: benzyl

R-0=CH,Ci — [R-O-CH,"' == R-O*= CH, ]
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Céc din xuft xyclopropyl bén v&i sur tdn cong clia nucleophin, chdng han xyclopropyl-
tosylat dung méi phin 10% 14n nhanh hon xyclobutyltosylat trong axit axetic & 60°C. Phan

{tng xay ra theo co ch€ md& vong (trir mot vai trudng hop), dic biét khi ¢6 nhom the ankoxy
hay aryl & vi tri o

M - CH2=CH—'®CH2 2% CH/~CH—CH,Nu

Song ¢6 nhiéu chitng minh phan ¢ng nay déng bo véi nhém di ra (nhu xyclobutyl &
trén) va khong ¢é su tham gia cha lién k€t 2,3 rong vong xyclopropan thi téc d6 ludn ludn
cham c¢6 thé giam mot bic khoang 10'? va phin ting m& vdng lién quan t6i hod hoc lap thé
va sitc cang [.

Hoat tinh clia cdc dAn xuft ddu cdu theo S/ chi x4y ra véi cic vong lon, ching han

v cdce chit sau;
OTs E&

(50) OTs (5y)

v6i (50) rat cham ¢6 t6c do tuong ting 12 k = 4,107 7.s™" va (51) rét nhanh c6 3.10%s™! khiac
nhau 22 bac. Sy tinh todn cg hoc phan t& tim thdy S/ & cacbon ddu cdu xdc dinh bang su
thay déi sitc cang gira ch4t ban ddu va chét trung gian cacbocation.

b- Anh huong ciia nhém dira Z

Nhém di ra thanh tidu phan bén hon 12 nhing nhém di ra c6 tinh bazd yéu nhat. Chéng
han, iodua 12 nhém di ra t6t nhét, con florua 12 kém nhat nén ZH luon ludn 1a bazo yéu hon
7". Sy the nucleophin ciia chdt ban ddu RXH" luén luon dé hon RX, ching han ROH" dé
hon ROH. Phan iing ma nhém di ra cdn phai proton hod goi 1a Sy/cA (cA c6 nghia la dang
axit lién hop — conjugate acid) ciing nhu.& Sy2 c6 Sy2cA. Trong mot 6 trudng hop nhém di
ra t6t nhu HO, NH, khong cén axit lign hop dudi diéu kién axit cdn cho proton hod nhém di
ra. Cac hop chdt vdng dé phan cit do stc cang vong, nhu epoxi, aziridin, episunfua, nhu
vong ba canh clia oxy, nito va lwu huynh cé thé phan cit d& hon va nhat 1a khi da proton hod
thi cang dé:

H H

: 0 Be R h R . R
CORAE G X
Phan ng Sy/ khong cédn ¢é tic nhan electrophin manh nhung lai cAn nhém di ra manh.
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Cac nhém di ra 16t thudng ding 12 tosylat, brosylat, nosylat, mesylat:

R—OSOTO— CH, R—OSO,-@- Br R—oso,-@_ NO, R—0S0,CH,

ROTs ROBs RONs ROCH3

p-Toluensunfonat Tosylat p-Brombenzensunfonat Brosylat p-Nitrobenzensunfonat Nosylat Metansunfonat Mesylat

Mot s6 nhém khdc dé di ra thudng diung 1am tic nhan ankyl hod nhu ion oxoni
ROR,*, ankyl clorat ROCIO;, amoniankansunfonat (besylat) ROSO,(CH,),N(CH3);", ankyl
flosunfonat ROSO,F, triflat, nonaflat, tresylat (tresylat kém hoat tinh hon triflat d&n 400 ldn
nhung nhanh hon tosylat d&€n 100 14n):

R-080,CF, R-0S0,C,F, R-080,CH,CF;
ROTSf
Triflometansunfonat Nenaflobutansunfonat 2.2, 2-Trifloetansunfonat
Triflat Nonaflat Tresylat

Nhiing nhém khé di ra nhu NH,, NHR, NR; ¢6 thé chuyén thanh ditosylat RNTs;, la
nhém di ra t6t hoac chuyén thanh hgp chét pyridinium bing tic dung RNH, véi ion pyrilium
K nhém dé di ra (phuong phédp Katritzky):

CeHs C¢Hs CeHs
R—NH, + [ — o — R+ [
’ $3 e A N”>CH
C6H5 O \C6H5 C6H5 N 6H5 C6HS 675
Y I

Nhoém NR;, dé di ra trong phin tng Mannich, nhém N, trong RN," 12 nhém d& di ra
nhat ma theo Sy/ hay Sy2 cdn nhiéu ching minh khéc nhau.

Ciing c6 nhiing phan ting S5/ hay Sy2 c6 giai doan d4u 1a tich proton bang bazd con
giai doan sau 1a Sy/ thudng (hay Sy2 thudng) nhu trong cdc phan itng cho chét trung gian
cacben (cé khi goi 12 Syicb hay Sy2cb):

bazo

—é—Br — —éi_)?—Br . _lc + Br —= phdan \ing clia cacben
H

T6c d¢ phin ting Sy/ phu thudc vio ban chit nhém di ra Z, n€u nhém di ra Z thanh
dang Z' cang 6n dinh thi t6c do phin img cang 16n. Cdc nhém thé hiit electron trong nhém
di ra 1am 6n dinh dién tich am & anion, lam tdng phan \ng. Ching han, t8¢ do thuy phan clia:

GeHs
m-0;N-CgHy-C-OCOCH,-Y  trong C;H5OH & 50°C cho thdy:
Y= p-CH;0 H m-CH30 p-Br m-NO,
klotsh = 0,08 0211 0,240 0,914 4,68
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Su tang tinh 6n dinh cia nhém di ra ¢6 thé dat duge bing cdch ding xic tdc. Ching
han, phan ing ciia din xudt halogen RX tang khi ¢6 xic tic Ag' c6 kha nang tao phitc v61
halogen:

i | + +
R—C—Cl + Ag’ —--[ R—(E----CP--A% T r—c *AgC
|

Ancol khong tham gia truc ti€p vao phan tng don phéan tlr vi nhém di ra kém én dinh
va nang luong phan ly clia C-O 16n, song khi proton hod c6 thé thuc hién dugc phan dng vi
nhém di ra 12 phan tlr trung hoa va lién két phan cuc hon:

H+
(CHy),C-OH == (CH;;C'OH, == (CH3)C" +H0
Tuong tu voi ete:

H+
CeHs5-O-C(CHy); === CeHls- ?+ - C(CH3); —= CgHs-OH + (CH3):C”

H
Anh hudng ciia nhém di ra trong phan tng S/ lién quan dén ning lugng ion hoa:
E = Egz+Ir—Az

E; cha RZ thay d6i nhu néng lugng ion hod ciia HZ vi thé& tinh axit ciia HZ cang manh,
RZ cang d& ion hod va phan tng Sy/ cang nhanh.

Khi nang phan tmg: ROH < CH;COOR < CF;COOR < CgH5SO;R

Tinh axit: H,0 < CH,COOH < CF;COOH < CgHsSO3H
Trong diy halogen: C-F < C-Cl < C-Br < C-1
HF < HCl < HBr < HI
(CH;);,C-X X= a4 Br I

k10%,s' = 0,854 372 90,1

Vai trd dac biet quan trong 1am 6n dinh nhém dira la tinh solvat hod s& dé cap ¢ sau.

Kha nang di ra cha Z chiu dnh hudng cfia nhém ké, goi 1a hi¢u tng anchime, 1am tang
t&c do phan ly clia nhém di ra. Cac nguyén tlt c6 cap electron n & cach nhém di ra 2 cacbon
¢6 kha nang lam dn dinh ion tao thanh bing cdch tao nén hop chat vong, cuc dai & vong 5,6
canh. Giai doan xédc dinh cia phan tng nay 12 sy tao thanh cation vdng. Sy tdn cong cua giai
doan sau ciia Nu cing mot phia véi nhém di ra & giai doan 1 nén san phdm va chit ban ddu
¢6 cling cfiu hinh:

A - @A™ Ny p E_cH,—CHFN
R—E—CHy—CH,£Cl — R—E— iy 2T
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Téc dung anchime 1am 6n dinh cation l6n nén ngay ¢ din xuft bic nhat ciing c6
nhiing hiéu ¥ng nay:

Ghegr
CH;0CH,CH,CH,CH,Br — Chy $H —» CH30CH,CH,CH,CH,0H
2
~0-CH;
CH,

H I H + e AH-CH; ¢
CZ S-S-C 'CHZ'OH: H CZHS_ —— C2H5—S-CH2-CHC1“CH3
C,H;-S-CH,-CH-OH H,

H;

Cacbocation tao thanh cang kém 6n dinh thi tdc dung anchime déng gép vao su 6n
dinh dé cang 16n, do d6 tic dung anchime trong din xu4t bac nhat 16n hon trong din xu4t
bac hai, con tic dung anchime trong ddn xuit bac ba khéng thuc hién duge do khé khin lap
thé. Tuy vay ciing ¢6 trudng hop, bac ba cling ¢6 hiéu Wng anchime nhu din xu4t sau: phan
tng (53) nhanh hon phin tng (52) dén 70 l4n:

g g
(CH3)2CHCH2-(F-CH2-F-CI < (CH3)2NCH2-F-CH2-CI3-C1
CH; CH, CH; CH,
(52) (53)
Tinh &n dinh ciia cation bac ba tang, vai trd anchime giam:
a) R ={(CH,),CH- b)  R=(CH;),N
X= F  OCH, H CHs
kk, = 384 43 39 25

Hi¢u éng anchime cling xut hién & c4c nhan aryl 1am 6én dinh cation bang cdch tao
nén ion én dinh khong cé dién, 1am thay déi hudng cta phéan iing & giai doan sau:

i CHy~CH—CH—C,Hq

— - ® = / OH Auay ciiu hinh

CHy~ CH- CH~C,Hs  CHy~CH—CH—C,Hg CHy— H- CH=CHy

(BF H20

cation phenoni khong cf dién CH3“CH— CH— CZHS
|

OH
biio 10in cdn hinh
O day obitan u6ng khong lién ket tao thanh khi phan cit lien két C-Z c6 dien tich
duong, c6 thé wong tic vdi obitan bi chi€m clia cdc nguyén tlr khéc tao nén cacbocation

25



khong ¢ dién nhidu trung tam, trong d6 dién tich duong dugc gidi tod. Sy giai tod nay thuan
loi vé nang luong. Ching han c6 sy tao thanh cation khong c6 dién khi phan ing Sy!:

OTs

i cee 100% bio t0dn cdu hinh
ion gidi toa

Dién hinh 13 phan dng thuy phan neopentyltosylat thu duge 2-metyl-2-butanol ma
khong phai ancol neopentylic:

H H,¢ oH
H3C\ S Hy TN e“\\H H30y,, }C S
N — ‘,.‘H —— ..‘H e "C"—'— “H —
TR 3 “Z/C " c/ NG
: > oT
Hs OTs H, -OTs H, §

TF_%F'Q‘CH?’ HiC, ® /o s
0

.._.-—C.”””H —- CH_';_C_CHz—CH3
Hj

2-metyt-2-butanol

H,C

& day khong tao ra ion neopentyl, sy chuyén vi khong x&y ra sau khi ion hod ma déng thoi
véi ion hod vi nang lugng hoat hod cho sy ion hod kem theo chuyén vi thip hon sy tao thanh
cation ddu véi s chuyén vi ti€p theo sau d6. Su gidm nang luong 12 do sy phan bo dién tich
duong gifta hai cacbon.

Phan tng c6 su ddi chuyén déng bd vdi ion hod va t6c do giam 1a do tdc dung anchime.
c- Anh huong cia tdc nhan nucleophin

Trong phén ting thé Sy/, t6c d6 khong phu thudc vio néng d¢ va ban chat Nu vi khong
ndm trong phuong trinh t6¢ d6, nhung san phdm hinh thanh lai phu thudc vao twong tdc cla
cacbocation véi Nu. Theo nguyén tic, cacbocation cé thé twong tdc véi bat k¥ Nu ndo ¢é
trong dung dich phan ¥ng tuy cé sy chon loc va canh tranh. Chang han khi thuy phan rert-
butyl bromua theo Sy/ bang H,O va HO thi (8c d6 khong d6i, khi dung moi phin béng
metanol cho ete nhung t6c do khong ddi, néu thém Br~ cho thém san phdm bromua nhung
t6c do khong déi.

Tuwong téc clia C* véi Nu 1a tuong tdc axit - bazo, do d6 tuong téc phu thude vao tinh
bazo clia Nu. T8¢ d6 qud trinh ting véi tinh baza clia Nu, tang v6i mét do electron dinh chd
trén Nu, nghia 12 ¢6 dién tich m cyc dai clia Nu, déng thdi ciing phu thudc vao ndng do cha
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Nu cé trong dung dich. Tuong tic chia Nu véi trung t4m phén tng 12 thanh phdn finh dien
theo phuong trinh:

AE = (QC*‘ qNu) / IC-Nu
do d6 t6c d6 qud trinh tang khi tang tinh bazo ciia Nu.
Néu dién tich am & Nu phan b6 & vai nguyen tir, phv jon CN™, NO, ™ ...

5
R—C===CH~R

0%
phén ¥ng wu tién & nguyén ti cé do Am dién cao hon vi ¢ tinh bazo cao hon.

Trong trudng hgp c6 nhiéu Nu trong phan ing, lugng san phdm tuong d6i phu thudc
vao ty 1¢ tdc d¢ giai doan twong téc cha Nu vdi cacbocation, nghia 12 phy thu6e vao nang
lugng tuong d6i clia trang thdi chuyén R .. Nu* tren toa do phan ing. Trang théi chuyén s&
chuyén vé phia san phim trén truc toa do phan ting, nghia 13 tang bac lién két gitfta cacbocation
va Nu, né€u tinh 6n dinh cita cacbocation tang (tién dé Hammond), nghia 13 gidm tinh phat
nhiét cia phan ing gifta cacbocation va Nu. Diéu nay gay ra tinh chon lua clia cacbocation
khi twong tic véi Nu. Néu cacbocation kém 8n dinh hon (nghia 1a ¢6 nang hrong cao hon thi
kha nang phan ing cao hon) twong tic véi Nu manh hay y&€u hdu nhv twvong duong nhau,
cation 6n dinh hon twong tac véi Nu manh 16n hon vé&i Nu y&u. Chang han, so sdnh cic phén
¥ng sau:

R = (CH,),C’ (CsHj),CH* (CsHs)2C*
knfkpon = 34,9 1,2.10? ' 2,8.10°

Tinh én dinh ctia cacbocation tang lam tang tSc d¢ phan ting Sy/, déng thai 1am tang
tinh chon loc clia phan ting. Hai qua trinh nay c6 su phu thudc tuyén tinh.
d- Anh hudng lap thé

Trong cacbocation, nguyén ti trung tam 13 lai hod sp?, cdn & chat ban d4u 1a sp’, néu
tang thé tick cha nhém thé & nguyén ti trung tam, ting lyc ddy 1ap thé va tang nang lugng
cia he, trohg d6 trang thdi ddu tang 16n hon 12 cacbocation cho nén trang thii chuyén di gin
vé phia cacbocation hon. Nhu vay, tang thé tich nhém th€ lam mat én dinh chdt ban ddu
nhiéu hon trang théi chuyén, do d6 t6c d¢ phan ting tang.

Ching han, phan tng thuy phan este p-nitrobenzoat: R-OCOC4H,~NO,

R = ~C(CH;); —C[C(CH;3)3]4 ~-(|:{CHzC(CH3)3]2
C(CH,),
kg = 1 13500 19400

T8c d¢ tang khi tang thé tich nhém the & phan tng Sy/ & hop ch4t mach thing nho,
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nhtmg biéu hién r4t 1én & trong hop chat da vong cing. Ching han, t6¢ d6 axeton phan &
25°C clia este (55) chi gép 4 14n cia (54), con cha (57) gdp 1790 14n t8c do cha (56), tir (58)
t6t (59) gdp 225000 lan:

H3 CH3
(CHy)3C-OCO-CgHy-NO, - (CHy)3C-C-OCO-CeHy-NO; bococﬁm-Noz
(54) CH; (55) (56)

C(CH3)3 (CH3)3
ék? :oco - CgH, - NO, CO CsHy-NO; 0CO-C¢H,-NO,
(57) (58) (59)

Tuong téc 14p thé clia cic g6c ¢ nhém the dinh v6i nhém di ra 6 trang thédi chuyén
nho hon & chat ban ddu. Khi tang thé tich clia nhém di ra v thé tich caa gbc hydrocacbon
dinh v6i nhém di ra cang 16n, phan ing cang duoc Xiic ti€n manh. Chéng han, so sanh hai
phan tng:

CH,-X +Cl — CH;-Ci+ X

= Br, O-Ts: kgps/ kg, = 042
(CH/)CX+ CI” — (CH;):CCl+ X
X = Br, O-Ts: kgr,/ kg, = 1000
ching té riing sy tang Kha nang phan dng cia tosylat khi chuyén tir géc bac 1 11 géc bac ba
1a do 4nh hudng lap thé quyét dinh.

Néu trong phan \ng S/, su tao thanh cacbocation phing khé khan thi t6c do phan
ng gidm, su phan ly cham. Trong cic hop ch4t vong, clu hinh phing ctia C* lam tang sifc
cang lap thé nén cation mét én dinh, gidm t&c do Sy/. Kha ning phan Gng cha hé da vong co
nhom di ra & ddu cdu giam theo muc d¢ tang tinh cliing cua vong:

(CH3);CBr @, %6 %b

k[d 10° =13

(C;HOH 80%,25°C

con hop chat sau thi hoan toan tro véi nucleophin:
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Nhu vay, khi ting nhém the & trung tam phén ing, phan tng xdy ra d& dang béi hai
nhai 16 electron va 14p thé, cho nén tai sao phan ting chi dic trung cho din xuat bac ba.

Thudng gap nhig trudng hop sau:

1=D¢ phan nhdnh ¢ cacbon a va 8

~Trong phan ing SyI, 46 nhénh a tang, t6c d¢ phan iing tang duge gidi thich bing tinh
o6n dinh cation bac 3> 2 > 1. Thyc t€, t6c d6 phan itng khéng phu thudc vao tinh dn dinh
cation ma vao sy khdc nhau vé nang lugng ty do gilta chit ban ddu va trang thdi chuyén.
Ding tien d¢ Hammond, trang thdi chuyén gidng cation nén nhan t§ nao, nhu do phan nhdnh
o, lam gidm nang luong tir do clia ion ciing lam giam narig lvgng trang thdi chuyén. D6i véi
ankyl halogenua quan trong véi Snd chi ¢6 din xuit bac ba, véi chat bac hai c6 th trong
dung moi phan cic cao.

Béng 5.3. T6¢ do twong d6i dung moi phéan RBr

Cht ban déu Trong etanol 60% & 55°C Trong nudc & 50°C
CH,Br 2,08 1,05
C,HsBr 1,00 1,00
iso-C;H,Br 1,78 11,6
tert-C,HqBr 2,41.10* 1,2.10°

Tir bang 5.3, isopropy!l phan tng g#p hai lin etylbromua, cdn bac ba dén 10% 14n va
t6c do Sy/ tang khi ting d6 phan cuc clia dung moi. Nhu vy, t6c d6 phin ing Sy lién quan
tdi stc cang B treng sy hinh thanh cacbocation.

Bang 5.4. T6c do tuong d6i cha Sy ciia ROTs trong etanol 25°C

Nhém Tdc¢ do tuong d6i Nhém Tdc dd tuong d6i
C,Hs 0,26 is6-C;H, 0,69
CH,=CHCH, 8,6 CeHsCH, 100
(CgHs),CH 108 {CgHs)sC 10%

D¢ phan nhinh & cacbon B anh hudng nhé hon véi Sn/ trir d¢ phan nhanh B ¢6 phan
ing chuyén vi nhanh, do dé isobutyl hay neopentyl 13 bac nh4t thi dang I€ rat cham theo S/
nhung khong cham nhiéu so v6i hop chat tuong ing.

Din xu4t bac ba xay ra nhanh theo Sni nhung it gid trj tng hop vi ¢6 thé c6 phan ting
tich kem theo néu co Hp. M6t s6 ddn xuat bac ba theo co ché SET nhu p-O,NC¢H,C(CH,),Cl
cho hiéu sudt 16t khi tdc dung véi nucleophin.

2- D¢ chuta no & cacbon o

Hop chat vinyl, axetylenyl va aryl r4t khé the nucleophin theo Sy/ hay ca Sy2. Piéu
nay lién quan t6i ban chat s cla lien k&t C~Z vi khodng c4ch lien két, khong do tinh axit cla
lién két C-H vi & day nhém di ra cing véi cap electron lién két.
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3- D6 khong no d cacbon 3

Téc do Syl tang khi 6 lién két doi & vi tri B nhyr loai allylic va benzylic d4 ndi trén do
8n dinh cation bang cong hudng.

Néi chung, t6c d6 Sy clia hop chat allylic tang véi bat ky nhom thé€ nao & vi urf | hay
3 1am 6n dinh cacbocation bang cong hudng hay siéu lien hop.

4- Hop chdt thé

Hop chat th€ o loai ZCH,X véi Z = RO, RS, RpN cho phén img Syl rat nhanh vi én
dinh cong hudng cacbocation, thudng bing cap electron khong lién két. Hiéu \ing nay quan
trong hon hi¢u wng 7 1am gidm téc do.

Khi Z = RCO, HCO, ROCO, NH,CO, CN, CF;, t6c do Sy/ giam so véi CH;X do higu
{ng hit electron lam mét én dinh cacbocation. Phan ting & loai hop chat nay ¢6 thé xdy ra
nhung t3c do Sy/ rét cham,ching han dung moi phéan hai hop chét (60) ¢d nhém CO cham
hon chét (61) dén 107

e
CH3 CH3
(60) OSO,CF; 61y OSOLFs

tuy nhién cé hiéu (ng cong hudng bl cho hi¢u {mg hit cdm mg cta CO nhung nho hay c6
thé bé qua:

A
R— —R R— —R > R--C-—
%:j)""' T:ﬁci) R (fe

Khi Z = SOR hay SO,R tic 1a loai a-halogen sunfoxit hay sunfon thi phan tng Sy/
Xy ra rit cham do hiéu ting hut electron.

5- Hop chdt thé' B

Loai ZCH,CH,X véi bat ky nhém no ké trén déu lam cham phan ung Sx/, cham hon
hop chét khong thé vi khong 6 hiéu ing cong huéng tuy hiéu Gmg cam tng nho.

Vé mat hod hoc 1ap thé, hop chat ban ddu 12 khong tring anh vat (chiral), nghia 1a ¢6
trung tam b4t d6i xdng, s€ tao thanh hop chat trung gian cacbocation achiral ¢6 tinh d6i

xtng. Tinh hinh hoc clia cacbocation nay c6 nang lwong cyc tiéu néu cé su phan b phang
cdc lien két d6i v6i nguyen tir cacbon lai hod sp

R3
—Anb— N 'I"/”H
R ?3 ! R2 ‘
Z +Nu RI sdn phfim
\\“\\! Z ——f- ,’,/ ———— raxemic hod
A

28 R} R B R — Ny

! cachucation phing \\\\‘\

R;
R
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Cation nay c6 mat phang déi xting nén 13 achiral. T6c d6 tuong tdc ciia cation nay véi
nucleophin khong phu thuéc vio phia nio clia mat phing xay ra su t4n cong ciia Nu, Nhu
vay hop chit ban ddu 1a hoat dong quang hoc thi sin phdm thu duoc caa SnZ 12 san phdm
raxemic hoa.

Chang han tir (+)}-3-metyl-3-octanol phan \ng v&i HBr tao thanh (+)-3-brom-3-
metyloctan:

CH;CH; (H2CH;
CH;-C-(CH,),CH, + HBr — CH3-CI'-(CH)2CH3 + HyO
(I)H Bl’

(+)-3-metyl-3-octanol ( #)-3-brom-3-metyloctan

Tuy vay, ciing c6 nhing phan ving con thu dugc mét lugng sdn pham quay c4u hinh so

vdi chat ban ddu. Ching han khi thuy phan 1-phenyletylclorua thu duge hai san phdm véi ty
1& 51 : 49%:

&

RN P 0 R S
CgHs C¢Hs CH CeHs CeHs
(S)-phenyletylclorua (R)-1-phenyletano! {5)-1-phenyletanol

51% 49%
Trong phan ting nay, Nu tdn céng vao hai phia ciia mat phing cacbocation khic nhau,
c¢6 thé gidi thich bing sy chin ctia nhém di ra (CI") & phia nhém di ra, 1am giam kha nang
tdn cong vao phia d6 clia nucleophin hoic ¢6 thé do trang thdi cap ion nhu trén.
6- Su chuyén vi cacbocation
Do d6 bén cia cacbocation nén trong cdc phan ing th€ Sy/ c6 su chuyén vj

cacbocation tir bac thdp sang bac cao va sin phdm thu duoc ciing phu thuoc vio sir chuyén vi
ndy, chang han:

CH, HyC €l CH,
CH,- "(FH'CH3+ HC| —»~ CH;-C-C-CH,4 + CH3'?'CH2'CH3
il OH : ¢l

2-clo-3-metylbutan 2-clo-2-metylbutan (uu tién)

Do ¢6 chuyén vi cacbocation:

H H;G H
) Ne T
Hj / \
CH,4 H;C CHj;

H,C

cation bac hai cation bac ba

(CH;);CHOH-CH; + HI —» (CH;);CHI-CH; + (CHa)zgul;gnHz(CHs)z
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do chuyén vi:

H S H CH
3 ® H3C>_@ | / H3
Hs CH; H;C Nen,

H,C CH,

cation bac hai cation bac ba

Thudmg c6 hai trudng hop chuyén vi:
R,CC'HR' —» R,C'CHRR' chuyén vi gdc ankyl
R,CHC*HR' — R,C'CH,R’ chuyén vi hydrua
Con trong trudng hop cacbocation ¢6 sy giai toa béng hiéu ting lién hop thu duwgc san
phdm khéc nhau do ¢6 sy chuyén vi goi 1a chuyén vi allyl:
CH,CH=CHCH,Cl + H,0 == CH;CH=CHCH,0H + CH,CHOHCH=CH,
do c6 chuyén vi:
[CH;CH=CHCH," == CH,CH"CH=CH, ]
Su chuyén vi nay xay ra clhia nhém chuyén vi ciing véi cap electron lién két nim song
song véi obitan tréng cia nhém ben canh (xem phan ting thé Sy/ cua hé allyl).
7- Anh hudng ciia dung moi
Trong phén ing Sy/: R-Z —» [R>.... 711 > R* + Z~, trang thdi chuyén phan cuc
hon chat ban ddu nén khi tang do phan cuc,clia dung moi, sy solvat hod trang thédi chuyén

16n hon chat ban ddu, ning lugng trang thdi chuyén gidm manh hon chit ban diu, nén ting
sy phan ly khi tang d6 phan cuc dung moi, tang t6c do phéan ing.

Téc do cla tert-butyliodua thay ddi theo h¢ 56 € cia dung moi:

Dung ITIOI M C6H6 CﬁHsCOCHq C6H5CF3 CﬁHsNOz CﬁHjCN
e . 2,28 4,33 9,18 35 252
£10°% 57 (28°C) 1 0,275 0,42 0,80 3,0 3,69

vi phifc hoat hod 12 mot ludng cyc, cho nén ¢6 st phu thudc tuyén tinh cia igk vao ty 12
(¢ — 1)/ 2(¢ + 1). Tuong quan nay phit hop t6t v6i dung moi aproton, con dung mdi proton
thi xic tién phan tng manh hon vi c6 thé c6 solvat dién hinh hay dac biét do tao duoce lién
két hydro v6i nhém di ra.

Néu chat ban ddu mang dién tich duong, di¢n tich duong & trang thdi chuyén dan déu
hon chat ban déu nén dung méi phan cyc 1am cham phdn ing.

Néu chat ban ddu trung hoa, phan dng thudng xay ra trong dung moi proton nhu H,0,
ROH, axit cacboxylic vd dung méi aproton phdn cyc cao nhu dimetylfomamit (DMF),
axetonitrrin, axeton, sunfua dioxit, hexametylphotphoramit (HMFPA).

Anh hudng clia dung moi duge ddnh gid djnh lugng (d6i v6i phan ting Sy/ ma dung
moi ddy nhém di ra) bang phuong trinh tuyén tinh ndng luong tu do cla Wienstein —
Grunwald:
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lgk/k)y=IN=mY

v6i N va Y 14 gid tri dic trung cho tinh nucleophin va lyc ion hod clta dung méi, 7 va m 13 dé
nhay ca chit ban ddu vdi hai tinh chat d6 cia dung moi. Gid trj N ¢6 thé xdc dinh bang
cdch chon chat chufn v6i / = 1 va dung m6i chudn véi N = 0, thuémg diing chat ban d4u 1a
p-metyltoluensunfonat (tosylat) va dung mai chufn la etanol - nudc 80%.

D6i véi phan ving Sy/, thudng xem anh hudng solvat hod dién hinh, phd bin 12 ding
phuong trinh 1g(k / k) = m.¥Y v&i Y 1a kha ndng ion hod cua dung méi chi phu thude vao moi
truong, ¥ = O vdi dung dich etanol — nuéc 80%, m dac trung cho do nhay ciia chilt ban ddu,
v6i chdt chudn = 1 d6i véi tert-butyl clorua, ko 1a t6c d6 ciia dung méi chusn etanol - nude
80% & 25°C. Gid tri Y tang, t6¢c 49 phan ing ting. Gid tri m tang khi tang sy phan chia dien
tich trong trang théi chuyén.

Chéng han vai gid tri clia ¥:

£ 4 £ Y
Nude 78,5 3,49 Metanol 100% 32,6 ~1,09
Etanol 100% . 24,3 -2,03 Metanol 50% - 1,97
Etanol 80% - 0,00 AXit axetic 6,19 -1,68
Etanol 70% - 0,50 Axit fomic 39 4,5

Sy phu thuéc tuyén tinh gitta d thim dién méi ¢ va luc ion hod Y khong quan sét
dugc khi dung moi tao duge lién két hydro bén véi anion.

b6 nhay m cta luc ion hod cha dung méi thay'dcﬁi theo sy thay d8i tinh phan cuc cia
h¢ khi chuyén tir trang thdi ban d4u t6i trang thdi chuyén nén c6 thé dung gid tri m dé xét
miic d6 phan chia dién tich cla trang thdi chuyén. Gid tri m cang 16n thi 49 phan chia dien
tich cha trang thdi chuyén cing lén.

Gid tri Y ¢6 thé ding cho hdn hop dung méi hay cap dung méi nhung so sinh qud
rong khong cho dinh lugng t6t, gid tri ¥ cho két qua t6t vé kha ning solvat hoa.

¥ do dugc chi bing kha nang ion hoi cla dung moi va khong ¢6 bat ky mot su tdn
cong sau nao cla dung moi dé gitp cho nhém di ra di ra & dang anion. Thuc t&€ ¢6 nhién
chiing minh cho th4y c6 sy tham gia cia nucleaphin, nhét 12 ch4t bac ba. V& do kha nang
ion hod t6t hon nén diing 2-adamantan thay cho rert-butyl clorua va di dua ra gia tri Yor, tir
2-adamantan tosylat dua trén 1- vi 2-adamantan tosylat dp dung chi cho tosylat (¢6 su tham
gia ctta nucleophin va kha nang ion hod) va tim thdy kha nang ion hod phu thuéc vao nhém
di ra.

Sau nay dya vao vi tri pic chuyén dich dién tich trong phé UV ciia phirc nhur gilta jon
iodua va 1-metyl hay I-etyl-4-cacbometyloxypyridinium (62) ¢6 su phu thugc vao tinh phan
cuc cla dung moi.
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COOCH;

6Hs /Cékei?
2 —\® O
| 1 Gy
N®
I!{ (62) CgHs

R= CH, hay C,H; (63)

Do cdc pic nay, Kosower tinh nang lugng trang thdi chuyén goi 12 gia tri Z (do tuong
tuy nhu gid tri ¥). Mat kbdc do pic UV clia pyridin-N-phenolbetain (63) trong dung moi Khdc
nhau. Gi4 tri tinh phan cyc cia dung moi trén thang nay goi 12 E(30), cd tuong quan voi Z
theo phuong trinh sau:  Z = 1,41E1(30) + 6,92.

Néi chung cdc gia tri Z va Er (30) tudn theo thit ty nhu & ¥. Ngoai ra ¢6 thang T,
thang n AZO

Bang 5.5. Cic gid tri ¥, Yor,, Z va £1(30) clia mot s§ dung moi

Dung mbi Y Yors Z £:(30)
CF,COCH 4 57
H,0 5 41 04,6 63,1
{CF4),CHOH 3,82 65,3
HCOOH 2,1 3,04
H,0-C,Hs0H (1:1) 1.7 1,29 80 55,6
CH4CH,0H 1,0 1,77 50,8
HCONH, 0.6 83,3 56,6
C,H;0H 80% 0,0 0,0 84,8 55,7
CH,CH -11 -0,82 83,6 55,4
CH,COOH -1.6 -09 79,2 51,7
C,H;OH -2,0 -1,96 79,6 519
Dioxan 90% =20 -241 76,7 487
is0-C;H;0H =27 -2.83 76,3 48,4
Axeton 95% -28 -2,95 729 483
tent-CH,0H =33 -3,74 71,3 43,9
CH,CN =321 713 4586
(CH,), S0 711 45,1
HCON(CH,), —4,14 68,5 438
Axeton 65,7 42,2
HMPA 40,9
CH,CI, 40.7
Pyridin 64,0 40,5
CHCl,4 63,2 391
CgH;Cl 37.5
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Bang 5.5 (tiép theo)

Dung mbi 4 Yo Zz £:(30)
THF 37.4
Bioxan 36,0
(CyHs),0 345
CeHg 54 343
CgHsCH; 339
CCl, 324
n-Octan 311
n-Hexan 31,0
Xyclohexan 30,9

5.2.2. PHAN UNG THE 5,2
5.2.2.1. Co ché Sy2

Co ché€ SN2 12 co ch€ déng b, truc ti€p khong c6 hop chét trung gian ma tao thinh
trang thdi chuyén ludng phan tir xdc dinh t6¢ do clia phan ing;

/
Nu +—C—7Z —» Nua_"Y-Za' — NU—R— + 7
/

Téc 4o phan tng la: —~d[RZ]/ dt = k[RZ][Nu ]

Phén \ing dac trung bing phin ting bac hai, song néu tdc nhan Nu vira Ia dung moi thi
¢d ché€ 1 ludng phan tlr, nhung thyc nghiém xdc dinh dong hoc theo bac nhdt v = ¥[RZ], ma
g day dong hoc goi 13 gid bdc nhdt (pseudo first order).

Phin 1ing xy ra qua trang thii chuyén ludng phan tir, & d6 cacbon phéi trf 5, lién két
C-Z bi phan cit mot phdn & giai doan xdc dinh tSc d6 nén cling ¢d hi¢u tng déng vi, tuy
nho, do dé trang thdi chuyén chi phan cdt mot phdn C...Z vi tao mot phin lien k&t C...Nu.
Phan ing mot giai doan, khong c6 chét trung gian.

£4 @¥:® Trang théi chuyén

NG + R-Z == [Nu..R..Z)% == Nu-R + 2°

Toa da phan (g
Hinh 5.4. Gian d6 nang lugng cia phan tng Sy2
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Bang 5.6. Mot s6 chuyén hod bang phan ung Sy 2

Nu Chét ban dAu S&n phim Nhém di ra
T + CH,CI CH,I +or
N=C" + (CH;0),80, CH,OH + CH,080,0°
HO™ + CH,— CH, HOCH,CH,0™

N 0/
N*=N"=N" + CH,CI CH;-N=N*=N" +CI°
(CgHs)sP +CH,l (CeHs)sP CHyI™
CH,C00" + CHyCH,1 CH,CH,0COCH, | +T
H,P™ + CHBr H,P-CH, +Br
HC=C" + CH,CH,Br HC=C-CH,CH, ¢Br
r + CH-0'~CHy — | CHy + CH,OCH,
EH,

M$é hinh obitan phan tir nhu sauw:

B TR | SRR - X O

Nzng luong cdn thiét cho sy phan cit C-Z duge ddp iing bing sy hinh thanh ddng thdi
lien k&t C-Nu. Vi tri & dinh dudng cong nang lugng hoat hod trén gian d6 13 trang théi
chuyén do nhém di vao va di ra, déng thdsi vi cacbon trung tam khong thé c6 hon 8 electron
va cacbon tir sp° chuyén sang sp2 ¢6 obitan p vudng g6c ¢6 mot thuy xen phit véi nhém di
ra, mot thuy xen phll véi tac nhan Nu. Ci hai nucleophin va tic nhan ciing Xen phl v6i mot
obitan nén chi cé thé tdn cong sau ma khong c6 tdn cong dién. Ba nhém cdn lai & trung tam
gdn nhu déng phing hay hoan toin déng phing néu nhém di vao va di ra gidng nhau.

Trang thdi cacbon & ch4t ddu Ia sp*, Nu™ t4n cong sau clia nhém di ra dé c6 lyc ddy
finh dién va khuéch tin cita tiéu phan. Sy ti€p cin cla Nu lam thay ddi tinh hinh hoc va
trang thdi lai hod ctia C gdn t4i trang théi spz. Trang thii chuyén ¢6 dang hinh thép tam gidc
kép.

Ciu tao trang thdi chuyén d6i xing khi nhém di ra vad Nu c6 cdu tao gi6ng nhau, con
¢é thé c6 trang thii chuyén sém hon, trong d6 bic lien két C-Z I6n hon bac C-Nu hoac
muén hon, trong dé bic lign két C-Z nhd hon bac lien két C-Nu.

Trong qud trinh €6 sy chuyén cdu hinh cla cacbon vi cudi ciing 12 cdu hinh sp” trong
san phdm.

Trang thii chuyén, obitan gia p & C trung tam tuong tdc dong thdi vdi obitan bi chiém
clia Nu va Z:
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Theo quan diém MO, phan dng §y2 xay ra do trong tic cla obtian bi chim ctia Nu
v0i obitan phan lién két caa chat ban diu nhu & hinh trén:

2
AE = q4c — 4N + Z(CC _(‘Nu“:AB)
IC—NU ENu - E‘C

V01 g¢ va gy, 12 dién tich & C trung tdm va & Nu; /ey, 12 khodng cdch gitta C vd Nu; ¢ va
Cny 12 hé s6 obitan ciia obitan phan lién két ¢* va obitan bi chiém cua Nu; AR 12 su thay doi
tich phan cong hudng; Ex, — Ecla su khic nhau vé nang lugng cfia obitan khong lien két cfa
Nu va obitan phan lién két cia C-Z.

Nhu vay, khdc v&i Sy/, phdn Gng Sy2 phu thudc vio hai thanh phin tuong tic
Coulomb va tuong tic obitan.

Trong pha khi hay dung moi phan cyc aproton, sy solvat anion nhd, dién tich & Nu
dink chd, phan ifing chi y&u 1a khong ché dién tich.

Trong dung mai proton, dién tich & trung tam phén ing ciing nhd, twrong tic Coulomb
giam, nén vai trd chinh 1a thanh phin obitan. Phan (fng wu tién khi Nu ¢6 obitan khong lign
két ¢ nang lugng cao (HOMO), nghia 1a Nu ¢6 kha nang phan cuc hod cao, solvat hod nho.

Nhu vdy trung tam phin (ng la trung tdm mém nén. dé phan ting véi Nu mém, khdc
vai Sy4 la cacbocation 12 axit ciing-dé phan tng v6i Nu ciing.

Dua vao nhimg quan sdt trén, ¢6 thé thdy dugc ban chat sy thay déi cia phan tng Sn2.

Vé mat hod hoc lap thé, phin tng S\2 1a quay cdu hinh vi sir tdn cong dién cla obitan
n cha Nu vao ¢ thi tuong tic bing 0 vi ¢6 nit trén ¢” nén bugc phdi tin cong ngugc phia
voi nhém di ra. Tuong tdc nay dan t6i su giam nang lugng, [am thuan loi cho su quay cau
hinh:

c -

o oot

.
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Su tin cong nay con goi la tdn cong trans hay enti d¢ hinh thanh trang thii chuyén
bén va cudi cing d€ hinh thanh sdn phdm bén quay c4u hinh.

Y ()

1,2-trans

; B
H i H H ]—{_] ciiu dang che khuit
—— i
A + Br quay
H : CH
! 3 ® H3
H; NS Ne-H

L
N : : iy dung xen k& bén

trang thii chuyén

Néu sy tin cong sau khong ¢6 thé thi phan ing khong thé xdy ra theo co ch€ Sy2 nhu
trong cic hgp chét da vong ¢6 nhém di ra & ddu cdu.

Nang lugng hoat hod clia Sy2 thap hon Sy/, con entropi hoat hod lai &m hon vi trang
thai chuyén ¢6 tinh trat tu cao hon chét ban dau.

Trong phan tng Sy2, hop chdl ban diu ¢6 tinh hoat dong quang hoc s€ di qua phic
hoat hod c6 trung tAm chiral hay bat d6i xung khi thuy phan s& cho san phdm hoat déng
quang hoc. C4u hinh cia san phdm nguge véi cau hinh chét ban ddu, nghia 12 ¢ sy quay ciu
hinh, goi 1a su nghich dao Walden. Chang han khi tdc dung Nal v6i (5)-2-clobutan s& thu
duge (R)-2-iotbutan:

H
/
« '
:K —c +NaT = Ty,
H3C\\ : \ 3
H

C,Hs
{$)-2-clobutan {R)-2-iotbutan

+ Na'Cr
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C6 thé so sanh véi Sy/ vé hod hoc lap thé:

— |a e
S.2 FARDORE -NU| s sén phdm quang hoat
A
4 i c
_ Cvf,! Nl.le phifc hoat hod chiral
KA - a ®
Suf I
b IR, . o
q‘o —  san pham raxemic hod
%
0’
b “c

phitc hoat hod achiral
V1 phan tng Sy2 xay ra & cling vi tri cfia nhém di ra v quay c&u hinh nén duge dung
nhi¢u dé xdc dinh cdu tric trong téng hop, déng thii dé chuyén hod cdc nhém chire khdc
nhau.

Walden di thyc hién nhiéu thue nghiém, chang han axit (+)-malic thanh (+)-closuxinic
va {(—)-closuxinic:

(IZOOH ?OOH ?OOH
$0Cl, PCI
(+)(FHCI ——— (+)(EHOH — () (FH(:]
CH,COOH CH,COOH CH.COOH
hay nguoc lai chuyén (+)-closuxinic thinh axit (+)- va (—)-malic:
(IZOOH ?OOH (;OOH
Ag,0 KOH
(HGHOH =5 (HEHCL === () CHOH
CH,COOH CH,CO0OH CH,COOH
Phillip ciing thirc hién mot chu trinh chuyén hod sau:
CH,CgHs CH,CgH; CH,C¢Hs
! TsCI I Col1,0H,K,C0; I
CHy~CH=OH —> CH;—CH—OTs ————= CH;—CH—0C,}H;
w=+33,00 hu=+3],10 B w=-199°
Kl C
FHszHS CoHLB FHzcﬁHS
T
o =+235

Trong chu trinh trén, phan tng A, C, D 12 bdo toan cAu hinh vi khong cé phan cat lien
két C-0, phin tng B l1a nghich dao c4u hinh.
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S nghich dao Walden ciing chiing minh bang phan ing Sy2 khong xay ra cta nhém
di ra & ddu cdu nhu trong hé [2.2.2] hay hé 3.3.1]:

T Br

Phan ing ching minh bang hop chit quang hoat voi chit hoat dong phéng xa nhu
phan Ung:

CeH+«CHICH, + 17— CgH;CHICH; + I

thu duge hén hop raxemic, néu tir {(R) s& cho déng phin (S) va khi ham lugng (S) tang lai
canh tranh vdi I” cho (R). So sdnh 16c d6 nghich dao va d¢ phong xa cha T da tim thay ket
qua v6i sai 86 thue nghiém:
Toc do nghich dao: 2,88+ 0,03.107
Tée do trao déi : 3,00+ 0,25.10""
Vi néu do t6c do raxemic hoa thi sé bing hai 1an tdc do nghich dao vi méi ldn nghich
dio cho hai phan 1 raxemic. Diéu dé cho thiy moéi mot lan trao ddi 12 mot 1dn nghich dao.
Ischenmoser cho thdy trang thdi chuyén phai la thang hang khi nghién ciru phan ing
cua a-tosyl-o-toluensunfonat (64) v6i baze manh cho o-(1 -tosyletylhbenzensunfonat (66) do
bazg 1dy proton o cho ion (65):

SOj\ bz SOE\ SOZO ©
CC 9 = e 7 — CX

CH, CH GH ¢l “CH—CH,4

Ts Ts '{5

(64) (63) (66)

vh anion (65) ¢6 thé tdn cong nucleophin vao nhém metylen nhu la qud trinh Sn2 nd1 phan

ur (67):
S0,
-~ EAN :
E )\ - i

(T*n CH;

Ts
(67)

song trong truong hop nay dién tich am & cacbon tan céng vao nhdm metyl ciia phan ti khac
d& hon 12 trong ciing phan tlr, nghia 1 phan tmg ta ngoai phin tr khong phai 1a noi phan wr
do entropi thuan loi hon. Két luan trén duge giai thich 1a su tin ~ong noi phan tr khong xay
ra vi khong thé ¢6 trang thdi chuyén hodn toan thing hang duge.
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Bang 5.7. Mot s6 phén ting theo co ché Sn2 (R = ankyl bac nhdt hay hai)

—y

RX +HO™ ~» ROH ancol
2 RX+R0O™ — ROR ete
3 ROSO,0R' + R"O” —= ROR" ele
4 RX + SH™ ~— RSH thioancol
5 RX+R'§" —= RSR’ thioete
6 RX + 8§ — RSSR
7 RX + $0,%° — RS0,0” ankyl sunfat
8 RX + SCN™ —= RSCN ankylthioxyanua
9 2RCH ~— ROR ete
10 R0’ + ROH — ROR’ ele
11 —(:Z-m IC_ — —IC_E:— epoxy

Cl 6H \O/

12 R A diol

\O/ (l)H 6H
13 RX+R,NH — RR',N triankylamin
14 RX+R;N — RR,N'X"
1 | RX (CHalN — Ny(CHANR™X" 2> RNH, amin

I |
16 —Q—/C» *RNR, — ']!‘:_ C- B-hydroxylamin
0 OH NHR
17 RX + RCONH™ — RNHCOR’ amit
18 RX + NO,” — RNO, + RONO nitro, nitrozo
19 RX+ N, —= RN, azit
20 RX + NCO™ — RNCOD isoxyanat
21 RX+NCS —= RNCS isothioxyanat
22 RX+R™ —= RX trao dai halogen
23 ROSO,0R' + X~ — RX ankyl halogenua
24 RX + PCl, —= RCI anky! clorua
25 ROR'+ ZHI— RI+R'I ankyl iodua
|

26 ‘1({_/&' +HY — -G EI:* B-halogenancol

o] OH X
27 R—0-COR"+ Lil — RI+R'COQ™ alkyl iodua
28 RX + CN™ — RCN nitrin
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Bang 5.7 (tiép theo)

29 RX + R'CH=(C"™ —= RC=CR’ anky!
30 RX + LiAlH, — RH ankan
3 ROSO,R' + LIAIH, —= RH ankan
L ‘ L
12 —C\—/C— + LIAH, — —IC-— ?— ancol
OH H
33 RX + R'CuLi — RR’ ankan
11 o
34 'C\_/C_ + RMgX — _f’#?‘ ancol
0 OH R
35 X+ HCT(CORY, — RCH{CORY), ankyl hoa
36 RX + R'CH -COR" — RCR'H-COR" ankyl hoa
37 RX + RCH™-CO0™ —= RR'CHCOO anky! hoa
o 3 R S
38 RX + X } — X :> ankyl hoa
H S H S

5.2.2.2. Hiéu itng nhém ké trong SN2
Trong mot s6 phan dng khi & cacbon ¢6 nhém ké lam tang kha nang phan itng va bao
toan cAu hinh cia cacbon trumg tam chiral:

Z_R
I- R—%:—C—R — R—? I—R X

l(\ RZ R
R
2- R—/ﬁ—wu — R——%——-lrj—-R

R R R u

Giai doan ddu, nhém ké déng vai trd cla nucleophin ¢6 tac dung ddy nhém di ra va
lien k&t vdi phan tlr. Giai doan thit hai ia tdn cong clia Nu ngoai. Co ch€ nay tim thdy phan
ing 13 bac nhat vi Nu khong nam trong giai doan xdc dinh t6c do. Sur 1dn cong cha Z nhanh
hon Nu bdi vi nhém Z dé& gap vi tri ké dé€ wong tdc hon, tic ahan Nu con phai va cham v6i
chat ban ddu con Z ¢a ¢6 vi tri thich hop. Phan tng ciia Nu v6i chit ban ddu tang 1on vé
entropi hoat hod AS* vi cdc tdc nhan & gdn hon trong trang thii chuyén hon, phan dng cta Z
mat di AS” thap hon.

Thuc t& khong dé xdc dinh khi ndo phan ing tang do hiéu ing anchime cia nhém ke,
thudng tién hanh phan Gng v6i chét c¢6 va khong ¢6 nhém ké nhu HOCH,CH,Br va
CH,CH,Br, nhung con phai t{nh dén dnh hudng clia 14p thé va dung moi. Van dé quan trong
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ctia co ché nay la chimg minh sur bao toan cdu hinh cla chat ban diu. Diéu nay dua trén
phan (ing cap threo i cfia 3-brom-2-butanol tic dung v6i HBr cho di-2,3-dibrombutan, con
cap erythro cho déng phan meso:

CH
"o, N —H N _ony M
Br Br HBr Br Br
OH OH —= Br Br
" New T T Nen,  CH3
3 cap three d f 3‘:@ dl H
CH
Br Be MHar Br
OH OH Br
H, CHs u CHj; .
cap ervthro dt Heso

Su tao thanh enantiome 1 do tao dugc chét trung gian chung (68) khi tdn cong cla
nhém ké :

? CH;

H
CH,
(68)
1a ion bromoni déi xitng nén nucleophin tdn cong & hai cacbon nhu nhau.
Ciing ¢6 truéng hop Nu tan cong khong phat vao vi tri nhém di ra ma vio vi tri clia
nhom ké ban ddu nhu trudng hop sau:

Z. CH; z%

|

Z
\ |
X Nu’ CH} u CH3

C6 nhiéu trudng hop chat trung gian bén hay 1im kha nang dé ty tr& nén bén nhu
trudmg hop tao dugc cdc san phim vong va phdn ting nhu 1a Sy2 binh thudng nhu trudmg hop
hinh thanh epoxit hay lacton:

HE~ HR A .
“‘F‘i{ R e i

-
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Mot chimng minh 16 cho khd nang tham gia cita nhém ké la axeton phin 4-metoxy-1-
pentylbrosylat (68) va 5-metyl-2-pentylbrosylat (69) cho hén hgp san phdm vdi sy tham gia
clia nhém ké ¢6 chat trung gian (70) chung cho ¢4 hai san phim:

CH3 H3
w e a AN -
CH; (g8) CHj

CH, /O CH;

m JK@H
H H COCH; CH,COOCH; H

CH3 4oe 80%

Phan ting cfia Sy2 ciing chiu tic dung clia hiu ung anchime. Hidu ting cua nhém chic
khac c6 trong chat ban ddu c¢6 thé 1a tic nhan nucleophin thé noi phan tir gay ra sy chuyén
hoa vong bén hodc tao vdng trung gian khong bén chuyén hod ti€p thanb san pham.

Trudng hop tdc dung cla hiéu (ng anchime trong cdc phan tng sau thu dugce san pham
bao toan cdu hinh do ¢6 hai 1an the Sy2 quay cdu hinh:

@
(CH3)2T?] H,—d Su2 (CH3):1_7\|I — CH;
CH, H,

H, H,0, 25°C %%
CH, {1,
H
H
-—C//CH-’» (FC/)\ .‘\\\\\ — ? {/CH_;
i !/Br \CHS (R) !//OH

(R} g-lacton

O 4-\ C-—O i S
trans
C”‘ﬂ Q

Co ché nhém ké dua trén co s& tao hgp chét vdng khi kich thuée vong phu hgp diing
cho nhém ké tham gia t4n cong, ching han CH:O(CH,),OBs nhom ké tham gia quan trong
khi # = 4 hay 5 (tuong ifng v&i vong 5 hay 6 canh trung gian} nhung khong ¢6 khin = 2,3
hay 6. Néi chung, t6c d¢ nhanh nhat khi vong ¢6 3, S hay 6 canh. Vong bon canh cé nhom
ké tham gia khi cé g&c ankyl & vi tri o hay B d6i vd1 nhém ké.

cr

Csc nhém ké quan trong 12 COO", (nhung khong phai COOH), COOR, COAr, OCOR,
OR, OH, O”, NH,. NHR, NR;, NHCOR, SH, SR, §', I, Cl, Br. Nhom ké 12 halogen giam
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hi¢u dung theo I > Br > CI; Cl 1a nh6ém ké yé&u, chi hoat dong khi khong cé su can thiép clia
dung méi hay khi ¢6 nhu cdu electron tir né, nhu 5-clo-2-hexyl tosylat dung méi phan trong
axit axetic thi Cl tham gia nhém ké rat nhd nhung trong axit trifloaxetic thi r& thanh vai trd
chinh, con F chura ¢6 chitng minh ¢6 su tham gia nhém ké.

Sy tham gia cita nhém k€ ciing chiu dnk hudng cha nhém di ra, chéing han p-NO,C4H,S0,0
la nhém nosylat 12 nhém di ra t6t hon tosylat thi nhém ké it tham gia hon, chang han nhém
OH trong trans-hydroxyxyclopentyl arensunfonat:

H
H

0SO,Ar

Nhém ké OH chi tham gia khi nhém di ra 1a tosylat ma khong phai nosylat vi nhém
nosylat di ra qué nhanh dé nhom ké cé thé tham gia.
5.2.2.3. Nhitng nhdn t6 dnh hudng cia phdn ing Sy2

1- Cdu triic chdt ban ddu

- D% phan nhidnh & cacbon « va B:

Khi tang thé tich nhém thé & trung tam phan ing, tuong tic ddy 1ap thé & trang théi
chuyén tang, 16n hon chat ban ddu, do d6 t6c d¢ phin ing giam:

R-Br+Cl" — R-Cl+Br
R= CHy GHs CH(CHy), C(CH;); CH,C(CHy),
Igk= 0,30 1,87 3,61 4,96 7,07
Khé khan [4p thé tang tir dn xuft bac 1 d&n bac 3, do d6 din xudt bac 3 khong tham

gia phan tng SN2, trir mot vai trudng hop din xudt bac 3 khong c6 kha nang tao cacbocation
va dung Nu manh thi ddn xu#t bic ba nay ciing c6 thé Xay ra theo Sy2:

CH3 |CH3
(p-02N-C6H4)3C -Cl CGHs-E-é-Br Csz-(]j—COOC]‘h
Br

Ly do gidm t6c do 12 do tinh lap thé, trang thai chuyén bi chodn nhiéu khong gian khi
nhém the the tich 16n hon s& khong cho tac nhan tiép can t6i trung tdm cacbon.

Bang 5.8. T6c d¢ twong d6i ciia S2 clia hgp chét ankyl

R Téc do tuong dsi R To¢ 4 tuong B
Metyl 30 isobutyl 0,03
Etyl 1 Neopentyl 107°
Propyl 0,4 Allyl 40
Butyl 0,4 Benzyl 120
Isopropyl : 0,025

Cac nhém th€ & cacbon o va B déu Iam giam t6¢ do SN2,
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Khi tang thé tich nhém th€ & C,, kha nang phan (ng Sy2 gidm, ching han hé¢
neopentyl c6 kha nang phan iing rat thap.

Hinh 5.5. Anh hudng khong gian clia Sy2
Nhitng nhan t6 electron ciia nhém thé 1am dn dinh trang théi chuyén déu lam tang t6c
do6 phan ing.
- b6 khong no & cacbon o va f3:
Phan img Sy2 & cacbon o khong no ciing xay ra rdt cham hay khong c6 phan tng.

Cic hop chat allyl, benzyl th€ theo Sy2 rdt dé do tao trang thai chguyén bén bing
tuong téc giita obitan 7 va gia p trong trang thdi chuyén.

Hinh 5.6. Trang thdi chuyén Sy2 cua allyl va benzyl

Chéng han, trong hé benzyl, hop chdt (71) phan ng cham hon hgp chat
(C¢HsCH,),S*C,H; dén 8000 l4n do hop chat (71) khong c6 tinh hinh hoc cho sy lién hop
trong trang thai chuyén:

CH;~ S~ C,H;
@35@ GHs  + SCN > CHs— SCN
(71)

Lién két ba & vi tri B (hé propargyl) cho cing hi¢u tng nhu lién két doi. Cic nhém
ankyl, halogen, xyan va s6 nhém khéc & vi tri 3 déu lam tang t6c d6 Sy2 nhung nhém ankyl
va halogen & vi tri 1 1am giam t6c do do khé khan 1ap thé.

- Do thé a:

Céc nhém thé & cacbon o loai ZCH,X, t6c do Sy2 tang 16n d6i véi mot s6 nucleophin,
nhu ion halogenua hay giéng halogenua, nhung gidm hay khong phan ing véi nucleophin
khéc. Ching han, a-cloaxetophenon CgHsCOCH,Cl phan ing véi KI & 75°C nhanh hon
1-clobutan dén 32.000 14n nhung a-bromaxetophenon phan ing véi trietylamin chi bing
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0,14 ldn ciia iotmetan. Ly do & day chua that rd nhung céc nucleophin nay hinh thanh trang
thai chuyén nén (tight) hon, 12 ¢6 mot lien ket hinh thanh va phan cét trude di xdc tién phan vng.

Phin 1ing Sy2 khong tim thdy sy tuong quan véi phuong trinh Hammett vi trong co
ch€ nay, vai trd ciia lién két phan cdt va tao thanh déu quan trong trong trang thdi chuyén &
giai doan quyé€t dinh t8c d$ phan ing. Cic nhém thé c6 hieu (ing & ca hai qud trinh nhumg
thudng nguogc nhau. Céc clorua va bromua benzyl khong the déu theo Sy2.

Khi nghién citu hé bixyclo[2.2.2Joctylmetyl tosylat th€ & vi tri 4, Holiz va Stock

tim théy:
z—@— CH,0OTs

& day chi cé hi¢u img cam ung, khong c6 cong hudng va lap thé, cic nhém thé hiit electron
lam tdng t6c do Sy2 do di 1am 6n dinh trang théi chuyén bing gidm mot it mat do electron.

- Cic hop chat vong:

Céac hgp chét vong nhu xyclopropy! phéan ing theo Sy2 theo co ché mé vong con cic
ddn xuft ddu cAu khong cho phan tng S\ 2.

- Higu ting nhém the:

Hiéu tng electron cha nhém th€ phu thudce vao dién tich & trang th4i chuyén. Truong
hop trang thdi chuyén c6 cfu tric d6i xing, lién két tao thanh va phan cit nhv nhau (t6ng
bac lien ket bang don vi) thi hieu ting electron cla nhém thé thuc & khéng anh hudng 161
t6c do. Phan tng ndy goi 12 phan ¢ng déng b¢ nghiem ngat, con dai da s6 khong chat ché
nhu viy.

Né€u xét sy phan cét xay ra truée sy tao thanh lién k&t mdi, téng bac lien két nhd hon
don vi, mét do electron & trung tAm trong trang thdi chuyén thap hon trong chit ban ddu, goi
1a trang thdi chuyén “x4i” (hay néi, loose). Dién tich duong ting lén tr ch4t ban ddu dén
trang thdi chuyén, do d6 cdc nhém thé cho electron xdc ti€n phan ing:

R*Z" +Nu—z.R¥ . Nu Z..R¥*.Nu Z..R¥™ . Nu
=8 8>3 5 <8

Néu sy tao thanh lién két xay ra trudc su phan cét, mat do electron & trung tam trong
trang thdi chuyén 16n hon trong chat ban déu, trang thdi nay c6 tinh chdt gi6ng anion, goi 14
trang théi “nén” (hay ép, tight), do d6 cdc nhém thé hit electron lam tang téc do phan tng.

Thue nghiem cho thdy ring, da s6 phan img Sy2 thudng duge xic ti€n bing nhém he
hit electron, nhur vay 1a sir tao thanh lLién k&t méi xdy ra trudce su phan cit lién két cd.

Trong phén ng Sy2, khong ding duge quy tic BFP va tien dé Hammond ma ding md
hinh phifc tap hon. Thudng ding tinh “x0i” hay “nén” ciia trang thii chuyén. Hai trang thdi
nay lién quan t6i hi¢u ing electron clia nhém the va gid tri p.

- Sy thé D:

Hiéu tng dong vi bac hai & cacbon « va B anh hudng dén t6c do qué trinh. Do duge
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hieu tng d6ng vi o bac hai ding dé phan biét co ché Syl va Sy2, trong do gid tri am Sy2 12
tir 0,95 dén 1,06 cho th€ oD cdn Sy/ thi cao hon.
2- Anh hudng ciia nhém di ra

Tuong tu nhu Sy, khi tang thé tich nhém di ra, trang théi chuyén bi mat 6n dmh hon
12 chdt ban ddu, do dé tfc do phin tng gidm. Khdc voi Sy/, phan tng Sy2 doi hoi
nucleophin manh hon nén thudng tién hanh duéi diéu kién bazo hay trung tinh. Trong trudng
hop cdn xdc tic thi cling ¢6 phan tng goi 12 Sy2cA. Vai trd quan trong la nhing y&u 16 lam
én dinh anion hinh thanh Z . Cic nhém di ra chita nhém th€ hit electron 1am tang phan ing
Sn2 vi 6n dinh anion hay dién tich 4m tao thanh trong trang thii chuyén.
CH,080,~C¢H,;~X-p + HO — CH;0H + p-X-CsHs—SO3y
X= NO, Br H CH, CH;P
K4 50°C= 59 1,7 1 0,69 0.5 p=09
Céc din xust halogen phan ting khdc nhau phu thudc vao nang lugng phan ly céc lién
k&t C-X:F<<Cl<Br<l
CH,-X + HO© — CHi0H+ X
X= Br I Cl
k10°. limols = 59,5 4700 1.4
Trong phén iing Sy2. lién k&t C-X trong trang théi chuyén bi kéo ddn nho hon so v6i
Sni nén hiéu dng déng vi nho hon:
CH,-X + G,Hs0™ (C;Hs0H) k| kg = 1,4.107
(CH;);C-X + CGH;0™ (C,H;0H) ke [ kg, =2.107°
6 nghia 12 sy thay déi nhém di ra trong phan tng Sy2 c6 do nhay rét nho, nhd hon Sy/.
3- Anh hudng ciia tdc nhdn nucleophin

Trong phan ting Sy2 trong dung dich ¢ bén quy tic vé dnh hudng cla nucleophin téi
toc do phan tng:

a- Nucleophin cé dién tich am c6 tinh nucleophin cao hon axit lién hop cia né nhu
HO manh hon H;0...

b- So sinh nucleophin c6 nguyén t6 tin cong trong mot chu ky clia hé thong tudn
hoan, tinh nucleophin tuong dwong véi tinh bazo tuy ring tinh bazo 1a khong ché& nhiet dong
hoc, con tinh nucleophin 1a khéng ch€ dong hoc. Tinh nucleophin thay d6i trong day:

NH,” > RO™ > HO™ > R,NH > ArQ™ > NHj > pyridin > F~ > H,0 > Cl10,~
R,C" >R,N >RO >F

c- Trong nhém nguyén t&, tinh nucleophin tang t trén xudng, tinh bazo giam. Tinh
nucleophin ciia I > Br™ > CI” > F~ (tuy nhién phu thugc dung méi). Bat ky mét nucleophin
sunfua nio ciing manh hon oxy tuong tw.
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Ly do dé phan biét tinh bazo vi tinh nuclecphin la dién tich am solvat manh bdi cic
dung moi phan cyc proton vi dién tich 4m & C1” tap trung hon so vé6i I, hinh thanh nén mot
16p vo dung moi chit hon tao nén mét hang rio gita né va chéit ban ddu, ma diéu quan trong
ddi v6i dung méi phan cuc proton 1 tao dugc lign két hydro véi céc ion nho. Tir d6 cho thay
nhi¢u nucleophin chita di¢n tich 4m nhé phan ting trong dung moi aproton nhanh hon trong
dung moi proton.

Trong pha khi, khong ¢é dung mséi, tinh nucleophin thay déi: HO > F > CH;0,
CH,S ,Cl >CN >Br .

b61 v6i cdc nucleophin khong mang dién tich, tinh nucleophin gidm tir trén xudng
trong nhém. Cdc nuclcophin nay khong sclvat hod 1dn va khéng thay déi tinh nucleophin
16n. Dé gidi thich trudng hop nay, ta dung quy tdc axit - bazo cing v mém. Nhu proton 13
axit cling, nhung chit ban ddu ankyl 1a mém, nén ankyl thich hop cho nucleophin mém hon
ta proton. Nhifng nucleophin 16n va phan cuc hod 16n (mém) ¢é hoat tinh 18t v&i cacbon
ankyl hon la proton.

d- Cdc nucleophin ty do luén ¢6 t6¢ d¢ 16n hon, nhu téc do 14n cong cla
(C,H;00C),CCHy Na* trong benzen tang khi thém ch&t méi nhu 1,2-dimetoxyetan, dé
solvat dac bi¢t ion Na* dé cho anion ty do nén t6c do phan ting ting.

V¢ mat lap the, thé tich clia Nu tang 1am mat 6n dinh trang thii chuyén, do dé giam
kha nang phan ing:

_/R _/g
CH3*I + <\ /N - <\ /N_ CI‘I3 +TI
L10° l/mols= 334 162 76.4 24,5 0,08

Khi dua nhdm thé vao vi tri o clia pyridin, 1am tang mat dé electron & trung tam phan
ting cia Nu, déng thoi tang khd khan 14p thé cho sy nrong tdée Nu véi trung tam phan tng
chat ban ddu nén lam gidm phdn ting, nhung y&u td sau thyc t& ¢6 gid tri I6n hon. Khi ting
the tich ciia gdc trong din xudt ban diu lai ting khé khan 1ap thé céa phan (ng, nén phan
ung gidm khi tang khé khan lap thé tr (CH,),CHI > CH,CH,I > CH;l. Néu dwa hai nhém
the vao vi trf o thi Nu khong cdn ¢6 kha nang tham gia phan tng.

Vé mat electron, khi chuyén tir chat ban ddu sang trang thii chuyén, néu 1a Nu~ thi
dién tich am cia Nu trong phic giam, n€u Nu 1a phan tir trung hoa thi Nu trong phic xuat
hién dién tich duong:

R-Z+Nu — [Nu®"...R...Z"] — R-Nu+ 7
R-Z+Nu —[Nu™_R..Z"] — R-Nu'+Z"

Dua nhém the hit electron vao Nu lam 6n dinh hon trang thdi chuyén, do d6 t6c do
giam, dua nhém th€ cho electron thi nguoc lai. Nhu vay, phan ting Sy2 cén phai dac trung
bang gid tri p am:
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CyHg-1 + ArQ” p=-0,99

C,He1 + K@,\l p=-294

Ciac Nu ¢é nhém th€ hiit electron ¢6 tinh bazo giam, dong thdi ciing [am giam kha
nang phan \ng, chiang han:

Nu= NO; CH:COO CqH;O C,H;O
kg= 1 20 400 1000

Khi dua nhém thé cho electron, tinh bazg ciia Nu tang lam tang kha nang phan tng,
song moi tuong quan nay khéng ¢6 tinh chit chung cho moi Nu va chi so sdnh duge khi cdc
Nu cling ¢é dién tich Am & cung mot nguyén 16. Khi dua nhém the cho electron vao Nu, mot
mat lam tang dién tich 4&m & Nu lam tang tuong tdc Coulomb, mat khdc cing lam tang tuong
tac obitan vi (FEy, — Ecs) gidm, ning lugng twong tic chung cua Nu véi trung tam phan ing
1ang lam tang t6¢ do phan tng.

Khi so sdnh kha nang phan tng clia cic halogen, kha nang phan ng thay déi theo thit
tw: I > Br” > Cl” > F7, nghia 12 khéng twong quan véi tinh bazo ma ¢ thé gidi thich bing
tinh nucleophin. Trong trudng hop niy, twong téc Coulomb gidm tir F dén [ vi thé tich tang
tr F dén 1. Mat khdc, theo MO, tuong tic obitan tang vi nang luong obitan khong lien két
tang tir F dén I, nén tuang tac obitan nucleophin v6i ebitan phan lién két cia trung tam phin
ing lai 1ang tr F dén I

»
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Trong phan ing Sy, t6c dé khong phu thudce vao néng do va ban chit cha Nu nhing ©
nbng dé ral cao cla Nu, phan ting Sy/ ¢6 ché chuyén qua Sy2 va & day phan tng lai phu
thuéc vio néng do va ban chat cha Nu,nghia la phu thude vao tinh nucleophin cia Nu,

Trong phan itng Sy 2, tdc nhan Nu tdn cong vio trung tam phan ting bing kha nang dua
cip electron tham gia vao lién két voi cacbon hay nguyén tir khdc ¢6 anh huong (61 t6e do
phan tng (khdc v6i tinh bazo 14 anh huéng 16i can bing). Kha nang dé goi la tinh
nucleophin.

Tinh nucleophin thudng thay déi wr phan ng ndy t& phan tng khdc nén khong ¢6
thang tuyét doi. C6 nhiéu nhan t6 anh huong t6i tinh nucleohpin nhung chi yéu goém cdc
nhén 18 sau:
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a- Nang lugng solvat cila Nu cao lam gidm ning luong trang thdi co bin so véi trang
thai chuyén ¢é dién tich giai toa hon.

b- Lyc lién k€t ciia Nu v6i obitan 2p cla C bang li¢n két bén hon thi trang thdi chuyén
bén hon (¢6 nang luong thip) nén tang t6c do phin tng thé.

c- Thé tich Nu lén 1am gidm 16¢ do vi trang thdi chuyén 1a hinh thap tam gidc kép.

d- Nguyén tr tdn cong vao trung tdm phan @ng clia Nu c6 d6 am dién 16n giir chat
electron hon nén cdn phéi cé nang luong 1dn hon dé dat trang thai chuyén.

¢- D9 phéan cyc hod 1dn lam dé ding bién dang ddm may electron ngoai nén trong tic
6n dinh trong trang thdi chuyén hon.

Bang thyc nghiém, tinh nucleophin duoe xdc dinh theo phuong trinh cia Swain v
Scott:

lglk fhy) = ns

véi n - hang s6 nucleophin; s - do nhay chi phu thudc chat ban ddu v didu kién phin tng,
dic trung cho dé nhay cla qud trinh khi thay di nucleophin, & - hang 56 t6c do Nu nghién
ctru véi CH;l, &, - hang s& 16c do cha CH,l (v6i Nu 1a H,0), hién nay diung CH,O™ trong
CH,OH & 25"C.

Bang 5.9. Gid tri # clla mot s6 nucleophin

Nucleophin i Nucleophin n Nucleophin f
H,O 1 SCN™ 44 F 2,0
NO,~ 1,03 Ny 4,0 Ny 40
cr 2,7 HO" 42 CN™ 5.1
Br 3.5 CH,CO0™ 2.7 SH’ 5.1
CeHs O™ 35 I 5,0 CeHgNH, 4.5

Tu phuong trinh trén, xdc dinh n = lg(k / ky) nhung hiing s6 # ding han ché vi thay ddi
pht thudc vao cic qud trinh khdc nhau va cdc dung moi khdc nhau. Su lién quan gifta tinh
nucleophin va tinh bazo phu thudc dung meéi.

Tinh nucleophin thay déi song song véi tinh bazo:

C,H;0™ > C,H;0™ > CHLCO0™ > NO;”
HO > CH;CO0™ > CCLCOO > CHsSO4~

Tinh song song ndy chi c6 d6i vt nhing Nu ¢6 trung tam phin t@ng & trén cling mot
nguyén tir, chang han cing 13 O, cdn néu cdu tric clia cdc Nu khdc nhau nhiéu. tinh bazo
khong phii 12 nhan 16 doc nhdt xdc dinh t6c do phin tng v tinh nucleophin thay déi rat
manh trong cdc dung moi khic nhau. Chang han trong dung moi proton, tinh bazo thay doi

theo thir nr:
HO >CN >HS >F >Cl'>Br >1°



¢on tinh nucleophin thay déi theo thi tu sau:
HS >CN >1 >HO >Br >Cl >1

Trong dung méoi aproton, tinh bazo va tinh nculeophin tring nhau, con trong dung maéi
proton thi hdu nhu nguge nhau. Diéu nay c6 lién quan téi kha nang desolvat hod cia Nu khi
ti€p can t6i trung tam phan ting (nghia 12 su thay d6i solvat hoa cla tdc nhan) va phu thude
vao do phan cuc hod ciia tdc nhan. Trong dung méi proton, anion thudng duge 6n dinh bing
lién két hydro, song su 6n dinh ndy quan trong ddi vdi cac anion kich thudc nhé do dién tich
am ciha anion nhd dugc phan bé trén thé tich nho, nén cdn dung méi solvat dé dién tich am
dugc phan b6 trén thé tich 16n hon 1am gidm nang luong ion, con cac anion 16n ¢6 dién tich
am phan bo trén thé tich 16n nén khong cin 6n dinh bang dung méi.

a)

Hinh 5.8. Su phan bg dién tich 4m trén anion thé tich nho (a)
va & mang solvat cla anion thé tich ién (b)

Cic anion thé tich nho duge soivat bang dung moi tac nén tiéu phan cé dién tich 4m
phan bé trén mot thé tich 16n cha mang solvat. Khi tham gia phan ng nucleophin, anion ny
cdn mot nang luong dé gidi phong cdc phan tlr dung méi 16n hon cde anion kich thudce 1dn.
Nhu vay, trong dung méi proton, tinh nucleophin cta cdc anion kich thudc nhé giam hon 1a
anion thé tich 16n.

Tinh nucleophin thudng giam theo dudng chéo trong hé thdng tuin hoan, tic la theo
do am dién:

HO > F ; (CH;CH,CH,);P > (CH1);S;
CsHgSe™ > CgHsS > CHO
cling ¢6 ngoal lé: (CH3CH,);P > (CHi1CH;)3As > (CH;CH; )3 N
Tinh nucleophin thay déi bat thudng khi trong tdc nhan nucleophin cé nguyén tit chita
cap electron tr do & vi tri o d6i vdi nguyén 1 t4n cdng cha Nu. Chang han, tinh nucleophin
cla: HOO™ > HO ; IL,NNH > NH,
Su tang tinh nucleophin nay gei 1a hiéu ong «a.
C6 thé giai thich hién tugng nay bing cap electron n trong Nu 1am mat én dinh Nu &
trang thai co ban do luc ddy clia #, nhung Khi tiép c4n t6i trung 14m phan (ng thi su mat on dinh
nay bi giam, hoac do si chuyén electron tir di t6 tdi trung tdam lam 6n dinh trang thdi chuyén.
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Theo thuyét MO, khi & vi tri & cita tdc nhan Nu 6 cap electron n, nhu HOO ™, ROO™,
H,NNH", kha niang phan ing cao hon gid trj tinh tir tinh bazo v d6 phan cue héa. Thuyét
MO kich thich cho rang, sy tuong tdc cha obitan khong lién két cia trung tam phan iing cla
Nu vdi cip electron tu do » clla nguyén tir o bén canh lam thay déi niang luong obitan. Su
trong tdc nay tao nén hai obitan bi chi€ém cé nang luong khdc nhau. Tuong tdc obitan bay
gid khéng phai giita obitan ¢ véi obitan khong lien két ciia Nu ma véi obitan MO méi,
trong d6 su khic nhau gilta obitan s" voi obitan bi chiém nang lwgng cao nhd hon, do d6
tang tuong tic obitan lam t6c¢ do tang.

4- Anh hudng cia dung méi n‘ougﬂ Sn2

Anh huéng clia dung moi t6i kha nang phan tng thé hién & hing s6 dién mai, trong dé
cdc dung moi phan cuc solvat hod t6t nhitng trang thai chuyén cé dién tich dinh ché khi so
sdnh giita chat ban ddu va trang thdi chuyén. C6 thé phan chia phan tng Sy 2 theo cdc loai sau:

a- R-Z + Nu — [ Nu’*..R.Z"] — R-Nu*+ X"
R~Br + N(CH;); == RN*(CH;); + Br~
Dung moi: CeHyg CeH;Cl CcHsNO, (CH»),S0
e 2.2 5.6 35 49
£10%, I/mols: 40,8 91 1380 12000

Trang thdi chuyén phan cyc hon, 3¢ d¢ ting khi tang tinh phan cuc cia dung moi,
nghia 1a tinh phan cyc cla hé¢ tang nén lam tang kha nang solvat hod ciua dung moi. Dung
moi phan cue thuan lgi cho trang thdi chuyén hon.

b- Nu +R-Z — [Nu""..R..Z"] — R-Nu+Z

R-Br + HO® — ROH + Br~

Trang thdi chuyén gii tod dién tich am hon, hé ¢6 sy giam tinh phan cuc lam yé&u kha
nang solvat hod, nén t6¢ d6 giam khi ting tinh phin cyc clia dung mai:

c- Nu+R-Z"— [ Nu™*. R.Z¥ — RNu+Z7'

CH;S*(CH3)y + N(CHy)y —> [ (CH)3N™...Cl,... 8% (CHy),] —
— CH,3SCH;+(CH,),N*

Dung méi : CH;NO, C,H;0H CH;OH H,O

ky 119 10 6 1
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Trang thdi chuyén c6 su giai toa dién tich duong hon, dung méi solvat chét ban dau
tét hon trang thai chuyén nén 1Sc do gidm khi tiang tinh phan cyc cua dung méi.
d- Nu"+RZ" — [Nu" . R.Z™— R-Nu + Z:
RN*(CHy); + I —= RN(CH3), + CHyl
(CH,),S* + HO™ —= [HO""...CH,..8"(CH;),] — CH,OH + S(CHa),

% ham lugng H,O0/ C;H,OH: 0 20 40 100
kg : 20000 480 40 1
trung hoa dién tich khac d&u nén gidm téc do khi tang tinh phan cyc cla dung moi.
Khi xét anh hudng clia dung mai, thudng so sdnh kha nang solvat hod clia dung moi
vOi chat ban dau va trang thdi chuyén, ching han trong phan ing:
Nu" +RZ — [Nu*".R..Z"] — RNu+2Z"

Trong chat ddu, dién tich am dinh c¢hé & Nu™ nén dugc 6n dinh 16n bang dung moi hon
1a trang thai chuyén cé dién tich dm phan b6 trén hai nguyén tir duge dung mai solvat it hon.
Khi tang do phan cuc cia dung moi, kha nang solvat hod chit ban diu tang 1dn hon la trang
thai chuyén, nghia Ia tang thém sy khac nhau vé nang lugng hoat hod. Trong phan tUng trén,
tang d6 phan cuc cla dung mai 12 tang nang lugng hoat hod va giam t6c d6 phan tng.

Anh huodng cha dung moi rt phitc tap, song cin chi y rang, vai trd quan trong cla
dung moi 12 solvat hoa dién hinh (hay dac bi¢t) va solvat khuéch tdn ma solvat dac bigt diing
dé so sdnh cdc phan ting ludng phan tit gita dung moi aproton ludng phéan cuc va dung méi
proton. Su solvat hod dién hinh quan trong 1a su tao thanh lién két hydro cha dung moi véi
tiéu phan phan tng.

E A&

Dung mbi kém
phén cye

; \ Dung mdi

S N7 phan cyc manh

R-Z+Nu=[Nu--R--ZI°*=Nu-R+2°

-
-

Toa db phan ting

Hinh 5.9. Anh huong clia dung méi trong phin tng Sy2
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Trong cdc dung moi aproton thudmg khong c6 solvat hod dién hinh bing lién ket
hydro véi ti€u phan nén thudng lam tang tdc do phan dng hon la dung méi proton. Chang
han, 16¢c d¢ twong d6i clia phin tng cia CH;1 + CI trong cdc dung mai khic nhau:

CH;OH HCONH; HCONHCH; HCON(CH,); CH-CON(CH,),

kg = } 12,5 45.3 1200000 4400000

Su thay déi tdc d6 di tir dung méi proton t¢i dung maéi aproton ciing lién quan t&i kich
thudc cua anion tin cong. lon nhé solvat t6t hon trong dung moi proton vi lién két hydro c6é
tdm quan trong trong d6, ion 16n solvat 16t hon trong dung méi aproton (dung moi proton ¢é
cdu triic phat trién cao hon do lién két hydro, dung méi aproton ¢é cau triic long iéo hon nén
dé cho ion 16n). Toc do tan céng cha anion nhé tang 16n hon do thay ddi tir proton t6i aproton.

D61 v6i nhiéu phan tng, téc do Sy/ di 1én, Sy2 di xudng trong dung moéi tang tinh
phan cuc, diéu d6 cé thé 1a ching mot phan éng nhung trong dung méi nay 1a Sni. trong dung
moi khic 1a Sy2.

Bang 5.10. T6c do ion hod tuong d6i cha p-metoxyneophyltoluensunfonat
trong cdc dung moi khic nhau

Dung mbi Téc 4o tuong dsi Dung mai Téc do twong d6i
HCOOH 153 (CH,CO),0 0,020
H,0 39 Pyridin 0,013
C,HsOH-H,0 80% 1,85 Axeton 0,0051
CH,COQH 1,00 CH,CO0C,H, 6,7.10™
CH,0OH 0,947 Tetrahydrofuran 50107
C,HsOH 0,370 (C,Hs),0 3.0.107°
{CH1),50 0,108 CHCI;

Axit octanoic 0,043 Benzen rat nhé
CH,CN 0,036 Ankan
HCON(CH,), 0,029

Su tang t6c do khi dung cdc dung moi amit 1a do khong c6 solvat dién hinh bang lién
két hydro véi anion clo so véi dung moi metanol. Do dé, ¢6 thé néi, su giam solvat dién
hinh cua nucleophin la nguyén nhan chinh dé xtc tién phan #ng ludng phan tir giita anion-
phan tir trong dung moi ludng cyc. Loai phin \ng phan tir - phan tir cling duge xiic tién bing
dung mo1 ludng cyc aproton do solvat khuéch tin trang thdi chuyén bang dung moi.

Nhitng nucleophin ¢6 tinh bazo nho ¢6 kha nang phan tng nhd trong dung meéi proton
1a do solvat dién hinh manh, nhung khi chuyén qua dung méi aproton ludng cyc khong cé
solvat dién hinh nén tang kha nang phan (ng. dac biet la nucleophin nhd. De dé, tinh
nucleophin khdc nhau trong c¢dc dung méi khidc nhau. Chang han, tinh nucleophin cia céc
halogen trong cdc dung méiproten 1a F < Cl” < Br < I, con trong dung méi aproton thi
nguoce lai.



Su thay d6i kha nang phan ting ciia Nu ciing ¢6 thé vi Nu cé thé tén tai & dang ion hay
cap ion. Sy lién két caa Nu trong ciéip ion lum gidm kha ning phin ung. Ciing nhu tlt phuong
trinh cia Edward do phan cure hod va solvat hod cia Nu thay déi theo hudng ngugc nhau: thé
tich anion cang Idn, tinh phan cuc hod cang 16n, tinh solvat cang nhé.

Su khdc nhau cuia Nu la kha nang solvat hod clia Nu, déng gdp lén vio nang luong
hoat hod chung ciia phan ting nucleophin.

Céac dung mo6i ddu thuan lgi cho Sy/ nhung ¢é dung méi cé kha ning ion hod cao hon
vi cé tinh nuecleophin rit nhd t6t cho Sy/ nhu 1,1,1-trifloetanol CF,CH,OH, 1,1,1,3,3,3-
hexaflo-2-propanol (CF;),CHOH.

Tinh phan cuc dung moi anh hudng dén tdc do S/ va Sy2. Lyc ion cua dung méi cé
hiéu ting nhé, Noi chung, khi thémm mudi ngoai viio lam choe 8¢ do Sy va Sy2 tang ciing
mot cach trong dung mai phan éuc tuy khong c¢é dinh lugng, cdc mudi khic nhau ¢é hiéu
ing khdc nhau. Trir ngoai 1&, t6c do Sy/ thudmg tang khi thém mudi (hiéu ing muéi), them
1on cia nhém di ra lam giam téc d¢ (hiéu tng ion chung). Khi thém mudi, t6¢c do Sy / xic
tién 160 khi c6 ion do 6 kha nang ddy nhém di ra nhu jon Ag*, Hg*, Hg,”* va H* ddy F (do
lien k&€t hydro). Cic halogenua bac nhdt theo Sy/ khi ¢ ion kim loai do dé «im thdy
halogenua ankyl phan ting véi AgNGO, hay AgNO; theo Sy/ hay Sy2 phu thuoc diéu kién
phan tng.

5- Xiic tdc chuyén pha va siéu am

Trong phan (ng thé nucleophin, chét ban ddu thuong khong tan trong nudc va dung
moi phan cuc khdc, con nucleophin 1a anion nén thuémg tan trong nudc nhung khéng tan
trong chit ban dau hay dung moéi hitu co khic, do dd néng do & trong cing mot pha thip
khéng di cho t6c d¢ ctia phin ting. D¢ gidi quyét kho khan dé, thudng dung dung moi
hoa tan duoc ca hai tiéu phan nhu ding dung moi aproton phan cuc hodc ding xiic tic
chuyén pha. '

Theo phuong phap nay, xic tdc chuyén nucleophin tr pha nudc di vao pha hitu co.
Chang han, khi dun néng va khudy don gian hén hop hai pha clia 1-clooctan véi dung dich
NaCN trong vai ngay khong thu duoe 1-xyanooctan, nhung néu thém mot luong nhoé mudi
amoni bac bdn thi san pham hinh thanh sau 2 gi&. C6 hai loai xic téc chuyén pha, mic diu
hoat dé ciia hai loai khdc nhau nhung 46 hi¢u dung nhu nhav. Ca hai déu chuyén anion vao
pha hitu ca va cho phép mat phin tuwong d6i tu do phan iing v4i chat ban ddu.

a- Muér amoni hay photphoni béc bon

Nhu trong trudng hop phan dng trén cua NaCN, néu phin l’m'g khéng cd xic tdc thi
khong xdy ra viion CN khong thé di vao bé mat phan chia giira hai pha va néng 46 rat thip.
Ton Na® bj solvat bdi nudc va nang lugng solvat nay khong cé trong pha hitu co. Ion CN™
khong thé di vao ma khéng ¢é ion Na* vi néu khéng thi tinh trung hoit dién ciia méi pha bi
pha huy. Nguoe vai ion Na®, ion musi amoni (RyN*) hay photphoni (R4P") bac bén c6 géc
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R du 16n nén kém duge solvat bdi nudc ma lai thich hop cho dung moi hire co. Néu mot
lrgng nho muéi dé duge thém vao, sé cé ba can bang:

Pha hitu cg @ CN™ + RCI —4—= RCN + Q*Cr

dh 1', 2 Q*=R,N" hay R,P*

Pha nuéc Q' CN' + Na*Cl=2=Na'CN" + Q*Cr

lon Na® gii trong pha nude khong thé viigt qua. fon Q* ¢6 thé di vao bé mat phan chia
hai pha kéo theo cd ion CN . & thoi diém ban ddu cia phan (ng, anion chfnh 1a ¢6 CN”, di
vio pha hitu co (can bang 1) dé phan dng véi RCl cho RCN va ion C17. lon Cl ¢6 thé di vao
pha nudc (can bang 2). G trong pha nude ¢6 can bing 3 cho phép tdi sinh ra Q*CN™. Tat ca
cdc can bang nay binh thudng xay ra nhanh hon phan iing 4 12 giai doan quyét dinh t6c do.

Trong mot s6 trudng hop, ion Q* ¢6 tinh tan thap trong nuée nhung hiu nhu 14t ca &
trong pha hitu cg. Trong mdt vai trudng hop, sy trao d6i ion (can bing 3) xay ra trén bé mat
hai pha va co ché nay goi la co ch& trén bé mat hai pha, hay trén bé mat phan chia hai pha,
chidng han nhir ion HO' 14y proton tir chit ban déu hitu co. Trong co ché nay, ion HO™ & trong
pha nude va chat ban ddu trong pha hin co, sy deproton hod xay ra trén bé mat hai pha.

b- Ete crown va cdc cryptand

Mot s6 cryptand c6 di luc voi mot s@ cation, chang han KCN chuyén thanh mu6i méi
véi dixyclohexano-18-crown-6, tuy anion 1a nhir nhau nhung cation 13 mot tiéu phin cé thé
tich 16n hon, dién tich duong duge phin bé rén mot thé tich 16n hon:

CE D+KCN+@°‘? BOL

Cation Idn nay kém tan trong nude hon K* nhung lai ¢6 ii lue 1Gn v6i dung mot hitu
0. N6i chung, KCN khong tan trong dung moi vo co, cdc mudi cryptat tan nhiéu hon. Trong
trudng hop nay, ta them muéi vao dung méi hitu co, cdc cryptand nay lam ting téc do phan
{ng d&i v6i nucleophin la F , Br , 1, CH,COO™, CN".

Ca hai loai xdc téc trén la nhdm dua anion vao pha hitu co nhung cdn ¢6 mot nhan 6
quan trong khdc. Cdc mu6i natri va kali clia nhiéu anion, néu tan trong dung moi hiru co thi
phan ing cling rat cham (trir trong dung moi aproton phan cuc), vi trong dung méi nay anion
¢ dang cap ion véi Na* vd K* ma khéng duge ur do tan céng vao chat ban ddu. Tréi lai, cdc
ion bic bon hay ion cryptat duong kém kha nang tac cip ion hon nhiéu nén ¢6 kha nang tu
do tin cong vao chdt ban ddu cao hon, ¢6 khi ngudi ta coi nhu 1a anion “trdn”.

Mot ky thugt khdc 1am tang t6c do phin ing la dung siéu 4m. K¥ thuat ciia phuong
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phép nay la cho hdn hgp chdt phan ung chiu tic dung cia séng am thanh nang lugng cao,
thudng 1a 20 kHz hay cao hon. Khi c6 séng nay di qua hén hop c6 sy hinh thanh cdc bot nho
(cavitation). Su phd v& cdc bot ndy gy ra nhitng séng va cham manh lam tang manh nhiét
do va dp suit & ving d6 nén 1am tang t6¢ d6 phan iing.

Phuong phap niy khong nhifng ting hi¢u sudt phan tng ma con thuc hién phin tng &
nhiét do thap, loai trlt duge san pham phu. Phuong phdp diing t6t nhit cho nhimg phan ung
ma chit trung gian 1a cdc gdce tu do.

5.2.3, Tac nhan luang chite

Mot vai tac nhan Nu c6 hai trung t4m nucleophin, nghia 1a ¢6 hai hay nhiéu nguyén tu
c6 cap electron khong lién két va c6 nhiéu cong thific cong hwdng tir cdc cdp electron ay. Cic
téc nhan nay goi I3 nucleophin ludng chiic hay da trung tam. Trong truong hop nay, cé thé
¢6 chon loc vi trf cho nhidu san phim khdc nhau. Chang han:

AgNO, NaNO,
R-O-NO R-Br <—— R-NO,

Thudng c6 nhitng nucleophin sau:

1- lon nitrit cho este nitrit RONO va nitro RNO,.

2-Ton CN cho nitrin RCN va isonitrin RNC.

3- fon phenoxit (twong tu enol) cho san pham C-ankyl v O-ankyl hod:

?e o P 0°

R R

SN e
¢

4 -Ton loai —-CO-"CR-CO- 12 nhitng ion ¢6 c4u triic cong hudng:

TR

nén ¢6 thé t4n céng vio cacbon no hay oxy:

@E;_E_ Bt s ey

Né&u ion khong doi ximg cho ba san phdm C-ankyl hod va hai san phdm O-ankyl hoi.
5- Ton thudc loai hgp chat CH,CO-CH,-CO tdch hai proton cho dicacbanion:

2 mol
o

) © _
— CHy— CO—CH—CO

CH+—CO—CH,;—CO—
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Ciing ¢6 hai khi nang tdn c6ng & hai cacbon trong do wu tién vao cacbon bazg hon.
Hop chét trén c6 hydro & cacbon gita hai nhém CO axit hon, con anion cé nhém CH kém
bazo hon CH; tdn cong vio chat ban diu. Trong 1rudng hgp nay ¢6 thé thyc hien theo ¥
muodn thé€ & mgt cacbon hay hai cacbon. Néu muén phan cit proton & vi tri dd cho thi ding
nucleophin ¢6 nhém c6 tinh axit manh hon trong phan 1 ma cé thé phan cit ca hai proton,
néu cin tadn cong vio mot vi uf diing ion ¢6 tinh axit y€u hon. Ching han, etylaxetoaxetat cé
thé ankyl hod & metyl hay metylen:

R
CHy— E—-%H——COOCQHq—- CH+ E—CH—COOCZHS

1(!

CH;_ CH') COOCqu 2 R
P CHZ—E CH—COOCqu R

CHy @ T Cooc,H, —& CHf I;L(:Hz—cooczHS

Lo
6- Cacbanion tir hop chét nitro R,C™-NO, cho este nitronic khong bén phan huy cho
andehit hay xeton:
0@
R2C=(]_:;)I"' 0— CIIH— R' ——» R,C=NHOH + R'- E— R"
R" 0O

Ngoat ra con nhiéu tdc nhan Judng chire khéc.,

Cac phan (ng ciia tic nhan [udng chifc phu thude vao chit ban ddu va didu kién phan
ng, nhung thong thuong I cdc trung t4m am dién hon s& wu tién cho tan cong. Khi san
pham 1a khéng ché nhiét dong hoc thi san phdm chinh 13 mot trong ca¢ nguyén tir ¢é tinh
bazo cao hon bi tAn cong C > N > O > § ...}, con khi sin phdm khéng ché dong hoc th
phuong phip don gian hon.

D€ tong qudt hod, cé thé dua vao tinh phan cuc hod cia nucleophin (tinh ciing va
mémy) va hiéu itng dung moi.

a- Theo quy tac axit hay bazo cing va mém, axit cing thich bazo citng hon, axit mém
thich bazo mém hon. Trong co ché S/, nucleophin tidn céng vao cacbocation 14 axit cing,
trong Sy2 nucleophin tan cong vao cacbon 13 axit mém. Nguyén tir 4m dién hon cia tic nhan
lung chirc [a bazo citng hon nguyen t kém Am dien hon.

Kha nang phdn iing cia nhitng nucleophin ndy dua theo quy tdc Kornblum:

e phan tng S\/, cacbocation wu tign phan ng v6i trung tam nucleophin c6 mat do
electron 16n hon (nghia 13 véi nguyén tir c6 d¢ Am dién I6n hon).
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- @ phan dng Sn2, trung tAm phan dng tdc dung véi trung tam nucleophin c6 tinh
nucleophin 1én hon (nghia la c6 d¢ phan cuc hod lén hon).

Nhu vay ¢6 thé néi trong phin éng Sy/, cacbocation phan ing v6i Nu c6 mat do
electron 1dn nhit, trong Sy2 v&i Nu ¢6 mét do electron nho nhdt va khi thay d6i co ché c6
thé thay ddi kha nang phan ung ciia hai trung tam trong nucleophin.

C6 thé giai thich bing cad ché, ching han & phan tng trén xdy ra theo co che Sy2, san
phdm cudi ciing khac nhau do hinh thanh nhiing trang thdi chuyén ti€p khdc nhau.
 » Nyt---R---z8-  trang thdi chuyén dong bo
R-Z + Ny ———= Nu—wR%..78- trang thi chuyén gin gidng Sy/

Trong ba trang théi chuyén Sy2 c6 thé ¢é § trén, trang thii chuyén gidng Sy/ 6
nguyén ur C trung tam cé mat do electron nhé nhit, tifc dién tich duong 18n nhat, do do tic
nhan tan cong cdn c¢6 mat do electron 16n nhét, tic la O trong phan Ung trén khi ding
AgNO,. Theo thuyét MO, khi tang dién tich duong & C trung tam chét ban dau, phan ung la
khéng ché dién tich va tdc do tuong déi trong qud trinh phy thude vao 16ng dién tich trén
céc nguyén ti (C va O) bdi vi dién tich am ¢ O 16n hon nén phan ing 12 tao lién ket C-0.

Trong co ché déng bo, phdn {ing do tdn cong cua trung tdm ¢6 mat do electron nho
nhat, ufc 12 N & phan tng trén, c6 nghia 1a theo thuyét MO, dién tich & trung tdm cing nho
thi vai trd tuong tic obitan cang lén, do do nucleophin tuong tac vél nguyeén tir ¢é hé so
obitan phan tir & nguyén tir 6 do Am dién nho. Ching han phin tng:

CH r_.fat_,CHCOOC JH+ C;HsZ > CH; —C-(EHCOOCZH5+CH3-(|3=CHCOOC2H5
55_ - O CHs (D OC.H; (2)

Z= 0Ts Cd Br |
Ty le san phdm 2/1 = 8 1,5 8,6 0,15

Theo quy tic trén, phan tng Syl cho sin phidm O-ankyl hod 12 chu y€u do twong tic
cla C va O & dang enolat ¢6 dién tich am lén nhat, nghia la theo khéng ch€ di¢n tich, con
phan ing Sx2 cho sin phdm C-anky! hod la chinh do tuong téc ctia C ¢6 dién tich duong nho
véi nguyeén tir c6 he s6 cyc dai cla obitan bi chiém c6 nang lugng cao, nghia 1 theo khong
ché obitan.

Thure t€, phan Gng nay phu thudc vao dung moi, trong dung moi proton, nguyén tr O
bi solvat hoa manh hon trong khi C chua bi solvat hod nén san phim C-ankyl hod tang trong
dung moi proton.

Ciing nhu trong phan Gng vdi ion NO, , ty 1 san phdm nitrit va nitro thay doi phu
thuoc vio ban chat dung moi; véi dung moi c¢6 khd nang solvat kém thi wu tién cho san
phdm nitrit, déng thi ciing phu thudc vao cdu tric chdt ban ddu: véi chat ban ddu ¢é nhém
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ht electron tang kha nang tac sian phdm nitro. Chang han, trong p-nitrobenzyl bromua véi
nitrit bac cho 84% hgp chilt nitro va 16% hop chét nitrit, con p-metoxybenzyl bromua cho
38% haop chat nitro va 61% hop chét nitrit,

b- Tat ca cdc nucleophin mang dién tich duong ¢6 t6 hop ion dweng. Néu c6 ion Ag®
(hay nhitng ion khic ¢6 kha ndng gidp d& cho nhém di ra) dé hon ion Na® hay K* 1am cho
trang thii chuyén gidng Sy/. Do dé hay diing ion Ag® dé kich thich sy t4n cong vao nguyén
tit am dién hon. Chang han, ankyl halogenua téc dyng véi NaCN cho RCN nhung dung
AgCN thi cho RNC.

¢- Trong nhiéu trudng hop, dung moi anh hudng dén vi tri t4n cong. Noi chung, cic
nucleophin tu do thich tdn cong vao nguyén tir am dién hon, cic ion bi bao vay bai cde phan
tir dupg moi hay & té hop ion thich tan céng vao nguyén tir kém am dién hon.

Trong dung moi proton, nguyén t&r am dién hon bi solvat bai lien két hydro hon la
kém am dien hon. Trong dung méi phan cuc aproton, nguyen tlr nao dé ciia nucleophin ciing
bi selvat 16n, nhung dung maéi nay rat hiéu dung solvat cation nén ddu am dién hon s& ty do
hon boi su ngan chan cla dung méi va cation, nén thay déi tir dung moi proton 16i dung moi
phan cuc aproton thudng ting kha nang tdn cong vio nguyén tr am dién hon. Chang han, su
tdn cong cla natri naphtyloxit vio benzyl bromua trong dimetylfomamit cho 89% O-ankyl
hod, con trong 2,2,2-trifloetano! cho 85% C- -ankyl hod. Sy thay déi cation tir Li* 16i Na* hay
K" (trong dung méi khong phan cuc) ciing thich hgp che O-ankyl hod hon C- -ankyl hed (do
K" dé cho nucleophin ty do nhiéu hon Li* ), cling tuong tu nhu khi ding ete crown solvat tét
cation. Ankyl hod & pha khi c6 nucleophin ho2n toan tw do thi chi cho san phdm O-ankyl
hod, khong ¢d C-ankyl ho4,

Ngodi ra cling ¢6 nguyen nhan lap thé.
5.2.4. Chat ban dau hring chijc

Nhiéu chat ban ddu ¢6 nhiéu vi tri hay trung tam cho tic nhan nucleophin t4n céng
hay ¢6 hai nhém di ra, chiing han nhr 1,3-diclobutan, thudng goi 1a chdt ban ddu [udng chife
hay da chirc hoac da trung tam. Cdc chife c6 thé gidng nhau hay khdc nhau & cdce vi tri' khdc
nhau (thudng khong ddi xdng), trong trudng hop nay cé su chon loc nhdm chic, déng thoi
c6 sur chon {ya vi tri.

Loai allyl thudc loai nay da néi & trén. Cic loat khdc thudng gap 1a cdc hop chat
epoxy cling nhu loai aziridin va episunfua,

Chang han hap chit epoxit:

R—CH—CH,§ < B R—CH—CH,Nu
) e

Nu O
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Phan ting chia epoxit xay ra dudi diéu kién trung tinh hay bazo va thudng thee Sy2.
Hop chét bac nhat chiu su tdn cong theo Sy2 d& hon 1 bc hai, cdc cpoxit khong dot xdng
trong moi trudmg trung tinh hay bazo chiu sy dn cong vio cacbon it the hon va dac thu lap
thé vé6i su nghich dio ciu hinh & cacbon d6. Trong diéu kién axit, nhom epoxit duge proton
hod ¢6 khi nang theo SyJ hay Sy2, phén ing Sy/ thi cacbon bac ba thich hop han cho su tan
cong, nghia 12 t4n cong vado cacbon thé nhiéu nhat. Khi epoxit proton hod phan dng theo
Sn2. nucleophin thudng tdn cong vao vi tri the cao hon. Nhu vay thay doi méi truong axit
hay bazo, thay doi hudng md vong epoxy 1lr bazo tdi axit hay nguge lai.

Khi m& vong cta ancol 2.3- epoxy khi ¢6 Ti(O-iso-C;11;), 1am tang t6¢ dd 0 cd hai co
ché va 6 tinh chon lira vi tri, trong d6 tdn cong & Ca dé hon vao C,.

Khi nhém epoxy ngung ty véi vong xyclohexan thi phan ang md vong Sy2 theo hudng
mo vong diavial dé hon diequatorial.

Cic sunfat vdng téng hop tr diol phin ing tuong ty vong epoxy nhung téc do nhanh
hon nhiéu:

| I | ?SOS-{ | (le
SOC, | | NalOy _ _ Ny _ 1 . ~
¢~ = U e ¢ i S K:(]
bit oH o9 % Nu
SO SO,

5.2.5. Quan he giita S 1 va SN2

Hai co ché trén 13 hai gigi han vé co ché, su thay déi gia hai co ché phu thude vao
thé tich nhém thé trong chdt ban dau, hieu (ng electron cia nhém the, nhat 14 dnh huong cia
tdc nhan nucleophin va dung moi. Sa do phac wp la su twong quan chuyén hod gifta har co
ché&, nhat 1a khi t6c do cta Sy/ vi Sp2 tring nhau.

Vé mat hoa hoc 1ap thé, co ché Sy/ thudng cho san pham raxemic hod, Sx2 ¢6 sy quay
ciu hinh do cdu trie cha chit trung gian cacbocation va trang thii chuyén phéi tri 5, song
trong thuc t&, tinh hod hoc 14p thé khong thu duge nghiém ngat nhu vay.

Phin g Sx/ va Sy2 chi 12 hai gidi han, néi mét cdch nghiem ngat thi khéng co sy
khac nhau giffa hai co ché dé va phan tmg ¢6 thé xay ra qua nhiing co ch¢ trung glan cua hai
co che do.

Theo Ingold va Hugges, hai co ché nay la canh tranh song song vdi nhau hoac 1a hon
hop hai co ché hodc 1a hai co ché chuyén hod cho nhau qua nhimg dang trung gian ban din
clia hai co ch€ S/ va Sy2.

Ching han khi thiy phan i-phenyletylclorua & 70°C khi ¢6 CH;ONa, biac dong hec
theo natri metylat 12 3,5M, phan ung c6 61% theo Sy2, 39% theo Sy/. Phan (dng ia hén hop
ctia hai qud trinh. Ingold va Ttugges cho rang, cacbocation tao thanh bi chén theo Sy/.
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Bing 5.11. Kha nang phan ttng S/ va 542
(theo chifu giam kha nang phan tng tir trén xuong),
Z =RCO, HCO, ROCVO, NHCO, CN..,

Syt Sy2
Ar,CX Ar,CX
Ar,CHX Ar,CHX
RCOCH,X, RSCH,X, R;NCH,X ArCH,X
R,CX ZCH,X
ArCH,X _t=bonx
b-bcH,x RCH,X, RCHDX, RCHDCH,X
R,CHX R,CHX
RCH,X, R,CCH,X R,CX
RCHDX ZCH,CH,X
RCHDCH,X RsCCH,X
N —c=Cx
ZCH,X ArX
ZCH,CH, X Bixycio-X-dau cdu
Arx
[2.2.1]-Bixycio-X {d4u cau)

Ciing nhu thuy phin trong axeton nudc 60% thu duce san pham ancol 1-phenyletylic
vOi 3% san phim quay ciu hinh va 95% san pham raxemic hod. Phan ing hdu nhu theo
100% Sx!. dé nghj ring, ion cacboni tao thanh bi chin tir phia dién ctta Cl di ra, tam cho
t6c d6 tdn cong vé phia sau 16n hon tan cong dien. Néu chu k¥ t6n tai cla cacbocation tang
len, thai gian tin cong ciia Nu 16n, thi mic do raxemic hod tang lén. Ton cacboni kém bén,
thoi gian gitta sy tao thanh va 1an cong ciia Nu nho, ty 1¢ quay cdu hinh tang.

Quan diém vé syt canh tranh giita hai co ché, da s§ cdc nha hoi hoe cho rang Sy/ va
Sn2 12 gi61 han, gitta chiing ¢6 truong hop trung gian. Trong Sy/, tuong tdc hod trj coa Nuo va
chat ban ddu khong ¢6 trong trang théi chuyén va khong tham gia vio sy phan car lién ket
gifta trung tam va nhém di ra, con & $x2 thi su tao thanh Lién k€t véi Nu ngoai phdi tir rat xa,
gilfa hai truong hop dé ¢6 mic do tuong tdc hod tri trung glan o mitc d¢ khic nhau giita chat
ban ddu va Nu.

Theo Dering va Sykes, su ion hod R-Z a0 thanh cacboni phang, ion nay xuat hién sau
trang thai chuyén s& khong phing ma nam trung gian giwra ta dién va phang. Ion cacboni
cang bén, nang lugng trang thai chuvén dé hinh thanh ion cang thip, cacbon trong trang thdi
cang ut dién.
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Trang thai chuyén xay ra sém hon sé& uf dién hon 14 trang thdi chuyén xay ra muon
hon. Sy hinh thanh obitan p trong trang thai chuyén sém s& nho hon trong trang thai muon:

trang thdi chuyén sém trang thai chuyén mudn trang thii chuyén ddng bo

Tuong tac hod tri v&i nucleophin doi hoi sir xen pha obitan tu do céia nucleophin véi
ph4n obitan sau cla obitan p tao thanh. Trong trang thdi chuyén sém, tuong tic nay cuc tiéu
vi kich thuéc phdn sau nhd va bi che khudt bai tinh hinh hoc tir dién. Nhu vdy trang thdi
chuyén sém chua bao gém tuong tdc hod tri vdi Nu xdc dinh t8c d¢, chat trung gian cing
chua ¢6 tuong tdc hod tri nén cé thé quan niém nhw cap ion. Song khong ¢6 thé biéu dién
cdu tnic cha cap ion niy ma cd thé thiy sy cdu wric lai electron véi tuong tic hod tri nho
gitta céc tic nhan trong lién két phan cdt, thira nhin su phan cuc hod twong hé gitia ion
cacboni va ion nguge dau, cling nhu tuc hit Coulomb.

Chit trung gian tao thanh xdc dinh 16c 4o, nhanh chuyén thanh chat trung gian c6
tuong tic véi dung moi hay nucleophin trong dung dich, do dé giai doan xdc dinh tdc do 1a
don phan tkr, ¢é ddng hoc bac nhat.

Trong trang thdi muén hon, tueng tac hod tri quan trong hon vi dd obitan phan sau lon
va géc & cacbon din rong hon. Trang thdi chuyén mudn hon dua tdi chat trung gian bao gém
ca nucleophin ma ciina c6 thé xem niwr 12 trang thai chuyén phdi tri 5 & trén. Sy 1ao thanh va
chuyén hod ti€p trang théi trung gian nay phu thudc vao ban chét cua R-Z va Nu.

Theo Dering Sykes, trang thii chuyén phéi tri 5 che san phdm quay c&u hinh nhung
ciing ¢6 thé cho san phdm quay mot phin cho dén raxemic hod hoan toan:

|
Nua-‘")lCi"Z& - Nu—?— +Z

\

I
Nu "'):Q-Nu —_— Nu—(l}"" + _(lj_NU

Néu trang thdi chuyén loai ngay nhém di ra s& cho san phdm quay cdu hinh, néu thé
bing mot Nu khac dé€ 1ao thinh hop chat trung gian khdc phoi tri 5 ¢6 tinh déi xing thi hgp
chat nay s& ¢6 san phdm raxemic hod.

Tinh chit ho4 hoc lap thé ciing phu thu6c vio hai qud trinh canh tranh ndy. Theo
Streiwieser, cdch phan tich nay giai thich duge hién tugng raxemic hod khong hoan toan
ciing nhu quan niém bi chin cha cacbocation.

Khi nghién cttu chi ti€t dong hoc clia phén ing ien, chi yéu bang hiéu ing muéi trong
phan dng dung méi phan, Wenstein cho ring ngoai ion cacboni va ion nguge ddu cua nhoém
di ra da phén ly, con c6 hai dang chélt trung gian & dang cap ion khdc nhau phlt hgp véi ta

64



ligu dong hoc. hi¢u ¥ing mudi va hod hoc 14p thé cla phan ¢ng. Qua trinh phan ly ra ion c6é
thé tn tai & cdc dang sau:
R-Z = RZ = Rz = R' +7
chat bun diu ¢dp ion chat dlp lon solval ot do

Co ché nay goi 12 co ché cap ion, khidc v6i hai co ché trén [ hai co ché d dién. Su tin
cong cia Nu hay dung moi cé thé xdy ra & cdc dang ion trén. Khi tan cong vao cap ion chat
hay 1a chdt ban dau. tic nhan chi ¢6 the t4n cong sau, nén cho sdn phadm quay cdu hinh.
Chang han: $-O"...R*Z — S-O-R+Z".

Khi t&n cong vao cap ion phan chia solvat hod, néu phd huy mang solvat & phia dién
s€ bao todn cdu hinh, néu phia sau s& quay cau hinh hoac néu jon cacboni solvat d&i xing »&
déan t6i raxemic hod. Phan ting xay ra do sy canh tranh cila cdc qud trinh nay vdi tde do khic
nhau, ciing phy thudc vio bin chat Nu. Néu tic nhan 13 dung moi tham gia, phin ting cd thé
bdo toan cdu hinh, chang han:

S
R|| 7 +SOH —= R .H---7" —»= ROS + [1Z

néu ld N, khong ¢6 kha nang tao cdu gifra cation va anion thi tdn cong sau. nén quay cau
hinh:

Nj--R¥---0Q-H---Z" —= N;R +Z

St phid buy mang solvat phia dién trong cap ton solvat don gidn hon, nén thudng bio
todn cau hinh.

Khi t&n cong vao 1on ur do, san pham raxemic hod;

R-7Z == R"Z°

rla*IIZ' _— R +Z

SolOH.R  Nu-R R.0Sol R.Nu R.OSol+SolO.R R.Nu+Nu.R
(SolOH = dung mai)
Co ché nay ciing da duge xdc nhan bang thue nghiém. Chang han khi nghién ctru phan
tng thuy phin 1-phenyletylclorua, trong can bang ion:

CeHsCHCICH, Muoc-etanol60% o y CHOHCH, (33% quay cdu hinh)

Gtiai doan xdc dinh t6¢ d¢ 1a sur tao thanh cap jon solvat va phdn 16n sin phdm do su
tdn cong vao ¢ip ion nay,

(’0) {100} (1 {th + .
R-Z = RZ == Rpiz =— R +1Z

'

(6) (M 1)

7_.R == Z'R" s “ R*

I
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Ngudi ta di xdc dinh rang, trong 100 phan 1 tao thanh cap ion chit, ¢é 80 phan w
quay trg vé chit ban ddu véi bao toan cau hinh, {3 phan ur tr& thanh dang cap ion solvat, 7
phén tr tao cap ion chat véi quay cau hinh (trong 7 phéan tir ¢é | chuyén sang dang cap ion
solvat ¢on 6 trd vé chit ban ddu vai bdo toan ciu hinh clia cap ion dé).

Quan niém vé co ch€ cap ion dugc nghién ciru dé mo ta ty 1& san phdm trong phan (ng
thé nucleophin ma khong chi trong khuon khé cla Syf va Sy2 trén.

Vé mat hod hoc lap thé, phan ng quay cdu hinh toan phian hay mét phin hoic
raxemic hod hoan toan hay mot phan chd yéu phu thudc vio cau tric trang thai chuyén, sy
tin cong cha Nu va anh hudng cla dung moi. Ngudi ta xdc dinh cdu triic sin pham dé€ suy ra
huéng va co ché phan ing. Chang han nhv phan ing sau:

H H
3 Z o CH-,(CH Z
pyridin
H;5C ;¢
2-_(’){?13“0' 2-nctyltosylat
ap=+1.12° tp = +0.90"
CHCOCpyridin l[(‘l'l'"‘('”ﬂ*w oroth,
y #
2, § (CH,)5CH,
>-—0COCH3 CH,C00—
HS(’ Toocly laxetat 2-octylaxetal ('H3
up = +0.84" up = 083"

{+)-2-Octyl axetat ¢6 clng cdu hinh véi 2-octanol vi trung tim phan iing khéng thay
dai, con tir 2-octanol dén (—)-2-octyl axetat qua tosylat 1a quay cau hinh hoan toan, trong d6
giai doan tao tosylat khong 1am thay déi trung 1Am phan Gng nén sy quay c&u hinh chi xay ra
& giai doan th& nucleophin. Hudng hod hoc 1ap thé ¢6 thé xde dinh bang cdch so sdnh diu va
gid tri quay tuong doi.

5.3. CO CHE Syi

Trong mot s6 truong hop, phan ung bao toan cdu hinh ma khong <6 sy tham gia cia
nhom ké nhu trén ma do sy tan cong dién ndi phan tl, goi 1a phan Gng thé Sy, trong dé mot
phdn ciia nhém di ra t&n cong vao chal ban ddu tich khoi phan ¢on fal cua chat di ra trong
qua trinh. Giai doan ddu ciling gidng nhu & Sy/ phan Iy cho cap ion chat, ¢dn giai doan thi
hai 14 phdn cua nhém di ra tan cong can thiét tis phia dién nén két qua la bao toan cau hinh.

Phan (ng dic trung 1a phan ¢ng cua:

ROH + SOCl, — R-S0,Cl + HCI

tao thanh ankyl closunfit {c6 thé tdch ra dugc) sau dé chuyén hod noi phan tlr cho ankyl
clorua:
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G)O\

[- R—o0socl —= R* X%=—0

Cl
2

+
2- R /s
\~Cl
hay co ché ¢6 thé & dang cap ion véi su tdn cong dién cla halogen:
30,
Cl

0O
=0 —= R—C| + \?0

R— OSOCl —= R* — R-Cl+ 80,

Ching minh cho phan tng nay la khi thém pyridin vao hén hop ancol vi thionyl
clorua thi thu duge ankyl halogenua nghich dao cdu hinh. K&t qua cla su nghich dao la
pynidin tdc dung véi thionyl clorua cho ROSON'CHq va C1™ 1y do & tdn cong tit phia sau
cho san pham nghich dao. Phin ng giirta ancol va thionyl clorua 1a bac hai, nhung néu phan
huy don gian ROSOCI khi dun néng thi 1a bac nhit. Phan tng cla ancol véi POCL,, chang
han tr 1-phenyletanot trong pyridin chuyén thank 85% 1-phenyletylclorua quay cdu hinh do
tdn cong sau cita Cl tr do.

Phan ing Sn¢ tuong ddi hiém. Phin Gng quan trong loai nay ta khi tdc dung ancol vai
SOCL, PX;, POX; cho san pham bdo toan cau hinh do su tin cong dién cua X, phan ung
phan tich ROCOCI cho RCI va CO, ciing thuoc loai nay.

Phan tng ciia 2-octyl closunfit khi khong cé dung moi tao thanh 78% 2-octylclorua
quay cdu hinh do su tdn cong sau cta Cl°, néu trong dung moi dioxan tao thinh §4% 2-octyl
clorua bao toan c&u hinh do t4n céng dién cia Cl~:

O
Y

Y e 4 /S \e R CI = RCl+g O
g 0 +ROS.,.__CI—*0 0—~-R OS > Q o= N/

\(:] 'S(J: b1 Fl
5.4. CU CHE Sy CUA HE ALLYL

Cdc hop chat allylic tham gia phan ung th# nucleophin dac bi¢t manh va thuong kém
theo chuyén vi allylic. Khi chat ban ddu allylic tdc dung vdi tac nhan nucleophin dudi diéu
kién S/ s€ thu duge hai san phdm: m6t san phdm binh thudng theo Sx/ va san pham chuyén
vi goi la Sy/°.

R—CH = CH-CH,X —3= R-CH=CH—CH,Nu + R—CH—CH = CH,
Nu

Hai san phdm hinh thanh tir mét loai cation allyl lai hod cong hudng:

@D
R—CH = CH—CH; - R—(C?H—CH = CH,
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nén o C; vd C; déu mang dién tich duong va ca hai déu bi tdn céng cla Nu. Cation allyl
trong trudng hop doi xing khi R=H khong phdt hién duge rir khi ding déng vi ddanh dau. Co
ché nay goi la S /7.

Vai phan tng Sx/ khie, ¢6 chiimg minh 6 rang phan tng Sy/” ¢6 thé i cap ion. N&u
chit trung gian bi tdn cong boi nucleophin 14 cacbocation hoan toan tr do nhu hop chit sau:

CH;CH=CHCH.CI va CH;CHCICH=CH,
(72) (73}

cho cling mot sin pham khi tic dung véi ion hydroxit vi cling cho mét cacbocation. Song
néu tic dung véi dung dich NaOH 0.8N & 25°C thi (72) cho 60% CH,CH=CHCH,OH va
40% CHCHOHCII=CIH;. con (73) cho 38 va 63% tueng bng. Hién tugng nay goi 1a su mo
rong san phim. Trong truémg hop ndy, su md rong san phdm nam trong hwdng cta chit ban
ddu. Khi tang tinh phin cyc cua dung moi, sin phadm md rong giam vd ¢é khi khong ¢6.
Biéu dé cho thady dung moi phin cuc cao di hoan todn én dinh cachocation ty do. Nhiéu
ching minh xdc nhin cho c¢ap ion trong nhiéu phan wng nay. Khi CH,=CHC(CH,),C] tic
dung vdi axit axetic tim thdy cd hat axetat nhung ciing tim thay ca CICH,CH=C(CH,), vi su
dong phin hod xdy ra nhanh hon sy hinh thanh axetat. Diéu dé khong phii do C1™ hoin toan
trdo tang lén quay trd vé cacbon ma té¢ do hinh thanh clorua khong hic¢u dung véi C7 théem
vao. Tat ci sy kign chi rang, giai doan didu trong phdn (ng ndy 1a sy hinh thinh cap ion chat
khong dot xing, ching han, (72) va (73) cho hai cap ion chat khic nhau. Trudng hop anion
lam phan cuc cation allyl lam cho cacbocation gin dé electrophin hon nén ¢é kha nang tan
cong cua nuleophin hon,

Phan dng th¢ nucleophin & cacbon allyl cing c¢d phin dng theo Sy2, song ciing cé
chuyén vi altyl nhu trudng hop sau khi nucleophin tan cong vao vi tri y:

il R" }I{ Ill”
gl z——:’fl_'"“w(t“—x —=  RC—(=C + X
Nu’ R' R" Nu R' R"

Co chd nay 1 chuvén vi bic hai vi thuong xdv ra khi phan ing thé 5§42 binh
thiomg bi cham vi lap the khi the «. Nhiéu truing hop co ché S\2° & chat ban diu loai
C=C-CH,X, hop chit ¢6 dang C=C-CR,X cho chuyén vi §x2° 161 theo phan ing ludng
phan tir. ting kich thudc cua nucleophin cling tang ham lugng $2°, giam Sy. Trong mot so
trutmg hop nhém di ra ciing ¢6 tic dung tdi sy chuyén vi nhu CoH;CH=CHCII,X tdc dung
v6i LiAlll, cho 100% phin tmg Sy2 (khong chuyén vi) khi X = Br hay CI, nhung cho 1007%
832" khi X = P(CHa"Br .

Co ch¢ 5327 tim thay o rén Th do su chuyén dong cua cap clectron, Bordwell quan
niem rang khong ¢6 chimg minh 1 lien k& phan cat vi tao thanh ma I déng bo vi co ché

Sx27 thit con chua that (8. ¢6 chiing minh dong § va phan d6i dé nghi nay.
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Hod hoc lap thé clia Sy2° da tim thdy ca hai phian tng sy# va anii phu thude vio ban
chat X vi Nu, song co ché sya vu tién hon trong nhiéu truimg hop:

P , Ok
- " —n -~

u _

S}'H’ I{isi

Kui trong phan ttr ¢6 mét nucleefuge & vi tri allyl ¢cé khd nang cho phan ing Sxi, diéu
d6 ¢6 thé do nucleophin tan cong vio vi tri y thay cho vi tri «. Phan ng goi 13 Sxi* nhu phin
ing 2-buten-1-o! va 3-buten-2-ol:

./ 7
—C= —C—C
‘\C(,_\%\?Hz - & Sew,

J\S_‘ge O=25—0

4

Ca hai cho 100% chuyén vi allyl khi tdc dung v&i thionyl clorua trang ete. Su chuvén
vi allyl binh thutng (S\7" va Sy27) khéng tim thay 100% chuyén vi trong ca hai trudmg hop.

Co trudng hop tim thay chi mat phan nho di ra ma khong phai tat ca, nhung cling ¢o
thé 1a phan tng cia nhém di ra don gidn nhu CI di ra hinh thanh cap ion khéng quay tré vé
vitri ofi ma di vao vi tri allyl;

R—CH = CH—CH;Cl —= R—CH=CH—CH,ClI" -~ R’"({H—CH =Cl,
Cl

Nhiéu Sxi’ theo dang nay.

Chuyén vi allyl ciing ¢6 trong hé propargy! cho san pham [a allen nhung cling cho san
phdm néi ba viu n€u Nu 12 OH tim thdy tautome hod cho andehit hay xeton «, 3-khong no.

C4HsC=CCH,OTs + CH,;MgBr 1B Colis-C=C=CH,

CH,
Khi X = OH su chuyén hod ancol axetylenic t6i andehit hay xeton khong no goi la
chuyén vi Meyer-Schuster:
R-C=C-CR, HO R-C=C=CR, =+ R-C-CH=CR,
)I( (l)ll él)
5.5. PHAN UNG THE Sy CUA HYDROCACBON KHONG NO

Phin (ng th& nucleophin & cacbon khong no ndi chung rit khé khin do mar do
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electron & cacbon noi d6i 18n, gay khé khan cho su tédn cong cua téc nhin Nu. Song phan
ting cing ¢d thé xay ra khi dung tdc nhan nucleophin manh va chat ban diu ¢6 nhém thé hit
electron (CO, COOC,Hs, CN...}) & gén trung tam phan tng. Chang han 1,1-diclo-2.2-
dipentyletan khéng the Cl bing HO™ hay RO nhung lai bi thé béi HyN™ trong NH; 16ng.
Phan ttng ¢4 so dé chung:
. ~ -~ + 7
\( = + Nu — C=C .
N\ 7 - \ Nu
Phan tmg c6 thé xay ra theo co ché Sy/ hay Sy2 nhung dac trung [a Sx2.
5.5.1. Phan ung S\/
Phan ung Sy/ xdy ra qua trang thdi trung gian cation vinyl rdt khong bén va ¢6 ning
lugng cao:

P
ff/ﬁ’
[P . il R

Trong cation nay, obitan tréng ndm thing géc vdi obitan n nén khong ¢ tuong tac
dugc vai obitan nay va dién tich duong hau nhu dinh chd. Cation ny néu tao thanh cin duoc
on dinh bang hai cich:

1- Ding cde nhém thé & 6 dinh cation vinylic, ching han nhur a-aryl viny} halogenua
ArCBr=CR’; di tim thay theo Sx/ hoac cic nhdm khdc nhu xyclopropyl, vinyl, ankynyl Vi
lien két doi lién R,C=C=CR’X.

2- Dung hop chét ¢6 nhém di ra that 1ot nhue OSO,CF, (triflat).

Hod hoc 1ap thé cha Sy/ & hop chit vinyl ban ddu tao thanh ngdu nhién nhu ciy hay
trans déu cho hén hop 1:1 san phim cis va trans, ching to rang cation vinyl ta thing hang
cling thdy hoat tinh ciia hé xycloankenyl gidm véi sy gidm kich thudc vong. Phin ing §/ &
cacbon khong no ¢6 téc dé néi chung thip hon hop chat no.

Song cling quan st thdy moét vadi phan ing xdy ra theo Sy/ nhu thuy phan
a-bromstyren trong etanol 80% tao ra axetophenon theo Sy do cation hinh thanh ¢é tinh 6n
dinh cao:

Br—C =CH3 @C =CH3 R—@*ECH

-RBr

'--_-'—h- !f
cham o%? R—@ e H R_@— COCH {3
R
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(0 day khi ion hod o-bromstyren phang. xdy ra su quay vong benzen 90°).

Cation & trén 6n dinh la do dién tich duong & C,, £idi tod duge vai nhdém the va nhan
benzen bang tuong tac p- n theo so dé:

@ TN\ e
;&@L‘=CHZ = [ ,;_<j>—c_cﬂ2 - T CH,

So dé rén d& duoc xidc nhan bang thuc nghiém, khi ¢6 nhém thé cho electron
nhu R = NH,, CHs, CH;CONIHL, tam ting t5¢ do tuong tng dén 10*, 10°, 107 Yin so vai
a-bromstyren khong theé, con cdc nhém hiit electron 1am cham phan dng. Néu ding etanol
50%%. toc do phan ung tang, su di ly dé dang hon do ting solvat trang thdi chuyén. Toe do
clng ting khi ding xdc tic Ag*.

5.5.2. Phan iing S\2

Phan iing $\2 dac trung cho phan ung nucleophin & cacbon khong no véi dai da s6
phan tng the halogen vinyl ta bic hai. D¢ linh dong cua nhém thé tang lén khi ¢é nhom the
hit electron nhu COOC-H;, CN, CO. ..

C6 thé ¢6 cdc loai co ché sau:

1- Co ché thé truc tiép trong hé chua no theo so dé:

Nu
S:Ci . — ‘&_ — FKc—c\

Co ch¢ mot giai doan nay khé xdy ra, ngay khi cé6 nhom thé hit electron va chwa cé
dit kién thuc nghiém.

2- Co ché€ cdng anion va proton tao hgp chat trung gian rdi tach:
Nu N Nu
Q s U .nx
%:Cf‘ + Nu —-_.__l&‘—c\ - -—C\ — C\
X Ny \x
g ) \
Nu

Co ché nity chua cé dir kién thuc nghiem.

3- Cof ché codng - tich qua anion trung gian:

~ 7 } NS , ~ /
/Ty TN — ¢ =5
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Co ché& nay di duge nghién cttu nhiéu va di ¢ nhiu két qua thye nghiém xdc nhan.
Phian (mg nay mang tinh chat 1¢ dién nhung phin ng kém hon hgp chilt cacbonyl vi dién
tich am & trén cacbon kém am dién hon oxy, luu huynh, nito.

Chiét trung gian I3 anion trung gian ¢6 thé tich ohém di ra cho sin pham (h¢ hay két
hop vai tiéu phan dién tich duong che sin pham cong. nén & day cd sy canh tranh hai phan
ung nay.

Phan tng thuy phan cloranyl biang kiém xdy ra qua san pham cong tdch:

H
C 1 C C H
+HO = =
C Cl C C! C Cl

Cloranyl khong tan trong nude nhung tan dan theo tign trinh phan iing, trong d6 su tao
thanh cacbanion 6n dinh dd tim thiy bang pic-hap thu ¢ UV trong ving 250 nm (Ige = 3.45)
vi 389 nm (lge = 3,61) dic trung cho hé 1ién hep.

Trong dé chat trung gian ti dién ¢é gidi tod cong hudng, nén cé thé tich ra. Nhu
truomg hop CoHq(CH.O)C=C(NO,)CeHs + RS ¢6 chdt trung gian t6n tai duwge 1au nén cé6 thé
phiit hién bang UV.

Phin tng cong tich duge chitng minh bang phan (ng cta 1,1- dicloeten (74) véi RS :

. ArS H .
ich E2 dch E2
& AFSCH,CHCl, —— I) c={ HehE2 | sc=CH
H Cl
”\ 7 Cl {75) I .-\rSII# cong Ay

=R
o @A H Nl
ars” Ny Ars” Y ArS
(76) (78)

xtic tic C,HsO khong cho san pham [,1-dithicphenoxy (76) nhung cho san pham tich cho
ankvn 161 cho san pham (78) chuyén vi, tich san pham trung gian (75) vi {77) chiing minh
cho phan ng cang tich. Trong d6 giai doan ddu la cong nucteophin clia ArSH cho (79), giai
doan thtt hai la tach £2 cho anken (77). Phan tng tich va cong ldn tha hai cho sin pham
(78). Trong phin ung trén, t6¢ do phan ing tang khi nhém di ra thay do e Brwd Clwi F
{goi 1a hicu dng nguyén 16). Lien k&t cachon-halogen khong b1 phan cdt ¢ giai doan xdc dinh
toc do +1 flo 1a nhom di ra kém nhat trong cdc halogen, vi bdn chit hit etectron manh cua
{lo lam cho cdc lien két C—F duong hon thuan lot cho nucleophin tdn cong, lam tang toc do.

Khi nghién citu k§ phan dng clia hop chét loai B-halogenvinylsunfon ArSO,CH=CHI
bing téc nhan ArS” hay Ny cho thay phan ung c6 dac thll 1ap thé, nhém the hidt electron lam
tang phéan tng. nhém the cho electron {am giam phan (ng. Toc do khong phu thudc vio ban
chit halogen, chimg to khong c6 hicu ing nguyén 16. Khi dung p-CH;-CgH, SO, CD=CHZ,
phan ting ¢6 hi¢u dng déng vi bing 0.

72



Co ché€ cong tich 1a qué trinh bdo todn c4u hinh, Chang han, phan tng clia este cia
axit cis- va trans-B-clocrotonic véi ion thiolat trong ancol la phan iing dac thi lap thé:

Cl CH
Ha . e
ROOC—/@—H — e=C{ on
ROOC )
C3H5$ + CH3 rans (15%5) e
" o C4H;
CHH:8
/c=c\/ e ROOC— H
ROOC” ¢ CH, H,¢” ~ Cl
CH SC,H; A ~SCyH;
- C=C
ROOC $ ROOC”  “CH;
CI Ciy (83 e)
CHy _ SCHs H: :_wC/CHB
— N
H@ COOR  pooc SCyH
cl '
$
SC,H;

AN /CHf‘ CallgS™
/C =C\ — It COOR
ROOC” ,  cl e Ci

Cl '
H\ /SCyH
H-QCOOR - e=c{
C,Hs8” ~ CH; ROOC™ b, O3
Phan w#ng 12 bac hai (bic I cho mbi tdc nhan). Phan ting 1a bdo toan cau hinh nén

khong thé xdy ra theo co ché (i), khéng c6 deutri hod trong deutri etanol chitng 10 khong
theo co ché (2) vl chi ¢6 thé theo co ché (3) 1a cdng-lich qua anion trung gian:

Nu
e |
ZCH=CHX ™. Z—C—CH —= ZCH=CHNu

Phiin ting nay xay ra néi chung véi loai hop chat ZCl1=CHX khi Z la nhém hit electron
nhuy HCO, RCO, COOR, ArSO,, CN, F... & vi tri 3 1am 6n dinh cacbanion.

4- Co ché tich - cédng qua hgp chit trung gian néi ba:

R\ Y H T R\@: /H R /Nu
=c_, = Y= R-C=C~H —» JC=C
T S NS v’ H
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Co ch€ nay xay ra véi nhiing hop chat kém hay khong hoat ddng. Phan tng niy ¢o
tinh dac thit 1ap thé, déng phan cis hay rrans déu cho cling mét san pham khong phu thuoc
vao cdu tridc hop chat ban dau, bai vi giai doan sau la phan Wng cong rrans vio lién k6t ba.

Mot phan dng theo co ché nay 13 phan tng cha 1,2-dicloctan tdc dung véi ArS va
C:HSO- :

H . . ArsH H\ /H G0

cr’ B

ArS II
AS—C=C-H —» —

ArS/ (80) SAr

Phan Wng xay ra nhu sau:

I- Phan tng khong xay ra néu khong c6 etoxit va 16¢c do phu thudc vao ion niy, ma
khéng phu thude vao ndéng do ion ArS”;

2- 3 didu kien phan tng. cloaxetylen cho san phdm (79) vi (80):

3- Hop chat (79) phan ttng vi ArS” chi khi ¢6 ion etoxit cho (80).

Co ché tdch - cong cling xdy ra vai hé vong 5 hay 6 canh ¢6 siic cang ldn cua lién ket ba.

Phan (ng dién hinh 13 phan ing cla cis- vA frany-1-brom-2-pentaclophenvietylen tdc
dung voi kali etylat déu thu duogce cis-1-etoxy-2-pentaclophenyletylen:

. . hl ‘l
| ‘ c. T
Cl (f Cl Cl ? Cl C,H01 ¢ OC,l;
— —_— f‘ ’
Cp(cnzcrmr U l :CECH ¢ =
cl Cl Cl H H

Trong phdn ¥ng niy, cé thé tao thanh mét luong nhéd rrans do déng phan hod cis-
frans.

Chid y Ja hai co ch€ cong-tdch va tach-cong déu bao toan c4u hinh va trong méi trudng
hop cong va tich déu la antr.

Ngoai ra, co ché tich cong cing 6 & mot s6 hop chat no khi tac dung vdi ctoxit:

CH.O" GHO
ArSO,CH,CH,80,80,Ar —2——> ArS0O,CH=CH, Lo, ArSO,CI1,CH,0C, H;

Bazo Mannich loai RCOCH,CH,NR,; chju thé nucleophin theo co ché tdch-céng do
nucleophin thay thé NR.

5.6. CO CHE SET

Phan (ng thé nucleophin ¢6 thé xay ra qua chat trung gian goc hay ion g6c. Giai doan diu
cua phan tng 1 chuyén mot electron tir tdc nhan nucleophin sang chit ban dau tao anion - gac:
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I- R-X+Nu — R-X*+Nu'
nén co ché ndy goi la co ch& SET (Single Electron Transfer), sau dé ion gdc bi phin cat:
2- R-X* — R+ X

Gdc tao thanh ¢6 thé tuong tic véi Nu® sinh ra & giai doan | hay vé1 nucleophin ban
ddu cho san pham.

3- R" + Nu® — R-Nu
hay R*+ Ny~ — R-Nu*
- R-Nu* + R-X — R-Nu + R-X*

Trong giai doan 4, anion géc hinh thanh tuong ty nhu & giai doan 1 nén phan tng cé
tinh cht chudi.

Trong co che SET ciing tim thdy sy raxemic hod. Néu gdc tu do thi cho RNu hoan
toan raxemic hod nhung cling c6 dé nghj rang, co ch€ SET 1a qué trinh nghich dao c4u hinh.

B¢ nghi rang, & giai doan 1, Nu~ tiép can (di trung tam phén img tir phia sau nhung
khong nhu co che Sy2 thuémg ma géc R™ hinh thanh & dang t6 hop v6i dung moi véi Nu' &
phia sau ngugc phia véi X', do d6 dua t6i giai doan 1, 2 va 3 1a nghich dao.

Nu™ +R-X — [Nu'R-X*}] — [Nu'R"X"] — Nu-R + X~
16 hop dung moi  cap dung moi

Phan ing theo co che SET tim thay vu tién nghich dio cau hinh nhung khong dar (00%.

Mot phan iing khdc theo co ché SET da xdc dinh géc hay ion goc bang ESR hay
CIDNP, tim thdy phan éng xay ra & ddu cdu l-norbornyl va sir hinh thanh san phdm phu
vong khi chat ban dau ¢ lién két doi & vitri 5 va 6:

R

Co ché nay thuong xay ra khi X = I, NO,. Trong co ché nay, sir tin céng ban ddu bing
st cho electron dé hon la 1an cong nucleophin.

5.7. CO CHE NHIEU TRUNG TAM

Phén tng dung méi ph4n xay ra theo co ch& nhiéu trung tam khi ¢6 sy tham gia clia
dung moi 1am tac nhin nucleophin. Phan ing thudmg xay ra khi dung méi vira ¢ trung tam
nucleophin, vira c6 trung tam electrophin nén thudng cé trang thdi chuyén:

Nu-}-('jK-Z---E
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Chang han v6i dung moi 1a CH;OH, trang thdi chuyén c6 moét phan tir metanol véi trung
tam phan ing véi tu cdch 1a nucleophin va mét phan tir tao lién két hydro vdi nhém di ra Z:

H |
-- e -E---H—O0
]—13(,>) /'C\ \CH3

Phuong trinh t6¢ do chung cé dang:
v = k [RZ] [CH,OH}?
néu thém C,H;OH thi ¢d phuong trinh:
v = k' {RZ] {CH;OH] [C4H;OH]
Ching han vé&i (C4H;),CCl:
v =k [(CeH),CCl] [CHLOH] [C(HOH] &' >k
nhung chi tao thanh din xudt metoxy (¢6 nghia la phenol khéng ¢6 trong phueng trinh hop
thitc cla phan Ung). Trong tredng hop nay, metanol la bazo manh hon tuong tac vai trung
tam phan ing, phenol cé tinh axit hon tich ion Cl. Nhu vay, phan ing déng thoi cé hai
twong tac: mot 1 hit tich nhém di ra, mot nita 1a ddy nhém di ra khi tuong tae v6i trung taim
phan ting. Do d6 co ché nay goi 1 co ché push-pull (tic 1a ca ché hit-ddy).

Trang thai chuyén c6 thé c6 dang:

Y
Nu-"-Ccl-Z5--E
v

Trong d6 trung tam nucleophin clia dung méi tueng tic vdi dién tich duong clia
cacbon va nhdm di ra solvat hod ciing bing dung méi. Tuong tdc ¢6 thé chuyén tir thudn wy
tinh dién qua phin cyc d€ tao thanh lién két cong hod tri. Su phan cit C-Z vi tao thinh
C-Nu ¢6 thé déng bo Sy2 hay phén cit trudce, twong tdc sau Sy /. Thudong phdn 1dn cdc phan
itng loai ndy 13 nim trung gian gitra hai co ch€ giGi han trén. Su khdc nhau co ban gilta co
ché cd dién v6i co ché phan ing dung moi phan 1a ¢6 su tham gia cua dung moi. Do dé, con
goi 14 co ché nhiéu trung tam hay co ché dung méi phan.

Co ché chung ¢é thé nhu sau:

|, R I
—crzt ZX g -H--0---R

(l: -ROH /C\

Y v
R | SR I i

.¢t.g/  +ROH--Z:-HOR  RO—(C— + Z--HOR
/ ~H |

+ Juuy ¢dd hinh

{
RO— ?— + RO'H;

raxemic hod
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Sy solvat khong tuin theo quy tac bio toan s6 lién két nén trong trang thdi chuyén cé
thé tham gia mot hay vai phan tir.

Su thi€t 1ap co ch€ dung moi phan rdt khé khan vi khong thé dua vao két luan vé do
phan tr cua qud trinh tir phuong trinh dong hoc; thutmg dung moi qud du va phan (ng duoc
mo ta bang phuong trinh gia don phén tir khong phu thudc vao d¢ phan tir that cha qua trinh.

Sy tweng tic nucleophin cla dung moi phu thudc vao cdu triic chat ban ddu giita bac
mot va hai hay ba. Khi so sdnh 16c do dung moéi phan hé bac hai hay ba, ching han dung
moi phan isopropylbromua va fert-butyl bromua trong etanol 80% 1am ting t6c do dung moi
phan dén 10 Jan. Su thay d6i nay khi chuyén tir bac hai 16i bdc ba lién quan té sy tang
tinh 6n dinh cda cation tao thanh do hi¢u ttng cho electron cua nhém metyl, déng thoi ciing
lam giam twong tic nucleophin ma thuc t& dén xuat bac ba khong thuc hién duge do khé
khin lap thé, con trong tdc nay manh & din xu&t bac hai nén tdc do chi tang 10" 14n. Néu
so v0i phin ing dung moi phan cla hé 2-bromadamantan 16i 2-brom-2-metyladamantan thi
toc do tang dén 1077 14n, trong truong hop nay, twong tdc nucleophin cla dung moéi khéng
Xudt hién & hé bic hai, ty 1¢ ¢ do chi xdc dinh bing tinh dn dinh tuong déi cua trang thdi
chuyén gdn véi ciu triic cacbocation.

Phan ing dung moi phan cia hé bac mét ¢6 sy tham gia nucleophin 1én cia dung moi
vh c6 thé xem phan tng nhu 13 $y2 ¢ trang thai chuyén xdi (loose). Ching han etanol phén
CeHsCHDOTSs hoat dong quang hoc cho séan pham quay cau hinh hoan toin.

bac tinh cua co ché nhiéu trung tam ciing bidu hién & chat ban diu cd sin trung tam
electrophin hay nucleophin ¢6 thé xay ra qua trang thdi chuyén vong:

. ! e }‘ N
Nfu-\y- (\-({Z‘ - hay Nfu)f\-- Z+-FE

Phin ing loai ndy xdy ra nhanh va dé. Chang han, phan tng dung méi phan
w-metoxyankyl-p-brombenzensunfonat CH;0(CH,),0S0,CqH,Br trong cdc dung méi khic
nhau qua ion oxoni vong xay ra voi 8¢ do phu thude vio n. Tée d0 cao nhat khin =4 va n = 5,
chiing 16 ¢6 sy tham gia ctia nhém CH,0, con khong ¢4 thé tao thanh vong khi n =2, 3, 6.

Bang 5.12. Tac do wrong doi ciia dung moi phan CH;0(CH,),080,C,H,Br

fn CH,CH,0H 0 75°C CH,CO0H § 25°C HCOOH ¢ 75°C
1 100 100 100

2 0,13 0,28 0.1

3 0,67 0,53 0,35

4 20,4 657.0 4610

5 28 1230 32,7

6 1,10 1,16 1,13
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Phan ing tao dugc trang thdi chuyén vong do ¢6 hiéu ing clia nhém ké véi sy tham
gia ctia nhém CH,O:

OCH, ® ®
— OCH; CH; —= OCH;
OR n=4 Cor OR =S SN
R=-80,C:1,Br-p

Su thira nhan co ché nhiéu trung tam hay dung moi phan cho phép giai thich tuong tic
anchime trong phan ing nucleophin.

Néu MO khong lién két tréng tao thanh khi phan cit lién két C-Z ¢é dién tich duong,
c6 thé tuong tic voi obitan cia nguyén t&r khiac trong phan t tao nén cacbocation nhiéu
trung tam, goi 13 cacbocation khong ¢6 dién 6 sy gidi tod dién tich giita cdc trung tam. Sy
giai tod ndy thuan lgi vé nang lugng va hinh thanh nhitng san phdm khac nhau.

Phan (mg cla trung tdm ¢é nhém aryl & vi tri o ¢é td¢ dé 1dn hon khi khong c¢é nhém
aryl, chang han thuy phan trong axit fomic 99% cua:

(CeHsCCH,Cl k5 1 =2,3.107°
(CH3);CCH,Cl £, s ' =4.107"

do ddn xudt the aryl ¢6 kha nang tao ion cdu khong c6 dién:

R oo /R

C,.__
R C\R

Ciing nhu khi nghién citu hod hoc l1ap thé cha phan ing dung moi phan cha tosylat
2-phenyl-2-butanol trong axit axetic cho thay:

Tit L-threo-p-toluensunfonat tac thanh 96% sin pham axetat raxemic hod:

H CH,COOH CH,COOH
z OTs H, ¥ | .CH;
H, z 7 -0Ts ", W
_ —_— Cre=—
b 0t Iy
HC, o RPN
3 @

H, Z  ,O0COCH;  CH;0CO Ll

) ——C:?H _ /}_éﬁH

H5C6 /CH" H4C é C6H5
H
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Trong khi 46 L-erythro-p-toluensunfonat cho san phdm axetat hoat dong quang hoc:

H CH;COOH CEECOOH
H,C \::C / OTs -OTs H/”f,, +___ WwWH
—G —_ /C,-‘- 3 CH
=~ *CH e
@
L-erythro-p-toluensunfonat -
| -H"
H ¥ L
H3C<-:C , OCOCH; cmoco\ ~H
/ C:,\CH3 (C_C\\" CH;
HsCs “H H,C __..:_:5 C¢Hs
H

Do khi tao thanh cacbocation ¢6 hiéu ting anchime, dung moi chi c6 thé 14n cong vé
cung phia véi nhém di ra nén phéan (ing xay ra v6i bao toan cfu hinh. Néu trong trudng hop
¢6 nhém the aryl & vi tri a, phan @ng x3dy ra quay c4u hinh nén khong cé wong wic anchime
va bao toan cdu hinh khi phan \ing ¢6 twong tac anchime.

Vé mat t6¢ dg, néu phan itng ¢6 tuong tdc nucleophin cla dung méi ¢6 hang s6 t6c do
1a k.1, Phan Ung c6 twong tac anchime 1a F k,, (F 12 hé s6) thi t6c do chung la:

k =k + Fhk,,

Hai qua trinh canh tranh nhau, n&u tinh nucleophin ctia dung moi cang nho thi tic
dung anchime xudl hién cang 1én.

Nhur vay, phan ing dung moi phan diin xust bac mot va hai xdy ra bing hai rong tic
nucleophin cua dung méi va tuong tdc anchime, con bic ba khong ¢6 twong tac nucleophin
clta dung moi.

Néu nhém aryl ¢6 nhém thé, nhém thé cho electron lam tang tuong tdc anchiime, giam
twong tdc nuleophin cGa dung moi. Néu nhém thé 1a hiit electron, tong tac anchime 1o nén
khong thuan lgi, tang tuong tic nucleophin cita dung moéi, do dé tang tinh quay cau hinh.

Su hinh thanh cacbocation nhiéu trung tam ¢ thé do twong tac cla obitan trong voi
obitan p, n, # hay ¢ & canh cation mach hd v&i sy tham gia clia nhém bén canh o hay véi sir
tham gia clia electron p va m:

HIO Br . Bt El.’.r IH
| "‘ \‘
CHy—C —C—CH; —— | CH 5 = CHy | = CH—C —C—CH,
Ill r H Br "H H Br
(R) T3 {5) raxemat

Hiéu tng nay cling xudt hién & cachbon xa hon, ching han dung moi phan 4-clobutanol
nhanh hon 3-clopropanol hay 2-cloetanol nhidu va tao san phdm vong:
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Q_La\ 82 [\ +HA
1 0

Hedc dung méi phan ddn xuit halogen cé ahdém nucleophin trong phin tir cho sin
pham vdng hod:

BI‘(CHz)nNHZ —_— (CHZ)n NH-’-TBI—. A=2.4.56

Hicu wng ciing biéu hién trong cdc vong no, khéng chi ¢d lien quan t&i nhom ké ma
con phu thude vio vi tri déng phan, ching han déng phan trans-2-axetoxyxyclohexyl-p-
toluensunfonat dung moi phan nhanh hon déng phan ¢is- dén 670 lian. DPdng phin cis- cho
san pham quay cau hinh con trans- cho sdn phdm béo toan ciu hinh, do déng phan trany cé
nhém axctoxy tham gia vao qua trinh ion hod {am dé dang cho sy ion hod cia nhom tosylat
va d€ tao vong ion axetoxoni 13 chit trung gian echiral khong quang hoat nén cho san pham
raxemic hod, con dong phan cis thi nguoc lai.

Tuong tdc qua nhidn nay cling giai thich duge t6c do the cla cdc ddn xuat the cla cdc

ete vong:
X X
O C ®
Q
¢}
- 10 0.14

1
0.014 48510
kld

Hiéu (ing qua nhédn vdi su tham gia cia obitan ® nhir dung méi phan [-bromnorbornen:

® d%ococm

CH,CO

Song né€u dung mo6i phan 7-tosylnorbornen thi lai thdy anh hudng cia vi trf déng phan,
trong d6, déng phan syn- phan tng cham hon déng phan anti ¢én 107 ldn va déng phan anti
cho sin phdm bio toan cdu hinh.

Paéng phan anti- ¢6 lién két doi thudn loi cho qua trinh tao ion giai tod duoc dién tich
duong lam tang téc d6 ion hod, con dong phan syn tao dugce dang allyt cho san pham chuyén
vi cla ion nay.
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OTs - OCOCHj
CHL,CQOIT
/4 — —— 7
ant-T-tosvlatnorbornen {bdwr LN cdu hinhy
Ts
L H;COOH
/ —
avi-7-tosylatnorbornen CH3COO

Su tham gia cim lien két m vao qud trinh ion hod doi khi ciing cho sian phim bing su
hinh thanh lién két C-C mdi, chang han nhu dung méi phan hgp chat sau:

CH,CO0
D— CH,CH,0Ts ©:5990

2-{xyclopenten-3-y1) ety ltosylat bixyclo[2.2.1 |heptan

Su tao thanh ion ¢& dién cling x4y ra v&i sy tham gia cha obitan o:

CHﬁOOx.éb

OCOCH,

CHLCOOH
OBs »

I-brosylatnorbornen

Phan #ng trén cho san phdm raxemic hod.

5.8. CAC PHAN UNG THE NUCLEOPHIN

1- Phan itng thuy phdan ankyl halogenua

Céc ankyl halogenua thuy phan cho ancol: .
RX + H,0 — ROH," + X~ =15 ROH + HX
RX + HOO — ROH + X
Céc d4n xudt hoat dong nhu loai allyl hay benzyl ¢6 thé thuy phan trong nudc, cdn céc
din xu4t thudng ciing ¢6 thé thuy phan trong nude néu dung méi 12 HMPA hay N-metyl-2-
pyrolidon. Cac dan xuét bac ba thuong cé phan ting tich wu tién hon. Thyc €, phin Gng nay
it dung vi chinh cdc ankyl halogenua dugc téng hgp tir ancol.
Cic din xuit RX bac | xay ra theo co ch& Sy 2, bac 3 theo Sy/, con bac 2 theo ci hat
ca che Syl va Sy2.
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Céc dan xudt vinyi khong phan (ing nhung cé thé thuy phan thanh xeton & nhigt do
phong véi trifloaxetat thuy ngan hay axetat thuy ngan trong trifloaxetic hoac trong axit
axetic chia eterat ~BF:

F lg(CH1;C00)

|
—C=C—X  Foonm H?Ai_R

Cic dan xuat gem-dihalogen thuy phin cho andehit hay xeton khi ¢6 xiic tdc axit hay
baza: phan dng ¢6 thé di qua gem-diol réi loai nudce, D61 vdi andehit, khong duoe ding kiém
manh vi ¢é phin Ung ngung 1 andol hay Cannizzaro:

X
] H,0
R—C—R —= R—

;( H hay [HO"

Cic L,1,1-trihalogen ankyl dé thuy phan trong nudc cho axit, néu trong ancol thi truc
liép thu duoc este cacboxylic. Cdc 1,1,1-triflorua khong cho phan ing nay trir mot s6 trudong
hop riéng. Cic aryl 1,1,1-trihalogenmetan chuyén thanh aryl clorua véi SO;:

ArCCl, + 50 — z\r—(ﬁ‘—Cl + (C1S0,),0
0O

Cic 1.1-dicloanken cling thuy phan cho axit khi tic dung véi axit H,80,.

Clorofom thuy phan bang bazo dé hon diclometan vA tetraclorua cacbon cho axit
fomic va CO. Phin tng véi giai doan ddu la low proton cho CCly 1di tich Ct cho
diciocacben va thuy phan tiép cho CO va axit fomic:

107
HCCl; === "CCl; —» HCOOH hay CO

Phan tng theo co ché SyfcB.
2- Phdan ung tao thanh nitrin
Phan ng gita RX va ion xyanua 1a phuong phip phd bién dé tdng hgp nitrin va axit
trong (ng theo nguyén tic va co ¢hé chung cia RX:
RX + CN° —RCN

Céc dan xuatl halogenua bac nhat, allyl va benzyl cho hiéu suét 16t, dan xudt bac hai
dat trung binh, cdn dan xuat bac ba cho hi¢u suit thap va ¢6 phan ung tich kém theo & cling
diéu kién phan tng. Dung moi ot nhdt 1a dimetylsunfoxit va diing xidc tdc chuyén pha hay
siéu am.

Ton xyanua la tic nhan ludng chic va ion isoxyanua cho san phdm phu. Néu muén
tong hap isoxyunua [ san phdm chinh thi ding xyanua déng hay bac,

Bromua vinyl chuyén thanh xyanua vinyl bing CuCN hay KCN trong ete crown va
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xtc tdc Pd, dilng KCN va xiic tic Ni hay ding K,;Ni,(CN).

Halogenua bac ba chuyén thanh xyanua bac ba khi diing trimety!silyl xyanua vi xic
tdc SnCl,: R;CCl + (CH;):SiICN — R;iCN

Nucleophin xyanua cting tic dung v&i cdc nhém chite khdc cho nitrin nhu ancol bic
nhdt, hai hay ba v&i NaCN hay (CH3);SiCN khi cé xic tdc Nal trong DPFM-CH,CN.

3- Phdn img trao déi halogen

Phan (ng trao déi halogen, céon goi 1a phan tng Finkelstein, 1a mot qua trinh can bing
nhung thuémg cé thé chuyén dich cin bang:

RX + X == RX + X

Dén xuit iodua tong hop tir ddn xuat clorua hay bromua véi Nal tan trong axeton, Khi
ankyl clorua hay bromua téc dung véi dung dich iodua natri trong axeton, can bang chuyén
dich bang két tia clorua hay bromua natri. Phan img theo co che Sy2, phin dng nhay vdi
halogenua bac nhat hon bac hai va ba nén ding iodua natri 1am thudc thir cho clorua va
bromua bac nhit. Clorua bac ba chuyén thanh iodua khi diing du Nal trong CS, vdi xdc tdc
ZnCl;.

Vinyl bromua chuyén thanh vinyl iodua bao toan cfu hinh khi tdc dung vai KI va xic
tdc niken bromua-kém hay KI va Cul trong HMPA dun néng.

Déan xuat florua téng hop tit ankyl halogenua khdc vdi tic nhan flo hod bat k¥ nhu
AgF, KF, HgF,, HF,, BrF;, hay HF v&i SbF;, con HF khan chi dung véi ddn xuft benzyl hay
allyl. Can bang & day chuyén dich biang RF hinh thanh bén khéng phan (ng tro Jai chit ban
dau, C6 thé ding xiic tidc chuyén pha.

Ankyl clorua bac nhat chuyén thanh bromua bing téc dung véi etyl bromua, N-metyl-
2-pyrolidon vi NaBr, véi LiBr edn xdc tdc chuyén pha, hay véi (C4Hy),N'Br, con din xuat
ankyl clorua bic hai hay ba thi ding du HBr va xdc tdc FeBrs.

Ngirge lai ddn xudt clorua hay bromua cé thé tdng hop tir ddn xuat iodua tic dung vdi
HCI hay HBr khi ¢c6 HNO4 dé nhom dira I bi oxy hod bdi HNO; thanh .

4- Phan wng Williamson

Phan ing Williamson phat minh nam 1850 la phuong phdp tét nhit dé tong hgp cic
ete khong doi xing:

R-X+R'O — R-R'+X

Phan «tng Williamson chi yéu theo cd ché 5x2, ¢ mot s6 trudng hop theo co ché SET,
nhat 1a véi ankyl iodua.

Phan (ing cling diing ArX va c¢é phan tng phu 1a C-ankyl. Phan ting binh thuong 14 tdc
dung halogenua vdi ankoxit hay phenoxit hay c@ing ¢6 thé véi ancol hay phenol khi ¢6 KOH
ran trong (CH;3),S0 hay HgO va HBF, trong CH,Cl,. Phan wing khong dung cho ancol bic
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ba, con ancol bac hai cho hi¢u suat thap. Ete c¢6 nhém bac ba tdng hgp tir ankyl halogenua
vO1 ankoxi bac ba. Di-fert-butyl ete diéu ché bang tdc dung truc tiép ancol bac ba véi cation
tert-butyl. Cic halogenua hoat déng nhu Ar;CX tdc dung véi ancol khi cé Ag,CO; hay
Ag,0. Cdc phin tng nay theo Sy/. Aryl ankyl ete diéu ché bing ankyl halogenua vdi aryl
axetat khi c6 K,CO4 va ete crown,

gem-bihalogenua véi ancol cho diaxetal va vdi L,1,1-trihalogenua cho orthoeste, nhat
1 khi diing xtic tdc chuyén pha hay xdc tdc mixen.

Tac dung quan trong ciia phan tng 1 phan ng mu6i cia ancol véi clometyl metyl ete
nhim bao vé nhém hydroxyl trong phan tng hitu co:

RO + CH;0OCH,Cl — ROCH,0CH,4

Téc nhan bao vé thuong ding 13 MOM (dimetylete) ciing nhw vai hop chit goi la ete
nhdm MOM do axetal bén v6i mai truong kiém nhung d& phan cit trong axit. Tic nhan khdc
ciong dung goi ta MEM do ¢6 nhém 2-metoxyetoxymetyl nhu phan tmg:

ROH + CH;0CH,CH,OCH,Cl — ROCH,0CH,CH,OCH,

Ca hai nhém MOM va MEM ¢6 thé bj phan cat vdi dianky! va diarylboran nhu (CH-),BBr.

Phenaxyl bromua ArCOCH,Br ciing diing dé béo vé nhém hydroxy. Ete thu duge dé thuy phan

v&i kém va axit axetic,

Phuong phdp thudng ding tdng hop metyl ankyl ete 1a tic dung ankoxit hay aroxit vdi
dimetylsunfat va nhom trong xyclohexan.

5- Phdan wng hinh thanh epoxit

Epoxit thudng tao thanh tlr epiclohydrin theo Sy2 nhung 14 noi phan tr:
oo HO® /(\
I [
Cl H
Bazo tach 14y proton tir nhém OH dé chuyén thanh nhém ankoxy tin cong néi phan ur
theo Sy2:

Hi
HO @
" A +
—C—C— __..._(Ij_(lj_ —_— -(lj—IC—- + H

Nhiéu epoxit téng hop theo cdch nay, ké cd tdng hop cic ete vong 16n 5 va 6 canh.
6- Phan thig dehvdrat hod ancol
Dehydrat ancol khi ¢é xiic tdc axit cho ete:

H,S0,
——

2ROH ROR + H,0
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Tdc nhan di ra tir R*OH; hay ROSO,0H vi tic nhan nucleophin I phan tit ROH khic.
Phan ing theo co ch¢ Sy/ hay Sy2 tuong tu nhu phin ing Williamson. Thudmg ancol bac 1
theo Sy2. cOn ancol bac 2 va bic 3 theo Sy/. Phan dng phy luén k&m theo 1a phan tng tach,
nhdt 1a ancol bac ba thi trd thanh vu tién. Ancol diarylcacbinol khi dun néng véi TsOH rin
cho ete véi hiéu suat tot:

Ar,CHOH — (Ar,CH),0

Thudng ding t6ng hop ete ddi xing, d6i véi ete khong ddi xing, néu mot ancol 12 bic ba
thi ancol bic ba 1a nucleophin kém hon nén cho cacbocation, néu khong ¢6 bac ba thi s& cho
hon hop ba ete. Phencl va ancol bac nhat cho ete khi dun néng vdi DCC. 1,2-Diol cho epoxy
khi tdc dung véi dimetylfomamit dimetylaxetal [(CH;0),CHN(CH,),], dietvlazodicacboxylat
[C;HsOO0CN=NCOOC,H; va (CgHs)4P...

Cdc diol khidc cho ete vong, chi yéu vong 5 canh, thudng cé xidc tic AIPO,-ALO;.
BuSnCl,. 1.6-Hexandiol chit yéu cho 2-etyltetrahydrofuran. Phan #ng ¢6 tdm quan trong
trong tong hop din xuit furan tir andozo:

HOCH,—CHOH~ CHOH—CHOH—CHO -~ I N cio
o .

Vang 5, 6, 7 canh ciing téng hop duge khi ding AIPO4-Al,04 vdi C;HeSnCly va vai xic
tdc axit Nafion-H.

7- Phan itng tai ete hod

Phan ung trao d6i nhoém ankoxy trong ete néi chung hiém, thuémg xiy ra vdi R hoat
dong nhu diphenylmetyl vai axit p-toluensunfonic 1am xiic tdc:

ROR’ + R"OH -~ ROR” + R'OH

Ciing nhu khi tdc dung ankyl aryl ete v4i ion ankoxit:

| AfOR +R'0” —» ROR’ + ArO”
dic biét cdc axetal va orthoeste trao déi ankoxy rit nhanh:

O—CH
_JOC,H; / 2

CICH,CH + E)Hz—ﬁ‘“: — ClCHzC&O_LH F2GRHOH
C,H; H OH :

vi nhém di ra tir axetal cho cacbocation n djnh, tuy nhién phan tng 1a can bing nén cin
chung cdt ancol 61 thdp ra khoi phan iing.
Céc enol ete tdc dung voi ancol khic cho enol ete khidc khi cé xic tdc axetat thuy ngan:

Hg(CH,COO0),
ROCH=CH, + R’OH

R’OCH=CH, + ROH

8- Phan wng thuy phdn axetal va enol ete

Céc hop chat cnol ete, axetal va orthoeste dé thuy phin trong méi trudmg axit cho
andehit hay xeton:
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| L0
—C=C —OR -—?—E— ROH
R

| OR" H.OH R— + 2R'OH

Or’
OR'
H.OH"

!
R—C—OR" — - R"_@—OR' ha\' I&_E_OII +2 hay IR'OH
O’

Cédc hop chét nay chuyén thanh axit lien hop trude khi thuy phan bing axit manh dé
dang phan cat ete nhung ciing dé thuy phan trong axit todng do tao thanh ion RO-C*- 6n
dinh bing cong huong.

Phan (ing theo co ché Sy/:

®
HOR' ® %Hz ,
Y I . _-Ron . 0 RCH—OR! RN
RCH(OR"Y); == RCH—OR' =—= RCI?\—OR - =
OH H , @ .
| + 15 -R'OH -U
RCI—OR' == RCH-OR'H == RCH—OH == RCH=0
he el

ta ca ché nguge voi co ché tdng hop axetal tir andehit va ancol (co ché AT). Co ché ndy xdc
minh bang cdc dir kién:
I- cdn xiic tdc axit dién hinh H;O" nhanh hon D,0%;
2- ROH quang hoat khéng raxemic hod;
3- néu 1 ferr-butyl ancol khong c¢é phan cét lien két R~O bing déng vi;
4- chit trung gian A ¢6 thé tdch ra trong nhiéu trudng hop;
5- t8¢ do thuy phan tang: CH,(OR"); < RCH(OR"); < R,C(OR™); < RC(OR’); ching
16 hinh thanh cacbocation trung gian A quyét dinh toc do.
Ngoai ra cling tim thay co ché khidc, trong dé giai doan hai va ba la dong bo, nghia 1a
co ché §y2 hay Sy2cA nhu khi thuy phan 1,1-dietoxyetan bang phuong phap déng vi:
O(. Hs
_(I;H —OC,H; = CH; —(;H —OC,H; —= san phim
H, ®OH,

Trong trudng hgp thuy phan 2-(p-nitrophenoxy)tetrahydropyran ditng axit chung tim
thdy giai doan chét ban diu proton hod la giai doan chdm quy€t dinh tdc do. Cic phan (ing
Xuc tic axit chung ¢6 giai doan proton héa 1a cham goi la phin (ing A-Sg2. Phan (ng thuy
phin orthoeste cing theo co ché xiic tdc axit chung.
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Cdc axetal, xetal vi orthoeste dé thuy phan trong axit, bén trong moi trudng bazo. Néi
chung, nhing hop chit cé hai phém OR, OCOR, NR,, NHCOR, SR & mat cacbon déu dé
thuy phan cho andehit hay xeton trong méi triegng axit. Ngodi ra ¢d thé dung tac nhin khdc
nhu CF,COOH wrong CH,Cl,, HgCl,, H,0,-HCL, tere-CyHyBr-(CH4),50, (CH,4),S0-HCl-
dioxan, CuSQ, trén silicagel...

Enol ete dé thuy phan trong moi trudng axit ¢é giai doan quyét dinh téc do 1a proton
hod chit ban diu nhung proton hod & C, khong phai O:

‘9 H,
i H-O

—C=(C —0OR m —(f—(I‘—OR — - —f—‘f—OR T —?—i —OR

—ﬁ"—T—OHR = - _i‘"‘OH"" "i?[—‘f_o

Co ché phan ing c6 thé 1a co ch€ A-Sg2 vi chit ban ddu bi proton hoid & giai doan
chim quyét dinh tée do va ¢6 bang ching cho co ché nay 1a:

1- Ding O'* cho thay lién két vinyl-oxy bi phan cat ch khong phai hen két RO,

2- Cé hiéu itng dong vi, 3- xic tdc axit chung.

Céc enamin cling thuy phén theo co ché tuong tu. Cic dithioaxetan R,C=C(SR’}, cing
thuy phan tuong ty nhung giai doan dau proton hod la cén bang.

Furan 12 trudmg hop dic biét cna loai enol ete thuy phan bang axit cho 1,4-dion:

o -
HyC" So” TCHa

9- Phdn tng thuy phdn epexit
Phin tng thuy phan epoxit 13 phuong phip diéu ché vic-diol:

/('\ ) ‘% |
H .
‘ OH I)H

Phin tng duge Xic tdc bing axit hay bazo, Xdc tdc¢ axit proton hod oxy  theo cu ché
SnI hay Su2 va vi tri thich hop cho tdn ¢dng 1a cacbon the cao nhat. Trong diéu kién trung
tinh hay bazo, co ché 1a Sy2 tdn céng vio cachon ft thé hon.

Tdac nhan axit hay ding 13 axit pecloric han ché duge phin tng phu. Dung moi khi
thuy phan baza 1a dimetylfomamit.

10- Phdan itng ancol phdn epoxit

Tuong tu nhu phan (ng thuy phan, cdc epoxit tdc dung véi ancol khi ¢é xic tic axit,
bazo hay nhom hydroxit cho 8-hydroxy ete:
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| I | i
—C—C— +RO (hay ROH) —» —%— j)—
O HOR

Phan iing theo co ch& Sy/ hay Sy2. Dung moi thudng ding 1a dietylen glycol,
cellosolve...

Aziridin ciing cho phan &ng tuong t¢ cho 3-amino ete:

| | H”

!
- — —L—C= = —C—C—
N
RNP ROH H:,hje OR HQYL %R

h

Cic 2,3-epoxy ancol ¢6 thé déng phan hoé trong dung dich baze:

?H HO' | |(?ﬁ . _ /\
—C\(f CHR,—> R KJ CHR, R, (|: F'_CHRZ
H,0 ! :
—  R—(C~—CHR,
OH
Phan tng goi 1a chuyén vi Payne. Phan ng ciing c6 thé tr& lai chat ban ddu, nén néi
chung cho hén hop epoxy ancol.

H - Phdan sing cita ankyl halogenua véi mudi axit cachoxylic
Este cacboxylic ciing thu dugce khi tdc dung RX v&i anion cacboxylat:

RX + R'CO0™ P2, pOCOR™ + X

Phan ting xdy ra nhanh véi dan xudt bic nhal, bic hai cua bromua va iodua & nhiét do
phong trong dung moi phan cuc aproton, dac biét IIMPA cho hi¢u suat este cao. Phuong
phdp khic 1a dung xic tdc chuyén pha véi halogenua bic nhdt, bac hai, benzyl, allyl va
phenaxyl.

Co ché ctia phan Gng la Sy2. V6i halogenua bic nhat mach dai thi dung halogenua va
mudi axit rdn trén chit mang nhom va bic xa séng ngan.

Ngoai hai phuong phép xic téc chuyén pha vd dung méi phan cuc aproton, phan ting
chi dung vdi din xudt cé R hoat dong nhir allyl, benzyl nhung theo co ché Sy /.

Lacton clng thu duge khi diing halogenua axit tdc dung véi bazo, thudng cho v va 8
lacton nhung ciing ¢6 thé thu duge lacton 11 t6i 17 canh.

Vinyl halogenua chuyén thanh este vinylic khi tde dung véi axetat natri khi ¢6 clorua
paladi (II).

Axit cacboxylic cling ¢6 thé 1a nucleophin khi ¢6 F~. Dihalogenua chuyén thanh este
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bang phuong phdp nay khi nhém COOH duge bao vé bang phan ting vdi ArCOCH,Br va este
thu duge dé phan tich bang kém va axit axetic.

Anion RCOO™ c¢6 thé thay thé cdc nhém di ra khic nhu ankyl closunfit ROSQCI, dan
xudt sunfonic, ditosylamin NTs,, triankylphotphat, axit sunfuric va axit vé co khic dé cho
este. Chang han triankylphotphit P(OR), va axetal cha diankylfomamit:

(RQO),CHN(CHj3); + R"COOH — R’COOR + ROH + HCON(CH,),
Phin ting theo Sy2 va nghich dao R. Pimetylsunfat hay trimetylphotphat dung metyl
hod axit ¢é khé khiin lap thé.
12- Phdn ting tao thanh peroxit hay hydroperoxit

Hydroperoxit diéu ché khi tdc dung RX, este sunfuric hay sunfonic hay ancol véi

hydroperoxit trong bazo vdi tic nhan thye 12 HOO -
RX + HOO® — ROOH + X

Peroxit thu dugc khi tic dung natri peroxit vdi RX: RX + Na,0; — ROOR hoic tic
dung RX hay tosylat véi K,O khi ¢6 ete crown hoac ankyl triflat véi peroxit germani va thiée.

Mot phwong phdp khdc 1a tac dung RX véi H,0, hay peroxit khi ¢6 trifloaxetat bac.

Tvong tu nhu phan ng trén, ankyl halogenua tic dung v6i amin bac hai va K,CO, &
diéu kién chuyén pha thu dugc cacbamat:

(C,H,),NH'HSO,”
RX + R*,NH + K,CO, » RO-CO-NR’,

13- Phan g tao thanh isoxyanna
Phin tng cla amin bAc nhat vdi clorofom trong kiém cho isonitrin:
HO" ® ©
CHCl; + RNH, —» R—Na=(

Phan tng theo co ch€ Sy/cb vai chilt trung gian la diclocacben:

H
. -Hcl‘9
CHCl; + HO —» CCl, 3 CI—C—NZR 2= Oma—R
| H

Hiéu sudt phan ing khong cao. V&i amin bac hai cho sin phdm cong khéng tich HCI
nhung dé thiy phian cho fomamit N-the:
o F@ ]i] R H,0
C—C—N=R — CI— —N—R 2 H—E— NR,
I

Mot phirong phap khédc 1a phan ing epoxy véi trimetylsilyl xyanua khi ¢6 iodua kém:

b (OIS (CHy),SI0—CHyCHy—CH—NC g8 HO—CH,CHy—CH-NI,
H3 H3
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San phdm dé thuy phan cho hydroxylamin.

14- Pldn itng tao thanh xyanamit tic amin béc ba

Phan img clia amin bac ba véi xyanobromua goi 12 phin ng von Braun:

R:N + BrCN — R,NCN + RBr

Phén ting c6 sy phan cdt mét géc R d€ tao thanh halogenua hoat dong nhu benzyl,
allyl hay nhém ankyl nhé nhat phan cit nhanh. M6t hay hai nhém & amin cé thé 1a aryl
nhung khéng bi phan cit. Cac amin vong ciing bi phan cit trong phan {ing nay ¢dn amin bac
ba cho két qua kém.

Co ch€ cla phan Ung 14 cdc phan tng the nucleophin lién ti€p: vdi nucleophin diu i
amin bac ba va sau la ion Br;

@
1- NC-{BT+ R;N —» NC—NR; + Br

D
2- R—_Q‘TZCN + Brr— RBr + R,NCN

Ch4t trung gian 12 N-xyanoaminbromua ¢6 thé tdch ra dude va ciu tric xdc dinh bang
phan tich hay phé. Tac nhan BrCN & day gua hai ldn chuyén déi trong mot phan ing dé hinh
thanh sian phdm (¢ khi goi 12 tdc nhan phén tan codng - counterattack reagent).

15- Phdn ttng tao thanh ankyl halogenua tir ancol

Ancol chuyén thanh ankyl halogenua v&i tdc nhan chung HX va halogenua axit vo co
nhu SOCl,, PCls, PCl4. POCl;:

ROH + HX — RX + H,0
ROH + SOCl, — RCl + HCl + SO,

Thuong dung HBr va HI, thudng 12 tac ion halogenua i situ. HI ¢6 phan tng khir cia
n6t doi ctia chat ban ddu khong no vi ankyl iodua cho ankan. Ancol bac ba cho din xuat
clorua vd1 HCI nhung ancol bac hai va bac nhit cham, cdn xdc tic clorua kém. Ancol bic
nhat cho clorua hiéu suit t6t vdi HCl trong HMPA. Phan Ung voi clorua axit vo co PCls..., it
chuyén vi hon HCI.

Phan Gng cta HX voi ancol theo co ch& Sy/cA hay Sy2cA véi nhém di ra khong phai
OH ma la OH; hoac véi téc nhan khdc nhv chuyén ancol thinh ROSOCI v&i nhém di ra ia
OSOC], trong trudmg hop nay 1 co ché Syi.

Céc bromua va iodua, dic biét PBry cing ding thudng la in situ nhung it hon HI va
HBr. Céc ancol bac hai thudng c6 chuyén vi nhy 3-pentanol véi PBr;. POBr; hay PBrs cho
2- va 3-brompentan, d¢ trdnh duge chuyén vi thi chuyén ancol thanh sunfonat hay dung xic
tic chuyén pha. HF khong diing cho din xudt florua nhung dung dietylaminosunfua triflorua
(C,H¢),NSF; (DAST) chuyén ancol bac nhat, hai va ba, allyl va benzyl thanh florua hiéu
sudt cao, dé tranh chuyén vi clia phan itng ancol bac mot, hai, ba ding (RO);PRX, R:PX,,
(CH2)2SBry, hén hop (C¢Hj)4P va CCly:
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ROH + (C4Hs)4P + CCl; —= RCl + (C.Hs),PO + HCCl,4

Phan ting cha ancol allyl va benzyl cho halogenua tuong ing khong c6 chuyén vi thi
ding N-clo hay N-bromosuxinimit v metyl sunfua dat hiéu suit 87% la dac thi 1ap thé nhu
(Z)-HOCH,CH,C(CH-)=CHCH,0H cho (ZYHOCH,CH,C(CH;)=CHCH,Cl. Cic ancol allyl
hay benzyl chuyén thinh bromua hay iodua v6i NaX-BF; eterat va iodua khi ding All;.

16- Phan itng phan cdt ete cho ankyl halogenna

Ete bi phan cét khi tic dung v6i HI hay HBr, HCI it dung:

ROR’ + HI — RI+ R'OH

HBr cham hon HI nhung ding nhiéu hon vi it phan Gng phu. Diankyl ete bi phan cét
theo Sy/ hay Sy2 khéng ¢6 quy tic chung thudng phin cat ca hai phia cho hai RX vi hai
ROH, riéng metyl ankyl ete luon cho CH:X va ancol, n€u du HX chuyén ancol thanh RX
nén néi chung cho 2RX, con ankyl aryl ete luon phan cat ankyl-oxy cho RX va phenol.
Trong phén ing nay, nhém di ra khong phii RO ma 13 RO'H.

Ete vong (thudng dan xuat tetrahydrofuran) cling bi phan cat. Ete ciing bi phan cit khi
c¢ axit Lewis nhu BF;, BCl,, (CH,),BBr, BBri, AICl;, nhung trong trudng hgp nay nhém di
ra la RO & dang phic véi axit Lewis:

@ ©
I'{_‘.P‘_BF3
R'

Téc nhan Nal-BF; eterat phan cat chon loc ete theo thi ty: ete benzylic > ankyl metyl
cte > arylmetyl ete,

Céc mudi oxoni phan cét cho RX:

R;0"X" — RX + R,0 (X ¢6 thé 1a bén halogen)

17- Phan iing Wurtz

Phan ng cia RX véi Na cho san phdm déi xing 12 phan tng ghép doi cia RX, goi la
phan ing Wurtz:

2RX +2Na — RR + 2NaX

Phan ting phu kém theo 1a tdch va chuyén vi. Phan dng Wurtz tir hén hop hai RX it
ding vi cho hén hop san phidm, nhung giita ankyl vi aryl vdi natri cho sin phidm ankyl hod
nhan thom, goi 1a phan dng Wurtz-Fittig, con phan dng ghép hai aryl halogenua khéng thuc
hign duge, Cdc kim loai khdc ciing diing 12 k&m, bac, sit, ddng hoat ho4, pyrophoric chi.

Co ché coa phan Gng gom hai giai doan co bin: trao déi halogen-kim loai cho
hgp chit co kim (RX + Me - RMe) va hgp chdl co kim phan ting véi phan tir RX thi hai
{RX + RMe — RR).

Phan ting Wurtz ciing diing cho phan ing déng vdng nhu tir 1,3-dibrompropan chuyén
hod thanh xyclopropan khi ¢6 kém va Nal, ciing diing téng hop cdc vong cé sic cang i6n
nhu bixvclobutan va tctraxyclo[3.3.1.13'7.01‘3]decan:
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c1+Na—- @

‘ + Na-K —= @

Cic halogenua vinylic cling ghép déi cho 1,3-butadien khi ¢é bot déng hoat hod,
trong tu nhy phan ing Ullmann cé tinh dac thu 14p thé va bao toan ciu hinh & c4 hai cacbon,
thuang ding CuCl, Zn-NiCl,, butyl liti trong ete c¢é MnCl;:

R
R R R R R
IR—C=C—X I R—C=C—C=C—R

18- Phdn ting clia RX vdi tdc nhdn co kim

Phan ting cho sin phdm ghép d6i chéo cha tdc nhan diliti diankyl déng (goi 1 1dc
nhan Gilman) véi ankyl clorua, bromua hay iodua trong ete hay THI:

RX + R’;CuLi ™ R-R’

Pham vi ing dung cua phan \ng rdt réng v4i R 1a ankyl, allyl, benzyl, aryl, vinyl hay
allenic va ¢6 thé chita nhém CO, COOH, COOR, CONR,. Phin iing ciia vinyl 12 dac thi lap
thé va bdo toan cdu hinh, khi c¢6 hai nhém vinyi cho hiéu sust cao va dic thi lap the khi
dung ZnBr, va phitc Pd(I). Nhidu gem-dihalogen khong phan ting, nhung hai halogen &
cacbon o cua vong thom hay xyclopropan thi bi thé ca hai halogen (C(H;CHCl, -»
CcHsCH(CH,),), con 1,2-dihalogen cho sdn phim tach.

R’ trong R'»CuLi ¢6 thé Ia ankyl bac nhat, allyl hay aryl. Phan ting khong dung khi R
vd R’ 13 bac hai hay ba,

Cic hgp chat allen tic dung vdi R’(CN)CuLi cho phan ng thé binh thudng vdi bio
toan ciu hinh hay theo Sy2° cho ankyn va néu ailen cliral thi ciing cho ankyn chiral.

Cédc R*,CuLi khéng phan dng v6i xeton theo phuong phdp ankyl hod Xeton nhung cé
thé trao déi kim loai - halogen cita xeton cho xeton ankyl hod:

RgIC—E—-R" +R,Culi —» Rzg—ﬁ' R

Néu tir a,0’-dibromxeton tdc dung vdi (CH;),Culi trong ete ¢ ~78"C cho xyclo-
propanon roi nhiing vao metanol cho monemetyl hod ma khong cho dimetyl hod:

| |
E (CH),Culi ﬁ) CHOH S

| I {CH;hCuLi ; —C -— _
_([\— D Tﬂch 7 < - _8 EH~ (L
Br I§ H; 3

r
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Phan tmg di qua vong iod xyclopropan réi tan cong nucleophin cho jon enolat
va proton hod tir metanol cho sin phidm. Néu dung CH;I thay cho CH;OH thi thu duoc
oo -dimetylxeton do tdn cong Sy2 cba ion enolat vio metyl iodua nhung chi ¢d ankyl
halogenua hoat dong cao nhu metyl hay benzyl mdi c6 tan cong Sy2. Phan ting clng c6 thé
dua nhém bac ba thé, ching han. 2,6-dibromxyclohexanon tdc dung vdi it tert-butoxy(iert-
butyl} déng cho 65% 2-rert-butylxyclohexanon. Cac allyl halogenua tac dung véi R,CuZnCl
cho phan Ung ghép chuyén vi hoan toin theo $y2° vi phan ting chen loc lap thé dia néu allyi
halogenua cé nhém ankoxy & vi tri 8.

Tac nhan Grignard chi ghép v6i halogenua ankyl hoat dong nhu allyl (n6i chung
khong 6 chuyén viy hay benzyl, con din xust khdc rat cham, nhung mudn cé hiéu sudt 16t
can xidc tde nhu thém mudi Cu (I) hay Ni (I1).

Tac nhan co natri hay liti hoat dong hon co magie nén ghép duoc véi din xudt kém
hoat dong hon. Hop chat co nhom cé thé ghép véi din xuat bic ba (cho san pham chia
cacbon bac ban) va benzylic & ~78°C, ciing ¢6 thé dp dung cho allyl, vii din xuét halogenua
bic nhat va hai.

N6i chung co ch€ phan ting rat phy thudc vio kim loai, géc R, xdc tdc va diéu kien
phan tmg nhung néi chung ¢6 phan @ng the Sy/ va Sx2 vi co ché goc tr do, mot s6 theo co
ch¢ SET.

Phin ing theo co ch€ Sy2 ¢6 su quay cdu hinh cia R, chang han tic dung téc nhan
attyl liti hay benzyl liu vé&i halogenua bac hai hoac nhu 2-brombutan vai (CeHz),CuLi cho
nghich dio cdu hinh, ¢dn vdi 2-iotbutan trong ciing didu kién lai cho raxemic ho.

Co che gbc tr do véi hai géc R' va R™ trong 18 hop dung mét:

R. + Ro. — RR'
+MX

té hop dung mél

RX + RMe -

nén cho san phdm RR’ i chinh, néu 1a g6c tu do hoan todn thi cho 50% RR'. 25% RR vi
25% RR’. Trong trudng hop chit ban ddu la aryt hay vinyl thi qua trinh Sy khong chi theo
mot co ché, ma cd thé ¢6 phin dng trao déi: ArX + RM - RX + ArM va phan tng
nucleophin ti€p theo. Nhiéu chitng minh khac vé phan ing ghép doi cia tic nhan co kim vai
nhém ankyl don gidn nhu quan sdt ciia CIDNF cla phan tng ankyl halogenua véi co liti da
tim thdy géc wr do bang ESR,  su hinh thanh 2,3-dimetyl-2,3-diphenylbutan khi ¢é cumen
va cling tim thdy gdc tu do trong phan tng cla tdc nhan Grignard, ¢ natri, cd liti dong.

Phan tng ghép ankyl ciing xdy ra bang con dudng dien hod, dac biét téng hop gem-
dihalogen tir ankyl halogenua vdi RCCl; bang dién hoa:

RCCl; +R'X+2¢ — RCCLR’+Cl + X~
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19- Pldin wng rao thanh hop chdt nitre rie RX

Nitrit natri tdc dung v6i ankyl bromua hay iodua bic nhat hay hai tao thanh hgp chat
nitro:

RX + NO; — RNO,

Nhung thudng diing nitrit bac dé tao thanh hgp chat nitro chi véi bromua va iodua bac
nhat. Este nitrit luon 12 sdn phdm phu cha cdc phan dng trén nhung c6 thé trd thanh san
pham chinh theo co ch& S/ khi tic dung halogenua bac hai va ba véi nitrit bac.

20- Phdn ting tao thanh isoxyanat va isothioxyanat

RX + NCO —= RNCO
RX + NCS — RNCS

Céc ankyl halogenua bic nhidt chuyén thanh isoxyanat khi tdc dung vdi natri
nitroxyanamit NaNCNNO, va axit m-cloperbenzoic, dun ndéng sin phdm tao thinh
RN(NO,)CN ban ddu. Khi dung ion NCO  ¢6 etanol ¢6 thé truc ti€p hinh thanh cacbamat
qua chat trung gian isoxyanat tic dung véi ancol.

Chd ¢ 1a khi diing ion thioxyanat ¢6 thé S-anky!l hod hay N-ankyl hod nhung thudng
tru tién 13 N-ankyl hod.

21- Phan ing tao thanh azit

Ankyl halogenua tic dung vadi ton azit tao thanh ankyl azit:

RX +N; == RN,

Phan tng thudng dung xic tdc chuyén pha hay siéu am. Cdc nhém chirc khic ciing
cho phan tng nay nhu OH, COX, OCH,, OCOCH;,0Ts. Epoxit tic dung vd1 NaN, hay HN,
trong DMF cho ancol B-azit dé chuyén hod thanh aziridin:

RCOX + N;~ —= RCON,

H
N; OH |

Q Ni I (CoHlg)sP N
A — CHy—CH—CH, ——m A
Cobts  Cels

Mot vai hydro nhu hydro benzylic cling ¢4 kha nang thay thé bang N, Kkhi td¢ dung
véi HN; trong CHCl, khi ¢é DDQ (2,3-diclo-5,6-dixyano-1,4-benzoquinon).

Ankyl azit bac ba 18ng hgp tir ankyl clorua bic ba vdi NaNy va ZnCl, trong CS,, cdn
axyl azit thi dung phan iing Curtius.

22- Pldn itng ciia epoxy vai co kim

Phéan tng clia tic nhan Grignard vét vong epoxit xdy ra nhanh, cho san phim tang hon
hai cacbon, tic nhan Grignard bac ba xay ra chdm va phan dng 1a $y2 tdn céng vio cacbon it
thé hon:
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l
_(';\8(';_ + RMgX —= R—a‘"“q— OMgX

Litiankyl déng cling cho phan \tng nay nhung khong phan ung véi este, xeton hay

nhoém cacbonyl nén cé thé diing phan tng chon lgc vy tri cla este hay xeton ¢é nhém epoxy.

Cic gem-diankyl epoxit tic dung véi Grignard thi gdc ankyl méi tan cong vao clng

cacbon cé nhém OH, trong mot s& trudng hop cd déng phén hod thanh andehit hay xeton
trude khi tac dung véi Grignard:

R',C—CH, R CH—CHR

N - OH

Cic viny! epoxit tdc dung véi Grignard cho san pham thé binh thudng v san pham
chuyén vi allyl, thudng Sy2 uu tién hon:

R-@CHF/(?—CH_FHz — » RCH,CH=CHCH,0MgX

Yo

Néu ding R,CuLi v6i chit ban ddu khong vong thi wu tién san pham chuyén vi ally}.
V§i cdc epoxit vinylic vong ndi d6i § dang enolat, khi tic dung v6i RMgX hay RLi cho san
phim thé binh thudng, con véi R,CuLi cho sin phim chuyén vi 552’ ta chinh:

0 Li Li OLi p
' R - :
q R thu¥ phan - RMgX R.Culi K@ thuy Pl_*ian

- O

OH H

Vong epoxy tic dung vdi dimetylsilan va CO véi xdc tdc dicoban octacacbonyl cho
phan ing cong 1,3 réi thuy phan cho 1,3-diol:

(C 3)2 25°C,]atm

o Si{CH3); OSi(CH3);
23- Phdn ttng ciia RX véi hop chdt hydro linh déng
Céc hop chat loai ZCH,Z’ vé1 Z va Z’ 12 nhém hiit electron dé tao thinh cacbanion la
nucleophin tin cong vao RX cho san phim ankyl hoa:
S )
RX + 2 CH-2 —> Z-'(IZH-Z
R
7 va Z' 1a COOR, CHO, COR’, CONR’;. CN, NO,, SO;R, SOR’, SO,NR';...

Nguyeén tir cacbon c6 hydro linh dong, dé tao cacbanion khi ¢é bazo hay & dang
enolat. Trong mot s trudng hgp ¢6 thé ankyl hod ldn hai khi con ¢é hydro linh déng.
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Phin tng ding cho din xu&t bic nhat va hai, alivl vd benzyl, con bac ba cho hiéu suat
thap (cé phan ing tich).

Phan @ng quan trong trong loai nay 12 tdng hop este malonic véi Z va Z° 1A COOC,Hs:

e .
C,H;00C— CHj— COOC,H; 2% (,H;000— CH— COOC,Hs 2w R— CH—COOC,Hs

o R R COOC,Hs5
R'X . 3 o A
— R— Cl— COOC,H;  —= R— C—COOC,H; 38 R— C—COOH —» R-Cl~R
' COOH
COOC,H; J:ooczﬁs COOH

Va 16ng hop este axetoaxetatic v6i Z = COOC,H; vi Z'= COCHa.

- CH.COCH,R
- fhay 11 3 2

- 1-baz
CH;COCH,CO0C,Hy —am CH,COCHCOOC,H
2-RX 2 [
e

CH,COO" + RCH,COOC,Hs

Tuong tr véi 3-xeto sunfoxit va sunfon:

1-baza Al-Hg

R-g— CHy—SOR'" R‘ﬁ— CH—SOR' ——= AE— CH,—R"
LR 11"

Ngoai ra cdn ¢6 tng hop este vyanoaxetic véi Z = COOC,H; va Z' = CN. Phuong phip
Sorensen tong hop aminoaxit tir este N-axetylaminomalonic este (C,H;00C),CHNHCOCH;,
sau khi thuy phan cho a-aminoaxit.

P6i véi tic nhan ¢6 hydre ¢6 tinh axit khdc nhau thi uvu tién th& & cacbon c6 hydro
axit hon.

Phin ting khong han ch& & loai ZCH,Z™ ma céc hydro axit khdc CH nhu hydro metyl clia
o-aminopyridin, hydro metyl cia ynamin CH;C=CNR;, hydro metylen cla xyclopentadien,
hydro ¢d cacbon lién két ba va hydro ctia HCN.

Cdc tdc nhan tic dung vdi chdt ban ddu dihalogen c¢6 phin (ng vdng hod cho vong 3
dén 7 canh va t&t nhat 12 vdng 3 canh:

H)X <§00C2H5 - ( C;HH;/ _LOO0C;H;
(CHy),  + (s — Han

N\ .

CH,X COOC,H; H, COOC,H;

Va ciling ¢é vong hod noi phédn tir:

X(CH,),CH(COOC,Hs), 22 (CW(COOCsz)z
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Co ché& ca cdc phan Ung nay chi yéu 1a SN2 vdi su nghich ddo cau hinh cta RX
quang hoat, cdc nhém ankyl bac ba theo co ché Sy néu ZCH,Z’ (khong phii enolat) tic
dung véi cacbocation bic ba tao thanh in situ tir ancol hay ankyl halogenua v AIC!; hay
BF; hoac ankyl peclorat bac ba.

Mt s6 truong hop theo co ché SET, nhat 1a khi chat ban d4u hay tdc nhan c6 nhém
nitro hay xyan nhu tir a-nitro este, xeton, nitrin va o,a-dinitro €6 nhém nitro bi thay the,
thudng hgp chat nitro bic ba dang R4,CNO, hay ArR,CNO, b&i mudi clia nitroankan:

(CHy),¢—COOC;H;  + (CH3)2gN02 —=  (CH3),G~ COOCH;
NO, (CH;),C— NO,
Néu 13 a-nitro sunfon thi nhém sunfon dé bj thay thé hon nhém nitro nhit nhém SO,R
ctia sunfon allyl bi th€ bai CHZZ® khi ¢6 xiic tic Mo(CO):
X,C=CCH,-SO;R + CHZZ’ — X,C=CCH,-CHZZ’
Cdc phirc n-allyl paladi cling tdc dung vdi anion cita ZCHZ’ khi ¢6 triphenylphotphin

fr R + %H(COOC Hy), (Selfof
& p& d—— CsH4 201572
C] CzHSCHzFCHzc}I(COOCQHS)z

CH,
déng phin £ huy Z

HsC, CoHs

Cac phic nay tao thanh in site va néu diing phirc Pd ¢6 phdi ur quang hoat thi ¢6 chon
loc 1ap thé d6i quang. Phiic n-ally! molypden ciing phin ing twong nr.

24- Phan ding ankyl hod 1,3-dithian

1,3-Buthian ¢6 hydro linh dong dé tich proton cho anion khi tdc dung véi butyl litti
trong THEF s& bi ankyl hod:

" HoLi R'X
L5 ==L
i e R

R

vi 1,3-dithian diéu ché tlr andehit hay axetal véi 1,3-propandithiol réi thuy phan cho xeton
nén phan ing ding dé chuyén andehit thanh xeton:

S S
3-propandithiol > R'X Px ) — '
RCHO 1.3-propandithio I& ‘ - R ﬁ—R
S R 8 0

C6 thé dung 1,3-dithian khong the dé 6 thé dua vio mot hay hai nhém ankyl va R’ 1a
ankyl bac nhit hay bac hai hodc benzyl,cdn dan xudt iodua cho két qua 161 nhit.

1,3-bithian ciing phan ttng v6i epoxit vd hop chat dithian cé thé chuyén thanh ankan
khi diing niken Raney:
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3 n,
RCHO — RX :> M Rdney RCHZR‘
R s

Cacbanion cta 1,3-dithian duge n dinh bing hai nhém ete, nhung trudng hop cla
benzyl hay allyl thioete hay thioete dang RSCH; thi cling ¢6 khd ning tao cacbanion va
ankyl hod & cacbon bén canh S. Phuong phdp ndy ding d€ déng ding hod din xuat halogen
bang hai giai doan sau, chang han thioanizol tic dung véi butyl lit1 cho cacbanion tié€p tuc
thuc hién cdc phan @ng sau:

®
gL o @ Cllsl
CeHsSCH; 85" CgHgSCH; Li = RCH,SCeH; —3= |RCH, (ilf,Hs}
3
Nal L RCH,l
DMF

Cic vinyl sunfua ¢6 hydro o cling dé ankyl hod bang ankyl halogenua hay epoxit cho
hop chét bis-(metylthio) dé thuy phan bang HgCl, trong CH,CN, thudng ding dé chuyén
andehit thanh andehit o,3-khong no:

HeCl.
CH;S—CH~CH==CHSCH, Li* —> ROH—CH=CHSCH; ——» s
halas 3
SCH;  ren=chcHo

Phin ing ankyl hod ciing xay ra & hydro o clia di «§ khdc, chiang han nhu nito clia
amin bic ba, con amin bac hai khé khan vi tinh axit clta hydro cao hon hydro cta CH.
Ankyl hod amin bac nhét hay hai thyc hién duge khi di biao vé nhém amin chuyén thianh
amit, cacbamit, fomamidin va photphoamit, chidng han diing fomamidin ¢6 R’ quang hoat
thu duge amin quang hoat véi du I6n mot enantiome:

n S I
\ / R\ / Ru C_R M R
RL ‘ AN RN /
I\ll ?s"l IT] =8 N/ H;NNH, N |
u 0'e | —
NR S

Cic ete allyl voi ankyl liti & nhiét do thdp —70°C cling cho phan tng ankyl hod hydro
allyl cho hai sdn phim:

Rl
. , e
= RLi TN L m + /Y
R R OR OR

Céc allyl va vinyl amin béc ba khi tic dung bazg manh cho cacbanion réi ankyl hod
twgng wr:

2 2
3/\1 RLi. 38N\t RX (\
NR, NR, R™ NR,
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san phdm ankyl hod thu duge & C; ma n€u ankyl hod truc tiép enamin cho san phim ankyl
hod & C,.

25- Phan iing ankyl hod dihydro-1,3-oxazin

Phrong phdp tdng hop andehit va xeton clia Meyer tir san phdm thuong mai dihydro-

1,3-oxazin:
L S S
-
N“ CH,A ’LQHA N (/r;

A= H, O H OO0 H, H.O
— R?H—CHO
A axit oxalic
N7 CHR A
i A

vol A = H, CgHg, COOC,H;. Oxazin 1a tdc nhan ludng chirc nhung ankyl hod chon loc vi tri
& cacbon bang ankyl bromua hay iodua v&i R = ankyl bic nhit va hai, allyl hay benzyl hoac
CN, sau khi anky! hod, khir va thuy phan cho andehit tang hon hai cacbon so vdi chit ban
ddu. Tdc nhan cacbanion ciing phdn déng duge vdi epoxit cho y-hydroxy andehit sau khi khir
va thuy phan. Thiazol va thiazolin ciing cho phan tng ankyl hod & vi tri | va 3.

Tir dihydro-1,3-oxazin 16ng hop xeton thi cho téc dung v6i CH;l thainh mudi iminium
rot 1ac dung véi RMgX:

0 C”][ 0 RMS {l\ R' H* I
R—C—R
7[:’* R ®’*R Kp I

H
CH; C 3

Cic 2-oxazolin ciing ankyl hod dé chuyén tryc tiép thanh este:

HCyHoLi —->< RCH—COOC,H
RCHZ_Q_X R(IZH—k Gion | e

ZRX R'

26- Phdn ing ankyl hod bang triankylboran

Triankyl boran phan ing nhanh véi cic a-halogen xeton, a-halogen este, a-halogen
nitrin, ddn xuat cia o-halogen sunfonyl nhu sunfon, este sunfonic, sunfonamit khi cé bazo
cho din xudt ankyl hod twong Ung:

2,6-di-rert-buryl

-phenoxit :
BrCH,—C—R' + R;B —— RCH,—-C—R
1] THF, ¢°C Il
O 0O
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Bazo thudng diing 1a butyl liti nhung t6t hon 1a ding 2,6-di-tert-butylphenoxit & 0°C
trong THF.

Céc a,a-dihalogen este va o,a-dihalogen nitrin ciing tham gia phan {ng niy, c6 thé
thay mot hay ca hai halogen. Khi diankyl hod dihalogen nitrin thi R 12 bac nhat hay hai, con
dihalogen este chi gidi han & ankyl bac nhat. Cic este y-halogen-a, -khéng no tic dung véi
ankyl boran cho sin phdm ankyl hod & vi tri y nhung c6 doi chuyén ndi d6i:

BrCH,CH=CHCOOC;H; + R;B T:’[f-‘é—c RCH=CHCH,COOC,H;

Co ché cla phan tng o-halogen xeton v&i R.B ¢6 giai doan ddu 1a tich proton bing
bazo choe enolat dé (6 hgp vdi boran (phan iing axit bazo) va doi chuyén géc R thay ché cho
halogen di ra va doi chuyén tiép nhém boran tir cachon t6i oxy cho enol borinat réi thuy
phan. Cau hinh R duge bio toan.

. o R,B 3 D
BrCH,COR' M& BrCHCOR' —» B-CH—COR' —> R"ﬁH_ RT—
R%}?-R R.B

R—CH=(C —R" thuy phiin RCHZ*@—R'
BR,

Céc nhém di ra khde nhu diazo xeton, diazo este, diazo nitrin, diazo andehit ciing theo
¢o ché phan ing tuong tu nhung khong cin bazo.

Phin 1ing dac biét chi ¥ cho loai diazo andehit nhung khong tim thidy o a-halogen
andehit.

27- Phdn iing ankyl hod béing cacbon ankynyi

Ankyn tac dung vdi bazd manh nhu NaNH, cho anion axetylua phan ing vdi RX theo
SNZ:

RX+ R'C=C — RC=CR’

Phan iing chi ding v&i anky} halogenua khong nhanh & vi tri 8 con allyi halogenua
phin Ung khi c6 Cul. C6 thé dung magie axetylua nhung chi phan ing vdi dan xudt halogen
hoat dong nhur allyl, benzyl, propargyl, khong tic dung véi din xuit bac nhat.

Trong khi anky! hod, néu diing 2 mol bazo thi ¢6 thé ankyl hod & cacbon o chia ndi ba:

_ - 2R'B
RCH,C=CH + 2RLi — RHC C=C~ “—— RR'CHC=CR’
28- Phdn iing chuyén hod ankyl halogenua thanh andehit hav xeton

Ankyl halogenua chuyén hod tryc ti€p thanh andehit ting mot cacbon khi tdc dung véi
tetracacbonyl st (I1) (tic nhan Collman, diéu ché tir pentacacbonyl véi hén héng natri trong
THF) ¢6 triphenylphotphin cho sin pham thé réi tdc dung v6i axit axetic cho andehit:
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RX + Na,Fe(CO), ‘SH9P pcoFe(coyPicHy; CH:COOH reHO

—_—
Ankyl bromua bac nhit cho hiéu suat tt, biac hai kém hon va khong ding cho
bromua benzylic. RX tdc dung vdi Na,Fe(CO), cho ion RFe(CO); (81) ¢6 thé tdch ra duge
roi tdc dung (CgHs):P cho RCOFe(CO),P(CsHs)5 (82):

RX + Na,Fe(CO); — RFe(CO), RCOFe(CO);P(C,Hs)3s — RCHO
(81) (82)

Phan ing trén ciing dang t6ng hop xeton theo cdc cdch sau:

1- Tir (82) tdc dung véi axit axetic dong thoi ¢6 ankyl halogenua thit hai cho xeton:
(82} + R°’X — RCOR’

2- Tir (81) tdc dung R’ X cho xeton (khong c6 triary! photphin):
(81)+ R'X — RCOR’

3- Tic dung Na,Fe(CO}, vdi RX ¢é CO theo phan ung sau:

RX + Na,Fe(C0O), L0, RCOFe(CO),” R'’X, RCOR’
4- Tac dung Na,Fe(CO), vdi RCOX cho RCOFe(CO), rdi vdi R’X cho xeton, vii
cpoxit cho xeton o,3-khdng no.
5- 1.4-bihalogenua vdi K,Fe(CQO), cho xeton vong 5 canh.
6- Ankyl halogenua vi tosylat phan ng véi Na,Fe(CO), khi c6 etylen cho ankyletyl-
xeton. Phan ting khong ditng anken cao trir khi lién k&t doi va nhém tosylat ¢6 trong cing
phén tlr dé déng vong 3, 6 canh,

Phuong phép I, 2, 3 diing cho bromua iodua tosylat bic nhat, c6 thé ding tosylat bac
hai & giai doan ddu, con giai doan hai c4n din xuit hoat dong hon nhy iodua va tosylat hay
halogenua benzylic. Phwong phap 5 ap dung cho chat ddu bac nhat va hai.

29- Phdn itng chuyén hod ankyl halogenus thanh axit cacboxylic va ddn xudt

Ankyl halogenua tic dung véi CO hay cacbonyl kim loai cho axit va din xuit tang
mot cacbon khi ¢é xuc tdc SbCls—SO, ¢ ~70°C:

SbCl.-SC
RX + CO + R'OH T RCOOR’

Ankyl halogenua tic dung véi SbCls~S0, & 70°C s& phan ly cho cacbocation dé phan
iing véi CO va néu ¢d ancol sé cho este:

e SHCl-S O, R X S R ROH R—E_f_p\l . RCOOR
.- SbCl;

Phan ing c6 thé diing axit H,SO, dac bido hod CO. Phan tng ding halogenua bac ba,
néu diing béc hai cé thé c6 chuyén vi cacbocation.
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Ankan cé hydro bac ba ciling ¢é phin tng nay:

LIPS0, ReCH,),C00t
2 H,0 ~ RCCEH): (75%)

i

RCH(CH;),

San pham 1a axit hay este phu thudc vio hén hgp phin iing duge thuy phin bing nudc
hay ancol. Ancol bac ba phan img véi H,80, va CO (thuong tao thinh ur 1ICOOH v H,50;,
trong dung dich) cho axit axetic bu ldn thé goi 13 phan (ng Koch-Haaf. Néu ancol bic nhat
hav hai 13 chat ban ddu thi cacbocation hinh thanh ban diu s& chuyén vi thanh bac ba trude
khi tic dyng vai CO. Két qua tdt hon khi diing axit triflometan sunfonic thay che H,S80,.

Fste cling tao thinh khi tdc dung RX véi niken cacbonyl khi ¢é ancol va baza lién hop:

RO, RO’

RX + Ni(CO), RCOOR’

R Id bac nhat thi R chi 12 vinylic hay aryl v bao todn cdu hinh coa R vinylic, tuy
nhien ¢ day khong tao cachocation. Khi R' 14 bac ba thi R ¢6 thé a bac nhat, vinyl hay aryl.
Ankyl iodua cho két qui 16t hon bromua, Néu ¢ antin thi tao thanh amit vi ¢6 thé tich ra.

Co the di.ng phin (ng 28 dé¢ 1ong hop axit vi este theo sa do saw:

RCOOH _ 4

RCOOH
2o

L D hay (82 \
RCONR', TR~ RcooR
30~ Phan wing ankyl héa biang hop chdt diaze
Hop chit diazo, thudng ding diazometan, tic dung vdi ancol cho metyl ete:
CH,N; + ROH HBE ch0R
R.CN; + ArOH —  R,CHOATr

Phan (ing tang khi tang tinh axit cha ancol, ancol thuong khong phin ng khi khéng
€6 xuc tac nhu BFy hay silicagel, phenol phan éng tot khong cén xic téc,

Co ché la S/ hay Sn2:
® O . B RO
H,C=N=N + ROH — H3;C—N=N — CH,0OR
5.1 hay §2 :

Cidc oxum hay xeton enol hod cho phan tng O-ankyl hoi cho O-ankyl oxim va enol
cte. Cic diazoankan chuyén thanh ete trong ancol khi ¢é nhiét hay quang hod, la phan (ng
cua cacben va cacbenoit.

Diazoankan tdc dung véi ancol khi ¢6 rert-C;H,0O" cho axetan:
R,CN,; + 2R'OH - R,C(OR’), -

Amin cling bi ankyl hod bang hop chat diazo twong tir nhu ancol:
: . . BF;
R,CN; + R’y)NH —— CHR,NR",
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Tinh axit cua amin khong 1dn nén cdn phdi 6 xic téc, Thudng ding diazometan dé
metyl hod amin. Xdc tic thudng ding 1a BF; hay xyanua déng. Amoniac ciing cho phan tng
nay nhung cho hén hop amin bic mot, hai va ba. Amin bic nhét cho hén hop amin bic ha
v ba, do amin bac hai cho ankyl hod ti€p. Amin thom bac nhit cho phdn Ung tuong tu
nhung diarylamin cho k€t qua kém.

31 Phan img thuy phdn diazoxeton
Piazoxeton khi tic dung vé6i axit cho phan iing thuy phan tdi ancol:
11"
R— (lT“—CHN2 + H,0 — R—(l}—CHQOH
O 0

Phan itng c6 sut cong hgp proton 161 diazoxeton cho musi a-xetodiazoni réi thuy phan
theo co ché S/ hay $y2. Cic a-hydroxyxeton thuong duge tong hop theo phuong phdp nay.
Tuy nhién ion diazoni dugc én dinh bang nhém cacbonyt lam giam kha nang di ra cua N»
nén tim thay két qua t6t & hop chit w-cacbonyl kém bén hon.

32- Phdn tmg tao thand thiol

Hop chat luu huynh, thuong 1a H,S, NaSH, 1a tic nhan nucleophin tot, thuong (6t hon
hop chit oxy:

RX + H,8 — RSH', — RSH + H"
RX + HS — RSH

Phan ting thuong diing cho din xuit bac nhét, bic hai cho hiéu sudt thdp hon, con bic
ba c6 phan ung 1iach kém theo.

Phuong phip khic téng hop thiol 13 diing thioure cho mudi thioureni réi thuy phan
bang kiém:

RX + HyN-C-NH, —= R—S—Cl‘=§)H;X' - RS

S NH,

hay c6 thé thuy phan mudi Bunte (R—5-SO; } ciing cho thiol:
RX +5,0;2 — R-8-50;" +X’

+

RSSO; + H,0 1, RSH

C6 thé dung ancol tic dung v6i H,S khi ¢é xiic tac Al,O; nhung chi gidi han & ancol bic
nhat, con néu ding tdc nhan Lawesson, mudi flopyridini va natri N,N-dimetylthiocacbamat
thi c6 thé ding cho ancol bac hai, bac nhat, allyl va benzyl.

Né&u chit ban ddu 13 epoxit cho [3-hydroxythiol:

I "—4—
. 5

OH SH
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33- Phdn itng tao thanh thioete
Tuong ru nhu phan ting trén, khi téc dung RX véi tdc nhan RS sé thu duoc thicete:
RX +R'S — RSR’
R’ la ankyl (trir bac ba) hay aryl. Né&u l1a thiol thay cho ion RS thi tién hanh trong
benzen c6 DBU (1,8-diazobixyclo[5.4.1]undexen-7). Neopentyl bromua tdc dung vdi

CsHsS™ uong amoniac 16ng cho (CH;)3;CCH,SC4Hs & —33°C khi ¢6 4nh sang cho hiéu suat
t6t nhung theo co ché Skyt-

Vinyl sunfua tdng hop dugc khi dun néng vinyl bromua v&i phitc niken va véi
R]SHCﬁHﬁ khi co Pd{P(CﬁHq)‘;}_;

Thioete d6i xitng t6ng hop khi tdc dung RX véi sunfua natri:

2ZRX + Na;§ — RSR
| Thioete RSR’ t8ng hop tir ancol ROH véi R’Cl khi c6 tetrametylthioure
(CH3),NC(=5)N(€CH3), rdi phan tng ti€p véi NaH. Ancol bac nhat hay hai chuyén thanh
ankyl aryl sunfua véi hi¢u sudt cao khi téc dung véi (CHy),P va N{arylthic)suxinimit trong
benzen. Thioete bac ba theo phan ng sau:
H,50,

R,COH + R’;CSH R,CSCR’,

Néu dung din xuat dihalogen nhu 1,4- hay 1,5-dihalogen cho phan ttng vong hod:

R—CH—-CH;CH,~CH-R' +5° —»

™ ]
1 | s7 TR

con gem-dihalogen cho thicaxetan RCH(SR’), va axetan ciing ¢6 thé chuyén thanh
monothioaxetan RCH(ORXSR’) hay thioaxetan.

Hop chat epoxy tdc dung véi photphin sunfua, nhu (C4H;):PS™, cho episunfua:

| f (CHl)aPS | I

_...C._ r-
N\ O’/ hay $1,NCSNH, + Ti(O-isopropy), N S/

Chi ¥ rdng, ion thiolat 12 nucleophin manh nén ding lam tdc nhan demetyl héa mot s6
hop chit nhiy mudi amoni bac bon, este, amin hay ete nhu arylmetyl ete khi dun néng vai
C,H;S trong dung moi aproton phin cyc DMF:

ArOR + GH;8 —= ArO™ + C,HSR
hay Khi dun néng héi lvu mudi tetraankylamoni véi CHsS ™ trong butanon:
RiN*CH; + CgHsS™ — R,N + C4H,SCH,

Thioeste tao thanh tir ancol v6i thiol axit khi ¢é iodua kém:
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ROH + R'—E-SH Zrl R——S—(ﬁ—R'
0 0

Ankyl halogenua tdc dung véi thioete cho muéi:
RI + RS — R%SR'T”
34- Phdn itng ankyl hod amin
Dan xuét halogen téc dung véi amoniac hay amin bac nh4t cho amin bac mot hay hai, ba:
RX + NH; - RNH;"X — RNH, + HX
RX + R’NH; =™ RR’NH,"X" — RNHR’ + HX
Phan (ng thuong cho mot hén hop amin vi bazo manh hon amoniac dé tin cong vao
RX hon nhung phan ting diing nhiéu trong téng hop amin bac ba va mudi amoni:
3RX + NH; — RyN BX, RNTX™
2RX + R’NH; — R;R’'N =X, R;R'N, X"
RX + R'R'NH — RR'R"N %, R,R'R"N™X"
RX + R'R"R’””"N — RR’R”R’N'X"
Trong méi giai doan, san phdm trung gian 1a amin proton ho4 réi dé mat di proton dé
thanh amin bac cao hon trong can bang:
RX + RyNH -=R;3;N'H + R,NH==R;N + R,NH*,
Khi tdng hgp musi amoni bac bdn truc ti€p tir amin ¢6 thé thém bazo manh nhung

khong phai 12 nucleophin d€ tich proton tit mu&i cho amin tu do: RR’NH,” - RR'NH, tin
cong vao RX.

Néu amoniac la nucleophin, ba hay bon nhém ankyl trong san phdm 13 déng nhat, néu
la amin bac nhat, hai hay ba thi khdc nhau & cing mot nito.

Phan ing chuyén hod amin bic ba thanh mudi amoni bac bén goi la phan img
Menshutkin. Doi khi diang phan tng trén d€ téng hop amin bac nhat khi ding du amoniac,
nhu etylbromua trong dung dich amoniac bio hoa trong etanol véi ty 1é mol 16 : | thi thu
dugc amin bac nhat 12 34,2% (6 ty lé 1 : 1 chi 11,3%).

Arylamin bac nhat dé ankyl hod con diaryl hay triaryl 12 nucleophin rat kém.

Néu chét ban ddu RX 12 bac ba thi vu tien 1a phan ung tich nhung tir ddn xuit bac ba
R;CCl chuyén thanh amin bac nhat RyCNH, khi tac dung véi NCl, va AICI, twong ty nhu
amin hod ankan bing NCl; va AICI; (phin ting 40).

Néu chat ban diu 1a amin the halogen cho phan ting vong hod, nhu 2-cloetylamin cho
aziridin, 2-clo-1-aminobutan cho pyrolidin:
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(;:I’iz_cl.‘Hz - ; ;
Cl  NH, N

H
bazo
?Hz—CHz—CHz—Cl‘.i-IZ — [N>
Cl NH, {
H

con azetidin thu duge bang cdch khic:

HMPA
ANH; + TsO=CH,CH,CHy~OTs m)m‘”
e 3

Cdc photphin R3P hay muéi R,P'X ciing thu difgc tir triphenylphotphin véi mudi
anKylamino di vong trong dung moi aproton:

:o:N&l CH3 * (CEJHS)BP — <ON + (C6H5)3P+CI{3

35- Phdn iing thé hydroxyl bing amin
Nhém hydroxyl ciia xyanchydrin chuyén thanh amin khi tdc dung véi amoniac:
pH NH:
R"'—(ff- R'" + NH; — R—(C—R/,
CN t‘N

Néu dung amin bac nhédt hay hai thu duge xyanoamin tvong tng. Cic a-hydroxyl
xeton ciing cho phan ing tuong .

Phan ng chuyén ancof thanh amin: ROH — RNH, thyc hi¢n duge khi tic dung ancol bac
nhat hay hai vdi axit hydrazoic, diisopropyl azodicacboxylat (iso-C3H;-OOCN=NCOQO-C,H;-is0)
vdi du (CoHs);P trong THF 16i thay phan trong moi trudng axit goi la phan ing Mitsunobu,
Bang phuang phdp nay chuyén hod ancol thanh amin bac ba R,NR’ tir amin bac hai va (fers-
C4Hy0O);:Al khi c6 Ni Raney, amin allylic tir ancol allylic v6i amin bac nhat hay hai khi ¢
phirc platin hay paladi,

Cic B-amino ancol tic dung véi triphenyl photphin dibromua khi ¢6é trietylamin cho
san pham vong hod:

R
(CaHghN b
RzC"‘"?Hz + (CbHS)3PBr3 —_— R
HNHR' N
Rf

Phan ting chuyén hod xdy ra & cacbon c6 nhém OH theo co ché $42 véi nhém di ra 1a
OP(CgHs)s.

Ancol ¢6 thé gidn tiép chuyén thanh amin theo phwong phdp ndy, bing cich chuyén ancol
thanh ankoxyphotphoni peclorat r6i monoankyl hod trong DMF véi amin bac nhat hay hat:
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I'(“C‘IJ'PIN{C]'l})j]_‘ @ . ) Dkir , "
Z_N”‘I_(”.l()“l-" R()P[N(LH‘;);]} CiO,, _.-R'R"N RR'R N+OP[N(CH3)3J3

RO11

Tuong ty ¢ ing dung diung dung dich mudi natri cia N-metylanilin trong HMPA hay
mudt hiti diphenylphotphit (C(H;),PLi d€ phan cit nhém metyl clia metyl phenyl ete (va
nhém benzyl cua benzyl ete):

ArOCH; + CeNsN CH; — ArO + C4HsN(CH;),
36- Phdn wing amin hod epouxit

Phan Gng cla epoxit véi amoniac thudng ding dé t(‘ing hop B-hydroxyamin:

P
—('\—D/C— + NHy; —= —(—{— + H +
H NH'\ OH OH 1

Amoniac cho amin bac nhdt nhung cling cho amin bic hai va ba. Dung moi thudng
ding la etanolamin, Amin bac nhat va hai ciing cho amin bac hai va ba tuong tng:

—c\ C‘.— + RNH, —= -%
H NHR

Episunfua cling cho -aminothiol, aziridin cho 1,2-diamin cling theo phuong phap nay.

37- Phdn ttng N-ankyl hod amit va imit

Amit 12 bazo y€u nhung ¢6é thé chuyén thanh bazo lién hgp 13 mot nucleophin tham
gia phan ting theé:

RX +ENHCOR — RNHCOR'’

Amit khong the chuyén thinh N-amit thé, con amit thé chuyén thanh amit N,N- hai
ldn the. C6 thé dung chat ban ddu 12 este chia axit sunfuric hay sunfonic, con ddn xut bac ba
cho phan g tdch. Hat amit va sunfonamit ¢6 thé ankyl hoa 6t & diéu kién chuyén pha.

Trén co 5o phan ng nay, ta gap phan ng Gabrie! khi tdc dung RX véi phtalimit kali
dung diéu ch& amin bac nhat:

E ﬁ COOH
e,/ / 5 RNH," +

Phan Ung thudng cham hon phan ung véi amin trén, nhung ¢6 thé tang tdc do bing
ti€n hanh trong dung moi aproton phan cuc nhu DMF hay ete crown. Phan tng thuy phan
phtalimit thuong ding xiic (dc axit hay bazo, thuomg dung axit hon, nhung vin cham nén
phuong phip chuyén hod 16t hon 1a phuong phip cia Ing-Manske bang cdch cho tic dung
v6i hydrazin dé thye hién phan tng trao déi:
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E NH”E
el I v = o 1)
A

E NH E

Ciing ¢6 thé dung phuong phip khidc nhu Na,S trong THF hay axeton, NaBH,-2-
propanol va axit axetic, dung dich metylamin 40% va n-pentylamin.

Musdi cua diphenylphotphinamit (CgHs),PONH, ankyl hod bang ankyl halogenua bac
mét hay hai hodc véi ancol khi ¢6 CH;S0,Cl chuyén ancol thinh ROSO,CH;. Thuy phan
{CsH;),PONHR bang HCI cho amin.

Muét cla sunfonamit (ArSO,NH ) ciing ankyl hoa bang RX cho N-ankyl sunfonamit
{ArSO;NHR) hay N-diankyl (ArSO;NRR’} réi thuy phan cho amin nrong ting.

Phén ting N-ankyl hod noi phan tir thuong ding tdng hop cdc lactam vong ¢6 sifc cang

1én:

-Gyt Or /)
R—CH—{-NHR' 2258 N /
Ct "
38- Phdn g hink thanh azit
Ankyl halogenua tdc dung vdi ion azit tao thanh ankyl azit tuong (ng:
RX + N_q— - RN';
Phan ting thudng dung xiic tdic chuyén pha hay sieu am. Cic nhém chirc khdc nhu OH,
OTs, OMs, OOCCH; ciing 1a nhitng nhém di ra trong cac phan tng tuong tu. Epoxit phan

ing v&i NaN;, véi HN, trong DMF, véi HNy—(C;Hs);Al cho $-azit ancol dé chuyén hod
thanh aziridin:

i
0 s O N
Ny CeHs)P
/ \ —= C¢He~CH—CH, Gl A

CeHs CeHs

Phén ving chuyén hod trén 1a giai doan chinh trong 18ng hgp aziridin quang hoat tir
1,2-diol quang hoat. Hydro cling 12 nhém di ra trong mot s& trudng hop nhu hydro benzylic
c6 thé thay thé N, khi tdc dung véi HN; trong CHCI; khi ¢6 DDQ (2,3-diclo-5,6-dixyano-
1,4-benzoquinon).

Ankyl azit bac ba ciing thu dugc khi khudy ankyl halogenua bac ba véi NaN; va ZnCl,
trong CS, hay ancol bac ba v61 NaN; va CF;COOH hay véi HN; va TiCl, hay BF;.
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39- Phdn wng ghép cua allyl va propargyl

Hop chat i.5-dien thudng tdng hop bing phuong phdp ghép d6i din xudt allyl khi cé
xiic tdc niken cacbonyl:

R £ R R
2 R—C==C—CH,Br + Ni(CO);— R— —CH,CH;—C=(C—R + NiBr, + 4CO

Cic halogenua allyl, tosylat va axetat cho 1,5-dien ddi xing vdi niken cacbonyl &
nhi¢t d6é phong trong dung moét THF hay DMF. Céc hgp chat allyl khong dé ximg sé ghép
doi & ddu it thé€ hon. Hoat tinh thay déi theo I > Br > Cl.

Céc dén xudt diallyl cé kha nang déng vong noi phan t véi hiéu suat cao (60 + 80%)
& d6 pha loiing cao, thudong ding dé 16ng hgp cdc vdng 19n (11 d€n 20 canh), chdng han:

CH=CH—CH;Br THE
(CHy) *Ni(CO)y  —=

(84%)
H=CH—CH,Br

Ca ché€ ciia phan iing ciing gidng nhu allyl halogenua vdi Ni(CO),, di qua phic n-allyl
(83) r6i mat CO cho n-ally! niken bromua (84) phan iing tiép, ciing v&i CO cho san phim:

R R
B _bBr . .
; Bl o 7> e Ni SN > R— san pham
R ch " N] —— ~ /
\C Br

0 R
R (83) (84)

Phirc (84) c6 thé 1ach ra khoi dung dich va két tinh & trang thdi rdn. Néu tac dung truc
1ép ankyl halogenua v&i (84) trong dung méi phan cyc sé ghép bat d6i xiing va trong trudng
hop nay diu allyl kém thé hon s&€ ghép wu tién:

Rk

Co ch€ thyc ra khong don thudn 14 th€ nucleophin vi aryl va vinyl halogenua cho phan
itng 16t hon bromua bac nhat don gian nén ¢é ching minh rang phan ing ¢é thé 1a géc tr do.
Cac nhom hydroxyl hay cacboxyl trong g6c ankyl khéng anh hudng tdi phan ing. Khi cho
(84) phin ting v6i allyl halogenua cho ba san phim do trao d6i halogen-kim loai, ching han
nhu allyl bromua véi (84) cho hén hop cla 1,5-hexadien, 2-metyl-1,5-hexadien va 2,3-
dimetyl-1,5-hexadien theo xdc sudt thong ke.

C6 thé€ ghép bat ddi xitng clia halogenua bac nhal va hai vdi allyltributylstanan:

RX + CH,;=CHCH,Sn(C Hy)y —> RCH,CH=CH

Muén ghép hai nhém allyl khic nhau, tic dung allyl bromua véi tac nhén allyl Grignard
trong THF chira HMPA hay tdc nhan allyl thi€c. Loai ghép hau nhu khong ¢6 chuyén vi allyl
1a khi ding ally] halogenua vdi phite af lid allyl bo (RCH=CHCH,B R';Li*).
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Phuong phdp ghép hai nhém allyl khdc nhau 1a dung allyl halogenua véi cacbanion
clia thioete B, y-khong no:

R R R'R'g R R CHss R R
R—c-—c CH,Br + R (}——C—CH SCHs —= R~ CC—CHy—~CH-C=C—FR'
Li¢ C:HsNH,
kR R R
R- &C—CH—~CH;—C=C-—-R'
San phdm c6 chita CgH;S ¢6 thé loai di bing Li trong etylamin.
Uu viét cla phuong phdp ndy, khdc véi cdc phuong phdp trén 1a ghép vio vi tri ban
ddu va gilt dugc cdu hinh cha hai n6i doi va ciing khong cé chuyén vi allyl.
Phuong phdp propargyl hod ankyl halogenua khéng ¢é chuyén vi allyl 13 tdc dung
halogenua \'éfi liti-1- trimetylsilylpropyn duge bae vé bang nhém Si(CH4); (85):
RX + L.CH2 _c=c- Si(CH;)3 —» RCHs4—C= C~Si(CH,), ﬁ-g--l%—-cf{2 C= CH
(85) '
Tac nhan (85) 1a ludng chirc nhung tin c¢ong vio vi tri 1 (cho allen) c6 khé khan lap
thé ciia Si(CH;); va nhém Si(CH3); duoc téch ra bing Ag™ va ti€p theo bing CN™.
Téc nhan (85) c¢6 thé téng hop bang tdc dung propyl liti véi (CH,);SiCl cho
CH,C=CSi(CH1); réi tdch proton bing C,HgLi.
Halogenua propargyl c6 thé bi ankyl hod vdi chuyén vi allyl hodn toan cho allen khi
tdc dung v6i tdc nhan Srignard va mudi kim loai hay diankyl cuprat R,Cu:

R—C=C—CH,X + RMgX %' R—G=C=CH,

40~ Phdn itng amin hod ankan
Ankan, arylankan vi xycloankan ¢6 thé bi amin hod chi & vi tri bac ba khi tic dung
vt tricloamin va AlCl, § 0+ 10°C:

AlCl,

R}CI‘{ + NCI‘; T R‘;CNHZ

Chéng han nhu tit p-CH,C4H4CH(CH4), cho p-CH;CgH,C(CH,),NH,, metylxyclo-
pentan cho 1-amino-1-metylxyclopentan, adamantan cho 1-aminoadamantan.
Co ché phan tng 14 Sy/ véi H 12 nhém di ra:
NCl; + AICl; ~— (CLN—AICLY Cl+

Ccrr
R:CH — Ryct ML RioNey, —g-— R3CNH,

41- Phdn iing hinh thanh hop chat nitro
Ankyl bromua va iedua tdc dung vdi nitrit natri cho hgp chat nitro:
RX + NOZ_ — RN02
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Phan Gng bji han ché & din xuit bromua va iodua bac nhét va cé san phidm phu 12 este
nitrit. San phdm phu ndy trd thanh chinh khi diing din xudt bac hai va ba theo co ché Sy.

42- Phdn tng tdi amin hod

RNH, + R’'NH — RR’NH +NH,

Trong phan ing nay nucleophin la baze lién hop cha amin bac nhat va NH; la nhém di
ra. Phuong phdp chl y&u diing 16ng hop amin bic hai. Amin bac nhit c¢6 thé chuyén thanh
amin bac hai khi dun néng hoi luu trong xylen ¢é Ni Raney:

2RNH; = R;NH + NH;,
Mugi amoni bac b&n ciing bi deankyl hod bang etanolamin:
R,N*+ H,NCH,CH,0H -— R;N + RN* H,CH,CH,0OH
Né&u ¢4 goc metyl thi géc metyl wu tién tdch ra hon c¢dc nhém ankyl khic,

43- Phdn ting chuyén hod RX thanh RNH, bdng hexametylentetramin
Amin bgc nhat tdc dung vdi hexametylentetramin tao thanh mudi vA phan cét trong
HCI - etanol:

.. HCLCHOH
RX + (CH2)6N4 i Ng(CHz)ﬁN rRX —m———— RNH2

Phan iing goi 12 phan ung Delépine, ding cho cdc halogenua benzyl, allyl, a-halogen
xeton va iodua bac nhat.

44- Phdn vmg chuyén hod RX thanh amin bdc hai bing xyanamit
+

1-H,0
IRX + ¥ "N-CN — R,N-CN T;_» R,NH

Phan tng tao thanh amin bac hai khi tdc dung ankyl halogenua véi muéi natri hay
canxi cla xyanamijt H,N-CN cho xyanamit hat 1an th& d& thuy phan vad decacboxyl hod.
Phan itng cho hiéu sudt t6t khi ding diéu kién chuyén pha. R 13 bac nhil, bac hai, allyl hay
benzyl. Dan xudt 1,0-dihalogen cho amin vong b4c hai.

45- Phdn irng khir ddn xudt halogen

RX + LiAlH; — RH

Trong phan @ng nay, LiAlH, 13 tdc nhan khir va ciing 14 tdc nhan nucleophin H nén
theo co ché Sy2. LiAlH, hdu nhu khir duge tat cé cdc dén xudt halogen, k€ ca loai halogenua
vinyl, ddu cdu va xyclopropyl. Liti nhém deuterua ding dé dua deutri vao hop chat hitu co.
Tac nhan khir manh nhdt theo Sy2 1 liti trietylbohydrua Li(C,Hs),BH, khir nhanh céc
halogenua bac nhdt, hai, allyl, benzy! va neopentyl nhung khong khit dugc halogenua bac ba
va aryl. Tac nhan khir manh la LiAlH(OCHj,); va Cul khir halogenua bac nhét, hai, ba, allyl,
vinyl, aryl va neopentyl.
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Téc nhan kht trung binh 1a NaBH, trong dung méi aproton nhu (CH4),80, DMF hay
sunfolan khir halogenua bac nhdt, hai va ba & nhiét d6 phong, khong khit cic nhém chitc
khdc nhu COOH, COOR, CN (cde nhém chie nay bi khit bdi LiAIH,).

Tic nhan k&m (véi axit hay bazo), SnCl,, ion crom (I1), tris(trimetylsilyl)silan.
{C;H5)3SiH (c6 AICI,) khir halogenua bac nhat, hai, ba. Téc nhan natri arsenua (vdi bazo),
dietyl photphonat-(C,Hs):N, photpho tris(dimetylamit) [(CH;):N):P va cacbony! kim loai
hay hydrua co thi€c R SnH,, ((C;Hy);SnH diung dé khir mét halogen cia gem-dihalogen
hay 1.1,1-trihalogen. Hydrua thi€c (CH,OCH,CH,0CH,CH,CH,);SnH khir ankyl halogenua
trong nuée (khidc v8i (C4Hy):SnH). Tdc nhan khir 14t cd cdc halogen trong pelyhalogen 1 fiti
hay natri va rert-butanol trong THF.

Halogenua propargyl khir ¢6 chuyén vj thianh allen:

Lialll
R,C—C==CH — R,C=C=CH,

X

Lua chon tdc nhan khir phu thudc vao ban chét cia nhém chirc, mdi tic nhan déu ¢é
tinh chon loc, goi 1a chon loc hod hoc, khit nhém chic nay ma khong anh hudng dén nhém
chirc khdc. Chang han, (iso-C3H;).NLi, CH:SNa, TiCl; trong nuéc... khir a-halogen ma
khong khir cacbonyl, NaBH3;CN-SnCl, khir halogenua bic ba, benzyl, allyl ma khang khir
halogenua bac hai va aryl. Nhiéu tic nhan khir khir clorua, bromua va iodua nhung hydrua
co thige kht ¢a florua.

Co ché khir bing liti nhém hydrua va nhiéu hydrua kim loai khac thuong 13 phan iing
nucleophin don gian do tan cong hydrua theo Sy2 han Sy/, halogenua bac nhit dé hon bac
hai va ba va c6 sy nghich ddo Walden. Sy chuyén vi tim thdy khi khit bixyclo tosylat bing
LiAlH, theo Sy/. Ciing ¢6 chiing minh phin éng khir halogenua vinyl, xyclopropyl va ddu
cu bing LiAlH, theo co ché SET. '

Phan ting kho halogenua bang NaBH, trong diglym 80%, BH; trong nitrometan theo
co ch€ Sy/. NaBH, trong sunfolan khir halogenua bac ba ¢6 hydro B theo co ché tich-cong.

Céc tdc nhan khi khdc khong phai luon theo co ché nucleophin, ching han cic hydrua
co thige, Fe(CO)s va [(CH,4),Si];SiH-BaBH, thudng theo co ché géc tu do. Cic ankyl
halogenua, ké ca florua va polyhalogen khir bing Mg qua hop chat trung gian:

RX + Mg — RMgX - RH

46- Phdn tting kit tosylat

Céc tosylat va hop chat twong tu bj khir bing LiAlH,, NaBH. trong dung méi aproton
phan cuc, Ll(Cqu)qBH, (EJ'O‘C‘:,HQ)ZAIH (DBALH). (C4H9)3SHH—NE!II

RCH,Ts + LiAtH; — RCH,
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Tdc nhan khir ankyl tosylat trong ete etylic nhanh hon iodua va bromua, con trong
diglym thi nguge lai.

47- Phan wng king epoxy

Epoxy bi khir bang LiAlH, theo co ch€ Sy2 va nghich dao c&u hinh:

I I ) [ |
—C\B/C— + LiAllHy; —= —CPI—Q—
OH

Theo co ché Sy2, su phan cit lién k€t vu tién tao thanh ancol bac ba hay bac hai.

Cdc vong epoxy tao thanh ancol axial. Mot s6 hop chat md vong theo hudng khic khi khir
bang NaBI;CN-BF;, (CH4)38iCl-Zn, clorua dixyclopentadienyltitan va 1,4-xyclohexadien
hay BH, trong THF. Phan ting md vong ¢ chon loc hod hoc va vi tri, nhu trong allyl epoxy
va epoxy xcton va este, khi diing NaHTe, Smi;, natri bis{2-metoxyetoxy) nhom hydrua (nhém
do). Cic epoxy ¢6 khé khin 1ap thé bi khir bang liti trietylbohydrua khong ¢6 chuyén vi.

48- Phan img thé nhiém ankoxy bdang hydro

LiAtHg-AICl
—— -

| |
-(C(OR), —CHOR + ROH

—C(OR); LI—\”—!;‘- — CH(OR}), + ROH
Cdc ete thuong khé bi phan cat bang tdc nhan khir trir mot vai ete bi khtr nhanh nhu
allyl aryl, viny! aryl, benzyl ete. Cdc axetan va xetan néi chung bén véi LiAIH, vd hydrua
wong , nhung néu 16 hgp LiAlH, véi AICI, thi khir duge axetan va xetan ma chi mat di
mot nhém ankoxy, nhu 1a thé nhém ankoxy bing hydro.
Tic nhén thuc trong trudng hop nay 1a clo nhom hydrua AIH,Cl va diclo nhom hydrua
AIHCl, hinh thanh tr hai tdc nhan trén.

Su chuyén hod ndy ¢6 thé dung tdc nhan khie nhu dJIBALH, Nafion-H (nhua sunfonic
supeaxit peflo hod - superacid perflorinated resinsunfonic acide), monocloboran eterat
BH,Cl-(C;H5),0.

Cac ortho este dé bi khur bang LiAlH, cho axetan, thudmg dung diéu ché andehit bing
thuy phan axetan.
49- Phdn ting kiur lién két C-N

Amin bac nhat bj khir thanh RH bing axit hydroxylamin-O-sunfonic v dung dich
NaOH:

RNH, + H,NSO,0H % RH+ N, + SO,*

Phan ting di qua chaét trung gian R-N=N-H rdi phén huy cho cacbocation.
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Phan ing c6 thé ding difloamin [INF,. Mat huéng gidn tiép 1a chuyén amin thanh
sunfonamit RNHSO,R™ réi tdc dung véi HoNOSO,0H hoje khir N,.N-ditosylat bing NaBH,
trong HMPA.

Enamin bi phin cit thanh olefin khi ¢6 alan Altl;, 9-BBN hay boran metyl sunfua

BMS:
Q0 =
CH; H,

Trong trudmg hgp ding BMS cho san pham bdo todn cdu hinh (déng phan (£) cho san
pham (£}, con diing 9-BBN cho déng phan khic).

Biazo xeton bi khir cho metyl xeton bang HI:

RCOCLHN, + Hl — RCOCH,
Muét amont bac bon, cing nhir photphoni, bi khir bang LiAlH;:
R N'+ LiAlH, — RN + RH

Ca thé ding liti trictylbohydrua (wu tién phan cit nhém metyly hay natri trong
amoniac long. Khi khir mudi amoni bac bdn bang hén héng natri trong nudc goi 1a phan dng
khu Emde nhung khong diing dé phan car mudi amoni ¢é bén nhém ankyl no.

Hap chat nitro RNQ, khir td1 RH bang natri metylmercaptit CH,SNa trong dung moi
aproton hay biang (CyHg):SnH nhung theo co ché gac we do. Hop chat nitro bac ba khir thanh
RH bang NaHTe, isoxyanua RNC khu thanh RNH, bang (C,11);SnH, Li hay Na trong
amontac 1ong hav K vi ete crown trong toluen. '

a-Nitroxeton khir thanh xeton khi dung Na,S:0,-(C.H:),81H trong HMPA-H,O.
SO- Phan g thuty phdin axit sunfonic va dan yudt

Clorua sunfonyl, cling nhit este hay amit cua axit sunfonic thuy phian cho axit tuong
ung co thé trong nude hay trong ancol ¢ axit hay bazo:

. 1O
RSO,Cl 2, RSO,0H

+

A

R50,0R” RSO,0H

H,0. 11"

RSO,NR, RSO,0H

Este thuy phan nhanh trong nudc hay kiém lodng, tuong ¢ este ¢é phan cat R*-O trir
R 1& arvl v rrong nhidu truong hop tim thay s bao toan cdu hinh cla R™.

Phan iing tuong Ge tao thanh este Khi téc dung halogenua vé, ancol khi ¢6 bazo, ding
dé tong hop tosylat, brosylar viv este sunfonic twong wy. Sunfonamit phan tng han ché véi
hop chat hai 1an the:
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RSO,Cl + R'OH 229 RSO,OR’
RSO,NR; + R’OH — RSO,0R’™ + NHR3
3I- Phds g hinh thanh sunfonamit
Sunfonamit tao thanh khi tdc dung sunfonyl clorua véi ameniac hay amin:
RSO,Cl + NH; — RSO,NH;

Amin bie nhét cho N-ankyl sunfonamit, amin bac hai cho N,N-diankyl sunfonamut,
phan itng 14 phép thir Hinsberg phan biét amin bac nhat, hai va ba;song phan g bi git han
vi N-aky! sunfonamit ¢6 6 cacbon hay lén hon cling kho tan trong Ki¢m vit khé khong ché
didu kien d¢ cho amin bac ba thu 1ai khéng thay déi.

Amin bac nhit vt hai thuémg duge bio vé bang phenaxyl sunfonyl clorua CgHsCOCH,S0,C
cho sunfonamit RNHSO,CH,COCH; dé héi phuc lai bing Zn trong axit axetic.

S52- Phdn ting téng hop sunfon
Arylsunfony! clorua tac dung véi RMgX cho sunfon:
ArSO,CE ArMgX — ArSO,AT
Phin dng 1A tdn cong ctia cacbon vao S theo Sy2, ¢6 thé dung co liti. Vinyl va allyl
sunfon tao thanh tie sunfonyl clorua véi vinyl hay allyl stannat v xtc tic phic paladt.
Ankynyi sunfon tao thanh tir sunfonyl clorua véi trimetylsilylankyn va AlCl:
ArSO,Cl + RC=CSi(CH;); — ArSO,C=CR

Phan ing the nucleophin clia RSO,X cing gidng cua RCOX. Nhi¢u phin ing giong
nhau tuy sunfonyl kém phan ting hon halogenua axit va ca ¢hé cting khong hoan toan dong
nhat vi ¢hat trung gian uf di¢n khdc nhau. Chat trung gian 1 dién cua S ¢d 5 nhém dinh véi
aguyén tlr trung tam o6 10 electron van ta duge phép nén cu ch€ gidng Sy2 vl trang thi

chuyén hinh thip kép (trigonal bipyramidal):

> \
Y
R—&—)S< ¥ooo§oooX
(‘)e X O/ ”//O

Di ¢6 nhiéu thuc nghiém cho cdc k€t ludn sau:

1- Bac tinh lap thé cla Sy2 & S khé hon 6 C no nhiéu vi hop chit quang hoat tuy dé
1ong hop nhung tinh quang hoat clia RSO,X néu ¢d Y0 va MO, & phan img cla sunfonat
este tdc dung vdi tdc nhin Grignard thu duge sunfon quay cdu hinh, tuy chwa phi hop vdi
chat trung gian trén nhung ciing phi hop véi co ché §2 12 tan codng sau.
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2- Khi thuy phan aryl arensunfonat khi dung 180y cho thdy co ché ¢6 chat trung gian
trén, téc do it thay déi vdi nhom di ra khdc nhau, gi4 tri p rdt 1dn chiing to trang thai chuyén
mang dién tich am 1on.

Khi chal ban dau cé hydro a ciing xay ra ¢d ché& tach-cong Elch tuong ty nhu &
cacbon nhu tir metansunfonyl clorua va anilin di qua chat trung gian sunfen:

u CHsNH;
CHi—S0,Cl 2% CH,=S0, 2 CHy— $0,— NHCqHs

sunfen

Trong phan tng nucleophin cila este RSO,OR’ véi R’ = ankyl, sy phan cit R’-O
nhiéu hon S-O vi OSO,R la nhém di ra t6t, nhung néu R’ - aryl thi lién k&t S-O phén cat
nhiéu hon vi khuynh hudng the nucleophin & hop chét thom kém hon.

Tinh nucleophin cha nguyén t luu huynh trong sunfonyl thay déi theo:
HO™ > RNH, » N3, F, CH,COO™ > €I > H,0 > I

tuong to nhw ¢ cacbonyl. Ca hai hop chat sunfonyl va cacbonyl duge xem la axit tuong dai
cing, cdn O cacbon no la mém.
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Chuong 6

PHAN UNG THE NUCLEOPHIN S,
CUA HYPROCACBON THOM

Phan ng thé nuleophin & cacbon cuta nhan thom kém quan trong hon nhung c6é tam
quan trong trong cong nghiép. Chang han diéu ché& phenol tir clobenzen trong kiém o 370"C,
anilin tir clobenzen trong dung dich amoniac ¢ 210"C. Phan tng th& Sy ¢ nhan thom ciing
tuong tu nhu & cacbon khong no, nhung phan tit benzen ¢é bo khung cacbon cling véi dam
may electron © nén cacbon bj chan nhiéu hon so véi hgp chat cacbon no, vi thé Nu khé tiép
cén td1, song phan iing nucleophin vin c6 thé XAy ra trong céc trudng hap sau:

1- Chi xay ra trong nhimg diéu kién manh hon va chi xdy ra khi trong nhan thom 6
nhitng nhém the hit electron ¢ v tri ortho va para 461 voi nhém di ra;

2- Khi ¢6 xdc tdc bazo manh véi chidt trung gian aryn;

3- Phdn tng kich thich bang su cho electron;

4- Phan tung S/ cho chit ¢é nhém di ra dé.

No6i chung, phin tng th¢ nucleophin vao aren ciing ¢é bon co ché tuong e nhu &
cacbon aliphatic.

6.1. CO CHE SyI

Phan ting xay ra qua cation phenyl:

Ar-Z — A"+ 7~

Cation aryl kém én dinh vi tinh am dién cao cha cacbon lai hod spz, vi dién tich duong
O trén obitan lai hod o sp2 nim trén mat phang cha vong benzen thing géc v6i hé = nén
khong ¢6 tuong tic vé1 hé w, dign tich duong khong dugc gidi toa véi nhan.

Céc nhém thé cé hiéu ting +C ciing khong tham gia dugc vao sy 6n dinh cation, chi ¢6
cac obitan ¢ 0 vi tri ortho c6 kha ning siéu lién hop v4i obitan tréng vi cung ndm trén mot
mit phang, cdn cdc lién két o & vi tri meta va para ciing cé hi¢u tng rat nhod, da duwoc xdc
nhan bing hiéu iing déng vi. Vi cé dién tich duong & cacbon clla nhan nén dam may electron
n ciing bi phan cuc hod mot phan, nén cdc nguyén tir cacbon ¢6 mang mot phin dién tich
duong, trong do6 O ortho > meta > para.
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Cation aryl
Phin 1tng dién hinh cha sy hinh thanh cation phenyl 12 su nghién citu dong hoc cla
phin (ing th¢ cation diazoni khi khong 6 dnh sdng, kiém va chat khi, cho thiy su tao thanh
chdt trung gian cation phenyl:

CeHsN;" BF, — CeHs™ + N, + BE,” I MVHL (o

Thuc t€ sy tao thanh cation phenyl rit khé do lién két C-X bén, nhu cdu lap thé cla
cation phenyl thap hon cation ankyl nhi¢u, do d6 vé hinh thdc phin (ng thé nhém diazoni va
phan ing clia dan xuit halogen xic tdc bing déng 1 theo Sy/. Phan g c¢6 dong hoc bac
nhédt, khong nhay khi thém muéi, tinh chon loc lap thé thap cla cation diazoni véi
nucleophin ¢é trong dung dich phan img va anh hudng cha nhém thé. Tinh on dinh ciha
cation aryl duge giai thich bang su chuyén sang trang th4i triplet dé tao thanh goc khi cé
nhém the thich hgp 6n dinh bing lién hop véi nhém thé:

+ + + + + .
O O Q0 O Q.0
: - Voo x-Sy
Cédc din xudlt halogenua va sunfonat hoat dong cho phan tng Sy / rit hiém, thuong chi
quan sdt thay & aryltriflat ¢é nhém thé ertho 16n nhu rer-butyl hay SiRs.

Muoi diazoni xay ra theo co ché Sy/:

©

-~ chim ®
1- _— + N,
® Nu
2 O e~ O
Phan (ng xdc dinh cho co ché Sy/ vai chdt trung gian 1a cation phenyl véi cic bing
ching sau:
I- Phdn (ng la bac nhét ctia mudi diazom va khong phu thuée vao néng do cha Nu ;

2- Khi thém vao mudi halogenua nong do cao, san phim thu dugce 1a aryl halogenua
nhung td¢ dé khong phu thude vao néng dé cia mudi thém vao:

3- Hi¢u ing coa nh6m the trong vong ¢6 anh hudng dén sy phan cat don phan ti quyél
dinh téc d¢;

4- Khi chat ban ddu deutri hod & vi tri ortho, phan \tng ¢6 hidu tng déng vi 1a 1,22.
chitng & cation phenyl hinh thanh chi én dinh bang siéu lien hop ma bi mat di khi
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hydro thay thé bing deutri:

2, O

S- Sir tao thanh hop chat trung gian nay da duge chiing minh bing sy chuyén vi cba
nite dong vi: Ar-""N*=N — Ar-N'=N"?
vi giai doan ddu 1a thuan nghich, trong nguyén liéu ban ddu clia phan tng cling tim
thdy hai déng phan chi do phan cit nito ra khoi vong vi quay trd lai lién két vai
vong.
Mat khic c¢é ching minh ring, khi dun néng mudi diazoni ddnh dau C6115N+E'5N & ap
sudt khac nhau thi & 4p sudt 300 atm tim thay cé 3% N, ddnh déiu, ching t6 C;HsN™, ¢6 trao
déi & N, khi quyén.

Trén co sd dong hoc va chiing minh khdc cho ring, giai doan 1 12 gom hai giai doan:
AINY, == [Ar N;1 = Arf+ N,
(1
di qua cap ion - phan t&f chat (1) ma cé thé bat duge bang cachon monooxit.

Ciling di c6 ching minh cho phan tng thuy phan hay thé cta hgp chit diazoni theo co
ché dac biét cua SyZ, trong d6 khong ¢6 sy phan ly lién ket Ar-N," tao thanh cation phenyl
trung gian ma qua hop chdt trung gian. Ching han, phan @ng cla p-tolyldiazoni trong nudc:

N kg @ & ®
k4 ks
N :
' H.0 t,0 \
- - HJC_Q— OH =

ky>> ko k3> ky

Trong phan ing nay, cdc nhém thé & vi tef pare 1am 6n dinh chit ban diu hon chit
trung gian (hay cation ary!) nén cdc nhdm the +C lam giam t6¢ do phan ing:

X= OH OCH, CH; H  COOH Cl NO,
kg= 00013 000015 0,12 1 0.12 0,009  0,0042

Cac nhém thé & vi tri meta 1am tang phan dng néu 1a cho electron va gidm phan tng
néu a hit electron ma da co dit li¢u thue nghiém.
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N, + H0 —= OH +H" +N,

X= OH OCH, CH, H  COOH cl NO,
kg= 12 4.6 4.6 L 0.55 0042 0.00093

Nhém di ra trong phan tng thé nucleophin 12 ¢6 thé: bdn halogen, SC¢Hs. "N(CH4),
va OPO(OC;H3); nhung chi ¢6 nhém di ra quan trong nhit theo Sn/ 1a nhom diazoni N,™,

6.2. CO CHE TACH CONG HAY CO CHE ARYN
&2.1. Co che

Phin ttng xay ra vdi nhitmg hop chit ¢é nhém di ra rat kém hoat dong, cén diing 1ac
nhan Nu manh nhu NH, trong NH; 1dng. Phan tng xay ra v6i nhimg hop chit thom khong
¢O nhdm the hit electron va thuding ¢d s chuyén vi:

X-@-m + R,NH ~— X—QNHI{E + XQ
NR,

X = Cl, Br, OC,H;

Pic tinh nhém di vio khong chi chigm ché tréng boi nhém di ra ma di duge chimg
minh bang phan tng cta 1-'C-clobenzen véi amidua kali:

Cl NH,
14] 14}

14
I
N NH,
—_ +
NH; iong

Phin ttng luon thu duge mot lugng bing nhau ciia anilin & vi tri 1 vi 2.

Phan ing ndy duec gidi thich bang co ché gém hai qué trinh tich va cong:

Cl
1- CI + NHZ‘ —_— @l + NH} + CI
H )
H NH,
O o~ XX
' NH, H

Chat trung gian (2) d8i xing goi 1 dehydrobenzen hay benzyn, ¢6 the bi tdn cong baj
NH; & hai vi tri khdc nhau nén giai thich duoc tai sao c6 mot nita anilin sinh ta tir clobenzen
ddnh ddu trén lai ¢6 ddnh ddu & vi tri 2. Thue &, vitri | va 2 khong dinh ddu bang nhau vi
thé ma ¢é higu tng déng vi nho,
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Co ché duge ching minh thém bang mot 88 dif kién sau:

1- Né€u aryi halogenua cé hai vj tri orflo, phan (ng khong cé gi dac biet.

2- Phan 1ing thé nucleophin thom xdy ra & vi tri Khdc v6i phan (ng thé thudng ma
trude kia goi la phan wng the “cine” (thé & vi tri k& clia rhém di ra) (cine substitution) nhu
khi chuyén hod o-bromanizol thinh m-aminoanizol chi thu duoc san pham thé mera:

OCH‘; C)CI—I3 OCH‘;

Br
NIl
— -~ |

NH, 3)

Phan iing nay da duoc giai thich bing sy hinh thanh cation aryl (3) khéng déi ximg vi
thé khong thu dugc ty 1¢ 1 : 1 clia san pham nhu trudng hop clobenzen. Trong chit trung
gian khong doi xéng ndy, nhém metoxy huéng nhém di vao vao vi tri meta ma khong phai
ortho.

3- Khi phan tng cita ArX véi KNH,; trong NH; 1ong, hoat tinh etta halogen thay déi:
Br > [ > Cl > F ma khong ¢6 trong SyAr. Trong chuyén hod tir chat ban diu t6i chit trung
gian (2), c6 thé mat proton hay mat halogen & giai doan quyél dinh t6¢ do. Thue 1€, thi tu
nhém di ra khong binh thuong (Br > 1> Cl) 1a do thay doi trong giai doan quyét dinh téc do.
Khi nhém di ra 1a Br hay 1, proton s€ tdch ra ¢ giai doan quyét dinh 8¢ do nén thit tr t6c do
cua giai doan nay 1a F > Cl > Br > 1. Khi CI va F 1a nhém di ra. sy phan cat lién k&t C-X &
glar doan nay quy€t dinh tdc dé va thif ty tde do ta 1 > Br > Cl > F. Diéu ndy duge chimg
minh bang phan \ing caa m-dihalogen benzen, trong dé hydro & giita hai halogen rit axit nén
dira va halogen sé di ra tir anion tim thdy wu tién theo thi [ > Br > Cl.

Phan (ng khéng xdy ra theo co ché nucleophin binh thudng ma qua hop chat trung
gian dehydrobenzen hay benzyn hoic aryn nén con goi l1a co ché aryn:

X ?u
B: e Nu R_@, Nu
—— — +
-HX R_©

Qua4 trinh tao thanh benzyn da duge xdc nhan bing phan tng trao doi doéng vi:

X

X
D £ H
+ NHZ- ""‘"—""1 -+ NH"}
C-1
.
sElea
—
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Sur trao déi dédng vi XAy ra & vi tri ortho d6t v6i nhém di ra halogen, song néu X 14 F thi
ky >> k,, con X = Br thi k,>> &y, phit hgp véi do linh dong cla nhém di ra trong phan tmg tich,

Behydrobenzen hay benzyn [a hop chat trung gian ¢ kha nang phan ttng rit cao véi
Nu, néu khéng c¢6 Nu thi thudng dime hod.

Su tao thanh lien két ba trong vdng benzen lam tang sic cang clia vong rit i6n, bao
gém hai lién két m: mot dugc xen phi cua hai obitan p thang géc véi vong nhu [a lién két n
binh thudng, mot lién két © khdc nam trong mat phing vong nhu 1a loai lien két ba yéu voi
su xen phit y&€u hon cho nén benzyn ¢6 cdu trie ciia g6c kép hon:

) )
o ‘ . QC@ i i1 xen phit
I - s o e S
O <D <D
! k
it e benzyn Tien ket ba thuomg lien ket ba yeu

Cap electron nay khéng ¢4 d6ng gép vio tinh thom ciia nhan benzen, nghia la hé thom
van chi Ia luc tir va cap electron 7 chi dinh chd trén obitan & giita hai cacbon. Benzyn khong
c6 lien ket ba quy udc ma & hai dang cong hudng (4) va (5) déng gép vao cu tric lai hod:

o
DO
A
(4) (3)
theo phd IR thi dang (4) déng gép tén hon 13 dang (5). Khong chi ¢6 vong benzen ma cdc hé
vong thom khdc, tham chi ca h¢ vong khong thom ciing c6 thé phan ting qua chat trung gian
loai aryn nhung cic vong khéng thom ¢é lién két ba quy udc,

Phan tng tich d€ tao thanh benzyn xay ra theo co ché tich £/ch nén cin phai ddp tng
nhén €6 cdu tric cha nhém di ra khé va Nu phai d0 manh.

Benzyn hay aryn rédt hoat dong, khéng bao gitr ¢ thé tdch ra duge nhung c6 thé tich
ra trong argon & 8K, c6 thé quan sat bing phé IR va ciing tim thdy trong phan tng Diels Alder.
6.2.2. Cic nhan td anh hudng

Trong phan ting theo co ch€ aryn, c6 hai nhn t6 anh hudng t6i vi tri di ra cGa nhém di
ra d€ hinh thanh aryn, néu c6 nhém thé & ortho va para thi chi cé mot hudng di ra:

% c i A

X
/
-0 -

\
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con 0 vi tri meta 5¢ ¢6 hai hudng phai chon:

O~ O

Trong mo6i trudng hop, hydro axit hon sé€ di ra, song tinh axit lai lién quan tdi hiéu ting
{ cla 7, nhung cé thé cho rang cdc nhém thé hiit electron 14 thich hgp cho hydro ertho di ra
con nhdm cho electron thich hop cho su di ra cha hydro para. Su tdn cong cia nucleophin
vao aryn phu thudc vae do bén cia cacbanion hinh thanh, nhung tinh 6n dinh nay lai phu
thudc vao hiéu ing f cda Z. V&i nhém —/, cacbanien bén hon khi dién tich am duoc giai toa
vé1 nhém thé. Quy tac nay dugc phan anh trén cdc phan ing ctia diclobenzen véi kiém-

amidua kim loai:
;
—_— | —
O NH;
Cl
@ S oRte
| H,
|C1
- @L
Nl 7 NH

C

Cl

@Q

2

Trong méi truong hop déu tim thiy san pham chinh.

Chéng han, mot s6 phan iing theo co ché aryn:

[- NaOH 10%, 370°C, ap 51.1_;_1_'1 O
CH; CHy HiC
- Na . i it
o s Chron + Oror

H3Cul

H}(_@_”OH NIy . NH, Long @_ NH, + H3c—©‘_NH2
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Céc bazo thudng ding cho co ché aryn la cdc bazo manh nhu NH; > (CeHs);C >
CoHNH .

6.3. CO CHE GOC Spp!

Khi tdc dung 5-iot-1,2 4-trimetylbenzen (6} véi KNH, trong NH; thu dugc hai san
phdm (7) va (8) véity 1¢ 0,63 ; :

CH, CH; CH,
6 CHy nny H,N CH,; CH,
5 —_— +
H,N
CH; (g CH; (7) CH, (8)

Tir d6 cho thay, khi chit ban ddu khong hoat dong, bazo manh s& ¢6 su canh tranh cua
phan tng the “cine™ (thé ké) véi phan ng thé benzyn. Néu chit (6) I 6-iot thi ddng 1& cang
thu dugce ty 1& san phdm nhu trén vi ciing mot chat trung gian nhung & day lai thu duge ty 1¢
3,9 + 1. Néu dung din xuat 1a clo hay brom thi thu duoc ty te 1,46 : 1, nghia 14 theo co ché
benzyn.

Dé giai thich hién tuong d6i véi dia xudt iot, bén canh co ché benzyn con dé nghi co

ch€ géc vdi cac qud trinh sau:
chat cho
electron

AlY —s Ar 4T

Ar"+NH, — ArNH,” 220 ArNH, + AT

Arl

goi fa co ché Spn/ ma di ¢6 nhiéu vi du khdc. Trong co ché, cudi phan tng lai hinh thanh
anion gdc Ar" nén phan ving ¢4 tinh chat chudi. Chat cho electron kich thich phan ing, ia
electron solvat tir KNH, trong NH, va ¢6 ching minh néu thém kim loai kali 1a chat cho
electron 16t trong amoniac thi hoan todn trinh ducc phan ting the “cine”. Con nfu thém vao
phan tng chdt bat 18y gdc tv do s& loai b dwge phan ing géc tu do thu duge ty 18 (7) : (8)
din t6i 1,46 : 1. Nhu vay phan itng Spn/ trén duge kich thich béng electron solvat va bi kim
ham bdi chat bat gdc (chat dé phan 1ing véi goc).

Phin (ng ny c6 thé kich thich bing electron solvat hay ¢6 thé kich thich bing quang
hod, dién hod hay tham chi nhiét.

Phan ting Spn/ khong thich hop cho cdc nhém hoat dong hay bazd manh, khong thich
hop véi cic nhém ankyl, ankoxy, aryl, COO  ma thich hop cho cdc rhém (CH;),N, O, NO,.

6.4. CO CHE CONG TACH - CG CHE syar
6.4.1. Co ché

Co ch€ cong - tich cua phan ing thé nucleophin vio nhan thom Ia co ché hai giai
doan, bat ddu bing cich cong Nu tao hop chdt trung gian (9) réi tich nhém di ra Z dé tao
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thanh san phdm cui cling nén theo co ché §,,2 hay SnAr:

? -ha 2 Nu - n (Nu —
- ©/ +Nu-t—* @Z GO(X @ez z
9
Nu Nu
2. nhanh B
z = @ +Z

Co ché€ nay c6 giai doan ddu quyét dinh tée do nhumg khong phai luon luén nhu vay.
Co ché nay gidng co ché ut dién di thdy trong cic chuang truée nhu co ché Sg. déu o lién
két v&i chit ban ddu tao chat trung gian r6i nhém di ra di ra sau.

Khi nghién citu phan tng cla 4-nitroflobenzen v6i ion azit trong dimetylfomamit tao
thanh p-azitnitrobenzen:

F F N N3
O ~@ ~
NO, NO, NO,

v=k [OzN-CéH_;-F][NJ']

Phan ng duge mo ta bang phuang trinh dong hoc bac hai va phu thuoc vio ban chat
va néng d¢ cla Nu. Phan \ng di qua nhitng hop chat trung gian:

- b- ‘-
Nu 7 Nu 7 Nu Z Nu ,hz Nu
-G~ O | -0
R R R R
(10) (1) ©) (12) (13)

Su chuyén tir chat ban ddu (10) thanh trang thdi chuyén (11) da k&m theo si thay ddi
trang thai lai hoa tir sp2 sang .s‘p", sau d6 chuyén thanh hop chit trung gian (9) goi Ia phifc
Meisenheimer. Phite Metsenheimer ¢6 ban chalt cda phic o nhung mang dién tich 4m nén
dugc 6n dinh bing nhém the hit electron.

Viée tach ra duge chdt trung gian vao nam 1902 khi thuc hién phan ng gifta etyl
picrat va ion metoxit:

0C,;H; H;C, OCH;
O,N~ NO; 0O, 7 NO,
+ CH,Or —» - V.V
ﬂje
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Phic nay 1a mudi bén, goi 1a mudi Meisenheimer hay muoi Meisenheimer - Jackson.
Cau tric chat trung gian niay di duae xdc dinh bing NMR v tinh thé hoc tia X.

Tai liéu thye nghiém da chung minh sy ton tai cia phic niy bing tdch ra phic & dang
tinh thé khi tdc dung metylat natri véi 4-xyan-2,6-dinitroanizol:

OCH; NO,
02N~ NO 4‘<0cr-11
- T l'e -

\NO,

CN :

Phin tmng ¢6 thé mo i don gian bang hai giai doan sau:

. 7 Nu Nu
e . @ .
()7 ()2 Y(I)Z

Dung trang thii dirng. ¢é thé bidu thi téc do bing:

v =k k[ArZ][Nu] / (k) + &)

- Néu k.| << ky € c6 phuong trinh:

v =k [ArZ][Nu]

Phan ing ¢é giai doan quyét dinh 18¢ do 1a giai doan va trang thdi chuyén dang (11)
nhung trén gian d6 nang luong (a) & hinh 6.1, & giai doan nay khong xdy ra sy phan cat lién
két nhém di ra.

Pé ching minh cho co ché nlly, ngudi ta nghién cifu hiéu dng cha cdc nhém di ra cia
phan tng. Trong co ché SyAr, ign két Ar-Z khéng bi phan cit ¢ giai doan xdc dinh 16¢ do
va 6 thé tién dodn duge nhém di ra khong 6 hiéu ting 1on dén tdc do phan ing.

Trong trudng hgp nay, nhém di ra Z 1am 6n dinh anion hinh thanh bang hi¢u (ng /
hay F.

Nhu vay khi Z 1a halogen, F ¢6 hiéu ing cam ing 1dn hon nén (8¢ do thé cic halogen
theo thit tw: F >> Cl > Br > 1. Chang han trong phan tng:

o 0 2 QO
NO, NO,

Z= F cl Br I
kg= 3300 43 5.3 1

Khi Z = CI. Br, 1. SOC¢Hs, SO,CsHs hay p-nitrophenoxy. t6¢ do chi khic nhau mot
cAp s nhan bang 5. Didu dd khong cho thay lién két Ar-Z bi phan cit ¢ giai doan xdc dinh
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1oc do va cang vi hig¢u dng cna han ¢hit Z dén toe do khi Nuo tin cong. N€u ting do6 am dicn
cia 7. lam giam mat do electron ¢ phia ma Nu tan cong thi nucleophin € 13n cong nhanh
hon. Bicu do ding cho Z 1a F ¢é d6 am dién cao hon, t6c d6 bang 3300 so véi 1 cha 1. Thuc
¢ F Ia nhom di ra 16t nhat trong cdc halogen cua phdn ting thé nucleophin thom va ciing
chitng minh su khic nhau gira 5/ v 542, ¢ 54/ flo [A nhdém di ra kém nhit trong cic
halogen. Py 1a mot truemg hep cua hi¢u dng nguyén 18.
Néu k| >> k+ $& ¢ phuong trinh:

v = K.h5[ArZ][Nu]
voi K=k, /& ;. Néu K Ién, phte trung gian ¢6 ndng do 1én thi phuang trinh td¢ do khong
thich hop ¢ trang thii dimg, néu K nho, nong do chit trung gian nhé thi giai doan quyét dinh
t6¢c do 1a giai doan (2), trang thai chuyén ti€p la dang (4) nhu trén gian d6 nang luong (b).
Truomg hop nay ¢ su phu thuée vae nhém di ra phice tap hon, giai doun xdc dinh tac dé ¢é
s phan cat lien k&t C-Z va do bén cia lién két C-Z cang 16n thi &, cing nhd, nén nén Z 14
cic halogen th thit tu phin tng coa cdc halogen gidng nhi trong trudng hop mach hd, nghia
la ¢ day F < Cl < Br < 1, song do ¢6 anh hudng coa bdn chat halogen tdi K nén sy thay déi
tde do ¢6 anh hudng nho hon:

CH,
CH:

ONAQ_,Z + CHNHCH, —= Oy — N—C,H;
L NO, NO,

Z= F I Br
kg= 1 1 16

LA

Trong phan tmg ¢d Xic tdc bazo cua ArZ voi nucleophin amin. Phan tng cé xic tic
bazo chi khi nhom di ra kém nhu OR (khong phai Ci hay Br) va chi khi nucleophin ¢é thé
tich 10n nhur amin. Bazo khong ¢o xdc tdc o gial doan | nhung néu amin la nucleophin, bazo
¢ thé xtic tac gial doan 2:

/, NR;

Z & N
ky N . bazr + 17

Xiic tic bazo tim thdy trong trudng hop nay khi amin di bi phin cit mot nra nhung Z
thi khong, co nghia &_; 1a [dn vit giat doan 2 1i quvét dinh téc do phan tng. Dir kién nay cho
thay phian @ng SyAr ¢6 hai giai doan. Trong trudng hgp khi bazo 13 xuc tac, xic tic chi ¢6
ndng do rit nho con bidu dé tade do lien quan v6i ndng d6 bazo cho thady mét s6 gia nho cha
bazo, lam tang nhanh toc do ddn mot ndong do xdc dinh cla bazo sau dé hiéu ung khéng 1dn.
Piéu d6 cho thiy, dya trén hiéu img phan ciing phit hien ducc co ché SyAr. O néng do thap.
mo1 sO gla cba bazo do tang toc dé O gial doan 2, 1am tang phin chat trung gian di 16 sian
pham dé hon trés vé chat ban diu. O néng do bazo cao. qud trinh gan nhu hoan toan, ¢6 mot

127



it quay trd vé chdt ban ddu va tdc dé trér thanh phy thuoc giai doan 1. Bay gidy, bazo xic tdc
cho giai doan 2. D6i vdi dung moi proton, ca hai gid thist déu co. BS i giai doan 2 gém
hai giai doan: mot 1a sy deproton hod cla phic 1a giai doan quyét dinh téc do badi Z di ra
nhanh va hai [a bazo xiic tic phan tng do 1am tang t6c do giai doan deproton hod:

hagza
.<NHR g ‘<NR2 'E?T ©/ + HZ +B

Phit hap v6i gia thiet khdc, giai doan mdt Z bing BH* 1a quyét dinh toc do.

EA
J
F (2) (4)
W)
(2}
(3)
{(3)
a) 2
(i (1) =
Toa d§ phon ung Jog 5 phan uving

Hinh 6.1. {iian do nang lugng cda phan iing Sy2 thom

Ca hai co ch& déu dua trén nhitng chimg minh dong hoc di ¢6 trong dung méi aproton
nhu benzen. Cé hai d¢ nghj Jua vao co ché Sy2 thudng nhung mét co ché cho 14 tiéu phan
tan cong la hai pha. & anin (got 1A co ch€ dime), con co ché khic 1 trang thdi chuyén
vong. Ca ché SyAr ciing dua trén hiéw dng déng vi tir "0/ "0 va "N/ ¥N:

NO 05N~ NOz
om@ NO, 02“\@1 2 OH

ciap 1.0(: n-goc

phucrr
¢} OH
O;N @ NO,
0,
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Giai doan 1 cha co ch& SyAr ciing duge nghién ciu phan dng gilta picry! clorua va jon
HO™ va dung phuong phap pho di cho bigt rang, hai chdt trung gian, mot 1a phitc & vai mot 1a
cap 10n-goc.

Hién nay dang tranh ludn réng ral quan niém cho rang. qud trinh cua phan ing thé
nucleophin trong nhan thom xay ra qua trang thdi trung gian anion-gac theo so dé chung
sau:

Nu

+ X

0.
Ca ch€ Sy2 mot giai doan phé bién & cachon no nhung thuc & ciing tim thiy & hop

chit thom. Phan tmg Sy2 gia thiét & hop chat thom doi khi goi 1a ca ché mat giail doan d¢
phan bi¢t v SxAr va doi khi cling gap co ché nhu la cong-tich.

6.4.2. Nhirg nhan to anh hudng

I- Chdat ban ddu

Trang thdi chuyén (2) vd (3) ciing nhu chat trung gian (3) (trén hinh 6.1} déu ¢6 dien
tich am 1én nén phan wng duge xic tién bing nhém the hit electron trong nhan thom. nghia
14 phan tng ¢é gida tn p dvong 16n. Cic nhdm theé —C & vi tri ortho Vi para cia ¢hat trung

gian biéu hien manh bing su lien hop phan cuc truc tiép vdi nguyén tf mang dién tich am:

ISI_ Nu hZ - TR s
w7 . Nu 7 Nu 7z 0
o NG
Or
-
0, 0, N&

v trong phuang trinh tuong quan ding hang s6 ¢ phit hop hon Id hing s6 & doi vdi nhém
hit electron:

e+ D= -0
NO, NO,

p=328

5

1

&
Nu

N

R

Cung céin chd ¥ rang, néu phite trung gian 13 dong bo thi anh hudng ctiu nhém the dén
t6¢ do trong doi khong 1én, gidng nhu cdc phin ing thé $y2 mach ha.
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No6i chung. chat ban ddu tham gia Sx2 chi ¢é nhém thé hat electron lam 6n dinh trang
thdi chuyén va hoat tinh cla cac nhém thé nguge v6i phan iing the electrophin thom. Cic
nitg di vong 1a nhom hoat hod manh, ciing diing chat ban daw nhu 2- va 4-clopyridin N-oxit
di vong phan tng nhanh v&i nucleophin & vi trf 2 vi 4. Nhém hoat dong nhat 1a N.7 nhung
dé di ra, polyclobenzen cling 1a chat thé nucleophin tot nhu 2,4- va 2,4,6-trinitroclobenzen
(pycryl clorua). Benzen khong ¢6 nhém the hidt electron khong tham gia phan ing $52 vi hai
clectron thém vio trong phite anion (9) & trén obitan phan lién két. Phan (ng Sy2 ciing dugc
XUc 1ién khi ¢6 phél tri vdi Kim loai chuyén uép.

Anh hudng ctia mot s6 nhém thé trong phan ing sau:

z
CH;ONa
NO, NO,
Cl OCH,
7= i NO NO, CN CHO
kg = ] 522.50% 6.73.10°  3.81.10° 2,02.10%

O phan ing sau:

Z NO,
+ HN ) ——= Z,_O-N >
28°C
NO,
;
7= NH, Br cl - I COO B
- 4 4 4 3
ke = 1 6.31.10°  4,50.10*  436.10°  2,02.101  8.06.10
Z = I: C(CH;); CH; OCH;  N(CHj3), OH
k= 2,1.10° 137100 L,17.10° 145 977 470

2- Anlt lueeing civa nhom di ra

Nhitng nhém di ra & phan itng thé hop chat no nhu halogen sunfat, sunfonat, NR;"
cing 1a nhém di ra ctia SxAr, nhung néi chung nhom NO,, OR, OAr, SO,R khong phii [a
nhém di ra 161 cua Sy nhung lai di ra 1ot khi dinh vé nhan thom, dac bigt NO, 1t nhém di ra
tot. Kha nang di ra theo thit t: F > NO,, OTs, SOCHs > Cl, Br, I > N3 > NR;" > OAr, OR,
SR. NH,. nhung ciing phy thudéc vao nucleophin. Ching han, dién hinh 1a C.ClsOCH, tic
dung véi NH, cho C,CLsNHs, nghia Ja mot nhdm OCH; vu tién thay thé hon nam nguyén tr
clo. Nhém OI1 dé di ra khi chuyén thanh este vo co. Trong cac halogen, flo [A nhém di ra 161
hon cdc halogen khdc, cdn thi ty kha nang phan ang Cl > Br > I khong phai ludn luon dat
duoc.
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Thi tu nhém di ra I su khde nhau gita Sy/ va Sy2. Trong co ché SuAr, thuong gial
doan dau quyét dinh tdc do va giai doan nay duge kich thich béi nhom ¢d higu wng - nén
giai thich duoc tai sao nhém flo van 1a nhém di ra a1 trong co ché nay. Flo ld nhdm di ra
kém nhat cua halogen khi giai doan 2 quyét dinh t6c do phan ¥ng Sx2 hay khi theo ¢o ché
aryn.

Anh hudng cia nhém di ra 7 phite tap nhu 33 ndi trén d6i v6i ddn xudt halogen, song
néi chung, phan tng Sy2 tham chi xay ra khi ¢6 nhdm di ra tét do anh hudng ciia nhém thé.

136n halogen cting nhu SCiHs, N(CHs);, OPO(OC,H;), 1a nhém di ra 16t cho co che
Spnd. Coch& S/ chi ¢6 nhém N," di ra 1a quan trong.

3- Anh huong cua nacleophin

Phan ing phu thuoc vao tinh bazo cua nucleophin, tinh bazo tang thi (6¢ dd phan (ng
tang va ciing phu thude vao do phan cuc hod:

0‘:;\"‘@—[-‘ + Nu —» OZN—Q-NU + 17

Nu= CH.O CH:S™  CiHO™ CoH;NH, Cl
k lmols= 18107 171070 107 6.0 17007
Song kha nang phan dng ctia Nu ciing phu thude vio nhém di ra va ban chiat dung moi.

Néu nhém di ra 1a nhdém mém thi trong tic véi nucleophin mém s& wu tién hon, Chéng

()ENQ“X — OENQ

]\'O,} N(J:

han phan ung:

vii Nu -CH;07, C HsS thi ty 1& thay déi tir 59 dén 16800 chuyén tir X = F dén X = [
nghia 12 chuyén téi nhém di ra mém hon 17 do twong tic vdi nucleophin CHsS mém hon,
dé dang hon.

N6i chung, tivh nucleophin cho SyAr theo thi t: NHy™ > PHRC > CHNH > ArS
>RO™.R,NH > ArO™ » HO > ArNH, > NH; > 1 > Br > Cl” > H,0 > ROIL

Kha nang phan g teong dai cia Nu ciing phu thuoce vao dung méi. Trong dung moi
proton, khd nang phan \ing cla Nu cd kich thude khong lén s¢ giam manh do kha ning
solvat hod, nén:

CeHsS > CH;0 ,SCN >I >Br >Cl >F
con trong dung moi aproton kha nang phan ing tang khi tang tinh baza:
SCN =Cl>Br,I >F »SCN

Néu nucteophin ¢6 hai trung 1am nucleophin nhu NO, phan iing phu thudce vao khong
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ché dien tich vd khong ch¢ obitan. Chang han phan img:

X NO, ONO
NO, NO, NO,
+NOy '
NO, NO- NO,

Khéng ché dién tich {6n khi dién tich am & trung tam phan ng 16n nhu khéng ché
dién tich & mach hd 12 nguyén o dm dién hon cta nucleophin, do d6 trong phan tng trén,
néu X = F thi san pham chinh 1a din xuft nitrozo ma khi thuy phan cho phenol, néu X 13 |
thi san pham chinh 4 nitro con Z ta brom hay clo $& cho hai san pham.

- Aunlt huong cra diung moi

'Toc do phan tng nucleophin trong nhan thom tang manh khi chuyén dung mei proton
(o aproton. Nhir trong phan dng:

021\»@-—}:‘ + N7 —=- OEN‘Q_N-‘ +

oc do tang 10° den 107 1in khi chuyén tir nude tdi dung moi aproton. Trong truéng hap
nucieophin 1d anion, dung moi aproton solvat trang thii ban diu bang lién k&t hydro manh
hon trang thédi chuyén, nhat 1a nucleophin ¢d kich thude 16n nén Jam tang t6¢ do, con dung
moi aproton phan cuc manh solvat trang thdi chuyén manh hon 12 dung moi proton. Su
solvat trong trutmg hop nay chi yéu duee xdc dinh bang twong tic Khuéch tin. Luc ray cing
lén néu do phan cuc hod coa tidu phan cang 16n. Dién tich trong trang thdi chuyén duge giai
toa tan, surophin cye hod cda o6 cao hen sy phan cye hod cua trang thdi ban ddu. nén su
solvat bing luc khuéch tan cba trang thdi chuyén cao hon, do d6 16¢ dg phiin g tang.

Trong da s6 trudng hop, phan iing the nucleophin thom lién quan 16i kha nang solvat
hod 1ang cha trang thii chuyén. Cdc tdc nhan nucleophin trung hoa ciing dugce xic 1ién trong
dung mai aproton la do nhimmg nguyén nhan wrén,

Su phu thude toc do viao dung maoi nhu cic phan iing sau:

X = F Cl Br I
Bimewvlsunfoxit 27400 56 80,2 18,4
Bimetyvlfomamit 7400 22.8 27.1 6,9
Nilrometan 1150 5.5 6,4 2.1
Benzen 38 0,14 0.25 0,04
Etanol 237 0,53 ¢,07 0,21



6.5. CAC PHAN UNG Sy CUA AREN

I- Phdn iing thuy phdin mudsi diazoni
Khi dun séi dung dich mudi diazoni ¢é du axit nitro thu dugc phenol:
ArN," + H,O0 — ArOH
Nuée thudng 1a dung moéi d€ téng hop mudi diazoni nhung bén & nhiét do thap (0 dén
5°C), nhung mudn thay thé nhém diazoni bing OH cin dun s6i dung dich ¢ du axit nitrg.
Mot s6 mud can xir Iy manh hon nhu dun s6i v6i axit sunfuric hay trifloaxetat kali. Phan
ting thuc hién dugc trong dung dich véi bat ky muéi ndo nhung hydro sunfat thich hop hon
clorua va nitrat vi trong trudng hop niy ¢6 canh tranh vdi nucleophin ClI” hay NOy . Phuong
phip tot nhat vi nhanh, cho hiéu suit cao 13 thuy phan ¢6 thém Cu,O cho dung dich loing
mudi diazoni tan trong dung dich chita du ldn Cu(NOy),. Trong cdc phin ting nay, chit trung
gian la gdc aryl. Co ché nay ciing xay ra trong phan wng thuy phan diazoni trong dung dich
nudc kiém yéu. Su phan huy mudi arendiazoni tetrafloborat trong F1CSO-OH truc tiép cho
aryl triflat véi hiéu sudt cao.
Nhém N,* 1a nhém dé di ra theo co ché Sy/ thich hop trong dung moi ¢6 tinh
nucleophin thap, con dung méi ¢é tinh nucleophin cao thich hop theo co ché géc.
2- Pludn timg thé muot diazom
Nhém diazoni dé thé bang tdc nhan nucleophin C1°, Br , CN ', RS ...
AN,T + HS —= ArSH
+S7  —= ArSAr
+RS — ArSR
+ SCN —= ArINCS + ArSCN
Céc phin wng nay thich hop d€ dua nhém chira luu huynh vio nhan thom. Véi Ar'S
qua chat trung gian 1a Ar-N=N-S5-Ar", thiophenol ciing thu duge wong ty nhung thudng
ditng CyH;0O-CSS™ hay §*.
Khi tic dung v&i natri azit, mudi diazoni cho ankyl azit:
RN," + N;7 — RNy~
Phan ¢ng tot nhat 1 thay thé nhém diazoni bang ion iot, vdt ion clo, brom hay flo cho
hié¢u suat kém hon:
AN + 17— Arl
Véi I, tdc nhan tin cong khong phai chi 6 I” ma tic nhan chinh 1a [3” do tuong tdc
cha I v&i I, (do 17 bi oxy hod bdi ion diazoni hay axit nitre hodc mat tdc nhan oxy hod
khdc) ma thuc t€ da tim thdy mudi ArN," I;” khi dé yén tach ra Arl. Tir d6 cho thiy cdc ion
halogen khédc cho két qua kém khong chi vi ¢6 tinh nucleophin kém ma con |4 tic nhan khi
kém (so vdi iot). Cing da c6 chimg minh cho phan ting ta co ché& gdc ty do.
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3- Phein ting Schiemiann

Khi dun nong mudi diazont trifloborat & tao thanh ArF goi 1a phin tng Schiemann:

ArN," + BF,” —2» ArF + N, + BF,

Muoi triffoborat thu dugc khi diazo héa bang axit nitro va HCl khi ¢é NaBF, hay
HBF,; hay NH;BF;, thudng 1a amin bac nhdt v§i rerr-butyl nitrat va BFi-eterat. Phan (ng
citng xay ra véi ArN, PF,, ArN,'SbF, ArN,*AsT cho hiéu sudt tot. Aryl florua téng hop tir
aryltriazin Ar—-N=N-NR, v&i 70% HF trong pyridin.

Co ché 1a S/ véi cation phenyl la chdt trung gian. Cation trung gian tao thanh trong
phan ting Shiemann & chd hop chat chiia nhém dinh hudng meta cho sin phdm thé meta,
nhém dinh huéng orthe va para cho san pham thé ortho v para nhu cation aryl trong bat ky
phan tng thé electrophin nao. Sy dinh hudéng ching minh ring phan tng Schiemannn ¢6 chit
trung gian mang dién tich duong. Nguac lai, néu 1a phan tng goe ty do s& cho phan tng aryl
hod hop chilt thom cho hén hop biaryl va trong gde aryl thi khong phan biét nhém cho hay
hit electron ma tim thidy hén hop cdc déng phan. Thue nghiém da ching minh cho phan Gng
Schiemann khi ¢6 nhém dinh huéng 1a tao thinh chit trung gian mang dién tich duong. Tiéu
phan tan cong khong phai F-oma1a BF,

4- Phan ing thuy phan ArX

Cic ary] halogenua chuyén thanh phenol khi ¢é diéu ki¢n manh:
ArBr+ HO — ArOH
Cac nhém di ra nhu nitre, azit, NRy" ... clng ¢6 kha nang th€ OH. Phan tng ti€n hanh
& nhi¢t do cao vi quan sit duge phian tng (he k& (thE cine) chirng to theo ¢ ché benzyn.

Pheno! ciing thu duge tir aryl halogenua khéng hoat hod khi tac dung vén boran va kim
loal nhir liti va oxi hod tiép biang H,0,,

S- Phdn iing thé nhém amin bang Invdroxyl va nguge tai

Nhém amin cua naphtylamin bi thay thé bing nhém hydroxy! khi tdc dyng vdi dung
dich natr bisunfit:

NH; OH

H,0
——
NatI$0, “

Phan img ndy goi 1a phan dng Bucherer. Phan 1ing nguoc lai la chuyén nhom hydroxyl
thinh amin, cing goi la phan img Bucherer, khi tdc dung naphtol vé&i amoniac ¢é them natri

bisunfit:
OH NH,
Nats0,
NH,
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Néu ding amin bac nhit thay cho amoniac thi thu duge naphtylamin N-thé.
Naphtylamin ¢6 thé chuyén thanh amin bic hai bang phan ng tdi amin hoa:

‘NaSHO
AINH, + RNH, —2HO0: - ANHR

Co ché cla phan iing Bucherer la co ché céng tich:

HO NHR

MHSO1 * (;ﬁ RNI{,
H RNIT,
“ \uﬂsn‘ SO;Na SO;Na 2 ﬂ SO;Na
HLO (-0
IlTR

.THR
Nali$0; @;\j\ —_ @
-NaHSO, SO;Na SO;Na

(15

Giai doan ddu 1a cong NaHSO, vio mot trong hai néi doi cua vong dé tao thanh enol
(hay enamin) r6i tautome hod cho dang xeto (hay imin). Qud trinh chuyén hoa tir dang xeto
(14) (i imin (15) (hay nguogc lai) qua phan tmg cong va tdch. Ching minh che ¢y ché nay Ia
dd tich ra duoc chat trung gian (14) va tir phan ing ctia 3-nuphtol téc dung véi amoniac va
HSO; ¢6 16¢ do chi phu thuoe vio chit ban du va HSO; va chi rang amoniac khong nam
trong giai doan quyét dinh 16¢ do. Néu chit ban dau la f-naphtol thi chat trung gian ia hop
chil 2-xeto-d-sunfonic axit do lvu huynh tan cong vao metu cia OH hay NIH,.

Nhom hydroxy trén vong benzen ¢d thé thay th€¢ bing nhém amino néu dau tién
chuyén thanh aryl dietyl photphat, tic dung chat nay véi KNH, va K trong amoniac long che
amin thom tuong ing. Co ché cla giai doan 2 cha phin ung nay 1a Spa/:

NaOH KNI
ArOH m Ar OP(OCan)q —— ANH:
0

6- Phdn ting kiem chdy eda muéi sunfonic
Mudi chia axit sunfonic cé thé chuyén thanh phenol khi dun néng chiy véi kiem:
ey NaD -
ars0, —9t 4o
300+320C
Phin ting cho hiéu suat thap, trir khi chat ban ddu ¢d chia nhom khdc by tan cong boi
Kiém & nhict do nong chay. C6 thé dung diéu kién nhe hon néu chat ban diu ¢6 nhém hoat
hod nhung nhém bi dong hod lai cian trd phan dng. Co che di tim thav la co ché benzyn
nhung khéng tim thiy phan (ng the ké (the cine).
Tuong tu, khi nung chdy ArSO; v6i NaCN cho ArCN nhung hi¢u sudt thip:

ArsO, NaCN_areN




7- Phdn itng thé ciia ArX bing OR huy ArO
Halogen ctia RX ¢4 thé bi thé bang ankoxy hay aryloxy cho ete:
RX+RO — ROR

Phan ng tuong ty nhu HO™, ddi hoi chidt ban dau ¢6 nhém thé hoat hod, trudmng hgp
khong ¢6 nhém thé hoat hod thi san phadm phy wu tién hon. Metyl aryl ete thu duoe khi tdc
dung ArCl khong ¢6 nhém hoat dong véi CH;0™ trong HMPA, phan ting cho hiéu suit t6t
va nhanh hon véi HO . Dung méi t6t hon la amoniac 16ng, chang han, o- vi
p-flonitrobenzen phan tng trong NH; & —70°C nhanh hon trong CH;OH dén 10° fan. Phan
mg ciing Xay ra vdi nhém di ra nhu nitro, NR;", OR khic, HO™

Mugi ctu axit RCOO ciing [4 nucleophin tét, chang han, arylbenzoat thu duge hiéu
suat 101 khi téc dung aryl benzoat vdi benzoat ddng trong diglyni hay xyien & 140 + 160°C.

V6t cic chat ban ddu khong hoat hod chuyén 16i este cacboxylic dudi diéu kien oxy
hod cho hi¢u suat trung binh. Co ch€ chudi nay 13 co ché Sn2:

Kich thich X R(
chit nhin ‘ ‘< OCOR —I"‘ ./

©/ Ll-.clmn
chuyén mach QOCOR : : , OCOR

Dai vdi nucleophin arexit, phan dng duge kich thich bing mudi déng vdi chat ban diu

OCOR

khong cdn hoat hod dé thu dugc diaryl ete, goi 1a tdng hop ete Ullmann, tim thiy khi tdng
hop biaryl. Vi aryloxy déng ArCOCu ciing phan ting v&i aryl halogenua cho aryl ete cho
hi¢u sudl cao nén ¢ the cho ArCOCu 1d chit trung gian trong phan g nay. Chal ban diu
khong hoat hod phin tng véi phenoxit cho diaryl ete bang quang hod trong NI, long -
(CHz)2SO theo co ch€ Spy/. Diaryl ete ciing téng hgp bing aryl halogenua hoat hod tic
dung véi triaryl photphat (ArO),PO.

8- Phan atng thé' RX bang SH hay SR

Cidc tic nhan nucleophin luu huynh tic dung véi RX trong tu nhe HO™ vad RO cho
aryl thiol va thioete:
ArBr+HS — ArSH
ArBr+ RS —» ArSAr
Phan dng cho hi¢u sudt tot voi din xuil halogen hoat hod, v&i chit ban ddu khong
hoat hod cin diing dung moi aproton phin cuc nhu DMF, (ClI11),S0, tetraglym, HMPA,
L-metyl-2-pyrolidon vdi co ché hoan todn thé nucleophin, Diaryl ete dung ArS ™ véi xie tic
[(CsH3)3P13Pd, doi khi ding xtc tic déng hoac trong amoniac 16ng ¢6 bitc xa nhung theo co
ch& Sgad.
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Cic nucleophin sunfua khic ciing phan ung tvong nr:
ArX +S,Y T Ar-S-S-Ar
ATX + SO;7 = Ar-50;”
ArX+SCN~ — ArSCN
ArX + RSOy ™™ Ar-SO,-R

9- Phdn ing amin hod RX

Céc aryl hoat hod tdc dung v&i amoniac hay amin bac nhét hay hai cho arylamin va
dan xuit:

ArBr+ NH; — AINH,
ArBr + RNH, — ArNHR
ArBr + R,NH — ArNR,

Amin bic nhit va hai cho hi¢u sudt t6t, nhit la khi ding piperidin, cling diing picryl
clorua 2,4,6-trinitro clobenzen, 2,4-dinitroflobenzen. Cic nhém di ra khic nhu nitro, N,
OSO;R, OR, SR, N=NAr, NR;" ciing cho phan ng nay khi Ar ¢6 nhém hit electron. Céc
aryl halogenua hoat hod c6 thé chuyén thanh hop chat dimetylamin ArN(CH;), khi tic dung
v HMPA,

Phan ting clia amoniac hay amin xdy ra theo co ché SyAr, chic chin nhat 13 khi ¢ xic
tic muoi déng hay niken, k€ cd vdi chat ban ddu khong hoat hod. Xiic tic déng (oxit hay
iodua déng) cho phép thue hién tong hop Gabrie! cho hgp chat thom khi tdc dung aryl clorua
hay 1odua véi kali phtalimit ¢6 Cu,O hay Cul cho N-arylphatalimit réi thuy phan cho aryl
amin biic nhat:

1,0

~COOH
—NHz+
OOH
Cdc aryl halogenua khong hoat hod chuyén thanh amin khi téc dung véi NaNH;,

NaNHR, NaNR, thee co ch€ benzyn, nhung ciing tim thay su the ké (thé cine).

Khi ¢6 mach nhidnh chita nito, phan ung ¢6 thé déng vong:

CHy
(;Hz CoHsli
& OO
Ct  NH N
CHy CH;



161 vong 16n 8 va 12 canh. Triarylamin tong hop twong ty tr Arl va Ar',NL1, ngay ca vdi Arl
khong hoat hod. Phan ung cha aryl bromua v6i axetanlilit khi c6 K,CO; va Cul cho
N-axetyldiarylamin, r6i thuy phan cho diankylamin £01 1a phan 1ng Goldberg:

ArBr + AC’'NHOCOCH, — ArAr'NOCOCH,

Phan ing véi amoniac hay amin ¢6 xic tdic mudi dong hay niken 1a co ché SyAr. C6
thé diing xic tdc chuyén pha dé 18ng hop arylamin.

Aryl bromua hay icdua dun héi luu v&i phtalimit kali va Cu,0 hay Cul trong dimetyl-
axetamit cho N-aryl phtalimit réi thuy phan cho arylamin bac nhat.

Trong mot s6 trudmg hop ciing tim thiy co ché Spni.

Khi chét ban ddu 1a hop chat di vong thom chira nito tim thdy co ch€ Sy, nhung cé
khdc 1a 6 qud trinh déng va md& vong nén theo ¢o ché khic ma goi la co ché SN(ANRORC).

10- Phdn g trao doi halogen

Halogen dinh trong vong c6 thé rao déi bang halogen khdc néu vong ¢6 hoat hod:

ArX + X' — ArX°+ X

Phin (ng nay 1a can bing nhung c6 thé chuyén dich can bang theo hudng mong mudn
bang cdch ding du ion halogenua. Nhém nitro ciing thay the duoc clo khi tdc dung véi
NH,(, PCls, SOCI,, HC, Cl, hay CCl,. Mot s6 phan tng thuc hién & nhiét dd cao thi co ché
khong phai ludn luén fa the nucleophin. Hop chat nitro thom hoat hos ciing chuyén thanh
florua khi tdc dung véi F .

Phin (ng trao doi halogen chiz yéu ding dé dua flo vao nhan thom, ching han aryl
ciorua tdc dung véi KF trong DMF, (CH,),S0 hay dimetyl sunfon cho AT,

Phan (ing trao d6i halogen khi diing halogenua déng cho khi nang phanting I > Br >
Cl >> F nhung khong phai co ch& SyAr (I khong diing cho phuong phap nay). Aryliodua
tong hop tir arylbromua khi ding Cu trén chdt mang Al,O4 hay charcoal hodc tice dung vdi
dir KI trén xic tdc niken,

Nhém hydroxy phenot ciing chuyén thanh aryl clorua khi téc dung vé&i PCis hay POCl,
nhung chi khi ¢6 nhém hoat hod, néu khong c¢6 nhém hoat hod thi cho photphat (ArOH +
POCl; = (Ar0);PO) nhung téc dung véi C,HPCl, cho ArCl, tuong ty phenol tic dung vé
(CsHs)3PBray cho ArBr va véi CgHPCl, cho ArCl.

- Phdn iing khir phenol va este, ete

Phenol bi khir khi chung c4t trén k&m bot hay véi HI va photpha dd nhung cho hiéu
Suat thap

ArOH 22 ArH
Thuong diing hydro hod xic tdc nhung cé sdn pham phu 1 xyclohexanon.

Phuong phdp 16t nhat ia chuyén pheno! thinh este hay ete réi khir:
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HCOOH, (C,Hq):N
PA(OCOCH,),. (C¢Hs):P, DMF

ArOSO,CF,4

ArOTs + H,NNH, % ArH

” TL. THF
AI’O—P(OCsz)z ——= ArH

N
N
4 Ha
A M
r—0 <N ,«;il “oac  ArH
Ce¢Hs

Ciéc halogenua ciing bi khit ArX — ArH phu thude nhiéu vio di€u kién va tdc nhén ¢6
thé 12 nucleophin, electrophin hay gdc ty do. Nhém nitro ciing by khir thudng bang natri
bohydrua theo cd ché cong tich.

12- Phdan ing Rosenmund - von Brawn

Phin ng gita aryl halogenua va xyanua déng cho aryl xyanua gei 1a phan (ng
Rosenmund-von Braun:

ArBr + CuCN khan ~2X2 5 ArCN

Phin ng thu dugc theo hoat tinh cia halogen 1a [ > Br > Cl > F, chiing td khong xay
ra theo co ché SyAr.

Cic NaCN vi KCN khong phdn ting véi aryl halogenua, ké cd loai hoat hod. Xyanua
kiém chuyén hoa aryl halogenua tdi nitrin trong dung méi phan cuc aproton khi ¢ xiic tdc
mudi Pd (II) hay déng hodc phirc niken. Phic niken cling xiic tdc cho phan dng aryliritfat va
KCN cho arvlnitrin. Ete thom ArOR va hgp chdt nitro ArNO; chuyén thanh nitrin bang
quang hod hoc.

13- Phdn ting cia RX vai hop chdt co kim

Aryl halogenua ghép vdi liti diankyl dong cho ankylbenzen:

Arl + R;Culli — ArR

Cac este va ete cling cho phan itng nay.

Phan dng di néi & chuong phan dng Sy. Aryl iodua khong hoat hod ghép véi tic nhan
liti diankyl déng. Aryl halogenua khi hoat hod né1 chung ciing khong ghép véi tac nhan
Grignard, trit ¢é vai truong hop ¢6 xic téc kim loai chuyén tiép. Phin tng cua tic nhan
Grignard xay ra khi nhém di ra 1a OR va la nhdm hoat hoa nhan benzen. Chang han nhu
nhém oxazolin dugc hoat hod bang nhém o-metoxy vi o-flo tic dung duge véi Grignard vi
co liti cho san pham ghép sau khi thuy phan:



%—\ h COOCH

Na O RMgX Na 0 i R
OCH; —™ R —™

Aryl halogenua khong hoat hod tdc dung véi ankyl titi trong THF véi co thide v Pd
xtic tdc cho ankyl aren hiéu suat trung binh. Cic aryl triflat cho ArR khi phan ung véi
R,Cu(CN)Li,, RZnX, R;Al R;SnR’ véi Pd xiic téc.

Aryl halogenua tdc dung véi axetylenua dong cho aryl axetylen (phan tng ghép
Stephens - Castro):

Arl + RC=CCu — ArC=CR

Aryl iodua khéng hoat hod chuyén thanh ArCH; khi téc dung vdi mudi tris(dietytamino)-
sunfoni diflotrimetylsilicat va xiic tic paladi. Mot s6 Idn phan (ng ding xic tic phic paladi,
cac aryl bromua va iodua ghép véi tac nhan aryl Grignard, arylboronic axit ArB(OH),, aryl
thi€c ArSnR; v vdi aryl thuy ngan cho biaryl khong déi xing.

Tac nhan Grignard ghép véi aryl halogenua khi c6 xic tic paladi xay ra theo co ché
benzyn. Cdc binaphtyl khong déi xing tdng hop bang con duding quang hod khi tdc dung
naphtyl iodud v6i naphtyloxit theo co ché Spy /.

I14- Phan itng Ullmann

Phan tng ghép aryl halogenua khi ¢é Cu goi 13 phan tng Ullmann:
2Arl LI Ar—Ar

Phan tng dung rong rai d€ tdng hop cdc biaryl d6i xing va khong ddi xing. Néu ding
hai aryl halogenua khdc nhau, ding 18 thu dugc ba nhung thire t& chi thu ducgc mot san
phdm. Chéng han, picryl clorua vdi iotbenzen chi thu dugc 2,4,6-trinitrobiphenyl. Nhém di
ra 161 nhat 1a I, doi khi diing bromua, clorua va thioxyanat.

Hi¢u img clia nhém the trong vong ¢ anh hudng dén phan tting nhy nhém nitro hoat
hod manh vi uf ortho ma khong phai mera va pard. R va OR hoat hod tft ca cdc v tri.
Nhimg nhém OH, NH,, NHR, NHCOR kim ham phén ing trong phan tng Sy2 thom nhung
nhém COOH (nhung khéng phéi nhém COOR) SO,NH; va mot 6 nhém wong tu hoan 10ian
khong cho phin tng. Céc nhém nay tte ché phan ng ghép ma cho san phdm phu,

Co ché chwa biet that chac chin nhung néi chung ¢6 hai giai doan, twong tu nhu phan
ng Wiirtz, c6 thé biéu dién dang so dé sau:

1- Arl + Cu — ArCu

2- ArCu + Arl — ArAr
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Hop chit co déng ¢6 thé tach ra vd néu tir hop chit co déng phan tng véi Ar'l tim
thay Arar’.

Phan img cling ¢ trudng hop déng vong:
Cu Z N—
o |
hay Cu(} T .

Phuong phdp Ullmann quan trong khi diing xiic tic phitc niken trong cdc qud trinh noi
phan wr. Cic aryl halogenua chuyén thinh Ar-Ar’ khi tdc dung véi Ni hoat hod, phitc Zn va
Ni, dung dich fomiat natri ki€ém vi xuc tdc chuyén pha.

15- Phdn ting ary! hod hop chdt cd hvdro linh déng
Céc hgp chit ¢6 hydro linh dong loai Z-CH,Z'(véi Z va Z7 1a nhom hiit electron di

xdc dinh nhu d phan ing thé nucleophin) tdc dung véi ArX cho san pham ankyl hod:

ABr+ Z=CH—7 —>  Z—(H—Z
Ar

Cdc aryl halogenua hoat hed cho hi¢u suat t6t, n€u dung aryl khong hoat dong thi cdn
phai diing bazo manh nhu NH, hay liti diisopropylamit (LDA). Céic hgp chat dang ZCH,Z
va xeton hay este cacboxyiic dugc aryl hod theo phuong phdp nay. Cic hop chét khong hoat
dong tham gia phan iing theo co ché benzyn, nhir 16ng hop este malonic cho hop chat thom.
Baza & day 1a d€ tich proton tit ZCH,Z’ va xiic tac co ché benzyn.

Phan (ng cua aryl khong hoat hod ciing diing xic tdc halogenua dong (phan (ng
Hurtlev} va phiic paladi.

Phan iing ciing ¢é phan tng déng vong:
) , COCH;
KNII N_ OH
O, NIty

<0 N

NH !

H
Hop chat dang CHiZ c6 the aryl hod trong amoniac long ¢6 Na hay K:

ArX + CH,—C—CH; —-l-(-- ArCH,—(C —CH; + ArCl'lg—q}{—CH3
‘ ﬁ) T N, ol
O

Sin pham thu duge tuong ty (tuy 1y 1é khic nhau) khi khong ding Na hay K ma dung
dich dugc bic xa bang dnh siang UV gan.

Co thé thay halogen trong chat ban ddu bang cic nhém di ra NR;*, SAr duge nhung
theo co ché Sy/ va thuong ding mudi sat (1) dé kich thich.
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Ton enolat clia xeton phan dng véi Arl trong t8i va trong trudng hop niy ngudsi ta ¢6

thé thém chat kich thich:
R,C=C—R + Al —» R,C—C—R + Arl®
0® )

Do d6 co ché phan tmg nay 1a co ché SET.

Axit malonic va (B-xeton este aryl hod v6i hieu suit cao khi tac dung véi aryl chi
tricachoxylat:

RCOCHR'COOC,H; + ArPb(CH;CO0); — RCOCATrR’COOC,H;

hay vdi triphenylbitmut cacbonat (CgH;);BiCO;.

Khi dung axetat mangan (II7) ¢6 thé chuyén hén hop Arl va ZCH,Z" thanh ArCHZZ".

16- Phan ting chuyén hod ArX thanl este

Aryl bromua v iodua tidc dung v6i monooxit cacbon, ROH v baza khi ¢4 xtic tic
phic paladi cho este cacboxylic:

bazo

ArX + CO + ROH ———— ArCOOR
phiic Pd

Néu dung H,0, RNH; hay kim loai kiém hodc canxi cacboxylat thay cho ROH sé& cho
axit cacboxylic, amit hay anhydrit hon tap tuong ing. C6 thé ding niken cacbonyl Ni(CO),
va dicoban octacacbonyl Coy(CO)y thay cho CO. Aryl clorua chuyén thanh axit cacboxylic
bang di¢n hod. Aryl iodua chuyén thanh andehit bing tic dung vdi CO, (C4H,):SnH va
NCC(CH;),N=NC(CH;),CN (AIBN).

Tetraaxetat chi dung dé chuyén phenol cé nhém thé hydrazin & vi tri orthe thinh este
cacboxylic:

CH; ' N
C=—N—NHCOOC,H; Pb(OCOCH:hRQC:O
—_——
| |OH COOC,H;s

Xeton thom khong d6i xitng téng hop tir aryl iodua va aryl thuy ngan halogenua véi
niken cacbonyl:

Arl + Ar'HgCl + Ni(CQO); — ArCOAr’
17- Phan itng ankyl hod Ziegler
Cac hgp chat di vong bi ankyl hod bing ankyl liti got }a phan itng ankyt hoa Ziegler:

R _ R A =
| + CyHyLi —m | CiHy = l P
N/ I?I H N C‘-IH‘)
Li
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Néu diung aryl liti cho phan ong aryl hoa.

Phan tng xdy ra theo co ché cong - tach mi san pham cong ¢4 thé tach ra duge vi khi
dun néng sin pham cong nay sé tich ra Lill thu duge sdn pham ankyl hod. San pham thu
duge 1a the¢ ¢ vi tri 2 nhu phin dng SxyAr nhung ¢ khic 1a o day cap electron Khong lién két
cha N to hop v6i liti hay cap electron thém vio trong vong trd thanh cap electron khong lién
két mdi coa N.

Phan img ciing dp dung cho cdc hop chat thom khong di vong nhu benzen, naphtalen,
phenantren ciing ankyl hod bing co liti, cd magie cling ankyl hod dugc naphtalen. Trong
truong hop nay ciing xay ra theo co ché cong tich.

Hop chat nitro thom duge metyl hod bang metylua dimetyloxosunfoni hay cacbanion
metylsunfinyl (do baza tic dung véi dimetyisunfoxit):

0 NO,
NO; .o 2CH,
CH;SCHS ~
+ hey O — +
]
(CH;),SCH; Hy

Tac nhan nay ciing metyl hod dugc mot s6 di vong nhu guinolin va mat s6 hop chat
thom ngung tu nhu antraxen, phenantren, nhung thudmg ding metyl hod nhing hgp chat
khéng ding duoc phan (ng Friedel Crafts. Hop chit nitro cing ankyl hod biang tic nhan
ankyl hod khac vao vi tri ertho va para nhu ankyl liti khi c¢é chat oxy hoa nhu Br, hay DDQ.
Trinitrobenzen ankyl hod bang silan RSi(CH;), (R=CH,COOCH,, COCH,, CH,CqHs.
CH,~CH=CH,) khi cé KF vi ete crown.

Phin (ng ankyl hod hop chit nitro bing nucieophin cacbanion ¢é clo & cacbon
cacbanjon:

NO, oNO, ¢! ° 1
o I ch-z ~CHZ .
W + G = W H O o W E J -
b ==
: NO,

CCH—Y
W

véi Z 1a nhém hiit electron SO3R, SO,0R, COOR hay CN iam 6n dinh dién tich am,

Tdc nhin nucleophin tdn cong vao vi tri otrhe vi para hoat dong hon déi vé nhom
nitro. Ton H 13 nhém di ra khong binh thudng, nhung cle bén canh lam che hydro bi thay
thé nén goi clo 1a nhém di ra "lay” hay thay thé (vicarious) nén phan Gng nay goi la phian
tng th¢ aucleophin “lay” (hay thay thé ciua hydro, vicarious nucleophilic substitution of
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hydrogen). Cic nhém khéc nhur OCH,, SCsH; cling ¢6 tham gia nhung clo 13 (St nhat.
Phan ting ciing xay ra véi di- hay tri-nitrobenzen hay nitronaphtalen hay nitro di vong.
Cang diang tic nhan ZC RCI nhy BrsC™ hay CLC cho san phim ArCHX, réi thuy

phan cho andehit. Day 1a con dudng gidn ti¢p dé fomyl hod hop chat thom cé mot hay nhiéu
nhém nitro ma khéng ding phan img fomyl hod théng thudng,

18- Phdn ing amin hod hop chdt di vong nite

Pyridin va hop chat di vong chita nito khdc bi amin hod bing amidua kim loai kiém
goi la phdn img Chichibabin:

" . =
(‘j + NH, 0020C ) + H,
N N~ NHO

Tdc nhan tdn cong vao vi tri 2, khi hai vi tri & ortho bi thé méi tan cong vao vi tri 4.
C6 thé ding amidua thé¢ RNH™ va R;N™. Co ché 12 Sy Ar.

Khi amin hod quinolin di xdc dinh duge chat trung gian cong ma da xic dinh bang

=
L
N~ NH,
e
Ciing rhu tir 3-etylpyridin cho 2-amino-3-etylpyridin va mot s& dj vong khdc khong
quan sdt thdy sy hink thanh benzyn. Hop chat nitro khong cho phan éng nay nhung cé the

pho NMR ¢6 cau tric sau:

thu dugc san phdm amin hod khi ding quy téc “th¢ lay” (vicarious) bing nhém 4-amino-
hay 4-ankylamino-1,2,4-triazol lam nucleophin vdi nhém di ra “lay” la vong triazol theo co
ché nhv phan Ung 18,

19- Phdn ting amin hod bdng hydroxytamin

Cdc hop chét thom hoat dong ¢6 thé amin hod tryc ti€p bang hydroxylamin khi cé

baze manh:
NO, Il\IOZ
I L‘:H5O
+ NH,0H —— OO
NH,

Diéu ki¢n phan ing nhe nhang va hiéu suat cao. Phan tng di qua chat trung gian véi
nucleophin 12 "NHOH:

NO
NO, I\02 NOa :
! -H I{A
Swor — () 4—@:)
H” “NHOH NH,

144



20- Phdn ting chuyén vi von Ricliter
Hop chat nitro thom tic dung véi ion Xyanua xay ra phan ng thay thé nhém nitro va
nhém axit di vao d vi tri erthe cia nhom nitro vai phan itng the ké (thé cine), khéng vao vj
tri meta hay para:
NO,

o _ COOH

z

Phan (tng ndy goi 13 chuyén vi von Richter ¢ pham vi rat rong. Cling nhu cdc phan
tmg thé¢ nuleophin khdc, nhéom thé hiat efectron ¢ vi tri erthe vi pure cho phan ing xay ra 1ot
hon, nhung thuong cho hiéu sudt thap, thudng dudi 207 vi khong bao gitr qud 50%.

Quad trinh khong ¢d su hinh thanh chat trung gian nitrin ArCN, N, & sén pham chinh
md Kkhong phdi NO, va lien két nito-nito hinh thanh trong qud trinh phan ng, nén
Rosenblum dua ra co ché nhu sau:

Chat trung gian (17) 13 hop chdt bén ¢4 thé t6ng hgp doc lap dugce, 13 chét trung gian
trong diéu kién chuyén vi von Richter. Néu Z trong (16) fa Cl hay Br, tic dung vdi xyanua
trong H,'"O thi mot nira oxy dinh du c6 trong sdn phdm thu dugc v tim thdy mét nira oxy
cla nhém cacbonyl di vao tir nhém nitro, con mot nira di vio tir dung méi. Diéu dé da xic
nhian cho ¢o ché 1rén.
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21- Phdn aing chuvén vi Sommelet-Hauser
Muéi benzylamoni bac bon tic dung véi amidua kim loat kiém thu dugc san phim
benzylamin bac ba:
@

FH:N(CHQ;X‘ NaN1, ?H-‘
—_—

Sin pham nhu 3 két qua cia phin itng chuyén vi goi la chuyén vi Sommiet-Hauser.
Phan (ing cho hiéu suét cao vi ¢d thé cé cdc nhém thé khéc trong vong. Mudi amoni thudng
duing khi ¢6 ba nhém metyl dinh vdi nito, nhung ciing ¢6 thé dong cdc nhém th€ khdc nhung
néu ¢d hydro 3 thi ¢6 phan (ng tich Hofmann canh tranh. Mat khéc cling ¢ phin tng
chuyén vi Stevens canh tranh, mac di phin ing chuyén vij Stevens thich hop & nhiét do cao,
con chuyén vi Sominelet-Hauser thich hgp hon & nhiét do thap.

Co ché xay ra nhu sau:

©
® . CH
CH,—NR, ity e ke
SR I SNR, == VALS:
gy CIh CH, CH,
(19) (20)
Cliy. © _cin, CHs
o™ — (e —~QOL
»_CH, CH,NR,

(200

‘Trong muoi benzylamoni (18) ban ddu, hydro benzyl ¢6 tinh axit cao ¢6 kha nang mit
proton dé hinh thanh ylit (}9) va mot lugng nho (20) do chuyén vi & dang can bing, nhung
can bang nay thich hop cho (20) 1dn cong vao nhan benzen. Nhu viy co chéd o day gidng co
ch& chuyén vi sigma[2,3].

Ciing ¢6 dé nghi mét co ché khdc 1a nhom metyl phan cét ra khoi nito dé tin cong true
ti€p vio vong benzen, nhung thye ¢ khong tim thiy san phdm theo co ché nay ma chi thu
dugc san pham chuyén vi nhw phin itng clia (21) & duéi khong cho (22) ma chi thu duge (23

'H, "Hy o)
,CHN(CH}), /CIIEN(CH3)3
i

CH
Qn 21 (23)

San pham trén t chuyén vi vao vi tri ertho nhung trong mat 56 trudng hop thu duge
mot lugng nho san phim chuyén vi para.

Cdc sunfua ylit ¢6 nhém benzyl cling ¢d phan iing chuyén vi trong ty.
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22- Phdn 1ng chuvén vi Bamberger

Aryl hydroxylamin téc dung vdi axit chuyén vi thanh aminophenot.

NH—OH . NH,
@ H
HO™

Phan tmg chuyén vi clia aryl hydroxylamin nay goi {a phan ting chuyén vi Bamberger
do su tin cong cla nucleophin ma khong phai electrophin. Phan tng [a chuyén vi gilra cdc
phan tr theo co ché sau:

NH—OH NHOH2 NH
o ot o

: {24)
H,0 ZNH NH,
e H. —
-

H:O® 25) O

Co ché duge chitng minh bang su kién la cé tim thdy san phdm khic khi ¢6 canh tranh
¢ta nucleophin khdc nhu thu duge p-etoxyanilin khi c6 etanol vi khi vi tri pary da bi chuém
ciing tach ra duoc san phim tuong tu nhu san phim (25). Trong trudng hop 2.6-dimetyl-
phenylhydroxylamin, tim thdy chat trung gian 1a jon nitreni (24) ¢6 thé do dugc thdi gian
tén tai trong dung dich. Phan (ng cha ion nitreni (24) v&i nude tim thay bang khong ché
khuéch tan.

23- Phdn ting chuyén vi Smilex

Phan dng chuyén vi Smiles 12 phan Gng th€ nucleophin ndi phan tir:

Z
-~
GO —
~y C

~

Z

Phin tng dién hinh 14 phan ing sau:

cqrcRcalic
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Nhém SO,Ar 1a nhém di ra, ArO” 1 nucleophin va nhém nitro 13 nhém thé hoat hoa
vitri ortho. Vi tri the thuong gin véi nhém hoat hod béi nhdém nitro & vi tri ortho hay para.
X thuong 1a 8, SO, 50,, O, COO va Y thuimg ta bazo lien hop clia OH, NH,, NHR hay SH.
Phdn ting ¢6 thé Y=CH,~ véi phenyl liti 12 bazo.

Toc d6 phan g tang Ién khi ¢6 nhém the & vi tri 6 chia vong bi tan coéng do 1ap thé.
Chang han nhém metyl, clo hay brom ¢ vi tri 6 cla (26) lJam cho 16¢ d6é nhanh hon cic nhém
do & vi i 4 dén 10° lan, tuy hiéu (ng cam iing & cdc vi tri nay twong tu nhau.

Toéc do tang con vi cau dang clia phan tir nhan & vi tri 6 nhém ¢6 thé tich Ién ciing la
cdu dang thich hop hon cho chuyén vi do entropi hoat hed kém hon.

Phan ting chuyén vi Smiles thudng chi xdy ra trong cdc hop chit cé hai vong.
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Chuong 7

PHAN UNG THE ELECTROPHIN S, CUA
HYPROCACBON ALIPHATIC

Phan 1tng thé electrophin Sg xay ra do sy tdn cong cla tiéu phan thi€u electron vio
trung tam phan iing giau electron cla chit ban ddu:
So d6 chung nht sau:
R-Z + E* — R-E+Z*
Chit ban dau phai c6 trung tdm cé mat d¢ electron 1dn nhu hop chit aliphatic chua no
hoac hop chat no duge hoat hod bang nhirng nhém thé cho electron.

Tdc nhan electrophin 1a nhitng 1dc nhan cé obitan tréng nhu cac ion duong hoac nhimg
hop chat ¢d obitan chura chat ddy.

Ciing nhu phan ng Sy, phan img S ciing cé hai co ché€ [a Sp/ va Sg2, wong Sp/ hop
chdt trung gian la cacbanion, trong Sg2 hop chat trung gian & trang thdi chuyén mang di¢n
tich duong. Kha niang phan ¢ng phu thudc vao dé bén cla cacbanion hay trang thdi chuyén
di qua nhitng trang thai trung gian khdc nhau,

Trong trang thdi chuyén theo Sg, con cé nhimg trang thdi chuyén nhiéu trung tam la
nhimg trang thii chuyén vong khi tdc nhan ¢6 hai hay nhidu trung tam: electrophin v
nucleophin vh hgp chat ban ddu cé hai trung tim: trung tam nucleophin ctia chit ban ddu va
electrophin cia nhém di ra Z:

Nu

Nhitng phan ting nay thudng goi 13 phan dng Sgi. Co ché niy xdy ra khi cé xdc tic
ciing nhu khi ¢6 solvat cia dung moi.

Quan trong va phd bi€n 1a phan iing Si cha ankan ¢6 trung tam hoat hod.
7.1. CO CHE

Phan ting th¢ electrophin lién quan tdi sy di ra cha nhém di ra ¢é tinh axit ma trong
ankan thi proton hdu nhu khéng ¢d hoat tinh nhung phan tng th€ electrophin c6 thé chon vi
uf axit hon, ching han & vi tri o cia nhém cacbonyl hay vi tri ankynyl, cdn cic ion kim loai
dé mang dién tich dwong nén cdc hop chdt co kim thich hgp cho loat phan ing nay.
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Nhitng hgp chat ¢é lién két phian cuc dé dang chiu sy 1an céng cua tic nhéan
clectrophin, dién hinh la cdic hop chdt co kim, xay ra theo phan tng th¢ Sg. Ching han nhu
mot $O phan tng sau:

CH;-MgBr + Br-Br — CH;-Br + MgDBr,
C,Hs-Hg-C,Hs + HgCl, — 2C,H;-HgCl
CH;=CH-CH,Li + HOH —,. CH,=CH-CH; + LiOH
Phan iing thé electrophin ¢6 thé chia ra lam bon loai co ché: S/, Sg2 (tdn cong sau),

Sg2 (tdn cong dién) vi Sgi. Trong cdc co ché dé chi ¢6 Sg/ 1a don phan 1o con lai 1a ludng
phan tir.

7.1.1. Co ché Sg./

Co ché Sg/ clng twang tu nhu S/, gém hai gial doan - giai doan ion hoa cham va gial

doan 16 hgp nhanh:
R—z 2 P4z
®, E'— R—E

Phin wing phu thuoc vao do bén cua cacbanion. Cacbanion bén khi ¢6 nhém the hit
electron hoic duoc gidi toa. Cacbanion tao thanh ¢é cau hinh phang hay gdn phing hoic
hinh thap vdi su nghich dao cdu hinh:

R H H @
~ Y.
R" - LC ) = { X~ H —H
RE— Vg :/ Ny rd é
cdu hinh cuchanion st nghich diao cachanion cachanion phing

Chang han nhu phan dng tao thinh cacbanion:

H; Hz

—H S N +NH

(\ + Na'NH, == @/C\ 3
=== C=N

Cacbanion ndy dugc 6n dinh do gidi tod duge dién tich am vdi nhém the (C=N, CHy)
1am cho cacbanion ¢6 cdu hinh phang hay gdn nhu phiang. Tinh 6n dinh c6 thé thiy trén céc
cong thic cong hudng:

¢ty fHs
O O e O,

Tit cacbanion phang c6 thé cho cdc sdn phidm bao 1odn c4u hinh, quay ciu hinh hay
raxemic hod phu thugc chu y€u vao dung moi.
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Co ché Sg/ duge nghién cifu qua sy tautome hod xic tdc bazo. Trong phan ing:

(4, ; Ha

— c—C¢H +DOD—('—- C.H~—C— C— CeHs
C2H5—$ E 6815 »n o 215 ([ i
H D
gquang hoat

(6¢ do trao d6i déng vi deutri ¢6 cling tdc do v6i raxemic hod va & day ¢6 higu ting dong vi.

Van dé cachanion ¢6 lien quan 13 hod hoc lap thé cia phan ing Sg/. Chiang han, &
phan img Sy/ khong xdy ra & cdc ddu cdu 1rong hé vong kép, nhung lai ¢6 ché cho phan (ng
Sl tuy ring cachanion khong phing thi khong on dinh bing cong hudng.

Cacbhanion néu ¢é ciu tnic phang thi cé hién tugng raxemic hod, néu ciu tric hinh
thap va giir duge cdu tric cacbanion thi ¢6 bao toan cdu hinh. nhing néu khong gilt duoc ciu
triic nghia A ¢6 su nghich ddo ciu hinh thi cho raxemic hoa. Ching han, cacbanion ankyl 13
dsi tuong duoc diing dé nghién citu hod hoc 1ap thé dé hon cacbanion khdc, o day luon tim
thdy su raxemic hod. diéu d6 ¢6 thé do el tric cacbanion phing hay hinh thdp chuyén hod.
Mat khic raxemic hod cdn do sy ton tai 1y do cla cacbanion hay solvat déi xing.

Néu cacbanion phing khong cho raxemic hod, Cram da tim thiy su bao toan hay
nghich ddo & phin (ng phin cat ankoxit:

R’ R i
|

Do L Boru+ c=0  R=CsY
b " C,Hs

la phan ting S/ bac nhit do cacbanion cdu tric phang do cong hudng, kbi thay dai dung mé
tim thdy su thay déi tr 99% bao todn cdu hinh dén 60% nghich ddo ciu hinh vi raxemic hod
hoan wan. Didu dé duoc giai thich bdi cacbanion khong hoan toan ty do ma bi solvat hod.
Trong dung moi khong phan cuc khong solvat hod nhu benzen hay dioxun, ion ankoxit 16n
tai 0 dang cap ion solvat b BIL:

H— B

0

CARVE JH—B + —» R—H + B
>-- M .

Q@ — CR,

fQCR2

trong khi phan cit, proton cia dung moi chuyén dong tdi solvat cacbanion hinh thanh mai.
Su solvat 13 bat d6i xing vi phan tir dung moi luon & phia dién cira cacbanion. Khi cacbanion
thite t&€ da lién ket véi proton nén cho két qua la biao toan cdu hinh ban dau. Trong dung moi
proton nhu dietylengiycol, metanol, nhém di ra solvat cacbanion, dung moi chi ¢6 1he solvat
tir phia nguge lai, nghia 1a ¢6 su tin cong sau do phia dién bi chan boi nhém di ra nén thu
duge san phdm quay cfu hinh vai k = 0,7,



o N e

O --H— B---M —H---R--O
(l H B—H---R T R—H + B
%CR2 CR,

¢ap ion-dung mai

Sy hinh thanh lién két C—H cho két qua ciia sy nghich dao ciu hinh.

Su raxemic hod thu dugc trong dung moi aproton phan cuc nhu dimetylsunfoxit. Dung
moi nay ¢ kha nang solvat hod cacbanion, cacbanion tén tai lau hon, di thoi gian cho tic
nhan E* tdn cong vao solvat doi xting, mat khic, dung méi solvat cacbanion lam cdch xa
duge cation, do dé trong trudng hop ndy san phdm thu dugce 1a raxemic hod:

qH3 H3
o [ e
(I:I 3 H3

Véi dung moi ion hod thap ¢6 tao duge lién két hydro, nhir ancol tert-butylic cho san
pham wu tién bao toan cau hinh. O day cacbanion té hop chat vdi cacbanion va solvat hod &
phia di¢n vi tac dugc lien ket hydro. Trang thdi ndy thuan loi cho sur tich hydro ra khoi phin
tu dung méi lién két hydro nén dan (i san phdm bio todn c&u hinh. Phan irng nay cé e do
1én so v truong hop dung moi dimetylsunfoxit bang 10/1:

R T\' K® (CH;1COH
t ®S e.-" _—
Ne—D + K OCCHy); == R ¢ N\
Rz"' R . U C(CH3)3
R 2 Ry
3 {(: <& Rig &2
.- ‘D\C — C—H + K OC(CH;);
\"-H’ (CH3); Rz’/
R Ry
2 Ry
Bing 7.1. Anh huong chia dung moi dén t6c d6 phan g
Cung médi Bazo ks Cau hinh
(CH,},COH (CH,),COK 10 bao toan
DMSO + (CH,),COH (CH,),COK 1 raxemic hoa
Bietylenglycol {HOCH,CH,),0 Q.7 nghich dao

Ba tim thdy cacbanion tao thanh bdi trac ddi hydro ¢6 xidc tdc bazo:

R-H + B-D 2_‘: R-D+B-H +voiB =bazo;R = CeHC(CN)C,H,
Trong trudng hop nay da cd nhitng thong bdo vé do 1y 1¢ kg, 12 hing s6 t6c do trao ddi
dong vi va k, 1a hing s6 t6c do raxemic hod. N&u ty 1é kg, / &, 16n hon | thi cé sur bao todn
cfiu hinh, cho thdy nhicu su trao doi déng vi khong gay ra su thay déi cdu hinh. Ty le &y, / k.
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xdp xi bing 1 thi ¢6 sy raxemic hod, con ty 1¢ 12 /2 twong (ng v6i s nghich dao cAu hinh.
Tat ca ba loai anh hudng 1ap thé nay déu tim thdy sy phu thude vao R, bazo va dung moéi.

Su phan cdt ankoxit 13 phan iing bdo toan cdu hinh trong dung moi c6 hang s& dién
moi thap, raxemic hod trong dung mo6i aproton phin cuc va nghich dao trong dung moi
pl'O(Oﬂ.

Trong phan Ung trao d6i proton tim thay loai thit tr. Trong dung moi aproton, bazo
aproton nhu amin bac ba ty té &, / &, tim dugc thap hon 0,5, chi réng c6 sif raxemic hod xay
ra nhanh hon su trao doi dong vi (goi qud trinh nay 1a déng raxemic hod hay isoraxemic
(isoracemization). O didu kién nay, axit lién hogp clia amin két hgp chat vdi cacbanion nhu
cip ion. Cap ion nay phan ly dii xa dé cacbanion quay hudng khdc va bat 14y proton:

\ 'c C\ ‘b o
G, ;@ . '

#—D + N(CHs); == ?"'DN(Csz)‘g - {---DN(C?_HS):’a
a

a a
b\
— c—D 1+ N(CHs);
— 7
d

Su nghich ddo (bhay raxemic hod do lap lai m6t 1dn nghich ddo nita) khéng tim
thdy trao d8i. Su nghich ddo khong c¢6 trao d8i goi 12 dong nghich ddo (hay isoinversion).

Qud trinh nghich dao khéng ¢6 trao d6i déng vi (déng nghich dao - isoinversion) con
do tiéu phan dién tich duong di chuyén doc theo phan tit tir mot vi trf nucleophin nay 18i vi
tri nucleophin khdc. Chang han, trong phin {mg trao ddi cla 3-cacboxamit-9-metylfluoren
(1) véi tripropylamin trong butanol cho thdy, amin nhén 18y proton tir vi tri 9 cia (1) va dva
proton 161 oxy cha C=0 doc theo phan 1l va trd vé 9 & phia nguoc lai ctia anion:
e

H;

. o
CONH; ( @— NH,
ICH ‘

., &
A HNR,

‘ ‘ CONH, C C CONH,

(4) (5}

Qué trinh di tir 1- 2 —> 3 —> 4 — 5 vdi sy nghich ddo ma khéng ¢6 trao ddi. Qud
trinh nly goi 12 co ch€ di chuyén theo mach (conducted tour mechanism). Néu di ur déng
phan cia (1) 12 2-cacboxamit thi cling khong ¢§ su déng raxemic hod (khong cé su
isoraxemic hod hay isoracemization). Trong hai trudmg hgp nay, dién tich 4m & trén nguyén
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tir O trong anion (3) thap hon vi dang cong hudng dé€ cho O hoan toin mang dién tich am,
con dang cong hudng (6) va (7) lai phd huy cdu tric mot vong (7) hay hai vong benzen (6}

(I)e
NSO NR, @Q:j
ag Ao
(©) M R,

Quad trinh isoravemic hod xdy ra theo co ché di chuyén theo mach phu thuéc vao ciu
tric chit ban dau va bazo.

Cacbanion vinylic ¢6 thé bio toan cdu hinh theo S¢/. Ching han, rrans-2-brom-2-
buten chuyén thinh 64 + 74 axit angelic chi c6 4% axit déng phan cis - axit tiglic:

C H, Br | L CH; _ COOH

(C"'C Xy f—c
e, “cH,

Trong mot s6 trudmg hop, cacbanion c6 dién tich m 6n dinh bing xen phi véi obitan
—d ciing cho san phim béo toin c4u hinh.

N6t chung, cacbanion ¢6 cdu triic hinh thép tao thanh khi di }y R-Z, trong trudng hop
chung, hod hoc 14p thé clia trung tam phan iing duge bdo toan. So vdi Sy/, giai doan thit hai
o day la su tdn cong ~0a E* vA R™ vu ¢d thé xay ra ba trudng hop phu thude vao tuong quan
vdi t6¢ do nghich ddo.

- Phan ting xay ra ra nhanh hon sy nghich dao hinh thdp kép cacbanion, sin phim
duge bao todn ciu hinh;

- Phan tng cham hon su nghich ddo, san phdm 13 quay cau hinh;

- Phan 1ing xdy ra ciing t8¢ do nghich dao thi thu duge san pham raxemic hod hoin
toan hay mot phin.

Phin tmg Sg/ cdn diroc xic tién bang nhém thé ¢6 kha nang 6n dinh cacbanion bing
cong hudng hay lien hop, dai da s6 phan sing Sg/ xdy ra tir hop chat ban ddu chia dien tich
am va chat di ra tr& thanh phéan tt trung hoa:

?e
H;C~C— CHpCO-CHy —» CHy-CO-CH; + CHy-CO-CILy
CH,
HO" SRCOOT

I
RCOCT; > R—% — L~ HCL
H

RCOCH,COO" —= RCOCH; +CO,
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7.1.2. Ca ché ;.2 va Syi
Cu ché S22 xay ra qua mot giai doan ¢ dang:
E*+R'-Z— [E...R....Z]" — E-R+Z"
Ciing ¢6 thé xdy ra qua ba loai trang thai chuyén:
g A
R-Z + E* —{ p [E¥---R"" Z%1"{ —= R-E+Z'

Trong trudng hop Sg2, tic nhan electrophin ¢6 obitan tréag t&n cong vao obitan bi
chifm cao cua chat ban ddu, nghia 14 chit ban ddu bit buoc phai c6 obitan chit ddy dé két
hop vdi obitan tréng. Diéu do iam cho sy tdn cong dién thuan 1oy hon & lién két C-Z, do d6
bao toan cdu hinh ma khong nghich ddo cfu hinh nhu $52.

Trong trang thdi chuyén Sg2, nguyén tlir cacbon trung tam phan iing bao toan ciu hinh
(i dién sp":

Z+
h..©
-C

Mot obitan .\‘p" chi phi cho su tao thanh lién két ba trung tdm hai electron v61 nhém di
ra vi nhém tham gia phan Ung.
Cédc nhdm thé ¢é kha nang lién hop khong c6 tdc dung 6n dinh trang thai chuyén nhu
Sx2 (¢6 su chuyén tir 31)3 sang sp%), song cic nhém the ¢ hiéu tng -/ 1am tang phan ng,
cdc nhém thé +7 1am chim phan dng, ching han:
CH,HgX + Hg'X, —> CH;Hg C + HgX,
X= Br ! OCOCH,; NO,
k= 1 7.9 1000 240000

Nhu vay, electrophin ¢6 obitan tréng di vo trung tam chdt ban ddu theo hudng cd thé,
¢6 thé hinh dung hai kha nang:

- E
— — C— 4 —» B
$¢2 (dien) S (sau)
ta electrophin t4n cong dién goi 1a Sg2 (dién) va t&n cong sau goi 1a Sg2 (sau). Khong thé tir
chat ban dau dé ¢6 thé phin biét hai khd nang ndy ma dua vao hod hoc 1ap thé ciia san pham
14 bio toan ¢iu hinh hay nghich dio.

Khi electrophin tin cong vio phia dién, cling c¢6é kha nang thi ba 1a electrophin ¢6 thé
di tdi nhém di ra hinh thanh moét lién két ndo do6 cing mot thol gian hinh thanh lién két C-E:
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E

CQEIZ\Y — C/ Y

z 4
Sei ’

Co ché nay goi 1a Sgi cho két qua 12 bio toan cu hinh. Phan tng 12 bac hai nhu 13 su
tuong tdc ndi ma tadn cong sau la khéng thé.

Su phan bi¢t ba co ché& nay khong phai dé vi ba co ché déu 12 bac hai va ¢6 hai 12 bao
toan cfu hinh. Dua vao hod hoc lap thé, phan biét duge Sg2 (sau) va Sg2 (dién) hay Sgi. Pa
s6 nghién ctu déu chimg minh phan dng 13 tdn cong dién va bao toan ciu hinh. nghia 1a
phdn tng theo Sg2 (dién) va Sgi:

Chdng han, cho ¢is~(8) tic dung vdi clorua thuy ngan ddnh dau cho 100% san phim
cis-(9). Lién ket gilta thuy ngan va vdng bj phan cit (giita C—Hg), méi san phdm chira
kheang 1/2 thuy ngan danh dau:

OCH; OCH;
CH,4 H CHs
! ' ! . + Cl*Hg
CgHe— C— CH,;— Hg + HgCly == (45— C~ CHy— HeCl o
: : )
H; (8} H Hy

Mot chitng minh khdc Ja phan (ng tdn cong dién c6 thé xay ra & cacbon diu cau 1
phan img bic hai (khdc v6i Sy2), hodc véi chét ban ddu la neopentyl thi phan img Sy2 xayra
rdt chdm, nhung lai chiu t&n céng cia electrophin theo tdn cong dién, tuy ¢é cham hon etyl.
Cang nhu da 8ng hop duoc hop chit di-sec-butyl thuy ngan ¢6 chira mét nhém sec-butyl
quang hoat va mot raxemic khdc khi tdc dung bromua sec-butyl thuy ngan quang hoat vagi
sec-butyl magie bromua raxemic.

Phan tich phén iing niy vé hod hoc lap thé cho thay lién két giita thuy ngan va méi
cacbon déu cé co hdi phin ¢ it 50%:

5 RS
vitritdncong —m= RHgX + RHgX

Néu nghich dao: .
R RS

R* Hg—R R RS
RHgX + RHgX
1dng 12 hén I.lo’p raxemic

RS
Néu bao todn: vitritincong —m- RHgX + RHgX
' Ry RS

R— Hg~R

¥i tri 14n cong —m-

R RS
VIt LAN CONG i RHgX + RHgX

ting ¢6 1/2 quang hoat ban diu

RS RS
NE&U raxemic hod; Yiuwitincong—~ RHgX + RHgX
R * RS
R— Hg—R

}

ViUl LN cong  ——jm

R RS
RHgX + RHgX

18ng ¢6 1/4 quang hoat ban diu
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HOZ_J.II tinh ban dau 1a hoat tinh ciia sec-butyl thuy ngan bromua quang hoat khi ding
dan xuft diankyl.

Ket qui thie 1€ 13 dudi diéu kién khdc nhau, san pham ¢6 mot nita hoat tinh ban ddu
chitng minh cho bdo toan cdiu hinh.

Chiang han. phan ting sau theo co ché Sg2 ciing bio toan ciu hinh:

Cotls HeCl Cots Br CoHs
| glls 2
H— ¢ —B(OC,Hy), —> H"(i‘—-HgCI — H- (T"—Bf
|
CH, CHj CH;
R(-) R(+) R(+)
[ce] = —10,4° [a] = 5,127

Song sy nghich dao cdu hinh cling di tim thay trong mot vai trudng hop chitng minh
cho co ché Sg2 (sau). chang han nhu sec-butyl trineopentyl thiée quang hoat véi brom cho
sec-butyl bromua nghich dio cfiu hinh:

_ yec-C4HySnR5 + Bry — sec-C;HyBr; R = neopentyl

Mot 36 hop chit co kim khdc ciing tim thdy sy nghich ddo cdu hinh, mot s6 khic thi
khong, nhung trong hop chat co thuy ngan thi khong tim thdy su nghich dio cau hinh.

Qud trinh nghién cdu phan ng t4n cong sau ¢6 khé khan vi khé diéu ché dwoc hop
chat c6 lién két cacbon-kim loai bén cfu hinh, khé phan gidi va dé ravemic hod. Qud trinh
diéu ch¢ dan xuat co kim c6 cacbon bat déi v6i kim loai rat khé, chi ¢é6 mot vai din xuat co
Mg thuc hign duge. do d6 nghién ciru tap thé cha phan tng thé & lién két cacbon-magie
thuong khong xdc dinh, tuy nhién cing tim thay phan tng cha hai déng phan cia din xuat
Grignard cia 2-norbornyl tac dung véi HgBr, cho 2-norbornyl thuy ngan bromua bio toan
cdu hieh. Sy nghich dio chi ¢6 khi ¢6 khé khan 1ap thé cho sy tan cong dien va khi
electrophin khong tac dung duoc vai nhém di ra.

Trong thuc t€, mot 6 truong hop co ch Sg2 (sau) dd xdc dinh duge (do tfim duoe
nghich dio c&u hinh) nhung khé phan biét duge Sg2 (dién) va Sgi dé c6 mot két luan nhat
qudn, tuy cling dd c6 phuong phip ding hi¢u ting mudi dén 16¢ d¢ phan tng. trong d6 Sgi it
chiu dnh hudng coa hiéu ing mudi hon 1a §g2. Chang han, theo Abraham trong phén ting;

Ry Sn + HgX, — RHgX + R;5nX
(X = Cl, hay I} ¢6 chd cho Sg2 ma khong phai Sgi.
Khi thay déi dung mai, trong phan tng:
see-CiHgSnR,R™ + Bry — see-C,HyBr
R =R’ = iso-propyl, va R = iso-propyl, R'= neopentyl
cling tim thdy, trong dung moi phan cuc uu tién cho nghich dao, trong dung moi khong phan
cuc cho bdo toan cau hinh.

Treén co s& nghién ciiu hoat tinh, mot dang khic clia co ché Sgi ¢6 thé xay ra khi nhém

Z di t61 tao lién két véi X truée khi tach ra:
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E\Z EQle /E
C\XJ - C\_ e )/Z

Qud trinh nay goi 1a $¢C, nhu da tim thdy mot s6 phin dng nhu (CH;),Sn + 1, theo co
che Sg2 cho chit trung gian chuyén dich dién tich v6i sy hinh thanh phitc cho-nhan electron
(EDA).

7.1.3. Phan ing thé electrophin trong hé allyl
Phan img thé electrophin trong hé allyl ciing ¢6 chuyén vi allyk:

oo U
~C=C—(13~Z + Ef — —(E—C:(IZ + Z*¥

E
Qui trinh nay tuong tu nhu chuyén vi allylic nucleophin & chuong chuyén vi. C6 hai
cdch chinh: dau tién, qua trinh xdy ra twong tu Sg/, trong dé nhém di ra di ra ddu tién cho
cacbanton allyl 6n dinh bing cong huing, sau d6 [a tdn cong elec{rophin:
| i I ] | ! | [“ | 1 ]
—C=C—(|3_Z__““[— C=C— IE) - Gb % E“"C—C=(IJ
Céch khdc 1a E 1an ¢6ng trudce cho cacbocation réi Z di ra:

|1 [ LY7o oL .
5 C—C— (=72 - —c—C=C 42

I
E
Nhié¢u chuyén vi alllyl ¢6 hydro tham gia lam nhém di ra nhung céing quan sdt thay
cdc nhom di ra la kim loai. Sleezer, Winstein va Young tim thay khi bromua crotyl thuy
ngan tic dung v&i HCI nhanh hon n-butyt thuy ngan bromua dén 107 1dn vi san pham la
90% I-buten. Phan ting nay 1a theo co ché& Sgi':

H&.. ~H
oy oS
Cc1 HgBr ClHgBr

Tuong tu, bromua crotyl thuy ngan vdi axit axetic-axit pecloric theo co ché Sg2°:

N =S

CH3 E Q7H HgBl‘
H

/H

Tinh hinh hoc cla chuyén vi allyl electrophin khong duwoc nghién ciu nhiéu nhu
chuyén vj allyl nucleophin, nhung nhiéu phan (ng cho thay phan ting chuyén vi ¢6 tinh chon
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loc lap the unti. tuy cling ¢ chon loc sya. Trudng hop ding electrophin H' va nhém di ra Ii
Sn(CHj)s, quan sat thdy ¢é chon toc 1ap thé anti va syn phu thude vao chit ban ddu 14 ¢/s
hay frans.

Co ché thé electrophin cha hydrocacbon aliphatic thic ra con it dwgc nghién citu,
khong nhu phan 1ing thé nucleophin, cho nén trong nhiéu phan tng chua cho phép khing
dinh chinh xdc cg ché.

Ngoai cdc co ché trén, ciing ¢6 nhiing phan ing xay ra theo ¢6 ché& khic nhu co ché
cong-tich khi axyl hod hydrocacbon olefin cé xuc tdc axit Lewis (phan dng 7, trang 168)
hay theo co ché vong nhu khi decacboxyl hod axit aliphatic (phan tng 22, trang 179).

7.2. CAC NHAN TO ANH HUGNG

1- Hiéu g chdat ban din

Trong phan ing Sg/, cdc nhém thé cho electron lam giam t6¢ do phan (ng vd nhém
thé hiit electron lam tang phan tng. K&t qua nay radt ra tir phan (ng cé giai doan quyét dinh
1¢c do tuong tu nhu sy phan cat proton tir axit.

Trong phin ng Sg2 (sau) Jensen v Davis tim thdy ring, hoat tinh cha cdc nhém
ankyl binh thudng nhu phan iing Sy2 (CH; > C,Hs > C3H; > is0-C3H > neopentyl) va ca hai
déu tdn cong sau va chiu anh hudng lap thé. Thyc 1€, hoat tinh nay chitmg minh cho co ché
Sg2 (sau) trong trudong hop khong ¢ anh hudng clia hod hoc 1ap thé. Dai véi Sg2 thi bao toan
cdu hinh ma qua nhic¢u nghién ctru cho thdy phu thudc vao loai phan ding. Nhu phan tng
RHgBr + Br, —» RBr, xiic tdc Br' cho két qua trong bing 7.2.

Bang 7.2. T6c dé tuong ddi cha phan tng RHgBr véi Br,

R T6¢ 4o tuang ddi R Tée 46 tugng 44
CH, i C,Hs 10,8
CiHs 10,8 is0-C4Hq 1,24
iso-C4H; 780 neopentyl 0,173
tert-C,H, 3370

Cho thdy, sy phan nhianh a lam tang t6¢ do phan (ng, phan nhinh B [Am gidm t16c do
phan ng. Sayer va Jensen cho ring sy giam 16c¢ d6 1a do khé khin lap thé, mac du sy 1an
cong & ddy 1a tdn cong dién va tang t6c do 1a do hiéu ing cho electron clia nhém ankyl 1am
on dinh trang thdi chuyén thi€u electron, Sy khé khan 13p thé ciing tim thay khi ¢6 phan
nhdnh a va cho rang néu khong 6 thi tdc d¢ phan tng 1dn hon. Tc nhan electrophin Br i6n
¢6 anh huéng 1én hon, cling nhu hi¢u dng lap thé nho cia electrophin nhd. Téc dé cla phan
ing the 1a bac hai ciia hgp chit co thi€e tim thdy tang khi tinh hit electron tang trong nhém
thé. Biéu dé gin cho phan tng Sg2 la cap ion twong w nhu cg ché cap ion clia Sneen trong
thé nucleophin.
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2- Hiéw tmg ciia nhom di ra

Ca hai co ch€ Sg/ va co ché€ bac hai, lién két C-Z phan cuc cang 16n thi nhém di ra
electrofuge cang dé, cdc nhém di ra kKim loai trong dé kim loai ¢ hod tri 16n hon 1, ban chét
cta cdc nhém khic n6i v6i kim loai cting anh hudng dén phan (ng. Ching han diy phan ing
co thuy ngan RHgW vi d0 4m dién cia W giam, tinh phan cuc cia lién két C—Hg giam va
ion HgW" kém bén hon, kha nang electrofuge cita HgW gidm véi su tang do am dién clia W.
T d6, nhém HgR'* (tir RHgR’) di ra t6t hon HgCl (tir RHgCl). Thit we di ra: Hg-rert-C,Hy >
Hg-rvo-C;Hy > HgC;Hy > HgCH, khi axeton phan R,Hg, ¢6 nghia la do phan nhdnh cao clia
nhém ankyl da 1am én dinh 6t hon dién tich duong. Nhu vay, nhém di ra 13 kim loai 1a thich
hgp cho S/, trong khi d6 nhém di ra 1a cacbon tim thay co ché bac hai.

Tuy vay cing c6 nhitng két qua nguoc lai, nhém di ra cacbon thuéng 13 Sg/ va nhém
di ra kim loai lad co ché€ bac hai nhung co ché khong dé chitng minh va nhiéu diéu con
chua ré.

3- Hiéu ing dung maoi

Hiéu tng dung moi trong co ché S/ cho thdy dung méi cé anh hudng dén co ché,
tang tinh phan cyc clia dung moi 1am tang kha nang cho co ché ion hod nhu trong co ché Sg/
so v@1 co ché bac hat khong ion hod, cdn gilta Sg2 (sau hay dién) va Sgi tht toc do Sg2 tang
khi tang tinh phan cuc cta dung moi, con Sgf thi it anh hudng.

7.3. CAC PHAN UNG S CUA HYPROCACBON ALIPHATIC

I- Phdn ting trao 46 déng vi hydro

R-H + D" ==R-D + H'

Phin ung trao ddi déng vi thyc hién khi ¢4 axit hay bazo. Phin ing trao déi dung dé
nghién citu co ché ciing nhu tinh axit twong d6i, nhung ciing ding dé tdng hep cdc hop chat
perdeutri hay pertriti.

Trong diéu kién axit nhy H,SOy chi c6 thé trac déi d& dang vdi axit nhu axetylenic,
allylic... Hydro béic nhat, hai hay ba ciia ankan ¢6 thé trao d6i khi tdc dung véi supeaxit. Thir
tu hoat tinh 12 hydro bac 3 > 2 > 1. Khi ¢6 lién két C~C ciing ¢6 phan cit C-C.

Co ché trao doi nhu d6i vdi metan, do sy tdn cong ctia H' vio lién két C-H cho ion

metanium nam hod tri ma mat di H, cho cacbocation ba hod tri:

+

Y ~H
CH;—H == |SIGEREEN
’ AN T
lon metanium CH," ¢6 lien két ba trung tam hai electron khong ducic coi nhur 1a trang
thai trung gian nhung da phdt hién ra bang quang phé khéi v bing IR & trang thdi khi.

e CH3+ + 1’13

Hai electron trong lién két ba trung tam hai electron cé thé chuyén dong theo ba
hudng phi hgp vdi tinh d6i xing bic ba vé c&u triic. Cdc electron ¢6 thé chuyén dong (61 két
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hop v6i hai hydro cho CHy' tu do (phan tng thuan trén), két hop CH; v6i mot trong hai
hydro va hydro khdc tich ra dang H' (phan ttng nguge uén). Thuc t&€ cation metyl khong bén
& diéu ki¢n phan tng d6 nén c6 thé rd vé CH, hay cong hop véi CHj cho san phdm cdng cao
hon, thugmg 13 cation rer7-butyl bén trong moi trudng supeaxit.
Trong mai truesng bazo, phin ing trao d6i 1a Sg/:
R-H+B —— R +BH
R +BD — R-D+F
Su trao ddi thuc hién véi proton tuong d6i axit, nhu hydro « cta cacbonyl nhung vai
proton axit y&u chi trao do1 khi c¢é baza da manh.

Cic ankan va xycloankan khéi lugng cao hay thip déu dé deutri hod hoan toan cho
perdeutrt khi tic dung v&i Dy khi va xic tic Rh, Pt, Pd.

Cic xycloanken dé perdeutri hoa kbi tic dung vé1 DCI/D,0 lodng trong Sng pyrex &
165 + 280"C.

2- Phdn ting chuyén vi néi doi

1.ién k&1 doi cla hop chat khong no trong moi truding bazo manh s& chuyén vi:

NH,
(CH,),SO

C<H,,-CH,-CH=CH, C;H,,-CH=CH-CH;

Lien ké&t d6i ciia nhiéu hop chat khéng no thay déi khi tic dung véi baza. Trong nhiéu
trudmg hop tim duge hon hop can bang trong d6 hop chat bén nhiét dong hoc wu tién hon.
Thudng mot lien k€t d6i mdi dé hinh thanh khi & dang lién hgp véi lién két doi khiac hay véi
nhan thom. Trong su chuyén hod nay cling 4p dung quy tac Zaitsev, nghia la lién két doi di
tdi cacbon it hydro nhat, Do dé olefin cudi mach di téi olefin gilta mach, olefin khong iién
hop di tdi olefin lién hop, olefin vong 6 canh exoxyclic di t6i endoxyclic.

Co ché ctia phin ting 1a bazo {dy hydro cho cacbanion 6n dinh cong huéng réi 16 hop
tiép voi proton cho olefin bén hon:

=) ©
1- R-CH,-CH=CH,; + B "—*[R—CH—CH=CH2 - R—CH=CH—CH£I + BH"

) e © BH"
2. [R-CH-CH=CH, < R-CH=CH-CH, ] —> R-CH=CH-CH; + B

Co ché diing nhu chuyén vi alllylic trong thé nucleophin. Phé UV di tim thay
cacbanion gidng nhau cia allylbenzen va 1-propyibenzen trong dung dich chira NH, . Axit
BH" proton hod vi trf cho san pham bén hom, 1y 1& hai san phidm c6 thé thay déi véi dac tinh
cta BH™.

Trong mét vai trudng hop tim thdy sy chuyén néi doi bing xiic tdc bazo ¢d tinh chat
1oi phéan ti. Tinh chat n6i phéan tir ndy ¢d thé quy che co ché di chuyén trong mach, trong dé
bazo hudng dan proton tir vi tri cacbanion nay tét vi tri khic;
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H—B H—B
R—CH,—CH=CH, +B = R-C{ /,'CHz == R-CH /C“z

-, >

CH CH
== R-CH=CH—CH; + B
Lién két ba cling doi chuyén twong tu khi ¢6 bazo nhung di qua chat trung gian allen:

R-CH,-C=CH == R-CH=C=CH, == R-C=C-CH,

N6i chung, cdc bazo manh nhue NaNH, chuyén ankyn trong mach téi ankyn diu mach
(16t nhat dung kali 3-aminopropylamit) vi can bang chuyén vé phia tao ion axetylenic, vai
bazo yéu hon nhu NaOH thi cdc ankyn trong mach thich hep hon vi c6 do bén nhiét dong
hoc cao hon. Trong mot 6 trudng hop phan ng dimg lai & hyp chat allen vi phuong phap
trd thanh phuong phap téng hop allen.

Su chuyén vi lién két doi ciing xay ra khi ¢6 xdc tic axit. C6 thé dung proton va axu
Lewis. Co che khi ¢6 proton ctia axit i nguee voi co ché trude, ddu tién nhan proton tao
cation (tride 13 mat proton):

l- R-CH—~CH==CH, + H"~—= R- CHZ*—?H—C}h
2- R—CHQ"%H_ CH;, —™ R-(CH=CH—CH, + H'

Néu cht ban diu 6 kha nang dinh chd lién két doi thi ¢6 thé tao nén hén hop cdc
dong phan, nhu 1-dexen déng phan hod thanh cis v trans-2-dexen ma con c eis hay trans-
3-, 4-, S-dexen va ngay ca anken cd nhdnh do chuyén vi cacbocation. Tuy nhién cé mot
olefin bén hon wu tién nhung tinh bén cda nhiéu olefin gin gidng nhau,

Lién két ba chuyén vi khi ¢6 axit manh hon HF-PF4, néu co ché gidng anken thi chat
trung giaa 13 vinyl cacbocation,

Ngoai ra, syt chuyén vi ndi doi o6 thé béing quang hod, hay chuyén vi sigma vi xdc tic
cua cdc ion kim loai. Khi ¢6 xuc tde jon kim loai, ¢6 hai kha nang vé co ché.

Co ché€ c6 dung dén hydro bén ngoai goi 12 co che¢ cong tich cdia hydrua kim loai:

Mil f}d M1

v co ché khong dung dén hydro ngodi goi 1a co ché phic r-allyl:
1
M i

M

M . .

R—Cl— CH=CH, = R—an—-cnécuz —_— R—CH\ ’ /:.H2 =
M "CH

fi=

= R—CHLCH—— CH, R-CH = CH— CH;
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Su khac nhau giita hai co ché€ 12 dich chuyén {2 & co ché dau va dich chuyén 1,3
cha ¢o ché hai, chang han déng phan hoa 3-etyl-1-penten khi c6 Fe(CO),; xic tic la co
ché phitc n-allyl, 1-buten khi ¢6 rhedi (I) 1a co ch€ hydrua kim loai. Chuyén vi ankynon
RCOC=CCH,CH;R thinh RCOCH=CH-CH=CHCHR" khi c6 phitc paladi hay axetat paladi.

Phuang phdp xtc tac kim loai ding dé tong hop cdc enol don gian do déng phan hod

ancol aliyiic:
phuc rhodi

CH2=CH—(|TII~CH; Cis VA .'rans-CH;—CH=(|f-CH1
OH OH

Enol nay twong d6i bén, chuyén vi cham thanh andehit hay xeton vdi thoi gian bin
huy tir 40 + 50 phiit dén vai ngay.

Phuong phép electrophin chuyén vi ndi déi thudng ding dé thu dugc olefin bén nhiét
dong hoc hon, trir vai trudmg hop bat thudng da biét, con trudng hop ngugc lai thudng ding
cic phuong phip khac nhu chuyén olefin t6i boran, chuyén vi boran réi oxy hod thuy phan
cho ancol v loai nudc ancot cho olefin & nd1 déi diu mach:

A
3 CH;— CHs— CH==CH—CHs—CH; + BH; — (CHi— CH:——C|H)3 B
CHy—CHs—CH,
iH,0 H*
o 3CH;—(CH,);— CH,0H —~
3CH,—(CH,)+ CH=CH,

(CHi CHy~CHr—CH# CH,—CH.); B

Su dari chuyén nay luon thu duge olefin cusi mach, nguge véi cdc phuong phdp khdc.

Su déng phan hod olefin bing quang hoa cling hudng tdi déng phan kém bén nhiét
dong hoc hon.

Néu trong mach ¢é nhém OH thi c¢é thé mat proton cho san phim xeton:
R,C=CHCH,CH,CHOHCH, “XMPROPhoric  p . CHCH,CH,CH,COCH,
Cic a-hydroxy cua lién két ba cho xeton o, 3- khong no.

3- Phan ting ratome hod xeton-enol

Can bang tautome xeto-enol cia andehit va xeton:
H hay
R=CHy= ¢~ R = R- CH=C-R
O OH
Can bing dugc xic ti€n bang axit hay bazo:
Xiic tac axit:

. nha ® char
R—Cli—C—R' !.—}'1_}3—“" R— CHp—C-R == R-CH=C—R'
” cham H', nhanh
0O OH OH



Xtic tac bazo:

8. chs &)
R-CH—C-R === |R~CH— C—R' <> R—CH=(— R’
I nharh [ 'G)
O 0 9
nhanh
B. chim R_CH - (i:_ R
OH

Ca hai qud trinh déu ¢6 giai doan phan cét lien k&t C—H quyét dinh tSc d6 nén ¢4 hiéu
ing dong vi (thudng bang 3). Sy chuyén hod andehit hay Xeton t8i tanrome enol néi chung
khong phai la phuong phdp téng hop ma chi 1a mét khia canh clia tong hop. Néu ¢ ty i¢
duong tugng mol cha bazo va andehit hay xeton thi enolat hinh thanh vi cé thé tach ra. Qua
trinh 12 qud trinh thuin nghich nén chét ban diu c6 trung tam bat d6i xding & vi trf «, nhu
hgp chat (10), khi tdc dung véi bazg hay axit s& thu dugc san phdm raxemic hod:

CGHS'"' (i:_ ﬁ:“ }{r
H O
(10)
hoac n€u c6 trung 14m bét doi khac trong phan tir thi ¢6 thé chuyén hod epime khong bén
thanh bén hon nhy cis-decalon thanh rans-decalon:

HO i1

B ' ﬁ)
0~ CO

H H
crfs-decalon trans-decalon

Ciing ¢6 phan tng trao d6i déng vi qua dang fautome, nhung trong qud trinh xdc tdc
axit thi si trao doi hay can bing thuc hién duoc khi hop chat cacbonyl chuyén hoan toan
thanh enol hay ngugc lai, con xtc tdc bazo thi chi ¢d & giai doan ddu (chuyén 16t ion enolat),

Dé chiuyén hén hop raxemic thanh enantiome, cho tic dung hén hop raxemic véi mot
bazo quang hoat vi bazo quang hoat chi tac dung v6i mot enantiome trong hén hop raxemic
nhanh hon enantiome kia, ching han chuyén hod sau:

I H
H¢C LH .. CeHs .
HG R (\c' \ N — H3C CH; '
H;C CH ™~ /C CH; H,C
Li
(1) 1) —= HiC H
H?;C CH3
quanyg hoat ([4)
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Xeton raxemic (11) chuyén thinh hén hgp quang hoat (hiéu sudt 46%) khi tic dung
vdi bazo (12) quang hoat, Bazo {13) chi phan (ng v&1 mot enantiome (11) nhanh hon enantione
khéc (phan gidi dong hoc) cho enolat (13) gilt duge phéi tri vdi amin dé tdi proton hod cho
(14) quang hoat ma khong céng proton cua chét cho proton.

d- Phan timg halogen hod andeliit va xeton

Andehit va xeton bi halogen hod & hydro a bang clo, brom v iot:

| H™ hay |
—CH—(-R *+ By ~o=  —C—(-R
Br

Phan iing khong dung fio vi qua hoat ddng, nhung cic hop chit hoat ddng nhu B-xeto
este hay P-dixeton c6 thé flo hod bing XeF,, N-flo-N-ankylsunfonamit, N-flosunfonamit,
axetyl hypoclorit.

Andehit va xeton khong tr halogen hod ma halogen hod & dang enol, nén phan Gng
thudng cin xtic tdc axit hay bazo:

Xuc tdc axit:

+

L. R,CH— (- R’ —:;- RC=C—R
OH
2 RyC=C—R' + Br-Br —= R2(|3—@IC—R' + Br
OH o Br OH
3. RyG—C— R —= RC—C-R
Br Ol Br O

Giai doan dau xay ra rat nhanh, giai doan thit hai 1a cong electrophin vao néi doi.

Dic tinh co ché nhu sau:

1- t8c do bac nhdt d6i vdi chat ban ddu;

2- brom khoéng xudt hién trong phuong trinh tée do;

3- t6c do clo hod, brom v iot hed ia nhu nhau & cang diéu kién;

4- phan ifng ¢6 hiéu ting dong vi;

5-tdc do cha giai doan 2 va giai doan 3 dugce do doc 1ap nhau (boi bit ddu tir enol) va
tim duge rat nhanh.

Kl tdc bazo:
HO'

1- R,CH—C—-R' — R,C= (IZ— R
0o
2- R¢c=C—R" +Br-Br —»= R,C—(—R' +Br
;_/@| ) “ h:
@] Br O
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Khé phan biét hai giai doan. N&u chit ban ddu cé ba hydro o & citng mét phia cuia
C=0 thi khong ¢6 thé dirng lai sau khi di thé mot hydro do hiéu tng / hiit electron cla brom
tang tinh axit cua hydro con lai nghia 12 nhém CHX axit hon CH4, nén xeton d¢a halogen hoa
chuyén tdi enol nhanh hon chat ban ddu.

P6i véi xeton khong doi xing, vi tri wu tién halogen hod 1a nhém CH, rét dén CH, va
sau dén CH,, song thudng cho hén hgp. D6t vai andehit, doi khi hydro andehit ciing bi thay
thé. Khi ding xic tdc bazo, mot vi tri o bi hoan todn halogen hod trudc khi tdn cong vac vi
tri khdc, va phin tng khong c6 thé dimg lai khi hydro chua bi thé hét. Nén khi nhém ankyl
Ia CH; thi ¢é phan ting halofom.

Khi diing xiic tac axit, c6 thé dirng lai sau khi th€ mot halogen, tuy nhién c6 thé thé
ti€p néu diing du halogen. Trong clo hod, thé ti€p theo & cing cacbon da thé trude con brom
ho4 thi thu dugc ¢,a’-dibrom. Thuc 1€ ci hai halogen déu cho a,a-dihalogen nhung trong
din xuit dibrom trong diéu kién phan iing dé thi déng phan hod cho a,o’-dibrom. Aryl
metyl xeton c6 thé cho dibrom (ArCOCH; — ArCOCHBr,) hiéu suat cao véi benzyl-
trimetylamoni tribromua.

Su chon loc vi tri trong halogen hod xeton khong déi xtng khi tdc dung véi enol
borinat ciua xeton v&i N-bromsuxininit (NBS):
R= (lfH'-R + NBS —» R'"(lil""(IZH“'R
OBR", O Br
Ciing nhir brom hod cda enolat liti & nhiét do thap, a-halogen andehit diéu ché bing
silyl enol ete R,C=CHGS:1(CH;); v&1 Br, hay Cl;, v6i 8O,Cl, hay iot voi axetat bac.

Xeton o, B-khong no chuyén thanh xeton a-halogen-a, B-khéng no khi tic dung vdi
phenylselen bromua hay clorua vi thanh xeton a-halogen-u, -khong no bing phan tng hai
pha vé1 HOCI.

Trong truéong hop ding axetandehit va metylankylxeton trong méi truéng bazo goi la
phan tng halofom.

Axetandehit vA metylankylxeton bi phan cdt bang halogen va bazo:

CHyC—R B HCBr, + RCOO
HO"
0

Phan imyg thuc & gém hai phan ing: halogen hod trong diéu kién bazo cho trihalogen
& nhom metyt va phin cat dan xudt trihalogen:

OH
N 1 e -
Br,C—C-R + HO — BryC-C-R = Br;C + RCOOH — Br;CH + RCQO
o) &
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Cac metylcacbinol bac nhat va hai cling cho phan tng nay do bi oxi hod t6i hgp chat
cacbonyl & diéu kién phan ing nay. Phan «dng khong dp dung cho F, nhung xeton dang
CF:COR (R = ankyl, aryl) ciing phan tich cho florofom va RCOO | Hang s& t6¢c d¢ phan cét
X,CCOC¢H; v6i X = F, Cl, Br tuong tng bang 1 : 5,3.10"" : 2,2.10", nghia 1a nhém CF,
phén cit cham nhat.

5- Phdn tmg halogen hod axit cacboxylic va halogenua axit
Cédc a-hydro cia axit bi thé bing halogen khi tdc dung vdi halogenua photpho:

R-CH,-COOH + Br, L2005, R-CH-COOH

Br

Phan ng goi 1a phan ting Hell-Volhard-Zelinski, khong dp dung cho 1ot va flo.

Phan tng ciing dp dung cho halogenua axit. Cdc axit thudng kém hoat dong trir khi
axit ¢é ham lugng cnol fuong ddi cao nhir axit malonic.

Néu phan tr ¢ hai hydro « thi ¢6 thé mot hay ca hai bi thay thé. Phin Gng thuong
diing cho clorua axit hinh thanh tir axit cacboxylic va xic tdc. Khi ding mudi halogenua thi
halogen trong mudi khoéng tham gia thé o nhu ding Cl, va PBr; chi cho ddn xuat clo hod
khong ¢6 brom hod, con axyl halogenua cé thé thé hydro « bing xic tic. Cic anhydrit axit,
vi nhiéu hop chdt dé enol hod nhu este malonic, hgp chat nitro aliphatic... cling ¢6 phan ing
nay. Co ché phan itng déu di qua dang enol:

0 O . 0
g_OH 1‘!— Br ((i-):__ |
R/ P, H\F\/ = 7% by o B
R R S A E\R

Ngoai ra c6 thé diing phuong phip khdc nhu a-halogen hod axit vd din xudt bang
CuCl, trong dung moi tro phan cyc. Axyl halogenua « brom hod hay o clo hod bing
N-brom hay N-closuxinimit. Axyl clorua cé thé iot hod bang I, khi cé vét HI, con axit
cacboxylic bing I, — Cu (II) trong axit axetic. Axit cacboxylic, este vd amit ¢6 thé « flo hod
bang F; pha lodng trong N, & -78°C.

6- Phan ttng ankyl hod ankan

Ankan dugc ankyl hod bang cacbocation bén:
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R-H+R'* — R-R'+H"*

Phan 1ing khong 4p dung cho tong hop va thudng cho hdn hgp san phdm. Ching han
khi tdc dung propan véi iso-propyl floantimonat ((CH3),C*SbF¢ ) cho 26% 2.3-dimetylbutan,
28% 2-metylpentan, 14% 3-metylpentan va 32% n-hexan. Hon hop nhiéu chdt vi ¢é phan
dng trao d8i hydro giita phan v (RH + R'* - R* + R’H) nhanh hon ankyl hod va san phim
ankyl hod hinh thanh giita ankan va cation mdi trao doi, mat khdc con ¢é chuyén vi. Sin
phdm c6 tir tat ca hydrocacbon va cacbocation ¢6 trong hé. Cation bac hai ankyl hod nhanh
hon ankyl bac ba nhiéu nhu ferr-butyl khéng ankyl hod metan hay etan. Ankyl bac nhdt
khong bén thudng ankyl hod dudi dang phitc cva CH5F hay C,HsF va SbFg.

Co ché& ankyl hod c6 thé tir trao d6i hydro trong supeaxit:

H|*

R—H + R* —a |R---<] > R-R

Ciing tim thiy phan ting céng mach ndi phan t cia cacbon mang dién tich duong
trong cation, chang han nhu phin tng sau:

q}]} CHQNHQ

Trong phdn Ung nay, cation (16} hinh thanh tir hop chat tritixen (15) co6 cacbon mang
dién tich duong phan tng vdi nhém CH; bén canh cho (17).

7- Phan ting axy! hod cachon mach ho
Axyl halogenua cong hop vao olefin khi ¢ xic tc axit Lewis:

H AICL = -~ COR

—~pe ; _
C==C_ + RCcOCl —» _(==C_
Phin ting nhu 12 phéin g Friedel-Crafts vao cacbon loai aliphatic. Phin img ¢6 thé
x4y ra bing tdn cong cla cation axyl vio lien k& doi cho cacbocation réi cation ndy mat
proton hay t6 hgp véi ion clo:

c (for{
COR ;(l:_(I:_H
. A
~c=c¢C ", RCO* O —n /x' § e
== — > —(C—(C— o
> ~ ol X . __COR
SN
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Neéu madt proton s& cho olefin va co ché€ 12 co ch€ uf dién, néu t8 hop véi ion clo cho
san pham cong (3-halogen xeton nhu phan dng cong vao ndi d6i. N&u san phdm cong nay
trong diéu kién phan @ng ¢6 thé mat HCI cho olefin thi d6 13 co ché cong tich. Trong trudng
hop olefin khong doi xtng thi hudng cong vdn tuan theo quy tdc Markovnikov, cong vao
cacbon ¢6 nhiéu hydro hon.

Céc dien lién hgp ciing axyl hod khi tdc dung axyl hay ankyl coban tricacbonyl réi
phan tich bang bazo ti€p theo cho dan xuft cacbonyl n-allyl:

H')COR
H i
co /C " XCo(CO) —
RCOCo(CO); + CH,=CH-CH=CH,—= H- o(CO)3
CH2
CH2=CH-CH=CH-(|3|-R + HCo(CO);
O

Phan ing rdt t6ng qudt. V&i dien kKhong déi xing nhém axyl thé nhanh nhu & cacbon
ndi doi cis, roi dén cacbon olefin cudi mach sau dé kém hon & olefin frans. Cic bazo thuong
diing bazo manh ngay cé amin thé tich 1én nhu dixyclohexyletylamin.

Néu ding ankyl coban tetracacbonyl RCo(CO), cling cho két qua twong tu. Axyl hod
ete vinylic v6i axyl clorua thom va xiic tic paladi (ROCH=CH, —» ROCH=CHCOAI).
Fomyl hod olefin bang fomamit N-hai ldn th€ va POCl; (xem phan dng Vilsmeier). Cic
axelan va xetan cing fomyl hod theo Vilsmeier va sau khi thuy phan cho xeton andehit hay
diandehit:

OR“ OR"
! 0C |

R-CH-C R+ Cybls - N- CHO LN R-é:H-(I:-R' g R- CH - COR
OR" H; HO OR" CHO

8- Phdn itng enamin Stork

Enamin tic dung v6i dan xuit halogen cho san pham céng rdi thuy phan cho xeton:

B TP
R,N-C=C-R" RzN-(é:E-R" R
' + R X } P e -(IIZ-R"
R R I
=C-¢-R R, N=C-C-R"
1
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Giai doan d4u nhu phan tng axyl hod olefin & trén, réi thuy phan cho xeton. Enamin
tao thanh tir xeton va K€t qua 12 ankyl hod xeton & vi trf «. Phdn tng goi 1 tdng hop enamin
Stork. Phuong phip nay din dén téng hop monoankyl cila xeton. Phin iing ankyl hod vao vi
tri it the hon cda xeton ban diu. Amin thudong ding nhat 13 amin vong, piperidin, morpholin
va pyrolidin,

Phuong phdp 4p dung cho cdc ankyl halogenua linh dong nhu allyl, benzyl,
propargylic va cdc «t-halogen ete va este nhung v6i halogen bac nhat va hai ditng rat khong
thich hogp. Halogenua bic ba khong cho phan ng nay va néi chung 1a nhiing halogenua
trong d6 phén itng the nucleophin va tich wu tién. Phin ing ding cho aryl halogenua hoat
hod nhu 2,4-dinitroclobenzen cho t6i epoxit va 161 olefin hoat hod nhir acrylonitrin:

CN_@ + CHy=CH-CN —= C*(p wvg

H, &1 -oN H,-CH,-CN

Halogenua bac nhdt va hai khong cho k€t qua ot vi phan ing N-ankyl hod wu tién
hon, dac biét 1a cdc enamin tir andehit. Phuong phdp 16t dé ankyl hod halogenua bac nhil va
hai 12 ankyl hod mu6i cha enamin khi dun néng imin v6i bromua etylmagie trong THF:

R R™ R R

R’ - I “ thuy pha | - R"
| F R CoHsMeX R-N- C— _p* XX R“N_S‘C_R Jhuy plin ﬁ_(r“ R
R-N=C-¢—R"=—> E = R I I
ng MgX O
H
Phuong phdp cling ding dé mono o ankyl hod xeton o, B-khong no. Khi nito trong
chét ban ddu chita g6c R quang hoat, ci hai phuong phdp Stork va muéi enamin déu dung dé
16ng hop chon loc lap thé enantiome.

9- Phdn ttng céng mach cia cacben
Cacben 12 1iéu phan hoat tinh rdt cao ¢6 kha nang cong mach vao lién két C-H cla
ankan va aren:
RH +: CH, — RCH,
Tuy nhién phan ing it dugc dung trong 6ng hop vi khong cé tinh chon loc 1ap thé va

su chuyén vj ciia cacben dé hon cong mach, nhung tim thady khi nang cong mach néi phan ur
dé hon ngoai phan tir:

CH;
CHy- CHfCH7~CH —= CH;—CHj~ CH=CH, + 5
chinh i
5-7%
- H3 H3
(CH3)3C_CH ’
5%

Phan tng trén duge thyc hién bang hai cdch sau:
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1- Co ché clia phan (ing 0 day 1a tao trang thdi chuyén vong ba trung tam:

| I
- _i..[iv - - | AN H
™ 4
CH, H,

Phan (g nay dugc nghién ciu tir ise-buten -1-'*C va cacben cho san phdm 2-metyl-i-
buten chi ddnh ddu & vi tri 1 va bao toan cdu hinh. Quy tic ndy nidm ngoai co ché tao goc,
cacbocation hay cacbanion tr do 1am chat trung gian. Cacben tham gia theo co ché nay &
trang thai singlet nén tham gia vao qud trinh cong mach truc tié€p mot giai doan.

Néu tao duge gbc (18) hay ion lam chat trung gian, su cong hudng dim bio cho
cacben tdn cong vao vi tri 1 thi phan dng nhu sau:

[ CHc='C | .

| — CH3-—CH2—(E= CH,
_t CH3
CHy C="C — CH,
tn
3 CHF=C—TC| —y» CH~C ~*CH,—CH,
I
CH; | CH;
(18) khang hinh thanh

2- Qua trinh g&c ty do 14 cacben truc ti€p nhén 1ay proton tir chat ban ddu tao nén cap
gdc et do:

RH+ CH; — R"+ CHy
R"+ CHy; — R-CH,

Chimg minh cho qué trinh nay 1a khi tic dung propan véi cacben CH, (do quang phan
diazometan va xeten) con thu dugc propen va etan ngoai butan va iso-butan. Qué trinh ndy
gay ra bang phan iing chuyén khong can déi (disproportionation) hay dime hod:

2CH;CH,CH,” — CH;CH=CH + CH;CH,CH; (chuyén khong can d6i)
CH;CH,CH; + CH, — CH;CH,CH,’ + CHy’
2CH,;  — ™ CH;CH,4

Co ché€ nay ciing dugce Xdc nhan bang hiéu ding déng vi.

Phan 1ing gifta cacben va phan tlr ¢6 nang lugng du nén ban ddu phan tng giita chat
ban diu va cacben theo co ché | (qud trinh cong mach tryc ti€p) va do nang luong du gay ra
su hinh thanh san phdm do su phan cit ra g6¢ ty do, nhy vay ciing ¢6 nghia 1a géc tu do hinh
thanh sau phan {tng c6ng mach thirc.

Da xdc nhan rang, cacben singlet tham gia phan ¢ng céng mach truc tiép qua mot giai
doan, cdn cacben triplet bang qud trinh géc ti do. Céc tin hiéu clia CIDNP cho thiy sin

phdm etylbenzen hinh thanh tir toluen va triplet CH, nhung khong phai tr singlet & cling
phan ting.
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Cac cacbenoit R,CMCI, ¢6 thé cong mach vaoc C-H theo co ché khic nhau nhung
thudmng theo co ché 2.

Phan ng cua andehit vi cacben cho metylxeton: RCHO + CH,N, - RCOCH, ciing
xdy ra tuong ty nhung khéng ¢é chat trung gian cacben ty do.

10- Plidn ttng ghép cia muot diazoni

Musi diazoni cé thé ghép vdi hop chit c6 hydro linh dong trong mai trutng bazo,
thudng trong dung dich natri axetat:

]Z
Z___CIIZ_ Z‘ + ArN2+ CHCOO Z._C: N— NHAr

Cic hop chat ¢é hydro linh déng cé dang Z-CH,-Z’ véi Z vi 2’ 1a COOR’, CHO,
COR’, CONHR, COO , CN, NO,, SOR’, SO;R", SO;R’, SO,NR’,, nhu B-xetoeste, f-xeto
amit, este malonic. Co ché thudc dang Sg/:

7 7
7Z—CHy— 7' — Z—(éH + ANy® —» Z—CH—-N=N— Ar —
Z— C=N—NHAr

Hop chat azo loai béo ¢6 cacbon dinh v6i nito chifa hydro khong bén nén déng phan
hod thanh hydrazon cho sdn phdm ctia phan Ung.

Néu chit ban diu thudc loai Z-CHR-Z’ khéng con hydro dé rautome hod, néu Z 1a
gdc axyl hay cacboxyl thi cic nhém nay s& tdch ra cho san phdm ciling 1A hydrazon khéng
phai azo:

I ! e |
CH3~C0“‘T_ Ne= N—AT — (‘:= N—N—Ar — - (F= N— NH—Ar
. Z' _ Zv Z'

Phan tng chung nay goi 1a phan tng Japp-Klingemann dung dé chuyén hod xeton hay
axit cacboxylic thanh hydrazon:

H
|

Z— (I:— I([‘—' R —»= 7—C==N—NHAr -=— Z—?—- COOH
A |
: O .
Khi trong chat ban dau ciing c6 nhém axyl va cacboxyl thi kha nang di ra theo thit w
la: CH;CO > COOH > C¢HsCO, néu khong ¢6 nhém cacboxyl hay axyl thi hgp chit azo
'ahphauc thu dtdcBén, ™ 7

e S i AU ER AN

o H P!'!an tmg nm 0’0 J'ma hap chdt cé hydro tinh dong

Axn nitro hay ankyl nitrit ¢6 thé nitrozo hod cdc hop chét ¢6 hydro linh dang:
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R—CH;—7 + HONQO -—» R—C-=7Z
RI—OH
R,CH—Z + HONOC -— RYX~7Z
=0
Cacbon n6i véi nhém Z ¢ thé bi nitrozo hod bing axit nitro hay ankyl nitrit. Sin
phdm ban ddu Ia C-nitrozo va chi bén khi khong c6 hydro dé tautome hod con khi c6 hydro
thi san phdm bén hon 13 oxim.
Co ché wong tu nhu phan ting & tréen (R-H - R~ + NO* — R-N=0). Tiéu phan t4n
cong 12 NO™ hay twong tur va chat ban ddu 12 xeton thi phan Uing qua dang enol:

NO
H*.cham NOX e |
R0 CHly— === R—C=CH-R % gr2c-Ci-Rr
5! OH o OH
lautome
R—C—CH—R — R—ﬁb—ﬁ“R
(”) O N-—-OH

Phan tng trén khi X = Br, CI”, SCN” thi ¢6 bac nhat cho axeton va H, bac khéng cho
HNO, va X". Tuy nhién t6¢c d6 giéng nhw t6c d6 enol hod ciia xeton. Tiéu phan NOX tao
thanh tr HONO + X* + H* -» HOX + H,0. Trong trudng hop CF;COCH,COOCF; va
malonitrin thi nitrozo hod qua dang enolat d& hon enol.

Tuong e nhw phan \ing Japp - Klingemann trén, khi ¢6 nhém axyl hay cacboxyl nhu
trong truong hop cda R,CHZ thi cdc rhém nay bi phan cit.

Céc imin ¢6 thé diéu ché bing tdc dung hop chat hydro linh dong vdi hgp chét nitrozo:

RCH,~Z + R'NO — R-C=NR’
z

12- Phdan ieng hinh thanh hap chdt diazo

Céc hop chat c6 hydro linh dong loai ZCH,Z’ tdc dung vdi tosyl azit trong moi Lrudng
baza thu duge hop chat diazo:

7— (IZH;_ -'I_%L z—lcw2 +TsNH,
VA VA

Cic azit thuong dung la p-dodexylbenzensunfonyl azit, metansunfonyl azit, p-axetamit-
benzensunfonyl azit va tang hiéu sudt khi diing xtic tic chuyén pha. Phan img cfing goi la
phdn Ung chuyén déi diazo va ¢6 thé dp dung cho nhiing vi tri hoat dong Khdc nhu vj tri S
cia xyclopentadien.

Cao ché nhu sau:
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' ® VLIPS
Z—EHg — Z—E?{ + N==N— . Z—f@N ﬂpg —_

Z

I @ © l@
7—C=N=N + TsNI

Xeton muén chuyén thanh diazo cin chuyén thanh «-fomyl xeton rdi tic dung véi

tosyl azit:
HR'  —a CR'
— » R—C—
R—E ? IO 1 I
CHO 0 N
13- Phan ttng amin hod cde hvdro linh dong
Khi tic dung anken ¢é hvdro allvl véi dung dich hgp chat imit selen R—-N=Se=N-R cd
phan itng amin hod & vi uri allyl:
RN=Se=NR _([*] IR R = fert-CyH,. Ts

—(=¢—CHR ———=  —(=§

NHR
Phan ung tuong tu nhu oxi hod allyl cla anken bing SeQ,. Ciing diung tic nhin
TsN=S=NTs. D61 vdi loai Z-ClH,-Z" ¢6 hydro linh dong thi amin hod bing O-(2,4-dinitro-

phenybhhydroxylamin:
ONH,

NO,
Z—CH,—Z + P> Z—CH-Z
NH,
NO,

Qua trinh amin hod gidn ti¢p axyl clorua s& thu duge aminoaxit ¢é tinh chon toc vi tri.
Giai doan chinh la ¢céng vao lién két N=N cha azodicachoxylat:

ﬁ) “ I-LiNR'5

Cl~-C—CHR +07 R — Q7 N—E—CHZ—R LR
H 2-R"OCO-N=N-COOR"

O
enantiome (+) hay (=)
I
I-H-.Pd/C
/ \1%_ éH — HOOC— ?H R —:—}m HOOC H R
[F COOQOR" N—-COOR NH,
NH—COOR"

NH— COOR"
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I4- Phdn sng cong mach cia nitren

Cacbony! nitren 13 ti¢u phan rat hoat dong cé khad nang cong mach vao lién két C-H
cla ankan:

RH + N—E—Z — R-NH—E—Z
O O

Néu Z fa R” hay Ar cho san pham amit, n€u Z = OR cho san phdm cacbamat.

Hoat tinh cia CH bac ba > bac hai > bac nhat. Nitren tham gia chi & dang singlet
khong phii triptet. Co ché nhir co ché cong mach mot giai doan cia cacben va su bao toan
cdu hinh tim thay & cacbon bat déi.

Céc xyanonitren NCN, v arylnitren NAr cé thé cong mach vio lién két C-H nhung
ankyl nitren thudng hay chuyén vi trude khi tham gia phan tng v6i ankan. Phan ttng khong
ding trong 10ng hop vi c6 nhiéu san phdm-phu ma chinh 1a phin tng vong ho. Ching han,
phan ung vong hod cha 2-(2-metylbutyl)phenyl azit cho 60% 2-etyl-2-metylindolin:

3

15 Phdn wing diazo hed

Amin thom bic nhat tdc dung v6i axit nitre cho mudi diazoni:

®
Ar-NH; + HONO — Ar-N==N

Phan img ciing xay ra & amin béo nhung mudi diazoni béo rdt khong bén ngay & trong
dung dich. Mudi diazoni thom bén hon do ¢6 cong hudng giita nito va vong thom:

N=N N=1® ¥=1°
O - T
(M @

Céng thitc cong huong (1) dong gdp vio lai hod cong hudng 16n hon khi do khoang
cdch cdc lién két. Chang han, clorua benzendiazoni ¢6 lién két C-N la 1,42 A va N-N la
1,08 A. Gid tri nay hudng td1 lién két don va {ién két ba nhiéu hon 13 hai lién két doi. Musi
diazoni thom chi bén & nhiét d6 thap, thuong 5°C, 1rir vai mudi nhir mudi diazoni tir axit
sunfanilic bén & 10 + 15°C. Muoi diazoni thudng diéu ché trong dung dich nudc, khong tich
ra dugc trir khi ¢d thé diéu ché¢ musi diazoni ran. Tinh 6n dinh musi tang lén khi tao phic
vdi ete crown.

Nhitng hop chit ¢é nhém amin béo bén canh nhém COOR, CN, CHO, COR... va ¢6
H, thi khong cho hop chit diazoni ma cho hop chat diazo:
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@
C,Hs00C —CH,~NH, + HONO —= C;H;00C —CH=N=N

Cédc amin di vOng cling dé cho hop chit diazo hon diazoni. Cic hop chit diazo thudng
téng hop bing chit ban ddu véi amyl nitrit khi ¢6 lugng nhd axit.

Co ch¢ phan Ung trong diéu kié¢n axit lofing thi tdc nhan cong electrophin i N,O5 tic
dung nhu NO™;

i 2HONO 58 Ny0; + H0
EB 3
2- AtNH, + O=N-0O-N=0 - Ar~| —1}136—1\1 =0 —h—AF—II\JQN.—_:O +NO,
H H 6 H
| -H+ -
3- Ar——l\9N=0 — Ar—N—N=0
AR
H
_ tavtome -
& Ar=TrNsQ = Ar—N=R-on
H H ® -—
5-  Ar—N=N—0OH - Ar—N=N +H;0
O néng do axit cao thi téc nhan 1a NO*:
PII
+
Ar-NH, +NO™ — AHTJ@N=0
H

vi chuyén héa ti€p nhu trén.
Céc tdc nhan khdc nh r NOCY, H,NO," ciing tham gia twong ty. Céc nucleophin nhu
Cl', SCN , thicure, xtic tic p.hin 1ing chuyén HONO 16i electrophin t6t hon nhw:
HNO, + Cl” + H* — NOCi + H,0
16- Phdn ting chuyén hod hydrazin thanh azit

Hydrazin mot 1dn th€ tic dung vdi axit nitro cho azit:

2
RNHNH, + HONO —» R—N=N=N

Phan ¥ng tuong tu nhu phin Ung diazo hod trén. C6 thé dung tdc nhan khiac nku N,O,,
nitrosyl tetrafloborat NOBF.
17- Phdn ing nitrozo hod amin
Amin bac hai tdc dung vé6t axit nitro tao thanh nitrozamin:
R,NH + HONO — R,N-NO
Phén ting XAy ra vdi diankyl, diaryl hay ankylarylamin va ngay ca véi amit-N- mot ldn
thé:

176



RCONHR’+ HONO — RCON(NOIR®
Amin bic ba cling che N-nitrozo nhing trong trudng hop nay mot nhdém bj phan cat
nén cudi cung cho dan xuat nitrozo cha amin bac hai.
Co ch€ tuong ty nhi co ché diazo hod trén nhung sin phdm N-nitrozo hinh thanh

khong chuyén hod ti€p vi khéng ¢é hydro:
R —N—N=0 Ar—N—N=0

Amin thom bac mét va hai tdc dung vé6i axit nitro cho san phim N-nitrozo dé hon 1a
C-nitrozo. Tuy nhién. amin bac hai ¢6 th€ C-nitrozo hod bing déng phan hod san phdm
N-nitrozo thanh C-nitrozo hod hay téc dung vdi mol thit hai cho san pham N, C-nitrozo.

Cu ché cila amin bic ba ¢é thé 1

® @®
R,N - CHR', -HO¥O RN —CHR'; —a R;N=CR', * HNO
) |

‘ H,0
N=0O ® ,
R,N—NC = R;NH,; + O0=CR’

Amin bac ba chuyén thinh nitrozamin vdi1 axit nitro trong anhydrit axetic va vai N,O,.

Amin thom bac ba thi sin phdm C-nitrozo hod truc tiép viao nhan.

Quinuclidin ¢6 nitg & diu cau khong ¢é hydro nén ciing khong phan ing.

Amin vi amit ¢6 thé nitro hod bing axit nitric, N,Os, MnO,* va amin thom c6 thé
chuyén 16i triazen voi mudi diazoni. Amin béo bic nhat ciing chuyén thanh triazen néu musi
diazoni ¢ nhom the hit electron,

18- Phdn ting chuyén hod amin thanh hop chat azo

Hop chat nitrozo 16 hop véi arylamin bac nhét trong axit axetic bang choe hop chit azo
do1 xing va khong déi xing:

Ar—NH, + Ar-NO

CH,COOH

Ar-N=N-Ar’
Phan itng trén goi 1a phan tng Mills. Hai nhan aryl ¢6 thé ¢é nhém thé.
Hop chat azo khong d6i xing cling di€u ché bang phan tng gilta hop chat nitro AINO,
va N-axyl amin thom Ar’NHOOCCH;, thudng ding xic téc chuyén pha cho hi¢u suit cao.
19- Phdn ttng chuyén hod hop chdt nitrozo thanh azoxy

Tuong tu nhu phan ng chuyén hod amin thanh hop chat azo, hop chit nitrozo c6 thé
ngung ty véi hydroxylamin cho hop chat azoxy:
@ 1
RNO + RNHOH —> RTNTN=R
O

Vi tri ctia oxy trong san pham cudi ciing phu thudc vao ban chat cha gdc R, khong
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phai tir g&c R ciia chit ban ddu. Ca hai g6¢c R va R’ ¢4 thé 13 ankyl hay aryl, nhung khi ¢6 hai
nhém aryl khdc nhau cho hén hgp hop chdt azoxy (ArNONAr, ArNONAT vi Ar'NONAT’)
va san phdm khong d6i xing hink thanh v&i luong nho hon. Diéu dé gay ra boi can bing
giffa chit ban ddu (ArNO + Ar'NHOH — Ar’NO + AINHOH) dé€ di 161 phan ing v6i hai san
phdm déi xitng va khong d6i xing.

Cd ché cua phdn ng nghién citu khi ¢ baze thi hai tic nhin chuyén thanh anion géc

réi 16 hop: o
o® ?
. | 2HO
ArNO + ArNHOH — 2Ar—N =—» Ar—N-N-—Ar Ty Ar—N== N—Ar
o T

Céc anion géc nay di duoc phdt hién bang ESR va dua trén két qua 1a khi dung "0 va
N da tim thay hai nito va hai oxy déu tuong duong nhau.

Hap chit azoxy khéng déi xitng c6 thé 16ng hop tir hop chét nitrozo vdi N,N-dibrom-
amin.

Hop chéit azo va azoxy ddi xing va khong doi xung tao thinh khi tic dung hop chat
nitro thom véi tac nhan aryliminodimagie ArN(MgBr),.

20- Phan iing halogen hod amin

Amin bic nhdt tic dung vdi natri hypociorit hay hypobromit cho N-halogen hay N,N-

dihalogen amin:
RNH, + NaOCl — RNHCI

Amin bac hai ¢ling ¢é ché chuyén thanh N-halogenamin bac hai. Cdc amit khong thé va
N-th€ va sunfonamit ciing cho phan tng ndy. San phdm N-halogen clia amit khong thé thuding
¢6 chuyén vi, con N-halogen-N-ankyl amit bén hon. Céc tdc nhan khdc nhu rer-CyHy OCI,
NaBrQ,, benzyltrimetylamoni tribromua CqHsCH,N(CH;)4, Bry va N-closuxinimit ciing
ding.

Co ché phan ¥ng twong tu nhu co ché diazo hod, v6i tdc nhan electrophin la Ct”.

N-Flo hod cling dung truc 1iép amin hay amit véi F,. Flo hod N-ankyl-N-flo amit ¢é
st phin cit cho N N-difloamin:

Fy
RNFCOR® — RNF,
21- Phdn g cia amin véi cacbon monoxit
RNH, + CO % RNH-(H:-H hay RNH-—-—ﬁ—NHR hay RNCO
O

San pham cia loai phan (mg nay phy thudc nhidu vao xidc tde:

1- Amin bAc nh4t va hai phan Ung véi CO khi ¢é xuc tdc: Cu(CN}),, (CH;)3N-H,Se,
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phic rodi hay ruteni cho fomamit N-thé va N, N-hat lin thé€ tueng ing.

2- Ure thé dai xiing tao thanh khi tdc dung amin bic nhat (hay amoniac) vé CO khi
cé selen hay luvu huynh. R c6 thé 1a anky! hay aryl.

3- Khi ¢é PdCl, xtc tdc, amin bdc nhat cho ise-xyanat. Isoxyanat cling tao thinh tir
azit vdi CO (RNy + CO — RNCO hay vdi hop chat nitrozo hay nitro va xic tdc phic rodi.

4- Cacbamat tao thanh RNHCQOR® tr amin bac nhét hay hai vé1 CO, O, va R'OH khi
¢6 xiic tac hoac khi diing hop chit nitrozo véi CO, R*OH, Pd(CH;COO}, va Cu(CH,COO0),.

Amin allylic R,C=CHRCHRNR'; v&1 CO va xic tdc paladi photphin thi CO cong mach
cho amit a, 3-khong no R,C=CHRCHRCONR';.

22- Phau g decachoxy! hod axit béo

Nhiéu axit c6 thé decacboxyl hod & dang axit tr do hay dang mudi:

RCOOH — RH + CO,

Céc axit béo thudng dé decacboxyl hod khi ¢6 thém nhém chite hay nd1 doi vt ba o vi
tri & hay (. Phan ting decacboxyl hod ¢6 thé xem nhu 12 phdn (tng nghich cta phan tng cong
cacbanion 161 CO, nhung cacbanion ty do khong tim thdy. Khi ¢6 ion cacboxylat, co ché
decacboxyl hoa la Sgf hay Sg2.

Trong co ch& Sg/, phan tng xdy ra dé khi ¢6 nhém thé hit electron lun 6n dinh
cacbanion. Nhu viy phan (ing phan cét cacbon & dang phén cit anionit. Phan tng cang duge
xti¢ tién khi ¢6 ion kim loai hay ete crown. Phan ting vdi ion kim loai thudng tién hanh trong
pha khi.

Nhiéu axit ¢d 1hé truc tiep decacboxyl hod hay di qua trang thai chuyéa ti€p vong 6
trung tam nhu trugng hgp cdc axit malonic, a-xyanoaxit, e-Xetoaxit, «-nttroaxit va axit
a, 3-khong no:

CH,
7

R—C \
(g\ HI/O 0\H

Dang enol tautome hod cho sin pham. Co ché ndy ciing biéu hién & cdc B-xeto axit.

ch,
+ O0=C=0

Mot s6 axit o, B-khong no decacboxyl hod theo co ché nay do déng phdn hoa thanh
axit B, y- khéng no trudc khi decacboxyl hod. Nhiing axit (19) va mot s -xetoaxit vong
bén v6i decacboxyl hod, nhitng axit nay khong tao dugc trang thdi chuyén vong 6 canh bén
va néu tao thanh chat trung gian enol thi vi pham quy tic Bredt:

COOH
//)
CH,
CH,
(19)
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Mot s6 axit khong tao dirge trang théi chuyén vong 6 canh tham gia phan tng theo Sg2
hay Sgi. D61 vé1 co ché vong. 16¢ do thay déi rat nhé khi thay déi dung moi tir khéng phan
cuc t9i phan cuc va khong chiu anh hudng xiic tic. Téc do decacboxyl hod axit a, f-khong
no tang lén 107 + 10° 1an khi dua vio nhém B-CH50 chiing minh rang trang thdi chuyén
vong ¢é tinh phin cuc.

Mot 56 axit decacboxyl hod nhu:

Axit Sdn phdm decachoxyl hod
I [
Axit malonic  HOOC— (Ij_ COOH —» HOOC— (lf— H

| ! I

a-Xyano NC—(C— COOH — NC_$_H hay HOOC— (I:_ H
I
I |
a-Nitro NOy—C~COOH —» NO;—C=Ii
|
I i
ct-Aryl Ar—(C— COOH — AT F_ H
I

I
a,u,a- Trihalogen-  X.C—Cc— COOH — X;CH
) I

] I
[~Xeto - (”2— E} COOH - —C—(C—H

!
O - 0 I
B, y-khong no —C=C—$--COOH —- —C=(I“.~(|Z—H
|

Axit glyxedic decacboxy! hod cho andehit theo co ché sau:

+ ®
R.C— CH—COO" = R,C=— CH—CO0 == R,C—2TH>COO"
N "N |
: OH
H ‘
——- R,.C= ?H tautomg R2F-'— T[—I-[
OH H O

Céc f3-xeto axit dé decacboxyl hod nén mot s6 axit duge didu ché tir B-xeto este va
bin thin este dé decacboxyl hod do thuy phan trir khi tdch axit ra. Phan ting decacboxyl
B-xetoeste nay 1a phan cat v& phia nhém cacboxyl cba nhém metylen thé trong diéu kién
axit, trung tinh hay bazo yéu cho xeton:

+ 0 R
R—(C—(— COOR' =~ IFT——?— H +CO,+ROH
Ik 5 or

nhung trong diéu kién bazo manh tim thay sy phan cit @ phia khdc clia nhém R,C:
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R

HOY | .

R— i$_ COOR' —» ROOC—{—H +RCOO
R R

san pham la este cacboxylic va mudi axit.

B-Xeto este decacboxyl hod khéng qua dang axit tu do khi tic dung vdi anhydrit boric
B,O; 0 150°C chuyén phan R’ ciia este thanh anken, néu khdng ¢ Hy thi 16i ete ROR™. Cic
axit binh thudmg khong cé nhém hoat hoa decacboxyl hod bang cach chuyén 61 este clia N-
hydroxypyridin-2-thion va tic dung véi (C4Hg):SnH.

Cic B-xetoeste, axit malonic, a-xyanoeste ¢6 thé decacboxyl hod bang dun néng chat
ban diu trong dimetyl sunfoxit ¢6 NaCl, Na,PO; hay mudi khdc. Phan tng khong tao thanh
chat trung gian axit ty do vh phin anky! chuyén thanh ancol. «-Aminoaxit decacboxyl hod
khi dun néng véi xidc téc 2-xyclohexenon. Mot vai hop chit co kim ciing decacboxyi hod:
RCOOM — RM + CO,.

23- Phdn ang phan tich cde ankoxit

Cidc ankoxit ctia ancol bac ba ¢é thé bi phan tich nhu 14 phan Gng nghich cha phan ng
cong nucleophin va xeton:

2-1A

R o 1 R
‘@i—ﬁ) > RH +i‘—“‘0

Phan tng khong dat duoc khi géc ankyl don gian khong nhdnh, chang han nhu
trietylcacbinol. Phian tng t6t vdi cdc ankoxit phan nhdnh nhu ankoxit cua difso-propyl-
neopentylcacbinol, tri-rert-butylcacbinol va cdc allylic, benzylic va aryl cling phén cil,
chang han triphenylcacbinol cho benzen va benzophenon.

Phan ng ducc nghién citu trong pha khi 14 su phin cat don gidn cho cacbanion va
xeton tryc ti€p mot giai doan:

I
—27 = o

Mot s& chat phan cit trong dung dich c¢é mét luong dime RR nén theo co ché goc
ciing nhir khi phan cit quang hod.
24- Phdn ting phan cdt Faetoeste va fdiveton
Cic [3-xetoeste bi phan cat trong mdi trudng kiém:
R
R'OOC—&—E—R —% ROOC-CH + RCOO
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Phan tng thuong trong moi trudmg kiem die va lién ket bi phan ct Iy gidta xeto vit CRA:
2
R— C-(l‘*—COOR'
R

vi san pham 13 mot este v mudi cla axit. Phin (ng thudng bi han ché bsi phan tng phu
decachoxyl hod trong dié¢u kién bazo. Cic -dixeton cling bi phan cat tuong tr cho xeton va
mudi coa axit. Néu ding C-H;O  thay cho HO  thi thu duoc etyl este clia axit cacboxvlic.
nhung can chii v trong truesng hop cua B-xetoeste ¢6 phan Ung nguge cia ngung tu Claisen.
Cic a-xvanoxcton vong cung b phin cat ndi phan tit bing bazo thudng dung dé didu
ché cic lacton vong lon:
D ; O
CH,CH,CH-O
CN :
» CN

U

25- Phan wng Haller-Baner
Phin ing phin cat xeton v&i amidua natri goi 1a phan itng Haller-Bauer:
. ONHY
R (ﬁ‘— [
0 O

Phin ttng dip dung cho cic xeton khong enol hod duge nhu foai ArCOCR; cho sian
phani RyCCONI, kho diéu ¢h& duoc bang phuong phdp khic.

RII + R— (”'- NH”

Trong phan (ng tim thay su bao toan cau hinh cua R hoat dong quang hoat. Nhém
NH; mit proton trude khi R cat ra:

NI, t\l'-ne TI\IH@
R—C=R' + Nily > R=C-R' ™ R=C-R' == Rl + C-R
|

I Il
0 0% P o)

N6i chung, cic xeton thudng khé phan cit hon cdc trihalogen xeton, B-dixeton i
khong tao duge cacbanion bén. Tuy nhién cdc xeton khong enol hod ciling ¢6 kha ning phan
cit khi tic dung vai hon hop rer-butoxit-11,0 véi 1y 1é 10 @ 3 trong dung moi aproton nhu
cte, dimetyvlsunfoxit, 1,2-dimetoxyetan... hay vai rers-butoxit kali ran khong ¢é dung moi:

R—C—R OHOKILD - Ri + R'COO
“ (C:“{}:(]

O

Trong trieomg hap nay, cic diaryl Xeton khong th¢ vu tién phan cit Jé thanh cacbanion
bén hon, 1rir nhém aryl the & vi tri ortho. dé phan cat hon vi hiéu dng lap thé. Mot so xeton
vong khong enol hoid ciing bi phin ciit bing bazo.

182



26- Phdan ting Dakin West

Anunoaxit téc dung vdi anhydrit trong pyndin:

o)
ridir ”
R—CIH=COOH + (RCO)0 g R=CIEG-R +C0,
N NI R
0

Trong phan (tng, nhém cacbexyl b thay the bang nhém axyl va nhém NHs bi axyl hod.

Cic aminoaxit N-thé RCH{NHR)COOII cho san phim tuong dng N-ankyl hog. Co
ch& ¢ su hinh thanh oxazolin.

27- Phedn ting tao thanh hap okat cor kim

Ankyl halogenua tic dung truc tiép véi vai kim loat cho hgp chat co kim:

RX + M — RM

Kim loai thudng ding nhat 12 Mg va hoat tinh cta halogenua [ > Br. Phan ing dp dung
cho ankv] halogenua bac nhat, hai v ba cling nhu ary! halogenua. Allyl Grignard ciing téng
hep nhur trén lrong. THE trir khi ¢d du halogenua cho phan tng Wuartz, Vinyl hay aryvd
halogenua tic dung vdi Mg trong dung moi ¢6 diem so1 cao, allyl halogenua phan ing
khong can chiat hoat hod. Bihalogenua phan ng véi Mg khi ¢ hai halogen khdc nhau hay it
nhat ¢ cich xa nhau ba cacbon, néu giong nhau cho hgp chat dimagic, con 1,2-dihalogen
cho phan tng tich, Ankylflorua magie di¢u ché khi dun hoi leu ankyl tlorua vét Mg khi cé
xtic tic thich hgp nhu I, hay C,H<Br trong THE trong vai ngay.

Pin xuit halogenua ¢6 nhom chidc nhu OH, COOH, NH, can phai chuvén thanh
mudi (nhu O, COO™. NH ), ¢dn nhém chue C=0, C=N, COOR ¢6 phin Gng vér tic nhian
Grignard khong cho phan uing hinh thinh tic nhin Grignard.

Co chd hinh thanh tic nhan Grignard cé thé 12 co chd goc theo phuong phap nghién
ctru CIDNP hay hod hoc lap thé nghién citu (8¢ dd vi san pham. Phuong phip khdc la
nghién ctu hoat tink cua CHLBr trén bé mat tinh thé Mg cho thiy khong ¢6 co ché cong
mach mot giai doan,

Cor ché SET hinh thanh nhur saw:

R-X + Mg — R-X"+ M¢*
R-X* —= R"+ X~
X+ Mg — XMg
R* + XMg" — RMgX

Trong co ch& nay, hinh thanh tidu phin ion géc ndm trén bé& mat Mg, song ciing ¢6 dé
nghi rang goc R khuéch tdn vao dung dich réi quay trd vé tuong téc véi XMg' trén hé mat
Mg, va cing ¢6 dé nghi riing & giai doan thit e, R™ bi khir bdi Mg’ cho cacbanion R™ roi 16
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hop vai XMg® cho RMgX...

Tae nhan Grignard ¢6 phan (ng manh vdi nude va oxy nén can thuc hién trong moi
truong nito khan, khéng tdch ra ma dung ngay dung dich cho cdc phan ing ti€p theo.
Thudmg diing dung moi ete nhung ciing ¢é thé ding benzen va toluen, nhung néu 6 amin
bac ba thi tao phitc v&i co kim. Dén xuat ankyl va aryl halogenua thuong diing téng hop co
jiti nhung ciing ding cdc kim loai khdc nhu Na. Be, Zn, Hg, As, Sb va Sn. C6 thé tao duge
tic nhan Grignard dang bot néu ding tic nhin tao chelat nhu tris-(3.6-dioxaheptyl)amin
N(CH,CH,0CH,CH,0CH3);. Mot s6 kim loai phan tng chdm v&i halogenua thi ding hén
hong kim loai véi natri hay kali, nhu t6ng hop tetraetyl chi bang hdn héng Pb-Na.

28- Piin ing ciia RX vai hop chdt co kim

Né&u cho RX tic dung v6i R'M cé phan iing trao doi:

RX +R'M — RM +R'X

Nhung thuomg gidi han khi M la liti va RX 1a bromua hay iodua. R* thuong la ankyl
nhu butyl, R 1a thom. Ankyl halogenua néi chung khéng du hoat dong, allyl va benzyl
(hudng cho phan iing Wurtz, vinyl halogenua cho phan g bio toan cdu hinh.

Phan tng ding 1ong hgp a-halogen co liti va a-halogen co magie:
~ THF ‘

Mot vii hap chit téng hop bang trao d6i hydro-kim loai:
, THF-DMFA
BriCH + iso-Call-MgCl — e~ BraC-MgCl + CGiHs
Cic a-halogen co kim bén chi & nhigt do thap (~100"C) va chi tén tai trong THF hay
hén hop THE véi dung moi khic nhu HMPA, & nhiet do thudng mdt MX (tich o) cho
cacben hay cacbenoit, chi ¢6 a-halogen-a-magie sunfon ArSO,CH(CHMgBr bén & nhiét do
phong.

Khi nghién ctiv phan tng cia ankyl liti voi ankyl vi aryl iodua da dua ra co che gée sau:
RX + RM == [R‘,X,M,R“] == RM + RX
16ng dung moi

Bing CIDNP di quan siit duge san phim ghép va chuyén khong can doi cla R" v R™
Ciing tim thiy phuc at (CHs),I Li* nhu 1a chat trung gian cua CgHiLi va cing c6 ching
minh khic 13 cdc g6¢ khong phai ¢6 trong moi lic caa phan ing.

C6 qud trinh hoan toan khdc 1a ankyl halogenua c6 thé chuyén thanh hop chit co kim
khi tic dung vdi ion co kim nhu:

RX + R'3SnLi — RSnR'; + LiX

Ngoii ra, citng véi co ché ndy con ¢d co ché& chuyén electron va co ch€ Sy2 canh tranh

@ cung diéu kién.
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29- Phan ting cua halogen véi co kim
Cac halogen phan tng véi hap chat co kim cho ankyl halogenua:
RMgX + I, — RI+ MgXl

Phan iung dung diéu ché din xudt iot tir din xudt clo hay brom, khong ding diéu ché
RCl vi RMgBr vi RMgl tic dung vdi Cl, cho san phdm chinh 12 RBr va RI. Ankyl, ary! va
vinyl Grignard tdc dung v&i FC1O; cho dén xuit flo.

Phan tng ding diéu ch& din xuat vinyl halogenua dac thi 1ap thé nhu gidn ti€p thuc
hién phan ¥ng cong trai Markovnikov cla HI vio ndi ba cudi mach nhu theo phan iing sau:

H
SN R 7/ H.0 R
o Q= =g i<
catecholboran H B\O H B{OH)J
. R H
I:'NdoH T _<
ete, 0°C H/ :

Vé co ché, phan {ing chuyén hda hop chit co kim thanh ankyl halogenua néu cho san
phim nghich dao cdu hinh thi theo co ché€ Sg2 (sau), néu bao toan cfu hinh ta co ché Sg2
(dién) hay Sg/, con nhitng truding hop khdc mat di c&u hinh 1a co ché gbc ty do.

30- Phdn itng cia hop chat co kim véi oxy, luw huynh

Oxy tac dung vdi tic nhan Grignard tao thanh hydroperoxit hay ancol:

Xy R—O—0O—H
RMgX + O; —»= RTO—O0-MgX “Rhex p_ MgX -m 2R—OH

Phan ting diing dé chuyén hod ankyl halogenua thanh ancol khong ¢6 phan tng phu.
Aryl Grignard cho phan iing cham hon va chi cho phenol khong ¢6 hydroperoxit. Phuong
phdp 161 nhat dé chuyén hod aryl Grignard thanh phenol khi ding trimetylborat va oxy hoa
tiép bang H,0,:

B(OCH.),

ArMgX ArB(OCH»), "HHF' ArOH

Y2
Nhiéu hgp chat co kim khic ciling phan ting vdi oxy nhu aryiliti cho phenol vai oxy.
Ciing ¢6 cong bd cho phan tng trén 12 thudce co ché gdc tv do.
Thiol va sunfua cling tao thanh khi tdc nhan Grignard tdc dung v6i luu huynh:

« R—S—H
RMgX + § —= RS—MgX  TRhgy o o o 1L 2r—OH
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31- Phdn g cia Grignard véi peroxit
Phuong phdp thich hop dé tdng hop ete terr-butyl 1a tic dung Grignard véi tert-butyj

axyl peroxit:

R.MgX'{’ f{??‘(-C4Hg—'O—()'—E—R' — [&(}-——tcr!-Cﬂh + RCOOMgX

C6 thé dung R 11 ankyl hay aryl. Phin tng quan trong trong 16ng hop xyclopropanol
ma Khong ti€n hanh duge theo Sy bang cdch tir xyclopropyl clorua chuyén thanh etc tert-
butyl cta xyclopropanol réi thuy phan cho xyclopropanol.

Tdc nhan vinyl liti tic dung véi silyl peroxit cho silyl ete hiéu suat cao ma bao toan
cdu hinh, néi chung fa phuong phap dé chuyén hod dac thi tap thé:

RU <R" } _ R, R
R Nyt ARLSEO-0-Sicily, }(C_ C\OSi(CIh)s
Ankynyl este tdng hop tir ankylua liti vGi phenyliodin (III) dicacboxylat:
RC=CLi + C4H;I(O,CR"), — RCEC—O—E—R‘
O

32- Phan ing chuyén hod hop chdt co kim thanh amin

bay la phuong phdp chung chuyén hod ankyl hay arvl liti thich amin bic nhat:
CH,ONH,
I ——— RNH,
CH,Li ’

Phan tng cta RLi véi metoxyamin va CH,Li trong ete & —78"C. Tic nhan Grignard
cho hi¢u suat thdp. Phan @ng xay ra bing su thé uye tiép OCH; bang R qua chat trung gian
CILON R (CH;ON'R Li* + RLi - CH;0Li + RN"R’Li*). Néu ding metoxyamin N- th&
cho amin bac hai. C6 phuong phdp khdc la ding azit, thuong dung tosy! azit cho san pham
ban dau 1a RN; réi khir cho amin.

Hop chét co boran tdc dung véi NH; va NaOCI cho amin bac nhat véi tac nhan thuc fa

NH,CI:

H.-N: )
R,p NHoNOC 2RNH, + RB(OH),

C6 thé¢ dung cloramin, hydroxylamin-O-sunfonic axit trong diglym vi trimetylsilyl

azit.

Amin bic hai diéu ché bang tic dung ankyl hay arvldicloborat hay diankylcloborat
vai azit anky! hay aryl:

1.0
RBCI, + R'Ny — RR'NBCl, === RNHR’
R,BCL + R'Ny — s RNHR’
2P RN 2-H,0
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Néu diing RBCly quang hoat s& cho amin bac hai tinh khiét quang hoat 100%. Tic
dung R:B v&1 N-cloamin R’NHCI cho RR'NH. Aryl triaxetat chi ArPb(OCOCH;); vdi
Ar’NH, vi Cu(CH;COO); cho ArNHAr, Phuong phédp gidn tiép chuyén hod andehit thinh
amit N-hai ldn the dua tren co sO chuyén hod O-(trimetylsilyl) andehit Xyanohydrin thanh
amin:

OSi(CHy); OSi(CH;);
j50- .‘1 23aNLi -“ 5 ]“ (N -"”‘ 2
. Rt — 1 (iso-C3H)aNL _ D L? (CoHhPHOON(C 3
h ‘N
0 " osicny,
-
R—C —N(CH;), — R—'iflf—N(CH;)z
‘N

Amin bic hai chuyén thanh amin bac ba khi tic dyng véi diankyl liti déng:
R,CulLi+ R’;NH — RNR",
Cong ¢6 thé diung phan ing nay dé chuyén amin bac nhat thanh bic hai nhung hicu
sudt thiap hon.
Nito phan ur tdc dung v&i ArLi khi ¢6 xic 1dc cua hgp chat kim loai chuyén tiép nhu
titan, molipden, vanadi... cho amin thom bac nhit:

, I- MX,
ArLi+ Ny ———F= AINH, + NH;

]
33- Phan g chuyén hod hop chdt co kin thanh hop chdt cachonyl

Halogenua co thuy ngan phan tng vdi dicoban octacacbony} trong THIF hay niken
cacbonyl trong DMF tao thanh xeton déi xiing:

RHgX + Coy(CO), s R-C-R

O

Trong phin iing nay, R ¢6 thé 1a ankyl hay aryl, cacbon cacbony! déng vai 1rd cha mot
tic nhan electrophin, khi R 14 ankyl thi ¢6 chuyén vi khi ¢6 Cos(CO)y con Ni(CO), thi
khong.

Bivinyl xeton 1ao thinh tir halogenua vinyl thuy ngan véi CO va xic tic rodi. Piaryl
xeton tao thanh khi ding aryl thuy ngan halogenua vdi Ar'l hay néi chung diing tetraanky)
thige v Ar'X (R = aryl, vinyl, benzyl) vdi CO va xic tdéc phirc Pd. C6 thé ding tdc nhan
Grignard, ankyl halogenua v&i Fe(CO)s, hop chil co nhém véi aryl halogenua véi CO va Pd,
Arylinimetylsilan véi aryl halogenua khi ¢6 AICly déu cho xeton tuong tng.

Andehit cing ding phuong phdp nay tir tdc nhan Grignard v6i axit fomic, trong dé
mot mol dau chuyén HCOOH thanh HCOO™ vi mol thi hai cho RCHO hoac ditng aryliti va
tic nhin Grignard vai Fe(CO)5 cho ArCHO, con anky! liti v6i CO cho xeton d6i xiing.
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Céc este a, f3- khong no tng hgp tir clorua vinyl thuy ngan véi CO va xiic tic Pd
trong dung moi etanol:

C PdCl, n-C:H H
i GHIE\C=C/H+ CO +CH:OH platec G I3\C=C/

W~ “HgCl L H”  “COOCH,
Cdn muon tong hop este no thi ding aryltali bis(trifioaxetat) véi CO trong ancel va
PdCl,:

PdCl
ArTI(QOCF,), + ROH + CO ———1» ArCOOR
Amit tong hop tir triankyl hay triarylboran véi CO va imin v6i mot luong nhé
cachonyl coban:

l Co,(CO)y I
R;:B+ -C=N-R'+ CO —— R-C-N-C-

|
ORH
34- Phdn ing trao déi kim loai
Nhiéu hop chit co kim dugc t8ng hgp bing edch thay thé kim loai trong hop chat co
kim béng tic dung vdi mot kim loai khic:
RM + M' = RM'+M

Phan uing dat duge khi M’ trong day dién dong cao hon M. Thudng ditng RM khong
hoat dong cdn M’ hoat déng hon M. RM thudng ding R,Hg vi Hg nam & cudi didy dién
dong dé tdng hop cdc ankyl clia Li, Na, K, Be, Mg, Al, Ga, Zn, Te, Sn...

Nhiéu hgp chit co kim téng hop bing trao déi kim loai cha hop chit co kim vdi mudi
ctia kim loai khdc:

RM + M'X == RM'+ MX

Phan gng nay, ngugc vdi phan tng trén, M’ nam thdp hon M trong day dién déng.
Thudng dung hgp chit ¢d kim 12 co liti va téc nhan Grignard d€ tong hop cdc ankyl cua Be,
Zn, Cd, Hg, Al, Pb, Co, P1, Au vdi halogenua twong ding. Phan (ng ciing ding tdng hop cédc
ankyl ctia kim loai khong chuyén ti€p va mot vai kim loai chuyén tiép. Cde ankyl kim loai
kiém thé va phi kim nhu Si, B, Ge, P, As, Sb, Bi ciing diing phuong phdp niy.

Ngoai trir ankyl kim loai kKiém va Grignard, phan dng gita RM va M’X 1a phuong
phdp chung dé 16ng hop cdc hap chil co kim.

Liti ankyl d6ng t6ng hgp tir hai mol RLi vdi mot mol halogenua déng & nhiét do thap
hay hoa tan ankyl déng trong dung dich ankyl liti:

2RLi1 + CuX — R,CuLi + LiX

Poi vdi cdc kim loai ¢6 hod tri 1dn hon mét, cdn phai ngung phan (ng trudc khi cdc
halogen bi thé:

RMgX + SiCl, — RSiCl,

nhung c6 nhiéu trudng hop khéng ¢6 thé nhu: RMgX + BF; chi cho BR,.
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Cdc metalloxen ciing t6ng hop bang phuong phip nay nhu metalloxen cba Sc, Ti, V,

Cr, Fe, Co, Ni1:
Na' +MX —= @M@

Phan ting trao déi kim loai ¢iing xay ra gira hai hop chét co kim:
RM +R'M' == RM'+ R'M

Phuong phdp nay it diing hon hai phwong phdp trén vi phidn tmg 1a can bang va chi
dung khi can bing duoc xic dinh theo hudng dinh trude. Thudng diing t8ng hop allyl liti hay
vinyl liti tf co thi€c, chang han vinyl liti tit phenyl liti vA tetravinyl thigc hay tdng hop
a-diankylamin co liti tir co thiée & 0°C:

RR’NCH,8n(C4Hy); + CyHyLi — RR’NCH,Li + (C;Hy),;Sn

Cac 1,3-dilitixyclopropan va 1,1-dilitimetylenxyclohexan t6ng hgp duoc tir co thuy
ngan. Néi chung, can biang theo hudng 1a cac kim loai dwong dién hon lién két véi ankyl hay
aryl ¢é kha nang tao duge cacbanion bén hon. Phan tng duge bdo toan ciu hinh va co ché
giong Sgi.

35- Phdn iing thé kim lodai bing hydro

Hop chét co kim phin tng vdi axit 12 th€ Kim loai bing hydro:

RM + HA — RH + AM

Phan ung thudmng diing cho din xuat aryl, dé dua deutri hay triti thay cho kim Joai.

Thuong dung hop chat Grignard véi axit db manh va trong qud trinh chuyén RX —
RMgX — RH.

Céc hop chat co natri, kali, liti... ¢6 thé dien dong cao dé thuy phan bang nudc, cic
hogp chat kém hoat dong hon ding axit manh hon. Hop chat R,Zn nd khi tic dung véi nudc,
R,Cd cham, con R,Hg thi khong, chi phan cat khi ¢6 HCL. Hop chdt BR4 trg v6i nudc nhung
c6 thé chuyén thanh RH khi tdc dung véi axit cacboxylic. GaRy phan cit mot nhém R &
nhiét 46 phong, nhung AIR; phan dng manh vdi nudc.

Cac hop chdt ciia kim loai kém hoat dong da hod tri thudng c6 thé phan cat mot nhém R:

R,Hg + HCI — RH + RHgCl
Céc hop chat co kim kém hoat dong hay 4 kim, nhu silicon, antimon, bitmut tro vdi

nudc. Hop chat co thuy ngan chuyén thinh RH béng tdc nhan khir nhu H,, NaBH,, trong dé
khir bing NaBH, theo co ché géc nr do,

36- Phdan wng oxy hod triankyl boran thanh borat
Triankylboran tdc dung véi H,0; trong kiém tao thanh este clia axit boric:

H,0,

R;B NaOH

(RO);B —=3ROH + B(OH);
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Phan tng nay khong anh hudng téi néi d6i hay ba, tdi andehit, xeton, halogenua hay
nitrin. Co ché cita phan iing nhu sau:

R
R—%!ho —0— - R—-—ellii :-\‘OCB— H - R-—IES—O-R + HO
R R R
Nhém R chuyén vi ciing véi cap electron lién két tdi oxy va bdo toan cdu hinh cia géc
R. Hai nhém R ¢6 thé chuyén vi tiép t6i oxy tuong tu.
Boran ¢4 thé oxy hod bing oxy, NaBO,, percacbonat natri Na,CO4.3/2H,0, trimetyl-
oxit, anhydrit...

Phan dng trén thudng ding dé chuyén hoa olefin thanh ancol.

37- Phdn tng phdn cdt ankan
Lién két C-C bj phan cit khi ¢6 axit supeaxit nhu neopentan phan cit cho metan v
cation fert-butyl sau:

FSO;H-SbF, .
(CH'{)_;C —e CI‘I4 + (CH‘:’}‘;C

Phan ting luon c6é phan ¢ng phin cit hydro canh tranh nhu neopentan trén ¢4 thé cho
H, va cation fert-pentyl (chuyén vi tir cation neopentyl). Néi chung, hoat tinh theo thi t:
C-H bac ba > C-C > C-H bac hai > C-H bac nhat. Sy phéan cat 1ap thé thudn loi khi ¢é khé
khan lap thé nhy loat hop chit tri-ter 7-butylmetan. N6i chung co ché cia phan ng nay 1a do
sur tdn cong cla electrophin H' vio lién két C-C cho cation nam hod tri (xem phén ting 1).

Su phan cat lien két C-C c6 thé bing phuong phdp khi: R-R” + H, - RH + R'H va
mot vai lign k& C-C bi phan cdt bang kim loai kiém.

38- Phdn tng loai nhém xyan (dexyan hod)

Nhém xyan trong cdc ankylnitrin bi the€ bang hydro khi tic dung véi kim loai kiém
trong amoniac long:

Na-NH,
RCN — RH

Cé thé dung tris-(axetylaxetonat) Fe (III) (Fe(acac);) hay titanoxen nhung hiéu sut
thap.

Phan ung ding Na—NH; cho hi¢u sudt cao khi R 1a trityl, benzyl, phenyl, ankyl bac ba
nhung R bac hai hay bac mot cho hiéu sudt thdp, con véi Na-Fe(acac); cho hiéu sudt cao.

Natri trong amoniac 1ong 12 nguén electron solvat dua phan vng di qua co ché goc wr
do R réi khir thianh cacbanion R két hgp vdi proton cho RH.

Phuong phap khdc nhay véi nitrin v&i R bac mét va hai 1a dung kali kim loai véi ete
crown dixyclohexano- 1 8-crown-6 trong toluen. Cic a-aminonitrin RCH(CN)NR’; va ct-amit
nitrin RCH(CN)NHCOR’ tdc dung v&i NaBH,4 cho hiéu sudt cao.
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Chuong 8

PHAN UNG THE ELECTROPHIN S;
CUA HQP CHAT THOM

Cdc vdng thom c6 ty trong electron cao nén dé bi tdn céng boi céc tiéu phan mang
dién tich duong hay ddu duong cila mot ludng cuc. Trong phan dng ndy nhém di ra 1a mat
axit y€u hon nén thudng gap proton 1a nhém di ra trong phan tng thé electrophin vao nhan
thom. Trong hé cacbon aliphatic, phan 1ng nucleophin Sy 12 dac trung hon, trong hé thom
thi phan iing thé electrophin Sg lai dac trung hon.

8.1. CO CHE THE s,

Phan (ng thé electrophin la sy tin cong cba electrophin cation hay dau duong cua
hréng cuc vao trung tam gidu electron cla nhan thom. Qua trinh ¢6 thé di qua chd trung
gian la ion areni, tuong tu nhu co ch€ tit dién nhung mang dién tich duong hay tao anion
heac di qua trang thdi ion gdc.

8.1.1. Co ché ion areni hay phic

Co ché€ ion areni hay phifc o 1a co ch€ hai giai doan, giai doan ddu 12 t4n céng cta ion
duong hay ddu duong cia ludng cuc vao nhan thom luc tlr d€ tao cacbocation gidi tod cong
hudng, song c6 thé di qua nhiéu trang thii trung gian véi su phu thuode nang lugng vao tdé¢
d6 phan ing nhuy sau:

+Ef =—— E*

E
X % \ X
+ H =— H*
E phE'c n
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Vi duge bifu dién bing giin d6 nang lugng véi phitc o 1a chit trung gian:

EA

Toa d6 phan L'Iﬂér

Hinh 8.1. Giin d6 nang lugng cla S¢ thom

nhung thudng bdé qua phirc 7. Dai da s& phan ting tao thanh phic o 1a cation khong ¢o hiéu
ttng déng vi va dac trung bang dé nhay electron cla cic nhom thé,
Diung quy tac trang thai dimg t6c do phan ting ¢6 dang:
» < K1k [ATH)E"](B"]
&, +k,B]

néu kyg; > > k_|, phuong trinh ¢6 dang v = &, [ArH][EY]
/- Pliec =

Kht tdc nhan electrophin tdc dung véi nhan benzen trude hét tao duge phic © nhu la
mot tiéu phan trung gian khang bén. Trong phic n, h¢ electron cia nhan thom vdn bdo toan,
duwge hinh thanh gita mot ti:u phan ngheo electron nhu {2 tidu phan nhan eleciron vi mot
tiéu phan gidu :lectron nhu .2 chit cho electron foac do tuong tdc clia obitan tréng cla tigu
phan electrophin véi obitan n cda nhan benzen:

E hay @—» Sy — N uﬁ_

phire T phicTt

Tdc do tao thanh vi phan huy phitc n xdy ra rdt nhanh, anh huéng cla hiéu ing
electron cita nhém the dén phitc n khong 16n vi sy chuyén dich dién tich trong phirc n rat
nho. Sy tao thanh phic n thuc t¢ khong dnh hudng dén tée do phan irng cling nhu ban chat
cha san phidm hinh thanh. Sy tén tai clia phic x duge xdc nhan bang phé UV hoac bang su
tang tinh tan, dp sudt hoi, nhiét do déng dac nhung khong lam thay déi thyc t& cdc phé ciing
nhu tinh din dién. Chiang han phitc 7 tao thanh khi hydrocacbon thom tdc dung véi HCl
nhung khi ding HC! v6i axit Lewis thi tao ion areni, Hai loai dung dich nay ¢6 tinh chat
khac nhau. Dung dich cla ion areni ¢6 mau, dan dién 3¢, con phitc © khong mau, khéng dan
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dien. Ciing nhu khi ding DCI v6i benzen cho phifc n khong 6 trao déi deutri (vi khong tao
lién két cang hod tri) nhung véi DCI cé AICI, cho jon areni ¢6 trao déi deutri.

2- Phirc o

Phic o hay ion areni hay con goi 13 chdt trung gian Wheland, 1a hop chit trung gian
mang dién tich duong tap trung trong nhan thom va giai toa giita vai nguyén 1.

Phic o 6 mot s6 cfu tric cong hudng gdn gidng loai supeallyl cé dién tich duong
phan b& trén ba ciia nam obitan p:

X . X X R <X __ (~
O =[O - o - O = @
; @® ®

Hé nay tré thanh khong thom, ¢é hai vi tri orthe v mdt vi tri pere mang dién tich
duong, con hai vi tri meta twong duong nhau mang dién tich duong vé hinh thirc, song ¢6
ban chat duong do hai vi tri bén canh mang dién tich duong.

Néu trong trudmg hop tic nhin tdn cong khong phai ion mi 12 mot ludng cuc, san
phdm c6 di¢n tich am & vé phdn ludng cuc bing cap electron ctia minh v ty phan cit ra
trong qud trinh:

X X X E
e N =] o /
O +E-Nu —= e<E Nu —-—E+ Nu —-—O

Phan ng thé Sg vao hop chat thom di qua phic  rdi phiic ¢ ¢6 tinh 6n dinh tvong doi
khdc nhau. D¢ so sdnh tinh 6n dinh cla hat phic ndy va phitc ndo gin véi cdu triic trang thai
chuyén, ngudi ta so sdnh hing s& can bang twong déi hinh thanh phitc khi brom hod hgp chat
thom.

K‘d thn KldU
Benzen 1.0 1.0 1.0
Toluen 605 1,5 790
1,2-Dimetylbenzen 5300 1.8 7900
1,3-Dimetylbenzen 5,5.10° 2,0 1,0.10°
1.4-Dimetylbenzen 2500 1,8 2300
1,3,5-Trimetylbenzen 1,8.10° 2,6 6.3.10°
1,2.4-Trimetylbenzen 1,5.140° 2.2 2.0.10°
1,2.3-Trimetylbenzen 1,7.10° 2.4 2,0.10°%

K&t qua trén cho thay, tinh én dinh cba cdc phite n thay d6i rdt nho khi dua cée nhém
thé vao nhan bezen va tinh 6n dinh clia dan xuat di- va tri-metyl gdn nhu nhau, con phic o
cang duge 6n dinh khi ¢6 nhiéu nhém thé€ ma ngay ci & vi tri meta cla phic o ciing dugc 6n
dinh bang siéu lién hop.
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Sy hinh thanh phitc o ¢6 su thay doi trang thai lai hod tir Cyp sang C, 2 nén da phd huy
tinh thom cua nhan benzen, do d6 giai doan nay thu nhiét nén theo tién dé Hammond, trang
thdi chuyén cin phai chuyén vé phia phic o, nghia la cfu tric trang thai chuyén gin gidng
vOi cdu triic phifc o, néu xdc dinh duge cdu tric phite o ¢6 thé suy ra céu triic trang thdi
chuyén,

Nhu viy. qud trinh xay ra qua phite n va g thi ¢6 thé giai doan nao 1a nhanh va giai
dean ndo cham quyét dinh tdc dé, néu sy hinh thanh phic 7 nhanh thi giai doan chuyén
phuc 7 thianh o la quyét dinh 16c do, hodc hinh thanh phiic ® quyét dinh téc do thi chuyén tir
phitc n 161 ¢ 1d nhanh.

bé xde dinh diéu ndy. ngudi ta so sdnh tinh bén cha phiic véi téc do twong d6i chia
phan ing, chang han xdc dinh tinh bén cla ion areni bing tinh bazo twong d6i cia chat ban
ddu, tinh 6n dinh clha phiic 7 biing hing s6 can bang giita chdt thom va HC! va xic dinh 8¢
do phan ng nhu bang 8.1,

Bang 8.1. Tinh 6n dinh twong d6i cua phite n, phirc ¢ va tdc do clo hod, nitro hod

, . Tinh én dinh Tinh én dinh Tée dd Tée dd

Nhom thé cla phitc o cla phic n clo hoa nitro hod
Khdng (Benzen) 0.09 0,61 £,0005 0,51
Metyl 0,63 0,92 0,157 0.85
p-{CHa), 1,0 1,00 1,00 1,00
0-(CH,), 11 1,13 121 0,89
m-(CH,), 26 1,26 200 0,84
1,2,4-(CH,), 63 1,36 340
1,2,3-{CH,); 69 1,46 400
1,2,3,4-(CH,), 400 1,63 2000
1,2,3,5-(CH,}, 16,000 1,67 240.000
{CH3)s 29.000 360.000

Tir két qua trén cho thdy, néu do ducc tdc do tuong d6i cha phian tng v6i mot
electrophin da cho véi diy hop chat nhu trong bang 8.1, néu t6¢ do twang di giong tinh bén
clia ton areni thi c6 thé cho rang ion areni hinh thanh & giai doan cham, néu gidng tinh én
dinh cua phtic = thi phirc n hinh thanh & giai doan cham. Nhiéu truding hop tim thay tSc do
tuong ddi giéng véi tinh dn dinh ion areni ma khong giéng phitc . Nhur khi brom hod bing
Br, trong axit axetic ¢ nhi¢t do phong hay axyl hoa bang CH,CO".SbF¢ khéng hinh thanh
phitc 7, néu ¢6 hinh thanh thi khéng & giai doan quyét dinh téc do, mat khic, khi nitro hod
bing tic nhan clectrophin manh NO,™ (¢ dang NO,” BF;"), t6c d¢ tuong d6i gidng véi tinh
6n dinh cla phite n hon [a tinh 8n dinh cha ion areni, cling nhu brom hoa bing Br, va FeCl,
trong nitrometan. Trong cdc truong hop nay phifc x 1ao thianh & giai doan quyét dinh téc do
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phan tng. Néu tinh dé&n sy chon loc vi tri ¢6 thé ¢é nhiéu phic tao thanh trudc ion areni nén
thudng goi 12 phic tong qudt viet & dang (1):

H H
1- ArH + E* === E*ArH; 2- E*ArH == A@?/ 3 A@E/

(1) g

3- Sut tedch ion areni

= ArE+H*

Phitc o tao thanh ¢6 thé dugce tich ra nhu 1a hgp chit trung gian trong nhimng trudng
hgp c6 bazo manh hay phitc phan tich khé khan nhu:
CH-

|
© + G HsF + BF; — ’ BF,
cmcm
s
© + HF / ShF; —> ! SbFg

Cing nhu trong nhitag trudmg hop phitc o di bén ¢4 thé tich ra thanh dang tinh thé

Brg./0 QCHy:,

hoac mesitylen tic dung vai etyl florua xic tdc BF; & —80"C cho ion areni tich ra ¢é nhiét
do néng chiay —15°C, sau d6 dun néng ion areni cho san phim thé:

nhu:

CH,

CHj
! C,H;

ColF

BF,,-80°C CH
H;C CH, H,C 3 H;C CH;4

Trudng hop ion don gian, ion benzenoni diéu ché tir HF-SbF—CIF-S0,F, & -134"C:

duge nghién citu bing phé ion benzenoni va pentametylbenzenont, cho thay cacbon & vj tri
1,3 va 5 mang dién tich duong khoang +1/3, tim thdy d¢ chuyén dich hod hoc 16n trong
NMR ciia cacbon 2 va 4 khang chia dién tich. Phé "CNMR cho thidy do chuyén dich hod
hoc cua ion benzenoni 0 Cy = 178,1, C, va C5 = 186,6, C; = 136,9 va C, = 52,2.
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Trong mot s6 trudong hop ¢6 thé dung nhirng phan tng hod hoc dé nam bit 14y phitc
ching han:

(Hs H;C_, NO,
+NO, CH,CO0H

+- St chuyén hod cita phite o

Trong phtic o, electrophin lién két & vi tri xdc dinh clia nhan benzen, & dé cacbon ¢é
mat do electron 1én hon vi su tao thanh phifc ¢ ¢6 thé thuan nghich. Sir chuyén hod phiic ¢
cling ¢4 thé 1a thudn nghich phu thuéc vio su dé dang tich electrophin hay tich proton. Phitc
o cling ¢6 thé cong hgp voi nucleophin dé 1ao thanh sian pham cong dien:

Nu®

S~y g 2
— ©+N11H
H E H E H F
H
+Nne:—-©<.\’u+©
H

N

Toa dd phan (ng

Hinh 8.2. Gian d6 nang lugng chuyén hod phitc o thanh san phim

Ba s6 phdn (ng xay ra qud trinh tdch proton vi ¢é su thom hod nhan benzen, doi hoi
nang lugng thip hon la cong nucleophin, song cling ¢é phan iing ma san phdm hinh thanh la
san pham cong nucleophin khi téc nhan nucleophin Ia tic nhin manh va hiéu ing nhiét cha
phdn dng 1ai thom hod khoéng lén. Chang han nitro hod antraxen trong ancol:

H _NO,
(D o 2= (02
H” “OR

Phan ¢ng xdy ra su tao thinh san phdm cong vi khuynh huéng tdi tao hé thom
antraxen khong Ién do nhiét giai phéng ra nho.

Khi nghién citu hiu hét edc phan iing the electrophin vao nhan thom, cho thdy cé tinh
luong quan gifra tc 4o the va tinh én dinh clia phic o, hay néi cdch khéc tinh bén ciu phire
o quyét dinh 8¢ do cua phan tng S¢
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Si hinh thanh phic o phu thugc vao ban chat nhém thé, cé thé ¢é bon trudng hop sau:

1- Trudng hop ks[B] >> &, k_,, phan iimg 1a bac hai, ciing ¢6 nghia la tinh chon loc
cia tac nhan thép, trang thdi chuyén trén dudng cong dong hoc hinh thanh sém, gin gidng
v61 chat ban ddu hon 13 phitc o. Pién tich dwong trong vong nhé va tuong tic vdi nhém thé
lIam 6n dinh phic o y&€u. Thudng gid tri p nhd vA nhan t& t6c do phan thap. Dudng cong
doéng hoc nhu hinh & 8.3a.

Nhung néu tic nhan hoat dong y&u hon, nghia 1a ¢6 tinh chon loc cao hon, anh hudng
cha nhém thé manh hon, trang thdi chuyén hinh thanh cham hon va gidn vé phia phiic o hon,
nhu & hinh 8.3b, thudng & phan ing ¢é gi4 tri p 16n.

tr1e

4 E .-+©

I H
B+

Tac nhan

San pham San phdm

P

Toa 46 phan (ng Toa dd phan ung

Hinh 8.3. Anh hudng ciia tic nhan dén t6¢ do phan vng

Hai trudng hep trén ciing ¢6 ban chit cia sy hinh thanh phic ¢ quy€t dinh t6c do phén
ung. Pai da s6 phan tng xay ra theo ¢o ché nay.

2- Giai doan hinh thanh tdc nhan E* 1a giai doan cham hon giai doan hinh thanh phic
o thi t6c do phu thugc vao giai doan nay va khong phu thudc vao ban chit chat ban diu.
Phan imng khong c6 hiéu ung déng vi. Ching han trong mét vii trudng hop clia phan dng
nitro hod, su tao thanh ion nitroni la giai doan xdc dinh t6c d¢ phan tng khi ding hop chat
thom ¢6 kha nang phan cyc cao, giai doan tdn cong clia E* xay ra nhanh hon 12 sy tao thanh
ion nitroni. Pudng cong dong hoc nhir & hinh §.4a.

4
£ E A

EH E H
E'+

qe B0
Tac nhan

Tac nha
¢ nhan h)
~ San pham San pham
Toa 46 phan L‘rnrg Toa dd phan Erngr

Hinh 8.4. Anh hudng clia tic nhan dén ¢ do phan ing
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3- Giai doan quyét dinh t6¢ do phdn (ng 14 sy phan cét proton tir phitc ¢ v thom hod
lai nhu ¢ hinh 8.4b, nghia 13 giai doan téch proton ia giai doan cham. Phan dng nay ¢6 hi¢u
tng dong vi bac nhdt & ngay vi tri thé, Ching han phan (ng:

C(CHy); [, C(CHy);
@ By Br — @(Bf
(CH_})}C/ C(CH';)?_ (CH:}.)gC \C(CH:%)} (CH;)-;C C(CH:},):;

& day cic nhém (hé lam 6n dinh phirc o tam cham giai doan tich proton H do khé khan
khéng gian. Sy tich H' & day 1a do C.p3 tir phitc o chuyén thanh trang thii C,p2, Br Khong
phang phdi trd vé phiang nén giai doan niy xay ra chim. Phan (ng c6 &y / £y, = 3.2 v phu
thude vio néng do Br,.

Cing nhu phan tng sau ¢4 giai doan tdch proton cham véi ky / k= 4:

OH
on q |
CH;)1G C(CH3)
CH;):C C(CH3);  (CHs)s - 33
(CH;):C C(CHy)y by (CHa)s L
O CH;COOH L
|3 Br Br

Khi nghién cttu co ché cia phan ng lién quan téi anh hudng cia nhém thé va cau tric
chédt ban ddu, da ¢6 nhicu tai liéu thuc nghiém, trong dé quan trong l1a xdc dinh vi tri cia
trang thai chuyén.

Bang phuong phdp MO vi HMO, tinh niang lugng cta hop chét phan ting va chdt trung
gian, thudng tinh gid tri goi 12 nang lugng dinh chd, 14 su khic nhau gifta nang luong trang
thdi co ban cha phan tr thom va nang lugng phiic o trung gian. Pon gian 1a tinh su khdc
nhau giita nang luong tinh cho hé n ban ddu va chat trung gian. Chang han:

H H
b — 4o + 546

®

@ —— 6o + 8P

Cing nhu tinh ndng lugng twong doi clia cic phic o d cdc vi tri khdc nhau, so véi chat
ban diu. Ching han nhy antraxen di so sanh niang lugng ¢ha ba phiic o 50 vdi chit ban ddu
di xdc nhan bang thyc nghiem:

i 000

nang luong dinh ¢hé: 2a = 2,543
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S5- Hidu ting dong vi

Né&u proton di ra truée khi electrophin di vio {co ch& Sg/) vit di vao va di ra dong bo
thi tim thiy hiéu ung déng vi chal ban ddu, nghia la chdl ban dau deutri hod thé cham hon
khong deutri hod vi trong mdi truomg hop nay lien két C—H bj phan ciit & giai doan quyst
dinh t6c d6. Trong co ché ion areni, lién két C-H khong bi phan cét ¢ giai doan quy¢t dinh
tdc do nén khong tim thay hiéu itng déng vi. Nhiéu nghién ctu cho thay trong nhiéu trudng
hop, dac biét khi nitro hod khong c6 higu ung ddng vi. Két qua khéng phil hop theo co ché
Sp/ hay déng bo.

Tuy nhién trong nhiéu trudng hop tim thay hiéu ting dong vi. Néi chung gid tri thudng
thap hon co ché S¢/ hay ddng bo, thutng co tir | t6i 3 thay cho tir 6 t&1 7. Trudng hop hydro
la nhém di ra, cu ché ion areni téng quat 1a:

| 1
&
1- ArH +EY == A®r/
k_| \E
H &‘
2. &7 Le ap i
NE

Hiéu tng déng vi nho tim thay tir tinh thuan nghich cla giai doan 1 bdi hi¢u (mg phan
(partitioning effect). Tdc do ma ArHE™ chuyén thanh ArH thyc ¢ giéng nhu ArDE" chuyén
thanh ArD vi lién két C—H khong by phan cat, cdon ArHE® chuyén t6i ArE nhanh hon ArDE”
chuyén 161 ArE vi hién k&t Ar-H bi phan cat & giai doan nay.

N&u &k, >> &_,, khong ¢6 viln dé gi vi phdn 16n chit trung gian chuyén thanh sian pham,
t6e do chi xdc dinh & giai doan cham (&, [ArH][E']) vd khang ¢6 hiéu ung dong vi.

Néu &y < k_, hay k> = k_y, su chuyén trd lai chat ban ddu la quan trong. Néu &, &
ArDE* nho hon &, & ArHE" con &, nhu nhau thi ty 1¢ cda ArDE" chuyén trd fai chit ban
dédu 16n hon. Nhu vay, &, / k_; 13 nhan 16 phdn (partition factor) & ArDE" nho hon & ArHE",
do d6 phan ting cha ArD chim hon ArH va quan sdt thiy hi¢u ¥ng dong vi.

Trong mot s6 tinh hudng tim thay 1y [é k,/k_; 12 do khé khan 1ap thé. Ching han phan tng
ghép ion diazoni cha (2) khong cho hi¢u Gng déng vi, con ghép cua (4) cho ty 1¢& ky/k, 12 6,55:

OH

OH i
PO <N=N—Ar
(3
(2) sog- 05 ()
‘O3S H N=N— Ar
(4)

199



Vi 1y do lap thé, san phdm (5) tich proton khé khan hon (3) nén k5 16n hon. Vi phan
ting khong cin bazo d€ tdch ArN,", nhan t6 k./k_, d0 khdc nhau giita (3) va (5) nén (4) biéu
16 hiéu Gng dong vi I6n, cdn (2) khong c¢d bazo xic tdc ciing anh hudng t6i nhan t6 phin vi
sir tang ndng d¢ bazo lam tang 16c d6 chuyén chét trung gian t16i san phdm, khong anh
hudng t6i tdc do chuyén t6i chat ban ddu. Trong mot vai trudmg hop, hiéu 1ng déng vi giam
hay mit di bdi ndéng do bazo da cao.

Ce ché ion areni ciing duge chiing minh bang thyc nghiém vé hiéu tng ddng vi cla
loai phan dng sau:

ArMR; + H;0' — ArH + R;MOH,*
v6i M = §t, Ge, Pb, va R = metyl hay etyl. Trong phan ¢ng nay proton a electrophin. Néu la
cg ché ion areni, néu dung D,0" sé& ¢ hiéu ting déng vi vi lién két D-O bi phan cit & giai
doan cham. Hi¢u #mg dong vi tim thdy 1a tir 1,55 dén 3,05 phi hgp vii co ché ion areni.

Bang 8.2. Hiéu itng dong vi clia mot s& phan ting

Nitro hod Halogen hoa
Benzen (HNO,, H,50,) 1,2 Benzen (OHBr, HCIQ,) 1
Toluen (HNO,, H,SG,) 1.2 Anizol (Bry) 1,09
Axyl hod Sunfo hoa;
Benzen {CH,CO.ShF, CH,NO, 2,25 Benzen (CISO,H, CH;NO, 3,0
Benzen (C,H;CO, SbF;, CH;NO, 1,68 Nitrabenzen (H.SC,, 50,7} 1.7
Nitrozo hod
Benzen (HNO,, DSO,) 8.5

8.1.2. Cu ché SEI

Co ché Sg! (thé electrophin don phan tir) hiém hon, chi tim thdy trong mat so trudng
hop khi nguyén tr cacbon 14 nhém dt ra va khi ¢6 bazo manh. Co ché cling ¢6 hai giai doan
véi chat trung gian la cacbanion:

ofdondes

Ngoai ra, ngudi ta cho rdng co ché Sg xdy ra bing cdch chuyén mot electron tao thanh
ion-goc va gdc két hop vdi nhau thanh phdc o réi phan dng ti€p nhu trén:

©+E+_.. + E
O r - ©
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8.2. PHAN UNG THE Sg CUA DAN XUAT BENZEN

8.2.1. Anh hudng cba ciu tric chit ban ddu dén kha nang phan ing

Trong trang thii chuyén hinh thanh dién tich duong nén cdc nhém thé cé anh huong
dén kha nang phan ing cia nhan thom.

1- Céu triic chdt ban ddu

V¢ kha ning phan iing, mat do electron néi chung trong nhan benzen cang 1on thi tic
nhan ctia E cang dé tdn cong. Do d6 cdc nhém thé ¢6 hiéu tng +/ vd +C l1am tang kha ning
phan iing, cdc nhém theé —f, —C lam giam kha nang phan ing.

Mat khac vi phitc cé dién tich duong nén cdc nhém thé 1am 6n dinh phiic o (+/, +C)
1am tang phan g, cdc nhém th€ 1am mat én dinh phic ¢ thi nguge lai. Cic nhém the ¢é
hiéu ting —/ 16n han +C ciing 1am giam kha nang phan tng (F, Cl, Br...).

D€ giai thich hién tugng nay, thudng hay dung quan niém vé cdu tric cong hudng hay
lién hgp. Cic nhém th€ co thé hoat hod hay bi dong hod chon loc trong nhan benzen phu
thudc vao hiéu ting electron clia nhém thé 1am 6n dinh trang thdi chuyén phic o.

Cac nhém ankyl ¢6 hiéu ing +/ 1am ting mat 46 electron cla nhan, 1am 6n dinh phite
G O 0- va p- bang hidu wng siéu lién hop. Cic nhén thé chita cap electron # hay lién két n
ciing 1am &n dinh trang thai chuyén & o- va p-. Cic nhém thé nay xidc ti€n phan ing nhanh
hon benzen va phitc ¢ c6 nang lugng dn dinh hon phitc o cla benzen.

+

H H+ ]fl
H— H — —
g ﬁ H-¢—H o H
| | H - H
e e :
H H
6n_d1nh ¢l nhém ;mkyl do-vap- & mi- Khong ¢é &n dinh nay

bing lién hop hay cong husmg

D' @ﬁ X ®

X
- H = “ H
g TR &
o
E H H H
én dinh cla nhém ankyl & o- va p- & m- khong ¢6 li¢n hop niy

bing cap electron

| 1 |
“ | ® |
~ = ﬁ: | /C\ C\

\ﬁ H --=» I H
T T &g
H H

s
/
\

L

E H
&n dinh cia nhém ankyl & o- va p- & m- khong cé lien hop nay
bing lién két
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Céc nhom the hit electron lam khé khan cho phan (ng Sg. kho nhat 1a & vi tri o- va p-,
thuong gap nhitng rhém chwa no thi¢u electron nhu C=0, C=N... hoac nhilng nguyén 16 am
dién manh khéng c6 cap electren #. Nhitng nhém th€ nay lam cho phan g cham hon
benzen va phitc o cé ning lugng cao hon phiic o cfia benzen:

i
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oen o el O
H
@( E ©<E <e

H E ) o
P N bi dong hod manh b1 dony hoi yéu
hi dong hod manh b ding hod yéu :

bai voi nhém the bi dong hod nhan nhu cdc halogen lam giam kha nang phan ng
bang hiéu ung -/, song khi tao thanh phirc o, cdc halogen lai xuit hién hiéu tng lién hop cla
cap electron n trén obitan 3p v&i obitan 2p cia cacbon nhan thom:

®c ®ﬁ 1 cl
A Q s

I
5 .
L "H o
. . ) . khong ¢é tuemg tic lign hap
on dinh bang lién hop hay cong hudng hay cong hudmg

Tuong tic nay b trir cho hiév ting ~/, nhung vi hiéu ting nay khong hiéu dung nhu
truong hop fién hop cla obitan 2p nén hi¢u tng ~f van quyét dinh hon.

Cac nhém the ndt electron nhu CH,Cl, CHCl; CH,CCls... 1am gidm kha nang phan
iing bang -/ nhung ¢4 hi¢u img siéu lién hgp & phic G & vi tri 0- va p-.

Vi trang thii chuyén c6 dién tich duong nén c¢6 thé cho riing thong s6 p am, & trang
thdi chuyén ¢6 dién tich dinh ché nhd thi gid try p nho, chiéu cao nang lugng hoat hod nho,
phin ng ¢6 tdc d6 1dn. Chang han, phan (ng brom hod din xuit C¢HsZ véi Z khae nhau:

Z= H F Cl NO, OCH, N{CHi},  CH,CI CH, (CH,); COOCH,
ke= 1 12 011 18107° 1210° 5910" 076 34107 11100 59107

Bang 8.3. Thong s6 p clia mot s6 phidn tng

Brom hoa {CH,COOH) -1.4 Clo hod {CH4NO,) -13.0
Clo hoa {CH,COOH, H,0) ~-8.8 Axetyl hoé (CH,COCY) -8.8
Nitro hoa (HNO,, H,S0,) 4.4 Ankyl hoa (C,HsBr, GaBrs) -2.4
Clo hoa {HOC!, H") -8.1

2- Hiéu trng cia nhém di ra
Phan 16n cic phin Gng th& electrophin vdo nhan thom dugc ngnién ciru ¢é nhém di ra
1a H*, cdn ¢6 mot s6 phan ng c6 nhém di ra khic hydro, di ra & dang cation (¢6 tinh

electrofuge).
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Thit tw kha nang cia nhém di ra la:

- nhom di ra khong nhd cé tic nhan ngoai:

NQ, < iso-C3H; < 80, < tert-C4Hy < ArN," < ArCHOH' < NO" < COy;

2- nhém di ra nh&r ¢ nucleophin ngoai:

CH," < CI" < Br* <« D'~ RCO" < H' ~ I" < (CH,):Si.

Tir d6 ¢6 thé tim thay kha ning X hay E phan cit & ion areni va tim thdy phan tng ¢4
kha thi hay khoéng.

Tuy nhién, cic nhém thé electrophin cé kha nang ¢6 thé tdn cong vio vi tri ipse anh
hudng dén téc d6. Nhan td 16¢ do phan cba electrophin tdn céng vao vi tri da ¢6 nhém thé
bai tdc nhan electrophin khdc hydro goi 1a nhéan to t6c d6 phan ipse (fx-i)‘ Nhan 16 nay déi
véi nitro hod p-halogen anizol 1a 0,18; 0,08 vd 0,06 cho ddn xudt p-iot, p-brom va p-clo
tuong (ng. Diéu dé cé nghia 1a electrophin tdn cong vao vi tri 4 cha 4-iotanizol la 0,18 lin
nhanh hon vio vi tri ciia benzen. Chu ¥ 1a ¢6 chAm hon nhiéu khi tdn cong vao vi tri 4 cla ban
than anizol cho nén Khi ¢6 nhém iot lam cham 1én phan tng thé vao vi tr{ nay, déi v p-crezol
cling tim thay tan cong ipso d vi tri nhém metyl 6,8 lan cham hon vao vi tri dé cua phenol.
Ca hai trudng hop nay iot va metyl déu l1am bi dong hod vi tri ipse (xem thém o phan sau).

3- Anh Inténg ciia tde nhén electrophin

Trong phan ting Sg, chdt ban ddu déng vai trd 12 mot bazo, nghia la tinh bazo hay kha
nang cho electron cua chatl ban ddu quan trong nhw di ndi trén nhung tdc nhan electrophin
E* edn quan trong hon.

Tac nhan E* 13 axit Lewis, nghia 13 thi€u electron, c6 adnh hudng t6i t6¢ do phan ing
cling nhu ty I¢ dong phan.

Néu tdc nhan E* 12 axit yéu, nghia 1a sy thi€u hut electron & nguyén tr cacbon cang
nho thi sy khdc nhau vé 8¢ d6 cua tdc nhan véi benzen va din xult th€ cang 16n.

Néu tac nhan E' 13 axit manh, nghia 12 su thiéu electron dinh chd va manh thi su khic
nhau cang nho. Tac nh4n nay ban than da ¢6 nang luwgng cao cédn thiét cho phan ing khong
hay it ddi hoi su chuyén electron tir nhém thé téi trung tdAm phan Gng.

Vi du cio hod toluen nhanh gap 350 ldn so vdi benzen, axetylnitrat nitro hod chi gip
30 l4n, ankyl hod khi ¢é xiic téc AICl; chi 1,9 14n. Ciing nhu khi ding Br; (axit Lewis yé&u)
phin tng v6i toluen nhanh gap 600 1dn hon benzen, con cation Br' tir HOBr chi g4p 30 ldn.

Anh hudng clia nhém thé khi ¢6 E* manh xu4t hién kém manh hon, nghia 13 nhém
thé anh hudng dén tdc do nhd hon hay ndi céch khdc, hoat tinh tac nhan cang cao thi ban
chit chat ban ddu ¢6 gid tri cang nho.

Téc nhan E* ciing biéu hién & gian dé nang lugng, tdc nhin cing hoat déng thi trang
thdi chuyén xuat hién cang s6m va & trang thdi chuyén giéng vdi chit ban ddu hon & phiic
g, dién tich duong @ trong ving nhd va tuong téc v6i nhém the yéu, tdc nhan kém hoat dong
hon thi trang thdi chuyén xuit hién muén hon, lien két mdi véi electrophin tao thanh hoan
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toan hon va vong c¢6 dién tich duong 1dn, tuong dng véi anh hudng manh cia nhém thé, nhu
viy, tdc nhan ¢6 su chon lya chat ban ddu.

Tdc nhan E* ciing anh hudng t6i sin phdm thé & cdc vi tri khde nhau trong phan tt
chat ban dau.

Tac nhan E gidu ning lugng sé tao thanh luong ortho va para 16n hon khi ¢é6 nhém
thé i tién dinh hudng mera va lugng 16n meta khi ¢6 nhém the wu tién ortho-para.

Tic nhan E* nghéo nang luong hon thi ty I¢ sédn phim phu thuéc vao ban chil cia
nhém thé theo quy tic chung.

Khi xét anh huong cha nhém thé ¢4 thé di uir phuong trinh Hammett:

k

lg L= p.a
Ko

Trong phan img thé, k, dugc chia cho 6, k thé meta duge chia cho 2, va khi so sdnh chi
& mot vi tri, k/k, 14 t6c d6 phdn, ching han nhém metyl & vi trf para thi tdc d6 phin lﬁprH-‘.

N€u thay hing s6 Brown a* hay ¢ cho o trong Hammett déu twong quan cho nhém
the hiit va cho electron. Nhém ¢6 gid trj 4&m cla ¢” hay ¢ hoat hod nhan, nhém cé gié tri
duong bi dong hod nhan. Gid tri p tuong ¥ng véi su 6n dinh hay mat 6n dinh ctia nhém thé
X va hoat tinh cla electrophin. Gi4 tri p thay d6i chi v8i tdc nhan electrophin va diéu kién
phan itng. Gid tri p 4m I6n chitmg to electrophin cé hoat tinh thap. Chd ¥ 1a phuong trinh nay
khéng &p dung cho vi tri ortho.

Dua trén phuore trinh Hammett, Brown dua ra tinh chon lua (selectivity relationship)
theo nguyén tic 12 hoat tinh cia mot tidu phan thay déi nguge véi tinh chon lua.

Kha nang phan ng & cdc vi trf khdc nhau nay goi 13 su chon lua ciia tic nhan. C6 thé
hinh thanh quy tic: Khi nai.g phan ing ciia tdc nhin cang cao, tinh chon lua clia né cang
nhé va nguoc lai. Chéng ha, ty 1é 18c do phin \ng va ty I¢ san phim nhu & bang 8.5 dua
vao hai chi s8:

1- tinh chon lya khi tdn cong vao toluen so vdi benzen:

2- tinh chon lva gifta vi tri meta va para.

Bang 8.5. T6c d6 trong d6i va phan bg san phdm the Sg ciia toluen va benzen

. T6c d9 twrong déi Phan b& san pham
Phan tng
Kioiuen! Koenzen % meta % para
Brom hoa 605 0,3 66,8
Clo hoa 350 0,5 39,7
Nitro hoa 23 2.8 339
Thuy ngan hoa 7.9 8,5 60,5
Benzoyl hoa 110 1.5 89,3
Isopropyl hoa 1,8 259 46,2
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Vi tri ortho ¢6 anh hudng khong gian nén mie d6 chon lua cia tidc nhan duge ddnh
gid bang ty & thé & vi tri para va mera.

Ké&t qua cho thay, mot electrophin chon lua 16n d6i véi chdt nay thi cling chon lua 16n
vdi chat khdc. Electrophin 16n hon chit khic cé chon loc cao hon, ching han cation feri-
buty] bén hon isopropyl thi chon loc cao hon isopropyl, Bry chon loc cao hon Br'. Song ciing
¢d tredmg hop di léch ra moi tuong quan nay. Tinh chon lya khéng nhitng phu thudc vao ban
chat electrophin ma con phu thudc nhiét do, thudng tinh chon lua giam khi tang nhiét do.

Brown dua ra nhan 16 chon Jua §; theo phuong trinh:

Sy=1g(fy [ fra) = 12 (2. % para | % meta)

Té hop phuong trinh Hammett-Brown v6i sy tuyén tinh giita §; va lgf, va gilta S; va
1gf,, €6 thé dura ra phuong trinh sau:

_ P
lgfp_ + + Sr
CFP +0.,
+
Cm
lgfm= + + Sl
Gp + 0

vh §; cd quan hé véi p:

S = P(U; -op)

Can ¢\t cha phuong trinh nady dua trén thuc nghiém phéan ting th& cta toluen nhu cédc
gid tri trong bang 8.6,

Bang 8.6. Gid tri £, f;.. Sy va p trong phan iing thé toluen

Phan (g f f, § p
GaBr,

CgHsCH;y + C,HgBr m 1,36 6,02 0.587 -2.66

CeHsCH, + HNO, % 25 58 1,366 -6.04
CH,CCOOH 85%
25°C

CeHsCH, + Br, 5.5 24,20 2,644 11,40

D3i vGi cac nhém the khidc phan cyc khéng nhidu thi giéng metyl. D61 véi nhém the
phan cuc nhiéu cling déi khi phit hop déi khi khong vi electrophin & trong trang thdi chuyén
¢é su ddi hoi khac nhau vé electron cua electrophin ddi v6i nhém thé,

Chang han khi nitro hed p-xylen, 1,2,4-trimetylbenzen va 1,2,3,5-tetrametylbenzen ¢é
16c do tuong doi la 1 : 3,7 : 6,4, trong khi dé t6¢ do nitro hoa toluen gap 295 14n nitro hod
benzen, chitng 16 khi ¢6 thém nhém hoat hod ciing khong tang manh téc do do cé tuong tic
nao dé giita electrophin va chat ban ddu. Khi nitro hea p-xylen va 1,2 4-trimetylbenzen cé
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16¢ d6 gdn bing nhau nhung khdc nhau vé chon vj tri nhu;

7 Hy
~a CH;,
A 19

74 CH,

Phan ing & vi tri 5 g&p 10 l4n vi trf 6 tuy cling mot khé khan 1ap thé nhu nhau, didu dé
do sy hinh thanh phic chit & giai doan quyét dinh t6c do, song tdn cong vi tri khéng nam
trong giai doan xdc dinh t8¢ d¢ nén ty I¢ 5/6 khong lien quan t6i t6¢ do.

T6c d¢ phan cho thong bio vé kha nang phan dng va cing cho biét kha nang chon lua
cla electrophin d6i v&i chat ban ddu khac nhau.

Mot vai phan iing ¢6 tinh chon lya cao ddi véi chat ban ddu, nghia la ¢é str khic nhau
1én vé t8c do phan wng phu thude vio nhém the. Néj chung, tinh chon lya thap d&i véi chat
ban ddu 1a ching minh cho kha nang phan tng cao cha electrophin va nguge lai.

Khi tinh chon lua v6i chat ban d4u cao, nhan t6 t6c do phin ddi vdi hop chat thom the
s€ khac don vi nhi¢u. T8¢ d¢ phén ciing biéu thi tinh chon lua vi tri tdn cong trong mdi hop
chdt thom cu thé. Tinh chon lya nay ciing thay d6i trong nhitng phan ling khic nhau va cho
kha ning di sdu vao chi tiét clia co ché,

N6i chung c6 sy (wong quan gitta chon lya chat ban d4u va chon lva vi tri.

Electrophin c6 tinh chon lya cao véi chat ban diu thuong cho ty 1&¢ san phdm
ortho/para khong cao v lugng meta nhé. Electrophin khong chon lua, ¢6 kha nang phan
ing cao, ¢é khuynh huéng xudt hién tinh chon lira thdp véi chat ban dau cing nht chon lua
vi tri.

Nhan 16 chon lua khéng ding réng rdi do ¢6 khé khan vé thuc nghiém.

Sy tuong (ing giita kha nang phan tng va tinh chon lva & Sg phtic tap hon. Theo tién dé
Hammond, khi aren va tdc nhan c6 kha nang phén ting cao, trang thdi chuyén & gan chét ban
ddu hon, nghia 12 gdn phitc © hon phiic o, tinh chon Iva 16n. He cang c6 kha ning phén tng
cao, trang thdi chyén phin b6 cang sdm trén truc toa do, tinh chon luya cang nhé. Song tinh
chat trén thay déi khi giai doan quyét dinh 12 su tach proton, trang thai chuyén & sau phiic o,
hé tr¢ thanh chon Iya hon v6i s tang kha nang phén ting ciia he,

Ciing nhu d¢ gidi thich sy thay d6i p khi thay d8i c4u triic tdc nhan, & day cfing ¢6 thé
diing quy tic BEP va tién dé Hammond. Chéng han clo hod bang CI, su phan cit CI-Cl
giam, phdn ing kém thu nhiét, theo Hammond, trang thai chuyén xuat hién sém hon trén
truc toa do phan \ing.

Ciing nhir ¢é nhitng trudmg hop khong cé su tuong quan gita chon lya chit ban ddu va
chon tua v tri. Chéng han khi nitro hod toluen bang NO,"BF,” trong sunfolen cho 64,4%
ortho, 2,8% meta, 31,5% para, nghia 1a ¢é tinh chon lia cao nhung k12 1,67, chon lua chét
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ban ddu thdp chiing to nhém CH; khéng xiic ti&n vi tri mera ma xic tign nguoc lai. Trudng
hop bat thudng nay cling cé trong mét s8 phan ting khic. Tinh khong tuong déng nay 1a tinh
chon lua vi tr{ va chat ban ddu xay ra ¢ cdc giai doan khdc nhau.

Tir phan @ng trén cho thay rang, khi ding nhitng tdc nhan hoat ddng manh, giai doan
quyét dinh 16c d6é 12 giai doan tao thanh phifc =, tinh chon lua ban diu duge xdc dinh bang
tinh on dinh clia phite =, trong d6 nhém thé it 4ah hudng. Phiic nt chuyén thanh phiic o & giai
doan nhanh, trong dé c6 su chon lua vi tri,

Bang 8.7. Tinh ch4l phan (ing cia mot s6 tdc nhan electrophin E*

Electrophin Phan (ng hinh thanh electrophin
Electrophin cé kha ndng thé cac nhan thom hoat hoa va bj déng hoa cda nhom thé
NO,’ 2H,S0, + HNO, == NO,' + 2H80,™ + H,0"
Br, hay Br—MX, Bry + MX, == Br,..MX,
BrO™H, BrOH + H,0" == BrO"H,0 + H,0
Cl, hay Cl,-MX, Cly + MX, == Cl,... MX,
CIOH CIOH + H,0" == CIO'H,0 + H,0
S0, H,S,0;, == H,50,+ S0,
RSO,* RSQ,CH+ AICI; == RSO, + AlCI,”
Electrophin c6 kha nang thé nhan thom hoat hod cila nhom thé

R,C’ RiCX + MX, == R,C" + [[MX,..]

RyCOH + H" == R,C'+H,0

R,C=CH, + H* == R,C'-CHR,
RCH,X-MX, RCH,X + MX, == RCH,X...MX,
RC=0" RCOX + MX, == RC=0" +{MX,..|
RCOX-MX, RCOX + MX, == RCOX-MX,
H* HX = H + X
R,C=0"H R,C=0 + HX == R,C=0'H
R,C=0"-MX, R,C=0 + MX, == R,C=0"-MX,

Electrophin chi thé nhan thom hoat ho& manh cda nhém thé

HC=N'H HC=N + HX == HC=N'H + X~
N=O* HNO, + H == N=0'+H,0
Ar-N"=N ArNH, + HNO, + H' == ArN'=N + H,0

Tuong ty nhy ankyl hod benzen va toluen bang benzylhalogenua, khi thay dét halogen
thi c6 su thay d6i vé chon lua chét ban diu, con sy chon lya vi tri khong déi:
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AlX, cl Cl Cl Br Br

CsHcCH,X F Cl Br -l Br
Keoluen / Kbenzen 3.3 5.5 7.6 6.2 8,9
% ortho 41,2 42,2 399 41,0 394
% meta 5,8 6,2 5.8 6,0 5,3
% para 53.0 52,4 543 53.0 55,0

Két qua trén cho thdy, sy thay déi halogen anh hudng dén (6c do vi giai doan quyét
dinh t6c do 1a sir tao thanh phic = tr cap RYAIX,” va chét ban d4u, nén tinh chon lua chat
ban ddu thay déi, con cdc déng phan tao thanh duge xdc dinh bang su khic nhau vé nang
luong ciia trang thai chuyén & giai doan nhanh ti€p theo khéng anh hudng dén téc do chung.

Co ché cla phan (ng trén la:

CH- CH;
I X

O o = e -k ?

Ngoai nhitng nguyén nhén trén, nhitng hién twong bit thuong trong su chon lua chit
ban ddu va chon lua vi tri khi phan ttng duge khdng ché trong viing khuéch tdn ¢d giai doan
quyé&t dinh 16¢ d6 12 phitc o, trong trudng hgp ndy, thudng xay ra khi ¢é E* hoat dong manh
véi phitc o tao thanh ban ddu khong ¢6 chon lya véi bat k¥ su dinh hudng nao, nhung sau dé
chuyén vi thanh phitc bén hon dé tich proton tao thanh san phidm cuéi ciing. Chang han, khi
nitro hod toluen, quan sat thiy co ché sau:

CH X

CH; i 5{ H ¢Hs .

Q) - ror - ‘<H — o~ @
&~ H

Nhitng trutng hop di léech ra méi tuong quan ciing 1a do tao phitc gita chat ban ddu
vdi electrophin hay c6 dé nghi rang, ¢6 su tao thanh cip ton chat nhu la cip gdc nhu NO;'.
ArH" hinh thanh do sy chuyén electron (SET). Cap g6c ndy ¢6 tinh chon lya ma g6c ty do
khong cé. Cap gdc lai chuyén hod thinh ion areni.

4- Anh hitdng ciia dung méi va xic tde
Dung moi anh hudng dén té¢ d6 phan dng cling nhu ham lugng déng phan. Chang han
khi clo hod toluen trong cdc dung moéi duge trinh bay & bang 8.8.

Két qua trén cho thdy, sy thay d6i t6c do th€ clo khi thay axis axetic v4i € = 6,15 bing
nitrometan vdi £ = 37,5, déng thdi Jam gidm entropt tir 30,4 dén 50 d.v.e vi nang lugng
giam tir 13,5 dén 5.6 kcal/mol c6 lién quan téi d6 phan cyc clha dung moi, cling lam thay déi
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ty I¢ dong phan, trong d6 giam ddng phan orthe khi chuyén t6i dung méi phan cuc hon,
ching t6 dung moi da tham gia vao qud trinh 1am cho trang thdi chuyén cé khé'khan khéng
gian 18n & vi tri orthe hon pura nén ham lugng déng phan orthe gidm:

e
CHI-- - Sol =\ CFCl--Sol s\, Cl )
R@( . Rm@(H > R @ X+ SobCl
H -

Sol = dung méi

Bing 8.8, Phan tng th& Sg cia toluen trong mét s6 dung mot khée nhau

Pidy kién Kigiuen/Koanzen % ortho % meta % para
Cl;, CH,COOH, 25°C 344 59.8 0.5 30,7
Cly, CH3NQ,, 25°C 2425 338 . 66,4
CIOH, HCIO,, H,0, 25°C 60 74,6 2,2 23,2
Cl,, FeCly, CH;3NO, 14,5 67,8 23 29.9
Cl;, FeCls, toluen du 14,8 63,0 2,2 34,8
Cl,, AlCl;, CH,NO, 18,3 63,2 2,0 34.8

Anh hudng clia dung moi biéu hién manh trong nhitng phan tng c6 hiéu tng dong vi,
tirc giai doan quyét dinh tdc do phan ting la giai doan phan huy phic o.

Khi dung xic tic nhu trén, dung moi cé anh hudng téi té¢ d6 tuy khong nhiéu nhung
khong cé anh hudng tdi ham lugng cdc déng phin, ching to trong cdc phan ng ndy, giai
doan quyét dinh tdc d¢ 1a giai doan hinh thanh phic n chit khong phai phic o.

Phan (tng thé electrophin vio nhan thom thudmg diing xdc tac Friede] Crafts ¢6 kha
ning tao phifc cho-nhan:

R™ - X... A Cl hay R* - X ... AICL,....A1%Cl,
Luc nhan cta xiic tdc giam theo thi nr:
Al,Brg > Al,Clg > Fe,Clg > SbCls > SnCly > BF; > TiCl, > ZnCl,
HF > H,S0, > P,05 > H,PO,
Phan dng thé electrophin ciing chiu anh huéng ciia nhiét do, thuong khi tang nhiét do
s€ lam tang toc do va tang hidu sudl déng phan meta va ortho.
Phan iing dac trung cha phan Gng the electrophin 13 phan ting halogen ho4, nitro hod,
sunfo hod, ankyl hod, axyl hod va diazo hod xem & cdc phan tng sau.

8.2.2. Su dinh hudng cta benzen mét lan thé

Nhém thé trong nhan bezen gay ra sir phan b6 mat do electron J céc vi trf con lai cia
nhan: orthe, meta va para, nén kha ning thé& cita tic nhan electrophin ti€p theo vio cic vi tri
do ciing khdc nhau va goi 12 sy dinh hudng cia nhém thé. Ham lugng tuong déi clia sin
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phdm th€ ortho, meta va para hay kha nang dinh huéng clta nhém thé duoc xdc dinh biang
trang thal 6n dinh cla phiic & cdc vi tri khdc nhau. Phitc o cang 6n dinh, (¢ dé thé & do
cang ldn va san phdm d6 chiém uu tién. Mot s6 nhém the lam tang td¢ do thé goi 13 nhém
hoat hod nhan, thuéng 1a dinh hudng orthe va para, mot s6¢ nhém lam cham phan itng goi 1a
bi dong hod nhan thudng dinh hudng vio meta. Mot nhém déu dinh huéng vao mét hudng
wu tién hon nhung khong ¢6 tuyét d6i, chang han nitro hod nitrobenzen cho 93% m-dinitre-
benzen, 6% orthe v 1% para.

Hiéu tng dinh hudng va hoat tinh dugce gidi thich trén co s& hiéu 1ng cam dng 7 va
cong huémg (hay lien hop) lam 6n dinh ion areni trung gian. Céc san phim cla phan iing nay
thuomg 1a khéng ché dong hoc, khong phai nhiét dong hoc. Mot s6 phan \ing lai khong thuan
nghich va mot s6 khdc dimg phan ng trude kKhi dat ¢&n bang. Trong phan (ing ba trang thdi
trung gian hinh thanh khong phu thudc vio tinh én dinh nhiét déng hoc cla san phim,
nhung vio ning lugng hoat hod cin thi€t cho mdi dang trung gian. Trong gian dé nang
tugng ty do clia phan tng, trang thdi chuyén chuyén tdi ion areni hon 13 tr¢ vé chit ban dau,
nén theo tién dé Hammond thi tinh hinh hoc cla trang thai chuyén gidng vdi ion areni vi
mot nhém the ndo 1am tang tinh dn dinh clia chat trung gian ciing 1am gidm nang luong hoat
hod, ¢6 thé diung tinh 6n dinh cla ba chat trung gian dé xdc dinh dang nio wu tién dé hinh
thanh sdn pham.

N6&i chung cé cdc trudng hop sau:

1- Nhém thé ¢6 hiéu tng cho electron (+/) 1am 6n dinh tat ca ba vi tri th&, hoat hod ca
ba vi tri nhung manh hon & ortho va para do dién tich duong & cacbon ¢é nhdm the giai toa
dugc véi nhém the, Nhom ankyl hoat hod nhan bing +1, dinh hudng vio ortho v para bang
+f vi H, trong dé khong biét duge sy déng gép cia cdc dang cong hudng 13 bao nhiéu,
nhung trong cdc ion areni dinh hudng orthe va para ¢6 mot dang (A va B) la cacbocation bac ba
con cdc dang cha meta 1a bac hai. Nhém COQ  ciing hoat hod nhan vi dinh hudng ortho va

para vi nhém COO™ cho electron, khong c6 tuong tdc cong hudng gita nhém the va vong:

R

Chang han thé vio toluen chi ¢ phic ¢ & o- vi p- gidi tod duge dién tich duong nén
hai phitc nay bén hon.

ortho CI‘I} CI-'l3 Cl“]3 CH3
H H H H
E e E > i @ E
A
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niela

para H; H, Hy H,
-0 - =@
H ME E E H” ME

B trang thii chuyén

Trang thai chuyén

try

benzen

C-GH;]CH3+E+

[
\

Toa d& phan Ung

Hink 8.5. Gian dé thé S¢ cla toluen

2- Nhém thé cé hiéu tmg —/ déu 1am bi dong hod nhin va dinh hudng vao vi tri mefa.
Ching han khi thé vao din xuft ¢6 nhém N'R; khéng ¢6 hiéu tng C, phifc ¢ & vi tri o~ va p-
¢6 cacbon & gin véi N tao nén su day tinh dién trong phifc lam ting ndi nang cha phic 0
nén phitc o meta bén hon:

84— 84—
&t

Thudmg ¢6 cic nhém N'R,, SR,™, PR,*. Trutng hop NH;" [a bat thuong, cé thé
huéng vao vi tri para nhiéu hon hay it hon hudng vio meta, con "NH,CHy, *NH(CH;), va
N*(CH,); cho hudng meta nhiéu hon, ty 1¢ san phdm para giam khi ting nhém metyl.
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Nhém th¢ ¢6 hiéu wng -/ 1am bj dong hod nhan nhung dinh hudng ortho va para nhu
CHCI,, CH,Cl, bi dong hod nhan bang hiéu tng ~/ nhung dinh hudng bing hiéu wng sieu
lién hop H.

3- Nhom the ¢ hiéu ting —7 va -C lam bi déng hod nhin va dinh hudng vio mera.
Trong trubng hop nay, cac phitc 6 & cdc vi tri déu ¢6 nang lirgng cao han phifc o cla benzen,
nhung phiic ¢ & meta 6n dinh hon hai phitc kia. Cdc nhém nay khong c6 nguyén 18 dinh védi
cacbon vong c¢é cap electron # nhung chia lién két doi cacbon - di 16 nhu C=0, CN, CHO,
COR, COOH, CONH,, NO,...

E 4
Trang tha chuyén
' o, p-
benzen
Phire trung gian
CaHgNO4
chat ban diu
Toa @6 phan ing

ortho ll\loz NO, NO,

&
o Gy
-8

Hinh 8.6. Gian do th& Sg cia nitrobenzen

mefa

@

pura

4- Nhém thé ¢6 hiéu ting +C manh nhung -/ y&€u nhu OH, OR, NH,, NHR, NR, déu
hoat hod nhan va dinh hudng vao orthe va para. Phitc ¢ & day gidi 10a dugce dién tich duong
cta nhan bing obitan n hay n. Ching han sy dinh huéng clha nhém thé OCHj; trong anizol
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trong dé phitc ¢ & o- va p- giai tod duge dién tich duong bang obitan » cia O quyét dinh
hudng theé, song phic 6 & meta khéng ¢6 tuong tic nay nhung lai ¢6 tuong tic -/ nén phitc ¢

O meta kém 6n dinh hon phitc o clia benzen:

ortho OCH3 OCH, OCH;,
@< ‘ E ‘*“@(
GJﬁcﬁ3
H
| E
P
ot OCHJ CH, OCH,
\ H H- H
E E
para OCH OCH3 CH; | CH;1®
4 i
Wcm
Q
’ Trang thai chuyén
£ -
benzen
0.p-
Phife trung gtan
CeHsOCH
Chét ban d4u

Téc 46 phan Ung
Hinh 8.6. Gian d6 thé Sg cia anizol
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5- Nhém the ¢6 hiéu ttng —/ manh va +C nhu Cl, Br, 1am bi doéng hoa nhan nhung dinh
huéng vao ortho va para, trong trudng hop ndy, cac halogen ¢é hiéu iing ~/ manh han +C
nhiéu & trang thai tinh bdi vi hiéu 1ing +C giita obitan 3p véi 2p yéu hon giita 2p va 2p, song
d phic o hi¢u wing +C & phifc orlto va para 12 ¢6 kha nang giai toa duge dién tich duong cia
nhan. Hiéu tng ndy c6 tinh chit dong trong sy dinh huéng nhung van chwa vuot tréi hiéu
tng -/ nén van bi dong hod nhan va cac phiic o déu 6 nang lugng 1én hon phite o cla
benzen. Chang han the ortho va para:

| 0@
cl cl P T
CPH

E E E __ E .
- H iil!!l y H|=|L..

e

Trang théi chuyén

0,p-clobenzen

benzen

CEH 5CI + E’

Tdc 44 phan g

Hinh 8.7. Gian d6 thé Si; clia clobenzen
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Tém lai ¢6 thé téng quat nhu sau:

Hoat hod nhan OH, OR, NH,, NR;, Ar, NHCOR

Binh huéng ortho-para:

Bi dong hod nhan: CN, COOH, COOR, CHO, COR, NO,, N*R;, SO;H, SO;R
Binh huéng meta

Bi déng hod nhan: Halogen, CHCl,

Pinh huéng ertho-para

8.2.3. Toc d6 phan

D¢ dinh lugng khi nang phan dng thé H cia benzen va din xuadt mot 1dn thé, ngudi ta
dang nhén t6 tdc do phin £, dac trung cho t6¢ do theé 6 méi vi tri orthe f,, meta fi, va purd f,.
50 vdi toc do thé vio benzen.

Chéang han trong phan ing axetyl hod toluen, tdc do phdn & céc vi tif: f, = 4.5, f,, =
4,8, fo = 749 ¢0 nghia la toluen bi axetyl hod & vi tri ort/io 4,5 1an nhanh hon thé & benzen,
hay 0,78 lin nhanh hon t6c do thé chung vao benzen. T6c do phdn 1dn hon | clia mot nhém
chi rang nhém d6 da hoat hod vi tri d6. Nhan 18 t6c d6 phdn khdc nhau & cdc phan ting khdc
nhau va khdc nhau & diéu kign khdc nhau clia mot phan dng.

Toc do thé ¢6 thé xdc dinh theo phuong trinh Hammet:

lgky = poy, — kgky = 18(k,/ ky) = po, = lgf,
lgk,, = po,, = lgk, — etk / k) = po, =12,
lgk, = pcl:— Ighy — lgtky/ ky) = pcs;: lefp

Ding phuong trinh Hammett véi hing s6 o ¢6 thé tinh duge t&c do phin & meta va
puara, Khoéng dung cho vi tri orthe vi chua tinh dén hidu dng khéng gian trong phuong trinh
Hammett.

V1 gid tr] & chifa nhan 16 théng Ké nén cé thé xdc dinh t6c d6 phin theo phdn tram san
pham & méi vi tri ertho, meta va para.

2ﬁu+2fm+fp _ kArz

Tdc d6 tuang d6i by =

1x6 T kg
Thanh phdn phén tram sdn phidm nhy sau;
: 2 100
% san phim ortho = 2, %100 _2f.x _ Jux100
6o+ 2Un+fp 6k 3k
: 2 100
% san phdm meta = Y x 100 2fy o fmx 100
2fo+2mthp 6k 3k,
: : 100 100
% san phdm para = fp > 100 = fp X - X
2+ 2+ 1y 6k, 6k g

215



va cdc tdc do phin la:
Jo = (% ortho x 3k4) / 100
S = (% meta x 3k,4) [ 100
fo = (% para x 6ky) / 100

Phuong trinh chung 1a: f, = (6k,,z x % san phdm cla Z) / (y.k 4 x 100) v6i = = vi ud
ortho, meta hodc para, y = 56 vi tri cfia z.
C6 thé tinh t6¢ do phin theo phuong trinh:
fi=a BN - Nyw)
va1 f; - 16c do phan & vi tri i, N; - chi $6 phan (ng tuong tng, N,y - chi s& phin Ung cha
nguyén t hydro trong benzen.
Chang han khi nitro hod trong anhydrit axctic va clo hod rrong axit axetic cdc

hydrocacbon aren theo phuong trinh trén cho thay ¢6 s tuyén tinh phu thuge lgfi — N,

Bang 8.4. Ty 1¢ san phdm déng phan khi nitro hod benzen the

Nhém thé % ortho % meta % para
NH," 35 35+ 50 50 + 60
N'(CH,), 0 89 1
CH,N*(CH,)s 0 85 15
S*(CH,), 4 90 B
NQ, 5+8 91+83 0+2
COOH 15+ 20 75+ 85 i
CN 15+ 17 81+ 83 2
COOC;H; 24+ 28 667 1+6
COCH,4 26 72 0+2
F 8+13 0+1 86 + 91
Ci 30+ 35 1 64 + 70
Br 36 + 43 1 54 + 62
I 8- 45 1+2 54 + 80
CCl, 7 64 29
CF, B 91 3
CH, 56 + 63 2+4 34+ 41
CH,CH, 46 + 50 2+4 46 + 51
OCH, 30 + 40 0+2 60+ 70
CH,NO, 22 55 23
CH,OCH, 51 7 42
OH 40 0 60
CH,CI 32 15,5 52,5
CH,F 28 18 54
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Khi biét tdc d6 phdn, ¢ thé tien dodn ty 1é déng phan & phan vng cé hai hay nhiéu
nhém thé trong vdng vi ¢6 thé cho ring hiéu ting clia nhém thé 12 cong tinh.

Chang han tinh t8c do phdn 1y thuyét khi the vio m-xylen ¢é hai nhém metyl ¢6 ciing
hiéu dng nhur nhém metyl trong toluen:

cH
4.5x749=3375 © 4.5x4.5=20
4,8x4,8=23
“CH;
Tir d6 c6 thé tinh ty 1¢ 18c d6 1y thuyét chung cho phan dng axety! hod m-xylen va su

phan bd déng phan néu phan ang i3 khong ché dong hoc. Trong phan ting trén, 16¢ dé chung
12 347 va su phan bd dong phan tinh duge va thye nghiém nhu sau:

Su phan b6 % déng phan khi axetyl hod m-xylen

Vi tri Tinh Thue nghiém
2 0,30 0
4 99,36 97.5
5 0,34 2,5

Trong trudong hop nay va hiu nhu nhiéu tredng hop khdc ¢6 sy pht hop 16t nhung mot
6 trudng hop hiéu dng khong phai chi ¢6 cong tinh. Ching han, khi axetyl hod 1,2,3-
trimetylbenzen tim thady dugc 35% thé & vi tri 5 va 65% thé€ & vj tri 4, con tinh todn thu duge
79% & vitri 5 v 21% & vi tri 4. Sy sai léch nhau dé c6 thé do hiéu ing lap thé, su tdn cong
ipse hay tuong tdc cdng hudng gilta cic nhém thé€ nhv trong trudng hop cta p-clonitro-
benzen c6 su sai léch do cdng hudng gilra cdc nhém the:

(=] [S] &}
%ﬁ/o O\S/O
-

al 1%

Céc két qua tim thay vé hoat tinh chi y&u cho nhém di ra 1a hydro, ciing dung cho céc
nhém di ra khdc hydro, chi y&€u so sdnh gira cdc nhém di ra & cing mot chdt ban ddu.
Thang hoat tinh dinh luong cia cdc chat thom (benzen thé, hé thom ngung tu, di vdong thom)
da dua ra dua vao quan niém citng-mém. Theo thuyét obitan phan ur, dua vao do cing hoat
hod (activation hardness) da tinh dugc cho méi vi tri trong vong thom. D¢ ciing hoat tinh
nho hon thi tdn céng vao vi tri d6é nhanh hon, tir 46 qud trinh tién dodn cho sy dinh huéng
giéng nhau cho cic nhém di vao.
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8.2.4. Ty lé dong phdn ortho-para

Khi trong vong ¢6 nhém thé€ dinh huéng ertho-para, cliing khé tién dodn ¢6 bao nhiéu
dong phén ortho va para vi ty 1¢ nay rdt phy thudc vao diéu kién phan ting. Chang han clo
hod toluen cho ty 1€ orthe/para thay d6i tir 62/38 d&n 34/66.

Tren co s& hoan toan théng ké, s& c6 67% ortho va 23% para Vi ¢6 hai vi tri orthe va
mot para. Nhung tir sy phan bd electron & ton phenoni khi proton hod benzen cho thiy trén

mo hinh sau:
H
0.2 0,25
0,30

v& né€u chdp nhan mo hinh nay cho ion arenoni trong phan tng th€ thom thi nhém thé para
c6 hig¢u wng 6n dinh cda cacbon bén canh 16n hon nhém the orthe. Néu khong cé hiéuing
khdc, phai ¢6 hon 33% para va ortho it hon 67%. Trong sy trao déi hydro, khi khong cé
hi¢u ing khdc, da tim thdy cho mot s6 nhém thé ¢6 t¥ lé trung binh clia logarit to¢ dé phan
cho cac vi1ri 16i 0,865, khong xa ldm véi gid tri dy dodn tir mat do dién tich & cau tric trén.

Ap dung 5o d6 d6 cho nhém the dinh huéng meta 1am mét 6n dinh dién tich duong, ty
1& ortho/para phai 1én hon 67/33.

Nhan t6 quan trong khac 1a hod hoc lap thé.

V¢ anh hudng “hong gian clia nhém thé, cdc nhém thé ¢é thé tich 16n 1am khé khan
cho sy tao thanh phic ¢ va cho solvat ho& 6n dinh trang thdi chuyén tao thanh. Téc dung
chin thé hién manh & vi tri orthe do phitc ortho ¢6 stic cang lap thé 16n hon;

H
6 H
G} E
tin cong orthe .\’cicdging 1An cong pary

Ching han khi nitro hod cdc ankylbenzen bing axetylnitrat trong anhydrit axetic @
0°C cho hiéu sudt sdn phidm & céc vi tri:

Hop chat % ortho % meta % para
Toluen 58.5 4.4 37,1
Etylbenzen 45,0 6.5 48,5
Isopropylbenzen 30,0 7.7 62,3
tert-Butylbenzen 15,8 11,5 72,7

Anh huéng nhidu 12 & vi tri orthe, cdn para hiu nhu khong cé anh hudng 14p thé cla
nhém the. Do d6 ngudi ta thudng chil ¥ t6i ty 1¢ san phdm ortho/para. Ty 1¢ nay phu thudc
vao hiéu ting 1ap thé va hiéu ung electron.
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Két qua trén cho thdy, khi tang thé tich nhém thé, ham hrgng % déng phan ortho
giam, thé tich nhém th& cang 1on, ty 1é d6ng phan orthro cang giam. Nguyén nhén 12 sy tang
thé tich nhém thé 1am xu4t hién tuong tac 1ip thé cia nhém thé trong phifc o, 1am tang nang
lugng cia phitc ¢. Vai trd cia anh hudng lap thé cang i6n, trang thdi chuyén cang gin véi
phic o.

Lugng déng phan orthe cang gidm khi tang thé tich clia electrophin. Ching han, khi
ankyl hod din xuat cia benzen thu duge mot luong ortho 16n, con khi axetyl hod thi khong
tao thanh déng phan ertho vi phitc axetyl hod c¢é thé tich 16n khong thé tdn cong vao vi tri
ortho. Ciing nhu khi ankyl hod, ty 1¢ ortho thu duge 16n hon khi ding ddn xudt ankyl clorua
bac nhat:

V¢é hiéu ¢ng electron, Khi dua nhém thé cho electron vao tic nhin cling dua trang théi
chuyén gin t6i phitc o, tuong tac 1ap thé & vi tri ortho gita nhém thé€ va tdc nhan cang 1dn,
cang giam xic suit ortho.

Khi nitro hod phenyl halogenua, ty 1& ortho/ para phu thuéc vao hai nhin t6. Mot mat
thé tich halogen tang tir F d&n I, cin 1am giam ty & ortho / para, mat khic hi€u ing cam ng
cua halogen & vi tri ortho 1am mat én dinh hon & vi tri para, ty 1& paraf ortho tang khi tang
hiéu ving f, nghia 1a tang ti 1 dén F. Hai twong téc nay nguge nhau. Thue nghiém ching
minh ring, nhan (6 thit hai 1a nhan t6 quyét dinh hon.

Trong truding hgp nhém th& ¢é hiéu ing —C nhu NO;, CN, déng phan orthoe tao thanh
khong 16n. Nhung khi nitro hod thi luong ortho lai 1dn hon déng phan para. Diéu nay c6
lign quan t6i tuong tdc ludng cuc-luding cuc trong trang thdi chuyén, phitc ¢ ortho cé trong
téc gilta hai nhém nitro 1am gidm nang lugng cla phic so v6i phic para, 1am tang san phim
ortho:

'
H /O 21
N'--..O'E

//0
Lan L

LY
Je.

2

Song hién nay ngudi ta cho ring, sdn phim th€ ortho ¢é thé tao thanh do sy t4n cong
ipse cia NO,* vao cacbon vong réi chuyén vi thanh phic o orthe:

X X
+NO," — H
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Khi c¢6 nhém the ¢6 cip electron n, con ¢6 hiéu iing khdc 1am tang déng phan pare so
véi dong phan ortho. Hiy so sanh chdt trung gian & phén trén, nhém the ¢6 cip electron # c6
hai dang cong hudng ortho-quinenoit va para-quinonoit thi cau triic para- quinonoit 6n dinh
han orthe-quinonoit, twong tr para-quinon bén hon erthro-quinon. Do dé pura-quinonoit bén
hon ortho-quinonoit déng gép 16n hon vao su lai hod tang tinh 6n dinh chat trung gian para
s0 v&i chit trung gian ertho.

D¢ c6 dugce su chon loc vi trf para, ngudi ta ¢6 thé khod chat ban diu trong mot cdi
16ng ma chi con vi uri para huéng ra ngodi. Ching han khi clo hod anizol khi ¢é xyclo-
dextrin thi thu dude ty 1€ para/ ortho 1a 21,6, cdn khong ¢6 xyclodextrin chi ¢6 1,48 hoac cé
thé tim thdy khi ¢é xic tdc enzym.

8.3. PHAN UNG CUA NHAN BENZEN CO HAI HAY NHIEU NHOM THE

Khi trong nhan benzen da ¢6 hai hay nhiéu nhém thé, 1dn thé tiép theo phu thuée ¢
vao cdc nhém th€ va dya vao sy dinhk hudng cla cdc loai nhém thé uéen dé dy dodn diing vi
tri thé cho nhém thé ti€p theo.

Trong truong hgp c¢6 hai nhém thé, n€u hai nhém th€ dinh hudng vao cling mét vi trf
thi dé dur dodn chinh xdc hon, ching han, phdn (ng th€ chia 1,3-dimetylbenzen thi thé vao vi
tri ortho clia nhém nay ciing 12 para cla nhém kia, hay thé vio p-clobenzeic axit vao vi tri
ortho d6i vé4i clo va meta 461 véi nhom COOH:

H, 1

CH,
t COOH

Song trong trudng hop hai nhdm the dinh hudng & vi tri khdc nhau thi khé du dodn
hon. Chang han, thé vio hop chat sau:

NHCOCH,
Hai nhém cé kha niang dinh hudng x4p xi nhau c6 sy canh tranh vi tri, nén c6 thé cé 4

san phdm khé d€ dy dodn ty 1¢ trir khi c6 y&u 16 khé khan 4p thé nhu gidm kha nang thé
ortho d6i vdi nhém amit hon, dac biét khi thé tich nhém th€ cang 1ém.

Khi cdc nhém thé trong vong dinh hudng nguge nhau thi ¢é vai quy téc.

1- N&u hai nhém th& déu hoat hod nhdn, nhém thé€ hoat hod manh nhit khéng ché sy
dinh hudng:
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NH, NH,
Kha nang dinh huéng theo thit ar: NH,, OH, NR,, O™ » RO, OCOR, NHCOR > R, Ar,
> halogen > nhém dinh huéng meta.

2- Néu mét nhém hoat hod nhan, mét nhém bi dong hod nhan thi nhém hoat hod nhan
quyét dinh su dinh hudng thé cho tac nhan thi ba:

(l)H (l)H
Br
- O
——ii—
NO, NO,

3- N€u c6 hai nthom the & vi trf meta v6i nhau, hudng thé thit ba khong t4n cong vio vi
tri & gita hai nhém the vi higu ing 1ap thé, khong phu thudc vao sy dinh hudng cba ci hai
nhém thé. Neéu thé tich hai nhém th& ciing nhu tic nhan electrophin tang thi hiéu ing lap thé
cang ting.

4- Khi nhém the dinh hudng meta & vi iri meta d61 véi nhém thé dinh hudng ortho thi
nhom the ti€p theo di vio vi trf orthe d6i véi nhém dinh hudng meta d& hon vio vi tri pura.
Chang han nhu trudmg hop sau:

Il\foz 1;’02 II‘IOz 1"102
O Q- -
5
7 Nl Nl I Nl
Cl
(1) (2) (3)

San phdm chinh I san phdm (1), sin phdm (2) chi mot lugng nhé vi quy tic 3 trén,
con san phim(3)khong hinh thanh do hiéu fing ortho. Hién tuong nay da tim thdy mot s6
trudng hop. O day ¢6 thé gidi thich theo cic quy tdc trén, chat ban ddu ¢6 4 vj tri the
electrophin, vi tri 5 vi pham quy téc 1, vi trf 2 vi pham quy tc 3, vi tri 4 vi pham quy tic 4,
nén chi con lai vi trf 6.

Khi nitro hod p-bromtoluen cho sdn phdm 2,3-dinitro-4-bromtoluen. Trong trudng hop
nay, nhém nitro ddu di vao vi tr ortho d6i v6i nhém metyl, nhém thi hai hudng vao vi tri
ortho dé hon 1a para mic du 12 & gidta hai nhém thé & vi trf meta ma khéng giai thich tot
bang hi¢u ting ortho, do d6 ¢6 kha nang cd sy tuong tic nodi phan tir tir cic nhém dinh hudng
meta.
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8.4. PHAN UNG THE $g CUA HOP CHAT THOM VONG NGUNG TU

Phan tng dac trung cda cidc hop chat da vdng ngung ty ciling 1a phan ing thé
electrophin vao nhan benzen, song néi chung xay ra dé dang hon benzen, tuong ty nhu
benzen ¢é nhém the cho electron. C4u tric va mat d¢ electron trong hgp chét da vong ngung
tu khong dong déu do d6 phan ung xay ra & cdc vi tri rdt kKhic nhau.

VE co ché, phan (ng ciing xdy ra qua hgp chit trung gian phitc 0 quydt dinh téc do
phan tng. Vi tri t4n ¢ong cua tac nhan electrophin ciing 1a vi tri ¢6 mat dé electron 1dn hon
va hudng thé ciing phu thudc vao do bén cita phitc ©.

Dé xdc dinh vi tr thé' cha hop chit da vong. thudng ding phuong phip so sinh nang
luong dinh cho cba tat cd cdc vi tri ¢6 thé ¢6 cua hop chit bang phuong phiap HMO, so sdnh
v6i thuc nghiém vé 16c d6 cha phan (ing trao ddi hydro, song phuong phdp thudng ding nhat
14 so sdnh dé bén clia cdc phitc 6 khic nhau ¢ thé hinh thanh khi th€ electrophin bing
phuong phip MO,

Trong phan (ing the Sg cua hop chdt da vdng, cdc trang thai chuyén di gdn tdi phic o.
Phuong phép co hoc lugng tir di tinh todn su khiac nhau vé nang lugng cia phan tlr chat ban
ddu va phic ¢ 130 thanh goi 12 nang lugng gidi tod (AE,). Sy khac nhau vé nang luong nay
véi t6c dd tuong doi cua phan ng ¢é mai twong quan theo phuong trinh:

lgkyy = aAE,
nghia la gitta t6c 49 va AE, 6 heé 0 ty lé o, hé s6 nay phu thudc vao vi tri clia trang thdi
chuyén trén tryc toa do.

Phitc hoat hod hay trang thai chuyén cang gdn véi phitc o, gid tri o cang 16n. Chang
han nhu phan dng clo hod ¢6 gia tri o = 0,480 16n hon phan (ng nitro hod (0,24). Tu gid tri
nay, néu 4p dung tién dé Hammond, phan tir clo kém hoat ddng hon nén phan tng tao phitc
o 14 thu nhiét, trang thdi chuyén & xa truc toa d¢ hon nghia 1a gdn véi phirc 6. Phitc hoat hod
va phifc ¢ cang di gdn nhau, d6 nhay cla phan ¢ng v&i nhém the ting, gid tri p tang va gid
tri & va p thay ddi theo cling mét huéng.

Chang han, phin iing th€ halogen ho4 naphtalen xay ra khéng cin xiic tdc va phan
Ung xayra & vitei 1 (a) va 2 (B), trong d6 vi tri 1 uu tién hon.

Tinh chit nay dugc giai thich bing cich so sdnh 3¢ bén ciia cdc phitc o g vi tri | va 2:
E E H_E
S -~ = U
2 ﬂﬂ tdn cong @
6 3B B
T optggr -G08

tin cong
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Xét cdc phiic trén, cdc phic mang dién tich duong duge gidi 1oa trong ion areni 16n
hon so voi phin ting cia benzen nén phan ting th€ & cd hai vi tri déu dé hon benzen, con dinh
hudng thi uu tién vao vi tri 1. Sir tdn cong vao vi tri 1 vd 2 déu ¢6 vong benzen chia dién
tich va vong benzen giff dugce cdu triic thom, song phite & vi tri 1 ¢4 hai cong thitc cong
hudng gilt nguyén vong benzen, con & vi trf 2 ¢hi ¢6 mot cong thite giit duge cdu tric thom.
Phitc ¢ ctia vi tri 1 bén hon & vi tri 2, khd nang th€ vio vi tri 1 nhanh hon, san phim 1 wu
tién hon. Song chii ¥ rang, dong phéan hinh thanh & vi tri B bén nhiét dong hoc hon c¢é thé 1a
sin pham chinh néu phén ing thuan nghich va dat degc can bing.

Theo thuyét MO, naphtalen ¢é cdc MO, trong d6 cdc HOMO & gdn niit ¢6 bién do
ham s6 s6ng nho hon & vi 1ri xa hon, do d6 vi tri 1 ¢6 bién d6 ham s6 séng 16n hon vj tri 2
nén hoat déng hon.

Néu naphtalen ¢6 nhém thé thi sy dinh huéng cia nhém th€ cling tuan theo quy tac
phitc & bén va t6 hop cac quy tac trén. Tinh bén tuong d6i cha phic ién hon khi phirc van
git dugc vong benzen ¢ tinh thom va dién tich duong & trong vong benzen bi tdn cong.
Dieén tich duong dugc gidi toa khi trong vong d6 ¢6 nhém thé cho electron hay & vong kia ¢6
nhdm thé hiit electron.

Chéng han khi thé vio 2-metyl naphtalen:

SosecIiNeC o

Vong A duoc hoat hod béi nhém metyl cdn B thi khong (ding ra 1a khi ¢6 nhém the
trong hé vong ngung tu thi déu anh hudng t41 ci cdc vong, nhung néi chung 1a anh hudng &
vong ¢é nhom thé 16n nhit). DSi vdi nhém metyl hoat hod chir y&€u vong A nén wu tién thé
vao vong A. Nhom metyl hoat hod & vi trf 2 v 3 vi 14 ortho, khong hoat hoa vi tri 4 vi la
meta. Néu tdn cong vdo vi tri 3 cho céng thic 1 trén, trong d6 khéng c6 cong thic céng
hudng nang luong thip dé cho vdng benzea B 1 luc tir. Ngugce lai, t4n cong vao vi tri 1, tao
dugc ion areni bén hon véi hai dang cong hudng giit duge vong B 1a benzenoit. Do d6 phan
ing thé uu tién véi C,.

Néu c6 nhém thé hiit electron thi san phdm vu tién v&i vong khong c6 nhém thé. Song
cling c6 nhitng trudng hop du dodn rat khé, ching han khi clo hod hay nitro hod hop chét sau
cho san phdm chinh & vi trf 4, nhung khi brom hod thi san phdm chinh & vi tri 6:
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NHCOCH,
LI
1

Trong trudng hop antraxen, bang cich so sdnh do bén cla ba phite o, trong dé phitc
th& & vi tri 9 hay 10 bén hon:

Ke

¥

see
OO - RO K T

O

Y

nghia la th€ uvu tién ¢ vong gilta. Néu so sdnh vdi nang lugng 6n dinh cia antraxen véi
naphtalen cho thdy vong giita ctia antraxen chi ¢6 tinh 8n dinh nhd. O day cation ¢6 thé tach
H” cho sén phdm thé hay cong véi nucleophin cho san phidm céng.

8.5. PHAN UNG THE ELECTROPHIN O HOP CHAT DI VONG THOM

Phdn ting the hydro & cdc hop chét dj vong ciing xdy ra theo co ché Sg. Céc dj vong 5
canh c6 cdc vi tri khong twong duong nhau nén phan ng ciing tuan theo quy tic chung trén.
Pyrol, thiophen va fuian déu c6 kha nang phin ting electrophin rét cao, twong tu nhu phenol
hay anilin, dac biét 1a pyrol. Phan ting khong c¢dn xic tic manh va phin tng xay ra & vi tri 2
hay o vu tién hon vi tri 3 hay B.

Sy dinh hudng ndy ¢5 thé giai thich bing t6c d6 phan ng trac déi triti véi axit
trifloaxetic va vang cdch so sanh d6 bén cla phirc o:

0 <

Trong cdc cdu tric trén, cdu tric cé dién tich duong & di t6 6n dinh hon do t4t ¢a cic
nguyén tir déu ¢6 cdu tric bt tir, nhung cu triic & vi trf 2 ¢6 sy gidi tod manh hon. Nhy viy,
phan \ng vu tién & vi tri 2.
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Déi v6i benzopyrel hay indol thi phén ting thé wu tién & vong pyrol, phan ng nhanh

hon benzen va the & vi tri 3:
3
0

Pyridin 1a di vdong 6 canh ¢ kha ning thé electrophin tuong ty nhur nitrobenzen do do
am dién cao ciia N lai hod sp” 1am cho electron n kém linh dong khi bj tAn cong, trong dé wu
tién & vi urf 3. Kha nang ndy cling duoe giai thich bing céch so sénh cic phitc o:

E E
H H H
= =
| 9 (O | @415-1-*@}]5#@413
N N N N N
Su tan cong vao vi trf 2 hay 4 cho hai cfu triic edng hudng, cdn vio vi tri 3 cho ba ciu
tric cong hudng. Cdc phitc & vi tri 2 hay 4 déu cho cau triic ¢6 dien tich duong & N, dac biét

kém bén do N & day chi ¢6 6 electron. Phan tng xay ra cham vi méi ion déu lam bi dong
hod nhan boi higu ting cam tng cha N, nhung & vi trf 2 hay 4 cham hon. _

Céc di vong ngung tu nhw benzopyridin (quinolin) cho thdy kha nang phan ng & hai
vong rdt khdc nhau. So v6i naphtalen, khi thé mot cacbon bing N, vi tri | vi 2 hoat dong trés
thanh bi dong, kha nang th& Sg tap trung & vong benzen di qua 4 phiic o:

Khi nang phan dng the xdy ra & vi tri 5 va 8, trong d6 phiic ¢ & 5 kém bén hon, do co
di¢n tich duong & N neén phin ng wu tién & vi tri 8. Song néu nhém thé cé dién tich duong
16n nhu nhém nitro va N bi proton hod thanh N*H thi phan tng wu tién & vi tri 5 hon.

Béi v6i isoquinolin, phén tng the wu tién & vi iri 5 va 8, nhung phitc 6 & vi tri 8 ¢6
di¢n tich duong & N nén kém bén hon. Thyc t&, khi nitro hod isoquinolin, san ph4m chinh Ia
dén xudt S-nitro, con 8-nitro chi I sin phdm phu:

E
5 4.
. g 2
NG O
N
¥ H
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8.6. CAC PHAN UNG THE HYPRO CUA NHAN THOM
I- Phdn itng trao déi hydro
Hop chat thom ¢6 thé trao d6i hydro bing cdc déng vi khi ¢6 axit:
ArH + DY == ADD + H'

Phan mg thuomg diing d€ nghién cttu co ch€ phan tng vd dé deutri hod hay triti hod
chon loc cac hop chat thom. Axit manh trao déi nhanh véi hgp chét thom va sy trao d6i chi
c6 khi nghién citu co ché the hop chat thom khi ¢é xidc tdc axit. C6 nhiéu chimg minh cé su
trao doi hydro trong co ché ion areni va hiéu dng dinh hudng & trén cho thay xdc tdc axit
chung va proton chuyén déi & giai doan chim. Nhidu vi du cho thiy vé dung dich bér cha
ion areni hinh thanh khi tdn céng clia proton vado nhan thom. Sy trao ddi don gidn béng
deutri khi tdc dung hop chit thom vdi D,O va BF,. Ddi v6i cdc din xudt clia benzen, sy trao
déi cling tuan theo quy tic thé chung & trén, ching han phenol tdc dyng véi D,0 ciing cho
phan ting trao d6i cham khi dun néng chi véi hydro & vi trf ortho va para. Phan ing trao d6i
triti v&i hop chét sau & vi tri 2, miic di vi tri nay c6 khé khan khong gian boi cdu trie cdu
ma ¢6 thé xem nhu trong tu 1,3-dimetylnaphtalen:

(CHy)n
X

Su trao déi hydro ciing xdy ra v6i bazo manh nhu NH, . Trong trudmg hop nay, giai
doan cham la su trao déi hydro:

ArH + B — Ar + BHY

theo co ché Sg/ ma khong theo co ché ion areni.

n=17,8,10

Cic vong thom ciing deutri hod bang D,O khi ¢6 xic tac clorua rodi (II) hay platin
hoac CgDg v6i xiic tdc ankyl diclorua. Triti hod bang T,0 va xic tdc ankyl nhém diclorua.

2- Phdn imng halogen hod
Halogen phan ing v6i hgp chdt thom cho din xuét halogen khi ¢4 xidc tdc Fe hay FeX;:

AH + X, £2» AIX + HX

Téc nhan thudmg dung 14 clo va brom, tdc dung tryc ti€p véi hop chit thom khi ¢6 xdc
tdc clorua sét, axit Lewis hay iot. Xiic t4c axetat tali (II[) cho phadn ting c¢6 tinh chon loc vi
tri para cao d6i v6i nhém dinh huéng ortho-para. Cac chit hoat dong, ké ca amin, phenol,
naphtalen, polyankylbenzen nhu mesitylen va isoduren khong cin xdc tdc, amin va phenol
phin Ung nhanh ngay trong dung dich loding & nhiét d6 phdng. Phan (ng cua amin khéng
dirng dugc phin tng trudc khi tdt ci cdc vi tri ortho vA para ¢6 thé thé, vi cic halogenamin
¢6 tinh bazo yéu hon amin ban d4u nén kém bi proton hod bdi HX tich ra, nén thudng amin
bac nhit mu6n c6 mot 14n thé phdi chuyén thanh anilit twong @ng. Phenol c6 thé dimg sau
mot 14n thé.
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Clo hoat ddng hon brom. Phenol brom hod déc nhdt & vi i ortho (cho 2,6-dibrom-
phenol) khi tic dung brom & —70°C khi ¢6 ters-butylamin hay trietylendiamin cho k&t tha
vdi HBr tach ra. Clo hod wu tién ortho cia phenol khi diing xyclohexadien clo hod con clo
hod & para cia phenol, ete phenol vd amin khi diing N-cloamin hay N-clodimetylsunfoni
clorua (CH;),S'CL.CI . M4t s6 phenol ankyl hod bi brom hod & meta trong dung dich supeaxit
SbFsHF do chuyén nhém OH thanh H,O' dinh huéng meta. K&t hop brom hoid vA Sandmeyer
ciia amin thom bac nhdt v§i CuBr, va tert-butylnitrg cho din xuat tribrom:

Br

CuBr,
o i I O Br
2 NHj  ferr-cH,0NO Br

Tdc nhan khdc 1a HOCI], HOBr, N-clo va N-brom amit (N-bromsuxinimit, tetraankyl
amoni polyhalogenua) khi ¢é axit xic tdc. Téc nhan brom hod t6t cdc hop chat bi dong hod
manh [& axit dibromxyanuric trong H,SO,. Hai tdc nhan manh dic biét 1a S,Cl, va AlCl;
trong SO,Cl, (tdc nhan BMC), Cl1,0O trong H,S0,.

Khi khong c6 xic tac, Bry hay Cl,, 12 tdc nhan tin cong 1am ph4n cuc nhan thom:

8 & p- — H
HOO + Br—Br —» HO= X g o Ho—©— Br

Bazo lien hop trung gian 4-brom-2,5-xyclohexadienon trén di phat hién biang phd khi
brom hed phenol trong dung dich va diing ion déng dang.

Khi ¢é xic tdc axit Lewis, tiéu phan tdn cong la CI" hay Br* do: FeCly + Br, —
FeClL,Br + Br" hay c6 thé Cl, hay Br, phan cuc bdi xic tic. Téc nhan khéc nhir HOCI trong
nude cho electrophin 1a Cl,0, Cl, hay H,OCI?, trong axit axetic 12 CH;COCL.

Ban than FeCl; cling nhu CuCl,, SbCls... cho aryl clorua higu suat trung binh,

Khi clo hay brom hod & nhiét d¢ cao (300 téi 400°C), cdc nhém dinh hudng ortho-
para huéng t6i mera va nguogc lai. Co ch€ chua that rd nhung c6 thé 1a Sg/ nhw brom hod
1,3,5-tribrombenzen khi ¢6 rert-butoxit kali.

Iot ]1a tdic nhan kém hoat dong hon, trir cic chat ban ddu hoat déng, céc tic nhan oxy
hod chuyén I, thanh tic nhan hoat dong hon nhw HNO,, HIO;, SO,, axit peaxit, H,0,, ICl 14
tic nhan t4n cong manh hon I, con tic nhan khdc nhy IF, benzyltrimetylamoni dicloiodat va
16 hop ICN va axit Lewis diing cho cdc chdt ban d4u hoat dong. Phan tng iot hod bing I, khi
c6 mudi dong, SbCl;, CF;S03Ag, HgO-BF;, Al,O,, AgNO,, Ag,50, va axetat tali (I).

T4c nhan thuc cla iot khéng rd nhir clo hay brom, ban than iot khong hoat déng trit
ch4t hoat dong nhu phenol thi I, 1a tiéu phan tdn céng, cdn ding CH;COOI khi ¢é

peroxyaxetic lam tic nhan oxy hod, I,* khi ¢c6 HIO; hay SO; [3m tdc nhan oxy ho4 thi tic
nhéan t4n cong 1a I*.
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Flo rat hoat déng, khong dung truc ti€p ngay & nhiét d6 phong, cé thé thuc hién &
nhi¢t d¢ thdp tir ~70 dén —-20°C phu thudc vdo chat ban ddu nhing khéng cé ¥ nghia téng
hop, nén flo hod bing AgF,, CsS0,F,, CH;COOF, XeF,, (CF3S0,),NF, CF,OF,

D¢ hiéu dung the theo th tw: Cl, > BrCl > Bry > ICE > 1.

3- Phdn umg nitro hod

Nhiéu hop chét thom hoat tinh cao hay thap déu 1de dung duge véi axit nitric cho hop
chét nitro:

ArH + HNO, ﬂ»ArNOZ

Nhiéu chat hoat dong manh hay yé€u ciing bi nitro hod bing axit nitric nhung thuting
dung hén hop axit sunfuric va axit nitric, nhumg v6i chdt hoat dong chi cdn axit nitric khong
hay trong nudc, axit axetic, anhydrit axetic. Thuc & diéu kién nhe 12 cdn cho cdc amin,
phenol, pyrol vi hén hop axit sunfuric va nitric ¢6 tinh oxy hod. Néu diéu kién khan diing
N,Os trong CCly, khi ¢c6 P,O5 trong méi trudng kiém diing este chia axit nitric nhu etyl
nitrat, ¢6 axit Lewis xiic tdc. Cdc amin trong diéu kién axit manh dinh huéng meta, diéu
kién axit nhe amin tu do nitro hod dinh huéng ortho — para.

Nhém nitro bi déng hod nhan nén dé dimg sau mot 14n mononitro hod, nhung ciing cé
thé gin thém nhém thtt hai. m-Binitro trong diéu kién manh hon, thuong ditng NO,*BE,”
trong FSO,H & 150°C.

Nhiéu tac nhan cho tiéu phan t4n cong 12 NO," theo céc cach sau:
1- Ban than HNO, ion hod khoang 5% NO," ciing du nitro ho4:
2HNO; == NO," + NO;” + H,0
2- C6 H,S0, 14 phan \ing axit-bazo:
HNO; + H,S0, == NO," + H,0* + 2HSO,”
3- N,O; trong CCl, phan ly tirc thdi cho NO,” nhung ciing cé tai liéu cho N,Os 12
nucleophin:
N,0s5 == NO,” + NO;
4- Mudi nitroni este vi axyl halogenna phan ly cho NO,*, nitroxyclohexadienon cho
NO,"* va phenol.
NO," 1a tiéu phan 14n c6ng trong nitro hod duge chiing minh bing:
a) Axit nitric ¢ pic trong phd Raman. Khi phan ly trong axit sunfuric dic thi pic nay
mat di, xuat hién 2 pic mdi 1400 cm™' 1a NO," va 1050 em™' 1a HSO,;
b) Thém axit nitric vao axit sunfuric, diém dong dic giam 4 14n, them mot phan tir
axit nitric sinh ra bén tiéu phan;
¢} Nghién ciiu tia X cho thdy mudi nitroni ¢§ ion nitroni t&n céng vOng tao nitrat thom;
d) T6c do ty 1& véi néng do NO,"* khong phu thuée vio ti€u phan khic.
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Khi téc nhan cho ham lugng nhé ion nitroni, phan Wing cham va chi phan Gng v6i chat
hoat dong. Trong axit dac hay dung dich nudc, dong hoc 1a bac hai, bac nhét cho chit ban
ddu va bac nhdt cho axit nitric (néu chi diing axit nitric tinh khiét thi phan img gia bac nhat);
trong dung moi nhu nitro metan, axit axetic, CCl; dong hoc 12 bac nh4t véi axit nitric va bac
0 vdi cht ban ddu vi giai doan quyét dinh t6c d¢ 12 hinh thanh NO,".

Co ch¢ 1a tao thanh ion areni, nhung cling c6 tai liéu cho ring trong moét vai trudng
hop ion areni khong trire ti€p hinh thinh ma chat trung gian 12 cap géc:

H
ArH + NO,* —= [ ATHY NO,' ] —» NO,

4- Phdn itng nitrozo hod
Axit nitrd chi nitrozo hoé cdc hgp chalt hoat hod nhu amin, phenol:
NR, NR,

@ + HONO —
N=O

Phin g thudng gidi han & phenol vA amin bc ba vi amin bic nh4t dé& cho diazo hod
va amin bic hai ¢6 khuynh huéng cho N-nitrozo d& hon C-nitrozo. Hop chit N-nitrozo thu
dwgc ban ddu c6 thé chuyén vi cho C-nitrozo hay tdc dung v&i mét mol thit hai cho hop chat
N.C-dinitrozo. Anizol nitrozo ho4 trong dung méi CF;COOH-CH,Cl,.

Téc nhan 14 NO” nhung ciing 6 tai liéu cho la NOCI, NOBr, N,0; ... khi tic dung
nitrit natri v6i HCl hay HBr. NO" 1a electrophin y&u chi phin tng v6i chat hoat dong, phin
ing cham hon NO," dén 10" 14n, tinh 8n dinh cao clia NO* nen dé bi phan cit tir ion areni
nén k_; canh tranh véi k; va tim thfy hiéu ing déng vi. Véi phenol c6 tai lidu cho 1a nitrozo
hod déu tien nhém OH sau d6 nitrit este chuyén vi tdi san phdm C-nitrozo. Amin béc ba ¢é
nhém the ortho khong tdc dung v6i axit nitro do nhém thé 5- ortho 1lam mé4t tinh déng phing
ciia diankylamino gidm hoat tinh vong,

5- Phan ung ghép diazoni

[on diazoni ghép véi cac chat hoat dong nhir amin va phenol:
AtH + ArN," — Ar-N=N-Ar'

Vi trf ghép 14 para d6i v6i nhém thé hoat hod vi thé tich ion 16n, trir khi para bi the
thi ghép vao orrho. Phan \ing phu thudc pH. Amin trong méi trudng trung tinh hay axit nhe
vi amin & trang thdi khong ion hod. Phenol ghép trong méi trudng kiém & dang phenolat
hoat dong hon phenol. Ci phenol va amin khong phan tdng trong méi truéng kiém vi musi
diazoni chuyén thanh hydroxit diazo Ar—-N=N-OH.

Amin bac nhit va hai cé sy canh tranh phan \ing N-diazo hod song hop chat N-diazo
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(aryl triazen) d6éng phan hod thanh C-diazo. Amin axyl ho4, ete va este phenolic néi chung
khong tham gia phan Ung nay, nhung cé vai trudng hop phan tng dugc véi muéi diazoni cé
nhém the hit electron. Mét s truong hop diing baze pyridin va xic tdc chuyén pha, ciing ¢
vai mudi diazoni béo ghép vai hop chat thom, con xyclopropandiazoni va ion diazoni diu
ciu khong bén tich N, cho cacbocation rat Khong bén;

Cé thé dua tryc ti€p nhém diazoni vio phenol khi diing (azidoclometylen) dimetyl-
amoni clorua (CH;),N*=C(CI)N;Cl".

6- Phdn ting sunfo hod

Phan itng sunfo hod rat rong ding cho t4t cd hydrocacbon thom ké ca vdng ngung tu,

aryl halogenua, este axit cacboxylic, amin, amin axyl hod, axeton, hgp chdt nitro va axit
sunfonic:

ArH + H,S0, — ArSO,0H

Phan iing sunfo hod 14 can béng, ¢6 hi¢u tng déng vi nho, ky / kp = 2.

Phenol cling bi sunfonic hod nhung ¢6 phén {tng tAn coéng vao oxy canh tranh. Thudmg
dung axit sunfuric dac nhung ciing ding axit sunfuric khdéi, SO;, CISO;H, tdc dung v6i chat
hoat dong va bi dong. Phin wing 12 thuan nghich nén cin chuyén phan tmg dén hoin toan.
nhiét do thap, phan tng nghich r4t thap va phdn ding thuc t&€ 14 Khong can bing. SO; phan
tmg nhanh hon axit sunfuric, v4i benzen hiu nhu tic thai.

S04 12 electrophin ¢6 trong axit dic hay tao thanh giita hai phan tir H,SO,:

- SOy
(|) H _ HSOy 3
O\jvro — |'®: SO3 —_— + HzSO4

Sunfon 14 sin phm phu. Khi sunfo hod benzen c6 chifa 4 hay 5 nhém ankyl hay clo
thi ¢6 phan \ing chuyén vi.

Co ché€ duge nghién ciu bdi Cerfontain cho thiy electrophin thay déi vé&i tdc nhan mac
dit SO; ¢6 trong tdt cd cdc trudng hop & dang tu do hay t6 hgp. Trong dung dich nuéc
H,SO,, téc nhan 13 H;S0,* (16 hop cia H,50, va H;0™), & néng do6 80 t&i 85%, va tic nhan
12 H,S,07 (18 hop clta H,S0, va SO;) & néng d6 cao hon. Trong dung dich loing hay dic,
t6c do phin \ing ty 1é v6i hoat tinh cia H;SO,* va H;S,0,. Ching han v6i toluen hai dung
dich cho khic nhau vé ty 1& ortho - para. Co ché€ cla hai electrophin gi6ng nhau:

H.S.0 SO;H so? _ so?
L S0 H a y o HSO
hay HzSO4 HSO

o

 SO;H
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Phdn tng theo huéng a 1a chinh, trlr & néng d¢ H,S0, rit cao theo huéng b. Véi
H,S0," thi giai doan ddu quyét dinh t6c do & tat ca moi diéu kién, nhung véi H,8,0, thi giai
doan ddu 12 giai doan cham chi khi néng d¢ H,SQ, trén 96%. H,S,05 hoat dong hon H;S0,".

Trong axit sunfuric khéi (H,S0, du SO5), electrophin 1a H;3S,0," (H,S5,04 proton hod)
& ndng d6 104% H,S0, va H,5,0;; (H,SO,4 + 3S03) & néng d6 cao hon. Néu SO; ty do 13
tdc nhan trong dung méi aproton, ban than SO; thyc sy 12 electrophin. SO tir do 13 téc nhan
hoat dong nhat cho tat ci cdc tidu phan, sy t4n cong nhanh va thudmg giai doan ti€p theo sau
quyét dinh tdc do phan ing.

Néu diing téc nhan C1SO4H thu duge axit closufinic goi 1a phin tng halogensunfo hod:

ArH + CISO;H — ArSO,(C1

7- Phdn iing sunfua hod

Diphenyl sunfua tao thanh khi tdc dung hop chdt thom véi SCl, véi xic tac Friedel Crafts:

AlCI,
ArH + SCl, —— ArSAr

C6 thé diung S,Cl; ciing cho k&t qua nhir trén. Néu ding sunfonyl clorua cho diaryl-
sunfoxit, ciing ¢6 thé diing S, thudng trong phén 1ing déng vong:

GG G0

Sunfua khéng ddi xing thi ding arylsunfenyl clorua vi aren khi c6 vé€t bot sit. Amin
va phenol ¢6 thé ankylthiol hod (san phim chinh ortho) khi tic dung v&i diarylsunfua. Amin
thom ¢6 clo & vi tri para tic dung véi S,Cl, vi NaOH cho thiophenolat (phan ing Herz):

NH, NR,
$:Cl
NaQH
SNa
! Cl

8- Phdn ing ankyl hod Friedel Crafts
Phan mg ankyl hod goi 13 phan iing Friedel Crafts ¢6 pham vi ing dung rélt rong:
AlCI
AtH + RCl ——= ArR

Tac nh4n quan trong 13 ankyl halogenua, olefin, ancol va mét sé tdc nhan khdc.

Téc nhan t4n cong 1a cacbocation:

Tir ankyl halogenua: RX + AICI — R' + AICl,

Tu ancol va axit Lewis: ROH + AICl; — ROAICL, — R* + "OAICL,
Tir ancol va axit protonic: ROH + HY — R'+H,0

T olefin: ~CH= CH- + H* — -CH,~-CH'-
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Su hinh thinh cation da duge xdc dinh bang IR va NMR khi nghién citu cation tert-
butyl tir terz-butyl clorua véi AlCl; trong HCI long khan. Sy hinh thanh cacbocation phu
thudc tinh bén cia cation. Cation bén thi hoat tinh kém, nhur cation cta triphenyl clorua hay
1-cloadanmantan chi phan (ng v&i hgp chat r4t hoat dong, ion tropyli chi ankyl hod anizol
khéng ankyl hoa benzen.

Nhiéu ching minh cho ring, phan ng Friedel Crafts v6i tdc nhan ankyl hod khong
hoan toan ty do m& & dang cap ion v§i clorua nhém nhu 13 dang phiic, do dé metyl hod
toluen bing metyl bromua vi metyl iodua khdc nhau vé ty 1& ortho/para/meta, trix khi cling
mot tdc nhan tdn cong cho ciing ty 1&. Trong mot s6 trudng hgp, dong hoc 1a bac ba, bac
nhit cho chit ban ddu, tic nhan electrophin va xtic tic. Mat khic ciing cé truong hgp kha
nang phan tng 1a Sy2 thl khong cé cacbocation, nhung né€u hoan toan Sy2 thi phai quay cdun
hinh, nhung khi nghién ciu Friedel Crafts thi cho thdy né raxemic hoan toan hay cé mot vai
nghich ddo. Cling ¢6 ngoai Ié nhir oxit propylen hoat ddng quang hoc cho 100% nghich dao
cfu hinh. Su chuyén vi ciing tim thdy & co ché monocacbocation, su chuyén vi X4y ra truée
khi t4n cong vao vong, ching han khi téc dung CH,'*CH,Br v&i AlBr, khi khong ¢6 hop chat
thom cho hén hop chét ban diu va '“CH,CH,Br hay vdi CgHsCH,'*CH,Br c6 chuyén vi
nhanh 43 do dugc & —70°C. Sy chuyén vi ciing tim thdy sau khi hinh thanh sin phdm néu
phan tng thuin nghich.

Phan ing thudng cho sin phdm dianky] va triankyl ho4. Hiéu (mg cha nhém ankyl nhu
etyl, propyl nhanh hon 1,5 d&n 3 ldn so v8i benzen, nén thuc t&€ tim thiy wu tién 1A monoankyl.
Din xuét polyankyl tim thay khong chi do hoat tinh ma con do ankyl benzen dé tan trong
16p xidc tdc dé thuc hién phan ing.

Cédc nhoém thé OH, OR, NH,... khong 1am dé& dang cho phan tng vi xiic tdc ¢6 phéi tri
cdc nhém baze. Phenol cho phan iing Friedel Crafts dinh hudng ortho-para, con amin cho
két qua kém. Thudmg ankyl hod amin bing 1/3 mol AICl;, con phenol bang xiic tdc AI(OR);.
Ankyl hod orthe hay para ctia phenol hay amin b4c nhat bing phuong phdp gidn tié€p.

Cic nhém dinh hudng meta khong hoat hod nhin cho ankyl hod nhu nitrobenzen
khong ankyl hod, chi c6 vai trudng hop ankyl hod theo Friedel Crafts cho hgp chét ¢é nhém
the hiit electron, diéu d6 khong phai do tdc nhAn khong di manh ma do chéit ban ddu khong
hoat dong, phan ng nhu thodi phan va polyme hod ciha electrophin xay ra trudc khi tin cong
vao vong.

Xic téc thudng diung 1a clorua nhom vA triflo bo, nhung nhidu axit Lewis v axit
protonic nhu HF va H,80, cling ding. Véi halogenua hoat dong thi chi cdn vét xic tdc hoat
dong nhu ZnCl, 13 dii, halogenua kém hoat déng nhu clometan cdn xiic tdc manh hon va cin
lugng 16n hon nhu AICl,. Hoat tinh xic téc thay d6i: AlBry > AICl, > GaCly > FeCl; >
SbCl,, ZrCl,, SnCl, > BCl;, BF;, SbCl,.

Han ché& ciia Friedel Crafts 13 su chuyén vi, do dé dé diéu ché n-ankylbenzen cén di
qua phan ¥ng axyl hoa.
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Phan itng quan trong cla Friedel Crafst 13 kha nang déng vong cua ankylbenzen mach
nhdnh c6 nhém halogen, OH, ndi d6i, ching han didu ch€ tetralin:
C

2
@ H, Ay,
—_—
H; a
CICH;
Ciing nhu déng vong véi tic nhan ¢6 hai nhém chic, ding dé déng vong 6 canh, ca 5
va 7 canh:
CH;
ALCl
© + CHr%H-CHZ-CHZ H-CH; —>
‘ 1
CH,4
9- Phdn itng aryl hod
Cic hop chit thom c6 thé ghép khi c6 axit Lewis va axit protonic, goi 1a phan ing
Scholl:

AlCl,
2AtH —=> Ar-Ar + H

Phan g cho hiéu su4t thip nén it ding. 3 nhiét 46 cao vA xiic tic axit manh nén chit
dfu c6 thé bi phd huy, nhung c6 thé ding d€ téng hop cdc hé vdng ngung tu lén, ching han
téng hop binaphtyl tir naphtalen;

Phan tng Scholl ciing déng vdng ndi phan tir:

e
Qg“‘*

&

Co ché phan dng c6 thé 12 proton hod cho ion areni réi tan cong vao vong khéc.
10- Phan ing axyl hod
Phan ting diéu ché aryl xeton ciling 12 phan ting axyl hod Friedel Crafts:

AICI,
ArH + RCOCI —— ArCOR

Tac nhan axyl hod thutng ding la cdc halogenua axit, anhydrit axit va xeten, thudng
dung halogenua axit hon véi hoat tinh I > Br > Cl > F, v6i g6¢ R 12 aryl bay ankyl. Phan dng
khong c6 chuyén vi g6c R va ¢6 thé dimg sau khi dd th&€ mot nhém RCO, vi nhém RCO bi
dong hod nhan.
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Vai trd xiic tdc 1a tao phic véi tdc nhan, v6i 1 mol ddu phoi tr vdi oxy cia tdc nhan:
R—C—Cl + AlCl; —» R=C—I
il

a%——.?lCl;

Axit ding xidc tdc khi tic nhan 1A axit cacboxylic. Anhydrit hén hgp cacboxylic
sunfonic RCOOSO,CF; 1a tic nhan manh nhat, axy! hod benzen khong cén xic tdc. Cdc hop
chit hoat dong nhur ary] ete, hé ngung tu, thiophen chi cdn mot lwong rat nhd xic tdc. Clorna
sit, sdt, iot, clorua k&m 1a xic tdc phé bi€n nhat. Cic nhém OH, NH,, dinh huéng para dé
axyl hod, v6i amin va phenol cé phan 1ing N- va O-axyl hod canh tranh nhau, nhung O-axyl
c6 thé chuyén vi cho C-axyl theo Fries.

Co ché ¢6 thé 1a t4n cong clia RCO* ty do hay cap ion theo ca ché Sg binh thudmg:

RCOCI + AICl; —> RCO™ + AICI,~

COR . COR
+ RCO*" —» H —_

V6i R bac ba ¢6 phan tng tdch CO cho R* nén ¢6 sin phdm phy ankylaren. Ching han
ptvaloyl clorua (CH;3);CCOC] axyl hod binh thudng anizol, nhung vdi benzen cho
(CH;3);CCsH;. Co ché khdc 1a khong hai cation axyl ma 13 phic 1:1 t4n cong:

o
(r—ma3 o o
® O R O—AICI
AlCl, ,C<C| | 3
- K A~GR
ArH + (f—R —
Cl

Su t4n cong cla cation ty do khong thich hop vé 1ap thé cda R. Ion RCO* duoc phat
hién bing IR trong dung dich phitc gifta axyl clorua vi clorua nhém trong dung moi phan
cuc nhu nitrobenzen, nhung khong ¢6 trong dung moi khong phan cuc nhy clorofom khong
c6 ion ty do chi ¢6 phitc. Cdn 1 mol xiic tic tao phifc véi sin phim & cu6i phan ing. Khi
phin tng v6i RCO* SbFs khong c6 xic téc thi co ché ion (hay cap ion) 1a chic chan.

Neéu ding anhydrit hén tap RCOOCOR’ cho hai san phdm ArCOR v ArCOR’, san
phdm wu tien phy thudc vao hai nhan t6: v6i g6c R ¢6 nhém the hit electron cho sin phdm
chinh va xeton hinh thanh ¢6 géc R 16n hon 1a chinh.

Nitrin va HCI khi c6 xic tdc Friedel Crafts ciing axyl hod aren cho xeton {phan ting
Houben-Hoesch):

HCl
ArH + RCN m*; ArCOR

Co ché phan wng khd phic tap, giai doan ddu 12 t4n cong vao chat ban d4u bing tiéu
phan chia HCI va nitrin cho mu6i imin (3) hay mu6i imin (3) ¢6 thé do tuong téc cia hai
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tiéu phan (1) va (2). Giai doan thi hai 13 thuy phan mu6i imin:

® i
~ArH + R—C=NH Cl >«9

(1) Ar—‘IZII—R —  Ar- h:—R
ArH + ZnClL(RCN), + HCI D or o)
) 3)

Phan \ing 4p dung cho phenol, phenol ete, va mét s6 hop chdt di vong hoat déng nhu
pyrol, nhung ciing cé thé ding cho amin thom néu ding BCl; xic tdc. Phan ng axyl hod
trong trudng hop nay ¢6 tinh chon loc para cao.

Phén tng axyl hod Friedel Crafts ciing c6 hiéu ting vong hod khi ¢é nhém axyi clorua,
anhydrit hay axit & vi tri thich hop:

/‘CHZ—CHz C_ Cl AICIJ
| —
0 W
0

Thudng cho vong 6 canh, ¢6 th€ 5 vd 7 canh nhung cham hon, ¢6 thé téng hop hop

chdt 3 vong:
HOO
j@ Alcl, *

Néu ding anhydrit suxinic cho san phdm axyl hod4, réi khir va déng vdng (phan tng
Haworth):

R, CH

:f?H;-CO Hz khu Qe Hz H*

T ):H2 }Hz — CO
COOH COOH 0O

11- Phdn ing fomyl hod

Phin ng gin nhém CHO vio nhan benzen goi 1 fomyl hod, néu ding CHCl, va ion
hydroxit goi 12 phan tng Reimer-Tiemann:

. o
CHO
+ CHCl, —2

Phan tng chi diing cho loai phenol va hgp chit di vong nhu pyrol va indol. Phan g
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tién hanh trong moi trudng bazo va cho san phdm thé binh thudng vao vi tri ortho, néu hat vi
tri ortho bi chi€m thi méi vdo para véi hiéu sudt 50%. Song phan tng c6 nhiéu bat thudng.

Trong phdn Ung nay tic nhan tan cong 12 diclocacben tdn céng vio nhan benzen theo
Sg binh thudng:

Cl
+ :CCl, - Eﬁ):F(:(Cj___ ék/%(;l — éCHCIZ

thuy phan CHO
e

Chéng han phin tng fomyl hod pyrol:

O - O HO (\/r

H “4) (5)

San ph4m (4) 1a th€ binh thudng cdn sin phdm (5) [a san phim md rong vong.
Va phan @ng cda p- xylenol:

OH
| ,cHO
¢ ey Ej Q
CH, H,C CHClz
(6)

cho sin phdm (6) binh thudng va san phdm (7) 1a do tdn cong ipso caa: CCl, vio CH,. Vi urf
nay khong c6 hydro nén khong thé m4t hydro binh thudng ma c6 kha nang cong hop véi proton.

Phin g fomyl hod diing hexametylentetramin thay cho clorofom, goi [a phan ing
Duff, 4p dung cho phenol va amin th& vao ortho cho sin phdm ArCH,NH,. Co ché nay cé
gial doan ddu 13 aminankyl hod cho ArCH,NH, rdi loai hydrohalogenua tiép cho ArCH=NH
va thuy phan cho andehit. Khi diing (CH;)¢N, vdi CF;COOH cé thé dp dung cho ankyl-
benzen don gian hiéu sudt cao hon, c6 d6 chon lva vj tri th€ para cao hon. Phin tng ciing
cho imin nhur 13 chét trung gian.

Fomyl hod bing xyanua kém, goi 1a phin tmg Gatterman, 4p dung cho ankylbenzen,
phenol, ete va nhi€u hgp chit di vong, nhung khong 4p dung cho amin thom:

H,0
AtH + Zn(CN), S ArcH=NH, 'O =22 ArcHO
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Phan ting chinh 1A chat ban ddu tdc dung véi HCN, HCl va ZnCl,, nhimg ding
Zn{CN); (HCN va ZnCl, in sifi) tién loi hon ma khong giam hiéu sudt. Co ch€ phan ing
Gatterman khéng duge nghién ciu nhidu nhung cho sidn phdm ban ddu chita nito ma binh
thudng ¢6 thé tich ra rdi thuy phan cho andehit. Khi benzen tdc dung véi NaCN trong diéu
kién supeaxit CF,80,0H-SbF; cho san phdm hi¢u suét t6t dua 16i két ludn electrophin trong
phin ing nay 1a HC'="NH,.

Phan dng fomyl hod bang fomamit hai 14n thé€, goi 14 phan Wng Vilsmeier hay
Vilsmeier - Haack 12 phan ting chung hon cho fomyl hoa:

ArH + CoHy=N—¢—H 0% ArCHO + CgHsNHCH;
H,C

Song phan tng chi 4p dung cho cdc hogp chat thom hoat hod nhu amin va phenol.
Hydrocacbon thom va di vong ¢6 thé 4p dung khi trong vong ¢6 nhitng nhém th€ hoat hod
manh nhan benzen nhir azulen, feroxen, tic nhan ding nhiéu 1a N-phenyl-N-metylfomamit,
cdc ankyl amit hay diankyl amit ciing dung. Photgen ding thay cho POCl,. Co ché phan ting
nhu sau:

Cl Cl
POCI, | C.H l——H
CﬁHS—_]\I] —H —- CﬁHs—Il\‘—?—H —» L6 5"1?_8
e H,C OPOC, CH; (8)
V4 ®7 [
Cl | & 17—
D N P O
6115
CH OCI

®

Téc nhan t4n cong 12 (8) va sén phdm (9) khong bén d& thuy phan cho sin phdm. Giai
doan hinh thanh tic nhan E hay tdc nh4n E t4n cong vao chat ban ddu 12 giai doan quyét
dinh t6c¢ d¢ phu thudc vao hoat tinh cta chit ban ddu. N&u dung (CF;50,),C thay cho
POClI,, phin ng ¢4 th€ ding cho hop chét kém hoat ddng hon nhu naphtalen hay antraxen.

Ngoai ra c6é nhilng phuong phdp fomyl hod khdc nhu diclometyl mety! ete, fomyl hod
vong thom khi cé xiic tic Friedel Crafts cho ArCHCIOCH, 13 chat trung gian. C6 thé ding
orthofomiat:

AlCl,
ArH + CIL,CHOCH; — ArCHO

Ngodi ra fomyl hod bing HCOF va BF; manh hon clorua fomyl ding cho benzen,
ankylbenzen, ArCl, ArBr va naphtalen. Phenol cé tinh chon loc vi tri ortho cao khi diing hai
duong luqﬂg parafomandehit trong dung méi aproton khi ¢6 SaCl, va amin bac ba hay gién
ti€p fomyl hoi bang 2-etoxy-1,3-dithiolan.
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12- Phdn iing cacboxyl hod

Photgen téc dung v6i hop chat thom khi cé xic tic Friede!l Crafts cho axit cacboxylic:

AlCI
AtH + COCl, —» ArCOOH

Qué trinh phén ing tuong ty nhw axyl hod bing clorua axit, sain phdm ban d4u tao
thanh 1a ArCQOCI thuy phan cho axit song ciing ¢6 trudng hop ArCOCI tao thanh t4n cong
vao vong benzen cho ArCOAr.

Cac tdc nhan thudng ding 1 oxalyl clorua, ure hydroclorua, cloral, cacbamoyl clorua,
N,N-dietylcacbamoyl clorua.Véi cacbamoyl clorua cho san phdm amit nén goi 1a téng hop
amit Gatterman.

Cacbon dioxit c6 thé cacboxyl hod ion phenolat, goi 1a phan ng Kolbe-Schmitt:

) ? COOr
+ C02 - O
L

" Natri phenoxit cacboxyl hod manh & vi trf ortho, co ch€ do hinh thanh phifc giita téc
nhan va CO; lam cho cacbon clia CO, trd nén duong hon tdn cong vao nhan benzen:

o, S,
O

Kali phenoxit tao phic y&€u hon va tdn céng chl y&€u vao vi ui para. Cé thé dung
tetraclorua cacbon thay cho CO, & diéu kién clia phan dng Reimer Tiemann. Natri va kali c6
kha nang cacboxyl ho& chon loc vi tri para cao khi ding natri hay kali cacbonat va
monooXit cacbon ma khi ding cacbonat “cseco UC o p-phenolbenzoic axit. CO chuyén
thanh fomat natri hay kali. CO cacbonyl hod vdng benzen khi cé xitc tdc Pd. Phan tng xic
téc Pd ding d€ truc ti€p téng hop axyl florua; ArH - ArCOF.

13- Phdn itng amit hod
Amit th€ thu duge khi tic dung isoxyanat v6i vong thom:

AIC!
ArH + RNCO —3 ArCONHR

R c6 thé ankyl hay aryl nhung aryl c6 thé cho trime hay dime. Isothioxyanat cho
thioamit. Phan Ung cho hieu suft t6t véi chat ban ddu loai ArCH,CONCS cho vong hod néi
phén tir cho vong 6 canh. Ciing diing etylcacbamat NH,COOC,Hj; (v6i P,Os trong xylen) va
biscacbamoyl diselenua R,NCOSeSeCONR, (v6i HgBr, hay SnCl,) d€ amit hod vdng thom:
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14- Phdn itng hydroxyankyl hod
Hop chét thom ngung tu véi andehit v xeton goi 1a phan ¥ng hydroxyankyl hoé:
i R
H,50
ArH + R—g—R' =S Ar—E—OH hay Ar—E—Ar

T4c nhan t&n cong trong phan tmg ndy i3 R—~C*(OH)R’ hinh thanh tir andehit hay
Xeton v&i xiic tdc axit trir khi thay d6i trong moi trudng kiém. Phan ing ding diéu ché
ancol, tuy nhién nhiéu ancol hinh thanh ban ddu phan tng ti€p v6i hop chat tham cho biaryl
hod. Nhu phén ing téng hgp DDT:

Cl Ci
Ci—C +2 O — C'_O_i —Q_—C}
AN o
l

Vi néu ding phenol cho sian phdm goi 1 bisphenol. Phin ing hydroxyankyl hod

phenol v&i fomandehit goi 1a phin ing Lederer-Manasse. Phan tng cin phai cé diéu kién

khong ché vi c6 thé thé & para hay hai vi tri ortho va ¢6 thé 14i aryl hod cho ciu triic polyme
nhu polyme phenolfomandehit.

14- Phédn img vong hod ciia andehit va xeton (phdn iing xyclodehydrat hod andehit va
xeton)

Cic hgp chét thom chita nhém chitc andehit hay xeton & vi tri thich hop trong mach
nhanh dé vong hod thanh vdng 6 canh Khi tdc dung véi axit.
H,

\ +
w00 [~ OO
H,
k

R H R

Phan tmg tuong tu nhu phan itng 12 trén, nhung phan dng loai nudc ti€p theo ludn
ludn xay ra dé lién k&t d6i lien hop véi vong thom nén goi 12 phin ing vong hod-dehydrat hod
(xyclodehydrat hod).

Phuong phdp chung d€ téng hop céc vdng cacboxyclic v di vong. Thudng dung axit
polyphotphoric hay axit khic. Phuong phdp di tir diarylmetan chita nhém cacbonyl & vi tri
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ortho ¢6 thé vong hod cho din xut cha antraxen, goi la phan ting Bradsher:

| R’
C . R
H 0 =
-
{E} HO RI R

Trong phan (ing nay c¢6 phén iing dehydrat hos 1 4.

Ap dung phan tng vong hod - dehydrat hod dé t6ng hop céc he dj vong, goi 1 phan
ting Bischler - Napieralski. Phan tng di tir amit vong hod khi c6 POCl,:
0

R\c".\N
O ™

16~ Phdn itng halogenankyl hod

N

Mot s6 hop chat thom tic dung v6i HCHO va HCI cho san phim chita nhém CH,Cl
goi la phan iing cloankyl hod hgp chat thom:

Cl
AtH + HCHO + HC 2% arcnc

Phin tng cé *ai doan ban Jddu 1a tic dung ctia hop ch4t thom véi andehit cho
hydroxyankyl nhu phan iing 13 trén, réi tic dung véi HCI cho din xufft cloankyl. ZnCl, xiic
ti€n phan tng véi myc dich tang tinh axit clia moi trudmg, taing su chuyén ho4 cla ion
HOCH,".

Phan \ing cling ding cdc andehit khdc va HBr hay HI. Hop chét thom c6 thé dung 12
benzen va ankylbenzen, ankoxy va halogenbenzen, amin vi phenol nhung thudng bj polyme
hod. V&i hgp chat kém hoat dong thi ding clometyl metyl ete CH;OCH,Cl, (CICH,),0,
CH3;0CH,COCl, 1-clo-4-(clometoxy)butan. Sin phdm phu quan trong 12 Ar,CH,.

17- Phdn iing aminankyl héa

Mot s¢ hop chdt thom hoat dong nhu phenol, amin, pyrol, indol téc dung vdi
fomandehit v amin bac hai cho hop chét hydroxyankylamin:

OH -OH
CH;NR,
+HCHO +R,NH —=

Ciing diing mot s6 andehit khdc. Aminoankyl ho4 13 trudng hop dic biét cla phan ing
Mannich khi phenol va amin tic dung v6i N-hydroxymetylcloaxetamit, thu dugc amit metyl
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hod, goi Ia phan vng amitankyl hod, nhung thudng khong bén bi thuy phan cho sin phim
aminankyl:

OH H
CH,—NH— - CH,Cl

+

H
+ CICHs—(~NH—CHy Oh—>

H +
o4 Ve CHzNH3
——
R

18- Phdn iing thioankyl hod

Phenol tdc dung véi dimetylsunfoxit vA DCC (dixyclohexylcacbodiimit) cho sdn phim
th€ nhém metylthiometyl & vi tri ortho:

OH OH
CHys50 CH,SCH;
=
DCC

C6 thé thay DCC bang pyridin-S0O;.S0Cl, vi anhydrit axetic. Amin tac dung véi tert-
C,H,0Cl, (CHy),S vi NaOCH, trong CHCl, cho o-NH,C,H,CH,SCH,.

San pham c6 thé chuyén nhém CH,SCH, thanh CHO nén 1A phuong phép gidn ti€p dé
téng hop cdc andehit th€ ortho-amin va ortho-hydroxy. Céc hydrocacbon thom cé thé
thioankyl hod bing a-(clometylthio)axetat CICH,SCH,COOC,Hs cho ArCH,SCH,COOC,Hs,
vai metylsunfinylmetyl sunfua CH,SCH,SOCH, cho ArCH,SCH; khi ¢6 axit Lewis.

19- Phdn ting xyan hod

Hydrocacbon thom, k€ ci benzen, phenol, phenol ete c6 thé xyan hod bing téc dung
vgi tricloaxetonitrin, BrCN, hay fuminat thuy ngan Hg(ONC),:

HCI NaOQH
ArH+ CLLCCN —= Ar—E—Cclg —» ArCN

H,"CI°
Phan ing c6 su tdn cong cla ion Cl;C-C*=NH do proton két hgp vao nito nhém xyan

t4n cong vao nhan thom theo Sg. Amin thom béc hai va phenol ciing xyan hod bang Cl;CCN
va BCl,.

20- Phdn ting hydroxyl hod
Phan ting hydroxyl hod tryuc ti€p bang thé electrophin:

BF
ArH + F3C—(~0—0H —  ArOH

O
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x4y ra cho hiéu suft thap v thudng khi ¢6 nhém OH trong nhan lai ¢é phan ing chuyén hod

khic. Nhung cdc ankyl benzen nhu mesitylen, duren ¢6 hydroxyl hod véi hiéu suat t6t bing
triflopeaxetic axit va BF:

H
HyG\ CH, TRCN CH,

H; H,

Benzen va benzen thé nhu toluen, xylen, clobenzen, chuyén thanh phenol véi peborat
natri-CF;CSO5H, ¢6 thé ding H,0, trong HF-BF; hay H,O, véi AICl;, v6i hiéu sudt 50% cé
37% ortho, ngoai ra ¢6 quinon va catechol. Amin thom, N-axyl amin va phenol hydroxyl
hod bing H,0, trong SbF;-HF.

Phuong phdp hydroxyl hod khic 1a oxy hod phenol bing K,S,0; trong kiém (phén ting
Elbs),

Amin thom bac nhat, hai v ba hydroxyl hod orthe goi la phan tng oxy hod Boyland-
Sims do ion $,04% t&n cong ipso rdi chuyén vi.

Ngoai ra con ¢6 nhiing phin tng thé hydro clia nhan thom kém theo chuyén vi dugc
trinh bay trong chuong chuyén vi.

21- Phdn ing sunfony! hod

Diarylsunfon dugc téng hgp bing hgp chét thom v6i arylsunfonyl va xiic téc Friedel
Crafts:

AlCl,
ArH + Ar'SO,C1 —> ArSO,Ar’

Phan ng tuong tu phan ¢ng axyl hod véi halogenua axit cacboxylic. Phuong phép 16t
hon 14 ddng arylsunfonic axit va P,Os trong axit polyphotphoric hodc arylsunfonic triflo-
metansunfonic anhydrit (in situ tir ArSO;Br + CF380,Ag) véi xiic tdc.

22- Phdn irng chuyén vi Fries

Este phenolic tdc dung khi dun néng véi xiic téc Friedel Crafts c6 phén tng chuyén vi
nhém axyl vio nhan benzen, goi 1a chuyén vi Fries:

i o
0—C-R
' AICl,
—
O C—R
[
0

San phdm thu dugc 14 o- hay p-axylphenol phu thudc vao nhiét do, dung méi, ham
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luong xic tic dung, nhung trong diéu ki¢n chon loc c6 mét sin phim wu tién. Thudng &
nhiét do thap, sdn phdm para wu tién, & nhiét do cao 14 ortho. Trong chét ban déu, R c6 thé
ankyl hay aryl, nhém th& dinh huéng meta ngin can phan ing. Khi diing arylbenzoat véi
F;CSO,0H, phin (ing chuyén vi 14 thuin nghich vi cin bing.

Co ché€ chua thdy hoan todn rd, ¢6 thé hodn toan ndi hay hoan toin ngoai phan tir hay
mot phdn. Qué trinh thudng duge nghién ciu khi cé thém chat thom khic,ching han nhu
toluen, néu toluen bj axyl hod thi c6 mot phdn ngoai phan tlt, né€u khong bi axyl hod thi 1a
ndi phén tir, nhung cling khong that chic chéin vi toluen cé bi tdn cong hay vi kém hoat dong
hon chat khidc. Doi khi ding phuong phdp thue nghieém chéo va cho ring chit ban ddu va
Xiic tdc tao nén phitc (8) véi ty 1& xiic tic/ chit ban ddu 1a 1/1:

ArO"ﬁ—R
%—?&1013

Phan iung chuyén vi Fries ciing xdy ra khi c¢6 4nh sdng ma khéng ¢é xic tdc, goi 1A
chuyén vi Fries quang ho4, uu tién 1 qué trinh géc ty do ndi phan tir theo co ché sau:

ﬁ OH
ArO—(C~R —= [ ArO—C—R]* -
| |— [ArO**COR] — QM
0

trang théi kich thich 18ng dung moi H “COR OR

San phim thu dugc 14 ertho va para nhung cho hiéu suét thip so véi qua trinh xic tic
Lewis, nhat 12 khi ¢6 nhém dinh huéng meta. Phenol luén 13 san phdm phy do ArO™ téch ra
khoi 16ng dung moi, nhan 18y hydro tir phan tir bén canh cho phenol. N€u dung phenylaxetat
¢ trang thédi khi khong cé dung méi dé€ hinh thanh 16ng dung moi nhung cé isobutan 1am
chit cho hydro thi phenol 12 sdn phim chinh va khéng cho sin phim o- hay p-hydroxy-
axetophenol. Co ch€ ndy dugc xdc dinh bing CIDNP va phd Raman.

23- Phdn itng chuyén vi ete phenolic
Ete phenolic dun néng véi xiic tdc AlCl; cho ankylphenol:

(I)R (i)H

AICH
—-

Phéan ting gi6ng nhw co ch€ phan ting ankyl hod hay axyl hod Friedel Crafts, nhung
thudmg cho hi¢u sudt thdp nen it ddng trong téng hop. Trong phan dng ¢6 tim thiy sy déng
phan héa géc R va qud trinh c6 thé n6i hay ngoai phan tir. Thyc t€ di tim thdy diankylphenol

R
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[a qué trinh ngoai phéan tif, con khi chuyén ete p-tolyl-sec-butyl quang hoat thanh 2-sec-
butyl-4-metylphenol 1a qua trinh ngi phén tir va bao toan c4u hinh.

24- Phdn ting chuyén vi nhém nitro

Hop chat N-nitroamin thom tdc dung véi axit cho san phdm o- v p-nitroamin véi san

phim ortho uu tién:
$N—NO [I{
O 2 H,S0, NH
NO,

Quad trinh 13 noi phan wr, khong quan sdt thay déng phan meta nhu khi nitro hod tric
ti€p amin thom cé mot lugng nhd meta, nghia 1A khéng c6 sy phan tich ra ion NO,* dé tan
cong vao vong khdc. Phan tng ciing duoc chitng minh bing phuong phdp dinh ddu déng vi,
nhu khi téc dung chét ban diu véi K'>NO, cho sin phim khéng chita 1*N va phin ing
chuyén vi ciia hén hgp CqHsNH' N02 va p-CH;CH,NHNQ, cho 2-nitro-4-metylanilin
khong chita *N. Mat khéc, su chuyén vi clia (10) khi c6 CqHsNCH,NO, khOng danh ddu
thu duoc san phdm dinh d4u (11):

CH3—1|\1— SNO,
15

an
Phan ing c6 thé xay ra theo hai ca ché:
1- su tdn cong vong clia oXy nhém nitro vao vi tri orthoe trude khi phan cét;
2- phan cét thanh g&c va ion g&c trong 16ng dung moi:
CH; CH, (Hs
AHN—NOz — Ar—gH—NOZ — Ar—gH' .N02
16ng dung moi
Co ché sau chiing minh bing hiéu #ng nhém thé, hieu ing d6ng vi '°N va 1*C cho
thdy khong duge déng bd va thyc t€ 1a cd N-metylanilin va axit nitro sinh ra kha 1én, ham
luvong gan nhu bing sin phdm o- va p-N-metylanilin. Sin phdm phu hinh thanh khi géc di ra
khéi 16ng dung moi.
25- Phdn itng chuyén vi Fischer - Hepp

Khi tic dung N-nitrozoamin thom véi HCl sé thu duge san phidm chuyén vi nhém
nitrozo vao nhan:

244



R—N—NO R—N—H
HCI

NO

Phan dng goi 12 chuyén vj Fischer-Hepp diing diéu ché hop chaét nitrozo khi khéng thé
dung phan ing C-nitrozo hod vio amin thom bac hai. San phdm thu dugc wu tien 1a p-nitrozo
va dung axit HCI, véi axit khdc cho hiéu suét thdp hay khéng cho két qua.

Co ch& chua that rd nhung ¢6 ching minh ring phan ing 14 néi phan t&, vi khi them
ure vao phan d#ng n€u c6 tich ra ion ty do nhu NO* hay NOCI trong dung dich thi ure sé& két
hap vdi cic ion d6 trude khi chuyén vi.

26~ Phdn iing chuyén vi nhém arylazo
Céc aryl triazen tdc dung vdi axit s& chuyén vj cho din xut azo;

R=N—N=N—Ar
H+
i

NHR
N—Ar

Thuomg diazo hod amin thom bidng axit nitro cho triazen réi tdc dung véi axit cho
chuyén vi 12 san phim diazo th€ clia amin thom bac nhit hay bac hai. Phan ting luén cho
déng phan para trir khi vi tri nay d4 bi chi€m.

27- Phdn ing chuyén vi halogen (chuyén vi Orton)

Khi tic dung hop chét c6 halogen dinh véi nito trong mach nhanh v6i axit s& chuyén

vi halogen vao nhan:
CH3—@ —N—ClI CH;—-ﬁI—N-—H
HC)
— O

Cl

Phén tng chuyén vi goi 1a chuyén vi Orton. Sin phdm chinh la déng phan para nhung
ctng hinh thinh sin phdm ortho. Chat ban ddu 1a N-clo hay N-bromamin, it ding dan xuit
N-iot. Phan iing thudng xdy ra trong nuéc hay axit axetic. Amin c6 thé bi axyl hoa, trir
CeHsNCl, cho 2.4-dicloanilin. Phan vng 13 chuyén vi ngoai phan tir ching minh bang
halogen hod chéo va déng vi. Phin ing ddu tién 12 HCI tdc dung v6i chat ban ddu cho axyl
amin ArNHCOCH; va tdch ra Cl, sau d6 Cl, halogen hod nhan thom. Thyc nghiém di chimg
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minh bing tich clo ra khoi hén hop. Phan tng chuyén vi Orton ciing xay ra bing quang hod
hay dun ndng khi cé peroxit benozyl va theo co ch& g6c tu do.

28- Phdn itng chuyén vi goc ankyl |

Khi dun néng mudi arylankylamoni clorua & nhiét d6 200 + 300°C sé chuyén vi géc

ankyl vao nhan, goi 13 chuyén vi Hofmann - Martius:

R
R NH,
R-N=R CI
HCl

R

bing phan tng t6ng hop chéo, cho thdy phin @ing 14 ngoai phan t&r. Ching han, metylanilin
bromua khong chi cho sin phidm binh thudng 1a o- va p-toluidin nhung ciing ¢6 anilin, di- va
tri-metylanilin, chifng t6 qué trinh ]2 ngoai phan tir va c6 su déng phan hod goc R bac nhit.

Khi R 12 bic nhat, phan (ng di qua ankyl halogenua ban d4u theo Sy2:
RN'H,Ar + CI” — RCl + AINH,

Chitng minh cho quan niém nay la da téch ra duge ankyl halogenua va Br, CI” va I”
cho ty 1¢ san phdm ortho/ para khic nhau, phin ing ti€p theo 12 ankyl halogenua phin img
vao nhan theo ankyl hod Friedel Crafts cho san ph4m chuyén vi. Khi R 1a bac hai hay ba thi
cacbocation truc ti€p hinh thanh khong di qua ankyl halogenua.

Phan d@ng ciing xay ra khi dun néng amin (khong phai muéi) véi mu6i nhu CoCl,,
CdCl,, ZnCl, goi 1a chuyén vi Reilly - Hickinbottorn. Nhém R bac nhét 16n hon géc etyl thi
cho ca hai san phdm chuyén vj va khong chuyén vi. N6i chung, phin tng it diing cho amin
bac hai va ba vi thudmg R bj phan cét cho olefin trong diéu kién phan ing,

Céc arylamin axetyl ho4 ciing chuyén vi géc axy! vido nhan khi quang hod nhu qud
trinh chuyén vi Fries quang hod & trén.

8.7. PHAN UNG Sz CUA NHOM PI RA KHAC HYDRO

Nhém the trong Sg ¢6 thé khong chi ¢6 hydro nhir trén. Phan ting th€ S xdy ra néu téc
nhan E” thay th€ nhém di ra khéng phéi hydro. C6 thé 12 phan ving clia hydro thay thé mot
nhém di ra khong phai hydro:

ArX + HY — ArH
hay mot E* khéc hydro thay th€ mot nhém di ra khéc:
ArX + YF — ArY
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va phan ting do sy d¥si chuyén nhém the khdce hydro & trong nhan, ¢6 thé ndi hay ngoai phan
tir:
R R

X
—_— V.V..

X
8.7.1. Co ché thé ipse

Trong cdc phan dng ndi trén, tdc nhan electrophin tdn cong vao vi tri ortho-, meta hay
para d6i v&i nhém thé da co trong nhan, nhung con cé kha nang khic ciing quan trong 12 tic
nhan electrophin t4n cong vao ngay vi tr{ cia nhém th€, hay nhém di ra, goi 1a tdn cdng ipso.

Trang thdi ndy dugc nghién cu nhiéu & phan @ng nitro hod. Khi tdc nhan electrophin
NO," tén céng vao vi tri ipso clia X d€ tao ion areni ¢6 thé ¢6 nam kha nang c6 thé ¢6 nhu so
dé sau:

O,

Y

Cdch a: Ton areni mé&t NO, dé ud vé chdt ban ddu nhu 13 khong ¢6 phin img;

Cdch b: Ton areni mit X* cho san phdm nhu trudng hop thé don gidn v6i nhém dira
khac H;

Cdch c: Nhém electrophin NO, chuyén vi 1,2 r8i tach proton cho san phdm thé ortho.

San phim tim thdy gi6ng san phdm thé tric ti€p vao vi tri ortho nhung khong dé gi
biét dugc c6 bao nhiéu san phdm ortho tao ra theo cdch ndy nhung ¢6 nhiéu chitng minh la
c6 ty 1& ddng k€. Do khi ning nay nén nhiéu két lugn vé hoat tinh & vi tri ortho, meta va
para con nghi ngfj vi mot s& san phidm khong phii tdn cong tryc ti€p vao vi tri ortho ma tan
cong ipso roi chﬁyén vi.

Cdch d: Nhém thé X chuyén vi 1,2 cling c6 san phim nhu thé ortho, nhung cich niy
r4t thdp, it ra chi & electrophin NO,".
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Cdch e: Tdn cong cla nucleophin vao ion areni cho sin phdm th€ xyclohexadien,
trong mét s6 trudng hop da tich ra duge, nhu 13 phan ting cong 1,4 vao nhan thom.

Thutng cdc phan dng nay dugc phan loai theo nhém di ra. Kha nang phan tng phu
thudc vio kha ning di ra clia cdc nhém thé, thuong phu thu¢c vdo kha nang nhin dién tich
duong clia nhém di ra.

Phan tng th€ ngay & cacbon ¢6 nhém di ra goi 12 phan ng ipso ciing di qua phitc o
nhu S¢ binh thuong:

Nhan t6 quyét dinh 12 nhém nio tich ra tir phitc .
Phén ting phé bién 1a phan g deankyl ho4, nhat 12 nhitg nhém ankyl bac ba:

CH(CH3)2 CH(CH3)2 CH(CH3)2
No2
st 4
CH(CHj3), H(CHs), o

Mot lugng I6n sin phdm deankyl hoi ciing xay ra khi clo va brom hod tert-butyl-
benzen, bang céch tich nhém rers-butyl tir phitc o ciing thu dwoc 3,5-dibrom-ters-butyl khi
brom hod 1,3,5-tri-fers-butylbenzen.

Khi nitro hod din xu4t the 1 va Br cha anizol ciing thu duge sdn phdm th& v6i nhém di
ra 12 I hay Br cho 30 + 40% san phim p-nitroanizol:

CH, CH, CH,
NO,
+HNO; —™ +
NG, Z

Clo khé th€ hon nén san phdm declo hod khéng xay ra vi clo tich ra & dang CI* kém
thuan lgi hon.

Nhém th€ ipso dé nhét 1a nhém silan trong arylsilan, nhém silyl nay tich ra dé hon 13
hydro:
Ar-SiR; E* + X* — Ar-E + R;SiX
Nhém silyl nay dinh hudng cho tdn cong ipse clia electrophin, 1a nhém dinh huéng
ipso manh nht. Phin dng nay dugc chitng minh bing co ché ging véi phan ting S qua
phitc o nhu trén:
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o O @ = O

8.7.2. Cac phan ng Sy cia nhém gi ra khac hydro

1- Phdn ung deankyl hod
Phan 1ing nay ngugc voi phan iing ankyl ho4 Friedel Crafts:

AlC1
ArR + H* —= ArH

Nhém ankyl bi phan cat khoéi nhan thom bing proton hay axit Lewis. Nhém ankyl bac
ba d& di ra hon, chdng han nhém tert-butyl:

CH, CH,
CaHsCOCT OCgH; _ACh, C0C6H5
A[C|3 C6H6

C(CH3)3 C(CH3)3

~ Nhém ankyl bac hai phan cit khé hon, cdn bac nhat hdu nhw khong. Phan tng ndy
thudng xay ra trong phan @ng ding xic tic Friedel Crafts (Lewis hay proton véi hop chat
thom chifa g6c ankyl). Khi phan cét, g6c R tr& thanh olefin & nhiét d6 cao trén 400°C, &
nhiét d6 thudng nhém R tdn cong vao nhéin khdc. Phan dng ¢6 déng phan ho4, chuyén ilr vi
tri nay tGi vi tri khic trong vong ndy téi vong khdc quan trong hon 1a phan cit. Trong phin
tng ndy, vi tri meta cho san phdm thich hgp hon cho diankylbenzen, triankylbenzen thi san
phdm 1a 1,3,5- vi déu 1a san phdm bén nhiét dong hoc cao nhat. Sy ddi chuyén cé thé 1a noi
hay giita phan tir phu thudc vao diéu kién va nhém R. Ching han etylbenzen tic dung véi
HF va BF; cho benzen va dietylbenzen 1a doi chuyén giira cdc phan tlr, propylbenzen d4dnh
ddu & vj tri B c6 benzen, propylbenzen, di- va tripropylbenzen nhung propylbenzen thu lai
dugc mét phdn ddnh dfu & vi tri o va vi tri y (d&i chuyén ndi v ngoai phén tir), o-xylen tic
dung vdi HBr va AlBry cho hdn hop o- va m- nhung khong ¢6 p-xylen, cdn p-xylen cho p- vi
m-Xylen khéng cé o-xylen, va khong thu duge trimetylbenzen (chuyén vi noi phan tir dic
bi¢t). Nhém metyl chi chuyén vi noi phén tir cdn nhém khéc ¢é con dudng khdc.

Co ché chuyén vi ngoai phan tir c¢6 thé tao cation ty do nhung ciing c6 khi khéng.
Co ch€ gifra cdc phan tir khong tdch ra cation dé nghi nhu sau:

ArH H*
Ar—CH,—CH; +AICl; = Ar—CH-CH3 ArHL Af‘fj—%

2]

Ar Ar
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Néu tir chdt quang hoat CsHsCHDCH, dédnh dfu trong vong véi 'C va tic dung véi
GaBr; trong benzen cho etylbenzen khong chita deutri hay hai deutri, nén t6c do mat do biic
xa x4p xi bing tSc d6 m4t d6 quang hoat.

Co ché chuyén vi noi phan tir chua that rd nhung c6 thé & vi tri 1,2:

CH,CH; H CH,CH,

HY
—

Sy chiing minh tr '*C dénh d&u im thdy vj tr{ 1,2 trong chuyén vi n6i phan tir, khong
¢6 chuyén vi 1,3 hay 1,4.

Nhém phenyl cfing chuyén vi, o-terphenyl tic dung véi AlCl3-H,0 cho hén hgp chita
1% o-, 70% m- va 25% p-terphenyl. Nhém ankyl thay th€ H ma cdn cé nhém khic H nhy
nitro..,

Khong giéng ankyl, phin ing axyl hod Friedel Crafts néi chung khong thuan nghich
nhung c6 khi nhém axyl 12 electrofuge dé di ra, dac biet khi ¢é hai nhém thé ortho:

COC4H;
H,C CH, HiE CH;
HyS0, Z=CH,, Cl, OH ..
i
dic
y z

2- Phdn vng decacboxyl hod
Cac axit thom khi dun néng v6i déng va quinolin s& decacboxyl ho4:

A,
quinolin

ArCOOH ArH + CO,

Phén ting xay ra khi dun néng mu6i clia axit hay dun néng axit véi axit manh, thuimg
axit sunfuric. Phan ung di tir axit chiu 4nh hudng clia nhém hiit electron & ortho va para va
12p thé ciia nhém thé & ortho thudng bi gidi han bdi cde nhém chie ¢6 trong h¢ benzen.

Phuong phép decacboxyl ho4 axit, theo co ch€ ion areni véi H' 13 electrc;phin va CO,
1a nhém di ra v6i thit t 4i lyc electrophin: COO™ > H* > COOH, nén nhém COOH tich H*
ra trudc khi phan cit 1 cén thiét:

. COOH g+ @_ COO"
ArCOOH —» Ao;( — Ar/ -—h-ﬁ AI'H‘FCO‘Z

H

Khi decacboxyl hod ion cacboxylat cé thé c6 sir t4n cong khdc nhau theo Sg/. Co ché
nay cho thdy phan ing la bic nhét va cdn nhém hit electron dé én dinh cacbanion, kich
thich phan dng:
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A

O _..© . co,
O O

Cd ché€ cia phuong phip d6ng - quinolin it dugc nghién ¢itu nhimg da tim thdy xdc tac
thue 1a ion déng Thuc t€ phan Wng x4y ra nhanh khi dun néng trong quinolin ¢6 oxit déng
thay cho déng. Co ché cho thay mudi déng ciia axit thuc t& chiu decacboxyl hod, da tim thdy
mudi déng cha axit thom dé& decacboxy! hod khi dun néng trong quinolin va hgp chat aryl
d6ng 1a chat trung gian ¢6 thé tich ra duge trong mot s6 trudng hop. Bac thay déng cho hiéu
sudt cao.

Trong mot s& trudng hop nhém cacboxyl c6 thé thay th€ bing nhém khdc hydro nhu
NO, I, Br, Hg.

Trong phan tng decacbaxyl hod cling ¢6 chuyén vi, ching han khi dun néng ion
phtalat v6i mot lugng nho xtic tdc cadimi, sinh ra ion terephatalat:

coo
coo 400"‘3

Khi dun néng mudi benzoat v6i muési cadimi s& ¢huyén khéng can ddi cho benzen va
ion terephtalat goi 13 phan tng Henkel ciing 12 co ché& Sg/.

3- Phdn itng decacbonyl hod

Andehit thom véi axit sunfuric s& decacbonyl hod cho aren:

H,50
ArCHO —2, ArH + CO

Phan ing nay ngugce v&i phan ing Gatterman Koch. Phan ing theo co ché€ ion areni do
t4n cong cha electrophin H* v nhém di ra 13 HCO®. Ti€u phan ndy hoac m4t hydro cho CO

hoic tuong tdc véi hydro cita nuwée cho axit fomic. Andehit thom ciing decacboxyl hod khi
¢6 bazo xiic tdc. Khi ¢6 xic tdc bazo, co ch€ giéng Sgi.

4- Phdn img Jacobsen

Phan @ng xay ra khi dur néng cic polyankyl hay polyhalogenbenzen véi axit sunfuric
¢ phan iing sunfo hod va chuyén vi kém theo. Phan dng goi 1 phin ing Jacobsen:
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H
Hﬂ;@fma H;80, ?
H, CH, Hs CH;
Hy
Phén ing diing cho benzen it nhdt bon I4n thé, t6 hop ca ankyl va halogen, nhur ankyl

la metyl hay etyl va halogen 14 iot, clo, brom. Néu ¢6 nhém isopropyl hay rert-butyl cho san
phdm tich cho olefin.

Phén ung Jacobsen diing d€ nghién ciu chuyén vi céc polyankylbenzen. Sin phim phu
thudng c6 12 pentametylbenzen va 2,4,5-trimetylbenzensunfonic axit chi ring, phan rmg cé
qud trinh chuyén vi ngoai phan tir.

Co ché phan tng Jacobsen chua dugc thiét 1ap nhung 6 chitng minh ring su chuyén
vi 12 ngoai phan t&r, nhém chuyén vi 12 metyl trong polymetylbenzen ma khéng phai nhém
sunfonic. Sir sunfo hod ciling ¢6 sau khi chuyén vi. Ding phuong phdp dénh d4u cho thay
nhém etyl chuyén vi khéng ¢6 chuyén vi ngoai phan tir.

5+ Phdn itng desunfo hod
Phan iing phan cit nhém sunfo tir hop chét thom 1a nguoc véi phan ing sunfo hod:

135 + 200°C

T g
A0 H e

ArH + H2 804

Thudng dung axit sunfuric lodng, tinh thuin nghich gidm khi ting néng do cia axit
sunfuric. Phdn Ung ding dé khod vi tri th€ meta vA thudng tdch ra sau phin ng. Nhém
sunfo ¢6 thé thay th€ bdng nhém nitro va Lalogen. Nhém sunfo c6 thé tich ra khi c6 méi
trudng kiém va niken Raney.

Cdc sunfonyl clorua hay bromua chuyén thianh din xu4t clo hay brom khi dun néng
vdi clotris(triphenylphotphin) rodi (I). Co ch€ phan ing tuong ty nhu decacbonyl ho4:

RhCIP(CgHs)s;

ArSO,Br ArBr

5- Phdn ung dehalogen hod
Aryl halogenua loai halogen khi ¢é xic tdc Friedel Crafts:

AlCl
ArX —3 ArH

Phén ving declo hod xay ra hi€m con deflo hod khong xay ra. Phan tng thudng ding
téc nhan khit nhu Br hay I” d€ t6 hop v6i Br* hay I". Trir phdn uing deiot hod con néi chung
cdc phdn ing khéc it ding. Ciing tim thdy su chuyén vi halogen véi cu ché halogen hod tren.

Sy chuyén vi cha polyhalogen khi ¢é xdc tic bazo manh nhu 1,2,4-tribrombenzen
chuyén thanh 1,3,5-tribrombenzen khi tic dung véi CsHsNHK. Phan ting nay di qua chat
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trung gian cacbanion theo S/ goi Ia su “nhay mia” halogen (halogen dance).

Cic tdc nhan khidc hay ding trong loai halogen la (C¢Hs),SnH, HI, Sn va HBr, Zn
trong axit hay kiém, xuc tic hydro phan, xic tic chuyén pha... Zn-Ag, Na-Hg trong NH;
long.

Tac nhan niken Raney trong dung dich kiém hiéu dung cho din xuit flo ciing nhu cic
halogen khdc. Cdc tic nhan nay khong phai dua theo co ché the€ electrophin ma ¢é mot s6 la
nucleophin hay gdc tu do.

6- Phdn wing thuy phdn hop chét co kim
Céc hgp chét co kim thuy phan trong moi trudng axit:
AtM + H" — ArH + M*

Céc kim loai hoat dong nhu Mg, Li... chi ¢dn nuée 13 di. Phan Wmg quan trong la thuy
phan Grignard v&i M c6 thé 1A kim loai hay phi kim nhu SiR, HgR, B(OH),.

Céc arylmagie hay ary] liti dé& diéu ché, thudng dung diéu ché€ cac mudi cta axit y&u:
CﬁHsMgBr + H-C=C-H —> H-C=C MgBr+ + C(,Hﬁ.

Khi lién k&t giita kim loai va vong 14 cong hoa tri thi phan ing theo co ch€ ion - areni,
con lién k&t thye t€ 14 ion thi d6 chi 1a phan (ing axit bazo.
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Chuong 9

PHAN UNG TACH E

Phan Gng tich E (elimination) 14 qu4 trinh di ra khoi phan tir chét ban diu déng thoi
hai nguyén tir hay hai nhém nguyeén .

Dang chung nhu sau: A~(R),-B — (R), + AB _

Trong loai phan dng nay, thudng chat ban ddu tdch ra hai thanh phdn nho hon goi la
hai nhém di ra dé tao thanh sin phdm c6 chia lién két n hay .

Chét ban ddu — san phdm + thanh phdn 1 + thanh phdn 2.

Dé phan loai phan vng E, ngudi ta ding chit Hy Lap d€ chi nguyeén tir hay nhém
nguyen tr trong bd khung cacbon: nhém di ra & C; hay C, dwoce ky higu 1a 1 hay o, nhém
cung tich ra & C, hay Cp bén canh duoc ky higu 1a B hay 2, y hay 3, 8 hay 4... cho nén phan
ing tich c6 thé xay ra theo cic loai dwoc ky hiéu theo vi tri clia hai nhém tdch ra nhu sau:

Cq va Cy goi 1a phdn tng tdch o hav (1,1). Phan ing c6 hai nhém di ra & ciing mot
nguyén tr cacbon, thudng cho san phdm 13 cacben vA nitren:

ABYzZ — —A—B
Ly

Cq va Cp goi 12 phan tng tich B hay (1,2). Mot nhém di ra 1a o v nhém kia 1a B,

thuong cho san phdm 13 anken hay ankyn:

Z X
Cq va C, got 12 phan ting tich y hay (1,3) ... thudng cho vong ba canh:

C

O ~
f\i—-— %

Cq va G5, Cy... cho nhitng vong 16n hon.
Ngoai ra, phan ung tdch ra nhiing phan doan clia phan tir goi 12 phan tmg tich phan
manh hay loai bd mot thanh phdn phan tir goi 1 tich doan mach.
Vé co ché€ c6 hai loai co ch& chinh 1a E7 va E/ch don phan tir va £2 [udng phan tir nén
c6 cdc loai co che:
o-El, a-E2, a-Elch, B-El, B-E2...
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Trong hai nhém di ra, mét 12 nhém electrophin, thudmg Ia proton hay H, con nhém kia
12 nucleophin, thudng 1a halogen. Phan g tdch xay ra trong dung dich theo cdc co ché &
trén, con phan idng nhiét phan trong pha khi c¢6 thé theo hai co ch€ 1a: phan ing perixyclic
néi & chuong 12 hay co ché€ g6c tu do né1 & chuong 11.

43 day chn y&u trinh bay vé co ché trong dung dich véi sy hinh thanh sin phdm 1a hop
chat khong no, thutmg chita ndi déi hay n6i ba: C=C, C=C. C=N, C=N C=0, C=S, N=N...
trong dé quan trong nhat 12 phan Gng hinh thanh anken va ankyn.

9.1. PHAN UNG TACH « HAY (1,1)

Phin ing tich o hay (1, 1) x4y ra do hai nguyén tir & trén cing moét cacbon di ra khoi
phan tir chét ban ddu dé tao thanh san phdm thi&u electron:

R (B
R——(I:bx —» R—C—R +RX +Z
7%

Phan ting nay gém qua trinh tdch cationit va anionit:
X = Halogen Me N,* N,* Halogen
Z= H Halogen H CO4 Halogen

Phan (mg tdch quan trong hinh thanh san phim rdt hoat dong 1a cic cacben (R—C:) va
nitren (R—N:), nhu 1a tiéu phan trung gian trong nhiéu phan tng.

Thudng gap nhitng phan ing sau:
HO + HCCl; — HCOOH

HO +Hccl, 20 ~ca, Mm, o+ ca, B9 co HY Heoo

Qué trinh chdm tao ra diclocacben :CCl, cling nhu khi tdc dung amidua kali véi
2,2-diphenylvinyl bromua:

HCo Br HCe~  NBr
Tuong ty nhyu phan ing Reimer Tiemann:

C6H6 + HCCI'; i-i"(")"'“" CﬁHsCClz — C6H5CHO

Phén ting tao thanh allen tir dihalogenxycloankan:

X C
S/ Me - ==
CD\X @X C c= ¢
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Phan iing thodi phan Hofmann khi tdc dung N-bromamit véi bazo manh dé tao thanh
nitren:
HO
R-CO-NHBr —— R-CO-N: —> R-N=C=0
9.2. PHAN UNG TACH B

Phan dng tdch B hay (1,2) bao gdm hai loai tich: trong dung dich va trong pha khi
(tich nhiét). Phan ting trong dung dich c6 m¢t nhém di ra ciing véi cap electron, mot nhém
d€ lai cap electron, chiang han hydro. Phin tng tich nhiét c6 hai co ch& chinh 1a perixyclic
vA gbc ty do: san phdm hinh thanh chita n8i déi C=C hay C=C. Cg ché& trong dung dich ¢6
thé xdy ra theo qud trinh hai giai doan EI va Elcbh hay déng bo E2.

9.2.1. Coché EI

Co ch€ dac trung bang giai doan quy&t dinh t6c do tao thanh cacbocation trung gian
duge 6n dinh bing tich H* & Cp dé tao thanh lién kétz & C, va Cp.

Giai doan 1: —ﬁ‘;— ﬁl;—/;( '-_ll_é-g__ .._(If— (;'9 + X
H H

| = ung 1 |
(Giai doan 2; —ﬁ::;—— {O d—L'--m' —C:—(l}_ + BH

B H
Giat doan quy€t dinh t8¢ d6 1a hinh thanh cacbocation nén v = k[RZ] va phén (tng clia
dén xudt bac ba xay ra d& diang hon do tao thanh cacbocation bac ba:

al
: &

CHi~ {C- CHg~CH; 25 CHy—C- CHyCH; —= CH,=(~ CH,CH;

CH, H; ., CH;

CH;~ (=CH~CH,
CH,
H+
0
-

R-C505 C(CHy); 2 R—COOH+ CH,=C(CHs),

Ro-Co-(I:HNHEo-C(cm)3 SECO% ROCOFHNH, + €O, + CHy= C(CHy),
CH; CH;

Phan tmg tich thudng diing cho céc hgp chit ancol trong méi trudng axit manh dé
téng hop anken qua cacbocation hon 13 cdc din xudt halogenua hay sunfonat cho hén hop
san phdm phic tap:

Phan @ng tach E/ ¢6 nhitng dac tinh sau:
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+ Phan ting thudng c6 hing s6 phan ing p Am.

+ EI ¢6 hiéu tng déng vi dong hoc bac hai, twong tir Sy/.

+ Phan ting duoc xic tién khi chat ban déu c6 nhém th€ +, +C dé 6n dinh cacbocation.
+ Phén ting cdn ¢6 nhém di ra d& titc 12 nhém di ra d€ ion hod.

+ Dung moi cén c6 luc ion hod cao.

+ Phan Gng thudng & nhiét d6 cao.

+ Phén ting cin c6 kiém manh.

V& mat dong hoc va 14p thé, phin tng £/ ¢6 nhitng dic diém sau:

1- Phin ing ¢6 t6¢ d0 bac nhat. Dung moi khong xudt hién trong phuong trinh téc d6
nhung néu cé & giai doan quyét dinh t6c do thi ciing d& ki€ém sodt bing cdch them mot lugng
nho bazo lién hgp clia dung moi, sé thdy lugng chit thém vao khong lam tang t6c d6 cua
phan ing.

Tat ca nhimg nhin t6 lam 6n dinh cacbocation déun tao kha nang thiét 1ap trang thdi
chuyén cacbocation d€ quyét dinh t6c do phan tng, cdn & giai doan sau, sy tin cong cla

bazo ciing tao nén trang thdi chuyén cé su phan cit mot phén lien két C-H va hinh thanh
mot phdn lién két d6i C=C:

» ‘HC=C:+HB

nén nhitng y€u t6 1am 6n dinh anken cling 1am &n dinh trang th4i chuyén ¢6 ban ch4t anken
nay.

2- Nhém di ra ¢ giai doan quyét dinh t6c A0 nén hai phan tir ¢6 nhém the khic nhau s€
¢6 t8c d6 khdc nhau, nghia 12 cic din xuft chi khdc nhau vé& nhém di ra, ching han RCI va
RS*(CH,); déu cho sin phdm nhu nhau nhing kKhic nhau vé t8¢ do phan ¢ng do kha nang
ion hod cla phan tir Khdc nhau. Nhém di ra thuc t€ khong dnh hudng dé€n giai doan sau nén
vét cde din xudt RZ khidc nhau vé Z déu tao mot lugng olefin gidng nhau (chénh léch nhau
khodng 1%). Khi cacbocation di hinh thinh, n&u c6 ciing dung méi v& nhiét d¢ thi san phim
trong ca hai trudng hop 13 nhu nnhau, do dé ty ié tdch va thé 12 giSng nhau. Ching han khi
thuy phan hai chét sau trong dung dich etanol 80% & 65°C:

CH,—C=CH,

S Oy Ny

(CH3);C-Cl (CH3);,CS*(CHy),

l)o
'3

a2k

(CH;),C-OH
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Hai chat cho cling mét ty 1¢ san phim nhu nhau nhung t6¢ d6 khdc nhau do khdc nhau
nhdm di ra. Néu phan ting 12 bac hai thi nucleophin khéng thé tich Hp cung mét t6c do vi
Hp do anh hudng cda Cl trung tinh va $*(CHs), mang dién tich duong 12 khic nhau.

3- Phdn ting tdch thudng vu tién téch hydro trans hon cis nhung trong E£7, ban chat 1ap

thé clia hydro khong 16n ma tinh bén ciia olefin quyét dinh hon, nghia 1a phan ng tuan theo
quy tic Zaitsev.

Bang 9.1. Sy phy thudc higu suat olefin vao diéu kién phan ving

R Bidy kign Hieu sudt %
Z=Cl Br 1 §'(CH,),
CH3(CH,),C(CH,), rugu 60%, 100°C 13 14 - -
(CH,),C rugu 80%, 25°C 17 13 14 .
CHyCH,C{CHs), rugu 80%, 50°C 40 - - 40

Trong phan tng trén, proton khéng don giin ty tich ra ma 1a do trong tic véi bazo,
thuong v&i dung moi, ddc trung cho sy tich proton 14 obitan tw do p chira dién tich duong
cua cacbon va obitan cia lién két c¢6 nhém di ra bi phan cét phii & cing mot mat phing, goi
1a lap thé electron, & vi tri d6 ¢6 su xen phi cuc dai giffa obitan tréng va obitan cla cap
electron lién két C-H:

H H
N \\\H H3C”hr. Q” H
W CH
H3§ C 3 H}C CH3
3

Thudng phan Ung tao thanh frans-olefin d& hon cis, do phitc cis hinh thanh ¢6 sic
cang phu trong phiic hoat hod vi twong tic ddy clia cdc nhom thé, nghia 1a nang luong phic
hoat hod cia cis cao hon trans:

CH,CH,CHBrCH; — CH,CH,CH,'CH; — CH,CH=CHCH,

trans > cis

.H“
—_— S

. phic trans

phic ¢is

4- Cacbocation 12 chit trung gian nén ¢6 sy chuyén v clia cacbocation nhu & Sy/, biéu
hi¢n trong nhing phin ng xic téc axit. Chéng han, phin ng tich clia 3-metyl-2-butanol
khong phai cho 2 ma 3 san phim:
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CH; OH
CHy~C—C—CH,

H
3.meyl-2-butanol
|

Y Y

CH; H CH; H H H CH, “
CH;—C c CH; +CH;—C—C=C—H + H—C C CH;—CH,
2-metyl-2-buten H 3-metyl-1-buten 2-metyl-1-buten
bdi vi ¢6 qud trinh chuyén vi hydrua tir cation bac hai t6i bic ba:
H3 ?HS H
CH—C—, - CH; CHy= G5~ C —CH;
1A i
H H
cation 3-metyl-2-butyl cation 2-metyl-2-butyl

Theo co ché chung sau:

I ST ) AT D oi)
CHB—(I:—(;—-CH3 —= CH (I: (; CH3"—"‘" CH3_IC %_CHE;
H OH H TOH, H
H;
(I:H3 lI_I u )},—r CH3~ CH CH— CH;
CHs.—t;:—ce—CHZ— B et ¢ 3 H
HB CHs C CH—CH2
H
Hy

I

HBTCH?._CG_ (f.:_l"“ CH; ~3 (FHSH
B CHy=C— (il CHj

Ciing nhu & Sy1, trong phan tng EI, giai doan chinh 12 tdich Z~ dé tao C*, sau dé tich
H* bing bazo nén phén ting thay déi phu thudc vio sy t6n tai ciia cacbocation.

Neéu thisi gian t6n tai cfia cacbocation rét nhé thi trude khi tdch proton khong thé xay
ra sit chuyén vi, vi thé obitan sp® ciia proton c6 th€ chuyén sang obitan p clia lien két % bing
con dudng gin nhat:
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Hoa hoc 1ap thé trong trudmg hop nay twong Gng v6i E2 1a hop chat ban ddu cén wan
theo quy tic bon trung tam. Ty 1¢ trans-cis clia olefin tao thanh phu thuéc vio cdu dang clia
chét ban dau,

Néu thoi gian t6n tai cua cacbocation 1dn, cacbocation ¢6 thé chuyén thanh c4u dang
bén hon, thuan loi vé ndng luong hon véi cdc nhém the & cich xa nhau hon. Trong trudng
hop nay, san phdm chinh wu tién la trans olefin.

Thuc ra ty 1& cis-trans olefin trong EI thay d6i trong gii han rong, ¢6 kha nang cho
san phdm trung gian b4t k¥ giita hai gidi han trén.

Chang han, khi dung méi phan cis va frans-2-metylxyclohexyltoluensunfonat trong
metanol, phan @ng trong hai trudng hop nay déu cho hai sin phdm tach déng phan (1-metyl-
xyclohexen va 3-metylxyclohexen) va 3 sin phdm thé (cis va trans-metyl-xyclohexylmetyl
ete do qud trinh th€ nucleophin va 1-metylxyclohexyl-1-metyl ete do chuyén vi.

Ch4t ban ddu Olefin
CH, cH, CH; CH,
g g OCHj,
OCH.,
CH
Oi 3 J3.3 — 33,8) 45 5 V 3,2)
O-Ts 47,1 52,0
CH, 72,7 0.3, 0.3 3.8 229,
Y . 28
O-Ts 72 270

9.2.2. Coché Elch

Phan ting tich theo co ch€ Efcb ciing 12 phan dng tich §, bao gém hai giai doan, trong
d6 giai doan ddu 1a H tich ra trudc bdng bazo d€ tao cacbanion trung gian va giai doan sau
12 6n dinh cacbanion bing tich X d¢ tao olefin.

Giai doan 1 _$—(f——z = —(f—-ﬁ— //
%,-.. }
Giai doan 2 i _(f"[-zh "?=C_
Tén Elch di tr su kién, d6 14 bazo lién hgp cla chét ban ddu tao thanh do mét nhém

di ra (twong ty Syicb).

Phan iing di qua ch4t trung gian cacbanion nén ciing goi 12 co ché tich cacbanion va
phdn @ing phu thudc vao d6 bén clia cacbanion. Phin ting ddi hoi chat ban ddu phai ¢6 nhém
thé 6n dinh cacbanion bing nhém thé -7 va -C.,

Déi véi cdc ankyl halogenua, cdc sunfonat don gian, phan ing khong xay ra theo
Elch. Phan ing Elch xay ra khi 0 Cp c6 nhitng nhém th€ hiit electron nhe nhém cacbonyl,
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nitro, xyan, sunfonyl... ¢6 kha ning gidi toa dién tich &m & cacbon. Phan {ing ciing duge xic
tié€n khi c6 nhém thé -7 va —C & C, va ciing 12 phan #tng don phan tir va thudng canh tranh
vdi E2 nhung vi cachanion it bén nén it gap hon.

Phan g tich Elcb thudmg c6 p duong (p = 4,5) va hop 1y hon 1a diing hing s6 o .

k
B + R, CH-CZR, === BH + Rz(.e-CZRz
k,

R,ECZR, = R,C=CR; +Z°
k1k2[RyCHCZR,]{B']
k.,[BH] + k,

C6 ba truomg hop sau:

I- Giai doan dau la giai doan xdc dinh t6c d¢, tich proton la giai doan chim thi
ky > k_y[BH] va v = k,[R,CHCZR,){B ] nén dudng cong th€¢ ning c6 dang & hinh 9.1.

Toa 4o phén ung

Hinh 9.1. Gian d6 nang lugng ca Efch

Trong phan ing nay, giai doan 1 thyc t& 12 khong can bing nén co ché ndy goi 12 co
ch& Elchb khong can bing (Elfchb)y,., (Elch), hay (Eicb);,.

Phuong trinh dong hoc phu thudc vao néng do bazo, phan g 13 bac hai twong ty E2
nén khé phan biét dugce giita £E2 va Elch.

Trong trudng hop nay, su tich proton 1d giai doan xdc dinh tdc do va sy chuyén
cacbanion thanh san phim xay ra nhanh hon sy cong proton d€ hinh thanh chit ban diu néa
khong c6 sy trao d6i déng vi deutri. Ban chét clia nhém di ra it nhay véi t6¢ d6 phan tng vi
lién k&t C-Z trong trang thdi chuyén xdc dinh t6¢c d6 chua bj m4t di, vai trd ctia nhém di ra
lam én dinh cacbanion hinh thanh chi bing hiéu ng cdm wng. Khdc véi E2, trang théi
chuyén cia Elch khong cé phan cit lién két nhém di ra vdn & trong trang théi trung gian

261



nén vin gay tic dung electron cho trang thdi chuyén, ching han nhu Z 1 halogen thi c¢6 téc
dung clia hiéu ting - va do d6 gidm tir F dén L

2- Giai doan d4u nhanh can bing va giai doan hai chim quyét dinh t6c dé phan g
thc 12 k; << k_,[BH]. Giai doan d4u nhanh nhung can bing thuong goi 14 (Elch),, hay (Elch),,
nhung néu ti€n hanh trong dung dich ruou hay nude, bazo lien hop clia dung moi déng vai
trd clia bazo nén c6 thé coi [BH] = const va phuong trinh c6 dang giéng trudmg hop trén:

v=F [RzCHCRﬂ [B_]
Budmg cong thé€ ning c6 dang nhu & hinh 9.2.

A :
E 5-

Toa 46 phin ing
Hinh 9.2. Gian d6 thé nang clia Elcb giai doan 1 c4n bing

So véi E2 thi E2 ty 1¢ voi [B ), con Elcb véi giai doan hai quyét dinh t5c do phu
thudc vao [B™] /[BH). :

Néu ti¢n hanh trong dung dich dém véi pH bing nhau, t6c d6 E2 khong thay déi khi
thay déi ty 1 d6, con Elch lai thay déi. Trong dung dich dém, phan tng Elcb c6 su thay déi
giai doan quyé€t dinh t6c d¢ phan ng, khéc véi E2 vi E2 chi ¢6 mot giai doan.

Trong co ché ndy ¢6 sy trao di deutri trong chdt ban ddu khi ti€n hanh phin tng
trong nudc ning hay ruou deutri hod. Sy trao d6i deutri x4y ra vi c6 sy phan cit proton & vi
tri B d6i v&i nhém di ra, trong khi dé6 E2 khong c6 tinh chét nay.

H D
| : o | D,0 I

—C—(L— 7 25 —Cl-—(lj—Z 2—n---'—(lj
[

I
—C—Z +DO
I
Trong trudng hop nay c6 su trao d8i proton gilta chat ban ddu va bazo, néu c6 deutri
trong bazo thi chdt ban ddu s€ chia deutri. Di€u ndy cé thé tim thdy khi tic dung

Cl,C=CHCI v6i NaOD cho CIC=CCl. Khi phin tng dimng lai truéc khi hoan thanh, deutri ¢é
trong olefin.
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Két qua ciing thu dugc v6i pentahalogenetan. Cdc chét nay tuong d6i axit. Ca hai
trudng hop déu c6 nhém hit electron chia halogen lam tang tinh axit ciia hydro, nhung trong
trudmg hop tricloetylen hydro ting tinh axit vi & trén cacbon sp2 hon trén cacbon spa. Do d6
thudmg phan iing EJcb thich hgp cho didu ché cdc hop chét ¢6 ndi ba hon 1a n6i déi. Mot s6
ch4t nhw C4H;CH,CH,Br tao cacbanion én dinh bing cong hudng nhung khong ¢6 trao ddi
deutri do d6 co ch& ndy rat hi€m, & mdc d¢ nao d6 ding tich cic nhém di ra nhu Br, Cl, OTs
va tao lieén két doi C=C.,

Chang han phan ing:

p-OzNC6H4CH2CH2N+R3 + B — p-O,NCH,CH=CH; + BH + NR;

trong D,0 thay cho H,O c6 hiéu tng déng vi 7,7, phan itmg trong D,O xay ra nhanh hon
trong H,0, chiing to cho co ché Elcb vi sy chuyén proton khong & giai doan quyét dinh t6c¢
do. Hieu itng d6ng vi gy ra bdi chét trung gian cacbanion c6 di¢n tich phdn va chét trung
gian niy c6 thé trd vé chét ban ddu hay chuyén thanh sin phdm bing cdch 14y proton tir
dung méi. Trong D,0, qud trinh ndy cham hon trong H,O vi lién két O-D trong D,0 khé
phan cit hon O-H trong H,0, 1am gidm t6c do nén chat trung gian dé quay trd vé chat ban
ddu. Khi t6c do chuyén trd lai ch4t ban ddu gidm thi t6c do chuyén thanh san phim tang.

Bing tinh chat trao d6i d6ng vi, di tim thdy mot s6 phan ng c6 tao thanh cacbanion.
Chéng han, diing chat ban diu phin ng trong nuéc ning nhu phan ing ctia Hinse:

e —

CH,0" e CH:OD  CF,-CDBr
== CFK-CBy Zno ~° 2

CF; - CHBr,

CH,OH CH,0H

CFZ = CBr. 2
CH,OH

CH30-CF2-CHBI' 2

Su trao d6i deutri trong chét ban ddu chitng minh cho sy tén tai ctia cacbanion. Ciing
nhu so sdnh phan Gng cha 1,1-diclo-2,2-trifloetan:

DCCl,—CF; =& c1—?f—CF2—F —= CLC=CF,

D,0
*HO',H;O Cl
L cFy, 22 Cl)CH-CF,

Chitng t6 ¢6 su hinh thinh cacbanion tir ch4t ban ddu di deutri hod trong méi trudng
HO™ / H,0 ma khoéng phai bing DO / D,0. Phan tng 14 tich B va theo co ché Elcb.

Phan ing loai HBr cla 2-phenyletylbromua trong kiém rugu:

C4H,CH,CH,Br + CH;0” == C¢Hs~CH-CH,Br + C,H,OH

axit buzo bazo axit

Song néu tién hanh trong dung moéi C;HsOD s& c6 su trao d6i déng vi:
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C6H5CH2CH281‘ _— C6H5 H- CHzBr —_— CGH 5CHD_' CHzBI'
chat ban diu san phidm trao ddi

CgHsCH=CH, +Br
san phdm tdch

Néi chung, hi¢u tng déng vi clia phan ing Elcb twong d6i nhd, ching han phan ing:

HC-CH-OCH, -
o ) k=12

Trong qué trinh ding phan dng trao d6i déng vi vi dé phan biet E2 va Elcb, cdn chi ¥
t6i huéng trao d6i déng vi vi phin g trao déi & vi i khic, ching han vj tr{ o khong tham
gia vao phén ing tich nhu phan #ng sau tuy ¢6 trao d8i déng vi nhung tdch theo E2:

RCH,-CH,-$*(CHy); — [ R-GH-CHy-S*"(CH;),J"
R.Oﬂﬂ - H--%0OR'
R'O
S
.
RCHZ'CHZ'S[ CH RCH=CH, + S(CH;), + HOR’
CH; tich E2
R'O'ﬂ R'OD
RCHz—CHz-[S*CHzD
CH;

Ciing nhu phin Ung E/, phin dng tdch Elch ¢6 tinh dac tha lap thé r4t nhd vi
cacbanion t3o thanh déu nhu nhau d6i véi cic déng phan 1ap thé. Thye t€, phan tng tich anti
va syn theo co ch€ Elcb déu ¢ cling mot gid trj p:

0,CeHs

+HO —= Q + ArSQy + H)0
0,CgHs = 40,56
0S0,Ar e =0
+ HO —= Q + ArSO; + H,0O

SO,CeHs SO;CeHs  p=+0,42
0SO,Ar

Nhur vay, phan ing cé trang thdi chuyén cacbanion xay ra khi cacbanion duoc én dinh,
nguyén tir hydro & B dé bi cat ra khi & vi tri B c6 nhém the aryl (8n dinh bang lien hep), & vi
tr{ & ¢6 nhém th& -/, nhém di ra & vi tri o khé di ra va ditng kiém manh hon.

264



3- Phan tng c6 giai doan ddu nhanh khong cin béng va giai doan chuyén cacbanion
thanh san phdm cham. Phén \ing nay chi tim thiy khi cacbanion rat bén va thuc & & day giai
doan 1 12 khong can bing. Co ché niy thudmg goi 12 co ché (E1),,0, khdc v6i hai co ch€ kia
va cling khdc voi E2 t6¢ d6 phan {ng 1a bac nhat.

Co ch€ Elch tim thdy & nhitng chét ban dfu c6 hydro c6 tinh axit va nhém di ra kém.
Céc hogp chit loai ZCH,CH,OCgH; v6i Z 12 nhém hit electron nhu NO,, $*(CH,),, CN,
ArS0,, COOR... thudc loai Eich nay vi CgH;0 1a nhém di ra kém. Phan dng cia
CH,SOCD,CH,0C¢H; va (CH3),S"CD,CH,0CsH;s v6i NaOD trong D,0O ¢6 hi¢u tmg déng
vi 0,7. Gid tri ky / kpnhd hon 1 duge gdn cho dung mot va hiéu éng déng vi bac hai.

Phan ung Elcb x4y ra khi proton dugc hoat hod bing nhém th€ hit electron nhung
khong phai tat ca vi v6i nhém thé di ra dé khi ¢6 nhém thé hit electron ¢6 thé theo E2.

Trong ba co ché, khé khin nhat 12 phan biét E2 v6i (Elch),y, hay (Elch),. Thudng
diing phuong phap nghién cidu hiéu ing cla sy thay déi nhém di ra clia mét chdt phan tng.
Chéng han trong ba axenaphtylen (1) tim th4y:

X Y

tert-CiHoO' a Br Cl

tert-C4H,OH a aq
Cl F

1- ba t6¢ d6 twong ty nhau, nhém 16n nhat chi gap bén 14n nhém nhd;

2- trong hgp chidt ¢ (X = Cl, Y = F) thu dugc san phdm chita Cl khong chita F, nghia la

nhém kém nucleofuge di ra con Cl giff lai.

Két qua 1 di ra ngodi cic co ché, trir (Elcb)y, vi cdc co ché khdc déu c6 hidu ing
dang ké cia nhém di ra. Co ché E2 ciing ¢6 anh hudng 16n cha nhém di ra nhung trong E2
ban chat cacbanion khéng 16n nén E2 cling khong giai thich duge két qua 2, trong d6 a-Cl
1am 6n dinh cacbanion phdng hon a-F khi m4t proton. Khi X~ di ra & giai doan hai (& day c6
phdn gidéng phan @ng th&€ nucleophin thom), sy di ra nay khong xdc dinh duoc khi cé
nucleofuge tdt ma hydro $ tich ra.

Sur t6n tai clia (Elch)y, duge chitng minh bing su thay ddi giai doan x4c dinh t6c do
trong phan {ng tdch cha ion N-(2-xyanoetyl)pyridin (2) khi tdc dung véi bazo khi X thay déi:

X X
@ + HO- — CHZZCHCN + @ + Hzo
I N
CH,CH,CN
(2)

cho thdy co ché€ E2 mot giai doan khong thé xiy ra dugc.
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Trong phéan ving (E1)yien ¢6 trudng hgp tao nén trang théi khong bén réi chuyén vi,

ching han khi téc dung 2-metoxy-2-phenyl nitroxyclopentan (3) v&i metoxit cho phan tng
tach sau:

CH CeH sHs sHs

CH . 3 B

cH;@éﬁoz o @NO — NO,| NO,
H

3) @)

Co ché trong trudng hop ndy dya trén hi¢u tng ddng vi va dong hoc, x4c dinh phé cla
chét trung gian (4). _

Nhiéu phan iing tdch v lien két dang C=0 hay C=N do giai doan ddu mét nhém mang
dién tich duong (thudng proton) tir oxy hay nito ciing xem nhu qud trinh Elcb, d€ phan biét
vdi cdc trudmg hop khdc ngudi ta goi 13 ¢o ché cacbanion clip ion (Elcb),, hay (El cb)ip.

Bl" Bl' DMF Br Br
>c=c/ +(CHsN == Sc=( —»= HC==CBr +(C,Hs);NH'Br
H (CoHs)RH

Bang 9.3. Bong hoc ctia phin (ng tich B bing bazo

B+ (D)H—;CB— ac\f— Z - BH+ >c=C<+ z
Coché | Bac | Traoddi | Xuctacbazo | Ky ko Nhém hat Nhém cho | Hiéu tng
dong | Ha nhanh | chung hay electron electron déng vi
hec | hontach |  dién hinh ¢Ca dCq nhém di ra
(ET)amion 1 ding chung 1,0 gidm 8¢ dd 1 ting t6c do 16n
(Etch)y, 2 dung dién hinh 1,0 ting nhe t8¢ d6 | tang nhe 16n
tdc do
{Efeb)y 2 khéng chung 1.0+ 1,2 [ tingnhe tdc d6 | ting nhe lon
tdc do
(Eteh)ep 2 khéng chung 2:8 giam t6c do hiéu ing | nhd bd qua
nhd
E2 2 khong chung 2+8 téng téc do ting nhe nhé
tdc do

9.2.3. Co ché E2
9.2.3.1, Co ché

Phan tng E2 1a qué trinh d6ng b0, tic nhan t4n cong déng thiri v6i nhém di ra tao nén
trang thdi chuyén ludng phan tir;
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/h-
B-

Z

o

e 7 —C=(C— +Z +BH
I @

San phdm tao thanh chia lién két C=C, C=C, C=Z, C=Z.

Trong £2, B la bazo, tdn cong vao Hp, cap electron li¢én k& C-H dao déng gin C,, tdn
cong vao Cy 1am cho Cy c6 10 electron chit ddy ddm may electron ngoai cling nén Z bit
budc phai di ra cling véi ciip electron lién két d€ tr thinh Z .

Trang thdi chuyén 1a ludng phan tir:
- &
[N-- Heee G2zc-o-27)

vOi phuong trinh t6c d0: v = k [B'][RZ]

Trong phan \ing E2, chit cho cip electron (bazo) cé thé 1A anion hay phan tit trung hoa
va nhém di ra ciing c6 thé di ra duéi dang anion hay phan tif trung hoa.

Phén tng tach E2 khong c6 sy trao d6i deutri khi ti€n hanh phan ng trong dung moi
deutri hod, ¢6 d6 nhay cao khi thay d8i nhém thé, c6 hiéu \ing déng vi dong hoc.

Chéng han phin img:
CHyCH,N*(CH3),X~ + HO™ — CH,=CH,
¢ kul kp=3,9 k'Y k'’ =1,0173
Cic bazo thuong ding 1a: HO™, RO™, R3N, CH;COO™, H,N~, R,N ...
Nhitng bazo c6 tinh phan cyc hoé cao khong thich hgp cho phan tng tich nhu RS
Phan ¢ng tao thanh anken:
HO™}Y

.

A= C'<
B
HOrﬁ

—%— —» —C=C— + H,0 + Br

Y ~0=0 + H,O' + H,CrO
>C— 0~Cr0,-0H, —»= J= 2 21t

—
— JC=C + WO + Br

Ankyn:

Cacbonyl:
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H—'J;,-#— Z
Tou d¢ phan dng

Hinh 9.3. Gian d6 nang lugng E2

Bang 9.4. Mot s6 phdn tng tach £2

Loai HX tao anken:

(CHy,co0 K
a- CHa(CszCHgCHzBr —_— CHS(CH2)5CH=CH2

b (XS DAL (e, « (o
O 0
¢ CHy LiCl CH,
o TOMF

d- CeHsCHBICHBICOCH, 2208 ¢ 1 CH=CHCOCH,
Loai HX tao ankin:
a CoHCHBICHBr M o oo (45 - 52%)
b- CHyCCI=CHCH,0H NaNHa . NHy NHCl - oy ccon,0H (75 - 85%)
Tach tir cac sunfonat:
a- (CgHg),CHCH,080,C,Hy (CeHs),C=CH, (32%)
b- HC=CCH,CH(CH,)080,C.H, ~OHO, e eCon=CHEn, (91%)

¢ O_OSOQC H, _CHHCO K O

Tach Wr kiém amoni bac bon:
A
8- (CHy),CCHyCH N (CI}HO™  ———>  (CH,),CCH=CH, (81%)

CH,ONa

b- (CHgy=CN'(CHy; HiG gz CH,
A
o (98%)
Hy H,
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Nhu vay, phan wng £2 cé:

1- phan ing 1a béc hai;

2- phan (dng tich bac hai ¢6 hiéu Ung déng vi, thudng tir 3 dén 8 phu thudc vio su
phan cét lién k€t trong giai doan quyét dinh t6¢ do phan tng, nhung ching minh cho E2 la
nghién citu hod hoc lap thé, thudmg co ch€ E2 1a dac thi 1ap thé,

9.2.3.2. Nhitng nhdn 16 dnh huing

1- Anh hudng ciia chdt ban ddu

Phan ttng £2 13 déng b0, giai doan quyét dinh t6c d6 xay ra sy phan cit lién két C-H va
C-Z déng thr ¢6 thé ¢6 ba trang thai phan cit lien két khdc nhau: (1) phan cét lien két C-Z
16n hon C-H, (2) hai phan cit hoan todn nhu nhau va (3) phan cét lien két C—H 16n hon C-Z:

— + — —\ l 6“ 8— " e
A0 WU SRR SO OIS S S A0 ST
F I Ir 11
AnC-Z>AnC-H AnC-Z= AnC-H AnC-Z <AnC-H
(h (2) (3}

Trudng hop (1) ¢é xu huéng giéng £/, trudng hop (3) giéng Elch nén nhimg céu tric
c6 kha nang lam 6n dinh cacbocation tuong tu £7 thi dua c4u tric gin t6i trang thii chuyén (1),
néu c4u triic 1am 8n dinh cacbanion & trudmg hop (2) thi dua trang thdi chuyén t6i cdu triic (3).

Phan tng E2 theo trang thdi chuyén (1) gi6ng EJ khong thuc hién dugc, vi néu dién
tich duong trong (1) dugce 6n dinh bing dnh hudng nhém thé thi 6t hon 1a xdy ra theo co ché
El. Co ch€ EI 1a don phan tr d& dugc xic tién phin vng bing nhém th€ cho electron,
entropi lai thuadn Igi hon E2 dé&n 9,5 + 14,3 kcal/mol, con nang lugng hoat hod thuan lgi hon
dén 2.8 + 5,0 kcal/mol.

Nhitng nhan t6 tao kha nang cho si hinh thanh anion dua trang th4i chuyén t6i trang
thdi (3). N€u nhém khé di ra hon, cling nhu tang tinh bazo cia B thi s€ lam tang tinh
cacbanion cia trang thdi chuyén hon.

Nhém di ra khé 1am giam t8c 4o qud trinh, lam tang gia tri tuyét d¢i cha p lién quan
t6i sy tang dién tich 4m dinh chd trong trang thdi chuyén.

Vidu: Ar-CH,CH,Z + C,H;0" — Ar-CH=CH, + C,H;OH + Z~

Z ki p kul kp
I 26600 2,07 -
Br 4100 2,14 7,1
OTs 392 2,27 4,7
Cl 58 2,61 -
S*(CHa), 78 2,75 5,3
F 1,0 3,12 -
N*(CH;), << 1,0 3,77 3,0
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Qud trinh phan cit C-Z va C-H tuong hé nhau. Nhém di ra khd, lien k&t C-H cang
phan cét nhiéu hon trong trang thai chuyén vi nhu vay méi c6 kha nang phan cit C-Z.

Su 6n dinh dién tich 4m clia trang thdi chuyén cin c6 nhém the & C, cling nhur & Cy,
nhimg dién tich 4m dinh chd & C nhiéu hon nén dua nhém thé vao Cg ¢6 anh hudng manh
hon, nhat 12 nhitng nhém the cé khi nang vira 8n dinh dién tich am, vira 6n dinh olefin tao
thanh bing hiéu iing lién hop s& tang t6c d6 phan ing.

Trudng hop nhém ankyl ¢6 hi¢u dng +/ lam m4t 6n dinh trang th4i chuyén nhung 1am
6n dinh trang thdi chuyén mang mot phin lien ket doi, ciing nhu lam 6n dinh olefin tao
thanh. Do d6 trang thdi chuyén 1a (2) thi nhém ankyl xic ti€n phdn iing va lam dn dinh
olefin tao thanh. Con trang thdi chuyén (3) thi hi¢u Gng +/ 1am cham phan ung vi tinh chat
lien k&t doi cua lién két trong (3) nho.

Trong phan tng tdch ciia cdc ankyl halogenua trang thii chuyén c6 tinh chat lien két
déi Ién, tinh cacbanion nho, nén dua thém nhém ankyl vao Cy hay Cp déu l1am tang 16c d¢
phén Wng.

Vi du: *

a- RR’CHCH,Br + C;H;0™ — RR’CH=CH, + Br~

b- CH;CRR’Br + C,H;0” — CH,=CRR’ + Br~

R= H H H H CH,
R’ - H CH3 Csz CgH'; CH}
a- k.10° (1/mol.s) (E2) 1,2 5.2 43 3.5 8.6

b- k.10° (1/mol.s) (E2) 0,025 0,118 0,065 0,080 1,0

Kha ning phan ting clia chét ban ddu cling phu thudc vio ban chit nhém di ra. Nhém
di ra & dang anion cang 6n dinh thi t6c do E2 ting, nghia 1a nhitng nhém thé€ hiit electron
trong nhém di ra s€ lam tang t6c do phin Wng, déng thdi nhém di ra t6t 1Am giam tinh
cacbanion cita trang th4i chuyén. Sy gidm hi¢u tng déng vi ching minh su phan cit C-H
ting dua t6i tang tinh cacbanion ctta trang thdi chuyén.

Vidu:

X-CsH,—CH,CH,080,CsH,Y + (CH,),CO™ [(CH3),COH] — X-C4H,—CH=CH,

Y= pOCH; p-CH; H m-0OCH, m-Cl p-Cl

py= 1,24 1,24 1,08 1,06 1,04 0,94
CH,CH,CH,CH,080,C¢Hs + C,H;0™ (C;H;OH) — CH;CH,CH=CH,
p=1,35

Céc phan ting trén ching to, nhém di ra cdn ¢6 nhém thé hiit electron d€ ting tinh 6n
dinh cba nhém di ra, tang t6¢ d¢ phan ing.
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Tinh cacbanion ciia trang thdi cbuyén ciing thdy & sy thay déi hiéu {mg déng vi. Su
giam hiéu ng déng vi dong hoc chitng minh cho su tang mifc d6 phan cét lien két.
C-H 1am tang trang thai chuyén cacbanion.
(C¢Hs),CHD-CH,080,C(H, X —*
X= OCH; H
kylkp= 527 542
2- Anh hudng cia téc nhan nucleophin
Phan ting E2 ty 1¢ v6i néng do cla bazo trong phuong trinh t6c d6, mat khic E2 ciing
14t nhay vdi tinh bazo cita Nu. Tinh bazo clia Nu 16n, t6¢ d6 phdn \ing tang.
C¢HsCH,CH;Br + X~-CiH, O — C4H;CH=CH, + Br~
X= H NGO,
kg= 0233  3,30.10°
J day cling cdn ndi ring, trong ch4t ban ddu H-C-C-Z, lién két C-Z 12 bazo tuong
d6i mém, con C-H 1a bazo tuvong d6i cing. Néu muén c¢6 phén tng tdch thi bazo cdn phai
phan dng v6i C-H 13 tdc nhan bazo cing thi bazo ciing 1A bazo cling, cdn néu ding bazo
mém thi wu tién phan Gng vdi bazo mém C-Z dic trimg cho phin ng thé. Ching han,
ankylhalogenua bac nhét véi metylat 1a bazo cing cho ete, véi tert-butylat 1a bazo citng hon

tru ti€n cho phan tmg tich. Trong C-Z, n€u Z 1a OTs 1a cing hon trong bromua nhiéu thi
ding metylat hay tert-butylat chil y€u cho ete metyl va fert-butylankyl.

D61 v6i E£2 cdn bazo ciing hon 13 Sy2 nhu:
tert-C4HgO™ > is0-C3H,O™ > CH,CH,0™ > CH;0™ > HO™
va nhém C-Z cin mém hon (C-Br, C-I).
3- Anh hudng ciia dung méi

Trang thdi chuyén E2 c6 sy giii toa dién tich 16n hon so v6i cdc chét ban diu nén su
tang tinh phan cyc cha dung moi thudng [am gidm t6c do phén ing. Thudng phin img tich
xdy ra giifa phan tlr trung hoa véi anion holic gitta cation véi tdc nhan trung hoa, chat ban
ddu c6 tinh dinh chd dién tich cao hon trang thdi chuyén, cdn trudng hop cation véi anion
nucleophin thi trang thdi chuyén c6 tinh gidi toa 16n hon.

Khi chuyén tir dung moi cho proton t6i dung moi phan cuc aproton lam tang tinh phan
solvat cita anion 16n nén tang tinh bazo hon.

Chéng han phan tng C,HCH,CH,S$*(CH;); + HO  —
6 toc do gap 1000 l4dn khi chuyén tir nuéc 161 dung dich dimetyl sunfoxit.
9.2.3.3. Hod hoc ldp thé ciia E2

T6c do phan ng tich xay ra theo co ch€ E2 rét nhay v6i hiéu ing nhém thé. Trong
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dai da s6 trudng hop, t6¢ do tang manh khi ¢6 nhém hiit electron. Trong trang thédi chuyén
thudng su phan cdt lien két C~H 16n hon phan cit C-Z diéu d6 dua 6 su dinh chd dién tich
Am trén chét ban ddu trong trang thii chuyén.

Khi phan cit C-X & C, xudt hi¢n obitan p tréng, cdn khi phan cét lien két C-H & C
xudt hién obitan p chat ddy, nghia 12 & day c6 su chuyén Cp3 sang Cyp2. Sy Xen phu tao nén
lién k&t n. Tinh chat kép trong lién két C-C trong trang thdi chuyén dugc xdc dinh bing muc
d¢ phd huy lien k&t kém phan cét hon, nghia 13 lién k&t C-Z. Lien két cacbon trong trang
thdi chuyén c6 ban chat lien két doi ddi hdi cdc obitan p phii song song véi nhau, do dé lien
két C-Z, C-H va lién k& C=C phan b6 trong moét mat phdng hay néi cich khdc nam nguyeén 6
B, Z, C, C, X phai nim trong mét mat phang. CAu dang nay goi 1 cdu dang anti- déng phing.

Phd huy tinh déng phing nay dua téi sy xen phi yéu cla obitan p tao thanh va tang
nang luong trang thdi chuyén.

Tinh déng phing c6 thé dat duoc bing hai cich:
- Phan 1tng tdch theo cdch anti tix cAu dang kim ham.

- Phan ting thuc hién bing cdch tdch syn tir cqu dang che khuat.

Z z Xx--B
c d
a b a cb
X---B

Tinh ch4t nay biéu hién tinh lap thé cha phan Wng tich va ciing 1 sy thay déi huéng
ho4 hoc 14p thé clia qué trinh khi thay d8i cdc nhan t§ c4u tric.

Néu trong trudmg hop coi trang thdi chuyén gin vdi chit ban ddu, sy khdc nhau cuc
ti€u vé& nang lugng gilta cqu dang anti va syn 12 2,3 kcal/mol thi tdch anti cdn phai nhanh
hon tich syn d&n 100 + 200 14n.
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B‘-"\

B> H \Z H >
" S
u'lluu(l:-!_ (I‘_:" W — H"C= C/ - w rl
\ / ~
anti 1

syn

Trong tich anti, cdc lien két trong phitc chuyén ti€p & vi tri frans v6i nhau vi tinh hinh
hoc nay cho phép cap electron hinh thanh & mét nguyén tir cacbon Cp t4n cong vé phia sau
cla obitan phén tir clia lien két C-Z § C,,. Diéu kién niy goi la lap th€ electron.

Thuc nghiém xic dinh tir phan tng cla hgp chét thé déng vi:

;I\c iy "5 gl
-C— —_— =
C/ C\;H n,c” H

cho thdy phan ung tich cla cdc hop chit no chii y€u xdy ra theo phan ing téch trans hay

anti.
Qud trinh tach trans hay anti ¢6 cdc nhém thé & dang trans phai song song hay trans

déng phing nhu & hinh sau:

Nu—X

+ +7
Nu—H Z
Nu—X

+ +7
Nu-—H 7

Qud trinh nay phu thugc v2o sy dinh huéng cia nhém di ra trong ché4t ban ddu, nghia
12 phu thudc vao cfu dang chit ban ddu, khong phai vio cdu dang sin phim. Ching han,
phén ing loai HBr tir hai déng phan die clia 1-brom-1,2-diphenylpropan:
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(|36H5

HC—¢—H  wchans
Br-—-(f —H
CeHs
{1R-2R)-1-brom-1,2-diphenylpropan
(IjﬁHs
H3C—? —H tich syn
Br—(; —H
CeHs
(|36H5
H"“? - CH3 tich anti
e
Br—ﬁ; —H
CHs

(1R,25)-1-brom-1,2-diphenylpropan

HsCy

H
H CeHs
H3 CGHS
Br
Br
HeHs
H
ng
H
CeHs
CH;
Br

H /CoHs

R
r——
-HBr E

H3C/ NCgHs

cis-a-metylstylben

CgH
H 6Hs
B 3C\?‘/
AN

HsCq
thuémg khong tao thanh
}K CgHs
B- f
—H-Blr
~
Hscﬁ/C CH;

trans-a-metylstylben

chitng té phan dng tich xay ra theo co ché€ tich trans hay anii.

Nghién cttu phdn tUng tich HBr tir meso-dibrom-1,2-diphenyletan cho cis-2-brom-
stylben con tit d6ng phan (+) vi (=) cho trans olefin. Tinh déic thu 14p thé niy da nghién citu
tir 1904 cho thdy phan Gng tdch 12 anti. Phan dng tach anti cling cho thiy cap erythro D, L
cho cis olefin va cap threo D, L cho trans olefin.

Phan dng tich anti cling c6 trong trudng hop nhém di ra (electrofuge) khong phai
hydro. Ching han phan ing tich 2,3-dibrombutan bing I, hop chit meso cho trans olefin,
con cap D, L cho cis:

H, H
CH
Br/ Br H- 4 3
H,¢ H
CH3 3 {rans
mese
H_coH He g u
He. ’
Br/ Br  hay Br/ Br — ,-C=C\
HC CH;
H, CH; cis
cipD.L
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Ho4 hoc 1ap thé duge nghién cifu trén co s& céc hgp chat vong.

Phan (g ciia hai déng phan dia 4-ters-butylxyclohexyl-p-toluensunfonat véi nhém di
ra toluensunfonat & vi tri @ va e:

Ts H
H H Ts
(CH3); H (CH;3):C
H
déng phan cho phin img £2 wong @dng phn cho phin (mg £/ hay
C,H;ONz 0,02M trong C;HsOH thuy phan trong C;HsONa 0,02M
#75%C trong C;H;0H & 75°C

Phin ung ching t6, phin tng £2 chi xdy ra khi nhém di ra va Hp ¢6 tinh trans déng
phang dé tdch anti.

Nhu 1,2,3,4,5,6-hexacloxyclohexan ¢6 9 d6ng phan 14p thé; 7 dang meso va cap D, L,
trong d6 4 hop chdt meso va cdp D, L c6 thé tich HCI, chi c6 mot cdu dang (5) khong ¢6 Cl

trans v6i H nén khong cho phan tng tich:
H
(|-"1 Cl > Cl

.l
H

a

Péng phan tdch nhanh nhét g4p 3 14n déng phan thip nhait, con hop chdt (5) thi 7000
l4n cham hon déng phan tich cham nhit. Nhu vAy tich ani thich hop hon tich syn, tuy
nhién (5) ciing c6 thé tdch nhung rat cham.

Trong hop chit vong, phan tng tich HX t8t nhat kbhi & vi tri trans véi nhau. Hai nhém
trans canh nhau trong vong sdu canh c6 thé 1a diaxial hay diequatorial. Phan ing xay ra khi
hai nhém & vi tri diaxial tuy c6 ciu dang nang lugng cao hon nhung d€ c6 tinh anti-déng
phing clia hai nhém di ra. Tuy nhién, cfu dang khong thuan 1¢i c6 thé déng phan hod thanh
cAu dang thuan lgi hon.

Phén tng tich enti duge nghién ciju rd trén din xuft mentyl va neomentyl, trong diéu
kién etylat natri trong etanol: mentyl clorua chi cho mét sén phdm duy nht 1a 2-menten,cdn
neomentyl clorua cho hai sin phdm 2-menten va 3-menten.
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(CH;),CH

H
CH; --———f H o
(CH;3),CH ol
ca © 7 H,
mentyl clorua (cham) IOO%
H (CH3)2CH
CH3 —
(CH3),CH
H 2-menten ®
dasw (CH3),CH

| H
H;
(CH;3),CH H H

H H 75%
necmentyl clorua {nhanh)

9) CH,

(CHy),CH

3-menten H (10)

Céu dang mentylclorua (6), nhém di ra 12 equatorial bén hon nén chuyén qua cdu
dang (7) d€ c6 nhém di ra 1a axial nén tich cham hon vi cho sin phdm (8) 1a anri-Zaitsev.
C4u dang neomentyl clorua (9) ¢6 nhém di ra diaxial nén tich cho 75% san phdm (10) va
25% san phim (8) do c6 hai loai hydro axial.

Phan 1ing tdch anti xay ra trong cdc vdng xyclohexan chi khi hai nhém di ra & vi tri
trans, nghia a hai nhém 1a diaxial:

\‘ Z Z-

Hai nhém di ra déu 1a e khong tich theo E2, mot nhém 12 @ va nhém Kia 1a e, nghia 1a
¢6 hat cfu dang cis thi khong xay hodc xay ra rdt cham. Ching han, phan tGng tich ant/ clia
2-phenyl-xyclohexyltosylat nhanh hon tich syn d&n 10.000 ldn. Song c4n phai chd ¥ dén
su chuyén hod ciia cdc cfiu dang thudng xiy ra trong cdc phin ing, nhu trudng hop
mentylclorua & trén d€ thuc hién phin tng tich anti:
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H H
a a
M - S S~
a ,
cis

trans 7

béi v6i nhitng c4u dang ciing, khong c6 khi niing quay lién két C-Z va C-H thi phan
ing chi phu thudc vao c4u dang ban ddu:

I
W bo_ W
&
0 H
OH Hy 3
1
HO
, B0, ]? . W
H3 H H3 &H‘;

Epiclohydrin & trén ¢6 OH va Cl déu 13 a 12 ¢6 phan Gng E2, cOn epiclohydrin & dudi
¢6 OH 12 e va Cl 1A a khong chuyén ché cho nhau duge nén khong thuc hién duge phin ting
E nhung ¢6 phan {tng Sx2 noi phan tir tao vong oxit.

Nhing vdong khong c6 thé c6 ciu dang anti do khéng c6 kha nang quay ty do cla lien
két C-H va C-Z thi vu tién tdch syn. Ching han, dn xudt clia xyclopentan tén tai chi y&u &
cfu dang che khuft nén tich syr vi cdu dang anti chi hinh thanh khi 1am bi€n hinh hé vong

ciing nay:
Ar  70-%°C Q 100°C @<H
—p R ]
@H Ar Ar

OTs OTs

Néu ddn xuit nay ton tai & dang che khuit anti ké & géc 120° thi ciing c6 thé tich anti
nhung su xen phu clia obitan p tao thanh khong hi¢u dung, 1am gidm tinh chat lién két dei
trong trang thdi chuyén nén phan tng doi héi nang lugng hoat hod cao ciia trang thdi chuyén.

Z
120°

H----B°

Céc hop chit vong ciing ngan can sy tao thanh ciu dang thuin lgi cho tich anti do
hién tmg khong gian 16n thi c6 thé tach syn, ching han phin tng clia vong th€ déng vi ma ty-
1¢ tach syn-anti dugc xdc dinh bing lugng déng vi ¢6 trong san phdm:
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véi norbornyl bromua deutri hod (Z = Br) cho 94% san phdm tdch khong chita deutri. Két
qua ndy ciing tim th4y trong céc nhém di ra khic va loai hgp chat bixyclo[2.2.2].

Trong trudng hop ndy nhém X exo khong c6 géc nhi dién 180° v6i B-endo-hydro vi
¢du tric cing cua phan tr. Géc nhi dién chi 1a 120°. Nhém di ra thich hop cho tich syn.
Hop chét tich endo-syn khong thuan lgi vé khong gian, cdn tdch ansi ddi hoi chi phi nang
hwong d€ dua nhém thé Z va H vao trong mit phing dé c6 trang thii chuyén tich anti nén

cdc din xudt bixyclo ¢ cdu triic nhu bixyclo[2.2.1]heptan ¢6 phan ng tich syn 16n hon
tich anti:

Z Z X H
H " > H ~ H
H H Z tdch syn X

exo-syn anti endo-syn

Céc phan tr nhu (11) va (12) & dudi thi vu tién tich syn:

Cl_ _H Ly
“\JVCl C /)

Scaliecg
(1) tich syn (12)

O day déng phan (12) 1 cis, méi Cl ¢6 hydro & vi tri trans véi né nén 6 ché cho tich
anti nhung géc nhi dién & day chi ¢6 120° nén cham hon hgp chét khong c6 cdu vi phan tng
tdch syn & day vin cham hon tich anti, cdn déng phan (11) 12 srans lai c6 kha nang tich syn
va tich syn ¢ day nhanh hon déng phan clia né dén tim l4n.

Khi nghién citu phan tng tich cta vong tir b6n d&€n mudi ba canh, cho thay tich syn
khong chi ¢6 trong vong sdu canh, Cooke vd Coke nghién cifu phan tng tich cia xyclo-
ankyltrimetylamoni caa vong bén dén mudi ba canh cho thdy phin trdm tich syn trong cdc
vong: vong bon canh 90%, nam canh 46%, sdu canh 4%, bay canh 31 + 37% vi tim thdy
nhém N'R; ¢6 khuynh hudng tich syn 16n hon cdc nhém nhu OTs, Cl, Br... Véi cdc vong
trung binh ciing tim thdy tdch syn vad déu ¢é thé cho olefin cis va trans, nhu ur 1,1,4.4-
tetrametyl-7-xyclodexyltrimetylamoni clorua (13) tim thdy san phdm chinh 12 trans nhung
ciing ¢6 san phém cis:

— frans va cis olefin
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Néu deutri hoi chat (13) va nghién citu hod hoc 13p thé, khi deutri hod & vi tri trans
(H, = D) thi ¢6 hiéu dng ddng vi tao thanh ca cis va trans olefin, khi deutri hod hydro cis
(H, = D) khong c6 hiéu ¢ng déng vi cho bat ky olefin nao. Nhu vay phan iéng la E2 chi H,
tdch ra nhung lai thu dugc ci cis va trans. Trong trudng hop ndy, dé ¢6 thé tdch syn, phan tr
s& xoén lai dé lien két C-H, C-N*(CH;); c¢6 déng phing syn. Két qua nay goi 1a sy ludng
phan syn-anti ma ciing duge chimg minh trong nhiéu loai khic. Hién tuong ludng phén syn-
anti cling tim thay trong vong 8 + 12 canh, Idn nhat trong vong 10 canh va v6i nhém di ra
giam: N(CH;); > OTs > Br > Cl, nghia 1 song song vdi tinh 1ap thé. Phan ting tdch syn cla
nhém di ra khong mang dién tich thich hop trong bazo manh va dung méi ion hod y&u. Phin
ting tach syn v ludng phan syn-anti ciing c6 trong h¢ mach h& nhu chuyén hod 3-hexyl-4-d-
trimetylamoni thanh 3-hexen bing kali sec-butoxit thi thu duge 67% phén ing theo ludng
phan syn-anti.

Néi chung téch syn phu thudc vao hidu ing 1ap thé. Nhu tir hai cfu dang déng phing
anti va hai déng phing syn:

N(CH3)3 N(CH3)3
N(CH3)3 N(CH3)3 H* H*
EHQ CH2
CH2
H (sz i - (;9;2

H* R 16 2
(14) (15) (16) an g

anti == trans anti —m= cis SYN =B trans syn-l-cis

Phan dng 1a E2, bazo tAn cong vio hydro dinh ddu H' cho thdy, & (14), proton bj chén
bdi hai g6c R va R’, trong (15) chi ¢6 mét, trong mdi cdu dang déu tich anti nhung sin
phdm cis nhiéu hon trans. Khi con dudng tich anti bj khé khan khong gian thi tdch syn sé
canh tranh, tdch anti — trans giam nhiéu hon tdch anti— cis. Con trong tdch syn, cdu dang
(16) kém che khuat hon (17) nén con dudng tich syn thich hgp cho déng phan trans. Do d6
sir khdc biét cha ludng phan syn-anti 12 déng phan trans 16n hon cis, d6ng phan trans mét
.phdn hinh thanh bing tich syn, nhung déng phan cis mot phin hinh thanh bang tich anvi.

Phén ing tich syn ciing wu tién trong hgp chit dang RR*'CHCHDNY(CH;); véi R, R’
c6 thé tich 16n:

® ®
N(CH3); N(CH;)5
R R’ H*
D R
- H* H D
(18) (19) R
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Cau dang (19) thich hgp cho tich syn it cing hon, cdu dang (18) thich hgp cho tich
anti,

Nhu vay, trong phin ting tdch E2 luon ¢6 hai huéng tich anti-syn, ¢6 thé rit ra nhimg
trudng hop c6 thé tich syn va su twong quan giita téch anti-syn:

- Hop chdt c6 cdu dang che khudt thuzn Ioi hon, nhv trong céc hop chét vong cing
bixyclo, ddn xudt xyclopentan, wu tien tich syn. Cdc hgp chdt mach hé thudng tich anti vi
khéng ¢6 cau dang cing.

- Co ch€ téch syn xay ra dé hon néu nhém di ra Z 12 nhém khé di ra, nhu triankyl-
amoni, diankylsunfoni. C4c halogenua, tosylat wru tién tdch theo anti.

Phan ing téch syn tang khi tang thé tich nhém di ra chi khi thé tich Z dua téi cu dang
che khuat clia g6c va Hp gay ra khé khan khong gian cho sy t4n cong Hp. Hi¢u ing ndy biéu

hién y€u trong nhém the halogen va tosylat, ching han, ngay Z 1a F c6 thé tich nhd ciing uu
tién tich syn.

- Nhin t6 anh huéng t6i tich syn 12 luc bazo. Lyc bazo yéu thuan lgi cho tdch anti, lyc
bazo manh uu tién cho téch syn. Trong trudng hop chung, bazo y&u wu tién tich anti dua téi
tinh chon loc cao.

- Phén g tich syn thuan lgi trong dung moi khong hay it phan cuc nhu benzen, ancotl
tert-butylic. Dung méi phan cuc nhu metanol, DMSO thuan loi cho téch anti.

Thue t€ kh' diing nhém di ra khé hon v3 bazo manh c6 thé giam x4dc suét tich anti,
nhung quan trong la trang thdi tén tai cha Nu trong dung dich: dang ion ty do hay cip ion.

Khi Nu 16n tai & dang cap ion thi tu tién téch syn cla nhém di ra. Trong trudmg hop
nay c6 tao thanh trang thdi chuyén vdng, ching han nhv khi ¢6 ancolat:

!m,, ' RN
iy
P"+
R

tert-Butyla* kali trong ancol terz-butylic thuc t€ hoan toan 6n tai & cap ion, khi thém
tdc nhan phic cho ion kim loai nhu ete crown phd huy cap ion thi ting lugng tich ansi:

CeHs

Hs
(CH;);COK* C6H5
-OTs

9%

Cling nhu trong phan ving ctia hé mach hé, khi dua ete crown vio khong quan sit thay
st tach syn:
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H, e L C\/ Cetls.
anti H3C’ 56% H

H3C C< + §50- C4H90 K*
H syn
CeHs CeHs
Cl

Nhu phan ing ciia 1,1,4,4-tetrametyl-7-xyclodexyl bromua véi tert-CyHgO K* trong
dung moi khong phan cuc thi ty 1& tdch syn va anti 12 55,0, nhung trong ete crown nhu
dixyclohexano-18-crown-6 s& tich Ify K* tit cap ion RO'’K* d€ gii phéng ra ion RO™ ty do
thi ty 1& tich syn vi anti 12 0,12. Sy gidam manh ty 1 syn/ anti 12 do tao cip ion 1am tang
hudng tach anti:

Bang 9.5. Hod hoc 1ap thé cho E2

Hap chat Bazo - Dung mbi Ham Jugng tach
anti syn
CH,CHDCHBrCH, {CH,),COK", (CH4),COH 100 0
CH,CHDCH(CH,)0S0,C,H; (CH,);COK", (CH,),COH 98 2
CH,CHDCH{CH,N'(CH,), | (CHa},COK', DMSO 100 0
CH,CH,CHDCH(CH,CH,N'(CH,), * | {CH3),COK’, {CH,),COH 20 80
CH,CH,CHDCHFCH,CH, (CHy);COK’, (CH,);COH 32 68
CHacHZCHchIDCHCHQCHzCHa (CH,),COK", DMSO 26 74
‘ N*(CHg)y
CH4CH,CH,CHDCHCICH,CH, {CH,),COK", {CH,),COH 38 62
CH,CH,CH,CHDCHFCH,CH,CH; {CH;),COK", (CH,),COH 20 80

Hdu nhu dai da s6 phan ing tdch 12 anti. San phidm tao thanh 14 cis hay trans. Ty 1&
nay phu thudc vdo ty 1 tdch anti hay syn, phu thudc c&u dang chét ban d4u.

Ty 1¢ cis/trans phu thudc nhidu vao ban chdt nhém di ra.

Din xu4t halogen thudng cho trans olefin. Cdc nhém thé tich Ién nhit arylsunfonat wu
tién cho cis-olefin. Ching han, nhém di ra 16n ¢6 thé nh4n c4u dang thuan lgi hon:
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nhém di ra va bazo thé tinh 16n nhan ciu dang (b) hon, tich anti cho sdn phdm cis wu tién

O, Ar O\\ /Ar

e S
o % 0" M
R — = frans olefin —a cis olefin
H @ H (b)
B B

hon trans.

Chu ¥ 12 dong phan frans bén hon cis, nhan t6 khéng gian khoéng thuan lgi trong cis

olefin cting nhu trong trang thdi chuyén E2 cho s tao thanh cis olefin.

D6i v6i cdc déng phan erythro va threo déu tich anti cling cho sin phim cis-trans

khic nhau phu thuéc vao cAu dang cia threo va erythro.

Ching han, din xuit 1,2-dibrom-1,2-diphenyletan, cdu dang meso-1,2-dibrom-1,2-
diphenyletan chi cho a-brom-cis-stylben, con D,L-1,2-dibrom-1,2-diphenyletan cho déng

phan frans:
Br\ ’ Br H‘\ ," Br
v L C ""ﬁ C¢Hs  uBr / . C\
HsCe \f QH ;_ 3 H,C? cis () C¢Hs
o
BY)_ CeHls H. o Br
C=
— "'"- HE
HsC’ QH B];- HSCG/ trans (Z)\C6H5
N
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d6ng phan ervthro déng phan threo
lc’lCh syn uich anti téch| syn téchlann‘
R H R R
H R
H R R trans cis
cis frans



Phdn ng tdch tao thanh ankyn tir anken ciing ¢6 phén ting tdch canh tranh giira tich
anti v syn:

RI
RW‘C zC/l_l —w» R—C=C—R' =— RHC =c”
X/ ~ R’ X/ “~ H

song d6ng phan trans anken c6 kha nang phin tng nhanh hon déng phan cis.

Bang 9.6. Téc do twong d6i clia phan ing téch
cis va trans-cloolefin trong CH,O /CH,0H

Cloolefin Kieans ! kE':!
1 CICH=CHCI 10° + 10
2 CH;CH=CHCI 10°
3 CH;—CCI=CHCI 10
4 “00CCH=CCICO0™ 10
5 CH,CCI=CHCOOC,H; 2

Trong cdc phan iing trén, phan Gng (3) va (5) dang cis ¢6 phan itng nhanh hon céc
trudng hop (2) do Hp dé th€ bdi nhém the khéc tao diéu kién cho su 8n dinh cacbanion, phin
itng (4) ¢6 kKhoé khan tinh dién khi tdn cOng cla bazo vao dang trans hon. Trong hai trudng
hop nay, phan wng c¢6 hi¢u tng H/D nho va d& trao ddi ddng vi nén c6 th xiy ra theo co ché
Elch.

Néu phan ing ¢6 Hp dé trao d6i va ¢6 thé thé bing ion kim loai, nhut trudng hop cha
B-clostyrol, phin img c¢6 thé x4y ra theo co ché goi 1a £2C chung nhu sau:

B B
] I‘I+B- /
_:“c——(c<-- Netoe | Sce=c{
e I / ; zZ
z Z
Déi véi cic oxim, déng phan trans -(anti)-oxim méi c6 thé tich H,0 dé tao thanh
nitrin:
H\c/ A R\C/H
I —» R—C==N —-—— i
¢ C
N
anti-oxim OH sjm-oxim\OH

Phdn img cia vinylhalogenua hay gem-dihalogen vdi bazo tao thanh ankyn ¢6 su déng
phén hod ankyn cé n6i ba trong mach thanh ankyn ¢6 n6i ba ddu mach qua hop chat allen:
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©
R-C=C-CH,| BH

B +R-C==C-CH; == BH+ t =, RCH=C=CH,
o R-C=C=CH,
L | R cH=C=CH | . o
— A ==R CH, O™=CH —» RCH,0=C+BH
BH
o
R-CH~ O==CH

nén muon diéu ch€ ankyn c6 n6i ba trong mach, ding din xust dihalogen v6i kim loai hoat
dong hoic axit khong no thé:
CH;CBr=CBrCH; _Z0, CH,C=CCH,
CH;CBr=C(CH;)COONa —— CH3C=CCH; + CO, + NaBr

Phan ing tdch syn di€n hinh 1 sy hinh thanh tiéu phan trung gian aryl trong c4c phan
ing the Sy2 clia din xudt halogen thom. Aryn 1a hop chat khong bén do su bign dang géc

hod tri (tir 180 d€n 120°):
=
Q g
-HC1 W
1

Phan Ung xay ra véi bazo tich 14y proton sau dé tich 14y halogen d€ tao thanh n6i ba
nén vé dong hoc ¢6 phuong trinh:

v = k%, [RX][(B™]
k_{BH] + k,
thudmg qué trinh tich X rit nhé nén k_,(BH] >> k, nén v = Kk,[RX][B}/ [BH] ching t6
giai doan quyét dinh t6c d6 1a tdch X va thude vé co ch& Elch.
Céc phan \img tich & trén cling dp dung d€ tdng hop nhitng hop ch4t c6 lien két C=E
hay C=E (v6i E = N, O, §). Phin (ng thudng xay ra khi nhém di ra c6 lien két véi di 16,
nghia 1 c6 lien ket giifa hai di t8. Lién ket ndy twong d6i khong bén va dé thuc hién dwoc
phan ¥ng tach:
Voo

\ \= T+
FC—E  —= TCE 47+ HB

Chéng han phin tng:
H

H
+ Hg(OCOCH;), —» - O/\)
(D) - wocoemn — ()~ (]

HgOCOCH, "OCOCH,
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9.2.4. Co ché E2C

Mot vai ankyl halogenua hay tosylat khi tic dung v6i mét s6 bazo y&u nhu Cl™ hay
C¢HsS trong dung moi phan cyc xay ra phan ing theo co ch€ tich £2C ma trong khi dé6
phan ing E2 thudng xay ra véi cdc bazo manh nhuy RO™ trong ROH,

D¢ giai thich phan ing ndy, Parker cho ring, trong trang thdi chuyén E2 c6 trang théi
chuyén ma bazo t4n cong viao C, t6t hon 13 vio Hg. Parker dua ra co ch€ sau goi la co ché
E2C:

B B
H P Ho--op H H'
E : ‘ : . o ! i
' \ ' LE
; Z
£ 2 a) Z en e b)

Co ch€ E2C dic trung bing nucleophin manh hay la bazo yéu va dé phan biét goi
phan Wng E2 binh thudng 1a E2H dic trung bdng bazo manh. Trang thdi chuyén ciia E2C
nhu hinh a). Co ch€ ciing di ¢6 nhiing ching minh vé hi¢u #ng clia chat ban diu, hiéu tng
déng vi va hiéu ing dung moi dén t6c d9. Song co ch€ E2C dang cdn nhidu tranh luan va
ciing di c¢6 két qua thuc nghiém dé giai thich co ch& E2 thuong. McLennan da tim duogc
trang thai chuyén cha E2 thudng nhu dang b) & trén, mat khdc ciing c6 dé nghj vé co ché cap
ion cho nhitng phan (ng ndy. Nhu vay co ché thyc con dang tranh luan nhung chic chin
rang c6 loai phan ing tdch ma dic trung bing sy 14n cong bac hai cla bazo yéu. Tuy vay, co
ché E2C ciing rit ra duge nhitng dic trung sau:

1- Phan ttng thich hop cho nhitng hgp cht ¢6 nhém di ra t6t.

2- Phéan tmg thich hop trong dung méi aproton phan cuc.

3- Thit tw v€ hoat tinh ciing 12 bac 3 > bac 2 > bac 1, nguge vdi phan ting tich E£2 binh

thudmg.

4- Phan Gng tdch E2C ludn luén 1 tich anti (khong tim thdy tich syn) nhung trong

h¢ xyclohexyl, phan itng tich anti diequatorial ciing thich hgp nhu 12 tdch anti
diaxial.

5- Phan ttng thich hop theo quy tic Zaitsev.
9.2.5. Huéng tach: Zaitsev - Hofmann

Trudng hop tich HBr tir CH;CHBrCH; chi cho mot san phdm, con nhu trudmg hop
khdc cé nhiéu loai Hg khdc nhau, sy quay xung quanh lién k&t C-C khong giSng nhau thi
thudng tao nén hai olefin: olefin ankyl hod nhiéu nh4t 13 theo quy tic Zaitsev va olefin it
ankyl hod hon 13 theo quy tdc Hofmann.
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Phu thu¢c vao nhiéu nhan t6 ma mot trong hai huéng d6 wu tién. Huéng tach chii y&u
phu thudc vao ciu tao chit ban ddu va diéu kién phén ung.

1- Hu6ng tich chiu anh hudng cia lap thé chat ban d4u nhu:

H,0
CH;CH,CHBICH, ~—2-%, CH,CH=CHCH, + CH,CH,CH=CH,
81% 19%
CH,CH,CBr(CHy), .50, CH,CH=CH(CH,), + CH,CH ,C(CH;)=CH,
62% 38%

cho thdy, khi tang thé tich nhém th& & C,, ham lugng Hofmann tang.
(CH3),CHCBr(CHy), ~2850, (CH,),CHC(CH,) =CH, + (CHa),C=C(CHs),

21% 70%
H,0O™
(CH3)3CCH2CBr(CH3)2 L (CH3)3CCH2C(CH;)=CH2 + (CH3)3CCH=C(CH1)2
86% 14%

cho thay, khi tang nhém th€ & Cp, ham lugng Hofmann tang.
2- Hudng tach chiu anh huéng cha nhém di ra:
CH3CH2CH2CI']ZCH3 E—— CH3CH2CH?CHCI‘I1 + CH3CH2CH2CH=CH2

(D (2)
Z= Br S+(CH3)2 OSOzCH3 N+(CH3)3
Ty 12 2}/ (1) = 0,45 6,7 1,7 50

Khi tang thé tich nhém di ra, ting him lugng Hofmann, nhung nguyén nhan ndy
khong quyét dinh vi ty 1¢ Hofmann lai giam tir din xuéit F dén [, ty tang thé tich nhém di ra.
CH;CHXCH,CH; — CH,CH=CHCH, + CH,;CH,CH=CH,
(1) (2)
X= F Cl Br I
Tyle (1)/(2)= 043 20 2,5 4,2

Trong phdn Ung tich, nhém nucleofuge chia dién tich nhuy N'R,, S'R, tuan theo
Hofmann né€u chat ban d4u 13 axyclic, theo Zaitsev néu nhém di ra dinh véi vong sdu canh.

Mit khéc ciing phu thugc vao tinh axit clia hydro do ¢6 nhém di ra mang dién tich
(khong phai trung hod), theo Hughes, Ingold va Bunnet, cdc nhém mang dién tich duong la
nhém hiit electron:

%

CH; (™ CHy~ C= CH-CH
! / 3 . 3
- - sdn phdm Zaitsev
CHy- CH- CHy CH o
OsincHs), T~ i3
CH,- CH-CH=CH,
sin phdm Hofman

kém axit hon
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3- Huéng tich ciing phu thudce vao thé tich clia bazo, khi ting thé tich cha bazo ham
luong tich Hofmann ciing ting twong tu nhu nhém di ra do ¢6 trang thdi chuyén theo
Hofmann thuan lgi hon:

B' . B-
"' H
H_CH, HC CHyR

7 Z

Tinh bazo ciia tdc nhan cé twong quan véi ty 1& sin phdm vi lyc bazo c6 anh hudng 16
nang lweng hoat hod cla trang thdi chuyén duva t6i san phim.

Theo Bunnet, lyc bazo tang sé& chuyén phé co ché tit E2 sang Elch cudi phd. Thic
nghiém tim thdy c6é quan hé tuyén tinh vé nang lugng tv do gilta tinh bazo va ham lugng
phdn tram san phdm tdch Hofmann, tuy nhién véi bazo 16n, nhu 2,6-di-fert-butylphenoxit thi
khong tuan theo quy luat nay vi hiéu tng lap thé tré nén quan trong hon.

Pé giai thich sy thay d6i huéng tich E2, ngudi ta dua vao cfu trdc trang thdi chuyén
ti€p trung gian va 1y thuy&t vé “céc trang thdi chuyén bi€n ddi”, Phan ing tich £2 nim trong
gi6i han ciia hai co ché& gidi han EJ va E2 vd4i hai trang thai chuyén di n6i trén, song cdn cé
céc trang th4i chuyén trung gian phu thudc vio d0 phan cét lien két C-H va C-Z:

tang mifc 44 phan cit lign k&t C-H trong trang théi chuyén

- ) *. * Z & 26'
z z _
Elch giéng Elch E2 dbng bo giong Ef El

tang mitc 40 phan cdi lién két C-Z trong trang théi chuyén

Y

Cic trang thdi chuyén clia E2 ndm trong gi6i han ciia £ va Elcb. D6i véi E2, néu E2
x4y ra theo trang thdi chuyén gin giéng £1 thi theo quy tic dinh hudng clla £/, néu gi6ng
Elcb thi theo quy tic dinh huéng Elch. Huéng tdch wu tién cia E2 phu thudc vao ban chat
cha trang thdi chuyén ti€p. Trong trang thdi chuyén déng b0, trong dé ¢6 sy phan tich mot
phdn lién két C-H va C-Z, trang thii chuyén c6 ban chat lien két doi cha lién két C=C cao
hon dén t6i tdch cho san phdm olefin th€ nhiéu hon ma tinh én dinh dd dugc xust hien trong
trang thdi chuyén ti€p theo Zaitsev.

Trong phan ing theo co ch€ EI, sy phan cét lién két C-H xay ra sau khi lién két C-Z
da phan cit hoan toan, nén huéng tich sé phu thudc vio cfu tric ion cacboni va ban chét

bazo tham gia phan cit 14y proton. Su phan cét proton xay ra dé ngay véi bazo yéu va dung
moi:
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CH2 = CHCH2CH2CH3 —-— CI‘I3CH+CH2CH2CI'I3 — CI'I3CH+- -CHzCH3

B_/'!L B.’"
| \

H,C=CHCH,CH,CH, CH;CH=CHCH,CH,

Céc di lieu thue nghiém cho thdy, huéng tich EI phu thudc chi y&u vio do bén tuong
doi chia olefin. Huéng tich dugc x4c dinh bing nang lvgng cla trang thai chuyén cia cis va
trans-olefin,

Ning lugng hoat hod tdch hydro ciing tuong éng véi do bén clia san phdm, trong dé
nang lugng hoat hod tich proton thap nén trang thdi chuyén gdn véi cacbocation va do d6,
hat trang thdi ndy cé ning lugng gin giéng nhau hon 13 nang lugng cla san phdm.

'Nhu vay, phin éng tich E1 ¢6 tinh chon loc thap dfn t6i tao thanh mot hén hop it ci
céc olefin c6 thé c6, song chit y€u 13 sin phim c6 do bén nhi¢t dong hoc cao hon, 12 olefin
¢6 nhém th€ nhi€u hon. Thanh phdn chinh xdc hon phy thudc nhiéu nhan t6, trong d6 cé

nhém di ra va nh4t 12 ion cacboni & trang théi ty do hay cap ion khi tuong tdc v6i ion ngugc
dau.

Toadd ph_én lfmgr

Hinh 9.4. Giai doan xic dinh thanh phin cla E!

Hudng tich xdc dinh ning lugng tuong d6i cla trang thi chuyén a’ va b’, con san
phdm cho olefin b bén hon a. Trang thdi chuyén a’ va b’ gin gi6ng a vi b vi c¢6 ciing do bén
tuong d6i. Vi nang luong hoat hod ciia tdch proton th4p, trang thdi chuyén gén gi6ng véi
cacbocation trung gian, vi thé trang thdi chuyén a’ va b’ cdn phai gdn v6i a va b vé& nang
lugng. Nhu vy, phdn dng E/ c6 tinh chon loc thdp clia cdc hén hop déng phan cé thé cé,
song thanh phdn hén hgp biéu thi bing do bén nhit dong hoc cha olefin, olefin th& nhiéu
nhdt cé lugng 16n hon, nghta 12 theo Zaitsev.

Thanh phéin chinh xdc phu thudc nhiéu nhan t§. Trong mot vai phan dng, thinh phin
san phdm cdn phu thudc vao nhém di ra, trong thei diém tach proton ion cacboni khong phai
ty do tuong tdc véi ion nguge dfu. Trong dung moi khéng phan cuc, cép ion 1a chét trung
gian chinh, con ion nguge ddu c6 thé tham gia nhu 12 ch&t nhan proton.

Mait khdc, hudng phin tng con phu thudc vao hiéu ung lap thé c6 thé xay ra theo hudng
Hofmann. Ching han trong trudmg hgp 2-clo-2,4,4-trimetylpentan tao thanh mot lugng 16n
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olefin kém th€ hon, nghia la theo huéng Hofmann do phite hoat hod theo Hofmann én dinh
hon phitc theo Zaitsev:

CH;, CH; CHj3 CH;
H3C—#— CH,— c Cl —= H;O—-Jf— CH,— (}:‘9
CH, CH; H;
CH; CH; CH,
H;C-Jf— CH,— "'—C4H9CH2 CH3 L H3C_Jf__ CH = i
CH; 1% CHz HoCy CH; 1% H,

o} phan ing tdch Elch, huéng tdch phu thudce vao tinh axit déng hoc cia proton, duge
xdc dinh bing hi¢u {ing cAm ng va cong hudng cia nhém thé bén canh ciing nhur anh hudng
lap thé cita bazo khi ti€p can t6i proton. Ching han, nhém ankyl 1am cham sy phan cét
proton do anh hudng electron va lap thé. Su phan cit proton wu tién vao vi tri it khé khan
nhat dua tGi su tao thanh olefin it nhém thé hon (Hofmann).

Phan tng tich E2 déng bo do su phan cit mot phdn cdc lien két C-H va C-Z, nén
trong trang théi chuyén di c6 ban chat cha lién ket d6i va da phin 4nh do bén ctia san phim
nén phin ting tidch E2 xay ra uu tién theo trang thdi chuyén cé ban ch4t lién két doi cao nén
san phdm 12 olefin ¢6 nhém thé& nhiéu hydro nhit (theo Zaitsev).

Trang théi chuyén di gdn t6i gi6i han EJ, lién két nhém di ra C—Z phan tich 16n hon,
lién k&t C~H nho nén san phim theo Zaitsev.

Trang thdi chuyén gin t6i giéi han Elcb, huéng tich duge xdc dinh bing su dé dang
tich proton vi th& sdn phdm uu tién 13 olefin ft nhém thé nhat (theo Hofmann).

Bang 9.7. Ty 1& san phdm trong phan ing tich EJ

Chat ban dau _ . Ham (ugng trong hén hop
CH,(CH,),CHXCH,8 faém, dung mol 1-hexen frans-2-hexen cis-2-hexen
X=1 CH,0™, CH,OH 19 63 28

Cl 33 50 17
F 59 21

0S0O,CyH; a3 44 23
I {CH;);,CO", (CHy),COH 78 18

Cl 91 5 4

F 97 1 1

080,C;H, 83 4 ' 14
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Phan ttng tdch theo E/ ciing nhu E2 theo hudng Zaitsev xay ra khi cé nhém di ra nhu
céc halogenua, sunfonat va cdc nhém dé di ra khdc, d6i véi nhitng phan tng E2, cé nhém di
ra khé nhu cdc mu6i amoni bac bdn tao thanh theo hudng tdch Hofmann. Trong cdc phan
fing nay, lien ké&t d6i trong trang thdi chuyén phdt trién y&u, nghia 1 trang thdi chuyén gin
giéng trang théi chuyén clia ¢o ché€ Elch, nghia 12 cdc nhém di ra khé da chuyén trang théi
chuyén sang huéng Elcb. Dién tich &m & Cp cin phai 16n dé phan cit nhém di ra.

- Néu tir trang thai chuyén clia hai huéng Zaitsev va Hofmann:

- 5 B—
R—Cir==-CH—CH, = R—CHy—CH==-CHy--H---B

HL, Bs-z'f” (1)

35 2)

cho thdy nhém ankyl, mét mat 1am 6n dinh trang thdi chuyén do tinh chét cia lién ket doi,
trang thdi (1) thuan lgi hon, phan iing trong tng véi Zaitsev, mit khidc, nhém ankyl ¢6 hiéu
tng +/ 1am khé khan cho trang thai chuyén da c6 mot phén dién tich 4m thi hi¢n ng
electron lam thu4n lgi cho trang thdi (2) hon. Nhu viy, nhan 1& quan trong hon Ja su phu
thuéc vao ciu tric cia trang thdi chuyén. Trang thdi c¢6 tinh chét lién két doi cao va tinh
cacbanion tuong déi nhd thi quan trong 1 tinh 6n dinh cha olefin tao thanh, phan ting uu
tien Zaitsev.

Thé tich nhém di ra cling nhu thé tich B™ 16n déu 1am tang phén img Hofmann do khé
Khin lap thé.

Nhém di ra dé thuan lgi cho Zaitsev. Nhém di ra khé ciing nhu tang tinh bazo cia B
trong da s& truong hop lam tang tinh cacbanion, giam tinh lién két doi cla trang thdi
chuyén, s& giam huéng tdch Zaitsev.

N6i chung, ty 18 tich theo Zaitsev va Hofmann phu thudc vao dd cacbanion va dé lién
két doi trong trang thdi chuyén. Cdc nhan t6 ndy phai coi 1a déng thdi. Cdn chi ¢ 1a do
cacbanion phu thuéc vao sy Khdc nhau cia su phan cit C-Z va C-H, codn do lien két doi phu
thudc vao mitc do phan cit clia C-Z cho nén thudng do lién két doi tang, d6 cacbanion tang,
tuy véi mitc do 16n hon thi lvgng Hofmann cfing c4n phai tang. Huéng tich Hofmann va
Zaitsev thdy rd trong hai loai phan tng tdch cia din xu#t halogen vd mudi hydroxit
tetraankyl amoni:

CHO"
CH,;CH,CXCH,4 CQH—SOH" CH,CH=CHCH; + CH;CH,CH=CH
2-buten (1) I-buten (2)
X= 1. . Br 0SO,C3H;  N'(CHj);  S*(CHy),
Tyle(1)/ (2)= 83/i7 81/19 65/35 5/95 26/74
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Song tinh 6n dinh cong hudng trong trang thdi chuyén c6 tinh chét lien két doi quyét
dinh 5an ph4m hon, nhu phan ting sau:

0
CeH;CH,CHN*(CH1),CH,CH;.HO™ %S, C.H,CH=CH, + CH,=CH,

93% 0,4%

Néi chung, du theo co ché€ nao, n&u chat ban ddu c6 lien két doi (C=C, C=0) hay vdng
thom & trong phén tir ma c6 thé lién hgp véi n6i d6i méi hinh thanh thi sdn phdm lién hop
luén 14 wa tién, trir khi hiéu dng 14p thé khong cho phép.

Phan @ng tao thanh lién k&t doi trong nhitng hgp chét vdng cdu tuin theo quy tic Bredt
di néi trude day, nghia 1a nhimg sdn phdm sau khéng hinh thanh hay khong bén:

) 1 3

AV3[2.2.1]bixyclohepten A'2[3.3.1]bixyclononen

B4t k¥ theo co ch€ ndo, lién k& do6i khong thé hinh thanh & cacbon ddu cdu, trir cdc
vong 1én (quy tic Bredt). Chang han, chit ban ddu (1) chi cho (2) ma khong cho (3), cdn
ch4t ban ddu (4) khong cho phan iing tich:

;E]

g F e
(B s L% (4)

(3)
Su thay déi ¢6 thé hinh dung trén gian d6 sau:

kg

£l E2 Elch
<" Panl
u.ary] .
a-ankyl ,7-”
tich Zaitsev
ko
tich Hofmann \

N 1 Br Cl OTs SR, F N'R,
ting kha ning tich Z

tang khi nang solvat hod
tang tinh bazo

4

A
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Trong trudng hop tao thanh lién két ba thi phan dng nhanh khi chdt d4du ¢6 ciu hinh
trans nhu trudng hop:

COOH
O~ e 29, HOOC—C==C— COOH
Hooc”

trans nhanh hon cis dé€n 50 14n, nhung cis-1,2-dicloetylen tich nhanh hon frans dé€n 20 l4n:

ClC==CH
e
H~. -CH;COOH —
== N CcH; - C=N
AN — e

HlCq OCOCH,

Céc phan tung trén dam bao cho su tich anti.
Trudng hop d6i véi ddn xudt a,B-dihalogen, phu thudc vio ban chdt nhém the ma cé
hudng tdch, ching han:
X

X |
b - g g
H

+C) H

b R

(C)

Trong phan tng tdch syn, ciing cé mot s& ching minh vé sy dinh huéng, trong d6 tim
th4y sy dinh huéng Hofmann thich hgp hon Zaitsev.

Phin @ng E2C tim thdy wu tién sy dinh hudéng Zaitsev. Ching han hop chat
CeHsCH,CHOTsCH(CH3), & diéu kién ciia E2, fert-C;HyO K* trong tert-C,HsOH cho 98%
CeHsCH=CHCH(CHj),, do lién két doi hudng vio phia c6 nhiéu hydro hon d€ cho san phém
c6 lien ket doi lien hop duge v6i nhan benzen nhung véi bazo yéu (C,Hy),N'Br trong
axeton cho san phdm Zaitsev C¢H;CH,CH=C(CH;), chi 90%.

9.2.6. Pinh huéng lap thé cha noi doi

Phan (ing tdch cla céc hop chit dang CH;—CABX hay CHAB-CGGX thi olefin tao
thanh khong ¢ déng phan cis-trans, nhung cdc hop chit dang CHEG-CABX (E va G khac
H) (20) va CH;E-CABX (21) s& tao thanh déng phan cis-trans, trong d6 ¢6 mét déng phan
uu tién hon.
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Hop ch4t dang (20) téch theo £2 cho déng phan do dinh huéng trans cia H va X, néu
hop chét 14 erythro cho cis- olefin va hop chat threo cho tran-s olefin:
E G
X f\ o E
H ~ /7 6
A B (0

Hop chat (21) ¢6 hai c&u dang c6 thé cho hai trang thdi chuyén nén cho hai déng phan
ma thudmg tim thdy ca hai:

C,Hs
T H
H — C= c<
H,C C,H
CH 3 5
©1.a) 3 18%
HC,_ _H
T C2H5
H —_— —
%
CH, H,C 51% H
(21.b)

Trong cdu dang (21.a), nhém etyl & giita Br va CH; con (21.b) giita Br va H. Do dé4,
cu dang (21.b) bén hon va phan tng tich wu tién tir cdu dang nay vdi 51% so vdi 18%, sy
tach khic nhau cang 16n néu kich thudc A, B va E cang 16n.

Hiéu ting che khudt khong phai chi 13 nhan t§ cho hiu Ung cis-frans ma con chju anh
hudng clia nhém di ra, bazo, dung moi va chét ban diu.

Phan tng tdch £/, néu la cacbocation ty do cé su quay ty do va khéng quan hé véi
tinh hinh hoc ciia chat ban d4u, trang thii bén nh4t khi ma cap nhém D-E 16n hon d6i dién
vdi cap nhém thé A--B nho hon va olefin thu dugc twong iing v6i dang nay.

E

&)
B

N&u cacbocation khong hoan todn ty do, sin phidm loai téch E2 s& hinh thanh, tvong ty
nhu Elch.
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9.2.7. Quan hé giita EI-E2-Elch

Phan ¢ng thay d6i phu thu6c chung vio nhimg inh hudng cita chat ban ddu, nhom di
ra, bazo va dung méi trong cic co ché E1, E2, Elch.

1- Chdr ban ddu

Phan iing tdch xay ra do nhém di ra & C, va tich proton & Cp nén cdc nhém the dinh &
Cq va Cp gay ra nhilng dnh hudng sau:

a- Lam hoat hod hay bj dong hod lién két doi md&i hinh thanh trong trang thai chuyén
gilta C, va Cp (ca hai nhém o va B).

b- Lam 8n dinh hay m4t én dinh dién tich Am méi hinh thanh ¢6é inh huéng dén tinh
axit cha proton (chi nhém f3).

¢- Lam 6n dinh hay m4t 8n dinh dién tich dwong méi hinh thanh (chi & nhém o),

d- C6 4nh huéng 14p thé (ca hai nhém B va a).

Trong bon anh hudng d6, anh hudng a va d & ca ba co ché, trong d6 hiéu ting d anh
huéng 16n nhat d6i véi E2, anh hudng b khéng anh hudng t6i co ché E7, anh hudng ¢ khéng
anh hudmg (&1 Elch, cdc nhém nhu aryl, vinyl déu 1am tang t6c d6 & bat k¥ co ché ndo, céc
nhém hiit electron lam tang tinh axit ¢ Cg anh huéng nhé dén vi tri o trir khi ¢6 lién hop véi
lién két d6. Cic nhém Br, Cl, CN, Ts, NO, CN va SR ¢ vi tri B 1am tang t6c do cho E2.

Nhém o ankyl vd o aryl lam dn dinh tinh chat cacbocation cla trang thii chuyén,
chuyén phé co ché t6i cusi EI, nhém the ankyl B ciing chuyén co ché sang EI vi 1am giam
tinh axit cha hydro. Cdc nhém aryl B lai chuyén co ché t4i Elcb bdi lam 8n dinh cacbanion.
Tat ¢d cdc nhém the hit electron & B chuyén co ché€ sang Elcb. Nhém ankyl a ciing 1am
tang kha nang tich vdi bazo yé&u (phan ting E2C).

2- Anh hudng cila bazo tdn céng

Trong co ch& El, bazo thém vao khong anh huéng dé€n phan dng. N&éu dung moi 1a
bazo thi bazo thém vao chuyén sang co ché E2. Bazo manh vA néng d6 cao chuyén manh vé
cu6i phd co ché EI-E2-Elch. Bazo yéu ciing ¢6 hiéu dung trong moét s8 phan tng (E2C).
Phan g E2 binh thudng duge thuc hign véi cdc bazo sau: H,O, NR,, HO™, CH,COO0 ™,
ArO™, NH, , CO4%", LiAlH,, I, CN™, va bazo hitu co. Cic bazo yéu tham gia phan img E2C
1a: CI', Br ,F, CH;COO , RS™. C4c bazo nay thudng dung duéi dang musi RyN*.

3- Anh hudng cia nhém di ra

Cac nhém di ra trong phan ung téch cling twong ty nhu phan tng thé nucleophin. Phan
ting tich E2 thudng tir cdc nhém: NR;Y, PR,%, SR,*, OHR*, SO,R, OSO,R, OCOR, OOH,
OOR, NO,, F, Cl, Br, I v CN. Phan ing E/ thudng c6: NR;*, SR,*, OH,*, OHR*, OCOR,
Cl, Br, I va N,*. Nlumg céc nhém di ra thudng dung trong téng hop hitu co 1a: OH,*,
(thudmg cho EI), va Cl, Br, I va NR;* (cho E2).
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Céc nhém di ra d& nhat thudng chuyén co ch& vé cudi EI vi chiing dé ion hod ma di
dugc nghién ciru bing gi4 tri p. Cic nhém di ra khé va mang dién tich duong chuyén cg ché
vé phia Elch ¥i hiéu ing cim tng hit electron 13m tang tinh axit cia hydro f. Co ch& E2C
thich hop v&i nhém di ra khé.

4- Anh hudng ciia dung méi

Vi bat ky phan ting nao, méi trudmg phan cyc hon 1am tang t6¢ do cho cd ché c6 tinh
chét trung gian 13 ion. Vi cdc nhém di ra trung tinh, co ch& EI va Elcb tang khi c6 dung
moi phan cuc cao hon va luc ion cao hon. V6i mét 56 chat ban ddu, dung méi phan cuc
aproton kich thich phan iing tuong tic v4i bazo y€u (phan tng E2C).

5- Anh hudng nhiét d6

Phan tng tich thich hgp khi ting nhiét do nhat 12 v6i co ché bac 1 va hai do nang
lugng hoat hod clia phan ing tdch cao hon do thay ddi 16n lien két.

N6i chung, ba co ch€ nay gidng nhau nhiéu hon 1a khdc nhau. Trong méi co ché,
nhém di ra cling véi cip electron, cdn nhém khdc dé lai cap electron mé chi khic nhau vé
thit tu cdc giai doan. Néu nhém di ra truée proton la thuén tuy EJ, hydro di ra trude roi
nhém di ra sau 1a Elcb, con hai nhém di ra déng théi 12 £2 1a co ché€ trung gian gifta £71 va
Elch, nhung nhiéu co ch€ E2 khong ndm ding trung gian ma léch vé mot phia ndo d6 nhu
nucleofuge di ra trudc mot it thi co ché vin 1a E2 nhung ¢6 mét phin nho ban chdt EJ nén
vén dé 1a trong trang thai chuyén lién két nao C-H va C-X phan cit hon.

Dé& nghien ctu vin dé nay, ngudi ta nghién citu higu ¥ng déng vi. Chéang han,
hieu wng déng vi cha N (k'*N/ k'°N) 1a 1,017 cia CH3CH,N'(CH;)s, cdn trong
C¢H;CH,CH,N*(CH,); 1a 1,009, chiing té nhém phenyl dua phan ung vé phia Elch va lién
k€t C-N khong phan cét 16n trong trang thdi chuyén. Hieu ting d6ng vi cho thdy, kh6i lugng
nito trong hop chat phenyl it 6 tic dung dén t6c d6 phan dng. Két qua nay ciing tim thdy &
nhém S*R, khi ding déng vi *28/ >, CI voi **Cl/ Y'Cl. Ngoai ra ciing dung déng vi 0
B-hydro, hi¢u iing dinh ddu & C, va Cp.

Phuong phép khic 1a diing hgp chat the aryl B. Gia tri p Hammett duong trong phéan
ting chitng to trang thi chuyén mang dién tich m, gid tri p chia hgp chdt the aryl P ang,
phan ving chuyén tir phia giéng E/ t6i phia gi6ng Elcb trong diy phd, nhu gid tri p trong
ArCH,CH,X tang Khi kha nang nhém di ra X gidm, nhu da tim thdy gid tri p cla X khi X =1
1a 2,07: Br 1a 2,14: Cl 1a 2,61: S*(CH5), 12 2,75; F 12 3,12. Kha nang cla nhém di ra giam
tuong quan véi ban chit Elcb gidm.

Ngoadi ra ciing ding phwong phdp do thé tich hoat hod, thudng phin tng E2 cd gid tri
am, Elch 1a duong.
9.2.8.Quan h¢ Sy va E

Phén tng E va Sy thudng phéan {ing song song véi nhau, trong d6 E/ va S/ tao thanh
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san phdm tir cling mot cacbocation ma canh tranh nhau & giai doan sau nén c6 lién quan chit
ch& v6i nhau, cdn phén #ng E2 va Sy2 cé huéng t&n cong khdc nhau, thudng khong thuin
nghich va d€u 1a hai phan vng kh6ng ch€ dong hoc, khong quan sit thay anh hudng cla
khéng ch€ nhié¢t dong hoc dén 1y 1¢ sin phim the va tach.

T nhimg phan ing chung nhat 12 tir din xuat halogen, ngudi ta ¢6 thé twong déi rit ra
nhitng nhén t6 anh hudng sau:

I- Chdt ban ddu

- Khi g&c hydrocacbon phan nhinh 16n, n6i chung ty 1& Syl1/ E1 giam:

CH;CH,CCI(CH3;); cho 30% anken, con (CH;),CCI(CH,), cho 62% anken.
- Khi tang bic g6c hydrocacbon, ty 1¢ §y2/E2 gidm:
CH:CH,X < (CH3),CHX < (CH;):CX

ko 10° £,10°(SN2) K, 10°(E2) % olefin
C,HBr 174 172 1,6 0,9
C,H,Br 60 54,7 5,3 8,9
(CH,),CHCH,Br 14,3 5.8 8,5 59, 8
C¢HsCH,CH,Br 593 32 561 94,6

- Sy th& & Cg thuan lgi che E2 nhiéu hon Sn2 va dé dang cho EI, con EI tuong ty nhu
Sni. N6i chung, vé6i di€u kién ciia phan dng bac 2, mach nhdnh « tang phan tng tich do mot
mat vé thong ke, mach nhdnh o tang thi ting s6 hydro cho bazo ti4n cong, mat khéc, do khé
khan 1ap thé 1am cho t4n cong vao cacbon gidm. Vi phan ting bac nhat, mach nhinh o tang
ciing tang phan tng tich nhung khéng nhidu.

- Su th€ 3 cling tang phdn Ung téch v6i co ché bac hai, E2 ting so v6i Sy2 khong phai
vl phan ung téch nhanh hon ma vi co ch€ Sy2 qud cham. Co ch€ bac nh4t, mach nhénh
thich hgp cho phan ting tich hon thé do 1y do lap thé. Mot s phan ving téch £2 chita nhém
di ra mang dién tich cham hon do mach nhénh B. Céc nhém thé hiit electron & vi tri B khong
chi 1am tang t6c d¢ tich £2 ma chuyén co ché vé phia Elch nhung ciing ting phan g tach
hon thé, '

2- Nivéim di ra

Hoat tinh nh6ém di ra thye t&€ khong khic nhau & Sy va E. Cdc nhém di ra mang dién
tich duong H,O", N,* 12 nhém di ra t6t nhit cho ty l¢ Sy2/ E2 gidm. Cic nhém di ra mang
dién tich am nhu RSO3 xdy ra theo EI ciing nhu E2 nhung dé dang cho phan ing Sy hon E.
F 1a nhém di ra dac biét 16t cho Elcb (loai HF bing CH;0") theo Hofmann. D&i vdi phin
ing bac nhat, nhém di ra khong ¢6 canh tranh gi gifta thé va tdch, nhung néu la & dang cip
ion thi bn chét clia nhém di ra ¢6 anh hudmg dén san phdm. D6i véi phan ing bac 2, ty lé
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Ef Sy phu thudc khong 16n vao nhém di ra 1a halogen, ¢é tang nhe theo thi tg I > Br > Cl >
F. Nhém di ra }a OTs cho phan tng th€ hon. Ching han, n-C;yH,;Br tic dung véi tert-
butoxit cho 85% tdch, v4i n-C,3H;70Ts dudi cing diéu kién cho 99% thé. Cic nhém mang
dién tich duong tang phan ving tich.

Ch4t ban dfu ¢6 nhém di ra khé, phin ting E2 xay ra qua trang thdi chuyén cé
ban ch4dt cacbanion 1én vd mitc d6 phan cdt C-Z nhd. Vi thé, ty 1¢ san phdm tdch cao
hon khi ¢6 nhém th€ di ra khé. Chdng han, CH3CH,Br v6i C;Hs0™ cho 15% etylen, véi
CH;CH,S"(CH,), cho 100% etylen. Do d6, d6 tich tang khi chuyén tir bromua t6i clorua va
florua.

Tix trén cho thdy phan ing Sy2 14t nhay véi hiéu tmg 1ap thé hon £2. Sy ting s6 nhém
ankyl & C, hay Cg trong chit ban diu luén luén Jam cham phéan Gng Sy2 do tang khé khan
lap thé. Trong khi dé, cdc nhém thé ndy trong da s6 trudng hop 1am 8n dinh trang thdi
chuyén cho phan itng tdch vi én dinh lién két d6i hinh thanh. Ngay trong trudmg hop trang
thai chuyén anion manh clia E2 dua nhém ankyl vao cé thé 1am m4t 6n dinh trang théi
chuyén, 1am ch&m phan iing, song diéu niy kém quan trong hon & phan iing thé.

Néu xét vé thudn tuy 1ap thé thi c6 thé két luan ring, ting s6 nhom thé€ va thé tich
nhém thé 1am tang phén ing £ vi khé khan 1ap thé gidm tir ch4t ban d4u téi phic hoat hod
clia E2. Do dé, ting s6 nhém th€ lam tang phan dng E, dac biét 1a dura nhém aryl vao Cp 6
kha ning 6n dinh lién k&t d6i tao thanh ma con gidi tod dién tich Am trong trang thdi chuyén
clia phan \ing E.

V¢ higu {ing electron, phan ting E2 c¢6 46 nhay cao v6i higu tng electron clia nhém thé
vi trang thdi chuyén cé dién tich 4m 14n. Trong khi d6 anh hudng ctia nhém th€ trong Sy nhd
hon. Khi dwa nhém the hiit electron 1am tang phan iing E.

3- Bdn chdt nucleophin hay bazo

- Khi tang tinh bazo cha nucleophin, kha nang tdch ting nhiéu hon la phan tng thé,
trong d6 uu tien £E2 hon E/,

- Khi ting thé tich nucleophin, 1am anh hudng t6i Sy2 hon E2 vi tdch proton trong £2
& ngoai vi phan tir, {t anh huéng lap thé hon khi twong téc véi cacbon trong phan ting thé.

Trong co ché€ ludng phan tir, phin dng tich E2 phu thudc vao tinh bazo clia bazo hay
nucleophin, con phan ing Sy2 phu thudc vio tinh nucleophin cia nucleophin hay bazo. Phan
ttng £2 nhay vdi tinh bazo hon Sy2, dé gidi thich su phu thuéc ndy, ¢6 thé dua ra quan niém
vé axit - bazo ciing v mém. Chang han nhu trong phan tir H-CR,~CR,X thi lién két Cg-H
1a cing, C-X la mém nén kiém citng wu tién phan dng véi axit cimg C-H cho sin phim
tach, kiém mém phan ing wu tién véi C-X mém cho san phdm th&. Do dé, néu tir ankyl-
bromua bdc nhat tdc dung vdi metylat kali 1 kiém {t ciing hon thi cho sén pham thé, véi
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tert-butylat kali 12 ki€ém cimg hon cho sin phdm tdch, néu tir ankyltosylat bac nhét 12 nhém
cing hon bromua thi phan ing v6i metylat hay fers-butylat déu cho sian phim thé.

Muén wu tién cho E2, cdn kiém cing hon, dii manh: HO™ < CH,0 < GHO™ <
(CH;);CHO™ < (CH;);CO™. V6i phan iing Sy2, nhém C-Br hay C~I 13 mém thi ding kiém
cing 12 khong thuan loi.

Bazo manh Khong thich hop cho E2, nguge v6i E1, nhung ciing thich hop cho tich
ngugc voi thé. Vdi néng d6 cao cla bazo manh trong dung méi khéng ion, co ché ludng
phan tit thich hop, £2 wu tién hon Sy2, & néng d¢ bazo thip hay khi khong cé bazo, trong
dung moi ion, co ch€ don phan tir 12 thich hgp v Sy! wu tién hon EJ.

4- Anh huong ciia dung moi

Dung méi ¢6 anh hudng t6i phan tng Sy va E. Khi tang tinh phan cuc ctia dung moi,
1am dé dang cho E2 va Elch, hiéu sudt tich EI kém hon Sy! vity 18 Sy// E1 ¢6 anh hudng &
giai doan hai. N6i chung, dung m6i phan cyc solvat ho4 trang thdi chuyén clia E/ nhd hon
ton cacboni ban d4u vi dién tich giai toa l6n hoh:

i
CH3 - —
HO"-- H--- CHy =~ €' HO™"-¢ CH;
CH, L

Khi ting tinh phan cyc clia dung moi 1am khé khan cho E2 va $y2 vi kha nang solvat
hod trang théi chuyén kém hon chét ban ddu, nhung dnh hudng & E2 nhidu hon Sy2 vi sy
gidi toa dién tich & trang thdi chuyén E2 16n hon:

CH;, ) ]
g 5. .. --CHy====CH,---X°
B CrX < BrrBeCHp=sCH
rd

do d6 thudng ti€n hanh phan tng tich trong dung méi it phan cyc va bazo manh dé ty le
phan ng tich tang. Ching han:

C,HsBr + B ——= sin phim

Dung méi: C,H;OH 60% E2/5\2 = 1,17
CH;OH 80% E2/Sy2 1,44
C,HsOH 100% E2/S\y2 2,45

5- Nhiét do

Néi chung nhi¢t d¢ tang 1am ting phan ng tich. Phan @ng £/ ting hon Sy/ vi & giai
doan phan cit proton ddi hoi nang lugng hoat hod tir 2 dén 4 kcal/mol, nhimg su khdc nhau
khong 16n nén sy tao thanh olefin khong phai dac bigt wu tién. Phan tng £2 ciing tang khi
tang nhiét d6 hon la Sy2 vi E2 ddi hdi nang lvong hoat hod 16n hon Sy2, tuy entropi hoat hod
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cua £2 duong hon Sy2 nhung khong bi duge entanpi hoat hod. Nang luong hoat hod 16n, tic
la phan Gng chim, tang nhi¢t d¢ thi t6c d¢ phan ing ¢é nang lrgng hoat hoa 16n hon s€ ting

nhanh hon vi k = B.Ze ERT,

Pé diéu ch€ anken, thudng ding phan tng E2 vi E/ thudng cho sin phdm déng phan

ho4.

Bang 9.8. So sdnh diéu kién cho E va Sy

Chét ban déu Nhém dira Nu hay B Phan ung chinh
RCH,Z X", RSO, HO™,RO™, CN", NH, W)
R = ankyl X, RSO, HOH, ROH phan {mg qua cham
H,0° X Sy2
NH," HO,RO™, CN™,NH, E2
R,CHZ X", RSO, HC™, RO, CN™, NH, S+ E2
X", RSO, HOH, ROH SuT, Su2
H,0" X Sut, Sy2
R,CZ X", R8O, HO™, RO™, CN™, NH; E2
X RS0, HOH, ROH Sy1
H,0" X Sy !
NH,' HC™, RO™, CN", NH, E2

9.2.9. Phan img tdch lién hop 1,4
Cac hgp chat thudc loai sau s€ tich 1,4
H-C-C=C-C-X — C=C-C=C
Tuy hi€m hon 1a phin tng cong lién hop nhung ciing di cé mot s6 cong bd, ching han
nhu phan tng sau 13 tach 1,4;

H H

O = OQ

H3C~7™~0COCH,

H
CH; H;C CH,

9.2.10. Phan itng tach cic nhém khéc hydro

Nhiing phan ing trén 13 phan @ng tich ma mot trong hai nhém di ra 12 H, tuy 14 qguan
trong va hay gip nhét song con cd nhiing phan ng ma ca hai nhém di ra khéng phai la
hydro.
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Nhiing nhém loai ndy phai 1A nhimg nhém di ra d& v6i bazo Lewis hay lién két v6i
cacbon bing lién két o phan cuc ¢ kha nang 1am gidu electron cho cacbon. Céc phan ing
ndy thudng c6 dic thit 14p thé.

Phin ing debrom hod cia 1,2-dibrom ciing 12 phan ting tich khi ¢6 tic dung cita tic
nhan khir nhu Zn hay I".

Phan (ng ca [,2-dibrom véi kim loai nhu Zn, Mg xay ra trong cdc dung moéi nhur axit
axetic vi chifc nang la tich mudi ra khoi bé mat kim loai:

e 9
Zn B . éR Zn*Br KC=C/R + Br
VO G

Song thyc t€ phdn iing xay ra qua hai giai doan tao thinh cacbanion trung gian do
phan cét brom tir phan tlt ban ddu bing Zn.

Phan ing cling X3y ra tuong tu véi I v6i dung dich KI trong axeton:

r B‘\ /R 1Bt KC:C/R + Br

R{fﬂc\: Br R R

Su tan cong ban ddu bing I' quyét dinh t6c do va tao 1,2-iotbromua trung gian réi
chiu tin cong ti€p vao brom dé thanh anken nén v = k(1] [1,2-dibrom]. Phan ing c6 thé di
qua chat trung gian cdu bazo hay chit trung gian co kim vé6i lién két Zn—-C:

[
Br -
Br & / + Br

+ IBr
. 5 . — < 2
) e

r

Hai phan tng trén déu la tich anti, duge chitng minh bing phan Gng tach tir sin phdm
cong *?Br vio bromxyclohexan. San phdm chinh thu dugc 13 tich trans cdn san phim phu 12
téch syn c6 chira **Br:

Br

Bt Br Br*

iy DI

ey — O
H

I,,//

Néu phan tng diing Zn/ C;H;OH cho 89% anti vA 11% syn, Nal/ CH;OH cho 100%
anti khong c6 san phim syn.

Tinh hod hoc 13p thé ciing thé hién & cdu dang clia chat ban d4u meso hay erythro
hoic D, L hay threo:
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r
r
XCH;;
R S — + I-Br +Br
H; H H, H
Br

trans-2-buten  96%
meso (erythro}

r H; H
H; H + [-Br +Br
—
H, H H,; H
) r

cis-2-buten 91%
Dy L-(threo)

néu di tir ddn xudt dibromxyclohexan, n€u 12 déng phan trans cho tch anti, con déng phan
cis thi khong c6 phin tng.:

r
a Br = —_— O + I-Br + Bl"
Br

i
I Br

Phén \ing cling xay ra véi h¢ M~C-C-Z v6i M 1 nguyén t6 hay nhém mang dién tich
duong hon. Z 12 nhém Am dién hon, déu tich anti cho olefin.

Phin tng duge nghién cidu nhiéu 12 phan tng loai hydroxyl thuy ngan (dehydroxyl
mercure) Xilc tic axit.

Phin ing tich cla CH;CHOHCH,HgI nhanh hon cia CH,CHOHCH; dén 10'! 14n.
Ching han, trans-2-metoxyhexyl thuy ngan ciing tdch anti v6i trang théi chuyén vdng c6
nang lugng thap hon déng phan cis 1a 8 kcal/mol.

IH \\\ ‘;"Q"\
T
};ocm N\

Ion vong cdu trung gian chiu si t4n cong cha tiéu phan nucleophin cho olefin.

Cic hgp chét co Sn, co Si déu cho phén ing tuong ty:

M-CH,~CH,~OH —2—> MOH + CH,=CH,
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M= Hgl (C¢Hs)sPb  (CgHs)aSn (CgHs)3Sn H
kga= 5 3 1 107° 1072
E lién két: 27, 31 64 60 96 kcal/mol
Cic phan 1tng ndy déu dic thit 14p thé:

H CH CH
(CeHs)3Sn F H (CeHg)sS S g 1
611573 \‘HCI_% H* H\i“‘&\\H —
H} OH H3 CH3 l H3 H

H,C H,C OH

Song chua thiét 1ap duoc 1a phin ting ¢6 di qua ion cdu nhu hop chét co thuy ngan hay
1a sy t4n cong cia dung méi vao thi€c hay silic déng thai véi nhém di ra. Trong phan tit tich
B ciing c6 thé tao thanh lien k&t C=0, C=N nhu cic trudng hop sau:

H-O-C-Z —— H' + C=0 + Z~
H-C-0-NO, — H' + C=0 +NO,

H~C-NR.CI —— H' + C=NH+CI~
’
9.2.11. Cac phan itng tach B

1~ Phdn timg dehydrohalogen hod
Phin ng tdch hydrohalogenua 12 phan éng tich chung nh4t trong phan ing tich:

| I HO" !
uq?___i;_ . —C==C~
H ancol

Phin ing tich HX tir ankyl halogenua v6i X = C1, Br, I va F véi bazo nhr KOH trong
regu hay bazo manh nhw RO™, NH,™ va bazo y&u nhu amin. T4c nhan t6t nhat cho phin ng
tich HX la bixyclo amidin 1,5-diazobixyclo{3.4.0Jnonen-5 (DBN) va 1,8-diazobixyclo-

[5.4.0Jundexen (DBU):

DBN DBU

con voi bazo khong ion mhu [(CH;);N};P=N-P[N(CHj;),]5=NCH; cho phin dng nhanh.
Trong mot s6 trudng hop ding xdc tic chuyén pha véi HO™ 12 bazo. Phan ting tich c6 thé
dun néng ankylhalogenua trong HMPA khong cén tdc nhan ndo khdc. Mot s6 bazo yéu trong
dung moi aproton phén cuc ciing 13 tic nhan hi¢u dung, ciing ding phwong phdp téng hop
v@i LiCl hay LiBr-LiCOQ, trong DMF.

Ciing nhu phan iing th€ nucleophin, kha ning phin Gng din xudt[ > Br> CI > F.
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Céc halogenua bac ba phan ng dé nhdt. Cic clorua, bromua va iodua tich theo quy
thc Zaitsev trix vai trudmng hop c6 khé khan 14p thé. Cdc florua tdch theo Hofmann.

Phan tng dehydrohalogenua hod xay ra trong dung dich thuomg theo E2 vd mét s6
trudng hop EI. M6t s6 phan tng tich bing nhiét phan theo co ch& Ei va mot s6 theo co ché
gc tir do. Phan tng nhiét phan khong diing xic tdc thl & 400°C, nhung ft diing trong téng
hgp vi 12 phan ing thuin nghich, con néu ding xiic tic thi co ch€ gidng E7 va E2.

Phan img tdich HX ciing ding d€ téng hop cdc ankyn tir cdc loai hop chat:

P A 4

véi bazo manh hon nhu NaNH, thu dugc chit y&éu 1-ankyn do tao dugec mudi ciia ankyn loai
bo can bing gilta 1-ankyn va 2-ankyn, con néu ding RO™ hay HO thi chi y&u thu duge
2-ankyn bén nhiet dong hoc hon, néu tir loai —-CRH-CX,—-CH,- thi vu ti¢n ankyn bén hon.

C6 thé diung ca phan Wmg tich va th€ khi tdc dung RCH=CFCI véi mudi YM véi
M = kim loai, Y = ankyl, aryl, N,, RO:

RCH=CFCl + YM —> RC=CY
Cic ankyn, enamin, ete axetylenic thudmg diéu ch€ bing phuong phip nay.

Mot phian tdng dac biét 1a tich HX tir mét axit prochiral v6i amit liti quang hoat thu
duge mot san phdm quang hoat du mot d6i quang dén 82%:

R X R
—_— K:>= CHCOOH
H  CH,COOH H

2- Phdn ung dehydrat hod ancol

Phin ting dehydrat ho4 ancol khi ¢6 axit H,SO, hay HyPO, 12 phuong phédp phd bi€n
dé t6ng hop anken:

l I H,80, | ]
Y —_— = —
ﬁ: hay A1;0,,100°C
H OH
Phan (ng cdn phai ¢6 xiic tdc axit tuan theo co ch€ EI. Qué trinh chinh 1A chuyén
ROH thanh RO*H, dé& phén cét thainh R* v H,0. D6i véi mot vai axit, di qua qud trinh tao
ete vo co réi phan tich cho R™:

ROH —» ROSO,0H —» R*+HSO4

Qua4 trinh dehydrat hoa ancol 12 qud trinh nguge v6i qud trinh hydrat hod olefin, phi
hop v6i quy tic can bing vi mo. Phin tng ndy ¢6 san phdm phu chuyén vi va hinh thanh ete.
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Khi ding anhydrit P,Os, anhydrit phtalic, HMPA c¢6 hinh thanh este va nhém di ra 1
baza lién hop cila axit tuong tng thi c6 thé theo co ch€ £] hay E2

Phuong phép ding ancol & pha hai trén Al,0; 12 phuong phép t6t trénh duoc sin phim
phu va cé thé diing dén 1-dodecanol. C6 thé ding cdc mudi khdc, sunfua, zeolit.

Khi tang d¢ nhdnh « ciia ancol, téc do dehydrat hod nhanh nén ancol b4c ba dé loai
nude nhdt, chi cdn vét axit. Ancol bac ba vi hai dehydrat hod khong c6 chuyén vi khi dun
héi luvu ancol trong HMPA.

H4u nhv v6i tat ci cdc tdc nhan, phan tng dehydrat hod xdy ra theo quy tic Zaitsev,
trir khi cho hot ancol di qua oxit thori & 350 + 450°C theo quy tic Hofmann.

Khi tic dung ankoxit RO™ cila ancol véi bromofom trong kiém cling dehydrat hod cho
anken goi 12 phan ting deoxy hod. Phin ting di qua dibromcacben va phan tich cho cacbocation
réi thanh anken:

- - -Br - -Be”
RO + CBr, —= R-0-C~Br —C(;" R* — anken

Céc ankoxit kim loai magie (ROH + R,Mg — ROMgCH;) dehydrat hod khi dun néng
& 195 + 340°C cho anken, CH, v MgO. Phan itng theo ca ché tich syn va Ei.

Axit cacboxylic ciing dehydrat ho4 bing nhiét phan cho xeten:
A
R— (IZH— ('3=0 —® R—CH=C==0
H OH

hay ding tdc nhan khic nhv TsCls, dixyclohexylcacbodiimit, 1-metyl-2-clo-pyridin clorua
(tdc nhan Mukaiyama).

Tuong ty tdc dung diaxit nhu axit malonic véi P,Os cho cacbon suboxit:
HOOC-CH,-COOH —» O=C=C=C=0
Céc amit dehydrat hod bing P,0s, pyridin, Al,0, cho xetimin:

v P205, ALO;
R2CH-E—NHR ——» R,C=C=NR'
pyridin

3- Phdn vung dehydroxyanua hod

[ bazo ||
—C— —sa T C—
b

Cac enamin diéu ch€ béng phuong phip nay tir a-xyan amin bac ba téc dung véi KOH
hay tert-C,HgOK trong benzen hay toluen soi hoac ete tert-butyl metyl & nhiét d6 phong:
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L enCHQK L= '
_?_ (Ij_ NR; benzen s6i C=C—NR;
H CN

4- Phdn itng dehydrohalogenua cia axyl halogenua va sunfonyl halogenua

Khi tic dung axyl halogenua vGi amin bac ba thu duge xeten:

R R
I R3N I
R-C=C=0 —>= R-C-C=0
H X

Phan ng c6 tng dung rong vi cdc axyl halogenua c6 H, déu cho phan iing nay nhung
néu thay mot R bang H thi khong thu dugc xeten ma dime xeten.
Céc sunfonyl halogenua ¢ H,, ciing phan @ng v6i amin bac ba qua chat trung gian 1a
sunfen c6 hoat tinh cao:
RCH,CH,S0,C! —* [ RCH=S0,] — RCH=CHR + sin phim khic.

sunfen

Sunfen rat hoat dong cho sén phdm dime cia RCH nén ¢6 thé 4p dung sunfen bing
phuong phip téng hop in situ.

5- Phdn itng phan cdt ete cho olefin

Cic ete chuyén thanh olefin khi tdc dung v6i bazo rdt manh nhw ankyl natri, anky! liti
hay amidua natri:

| R'Na I 1
_(E_ —_ ——————» _c=(C-— + RONa + R'H

[
H OR
Phan ifng tich ting khi ¢6 nhém th€ hiit electron & vi tri 3 nhu:
C,H;OCH,CH(COOC;H;),

phan img véi bit ky bazo ndo hay chi cAn dun néng cho CH,=C(COOC,Hs),. Ete rert-butyl
phén cét dé hon céc ete khic.

Co ch€ phan ing cling 12 co ché chung E1 hay E2, nhung trong nhiéu trudng hop tim
thy co ché€ phan dng 13 Elch hay & vé phia Elcb hon vi ¢6 kiém manh, nhung ciing ¢on tim
thay co ch€ Ei qua chat trung gian vong 5 canh nhu khi dung C4HsCH,OC,Hs:

o _
C6H5-—CH-LC,) — C6H5—(13H—O + CH,=—=CH,
L /'>H2 H
H
“~CH,

Cic epoxit chuyén thanh ancol allylic khi tdc dung vé6i tic nhan chung & trén, thudng
dung liti dietylamit, tert-butyletylsilyl iodua:
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/ ¢ o
C;H)3NLi } i
—~(~t—au— CR Y = meqe —CC= -
| I
Khi ding té4c nhan hoat d¢ng quang hoc, cé thé thu dugc ancol allylic quang hoat tix
epoxit khéng quang hoat.

Céc axetan ciing cho phan ting loai ancol cho ete khong no (ancol enol) bing P,0;
nhu trén, con khi ding trimety! triflat v2d amin bac ba hay (CH,),Sil khi ¢6 hexametyl-
disilazan thi phan iing xay ra & nhiét d¢ phong:

—CH— ¢ —OR 20, _!~l_0rR +ROH
OR
Khi nhiét phan enol ete cho olefin v andehit:

I A
- CH-C-0-CH= —-0= — C—CH
CH- ¢ H=CH, =~ —~(=C- + H i 3

Té6c 46 phan ting cia R-O-CH=CH, tang theo thit ty:
CH3CH3 < iSO-C3H7 < terr-C4H9.
6- Phdn itng phan tich hydroxit tetraankylamoni
Céc hydroxit tetraankyl amoni bi phan tich nhiét cho olefin:
! | — =l
—_——— —_— — +NR; +H,0
¢ DAl SN 3 2

N'R; HO"

Co ch€ néi chung 12 E2 va tuan theo quy tic Hofmann d6i v&i cdc chit mach hés
(axyclic) va theo Zaitsev d6i v6i cdc chdt xyclohexyl. Néu trong phan tit ¢6 khé khan khong
gian 16n, nhém OH khong ti€p c4n dugc véi hydro B ma ti€p can vao hydro nhém metyl thi
theo co ch& ving 5 canh Ei:

| I | | -~

—_— C— -— — C=C,
ﬁ - —- —_— 7+ N
NR, HO H {NR, ARy
/ . H
CH; ©CH, 2

Dé phan bi¢t gilta co ch€ E2 thudng véi co ch€ vdong 5 canh trén, ngudi ta ding
phuong phdp dénh dfiu. Ching han néu ddng mu6i amoni cé deutri & vi tri B
R,CDCH;N*(CH;); HO™, néu 13 co ch€ E2 thu dugc trimetylamin khong chita deutri,
con theo Ei thi amin chia deutri. Néu muSi c¢6 khé khan lap thé cao, nhu
[(CH,);C],CDCH,N*(CH3); HO™ deutri xu4t hién trong amin ching minh cho co ch€ Ei.
Véi cdc hop chét don gian, co ché tdch 1a E2.
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Khi nito c6 nhiéu hydro B thi theo quy tdc Hofmann, nhém ankyl ho4 it nhét bi phan
cit, ching han nhém etyl ¢6 3 hydro B phan cit nhanh hon ankyl dai hon cé hai hydro .
Quy tac Hofmann thay d8i khi c6 su lién hop, ching han tir C¢HCH,CH,N*(CH,),CH,CH;
chil y&u cho styren thay cho etylen.

Phan iing thudng dun néng & 100 + 200°C, trong dung dich rat dam dac, & 4p sudt thip
¢6 thé giam nhiét d9.

Phi:n img c6 ¥ nghia 16n dé x4c dinh c4u tric cha c4dc amin, dic biét 1a cdc ancaloit:

I- CHyl O\ A (\L 1-CHyl
—_— ® A 3
(II\:L 2- Ag,0 /]\ NS T ARO
H

CH,4 CH;

_ / ~
H3C CH3 HO H3C CH3
Gl 2 ML
@ . — .

/TN +

CH

HiC oy, N(CHy);

Céc ankyn ciing c6 thé téng ho‘p theo phuwong phdp ndy tir mudi kép 1, 2:
& | | ~———
HO™ R3N —(Ij— (Ij— NR3 HO —» /C= C../,.~
H H

Trudng hgp téc dung cila mudi nhu clorua hay bromua tetraankyl amoni, khéng phai
chuyén thanh hydroxit ma tdc dung ngay véi mot bazo manh, nhu voi CgHsLi, KNH, trong
NH; 16ng, phin ting ciing cho sin phim tuong tu trén nhung khong theo co ché€ cla hydroxit
tetraankyl amoni ma theo co ché Ej:

| ] |
% o K —=c—
H NR, {NR, — *
CH,R’ SR’ HCHR—NR,
yhit

Trong co ché trén, moét hydro o’ tich ra tao thanh ylit, nén goi 12 co ché o, B va
hydro 3 tich ra bdi cacbon o’. Cof ch€ nay di dugc xdc nhan bing phuong phdp ddnh d4u
ddng vi va tach ra dugc chit trung gian ylit. Co ché nay khic v6i co ché€ tich trén, & day 1a
tdch syn (co ché€ trén 13 anti) nén sin phdm cé cfu hinh nguge lai khi olefin tao thanh
14 déng phan cis-trans. C6 thé dung bazo rdt manh 13 KOH trong ete monometyl ciia
polyetylen glycol.

bé phan biét co ch& E2 va Ei, dung phuong phdp déng vi R,CDCH,N(CH,); "HO; néu
theo co ch€ E2 thi sin phdm trimetylamin khéng chifa deutri, con theo Ei thi amin chia

deutri, trit khi hop chét c6 khé khan lap thé nhu [CH3)3C]2CDCH2N(CH3)3+HO_ thi amin cé
deutri la theo Ei.
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7- Phdn itng tdch toluen-p-sunfonylhydrazon
Cic tosylhydrazon ciia andehit hay xeton tic dung v6i bazo manh hinh thanh olefin:

! L3RLI
—C—C— = C
I 2H10

1’\'1— NH—Ts H

Phan ing diing gdn 2 mol hgp chét co liti (thudng CH,LI) trong ete, hexan, tetra-
metylendiamin, goi 12 phan @ng Shapiro cho anken véi hiéu sudt t6t, thudng wvu tién cho
anken thé€ it hon, cdc tosylhydrazon cia andehit khong no cho dien lién hgp.

Co ché:

3RL1

_? {';— NH— Ts _gj Ei NH.— Ts ?%qe Lit

1 Hzo 1
i
Phan ting cin gin hai mol RLi, hydro trong olefin 14y tir nudc khong phai H cia
cacbon bén canh ma dugc chitng minh bing déng vi deutri. Phan @ng ding cdc bazo khic
nhu LiAlH, trong glycol, NaH, NaNH,, nhung dinh huéng ndi d6i theo hudng khéic cho
olefin th€ cao hon, goi 12 phan \tng Bamford-Stevens.
Phan {ng trén theo hai co ché, do sy hinh thanh cacben va cacbocation tir hgp chét

diazoni. Néi chung, co ch&€ cacbocation gip trong dung moi proton,cdn co ché€ cacbenoit
trong dung moi aproton, do qu4 trinh chuyén hod cla cation diazoni:

I
C—C—  Bg —C—C—  gwm ~C—C—
b Na—Ts Pl R ™ B o=
N—N<Ts

(22) (23)

Thuye t&, khi khong c6 dung moi proton, hgp chét diazo (22) tdch N, va chuyén H cho
olefin. Sy ddi chuyén nay ¢6 thé sau hay d6ng thdi véi tich N,. Trong dung méi proton, (22)
bi proton hod cho ion diazoni (23) tich N, cho cacbocation réi tdch cho olefin hodc cho
phan itng khdc cha cacbocation.

Hop chat diazo 14 chit trung gian trong su hinh thanh olefin khi téc dung
N-nitrozoamit vdi rodi (II):
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1 i 1 [ )
—C""C—H —_— —EI—C— —» (c=C—H

b —NH— COCH,
|
NO }lb
8- Phdn itng tdch hop chdt sunfoni, sunfoxit
Céc hop chit sunfoni ciing tdch khi ¢6 nhiét trong tv nhu mudi amoni:
] |

|
—C—g b, —&=C— + SR, +H0
! HO'

H SR,

I |
_ F— {CgHg);CNa
rrre————————

Lo
— C=C— +8R; +(CgH;5)3CH + NaBr
Br

H SR,
Cic sunfon va sunfoxit ¢6 HB tdach khi ¢6 ankoxit:

[
TR =
—C=C— + RSO + R'OH
H S5S—R
I
O
| | R'Or | 1
- _(lj_ —» —C=C— +RSO; +R'OH
H SO,—R

Phan ¢ng theo co ché El, E2 hay Elcbh. Cic nhém di ra khong mang di¢n tich dinh
huéng theo Hofmann ma khong theo Zaitsev.

Céc sunfoxit ciing tdch khi nhiét phan & 80°C twong ty nhu amin oxit theo co ché Ei.
Cic selenoxit va sunfinat este ciing tich theo Ei, trong d6 selenoxit tdch & nhiét do phong.
Céc selenoxit thudng dugc ding nhu 13 chit trung gian dé chuyén hod andehit hay xeton
thanh d4n xuit o, B- khong no:

NalQ. _
C6H5COCH2CH3 —PC6H5CO(fHCH3 _a.z CGHSCOCHCHS C5H5COCH—CH2
SeCgHs eCsHs

Phan ting selenoxit thudng diing dé chuyén hod epoxit thanh ancol allylic:

R OH OH
R,CH H.OH | H0; L.,
\Yf + CeHsSew GHQ! RZCH-FH-CHR' R,CH-CH-CHR—
o SeCyHj ) HCgHs
o)

—» R,C=CHCH(OH)R'
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va dé chuyén hod olefin thanh ancot allylic chuyén vi:

CgHsSeO,H . cham -CR'
R,CH-CH=CR', ~——-—3% R;CH-CH-CR,0H > R,C=CH-CR,0OH
9- Phan iing dehalogen hod cua 1,2-dihalogen
Behalogen hoa 1a phan ing tich hai halogen cho olefin:
I !
T B o=
X X

Phan iing xay ra véi nhiéu tic nhan nhung thudng diing k€m, magie va ion iodua, ciing
ding tic nhan khdc nhu phenylliti, phenylhydrazin, CrCl;, NH,;NH,, LiAlH,. Phuong phip
cho hiéu suft t6t nhung it diing vi chinh cdc vic-dihalogen ciing téng hgp i olefin. Nén
thudng diing d€ téng hgp céc loai allen tir hop chit loai:

X-C-CX,-C-X hay X-C-CX=C-
Phan tng thudng gap nhit 1a phan dng cia din xuvat 1,2-dibrom véi kém trong cdc
dung méi nhu axil axetic vdi chitc nang tdch mudi halogenua ra khoi bé méat phan ing:

Z
Zn*Br K -~ R

= + 3

Song cling c¢6 chitng minh ring, phin fing khong xdy ra theo £2 ma di qua ch4t trung
gian cacbanion do cit brom bang kém.

Tinh 1ap thé cia phan ng nay duge quan sit & phdn ng clia 1,2-dibromua véi ion iot
cua KI trong axeton v6i v = [I"] [1,2-dibrommua} v cdg ch€ phan itng twong tu nhu phan tng
vdi k&m ¢ trén:

R R _
R}/f C\R. R,,,C==C\Rl+Br + IBr

I' + IBr —» I, + Br
Hop chét n6i ba ciing téng hop tr X—C=C-X hay X,C~CX, nhung cdn cin nhic khi
ding ma thudmg dung nhu phuong phédp hé trg.
Tir Br—C=C-Br tich 1,4:
BrCH,~C=C-CH,Br + Zn —» CH,=C=C=CH,

Phan iing ciling ding cho din xu4t clo, brom hay iot, khong dung cho flo. Co ch€ ¢6
thé 13 co ché cacbanion, cacbocation, gdc hay déng bo phu thudc vio tic nhan va didu kién
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phén tng. Khi ding k&m thi phin ing tdch 12 anti dic thi 14p thé.
Déi véi clorua axit th€ o halogen ciing tich cho Xeten khi ¢6 k&m hay triphenylphotphin:

R R
I Zn l
—ﬁj—@{) — R—C=C=0
) X X

Phan (ng cho hiéu su4t t6t khi ¢ g6c ankyl hay aryl nhung Khong phai hydro.

Phan tng tdch cua ete th€ halogen, goi 1a phan tng Boord khi c6 kém, magie, natri
hay tdc nhan khdc:
|

—(IZ

X R
Cac halogen axetan tich cho ete vinylic: X—-C-C(OR); — —C=C-0R.

Tit d6 ¢6 thé thdy cdc hgp chat loai X-C-C-Z tich duge khi Z 1a OCOR, OTs, NR,,
SR hay ¢6 cd OH nhung X chi giéi han & Br va 1.

10- Phdn itng deoxy hod diol

|
A —t=C—

O._.

Cic vic-diol tdc dung véi diliti diankoxit véi tungsten halogenua K,WClg khi dun héi
Irru trong THF sé& tdch oxy cho anken:

I I 2CH;LI | I K, WCl, I I
—(— ——- —_—C— —= —C=(C—
—(F | THF o (_J)e THF, .
HO OH - 0O

Phén ing tich nhanh nhit 1a diol ba 14n th€, nhung phan Gng khong hodn toan syn;

Céc vic-diol c6 thé chuyén hod thanh olefin qua din xudt este sunfonat nhw vic-
dimesylat hay vic-ditosylat khi ¢6 naphtalen-natri hay Nal trong dimetylfomamit, cling ¢6
thé chuyén thanh bis-dithiocacbonat (b:‘s-xangtat) thudng theo co ch€ géc tir do:

| | ! (CeHglpSaH
_ﬁ: —C— — —-C— = —C=(C—
Ho OH CH;S- c o- fSCHs
S

Cac thiocacbonat vong do tic dung vic-diol v&i thiophotgen va 4-dimetylamino-
pyridin (DMAP), ciing tich cho anken, goi 1a phan ting Corey-Winter, khi tic dung véi
trimetylphotphin hay hop chat photpho ba ho4 tri khic:

Coo C1-CS-Ct | _o— IO L 4 S=P(OCHj); + CO,

—PﬁI:O_C(l;H_ DMPA CK }) a
li

="
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Phan @ng 14 tich syn va san phdm dugc khéng ché€ 1ap thé. C4c din xudt vdng 5 canh
cua diol ciing cho phan ng tich twong .

11- Phdn tng chuyén hod epoxit va episunfua thanh olefin
Cic hgp chat epoxy chuyén thanh olefin khi tic dung véi triphenylphotphin hay

trietylphotphit:
S -
"C\Ff— +{(CgHs)sP ;C =C: +{CgHs)3PO

Giai doan d4u cia phan (g 13 th& nucleophin v ti€p theo 12 phan ng tich bén trung
tam. Phan Gng tich 12 anti néu trong chat ddu ¢6 A va C & vi tri cis trong epoxy v olefin 12
trans.

C
(CeHs)a P N

A

@

O

Trong co ché trén, giai doan tich 12 cis dé tao thinh (CgHs);PO nén san phidm cong
nucleophin c4dn phéi quay xung quanh lién k& C-C d€ c6 c4u hinh cis.

Phan tng ciing diing diphenylphotphit (C¢H;),PLi, Li trong THF, TsOH va Nal,
trimetylsilyl iodua, dimetyl diazomalonat, Pl;.

Céc episunfua cting chuyén thanh olefin twong ty nhu epoxit, nhung phan ting & day 1a
tich syn va photphin t4n cong khong vao C ma viao S:

e -~
—C—L— +POC,H ~c==c" + S=P(OC,H
\f ( 25)3—---/C C\ (OC,Hs),

Phan iing cling diing tdc nhan (C;Hg);SnH, LiAlH,, metyl iodua.
12- Phdn itng Ramberg-Backlund

Phan ing cua a-halogen sunfon véi bazo thu duge anken, goi 13 phéan ing Ramberg -
Backlund:

R-CH,-80,-CH-R + HO —PR-F=i-R
1 H

Phan ing ddu 1a t4n cOng SN2 tao chat vong trung gian rdi tdch SO,. Kha nang phan
ng ctia I> Br > Cl, san phdm thu duge 12 mot hén hop cis va trans nhung thudmg déng phan
cis uu tién hon. Phan ttng hinh thanh episunfon va tdch:

R—Cl;ksoz\ R —FR—CI{ \R - R— C{SO/:H—R —RCH=CHR
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Né&u tién hinh tr brom sunfon khong no RCH,CH=CHSO,CH,Br tic dung véi
{C,Hs)3N thu dugc dien RCH=CHCH=CHS,.

Qua trinh tich SO, ciia episunfon khong phai 12 qué trinh déng bd ma theo con dudmg
khong déng bo. '

o,0’-Diclobenzyl sunfon phan Gng v4i trietylendiamin du trong dimetyl sunfoxit cho
2,3-diarylthiiren-1,1-dioxit {24) ma dé& phan tich nhiét cho ankyn.

1-THF, (CH;)ZSO
ArCH,S0,CCl,Ar A\ s  AC==CAr

2 H;O
(24)

Céc 2,5-dihydrothiophen-1,1-dioxit (25) va 2,7-dihydrothiepin-1,1-dioxit tich nhiét
cho phan tng tich 1,4 va 1,6-:

—_ N .
Qz (;//_\\ Qtzs) O

Phan ¢mg thudc loai phian ng déng b theo quy tic d6i xing obitan theo qui trinh
supra (25) va antara (26).

Phan tng Ramderg-Backlund ciing thudc loai phan ¢ng tich doan mach (extrusion).
13- Phdn itng téch cua boran

Triankylboran hinh thanh tr olefin véi BH; tdc dung véi olefin khdc bang phan ing
trao déi:
R,CH-CH,);B + 3 CH;(CH;);CH=CH, — 3R,C=CH, + [CH;(CH;)¢CH;],B
Qu4 trinh nay 12 thuan nghich nén cdn ding dw olefin, ding olefin hoat dong hon va
c6 diém 50i cao hon d€ olefin tdch ra di ra bdng chung c4t.

Phan ting thudmg ding dé téng hop olefin ¢6 hudng nguoc véi phuong phip d6ng phan
hoé binh thudng. Ching han tir olefin (27) tao triankylboran (28), n€u téc dung (28) theo
hudng tao olefin bén khéc thi ¢6 phan dng tich theo quy tic Zaitsev cho olefin ndi doi trong
mach, khéng cho (30). Mu6n chuyén (27) thanh (30) thi phai d6ng phan hod (28) thanh (29)
bing phan vng chuyén vi (chuong Chuyén vi) ri tir (29) bing phén ing trao déi véi olefin
c6 difém soi cao hon, nhu 1-octan hay 1-dodexen s€ tach ra (30):

(C,Hy),C=CHCH; —> [(C,H;),CCH(CH3)sB — [(G,Hs),CHCH,CH, 3B —>

(27) (28) (29)
—_— (Csz)zCHCH:CHz
(30)

Phan ting ciing diing v&i ankyn nhung phan ing khoéng thuin nghich:

(R,CHCH,);B + R’C=CR’ — 3R,C=CH, + (R’CH=CR’),B
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14- Phdn ting chuyén hod anken thanh ankyn

Cac anken ¢6 nhém CH; & néi d6i t4c dung véi NaNQ, trong axit axetic va nuéc tao
thanh ankyn véi hi¢u sut ti trung binh dén cao:
CHs
CH;—C=C—CH;R —"tm CH;~Om=C~CH,R
I CH,;COOH-H,0

R ¢6 thé 1a nhém chic khdc nhu OH, OR, OCOR, C=0... nhung thanh phén
(CH;),C=CHCH,~ 1a c4n cho phan tng.

Co ch€ ¢6 phdn phiic tap, bit ddu bing nitro hod ¢6 chuyén vi allyl:
(CH;)zC:CHCH;)R — Hzc=C(CH3)CH(N02)CH2R
v CHj, di ra tir ch4t ban ddu & dang kh{ CO; ma da xdc dinh duge khi nay.

15- Phdn ing chuyén hod aziridin thanh olefin

Aziridin khéng thé€ & nito chuyén thanh olefin khi tdc dung véi axit nitro:

| |
N7+ HONO = =iy N,O + H,0

N

H

San phdm trung gian 13 hop chat nitrozo. Phan (ng Ia dac tha 1ap thé: cis aziridin cho
cis- olefin va ¢rans aziridin cho trans-olefin,

Aziridin N- th€ ciling chuyén hod thanh olefin khi tic dung véi iodua sit hay
m-cloperbenzoic axit nhung di qua chét trung gian 13 N-oxit.

16- Phdn vng chuyén hod dihydrazon thanh olefin

1,2-Dihydrazon tdc dung v6i HgO, AgO, CuCl,-O,-pyridin va vai tdc nhan khic s&
mit di hai mol nito cho ankyn;

HgO
R——h?——h?—R — R—(O==(C—-R
NNH, NNH,

R va R’ chi 1a ankyl hay aryl. Phan ting ciing ding d€ t6ng hgp cdc xycloankyn bay
hay tdm canh, t6t nh4t 12 xycloankyn vong 16n.

17- Phdn img chuyén hod 1,2-dinitro thanh olefin
Cic hop chét 1,2-dinitro thé chuyén thanh olefin khi téc dung v6i hén héng canxi:

R R R R
Ca-H
R—C—¢—R =5 R-C=C-R
NO, NO,

Céc nhém chiic khdc nhu CN, COOR khéng cho phan iing nay. C6 thé ditng tic nhan
sunfua natri trong DMF, niken borua hay siéu am, SnCl; va (C4Hg);8nH. Phén tng theo co
ché ion-géc.
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18- Phdn iing dehydrat hod amit va amit thé

Amit khong th€ c6 thé dehydrat hod khi c6 P,Os hay céc tdc nhan khdc nhw POCl,,
PC13, PCljl CC14'P(C6H5)3, HMPA. CHqOOCN-SO2N+(C2H5)1 (téc nhin BurgeSS), SOCIz peat
P,0
R-C— NH, ~ . R—CE==N
i .

Phin tng gi6ng nhu tich 8 tir dang enol cla amit (RC(OH)=NH), ching han véi
SOCl, thi co ch€ gidng enol, v&i tdc nhan khéc tao este ciia nhém OH vdi tic nhan dehydrat
hod nhar tao RC(OSOC1)=NH thi tach theo EJ hay E2.

Céc N-anky!l amit chuyén thanh nitrin khi ¢6 PCls_goi la phan (ng von Braun:
R’CONHR + PCl; —* R'CN + RCl

Cac N-ankylfomamit tdc dung vdi photgen va amin bic ba cho isoxyanua:

coql © &
H—C—NH-R —3 (==N—R
I RsN

O

¢6 thé dung cdc tdc nhan khic nhu TsCl trong quinolin, POCl4 va amin bic ba, di-2-pyridin-
Sunﬁ[, (CﬁHs);P

Nitrin cling tim th&y khi tdc dung hgp chét nitro véi PCl; va pyridin:

PCls
RCH,-NO; —— RCN
pyridin
Céc ure va thioure N, N-hai 14n th€ loai nudc cho cacbodiimit bdng tdc nhan loai nuée
nhu TsCl trong pyridin, POCl,, PCls, P,O;5 - pyridin:

RNH-C—NHR —=» RN=C=NR
I pyridin
0

Céc phan itng trén ¢6 khi cho vao phan @ng tdch phan manh.

9.3. PHAN UNG TACH y (1,3)
Loai phan @ng niy thudng 12 phin ing vong hoa tao thanh vong nhé nhir san phdm thé

ndi phan tr:
A T

Nm=C— CH CH,—C! —> NwmC— CH—CH,

Qua4 trinh cling tao thanh cacbanion trung gian réi vong hod theo Elch.

9.4. PHAN UNG TACH 6 (1,4)

Phan \ing tvong ty nhy tich 1,3 tao thanh vdng 4 canh:
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\
\7/ c\’
Z— c—X
VAN N

Thudng chdt ban ddu c6 chia néi doi gia hai nhém di ra:

—_— + X'

| ~. L
Me—q-—-é=&—(§—z — Me" + _C=C—C=c{_+Z
—_ C
et [ L] e
I——- dime hod
=
— +
O—cC
/Ro N
~N 200 =
O 55 = O - wegman
H

H NO,

9.5. PHAN UNG TACH o (1,6)
Phin img thudng c6 trong trudmg hop c6 hai lien k&t doi:
Me-C-C=C-C=C-C-Z — Me* + C=C-C=C-C=C + 7~
9.6. PHAN UNG TACH NHIET

9.6.1. Co ché

Mot s6 chdt hifu co thyc hién phén ving tich chi bing dun néng ma khong cin téc
nhan khéc, thuong thyc hién trong pha khi goi 13 phan ting tdch nhi¢t. Co ché ciia phén ting
khéc véi cic co ch€ di néi trieée 1a khong 6 bazo hay dung moi trong phan dng tich nhiét
phan. C6 thé c6 hai co ché:

1. Co ché Ei: C6 trang thii chuyén vdng b6n, nam hay sdu canh. Ching han:
|
N

A ib -
H +
R I-KO‘— c\/o

-é—(i- g S
[[1'\6/ Re Ny N

CH, | Cr i
e +
H YBr H --Br
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Trong co ché nay, hai nhém di ra & cing mot thdi gian ma theo Ingold 1a co ch€ Ei.

Phdn ung c6 thé 1A tdch syn d6i véi trang thdi chuyén vong bén va nam canh thi
nguyén tir thit tv vA nam c6 thé déng phing. Tinh déng phing ndy khong c6 trong trang thai

chuyén vong sdu canh:

D

Ciing nhu trong co ch€ E2 khong nhét thiét 1a lien két C—H va C-X phan cit bing
nhau trong trang thdi chuyén ma thyc & ciing cho mot diy phé vé co ché phu thuéc vao kha
nang phan cit nhiéu hay it, truéc hay sau cia lién két C-X va C-H.

Cu ch€ Ei nay c6 nhitng dac tinh sau:

1- Pong hoc phan tng 14 bac nhit, chi mot phan ti chit ban dfu tham gia vao phan
iing (n&u ¢6 phan tir khic t4n cong thi 13 bac hai). )

2- Chat kich thich tu do khong 1am cham phan ing, nén khong ¢6 co ch€ gbc ty do
tham gia.

3- Co ch€ wu tién tich syn, nguoc véi co ch€ anti E2, do ¢6 nhifng su kién:

a- déng phan erythro cho trans olefin, ddng phan threo cho déng phén cis.
b- phan tng chi thyc hién duge khi Hg & vi trf cis.
¢- néu Ja hop chét vong thi cis hydro chi & cing phia va phan @ng tich chi xay ra &
phia dé. Pac tinh ndy duge nghién ctu k¥ trén cap phan tir steroit trong phén .
3p-axetoxy-(R)-5a-metylsunfinylcholestan (31) va chat 3B-axetoxy-(S)-metylsunfinyl-
cholestan (32) ma chi khdc nhau 13 cfu hinh clia oxy va metyl d6i véi sunfua. Khi nhiét
phan (31) chi tdch & vi tri 4 (80% 4-en) con (32) chi tich & vi tri 6 (65% 5-en va 20% 4-en).
Trén mo hinh thdy hydro 1 va 9 & cing phia v&i sunfua thi phai d& hon hydro khéc, nhung
nguyén t& lvu huynh 1 chiral, & (31) thi O & gén hydro 4, & (32) thi gin hydro 6. Phan éng
dac thi tich syn:

6 6
4 4
T e
H TAcT] o CH; H }9100’9/0e
H s\ o H *
31 0 AcO = CH,000 32) CH;

| 4- Hiéu tmg déng vi '*C trong phan itng Cope cho thdy ca hai lién két C-H vd C-N ¢6
st phan cit manh trong trang thdi chuyén.
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5- Mot s8 phan iing cho thdy entropi hoat hod am ching 6 phan tir ¢6 tinh hinh hoc
han ch¢ trong trang thdi chuyén hon 12 trong chét ban du.

Phan ttng tich nhiét lién quan 16i co ch& 1A co ché phu thudc vao nhém di ra, nhy cdc
halogen thi trang thdi chuyén c6 lién két C—X phan cdt 16n hon lien k&t C—H nén c6 ban chit
cacbocation trong trang thdi chuyén. Diéu d6 ciing phd hop véi quan niém ring trang thai
chuyén vong 4 canh hoan toAn khéng phan cuc 1a vi pham quy tic Woodward Hofmann.
Tinh chét trang thdi chuyén gi6ng cacbocation déi véi cic halogen 12 nhém di ra cho t6c do
tuong déi theo thit ty I > Br > Cl va hiéu tng nhém thé ciing phit hop véi trang thédi chuyén.
Chéng han, ty 1¢ nhiét phan cia mot vai ankyl bromua & 320° véi etyl bromua 1a 1, iso-propyl
bromua 280, rert-butyl bromua 78.000, con a-phenyletyl bromua ciing giéng rert-butyl
bromua va B-phenyletyl bromua chi nhanh hon etyl bromua mot it. Sy kién d6 ching to lien
két C-Br phan cit 16n hon C-H trong trang théi chuyén nén di¢n tich duong phéin dugc én
dinh bing g6c a-etyl va a-phenyl, cdn cacbanion phin duge 6n dinh bing B-phenyl. Hiu
ing cic nhém th€ nay rat giGng nhu hieu tng trong phan img SyJ va rat phit hop véi tinh
chét gidng cacbocation clia trang thdi chuyén.

D6i v6i este cacboxylic thi ty 1¢ t6c d¢ rét nhé, thudng ciing mot bac nén c6 thé cho 12
¢ ch€ Ei thudn tuy, & trang thdi chuyén chi c6 mot it dac tinh cacbocation. Sy kién khédc 1a
sy phan cit lien k&t C-O trong este nhu trong ddy 1-aryletyl axetat ding o' thich hop hon o
va tim thdy dic tinh cacbocation & vi tri 1. Ban chéat EJ tang trong diy loai este: axetat,
phenylaxetat < benzoat < cacbamat < cacbonat. Sy phan cuc clla cdc nhém khic nhu
Xxangtat, sunfoxit, phan iing Cope ciing nghiéng vé co ché Ei.

2- Co ché gbc tr do

Kich thich; R;CHCH,X — R,CHCH," + X’

Ldn mach: R,CHCH,X + X° — R,C'CH,X + HX

R,C'CH,X — R,C=CH, + X'

T4t mach (chuyén khong can d6i): 2R,C’'CH,X —* R,C=CH; + R,CXCH,X

Co ch€ g6c tr do tim thdy khi nhiét phan cic polyhalogenua va monohalogenua bac
nhét ciing nhu mot s§ este. Co ché ndy hiém hon v khong cé trong dung dich,
9.6.2. Sy dinh hwéng ciia phan ing nhiét phan

Cling tuong ty nhu EJ-E2-Elch, phan ing han ché bdi quy tic Bredt, lien két doi wu
tién khi c6 he lien hop néu 1ap thé cho phép, ngodi ra co ché Ei ciing c6 mot s6 tinh chat sau:

1- N€u bd qua cdc diéu néi trén, sy dinh huéng trong phan ing c6 tinh chat théng ke.
phu thudc vao s hydro f (theo quy tic Hofmann). Chéng han, iso-butyl axetat cho 55%
1-buten va 38 + 45% 2-buten véi sy phan bs 3/2 bdi s6 hydro 3.

2- Nguyén tir hydro 1a cis. Trong hé vdng, n&u hydro 13 & phia ndo dé thi lién két doi
hinh thanh theo huéng d6. D6i v6i trang théi chuyén vdng 6 canh khong cén thi€t 13 nhém di
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ra & vi tri cis d6i v6i nhém khéc, nguyén tir hydro c6 thé 1A equatorial khi ma trang théi
chuyén khong thé thuc hién duoc bing hai nhém 1A arial. Nhung néu nhém di ra 1a
equatorial thl c6 thé hinh thanh trang thdi chuyén véi hydro P axial (& day 1A cis) hay
equatorial (trans).

Tix (33) c6 nhém di ra 13 axial, khong thé hinh thinh lien k&t d6i vé phia nhém
cacbetoxy vi khong c6 hydro equatorial & phia d6 nén cho 100% (34). Tir (35), nhém dira
12 equatorial cho 50% mébi olefin (36) vi (37) mic dd d€ tao thanh 1-en, nhém di ra c6 thé
di ra v&i hydro trans:

H

H
% g COOCHs . Q— COOH

OCOCH, (34)
(33)

H 3
o e O+ Ocn
3

(36) 37
(35)

3- Trong mot s& trudng hop dic biét 14 hop chft vdng olefin bén hinh thanh theo
Zaitsev, ching han mentyl axetat cho 35% Hofmann va 65% Zaitsev mic di ¢6 cis hydro &
ca hai phia va c6 sy phan b6 théng ke & day. Ké qua tuong ty khi nhi¢t phan mentyl clorua.

4- Phan tng ciing chiu 4nh hudng cia hi¢u dng 13p thé. Trong mot s6 trudng hop
huéng tich xdc dinh bing tuong tdc gidm hiéu ung 1ap thé irong trang thdi chuyén hay 1am
giam thidu hieu tmg 14p thé cla ch4t ban d4u,

9.6.3. Cic phan Gng nhiét phan

Phin ¢mg tdch nhiét theo co ch€ néi phan tlt, c6 sy chuyén proton qua trang théi
chuyén § hay 6 trung tdm. Phdn img 1A tich cis.

1- Phdn iing nhiét phdn este
Phén ing xay ra giifa hai nhém di ra 13 nhém este v Hg khi dun néng khong c6é dung
moi dé tao olefin:

300-400°C -~
— /FC\ + RCOOH

Dinh luat dong hoc clta phan ing 1a v = k{este].

Phin #ng xdy ra qua trang thdi chuyén 1i€p vong nén cdn goi 13 co ché Ei. Phin tng
nhiét phan este c¢6 nang luong hoat hod khodng 35 + 50 kcal/mol khong d& d€ phan cét ion
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vi cin dén 85 kcal/mol, v3 néu ding este deutri hod Hpg thi ¢6 hiéu ing déng vi ky/kp=2+3
va phan tng la tich cis nén phan ing x4y ra qua trang théi chuyén vong:

H, o’H+ N/
- A K

Trang thdi chuyén vong c6 su chuyén electron déng b bdi vi cic nhém the trong phin
Tuou cila este it anh hudng dén t6c do phin iing, ching han nhu 1-phenyletylaxetat phan ing
hon 2-phenyletylaxetat chi c6 7 14n (irdi véi co ch€ ion), song tfnh déng bd khéng hoin toan
ma su phan tich lién k& C-O trong trang th4i chuyén 16n hon 12 phan tich lien k&t C—H nhu
khi thay déi nhém thé trong hop chat sau:

Do,
6 - COCH4
Px =071 Py =0,08

T6c do nhiét phan ting mot it khi ting tinh axit cia Hp tich ra, ching han ferr-
butyldicloaxetat & 250°C tich nhanh hon rert-butylaxetat den 19 14n, song huéng tdch khong
anh hudng dén ty 1¢ ddng phan, nhat 14 khi c6 nhém C=0 & bén canh Hg thi tinh axit ndy cé
tinh quyét dinh, t6c d6 nhiét phan cdc este ny tang g4p hang tram 14n.

Phén tng nhi¢t phan este 12 phdn iing tdch syn, ching han axetat erythro-2-deutri-1,2-
diphenyletanol cho trans-stylben v§i deutri hon toin bdo toan cfu hinh, cdn déng phan
threo cling cho trans-olefin nhung mat deutri.

CH, Hs

|
% : H C6H5
; zcel‘[s D — %
H — H H
H HsCg~—H HeCg 1, o e
HsCs L 4 6Hs
sHs

Su dinh huéng cla nhém cacbonyl este vao hydro hay deutri thuan loi hon 13 nhém
phenyl thé tich 16n & cdch xa nhau.

Sy nhi¢t phén ddi héi su che khuat cia nhém C-O va C-H vi tir 1-metylxyclohexyl
axetat cho 75% endo-olefin (1-metylxyclohexen) via chi 25% exo-olefin (metylen-

xyclohexen). V€ sin phdm, phén iing thudng cho olefin it th& hon, song tinh chon loc véi
cdc Hg thudng mang tinh nghu nhién.
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\\\OCOCH;‘

<:\: wgReageH

CH,
cis-1,2-dimetylxylopentylaxetat
OCOCH; 3.
\\\\\\ H —_—
CH, CH; CH;,

trans-1.2-dimetylxylopentylaxetat

Cic lacton ciing nhiét phan cho axit khéng no qua trang thii chuyén vong 6 canh theo
Ei thich hop véi vong 5, 6 canh, nhung ciing cho vong 16n hon. Amit ciing cho phan img
tuong ty nhung & nhi¢t do cao hon. Allyl axetat cho dien khi dun néng cé mat hgp chit
paladi hay molipden.

Cic este v0 co ciing bi phan cét thanh olefin khi tdc dung vdi bazo. Cic este cla axit
sunfuric, sunfurg va axit khdc chiu tach trong dung dich theo Ef va E2 ciling nhu tosylat va

este cua axit sunfonic. Este cua 2-pyridinsunfonic axit va 8-quinolinsunfonic axit tich cho
olefin véi hiéu sudt cao khi dun néng khong cdn dung méi. Este clia CgHsSO,0H va TsOH
phan cit tvong ty trong dung moi phan cuc nhu (CH;),SO hay HMPA.

2- Phdn itng nhiét phdn thioeste (phdn ing Chugaev}
Metyl xangtat didu ch€ béng tdc dung ancol v6i NaOH va CS, cho RO-CS-SNa réi xir

1y ti€p v4i metyl iodua. Nhiét phan xangtat cho olefin, COS va thiol, goi 1a phan lmg
Chugaev.

RCH,CH,0H + CS, 39> RCH,CH,-0-C5-5™ > RCH,CH,~O—CS-SR” —»

100+200°C R CH=CH, + RSH + COS
Phan ing ciing x4y ra qua trang thdi chuyén vong:

£.10% = 14,20 (200°C)

Phan tng theo co ch& Ei, trudc kia cho riing nguyén tir sunfua déng vdng nhung hién
nay ¢6 nhiéu chitng minh nghién citu hiéu tng déng vi °C va **S cho thay Ia lien két C=S:

b
~SR

Phan ing tuong tu nhu nhiét phan este, nhung phan iing xay ra nhanh hon do ¢6 phét
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nhi¢t hon khi chuyén nhém O-C=S thanh O=C-$ khoing 20 kcal/mo! nén nang luong hoat

hod nho hon:
. H. H.
Heo o) 0
i i i
0~ SOCH; 0~ SCH, 0~ ™ C¢Hs
k1= 23.6 (281°C) 2,35 (281°0) 78,5 (281°C)

Phan iing cing 13 tidch cis, nhu khi nhiét phan neomentylxantogenat va mentyl-

xangtogenat:
| .
menty X=0- -SCH3 %
%‘;neomentyl 20% 80%

do mentyl ¢cé H & C; vi C,; & vi trf cis cho kha nang téch, cdn neomentyl khong cho 3-menten
do khong c6 H ¢is & Cy.

3- Phdn iing nhiét phan anhydrit
Nhiét phan anhydrit tao thanh xeten ciling theo co ch€ tich ¢is v3 qua trang thai chuyén

(ffH\'ﬂ S e ¥ H;j;—CHs

N cn, E

ti€p vong:

4- Phdn ting decacboxyl hod -xetoaxit va axit B-dicacboxylic

Phan ting xay ra bing su tdch proton tir axit dd c6 lien k&t doi C=0 d€ chuyén thanh
CO, tuong tu nhu hinh thanh lién két doi C=C. Phan Ung di qua trang thdi chuyén vdng:

?/H\*' — E \%—R /E\R

CF(C\R
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Song phin \ing xay ra & nhiét d¢ thap hon 100°C vi nhém cacbonyl rit cé 4i luc v6i
proton va phin ting bit budc phii di qua dang enol clia xeton, néu khong di qua duoc dang enol
thi phan ing khong xay ra, ching han nhu axit camphocacboxylic bén & nhiét d¢ trén 300°C:

COOH

| 0O OH
(—l:r — - ®/ & trén 300°C decacboxyl hod

Cic axit dicacboxylic nhu axit malonic ciing nhir cdc B-xetoaxit ciing bi phan tich
nhiét tuong ty nhung & nhiét d6 cao hon (140°C), bdi vi nhém cacbonyl cla axit kém hoat

ddng hon nhém cacboxyl clia nhém xetoaxit: "
H R_ ?
?/ Q . o = SCH—C—OH
V4
M~
= on SR

1{ R

5- Phdn iing decacboxyl hod f-iminoaxit

Phén \ing nhiét phan cia axit 2-pyridinaxetic v&i chét nhan proton 1a N:
%A SO RES®
—_— + P Lz

({ \/‘.‘ H; Hy

6- Phdn ung decacboxyl hod axit B, y- va o, & khéng no

Céc axit B, y- khoéng no c6 kha nang decacboxyl hod & 200°C do ¢6 lién ké&t d6i ¢6 khd
ning nhan proton khi tao thanh trang thdi chuyén vong:

; R-CH = CH
R'_CH=CH_CH_COOH—-— \:H-R —_— R-CHz-CH=CH-R' + C02

H\a\o

Va phin ing ciing cho cis- olefin né€u trong hop chdt trén R’ = H s& cho olefin ¢6 ndi
d6i cu6i mach, con néu R = ankyl thi tit trang thdi chuyén vdng s& cho trans- olefin.

Cic axit o, B-khong no bén véi nhiét hon, ching han:

CH,

| :
CH,—C—CH=CH-COOH “w  khong bi decacboxyl hod

b,

nén c4c axit nay chi bi nhiét phan khi ¢6 sur déng phén hod axit o, B- thinh axit 3, y-khong ro.
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7~ Phdn itng nhiét phdn oxit amin (phdn iing Cope)

Phin tng tich cdc oxit amin dugc tdc dyng ctia nhiét ciing Xay ra qua trang thii
chuyén ti€p vdng S trung tam va theo co ché Ei- cis:

R
A —_ i
F{ £>NR3 }WI\-'(--)/T\IR2

Phan ing wu tién 13 sin phdm olefin ankyl hod it nhat. Trang thdi chuyén cé thé
phing, khong tim thdy sy sai léch ra khéi mét phing va vi th€ nén vong 6 canh chia nito
khong phan tng:

CH,CH,CHCH; _,. CH;CH=CHCH; + CH,CH,CH=CH, + (CH;3),NOH
l® 21% trans 67%

NS c?{HB 12% cis ' Tl\ 8
3
H

l®_ CH,
R-CH,CH,N(CH,),— RCHZCHZIFT"(CH;,);, —» R— C\ }N<

CH
O A CH, 3
—»  R-CH=CH, + (CH,),NOH
@ - CH;
N CH3 150°
Ot = O + comon
H-=
xycleetyldimetylaminoxit cis-xyclootten

Néu so sdnh v6i xycloetyltrimetylamoni hydroxit thi phin vng nay chi yé&u cho trans-
olefin:

“N(CH,); 150° % ci
\4{_ o . + 40% cis

Phan tng hoan toan dic thi 1ap thé xAy ra theo co ché syn vi dong hoc bic nhat.

Trang thdi chuyén ¢6 vong 5 canh, Hp va N cén phai c6 cdu dang cis nghiém ngat hon
la tich Hofmann va phan ting c6 thé xy ra & dang che khust nhu phan ing sau:

H / H
CH, CiH —
[ e — Dren [OX e — [D=cn
H. \e 97% AN 3%

trong dé 1-dimetylamino-1-metylxyclopentan oxit c6 mot hydro che khust véi nhém amino
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cho 97% 1-metylxyclopenten va chi 3% metylenxyclopentan. Dan xuit xyclohexan phan
tng khé hon xyclopentan va wu tién cho 97% san phdm cha nhém amin véi nhém CHs, con
néu cin ¢6 H trong vong & vi tri che Khudt thi vong phai ¢ cdu dang thuyén khong thuin lgi

vé nang lirgng:
CH,
2 A - QL

<] 3%
o H
N0 N.©. .
}\I . 1
L~
K — O
$ e‘f’
/}\1_0, 97%

Phéan tng cé ing dung nhiéu trong téng hop cic olefin nhung ¢6 gidi han 1a khong cé
md vong 6 canh chifa di t6 nite ma chi md vong 5 va 7 canh dén 10 canh. T8¢ do phan tng
tang khi tang thé tich nhém thé o va B. Phan ing c6 thé thyc hién & nhiét d6 phong trong
(CH,),SO hay THF.

Phin ¢ng loai ndy ciing thé hién trong phan #ng tdch oxy trong hop chit peoxit hay
1,2-diol qua hop chét trung gian khi tdc dung véi photphin R;P hay photphit (RO);P:

o0 ®pR,
CgHs-CH - CH-CH; + R3P —= C¢H:-C - CH-CH;™ CgH;s-CH= CH-CH; + R;PTO°

Song chi ¥ ring giai doan tdn cong R,P 12 cong nucleophin va dé€ tich duge cdn phai
quay xung quanh lién két C—C d€ ¢6 c4u hinh cis.

Qué trinh tich 1,2-diol thanh anken x&y ra qua trang thdi chuyén vong thiocacbonat
tac dung v6i photphin:

OH csay, O N\C=§ RpP
o - O\d — -+ C02 + R3 PS
H

C): o __ . 6 ~——m $in phdm phan huy
OH

trans-xyclohepien
Phan ting ciing xay ra & hop chit oxit cia luu huynh:
[ |

H/"‘ S—ar H\* S-Ar
\. %/ o’
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S . CH3CH =CH2 (ﬂ) 8%

O
——t— _et_ _ - —_—
CI—I?’H/C\I_(I:H2 S ClH cl"HCHS —m  trans-CH,CH=CHCH; (¢} 21%
(@ H,.
CHyqpy |~ cis- CH,CH=CHCH, (¢} 10%

8- Phdn ing tdach Wintig

Phan tng tich mudi amoni khi ¢é bazo manh nhu CgH;Li hay CH,Li c6 thé xay ra
phan ting tich hydro & vi tri «’. Phan tng nay c¢6 thé goi 1a phan ing tich «’, B.

Phan tng xay ra qua trang thdi mudi ndi got 12 ylit, & day 1a metylit. Nhém metylen
mang dién tich am tan cong vao Hp dé tao olefin. Phan tmg 1a tdch syn va tuan theo quy tic
Hofmann. Phan Gng xdy ra trong diéu kién ¢6 kiém manh, dung mai aproton va chju anh
hudng khong gian 1én cha trang thdi chuyén ti€p.

2 @

R_CHZ_CHZ_][\FL CHBr + CHsLi—» RCHZCHZ-II\IéCH3 + LiBr + CgHg
CH; CH, y“Cle
REL{-CHZ-I\:IQ:)—CHZBE —»  R-CH=CH, + N(CHy),
H------ CH,

Phan ting trén cho thdy, anion tich ly Hy, mudi amoni ban d4u 12 mudi ngoai trd
thanh mudi néi gei 12 ylit (tir “y]” chi géc hydrocacbon va “it” chi muéi). Cap electron clia
ylit cila nhém metylen mang dién tich &m déng vai trd clia mét bazo rat hoat dong, tuong tic
véi hydro clia nhém metylen § & dang proton nén cap electron chuyén vé tao lién két n déng
thdi v6i nhém trimetylamin di ra hinh thanh olefin. Co ¢h& ndy dd dugc xdc nhan béng vlit
¢6 deutri & vj tri B, trong d6 olefin khéng chita deutri ma deutri & trong metylamin. Trang
thii chuyén vong chi thuc hién duge khi dién kién khong gian cho phép hydro va anion
metylen ti€p can nhau va vong tac thanh 1a vong 5 canh it siic cang hon, Mat khic, hydro va
anion metylen phdi & vi tri cfs v6i nhau, nghia 1a phan ung tdch Wittig I tdch syn. Thudng
phan 1ing xdy ra lau, trong vai ngay & didu kién thudng nén cén thu duogc ylit tir hop chit
hoat tinh cao nhu hgp chit brom hay iotmetyl.

Cac hgp chit nay tao ylit hiu nhu chép nhodng:

‘7 .
RCH,CH,N (CH3), + BrCH, —- RCH2CH21I\I (CH;), Br
R CH; |
RCH;CH,N (CH3),Br” + ¢ H Li— RCH-CHz-ﬁ (CH,), *+LiBr +CgHg
e
Hy  Hee---- H,

Phan ting két thic chi sau vai gid.
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N&u hgp chat khong ¢6 hydro & vi trf cis thi phan tng khéng xay ra hodc ¢6 chuyén vi
Somle.

Phan tng Wittig khong xay ra trong diéu kién cla phan ¢mg Hofmann, nghia 1a chi
xay ra trong dung moi aproton v kiém manh ankyl liti. Khdc véi phan dng phan tich
Hofmann trong diéu kién thudng 12 hydro phai & vi tri frans, nén néu phan dng Hofmann
trong diéu kién thuong khong thuc hién duge vi khé khan khong gian thi cg ch€ ylit ¢6 thé
thire hién duoc trong diéu kién d6, chang han nhu trimetyl-(2-tert-butyl-3,3-dimetylbutyl
amoni hydroxit.

Phén tmg téch ylit ¢6 vu diém hon Hofmann 13 thyc hién trong diéu kién nhe nhang hon.

Bang 9.9. Phin ttng tich cia Hofmann va Wittig

Chét ban dau Téc nhan Nhiét d¢, °C | Théi gian, h | % olefin chung | % trans | % cis
Xyclooctyl- CHsli, ete 30 24 64 19 81
N*(CHa)q Amit kali trong amoniac ~30 24 68 85 25
Xyclooctyl- CH,Li, ete 120 24 89 60 40
ESE:S)E 20 24 74 10 80

Céc ylit clia S va P ciing ¢6 phan (mg tuong tu, chang han nhu dimetylsunfonylit va
photphoryl (photphorylen):
o

O
Hy( |
BCJ\ “"eCHz et HBC\]S — CI.I2 R- %H '% R2 - R-CH= PRZ

Ha(-/ H3(./

Tinh bén cla ylit ciia S va P bén hon N vi c6 thé md rong vong bat tir,
9- Phdn tmg nhiét phan hop chdt co kim
Hop chét ankyl liti chita hydro B s& tao thanh hydrua liti rén va olefin khi cé nhi¢t:
R
H IIJi

+ LiH

Phan tng ciing 4p dung cho ankyl natri va ankyl kali. Tic nhan Grignard chiu phan
tich nhiét trong dung moi khong solvat, ching han nhw cumen. Olefin cling tim thay tir RLi
va RMgX do tdc dung etylen v6i NiCl, hay téc nhan khéc.

Co ché cha phan ng cfing 1a bdn trung tam Ei.

10- Phdn ting decacbonyl hod axyl halogenua
Axy! clorua cé hydro « chuyén thanh olefin bang cdch tich HCI va CO khi dun néng
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vdi clotris(triphenylphotphin) rodi hay véi platin hay vai xiic tic khdc:

RCH,CH,COCI + RhCI[(CeHs)sP)s ~2>RCH=CH, + HCl + RhCICO[(CHs)+Pl5

Co ché chung la chuyén RCH,CH,COCI thanh RCH,CH,-RhCO[(CsHs)3P)Cl, 16i
tdch syn cia H va Rh.

9.7. PHAN UNG TACH PHAN MANH
9.7.1. Co ché

Phan wng tdch phan manh (fragmentation) cfing 1a phan tng ion, tuong tu nhu phan
ung tich 1,2, nhung & day mét nhém di ra thanh dang anion con nhém kia & vi trf B khong
phai 1a proton hay nguyén tir don gidn ma 13 mét nhém phic tap:

a-b—c-d~Z —~——> ab=r cd + Z

Nhoém di ra Z mang dién tich 4m, 13 nucleofuge binh thudng nhu Cl, OH,*, OTs,
NR;", nhém a-b di ra mang dién tich duong hon chét ban ddu, thudmg 12 HO-C hay R,N,
bdi vi dién tich duong dugce 6n dinh bing oxy hay nito:

Chang han nhu cdc hop chat:

HO-CR,~CR,~CR,—Cl R;C-CO-O-OCOR
HO-CR=CR-Br R,C-CR,-N=N-N'R,
HOOC-CR,-NRI H,N-NH-0O-S'R,

Co ch€ cia phan \ng c6 thé twong ty nhu téch 1,2, cé thé tao cacbocation, cachanion
trung gian hay ddng b di ra ciia hai nhém tdch, nghia la ¢6 thé EI hay E2.

Nhém di ra X 1a nhém di ra véi cip electron (nucleofuge) tuong ty nhu E7va Sy con
nhém di ra d€ lai cip electron (electrofuge) 1a nhitng nhém duoc én dinh béng hiéu ing / hay C.

Nhém c-d chuyén thanh hop chél, thudng khong no nhu loai olefin, axetylen,
azometin, nitrin, cacbonyl, CQO,, CO va N,. Chang han phan tng phan tich B-halogen-
cacboxylic va y-halogenancol:

ocE.c B

HO™
H0~CH2-CH2-CH2-Br‘—""O'-CH2 @Z-CH2@?+O=CH2+H2C=CH2+B{

co ~c-c~ 4+ Rr
—_— 2+/CC\ Br

Phan tmg phan tich anion ciia axit glycolic:

o -g - CE(?H -R - CO;+R-CH=CH-OO —= R-CH,-CHO
Phan wng phén tich hop chét 3-dicacbonyl:
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on
|
R-C-C-C-R  —o» R-C-C—/C»-R — R-COOH +3C=C-R

y}nu uwj( It

Phan img phan tich N-nitrozometylamit:
OH

HO" ]
R - f N-N=O —» R. C/I;I‘-N=o —» R-COOH + CH;-N=N-&
5 o CHy — (T, ¥y o+ HO

Phan 1ing phan tich hop chét cacbonylazo:

N=N-C-0OR N=N-C-OR -
SO e it (@ | B
Br Br OH

Hoa hoc lap thé cha cac phan tng phan manh déng bo ciing tuan theo nhitng dinh luat
cha E2 tic 12 bén trung tam phai c6 tinh déng phdng, cdc lién k&t hay obitan phdi & vi tri
trans. Ching han, hop chét cis-3-dimetylaminoxyclohexyltosylat méi cho phin ing tich
phan manh déng bo, cdn déng phin trans khong xay ra:

OT H3r\N+
(CHy),N, S—s D N*= CH - (CH,);-CH=CH, <3¢ (CHj),

~ H;C OTs

Phén ting ciing c6 thé xdy ra phan cét cationit truéc nhu:

A
HO—CO*CHz-CHz'X—'ﬁ- O'—C-CHQ-CHz-&b—-"‘ C02 +CH2=CH2 + X

O
hay phan cdt anionit trudc:
(CH;),NCH,CH,C(CH;),Cl —* (CH,),NCH,CH,C'(CH;), + CI ' —>
—— (CH3)3N+=CH2 + CH2=C(CI'13)2

Phan ing xay ra khi N song song véi C-Cl. Cling ¢6 trugmg hgp tdn cong nucleophin
tuong ty E2:

0-
CHa'E CH,-CH,-OTs — CH3-? CH,.CH,-OTs — CH;-C-OC,Hs + CH,=CH,
o0 C,H.O +OTs
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9.7.2. Cac phan dag tich phan manh
I- Phdn itng tdch cia 1,3-diol
Céac 1,3-diol ¢6 nhém OH & cacbon bac ba hay & trén cacbon ¢6 nhém thé aryl bi phan
tich bdi axit:
|

HO—(F—¢—

iy c L
C—OH Zp 0=C +T:=? +H,0

!

R R

Phén tng nay diing d€ téng hop khi ¢6 it nhat mét nhém OH trén vong.
2- Phdn itng tdch a, -epoxy hydrazon

Céac xeton vong o, B- khéng no bj phan cit nhém epoxy cia din xuit tosylhydrazon
bdi bazo cho xeton axetylenic:

N - NH-Ts C
HO" %C— H
0 - —R

Phén ting c6 thé 4p dung cho tdng hop cdc andehit axetylenic (R = H) khi diing din
xudt cia 2,4-dinitrotosylhydrazon.

Céc hydrazon dugc téng hop tii epoXy Xeton va cdc vong thé N-aminaziridin chiu phan
manh khi dun néng:

CeHs

ff"‘*’ﬂ/ O
Q /l\ lso-noﬂg 3
O

CHO

3- Phdn ting decacbhoxyl hod axit f-hydroxy cacboxylic va BFlacton

_?|_ %_ (CH;);NCH(OCH;); —(!‘=é—-——

HO COOH

Nhém OH va COOH c6 thé bi tdch ra khéi B-hydroxy cacboxylic axit khi dun néng
héi Ivu ¢6 dur dimetylfomamit dimetyl axetan. Bing phuong phdp niy c6 thé 1dng hop olefin
¢6 mono-, di-, tri va tetra- 14n th€ vé&i hidu sudt t6t. C6 nhiéu co ché cho thdy phan tng tich
1a EI hay E2 véi chit trung gian 13 “0,C-C-C-QOO0C,H;. Phan tng c6 thé thuc hien & diéu
kién ém dju hon khi cé P(CgH;)5 va dietyl azodicacboxylat C,H;OO0C-N=COOC,H; (chi vai
giay & 0°C).
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Céc B-lacten ciing bi decachoxyl hoa bidng nhiét cho olefin véi hi¢u suit cao:

—— —(=—=(C— + C02
—C—C—
b
Phan itng nay 6 tinh chon Ioc 1ap thé tich syn.
4- Phdn img nhiét phdn p-hydroxy olefin
Nhiét phan B-hydroxy olefin cho olefin va andehit hay xeton:

R-é=é-{:-|&-0}{ S R-é-é=('; +¢=0

Olefin tao thanh tinh khiét vi khong c6 san phdm phu. Phan tng theo co ché perixyclic
da quan sit thdy phan dng 12 bac nhdt va néu c6 deutri thi deutri c6 & vi trf allyl cla olefin

mai:

Cic hydroxyaxetylen ciing ¢6é phéan tdng tuong tu cho allen va hop chéit cacbonyl va
theo ca ch€ tuong ty nhung cé tinh hinh hoc tuyén tinh cha lién két ba.

5- Phdn tmg nhiét phdn ete allyl
Ete allyl ¢6 it nhat mot Hy nhigt phan cho olefin va andehit hay xeton:

| 1 i i
R—(lj-o-t:c-(':=¢ 459 R.C=0 +$=c-$—~

Phan ing theo co ché vong twong ty nhu hydroxyolefin trén va ciing la phan ing
perixyclic:
N/ /

S £
R +
R ch (I:\H lﬁ\

6~ Phdn tng tach CO va CO, & hop chdt cdu

Hop chdt bixyclo ¢é nhém CO ¢ ddu cdu khi dun ndéng sé€ tdch CO cho xyclo-
hexadien:

331



N
&_ﬁ* ©+C0

Phan ing nguge vdi phan ting Diels Alder, duge ding diéu ché nhiing vong benzen the
dac biet va xyclohexadien. Hop chét bixyclo[2.2.1}heptadienon dé nhiét phan tich CO hon

do tao benzen thom bén:
R,
R, [\/ R !
Ry <o 2 _Rg
/ A
Ry Ry R R; Rs
Ry

5

Céc bixyclolacton ciing c6 phan tng loai CO, twong ty:

/
O
Vi,

7- Phdn iing dehydrat hoa andoxim thanh nitrin

Andoxim bi loai nuéc cho nitrin bdi nhitng tic nhan hit nude nhy anhydrit axetic:

—¢—H
R={ CHCOR0  p. cm=N
HO—N

hay etyl orthofomat va H, (CgHs)sP-CCl;, triclometyl clofomat CICOOCCI;, metyl hay
etyl xyanfomat ROCOCN, SeQ,... Phan tUng x4y ra khi H va OH & vi trf anti. Cic din xuit
ankyl hay aryl clla andoxim ciing cho nitrin khi tdc dung véi bazo, N,N-diclo cha amin bac
nhit cho nitrin bing nhiét phan.
Mudi hydrazoni bic bén tic dung v6i C,HsO" cho nitrin:
R—ﬁ— g CHsO"
N— NR;

R— C==N

8- Phdn ving chuyén hod xetoxim thanh nitrin
Céc xetoxim ciing chuyén thanh nitrin khi ¢6 axit Lewis:

R—C—C—R' oq
1 e

i R— =N + RCOO
HO—N O

nhu cdc oxim ciia a-dixeton, o-Xetoaxit, a-diankylamin xeton, w-hydroxy xeton, B-xeto
ete. Chang han:
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R—(C— CH2 ‘-’-I:IHZ KOH-etanol

B

Cé¢ xetoxim khi tdc dung véi axit Lewis hay axit proton la phan ng chuyén vi
Beckmann ma san phdm nitrin 12 phan dng phu. Song néu chit ban ddu cé cap electron
khéng lién két tham gia vao sy di ra cha nhém di ra tit cacbon d6 c6 thé phan cét tao thanh
cacbocation bén thi phan dng trd thinh chinh:

HyO
R— =N + CH;=N'H; 5 CH,=0 + NHR,

PCl
Ar,CH—C—CH; —» CH;—C==N + Ar,CHCl
N—OH
Co ché clia phan méanh va chuyén vi dugc nghién citu tir diy oxim tosylat cho thy, t6c

do phu thudc chil yé€u vio do bén cha R”, hai phan dng ¢6 chung moét chat trung gian, phan
tng phan méanh khong & giai doan ddu ma san phdm duge x4c dinh & giai doan sau:

CH3 CH;-C=N-R = CH;-C-NH-R

_ tautome
b o me @2 by, 8 (chugéavi
k-— OTs W .
I \ CH;-CssaN +R’ (phan manh)
R
chét trang gian chung
Céc truong hop khic, co ch€ phan ting 12 EJ hay E2.

Phan ing phan manh cia N-(1-tosyl-1-ankenyl)fomamit v6i CH;ONa dun héi luun
trong CH,OH 12 giai doan chuyén hod clla xeton thanh nitrin:
: R
R' NHCHO R’ - CHO I
L il | ﬁI dazq,  R—CH-—CN
R-C=C—Ts R- CH—C—Ts

Day 1a phuong phdp chung d€ chuyén hos xeton thanh nitrin bing cdch cho xeton tic
dung vdi TsCH,NC thanh N-1-tosyl-1-ankenyl)fomamit réi phan manh.

9 - Phdn iing tdch nirozo thanh diazoankan

Cic hop chdt N-nitrozo-N-ankyl tic dung véi kiém cho diazoankan, thudng ding
N-nitrozo-N-metyl-p-toluensunfonamit véi etylat dé diéu ché€ diazoankan:

H  $OCoHLCHy o o
ch_ N— N=0 + C2H50-_-"" R2C=N= N + CH3C6H4802C2H5 + HO

cling dung mét s8 tic nhan khdc, trong d6 N-nitrozo-N-metylcacbamat v N-nitrozo-N-
metylure cho hiéu sudt t6t.
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NO NO NO
R,CH—N—CONH; R,CH—N-—COOC;Hs R,CH~N— COR’

N-nitrozo-N-ankylure N-nitrozo-N-ankylcacbamat N-nitrozo-N-ankylamit
Tl\IO
RyCH— N— C(CH;3),CH;COCH;
N-nitrozo-N-ankyl-4-amino-4-metyl-2-pentanon

Phan tng c6 thé bit ddu bing chuyén vi 1,3-nito ti oxy va tiép theo 1a phan dng tdch:
OC;H,

E;\ﬁ’ - R2c|:\'N £ NLO — COOCH; —>

RZC_ ®© o -
Rz(r‘_~—N=N + BH + H5C20-C00 — C2H50H + C02

10- Phdn ing tdch phdn mdnh y-hydroxyhalogenua

Céc y-diankylamin halogenua khi dun néng ¢6 H,O bj tich phan manh thanh olefin va
mudi iminium réi thuy phan cho andehit hay xeton:

| F H,0 | lli - +
RzN—?—(IZ—CI—X = (l'.‘=(|3— + X + R2N=(|3 —- 0=|C
R R

Ciéc y-hydroxyhalogen hay tosylat phin manh bing bazc:

HO- (- (::—(':-x L N o=(::
I h o
Vai trd cia HO™ chi 1a téch 13y proton cia HO d€ thanh nhém c6 tic dung thic ddy
nhém di ra d& hon:

R R
| | |
HO- C- c—q-x Ho 9 0'?‘?‘?"‘ —
R R
R R
AN |
ORI o ot 4 b
R R

Phan tng thudng 13 £, ciing ¢6 mot vai trudng hop 13 E2. Céc déng phan 14p thé clia
y-aminohalogen vong va tosylat v6i hai nhém di ra c6 c4u dang déng phing anti déu theo co
ch€ E2, con n€u khong dim bio duge tinh 1ap thé d6 thi téch theo E/ hay khong bj tich
phan manh.

y-Diankylamino ancol khong bi phan manh vi cdn ion hod HO thanh H,0" hay NR,
thanh N*HR, nén khong con cip electron ¢ip do6i cén thiét cho sy hinh thanh lién két déi véi
cachon.
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9.8. PHAN UNG TACH POAN MACH
9.8.1. Phan ing va co ché

Phan yng tdch doan mach (extrusion) 1a phdn tng trong d6 nguyén tir hay nhém
nguyén tir Y ndi v6i hai nguyén tir khdc X vA Z, Y di ra khéi phan tir dé tao thanh sin phim
do X li¢n ket tryc ti€p véi Z:

X-Y-Z — X-Z + Y
C4c phan Ung ndy thudng gap Y = -N=N- > -C0OO- > -SO,— > -CO-
Céc nhém nay thuomg 1a di 16 hay nhém di t6 di ra khdi phan tir nhu 12 N, O, S.

Phan ting x4y ra theo céc co ch® khdc nhau vi hién nay chuwa gidi thich dugc hoan
toan.

1- Phdn ing tdch tao thanh lién két o, thudng phan tich nhiét din xuit azo theo co ché
gdc. Chdng han nhiét phan hgp chét azo tich N, theo co ché géc:

{CH, CH3 R ICH3 FH3 FH3 FH;
CHy~ ¢~ N= N—C—CH3 — CHy—(" +C—CH3 +Ny — CHy— ?_C"CH3
CH3 CH3 CI'I3 CH3 CH3 CH3
v6i cdc hop chit vong cho géc kép réi vong hod:
HC e ™ CN
(Y —
.N CN
A CH,
H;C CN

Khi nhi¢t phan hop chét nitrozo hay S theo co ch€ ion va phin ing déu dugc bao toan
cfu hinh:

CgHs -(fH-lT-CHzcsz —» CHs- ?H - CH,GHs + N;O

CH3 N=0O CH3
BrC6H4—(”3-CH2-S-(”2-C3H7 —» BrGgHy-C ” CHz-ﬁ'QH? +8S
O O O

2- Phdn ving tgo thanh lién két n thuong di tix cde hop chdt vong:

o

NN— H R
H, 7~ \ — \C=<H +N,0

K R

SENe

\:/ —» R-CH=CH- CH3 + Nz (99%)
NCH
3
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9.8.2. Céic phan tng tich doan mach
1- Phdn iing tach doan mach cia N,
Céc hgp chét vdng chifa nhém azo dé bi nhiét phan hay quang phan tich ra N,.
Chéng han 1-pyrozolin (37) chuyén thanh xyclopropan va N, khi quang phan hay

nhiel phan:
! \ hay & Z \N
A
ay hv N2 Ahay v -

xdc ¢ |
N H
I-pyrazolin 2-pyrazolin
(37) . (38)

Dong phan cia n6 14 2-pyrazolin (38) bén hon, cin 6 thém xiic tdc axit hay bazo véi
chitc nang chuyén ho4 2-pyrazolin thanh 1-pyrazolin, n€u khong cé xiic tic thi (38) khong
phan ting.

Co ch€ cha phan ing ndy 12 co ch€ géc kép réi vdng hod. Sy tao thanh g6c kép phu
thudc vao chét ban ddu va diéu ki¢n phan iing (& trang thdi singlet hay triplet):

QNE-[_;A

3-H-Pyrazol (39) bén véi nhiét hon nén chuyén hod bing quang hod:

hv
LA
[NﬁN A +N;

3-H-pyrazol
39

Co ché trong trudng hop nay c6 thé di qua hgp chdt diazo réi m4t N, cho vinyl cacben:

N'

N6i chung, phan ing quang ho4 cho hi¢u su#t t5t hon va it san phdm phu hon.
Cic triazol nhu triazolin cling chuyén hod thanh aziridin bing nhiét hay quang hod:

R
[
/ \ Ahay kv N
It N\ "N + N2
N /\

trizolin
2- Phdn itng tdch doan mach cia CO va CO,

Mot vai xeton vong c6 thé quang ho4 tao thanh san phdm riit vong. Chéng han xeton
tetraxyclic (40) quang hod cho san phdm (41):
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® oo
S

(40) (41)
Phitong phdp ndy thudng ding dé idng hgp retra-tert-butyltetrahedran:

(CH3);
(CH%CH3)3 (CH3)3C
-100°C
CH
(CHs)s C(CH3), (CH;3);C

0

C(CH3);

Co ché ctia phan tng dd dugc Norrish dva ra do phan cdt lien két C-CO tao géc tv do
r6i mat CO cho g&c kép réi vong hod:

o nCmn €~

Mot vai lacton cling tich CO, khi dun néng hay chi€u sdng, chdng han nhiét phan hop

chat (42) sau:
H5C
{ -
C

)
CH3
CH; (42

hay quang phan 1,2-dioxolan-3,5-dion sau cho a-lacton:

Q 0
O
[ hv
0 77K o +C0,

C4c diaxyl peroxit RCO-O0O-COR ciing dé loai CO, khi quang phan & trang thdi rin
cho RR, ciing ding phuong phédp dién ly nhung hiéu sudt thip hon (xem phan ing Kolbe).

3- Phdn iing tdch SO,
Khi quang phan hay nhiét phan mot s§ sunfon vong cho san phdm rit vong:
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0 =

Céc vong 5 canh thudng riit thanh vdng 4 canh khi tdc dung véi butyl liti réi phan wng
ti€p véi LiAlH,:

C4H9Ll LIAIH4
d:oxan

Phédn ting nay nhay khi ca hai vi tri @ vd &’ clia nhém sunfon dinh véi goc ankyl.

4- Phdn iing tong hop Story

Khi dun néng céc xycloankyliden peroxit trong dung méi tro nhu dekan s& tich CO,
cho xycloankan va lacton:

; 20_ 170- zm“c f{j
O@ dunL mbi (@ 0O + C02

CHz)l

San phim xycloankan kém 3 cacbon so véi chat ban ddu va lacton kém hai cacbon.
Hai san phdm cho hi¢u sust bing nhau thudng khodng 15 dé€n 25%. Phan itng tuy c6 hiéu
sudt thap nhung thudng ding dé€ téng hop cdc chit vong 16n ma khong cé cich ndo khdc
hon, thudng tdng hop vong tir 8 dén 33 canh.

Phuong phdp ciing 4p dung d€ tdng hgp céc xycloankan va lacton bing dime hod céc
xycloankyliden peroxit:

OO 225 (T e
cHay/

Ca hai dime va trime xycloankyliden peroxit dugc téng hop tir xycloxeton tuong tng
v6i HyO, trong dung dich axit. Thudng trime peroxit sinh ra ddu tién vi chuyén thanh hgp
chat dime.

5- Phan ing tich S

Céc thioeste ma phdn gdc hydrocacbon c¢6 chia nhém cacbonyl & vi tri B khi c6
photphin bac ba trong moi trudng bazo sé chuyén thanh p-dixeton:
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R—C—CHy—§—(—R (G R—C—CHy—¢—R
g l) (C3Hig);N-LiC10, O

Cic thioeste téng hop ti thiol axit va a-halogen xeton.
G- Phdn ing tach doan mach Twofold
4,4-Diphenyloxathiolan-5-on chuyén thanh olefin khi c6 tris(dietylamino)photphin:

s ,R R
H,C X PNCHYL  HsCon < N
H5C6 o R H5C6/

4 4-Diphenyloxathiolan-5-on duge téng hop bing ngung tu axit thiobenzylic
(CsHs),C(SHYCOOH véi andehit hay xeton.

Phan ting ndm trong mo hinh chung cla phan Ung tich doan mach Twofold loai hop
chit (43) v6i nhém di ra 1a S, N=N (X v2 Y & duéi) khi quang phan hay nhiét phan:

X
XK
R
Y
(43)
Chang han khi quang phan 1,4-dion (44) va nhi¢t phan hgp chdt azo sunfua (45) vé6i

(CeHs)sP:
O
OO
L@ Y (OO

O

(45)
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Chuong 1 0

PHAN UNG CONG ELECTROPHIN A,

Lién k&t doi hay ba c6 kha niang thuc hién phan ting cong bing b6n cdch khic nhau,
trong d6 mot cdch 1a cong déng bo con ba cich 1a qui trinh hai giai doan vdi giai doan ddu
12 cong electrophin, nucleophin hay gdc va giai doan th hai 12 két hgp gilia cdc ion ngugc
diu. Trong chuong nay dé cip dén kha ning cOng cilia tdc nhan electrophin vdo hgp chét ¢é
lien k&t boi goi 1a phan ting cong electrophin, ky hiéu Ag.

10.1. CO CHE CHUNG CONG Ag

Phan ting céng electrophin Ag xay ra ¢ nhimg hgp chit khéng no chita lién két boi véi
cdc tdc nhan electrophin 1a phan {ng phan cyc, nguge véi phan ing tich E & trén.

So dé chung cva phan Ung la:

Qua trinh phdn ing gém hai giai doan, trong d6 giai doan quyét dinh t&c d6 12 sy hinh
thanh cacbocation.

Hop chat ban ddu 12 nhitmg hgp chat chifa lién k€t bdi, nghia 14 ¢é mat do electron 16n
nhu cdc loai sau:

- cacbon - cacbon: C=C, C=C cua hgp cht mach hé hay vong;

C—C ciha hgp chdt vong nho.

- cacbon - di t6: C=N, C=0, C=N.

- di t6 - di t8: N=N, N=0,

Téc nhan khong nhit thiét 1a ion duong ma c6 thé 14 ddu duong ciia mot ludng cuc ma
phin dién tich 4m s& tich ra sau giai doan d4u. Khong phai tdt cd cdc phan ting cong Ag déu
tuan theo quy tdc don gidn chung 46 ma cé thé cé nhiéu co ché€ khic nhau.

Téc nhén electrophin 1a nhiing ti€u phan c6 obitan tréng & dang cation hay phan tir
trung hod hay ddu duong ctia mot lién két phan cyc cia tdc nhan:

340



H* ::'C-'- —Qt— ; Nt— Xt
~
axitmanh  ion cacboni HO* NO,*,BFy  CI".CIOH

HNOy/H*
B :C :N (0:)
BH, BF, cacben nitren R-CO-0O-OH
’ :N-SOzR

Téc nhan E* t4n cong vao C lai hod spz, sp hay sp® (ctia hgp chét vong nhod) cé mat do
electron 14n nhét. Hudng tdn céng vao obitan x bi chi€m cha lien k&t boi nim thing géc vdi
mit phéng cia lién ket boi hay vong. Lien két hinh thanh 13 do tuong téc cha obitan tréng
cla cation hay obitan tréng ty do clia nguyén tif trong tic nhan trung hod v6i obitan w, dé
hinh thanh lién két C-E va giai phéng obitan p clia cacbon thit hai hinh thanh cacbocation
trung tam. Phan img ¢6 thé do t84n coéng ddu duong cha mét phan tir phan curc vao lién két n:

1 v
—~). z

Phan ing thudng chiu anh hudng cia nhém cho electron nén phan ing c6 gi4 tri p am.
Phan {ng ciing dugc quan niém nhv 13 phin dng axit-bazo hay cho - nhan véi
electrophin 14 axit hay chét nhan, con hgp chét khong no 12 bazo hay chat cho.

Phén tng cOng electrophin nay c6 thé xdy ra cdc loai phan ting sau phu thudc vao timg
loai phan ting:

1-

Et tY

- | ®&_-
g+ Jc=c{ — =00

E-Y

| ® o | |
—cZ +Y E—C—C—
E—(IZ C. T Y —» (|3 ‘|3 Y
Co ch€ nay c6 sy phan ly trude tic nhan electrophin thanh cation t4n céng vao lién két
doi dé hinh thanh cacbocation & giai doan quyét dinh t6c d6 cia phin ing nén 1a Ag2:
v =k[ EY][C=C]

Trong co ch€ ndy, giai doan dau giéng Sy/, cation hinh thanh ¢6 thé t6n tai & dang
cation vong oni do tuong tdc cua obitan tréng cla cation véi obitan # cla electrophin:

N v
ey _c/%_
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Chat trung gian ndy hinh thanh nhu 13 co ch€ nhém ké trong phin ¥ng thé nucleophin
va sif tin céng cla nucleophin & giai doan 2 cfing gi6ng nhu Sy2 12 tdn cong sau.

Nghién ctru vé cfu trdc obitan cho thdy, ion cdu bén hon ion dang hd va sy hinh thanh
ion cdu Ia can bing.

Nhu vay ¢6 co ch& cacbocation ty do va cacbocation cdu nhung déu 1a co ch€ Ag2.

D& phan biet hai co ch€ niy, ngudi ta ding phuong phéap lap thé. Tinh 1ap thé cla phan
{tng 12 hai cacbon cta lién két d6i va bén nguyén tir lién ket trong chdt trung gian la phai ¢
trén mot mat phing nén cé ba kha nang: E va Y di vio cdng mét phia lien két doi, goi la
d6ng phing syn hay cong dic thii 1ap thé syn (cis), di vao tir hai phia d6i nguge nhau goi la
déng phing anti hay cong dac thii 1ap thé anti (trans) va khong dac thi 14p thé. Chéng han
khi cong electrophin vao cis-olefin theo co ch€ cong syn cho san phdm cip erythro:

Cong syn : Y Y
e !
E _~\ B E ~p
B A/C\ -
hay E E capervihrod, !
it L
A/
Al // N\B —_ I B
B; K ~g
va cOng anti cho cip threo:
Cong anti: oA ™
/5 /Y
ha A/ h B cap threo d, !
y A >
Al // ? Np Y/ N
B): ,a( N

Nghién ciiu cho thdy, ion cdu bén hon ion dang hd va sy hinh thanh ion cdu 14 can bang.
Trong trudng hgp ion cdu khong déi xiing nhu dang:

ig*r/c
thi sy tdn coéng sau cha nucleophin phu thudc vao diéu kién nhung thudng wu tién cOng anti
hion va c6 su chon loc vi tri,
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2- | ]
E-Y + c=¢{ — &$—%i + Y —= E—C—C—Y

Co ché€ nay ciling hinh thanh cacbocation quyét dinh t6c do phan iing nhung tén tai &
dang cap ion, phu thudc vio khi nang phan ing cla hai ion ¢6 th€ hay khong thé tr& thanh
ion ty do trudc khi két hop dé hinh thanh san phdm.

Co ché nay ciling 14 ludng phan tir Ag2.
v = K{EY][C=C]

Phan ting & dang cacbocation tu do khong dic thd 14p thé vi ¢6 sy quay ty do cia ion,
song con phu thude vao thdi gian tén tai cla cation, tinh bén cla cation va tén tai & dang cip
ion. Né&u t6n tai & dang cap ion thi ¢6 cOng hgp syn:

A
E-’?‘C/A ‘P%:. Afl\
B
Af:\// \B—l- A\F —- (f/ B
B X B

3- Phan tng cong c6 thé xay ra bing su tdn cong ban d4du khong vao mot cacbon ma
déng thdi vao ca hai cacbon:
R Y

Phan tng thudng di qua trang thii chuyén b6n trung tdm va thudng 1a cong syn. Ciing
¢6 nhimg trudng hop khdc tao trang thdi chuyén vong nim hay sdu canh. Co ch€ nay ciing
goi 1a cong vong, dac trung 12 loai phan ing Diels Alder.

4-
Y-E |
E-Y + =C{ —» C-—-CI — E—é—§—v + EY
e N / ~ f
Y-E

Co ché cong hgp vira electrophin, vira nucleophin cia hai phan tir ti tic nhan vao chét
ban d4u. Phan ting 12 bac ba Ag3 c6 trong mot s§ phan tng cu thé:

v = [C=C][EY]?

Phén ttng ¢6 thé 1a tdn cong déng thei clia E vA Y nhung & hai phia ngugc nhau ciing
1a Ag3 1a cong ba phan tlr (termolecular addition) di vao trang thdi chuyén, nguoc véi E2,
ciing cén ¢é tinh hinh hoc.

Trong trudmg hop electrophin 13 proton, sy hinh thanh ion cdu 2 khéng thé va co ché
1a cOng Ag don gian:
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Voo

Y H
—_C=—(C— + H' —»= —8—C— —_— —é—-—-é—
=% [

l |

Phan ting vAn 1a Ag2 v ¢6 dic tinh sau:

1- Phan ting c6é xuc téc axit chung, khong phdi I dién hinh dua dén su chuyén proton
tlr axit t&i lien k&t doi la quyét dinh téc do.

2- Khi cgng proton tao cation mach hé, cdc géc ankyl th€ 1am 6n dinh dién tich duong
khong c6 hiéu tng kich thich 16n nhu trudng hgp tao cation cdu. Sy thé€ hai hydro & trén mot
cachon gay ra su tang 16n 16c 49 phin tng (bic 1— bac hai -» bic ba), nhung cong vao
cacbon khdc thi hidu ¥ng rat nho hay khong xiic tién,

3- Cabocation mach hé ¢6 chuyén vi, twong ty nhy & Sy/.

N6i chung, co ch€ ¢6 sy hinh thanh chét trung gian cacbocation hd, ion cdu d6i xiing
hay ion cdu léch, trir co ch€ Ag3, 1a giai doan cham quyét dinh té¢ do phan tng va su t4n
céng cua nucleophin & giai doan hai 14 nhanh, tuy nhién ciing ¢6 trudng hop phén tng xay ra
voi giai doan thi hai 12 cham quyét dinh t8¢ 46 phan ing.

10.2. PHAN UNG CONG Ag CUA ANKEN
10.2.1. Co ché

Phan ting Ag vao anken cling xay ra theo co ch€ chung & trén qua hai giai doan, véi

giai doan hinh thanh cacbocation quyé&t dinh t6¢ d0 phin ing:
l

E-Y + 7C=C< — E—(#—%: Y —- E—(%_F_Y
vdi EY = halogen (Cly, Br,, I); H-halogen (HCI, HBr, HI), H,;0, HO-halogen (HOC], HOBr).
Phan ng dugce xidc ti€n khi ¢6 nhém thé cho electron nén p 4m.
X-C¢H4~CH=CH, + Br, — X-C¢H,~CHBr-CH,Br p=-4.3.
Anh hudng ciia nhém thé ching té phan ng x4y ra do twong téc clia obitan 1 ¢6 ning
lugng twong ddi cao (baza Lewis) vdi obitan ty do clia electrophin (axit Lewis).

Phédn \ing c6 d6 nhay cao véi cdc nhém thé cho electron (véi p am va ¢™) cho phép dé
nghi ring phin #ng duoc thuc hién qua trang thdi chuyén phan cuc cao, c6 c4u tric gin vé6i
cdu tric cacbocation. Thuc t&, phén itng xay ra qua phic = cla tdc nhan véi chat ban ddu:

N NCE  X-E

Sc=c{ +EY —> ﬁ’ EY —» -
s N ™~ =Y |
\ Tz

A R

Cacbocation hinh thanh cé thé tuong tic v6i cdc nucleophin c6 trong hén hop sin
phim. Chang han, phan tng clo hod anken trong dung dich rugu nuéc c¢6 mat KBr:
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— - cc1 (5(:1 -
B (OCLCBr—
. GB/ ]-{0 )
Se=c +a - A—CN - cc1 &OH) -
Cl CyH;0
T - cc1-C(002H5)—

Cacbocation ¢6 thé 6n dinh bing cdch tach H theo co ch& E dé tao olefin. Chéng han,
clo hod isobutylen:

(CHy),C=CH, + Cl, —= (CH;),C*CH,Cl—» CH,=C-CH,Cl + (CH3),CCl-CH,Cl
CH,
Cacbocation c6 th€ chuyén vi, ching han:
(CH5);CCH=CH, + HCl —> (CH,);CCHCI-CH; + (CH,),CCl-CH(CHj),

Cacbocation c¢6 thé két hop v4i anken dé tao thanh polyme theo ca ché triing hgp ion
nhat 12 khi c6 xic tdc thich hop cho sy tring hep, ching han:

(CH,),CH=CH, —> (CH;)C'-CH; — (CH;);C-CH,C"(CH,),
Cic telome nay ciing c6 phan tng t4ch cho cdc san phdm khéc nhau.

Phan ttng c6 sy canh tranh theo nhiéu hudng phu thudc vao diéu kién phan tmg khic
nhan.

Co ch& Ag vio anken ciing nhu trudng hop chung clia cong Ag & trén, déu 13 bic hai ¢
thé di qua cacboction tir do hay ion cdu v c6 tinh 14p thé cong syn hay anti.

10.2.2. Phircnva o

S két hop E* vao n6i d6i anken cé thé xdy ra tao thanh cacbocation hay phitc =
chuyén t6i cacbocation:

E"‘
~C=CC +E* —[>C=1=C<
)(I:_c*i
E

Hinh 10.1. Sy hinh thanh phic =

Phiic = tao thanh tir olefin véi tinh chét ciia chét cho véi obitan s hay p cia axit 1a chat
nh4n, nén cé thé coi nhir 14 phitc cho - nhan hay phitc chuyén dich dién tich. Sy hinh thanh
phitc © do ¢6 su chuyén dich dién tich nén ¢6 moémen ludng cuc, electron & duge dao dong
trong khoing khong gian 16n hon nén hinh thanh pic hip thu méi ¢ s6éng dai hon trong UV,
tuy yéu, nang lugng tao phic chi vai kcal/mol. Khoang cich gilta cdc nguyén tir 1on hon lién
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két o nhung nhd hon téng ban kinh van der Waais, N&u axit con ¢6 obitan d thi cdc obitan
nay cé chdt ddy electron do c6 chuyén dich dién tich nén c6 thé chuyén ti€p sang obitan - 1~
nhu phitc ciia kim loai chuyén tiép.

Khi tao thanh phitc =, phan tir ch4t nhan tr& thanh phan cuc hay c6é thé ion ho4 do tinh
bazo ciia olefin hay kha nang solvat ho4 clia moi tridmg 1am thuan 1¢i cho su jon hod nay.

Phitc 7 tao thanh do sy xen phi cila obitan tréng ty do AO-p ciia E* v&i obitan = lién
k€t clia olefin, cdn cacbocation tao thanh do sy gidi phéng obitan AO-p lien két clia cacbon
khi E* da lien két véi cacbon kia (xen phll chia obitan LUAO cia E* v6i HOMO ciia
cacbon).

Lien két cho nhan trong phiic = 12 lién két cong ho tri binh thudng khéng cé sy phan
chia dién tich, tuong tu nhu lién két C-N trong N'(CH,),. Dién tich trong phic © phan b6
gita E* va hai cacbon cha olefin, trong d¢6 E vA mot cacbon duong hon, con trong
cacbocation c6 mot cacbon duong hon cdc nguyen tir khdc. Do d6, dua nhém th€ +7 1am én
dinh cacbocation.

Cacbocation tao thanh nhu 13 san phm trung gian cho phin Wng, cé khi nang tic
dung véi anion cia nucleophin hay v6i phan tir nucleophin khéc, ching han, dung moi, tic
dung véi olefin cho phan ng triing hop, ¢6 thé tich proton d€ tao thanh olefin va cé thé
chuyén vi thanh cation bén hon.

Qud trinh hinh thinh cacbocation trung gian di dvgc x4c nhdn bing hiéu ving déng vi,
bang tinh quang hoat ciia sn phdm. Chéng han, phan ng sau:

U ROH
chim nthanh
p H

quang hoat khong guang hoat
Chat ban ddu hoat dng quang hoc, sau khi két hop proton tao cation khong quang
hoat vi ion ¢6 c4u tric d6i xitng, san phdm thu duge 12 san phdm raxemic ho4.

Ciing nhu dung phan iing tir ch4t ddu hoat dong quang hoc chuyén thanh cacbocation
d6i xitng khoéng quang hoat, tuy trung tdm b4t d6i khong mat di, t6c do tao cacbocation
tuong Ung véi su thay déi tinh quang hoat:

ISOH
nhanh I
H g e CgHs-C-CHs
el + cham e H,'*0
CGHS' C- CH3 + H — CGHS - N CH —_t "
CI)H 3 -—D'-c i,lrn C6H5 - CH = CH2
quang hoat khong quang hoat )

Giai doan cOng hop nucleophin 13 giai doan nhanh, song ¢6 tinh chon loc cia
cacbocation v§i nucleophin.
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Khi tao thanh phitc n, ning lugng E, bang ning lugng cong hod tri cha olefin véi E*,
con nang lugng tao thanh cacbocation bing:
Ecp+Ecc—Ecc
v6i Ec.p 12 nang lugng tao thanh lién két C-E, Ec ¢: ning luong tao thanh lién k€t C-C, con
Ec_c: nang lugng lien k&t ban déu.
Su khdc nhau vé nang lugng gifta phiic = va cacbocation la:
Ecg-Ex—Ecc-Ecc
Lién két C-E va lién két n trong phite déu 1a lién két gifra E va C, song lién két C-E
bén hon lién két n, do d6, su thay ddi lien két C-E lam thudn lgi cho sy tao thanh
cacbocation hon. Thuc t€, lién k&t C—Cl bén hon lién két C-Br, nén khi két hop véi anken,
clo phan ting di qua cacbocation nhiéu hon, cdn brom di qua phitc n nhiéu hon.

Phén ting ndy dé phan biét khi xét vé hod hoc lap thé.

Khi chuyén tir cacbocation sang phifc # doi hodi phai chuyén mot phén electron 8¢ nio
d6 tix E t0i cacbon, tang tinh am dién cda E 1am kh6 khan cho su chuyén ndy nén tang tinh
am dién cha E 1am d& dang cho sy tao thanh cacbocation:

Sq+
E;C—c®< — X i cZ
/ +(1-5¢)
Sy thay ddi nang luong ndy bing (o — ag)dq v6i o, og 1a tich phan Coulomb cha C
va E. Do su chuyén electron ndy, déng théi véi su ting do bén cia C-E, clo thudng cong
qua dang cacbocation hon 14 brom. '

Khi tdc nhan E c& cap electren khong lién két 1am dé dang cho sy hinh thanh phic n
vi c6 su tham gia ciia cap electron ndy v6i lien két =, thudng goi 1a sy phoi tri ngugc:

. (i_c/
00 7

D6i véi nhitng tdc nhan 13 phan t&, ching han nhu brom, sy tao thanh phic n do cip
electron d cla tic nhan v&i obitan clia anken. Thudng c4c phifc nay cé tinh d6i xitng hon:

g\‘g@ecoso

Nhu vay, phdn ng cong Ag vio anken cé thé xay ra theo co ch€ qua phiic x hay
cacbocation, con goi 14 phite o, phu thudc vio ban chit cha tdc nhan. Khi cong hop véi
proton, phan dng ludn theo co ché cacbocation:

347



Z
|
- ~
Sc=c{ H" - /c c — /C C\ v e—c
H Z H
vi H' khong c6 obitan p, d¢ am dién ciia C va H rdt gdn nhau va lidn k& C—H rat bén.
Khi cdng hop véi I* (ciia ICI) phin ng xdy ra qua phitc n:

Sc=c{+ I - S Je—C <

V1d6 bén ciia lien két C-I thap, d6 am dién ciia I khong cao va I* ¢6 cap electron n c6
kha nang phéi tr{ nguge 1am thuan 1gi cho phic 7.

Ciing c6 tai li¢u cho ring, sy két hop cia E vio anken truéc hét xdy ra sy tao thanh
phiic m, sau d6, hodc phitc m két hgp véi tic nhan Nu véi t6c d6 nhanh hodc cham hay
chuyén thuan nghich thanh cacbocation. T4c nhan E t4t nhién két hop vao cacbon cé mat do
electron 1én nhit:

Et chim ;CF—E <
So=cr B > St F 7
{ nhanh ;C C/

Tu phitc = su phan tich thanh cacbocation di qua trang thii chuyén x4c dinh t6c dé c6
dang:

R - CHP=222 CHy- ==~ Xo---YY
Co ché cha phéan Ung trén ciing phu thugc vao cfu tric chdt ban ddu, dung méi va xic

tdc. Chéng han, t6c d6 brom ho4 tuong d6i cia L-penten trong CFCl,—CFCl, 1 1 thi trong
metanol 12 10%, trong nuéc 12 1011,

10.2.3. Hoat tinh

Cling twong ty nhu phdn tng th€ electrophin vao nhan thom, phin tng cong
electrophin tédng khi tang hoat tinh & lién ket déi, nghia 1a ting mat d6 electron & néi doi, do
d6, cdc nhém thé hiit electron 1Am gidm t6c 46 phan ing, cic nhém thé cho electron lam
tang t6c d0 phin ing, ching han, phan itng Ag tang theo diy sau:

CCI‘;CH=CH2 < CClzCH=CH2 < CICHzCHz(:HZ < CH3CH=CH2

Cic phan dng th€ electrophin cdng gidm khi cing ting s6 nhém thé hit electron,
chdng han nhu CF,=CF, khong thé cong electrophin ma chuyén sang cOng nucleophin.
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Bang 10.1. Hoat tinh twong d6i clia anken véi brom trong axit axetic & 24°C

Qlefin Téc d¢ tuong ddi
C¢H;—CH=CH, rit nhanh
CeHs-CH=CH-CgHs 18
CH;=CHCH,CI 1.6
CH;=CHCH,Br 1.0
CeHs—CH=CHBr 0,11
CH,=CHBr 0,0011

Bang 10.2. Hoat tinh tuong d6i cia anken v6i brom trong metanol

Qlefin Téic 4o tuong déi
CH,=CH, 3,0.10"
CH,CH,CH=CH, 2,9.10°
¢is-CHy;—CH=CH-CH, 1,3.10°
(CH1);C=C{CHs); 2,8.107

Néi chung, cdc nhém ankyl 1am tang t6¢ d9 ctia phan ving cdng electrophin va cé su
khac nhau phu thugc vao chat trung gian hinh thanh 13 ion c4u hay ion mach hd.

Chéng han, khi brom hod hay mét s& tdc nhan electrophin khdc ¢é giai doan ddu la
giai doan quyét dinh téc do thi t6c 4o tang twong quan véi the ion hod cla anken va khi dé
y&€u 16 14p thé khong quan trong. Khi oxy thily ngan hod hay hydrobo hod cdc anken, giai
doan sau quyét dinh t6¢ d6 va hiéu tng 1ap thé & day rdt quan trong.

10.2.4. Huéng cong — Quy tic Markovnikov - Zaitsev - Wagner

Khi tién hanh phan iing nhu halogen hod, thudmg goi 1a tdc nhan d6i xitng, vio mot
anken d6i xing khong cdn xét dé€n hudng tdn coéng & giai doan quyé&t dinh t6¢ do cha phan
itng vi déu hinh thanh moét san phdm, song d6i vdi nhimg tdc nhan nhy HX, goi 1a tic nhan
bat d6i xing vao anken cling bit d6i xidng thi cAn phai xét dén hudng tan cong & giai doan
quyét dinh t6¢ do cla phan ing do hinh thanh hai san phdm khéc nhau:

CH,;—CH=CH, + HX — CH;-CH,X-CH,; + CH,CH,CH,X
(chinh)

Phan ng xay ra wu tién theo quy téc goi 12 quy tic Markovnikov: Khi céng mot tic
nhan bat dot xiing vao moét olefin bat d6i xing, hydro hay phdn dién tich duong clia tic nhan
cong hgp vao cacbon chifa ndt doi c¢é nhidu hydro hon (hay vio cacbon it ankyl hoi nhat),
phén anion két hop vao cacbon kia.
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Quy tAc nay hinh thanh d3 hon 100 nam v chi 4p dung khi cacbon néi doi c6 s6
hydro khic nhau.

Khi nghién ciru nhitng anken c6 s6 hydro nhu nhau, nhi loai metylankyletylen:
CH;CH,CH=CHCH; + HX — CH;CH,CH,CHXCH; > CH;CH,CHXCH,CH,

Zaitsev - Wagner dé ra quy tic: Hydro (phén dién tich duong) két hgp vio cacbon néi
do6i dinh v61 nhém ankyl I6n hon, phédn anion két hop vao cacbon dinh véi nhém metyl.

Thuc t€, hdm lugng ctia hai phdn nay chi chénh lech nhau khoédng 5 + 10%.
C6 thé ding hiéu ting electron dé giai thich hai quy tc trén:

@
CH; = CH*= CH,* + H* — CHy—CH—CH,
+

do dé, quy tic Markovnikov ¢6 thé gidi thich bing hiéu ing electron nén cé thé phit bidu
nhu sau: Hydro (phdn dién tich duong) cong hop vao cacbon n6i d6i c6 mat do electron 16n
nhét. Hiéu ing eleciron khong gidi thich dugce quy tic Zaitsev-Wagner.

Phan ing cdng duge quyét dinh bing sy hinh thanh cacbocation va trang thdi chuyén
gén vé phia cacbocation nén phén Ung phii vu tién tao thanh caction bén, do d6 cé thé phat
bi€u t6ng quédt hudng cong vdo n6i d6i nhu sau: Phin éng cong electrophin xay ra theo
huéng tao thanh cacbocation bén hon. Quy tic niy c6 tinh téng quat hon va gidi thich duge
ca quy téc Zaitsev - Wagner:

CH;-CH=CH, + H® — CH;-CH'-CH; > CH,;-CH,-CH,"

CH;CH,CH=CHCH,; + H* — CH,;CH,CH,CH'CH; > CH,CH,CH*CH,CH,

nghia 13 cation bén hon cho phan ing nhanh hon do c6 ning lugng hoat hod thdp hon. Néu
nang lugng céc cacbocation khic nhau cang I16n thi ty 1 san phdm khdc nhau vé huéng cing
16n, né€u it khic nhau thi ty 1¢ it khdc nhau.

Néu trudng hop phin iing tao phitc =, sy tdn cOng cla nucleophin luén huéng vao
cacbon ankyl hod nhiéu hon, chéng han phan ing:

l+

+ 1Cl — CHj- CHACH, —» CH; - CHCI- CHyl
Cr

Tinh bén clia cacbocation phu thudc vao nhém thé.

CH, - CH = CH,

Néu nhém th€ c6 hiéu vng +/ va +C, 1am ting mat do electron cua lien két doi, 1am
ting kha ning cdng cia anken ddng thdsi tuan theo quy tdc Markovnikov:

CH}‘CHz‘"CH=CH2 + HX — CI‘I3—CH2*CH+—CH3 i CH3—CI'IQ_CHX—CH3

Con trong hop chét sau, san phidm ciing phu thu6c vao hiéu tng +C:
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&
L25) —_—
CH;-CH=CH-Br + HX — CH;-CH-CH,Br + CH; - CH; - CH=== Br
* + Br

CH; - CH - CHyBr CH3-CH2-CH<X
X

B
Br - CH,CH,CH} -« BrCH,-CH=CH, + HX —» BrCH,- CH- CH,

BrCH, - CH - CH,

Néu nhém th€ & néi doi c6 higu \ng hiit electron nhue CN, COOH, CF, 1am cham phan
Ung va hudng phan ting cong trdi quy tic Markovnikov:

CF;-CH=CH, + HCl — CICH,CH,CF,
CH,=CH-N*(CHj); + HCl — CICH,~CH,~N*(CH,),
Phén iing x4y ra theo huéng tao cacbocation bén vi:
CF;CH,CH," bén > CF;CH'CH;
CH,"'CH,N*(CH;); > CH,CH'N*(CH,),

song chi ¥ réng trdi quy tdc Markovnikov nhung phi hop v6i quy tic tao thanh cacbocation
bén téng quét & trén.

Bang 10.3. Ham lugng % san phdm theo quy tic Markovnikov

Anken H - Halogen CI-OH Br-OH Br—Cl
CHs~CH=CH, 100 91 79 54
HOCH,~CH=CH, 100 73 66 36
CICH,~CH=CH, 100 30 27 23
BrCH,~CH=CH, 100 32 20 22
CH,~CH=CHBr 67

CH,-CH=CHCI 90

Trong khuon khé clia quan niém vé cacbocation bén, c6 thé thay nhitng trudng hgp
cOng bat thudng.

Trong phin \ing cong vao hgp chit vong dj t6 nhu etylen oxit, phan {tng cong tréi quy
tdc Markovnikov:

/0\: 2 OH
CH;-CH—CH; + CH30"—» CH,;-C-CH,QCH; — CH3-(I:H-CH20CH3

phdn ing chl y€u phu thudc vio hiu {ing khong gian nén cé tinh bat thudmg.
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Ciing nhu trudmg hop cong HBr vao anken cé peroxit, phan iing cho san phdm trdi

Markovnikov nhimg khéng phai 1a co ch€ ion ma 1a co ché g6c:
HBr + ROOR — ROH + Br
RCH=CH, + Br — RCH'CH,Br — RCH,CH,Br + Br’

Qu4 trinh & day 12 tao thanh g6c bén.

Phan iing clia 3-clo- va 3-brom-1-propen:

CH,Cl-CH=CH, + HC! — CH,Cl-CHCI-CH,

Phén tng trén tuy cé hiéu dng —/ cita CH,Cl nhung chwa 40 manh dé€ inh hudng
t6i cacbocation ma con higu ¥ng siéu lien hop clia lien k€t C—H vdi cacbocation, ngay
3.3-diclo-1-propen ciing cdn uu tién hon theo Markovnikov, chi ¢6 3,3,3-triclo-1-propen 1a
cho sdn phim trdi Markovnikov.

Ciing tir tinh ch4t cia cacbocation, phan Ung ciing cho san phdm chuyén vi:
(CH,);CCH=CH, + HCl — (CH3);CCHCICH; + (CH;);CCl-CH(CH,),

va c6 thé ¢6 san phdm cia phin tng tdch clia cacbocation:
CH3-C = CHCH; + Cly— CH;=C-CHCI-CH; + (CH3),CCI - CHCI - CH;
H; H;  (70-80%) (10-20%)
Ngoai ra san phdm cdn phu thudc vio hién tugng déng phan hod khi tao nhimg
cacbocation trung gian khdc nhau do hi¢u \ng clta nhém bén canh (nhém ké), chdng han khi
cong ICl vao propen: :

CH;.CH =CH, + ICI—-CHs—CH ?Hz = CHy— H“‘ CHz—-CHr-CH— CHy
# 9 ¢ (;y
cr
CH, - CH - CH,I CHs CH - CH,Cl
' 2 b 20%
c 70% I
Ciing nhu phin dng céng HOCI vao bromua allyl:
,-Br.
CHy = CH - CH;Br + HOCL —> Cl; == CH - CHBr + Cl- CH, - CH === CH,

HO - CH, - CH - CH,Br Cl-CH; - CH - CHzBr  C1- CH, - CH - CH,0R

Cl OH Br
e trong H,0, 20°C = 40% 32% 28%
e trong dioxan, 70°C = 50% 44% 11%
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Hiéu dng nay ting khi chuyén tir din xu4t clo tdi iot.

Phan ung cong electrophin xay ra véi ning lugng hoat hod thdp do trang théi chuyén
nang lugng thdp theo tien dé Hammond. Quy tic Markovnikov ciing 4p dung cho hé dien
lién hop, ankyn va hé allen.

10.2.5. Ho4 hoc lap thé

Phan dng cong electrophin xay ra ra theo hai huéng 1ap thé: anti va syn déng thai
ciing phu thuéc vao cdu triic chat ban ddu cling nhu trang thdi chuyén:

Bang 10.4. Kha nang phan iing cha anken

Anken kigq- clo hod kiga - brom hod

Etylen - 0,01
1-Buten 100 100
¢is-2-Buten €3 27
{rans-2-Buten 20 17,9
1-Metylpropen 58 57
2-Metyl-2-buten 11000 13700
3,3-Bimetyl-1-buten 1,15 0,32
2,3-Dimetyl-2-buten 430000 150000

Phan ing xay ra qua phiic o va cacbocation khac nhau vé mit 1ap thé.

Néu phan #ng xay ra qua phic n thi phan ting 13 dac thi lap thé vi phitc © mét khi
nang quay xung quanh lién két doi. Ching han, khi brom ho4 styren, phan ting qua phitc
chi cho sén phdm cong trans:

_-CeHs

Br
.
C6H5'CH=CH2 + Br2 — |_I/CH_ CH\ Br

Néu phan img xay ra qua cacbocation vi cacbocation ¢é kha ning quay xung quanh
lién két o nén c6 thé cho san phim anti v syn, nghia 12 khoéng c6 dac thii [ap thé. Ching han
tit cation dang hé& hay con goi I ¢6 dién v6i nucleophin cho ca sian phim cis va frans:

,a/“ B(? - Br

' _H H

‘ Br fans

Br N Bc?' b H
cachocation hdr

Br

Br cis

Song trong thyc t&, dai da s6 phin ttng cong 14 c6 tinh chon lgc 1ap thé, Ching han
phan ing:
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HOOC-C-Br + Br-C- COOH
!

HOOC - = - + Bry —»
C-CH=CH - COCH 2 Br- (%{;}COOH Br. C.COOH

30%
- CH3 ,CH3
+ HCl — |'"”-'” H
Céc phin (mg trén 1a cong trans, c6 tinh chon loc 14p thé va san phdm 1 khong ché dong
hoc. Tinh chon loc lap thé nay khong thé giai thich bing sy tao thanh cacbocation phing.
Dé giai thich hién tugng trén, Roberteon va Kimball dua ra c4u tric ion céu, nghia 1a
cacbocation tao thanh & giai doan ddu ¢6 c4u triic jon cdu gi6ng nhu ion oxoni:

Br JBr
@ S @
e, - 4 N
:C..._C< + Bl'+ — /C_C\ —_— “;C_..-_C<

ddi véi brom goi la cation bromoni, con sy tan cong cla nucleophin ti€p theo bat bude phai
tdn cong vao phia sau do hiu ing khong gian clta cdu nén phai 1a cong anti.

i
3-—& R2\\:_ N
/ \Rs3
Nu Ry

san phidm cing frans

A E E
R
RRJ R, E* R 2
1 Rgy R3 T %4 . .
1 - 2
Nu 3 Nu 4
K&t qua phan ing cho hdn hop cua hai d6i quang (enantiome):
Br
—-
a
L%
1 b
cation bromoni r

cip d6i quang
Phan ting cong anti thé hién & phan ¢ng brom hod déng puan cis- va trans-2-buten,
san phdm phu thuéc vao cdu hinh chit ban ddu, trans-2-buten cho meso-2,3-dibrombutan,
con cis-2-buten cho san pham raxemic hod clia cap déi quang.
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a B
H/. :H - H,,,, b\h\\\\H H,C d 3(:‘115
ry —a . ] ung
- @ H Br
H3C/\ / \CH3 7

HyC CH, %,

cis-2-buten B ) SNy H

CH;
Br LH;
a \ 5 ;S‘H
a HYY R

HiC H+ Bry —»= H//”( x“\\c}h H,;C Br

| - 3

< @
1; :CHs He? N AL b H, Br
trans-2-buten — - H3C - f

S ] ”!”CH’_‘,

r

Cdu tric cation cdu (cation halogenoni) mdy dugc xdc dinh bang NMR cla ion
bromoni, trong dé proton ciia nhém metylen khong twong duong nhau, ciing nhu bang thuc
nghiém cha phan \ing adamantyllidenadamantan véi brom chi cho tao phiic ion cdu bromoni
bén ma khong thé thyc hién phan dng nucleophin & giai doan sau vi khé khan khéng gian,
phan stng dirng lai & giai doan d4u tao thanh cation bromoni:

meso

Br
@

Cation oni tao thanh do tuong tdc clha obitan tréng chia cacbocation vdi tdc nhén
electrophin ¢ cap electron n. Kha nang hinh thanh cation cdu phu thudc vao tuong tac nay,
nghia 13 phu thuéc vio tidu phan electrophin cong vao anken dé hinh thanh cacbocation:

Ciu tric cna cation ciu ¢é thé doi ximg hay khong d6i xing phu thudc vao nhém thé,
do d6 dien tich dwong & hai cacbon ndéi d6i khac nhau.

Dien tich duong tap trung & cacbon ¢6 nhém thé c6 kha nang giai toa dién tich duong hon:

/"’f!,, = }/{’h &+ .\\\\ e, @ ‘\\\\

_ = C——=C
&/ TS 7™

cation bromoni ddi xing cation bromoni khong 461 ximg cation mach hd
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Néu anken ban ddu d6i xing thi ion cdu ciing d6i x@ng, trong trudng hop nay
nucleophin tin cong vao hai cacbon déu nhu nhau va cho hai sin phdm bing nhau véi xdc
suat 50% & mdi cacbon:

Phan ting khéng c6 tinh chon loc & giai doan hai,

Néu anken khong d6i xiing, nghia 13 anken c6 nhém thé & C,, va Cp gay ra su giai tod
dién tich duong khdc nhau thi cation cfu cé cau triic khéng d6i xiing va dign tich duong tap
trung & cacbon c6 kha nang giai toa nhidu hon va bac lién két & hai cacbon khéc nhau:

"Br +
&t LT N a 5+ = Sﬁ-
R—C CH,
va 0 ion cdu khong déi xidng thi sy tdn cong caa nucleophin ciing la tdn cdng trans, vi néu
tédn cong cis thi sdn phdm thu duge & cfu dang che khudt.

Ngay khi tdn cong vio lien két doi, cation E* ciing phéi chon vi tri t4n cong it kho
khan khong gian hon, ciing nhu nucleophin t4n ¢6ng vao ion cdu cling phai anti dé it khé
khan khong gian. C6 th€ thay rd trén phan ung cong vio hop chat vong:

E
cbng trans-diaxial

Néi chung, phin Wng cong vae xyclohexen, phan iing khéng chi cong anfi ma sin
phdm thu duge c6 dac thit 1ap the diaxial.

Néu cdc nhém the & hai cacbon khéc nhau nhiu vé kha nang cho electron thi kha
nang tao ion cacbocation dang hd s& thuan lgi hon 1a ion cu, do d6 trong trudng hop nay
phan ing khong c6 chon loc 14p thé. Chéng han:

CﬁHS—CH=CH'—CH3 + Bl'2 —— C6H5—CHBI'—CHBI" CH3
cis choty 18 erythro f three =17/ 83
trans cho ty 18 threo / erythro = 88 / 12.
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Néu tir p-CH;0-C¢H,~CH=CH, cho hén hgp déng phan bing nhau vi nhém CH;0 c6
+C manh hon 1am thuén lgi cho cation dang hé.

Nhu vay, tinh d6i xitng clia ion cfu phu thudc vao ban chat nhém th€ & néi doi. Phan
\ing Ag x4y ra qua jon c6 dién hay ion cdu phu thuéc vao cfu tritc clia hydrocacbon va tinh
d61 xing cua ion cdu phu thudc vao nhém thé & ndi doi. Lién két C...E trong ion cdu tao
thanh & nguyén tr cacbon véi nguyén tit 46 nén phan ting tuan theo quy tdc Markovnikov.

Bang 10.5. Ho4 hoc [4p thé cia phén ting halogen hod

Anken Dung méi Ty 18 anti / syn
Bromhod cis-2-Buten CH,COOH >100/ 1
frans-2-Buten CH,COOH > 100/ 1
Xyclohexen ccl, rat lon
(2)-1-Phenylpropen CCl, 837117
(E)-1-Phenylpropen CCl, 88712
cis-Stylben CCl, > 10711
Cle hod  ¢is-2-Buten khéng dung mbi >100 /1
CH,COCH >100/1
frans- 2-Buten khéng dung moi > 10071
CH,COQH >100/1
Xyclohexen khdng dung moi >100/1
(E}-1-Phenylpropen ccy 45759
CH,COQ0H 41/59
(Z}-1-Phenylpropen CCl, 32/68
CH,CCOH 22178
cis-Stylben CICH,CH,CI 9218
trans-Stylben CICH,CH,CI 65/35

Cin triic ion ¢6 dién va ion cdu thay d8i phu thudc vio dung méi. Vi ion cé dién cé
dién tich duong dinh chd hon ion cu, khi ting tinh phan cuc clia dung m6i 1am 6n dinh ion
c6 dién hon ion cdu va tinh d6i xing cta ion s& thay d8i din t6i Iam mit tinh dic thi lap thé
cua phan 1ing cong.

Chéng han, khi cdng brom vio cis-stylben trong dung moi kém phan cyc tao thanh
D.L-dibrom, phan ng c6 tinh dac thir 1ap thé trans trong dung moi phan cuc sé& tao thanh
meso-dibrom:
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HCor, \\\CﬁHs e ? 5\\‘:.. H
Hs CeHs H GOl Br H
at P2 Hcw, | \\\\cﬁHs HyCan ] \\\H . H«Cef?[_?q
o 5 N H,

Chii ¥ ring n&u trong trudmg hop cacbocation dang hd, déng phén cis ¢6 luc ddy cla
nhém thé & olefin ban ddu 16n hon trong ion C*. Nhém th& lam m4t 6n dinh cis-olefin ban
d4u 16n hon & ion, nang lugng cis cao hon trans, do d6, cis-olefin phan dng nhanh hon trans.

Trong truong hop ion cdu, su khdc nhau vé nang lugng gifta trang thdi chuyén cis-
trans 16n hon la sy khdc nhau vé ning lugng gilta cis-trans olefin ban ddu, do dé trong
trudng hop nay, trans ¢6 nang lugng trang théi chuyén nhd hon do twong tic ddy nho hon,
nén frans phan ing nhanh hon cis:

cis
_TAH?; vé /gp thé'cda
frang thai chuyén

frans

. AAH cis
Ve idp thé cue
cha? ban ddu
tran
Su khdc nhau nay dugce xdc dinh khi nghién cttu su khdc nhau vé entanpi tao thaph
(AH") va entanpi hoat hod (AH"Y clia cdc olefin lap thé, cho thdy, trong tdt cd cic trudng
hop, entanpi cta ddng phan rrans nhod hon chitng té trang thdi chuyén 12 ion céu.
Chéang han, nhitng phan \ng sau ¢ entanpi hoat hod ctia frans nhd hon, chitng té phan
itng tao thanh qua jon ciu:

AAH" AAH?
AHY g~ AH s AH' i — AH,
(CH,),CHCH=CH(CH,), 8,2 4,0
(CH,);C-CH=CH-C,H; 21,4 1,2
(CH,);C-CH=CH-C(CH,), 43,9 9.9
C H,~CH=CH-C(CH,); 32,6 12,3
C H;—CH=CH-C,H; 43,0 1.2

& day c6 mau thudn 12 hai olefin sau xay ra phdn g khéng dac thii 1ap thé, ching to
tao ion dang h& do dong hoc qué trinh xdc dinh bing cdu tridc hoat hod, con hod hoc 1ap thé
bing cdu tric hop chat trung gian. lon cdu ¢6 thé chuyén thanh cation dang h¢ sé€ mdt tinh
chit dac thi 1ap thé cia qud trinh.

Phin img cOng trans chi ¢6 trong phan tng qua trang thdi cdu oni khi phic = hinh
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thanh chuyén hod nhanh sang cation vong oni khong qua cation cd dién ty do, hoidc khi t6¢
d6 chuyén hod ctia cation ¢é dién sang cation vdng oni 16n hon téc do quay cua cation ty do
quanh lién két ¢ C—C. Phan tng c6 téc d¢ phu thugc vao nhém thé cho electron lam tang tdc
do, con nhém thé€ hit electron lam giam tdc d6 phan @ng. Chéang han, i8c d¢ gidm theo th
tiz sau:
R,N > RO » €=C > C¢Hs > R > H > S0O,,CN >CO > NO,

Giai doan thi hai thyc t& 13 phin ng Sx2 vio vdng oni nén ¢6 san phdm th& trans.

Céc halogen, dac biét 1a brom va clo cho phan ing cong dé dang, con iot khong cong
vi I 12 nucleophin y&u va sin phim tao thanh diiot c6 khé khan 1ap thé nén khong thuan lgi
trong can bang:

-o‘ e .. CH3
Br - Br +CH, = C(CHy), = CHz=== +Br — Br- CH,- C(CHy),

~
"\CE/ ]gr
Phan ng thuong diing dé téng hop cdc hgp chdt tap chifc ¢6 dac thi 13p the, nhdt 1
phan Gng cong anti trong cdc hop chit vong xyclohexen déu cho san phim cong diaxial:

H
H =0
CH,— CJO CH,CO0H + CH,—C N
é 2 UN\N-Br + > HY, nJ:Hz—C\<
H, _C\< H 0
COCH;

N-bromsuxinimit

—— H

H

r
trans-2-bromxyclohexylaxetat

Hy

OH
CH,
.CH
% + Br-OH - CH;,
Br H;
s Br

60%

B $H3 n
‘E—O O\n/ CH;
Br, A @ H,0
AgOCOCH, Br
CH,COOH r
L -
H, 0—C— CH;
N-OH > og
monocaxetan-cis-diol  60%
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Phan ting c¢dng xyclohexen véi hop chit co kim cﬁng cho hgp chat cong diaxial:

HeC
Hg(OCOCH,), + 1CH,OH
Bl 2 ﬂ 2-NaCl HgCl

OCH; s0q, CH30

Déi véi cac hop chat vong, phan iing cong electrophin thudmg 1a cOng anti, electrophin
tdn cong tir phia it khé khan 14p thé hon, nhung céng vao norbornen va cic vong cé siic ciang
16n thudng 14 céng syn va nhu trong phin ing cong vao norbornen sau, electrophin luon tén
cong tir phia it khé khan khong gian hon nén tit phia exo:

D
Lb e L&oeom;

Khi phia exo bi 4n nglt bdi cic nhém thé & vj tri 7 thi 14n céng wu tién vé phia endo
nhu trong 7,7-dimetylnorbornen thi t4n cong endo.

Ciing nhu phan Wing epoxy hod 4-metylxyclopenten cho 74% cong tir phia it khé khan
1ap thé cong 24% tir phia c6 khé khan 1ap thé hon:

CH, CH;
H peroxylaunc H
axlt
76%

24%

Higu tng electron cling mét phan ¢6 vai trd dinh huéng cong nhu khi epoxy ho4 hay
hydroxyl hod din xu4t adamantan (1) c6 nhém thé hiit electron 1a F thu dugc 66% sin phidm
(2) do tdn céng syn d6i v4i F v 34% san pham (3) do t4n cong anti d81 véi F cho ¢ hai tan
coéng electrophin va nucleophin. Néu khi c6 nhém thé€ cho electron, san phdm thu duoc

ngugc lai:
RCO3H
4
F

(n (2} (66%) (3} (34%)

Sin phdm (2) thu dugc gin gdp d6i sin phdm (3). Do ¢6 F hiit electron, lién két
C—Cs va G3-Cy giau electron hon lien két C;—C,4 va C,—Cy nén tac nhan t4n cong vé phia
syn cha F dé c6 tuong tic cha obitan ¢~ cla lien k&t méi hinh thinh véi obitan C,-C; va
C53-Cyy gidu electron hon.
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Phan img anky] hod v axyl hod khi ¢6 axit Lewis ciing cho san phim céng anii:

_.CH,=CH
[CH;~CO*... AICl, ] ———% CH,CO-CH,CH,"* AICl,” + AlCl,

(CH;);C—Cl + CH,=CH, %} (CH,);C-CH,~CH,CI

CH,coc A

Ciing nhu phan ting clia anken véi axit nitric cho hdn hop san phim:

L(CH3)ZC=F-CH3
. o NO,
(CH3)2C=CHCH3E:3 (CH3)2C+-(I3H—CH3 — (CH3)2C CH -CH;
: N02 +H,0 02N0 N02
> (CHy,C-GH-CH,
HO NO;,

Ngoai nhimg phén ting cong anti phd bién trong cic hogp chit anken, dién hinh 13 phin
ing vdi halogen hay HX, ciing cdn xét dén nhiing kha nang xay ra theo co ché cong syn la
chinh.

Khi hinh thanh jon c6 dién hay ion ciu, cdc jon ndy cé thé & trang thdi tr do chi ¢é
nhimg dung moi ¢é kha nang phan ly 16n, con trong nhimg trudmg hop nguge lai chi tao cip
ion. Sy tang tinh bazo cta cap ion ngugce d4u lam d& dang cho kha nang d6. N&éu phén ing
clia ion ngugc dau thyc hién & giai doan cip ion, hod hoc lap thé s& thay déi.

Ne€u cap ion ¢é cfu triic ion hd, sy cOng anion Xay ra cling phia véi electrophin, nghia
la phan (ng céng cis:

||'l\\ H

= +Bry,
e C‘R \R \

Né&u ¢dp ion 13 ion cdu thi bit budc anion phai tin cong d6i dién véi electrophin, nghia
1a cong anti nhu trén:

H Br
H’”f, N H”‘f & C/ \\\\H Hi’]i-.K /

H
H.«,,, o

Br
Br
Yo, /@ } \ H H, g: Rr
e + ]31-2 — te, ' o fz,,'_ @ “\\ H LI7TH “\\ H

Nhir vy, tang kha nang tao ion cdu, ting kha nang cong ansi, cong syn chi khi ion ¢é
ciu triic ion cé dién.

Khi so sdnh phan iing clo hod va brom hod, phan ¢ng clo hod ¢ xdc sudt qua cip ion
hon vi ¢6 clo ¢é hiév itng —7 nén mitc 46 tao ion cdu gidm. Ion ngugc d4u c6 tinh bazo cing
16n thi tdng kha nang tao cap ion.
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Phan #ing clla HX nhu 1,2-dimetylxyclohexen cho san phdm wu tién la trans, trong khi
d6 véi nude cho hdn hap anti va syn:

H, r
H;
O - D
C
H%ﬁ;

Hy

H3 HNG;
+ HQO i
~

CH,

Phan ng cong syn thudng wu tien khi trong chit ban ddu khong ¢6 nhém thé [am én
dinh ion, tic ting X4c sudt cap ion, nhu nhiing hop chat sau c6 80% syn:

C]/},h I\ Cl

Xdc suat tao thanh ion va céap ion phu thudc vio ban chit nhém thé trong ch#t ban
ddu, thuong nhém the anh hudng kém dén tinh én dinh cita cation, khé 1ao ion ty do thi ting
cdng syn,

Trong phan ing X-CgH,~CH="H-CH, + DCl (CH,COOD):

- Néu X = OCH3, phan tmg khéng dac thid 1ap thé, nghia 14 tao jon tu do.

- Néu X = CHj, H, Cl, phén tng x4y ra cong syn:

Q _-CH ’*a 4\\ D
34 DCl —

SN
w© C\H @ \CH3

D

—— HHH. /{\\\ H

;C o +pep  CHiCO0D ;Ce C/ \\\H | Ar R
"R CH,CO D

CH3COOD Arfh‘n, C<\“H

\R

Phin ting xay ra qua phifc m réi chuyén vi thanh cation va chiu su solvat y&u cha dung
moi nén tao dugc cap ion nguge ddu chi cong cing phia véi nhém cong hgp vao va phin
Ung 12 cong syn. Phan iing vin 12 bac hai va khong thay d6i khi tang néng d6 ion nguoc déu:
v = k[C=C] [DCI].
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Khi nang cong sy cling phu thude vao dung méi, chang han khi halogen hod trong
dung moi bazo, phin ting t:o «hanh sin phdm cong trung gian solvat réi tic dung véi
nucleophin theo phan (tng Sy2, ching han:

Cl Cl
O + C]2 +H§-NH(CH3)2 - , — dc]

IOCH=N*(CH,),
l-

Trong cap ion it chiu anh budng vio néng do anion va dong hoc 1a bac hai.

Vé phan ting A3, tdc nhin tao phitc ® v6i anken, phtic nay tuong tdc véi phan tir tdc
nhan thi hai. Chang han, phan iing halogen hod, khi néng d¢ halogen dugc tang 16n va khi
do bén cla cation tao thanh hay cap ion gidm, ngin cdn cd ch€ ludng phén ti:

Hal- - Hal _R
R,C=CR, + Hal, —=— R,C==CRy; — R—C" -"C‘— R —= R,CHal - CHalR,
“ Hal®

Ciing nhu khi su tao thanh ion khé khan, sy phan cit lien két C=C d€ tao thanh lién
két C-halogen chi ¢6 thé xay ra khi c6 tuong tic dfng thoi v6i nucleophin, nhu 12 co ché
push-pull, v6i phan tir halogen hay ion halogen thif hai. T¢c do phan ung 1a bac ba:

v = K{C=C}{Hal]? hay v = kK[C=C][Hal][Hal ]

Nhu vay, t6¢c d6 phan tng tang khi tang néng d6 ion Hal™ va phan {ng khé tao ion khi
chét ban ddu cé nhém thé& hit electron, hay néi cdch khdc khi chat ban ddu ¢ nhém thé hiit
electron thi co ché& bic ba wu thé hon.

Chang han, nhitng hop chat CHCl=CH-CH,Cl, CH,=CHCH,N"(CH};); ClO, dé xay ra
theo co ché& bac ba va phan ting van 1a cong anti.

Ca ch& Ag3 cling ¢é vai trd quan trong trong khi cdng halogenua hydro véi chit ban
d4u khéng ¢6 kha nang 6én dinh cap ion déu cb sy canh tranh cia co ch€ bac ba. O day giai
doan quyét dinh t6¢c do phan Gng 12 giai doan tdn cong ctia anion vao phiic n tao thanh:

-X X
p &+
’;C.__c..,_ + HX == :,C-“"'C = >C_ X —CeHT]

v = K[C=C][HX]{X]

Trang thdi chuyén & day gi6ng trang thii chuyén E2, trong d6 tich anti c6 ning lugng
nhd hon tdch syn, nén & day cong anri ciing uu tién hon. Co ch€ cOng syn cia halogenua
hydro xay ra vdi nhitg hop chit vong khong cé si quay xung quanh lién két don, ching han
v6i norbornen.

Tdc d6 phan tng bic ba phy thudce nhiéu vao trang thdi cta halogenua trong dung
dich, ching han HBr trong axit axetic phin ly nhiéu hon thi t6¢c d¢ cong 16n hon va phan tng
dé cho Ag3 hon, con HCL 6 dang cap ion.
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10.3. PHAN UNG CONG A CUA XYCLOPROPAN

O chuong 2 da bist, xyclopropan cé ban chit ciia lien k&t déi nén tdt nhién xyclopropan
cling chiu phan ing cong Ag twong tu nhu néi doi ciia anken. Phan Ung chiu sy tin cong cta
electrophin nhu clia anken va ¢é su mé vong ba canh;

A + HBr —» CH;CH,CH,Br

A C4H9 + F3CCO0H - CHSCHz H-Cqu
COCF,

OCOCH,
<:[> +Pb(OCOCH;); ~—» Q

OCOCH;

Co ch€ cha phan ing trén cling 12 Ag bit ddu bing tan cong cia electrophin, tuong tu
nhu cdc phan Ung electrophin khic. Thudng 6 ba co ché sau, ching han vai HX:

Coché a:
. SN\ . R
R ¢ &*"M w
RI R| H R' X H R' X
Co ché'b: (a)
R R
L] R X
R b) H R
Coché'c

R R RZ/\éR - WR
v ' ! R' X
R H+ R R H Rr H R'
(c)

Co ch€ a 1a qué trinh proton hod vio géc cla xyclopropan di thdy trong mot s6 phan
ing nhu cation 2-norbornyl, 7-norbornenyl & trén. Co ché b Ia su proton hod vao canh
xyclopropan va co ch€ ¢ nhu 12 loai phin ing Sg2 mot giai doan do H* tan cong tao cation
c8 dién dé réi phan tng véi nucleophin. Déng tiec 1a nhitng ching minh cho cdc co ché€ nay
dé chon lya khong nhidu, tuy nhién méi co ché déu 6 lien quan t6i tic nhan electrophin.
Nhiéu béng chiing cho co ch€ b 1a cong hop t4c nhan Br* va CI* va co ché a véi tdc nhan
D* va Hg**. Mot s6 nghién cttu cho thdy, tiéu phan trung gian (a) xyclopropan proton hod
géc bén hon tiéu phan trung gian (b) xyclopropan proton ho4 canh khoang 1,4 kcal/mol
(6 ki/mol).
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D6i v6i xyclopropan thé, phan tmg cling tuan theo quy tic Markovnikov (trir vai ngoai
1¢) va tinh chon lgc vi trf thap.

Chang han, phan tng:

CH; CH,
H3C\A<CH3 X CHyCH-C-X
CH; CH;

Trong phan wng trén, electrophin H' cong hgp vdo cacbon ¢é nhiéu hydro hon, con
nucleophin cong hop vao cacbon s€ mang dién tich duong én dinh nhat (bac ba hon bic hai)
nén tudn theo quy tic Marxovnikov.

Hoé hoc 1ap thé cha phan ing duge nghién citu & hai vi tri: vi tri cacbon lién ké&t véi
electrophin va vi tri lien k&t v6i nucleophin. Cdc két qua nghién citu cho thiy sy t4n céng
nay 12 hén tap. Pa tim thdy nhiéu phan tng c6 100% bao toian cdu hinh, 100% nghich dio
cfu hinh hay hén hop bdo toan vd nghich dio. Thudng nguyén ti cacbon lién két vdi
nucleophin 14 nghich ddo cfu hinh, tuy nhién cling c6 trudmg hop bao toan cfu hinh. Qui
trinh cting ¢é canh tranh cia phan ting tdch, chuyén vi va raxemic hod, chitng td kha nang
tao cacbon mang dién tich duong & vi trf d6.

Trong trudng hop ¢6 vong xyclopropan lien hgp véi néi doi, phan tng cling cong md
vong nhu 13 mot he lien hop, ching han:

H2c=(|:—q + CH;CO0H —»  CH; —C==CH—CH;~ CH,0COCH;
Ar Ar

_10.4. PHAN UNG CONG CUA ANKYN

Phan #ing cOng Ag vao ankyn ciing xay ra tuong tu nhu & anken theo so dé chung 1a:

T
K - EY o
R-C==(C—pR + EY — /C=C\Y — R—({', (f R
Y trans Y
ccl,  HyC~ ~Br Bn_ . H
CH;- Cmm . CH, + Br; — 3 C=C\ C_CI-‘ H;CBr,-CBr,CH;
B{ frans CH3 !

Phin ting tao thanh chit trung gian 13 frans-anken. Phan tng cé thé dimg lai & giai
doan ndy né€u ti€n hanh phin iing & nhiét do thap: '

HOOC\C C/Br
HOOC-G=(C—COOH +Br, —» —l-
¢ 2 Br” g, “COOH

con néi chung anken phan ng nhanh hon ankyn nén phan ing ti€p theo cho sin phim cong
no:
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MO0 c7B" 1B, —»  HOOC-CBI,-CBr,-COOH

Br” COOH
Giai doan sau hoan todn ging anken,

Phan ding Ag vao ankyn x4y ra khé khan hon vio anken bdi vi electron trong néi ba
kém linh dong hon, lién két chat ché vdi hat nhan cacben hon do C, p €6 40 &m dién cao hon
C,pz & anken, ankyn khé bi phan cuc hod hon nén khé bi tdn cong cla tic nhan electrophin
hon anken, mac di tinh khong no cita ankyn cao hon anken,

Sy khéc nhau vé€ kha nang phan tng c6 thé thdy trén phan ung brom hoe4 cic anken va
ankyn sau:

CH,=CH(CH,);--COOH / HC=C(CH,);COOH = 9000

CsH;5-CH=CH, / C4H;-C=CH = 3000

CsHs-CH=CH,-C¢H; / CgH;-C=C-C4H; = 2500

Ching t6 phan iing cong vao anken nhanh hon ankyn rét nhiéu.

Phan ting cong electrophin vao ankyn cing 1a phan Ung cong anti, sy tdn cong cla

clectrophin 1a giai doan cham quyét dinh téc do phan tng, nghia 1a giai doan tao thanh
cation vinyi:

® |

cation vinyl

Cdu nic obitan cha cation vinyl

Phan Gng céng Ag vao ankyn xay ra vi qud trinh phat nhiét hon phan tng Ag vao
anken, song néi chung ankyn phan ing kém hon anken véi tic nhan electrophin. Nguyén
nhén 1a sy hinh thanh cation vinyl ddi héi nang lugng hoat hod cao hon.

Cation vinyl ¢6 obitan p nim thing géc véi hé © nén khong c6 wrong tic gi. Obitan p
thugc vé Cy, nhiéu hon 1a C, 2 ma Csp €6 d0 am dién cao lai chia dién tich duong nén khong
bén.

Noi néng cla cation vinyl cao hon cation ankyl nén qu4 trinh hinh thanh Xay ra chiam
hon va doi héi nang lugng hoat hod cao hon. Song ciing ¢6 quan niém cho ring, s& di phin
ling cong vao ankyn cham hon do khéng c6 khi nang tao duge ion cu oni cé nang luong
thap hon cation ¢4 dién nhu trong anken.
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Cac halogen cong voi ankyn, nhi Cly, Bry, theo co ché cong anti tuan theo quy tic
Markovnikov qua hai giai doan

Br,, CCl,, 20°C
—_—

CH,~C=C—CH, CH;-CBr=CBr-CH, (66%)

Br, di, CCl,, 20°C

CH;—CBr=CBr-CH, s> CH,~CBr,~CBr,—CH; (95%)

Khi céng véi FICl va HBr, ankyn phan Ung tuong tu anken, tuln theo quy tic
Markovnikov va cling cong trans:

R-C=C-R + HX _HX_ RCH=CXR —— RCH,-CX,R
San phdm cong cubi cung 1a cde gem-dihalogen:
CH;(CH,),C=CH + HBr HBe CH,4(CH,),CBr=CH, — CH;(CH,);CBr,—CH; (76%)
CH,;C=CCH, + HCl — CH,CH=CCICH; — CH;CH,CCl,CH; (80%)

Ciing nhu anken, khi céng HBr c6 peroxit thi phan ing tuin theo quy tic tréi
Markovnikov (theo co ché goc):

CH,CH,CH,C=CH + HBr “oes CH,CH,CH,CH=CHBr (70%)

CH,-C=CH + HBr 2¥-60°C, CH, CH=CHBr (88%)

Thudng vi tinh bazo ndi ba nho hon, kha nang phan Wing kém hon nén phan dng cha H
vGi ankyn thudng cén ¢é tdc dung thém cla nucleophin tao nén ban chidt dong bo cho san
phim trans:

_H---CI M
~C=C— + HCl + X-Z —» c=c¢ — r=¢
x--7Z A \
X = N*(CHs);, Z =CI"
X=H 7 =Cl, CH;COO0~

Néu tinh bazg ciia X-Z hay Z~ y&u thi phan img cong kém tinh chon loc hon, ching
han, ding CF;COOH ¢6 tinh nuclecphin rdt y&u thi phan tng ¢é dic thi lap thé. Khi téc
dung HBr v61 CH,OOCC=CCOOCH; cé phuong trinh dong hoc v = k[C=C][HBr]?

Phin 1ing cong phd bién hon 12 phan ing hydrat hod ankyn khi ¢6 axit sunfuric hay
mudi bac, d6ng va thuy ngan. Phdn ng nay cling tuin theo quy tic Markovnikov va giai
doan chuyén proton 13 giai doan cham quyét dinh t6¢c do phan ing:

han
A-C=CH + H;0" "> Ar-C’=CH, + H,0 "% Ar-C(OH)=CH,

mhanh Ar-CO-CH,

Co ch€ ion niy c¢6 hdng s6 p = —4.8 va ¢6 hiéu tng dong vi kyo / kpg = 2 + 4. Khi
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nghién cffu dong hoc clia phan ing cla ete axetylen hay thioete trong dung dich nudc khi ¢é
axit sunfuric cho thdy:

ha
CeHs—S-C=CH ‘s CeHy-S-C*=CH, 22 CH,COSCH,

vii v = k[C=C] [H3O+] + K’[C=C)] {H*, C=C] va ky / kp = 2,16 chiing t0 giai doan cong
proton 1a giai doan chdm sau dé tédn céng nucleophin nhanh vao cacbocation.

Phéan ving hydrat hod axetylen khi c6 mu6i Ag, Cu hay Hg xic tac, axetylen hay ankyn
tac dung voi HgX,; tao phifc m & dang can bing chuyén thanh san phdm cong véi HOH cho
anken réi chuyén vi:

" HgX,
HC==CH +HgX; = HC CH (nhanh)

b

HgX, XH H
k s
HC -=L CH + HOH —» =C + HX (cham)
N\ OH

XH H
?%_C/ + HX —= ng2 + {CH;=CH
N OH J)H

Phwong trinh t8c d¢ & nhi¢t d¢ 40°C 1a v =K k;[C;H,), con & 90 + 100°C thi v = k,[C,H,],
tifc 12 & nhiét do nay k; trd thanh giai doan nhanh. Hiéu ing déng vi kyoy / kpo = 7.6.

Giai doan chuyén vi ¢6 thé thye hién trudc khi loai HgX hay sau khi loai HgX. Trong
tdt cd cdc trudng hyy, phan ung tang khi gidm thé jon hod ctia kim loai, chitmg t6 c6 su tao
thanh phic m.

== CHj3-CHO (nhanh)

Ciing ¢6 quan niém ring, phan dng xay ra qua trang thii chuyén vong:
HgX, + H-Z ~» H-Z---HgX; —» z----IIig--XH
H X
—» CH,;=CH, Z = halogen , OH, CN

Mot 58 phin ng cong electrophin khdc vao ankyn ciing twong tu nhur trén nhung cé
tinh chét khdc, do khi tao thanh anken khong c6 nhém c6 kha ning chuyén vi nhv khi hydrat
hod trén.

Chéng han phén ing cong axit vio ankyn khi 6 xiic tdc Hg?*:

He?* l|1 R'COOH
R-C=C-R + RCOOH —m R-CH=C-OCOR g

—» RCH,CH(OCORY),

Hop chét trung gian & day 1 este ciia ancol, twong tu enol nhung bén hon, khong c6
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hydro dé chuyén vi hay tautome hod nén cé kha niang cong hop véi phan tir axit thi hai tao
thanh gem-dieste,

Ciing nhu phin 1tng cua thiol v&i ankyn khi ¢é xic tic BF; (khong ding HgX,), phin
ung ciing cho gem-dithioeste:

BF, 'S
R-C=C-R + R’SH — RCH=CR(SR") TF_: RCH,CR(SR’),

Ankyn phan wng véi BH; nhanh hon 13 anken. N&u diing duong lugng mol chét ban
ddu thi phan tng dimg lai & giai doan hinh thanh vinylboran. Vinylboran dugc dun néng véi
chit cho proton s& c6 san phdm cong cis véi hydro ciia lién két ba:

CHy(CH,), y; CH,CH;
1-BH; o=
CH;(CH,),C== CCH,CHj; E;,CEOH u ~y 098%)
con khi cé H,0, s&€ cho hop chit oxo:
1-BH
CH3CH2CE CCH2CH3 —2---[_-!-;;—;’- CH3CH2CCH2CH2CH3

Cacben ciing c6ng hop electrophin véi ankyn cho ddn xudt xyclopropen c6 thé cong
hop cho hgp chat bixyclo:

C
hv :CHy / Q
CHyN; + CHyCem CCH; —»  CH,C=4£CH; — CHy( CH;
-N \CHZ i,

2

1.2-dimetylxyclopropen 1,2-dimetylbixyclof[1.0.] Jbutan

10.5. PHAN UNG CONG Ag CUA DIEN
10.5.1. Phan iing cong cia allen

Allen 12 loai dien c6 n6i d6i lién, trong d6 c6 hai cacbon chita hydro, cdn cacbon gifta
thi khong nén tic nhan electrophin s& tdn cong vao hai cacbon ngoai nhung cling ¢6 thé tdn
cong vao cacbon gitia.

Néu tén cong vao cacbon ddu mach, phan ing tuan theo quy tdc Markovnikov nhung
tao cacbocation loai vinyl:

E
—-C=C=¢c— + E+ — —E:—— g: —
S '

Trong cacbocation vinyl nay, obitan tréng khéng lién hop véi osbitan n trong trang
thdi chuyén nén c6 ning lugng cao.

N&u clectrophin t4n cong vao cacbon giita tao cation 6n dinh bing céng hudng:
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@ | @
el B Y o E+ — — N e —_— e —
(1: C ? + —_— ? C ? i (Ij_._('_‘, ?

Tinh hinh hoc cia cation ndy cling gidng nhu & allen ban ddu, cation allyl khong c6
hieu dng 16n trong trang thdi chuyén nén khong 6n dinh, vl muén &n dinh thi ba obitan p
phai song song v&i nhau vi phai quay xung quanh lién két C-C.

Vi thé, phan tng cong electrophin vdo allen khéng ¢6 nhém th€ xiy ra wu tién vio
cacbon cudi mach cho cation vinylic, tuy nhién vi tri cacbon giifa ciing c6 x4y ra. Khi ¢6 céc
nhoém th€ ankyl hay allyl & cacbon allen, sy t8n cong vao cacbon giita thuan lgi hon vi cation
duge én dinh bing nhém ankyl hay aryl. |

Ching han, allen dang RCH=C=CHj,, sy tdn c6ng electrophin vin thudng vio cacbon
cudi mach, dang RCH=C=CHR thi wu tién t4n cong vao cacbon giifa mach. Tetrametylallen
cling wu tién (an cong vao cacbon giita mach.

10.5.2. Phan ing cong cua dien lién hop

Phan ung cla dien lién hgp nhu 1,3-butadien véi tdc nhén electrophin nhu halogen,
HX... ciing xay ra theo co ch€ Ag tuong tu nhu anken & trén song c6 thé cho hai san phim
1,2va 1,4:

E ¥ E
~f=C—f=p— < BY - —1':-<;;f=$— +—f—¢

Néu 1a dien khong d6i xitng thi cho hai san phim 1,2.

Y

= (F_‘?_

(1.4)

Su canh tranh giita hai san phim gay ra béi cacbocation hinh thanh ban diu ¢é thé tén
tai ¢ nhilng dang céng huéng khdc nhau,

Néu electrophin tin cong vao cacbon 1 thi cho cation & hai dang cong huéng ¢6 dién
tich duong & cacbon 2 va 4;
] :
| @& @
—_=C—C=(C—- + H+ — - —C=_—(C=0C— L= =
F== ¢ F=1¢ F‘F?‘f‘
Né&u t4n cong vao cacbon 2 thi cho cation khong cong hudng:
i
@
TR

Trudng hop cation 1a Br* ciing tao dugc cation cdu c6 thé & hai dang 1,2 va 1,4:.
/o —
o\ o= o
YT
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Cation c4u 1,2 cho san phdm 1,2 con san phdm 1,4 truc 1i€p bdi phin dng Sy2°, con
cation cdu 1,4 n€u c6 s& cho sin phdm anken cis thuc t€ chi quan sdt thdy san phim cong
cho anken trans.

Nhu vay co ch€ phdn ing Ag clia dien lién hgp véi nhilng didu kién nhu anken & trén
nhung c6 nhitng dic diém sau day:

1- T4c nhan E* tdc dung véi butadien tao thanh phic = réi nhanh chuyén thanh ion
cacboni ¢6 gidi toa 16n dién tich dwong:

Bl'z
CH2=CH-CH=CH2 + Bl’z — CH; ﬁ CH-CI‘I=CH2'_'—"'
®
BrCH,-CH -CH=CH,
o | == [ BrCH, ChHe=CH==CH,®
BrCH,-CH=CH-CH,

Phin \ng t4n coéng ciia EY ciing tuan theo quy tic Markovnikov dé€ tao cation bén.
Phan ting cong vao butadien tuy bén hon anken hay dien riéng 1€, xdy ra d& hon anken, do
tao dugc cation 6n dinh bing giai toa dién tich trong hé allyl:

& -
BrCH,-CH -CH=CH, <> GHp /CH=== C=== CH;

® CH, -CHBr-CH=CH,

Cation tao thanh 12 cation b4c hai én dinh bing cong hudng,

2- Su canh tranh gifta hai san phim, sin phim wu tién phu thudc vao diéu kién phan tng.

& nhiét d& —80°C, sin phdm tao thanh wu tién 1a 1,2. G nhiét do thap, ion Br_ Khong
thé nhanh di xa khéi cation cacboni tao thanh ma k&t hgp vido C, tao nén san phidm

3,4-dibrom-i-buten. San phdm ndy tao ra d& hon, nhanh hon san phim kh4c, goi 12 sin phdm
khéng ch€ dong hoc:

CH,=CH-CH=CH, + Br' —» BrCH,~CH"CH=CH, —— BrCH,CHBrCH=CH,
(1,2)

& nhiét d6 cao 40°C, phan tng wu tién 12 1,4. O nhiét do cao, t6c do 1,2 tang Ién, song
sidn phdm phan ng ndy c¢6 thé ion hod dé tao thanh cation én dinh hon. Mat khéc, & 40°C
ion Br™ ¢6 thé cong hop vdo vi tri & cudi mach thuan lgi vé nang luong:

1]

40°C
BrCH,CHBrCH=CH, — 5 [ BrCH,~CH"-CH=CH, == BrCH,CH=CHCH," ] —

—» BrCH,CH=CHCH,Br
(1.4)
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3 nhiét d6 cao, phan ing cong 1,2 tang, nhung ciing tang d6 chuyén hoi 1,2 thanh
1,4. San phdm 1,4 bén hon nén & nhiét d6 ds, san phim 1,4 Khé bi ion hoi hon 1,2 & trén.
San phdm 1,4 6n dinh hon goi la sin phdm khéng ché nhiet dong hoc:

BrCH,-CHBr-CH=CH, == [ BrCH,—CH==CH==CHy|* == BCH,-CH=CH-CH,Br
(1.2) Br .4

Nhu vay, phdn ng cong Ag vao dien lién hop luén 6 sy canh tranh giita hai hudéng
tao thanh san phdm 1,2 va 1,4, trong d6 ¢6 mot huéng wu tién hon.

Sir hinh thanh san phdm c6 thé gidi thich dua vao nang lugng trang thdi chuyén nhu
trén gian dé & hinh 10.2.

X
E

E#
(1,2)

J 7]
[BrCHrC’ C—CH]

BrCH;-CHBr-CH=CH, ) T
] AH
Br, + CH,=CH-CH=CH, BrCH,;—CH=CH-CH,Br

Toa d¢ phan iing

Hinh 10.2, Gian d6 nang lugng cong 1,2 vi 1,4 cia 1,3-butadien

Hai san phdm t6n tai & can bing véi nhau trong phdn ving xuét ph4t tir hai trang théi
chuyén khic nhau vé nang lugng, san phim 1,4 bén hon 1,2 nhung trang thdi chuyén 1,4 ¢6
nang lugng hoat hod cao hon 1,2. Sin phdm tao thanh véi t8c d6 nhanh hon li san phdm
khéng che dong hoc, con sin phdm tao thanh cham hon nhung bén hon goi 13 sin phim
khong ch€ nhiét dong hoc. Do d6 & nhiét do khéc nhau hai san phdm d6 khéc nhau.

Néu hai hang rao nang lugng nay dwge khic phuc vé6i t6c do nhe nhau thi san phim
thu dwgc 1a hén hop can bing phu thuée vao sy khdc nhau vé nang lugng. Su khéc nhau vé
nang lugng giffa hai trang thdi chuyén 1,2 vd 1,4 xdc dinh hing s6 cAn bing giita hai sin
phim.

Né&u diéu kién khac nhau thi ty 1¢ san phdm khdc nhau, nghia 13 phu thudc vao dién
kién khdng ché dong hoc hay nhiét dong hoc.

D61 v6i dien the khong d6i xitng, huéng tdn cong cha E* ddu tién ciing tuan theo quy
tic Markovnikov dn t6i tao thanh cation én dinh nhat va trong diéu kién kh6ng ché nhiét
dong hoc, san phdm 1,4 chi€m uu thé.
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FH3 H3

CIH3 s H-CH,-C*-CH=CH,=» H-CH; -C=CH-CH;"
CH,~C-CH=CH, +H'— HY CH;
—— CH2=C-CH+- CHy-H CH,"-C=CH-CH,4
B A>B

Nhu vay, electrophin tdn cong vao C; nhanh hon vao C, va san phdm cong 1.4 1a:
CH3-C(CH3),=CH-CH,Br.

San ph4m 1,4 tao thanh chi yé&u la trans-olefin.

Trong trudmg hop 1-phenylbutadien, electrophin tdn cong chit y&€u vao C; va tao duge hé
lién hgp véi nhém phenyl hon, tdn cong ciia Nu hudng vao C; hon 1a C; vi 4n nglt khong gian:

C¢Hs—CH=CH-CH=CH, + CI, —> C4H;-CH=CH-CH’-CH,Cl —=
—* CgH;-CH=CH-CHCI-CH,Cl
N6i chung theo kh6ng ch& dong hoc, sin phdm 1,2 vu tién hon nhu khi tdc dung

butadien vdi Cl, cho 55% san phim 1,2, v6i Bry cho S0 + 54%, trong diéu kién khéng ché
nhiét d6ng hoc, sin phdm cong 1,4 lu6n vu tién hon.

Néu khong cé diéu kién khong ché thi thong thudng san phdm 1,4 uvu tién hon. Tuy
nhién cling ¢6 nhitng trudmg hop, ngay trong diéu kien khdng ch& dong hoc, san phdm cong
1,4 ciing chiém vu th€ hon, ching han phin Gng:

CH,=CH-CH=CH, +I, —= I'CHT(I:H‘,CH —» [-CH,-CH=CH-CH,-I
I:--CH,

san phdm 1,2 chiu chuyén vi dé dang, ching han véi nhiing phan ing céng vdi 1, JOCN,
HBr, RSH /H".

Phan ting cOng electrophin vdo dien lién hop tao cacbocation loai allyl & giai doan ddu
nén tic dung clia hiéu tng nhém ké& dé hinh thinh ion cdu y&u hon so véi monoolefin. Do
dé, ion cdu oni thudng khong can d6i ngay ca véi tdc nhan ¢6 hidu dng cia nhém ké manh.
Chéng han, khi brom ho4 trong metanol, axit HOX, axetat thuy ngan cho san phim céng ma
phdn tic nh&n nucleophin cdng vao vi tri 2 khoéng phai vao vi tr{ 1:

CH,=CH-CH=CH, +Hg(OCOCHy),—~ CH,-CH"-CH=CH, —
HgOCOCH,
CH3EOHgCH2-ICH-CH=CH2
OCOCH,

v@i brom trong metanol ciing wu tién cho 1-brom-2-metoxy-3-buten.

Phéan dng cong brom vao butadien chi thu dwge san phim céng trans-1,4-dibrom-2-
buten, nhu vdy néu tir ¢is-1,3-butadien khé xay ra phan Ung cong Az. Né€u phan \ing x4y ra
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phdi qua trang thdi chuyén cé ning lugng cao:

= Br
( ?r ——- C Br
= Br

Cdn d6i véi cdc dien vong lién hop nhu 1,3-xyclopentadien hay 1,3-xyclohexadien,
phan tir cé ciu tric s-cis ¢ dinh trong chit ban ddu. Néu phan tlr cong 1,4 déng bo xay ra,
vé mat 1ap thé electron 1A cong anti, song trong thuc t€ khi tdc dung brom véi
xyclopentadien thu dwge 20% cis-1,4-dibrom-2-xyclopenten, déng thdi véi trans-1.4-
dibrom-3-xyclopenten va khi tic dung DBr véi 1,3-xyclohexadien thu dugec 20% trans-
deutri-2-brom-3-xyclohexen va 80% cis-1-deutri-4-brom-2-xyclohexen. Nhu vdy, phin ing
cong electrophin clia dien XAy ra phifc tap ma hién nay chua dii thuc nghiém dé giai thich,
trir cdc hé don gian ¢é tinh todn bing co hoc lugng tir.

Phan ing cong electrophin vio hé trien, enyn, diyn... it dugc nghién ctru hon. Ching
han d6i véi enyn thi phan dng cong 1,4 cho allen:

"C—C-"?=(|3— + HY —/™= H-?=C=(F-(:?-Y

10.6. CAC PHAN UNG CONG Ag

1« Phdn ting cong halogen

Phuong trinh phan ting:

i
—(Ij=(lj_ + X2 —_— — 0 —

Nhiéu lién két d6i d€ halogen hod nhu véi clo hay brom ngay & nhiét d6 thudmg. Co
ché€ cia phan ng 14 cng electrophin trong dung dich va cong anti.

Phan iing clia brom xay ra rit nhanh ngay & nhiét do phong, ding iam phuong phdp
thir tinh chwa no cta anken ngay khi trong phan ti ¢6 chita nhém chdc khdc nhau nhu
andehit, xeton, amin... thl n6i déi vin phan Gng nhanh hon nhiéu. T4c nhan thich hgp hon 14
diing pyridin bromua pebromua CsHsNH'Br4 .

Clo ciing phan \ing manh véi néi d6i, manh hon brom nhing kém chon loc hon brom.
Thudng t8ng hop din xuit clo bang SO,Cl,, PCls, (CH3)1SiCl1-MnO,, MoCl,, KMnQ;,-clorua
oxalyl, CcHsICly, dung Cls véi CuCl, khi cé axetonitrin, metanol hay triphenylphotphin.

Tot phan 1ing cham hon, thudng din xudt vic-diiot khong bén ¢é xu huéng phan tich
tr&s lai iot va olefin.

Flo rat hoat dong, khong chi cong vao n6i d6i ma cdn tin cong vao cdc lien két khdc
nén cho hén hop. Flo ¢6 thé cong vio vii lien két doi trong dung mai tro & nhiét do thap
(-80°C), thudng pha loang F, trong Ar hay N,. C6 thé dung tdc nhan khdc nhu CoF, XeF,
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hay hén hop PbO, vd SF,. D¢ t6ng hop cdc din xusit dihalogen hdn tap, nhu clobrom hod
ding hén hgp Cl, v Br, hay mu6i tetrabutylamonidiclobromat (C4Hy);NBrCl, iotclo hod
diing CuCl, va I,, HI, Cdl,, iotflo hod diing AgF va I,. Di€u ch€ brom-, clo- iotflo hod cho
tac dung chét ban déu véi dung dich Br,, Cl; hay I, hay N-halogenamit trong polyhydro
florua-pyridin, cong I, véi clo, brom, flo thi ding tic nhan bis(pyridin)iot tetrafloborat
I(Py),BF, v6i Br, CI', F_ tuong tng. Hoat tinh ca BrCl > ICl > Br, > IBr > 1.

Lién k&t ba phan tng chim hon anken, n&u trong phan tir c6 lién ket doi va ba thi wu
tien cong vao lien két doi, néu cong hai mol cho hop chét tetrahalogen nhu cé thé cong phan
tlr ddu theo co ché nucleophin. I, vi Al,04 cOng vao n6i ba cho din xudt diiot hi¢u sudt tot.
He lien k&t doi lién hop cho san phdm 1,2 va 1,4. Allen d€ ngirng phén ¥ng sau moét mol cho
X—C-CX=C. Cong vao xeten cho a-halogen axyl halogenua nhung hi¢u sudt thap.

2- Phdn 1ng cong HX

Céc hydrohalogenua cOng hop vao lién két doi & nhiét 36 phong:

v X
"'IC=F~— + HX — -(IZ— (li——
Phén tng cong ciia HCl khé khan hon nhiéu va thudng phai dun néng. Phuong phdp
thich hop dé cong HF la diing dung dich polyhydro florua-pyridin, thudng trong dung moi
nhu THF & 0°C cho ankyl florua v&i hiéu sudt trung binh.

Phin ng cong HX vao olefin don gian khi khong c6 peroxit tudn theo co ch€ cong
electrophin vi tuan theo quy tic Markovnikov.

Céc ankyn cong hop 2 mol HX wan theo quy tic Markovnikov cho gem-dihalogen
khong cho vic-halogen:

_c=c- X _cH-cx- HX, -CH,-CX,-

Céc xeten cong hop vdi HX cho axyl halogenua:
i
..lc=c=0 + HX —» - IC_IC=O
X

3- Phdn ting cong nudc cia anken
Lien k&t doéi cong hgp v6i H,O khi ¢6 xic tdc axit. Xdc tdc chung nhdt 13 axit

sunfuric, ¢6 khi ding axit nitric va pecloric. Co ch& phin tng 14 cOng electrophin, do tan

cong ban diu cha H' va cong nucleophin HSO,

H *OH, OH
+ | % H,0 Lo i
—-(C=C— +H" ™ —(C—C— —» —C—C— —» —(F—ﬁ:_
| | | |

| !
H
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Nhung trong didu kién phan tng thudng bazo HSO,” c6ng vdo cho sin phim cong
—CH,-CH(OSO;H)- r6i thuy phan cho ancol va ciing c6 thé bazo t&n cong 1a H,0: Phan
ing ¢ sin phim chuyén vi cacbocation, ching han hydrat hodé CH,=CHCH(CH,), cho
CH;CH,COH(CHjy), va cdc anken binh thudng cho sin phim tuan theo quy tic Markovnikov. -

Phén tng cong dbng thdi tdc nhan oxy hod (O,) va tdc nhan khir ((C;Hs),SH hay
2-propanol) vao olefin khi c6 xiic tic phitc coban khong cé chuyén vi, nhung c6 san phém
phu 14 ankan va xeton.

Phan ing cong khong c6 chuyén vj 12 phuong phép oxy thily ngan hoa:

OH

1-Hg(OCOCH ), I i
Phan @ng hoan toan tuan theo Markovnikov va khong ¢6 chuyén vi. Ch4t ban diu c6
thé chita cdc nhém chitc khdc nhu halogen, hydroxy, axetoxy, metoxy. N&u ¢é hai lien két
doi trong cing phén tir, ¢6 thé diing sieu am theo oxy thuy ngan hod cong vao lien k&t doi it
the hon. Phin (fng clia axetat thuy ngan cho sin phdm cong réi tdc dung v&i NaBH, cho

ancol, ching han:

CH, CH,
1-Hg(CH,C00),
CH,CH,CG—= CH, W CH3CH2F— CH,
OH

Phuong phdp hydrat hod gi4n ti€p va trdi Markovnikov 12 tdc dung anken v&i hén hop
1:1 GeHsCH,N(C,Hs);* BH,y v (CH;)4SiCl 16i tdc dung ti€p véi dung dich K,CO; cho ancol.
Néu chét ban ddu c6 cdu triic C=C-Z (véi Z 1a CHO, CO...) ludn cho sin phdm

HO-C-CHZ nhung phan ting theo co ch& nucleophin. Sin phim —CH-C(OH)Z tim thay khi
¢6 Oy, CgHsSiH; va xiic tdc phifc mangan.

Phin \ing hgp nudc vao anken loai RCH=CZZ' ¢6 su phan cét san phim cong cho
andehit va CH,Z7Z.’:

RCH=C—CN 0 RCH (IZI—I— CN R—CH < "?‘H— CN

—
CN HO tF '
RCH=0 c—cn R HyC— CN
-OH"
CN CN

Cidc dien ciing hydrat hod twong tu.

Cac xeten hydrat hod cho axit cacboxylic:

i
H+
_.lc=c= O = ——?—C:’_ 0

H,0
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Vong nhd xyclopropan cling mé& vdng béing oxy thuy ngan hod:
OH OH

Hj
Hg{QCOCF5)s &C (62%)
“~0OH

4- Phdn itng cong nudc cua ankyn
Ankyn cong hop dugc vai nude khi ¢6 xdc tAc mudi ion thuy ngén nhu axetat, sunfat
hay oxit thuy ngan va axit sunfuric:

H
|
—c=(C— + H;0O He$0. _ﬁ_(l(f_

Phan itng tuan theo quy tic Markovnikov, axetylen cho andehit, ankyn cudi mach cho
metylankylxeton, ankyn loai RC=CR’ cho hai xeton.

Giai doan ddu cla phéan iing 14 tao phic (1), nudc tdn céng nhr Sy2 cho ancol (2) va
thuy phan cho ancol va tautome hod:

+OH,
—C=C— + Hg2+ —_— —— ﬂ)‘. —1:: é— —
Iilgz-'- Hg*
OH OH H
I - H* 1 tautome |
Hg* 2 H

Cic ete, thioete, ynamin clia axetylen phan dng cong nudc cho este, thioete bai xiic
tdc axit khong cdn xidc tdc thuy ngan: :
—c=C— A +H,0 — —CHZ-—-tI'I:—-—- A A=0R,SRNR,
O
Phan \ng 1a cong electrophin, giai doan proton hod ddu quyét dinh t6c do. Mot s
ankyn hydrat hoa thanh xeton khong cé mu6i thuy ngan nhimg ¢6 thé diing axit fomic.

Céc allen hydrat hod cho xeton vdi xidc tdc axit:

H H
H* _F_gli tw (!: ﬂ I
~e=c=¢- Sm (O .

5- Phdn img cfng ancol va phenol
Ancol va phenol cOng vao lién két doi khi c6 xic tdc axit hay bazo:

(l)R

|
—(I:= ?— + ROH —» —E— ?—
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Phan img khi cé xuic téc axit 12 co ch€ electrophin véi tic nhan H* tao cacbocation t8
hgp véi nucleophin ancol:

. *ORH H
H e
—(=C— +H" - —r—C— — _4:__._#_ _ﬁ]:__., —_
c=F F f f’
Phin ing tuan theo quy tic Markovnikov, ancol bsc nhat cho két qua t6t hon ancol
bac hai, ancol bac ba khong hoat dong. Phuong phip tdng hop ete bac ba 12 diing olefin loai
(CH3)2C=CH2.
Mot s8 olefin loai polyhalogen olefin hay loai C=C-Z bj t&n céng nucleophin RO~
hay C¢H;O gifng loai Michael.
Céc n6i ba thuan 1gi cho t4n cong nucleophin nén thudng cong xiic tic bazo vio lién
két ba 12 phuong phdp t6t, trong trudng hop ndy tao thanh enol ete hay axetal:

H OR H OR

—C=c— +RoH L _{=¢- R _? (f_

Phan dng cng ancol vao enol cdn phdi Xic tdc axit vi enoI ete dé t4n cong bdi
electrophin hon n6i ba. Do d6 ngudi ta thudng diing enol dé khod mot ancol, thudng diing
dihydropyran, thyc hién phan iing, sau d6 héi phuc lai ancol bing axit loing:

H+
el
o H,0-H o OR

Phan iing cong ancol vao enol ete ciing diing xiic tdc CoCl,. Khi ¢6 xic tic bazo, tdc
do giam tir ancol bac 1 tdi bac ba vi phenol cdn diéu kién cao hon.

Ete c6 thé ding phan \ing oxy thuy ngan ho4 - loai oxy khi ding ancol 1am dung moi
nhu 2-metyl-1-buten trong etanol cho CH;CH,(CH;),COC,Hs. Ancol bic mét cho hiéu suat
t6t v6i axetat thuy ngan nhung ancol bac hai va ba cdn diing trifloaxetat thuy ngan. T4c nhan
ndy khong ding d€ téng hop di-terr-ankyl ete. Ankyl néi chung cho axetal. Néu ding
hydroperoxit thay cho ancol thu duge sin phdm 14 ankyl peroxit (sau khi loai Hg bing NaBH,),
goi 1a phédn dng thuy ngan hoa.

Ancol va phenol ciing cong hgp vao xeten cho este cacboxylic:

oo
c=0

I

6- Phan itng céng axit cacboxylic

Axit cacboxyclic cdng vao anken cho este:
H ?COR
H* i
—-F= {— +RCOOH —» —C—C—
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Phan timg thudmg cé xidc tdc axit (proton hay axit Lewis) va theo co ch€ cong Ag, tuln
theo quy tic Markovnikov. Phan tng c6 tdc dung téng hop cic este cha ancol bac ba tir
olefin R,C=CHR.

Khi axit cacboxylic ¢6 chita néi doi thi thu duge phan {ing céng vong hod cho y hay
-lacton phu thudc vi tri ban ddu ca n8i déi. Este cacboxylic ciing thu dugc bing phin ing
axyloxy thiy ngan hod — loai thuy ngan cua olefin.

Ankyn ¢6 ndi ba cong axit cho enol este hay axylal khi tdc dung véi axit:
1].1 lOCOR OCOR

RCOOH
—(C=C— + RCOOH—™ —C==C— ‘““El
COR

Mué6i thuy ngan ciing ding 1dm xdc tdc cho phan tng trén tao chét trung gian -
C=C-(HgX)OCOR-

Ankyn cé n6i ba cudi mach phin ung v6i CO,, amin bac hai R,NH va xic tdc phitc
ruteni cho enol cacbamat RCH=CHOC(=O)NR,. Phén itng ndy c6 thé chuyén hoéd ndi phan
tlr cho lacton khong no.

Céc xeten phan @ng véi axit cacboxylic cho anhydrit ma trong cong nghiép thudng
ding axit axetic d€ téng hop anhydrit axetic:
i qeor
C=0

—C=C=0Q + RCOOH —» -—-(IZ—
I

7- Phdn img cong thiol
Tuwong tu ancol, thiol cling cong hop vao anken cho thioete:
1—1 SR
=t |

Phan tmg theo co ché electrophin, tudn theo quy tic Markovnikov. Song phan ung néi
chung cham, cdn xic tdc axit hay axit Lewis, nhung kh6 kh6ng ché didu kién nghiém ngat
nén thudng phan tng cong theo co ch& géc khi c6 chdt kich thich 4p dung nhiéu hon.

H,S ciing cong hop vio néi do6i cho san phdm cong ban d4u réi cong thém phan
anken thit hai cho sunfua:

SH —e=
—C=C— + H,S —» —¢—(Ij— “é—C—S—&—-(F—

Ankyn cong hop véi thiol cho thicete vinylic hay dithioaxetal nhung thudng ding
phan ing cong nucleophin:
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H SR H SR

HO" I |
—Ce=C— +RSH —» —fp==c— BH_ _ L ¢
HO" 4}1

Xeten cong hgp axit cho thiol este:
—C=C=0 + RSH — —-?—C=o
I

8- Phdn dng hydrocacboxyl hod

Phin ting ciia olefin khi ¢6 xiic tic axit (phan ting Koch) véi CO va nuée cho axit:
" 1|-1 (IZOOH
—(=== F— + CO+ H,O—» —C—C—
I

Phuong phdp téng hop 12 dun néng olefin véi cacbon monooxit va nudc dudi ip sudt

500 + 1000 atm va 100 + 350°C ¢6 xic tdc axit vo co. N&u cho tic dung olefin v&i CO trudc
khi dun néng réi tic dyng v&i nudc thi ¢ thé ha nhiet d6 0 d&n 50°C va 1 d&n 100 atm. C6
thé ding axit fomic 1am tic nhan thay cho nuéc va CO thuc hién & nhiét d6 phong va 4p sudt
thudng (phan \ing Koch-Haaf).

Phan tng diing xuic tdc niken cacbonyl & diéu kien trung binh (50°C va 50 atm), ciing

ding cdc mu6i kim loai va phitc nhu (CgHs),PdCl,, xic tic phitc paladi quang hoat cho hiéu
suit quang hoat tir trung binh dén cao.

Phédn wng clia anken v6i CO khi c6 xiic tdc axit theo co ché sau:

con khi ¢6 xiic tdc niken cacbonyl theo co ché sau;
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B Lo
T T g r WO T T
ﬁ: — Ni(CO), h: —OH
O 0
Trong co ché¢ trén giai doan 3 1a the electrophin, giai doan chinh clia co ché 12 giai
doan 4 chuyén vi.

Né€u ding ancol, thiol, amin... thay cho nudc rong phin wng trén thi thu duoc este,
thiol este hay amit... twong tng.

9- Phdn ing cong HOX

HOCI, HOBr, HOI cong hgp vio olefin cho halohydrin:

I A
C1 OH

HOCI va HOBr thuong diéu ché€ in situ tir H;O va Br, hay Cl, tuong (tng, HOI ciing ¢6
thé diing I, va nude dé cong vao ndi doi néu c6 tetrametylen sunfon - CHCl, hay HIO,.

HOF ciing c6 thé cong vao olefin nhung tdc nhan ndy khé diéu ché tinh khiét va ¢
hién tuong nd.

Phuong phép tién loi khi ding HOBr 12 thém tdc nhan N-bromamit (N-bromsuxinimit
hay N-bromaxetanilit) va mot lugng nho nude trong dung moi dimetylsunfoxit hay dioxan,
v61 HOCI ding thém tert-butyi h)}droperoxit véi TiCly chi trong 15 phiit va & ~78°C.

Clohydrin diéu ché ti¢n loi khi tic dung olefin véi cloramin T (TsNCI™ Na™) trong
axeton - nuge. HOI khi tac dung olefin v6i axit peiodic va NaHSO,.

Cao ch€ phan dng 1a cong electrophin véi sy t4n cong ban ddu la ddu halogen duong
cla ludng cyc HOX. Phan ing ciing tuan theo quy tdc Markovnikov, halogen di vao cacbon
ndi doi nhi¢u hydro hon va giai doan hai 1a cacbocation hay cation oni phan tng vdi HO™
hay nudc cho san phidm. N&u chat ban ddu phan img v6i clo hay brom trong ancol hay axit
lam dung moi thi c¢6 sin phim ete X~C~C-OR hay este X-C—C-OCOR (cling c6 ¥ kién cho
ring phén ting cha Cl, hay Br, véi nudc ¢6 khac véi HOC! hay HOBr).

Ankyn citng c6ng hop HOX cho hop chat dihalogen cacbonyl -CX,-CO-.

Mot phuong phdp diéu ché ete bac ba 12 tic dung fert-butyl hypociorua hay bromua
hoac iodua v6i olefin cho halogen-tert-butyl ete:

| |
-c= IC_ + (CH3);COCI = —?—F—

€1 OC(CHa);

Céc axit khong no chia lién k€t doi khi ¢6 halogen ¢6 phdn ing cong cha halogen va
OCOR goi 12 phan ing halogenlacton hoa:
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IZ‘KI

CH,=CHCH,CH,COOH ——»
H,O-NsHCO, Q)

Phin Wing thudng ditng diéu ch€ iot lacton, ¢dn brom hay clo lacton kém hon. Céc axit
Y, 8-khéng no wu tién cho vdng 5 canh (y lacton) va phan ing cling tuln theo quy tic
Markovnikov, cdc vong 6 canh hay 4 canh ciing 4p dung duge phuong phédp nay.
10- Phdn ing cong NOX
Cic nitrosyl halogenua cong hop vio olefin:
I

—g=g— + Noa = —g—p—
CI N=O

San phdm ban dfu 12 hop chat B-halogen nitrozo nhymg né chi bén khi N Khéng cé
hydro. N&€u ¢6 hydro s& déng phan hod cho oxim:

I I
—((:E]_(onH - ﬁc:l ﬁ-OH

Ngoai san phdm nitrozo, sin phim nay con bj oxy hod bdi NCI cho hgp chét nitro.

Ca ché cia phan tng chi 12 cong electrophin don gidn, tuan theo quy tdc Markovnikov
do NO” tan cong vao cacbon c6 nhidu hydro hon va thudng 12 cong anti (chi ¢ vai trudng
hop 13 syn).

Nitryl clorua NO,Cl ciing céng vio néi doi nhung theo co ch& gbc tr do va nhém
nitro tan céng vao cacbon it hydro hon.

11- Phdn img cong cia IN,

fot azit cong hop vao anken cho B-iot azit:

¥
— == +IN3 —_ —(— C—
F—f Y

Phiin tng cong electrophin qua chAt trung gian ion c4u iodoni nén ¢6 dic thi lap thé
va anti. Phin tng xay ra v6i nhiéu hgp ch4t nhu lozi allen va xeton a, B-khong no. Tuong ty
c6 thé ding BrN; va CIN,, tuy nhién v6i BrCN, c6 thé xay ra theo co ché& electrophin hay
goc, cong CIN; theo co ché géc tir do.

IN; cOng vio ndi ba cho azit B-iot-a, 3-khong no.

Céc iot azit dé bi khir bing LiAlH, cho aziridin vA khi tdc dung v6i ankyl hay aryl
dicloboran c6 bazo tao thanh N-ankyl hay N-aryl aziridin:
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Trong cd hai qud trinh, azit bi khir cho amin tuong ing (bac nhat hay hai) r8i vong hod
tiép theo.

12- Phdn ing cong INCO

Iot xyanat cong hgp vao olefin cho B-iot isoxyanat:

I l
—G=(— * INCO 22 —c—(—H
I NCO

Phin iing cong electrophin dic thit 14p thé anti tuong ty phan ing trén. Phin ing ciing
dp dung cho olefin mét, hai va ba ldn thé, nhung khong phén dng v6i hop chat cacbonyl
o, B-khong no. Phan ing ciing dinh hudng theo Markovnikov vi dién tich duong cia iot
cong vao cacbon the¢ it hon.

Ankyn phén 1ing véi INCO cho isoxyanat B-iot-B, y-khong no nhung hiéu sudt thap.
Allen cong 1 mol INCO cho isoxyanat B-iot-B, y-khong no. Néu thuy phan isoxyanat cho
amin nén ciing 12 phuong phdp gidn tiép dé cong NH, va I vao lien két doi.

13- Phdn itng céng RX

Ankyl hatogenua cong hop vao anken khi ¢6 xiic tdc Friedel Crafts, thudng dung AlCl,:
[ I
AlCl —
_(Ij=?— + RX —_— _(Ij“"—(lj H
R X
Hiéu sudt 16t nhdt 13 ddn xult bac ba, ciing ding bic hai, con bac nhit cho san phim

chuyén vi. Metyl va etyl halogenua khong ¢6 chuyén vi nhung kh6ng phan ting.

Phan ting do su tn cong ca cation ankyl hinh thanh tir ankyl halogenua xiic tic va
tuan theo quy tdc Markovnikov vi cation t4n cong vao cacbon nhidu hydro hon. Sin phim
phu 12 sén phdm th€ do loai hydro tir cacbocation trung gian:

R ¥
1
H- C—C—
R c&/‘\ﬁr ﬁ: ?
H— ?=(|3—— + RY —= H- 43———?1{— % Il{
Dien lién hop ciing cho phan \tng cdng 1,4. Ankyn phén iing cho halogenua vinyl.
Céc hop chét polyhalogenua CCly, BrCCl, cho san phdm cong theo co ché géc tu do.
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14- Phdn itng céng RCOX
Axyl halogenua cong vao nhiéu olefin khi ¢6 xictic Fiedel Crafis:

i ]
— ¢=(~— +RrcoCl T —C—C—
Cl COR

Phan ting 4p dung cho olefin mach kh6ng nhénh, c¢6 nhinh v véng hay chita nhém

chic ngoai halogen. Cu ché ciing tuong ty nhu cong RX & trén nhung ¢6 phan ting the canh

tranh manh hon. Khi tang nhiét do hieu sust gidm nen tSt nhat 1a thye hien 6[ 0°IC. Cic dien

cho phan ing ndy kém ma thudng tring hop. Cic ankyn cho sian phdm RCO-C=C—Cl. Nhém

fomyl va halogen cong vao néi déi khi téc dung olefin v6i fomamit N,N- hai l4n th& vi
POCI, (diéu kién Vilsmeier).

15- Phdn ung axylaxyloxy hod anken

Nhém axyl va axyloxy cong vao lien két d6i khi ¢ axyl flo borat vi anhydrit axetic:

e '
O RCO*BF, R—C—?‘-—-#—O — € —CH,
(|: | (CH3C0),0 P)

Phin @ng 12 cong electrophin vé6i tic nhan RCO™* tan ¢ong vao cacbon nhiéu hydro hon
nén tun theo quy tic Markovnikov.
Nhém axyl va amit ciing céng !.op tuong ty vao olefin néu ding nitrin thay cho anhydrit;
1- RCO*BF;, RCN I
—C=c— RCQ'BF,. RN Rof—@—Q—NH-C—R
I 2-H;0 |
O 0O

Phan tng ciia ngi ba cling tuong ty, cho hgp chat chua no twong t tren,

16- Phdn ving cong HCN

Olefin binh thutng khong cong hop duoc véi HCN. Olefin binh thudng cong hop duge
véi HCN khi ¢6 xiic tdc dicoban octacacbonyl hay hop chét kim loai chuyén ti€p khdc hay
gidn ti€p cong RNC vio olefin. Phuong phép gidn ti€p la cong HCN vao olefin thudng ding
RCN véi tic nhan Schwartz nhung cho phan ting cong trdi Markovnikov. Cic polyhalogen
olefin hay olefin ¢6 dang C=C-Z véi Z 13 nhém hiit electron nhu CHO, cong dugc véi HCN
khi ¢6 xiic tdc bazo nhung theo co che céng nucleophin: :

frN
—?=(?— + HCN —= -?‘ ?—
Ankyn cong hop véi HCN khi ¢é CuCl, NH,Cl hay hop chat Ni hay Pd. Axetylen cong
hop 2 mol HCN ding dé téng hop axetonitrin trong cong nghé¢. Tdc nhan xyanua ankyl

nhém (C,Hs),AICN, hén hgp HCN va R;Al cong hop t6t vao xeton hay axyl halogenua
a, B-khong no.
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17- Phdan iing céong HN

Olefin binh thudng khéng cdng hgp vao ndi doi voi HN, khi khong ¢ xiic tdc axit
Lewis nhu TiCly. Axit hydrazoic cong hgp vao loai olefin C=C-Z khi Z 1a nhém hiit electron
lién hop nhu C=C-CCO, CH,=CHOR:

|
R=O=C-Z + HN; — R=C-¢-Z
3H

HN3 c6 thé gidn tiép cong hap vio olefin thudng bing phan ting azit thuy ngin hoi
roi loal thuy ngan:

Hg(OCOCH;), I NaBH, |
R—(l:=CH2 TN;F R ?—CHz—HgNg — R—(E—CH3

N3 N3
Phirong phap nay ciing 4p dung cho ankyn cudi mach va xycloanken ¢é sitc cang 16n.
18- Phdn iing céng véi hydrua kim logi

Mot s6 hydrua kim loai nhém 13 va 14 trong bang hé théng tudn hoan nhu AlH,, GaH; va
dan xuat ankyl hay aryl nhu R,AlH, Ar;SnH, ¢dng hop vio ndi doi cho hgp chat co kim:

fr M

IR e Sl o

Ngoar hydrna bo, cdc hydrua quan trong khdc 1a hydrua nhom, silicon, thide va
zirconi. MOt s6 tdc nhan khong cdn xdc tdc nhung mot s8 khdc cdn xic tdc nhu phin iing
hydro zirconi hod ding xypZrHCI (xyp = xyclopentadienyl) {tic nhin Schwar1z). Co ché clia
hydrua nhém 13 1a electrophin hay co ch€ vong bén trung tdm c6 ban chat electrophin, con
hydrua nhém 14 thudng 14 co ché géc,

Lién két ba ciing cho phan ing cong tuong tu:

RGE=CH R"‘ﬂp RCH=—CH—AIR) Ri‘i‘i RCH,CH—AIR,

|
AIR',

19- Phdn ng céng voi RH
Ankan cong v&i RH vao noi doi:
H
| ! B |
_ﬁj=ﬁ;— + RH —™ —(F—(Ij-—
Khi ¢6 xiic tac axit & nhiét d¢ thép giita —30 dén 100°C nhur 12 phin tng Friedel Crafts
theo co ché cacbocation:
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H
_é=({1— + HY — __(:j_(?_
h b
_(:;_(?— +RH — —(—C¢— +R
\ R o
R'+ —d=d& G~

N R
_(F—q— +RH —*™ __?_ﬁ:— + R*

Phan ng ciing ¢6 chuyén vi cacbocation va phdn ing dime hod hay polyme hod khdc
nhau. Néu olefin ¢é ba hay bén 14n the tic dung véi (CH,),Si, HCl va AICl,, phan iing
proton hod cho cacbocation bac ba r6i tdc dung véi (CH;)4Si cho sdn phdm nhu 1 cong H va
CH, vao olefin ban ddu.

Phan iing khi cé nhiét theo co ché€ géc tv do v khi ¢6 bazo theo co ché€ cdng nucleophin.
20- Phdn ttng dime hod

Olefin khi ¢é xic tdc axit s& dime ho4:

H+
CH, =CH, + CH,=CH, —» CH,=CHCH,CH;
Phan tng thudng ding dé t8ng hop c4c olefin vong:

=T

bic biét 1a nghién ctu sinh téng hop lanosterol ciing nhu nhitng hop chat da vong dic
thil 1ap thé.

Phan img cdng hop olefin vao olefin ciing thuc hién dugc khi ¢6 xiic tic bazo, va t6t
nht 12 xtc téc phitc kim loai chuyén ti€p nhu phitc niken va ankyl nhém (xic tic Ziegler).

Xic tdc ding cho phdn img cdng 1,4 cha dien:

lI-I CH==CH,
CH,=—CH, + CH,=CH—CH=CH, —%% CH,—CH==CH—CH,
Ciing nhu dime hod 1,3-butadien cho octatrien.

Ankyn dime hod khi ¢6 xic tdc ddng clorua va amoni clorua nhu tir axetylen cho
vinylaxetylen:

CuCl

HC==CH + HO==CH NH.C

HO=mC - CH=CH,

Va ciing c6 kha ning dime cho san phdm dien khéc:
ROmeCR + R'CCR' —» R=0=(—¢=C-R
R R H
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Phan ung nay thudng cho mot ankyn tdc dung véi xic tic Schwartz cho chét trung
gian vinyl zirconi réi cong hgp chit trung gian khdc do ankyn céng hop véi CH;Li hay
CH;MgBr. Hai chét trung gian nay trong dung dich axit cho dien v&i hiéu sust kh4 cao.

Phan ting vong hod ciia diyn khi ¢6 phic zirconi:

“h
RCw=(C(CH,),CmmCR —= (CHj), H
: -~

San phdm 1A dien E,E exoxyclic, thudng vdng 4, 5, 6 canh cho hiéu suét cao con
vong 7 canh thdp. N€u di tir enyn ciing cho sin phdm tuong tu nhung chi ¢6 mot néi doi.
21- Phdn iing hydrofomyl hod

Olefin duge hydrofomyl hod bing cacbon monooxit va hydro khi cé xic téc coban
cacbonyl hay phiic rodi nhu hydrocacbonyltris(triphenylphotphin) rodi:

[Cocoy, § FHO

TG O T —C-C—

Qui trinh goi 1a qud trinh oxo. Kha nang theo thit tu: olefin cuéi mach > olefin giifa
mach > olefin ¢c6 mach nhdnh.

Khi ddng dicoban octacacbonyl lam xiic téc, tiéu phan cong vao n6i d6i 1a HCo(CO),
cacbonyl hod RCo(CO3); + CO — RCo(CO), r6i chuyén vi va khit theo cdc giai doan nhu
phan dng 8§ & trén.

22- Phdn ting cong NOCI va NO,CI

Nitrozyl clorua cong hop vao olefin cho sin phdm céng ban ddu 1a B-clo nitrozo:

Cl N=O
—C=(— + NOCl —»= — _¢_
g ¢

S$an ph4m nay thudng chi bén khi khong c6 hydro B vi ¢6 hydro cho san phm tautome

hod oxim:
_$ ¢_H . _?_E—OH

Phan ting theo co ch€ cong electrophin, coéng anti vi theo quy tic Markovnikov do
nhém NO di vao cacbon nhiéu hydro hon.

NO,(l ciing cho phan tng twong tu cho hgp chat B-halogen nitro nhung theo co ché
goc tir do va NO, di vao cacbon it th€ hon.
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23- Phdn itng Prins
Olefin cong hop véi fomandehit khi ¢é axit goi 12 phan dng Prins cho ba sin phim
chinh:

RCHCH RCH

H-C-H + R-CH=CH, —» R
E CHy  pay %Hz hay CC/\C{

H—(‘:—H H—([‘—H

OH OH
ma san phdm wu tién phy thudc vio olefin va diéu kién phan éng. Khi san phdm tao thanh 1
1,3-diol thi phan 1ing cong t6t véi lién két C=C ciing nhu C=0. Phan tmg cé su t4n cong
electrophin vao lién két doi. Giai doan ddu 1a proton héa nhém C=0 vi cacbocation tin cong
vio C=C:

(|:H20H
CH,OH . RCH=CH
. [ >4
H-C-H oy 2 CH,OH
ﬁ — H- T H + R-CH=CH, —= RCH-CH, \2;0 (2
OH RCH - CH,

bH
tao nén cation trung gian c¢6 nhém ké 1dm 6n dinh cacbocation nén tao cation vong va san
phdm vdng:
® OH
H=0 —cH, HO—CH, ) o
I | - o —_— | |
RCH—CH; RCH—CH, RCH—CH, R
Tl san phdm trung gian vong c6 thé gidi thich tinh 14ap thé ctia phan ting 12 cong anti,
tuan theo quy tic Markovnikov, cdc anken thé 1am tang phan tng.

Cdc andehit hay xeton hoat dong ciling nhu cloral hay este axetoaxetic cong hgp véi
anken cho [3-hydroxy olefin va theo co ché& perixyclic:

H
I H:
R_('F‘/ (ﬁ —_ R_ﬁ \?/
2

Phin ng la c4n bang, cdc andehit hay xeton khong hoat déng cdn xic tic axit Lewis
nhw dimetylamino clorua, néu diung xtic tdc quang hoat cling cho sdn phdm guang hoat ¢6 du
16n mot d6i quang.

Anken cong hop vdi andehit hay xeton cho ancol bi khir khi thém Snl, hay Zn va
(CH;)3S8iCl va bang phuong phap di¢n hod hay quang ho4:
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R'CH,
Mz

R~{~R' + R'=CH=CH, —> R-C—R
0 OH

10.7. PHAN UNG CONG cis

Phan 1tng ¢dng cis & day x4y ra giita anken va t4¢ nhan c¢6 tinh electrophin qua trang
thdi chuyén vong nhiéu trung tam (khic véi truomg hop trén 12 sy canh tranh v6i cong anti
va cling khdc véi phan ttng perixyclic & chuong 10).

24- Phdn ung epoxy hod

Anken cong hop véi céc peaxit d€ hinh thanh hop chét 1,2-epoxit theo c¢o ché cong cis
goi 1a phan dng epoxy hod (phan ding Prilezhaev):
I I
—Cc=C— + (CH;~C—00H —»> —C—C—
?— ? 6Hs ﬁ <
O 0

Céc tdc nhan thudng diung 1A cdc peaxit nhu axit peaxetic, pebenzoic, cling dling axit
triflopeaxetic va axit 3,5-dinitroperoxybenzoic hoat dong manh.

Anken c6 thé c6 nhém chitc ankyl, aryl, hydroxyl, este vd nhém khdc nhung khong
thé ¢6 nhém amin vi ¢6 téc dung véi tdc nhan. Trong anken, cic nhém thé cho electron 1am
ting kha ning phan ng, dac biét 1a tetraankyl olefin phdn ing rdt nhanh. Diéu kién phan
ing ¢m diu va hiéu suit cao.

Co ch€ phan fing nhu sau:
-~ /R
Oo=C
0—C S
T OC‘ © ™+ 0
PN

r RN

Phan iing Ia bac mot cho méi tdc nhan, b4c hai cho phan (ng, giai doan ion ho4 12 giai
doan quy€t dinh t6c d¢ phan ing, khong chiu 4nh hudng cla xic tdc axit chung, khéng c6
hi¢u ng mudi, ¢6 hang s6 phan itng am, thudng ¢6 p = —0,8 dé€n —1,2 vi entropi hoat hod
am, thudng AS* = —1,8 dén —2,5 d.v.e, chiing té phan Ung xay ra qua hgp chélt trung gian cdu
d6i xitng. Phan iing xay ra nhanh trong dung méi khong phan cuc, & day su hinh thanh ion bj
ifc ch€. T6c d6 phan ing thay ddi theo cdu tric chdt ban ddu va tim thay trang thdi chuyén
khong ¢é ban chat cacbocation.

Mat khic, nguyén tir oxy peroxit electrophin cé tinh mém, déng thdi ¢6 tic dung
manh clia nhém ké nén khong c6 kha ning tao cacbocation.
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Phén tng ¢6 tinh dac thil lap thé, wong dng voi cdu tric khong gian cia cis hay trans-
olefin, cis-olefin cho cis-epoxit, trans-olefin cho trans- epoxit va cdc nhém th€ cho electron
1am 6n dinh chdt trung gian cacbocation gia thiét.

Chat ban ddu ¢ nhém OH & vi tri allyl hay homoallyl thi tinh dac thu 1ap thé giam
hay mat di, ¢a hai d6ng phan cis- va frans-olefin déu uu tién cho san phim ma oxy di vao &
vi tri syn d6i v6i nhém OH. Didu d6 chimg t6 trang thdi chuyén ¢6 tac thanh lién két hydro
gitta nhém OH vA peroxy axit.

Kha nang phan (@ng cia peaxit ciing tuong ty nhu brom, brom hod 2-metyl-2-buten
trong metanol nhanh hon etylen 10° 14n thi peaxit ciing 10* 14n.

CHCI
CH,=CHCOOCH; + CF;COO0H ——=  CH,— - CHCOOCH;
NaH2P04 \0
etylplyxidat 80%
CH}(CHz\)l /(CHz)}'COOH CHLCOLH CH3(CH2)7 }CHz)'}'COOH
w N - ?C\:f Ny

axit cis-9,10-epoxystearic

Khi ¢é nhém th€ hiit electron trong peaxit, kha nang phan ing tang, ching t6 tinh chat
electrophin clia tic nhan:

CF;COOOH > HCOOOH > CH;COOOH > C(H;COOOH

Khi c6 axit hay bazo, hop chét epoxit bi thuy phan chon loc 14p thé cho trans-diok:

H;
CH,
C4HsCO,H
—_—
CHCly CH;
CH; H ' OH

CH;  !-LiAli, I | H,0, H,S0, CH,
H; 2-NH,CI CH;

OH OH

trans-1,2-dimetylxyclohexanol ¢is-1,2-dimelylxyclohexan-1,2-diol

Cdc dien lien hop epoxy hoa (cong 1,2) cham hon olefin twong 1ng nhimg Xxeton
a, B- khong no néi chung khéng cho epoxit khi tdc dung vdi peaxit, trong khi dé céc este
a, B- khéng no cho este glyxidic. Khi nhém cacbonyl khéng cé lién hop véi lien két doi thi
phan \ing Baeyer - Villiger canh tranh.

Allen chuyén thanh allen oxit hay spiro dioxit khi tic dung véi peaxit:
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spiro dioxit

nhung céc axit nay khong bén thudng chuyén hod ngay thanh sin phidm khic.

Cic anken c6 th€ chuyén thinh epoxyancol khi ¢6 oXy hay ankyl peroxit va xiic tic
phitc kin loai chuyén tiép cia V, Co, Ti, Mo ... nhung theo co ché gdc ty do.

& 0y hv @) (67%)
CH,OH

Anken c6 thé tic dung v6i H,O, cho peroxit khi ¢6 xic tdc axit tungstic hay din xust,
F,—H,0-CH,CN va magie monoperoxyphtalat, con cdc xeton (ké c& quinon), andehit va
sunfon a, B- khong no tdc dung véi H;0, cho epoxit nhimng theo co ch€ cong nucleophin (co
ché& loai Michael):

B . < I
T &, i e T ?

{%_C— + HO"

Mot phuong phap quan trong trong qué trinh epoxy hod 1a phuong phép t6ng hop bat
d6i xitng cha Sharpless khi chuyén hod ancol allylic thanh hop chdt epoxy quang hoat khi
tic dung fert-butyl hydroperexit véi titan tetraisopropoxit. Ti[(OCH(CHjy),], va dietyl tartrat
¢6 ham lugng 5 + 10%. Phédn ng cha (-) hay (+) dietyl tartrat phan ing nhaoh va dac thiu
1ap thé, mot enantiome tao thanh. Phan ung ciing xdy ra vdi ancol allylic ma n6i doi c6 thé
12 mono-, di-, tri- hay tetra l4n th€, Phuong phdp di c6 tng dung quan trong trong t6ng
hop cdc d6ng phan quang hoc khong c6 trong ty nhién, ching han nhu 8 déng phan
L-andohexoz¢ téng hgp tit benzhydroxyloxy-(E)-but-2-en-ol, do sy tdn céng vao chit ban
d4u ciia hop chat tao thanh tir titan ankoxit v dietyl tartrat dé tao nén phiic bao gém ca chit
ban ddn va terr-butyl hydroperoxit. Cdc anken binh thudng, trir nhém OH allylic, cé thé
epoxy hoé chon loc lap thé bing natri hypoclorit va phitc mangan quang hoat 1am xuic téc.

Ci4c ankyn cling bi epoxy hod bang hydroperoxit cho oxiran:
' o)

A

nhung oxiran khong bén, thudng chuyén hod thanh hgp chét khéc trong phéan tng.
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25- Phdn iing céng tetraaxetat chi

Tetraaxeat chi cling cong hop electrophin vao anken bing tdc nhan cation axetat nhu
axit Lewis. Nhém CO bén canh ¢6 anh hudng manh tao thanh trang thdi chuyén vong 5 canh
khong c6 sic cang mang dién tich duong. Cation ny thu4n loi vé nang luong:

®
0 .- H,0 AOH,
# N ~ S ol
+CH— g — - & m CH
@ ’ CYG):‘H O‘O/C\CHs CH; ’

* CH,COO" +
CH;-COO wco CH,
cng-coo: T\j
trans-dioldiaxetat cis-diolmonoaxetat

San phdm cong bi thuy phan cho cis-diol, cdn anion axetat c¢é tinh nucleophin cao hon
xay ra theo co ch& Sy2 quay cfu hinh cho trans-diol. Ciing c6 thé ding 1ali (IIT) axetat dé
cho biaxetat glycol hay ding paladi axetat vdi tdc nhan oxy hod nhw benzoquinon hay MnO,
va O, dé chuyén dien lien hop thanh 1,4-diaxetoxy-2-anken (cong 1,4).

26- Phdn itng céng ozon

Phan tlr O3 ciing ¢6 ban chét electrophin do mdi nguyen tir OXy trong ba nguyén tr
oxy dé€u c6 4i lyc véi electron nén cong vao anken theo phan ving cong cis:

e N © )
o=oe\8 ——— O—%O - O—O (? = () —O\Oe

e/lc/ E/ —_ >F/O\
O

P 2
o T T ST
O =)

-
S

ozonit

H,, Pd CHO
0, Lh- CHQ  adipandehit
O CHCly, 0°C @_g I CCOOH
COOH  axit adipic

(Phan iing xem thém & chirong 14 - Oxy hod anken bing ozon).

27- Phan ting hydroxyl hod
Ion pemanganat hay tetraoxit osmi céng hop hai nhém HO vio anken cho vie-diol khi
c6 kiém:
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Phan \ing x4y ra nhanh qua trang thdi trung gian nhiéu trung tam, trong d¢ trung tam
electrophin 12 nguyén tir kim loai ¢6 kha nang nhén electron:

0s0, ?NIP 20 ?H (l) +0s0,

- e S8 -

cis-dio

_F_?_ KMnOg % HO ?H ? + MnO,

F ¢is- dlol
Phan ng 12 ¢ong syn va tdc nhan t4n cong tir phia cacbon it khé khan khong gian hon.
Chat trung gian este vdng c6 thé tach ra dugc nhung thudmg bi phan tich trong dung dich v6i
natri sunfit trong etanol hay tdc nhan khédc. Bazo xic tic phdn ing bing tao phiic v6i este.
Tetraoxit osmi phin ¥ng cham hon nhung ciing dinh lugng, do doc nén it ding, chi
diing khi diéu ch€ mot lugng nhd chit nen thuong ddng H,O, véi OsO, v6i mot lugng axit.
Ciing diing tert-butyl hydroperoxit trong dung dich kiém, N-metylmorpholin-N-oxit va
Fz—HzO"CH}CN voi H202.
Chii ¢ ring, khi t4c dung anken v6i H,0, va axit fomic s& cho vic-diol nhung 1a phan
iing cOng anti theo Sn2, goi 1a cong anti:
‘?
@
~er— _ /0\ _ u H0
) Cl HOp —» : —C — _(—p— —/
?H
-H J: _
] ®OH | H

Phan ting cong anti theo phuong phip Prevost 12 tic dung anken véi iot va benzoat bac
v6i ty 18 1:1, san phidm cong ban ddu 13 B-halogen benzoat 14n san phdm cong cha IOCOC¢H:;
r8i iot bi thé bing CsHsCOO nhu 1a phéan ing thé nucleophin c6 nhém ké nén cdng anti, sau
d6 thuy phan bao toan cdu hinh:

I
o HsCeCOO |

P Iy _ _2._._
LS Taclons TETET T —C—% b
OCOC¢H; COC¢H;

Song phuong phip clia Woodward 13 téc dung iot v4i axetat bac theo ty 1¢ 1:1 trong
axit axetic ¢6 nuéc cho san phdm ban ddu 1a B-haloeste, cling 13 phan dng thé nucleophin
clia iot, song khi ¢6 nudc sw tham gia clia nhém ké 1am gidm su solvat hod ciia chét hinh
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thanh va co ch€ 12 co ch& Sy2 binh thudng, monoaxetat cong syx va thuy phan cho sin phém
diol la syn-diol. Phan ting clla Woodward gi6ng v4i phin iing clia OsO, hay KMnO, 12 c6ng
syn nhung khéc 13 qué trinh céng syn nay tir phia ¢6 nhiéu khé khan khong gian hon.

Phan tmg cong hai nhém OH vao diol ¢6 thé cho déng phan chon loc déi quang hay
chon loc 13p thé dia:
I
RCH=CH, —  R—C—CH;OH

I
OH

mo
RCH=CHR' ~—» R—[C'— C—R
OH OH

Phdn iing cong tir dang olefin RCH=CH, cho chon loc lap thé d6i quang, cong tir
RCH=CHR’ cho chon loc 13p thé dia va 1ap thé d6i quang. Phan iing nay cé thé phan biét
Khi dung cdc amin hoat ddng quang hoat nhu quinin va quinidin sau:

@H HsC, @ «
" ! i{ 0-C-¢ - o CHSO\@:?

H;C,

9 phenantry] ctc )
hydroquinidin dlhlhydroqumln
HSC;6 F p-clobenzoic H5C6*.‘ i ¢Hs
ArCHz-NH-E - E—NH-CHZAr {DN — CH;CH,—N
(3) GHS Ar = mesytyl HSC (4) ‘CﬁHS

Cic amin nay két hop véi OsOy in situ nhy 12 phéi tir quang hoat gy ra sy cong bat
déi xitng, déng thoi ciing xtc tién phan dng. Hai tdc nhan (1) va (2) khdng phii enantiome
nhung cho cong chon loc d6i quang vao olefin theo huéng nguge nhau, ching han styren wu
tién cho (R) diol véi (1) va (S) diol véi (2).

Phan @ng cong chon loc d6i quang va dig ciing diing cho dén xudt cla OsO, chita phoi
tir quang hoat va OsQ, v6i olefin c6 nhém quang hoat trong phén tir.

28- Phdn itng céng boran
Boran cong hop vao n6i d6i cho san phdm céng trong dung moi ete:

et o ()
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Boran khong thé téng hop thanh hop chat bén tinh khiét (dime hod thanh B;He) nhung
c6 san phdm thuong mai & dang phifc v6i THF, (CH3),S hay amin bac ba. Olefin c6 thé téc
dung v6i mot trong cdc phic &y nhung THF-BH; ¢ 0°C 1a thich hgp nhat, cdn ding
R;N-BH; & 100°C hay diing hén hop cua NaBH, va BF; eterat dé t4i tao boran in situ.

Thong thudng qué trinh khong dimg lai tao mot phan tr olefin v6i BH; cho RBH, ma
phan tng ti€p v6i olefin cho R,BH rdi R3B, sin phém tdch ra dugc 12 triankylboran. Phin
img c6 thé thuc hién & cc olefin bon 14n thé, ké ca céc olefin vdng nhung néu olefin cé khé
khin 14p thé thi c6 thé dimg & diankylboran R,BH hay monoankyl boran RBH,. Chéng han,
téng hop tir cdc disiamylboran, thexylboran:

CH; CH CH; CH
HyCn i3 G hs hs

_H
Cc=C —» H;C-CH-CH-BH-CH-CH-CH
H3C/ ~ H 3 disiamylboran 3
(%)
CFs g
H3C\C=C: CH, —» H;C-CH- (I: - BH,
Hy CH;  CHs
thexylboran (6)
HOCS e o (1,050 - CH- CH(CHY,
H

Cic monoankylboran RBH, (diéu ch€ tir olefin khé Khan 14p thé) va diankylboran
R,BH cong hgp vao olefin cho hén hop triankylboran RR’;B va R,R’B trong tng. Metylboran
¢6 phan tir khong 16n, cong hop véi olefin wrong THF c6 thé dimng cho diankylboran
RCH,BH va tiép cho triankylboran RR’CH;B. Cic monoankylboran khdc nhu iso-C3H,BH,,
tert-C4HgBH, sec-C,HgBH, tdc dung v6i olefin trong mach nhung khong véi olefin RCH=CH,.

Co ché cia phan tng c6 trang thdi chuyén vong 4 trung tam:

Céc boran ciing 1a tiéu phan electrophin do nguyén tit B ¢6 obitan tréng. Boran cong
hop vdo olefin & cacbon it khé khan khong gian tao ion cacboni bén hon va c6 lien k&t hydro
cling phia cis v6i bo. Hydro déng vai trd 12 nucleophin cong vao trung tam dién tich duong
bang cap electron lién k&t H-B:

H 5« H H

R +HS_ R+—H  2RCH=CH,
| +BH, — P - — B(CH,CH,R),
c -8B HT-BH,

H Mg H H
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V¢ sdn phdm, phan éng 13 cong tréi quy tic Markovnikov W ¢ong H vao cacbon ankyl
hod nhi€u hon, cdn thuc t& quan st duoe quy tdc Markovnikov véi electrophin Ia bo. Phin
ing 1a céng syn nhung néu chit ban diu 13 ancol allylic hay amin lai cOng anti, va tinh
chon loc lap thé c6 thé chuyén t6i syn khi ding catecholboran hay phiic rodi. Co ché
khdc nhau c6 thé 1am thay déi tinh chon loc vi tri, ching han styren C¢H;CH=CH, cho
CsHsCH(OH)CHS,.

Chéng han, phan ng cla styren the véi D,BCl quan sét hieu wng déng vi ky / kp =
1,2 + 2,4 ¢6 p = -0,7 do trang th4i chuyén kém phan cyc. Quy tic Markovnikov quan sit
dugc & anken c6 néi doi cudi mach, cdn anken cé néi da; trong mach ¢6 ca hai san phim
cong theo Markovnikov va trdi Markovnikov. Phin ting cho san phim triankylboran, véi céc
anken th€ cao thu dirge diankylboran:

CH,
4CH3?=CHCH3 +(BHz, —= 2[CH,4 H(:l‘leBH
CHj, | H, )
bis-(1,2-dimetylpropyljboran
H; Hj
(CH;CHCH),BH —» C)-CIH:H2 — O—CH2CHzB(?HCHCH3)2
Hy (5) CH;

Trong tat ca cdc trudmg hop bo di t6i cacbon nhiéu hydro hon khi ¢6 nhém th€ ankyl
va aryl, nhu phin tng sau cho 98% san phim cong va 2% san phdm phu:

_.CH
(L1 oo o O

H” - CH;, BH,

e (H,C)C - CH - CH(CHy),

Phan ung thyc 1€ 1a bo duong dién hon hydro tan cong vao cacbon nhiéu hydro hon
nén tuan theo quy tic chung cia Markovnikov nhung cho sin phim trdi Markovnikov. Tinh
chon loc 1ap thé gay ra bdi nhan t§ 14p thé cling nhu nhan 6 electron. Nghién ctru vé t6c do
va huéng tdn cong clia hydrobo hod cita c4c hitu ting trén, cdc hop chat th€ vong nhu styren
thé cho they sy t4n cong clia bo ¢ ban chat electrophin. Khi ¢ hai phia néi d6i 13 mot lan
th€ hay hai ldn thé, di tim thdy ham lwong bing nhau clia mdi déng phan. Phan ing cong
chon loc 1ap thé€ khi ddng phan tir t4n cong 16n hon, chéng han tdc dung iso-CyH,CH=CHCH,
v6i boran cho 57% san phdm véi bo dinh v6i cacbon ¢6 nhém metyl va 43% déng phan
khéc, nhung véi chdt sau (5) thi cho 95% vi 5% san phdm khdc:

(H3C)2CH\ — ~H —
[(CH;3),CHCHCH;,),BH + H,C—~C\ CH,
(H3C),C - CH, - CHCH,
B[CH(CH;)CH(CH;),],
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Tic nhan c6 tinh chon loc 1ap thé cao thudmg ding la 9-bobixyclo{3.3.1]nonan
(9-BBN) diéu ché bang hydrobo hod 1,5-xycooctadien:

B—H
O =
—

9-BBN 1a hop ch4t bén trong khong khi. 9-BBN va disiamylboran va hop chdt tuong tu
¢6 tinh chon 1oc rdt cao wu tién t4n cong vao lién ket it khé khan 1ap thé€, thuetng chi hydrobo
hod mot lien két d6i va hydrobo hod mot olefin khi ¢6 mét olefin khic kém hoat déng,
ching han hydrobo hod 1-penten c6 thé diing hén hop 1-penten va 2-penten, cis-olefin ¢o
thé hydrobo hod chon loc tir hén hop cis va trans- olefin.

9-BBN

Tic nhan hydrobo hod hoat dong hon BH; d6i v6i anken cudi mach hay dang
R,C=CHR, la monocloboran BH,Cl ¢6 phén ting ph6i tri v1 dimetyl sunfua cho san phdm
R,BCl. Ching han ding BH;-THF véi 1-hexen cho 94% sin phdm trdi Markovnikov, con
v6i BH,C1-(CH3),S cho 99,2%. Tac dung dicloboran BHCl,-(CH;),S khi c¢6 BF; hay ding
BCl;~(CH,),SiH cho ankyldicloboran RBCl,.

Ung dung quan trong nhat cia phin éng hydrobo hod 12 oxy hod san phim dé bang
H,0, trong kiém chuyén thanh ancol. Day la phuong phdp gidn 1iép cong hop nudc vao
anken cho ancol trai quy tic Markovnikov.

Céc ankyl boran tic dung v6i ancol hay axit cho ankan, con khi ¢6 H,0, s& cho ancol
qua phan tng chuyén vi hydroxit:

CH,COOH
6CHy(CH,),CH=CH, + BH; —» 2[CHy(CHp)s]sB —— CH;3(CHy);CH;

H 7 2 HyOp
[CH;(CH,),]:B 802 CHy(CHy)y — BN\ — CH3':CHZ)4'O'E|3" — [CH;3(CH,),0];B

~
( —OH H,;0
—= 3 CH;3(CH;)4;CH + B(OH);

CH BH HSC\‘ '.a CH3
H3C‘/‘c= < e e C——C CH
- 2t
p-CH30C4Hs H ‘p-CH;30CgH5 H
cis-2-p-anisyl-2-buten threo-3-p-anisyl-2-butanol
o HC.. -H
H3C“~(:=c/H —- Hww— C ——C_ -0OH
7TV~ CHy T < N\
p-CH30C¢H; 3 p-CH;0C¢H; CH;
trans-2-p-anisyl-2-bulen erythro-3-p-anisyl-2-butancl

Ankyl boran ciing ¢é nhiing phan ing khic nhu tdc dung vGi hgp chit a-halogen
cacbonyl cho sén phdm anky!l hod (xem chuwong Sy), v6i CO cho ancol va xeton (chuong
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chuyén vi), va nhiéu phan tng khéc. Hop chit olefin c6 thé c6 cdc nhém chitc nhu OR, CH,
NH,, SCHj, halogen va COOR nhung khong thé ¢ nhém chic ¢6 tinh khit boran.

Chéng han hydrobo ho4 enamin bing 9-BBN gidn ti€p cho anken do khir cia andehit
hay xeton :
, 1-9-BBN
R'CH;-C-R" —» R'CH=(|3 -R SCHoN

NRI!

R'CH = (|3 -R'* R"N'P-

D¢ diéu ch€ ancol c6 do tinh khiét quang hoat dat 98% thudng ding phuong phdp tic
dung anken véi diisopinocampheylboran hoat dong quang hoc:

CH3 H3 JH H,C-, o= C< CH; H3

. ."BH VAt
BH, - H . HO-?—H
— NaOH-H,0,
CH,CH,

2

Phan ing cho hig¢u suft t6t v6i c4c anken khong c6 khé khan khong gian nén t6t hon
12 ding isopinocampheylboran tuy ¢6 chim hon, cling dung limonylboran, 2- va 4-dicaranyl-
boran, myrtanylboran va dilongifolylboran.

Céc boran vdng quang hoat trans-2,5-dimetylborolan sau citng céng chon loc 1ap thé
v0i olefin (trr olefin loai RR’C=CH},) cho boran ¢6 do tinh khiét quang hoc cao. Khi boran
quang hoat cong hgp véi olefin ba l4n thé dang RR'C=CHR" tao nén hai trung tAm quang
hoat va v6i (8) va (9) & dudi chi mot d6ng phan dia wu tién trong bén déng phan dia véi hieu
sudt 90%, goi 12 téng hop bat ddi xitng kép:

>O<“>O<

®R (8)

Lien két doi trong dien duge hydrobo ho4 rieng ré nghia 12 khong ¢6 cong 1,4, thudmg
khong dé hydrobo hod mot ndi doi trong he lién hop vi kém hoat tinh hon 12 riéng ré. Ching
han thexylboran phan ting véi dien lién hop hay rieng & 1a hydrobo hod vong véi vong 5, 6
hay 7 canh:

CHy=CHCH,CH,CH,CH=CH, + (CH3);CH-C(CH;),-BH —»={ B |<

S vong hod thudng thyc hién monoankylboran hay véi ban than BH;. Phén iing dién
hinh 14 chuyén hod 1,5,9-xyclodecatrien cho pehydro-9b-boraphenalen:

& e
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Lién két ba trong ankyn ciing dugc monohydrobo hod cho vinylboran ¢é thé bi khir
bing axit axetic cho cis-anken hay oxy ho4 hoic thuy phan cho andehit hay xeton. Ankyn
cu6i mach cho andehit nguge véi phuong phdp cong thuy ngan hay xic tdc axit. Song ankyn
cudi mach chi cho andehit d6i v4i boran c¢6 khé khan vé khong gian nhu disiamylboran,
thexylboran, catecholboran hodc BHBry—(CHj),S.

Phan tng giita ankyn cudi mach vd BH; cho hgp chat 1,1-diboran ¢é th€ bi oxy hod
bing NaOH-H,0, cho ancol bic nhat hay vdi axit m-clobenzoic cho axit cacboxylic:

P ) W RCHzCHzOH

BH,
RCw=CH —% RCH,-CH-B
.
_?3 “‘%OH RCH,COOH

Mat khéc, dimesityl boran hydrobo hod chon loc néi ba khi ¢6 lién két déi ciing nhu
hydrobo ho4 chon loc mét lién két doi trong dien khong lién hgp. Mu6n hydrobo hod chon
loc d6i quang thi diing phitc rodi quang hoat.

29- Phdn itng céng cia cacben

Cacben ciing 12 tiéu phan electrophin cong hop vao anken cho hgp chét vong ba canh:
~ -~

. No=— ~ -
Gt /C . — /C\z“‘

Cacben va cacben thé€ déu cong hop vao lien két doi cho din xudt xyclopropan nhy 1a
phan tng cong 1,2. Cdc ddn xudt nhu CgH;CH:, ROCH:, (CH3),C=C:, :C(CN),, cong dugce
vao n6i d6i nhung thudng ding bin than cacben vdi dihalogencacben, cacbankoxycacben,
ankyl cacben RCH: ciing cong vao olefin nhung dé& chuyén vi. Thudng nhiéu phin ing dugc
st dung cdc tién than cla cacben, thyc t€ khong phéi cacben tir do, nén thudng ngudi ta goi
nhimg phén #ng chuyén ho lien k&t d6i thanh vdng xyclopropan 13 sy chuyén hod cacben,
thuc t€ 12 phan dng cilla cacben va cacbennoit.

Cacben rét hoat doéng song cho nhifu sin phdm phu nhw phan tng céng mach cia
cacben triplet theo co ché g6c ty do (xem chuang phén ing gbc ty do) nén d€ han ch€ phin
tng ndy, phuong phdp Simmons - Smith va vai phuong phdp khic, ching han nhu ding
diclocacben tuy cham hon cacben nhung phén dng xay ra t6t ma khong c6 phan img céng
mach.

N6i chung cic halogen cacben hay cacbenoit tao thanh bing phan tng tich sau:
CH,Cl, + RLi — :CHCI '
N,CHBr + HO — :CHBr
CHCl, + HO© — :CHCl,
C¢H;HgCCl,Br — :CCl,
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(CH;3)3SnCF; + Nal — : CF,
CHBr,F + RLi — :CFBr
CFCl, + TiCl; + LiAlH, — :CFCl
Phin tng gita CHCl; va HO™ cdn diéu kién chuyén pha, CgH;CHCI, véi tert-C,H,0K
cho cacbennoit nhung khi ¢6 ete crown cho CsH;CCl, dicloxyclopropan ciing ding nhung
thutng chuyén thanh alten khi c¢6 magie hay natri.

Céc cacben déu 1a electrophin, & trang thdi singlet cong vio lién k&t doi theo co ché
mot giai doan qua trang thdi chuyén ti€p vong:

I
e~ s
AN

Phan dng 1a cong syn va dic thi 1ap thé.
Cac cacben va cacbenoit loai R-C-R’ 13 d6i tugng clia hod hoc 14p thé. Téc nhan nay

cdng vao olefin d6i xiing cho hai ddng phan c6 thé ¢6 néu bdn nhém thé & cacbon duoe bao
toan ciu hinh:

c A C A C
MNe=cly * R-CR — E}VD + QYD
Rf

San pham nao uu tién 1 phu thude vio R va R’. Nhiéu nghién ctiu vé cacben mot ldn
the loai R’=H va nhiéu nghién ctu cho thdy nhém aryl wu tien vé phia thé€ nhiéu hon (cong
syn), nhom cacbetoxy tim thdy chon loc anti. Khi R= halogen, halogen cacben tu do khong
dac thi 1ap thé hay rat nho, trong khi d6 halogen cacbenoit biéu 16 wu tien cong syn. Vi thé
rdt khé dé c6 mot t8ng quat hod don gian.

Cacben cong hgp vao lien két d6i cia nhan thom, song san phdm thudng khong bén va
chuyén vi m& véng. Cacben phan \ing v6i benzen cho xycloheptatrien:

CH H
2 —rlie-
norcatadien xycloheptatrien

Nhung khong phai tdt ca cdc cacben déu cong vio benzen. Trong phan g trén,
norcaradien trong trudng hgp ndy khong tich ra duge chiu chuyén vi electroxyclic, trir mot
s8 norcaradien thé nhu san phdm cong cla C(CN), vao benzen cho san phdm tdch ra duwoc.
Phan ng ciing cho sin phdm phu 12 san phdm cong mach cho mot lugng nhé toluen. Phan
lmg nay, ngodi diing cacben tir do cdn diing cacben do phan huy CH,N, trong hop chét thom
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nhu dung moi c¢é mat CuCl hay CuBr, la phuong phdp 6t khong ¢6 san phdm phu cong
mach. CHCI hoat déng cong vao benzen:

C.H,

norcaradien xycloheplatrien

ahung dihalogen cacben thi khong cong vao benzen hay toluen, trlt vong c¢é mat do electron
16n nhur dé dang cong hop vao anken vong:

<

KOC(CH3)3 + CHCI':, — K+.CC13—"' :CClz —_—-
1 "l

Khi nang md rong vong ciing tim thdy trong phan ing cua pyrazol va indol tic dung
vdi halogencacben cho pyridin va quinolin:

H,C CH;
N CH;LI \C,l \
N CH'ECI'} -
I
H

';‘) N

Ciing nhu cdc hop chdt khong thom md vong cho vong 6 canh véi dong luc mé vong
12 sic cang cua vong:

Lb ﬁé :
:CCl, R
— . —
Cl Cl

T4t cdc cac olefin déu chuyén thinh din xuat xyclopropan trit cac olefin ¢ khé khin
lap thé. Ngay tetraxyanetylen cho phan ing electrophin rat kém cling cho ddn xudt
xyclopropan vdi cacben.

Cac dien lien hop cho san phdm cong 1,2 vdi mot mol thit hai cho dén xudt bixyclopropyl:

--(E:—(E-— C—- +:CH; —> A_(F C— ﬂ’{_

Phén fing céng 1,4 xdy ra hi€m nhung cling thuc hién dugc trong mét 6 trudng hop
nhu cong vao xeten:
CHyCYy

CHFC=0 *+ CHN; Zm [>=O

Allen phan tng v&i cacben cho xyclopropan ¢6 lién két doi exoxyclic va vé6i phan tir
thit hai cho spiropentan:
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CH, ClL,
Néi chung bat k¥ hop chit vong ¢6 lién két doi exoxyclic déu phin ttng véi cacben
cho hgp chat spiro,
Lién két ba phan (ng véi cacben cho xyclopropen tr axetylen tao thinh xyclopropen
khong thé 1ach ra ma chuyén thinh allen; nhung néu cong thém mot mol cacben thit hai cho

bixyclobutan:
H,C—C==C—CH; +2:CH; — H;C*@CH‘;

D¢ trénh san phdm phu do phan wng cong mach, Simmons-Smith dua ra phuong phdp
tong hop hop chit chifa lién két doi vai CH,lI5 véi cap Zn-Cu cho din xoat xyclopropan véi
hi¢u sudt cao. Cap Zn-Cu dugc dicu ché bang dun néng Zn véi CuCl trong dong khi nito.
Phan (ng ciing diing véi Zn khong hoat hda vai situ am. Khi diing TiCly ciing v&i Zn va
CuCl, ¢ thé thay CH,I, bang CH,Br,.

Tiéu phan tan cong thuc 1€ trong phin dng nay 1 chal trung gian co kém (ICH,),Zn-Znl,.
Chat trung gian nay di bén trong dung dich, da xdc dinh bing 1inh thé hoc tia X tao phic véi ete.

Phan ting cong cé dac thu 1ap thé syn va co ché déng bo:

N Znl _Znl
C / el i Znl
|+ \: - CH, + |
PN 1 e /~ I
Chang han véi nhitng phan ting sau:
H:Cy C,Hq
H5C Colly _Znc
CHsly +  ° oc=cl 7 &
- H H 11 H
cis=3-hexen cis-1,2-dietvIxyolopropan
HsCy |
HC /H ZnCu
CHy, + 7 C=c_ T
- H” C,Hs H C,H;
fruns-3-hexen trans-1.2-dietvlxyclopropan

Theo phuong phdp ciia Simmons - Smith, cdc dien lién hop ciing cho san phdm cdng
t.2 va allen cho metylenxyclopropan hay spiropentan. Mét phuong phap khdc irong ty
Simmons - Smith la tic dung olefin vdi CHi,1, huy dihalogenmetan khic va (CyHs)2Zn trong
ete. Phuong phép nay thuan lgi khi dua nhém RCH hay ArCH vao pkan tir khi diung CHI,
hay ArCHI; thay cho dihalogenmetan. C6 thé ding CH,l, hay CH3CHI, ciing véi alan R4Al
dé chuyén CH, hay CH,CH 61 olefin.
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Cacben tir do ding duge khi cé xiic 1dc phide chuyén tiép kim loai - cacben L, M=CRR’
(L = ph&i tir. M = kim loai} dé cong nhém CRR’ vao lién két déi, ching han:

: CHj

= CHCH; + CgHs;CH=CH; —=
CO o CeHs

Cic hop chat nay, ké ca CH;N,, phan tng vén kim loai hay mudi kim loai (déng,
paladi va rodi) cho phitc cacben dé cong CRR’ vao olefin. Téng hgp xyclopropan quang hoat
ciing dung phirc quang hoat.

Phuang phdp Simmons-Smith 1a phuong phdp gidn ti€p metyl hod xeton & vi tri a. Cic
xeton trude hét chuyén thanh enol ete hay enamin heac silyl ete, rdi phan (ng vét cacben
cho ddn xudt norcaran vh phan cdt vong ba canh bing nudc, tich ROH, R;NH hay R SiH
cho metyl xeton:

A a OH

@ Cj Gl 2 Oyt
— —_— — e i

A= ORONRS SIR,

Phenol metyl hod ciing ap dung dugc phuong phip tuong tu trén:

OH [Zn —
(s uqu Zn —r (“': I'
LII I H
Znl OH

CH;  ~anco, [Ij/ CH;,
s

Cic nitren dang [R—-CO-N] d¢ choyén vi nén khong tham gia phan (ing cong vao
anken, song nitren loai CH5—-S0--N: - sunfonyl nitren cdng duge vao anken:

O b CHgSON=N"=N" —im [ CeH3SOMN:] —m CEN“SOEChHS

30- Cong hai nhon ankyl vao ankyn

Hai nhém ankyl c6 thé cong hgp vio ankyn cudi mach, thudimg bang ankyl dong-
magie bromua (tac nhan Normant) v ankyl 1odua trong ete-HMPA:
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H

(C5H 0P R. /
RO=CH + R'Cu-MgBr, + R'l —= C=C g
ete-HMPA

v

Rt

Phan 1ing ciing 14 cong syn. Trude hét 1A cong ankyl déng vio ndi ba réi ghép do1 véi
ankyl ioduva:

- R . e
RO=CH R'Cu-MgBr, XC=C< R"] ;C#\ o
Rr/ Cu-MgBr, °

Ankyl dong c6 thé 1a ankyl bac nhat, allyl, benzy!, vinyl vi o-ankoxyankyl. Ban than
arylen phan dng voi RyCuCl (thay cho tic nhan Normant). Tir chat trung gian cong clia
ankyl déng, ¢ thé chuyén hod tiép véi tdc nhan khic nhy vai CO,, RNCO... kht ¢c6 HMPA
va mot lugng xic tdc trietylphotphin:

H €0, R H
R._ y H  grnco Re . .7 —_— ~ /
e C=C__ (CHsOPehimpa C=C
‘Cz(\ (CHO);P~HMPA R'/ Cu-MgBr, R'/ COOH
R CONHR'

Téc nhan allyl kém bromua tic dung véi vinyl liti hay vinyl Grignard cho san pham
cong hai kim loal & mdt cacbon (gem-dimetal):

R A R
R Ry /R 5 R
K)\/ZnBr + \C‘=C\ — J\Q o — Z
= /7 R R
R M Zn . BrZn
ol (\f R o
LN

M R’
M = MgBr hay Li

mi ¢6 thé tdc dung 1i€p vdi cde nucleophin khéic nhau,
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