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LGOI NOI PAU

Cuéh sdich “CO CHE VA PHAN UNG HOA HOC HUU CO”
nay dige bién soan trén cd s¢ cuén “Co sd Iy thuyét hod hitu cd”
(Nha xudt bdn Khoa hoc va Ky thudt Ha N6i, ndm 1999 va tdi bdn
ndém 2001) nhdm bé sung thém nhing kién thie co bdin va hién
dai vé lién két hod hoc, cdc hidu ing cdu tric, hod hoc lgp the,
nhét la cdc co ché phdn ing cu thé trong cdc logi phdn tng co bdan
ciia hod hoc hitu co nhu phdn ing thé géc, electrophin va
nucleophin; phdn iing cing géc, electrophin va nucleophin; phdn
ing tdch; phdn ing chuyén vi; phén ing nhiét va quang hod; phdn
wng oxy hod khi. S

Cuén sdeh diing cho sink vién dai hoc, cao hoc va nghién
cizu sink dang nghién cizu vé hod hoc hitu co'va c6 thé lam tai lidu
tham khdo cho cde cdn b gigng day va nghién citu vé hod hoc hitu
co.

Cuén sdch gém 15 chuong dude chia ra lam ba tdp.

Chéc rdng cudn sdch con c6 nhing ché chua ddp ting duge
yéu cdu ctia dic gid, ching toi mong nhan dugc ¥ kién nhin xét dé
cuén sdach duge hoan thién hon.

Tdc gid



CAC CHU VIET TAT VA THUAT NGU

1- Chit viét tat:

THF Tetrahydrofuran

DMF Dimetylfomamit

HMPA Hexametylphotphoric triamit
DBN 1,5-Diazabixyclof3.4.0] nonen-5
DBU 1,8-Diazabixyclo[5.4.0Jundexen-7
DDQ 2,3-Diclo-35,6-dixyano-1,4-benzoquinon
DMAP 4-Dimetylaminopyridin

9-BBN 9-Borabixyclo[3.3.1]nonan

LDA Liti diisopropylamit

DABCO 1,4-Diazabixyclo[2.2.2]octan
DAST Dietylaminosunfua triflorua

DCC Dixyclohexylcacbodiimit

DHU Dixyclohexylure

NBS N-bromsuxinimit

TEBA Trietylbenzylamoni clorua
DIBAIH Diisobutyl alumi hydrua

2- Cac thuat ngir tir tiéng La Tinh duoc giir nguyén goc.

3- Cdc thuat ngit dich tir ti€ng nude ngodi duge ghi thém ti€ng Anh.



Chuong 1

LIEN KET HOA HOC

Lién két hod hoc bao gédm lién két tinh dién va lién két cong hod tri. Tuang tic gita
hai ion ngugc ddu nhau goi 1a lién két ion, 12 loai lién két manh; con tuong tdc giita ion -
ludng cuc va ludng cuc - ludng cuyc 1a tuong tic y&u nhung cé tdm quan trong trong hod
him co. '

Lién két hod hoc quan trong trong hod hoc hitu co 1a lién k&t cong hod tri hinh thanh
bang mot cip electron ciia hai nguyén tir. Néu cap electron duge phan chia cho hai va chi hai
hat nhin nguyén tir 12 loai lién két bén hon goi 1 lién K&t dinh ché, con ndu duge phan chia
cho hon hai hat nhan nguyén ti 1a lién két cong hod tri yéu hon hay goi 13 lién két cong hod
tri giai tod. Co cd cila lien két cong hod tri 12 phuong trinh séng Schrodinger va ban chat cla
lién két cong hod tri duge giai thich bang thuyét lien két hoa tri (valence bond theory) va
thuyét obitan phin tir (molecular orbatal theory).

1.1. OBITAN NGUYEN TU

1.1.1. Cidu triic electron cila nguyén

Ciu tric electron cha nguyén ilr dugc xdc dinh bang cdc hing s6 lugng tir », /, m va 5.
Su chuyén dong séng cha electron dugc moé ta bing phuong trinh co hoc lugng tir goi 1a
phuong trinh s6ng Schrodinger (1926). Phuong trinh séng cho phép xem cdc tinh chit cla
electron nhu 1a cdc tinh chit xac sudt, cho thdy y nghia clla cde gid tri nang lugng dac trung
va ham s6 s6ng W twong tng cho méi electron:
2 2
5, Lzu N ¢ \Zp . 82? . San(E_V)w=O
ox Jdy oz h

voi m i khoi lugng cla electron, E 13 ndng lugng chung, V 1a th€ ndng va /i 12 hang s6
Planck, con him s6 y biu dat bing cin bAc hai clia xdc sual tim thay electron & bat k¥ difm
nao trén truc toa do x, y vd z ma goc 1a & hat nhan. D4§i v6i hé nhiéue electron cling 4p dung
phuong trinh tuong ti” nhung phic tap hon.
Phuong trinh Schrodinger la phuong trinh vi phan ma cdch giai thudng bing phuong trinh
don gian cho méi gidn dé ba chiéu tim thiy mat do electron goi la obitan hay dim may electron.
Ham s6 séng dic trung cho mot electron goi la obitan. Chinh ba s6 lugng tir ddu », /,

m mé ta ciu triic vbitan xdc dinh nio 46 cha electron, ching han véi s6 lugng & # = 3 ¢6
cdc obitan:



j= 0 (5) 1(p) 2 (d)
-1 0 +1 2 -1 0 +1 +2
m= . NG - SeLE 7
3s 3p 3d

vGi n cé n® obitan vi 2 electron.

Su chét diy cdc electron trén cdc obitan tudn theo quy téc bén viing cia obitan 12 quy
tdc Pauling vi Hund.

Xdac sudt tim thdy electron trén céc obitan xdc dinh béng gia trj 2. D6i véi cdc nha
hod hoc hitu co thi quan trong nhit 13 céc obitan s (v6i 7 = 0), obitan p (/ = 1), obitan d (! = 2)
va cdc electron trén céc obitan 8y ciing duoc goi 12 electron s, p, d tuong g,

Hinh dang cla obitan s 14 hinh cdu, 6 tinh d6i xtng cdu d6i véi hat nhan. Obitan 1s
va 2s déu la hinh cdu nhung obitan 2s ¢6 mot nit (node) & d6 mat do electron cyc nhd hay
gin bang 0. Sy phan b6 xdc sudl electron theo ban kinh
cho thay mat do electron chii yéu & gén hat nhan.

1s

i)

Is {(n=1{=0

25 (n=2,/=0) Q

Hinh 1.1, C4u tric obitan 15 vi 25 a0

D6i vai obitan 2p, m ¢6 ba gid tri: -1, 0, +1 nén
mifc 2p ¢§ ba obitan ciing miic nang lugng nhung dinh
hudng khdc nhau trong khong gian, k¢ hiéu bing 2p,,
2py va 2p,. Hinh 1.2. Gian d6 phan bo

Hinh dang cita cdc obitan nay c6 hinh s6 8 déu, cé xdc sudt electron
mat phing nit di qua nhan va c6 hai thuy. Hai thuy ca
ddm may electron déu c6 electron mang dién tich 4m nhung ¢ ham s§ séng y nguoe diu
nhau (thuy + va thuy -) vi hai phdn cia obitan c4ch nhau mot niit déu ¢é v nguoc dau nhau
vé hat phia clia niit.

Obitan p ¢6 tinh bat d6i xdng véi mat phing m nay nhung c6 tinh d6i xing ruc C,.
L]
Mat do electron trén obitan p chit y&u tap trung & chu vi v ddu mit clia obitan.



Px ’ Py
(n=2, 1=1) _ (n=2,1=1)

2p,
{n=2,1=1)

Hinh 1.3, Cdu tric obitan p

Obitan d gém 5 obitan vdi ! = 2, trong d6 méi obitan tao thanh bon cinh (hay bon thuy)
phan bg timg cip, mbi cip ¢b mat phing niit duge ky higu 3dyy2, 3dyq2, 3dya g2, Ddy2, 3d,:

XZI™*

(n=3, 1=2)

Hinh 1.4. Cdu tric obitan d

1.1.2. Obitan lai hoa

Khdi niém obitan lai hoé rdt quan trong trong hod hitu co. Pé giai thich tinh d6ng déu
chia cdc lién két trong phan tl, sy dinh hudng clia céc lien k€t trong khong gian nén Pauling
dwa ra khai niém lai hod obitan, d6 1a sy tuong tdc clia céc obitan ¢6 ning lugng gén gidng
nhau dé tao thanh céc obitan méi cé kha nang xen phi cao hon khi li¢n két. Cac obitan méi
niy goi 12 obitan lai ho4, khdc véi cdc obitan s, p, d va f & trang thii co ban ban ddu. Cic
obitan lai hod cé thé coi nhu 12 hdn hop cha hai hay nhiéu obitan don gian co ban véi ty 1&
khidc nhau. Obitan lai hod chi ¢4 trong cdc nguyén tir trong phan tlt, khong c6 trong céc
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nguyén tlr rieng r&. Ching han, nguyen tir thuy ngan trong hop chét clorua thuy ngin hod tri
hai ¢6 cdu hinh electron 16p ngoai cing la:
[nhan Xe] 4/'454'%652

tuy khong c6 obitan nita chat ddy nhimg c6 ho4 tri 2 va hinh thanh hai lien két. Pidu nay c6
thé giai thich bing electron 652 b1 kich thich chuyén tdi obitan tréng 6p nén c6 c4un hinh &
trang thai kich thich la:

[nhan Xe] 4/'*54"65' 6p’
va nguyén tir cé hai obitan nia chat day nhung khong twong duong nhau. Néu lién két hinh
thanh bing xen phi cédc obitan ndy vdi cdc obitan ciia nguyen tir khic s& hinh thanh haj lien
ket khong twong duong nhau. Lién k&t hinh thanh tix 6p s& bén hon lien két tir 65 do xen phi
16n hon d€ hinh thanh lién k&t DE dat dugc trang théi bén cla céc lién két, obitan 65 va 6p
t6 hgp véi nhau tao nén hai obitan tuong duong nhau ¢é c4u hinh nhu & hinh 1.5,

Hinh 1.5. Ciu triic lai hod sp ciia thuy ngin

Obitan méi 1a hén hop ciia hai obitan co ban 65 vi 6p, goi 1a obitan lai hod sp vi hinh
thanh tir mot s va mot p. Obitan sp c6 mot thuy I6n va mot thuy rat nho, I obitan nguyén it
chi tao thanh khi tham gia lién két va khong c6 thé biéu thi cho cau tric cha nguyén ti ty
do. Do twong téc ddy giita cic cap electron hoé tri, hai obitan nay nam trén dudng thing véi
goc 180", goi 12 lai hod nhi gidc (diagonal hybridization) hay lai hod sp. Nguyen tir thuy
ngan ¢6 hai obitan xen phi ¥6i obitan khéc (s, p. d, f bay obitan lai hod khdc), ching han véi
clo, cho hai lién két twong dwong nhau.

Ciing nhu phan tir BeH,, c6 hai lién két B-H tuong duong nhau trong phan tir méac dau
nguyén t Be tham gia mot obitan 25 va mot obitan 2p ¢6 c4u tric khde nhau, ¢6 nang lugng
khdc nhau nén déng 18 phai cho hai lién két khdc nhau. Nguyén nhan la khi tham gia lien ket
€6 sy tong tac hay trén lan ciia hai obitan 25 va 2p cia nguyén tir Be dé hinh thanh hai
obitan gidng nhau, vé todn hoc ¢6 thé mé ta bing mo hinh hinh s 8 khong can doi goi Ia
obitan lai hod sp. Hai obitan nay ¢6 cau tric nhu nhau, ¢6 nang lugng nht nhau nén cé thé
xen phit nhu nhau véi cdc obtian Ls cia H d€ hinh thanh hai lien k€t Be-H ddng nhat.

Obitan lai hod sp cha Hg hay Be & trén hinh thanh tir mot obitan 25 va mot obitan 2p,
nén obitan ¢6 50% ban chat s vi 50% ban chat p. Obitan nay tham gia lién két dé& hon



nguyén tit don gian do tao dugc lién két bén hon va cadu tric phan tir ciing bén hon do hai
lién két ndm trén dudmng thing cé tuong tdc gilta cic cap electron lién két nho nhéat.

Sy lai hod chi xay ra khi hai obitan cé nang luong gdn giéng nhau, tao nén hai obitan
lai hod ¢6 nang lugng thdp hon obitan ban ddu theo quy tic bao toan obitan. Ciu tric obitan
lai hod ¢6 mat do electron 16n & thuy 16n ciia obitan d€ tham gia tao lién k&t con thuy nho c6
mat do electron gin bang 0, khong tham gia xen phil v&i obitan khdc, thudng goi 12 obitan
tréng hay phan lién két, chi déng vai trd nho trong mot sé phan tng. Cic obitan lai hod sp
tham gia tao lién két o v&i do xen phu 16n hon nén tao dugc lien két bén hon.

Trong truémg hop ciia phan tr BF,, nguyén tit bo cé cau hinh electron: 1312522;)1 co
mét etectron doc than nhung lai c6 hod tri 3. Dé gidi thich cdn ding dén sy kich thich va lai
hod:

1s225%2p" — 1s%2s'2p,'2p,!

Trong trudmg hgp nay obitan 2s tuong téc vGi hai obitan 2p tao nén ba obitan 1ai hod
sp® ¢6 1/3 ban chit s va 2/3 ban chét p, goi la lai hod sp2 (hay la lai hod tam gidc - trigonal
hybridization) va c4u hinh electron sau lai hod 1a: 1% (sp?)°.

Cic obitan sp2 clia B duoc phan b6 trong khong gian véi ba truc nidm trén mat phing
v@i g6c da biét nhy trong BF; 14 120°.

Hinh 1.6. Cdu tric lai hod sp cua bo

Trong truong hop nguyen tit cacbon, cacbon cé ciu hinh electron 15725%2p” & trang
thdi co ban ¢6 hai electron ty do nhung cacbon ¢6 hod tri bén trong cdc hgp chét hitu co. Khi
tham gia phin tng, cacbon & trang thdi kich thich c¢6 cfu hinh electron 12 1s22s'2p® hay
l:.'22312;),(12}%]2,::»2l (c6 4 electron tir do) nhung obitan s vd p c¢6 nang luong gin giéng nhau
nén ¢6 khi ning tron 1an véi nhau dé tao thanh obitan méi, khdc vé hinh dang vi nang lugng
véi obitan ban ddu goi la obitan lai hod s-p.

Cacbon ¢6 ba trudmg hop 16 hop obitan s va p hay ba trang théi lai hod khic nhau:

1) Lai hod sp’

N&u ¢6 sy 16 hop cla obitan 2s v6i ba obitan 2p s& tao thanh bén obitan lai hod goi 1a
obitan lai hod sp3.



NNTIT f1f¢

|
2! 0 H '
P ZP 23' £
1s?
Cﬁu hinh electron ciia C & trang thii co ban Cu hinh electron cia C & trang théi kich thich

Su hinh thanh obitan lai ho4 5p3 12 su t6 hop clla mét obitan 2s véi ba obitan 2p gin
giéng nhau vé& nang lugng dé tao thanh bén obitan lai hod giéng nhau. Méi obitan nay cé 1/4
ban chdt s vd 3/4 ban chit p nén obitan ndy ¢é ciu tric hinh s§ 8 khong déu, thuy 16n 1a
phin truéc c6 mat do electron 16n tao thanh lien két v6i cic obitan khéc va thuy nhé ¢é mat
d¢ electron gan bang khong, khong tham gia lién két nén thudng khong biéu dién, tuy ¢é vai
tro trong moét sé phan tng.

A R N

T* 23p3 2up*  2p } 25p°
2

¥ Cifu hinth electron cita C lai hod sp*

Hinh 1.7. Sy lai hod sp® va hinh it dién ciia cacbon lai hod sp”

Bén obitan sp* nay cla cacbon dugc djnh hudng trong khong gian tao nén hinh ti dién
véi géc 10928’ ~ 109,5°.

Trong t4t ca cdc trudng hop, khi hai obitan ¢6 ning lwong gén gidng nhau, c¢6 yéu (8§
doi xdng chung ¢6 thé tuong tic v6i nhau d€ hinh thanh obitan c6 nang lugng thip hon.
Obitan méi c¢6 hai thuy khdc nhau vé gi4 tri va d4u do obitan s duong tron véi ddu duong ciia
obitan p trit di ddu 4m cha p.
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Hinh 1.8. Té hop lai hod obitan s va p

Tuy nhién sy lai hod khong phai 12 mot hién tugng vat Iy ma thudn tuy la mé hinh
toan hoc tién loi cho st mo td cdc obitan phan t¥f trong cdc hop chét hitu co va cé thé dat
dugc béing tinh toan chinh xdc ciha co hoc hvong ti.

Obitan lai hoa sp3 cé sy dinh hudng chit che, viing xdc sudl electron 16n nhit nim &
ddu xa hat nhan. Su lai hod cua cacbon cho phép giai thich hod tri bdn clia cacbon va su dinh
huéng dam bao su xen phl cuc dai cia obitan. Cacbon cé bén obitan lai hod spg, mdi obitan
nay c6 niang luwong cao hon obitan & trang thdi co ban, song ning lugng dung dé chuyén
electron 2s sang obitan sp° dugc b trir bing nang luong tach ra khi tao thanh bon lién két
(ma khéng phai hai lién k&t nhu & trang thdi co ban), vi nang lugng ciia méi obitan lai duoc
ting manh hon vi tinh ch4t dinh hudung clia obitan lai hod.

=

Hinh 1.9. Cu hinh obitan sp*

Céc obitan lai hoa sp3 tuong tdc voi obitan 5 hay p hoac véi sp3 tao thanh lién két don
o (lien két va phan lien két). Ching han trutmg hop metan:

H H H

IR
NG

1s MO o 15-25p°

t

109,5°
|

iy IHHH
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Trong phan t&r metan, b6n obitan sp” cha cacbon dinh huéng trong khong gian tao nén
hinh tf dién déu duéi géc 109,5°, dam béo cho sy tuong tic cuc tidu giita cdc cap electron
lien két, cho nén su lai hod ciing 12 phuong phdp mo ta dé cho phan tir nhan dugc tinh hinh
hoc tuong ting véi sur ddy giita cdc cap electron hod tri.

Bdn lién ket cha metan twong duong nhau phdt hop véi nhiéu phuong phap phit hién
vat 1y nhr IR, NMR,... v hod hoc. Tuy nhién cé mét phuong phdp vat 1y tim thiy tdim
electron cila bon lien két hod tri C-H cila metan khong tuong duong nhau, goi la phuong
phdp phd quang electron (photoelectron spectroscopy). Khi mot phén tir hay nguyén tir bj
bin phd bdi birc xa UV trong chan khéng 1dm cho electron bi tich ra. Nang lugng ctia
electron tdch ra do dugc va si khic nhau giifa niang lueng biic xa ding va ning lugng cua
electron téch ra la th¢ ion hod clia electron d6. Phan uir cé nhiéu electron ¢6 nang lugng khac
nhau s& mat di electron ¢é nang lugng ion hod thap hon ning lugng bie xa ding (mét phan
tir chi mat di mot electron). Phé quang electron cho ta mot diy dai mad mdi dai twong ng véi
mét obitan ¢6 nang lugng khic nhau. Phd cho mét so 46 thye nghiém truc ti€p cha 14t ¢ca cdc
obitan v&i nang lugng do biic xa. Dai rong tuong \ing vdi electron lién k&t manh va dai hep
voi lien ket y€u hon hay electron khoéng lién két. Phé quang electron clia metan cho thay cé
hai dai khodng 23 va 14 eV va khong cd dai don dic trung cho bén lien két C-H ddng nhat.
Dai 23 eV di tlr hai electron ¢6 nang luong thap ¢6 thé xem nhu 12 t8 hop cia obitan 2s cha
cacbon vdi té hop gdn diing clia obitan 1s hydro. Déi 14 eV di tir 6 electron & thang suy
bi€n d¢ ba gy ra tir t6 hop clia ba obitan 2p clia cacbon véi 13 hop khic clia obitan 1s hydro.
Tinh chdt ndy khéng c6 thé tim thiy bing cic phuong phap khic nhung quang electron thi
¢6 thé tim thdy hai thang ning luong nay. Nhu viy, khOng phai trong moi trudng hop déu ¢6
sy dong nhdt ciia bon lién két. Ciing nhu sy lai hod .Sp thong thudng kh0ng giai thich thoa
dang dugc cho sy ion hod cia phan tir metan, nhu tén tai & ion g8c CH4 bPoi v6i nhing hién
tuong nay cin phai diing cdc cdch 16 hop khic.

2) Lai hod sp2

Trong phan (it etylen, nguyen tir cacbon & day cé su tucmg tic cha obitan 2s vc’ri hai
obitan 2p tao thinh ba obitan lai hod goi la obitan lai ho& sp?, ¢6 hinh dang nhu sp’ nhung
ba obitan sp dugc dinh huéng trong mét mat phing dudi géc 120 Cic obitan nay ciing tao
thianh lién két o khi tuong tic v6i cdc obitan khdc. Hai obitan sp? clia hai cacbon tuong tic
véi nhau tao thanh lién két C-C.

Obltan Ap ¢6 1/3 ban chit s va 2/3 ban chat p, nén c6 hinh dang ngan hon nhung rong
hon sp

Méi nguyén tir cacbon laj hod sz con ¢6 mot obitan p thudn khiét ndm thing géc véi
mat phang cha ba obitan spz. Hai obitan p cha hai cacbon lai hod sz xen phi vdi nhau tao
nén lien két n hay obitan phan tir MO x. Mat d¢ electron ciia 7 tap trung & trén va dudi mit

phdng clia khung @, mat phing di qua nhén ciing 12 mat phing nit cha hé ®, trong 46 xdc
sudt tim thay electron bing 0.
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Hinh 1.11. C&u hinh cia C lai hod sp®

3} Lai hod sp

Nguyén tir cacbon trong axetylen 12 lai hod sp do tuong tdc cua obitan 25 véi mot

obitan 2p:
+ f _L _L 2p
h 5 % o 2
2 25
L R v
1s s
Ciu hinh electron ciu C co bin Céu hinh electron ciia C kich thich lai hod sp

Hinh 1.12. Su lai hod sp cGa nguyén tir cacbon
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Obitan sp ndy chifa 1/2 ban chat 5 va 1/2 ban chét p, ndm trén dudng thang di qua
nhan cachon. M&i nguyén tir cacbon con ¢6 hai obitan p thudn khiét ndm thang géc vdi nhau
va v6i hai truc obitan sp. Su xen phi cia cdc obitan cdia hai nguyén tit cacbon lai hod sp tao
nén hai lién két # hay hai MO n nim thing géc v6i nhau di qua truc lién két o C-C.

Hinh 1.13. Cdu triic cia C lai hod sp.va obitan lai hod sp

Obitan lai hoa sp3, Sp2 va sp ¢6 hinh dang giéng nhau nhung obitan sp3 chita 25% ban
chit s, sp2 chita 33%, sp chita 50%, con lai ]2 ban chat p. Ham lugng obitan p trong obitan
lai hod cang Ién, obitan cing kéo dai hon, trong tdm trong luc cia may electron cang di xa
hat nhan hon. Nguoc lai ham luong s t1ang, obitan it bi kéo dai hon, nghia 1a ¢6 xu hudng di
tGi hinh cdu hon, trung tam m4t d6 electron & gdn hat nhan hon.

Su khdc nhau vé hinh dang obitan thé hién & chidu dai lien k€1, nang luong tao thanh
lién ket va dac tinh quang phd. Hién nay, dé danh gif ban chét cia obitan lai hod ngudi ta
diing phd NMR véi hing s6 uong téc spin-spin xdc dinh cla déng vi *C véi proton trong
lien ket PC-H. |

Nhing trudng hop trén déu 12 sir lai hod véi ty 1é s va p nguyén. Ngodi ra con gap
nhifg truong hop lai hod véi ‘ban chat p khong nguyén, phu thuéc vao cdu tric phan tir va
thanh phan lién ket. Ching han, phan tir xyclopropan ¢6 sitc cing vong 16n, nguyen ti
cacbon cén ¢6 sy lai hoa khic dé cé su phan b6 6n dinh cdc lién két. D€ ¢6 dwge su xen phi
hiéu dung hon, obitan lai hod c¢tia cacbon cn cé ban chit p 16n hon 1a lai hod sp® binh
thudng va do dé lién két cha hydro cdn c6 ban chét s Ién hon.

Trén co s6 NMR, phan tir xyclopropan c6 lién két C~H c6 obitan chi€m 33% bin chat
s va lién két C—C ¢6 obitan chi€m 17% ban chit s. Trong trudng hop nay, géc giita hat nhan
12 60° con géc¢ giita c4c obitan 13 105°. Do dé lien két trong xyclopropan bi u6n cong goi 1a
lién két hinh qua chudi hay lien két bi€n dang (bent bond):

105"a— E6c gilla obitun
65’“‘:—8'5(5 giita hat nhan

-~
»

Hinh 1.14. Obitan hinh qua chu6i va cfu triic obitan ciia xyclopropan
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N nguyén tr C y,
' l . .‘ ‘_.... 'l
lai hoa s + 2p lai hod s + 3p lai hod s + p
Q) &.‘»
O, d‘\s
C Jai hoa sp? € lai hoa gp C lai hod sp

l 1 hap 2C4p2

etylan C,H, etan C,Hy axetylen C,H,

Hinh 1.15. Téng hop sy lai hod obitan va lien két o vi 7 ciia cacbon
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G6c hod tri trong trudng hop nay c6 ty 1é s va p khong nguyen chiém gid tri trung gian
gtifa cdc gid tri lai hod nguyen.
Sy lai hod ciing 1am thay d6i d6 am dién clla cacbon Csp3 €6 d¢ am dién 1a 2,1. C, p2 12
2,8 con cia C; 1a 3,5. DY am dién cha C trong axetylen 16n h(m clo, do dé lién két cia hai
nguyén t6 ¢6 dé am dién Ié¢n nhu =C-F khong bén, khong tén tai.
Khi th€ nguyen tir am dién hon, lién két clia cdc nguyeén tir véi cacbon sé thay ddéi ban
chét s va p. Nguyén tlr &m dién tang ban chat p, nguyén 16 can lai tang ban chat s;
H H
H//C_ H H‘/ £ F\‘p ting ban chét p
H H'  wng bin chit s
Obitan lai hod ¢6 th€ dac trung béng d6 lai hod theo cong thirc (s + A2 ) khi & 14 he 56
tron 14n va A% 12 chi s6 lai hoa:
% dac tinh s ciia mi obitan = 100 / (1 + %)
véi obitan nguyén chdt ¢6 dic tinh s 14 100% thi:
100 = 100 / (1 + A,%) v6i n 12 56 obitan hinh thanh khi lai hoi.
Khi # = 4 obitan sp” thi & = /3, hay 25% ban chat s
n =3 obitan sp® thi A = v/2 hay 33% ban chat s
n =72 obitan sp thi A = | hay 50% ban chat s.
Gdc O giifa hai obitan (1) v (2) ¢6 A, va A, c6 gid tri:
L+ hiAycos0),=0
néu hai géc cung ¢6 mot he sd thi:
1+ Acos8;, =0
obitan sp* ¢6: cosd = —1/3 hay @ = 109,5°
obitan sp” c6; cos® = —1/2 hay 6 = 120°
obitan sp ¢d; cosf = -1 hay 6 = 180"
Cac phuong trinh trén cho thay sir twong quan gitta tinh hinh hoc ctia phan tir va su lai
hod cita obitan.
Ching han, trong doan mach C—CH-C ¢é goc CCC 1a 112° thi chi s6 lai hod tinh dwoc
1a: A2 cc=1/0,375=2,7. D¢ 1ai hod cha Cla sp 7 cho lien két C-C

D¢ lai hod clia lien ket C-H 1a: 2.100 / (1 + A%qyy) + 2/ 100/ (1 + 2,7) = 100 rdt 1a
A2 cn = 3,35. Do lai hod clia C-H 13 sp™° cdn ban chét s cia lien k&t C-H 1a 100 /{1 +3,35)
= 23%. G6c hod tri HCH tinh dugc 13 cos6 = -0,288 nén 8y = 107°.

Céac nguyen 6 khac khi tham gia lién két ciing bi lai hod tuong tv nhu cacbon, ching
han cic nguyén to thudmg gap sau:

Nite: Nito ¢6 cdu hinh electron 1322322px2py2p,_ , tuy cdc lién két cé thé tao thanh tir
cdc obitan nguyén tr AO ndy nhung khi lién két véi C lai khong dap ing duge tinh d6i xung
nén N ciing phai lai hod va céc obitan lai hod cia N méi xen phii duoc véi cacbon.
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So d6 lai hod sp” nhu saw:

[T hot ot

? l 2 s 2 2p t 2sp’ 2spt s p’ 2sp?

Ls N & trang thédi lai hod s
N & trang thii co bin & 4

Nhu trong phan tir amoniac, N & trang thdi lai hod sp"’ tao hinh tf dién khong déu do
tuong téc giifa cac cap electron hod tri va cip electron tr do:

R >107.3°f y)

R

17 3¢

Hinh 1.16. C4u trdc lai hod sp” cha N

N ciing ¢6 lai hod sp® nhu trong hop chat ¢6 lién két C=N va lai hoa sp trong hop chat
C=N nhy so do sau:

ot 1t
—L_ﬂ_ 2p 2p 2p _H_” —L 2p 2p

250 2sp

IS N trang thii ui hod s

N & trang théi co ban

Oxy: Cau hinh electron cita O 1a 15°25%2p32p,2p, c6 thé tao lién ket don va doi. Khi
tao thanh lién két don, O tham gia bing obitan lai hod sp” véi géc 104,5° clia hinh uf dién
khéng déu véi hai lién k&t don cla obitan lai hod va hai ¢@p electron n & hai dinh:

N,

R
Hinh 1.17. Cau tric lai hod sp3 cha O

So dé lai hod s.” clia O:

1_;_”11 Woat o

ﬂ_ - 2p 2p 2p _H_ w5 up g 25

15 ls
O & trang thii co bin

O & trang thdi lai hod sp“
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Khi tao thanh lién két d6i nhir lién két C=0, O lai hod sp2:

oL T
ydv v gL

2p 25[)2 25[)2 2sp

ls . 2
. . R O & trang thadi lai hod 5,
O o trang thii co ban ang tha fr P

Tuy nhién c6 tai liéu cho 12 O trong lién k€t C=0 la lai hod sp dua trén dit liéu vé phé.

Luwu huynh: Luu huynh c6 electron 4 tham gia lién két. Luu huynh ¢é cau hinh
electron & 1dp ngoai cliing & trang thdi co ban va kich thich lai hod:

3s 3p 3d 3s 3p 3d
N OiNIYIY RIFIFIEAL

0 day S c6 obitan d tham gia vao lai hod. Néu § két hop v6i nhitng nguyén 16 khac chi
bang bon lién két thi obitan lai hod 14 sp*, cdc obitan d tham gia tao thanh lién két m, thuong
bing cdch xen phi v§i obitan p cha cacbon. Lién két d6 goi 1a lien két p, - d, thudng cé
trong cac hgp chat sunfoxit va sunfon:

Hinh 1.18. Cu hinh cia lién két py-dy

Néu ¢ sy tham gia clia obitan d vao lai hod thi c6 thé c6 lai hod sp°d va Spjdz. Lwu
huynh lai hod sp’d ¢6 c4u hinh hinh thap kép (bipyramid), con lai hod sp*d® ¢6 cdu tric bét
dién nhu trong hgp chdt SFg ¢6 6 lién k&t o clia S.

Hinh 1.19. Cu triic 1ai hod sp’d va sp’d*
1.2. PO AM PIEN

Do am di¢n y cla nguyén tlr 12 kha nang hit electron cha nguyén tir d6. Do am dién
cang 16n, kha nang hit electron cang 16n, cho nén d6 am dién dic trung cho tinh chat clia
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nguyén tir khi két hop v6i nguyén tir khdc bang lién két cong hod tri.

Di cé nhiéu phép thyc hién dinh lugng vé do am dign dé chi hudng va do bien dang
mdy electron cha lién ket gitta mot cap nguyen tir bat ky. Nhung thang do am dién duge imng
dung nhiéu nhdt I thang dé am dién cda Pauling dya trén nang lugng lién két clia phan tir
hai nguyen tir. Néu trong phan tir A-B c6 sy phan bd electron 1a d6i xing thi nang lugng
lien ket A-B 12 trung gian giffa nang luong cla A-A va B-B, & day may electron khéng bién
dang, nhung thuc 1€ nang lugng lién két cao hon do ¢6 dién tich phdn do sy hiit electron cla
nguyén tir ndy v&i nguyen tit khdc 1lam cho lién két bén hon. D€ tim gia tri ndy ngudi ta da
chon nguyén tr F c6 gid tri bing 4. Do am dién duoc chi bing sy khic nhau (A) cda ning
lugng thuc chia A-B so v6i nang lugng cha A—A va B-B:

A=%a—Aa=[Eap— V/2Es o + Egp)]
vi % = +/A/23,06 bing don vi electron von (eV).
Ciing ¢6 nhitng phuong phdp khdc dya trén nguyén tic khic nhu duva trén nang leang
ion hod va 4i lyc electron trung binh cia nguyén t&, nang lugng trung binh mot electron ciia

may electron hod tri clia nguyén tit tr do & trang thdi ¢ ban hay do chat hoac tinh compact
may electron clia nguyén ti.

Bang 1.1. D6 am dién cla vai nguyén tir theo thang Pauling va Sanderson

Nguyén t§ Pauling Sanderson Nguyén t8 Pauling Sanderson
F 4,0 4,000 H 2,1 2,592
0 35 3,654 P 2,1 2,515
Cl 30 3475 8 2,0 2,275
N 3,0 3,194 Si 1,8 2,138
Br 28 3,21¢ Mg 1,2 1,318
S 2,5 2,957 Na 0,9 0,835
| 2,5 2,778 c 2,5 2,746

Do am dién clia cdc nguyén tir trong mot chu k¥ ty 1é véi dien tich hiéu dung clia hat
nhin nén d$ 4m di¢n trong chu ky 2 tang tir trdi sang phai, con dé am dién trong mot nhém
ty 1¢ v6i do chdn hat nhan cia electron nén giam tir trén xuéng dudi. Cic nguyén to c¢é do
4m dién cao nhdt nim & géc phai trén, cén do am dién nho nhdt nim & géc trdi dudi cla
bang hé théng tudn hoan.

D¢ am dién cdn duogc tinh cho cdc trang théi hod tri khéc nhan, d6 lai hod khic nhau
va nguyén t cachon bic khac nhau:

Cop? Cop2 Cep
x= 25 28 35
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P6 am di¢n cua nguyén tir khong phai 1A hang s6 ma phu thuéc vao sy dinh huéng
clia lien k€t va vao cdc nhom the khéc cé trong thanh phdn nguyén tir, dac biét 13 nhimg
nguyén tir lién két truc ti€p. Do d6 ngudi ta xdc dinh thang d6 am dién cla nhimg nhém
nguyén tir clia cacbon vdi nhém the khic nhau.

Bang 1.2. D¢ a4m dién cha moét 56 nhém (so véi H = 2,176)

CH; 2,472 CCly 2,666 CH,CH, 2,482
CeHs 2,17 CH,Cl 2,538 CF, 2,985
CBr, 2,561 CN 3,208 CHCI, 2,602
NO, 3.421 CHO 2,8 COOH 29

Céc thong bdo vé d6 4m dién tim thdy tir phd NMR. Khi khong ¢6 nhém di hudng tir,
do chuyén dich hoa hoc cia hat nhan 'H hay Be ty 1¢ gdn ding v&i mat 4o electron quanh
nd va dé 4m dién clia cdc nguyen tlr hay nhém lién két v6i né. Do am dién cha nguyén tir
hay nhém nguyén tir 16n nhat, mat do electron quanh proton th&p nhat va do chuyén dich
hod hoc chuyén vé phia trudng y&u. Hing s6 ghép gifia hai proton cita hé ~CH-CH-X ciing
tim thdy sy phu thuéc vao do am dién.

Ngudi ta ciing dua ra quan ni¢ém v€ d6 4m dién obitan, Ia dac tinh cla nang lvgng
tuong tdc cia hat nhan vdi electron cilla obitan nao d6 nén xdc dinh d6 am di¢n nhu 13 vi
phén nang luegng theo dién tich. Nang lugng cha obitan riéng r& 13 hing s6 cla su chat diy
electron urén obitan:

E,=1n
x = adk, [ on;

Do am dién ciing phu thutc vao do lai hod cua nguyén tir. Khi cacbon lign két véi
nguyén tor cang am di¢n hon thi obitan cing tang ban chat p trong lién két dé. nghia 1a
obitan cang bi kéo dai v& phia nhdm thé&, cdn lién k&t cha cacbon dé vsi H thi obitan cia
C-H ting ban chét 5, nghia la taing d6 am dién cla obitan. Chang han khi chuyén tir etan 61
tricloetan, obitan cita cacbon trong lien k&€t C-Cl 1ang ban chat p, con C-H trong nhém
metyl ting ban chit s. Diéu d6 1am tang hidng s6 spin-spin trong NMR.

Gdc hod tr ciing thay d6i phu thudc vao trang théi lai hoa va do 4m dién cita nhém
thé: géc hod tri giam khi tang 46 duong di¢n cha nguyén 6 va khi tang do am dién cla
phém the:

H
P - H H CH-)-N H;3N F3N
0\95" S 92-20 Se/goﬂ ( ]09(::‘)3 106.4(} 102.3”
H H H
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1.3. OBITAN PHAN TU

Obitan phan tir MO 12 t6 hop tuyén tinh ciia cdc obitan nguyeén tir hay 13 su xen pha
cha obitan nguyén tir nay véi obitan nguyén tir khic.

Khi xen phi # obitan ciia hai nguyén tir s& cho » obitan phan t&r (quy tic bdo toan
obitan).

Chéng han, khi t6 hop hai obitan nguyén tir c6 him s& séng y, vd yg cho hai kha
nang té hgp dé tao hai obitan phan tir MO:

El Y =AY

W=y, + Yy

Hinh 1.20. Gian d6 nang lugng t hop obitan

Su t6 hop w* = y, + Yy 12 16 hop duong, hai electron tic dung véi hai hat nhan, phan
16n théi gian t6n tai giffa hai hat nhan cho kha ning lién két giita hai nguyén ti. Su phan b6
mat do electron qu'l2 tang 1én mot thanh phin 13 2y, giita hai hat ahan, tang luc hit giita
hat nhan va electron va giam nang lugng cia hé.

Thanh phén 2y, xdc dinh mic do xen phil ciia hai obitan nguyén tir vd mitc d¢ xen
phtt dugce dinb lugng bang d6 16n tich phan xen pha:

Sas = IWALP‘B dv

Lién k&t tao thanh khi gid tri § duong.

Sy 16 hop ¢ =y, — yy 12 16 hop am, tao nén obitan phan tir phan lién két, mat do
electron giita hai hat nhan giam va nang luong cua obitan phan tlr cao hon.

Sy déng gdp cta viing xen phil vao nang lugng chung ctia hé duge xic dinh bing tich
phan cong hudng:

Bap=C JanUa+1p)
véi C 12 hing s6 Mulliken va 7 1a thé ion ho4.

Nhu vay, obitan phan t& MO dic trung bang kich thudc viing xen phi, mat do electron
biéu thi bing tich phan xen phil § va nang lugng déng gép vao ning luong chung cia phan
tir biéu thi béng tich than c6ng hudng B. Sy tuong tic clia hai obitan nguyén ti tao nén hai
obitan phan t&r MO: MO lien két v MO phan lien k&t (MO®).

Su tuong tdc nay cang manh khi hai obitan ¢6 nang lugng cang gdn giSng nhau v ¢6
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clng yéu t& déi xing. Khi obitan A tuong tdc vdi mot vai obitan nguyén tir khédc thi uu tién
trong tic vdi obitan nao cd cling nang lugng va cing tinh doi xung.

Quy tic chdt ddy electron rén MO ciing tuong tu nhu wrén AO, nghia 1a mbi MO chi
¢ hai electron 14 cuc dai, do d6 lién k&t céng hod tri thudng chia hai electron. Su chét ddy
bat ddu tr MO ¢4 ning luong thdp nhdt va chit ddy cdc MO ciing ning lugng lan luot timg
electron mot trude khi MO nio dé duge hai electron.

Bay gity ¢ thé ding MO dé mo ta cac lién k&t hod hoc. Khi mé ta su xen phil cla cic
AO thanh MO, sy xen phit clia phin ham s6 séng ciing diu 14 xen phu dwong hay xen phi
trong pha tao nén lién két, con xen phi phédn khdc diu 1a xen phit &m hay xen pht ngoai pha
tao nén MO phan lién két.

Cé cdc loai MO sau;
1- Obitan phin i MO o

Obitan phan tr MO o tao thanh Khi xen pht cdc AQO trén tryc hai obitan (trit gita hai
obitan s) tao nén MO o lién két va MO o phan lién két. Hai obitan nay déu c¢6 tinh déi
xtng truc C,, nghia 1a khi quay xung quanh truc di qua nhan thi hinh dang phan ur khong
thay d6i. Su khdc nhau giita hai obitan nay 1 tinh d&i xiing d&i véi mat phang thang géc vdi
truc C, di qua nhan. MO o 1a d6i xing, con o la phan d&i xtng.

0 - e D

o(obitan litn két) o (ohitan phian lign kén

5-5

(XD (X — QO
[+] 0-'
Hinh 1.21 Mo hinh clacic MO o

Cac loai MO o sp3—sp3, spz—spz, sp—sp hodc vdi AO khéc:
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2- Obitan phan tt MO

Su xen phu cia hai obitan p tao nén lién két xt. True ciia lién két ndm trong mat phing
nit. C6 su xen phll 7 cha p-p hoac d-p tao nén obitan lién két m va phin lién két x°:

Hinh 1.23. Mo hinh MO = {(p-d)

MO = phén d6i xing v&i truc k&t hop hai nhan (khdc véi MO o va o’) nhung d6i xiing
v6i mat phing guong (gidng MO ), con MO n” d6i xing véi truc va phan d&i xing véi mat
phing guong (tuong fr o).

Trong phan tir con cé cap electron # khoéng tham gia vao lién két goi 12 obitan khong
lién két hay obitan #. Miic nang lugng clia cic MO phan b4 theo thit tu sau:

Ei

Hinh 1.24. Miic nang lugng cia cic MO

Su xen phi clia cdc AO tao nén MO cang 1én thi lién két cang bén, sy xen phil truc i6n
hon sy xen phli bén nén lién két o bén hon lién két .

Né&i chung, cdc nguyén tir & chu k¥ III trong bang h¢ thdng tudn hoan khong hinh
thinh lién két doi bén bang su xen phl song song cta cdc obitan p. Loai lién két doi khdc
chung cho céc nguyén t8 chu k¥ 111 nhu luu huynh va photpho. Chéng han, lién két déi tim
thay trong H,SG:
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®
H—O—S$—0—H -+ H—0--S—-0—-H
i .
tim thay lién két d6i chita mot lien k&t o va lién két thit hai khong phai 1a lién két nt do xen
phu ciia hai obitan p nira chit ddy ma bing su xen phil cla obitan p bi chiém clia oxy véi
obitan d trong cia lwu huynh, obitan nay goi la obitan p,—d,. Chit ¥ 1 c6 thé biéu dién bang
hai cong thitc cong hudng nhung lien k&t & ddu la dinh chd, khong c6 cong hudng.
Mot s6 lién két p,~d, khdc nhu:

%
R,P==0 *——FRS’—C? R_ISI._._R - ]F?@—-R

photphin oxit sunfon oL
H +
| | o°
OH O

i sunfoxit
axit hypophotphoric

Nito ciing c6 nhig hgp chit twong tu photpho nhung kém bén hon vi mit cong
hudng, ching han nhir amin oxit giéng photphin oxit.

Amin oxit c¢6 thé viét 1a: RyN"—>O. Cdu riic dang cOng hudng px-dx 13 khong thé vi
nito gidi han boi 8 electron ngoai cing.

Trong cdc hgp chit trén cho thdy, chét cho cap electron 12 oxy va ding chung, nhung
¢6 loai hgp chét khdc goi 1a ylit ma nguyén tlr d6 12 cacbon. Nhu loai ylit clia photpho, nita,
luu huynh

o
RP=CR, <= Ryf- R,  ReS=CR,=> R,$> Cr, Ry CR,

it photpho yhit Jue huynh ylit nita

va cling tim thdy ylit cha arsen, selen, ...

C6 thé dinh nghia ylit 1a nhitng hgp chét ¢é nguyén tir cita nhém 15 hay 16 trong bang
hé thong tudn hoan (hay nhém 5 va 6} mang dién tich duong lién k&t v4i nguyeén tir cacbon
c6 cap electron Khong cip doi. Vi liér k€t py-d, c6 thé viét hai dang cong hudng cho
photpho va lvu huynh nhumg nito chi ¢é mét ylit, Ylit photpho bén hon ylit nito. Ylit sunfua
¢6 tinh bén thap hon.

Trong tat cdc cdc hop chat c6 lidn két py-dy , nguyén tlr trung tAm lién két véi bon
nguyén tir hay ba nguyén tir va mot cip electron khong lién k&t vi lién k€t hdu nhu it dién.
Lien k€t py-dy khong c6 sy thay déi 16n tinh hinh hoc clia phan tit nhu & lien két % ¢6 sy
thay d6i nguyen ti tir 1i dién sang tam gic.
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1.4. LIEN KET HOA HOC

Céc nguyén tir két hop v§i nhau tao thinh phan tir bing nhitng lién k€t hod hoc. Lién
K&t hod hoc ¢6 thé xdc dinh bing sy tuong tdc cha cic AO tao thainh MO hoic c6 thé xic
dinh bang nang lugng tach ra khi hai nguyen tir két hgp vdi nhau, nghia 1a ning luong ma he
mit di, ning luong dé.xdc dinh mitc d6 lién két giita hai ti€u phan. Ning luong téch ra cing
16n, lien k&t cang bén.

Ciu tao cua da s@ phan ving tao bdi hai loai lién két: tinh dién va lién két cong hoa tri.
D3di vdi hod hitu co, lien két cong hod tri ¢6 vai trd quan trong nhdt, bao goém lién két cong
hod tri bén, y€u va giai toa.
1.4.1. Lién két tinh dién

Lien két dugc thuc hién bing luc hit giita cic tiéu phan tich dién nguwgc dau nhau,
nghia la bang luc hit Coulomb goi 12 lién két tinh dien.

1- Lién két ion

Lién két ion hinh thanh trong nhitng phan dng cé sy phan tich dién tich do sy chuyén
electron tit nguyén tir duong dién sang nguyén tir am dién hon. Ching han, phén ing ctia Na
vgi Cl tao thinh NaCl:

Na® + €1 — NaCl hay Na*CI™
(1572572p°3s") + (1572572p°353p%)° — (1572572p%)" (15°2572p"3573p%)

hay Na'+ClI' — Na'+Cl”

Céc ion nay hit nhau cho d€n khi dat can bing cua ching trong khong gian. Sy giam
thé nang khi hai ion téi g4n nhau phin 4nh d6 bén cia lién két gitia hai ion.

Hop chét ion thudng 12 thé rén, ¢6 1, cao, t6n tai & dang mang ludi tinh thé, trong 46
céc ion chiém vi tri xdc dinh got 1a nit mang ludi tinh thé, nhung ion trong mang lugi khong
¢d huéng xdc dinh trong khong gian. Sy tao thanh lién k€t ndy chi ¢6 trong hod vo co,

con trong hod hitu co, su hinh thanh ion bing cdch phan cét lien k€t nhu sy hinh thanh
cacbocation hay cacbanion:

—l(,&)+ X
_I = I
?—_X T —{,e+ Xt

Cacbocation cé obitan tréng, con cacbanion cé obitan p vdi cap electron khong lién két.

Cac hgp chit ion cha hod hitu co tén tai & dang muéi nhr mudi phic o, mudi cida axit
RCOO Na*, mudi amnoni RyN'Cl, muéi sunfonat RSO, Na¥, muéi kép clia aminoaxit
H,;N*CHRCOO ...
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CH,

JH K+
o C.H, BFy

CH
CH, !

Céc ion ¢6 tdm quan trong trong hod hitu ¢o 13 cacbocation va cacbanion, con lién két
ion it ¢6 vai trd trong ho4 hitu co.

2-Tuong tdc ion-ludng cuc va ludng cuc- hedng cuc
Twong tdc giita ion va ludng cuc cia phan t&r phan cuc manh 1a twrong tic tinh dien

gilta ion duong véi ddu am ciia ludng cuc hay nguoc lai. Khi hoa tan NaCl trong nudc s& ¢
cic tugng tic:

0 #
._ QYo Vg
H>o<: 5+ 5 @@%Q @0@%®

ma ta goi 1a hydrat hod. N&u thay nudc bing dung méi phan cuwc nio dé thi £0i 1a solvat hod.
Sy giam nang lugng xdy ra trong qué trinh solvat ho4 ion (hay hydrat hod) goi la ning lugng
solvat hod (hay hydrat hod) clia ion d6. Tuong tdc ion - ludng cuc y&u nhung déng vai trd
quan trong trong cdc phan ¢ng hitu co.

Tuong tdc giira hai ddu nguge ddu nhau clia nhimg phan tir phan cyc manh 13 tuong
tic ludng cuc - ludng cuc. Tuong tic nay di giai thich duge nhiet do néng chiy twong doi
cao, do nhét cao va gidm 4p suft hoi cda nhimg hop chét phan cuc.

3- Lién két hydro

Lien két hydro 1a mot trong nhiing loai twong tic ludng cuc — ludng cuc manh nhat
nhir 1a maét lién két ion yéu.

Chéng han, lién két hydro giita cdc phan tir ancol:

lién két hydro

26



Lién két hydro la tuong tic gitra hydro trong lién két X—H phéan cuc do X ¢6 d¢ am
dién 16n va nguyén tir Y c¢6 cap electron n.

C6 thé xem tuong tdc nay 1a tuong tic tinh dién gitta H proton hod va nguyén tr Y am
dién 16n c6 cap electron n va ciing c6 thé coi 1a tuong téc axit bazo véi su cho - nhan khong
qud manh dé c6 thé tao ion. Lién két hydro nim trong trudng cua hai ludng cuc.

Quan niém thudn tuy tinh dién c6 mau thudn véi dit kién quang phé vé tinh phan cuc
16n ctia phan tir ¢6 lién két hydro va khoang ciach tuwong d6i nho giira hai hat nhan X va Y.

Quan niém cho - nhan cling mau thudn véi ban chat cla nguyeén tir hydro khong thé
nhan electron tir chit cho trong lién két cho - nhan.

Su giai thich cta co hoc lugng tir xem phitc chita lién két hydro nhu 1a mot hé lugng
tlr déng nhit c6 nang lugng thuan loi nhat trong phic, khi tao thanh phitc cé su chuyén
electron tir chat cho t6i chat nhan véi sy phan bé lai electron khong phai chi do cdc nguyén
tr truc ti€p tham gia phitc ma ca cdac nguyén tir khidc cé trong ca hai phan tir. \

Chéang han, lién két hydro trong phan tit nuéc c6 su thay déi dién tich nhu sau:

+0.0090 Mog? +0,0275 -0,0219

....... H_ 0\
+0,0090 H/ H 00120
—— Yerrerivetrry?
+0,0064 -0,0064

Phan tir cho tr¢ thanh duong dién hon, phan tir nhan trd thanh am dién hon, ca hai
phan tir tré thanh lién két cho - nhan, & day nguyén tir O trong nhém OH thu thém dién tich
am phu khi tao lién két hydro. Nhu vay, lién két hydro tao thanh do nhitng luc co ban: tuong
tdc Coulomb va chuyén dich dién tich.

Tinh todn ctia co hoc lugng tir cho thay, su déng gép co ban la tuong téc Coulomb.

Lién két hydro cta phan tir H-F 1a lién két hydro bén nhat gay ra nhiét do soéi cao,
dac biét so v6i cic hydro halogenua khic. Lién két hydro ndy bén dén miic ion HF, 1 ion
6n dinh trong phan tit KHF,. H-F .... H-F.

Hinh 1.25. Lién két hydro cia HF,

Bing phuong phdp obitan phan tir, trong lién két hydro ndy c6é mot cap electron trén
MO lién két ba trung tam, con mét cap electron trén MO khong lién két.

Cic lién két hydro khéc ciing twong tu, lién két c6 4 electron phan b6 2 electron trén
MO lién két va 2 trén MO khong lién két. Nhu vay, lién két hydro ciing c¢6 su xen pha

obitan, nén ciing c6 thé cho 12 loai lién két cong hod tri y€u. Lién két hydro duoc xem nhu 12
tuong tdc axit bazo giita axit ciing va bazo cing.
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Trong lién két hydro, ba phan tlr thing hang hay gin nhu thing hang X-H...Y, su gdy
cha lién ket khong thudn lgi vé nang luong. Phén 16n cdc lien két hydro 1a noi phan tir va su
hinh thanh vdng 6 canh thu4n loi véi tinh thing hang hon, con vong nim canh khong thuan
lgi nén rat hiém.

Lién ké&t hydro ¢d nhitng dac tinh sau:

- V¢ nang lugng, lién két hydro thudng ¢6 nang luong tir 3 dén 8 kcal/mol, déi khi dat
81 15 dén 19 keal/mol. Lien két hydro c6 thé t6n tai & pha ran hay long va trong dung dich,
con trong pha khi, hgp chdt ¢6 lién két hydro dac biét manh nhu 12 mét t6 hop. Ching han,
axit axetic t6n tai & pha khi la dime, trir & 4p suat thap. Trong dung dich hay pha lang, lien
ket hydro hinh thanh va phan cét nhanh. Thai gian t6n tai thdp, ching han H;N...H,O tén tai

trong 2.10 % sec".

Trir mét vai lién két hydro manh nhu FH..F ¢6 nang lugng 13 50 kcal/mol (210
kJ/mol). Lien két hydro manh nhat 12 FH...F, con lién k&t cha axit véi chit khac ¢6 nang
luong trong khodng 6 tdi 8 kcal/mol (25 t6i 30 kJ/mol). Cac lién két OH...O va NH...N cé
nang lugng tir 3 dén 6 kcal/mol (12 t6i 25 kI/mol). C6 thé néi gin ding ring, 4o bén cla
lien ket tang vdi tinh axit cua X-H tang va tinh bazo cla Y tang.

Khi hai hgp chit tao dugc 1én két hydro véi nhau va ¢6 tinh tan trong nu6c thi trong
dung dich nude, lién két hydro giita hai phan tl thudng trd nén yé&u hon hay ¢é thé mat di vi
né6i chung lien ket hydro v6i nuée manh hon nhiéu va thudng ham hugng nuéce ciing 16n.

- Chiéu dai lién két hydro thudng nho hon t8ng chiéu dai lién két cong hod tri X-H va
ban kinh van der Waals cla Hva Y:

O—H--- 0
/ /C——«-H (0,10+ 0,09 +0,122=0,312 nm )
™ 0---H—0

0273 % 0.005 nm

H—C

Trir tredmg hop lien két FH...F , nguyén tir hydro khong & cdch hai nguyén tir bing
nhau, nhu trong nudc d4, chiéu dai lien k&t H-0 12 0,97 A ¢on OH...O 1a 1,79 A.

Trong nhiéu trudng hop, phd tia X di tim thdy lién két don H-A c6 thé hinh thinh
déng thoi v6i hai nguyeén tir B (lién két hydro ba trung tam). Ching han lién két hydro tir
pentan-2,4-dion véi dietylamin (1) c6 lién k€t hydro H-O déng thoi vdi O va N, nhu trong
san phdm cong (2) cla 1,8-biphenylendiol vd HMPA va hydrazin cacboxylat (3):

CH,
I
O/C\ A _O\Hﬁ__ /NP{\
| | SO=PINCH), CHao—c\\0 RINY
_H"'O=C\ . :‘
H\N,‘ C[—[3 —"'0/’ -..H/
I_( S
CHs ) 3)
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- Mémen ludng cuc cla phifc c6 lién két hydro luon luén 16n hon tdng momen ludng
cue clia hai cfu tir tao phite vi lién két 13 cho-nhan. Mémen ludng cuc khi tao phic tang thi
nang luong tao lién két hydro tang.

: /CHZCHz\
CeHsOH:--N(CH3);  CICGH;OH---N(CHj3);  CgHsOH --O CH.C
Ap = 0,85D An = 1,42D Ap=0,12D 7

(trong xycliohexan) (trong xyclohexan) (trong hexan)

- Entanpi tao thanh lién két hydro ¢6 thé x4c dinh bing nhiét k&, bAng momen ludng
cyc vk bang quang phd. Entanpi tao thanh lien k&t hydro phu thuéc vio tinh axit-bazo clia
cdc cdu i twong tic theo sv phu thuoc don gidn:

AH" = 8,52 + 0,248 (pKgy + pK,)
néu ApK = (-9,0) + (~4,2) thi hgp chat ¢6 & phic lién két hydro trong dung meéi tro. Do bén
cua lién két hydro xdc dinh bing hing s6 can bang K, ma gié tri K phu thudc vao kha ning
cho va nhin cga cdu
R-X-H + YR*== R-X-H---YR’

- Dac tinh phd cia lien két hydro ciing thay ddi. Trong phé IR, t4n s6 dao dong hod tri
cia OH tham gia vao lién két hydro chuyén vé phia tdn s& nhod hon, chuyén cang 16n néu
lien k& hydro cang bén. Déng thdi ¢é sy mé& rong pic hdp thy va tang cudng do hap thu.
‘Chang han, nhém OH ty do ciia ancol hay phenol hép thu & 3590 t6i 3650 cm™" con OH cé
lien két hrydro im thay o tdn s6 thap hon khoang 50 16i 100 em ™. Trong dung dich c6 trudng
hop t0n tai ca hai dang ty do va lién k&t hydro nén xuit hién ca hai pic. Phé IR ciing dung dé
phan biét lien k€t hydro ndi va ngoai phan ti, trong d6 pic cla lién ket hydro ngoai phan tir
manh hon khi tang néng d¢, cdn noi phan tir thi khong.

Trong phé NMR, proton clia OH khi c6 lién két hydro chuyén vé phia trudng yéu hon
do sy phan cét clia hydro. N6i chung, sy chuyén dong clia proton tir nguyén tir nay sang
phén tir khic nhanh nén ghi duge gid 1 trung binh.

€6 hai loai lién két hydro: lién k&t hydro ndi va ngoai phan ti.

Lien két hydro giita cdc phan tir hay ngoai phén tl tao thanh gia hai phan tlr cling ¢6
ca hai trung tAm cho - nhan giira hai phan tir giéng nhau hay khdc nhau:

O---H—0-_ A /R
R % C—R H H-
R—O~H--0 R_<0-—-H--—o/ H

Lién keét hydro gitra hai chdt 1ng ciing loai s& Jam tang ¢, ciia chét, nhit 13 nhiing
chét l1ong cé khéi lugng phan tir thép,
Kha nang tao lien két hydro phu thudc vio ban chat chat cho, dong thoi phu thudc vao

cdu tric khong gian cita phan tir. Ching han phenol c6 lién k&t hydro, cdn 2,6-dinitrophenol
khéng ¢6 t6 hop nay.
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CH,COOH —AHOdimc = 8.4 kcal/mol K = 1400 if mol
CClL-COOH  -AH’4e = 5,6 keal/mol K = 150 Ifmol
N6i chung, lien két hydro thay déi phu thudc vio tinh chat chat cho - nhan.

Nang lugng tao thanh lien két hydro tang theo tinh axit clia chét nhéan, ching han
ROH vai N(CH4)4:

CH,OH ~AH’ = 5,5 kcal/mol, pK, = 15,5, dung moi xyclohexan
CgHsOH ~AH® = 5.9 keal/mol, pK, = 9.9, dung méi xyclohexan
CICGH,OH  —AH®=9,8 kcal/mol, pK, = 9,38, dung méi octan
Cl,CCOOH  —AH" = 26,3 keal/mol, pK, = 0,89, dung moi benzen.
Nang luong tang khi tang kha nang cho cla chit cho:
p-CICeH,OH + axeton  ~AH = 5,0 keal/mol
+ tetrahydrofuran -AH" = 5,7 kcal/mol
+ dimetylsunfoxit  —~AH" = 6,6 kcal/mol
+ trimetylamin ~AH" = 7,4 keal/mol
Khi tang tinh bazo ca chét cho, hing s8 can bang K, tang, tinh bén lién két tang.
Khi tao lién két hydro gifta cdc phan tir, entropi clia hé thay déi manh, ning lugng tao
thanh cang 16n thi entropi mat di cang 16n.
CH;COCH, + C,H,OH ~AH" = 6,7 keal/mol —AS" = 16,4 cal /mol
CH,OH + C;HsN —AH® = 3,8 keal/mol —-AS” = 11,4 cal/mol
(CF3);CHOH + OC(CH3)OC,Hs -~AH° = 5.9 keal/mol -AS" = 12,9 cal/mol
Entanpi tao thanh va K, thay déi phu thudc vio dung méi rat 1én. N&u chit ¢é kha

nang tao lién két hydro véi dung moi sé lam thay déi tinh tan cita chét dé, lien két hydro 1am
ting tinh tan.

Tinh tan cang 16n néu lién két hydro giita chat tan va dung méi cang 16n, ching han,
tinh tan trong nuéce cia cic chat sau:

CH}CH2CH20H . vh haﬂ

CH;CH,CH,Cl 0,27 g/i
(G3Hp),0 0,25 g/i
CqH; 0,082 g/!
Xyclohexan khoéng tan

Né&u lien k&t hydro y&u thi ¢6 thé bi phd huy ngay khi pha loang biang dung méi tro.
Né&u trong dung moi ¢é hai chat tan déu c6 kha ning tao lién két hydro véi nhau thi
trong dung dich ludn ¢6 can bang giita cau tir bj solvat véi phitc lién k&t hydro solvat:

(R-X-H)gy + Bgq == (R-X-H---B)y
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Vi tri can bing phu thudc vao kha nang solvat cua dung méi véi cdc cdu tlr riéng hay
v@i phiic hydro.
Lién két hydro néi phén tir xay ra khi phan tlr dé vira ¢6 ca hai trung tam cho-nhén va
khi ¢é tinh 1ap thé thuin lgi nhu & cdc chét sau:
s

A

H., 0
@\ H

cH, O

Lién két hydro noi phan tir thudng ton tai & dang vdng. Vong tao thanh c¢é tinh lién
hop thi lién két hydro cing bén. Lién két hydro tao thanh khi khoang cédch gitta H va O nhé
hon 0,33 nm, lién két hydro cing bén khi chiing cang gin nhau, nén d6 bén lién két hydro
tang khi chuyén tir vong 5 d&n 6 canh, bén nhit 1a vong 7 canh. Déi v6i hop chdt no, ching
han loai diol (1,2; 1,3; 1,4) lién k&t hydro phu thu¢c vao cdu hinh chia ching, trong d6 dang
cis tao duoc lén k& hydro, cdn trans thi khéng. Loai diol 1,2 cdn phu thudc vao ciu dang,
dang threo thuln lgi hon:

H"""‘---..O
R L
H/? . \H
OH B
fhreo eryrhro

- Lién két hydro 1am thay déi tinh chét cia chat, nhdt 13 trong cdc hgp chét thom.
Chang han, lién k&t hydro noi phan tir trong o-nitrophenol ¢6 7,° thap hon, it tan trong nudc
hon, dé cdt 16i cudn hoi nudc hon so véi m-nitrophenol chi ¢é lién két hydro ngoai phén ur.
Tinh axit cha o-phenol th€ c6 lien két hydro nhé hon tinh axit cla m- hoac p-phenol thé:

0
— o—H HQ “n AN
@Nﬁc‘) ) /0
~
O -~
0 \0 O—H

Lién két hydro n6i phan tir khong thay d8i khi pha lodng bing dung méi tro.

Néu hgp chit cé lién két hydro n6i y€u, s& ¢6 can bang giita hop chdt ¢6 hydro nodi va
dang hd. Chéng han, o-clophenol cé lién két hydro néi v6i cdu hini cis (v6i v = 3600 cm™ )
thi dung moi cé thé hoan toan lam giam phan tir ¢6 lién két hydro trong dung dich vi tao lién
két hydro ngoal phén
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4 “I:I {,_ - axeton
— ()/ benzen —0

Céc nguyén tir oxy, nito va flo cé lien két hydro nhung nguyén tir cacbon C-H ¢6 tinh
axit yéu ciling cd lien k&t hydro nhu loai ankyn cu6i mach RC=CH, clorofom hay vai ankan
halogen hod khdc va HCN. Lién két S-H ciing tao lién két hydro yé€u. Nhitng nguyén 8
déng vai trd clia Y nhu clo d& tao lién két hydro, nhung brom yéu hon vi nhét 12 iot rat yé&u,
nhung ton CI', Br', I” hinh thanh lién két hydro manh hon cdc nguyén tir lien két céng hod
tri. S cling déng vai trd cu 1 Y nhung yéu, con SH lai rat manh.

Lién két hydro cling quan sit thiy & cic hop chét c¢6 cacbon mang dién tich am va
nhém OH trong cling phan tir. Loai phan tir khdc dong vai trd Y 1a isoxyanua R-N"=C" tao
lién két hydro manh hon. Mot s& lién k&t doi, ba, nhan thom va vong xyclopropan déng vai
trd chat Y trong mot s6 lien két hydro nhung rat yéu.

Phé NMR vi IR di quan sit thdy lien két hydro cla cation in-bixyclo[4.4.4]-1-
tetradexyl c6 lién két hydro tir cacbon:

1’

4

Deutri ciing hinh thanh lien két hydro, trong mot s6 trudmg hop bén hon lién két
hydro, cbn cdc nguyén 16 khic y&u hon.

1.4.2. Lién két cong hoa (ri

Phuong trinh séng Schrodinger chi gidi diing cho hé mot electron, d&i véi hé nhiéu
electron thi ding phép gdn ding véi hai phuong phdp: phuong phép obitan phan tir va
phuong phdp lién két hod tri.

1.4.2.1. Phuong phdp obitan phdn tit

Trong phuong phip obitan phan tir, lién két hinh thanh bing sy xen pht cta cdc obitan
nguyén tu. 86 obitan t6 hop bing s& obitan phan tit méi, khic véi obitan nguyén tir 1a may
electron xeng quanh hat nhan ding chung cho ¢4 hai hay nhi€u nguyeén tir. Obitan dinh ché
boi xen phil clia hai obitan nguyén tir tao nén obitan lién k&t cé nang lugng thdp va phan lien
két c6 nang lugng cao.

Theo phuong phdp tinh toin obitan phan ti, ham s6 séng hinh thanh bing 16 hop
tuy€n tinh cdc obitan nguyén tir nén cé xen pha, goi 1a su t6 hop tuyén tinh cla obitan
nguyén ur hay LCAO. Sy t8 hop nay cho obitan phan tir véi:
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Y =Cays + Cayp
va cho obitan phan lién két véi:
y=Cy, — Chyg
V61 y,,yp 12 ham s6 séng cia obitan nguyén tir va C,, Cy 12 nhan t6 khéi lugng.
N&i chung, thuyét obitan phan tir ¢6 thé té6m tt nhur sau:
- Obitan phéan tir chi ¢6 trong phan tir, con obitan nguyén tir 14 cha nguyén tir. Obitan
phén tir mé ta khodng khong gian trong phan tir.
- Obitan phan tir t6 hop bang cdc obitan nguyen tir. S6 MO bing s6 obitan nguyén tit
té hop nén.
- Obitan phin tit ¢6 nang lugng thap hon obitan nguyén tr ban ddu tao MO lién két.

MO ¢6 nang luong cao hon obitan nguyén tir 1a MO phan lién két, con MO ¢6 ciing nang
lugng vdi obitan nguyén tir 124 MO khong lién két.

1.4.2.2. Phuong phdp lién két hod tri

Trong phtrong phdp lién két hod tri, him s& séng dugc viét bing cdu triic electron ma
phan tir ¢6 (mbi cdu wric 12 dang cong hudng) va ham s6 séng chung 1a tdng cla cdc ham s8
séng cua cdc dang cong hwdong véi nhan t6 khoi lugng:

Y=Cyy +Cunt .

Phuong trinh nay giSng phuong trinh trén nhung y bidu diér ham s8 séng cho mot
dang cong huong hinh dung ra va C la lugng déng gép clia né vao nang lugng chung cia hé.
Gid tri C trong méi phuong phép 1a khic nhau vi giai phwong trinh véi cdc gia tri C thay déi
va chon cdch giai chia nang lugng thip nh4t. Thuc t&€, hai phuong phdp cho cdch gidi gin
giéng nhau d&i v&i phan ti chia electron dinh ché.

Déc tinh chung ciia lién két cong hod tri 12 dé chung cap electron hod tri gifta hai nhan
cla hai nguyén tlr va thuyét lién két hod tri c6 thé tém tde nhir sau:

- Lién két cong hod tri hinh thanh bing sir xen phill ¢la cdc obitan nguyén i ma mdi
obitan nguyén tir chita mot electron ¢6 spin nguge nhau.

- M&i nguyen ti lien k&t gitt nguyén obitan nguyén tir ciia minh nhung cap electron
trén obitan xen phi 12 thudc vé ca hai nguyen tu.

- P9 xen phi cla obtian cang 16n thi lién két cing bén.

Lién két cdng hod tri tao thanh do cdc tuong tdc sau:

- Tuong tic cuia HOAO (obitan nguyén tir bi chi®m cé ning lugng cao) hay HOMO
(obitan phén tir bi ¢ i&m ¢é niang lugng cao) cia ¢ hay n cia phan tir ¢é trang thai ning
lugng di cao véi LUAO (AO tu do hay tréng ¢6 ning lugng thip) hay LUMO (obitan phan
tlr tréng ¢6 nang hugnyg thdp), nghia 12 cic MO” ciia 6° hay n° 6 ning hwong di thap:

HOAO + LUAO
HOMO + LUMO
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- Tuong tac chia hai obitan chita mét electron (géc tu do) ¢6 spin khéc nhau:

Lién két cong hod tri c¢6 thé 1a:
o v6i hai electron goi 1a lién két don
G + 7 vGi 4 electron goi 1a lién két doi
o + 21 v6i 6 electron goi 1a lién két ba.

hay lién két ba trung tam véi 2 electron, chéng han loai B,H, hay Al(CH;)5:

Su tao thanh lién két cong hod tri ¢6 thé 1a MO d6i xing CH;—~CH; hay khong déi

xiing CH;—Cl, CH;—>NO,.
1.4.2.3. Ddc tinh cua lién két cong hod tri

Lién két cong hod tri c6 nhitng dac tinh sau day:

1- Chiéu dai cua lién két cong hod tri

D¢ dai lién két cong hod tri bang tdng bdn kinh hod tri clia cic nguyén tir tao nén né:

lA-B=rA+"BmarA=IA-A/2va!B=lB-B/2
D¢ dai lién két cang nho, lién két cang bén. D¢ dai lién két phu thudc vao:

- loai xen phu: xen phu truc bén hon xen phii bén.

- ban chét obitan xen phu: s, p, d, f.

- ban chét cua obitan lai ho4.
Cp-Cyp3 1,54 A Cyp2—Cy2 1,334

Cyp3—Cyp2 1,52 A Cyp2—Csp 1,43 A
Csp3—Csp 1,48 A Cop—Cep. 1,38 A

(F‘cspa =0,77 A; T 0,66; G 0,60;

- D0 dai lien két giam khi tang do boi cia lien két do cédc lien két ngin c6 mat do

CH;CH,-ClI 1,79 A
CH,=CH-CI 1,3 A
CH=C-CI 1,64 A

rei = 0,99)

electron 16n giita hai hat nhan gay ra su chan hat nhan bdi electron rit ngén lién két.
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- Do dai lién két phu thudc vio do am dién cia nguyén t6. Sy khic nhau vé do am
dién cang 1dn, chiéu dai lién két cang ngén lai, cling nhu d6 dat lien k&t ngan hon khi th€ bai
nhitng nhém thé am dién hon:

H.C-F 139A H;C-SH,F 187 H,C-CHy, 154 Cu-H 1,108
FCH,-F 1,358  HyC-SiHF, 1,848 F;C-CF; 1,51 Cgp-H 1,08
F,CH-F 1,326  H,C-SiF, 1833 H,C=0 122 C,H 106
F,C-F 1,323 F,C=0 1,17

(ry = 0,37; ro = 0,66 (don) 0,55 (doi); r = 0.64; rgr = 1,14; 1 = 1,33

ry = 0,34 (don), 0,60 (d61), 0,35 (ba); ry = 0,33 (H-C;3) 0,34 (H-C,2),0,36(H-C,)

- Chiéu dai lién két thay ddi khi ¢é su lién hgp, trong dé lién két don bi rdt ngén hon,
con chiéu dai lién két ngin tang.

N6i chung, do dai lién két chia cing mot loai lién két thay ddi it tir chat ndy sang chat
khic. Trong chu ky ddu (C, O, N ...) lién k&t don gifra chiing khoang 1,5 A, lién két doi
khoang [.2 = 1,3 A, cédc chu k¥ cao hon (S, Pb, C1...) hinh thanh lign k&t dai hon.

Chiéu dai lién két gita cdc nguyén I trong phan tir 12 tinh chit dac trung cia phan to
vi cho thong bdo khi so sdanh clng loai lién két trong cdc phan tir khdc nhau.

Phuwong phdp chil yéu dé xdc dinh chiéu dai lién két va géc 1a nhiéu xa tia X (chi cho
chit ran), nhiéu xa electron (chi cho chat khi) vd cdc phuong phdp phé, dic biét 1a phd vi
song. Chidu dai lién két khong phai 14 mot hang s6 vi phan tlr Judn luén dao doéng nén chi
tim thay cdc gid tri trung binh va ¢4 khdc nhau theo cdc phueong phap khdc nhau.

Su thay déi trong cdc chat khdc nhau it khac nhau, chi khoidng 1%. Ching han nhu
bang sau.

Bang 1.3, Chidu dai lién két giita cacbhon Sp3 trong mot s§ hop chat

Lién két C-Ctrong | Chiéu dailién két, A Lién két C-C trong Chiéu dai lign két, A
Kim cuang 1,544 Xyclohexan 1,640 £ 0,015
C,Hs 1,5324 £ 0,0011 tert-Butyl clorua 1,532
C,HsC 1,5495 + 0,0005 n-Butan dén n-heptan 1,631+ 1,534
C.He 1,532 £ 0,003 Isobutan 1,535 £ 0,001

Khi phan tich chiéu dai lién k&t C—OR ciia hon 2000 ete va este cacboxylic cho thay,
chiéu dai lién két tang khi tang kha nang hit electron trong géc R va C thay déi tir bic nh4t
t6i bac hai réi bac ba. D61 véi loai nay, chiéu dai lien két thay ddi tir 1,418 dén 1,475 A.

Tir cdc két qua trong bang 1.3, lién két cacbon ngin hon khi ting ban chit s ¢6 thé
giai thich bing % ban chat s ting trong obitan lai hod. Obitan trd nén gidng obitan s hon khi
tang ban chit s va & gdn hat nhan hon obitan kém ban chét s.
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Lién két C-D luén ludn ngin hon lién k&t C~H. Bing nhiéu xa electron, do lién két

clha C,Hy ¢6 C-H 1a 1,1122 + 0,0012, con trong C,Dg ¢6 C-D 1a 1,1071 + 0,0012 A.

Bang 1.4. Chiéu dai lién két rong mot s& chat

";’i'él Ch'é; aal Loai hop chét . éL:iLt Ch'ég da, Loai hop chit
c-C C-C

sp*-sp’ 1,53 sp*-0 1,21 | Dimetyl ete, etano!

sp>sp’ | 1,51 | Axetandehit, toluen, propen sp™~0 | 1,16 | Axit fomic

sp’-sp 1,47 | Axetonitrin, propyn C=0

sp™-sp’ | 148 | Butadien, glyoxan, biphenyl sp™~0 | 1,21 | Fomandehit, axit fomic

sp>-sp 1,43 Acrylonitrin, vinylaxetylen sp-0 1,16 CO,

sp-8p 1,38 Xyancaxetylen, butadiyn C-N

c=C sp>-N 147 | Metylamin
sp’-sp? 1,32 | Etylen sp*-N 1,38 | Fomamit

sp’-sp 1,31 | Xeten, alien C=N

$p-sp 1,28 | Butatrien, cacbon suboxit spi-N 1,28 | Oxim, imin

C=C C=N
sp-$p 1,18 Axetylen sp-N 1,14 HCN
C-H C-5

sp’-H 1,09 [ Metan sp-S | 1,82 | Metanthiol

sp?-H 1,08 | Benzen, etylen sp*-§ 1,75 | Diphenylsunfua

$p—H 1,08 HCN, axetylen sp-3 1,68 CH,SCN

C=8
8p-5§ 1,67 Cs,

C-Halogen F Cl Br 1
sp*-halogen 1.40 1,79 1,97 2,16
sp*-halogen 1,34 1,73 1,88 2,10
sp-halogen 1,27 1,63 1,79 1,99

2- Géc lién két

Lien két cong hod tri c6 hudng khong gian xéc dinh phu thudce vao cu triic obitan lai
hod. Ching han obitan sp” — 109,5°, sp? - 120°, sp— 180, sp’d ~ 90° va 120°, sp’d® — 90",

Gée hod tri clia cacbon sp” ludn 12 hinh té dién v6i géc 109,5° chi khi dinh véi bén
nhém th€ gibng nhau nhuw trong metan, neopentan, tetraclorua cacbon:; con trong nhiéu
trudng hop goc hod tri di léch ra khoi gid trf uf dién thudn khiét. Chang han, 2-brompropan
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c6 g6c C-C—Br 1a 114,2°, & cacbon sp? hay sp ciing c6 su sai 1éch d6. Sy chénh léch dé 1a do
d6 lai hod khdc nhau do cacbon lién két vi 4 nguyen tit khdc bing mot s va ba 2p nhung
bén obitan lai hod hinh thanh khong tuong duong nhau, khong ding 25% s va 75% p do bén
ngeyen tir ¢ 46 Am dién khéc nhau, nhu cdu electron tir cacbon khic nhau. Cacbon dii ban
chat p khi lien két v6i nguyén tir am dién hon, nhu trong clometan, lién két véi clo ¢é ban
chét 16n hon 75% p, trong khi dé ba nguyén tir khac kém hon. Trong cdc phan t ¢6 sic
cang ciing c6 thay ddi 16n ra khoi gid tri 1y tudmg.

Né6i chung, gée hod tri thay d6i phu thuoc vao ban chét lai hod. Géc hod tri tang lén
khodng [0” khi gid tri s trong obitan tang lén 10%, nguoc lai gidm khi tang ban chat p.

Gée hod tri ciing phu thude vao hiéu dng khéng gian, sitc cang clia vong hay tuong tic
giifa cdc nhém thé, dac biét 1a twong téc giffa cdc cap electron hod tri, goi 1a thuyét ddy giita
cac cdp electron hod tri (VSEPR — valence shell electron pair repulsion).

Bang 1.5. Géc hod trj cta O, S, N trong mét s6 hop chat

Gée Gia tri Hap chat
H-0-H 104%27" Nudc
C-0-H 107 + 109° Metanol
C-0-C 111%43' Bimetyl ete
c-0-C 124 + 5° Dipheny! ete
H-S-H 92,1° H,S
C-S-H 99,4° Metanthiol
C-5-C 99,1° Dimetylsunfua
H-N-H 106°46' Amoniac
H-N-H 106° Metylamin
C-N-H 112° Metylamin
C-N-C 108,7° Trimetylamin

N¢i dung cla thuyét nay Li: “cdc cap electron hod tri clla cdc nguyen ddy nhau vi
cdc lien két phdi phan bS nhu the ndo dé giim lyc ddy dé”.

Néi chung, géc hod tri clia O, S, N tang v6i sy gidm d6 Am dién cha nhém the,

Néu nguyen tir ¢ 2 cip electron & trén qu¥ dao thi sy dfy nhé nhat khi chiing & 180°,
c6 3 cap electron thi 120° c6 4 cap electron thi 109,5°. & day cdn phai chi ¥ t6i ciip
electron #. Nhu cdu v€ khong gian clia cip electron n 16m hon céc cap electron lien két vi cap
electron # chi bi khdng ch€ bai dién tich hat nhan cia mot nguyén tii, con cap electron lién
két & gilta ha1 hat nh&n nguyén tlr. Song cling ¢6 nhiéu giai thich cho Ia sy lai hod ¢ day
khong phai sp thudn tuy. Nhu da néi trén, nguyen tir d ban chat p khi lién két v6i nguyeén
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tir am di¢n hon ma cép electron dugc coi nhu Ia nguyén tf ¢6 do am dién nhd nhdt, nghia 1a
hdu nhu khong cé luc hit. Do dé cép electron »# ¢6 ban chit s nhiéu hcm con cic lién két ¢co
ban chat p 16n hon obitan sp” thuén tuy lam cho lién két gi6ng lién két p hon va giam gdéc.

. A20° 180°
l;mso - N KT
< 120°
|20°

109,50 »

Do d6, ¢6 thé thdy sy ddy lin nhau gifta cdc c¢ap electron giam theo thd tu: cap
electron »/ cip electron n > ciip electron n/ cap electron lién k&t > cdp electron lién két / cap
electron lién két,

Chéng han nang lugng ddy cia cdc cap sau;

L do %

0,07

Tir d6 ¢ the gidi thich géc hod tri cdc hop chat sau:

H I
Lo O

A
H

lucddy 1 »2>3
HyC Ny CHs 3
CHs(a) @
S
bén hon
N
VQA i
/ H3C(e)
H3Ce) . 17930
. F- 1100
H*CD CH;
125¢ 121°
108%387” --H 108%18 \Qnsﬂs' | lﬁm‘)
110012 H/ \H

3~ Ndng lupng cia lién két

C6 hai loai nang lugng lién két. Nang tuong cdn thiét dé phan cét mot lién k&t cuia hai
nguyen tir trung hoa goi 1 nang lugng phan ly clia lién két D. Thudng khong xéc dinh nang
lwgng nay ma dung gia tri trung binh goi 1a nang lugng lién két E.
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Chéng han, D cla H,O0 — HO + H 1a 118 kcal/mol (494 kJ/mol) nhung khong thé lay
nang luong cua lien két O-H trong nuée vi D cia H-O —» H + O 13 100 kcal/mol (418
kJ/mol), gid tri trung binh cha hai gid tri nay la 109 kcal/mol (456 kJ/mol) 1a nang lugng
lien ket E. Trong phan t&r hai nguyén tir thi D = £,

Gid tri D khong dé gi do duge nhung gis tri £ cling khéng don gian.

Ching han, d6i véi metan, 18ng nang luong dé chuyén hod metan CH, - C + 4H Ia
393 kcal/mol (1644 kJ/mol) va E cho méi lign két 1 98 kcal/mol (411 kJ/mol) & 0 K. Nhung
thuc t€ ciing khong do duge nhiét nguyén tir hod (nhiét cdn thist dé chuyén hop chat thanh
nguyén ur) mét cdch true ti€p nhung c6 thé tinh duge tir nhiét d6t chdy (thieu nhieét).

D61 v6i metan, nhiét d6t chdy 1a 212,8 kcal/mol (1665 kJ/mol) & 25°C hay gid tri cho
lien két C-H & 25°C 13 99,5 kcal/mol (416 kJ/mol).

Chéng han, tinh nhi¢t nguyen tir ho4 ciia etan:

CoHs k) + 3,5 Oy 5y = 2CO, , + 3H;Oyy + 3729 keal (+ 1560 k1)

2C020 = 2C (graphin + 205 - 1882 kcal (- 787 kJ)
3H0 = 3Hyg, + 1,50, ~204,9 kcal (- 857kJ)
3Hyuy=6Hy, ~312,5 keal (- 1308 kJ)
2C yraphity = 2C) - 343,4 keal (- 1437 k))

GHg oy = 6Hg,y +2C, - 676,1 keal (- 2829 kJ)

Nhur vy nhiét nguyen tir hod ciia etan & 25°C 12 676,1 keal/mol hay 2829 kJ/mol va
nang lugng nay gdn cho lien két C-C va 6 lign k&t C~H la bao nhiéu 1a khéng thue t€, Néu
cho gid tri £ cta 6 lién két C-H 1A nhu nhau vi 14y gid tri clia C—H metan s& c6: 99,5 x 6 =
597.0 keal/mol (hay 416 x 6 = 2498 kJ) thi ¢6 E cho C-C la 79,1 kcal/mol (331 kJ/mol). Sir
tich todn twong tr cho C-C cila propan ta 80,3 kcal/mol (336 kI/mol), 81,6 kcal/mol (341
kJ} cho isobutan. St tinh todn nhiét nguyén tir hod cua cdc dong phan ¢6 khé khan, ching
han gid tri £ cia C-C cla pentan, isopentan v neopentan la 81,1; 81,8; 82,4 kcal/mol ma
dang I€ fa phai nhu nhau vi déu ¢6 12 lién két C—H va bsn C-C,

Su khdc nhau d6 duge gn cho nhitng nhan t6 gay ra bdi cdu tric, nhu isopentan ¢6
cacbon bac ba ma lién két C-H khéng ¢6 ban chat s nhu trong pentan, con gid tri D c6 thé
do duge nhung khong gidng nhau & lién két C-H bac ba, hai hay mot. D6 ciing 1a nhan t§
Iap thé. Nhuv vay ciing khong diing néu ding gid tri 99,5 kcal/mol clia C—H clia metan cho
tat ca cdc lien két C-H. Phuong trinh thyc nghiém chung c¢4n tinh dén cdc nhan 13 nay va
tdng nang lugng tinh dugc néu dwa vao cic nhan t6 cau tric.

Nang lugng ciia lién két phu thudc vao ban chit cha nguyén td tao nén lién két, vao
trang thai lat hod va vao loai lién két.

Tu ket qua trong bang 1.6 cho thdy méi twong quan giita do bén cia lién két véi chidu
dai lién két, néi chung, lien két ngdn hon s& bén hon. Diéu nay thiy dwge khi tang ban chit s
thi iien két ngdn hon va do bén lien ket ciing 1ang khi tang ban chat s.
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Béng 1.6. Nang lugng phan ly D mot s6 lién két R—-X, DH®, kcal/mol

R x| H F cl 8r I OH NH,
CHy—~ 105 110 85 7 a7 a3 a0
CH;—CH,- g8 108 80 68 53 91,5 82
CH3CH,CH,— 98 107 81 68 53 g2 82
{CH,),CH- 95 106,5 81 68 53,5 83 82
{CH,);C~- 93 110 81 68 53 92 82
CeH:— 111 126 96 80,4 85 111 102
CH,=CHCH,- 86 68 54 41 78
CsHsCH,— 88 72 58 48 81 71
CH3E— 86 110 81 68 49 107

0
CH,CH,0- 104 44
CH,=CH- 110 90 78
H- 1042 1358 103.2 87,5 71,3 110 107

] metyl etyl isopropyl tert-butyl phenyl CN
CH,- 80 86 86 84 102 122
CH,—CH,- 86 82 81 79 98 118
CH,CH,CH,~ 86,5 82 80 79 98 117
(CH,),CH- 86 81 79 75 96 116
(CHa).C- 84 79 76 71 83
CeHs— 102 97 96 93 115 131
CH,=CHCH,~ 74 70 70 67
CgHsCH,~ 76 72 7 70 80
CHaﬁ~ 81 76 74 72 93,5

0
CH,CH,0- 83 82 101
CH,=CH- 100 96 95 90 103 130
H- 105 08 96 93 11 125

- Nang lugng lién két C-C cang 1én néu ban chét s trong obitan xen phi tang:
Cpr—Cy2 > C-Cypp > Cop—Cp3
E, kcal/mol = 98 89,9 85



- Lién két s& yé&u hon khi di xudng trong mét nhém cia bang heé th6ng tuin hodn nhu
so sénh lién két C-O va C-S ciing nhu lién két ciia bén halogen, vi chiéu dai lien két tang

khi di xuéng trong mot nhém ciia bang he théng tudn hoan, vi s6 electron bén trong tang.

Bang 1.7. Nang lugng lién két E & 25°C cha mot s6 lien ket

Lign két £, kcalimel E, kJimol Lién két £, keallimol E, kimol
O-H 110 = 111 460 + 464 C-8 61 255
C-H 96 + 99 400 + 415 c-1 52 220
N-H 93 390 C-Cl 79 330
S-H 82 340 C-Br 66 275
Cc-0 85+ 91 355 + 380 c-C 8385 345 + 355
C-N 66 + 75 290 + 315 c=C 146 + 151 610 + 630
C=N 143 598 C=C 199 + 200 835
C=N 204 854 C=0 173 = 181 724 + 757

- Nang luong C-H thay déi theo nhém thé & C do thay d8i trang théi lién k& C-H. Su
thay d6i nay c6 thé do su chuyén dich electron hoac do hinh thanh siic cang 14p thé trong
phan tir c¢6 nhitng nhém the thé tich 16n & khodng céch gén:

C~H bac nhét > C-Hbachai > C-Hbacba
CH,CHi-H  (CH;,CH-H  (CH,).C-H
E, kcal/mol = 96 94 89

- Ning lugng coa mot lién k&t boi 16n hon lien két don nhumg nhd hon hai 14n nang
lvgng lién két don. Lién k€t d6i ngén hon lién két don nhung khong bén hon hai 14n lien ket
don vi xen phil ® kém hon xen phii 0. Lién k&t o bén hon lién két n.

Nang lugng cita mot lién k& = nhod hon ning lugng o trong ciing lién két boi va giam
khi chuyén tir lién két doi sang lién két ba:

CH;-CH; C-C 88,0 kcal/motl
CH,=CH, CC=C 163,1 kecal/mol
CH=CH c=C 230,4 kcal/mol

Su khéc nhau vé nang lugng giita lién k&t don C—C va lién két d6i twong tng 12 lugng
nang lrong cén thié€t cho su quay Xxung quanh lién két doi.

Trong hop chit vo co, ndng lugng lien két gidm vé6i sy gidm do am dién (trir F), con
trong hod hiru co theo quy tic sau;

» Trong phan tir d6i xdng:
- N&éu d¢ Am dién 12 2 + 2,5, nang luong lien ket cao nhat:
H-H Cc-C
118,3 93 kcal/mol
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- Néu d¢ am dién rat cao 3,5 + 4, ning lugng giam: F-F
42 keal/mol
- Néu d¢ am di¢n nhé thi nang lugng lién k&t nho hon:
Li-Li Na-Na
30,4 32 kcal/mol
* Trong phan tir khong déi xtng:
- Nang luong cang cao néu sy khac nhau v8 do am di¢n gilta hai nguyén tir cang lén:

H-F H-0
1547 127 keal/mol
- Niang luong tang theo su tang d6 am dién cia nguyén tr tham gia lién két:
C-N C-0 C-F
72,4 91,6 106,7 kcal/mol

- Nang lugng gidm theo sy ting thé tich nguyen tir:
C-F CC C-Br C(C-1 C-8
106,7 819 70 56 74,3 kcal/mol
va ciing thay déi theo ban chat nhém the & nguyeén tir tao nén lién ket:
HO-OH CH;C0O~0-0-COCH,
51,4 33,6 kcal/mol
Nang lugng lién két dwge dung dé tinh hiéu ing nhiét ciia phan ting. Khi so sdnh nang
lugng cua lién két A-X thi chi so sdnh duge khi X trong mot nhém cua hé théng tudn hoan
n6i chung khong ¢ quy luat.

DE dinh gid do bén cia lien két, ngudi 1a ding hing s¢ luc, c6 thé xdc dinh theo
quang phé dao dong IR cilia phan tir. Hing s6 luc K 1a muic d0 chéng lai su thay déi chiéu
dai lien ket so véi trang théi can bing, n6 lién quan t6i tin s6 dao dong v cila lien két bang
phuong trinh:

Y ¢

v=— [—

2nc ¥ m
voi p ta khéi lugng rdt gon (mymy, / m, + m,) véi m) va m, la khéi lugng clia nguyén tir tao
nén lién két, ¢ [a t6c 4 dnh sdng.
Cop3—Cip? CopCyp2 CoCop Cp-H Cyp-H Cyp-H
K, kcal/mol. A% 648 1372 2240 692 762 849
CF C-C1 C-Br C-1 C-0 C=0 C=N (=N
K, kcal/mol. A% 858 524 448 380 720 1740 1510 2550
Gid tri K cang 1dm, lién két cang bén.
4- Sie phan cuc ciia lién két cong hod tri o
Lién ket cong hod tri gitta hai nguyén tit khéc nhau vé do am dién 6 xdc sudt phan bo
mat d¢ electron hod trj chuyén vé phia nguyén t6 am dién lén hon.
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Nguyén t6 4m dién hon c¢é mat d6 electron 16n hon k¥ hiéu & con nguyén 18 duong
dién hon ky hiéu 8%, Su phan b6 khong déu mat do electron gay ra mot mémen ludng cuc
cua lién két, ¢é gid tri;

p=e.l[D]
v6i e 1a dign tich, / 1a chiéu dai gilta hai trung tdm trong luc cla dién tich duong va am, don vj
‘dolaD= Debaye = 107" don vl momen Judng cuc hay CGS = 3,34,10 % C.m {coulomb mét).

5t & 5* & = &
C X C—X C—X

Thuc 1€ khong thé do duge moémen ludng cyc cha cde lién két rieng ma chi do duoc
momen ludng cyc cla phan 1r nhu la tdng vecto clia cdc moémen lien két rieng, vi thé
momen cta lién k&t duge tinh tir mémen ludng cuc clia phén .

Momen ludng cuc clia phan i 13 tdng dudng chéo hinh binh hanh clia mémen ludng
cuc cila cdc lién két hinh thanh ra né, mémen ludng cuc cta lién két duoc tinh tir moémen
luéng ciwc cua phan tir. Mémen ludng cuc riéng cha lién két hdu nhu khong déi tit phan tir
nay sang phan tir khic, do d6 thudmg dva vio mémen clia phan i ndy tinh ra mémen cho
phan ur khdc. Ching han, mémen ludng cuc cha nitrotoluen tinh tir toluen va nitrobenzen Ia
4,36D ma thuc 1€ 14 4,39D, nhung mémen clia p-crezol do duge 13 1,57D khédc xa v&i momen

tinh tir toluen va phenol I 1,11D vi & day mémen cia lién két riéng da bo qua tinh d&i xdng
chung cia phan ti:

Sodo ¢

NG, NO, 1,54D 1.57D
0430 393D 439D ’ &

Khi sy khdc nhau vé 46 am di¢n nho thi khé do dugc momen nhv giita cacbon va
hydro, ching han mémen Iudng cuc cita isobutan 12 0,132D, propan la 0,085D, con metan va
etan khong ¢6 momen ludng cyc. Mét s6 hop chit hitu co ¢6 moémen ludng cuc 1dn hon 7D.

b4i v6i phan tr loai HyX, momen lién két duge tinh theo:

m=p/V2+2cos0
véi 0 12 gde gitta hai hudng hod tri.
Lienkét HC H-N C-0 C-N C-F C-Ci
i, D 0,2 1.4 1.1 0,4 1,83 2,05
Gid tri g bao goém cdc thanh phdn momen sau:
H= Hep + By + Hyp + 1y
voi [ - phdn momen do sy chuyén electron vé phia nguyén t& am dién hon, p,, = de.r; p,, -

phidn momen do sif tao thanh obitan laj hod4; Hyp - Phin momen do su xen phi cha obitan khi
trung tdm ving xen phi khong triing véi chidu dai lién két; p, - phdn momen do lai hod
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obitan clia cap electron » lam cho trung tam trong lyc cia di¢n tich 4m cha cip » khong
tring vdi hat nhan cla nguyén tir ¢é cap electron #. Chinh K, déng gép 16n hon vao si phan
cue ctia hgp chit, ching han:

BNF; < McHF, MmOt mit do d¢ am dign gilta N va F nho hon gita C va F nhung chil yéu
do Uenr, (1,59D) la téng vecto ciia 3C-F con HNFy (0,2D) 1a 16 hop cla momen p, ciha cip
electron # theo huéng nguge véi moémen cla ba lién k&t N-F.

Huéng cha p, clia cap electron & N, ciing nhu t6 hop vecto ciia céc cip electron » cia
O, halogen tring vdi vecto cila t6ng m6men ciia cdc lién két cong hod tri chi khi cdc nhém
thé c6 do 4m dién gidng nhau. Ching han:

Nguyeén tr O (H;O N (NH,) N [N(CH,)4]

Hy 1,69 1,45 0,64

b6 phan cuc cba lien k&t ting khi c6 su khic nhau vé d6 am dién cha hai nguyén tir
cang lén:

Lien k&t C-N C-0 C-F C-Cl C-Br -1

u, D 0,4 1,1 1,83 2,05 2,04 1,8

Can chd y truong hop pe.p < peq ciing nhut e < peg (1,56D) vi khi chuyén tir chu
k¥ 2 t6i chu k¥ 3 ¢6 sy tang manh chiéu dai lien két /, ngay khi & e nho thi | ciing da lgn.
Trong cdc lién két nay, gid trj ciia 8e ciia cic nguyén to:

O S F d
0,78 0,63 1,32 1,2
ciing phit hop véi d6 am dién.

Su phan cyc ciia lién két cling phy thudc vao trang théi lai hod. Chéng han, su phan
cye clia C-H trong CH4X cang 16n khi X cang am dién:

X= CHyl CH;Br CH,Cl CHsF
He. D= 0,20 0,23 0,25 0.413

Khi tang d6 am di¢n cha X, ban chdt p trong obitan lai hod clia C tao lién két C-X
tang, ban chét s trong obitan lai hod cha C tao lien k&t C-H 1ang, gay ra sy ting mémen
luong cyc cia C~H.

Khi th€ H bing nguyén t6 am dién hon [3m thay d6i trang thi lai hod, rdt ngdn lien
ket, gidm tinh phan cyc, chéng han pc o trong:

CH,Cl1 p=1860D !=0,1781nm Ogpq= -
CH,Cl1 1,55 0,1772 111,4°
CHCl, 1.1 0,1761 112,0°

Momen ludng cuc clia nhém chita lién két doi 16n hon nhém chita lien két don ciing
loai nguyen ti:

Beeo = (2,5D) > peo (1L,IDY; peay (3,3D) > pey (0,4D)



Momen ludng cuc c6 thé xdc dinh rén cdc dir kién vé d¢ 4m dién, phé Rontgen, phé
IR, c6 thé so sanh giira tinh todn va thuc nghiém dé€ xét huéng clia vecto moémen ludng cuc.
3- Su phdn cuc hod cua lién két cong hod tri

Sy phéan cuc hod 1a su phén cyc cla lién két hay phan tir khi cé dién truong ngoai. Khi
¢6 dién trugng bén ngoai, vi tri hat nhan thay d6i v dim may electron hod tri bi bién dang,
két qua cia su bién dang ndy giy ra mot momen Iudng cuc p, ty 18 vdi trudng ngoai £ va do
phéan cuc hod ciia phén tir o:

pe=E. o
song thugimg su phan cuc clia nguyén tit nhoé do thay déi vi tri hat nhan nhd, chi khoadng 5
dén 8% nén thudng bo qua.

Do phan cyc hod ty 1& vdi khiic xa phan tir khi ¢é chidu dai séng vd han ng, nén 4o
phan cuc electron c6 thé xdc dinh theo phuong trinh:

3 -1 M 3 ne' =1 M

= - = MR, v6i MR, = :
CF TN vz d o amy eV 2= al+2  d

C6 thé xdc dinh sy phan cuc hod electron bing 4nh sdng kha ki€n khi xdc dinh chi s6
khic xa réi suy d€n n, hoac bang 4nh séng ving IR bé qua sy phan cuc nguyén . Con
khiic xa lién két dugc tinh theo khiic xa nguyén tir hay khiic xa phan ti.

Khic xa nguyén tlr cang lén n€u ddm may electron cla nguyén tr cang 16n, dién tich
hat nhan cang nho:

F 0 N Cl Br I C-F C-0 C-N

Rp= 081 1,764 2,744 0,8} 8,741 13,954 1,41 1,54 (ete) 1,57

D¢ khiic xa nguyén tir khdc nhau trong trang th4i lién két. Chdng han, Rp clia ion C1~
1a 9,3; Cl trong Cl; 1a 5,84; Cl trong HCl 12 6,8.

Do phan cuc hod phu thudc vao cdu tric phan i, nhat 14 khi phan tir ¢6 cdu tnic pban
nhénh 1én. Ching han, d6 phan cuc hod clia 3-etylpentan v 2-metylheptan khéc nhau la
0,6 d.v. M.Rp,

Po khic xa va do phan cuc héa clta nhém nguyén tir phy thude vao trat tu sip x&p cia
nrguyén ti trong phan tir cing nhy ban chit clia nhém thé,

Ching han, khic xa clia N khdc nhau trong cdc hop chat sau:

Amin bac 1 Aminbic2 Aminbic3 Nitrin
Rp= 2,322 2,502 2,840 3,118
Do phan cyuc hod coa lién k&€t boi I6n hon lién két don vi chira electron # nén khi tinh
dd khtic xa nguyén tir phai thém s6 gia:
Recc=Re+1,733=2,418+ 1,733 =4,15
Rz =3Rc/2 + 2,398 =6,03
tlr d6 cho thdy méi lién két n trong ndi ba ¢6 do phan cyc hod nhd hon trong néi doi.
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Do phan cyc hod clia anion cang 16n khi dim may electron cang 16n, cdn ion duong ¢6
do phan cyc hod cang nho néu dién tich duong cang 16n khi cling ¢6 s6 electron. Do dé, cin
chi ¥ rang, trong cap anion - cation chiu anh huéng twong hé véi nhau thi anion bi bién
dang Idn, con cation 12 tic nhan gay bién dang. Trudng luc cha cation cang 16n néu kich
thude cang nhéd va dién tich duong cang 16n. Trudng luc cia cation cé 18 electron ngoai
cing (Ag*, Zn®*, Hg®* ...) nhd hon trudng luc c6 8 electron.

Bo phan cuc hod ciing giam khi phan tr bi proton hod vi ddm may electron dich
chuyén vé phia nguyen tlr ¢6 vong electron tro ngoai ciing do tang dién tich dwong:

MRy,o (3.75) > MRy,g+ (3,04)
1.4.3. Lién két cho nhan

Lién ket cong hod tri hinh thanh bang cap electron ding chung cho ¢ hai nguyén tir
nhung chi do mot trong hai nguyén tir lién két dua ra goi 12 lién két cho - nhan.

Chéng han, lién két goi 1a ph6i tri: NH; + H® —» NH,*
va lién két goi 12 ban cuc: RiN + O - R;N'O
déu c6 ban chit cho - nhan nén déu thudc loai lién két cho - nhan.

Loai lien k€t nay thudng c6 trong cdc hop chat phic.

Lien ket cho - nhan hay phiic cho - nhén hinh thanh giira chat ¢6 cap electron » goi 12
chat cho va chat thi€u electron goi 1a chat nhan.

Theo quan diém co hoc lugng t, lién két cho - nhan tao thanh do su chuyén electron
tir obitan bi chi€ém cao HOMO cia ch4t cho sang obitan tréng ¢6 nang luong thip LUMO
clia chat nhan. Su chuyén khong lam thay déi spin cia cap electron ndy, thuéng la cap » hay
T trén cic HOMO twong ting.

Cac obitan cla chat nhan thudng 12 obitan tréng va obitan &~ hay 7". Céc lién két o ¢6
tinh phan cuc hod 16n ciing tham gia vio lién két cho - nhan.

C6 thé phan loai nhur sau:

Chat cho: -

- nhimg hop chat ¢6 di 16 c6 cap electron n: (CH;)3N, (C4Hs)3P, (C,Hs),0, (CH3),S, CH,l;

- hgp chat ¢é kha nang chuyén electron cha lién két;

- hap chét ¢6 lién két o hoae MO n: anken, ankyn.

Chat nhan:

- hop chat kim loai ¢6 obitan hoa trj tréng U, céc halogenua kim loai nhu Ag', Cu®,

Hg", P!, PbY, AI™ va nhitng ion kim loai do;
- hop chét ¢6 lien két o: I, ICl, Bry;

- hop chat ¢6 lién két nt nhung chita nhém the hut electron manh nhir: tetraxyanetylen,
tetranitrometan, axit picric, polynitroaren.
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Duya vao ban chdl obitan, ¢6 thé phan toai nhu sau:
nU R,0.BX, nmnR,0.ArH 1o R,0. 1,
ocU RX. BX oa RX. I, on RX. ArH
nlU ArH. BX; 10 ArH. I, nn ArH. ArH

Trong hod hoc hiru co, quan trong 1a loai #U, no thuéng goi ta phic n:

(CHs),02) +(COBF; — (Clls),0"—BFy
H

| -
CHy)N' I
(CHy)NC D)+ CDH,C\CH}I*" (CH)s

Loai cho - nhan nay, cdn goi 1a bdn cuc, ¢ tinh phan cuc hodn toan nén cé thé coi 1A
su k&t hgp cira lién két cong hod tri va ion.

Trong hod hitu co cdn gap phic nU, goi 1a phic n, thudng gap trong phic cha obitan n
vdi obitan trdng cla ion kim loai.

Cac phirc # hay m thudng goi 12 phitc cho - nhan electron (EDA- cho nhin electron -
electron donor - acceptor) duge xdc dinh bing phé electron, goi 1a phé chuyén dich dién
tich, thudmg nam trong viing kha ki€n va UV gén nén c¢é mau. Cic phiic nay thudng khong
bén, tén tai cin bang trong dung dich, tuy cling ¢4 phitc ran. Phitc thuding ¢6 1y ¢ chit cho
va nhan la 1:1.

Phite vé1 chét cho la elefin va aren véi ton kim loai: Cdc ion kim loai hinh thanh phic
bén, thutng ¢ dang rdn, v4i olefin, dien, ankyn va vong thom.

N

H,C o
—= Ag’ ©_. Ag’ ‘I—» PICl, | K+
H,C

/\

—

Lién két trong phifc giifa ion Ag va olefin gém c6 hai lién két: lién két giita obitan n
lién két cha olefin véi obitan tréng Ss cia bac va lién két khdc do xen phil cta obitan 44 bi
chiém cla bac v6i obitan phan lién két n". Lién ket khéng phai tir ion bac t6i mot nguyén tir
ma 1di trung tm n do d6 mat dé electron dugc chuyén tir olefin t6i ion kim loai. Cling nhu
phifc benzen véi Ag c6 su tham gia ciia ba obitan thom lién két déng gép mot phin mat do
electron cho kim loai.

Thudng phirc nl nay duge xem nhu 12 hop chat ba trung tam vdi 2 electron thudc vio

ca ba trung tam. Ciing c6 nhitng phic nhu phifc feroxen ¢é 5 trung tam 6 electron, meta
loxen:
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Hinh 1.25. Lién két phic clia etylen va platin

Néu kim loai 1a kim loai chuyén ti€p, ching han Pt kim loai ¢6 obitan (n - 1)d c6
nang lugng gin nhau nén cdn 6 twong tac phy khi tao phitc. Ching han, phiic cia etylen véi
Pt, phitc tao thanh bing lién két cho - nhan 1a su xen phu ctia obitan 7 bj chi€m cdia etylen
vGi obitan spzd tu do chia Pt va xen phil phu cla obitan chat ddy clia Pt véi obitan tréng phan
lien két 7* chia etylen. Lien két ddu pha huy mot phin lien két = cha etylen, phat sinh ra dien
tich dwong va lam t4rq tinh bén clia phitc.

Phite vdi chat nhan 13 phan t hitu co nghéo electron véi chat giau electron, ching han
phirc gifa hexametylbenzen vdi tetraxyanetylen c6 st chuyén dich dién tich 6,7% tir chat
giau sang chdt ngheo va ¢6 u = 1,35D. Tuong tic & day la tuong tdc cla obitan © 6 trung
tam 6 electron cta hexametylbenzen vdi obitan phan lién ket ty do cla tetraxyanetylen:

CN

Ciing twong tw nhu lién két cOng hod tri, lien két cho - nhan 12 tuong tic cta HOMO
(1 hay =) v6i LUMO (obitan khong lién ket hay phan lien két) tao ra MO lién két.

Nang lugng tao thanh lién két nay phu thudc vio tinh axit va bazo cla chat nhan vi
chdt cho, vao trang thdi lai hod clia cap electron n cta chit cho: nang lugng cang nhd néu sy
dong gép ban chit p trong obitan cang nhd. Entropi khi tao thanh lien két cho - nhan tuon
giam, entropi cang m4t nhiéu thi nang luong tao thinh cang 16n,
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AH’, keal/fmol  AS", keal/mol Dung méi

(CH,),0.BF, 13,7 33.1 hexadecan
{CH;3):S.BF, 3,51 14,1 hexadecan
(CH3),8.1, 7.4 13,6 khi
(CH3)3N I, (AO-sp%) 12,1 heptan
CsHNI, (AO-sp%) 7,46 ‘ heptan
CH;—C=N.I, (AO-sp) 2,9 CCl,

Nang luong tao thanh cang lén thi phidc phan chia dign tich cang 16n, do d6 ¢6 thé tinh
dugc nang lugng tao thanh tlr sy déng gdp tinh dién va su déng gdép cong hod tri cha tuong
tdc gilfa chdt cho va chat nhan khi ti€n hanh trong pha khi hay dung méi phan cuc yéu.

~AE=E, Eg + C,Cq
(£ - tuong tac tinh di¢n); (C - tuong tic ho4 tri).
So v6i chat chudn: £, va C, ciia I, bing don vi, Eg ciia N,N-dimetylfomamit 14 chdt cho
béng 1,32 va Cy cha dietylsunfon biang 7,4.
Sy phan circ ciing 1am thay déi khoadng cdch lién ké&t, lién k&t cing ngén thi cang bén:
u, D roam  —AH", keal/mol
(CH5),0.B(CH;); 14 0.26 4,3
(C,H5),S8.1, 3.1 0,28 7.8
(CH;)3:N.B(CH3); 2.9 0,16 17,6

Lién két cho - nh4n cing chiu dnh hudng Khong gian cdc nhém thé, nhém the 1a H

khong c6 anh hudng 1ap thé, cdn sy ngan cin lap thé clia cdc nhém thé 16n hon thi lién két
cang kém bén:

—AH, kcal/mol -AH, kcal/mol

(thyc nghi¢m) {tinh todn)
(CH4)4N.B(CH,); 113,3 24,5
(C,H;),0-BF, 11,9 14.8
CH3;NH,.B(CH,);4 18,2 17,9

Anh hudng 1ap thé ¢6 anh huong manh trong trudng hgp chét thom, vi trf ortho khong
phit hop véi phuong 1rinh tuong quan.

Lién két cho - nhan ¢6 thé tao thanh trong pha khi, I6ng hay dung méi. Trong trudng
hop dung dich, luén ¢ 6 can bing gilta cic c4u tlk solvat hod:

[A] sol, + [D]. sol,, == [A, D].solp

vdi A 1a chdt nhan, D 1a chét cho, n, m, p 12 phan tr dung moi solvat hoa.
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Lién két cho nhan ciing chiu anh hudng manh trong hop chit chung goi 12 hop chat
cong (addition compound) gém phifc cho nhan elecron ¢ trén va hgp chét phifc chuyén dich
di¢n tich nhu trén cdn c6 hop chdt phifc tao thanh boi ete crown va hop chat tuong tu, hop
chdt boc va catenan.

Ciing nhu cde phiic clia axit picric véi phenol, quinon, amin, olefin cho san phidm cong
Ia chét rdn 6 nhiét d¢ soi xdc dinh. Lién két trong trudng hop nay khé giai thich ddy da vi
cap electron dua ra tao phiic 1a # hay n va chit nhan khong cé obitan tréng. Cic lién két ¢6
thé nhu trong phifc EDA hay ¢ thé 1a tueng tdc ludng cyc-ludng cuc cam dng nén thudng
goi la lien két chuyén dich dién tich.

Céc hgp chit vong 1dn chita oxy goi 13 ete crown nhu 12-crown-4, dixyciohexano-18-
crown-6 v.v... ciing ¢6 kha ning tao phiic véi cdc ion kim loai phu thudc vio kich thuée cha

vong.
™
d b [ cﬁ/\ -
L P e CL ) SO
{_o ) Q_§ Lo/

15-Crown-5 dixyclohexano-18-crown-6

12-crown-4

Ete crown ding trong téng hop hitu co, ding dé phan tich hén hop cation, cdc ete
khong tring anh vat (chiral) ding d€ phan gidi hén hop raxemic, dung dé€ tao phitc véi
cation, amin, phenol va phan tir trung hoa khéc.

Cdc vong 16n chira nito hay luu huynh ciing ¢6 tinh chat twong tur.

i /M
NH HN S S
H
N S S
./

Céc hgp chat vong kép hay vong bic cao goi 1a cryptand va phifc hinh thanh la
cryptat. Ngoai ra con ¢6 nhiing vong kép c6 cdu tric hinh cdu ciing tao phic vdi ion nhu
spherand, calixaren, cryptophan, hemispherand hay podand. Lién két trong céc phirc ndy déu
1a tuong tdc ion - ludng cuc giita di td va ion duong.

Cac hop chat boc khéc vdi phiic EDA va ete crown 1a & day chat chil hinh thanh khung
tinh thé d€ cho chit khdch di vao, & day kheng ¢6 lién k&t gilta cht chii va khdch ma chi cé
tuong tic van der Waals. Hop chat boc c6 khoang khéng gian doc theo mot duong him hay

kénh goi 12 clathrar c6 khong gian hoan toan déng kin. Trong ci hai loai thi phén tir khdch
c6 thé di vao khéng gian véi thé tich nhé hon khong gian dé.
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Dién hinh 12 hop chét boc ure. Binh thudng ure ¢6 tinh thé ut gidc nhung khi ¢6 phan
tit khach thi ure cé tinh thé hinh sdu canh chia phan t khich doc theo kénh. Loai hinh sdu
canh chi ¢6 thé tao thanh khi cé phan tir khach va tim thdy lyc van der Waals gifta chi va
khdch, ty nhd nhung thuc t€ 1am én dinh cfu tric. Pudmg kinh ctia kénh khoing 5 A va
phan tir khiach phu thu6c vao thé tich kénh va kich thudc ciia khdch, khéng phu thuée vao
bat k¥ hiéu tng electron hay hoa hoc nio. Ching han, octan va [-bromoctan 1a chat khdch
cho ure nhung 2-bromoctan, 2-metylheptan thi khéng.

Clathrat quan trong 12 hydroquinon tao nén b&i ba phéan tit bang lién két hydro tao nén
khung chia mot phan ti khéch, chang han metanol, CO,, SO,, argon.

Hop chit ciing tao dugce phirc 1a xyclodextrin hay xycloamylozd 1a phan tir chi gbm 6,
7, hay 8 don vi glucozo ndi véi nhau thanh vong réng goi 1a a, B, y-xyclode:irin tao nén
nhirag hinh chép kich thude khac nhau ¢é nhém OH bao vé bén ngoai. Phan t&r duge solvat
hod bdi nude bing lien két hydro, nhung trong phan tlr, phin bén trong kém phan cuc hon
phin bén ngoii nén cdc phan tlr khong phan cyc ¢6 thé thay th€ cho phan tit nude & phin bén
trong. Chang han, so d6 phitc cila a-xyclodextrin v§i p-iotanilin:

Ngoai ra ciing ¢6 nhitng hop chat vong kép 16ng vdo nhau nhir catenan, rotaxan:

D) ()

trong dé6 rotaxan ciing 1a hop chét boc.
1.4.4. Su giai toa obitan

Quan niém chung vé su giai 104 obitan 13 cdc obitan trong phan tir & gin nhau va doéi
khi c6 xa nhau, ludn ludn cé su xen phit 1dn nhau mét phin nao dé véi mic do lén hay nhd
clia cdc obitan.

Su giai tod obitan thudng 12m gidm noi ndng phan ti va 1am thay déi mot phdn kha
nang phan tng cling nhu sy phan b6 mat do electron trong phan tr. Cdc obitan tham gia giai
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toa c6 thé 1a ¢ hay n.
& day cdn chu ¥ 161 su giai toa c4c obitan n trong hé polyen.
béi véi loai allen CH,=C=CH, khong ¢6 tuong tac giita hai obitan =

Hinh 1.28, C4u triic cia allen

su giai to obitan c6 sy hinh thanh MO bing vai cap electron ding chung cho nhiéu trung
tam nén lién két nay goi 12 lién k&t gidi to.

bién hinh cla sy giai toa cha cic h¢ c6 n6i doi luan phién nhau nhwr treong hop cha
I,3-butadien:

e Truc Mt phing
* doi xiing  déi xing
s a
a 5
S a
a s
a = phan d6i xdng, s = d6i xing

Hinh 1.29. Gian d6 nang lugng cha 1,3-butadien

Khi ¢6 sy xen phl cba cic obitan lién két y,, v, tuong tic nay khi ldn vi c6 cung
ning lugng gin nhau a0 nén hai MO v6i 2 electron trén MO niing lugng thap va 2 electron
trén MO nang lugng cao nén nang luong chung ciia he khong thay déi. Khi c6 tuong téc cia
obitan phan lién ket y’s, w", v6i obitan lien két y,, v, 1am gidm nang luong obitan lien ket
va tang nang lugng obitan phan lién két nén nang lugng chung ctia hé giam, song tuong tac
nay nho vi c6 sy khac nhau I6n vé nang lugng ciia hai obitan nén déng g0p it vao nang luong
chung cia he. Nhur vay khi c6 lien hop, chiéu dai lien ket ciing nhu nang lugng thay d6i

52



khong nhiéu so véi gid tri cong tinh, nhung nang lugng electron riéng nhu th€ ion hod, nang
luong kich thich thay déi 16n. Su lién hgp ciing 1am tang sy phan cuc hod vi su phan cuc hoi
phu thudc vao eleciron trén obitan bi chi€m ¢6 nang lugng cao hon.

Phan tir butadien, bang céch 16 hop hai obitan lign két, hai obitan 2p & C, va C, phai
xen phll voi nhau ddng ké song khoéng ¢6 su déng gép chung tat ci 4 electron p, nghia la chi
¢6 sy gidi toa mot phan, khéng tao thanh lién k&t nhung lam cho 1,3-butadien ¢6 tinh chat
cha lién két boi C,—C,, giam ndi nang phan .

Trén so d6 obitan, sy xen phil cla 4 obitan cho hai obitan lién k€t chita bon electron
va hai obitan phan lién k&t tréng. Mdi obitan déu cé nhiéu hon mét nit so v4i obitan
nang lugng thdp nhat. Nang lugng cia bon obitan tuong ting 1a o + 1,618f3, o + 0,618,
a - 0,6180 va o — 1,618 va tdng nang lugng ca hai obitan bi chiém la 4o + 4,472B. Nang
lugng cua hai lién két déi rieng € 1a 40 + 43 nén gid trj khic nhau 0,472p 1a nang lugng
cong hudng.

Céc clu tric cong huodng la:

® e © @
CHy=CH— CH= CH, - CH;— CH=CH— CH, <> CH,—CH=CH— CH,

Trong dé bic lign két cia lién két trung tdm cao hon 1 nhumg kém hon 2 va mat 4o
electron ¢ ba lién két khong twong duong nhau. Bac lién két tinh theo obitan phan tir 1a
1,894 va 1,447 weong ving. Chiéu dai lién két trong 1,3-butadien 12 1,54 A cho lien két doi va
1,48 cho lién két don. Nang lugng cdng hudng tinh theo nhiét d6t chdy hay hydro hod la
4 kcal/mol (17 ki/mol) nhung gi4 tri nay khong gin cho nang lugng cdng hudng clia hé dien
khdc nht nang lugng cong hudng tinh theo nhiét nguyén tr hod ctia cis-1,3-pentadien la
4,6 kcal/mol (19 kJ/mol) va cha 1,4-pentadien 12 —0,2 keal/mol (0,8 kJ/mol), nén néi chung
nang lugng cdng hudng véi gid tri < 4 kcal/mol (17 kJ/mol) khong phai 14 nang lugng cong
hudng chung do gay ra tir nhitng nang luong 1ién két khic nhau cta lai hod khdc nhau.

Su giai toa mot phdn hay xen phlt mot phdn & trén, nhu trong butadien chi xay ra vdi
hé ma 14t ca cdc obitan lién k&t déu chat ddy, cdn obitan phan lién két hay khong lien két
khong c6 chat day.

Sy gidi tod mot phdn ndy goi 1a su lien hop, bi€u dién sy chuyén dich electron bing

miii tén cong theo thuy&t mosomer, nghia 1a vin ding quan niém vé lién k&t nguyén hai
trung tam hai electron:

-~ P Y
CH/~CH~--CH==CH,

Trong trudng | op cdc phan tit chira nguyén t6 c6 cap electron » ¢6é kha nang lién hop
vdi lien k&t n, ching han CH,=CH-X (X = halogen, NR,, OR) hoac loai CgH:X, trong phan
tlr loai nay twong tic gilta hai obitan ® va n v6i obitan phan lién két # 16m hon vi c6 pang
lugng gdn nhau hon, do dé lam giam nang luegng electron chung cla h¢. Nang lugng khic

53



nhau & day goi 14 nang lugng lién hop hay nang lugng giai tod. Trong phan tit cap electron »
nhan tham gia mot phdn vao lién két, lien két C—X ¢6 bin chdt lién két boi mot phin lam
thay déi chiéu dai lién két va mémen ludng cuc.

n‘_’: “\
s
A
Cau tric thudng duge biéu dién nhu sau:

o s B+ % _9®
CHy=CH—X  CH,==CH==X CHp/= CH—C]=e» CH,—CH==(C|

va thudng ding quan niém vé lién két khong nguyén. Sy lién hgp cang 16n néu st xen phi
obitan cang 16n.

Hai obitan xen phu cang Ién khi cling ¢6 kich thudc gén giéng nhau v dam bao duge
tinh song song cla hai obitan. Khi nang lugng obitan phan lién két c6 nang lugng cao hon
obitan » thi sy lién hgp gidm khi gidm nang lugng obitan #, ciing nhu khi tang s6 tha w
di 10:

CH;=C(CH,)-F CH,=CH-Cl CH,=CH-Br
roam= 0,138 (tinh) 0,1727 (1inh) 0,188 (tinh)
0,13 (thyc nghiém) 0,169 (thuc nghiem) 0,186 (thuc nghiém)
C¢HsCH,-0-CH,CH; C¢Hs~O—CH, CyH—N(CH}),
u,D= 0,00 0,31 1,35

Su xen phi cia cation, anion hay gdc allyl khdc vdi trudng hop trén. G day cacbon
déu lai hod sp®, ba obitan p & moi cacbon tuong tdc véi nhau cho ba MO chia 4 electron déi
vdi anion, hai electron véi cation va ba electron véi goc allyl.

Chéng han, trudng hop anion allyl ¢6 su té hgp cua ba obitan: obitan lién két y, dap
ling vdi sy giai tod c6 hai electron p thude vé ba trung tdm bing nhau, obitan vy, ¢6 cap
electron ty do tao nén dién tich 4m I khong lién két va obitan y, phan lien két. & day cé sy
xen phit hoan toan cdc obitan p, nghia 13 ¢é su giai toa hoan toan cdc obitan cling nhy dién
tich am cho todn hé. Nhu viy su xen phii cia ba obitan p cho ba obitan mdi, obitan yy la
lien két, y, la khong lién két c6 nang lugng lién két biang 0 vi 7, 12 phan lien két.

Trudng hop cation allyl ¢6 sy xen phd clta obitan p tréng v6i obtian n véi gidi toa
hoan todn di¢n tich duong va chi c6 obitan lién két 1a bi chi€m.

Trudong hop géc allyl, su xen phi cda obitan p mot electron v6i obitan m, cho ba

obitan v6i mot electron trén obitan khong lién két, ¢6 sur gidi tod hoan toan electron tu do
cho ba trung tam:
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cation allyl gdc a lyl

anion atlyl

Hinh 1.30. Gian d6 nang lugng cia allyl

Su khic nhau gita cacbanion allyl, cation va gdc allyl 1a chi obitan khong lién két cé
chat ddy, nlra chat ddy hay trong. Obitan khéng lién két ¢6 nang lwgng bang 0, tim thay
nang lugng © lién két cia ba tiéu phéin so véi electron trén obitan 2p clia nguyén tr tr do la
nhir nhau, electron trén obitan khong lién két khong déng gdp gi vao nang lugng lién két,
dién tich duong hay am.

Nang lugng E,, E; va £y cia cdc vy, v; vd y; cla anion allyl, cation allyl va goc
allyl tuong iing bing:

E3=G+J§B
E2=C(.
El=a"'\/5[3

vi thé ¢6 thé biéu dién cdc anion, cation hay géc allyl theo c4u triic sau:

g N —_— Q 2 —
CHZ:.'_'CH:CHZ CHz—CH _CHz - CHz"""CH—' CH2

A . .
‘CH,=CH=-CHy  CHy= CH—CH, = CH;— CH=CH,

@ @®
"CH,== CH=: CH, CH,=CH— CH, =» CH,— CH=CH,

Twong ty nhi cic tiéu phan allyl, cdc g6c, cation va anion benzyl cling cé sy gidi toa
electron khdc nhau véi nang lugng khac nhau:
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Ndng luong

®-2,101p — — —_—
a-1,259B —_— E—
W r &
o
wtp M RiB kS
o+ 1,25903 ﬁ ‘H— i
a +2,1018 ®CH2 .CHZ

o
>

o C

Néi chung, trong phan tir hitu co ¢6 sy gidi 1oa hoan toan hay mot phédn cic obitan lien
~ k&t déu gay ra su phan b6 lai electron trong he, do d6 gay ra nhimg dac tinh hos hoc khic
nhau ctia phan .

%

Trong nhimg phan tr c6 ba nhém, hai nhdém khong tuong tdc v6i nhau nhung c6 thé
tuong tdc véi nhém thit ba s& ¢6 hién tugng lién hgp chéo trong phan tir. Ching han céc hé:

i 2 3 4 5
CH, =CH—C—CH=CH,

C6H5""$I:"‘ C6H5
6 CH, )

CH,=CH—O0—CH=CH,
@ G)
Ching han trong hop chat 3-metylen-1,4-pentadien (1), ding phuong phdp obitan
phan tir cho thdy c6 6 cacbon c6 6 obitan p cho 6 obitan phan ti, trong d6 cé ba lien két va

ba khong lien két. Cic obitan lien két c¢6 dang nhu & hinh 1.31, trong d6 obitan a + f ¢6 hai
nguyén tir cacbon khong tham gia vao hé lién hop.

Hinh 1.31. Ba obitan lien két cia 3-metylen-1,4-pentadien
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Tong ning lugng clia ba obitan bi chiém 12 6a + 6,900 nén nang lugng cong hudng
12 0,9000. Bac cla lién két 1a 1,930 cho lien két C,-C,, 1,859 cho C;-C¢ va 1,363 cho
C,—C,. So sanh cdc gid tri ndy vSi butadien cho thdy, ban chat lién két d6i trong C,-C, 16n
hon trong butadien con lién két C;-Cg kém hon trong butadien. C6 thé biéu dién bang céc
céng thic cong hudng sau:

e e
CH,;= CH— |C|_CH= CH,== CH,= CH—(E=CH*"'CH2"'“"" CH,—CH= ?-—-CH= CH,
®
hay CH, ®cn, CH,
@ @
CH,= CH-ﬁ—-—CH= CH,~»CH/~=CH— ('3=CH—CH2 -~«»CH,—CH= (|'J— CH=CH,
CH, OCH, ©CH,
va ciing cho thdy, lién két C,—C, trong ba cong thidc cong hudng 1a lién két déi, con C3-C;
chi ¢6 trong mot céng thic cong hudng. Trong nhiéu trudng hop, ding phuong phdp obitan
phan tir cho hé lién hop chéo dé hon diing phuong phép lién két hoa tri.

1.5. CAU TRUC ELECTRON CUA PHAN TU

M6t phan 1 hay ion hodc g6c tr do c6 electron dinh chd cé thé bidu dién ciu tric
electron bang cong thitc Lewis. Trong cong thifc, electron lién két c6 thé biéu thj bing gach
ngang (-), con electron cap doi c6 thé biéu thi bing hai cham () hay gach ngang (-). Trén
cau trdc d6 c6 thé tim thdy s6 electron hod tri bing s6 lién két giita hai nguyén tir hay s&
electron khong cap d6i. Didu d6 c6 thé dua vio céc quy téc sau:

1- Téng s6 electron hod tri chia phan tif (ion hay g6c) bing téng s6 electron hod tri bén
ngodi cia mbi nguyén tir déng gbép cho phan tu, cong thém dién tich am hay trir di dién tich
duong trong trudng hop ion. Ching han, H,S0, c6 2 (méi hydro 1a 1) + 6 (lwu huynh) + 24
{6 cho mdi oxy) = 32, cdn ion 5042_ ¢6 6 (Juu huynh) + 24 (6 cho mdi oxy) + 2 (hai dién
tich am) = 32, '

2- 86 electron hod tri x4c dinh tir s6 lien k&t cong hod tri va sO electron khong lién két.
Electron khong lien két {electron tuy do hay cap electron) 12 mot phin cla electron hod tri
ngoai cling clla nguyeén tir, cdn electron hod tri 12 phdn electron hod tri ngoai ciing cta hai
nguyén tir lién két. Cic nguyeén tir chu k¥ hai cuc dai ¢6 8 electron ngodi citng, tuy nhién
ciing ¢6 trutmg hop ¢6 6 hay 7 electron, nén cdn c6 sy ya chon c4u tnic d€ ¢6 c4u tric bat :ir

cla nguyén tir hay néi chung cfu tric ¢6 ning lugng thdp nhat. Chdng han nhu etylen cé
clu tric:

H . H H
7/ 3 » e . -
H\C= ma khong phai la : Hﬁ_ / hay %_ A
H” C\H 0 C\H » C\H

Tuy nhién ciing ¢ nhiéu ngoai 1¢, nhu phan tir O, c6 ciu tric |é-r_6i c6 nang lugng
thdp hon cdu tric 10=0I .
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Mat khdc, cdc nguyen t&r & chu ky 2 bi gi6i han béi quy tic bat tir nhung cée nguyén
tit chu ky cao hon c6 obitan d thi ¢6 thé ¢é 10 hay 12 electron. Chang han, PCls va SF, 1a
hop chat bén, trong SF, ¢6 electron s va electron p tir trang thai 3s23p4 ctia luu huynh bi kich
thich 1di obitan d tréng tao nén trang thai lai hod sp3d2 cho hinh bédt dién déu.

3- Xdac dinh dién tich phdn hay dién tich quy udc cho mdi nguyen tir. Néu tong
electron ctia nguyén tir bao gém electron khong lién két (electron tu do va cap electron) va
mot nira s6 electron tao thanh lién két bing s6 electron hod trj cua nguyén t6 thi dién tich
quy udc bang 0, n€u 16n hon thi mang dién tich 4m, néu nhé hon thi mang dién tich duong.
Téng dién tich quy uw6c ciia tt ci cdc nguyen tir bing dién tich ciia phan tlt hay ion.

4- Cdc lién ket cong hod tri phéi trf hinh thanh bang cap electron clia mot nguyén tir
hay lién két do sy xen phi clia mot obitan chifa cap electron véi obitan tréng nén biéu dién
bang mii ten. G day quy téc dien tich quy uéc khong phil hop, cip electron duge tinh cho
nguyén ta cho ma khéng cho chit nhan. Ching han trimetylamin oxit ¢ thé bi€u thi lién két
bing mii tén hay phan chia dién tich:

?Hs ?HB

— ®
CH;~ Il\f--Ql CH3—1|\T—
CH, CH,

S,

nén tuy cdch lya chon dé vé nhung thudng diing cong thitc phan chia dién tich hon. Trong
trimetylamin oXit, nguyen t{r nito va oxy khong mang dién tich quy udc.
1.6. TINH THOM VA HGP CHAT THOM

Céc hop chét vong kin 6 he electron nt luan phién nhau trong vong, khdc véi cic hop
chat luan phién mach hd ¢6 cling s6 electron m, 13 ¢6 su lién hop hay gidi toa electron trong
vong. Sy giai toa nay phy thuge vao khd ning xen phi clia céc obitan tuong tng.

Trén co s& cdc 56 lieu tinh vi thue nghiém, c6 thé chia ra ba loai duéi day.
1.6.1. Hop chat vong Khong thom

Hop chét vong c6 he electron luan phién trong vong kin ma khi mé vong, nang fugng
cua h¢ khong thay ddi hay néi cach khic, khi vong hod c4u tric mach hé thanh vong khong
lam thay déi nang lugng clia hé electron . Ching han:

¥

gdc xyclopentadien fulven
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1.6.2. Hop chat phan thom

Hop chat phan thom 1a nhitng hop chét vong luan phién bing lién két 1 nhung khi m&
vong thi nang luong electron n gidm, nghia 1a & cfu tric vong ¢d sit luan phién lién két doi
nhung lam tang ndng lugng clha vong, hay nguge lai khi vong hod mach hé ¢é hé electron =
luan phién thanh vong lam tang nang lugng electron n:

H H

H H
Nl de” |
v Ny

NH

Thuc nghiém va tinh todn cho thiy nang lugng electron trong vong xyclobutadien 1én
hon trong 1,4-butadien.

Trong hop chat phin thom, lién két = dinh chd, tuy céu triic vdng cling phang hay hiu
nhu phing. Céc hop chat phan thom thudng ¢6 4» electron .

Ngui ta ding NMR dé€ x4c dinh tinh phéan thom, vi ddng tir vong clia electron = trong
hop chit phian thom xay ra ngugc véi hudng ciia hop chdt thom va cdc proton trong vong
chuyén vé phia trudmg yé&u, con proton & ngodi vong chuyén vé phia trutmg manh hon.

1.6.3. Hop chat thom

Hgp chit thom 1a nhiing hop chit vong ¢6 he electron lién hgp, khi m& vong nang
lugng cha hé ting so voi mach hé clng s§ electron = luan phién, hay néi cdch khdc khi vong
hod mach hd thanh vong lam giam nang luong cha he.

Chéng han, nang luong electron ciia benzen nhd hon nang luong cia 1,3,5-hexatrien:

§
H
H\C=E—E=il—fi~ & g
- TN, HY H
H

C6 thé néi sy giam nang luong dy trit cha phan ti khi vong hod gy ra boi su gidi tod
electron ciia h¢ 1a tinh thom. Viéc tinh todn ning lugng d6 duya trén chat chudn cé cling he
electron 7 mach h& va mach vong lién hop. Niang lugng d6 goi 1a nang luong cong hudng
hay niang lugng giai tod va hop chat d6 12 hop chit bén nhiét dong hoc, nghia 12 nhirng hop
chit 10n tai & trang thdi co ban ¢6 nang lugng thdp nhat. Tinh bén nhiét dong hoc cha hop
chat thom 14 do sy giai toa electron trong vong gay ra.

Hop chét thom dugc xdc dinh 14 nhitng hgp chét dic biét bén, ¢6 phin iing th& d& hon
phan Ung cong va tinh thom c¢é lién quan t§i sy tao thanh vdng xen phl electron, dién hinh
Ja h¢ luc 1l thom cita benzen, nhung thuc 1€ ciing khéng dé& xdc dinh. Vé&i su phat trién clta
k¥ thuat ¢ir, nhu NMR x4c dinh tinh thom 12 sy tao thanh ddong tr vdng cam Gng nén goi cac
hop chét nay la diatropic, ngoai ra con diung NMR xéc dinh dé chuyén dich hod hoc. Gid tri
do chuyén dich hod hoc cha proton trong MMR phu thuoe vio mat dé mdy electron bao
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quanh hay bao quanh mét phin cla proton.

Nang lugng cong hudng, con goi 12 nang luong cong hudng thuc nghiém, dugc tinh
bang nhi¢t hydro hod tryc ti€p benzen v6i gid tri tinh khi hydro hod mot lien két d6i trong

xyclohexen.
E
-~
1| 770
™~ 27 benzen
xyctohexatrien 36,6 -~ |
oty “\j
(3x28.3 © T 64
+ xyclohexatrien

A
49,8 37

xyclohexen “y" l O l , @

Hinh 1,32, Gian d6 nhiét hydro hod va nang lugng cong hudng clia benzen

ey

Cén néi thém ring, nang lugng 36 kcal/mol Id ning lugng giam di khi chuyén mot
xyclohexatrien gia thiét 1a khong lién hgp, ¢6 vong déu thanh benzen ¢6 lién hop vdong déu.
Do d6, thyc ra ¢in phai c6 mét nang lugng cin thiét dé chuyén xyclohexatrien khong déu
thanh mét xycloheva‘-ien déw, nang lugng ndy 1a 27 kcal/mol.

Nhr vay nang lugng giai tod cha benzen tir xyclohexatrien khong déu phai la:
27 + 36,6 = 63,6 kcal/mol.

Tiéu chuin thuc nghiém dé xdc dinh mét hgp chat thom 13 phuong phap NMR, khi dat
mdt hop chit thom trong trudng tir hat nhin sé xudt hién mot dong tir vdng va proton thom
¢6 do chuyén dich hod hoc & phia tif trudng yéu hon.

Ching han, khi dit benzen trong tit trudng Hy, hé electron & clia benzen chiu tic dung clia
tir trudng Hy kich thich he electron n doc theo vong gy ra mot dong tir vong goi la dong vong.

viing chin
\

ving phén chin

“ viing phan

Hinh 1.33. Dong tir vong cia benzen



V& mat dinh tinh, c¢6 thé xem dong vong nhyr 1a su chuyén electron trong hé n giai toa
dudi anh hudng cia tir trudng trong NMR. Ddng 1 vdong gy ra mét tir trudng dinh ché
thing géc v6i vong va ngugce huéng v6i tir trudng ngoai. Cic hat nhan ndm trén v dudi mat
phdng vong thom trong hinh chép & trén ndm trong huéng nguoc véi tir trudmg nén tin hidu
cita chiing trong NMR xuat hién & viing trudng manh, cdn nhitng hat nhan nim trong mat
phing thom, nghia la nhitng nguyén tit lién k€t v6i vong thom, cé tin higu & ving trudmg
yéu.

Benzen c6 d chuyén dich hod hoc clia proton 12 7,37 ppm. Dac tinh chuyén dich hod
hoc ndy ching minh cho tinh thom cta hop chit vong thom cé cic lién két ddu nhau va cdc
electron n gidi toa cho céc trung t4m lién két.

D¢ giai thich tinh thom, ngudi ta ding thuy&t MO ciia Hiickel, k¥ hiéu ia HMO.

Thuyét HMO dya trén co s& dé nghi rang, hé = cda lién k&t doi lién hgp trong mach
cacbon doc 1ap v&i khung lién két ¢ va hé = d6ng vai trd chinh trong viéc xdc dinh nhitng
tinh chét vat 1y, hod hoc va phé chia hop chit. Khung o va n nim doc 13p véi nhau v thing
goc véi nhau. Khung o clia hé lien hop phing nim trong mat phing nut cha he = va khong
tuong tac véi nd.

Nho su don gidn d6 ma thuyét HMO phan tich duge cdc hé hod hoc 1ap thé dé dang
hon. Phép tinh todn cho mot ddy phuong trinh MO v6i niang lugng biéu thi bing he s6 tich
phan Coulomb « v h¢ s8 tich phan cong hudng B. Tich phan « thay d6i theo do 4m dién cha
nguyén tr trong phan i, trong hé cacbon thi « ¢é gid tri nhv nhau. Tich phan B 1a ning
luong electron giira trudmg cla hai hay nhiép hat nhan, néu & cdch xa nhau vwot chiéu dai
lien két binh thudng thi bing 0. Hai h¢ sd o va B ¢6 gi4 tri Am.

Ching han, phén tir 1,4,5-hexatrien ¢6 him s6 séng tit y, t6i e trong d6 y . Wy, W, 12
bi chi€ém ¢6 nang luong electron giai toa 12 6a + 6,98803. N&u phan tir khong cé sy gidi
toa electron = thi c6 niéng lugng bing nang lugng clia ba lién két doi trong etylen va bing
6a + 6. Syt khic nhau vé nang luong electron cia hai he trén 14 0,988, goi 14 ning lugng
gidi toa, 12 mic d9 én dinh cha phén tlr cé electron gidi tod so v&i phan tit cé electron dinh
chd. Gia tri B thudng !4y gid tri nang lugng gidi tod cla benzen 1a 2B = 36 kcal/mo! nén
B = 18 kcal/mol.

Benzen c6 n bang 6, c6 sdu ham s6 séng twong ng v6i 6 electron, cho thdy nang
lugng electron bing 60. + 8B. Nang luong giai toa 1a 2.

Xyclobutadien c6 bon ham s8 séng, ¢6 n chin véi 4 electron, c6 b6n mifc niang lugng
cho thiy xyclobutadien & trang théi co ban 1a triplet v6i ning lugng giai toa bang 0, véi ning
lugng electron 13 4o + 43, trong tr nhir hai Hén k& d6i rieng ré.

Sy chat ddy electron trén cdc mic nang lugng bidu thi biﬁg gian d6 nang lugng:
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'H‘ w2 ‘H_ .H_ asp
-1-*— o+ 23
xyclobutadien

benzen

Trong hai vi du trén, benzen c6 tinh 6n dinh cao v6i nang luong giai tod 2B, con
xyclobutadien bang 0. Benzen 12 hgp chét thom, c6 s6 electron 4n + 2, tu4n theo quy tic
Hiickel, con xyclobutadien cé s6 electron 4n 1a phan thom.

Quy tic Hiickel dua trén tinh todn obitan phan tir cho thdy hop ch4t thom véi s6
electron trong vong 1a 4n + 2 véi n bing 0 hay s6 duong bt ky. Quy tic cho thdy vong <6 2,
6, 10, 14 electron 12 thom.

Su chat ddy cdc mic ning lugng obitan & mitc thdp nh4t nhu hé sau:

| 4
S T T A
N 4 N b

octet
. quatet sextat - .

(thom)
g6m c6 hgp chét thom va goc kép. Sur suy bién ¢6 thé xay ra khi phan tir bién dang tir phan
tr di Xing t6i phan tit kém d6i ximg.

D¢ dé& dang x4y dung gian dé mitc nang lugng d6i véi he vong, Frost di dua ra mot
vong hay chu ky goi 12 vong Frost: “Mot da gidc ¢6 n canh vdi dudng kinh 1a 4B, n€u mot
dinh & mifc nang lugng thdp nhat thi cic dinh hinh da gidc ti€p xic véi vong s& xdc dinh
mdc ning lugng obitan”.

~ Chéng han vdng Frost clia xyclopropan, xyclobutadien, benzen nhu sau:

-20

A== 0N o f N— -
\\/j% R/IHI “\){'l'#ﬂ‘*"f’

Néu hé vong gém k nguyeén ur C, vé hinh da gidc déu k géc trong hinh tron bén kinh
2 nhu th€ nao dé€ mot dinh tring v6i diém thép nhit, khi dé khoang cdch tir méi dinh dén
mifc 0 di qua tdm hinh trdn bing nang lugng obtian tinh bing don vi P.

Hop chét 12 thom khi tat cd cdc obitan lién két déu chat ddy, cdn cic obitan phan lién
két con tréng. Diéu nay chi ¢6 thé ¢6 duge khi he ¢6 4n + 2 electron tuan theo quy tic Hiickel.

N&u trén obitan ¢6 electron doc than thi hgp chét khéng thom. |
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Obitan lién két 1a nhitng obitan nim duéi dudmg di qua tam, obitan phén lién két trén
dudng dd, con obitan nim ngay trén dudng di qua tdm Ia khong lién két. Su cap d6i electron
trén obitan lién két 1am 6n dinh nang lugng, trén obitan phin lién két 1am mat én dinh nang
lugng cia hé, con sy ton tai electron trén obitan nam trén dudng qua tdm khéng anh hudmg
i nang lugng cua he.

Gian d6 Frost clla mot s& vong nhu sau:

iC 4C 5C 6C 0
— a2 a2 — 2P — 1 R0p
— —_u-p — —oaf . - a—453
e 2
— — w+0.62p —_——p — a+1,258
_ a+2p —_— a+2f — a+2B _ w2 —  ai2p
9C C3H3+ CSHS-
_ a—]25] — ——o-1878 —  — a-L,618p
— o lAB — - — —oa-p . a06I8p
-« 'I;'”;"-'—:":-'&lﬁ,iﬁﬁ """"""""""""""""""""
- T atly — = a+],53p ___ _ 2
_— o+2B —  a+2f a+2p a+2R

Diéu kién co ban ctia tinh thom la sy ting tinh bén do ning hrong gidi toa electron
trong vong thap hon trong hé luan phién mach hé ¢6 cling s6 electron.

Phuong phdp HMO va quy tac Hiickel 4n + 2 chi ding cho hop chat don vong. Tinh
todn do6i véi h¢ ngung tu da vong phai ding phuong trinh thé ky phiic tap, doi hdi ding may
tinh va 1y thuyét nhém dé phan tich cic ma tran 16n thanh nho hon.

Ngoai phuong phdp HMO cdn diing phuong phap HMO cai ti€n bing cich tinh nang
lugng cha nhirng thanh phén tao nén céu tric cha chit. Nang lugng céu triic bing téng nang
lugng cdc thanh phédn:

Thanh phdn E. B Thanh phan  E, B
CH,=CH 2,00 C=C 2,172
CH=CH 2,070 CH-CH 0,466
CH,=C 2,00 CH-C 0,436
CH=C 2,108 C-C 0,436

Ching han d6i v6i azulen, gid tri tinh theo HMO 13 13,36p va tinh theo thanh phén

cau trla:

3CH=CH + 2CH=C + 3CH-CH + 2CH-C + C=C =

=3x2,070+2x2,108+3x0,466+2x0,436+ 0,436 = 13,138
khéc nhau chi 0,23 nang lugng 6n dinh.
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Ngoai ra con cé thé dung phuong phép cu tric cong hudng d€ tinh nang luong cong
hudng chung i nang Iurgng cia cdc loai cong hudng khéc nhau theo phuong trinh:
2(18ng déng gbp nang lugng cong hudng)
s¢ cdu tnic cOng hudng
C6 céc dang cu tric cong hudng sau:

= ©ﬂ©

o = —-0,650eV vy = 0,841 eV

e

mz = - 0,260 eV

AU ‘““

2 = 0,336 eV

Nang lugng cong hudng =

g%
}
N

Chang han d6i v6i naphtalen, nang lugng cong hudng tinh dige 1a:

OO
0

2027, +¥5) | 3 = 2(2%0,841 +0,336) / 3 = 1,346 eV
Tém lai, tinh thom c6 thé dic trung bing:
1- c6 dong tir vong;
2- 46 dai lien keét bang hay gdn bing nhau trir khi tinh d6i xing cha he bién dang vi di t6;
3- ¢6 tinh phang;
4- 6n dinh ho4 ho4 hoc;
5- dé thé.

1.6.4. Tinh thom cua cic hop chit vong anulen

o

Anulen 1a t¢n goi chung ciia nhiing hgp ch4t polyen don vdng c6 hé electron luan
phien thudng ky higu bing [y] anulen vdi [] 12 s6 cacbon clia vong.

I-[4)-Anulen: Xyclobutadien 12 hop chat phan thom theo Hiickel vi 12 4, rit khong
bén, thudng dime hod & nhiét d¢ thap 35K, chi ¢4 vai ddn xuit bén & nhiét d6 phong:

] — ] Lt




Xyclobutadien tuy ¢6 electron déc than c6 kha ning phan tng cao nhung khong phai
la g6c kép ma & trang thdi co ban 12 mot dien.

Theo phé IR va phé quang electron cho thy c4u triic & trang thdi co ban cta dien la
hinh chit nh4t, khéng & trang thii finh ma chuyén hod cho nhau véi hai ddéng phan:

D

0 -0 0=

\D \D

nhu ddn xuit 1,2-dideutrixyclobutadien ¢6 hai déng phan.

Xyclobutadien ¢é cdu tnic vdng phing nhung khong thom, ¢6 hoat tinh cao khong
phai do sitc cang 14p thé vi sitc cang khong 16n hon ciia xyclopropen bao nhiéu.

Cic din xuit clla xyclobutadien bén hon, ¢ ciu tric hinh chi nhat, gidm kha nang
dime hod do kh6 khan 1ap thé nhu:

tert-C;H Aert-CqHg —
8 |_| S

~
terI-C4H9 A H B

Hop chat A ¢6 & = 5,38 ciia proton vong, chuyén vé phia trudng cao, ciing dic trung
cho tinh phan thom, hop chét B theo tia X cho thdy vong hinh chit nhat v&i lien két 1a
1,59 + 1,60 va 1,34 A va phd quang electron ciing xdc dinh khong phai 12 g6¢ kép.

Khi ¢6 hai nhém th€ cho hay hiit electron, s& bén hon khi khéng c6 nude, do c6 su n
dinh cong hudng, goi 1a sy én dinh cong hudng push-pull (hay captodative effect) vat chiéu
dai lien két 12 1,46 A va géc [a 87° va 93°.

o
0
(C;Hg),N ~COOC,H; (C,Hg),N ZOCsz
E - | B o
CH;00C”  “N(CHy), cszooc: > N(CHy),

Hop chét don vong ¢é khd ning tao phitc vdi kim loai nhir 1 nhém hit electron tao
nén quartet khong thom nhung thuc 1€ 1a duet thom vi ¢6 kha nang th& dé dang, proton & C,
va C, bing nhau,

[6]-Anulen: Benzen 12 hgp chét thom dién hinh, 6n dinh cao vé mat phéan ting hod hoc
ciing nhr bén vé ma. nhiét dong hoc. Thong s6 nhiét dong hoc ti¥ nhiét d6t ch4y va nhiét
hydro hod 1a 20 + 40 kcal/mol.

Benzen ¢6 6 MD: y; c6 nang lugng thdp nhdt, khdng ¢6 mat phing niit cha 6 obitan
p xen phit trong vdnz, sau d6 14 y, va y; ¢6 nang lugng giéng nhau, ¢é mot nit (nit cda s
théng géc véi nit cha ). T4t ci ba MO ndy I lien k&t bdi méi obitan trong ba obitan déu
hoan toan chét ddy electron:
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EA — w phan lien két
P 6
B O A 58 5

sdu obitan p nguyén tir

sau obitan phan tit

Hinh 1.34. Gian d6 nang lugng clia benzen

Ba MO ¢6 nang lugng cao hon y, va ys c6 nang lugng gidng nhau, ¢ hai nit vi y,
cé nang luong cao nhét, ¢6 ba mat phing nit. Ba MO nay déu 12 phan lién keét.

[8]-Anulen: Xyclooctatetraen theo Hiickel 12 khong thom. Néu phan tlr 14 phang thi c6
5 muc nang lugng, c6 hai electron doc than theo nguyén tic Pauling, néu la phing thi xyclo-
octatetraen la goc kép. Phan tlr phing bt gidc véi géc 135°, géc sp bén la 120° gay ra stc
cing nén khong phéng va gidm su gidi tod. Khoang cdch lien k&t don va doi 1a 1,46 va 1,33
A gin nhr 1a 4 lien két doi riéng 1€, hoat tinh tuong tu nhu polyen mach hd. Phan tlr nay
khong bén vé mat nhiét déng hoc, vong khong déu, phan ti thyc t€ ¢é c4u dang thuyén cé
electron m luan phién nhung giai tod rit khé khan do mat tinh song song chia cic obitan p.
Theo s6 liéu ciia phuong phip NMR, xyclooctatetraen ¢4 hai qud trinh chuyén ho4 dong hoc.

Quad trinh chuyén hod cdu dang vé6i nang lugng chuyén hod ciu dang 12 10,9 + 12,0
kcal/mol qua trang thai chuyén phing dinh ché:

@Rr_ @,R _ @/R

Qud trinh chuyén vi cdc néi déi v6i nang luong khoang 14,0 + 15,8 kcal/mol qua trang
thdi chuyén phang giai toa:

e O =
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Tir nhitng s6 liéu dé cho thdy xyclooctatetraen phing c6 nang luong giai tod la
4 keal/mol, chiing to xyclooctatetraen phing ¢6 ban chit phan thom:

Xyclooctatetraen khong phing, khéng c6 ban chdt thom va phan thom nhing hé khic
co 8 electron nhir xyclooctadiendiyn (1, 2) 1a hé 8 electron lién hgp phing th:o NMR tim
thdy 1a phan thom hoac nhur anion benzoxycloheptatrienyl (3) theo NMR ciing ta vhan thom.

(10]-Anulen: Xyclodecapentaen (4) néu phing theo Hiickel 12 thom nhung néu [
phing thi tat ca lien két doi déu [a cis, g6c [a 144° 1on hon 120" ciia géc sp® gay ra mot siic
cang nao dé. Déng phan (5) ¢é mono-trans gidm géc di mot it, con déng phan (6) ¢6 hai lien
két doi 1a trans ¢6 géc 1a 120" nhung c6 twong tdc cha hai hydro & vi tri I va 6 trong vong
ciing lam mat tinh phing cla phan tir. Hop chdt 4 va 5 12 tinh thé rin & —80°C ma phd NMR
cho thdy tat ca hydro nhu trong olefin va khong thom, con phd '*C cho thdy phan tr khong

phéing
(4) (5) (6)
cis-cls-c is-cis-cis-{Z-Z-Z-Z-Z-)  cis-cis-cis-cis-trans-(Z-Z-Z-Z-E-) cis-cis-tra ns-cis-trans-(2-Z-E-Z-E-)
-xyclodecapentacn -xyclodecapentaen -xyclodecapentacn

Ne€u tao dugc cdu & vi tri | va 6 trong xyclodecapentaen thi sy di léch ra khdi mat
phing rdt nho, khéng c6 su khic nhau vé chidu dai lien két va cé dong tir vong ching 16 1A
hop chat thom, nhu 1,6-metano[10}anulen 13 hgp chit bén c6 phan tmg thé thom va Ia
diatropic. Phé NMR cho proton ¢6 § 6,9 t6i 7,3 va proton & ddu cdu 13 -0,5. CAu triic rin
bén cia (4) cho thdy khong phing nhung chiéu dai lién k&t tir 1,37 6i 1,42 A. Tuy nhién cic
phan tlr khong phing c6 thé tu bién dang dé ¢6 thé c6 sy xen phii ¢6 tinh thom nhu mét vai
he bién dang tir phing t6i thom. Sy bign dang nhd tir tinh phing khong ngan can tinh thom vi
obitan ¢ c6 thé ty bién dang dé c6 thé xen phii dwge véi obitan p tao nén heé electron chung:
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bixyclo[4.4.1]undeca-1,3,5,7-pentaen

Tuong tr nhu 1,6-metano[10)anulen, cic hgp chat chita oxy va nitg ciing 1a hop chét
bén, dé the thom va 1a diatropic.

Cdc hgp chét ngimg tu clia metano[10)anulen véi hai vong benzen, khong c6 thé viét
cong thifc cong hudng véi vong hai benzen c6 6 electron, tinh thom bi mat di khi vong hod
nhung cdc phan tir loai ndy nhanh chuyén ho4 thanh hgp chat bén hon c6 hai vdng benzen

thom hoan toan:
H, '
o | @ |
. — [

Sy chuyén hod ndy goi 1a chuyén hod xycloheptatrien — norcaradien.

{12)-Anulen: Xyclododecahexaen 1a hop chét polyolefin rat khong bén, khong cé tinh
thom véi 4n electron. Cdc hop chat loai 4n electron khong chi 1a khong thom ma thuc € 12
phan thom. Tieu chi cla tinh phdn thom la sy hién dién cla dong tir vong thuan tir, 1am cho
proton & phia ngodi di vé phia trudng cao, cdn proton trong vong di vé phia tridng thap,
ngugc v6i dong vong nghich tir, gay ra chuyén dich ngugc huéng. Hop chat ¢6 dong vong
thun tlr nay goi 1a paratropic nhu trong he¢ 4, 8 canh trén. Cling nhu tinh thom, tinh phan
thom dat dugc cyc dai khi phan tir 12 phing va c4c lién két bing nhau.

{72)-Anulen trong dung dich chuyén hod c4u dang rat nhanh, & nhiét d¢ thap —150°C,
tdt ca proton déu twong duong nhau vé tir. 3 —170°, su chuyén hod cham hon nhidu vi tim
thdy proton trong 1a 8 8 cdn proton ngoai 12 6,8 3.

N — )
(8)

M
Hop chét (7) chic chin 1a khong phing, khong bén, & —50°C chuyén thanh (8). Cic
hop chdt cdu [12]anulen va dehydro[12fanulen tranh duge tuong tic cia hai hydro va giam
tinh linh dong vé cfu dang nhu 5-brom-1,9-dehydro[12]anuten (9), xyclo[3.3.3.]-azin(10),
9b-metyl-9bH-benzo[cd]anulen (11), 1,7-metano[12]anulen (12). Theo NMR, cdc hop chat
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nay la paratropic, cic proton trong ¢6 16,4 8.

=\ ' _
/// H D@ \ /{;Hz\
W (10) ‘ (1 (12)

(9)

T

[/4]Anulen: Xyclotetradecaheptaen c6 s§ electron 1a 4a + 2 theo Hiickel nhung phéan
tit cing khong bén, thudmg c6 cdu tric cis-trans-trans-cis-trans-cis-trans (Z-E-E-Z-E-Z-E)
di 1éch ra khdi mat phing do céc hydro ddy nhau, nht 13 & cacbon 3, 6, 10, 13. Theo NMR,
phan tr t8n tai & dang can bdng ciia hai c4u tric.

5 = 75

C6 thé thu dugc hé [14]-anulen khong cé van dé khong gian do tao duge ciu néi bing
nhém CH, hay CHR. Ching han nhut trans-dimetylhydropyren:

CE- |- 8D

cling nhtr cdc cdu cé di ¢ nhu syn-1,6:8,13-diimin[14)anulen (13), syn- va anti-1,6:8,13-
bismetano( 14]anulen (14, 15). Cac hgp chét ndy chic chan thom, cé vong = gdn nhu phing,
chiéu dai lién ket tit 1,39 dén 1,40 A, c6 phan ing thé thom va 1a diatropic, cc proton ngoai
c6 tir 8,14 tdi 8,67 &, proton CHj 1a —4,25 §, rieng trudng hgp (15) do tinh hinh hoc 1am mat
di sy xen phtl clia obitan ddu cdu vdi obitan p bén canh nén khong thom. Phd NMR cia (15)
va phd tia X cho thay chidu dai lien két tir 1,33 t6i 1,36 A cho lién k&t d6i va 1,44 dén 1,49
cho lién két don, N€u h¢ ¢6 mot hay nhidu lién k&t ba nhu dehydro[14] anulen (16) ciing 12
diatropic, c6 thé nitrc no4 va sunfo hod dugc.

H ny Hy H
‘ i
el
y D)
(13) (14)
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[16)Anulen: Xyclohexadecaoctaen cé 16 electron theo Hiickel la thom, nhung ¢é cdu
triic kém phang hon [14]anulen, & trong dung dich ¢6 can bing:

O —50°C ¢6 su thay déi ciu dang nén céc proton tuong duong nhau vé tir, & —130°C,
hop chét 1a paratropic v6i 4 proton ¢6 10,56 & va 12 proton ¢6 5,35 8. O trang théi rin, phé
tia X cho thdy phan t&r khong phéng, véi lién két do6i luan phién nhau, lién két don 13 1,44
dén 1,47 A, lien ket doi 1a 1,31 16i 1,35 A.

Néu loai hai electron tao thanh dianion c¢6 18 electron tuong tdc vdi kim loai kiém lai

1a vong thom: _
. ) ’

[{8)Anulen: Xyclooctadecanonaen theo Hiickel 13 thom, cé vong lén khong cé sic
cang Bayer va Pitzer. Nguyeén tir hydro di lech ra khéi mat phing chi 0,0085 nm, chiéu dai
lien két 0,138 + 0,141 nm, 12 proton ngoai ¢é & = 9 va 6 bén trong c6 & = -3, lien k&t C-C
khong bang nhau nhung khong luan phién, c6 12 lién ket ben trong 12 1,38 A va 6 ben ngoai
12 1,42 A, c6 nang luong cong hudng khodng 37 kcal/mol (155 kJ/mol) gin giéng benzen.

Céc hop chit ddu cdu 18 electron cling 1a diatropic nhu loai dehydro[18]anulen 13 hé

K-

xyclooctadecanonaen
Ngodi ra ciing di tdng hop dugc nhitng vong lén hon, ching han [22]anulen va
dehydro{22]anulen ciling 1a diatropic vi mot vai [22)anulen ddu ciu ciing fim thay.
Pehydro[22]-anulen ¢6 13 proton ngodi c¢6 & tir 6,25 tdi 8,45 va 7 proton trong cé & = 0,70
tdi 3,45. |

[26]Anulen khong tdng hgp dugc nhung néi chung dehydro[26]anulen 13 thom.
Dianion cha 1,3,7.9,13,15,19,21-octadehydro{24]anulen vi hé 26 electron khdc 13 thom.
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Cuing d4 tdng hop dugc dén xudt dehydro cdu clia [26), [30] va [34) anulen déu R diatropic,
ion clia xyclophan cé 38 electron & chu vi cling 12 diatropic.

Chéng han nhu kekulen (17) ¢6 thé hinh thinh hé luc tir thom hay hé 1dn hon ma uu
tién la hé luc tr. Hop chét c6 48 electron, vu tién cfu tric A ma mbi vong 13 vong benzen
ngung ty hay ciu tric B gém ¢6 [30]anulen vong ngoai va [18Janulen vong trong.

Phd 'HNMR cha hop chat nay tim thdy cé ba pic ¢6 & = 7,94, 8,37 va 10,45 véi 1y le
2:1:1 chiing t0 hé c6 chita ba loai proton. Pic 7,94 gén cho 12 proton ortho, pic 8,37 cho 6
proton para bén ngoai, pic c¢on lai 1a cla 6 proton bén trong. N&u phan tir wu tién 13 cdu tric
B s€ tim thdy pic trudng cao vdi & 4m nhu trong trudng hop cla [18]anulen. Thyc € cic pic
ndy ndm & phia trudng thip xa nén electron thich hop cho vang benzenoit.

1.6.5. Tinh thom ciia cic vong chira dién tich

Quy tic Hiickel va gian dé Frost ciing 4p dung cho nhitng vdng chifa dién tich. Nhimg
muc nang lugng ding cho hop chit trung hoa ciing diing cho nhifg hgp chat chita dlél‘l tich.
M6t s6 cation va anion t6n tai & dang vong lién hop phing ¢6 tinh thom.

Cation xyclopropeny! 12 vdng ba canh v6i moét lien k&t d6i va dién tich duong Ly

cacbon thit ba 14 hé 4n + 2 va ¢6 tinh thom:
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Ngudi ta da téng hop duge cation xyclopropenyl va vai din xu#t nhu triclo, diphenyl
va dipropyl 12 hop chét bén véi géc chi 60°. Thyce t€ cdc cation nay bén, ngay trong dung
dich nuge. Cation tri-fert-butylxyclopropenyl 14t bén. Xyclopropenon ciling rat bén phit hop
véi tinh bén cta tropon.

Vong ba canh 12 anion hay g6c ty do, trong d6 anion ¢6 s6 electron 1a 4n con géc ¢6
ba electron khéong phéi 4n va 4n + 2, ¢6 electron doc than trén giin dé obitan. Hop chat
anion bén electron 14 phan thom cdn g6c¢ 12 khong thom.

V=V -VI]=V¥

Do d6 din xuit cia xyclopropen A tich proton trong phin ting trao déi hydro cham
hon dén xuét xyclopropan B dén 60.000 14n khi R = COC¢H; va 10.000 14n khi R = CN.

C6H5 CﬁHS

T ¢
R CHs R

C¢H
655 B

Diéu d6 chi ring, suy hinh thinh cacbanion xyclopropenyl tf A khé khan hon
cacbanion thutng tr B, cling chiing 16 cacbanion tir A kém bén hon cacbanion thudng tir B.

Vong bén canh ¢6 dication xyclobutadien ¢6 hai electron & vdi n = 0 va dianion

xyclobutadien c6 6 electron & déu tuan theo quy tic Hiickel nén 1a hop chét thom tuy khong
bén, thudmg tén tai & dang din xust.

CH;
& a H, _CH; HsC _ CH,
SbF +
—_— -
Cl SO, . hay @
H4,C~ ~ ~

Vong 5 canh, cation xyclopentadienyl c6 4 electron rft khong bén nhung anion
xyclopentadienyl cé 6 electron n (nhung chi ¢6 S obitan p) ¢é tinh thom. Chéng han din
xudt clo cia xyclopentadienyl ¢6 Cl & vj tri allyl nhung khé thuy phan, thuy phan cham khi
¢6 ion Ag*. Ciing nhu téc dung pectorat bac véi xyclopenty! iodua trong axit propionic cho
cation xyclopentyl nhung v6i iodua xyclopentadienyl khong cho phan ing:
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D D O

Cation xyclopentadienyl 1a géc kép con anion la thom theo 4n + 2 c6 su gidi tod
electron cla vong:

@ — «-0,858p se —  —— a-0818p
I i{t a+0,858B Q _ﬁ_ _ﬂ_ aa+o,szs[3
a+2p ﬂ_ a+2f
N 7
- (D -0 G~ ]-@
H

Anion xyclopentadienyl ¢6 cong hudng 16n hon 12 pyrol, thiophen va furan, c¢é § dang
cong hudng tuong dwong nhau véi nang legng cong hudng 1a 24 + 27 kcal/mol (100 + 113
kJ/mol). Anion ndy 12 diatropic va 1a thom. Nhu vay hydro ciia xyclopentadien ¢6 tinh axit,
tinh axit 16n hon ca inden va fluoren do sy d6ng vong 1am cho electron khong thich hgp cho
vong 5 canh, m4t khic nhu 1,2,3,4,5-pentakis(triflometyl)xyclopentadien c¢6 tinh axit l4n
hon axit nitric.

Vong 7 canh, theo Hiickel thi cation xycloheptatrienyl (cation tropyli) 1a thom vi¢6 6
electron n gidi toa trén 7 obitan p, cdn anion xycloheptatrienyl c6 4n electron, c6 thé c6 bay
cdu triic cdng hudng nhung thuc t&€ khong thom vi ¢6 8 electron khong phing:

Ok

Anion xycloheptatrienyl tim thdy trong dung djch nhung kém bén hon anion xyclo-
pentadienyl va kém xa cation tropyli. Cic electron cba lién k&t xen phi v&i obitan tréng trén
7 cacbon v [a vdng luc tif cho 7 cacbon. Thuc t& tropyli bromua 13 hop chét ionic:

I?r — Br

Xyclooctatetraen khi tdc dung v6i K tao thinh hop chét dianion thom, phéng, chiéu
dai lién ket 14 0,1411 nm, c6 10 electron = gidi tod trong vdng:

@
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Céc hop chat vong 7 canh khédc cfing ¢6 ban chét thom 12 tropon va tropolon i hop
chét bén t6n tai trong tw nhién. Phan tich moémen ludng cyc, NMR va tia X cho thdy tropon

va tropolon ¢6 h¢ néi doi luan phién, phan tir dugc xem nhu 13 khong thom véi mét it ban
ch4t thom:

\_J \
b b

Tuong ty nhu ion tropyli, ion lyc tir thom v6i 8 electron ciing 14 hgp chat thom, ching
han nhir 1,3,5,7-tetrametylxyclooctatetraen:

OH

12 ion bén trong dung dich & —50°C, 1a diaptropic va gin nhu phing, nhung khong bén trén
-30°C. Nguoi ta ciing thu dugc anion xyclononatetraenyl véi 10 electron w, dianion cia
(12]Janulen v6i 14 electron & va dianion clia 16 electron 7 v4i 18 electron va nhimg vong
chita di t6 1a nhitng hop chat thom:

Mét loai hop chit thom khéc 1a loai metalloxen hay loai hgp chat nhiéu 1dp (sandwich
compound) nhur hai ion xyclopentadienyl tao phitc véi ion kim loai nhu Fe, CO, Ni, Cr, Ti,

V, ching han vé&i Fe goi 12 feroxen:
O

Feroxen 1a hgp chét bén, thang hoa & 100°C va khong thay déi & 400°C. Hai vong
quay tu do. Theo obitan phan tir, mdi vong xyclopentadienyl ¢é 5 obitan phan tir - ba lién két
chat ddy va hai tréng phan lien két, Fe ¢6 vdng ngoai c6 9 obitan nguyén tit v6i mot 4s, ba
4p va nam 3d. Sdu obitan bi chi€m clia hai vdng xyclopentadienyl xen phil vdi obitan s, ba p
va hai 4 clia Fe tao nén 12 obitan méi trong d6 c6 6 1a lién két. S4u obitan niy tao nén hai
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lién ket ba vong - kim loai. Thém vao d6 con ¢é su xen phi cla obitan tréng phéan lién két
clia vong vdi obitan d bi chiém ciia ion kim loai. Nhu vy ¢6 9 lién két gifta vong va Fe véi
18 electron (10 tir vong va 8 tir Fe), trong 9 obitan ¢é 6 12 lién k&t manh va 3 14 lién két yéu
hay khéng lién két,

1.6.6. Tinh thom cua hgp chit di vong thom

Quy tic Hiickel v quy tic bat tir cling 4p dung cho hgp chét di vong.
Pyridin 13 hgp chdt thom, tuong ty benzen véi N lai hod sp?, v6i vong phing chita 6
electron m giai toa. So véi benzen, nhém CH trong benzen thay cho N nén phan tir ¢é tinh

phan cye manh. N vAn giit cdp electron 7 Khong tham gia giai toa nén cé tinh bazo va khi tao
mudi van gitt duge cdu tric thom.

Hinh 1.35. Cau tric cla pyridin Hinh 1.36. Cau tric obitan cua imidazol

Pyrimidin ciing ¢6 tinh thom tuong tu quinolin va isoquinolin v&i 10 electron = 1a hgp
chét thom twong tu naphtalen.

SONOONSNSNERSRS

qulno]m isoquinolin flll'aﬂ IJ)'I‘OI thlophcn imidazol thiazol

Cic dan xudt nhu N-oxit hay ion pyridini cling 14 thom, c4c hgp chat di vong thom cé
nhiéu c4u tric cong hudng quan trong hon vdng benzen.

Khi O hay S 12 di t6 c6 thé c6 dang ion nhu ion pyrili ¢é oxy hod tri 3 nhung 12 hop
chét thom cdn pyran thi khong thom:

L OO O

NS [0

Nhitng hop chat di vong 5 canh nhu furan, pyrol, thiophen ¢6 ¢4u tric phing va 6
electron m va # tham gia vao h¢ lién hop. Cap electron n trén obitan p clia di t6 nidm thing
géc v6i mat phing vong nhir cdc obitan sp® ciia cacbon. Nang luong cong hudmg ciia cdc di
vong ndy tuong ding bang 16, 21 va 29 kcal/mol (hay 67, 88 va 121 kJ/mol).
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Hinh 1.37. Ciu triic obitan ciia pyrol Hinh 1.38. Ciu tric obitan ca furan

Tinh thom ciing ¢6 thé tim thdy bing c4c dang cong hudng:

Q e \
[ N[N == [\ }-H-Z )}
o
- e\, # X, /O F/ N
) | Vo |
H H H H H

Céc di vong nay ciing cho dong tir vdng trong NMR. Tinh am dién cha dj t6 tham gia
vao trong vdong khong gidng nhau, né tang lén khi ¢6 sy gidi tod electron, do dé di vong nay
kém bén hon nhiing di vdng 6 canh tuong tr. Tinh bén s& dugc tang lén khi su gidi tod lam
gidm dugc tinh phan cuc. Ching han, khi tich H" tir pyrol tao anion pyrolini cd sy giai toa
dién tich nén ¢é tinh bén va tinh thom cao hon:

VoK ) -
D [;lﬁ Q

)

H

1.6.7. Tinh thom cia hgp chét da vong

Tinh thom cia cdc hop chdt da vong phitc tap hon hop chat don vong do 4p dung quy
tic Hiickel gap nhidu khé khan.

Nhimg hop chat da vdng riéng ré nhu biphenyl, lién k&t v&i nhau bing lien két don,
hogc stylben bing lién ket d6i va tolan bing lién k&t ba ciing cé thé 4p dung quy téc Hiickel
khong theo toan b phan tir ma theo ting phin bd qua cic lien két ndi giita cd¢ nhan.

Chéng han, perilen c6 th€ coi 12 g6m hai g6¢ naphtalen véi 4n + 2 electron két hop véi
nhau bing lien két don & vi tri 1,8 nén perilen la hop chat thom:

@—C}H}H—@

D= OO0

tolan perilen

binaphtyl
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Nhiing hop chét da vong ngung tu nhu naphtalen, antraxen ... ciing 12 nhimg hgp chét
thom va c6 thé dp dung quy tic Hiickel.

Chéng han, naphtalen cé 10 electron phan b& trong vong phing tuy khong déu va
khodng cdch cédc lién két ciing khong déu nhau trong phan tir, song vin ding cich biéu dién
cia benzen vao sy phan bd electron trong phan t{r naphtalen.

Naphtalen c6 ba cong thifc d6ng phan hod tri cong hudng:

Ba dang nay twong duong nhau, lién két (1,2) cé ban chat lién két d6i 16n hon (2,3).
Su tinh todn obitan phan t cho thdy bac lién k&t 12 1,724 va 1,603 tuong g, chidu dai lién
k€t (1,2) 1a 1,36 va (2,3) 1a 1,415. Do d6 phan dng wu tién tdn cOng vio vi tri (1,2). Loai lien
két khong twong duong niy goi 12 sy 6 dinh lien két phin (partial bond fixation) ¢6 trong
hé thom ngimg tu.

Cén chi ¥ ring, vdng benzen trong naphtalen chi c6 5 electron hay mot vong 6 clia he
thom cla benzen vi mot vong bSn ciia he dien, s6 cong thitc cong hudng clia naphtalen 14
ba, cOn benzen 12 hai nhung naphtalen lai kém bén hon benzen, do d6 nang lugng cong
hudng dac trung cho tinh thom chi hop 1y khi tinh cho mot electron. Nang luong cong hudng
ciia mét electron trong benzen cao hon trong naphtalen nén benzen bén hon va thom hon.

Ning lugng cOng hudng clia h¢ vong thom ngung tu ting khi s6 cong thic cong hudng
chinh ting. Nhu benzen, naphtalen, antraxen, phenantren ¢6 hai, ba, b6n va nam cong hudng
tuong ng va ning lugng coéng hudng twong dng 12 36, 61, 84, 92 kcal/mol (152, 255, 351,
385 kJ/mol) tinh tir nhi¢t d6t chdy.

Phenantren ciing c6 5 dang cOng hudmg, trong d6 ¢6 mot dang c¢6 lién két 9, 10 12 lign
két don:

Néi chung c6 mdi tuong quan tét giita chiéu dai lién két trong hgp chat thom nging tu
va bac lién két. Phenantren c6 nang lugng cong hudng 1a 92 kcal/mol (385 kJ/mol), khi mét
hydro & vi tri 9, 10 con lai hai vdng riéng ré v6i nang lugng mébi vdng 1a 36 kcal/mol (152
kl/mol).

Antraxen ¢6 phan idng & vi tri 9, 10 cling gidi thich tuong tr:
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H Br

OO0 = L0

H Br

Nang lugng cong hudng dugc tinh tir cong thite cong hudng. Khong phai tat ci cdc
vong thom ngung ty ]a thom, chang han phenalen khéng thom khéng ¢6 sy phan bg cho méi
cacbon moét néi don va moét néi d6i. Phenalen c6 tinh axit nén néu mat proton cho anion 12
hop chdt thom:

H

O‘ O‘O @ U

Trong h¢ vong thom ngung tu khéng dit 6 electron cho méi vong. Chang han trong
naphtalen & trén, mot vdng ¢6 6 electron con mot vong chi cé 4. Pidu nay giai thich dugc
hoat tinh cao cila hé vong naphtalen so véi benzen nhu 1a mot vong trong naphtalen cé vong
he butadien. Hi¢u dng niy ciing c¢6 trong triphenylen c6 8 cong thitc cong hudng gidng A
khong 6 ba lién ket a 1a lién két doi va chi c6 mét dang B ¢6 lien két d6.

Phéan ti nay c6 I8 electron duge phan b8 vong ngoai luc tir con vong giira 1a tréng, do
ds triphenylen 12 he thom ngung tu nhung khéng tan trong axit sunfuric dac va hoat tinh
thap. Hién tuong nay goi la sy vdng hod ma hoat tinh duge ching minh bing phé UV.

Phic tap hon 12 nhitng vdng ngung tu ¢6 tinh thom nhung cé s6 electron khong tuan
theo Hiickel. Chang han, pyren c6 16 electron vdi n = 4 nhung lai 13 hop chét thom. Dé cé
thé dp dung duge quy tic Hiickel, ngudi ta v& cic dong phan theo cong thitc ¢é dién Kekule
va xét cdc vong ¢6 tinh thom theo 4n + 2. Néu cdc cong 'thiic nim trong phan tir pyren déu
¢6 thanh phén thom thi phan tir 46 ciing thom. Pyren ¢6 ning luong 6n dinh 12 6,5 kcal/mol.

CL Gl i@

pyren 1

IT1
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Cédc nhan I trong I, nhén 2, 3, 4 trong II, nhan 3 trong 11l va nhan 2, 4 trong IV déu la
thom, do dé pyren 13 thom.

D&i vai he thom khong ¢ s& electron tuan theo Hiickel, ¢6 thé cong thic hod nhu sau:

Hop chét bat k¥ ndo ma gbm tir nhiing vdng ¢6 nhitng t6 hop obitan vdi s8 electron
4p + 2 (m, n) tao thanh vong kin thi hop chdt dé la thom khong phu thuéc vao téng s6
electron m va n trong hgp chit.

Chéng han, koronen la hydrocacbon da vong ngung tu c6 24 electron v6i n = 6 khong
tuan theo Hiickel nhung 1a da vdng thom. Tinh thom ¢é thé giai thich bing t6 hop tir hai hé
thom khdc nhau c6 4n + 2 electron: vong ngoai c¢6 18 electron v6i 4n + 2 va nhin & trong ¢6

6 electron vét 4n + 2.

koronen

Nhimng hop chat da vong khong benzen 1a nhitng hgp chat c6 kha nang phan iing cao
va khong thom, ¢6 tinh chat cta polyen nhung & dang cation hay anion lai 12 nhitng hop chat
thom. Nhitng chat nay thuéng goi 14 nhitng hgp chat déng thom (homoaromatic).

Azulen, dong phan clia antraxen, ¢6 10 electron theo Hiickel, mac dii khéng c6 céng
thire ¢6 lién két d6i & canh chung cua hai vong, nhung gém hai vdng khdc nhau: penta va
hepta. Thuc nghiém cho thay c4u triic phan tir phing, nhiét d6 néng chay thip hon tinh toan
la 40 kcal/mol, ¢6 moémen ludng cuc 1a 1,05D, ¢6 mau xanh ching t6 14 hop chit thom
nhimg phai do t6 hop cha hai thanh phdn 12 anion xyclopentadienyl va cation tropyli:

ﬂ,a -0

Nhing h¢ benzoxyclobutadien hay fulven hoac fulvalen 1a nhitng hop chit khéng
thom, ¢¢ tinh chét cta polyen, tuy ¢6 nhién cong thic cong hudng nhu d6i véi he:

1,24
/ "

48 O_-@Qﬂ
N =22/1,35
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Heptafulven hay triafulven c6 kha ning t6n tai & dang ludng cuc déng gép 16n vio
tinh 6n dinh cia hé vong:

O-0-0-0 O-a-0-<

heptafulven triafulven

Tinh bén cta h¢ nay phy thude vao méi tuong quan gilta sy tang nang lugng cin thiét
cho sy phan tich ra dién tich ngugc dfu va tinh thom theo Hiickel vdi 4u + 2 electron. Phé
NMR cling tim thdy kha nang quay giita hai vong vdi nang lugng thép, chiing to su t6n tai &
dang chua dién tich:

(@=Qf R:' = . - R/Czﬂ\ R

Con nhitmg hgp chét nhu pentalen khéng téng hop duoc nhung da thu dwgc din xu4t
hexaphenyl va 1,3,5-tri-fert-butyl trong dung dich nhay vdi khong khi v bang phd tia X va
quang electron tim thdy 12 hgp chét lien hgp. Dan xuat metyl va dimetyl tim thay trong dung
dich nhung dé dime hod trudc khi tdch ra. Heptalen di tdng hop duoc, phan tng nhanh véi
oxy, axit, brom, dé hydro hod va tring hop hod, phé NMR tim thdy 1a khong phing, con din
xuit 3,8-dibrom va 1,8-dicacbometoxy bén & nhiét do phong. Song né€u cong hai electron
vao pentalen thu dugc dianion bén 12 he electron thom md rdng ra ca hai vong véi 10
electron nén thom:

L O O

pentalen heptalen

Trong phan tng hitu co thudng gap nhiing hop chét & dang cation hay anion ¢6 tinh
thom do phan tir c6 nhém nguyén tir no di ra khoi vong phan tir d€ tao vang méi cé kha nang
lién hop hay giai tod di¢n tich, dong thoi phan tir ¢6 tinh hinh hoc thusn lgi cho s¥ Xen pha
cic obitan trong vong:

“N H Na
Ch =« A0 =
H ——- S~ -
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Khi xyclooctatetraen tan trong axit H,SO,, proton cdng vioc mot lién két d6i hinh
thanh ion homotropoli 1a ti€u phan lyc tlr thom md réng ra 7 cacbon, tuong tu ion tropyli,
nguyén tir cacbon thit 7 1a sp3 nén khong thé tham gia vao tinh thom nidm & bén trén luc tir
thom. Phd NMR tim théy 1a diatropic cé dong tir vdng véi § caa H, = -0,3, H,= 5,18, H;,
Hy la 6,48, Hy—-Hg = 8,5. Nguyén tir Hy, truc tiép & trén vong luc tir thom va d6 chuyén dich
hod hoc chuyén vé rrudmg cao xa hon trong NMR:

Nhitng hop chdt ndy ciing goi 1a dong thom (homoaromatic) thudng tim thdy & dang
ion ¢6 ban chit déng thom t6n tai trong hé khong dién tich. Ton déng thom clia hai va 10
electron ciing tim théy.

Ngoai ra con c6 nhimg hgp chit khong thé bifu dién bing cong thic Lewis ma khong

phan chia dién tich la nhimg hop chat mesoionic. Nhiéu hgp chat loai nay chifa vdng 5 canh,
ching han nhu sydron:

N R R
R— N;j)&’ * e R'?é\,:i) ® s v | N \Neli—c?

sydron
12 hop chét thom bén, c6 phan dng thé thom khi R’ 1a H.

Nhitng hop chét loai dianion cfia axit squaric ciing 12 hé 8n dinh, c6 tinh axit vé6i
pKl = 1.5 Vi pK2= 3.52 .

N O [ono O N0
& “oH & N O P

va ciing tim th&y hop chat tuong tu ¢6 vong 3, 5 va 6 canh.

Nhirng h¢ thom & trén theo quy tic Hickel vdi 4n + 2 electron % vA 12 phan thom khi
s§ electron 13 4n 14 ('ga trén tinh d6i xing va tinh hinh hoc ciia sy twong téc cdc obitan. Tir

cic polyen mach hd ¢6 thé tao thanh vong lién hop khi cdc cacbon cudi mach c6 ciing tinh
déi xtng obitan va c¢ su chit ddy cdc obitan.

He¢ Hiickel hinn thanh khi ¢6 sy xen phi trong pha hay duong (cing dau) va khi s6
nghich ddo obitan bing 0 hay chin. Hé nay hinh thanh v&i 4n + 2 electron cdn he 4n c6 sy
xen phit ngoai pha va c6 s6 nghich ddo bing 1 hay 1é.
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s6 nghich dao =0 58 nghich ddo =4

Song trong nhiftng trudng hop 4n, néu vong du 16n cé thé xoédn lai trong mébi cap obitan
nguyén tir d6i vdi nhau, nghia 1a Xodn mach phan tlr di mot géc 180° dé tit ca cdc obitan ¢6
thé xen pht trong pha thi hé tré thanh thom, goi 14 he thom Mobius:

Ciing c6 thé thay obitan p bing obitan d dé ¢6 sy xen phll cho toin vong goi 1a he
thom Krecc. Hé Mobius hay Krecc 1a hé thom véi 4n electron, con nén 1a 4n + 2 electron lai
trd thanh phan thom, nguge véi hé Hiickel.

1.7. THUYET CONG HUGNG VA MESOMER

Cac phan tir dugc biéu dién sao cho cdc nguyén tir trong phan tir c6 vong electron ctia
khi tro (2 hay 8 electron) & vong ngoai cling. Cong thiic ndy goi 1a cong thic Lewis diing
cho nhing trung hop c6 s6 electron chdn hay d¢ boi nguyén. Ching han ion NO,™ ¢6 cic
cong thite:

"O-N=0 va 0=N-0~
nhung thuc ra di¢n tich phan b6 trén ca hai O v6i dién tich —1/2, nén hai cong thic trén
khong phai la cong thitc thye, ma cong thitc thyc 12 trung gian giita hai cong thitc dé:
'NZO:N;: O-IfZ
Nhitng cong thifc d6 goi la cong thiic gidi han hay cong thitc céng hudng.
Ciing nhu cation allyl ¢6 cong thitc gidi han:
CH,=CH-CH," < *CH,-CH=CH,
va cdng thic thuyc la:

AD
‘CH, =2CH =x==CH}

Ciing nhu benzen c6 hai cong thirc gidi han la:
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D#u «> thé hién su twong dwong chuyén hod giita cdc cong thifc clia chat.

va cong thuc thye 1a:

Nhu vay, cong thitc cong hudng hay thuyét cong hudng nham giai quyét cho cdc cong
thitc ¢6 lién két cong hod tri v6i s& 18 hay ¢6 s& bdi khong nguyén ma khéng cé thé biéu thi
bing cong thitc Lewis.

Quy tdc mé td thuyét cong huwdng:

1- Cdc cong thifc cong hudng duge mo ta cho mot chit phai ddng nhat hay gan déng
nh4t vé su phan b& electron cho lien két, vé sy phan bd hat ohan clia cdc nguyén tir va phai
tuong Ung véi cong thic thuc. TAt ca cdc cong thirc cong hudng déu phit hop vdi cong thite
Lewis. Khong c¢é cong thiic ndo c6 cacbon hod tri 5. '

2- Vi tri hat nhan & tat ca cac cong thitc cong hudng phai giéng nhau va phil hop véi
cong thite thire. Cée cong thitc cong hudng phii déng nhat hay gin déng nhét vé sy phan bo
mat dg electron cho lién két.

3- S8 electron cap doi trong tat ca cdc cfu triic cong hudng clia phan tir phai dong
nh4t. Chang han 'CH,-CH=CH," khong phai 14 cong thitc cong hudng clia butadien.

4- N&u mot phan tit ¢é thé bidu di&n bing nhiéu cong thiic cdng hudng thi cdu tric
chinh ciia phan tlr Kkhéng tuong ng vo6i bt ky cong thifc nao ma chi 1a trung gian cia chiing.

5- T4t ca cac nguyeén tir déu cd phdn tham gia vao cong hudng, nghia la duge bao phu
boi electron gidi toa ¢6 thé & trong mat phing hay gdn mat phing d€ cé xen phii obitan p.

6- Nang luong cda cong thic thuc ludn thip hon nang luong tinh todn theo bat ky
cong thic céng hudéng nao.

7- Su tang s8 cong thiic cong hudmg c6 thé ¢d, ciing nhu sy gén gidng nhau ciia ching
vé nang lugng, s& lam tang nang lugng cong hudng, nghia 12 lam tang sy khdc nhau gita
ning lugng tir chat thue va nang lugng tinh theo cdu tric cdng hudng. Chu triic cong huong
cang gidng nhau vé niang lugng, sy khic nhau giita cdu tric thuc va cong hudng cang 16n.

8- T4t ca cic dang cong hudng khong déng gép nhu nhau vao phan tir that. Méi dang
¢6 mot ty 1é déng gép vao tinh 8n dinh ciia phan tir. Cong thifc n2o c6 tinh 6n dinh 16n vé
nang lugng s& déng gép 16n vao su lai hod céng huomg.

V1 th€ danh gid sy déng gdp chia cong thuc vao cdng hudng, cdn danh gid nang lugng
cila nd.

Sy ddnh gid nang lugng theo cdc y&u t§ sau:
a- Sur tang s6 lién k&t cong hod tri lam tang tinh én dinh c4u tric:
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CH,=CH~CH=CH, (12 lien két) CH,~CH=CH-CH," (10 lién két)
b- Cédu tric chda lien két vuot quéi chiéu dai lien két binh thudng s& kém thuan loi vé
nang hrong va khong cé déng gép thuc t€ vao cdu tric lai hod.
c- N€u cu tric & trang thdi khong 6n dinh nh4t, vé hinh thic ¢6 thé mo ta nhung
khéng phai 13 cong hudng.

d- Cau triic ¢6 dien tich 4m & nguyén t§ 4m dién hon sé bén hon & nguyen t6 duong
dién hon,

¢- Su phan chia dién tich déng dfu lam ting tinh 6n dinh, con phan chia dién tich khdc
ddu 1am gidm tinh én dinh, do d6 c&u tric ludng cyc thudmg kém 6n dinh hon cfu tric khong
phan cyc. Miic d¢ phan chia dién tich trong cfu triic cOng hudng cang 16n thi gia trj cla cong
thitc déng gép vao su mé ta cong thic cong hudng cang nho.

\ r Y
CH,—C=0 én dinh hon CH;——C—(? ’ Ce_(% khong déng gép vao cong hudng -
o | —H
g- Tinh chdt phan tir thyc phit hgp v6i cfu tric khéng dien tich hon 1a cu tric chita
dién tich.

h- Sy tham gia clla cap electron n trong viéc tao thanh lién két thuan loi hon 1A khong
tham gia:

®
CH/~CH—0-CH; -4 °CH,—~CH=0—CH,

i- Tinh phan cuc cia lien két cong hod tri duge mo ta trong cong thitc cOng hudng
bing c4u tric dién tich nguoc dau:

® ©
R,C=0 -a» R,(—O
Néu mu6n mo ta tinh phan cyc cia lién két don trong cong thic cong hudng, ngudi ta
dua vao cdu tric ion khong ¢6 lign ket
HF < H'F
9- Nang luong tuong do1 cia c4u tric cong huong duge tinh theo:

- Niing lugng li¢n két, k€ ca nhimg lién k&t hinh thic khong déng gép vao su 6n dinh.

- Mic d¢ chenh léch vé tinh hinh hoc cBia né di ra khéi vi trf thuan loi nhat vé tinh
hinh hoc. .

- Kha nang hiit electron clia nguyén tir n€u 13 ion.

Néu biét c4u tric hinh hoc thuc clia phan tir thi sy phan b6 khong gian trong t4t ci céc
cong thitc cong hudng c6 thé triing nhau.

10- Sy én dinh electron s& 1a 16n nhat trong trudng hop c6 hai hay nhiéu cfu iric
tuong duong nhau vé nang lugng th&p nhit, vi the trong trudmg hop khi ¢6 thé mo ti ca hai
hay nhiéu cfu tric twong duong nhau vé ning lugng va cé nang fuong thip nhat, thi cfu tric
phan tl it thuan 1gi dé mo (4 bing cong thitc theo quy tic hos tri thuong.
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11- Néu phan tir chi ¢é mét cong thifc cong hudng & mirc do ning lugng thap nhdt thi
theo phép gdn ding, c4u tric phan tir s& gidng v6i clu triic do.
Ta xét vai vi du:
Phdn ti COy:
0O=C=0 thyc & t6n tai dé mo ta phan tir thyc
)
0=C-0"
)
0 -C'=0
1 > cdu triic c6 su phan chia dién tich it quan trong
0*-C =0
!
0=C"-0% )

Phdan tit benzen CgHg:

i } H
O~~~ 12~ 55
74 -
I I il ' v V-‘ VI Vil

Cau tric [, II tuong duong nhau, wu tién déng g6p vao cfu tric lai hod phan tir vi ¢6 sé
electron ® 16n hon, tvong duong vé nang luong; ciu tric II, IV, V ¢6 thé bd qua vi ¢6 tinh
chat khic véi phan tir thue; ciu triic VI, VII khong phai 12 cong hudng caa IIT, IV, V vi khéc
c4u tric khong gian, chi c6 s electron cip doi gifng nhau, c4u tric khong phing.

Phdn tir acrolein:
CH,=CH-CHO
® © @ _ ©
CH,=CH-CH=0 <> CH7~CH-CH~0 =e» CH;y~CH=CH-O" <>
© ) ®
CH=CH—C—0%® <> CHfCH=CH—O
Hai c4u tric sau ¢6 thé bd qua vi dién tich Am & C.

Thuyét mosomer ctia Ingold ciing gi6ng thuyé&t cong huéng nhung & day bidu dién sy
chuyén dich electron = trong hé polyen theo cdc huéng khac nhau, & trang théi co ban cling
nhu trang thdi kich 1t fch. Sy chuyén dich nay biéu difn bing mii tén cong:

~ <N e
e, L cn—cnL on, (CHy);N— CH == CH,

Néu sy chuy?n dich di t6i ciing, nghia 12 chuyén dich hoan toan thi thu dugc céng
thitc gidi han cha thuy&t cong hudng.
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Chuong 2

HIEU UNG CAU TRUC VA HOAT TiNH

Hgp chit hitu co dic trung bing cdc nhém chiic va phan tng hod hoc 13 phin tng
cua cdc nhém chic. Tuy nhién nhiéu hop chét c¢é ciing nhém chitc nhung téc d6 phan ing
¢6 khi rdt khdc nhau, nghia la con phu thudc vdo phén con lai clia phan tir ma thuéng goi
12 géc hitu co. Cau triic hop chit hitu co ¢6 anh hudng dén sy phan bé electron trong phan
tir va vi tri khong gian cla trung tdm phén dng, nghia 13 phuy thudéc vao cdc hiéu ing
electron va hiéu ung 14p thé. _

Phan Gng hod hoc I1a nhitng qud trinh trong d6 ¢6 sy phan b6 lai mat do electron. Vi
tri, hudng va co ch€ phan dng phu thudc vao sy phan b6 electron trong phan ti tham gia
phan iing. Electron phan b& trong phan ur thyc ra khéng déu, ngay trong nhitng phan
trung hoa ciing ¢6 nhitng ché tang dién tich duong, cé ché tang dién tich am.

Phan tlr hay c4c lién két rieng it nhiéu déu phan cyc. Né ¢6 thé 1a tinh chat sdn ¢6 cha
phan tr hay tam thdi sinh ra do anh hudng clia méi trudng bén ngoai.

Khi trong phan tir c6 nhém phéan cyc C-X, nhém nay gay ra anh hudng téi cdc lien két
khdc trong mach. Van d€ la sy truyén anh hudng d6 trong mach nhu thé€ ndo. Sy truyén anh
hudong dé goi 1 hi¢u ing electron cia nhém thé C-X.

Ngudi ta phan chia ra cdc loai hiéu ing khic nhau do cdch truyén anh huéng khic
nhau nhy hiéu iing cam iing, hi¢u tng trudng, hiéu \ing lién hop va siéu lién hop.

Ngoai hi¢u ting electron néi trén, phan ting hitu co con phy thudc vao ciu tric 1ap thé
clia cdc tdc nhan tham gia phan {mg, vio su khé khin khéng gian cia vj tri tdn cong cha tic

nhan, nghia 1 t6c d6 phén ting cén phu thudc vao cdu tric 1ap thé cha tdc nhan, goi chung 1a
hiéu vng lap thé.

2.1. HIEU UNG CAM UNG

Phan it nhu cloetan c6 tinh phan cuc do ¢ nguyén tlr clo 4m dién cao. Su phén cuc
nay thuc t&€ gém hai hiéu tng:
88* g+ &
H3C —"CHZH Cl
Hi¢u tng thi nhat 12 nguyén tir clo 4m dién hon, hdt electron vé phia minh 1am
cho lien ket C; mang dién tich duong, lai 1am cho lién k&t C—C phan cuc va C, mang dién
tich duong.
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Su truyén anh hudng chia nhém the phan cuc trén truc cia lién k&t do nhém phén cyc
g4y ra sy phan cyc clia cdc lién k&t ti€p theo trong mach nhu 13 sy phan cyc cam ing nén goi
12 hiéu wng cam ing cia nhém the, k¢ higu la i

Trong phan tit, biéu thj higu tng cAm ng { bing mii tén trén tryc lién két o:

C—C-—(l

Anh huéng cia nhém the truyén theo mach khi cé su tham gia chia cic lién két o va

quan sit duge sy thay ddi trang thdi electron giam ddn trong mach.

Néu trong mach ¢6 lién két n thi ciing gy ra su phin cuc cia cdc obitan n clia chiing,
goi 1a hiéu ing 7.

Hiéu tng thit hai bd qua lién két ma tryc ti€p qua khong gian hay phan tif dung moi.

Khi trong phan tir c6 nhém thé mang dién tich 4m hodc duong tao ra truong dién xung
quanh né sé tic dung vdi cdc nguyen tir khac khong chi theo truc lien két ma qua ci khong
gian. Anh hudng nay clia cic nhém thé goi 12 higu ving truong, ky higu 1a F. Tuong tic nay
tuong ting v6i dinh luat tinh dién nén con goi 1 hiéu tng Coulomb.

Hiéu vng cim ing va hiéu ting trudng khi & khoang cdch gdn nhau khong thé tdch biét
duoc riéng 1 hai hiéu éng ndy, ca hai tdc dung dong thdi, nén d€ thng nhat hai hiéu ing
nay, ngudi ta goi chung 12 hi¢u éng phan cuc, thudng ky hiéu la P (P =1 + F) bao gbm ca
hai higu ung dé.

Thyc t&, dnh hudng clia nhém thé dé€n nguyen tir xa hon (vi tri 3, 4 hay xa hon) thi su
truyén anh hudng cam tng theo chiéu dai mach rat nhd, co ban 1a anh hudng qua khong
gian. B&i vay, hiéu ing trudng 1 hiéu ung chung hon I hiéu ing cam ing nén nhiéu tdc gia
diing hiéu \ing trudng F bao gém ca hi¢u ung cdm tng.

Vé nguyeén tic cing ¢6 thé tich biet duge hiéu tng cam ing v hiéu dng trudng bing
céch nghién ctru anh hudng cia nhém thé & ddu mach véi nhém the khdc & cudi mach

Hiéu tng cam tng truyén theo mach khong cin phu thugc vao cau dang khong gian
cla mach, chi phu thudc vao lien keét, trong khi d6 hiéu ng trudng lai phu thudc vao tinh
hinh hoc ciia phan tir, phu thuge vao cdu triic cling so véi dang dudi thing, nghia 1a phu
thuéc vao cau dang cha phan tir. Hiéu éng trudmg ting 1¢n khi c6 nhém the & gdn nhau.

Chéng han, hai déng phan (1) va (2):

Ci C X !il-(
/) 1 Cl '
‘ COQH ‘ QO0OH
@sN@ @eNE@)
pK, = 6,07 PK, =567
(N (2)

Hiéu ting cdm (tng ciia clo dén cdc electron ¢ nhém COOH theo lién két 1a nhu nhau,
nhung hiéu dng trudng 1a khéc nhau. Trong phan i (1), nguyén tir clo bj che chin trong
khong gian t6i nhém COOH 1én hon 1a trong phan tir (2), nén néu so sinh tinh axit & rén
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khdc nhau 1a do hi¢u img trudng.

Thuc nghiém ciing ching minh ring, hiéu \ing tinh dién td ra wu thé hon, vi th€ hiéu
g phan cyc trén v& ban chat duge coi 1a hiéu ing trudng.

Song trong gido trinh nay, dé théng nhat véi cic gido trinh khdc, chiing ta dung ky
higu 7 12 higu tng cam ting bao gém ca hiéu (g trudng ma thue t€ hieu ing trudng quyét
dinh hon.

Hi¢u dng / clia nhém thé khong phai 1a d6 16n khong déi ma thay déi phu thudc vao
nhan t6 cau triic, bin chit nhém thé, dung méi...

Dénh gid hi¢u 1ing / bing cich so sénh anh huéng clta nhém thé dén tinh chat hod
hoc, hod 1y va vat 1y chia hgp chat so v&i chat chudn 1a H. Tinh phan cuc cia lien k&t C—H
duge chdp nhan bang 0, nghia 12 bé qua mémen ludng cuc ctia lien ket C—H (0,2+04D).

Theo Ingold, nhém the X am dién hon C thi X ¢6 hiéu tng cam itng am (~I), nguoc lai
12 hiéu g cam @ng duong (+1).

(=/) 1a nhém th€ X hiit electron vé phia minh, giam mat do electron cia nguyén ti

trong mach, nguoc lai (+/) 1a nhém X cho electron 1am tang mat do electron cla nguyén tir
trong mach:

X « CH; H-CH, X — CH,
-1 I=0 +
2.1.1. Hiéu irng +1
a- Nguyén tr khong chifa dién tich:
+/ ctia kim loai > hydro (Me > H)
K>Na>Li>Mg; Mg>C;Si>C
b- Nhém mang dién tich am:

Ce> I\P> 06

+{ giam khi tang d6 4m dién ciia nguyén t§ mang dién tich am.
¢- Nhdém ankyl, thyc nghiém xdc dinh c6 hi¢u ing +/:
(CH;);C > (CH;),CH > CH;CH, > CH, > H
d- Nguyen 16 dong vj cao hon c6 hiéu &ng +/ 16n hon:
CD; > CH,4
2.1.2. Hiéu itng -1
a- Nhitng nguyén 6 ¢6 d6 am dién cao hon C:
F>O0>N>C

F>Cl>Br>1
O>8

—I tang tir trdi sang phai ciia chu ky, gidm tir trén xuéng dudi clia nhém trong bang hé
thong tuin hoan.
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b- Nhém mang dién tich duong:
d®> NGB > & eORz >eNR2
s> s® ; NS PP a8
~{ tang khi d Am dién clia nguyén t6 mang dién tich duong tang.
c- Nhém hydrocacbon khéng no:
Cumc > @ >C=C > C—=C

Cyp > Cy? > Cyp

C=N>C=N>C-N
C=0 > C=N
C=N>C=C>C=C
—I tang tir h¢ lien ket rieng r& < lién ket lien hop < lién két lién.

d- Nhimng nhém c¢6 lién k&t bin cuc:
o]

& S
i b

d- Hi¢u ing —I c6 tinh chat céng tinh:

CF;>CF,; > CF

e- Hi¢u 1ing clia nhém nguyen tir phy thude vio ban chét cla cic nguyen tir tac nén

nhém dé: _
-OCOCH; > —-OH > -OCH;

Céc nhém chic ciing duge phan loai theo nhém hiit electron () va cho electron (+)

so vai hydro, song khong phdi 13 cho v hidt thuc ma chi 12 cdch dé biéu thi d& dang, thuc ra

chi Ia sy khic nhau vé vi tri electron gay ra bdi sy khéc nhau vé 46 am dién giita hydro va
cdc nguyen tir khdc. Hi¢u @ing trudng F chi 13 hitu img so sanh.

Bang 2.1. Hi¢u img / cda mot s6 nhém chite (theo chiéu gidm +/ va ~1)

+ -

0 N'R, COOH OR

€o0" S'R, F COR

CR, N‘H, el SH

CHR, NO, Br SR

CHR SO.R I OH

CH, CN OAr CxCR

D SOLAr COOR Ar
CH,=CH,
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Bang trén cho thay, nhiéu nhém chic 1a hiit electron. Cdc nhém cho electron 13 nhiing
nhém mang dién tich 4m, cdc nguyén tif ¢6 d6 Am dién thdp nhv Si, Mg... va nhém ankyl.
Nhém ankyl duge xem nhu 12 nhém cho electron, nhimg theo d¢ am dién thi d6 am dién cla
H 12 2,176 cdon clia CH; 13 2,472 nén d4ng ra phai I hit electron. Thuc t€, nhém ankyl khi
dinh véi cacbon khong no hay hod trj 3 thi 1a +/ nhung dinh véi cacbon no thi k&t qua khong
13, ¢6 trudng hop duge xem la +1, cé trudng hop khdc 12 /. R4t rd 12 nhém ankyl dinh véi
cacbon Khong no thi ¢é hi¢u Ung cdm ung theo thit ty: bac ba > bac hai > bie nhit > CH;
nhiung khong ludn luén nhu vay khi dinh véi cacbon no. Deutri 1a cho electron so véi hydro.

Hieu ing cAm dng luon ludn bi giam khi tang khodng cdch va trong nhiéu trudng hop
(trir khi nhém +/ va —/ rit manh) gy ra sy khdc nhau nho va chiu inh hudng ciia dung moi.

2.1.3. Ddc tinh ciia hiéu tng I

a- Lyc cia hiéu ting [ tang vé6i sy ting dién tich va gidm khi ting khoang cach. Cic
nhoém the ion tao nén trudng manh hon nén tuong tdc manh hon nhém phén cue, nhém dién
tich dwong hiit electron manh la —f, nhém dién tich am ddy electron 1a +/. Cic nhém th€ ion
¢6 anh hudng manh hon va xa hon:

B = a.efr®
véi e 12 dién tich ion.

Sw truyén anh hudng theo co ché cam tng duge thyc hién qua lién két 6 6 thé giai
thich nhu sau: Ludng cuc ddu tao nén mot ludng cuc £ = |.1/r3, luc nay kich thich lien két
ti€p theo tao nén mét ludng cuc thif hai: p = ap/r3 vdi o 1a d§ phan cuc hod trung binh & lién
ket ti€p do; ludng cuc kich thich nay lai kich thich ti€p lien két sau, nhung yéu hon. Tir d6,
hiu ing / tdt nhanh khi cdch xa nhém thé, thudng sau 3 + 4 lién két tré thanh bang 0.

C6 thé dinh lugng do tinh dién ciia hiéu ing bang cdch dung dinh luart tinh dién. Ning
lugng ty do cuia tuong tdc cdc nhom the ion v6i cde nhém thé khdc (nhu tuong tic jon - ion,
ion - ludng cuc, ludng cyc - ludng cyc) trong moi trudng dién moi D theo phuong trinh:

w. . = 6162 D W = €1, co8c W, = MK, cosa

a b ™ D Dr’

(1 =ion, Ic = ludng cuc)

Diéu khé khan 12 khong biét duge hing s6 dién moi tic dung vi mo ma chi biét hing
s6 dién méi chung, do d6 thuong diing mo hinh va bing thye nghiém riit ra inh hudng ca
nhém ludng cuc khi truyén theo mach y&€u di mot nhan ¢§ 1/f, nghia 1A theo mach cacbon
C-Cp-C3-Cy thi 8 G, 1d 1ff, C3 1a I/, C, 12 1/F khi f tir 2 dén 3. Céc nhém c6 mitc wong
tdc nhd cé thé bd qua.

b- Sy truyén anh hudng qua he lien k&t =« goi 1a /;. Khi nhém thé X dinh & lién
két ngan ciing 1am phan cuc lien két d6 v nhilmg lién két ti€p theo tao nén nhimg dién
tich phan.
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Hieu wng I, khic véi I & wren, 12 tit theo mach chidm hon va gay ra sy thay ddi din
va do 1an dién tich trés cac nguyén tir:

X X
} 5 § 5+
& &
88~ o&*
55* B8~

Hudng cta I, va I5 thudmg nguge din nhau va I, thudng duge xem nhu 1a bao gém
hiéu ung lién hgp hay mesomer.

c- Hiéu tng f trong cdc hop chat thom thudng kem theo hi¢u iing lién hop nén khé phan
biét riéng ré duge. Chang han, khi xét su thay déi tinh axit theo hiéu (ng, ta thdy nhi sau:

C¢H;COOH K,10°=65

p-O,N-C(H,COOH  K,.10° =36 m-O,NC,H,COOH  K,.10° = 35,1
p-C1-C¢H,COOH K,.10°=10,4 m-ClC¢H,COOH K,10°=15
p-CH,0-CqH,COOH  K,.10° = 3,38 m-CH;OC,H,COOH K,.10° = 8,17
p-F-C¢H,COOH K,.10°=17,22

cho thdy m-Cl- axit hon p-Cl—, ca hai 16n hon axit khong thé.
p-F— am dién hon lai y&€u hon p-Cl-, manh hon axit benzoic.
m- va p-nitro manh hon axit benzoic, p- & xa hon lai manh hon m-nitro.
m-metoxy 1am tdng tinh axit nhung p-metoxy hfu nhu y&u hon axit benzoic dén hai lan.
Vi thé & day hi¢u ing 7 bi xen lin v&i hidn ing lién hop nén cé tinh bat thudng dé.
d- Hieu dng / dugc nghién ciru bing cdch so sdnh sy thay déi tinh axit khi ¢6 nhém the:
X-CH,-COOH == X-CH,-COO + H'
Hiéu ng 7 cang 16n, timh axit cang ién, anion cang bén, K, cang 1dn:

CH,CH,COOH K,=134107° CH,OCH,COOH K, =29.4.10"°
CH,=CHCH,COOH K, =4,52.10"" FCH,COOH K, =1250.10""
C¢H;CH,COCH K, =4,88.107° NCCH,COOH K,=356.10""
CH;COOH K,=1,76.10""

Tir d6 niit ra: hiéu tng 7 cia CN > F > CH,0 > C¢Hs > CH,=CH.

Hieu ving / clia cdc trang théi sp2 va sp ciing dugce ddnh gid bang tinh axit clia cdc hgp
chit sau:

CH,;-CH,-COOH pK, =482
CH,=CH-CH,COOH =43
CH=C-CH,-COOH = 3,59

Khi so sdnh momen ludng cuc clia din xudt R—Cl véi cdc R khic nhau:
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p (khi), D u (khi), D

CH,Cl 1,87 CH,CH,CH,Cl 2,10
CH,CH,CI 2,05 CH,(CH,),CH,Cl 2,11
(CH,),CHCI 2,15 CH,(CH,);CH,CI 2,12
(CH,),CCl 2,13

cho thdy, cing mot nhém thé€ Cl, mach cang dai, cang phan nhédnh thi higu ung +/ cing lén
va hiéu tng —/ cia Cl ciing 16n.

Higu iing cia cdc g6c ankyl ciing bi€u hién 5 & tinh axit clia cdc ancol trong trang
thdi khi, & d6 chi c6 anh huéng clia g6c ankyl t6i tinh bén clia anion ankoxy, nghia la dién
tich &m & oxy chi dugc dn dinh bing sy phan cuc cha lien két C—C vd C—H. Tinh axit thay
déi theo thif ty:

(CH3)4COH > (CH5),CHOH > CH,CH,OH > CH;0H > H,0

Néu trong dung dich nuéc, tinh axit thu duge ¢6 thit tr ngroe lai vi ¢é tuong tac cla
anion ankoxy vdi trung tdm axit cia dung moi. Tuong tic niy phu thudc vio hiéu tng lap
thé ciia g6c ankyl. Tinh 6n dinh cda anion metylat bing dung m6i 16n hon,

Tu cac k&t qua trén rit ra hi¢u dng +/ clia cdc gbc ankyl:

CH, < CH;CH, < (CH3),CH < (CH;),C
Hi¢u tng / dugc truyén theo mach lien k&t C-C, gidm theo khodng céch clia mach:

Haf H52 I—[51+ T5* = 5

Voo Fo S 8> 5>

+ 8 > 8,7 > b +
\ H63+\ H62+ \ I-Ial 1 2 3
duge ddnh gid bing tinh axit clia cdc axit sau:
CH,CH,CH,COOH K,10°=15 . CH;CHCICH,COOH  X,.10°=89

CH;CH,CHCICOOH  K,.10°= 1390 CH,CICH,CH,COOH  X,.10°=3,0

Nhimg phuong phdp trén chi diing khi phan tich ham s& nhiét dong hoc cita ion &
trang thdi khi va dung dich.

Phuong phép truc ti€p 1a ding NMR béng d¢ chuyén dich ho4 hoc dé d4nh gid mic do
di¢n tich duong hinh thanh & cacbon do &nh hudng cha nhém thé.

Do chuyén dich hoé hoc clia proton dinh véi cacbon c6 nhém thé trong phé NMR thay
déi nhir sau;

Loai proton 3, ppm Logai proton 3, ppm
RCH,-H 0,9 F-C-H 4+45
R,CH-H 1,3 Cl-C-H 3+4

R;C-H 1.5 Br-C-H 2,5+4
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Loai proton 8, ppm Loai proton 8, ppm

Ar-H 6+8,5 : I-C-H 2+4
=C-H 46+59 HO-C-H 34+ 4
=C-H 2+3 RO-C-H 3.5+4
HOOC-H 2+26 RCOO-C-H 3,7+4,1

Tin hiéu chuyén vé phia trudng y&u hon, hat nhan bi phin chin 16n hon, nghia 1a
electron hod tri bi hiit ra khoi nhan nhiéu hon. Phé NMR ciing cho thdy anh huéng clia
nhém thé trong mach cacbon, ching han, d6 chuyén dich hod hoc (8) trong CH;CH,CH, X:

) G CH,* ------ CH," CH,’
H - 1,12 0,68
Cl 3.25 1,5 0.85
NO, 40 1,78 0,80
NH, 2,58 1,20 0,70

Ngoai ra, hiy so sdnh 46 chuyén dich ho4 hoc trong BCNMR, ching han hi¢u dmg cia
Cl thay d8i trong mach so véi hydrocacbon no:

13,7 22,6 3435 22,6 137 13,6 22,1 29,2 32,7 443
CHy---CHy---CH;—CHy-~CH,  CHy-—-CH,---CHy-—~CH,-CH,
H al

Trong tin hiéu phdé & C,, clo gay ra d6 chuyén dich vé trudng yéu tir 13,7 dén 44,3
ppm, khidc nhau 30,6 ppm goi 13 hi¢u itng «, con & C; c6 sy khdc nhau 10,1 ppm goi 12 hidu
ing B. Hai hi¢u (ing nay déu & trudng y€u, trong d6 hiéu iing o 16n hon B.

Hiéu iing a & C; cia cdc nhém thé khdc nhau clia pentan nhu sau:

F = 70,1 ppm Br = 19,3 ppm NH, = 29,7 ppm
HO = 48,3 ppm NO; = 64,5 ppm
Ciing c6 thé ding tin hidu "*CNMR d6i v6i 1-X-bixyclo[2.2.2]octan:
X G G G G
3 H 23,9 26 26 23,9

CHy, 723 29.3 26,9 24,2
F 924 312 273 24,2
D¢ phan biét hiéu ing 7 vi F, ngudi ta so sdnh tinh axit cla cdc cip axit:

4-X-bixyclo{2.2.2)octan va bixyclo[2.2.1]heptan cacboxylic:

? , COOH [ COCH

X X
va cip axit 1,4-bixcylof2.2.2]octan vi 1,4-cubandicacboxylic:

2
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COOH OOH
.
V4

HOOC HOO

trong ¢ hai trudng hop, khoang céch giita cic nhém the vé s6 lién két 1a déng nhit nhung
truyén anh hudéng mach cacbon khic nhau. Thuc nghiém cho thdy hiéu ing chi yé&u la
truyén qua khong gian (hiéu img F).

Ciing c6 thé ding céc gia tri pK, clia cdc axit sau:

(CH3);N*CH,COOH  (CH3);N*(CH,),COOH  (CH3);N"(CH,):COOH
4

pK, = 2,93 ,16 4,96
(CH3), N? 2 (CHa), NQCOOH (CH3)2:){:>
COOH HOO:
pK,= 2,96 4,22 | 4,69
H;C—N* 5 H3C—|~f+ } Hﬁ-—@com
HoOC” COOH
pKa = 2597 4,35 4!5?

Thue nghiém cho thdy, tinh axit cia B-axit nhé hon a-axit, cdn sy khdc nhau giita cic
- vA y-axit phy thudc vao tinh hinh hoc cla phan tr. Chidu dai gita cdc nhém chitc
(CH;);N" vi COOH trong cdc y-axit déu bing nhau, su phu thuéc pK, vio 1/r (r 1a khoang
cdch giira H axit vd N¥) cho thdy trong y-axit chi xu4t hién hi€u 1ng F, cdn hiéu iing / néu
¢4 ciing rat yéu.

2.2. HIEU UNG LIEN HOP

Hiéu ung lién hop, k¥ hiéu la C (conjugation) hodc ¢é tai liéu dung ky hieu M
(mesomer) hay E (electromer) hodc con goi la hi¢u dng céng hudng R (resonnance), xuit
hién trong nhiing trudng hop khi nhom the c6 lién k&t m, cap electron n hay obitan p tréng ¢c6
ning lugng thap dinh truc ti€p v6i cacbon & trang thai lai hod sp? hay sp hoac cacbon nhan
thom. Trong tai liéu nay diung ky hiéu C goi 1a hiéu ng lién hop.

G day nhém thé va phén cdn lai cla phin tif ¢6 sy xen phi mét phdn obitan p cla
nhém thé (bi chi€m ho#c tréing) v6i obitan = clia phan tir. Nhém the lien ket v6i phin con lai
clia phan tir thudng bang lién két o nhung cdn ¢é sy xen phil phu ciia cdc obitan dé.

Ching han, phan tlf etylen th€ bing nhém th& ¢ kha nang tham gia vio su lien hop
v6i electron n thi s& X4y ra sy chuyén dich electron nhu sau:
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.
an—§loulln, o fla—eutd
TC -

Su chuyén dich electron biéu di&n bing mii tén cong, ddu mii tén 1a electron p hay =
bi chuyén di, cudi miii tén 12 lién k& hay nguyén tir ma electron chuyén téi. O hiéu itng 7 ¢6
stt phan cuc lién két ¢ hay «, con © hién (ing C thi ddm may electron chuyén moét phn vao
ving lién két n canh dé.

Ciing nhu hiéu ving [, hiéu ing C 13 duong n€ue nhém th€ cho clectron vio mach cachon,
ky higu +C, la &m néu nhém thé hiit electron vé phia minh, k¥ hiéu -C.

2.2.1. Hiéu ung +C
a- Nguyén to ¢6 cap electron n:
6>i~.1>6>.15;.15>El>f3.r>.i;6>.s'>'s.e;i\'1>.f;
Hiéu ting +C cang manh khi nguyen tir cing chu k¥ ¢6 dién tich hat nhén cang nhd
(+C giam it trdi sang phai ciia chu ky).

Hiéu fing +C giam khi ting bdn kinh nguyén tir trong nhém (+C giam tir trén xudng
trong mdt nhém nguyén t4).

b- Nguyén to mang dién tich &m:
o
o° > o; 0°> OR >®0Ry; NH, > OR > F; HO > CH,C00°

Hiéu ing +C cla anion 1én hon nguyén tir trung hod, cang 1én néu dién tich hat nhan
cang nho.

2.2.2. Hi¢u iing -C
a- Nhitng nhém khéng no chira nhitng nguyén t6 cé do am dién 1én:
C = 0. NOz, SOZ

Hiéu itng ~C clia nhitng nhém nay cang manh néu nguyén tit ¢é d6 am dién cang 16n
va 16n nhat néu nguyén tr mang dién tich duong:

® ®
C=0>C=N,C=C. C=0 »>C=0; C=N > C=N

b- Hiéu ting —C giam néu nhém thé lién k&t v4i nhém hiit electron, nguge lai ting nén
lién két véi nhém cho electron: '

C=7Z > C=7 C=O>?=O >C=N> C=0
| (o le
Y: Y OR NH, O
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Bang 2.2. Hi¢u img +C va ~C clia mot s6 nhém thé

+C -C
o SR NO, CHO
5 SH CN COR
NR, Br COOH SO,R
NHR I COOR 80,0R
NH, Cl CONH, NO
NHCOR F CONHR Ar
OR R CONR,
CH Ar
OCOR

2.2.3. Pdc diém cia hiéu tng C

a- Hi¢u ing C khong giam theo mach cacbon, chi truyén theo mach lién hop:

CHZ-CEH —CH QH—CHQO

b- Nhimg nhoém c6 lién két giita hai nguyén tir gi6ng nhau thi sy truyén electron theo
hai huéng khéc nhau phu thudc vae nhém bén canh, nhit nhitng nhém:

ComC, N=N, C=C , @

¢- Higu tdng lién hop xuit hién do c6 sy xen phi cla cdc obitan p hay «, do d6 hieu
ting chi c6 khi obitan trong ciing mot mat phang hay géc nhi dién giira chiing khong l6n.
Hiéu tng giam khi tinh song song cla obitan giam:

H N9 ey

k]
H NOz NOZ OZN‘GNHz OzN _N\.CH
HyC

“NO,
pKy=7,14 . pK, *8,24 pKa =93 PKa --47

d- Hi¢u ung C ldn khi cd sy xen phi I6n khi céc obitan c6 thé tich giéng nhau hay gin
giéng nhau, do dé hiéu \ing C gidm tir trén xudng trong nhém bang hé théng tudn hoan.

Néu su truyén electron chi mot phin thi gay ra hi¢n tugng dién tich phdn & nguyeén ti,
con néu truyén hoan todn hay xen phi hodn todn thi tao nén MO goi 1 sv giai toa electron
nhuv da ndi trén.

e- Hiéu img C bi tét khi cich mot nhém cacbon no:

NOZ @— CHz""'N02



Su truyén anh hudng cta loai béo thom c6 thé bi han ch€ bdi nhan 1§ c4u triic, ching

X H H
=
sCetls E— C¢Hs
)

C=C— E CeHs
(D)

han:

H 2

Trong (1) ¢6 su lién hop clia X v6i CO, con trong (2) do tuong tac 14p thé cia H & vi
tri ortho cia benzen va CO 1am cho CO va benzen khong nim trén mot mat phing, su lién
hogp cia X v6i CO bi pha huy.

Nhu vay, ban chit cila su lién hgp 13 tuong tdc clia cdc obitan p hay n & gin nhau,
chdng han, trong phan tir 1,3-butadien va 1,3,5-hexatrien goi 12 lién hop thing con trong axit
acrylic CH,=CH-COOH hay CH,=CHCOO" 1 li¢n hop chéo:

[CH,==CH—CH=CH, == CHy==CH==CH-=CH, ]
[CH,=CH—CH=CH—CH=CH, == CH7y~ CH=*CH=—=CH==CH=-CH, ]

@) - Yo R
o Q-1

Hinh 2.1. Cdu triic obitan lién hgp -z Hinh 2.2, Ciu tric obitan lién hgp chéo

Su xen phu nay lam rit ngdn lién két ¢ Cp2 — C,p2. Lién két ndy c6 mot phdn ban chat
cla lién két m, nghia 1a mot phdn electron n duge giai toa sang viing cla lién k&t o. Néu he
lién hop nay dugce dat trong moi trudng phan cyc thi he s€ duge phan cuc hod cho toan bg hé:

N -
cEC—cLY?
Hieu ting lién I ¢p con dac trung cho nhimg nhém thé ¢o lign két n hay electron p hay

obitan tréng, nhu nguyén tt B, Si hay C* dinh truc ti€p véi nguyén tlr cacbon lai hod spz hay
sp (cacbon chita li4n két d6i, ba hay nhan thom) cha g6c phan tir bing lién két o.

Ching han, nhém thé cé lién két n: C=0 trong phan ti CH,=CH-CHO:
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va phin b8 mat do electron sé 1a:

CHy==Cl==(==0"
R
bi€u thi bing cong thic cong hudng la:
CHZ—CH=C_09 s PP

Nhém C=0 c6 hig¢u dng —C, néi chung nhimg nhém ¢6 lien k&t n déu cé hieu img ~C.
Higu img nay gy ra su giai tod mot phén electron = trong hé,'trong dd mat d¢ electron cla
nh6ém tdng lén cdn cua ndi doi giam di. Hi¢u tng C manh khi hai obitan  ¢6 tinh song song
hay tinh déng phing clia he n-n. Hiéu ing ndy goi la hiéu ting lién hop n-x.

Cspz- Cspi

Hinh 2.3. Cfu triic obitan lién hop ciia acrolein

Né€u nhém th& chita obitan tréng, nhu & C* thi twong tic ciia obitan tréng nay vdi
obitan & manh hon, sy xen phil hoan toan hon, di¢n tich gidi tod hoan toan nén goi 1A sy giai
1od obitan, nghia 12 ¢6 sit lién hop hodn todn nhu d3 néi & trén vé sy giai tod obitan:

. & r )
CH;/=CH-—CH, CHy==CH==CH,

Hinh 2.4. Cau tniic obitan cila cation allyl

Hiéu iing nay ciing 1am gidm noi ning cua he, hidu dng cing 16n, noi ndng cang giam,
he cang bén.
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Néu nhém th€ dinh v6i hé m cé cip electron n s& c6 tuong tic ciia obitan ciia cap
electron n v&i obitan x clia cacbon trong géc. Ching han;

5 &
CH; —0==:CHz==CH,

Hinh 2.5, Cau tric obitan lién hop cia metylvinyl ete

Do sy xen phit nay, lién két o cha nhém thé vGi cacbon cd ban chat ndi doi, nghia 1a
chiéu dai lien két riit ngdn lai vd & d6 c6 x4c suét electron nt do sy chuyén cap electron # vao
viing lién két doi. Nhu vay, cic nhém thé ¢6 cap electron n dinh v6i cacbon lai hod sp® hay
sp chi biéu hién hién ing +C.

Su xen phit cia obitan # vdi obitan ® cang manh né€u dam bao dugc tinh song song cla
hai obitan. Mat khdc, thé tich obitan cang giéng nhau thi mitc 49 xen phi cang 16n, hiéu ing
clia nhém th€ cang manh, do dé obitan # 1a 2p ¢6 hiéu ing lién hgp 16n hon cic obitan khéc.
Mitc dé chuyén electron phu thudc vao d6 am dién cla nguyén t6. Ching han nhv phan tir
anilin:

Hinh 2.6. C4u triic obitan p-x cua anilin

Hiéu ttng lién hop cia nhém thé cd cip electron n goi 13 hidu tng lién hop p-n.

Hi¢u iing lién hop p-r ciing 1dm gidm ndi nang cla phén tir.

Néu he lien hop ciia obitan p clia nhém th€ vdi h¢ cé nhiéu néi doi, dac bidt 1A trong
he thom, kha nang giai tod electron v&i hé cang 16n thi h¢ cang bén.

Néu ding cbns, thifc cong hudng dé biéu thi .hieu ling nay, thudng goi la hidu ing
cong hudng R hay h'éu dng mesomer (M). O day su cOng hudng la sy phan b6 mat 46
electron khdc nhau so véi chdt khong ¢6 cong huéng. Ching han nhu anilin, hai electron cip
doi & N khéng c6 dinn & N nén cdu tric thye khong phai 12 (1) ma 12 lai hod ciia cdc cong
thitc cong huéng dong gép vao nén mat d¢ electron phan b8 rong trong vong:
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[37] 2]
H,

NH, Hz |
S

I nial

™
Sir gidm mat d¢ electron (hay tang) & vi tri nao d6 goi 1a hiéu ing cong hudng hay
mesomer. Va ciing ¢S quan ni¢ém vé cho va hiit electron khi so sinh m4t do electron gilta cic

cong thic cOng hudng v6i khong ¢6 cong hudng nhu trong anilin.

Hi¢u ing cong hudng cling bi kim ham béi lap thé, ching han cdc nhém o- va p-nitro
trong picryl iodua la khdc nhau, khoang cich a 12 1,45 A, b 12 1,35 A cho thdy oxy cia

p-nitro nim trong mat phdng ciia vdng vi cong hudng véi vong nén b ¢é ban chét cita n6i
doi, con oxy clia o-nitro b ép ra khoi tinh phing boi nguyén tir iot thé tich 1én:

I 1
0,N~ \/1)/' 32 NO, 0,N< :'@' _ NO,
I\FO i

P %/N'--..O

Ngay vong benzen ciing bi ép vé tinh phing, nhu trong [S)paraxyclophan c6 vong cdu
ngén (vdng cdu para ngén nhat cia benzen) ép 1am cho vong benzen trd thanh c&u dang
thuyén:

1 .
CH 2 - :
ZKCHz r(CHz)n
8 \
i /: Hy
6 /CHz
CH CH,),

Tuy khong bén nhung phé UV tim thdy vdng vin thom mac ddu vong bi bién dang.
Din xu4t 8,11-diclo clia [5]paraxyclophan 12 chat rén, phd tia X tim thdy cdu dang thuyén
cia benzen v&i mot ddu thuyén di lech mot gée 27° so voi mat phéng va mot ddu 12° nhung
ciing thom theo NMR. [6]para bj uén cong, nhung [7]-paraxyclophan chi bién dang it, con
loai {n,m]paraxyclophan véi » vd m bing 3 hay nhd hon thi vong benzen c6 cfu dang
thuyén.

Mot s6 hop chét khic c6 vong benzen di ra khdi tinh phing nhu coranulen hay
S-circulen (1) va 1,3,5-tris(dietylamino)-2,4,6-irinitrobenzen (2):
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6 }*I(Czﬂs)z
O oy
O‘ (CoHghN N(C2Hs)

NO,
(1) )

2.2.4. Hiéu ifng lién hop cia cic nguyén té chu ky III: S, P, C1

Cac nguyén t6 chu ky III ¢6 thé cho hiéu ¥ng +C hay —C. Hiéu tng +C khi ching sir
dung cap electron n, —C khi chiing tham gia lién hop bing obitan d tréng.

Sy xudt hién +C khong phu thudc don gian vao dién tich hat nhan nhu & chu ky II ma
giam theo thi nr:

RS > Cl > R,P
Kha nang xuat hién hiéu tng +C giam ahu trén 1 do d6 16n s trong obitan lai hod clia

cap eleciron n clia cdc nguyén 18 nay 1n, dac biét 1a & P ho4 tri I11. Bin ch4t lai hod clia cap
clectron n phu thudc vao nhém thé & nguyen tir P.

Theo NMR, ban chdt p (%) clia obitan cla cic electron n nhd nhdt trong photphin va
16n nhat trong triphenylpuhotphin va sy tham gia cilla cip electron # ciing thip, bifu hién
trong moémen luémg cuc:

7% p. %
PH; 19 CgHsPH, 32
CH,PH, 26 (CeHs),PH 40
(CH,),PH 34 (CeHs)sP 55, n=1,22D
(CH;);P 41, p=1,19D

Cic nguyén 13 chu ky III c6 obitan d trdng ¢6 higu tng —C, trong trudng hop nay thi P
c6 —C vugt quéa +C.

Nguyén t6 § c6 +C va —C phu thudc viao ban chit nhém th€ & vi tri lién hop vdi nd.
Chang han:

= Scé +C bin electron # tuong tac véi
CH3S’3©1 Noz g Cﬁp g

x, tuong tac 2p,-3p,,
u = 2,240 (tinh), 4,43D (thyc nghiém)

ﬂ I LY F - FAl
7 VI Scé -C bang tuong tic obitan d tréng véi
CH3S _"D— N(CH3);  Gpitan 7, tuong tic 2p,-3d

W = 2,24D {tinh), 2,82D (thuc nghiém)

Su xudt hién hi¢u ing lién hgp d-p thudng thiy trong mot s& trudng hop gay ra sy thay
d4i tinh axit bat thudng. Ching han loai allyl thé:
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p-(CH3;);Si—-C¢H,COOH K, 10°=1,1

p-(CH;),C~C4H,COOH =0,7
con (CH,);SiCH,COOH =0,6
sec-C4Hy—CH,COOH =1,72

tuy d6 am di¢n cta C (2,5) Ién hon Si (1,8).
2.2.5. Su truyén anh hudng cla hiéu ing C

Hi¢u tng / 1am phan cyc lién két o tét nhanh v&i Khodng cdch, thuéng mat tdc dung
sau 3 dén 4 lién keét, con hiéu tng C néu nhu khéng do obitan tréng hay nguyén tir ¢6 chia
dién tich am tham gia lién hop thi hiéu tng C ciing tit sau ba lién két.

Thudng hi¢u ¥ng C xuit hien dong thei v6i hi¢u tng 7 qua su két hop: + va +C, -1 va
-?C, + vd —C hoac - va +C,

Khi mot nhém the vira c6 higu Gng f va C ciing d4u thi hieu tng 1a t6éng cda hai hidu
\tng, con khdc ddu nhau thi bil trir nhau, nhu trudng hop sau:

e ‘[:.Z\ A
Cl--—(l:H (EH*—(;H-‘—(EPH-(;PR——(%Hz

thi su chuyén electron n cia Cl sang lién k&t C1-C gay ra su chuyén electron = ciia C,-C,
sang C, vd C,—C;. Sut chuyén niy gay ra su chuyén electron 7 & C,-C4 sang C, va lién két
C4=Cs... Nhu vay, dién tich nguyen tit C;, C;, Cs khong thay déi vi lién hgp nhung chiing
mang dién tich duong va Cl ¢6 ~I. Nguyén tir C,, C,, Cg mang dién tich am do lién hop. Vi
—I cta C1 16n hon +C nén céc nguyen tir déu mang dién tich duong, nhung C;, C4 nhod hon
C,, C,.

Néu nhém the dinh vao nhan thom ciing gay ra sy luan phién dién tich trong nhéan, néu X
12 +C thi lien két X—C 1a lien ket doi mot phdn, tang bic ciia lien két C,—Cy; C, C, mang

dién tich am.
2O

J day ciing cén chi ¥ 16i sy déng g6p 16n cla hi¢u ding /.

Khi trong phan tir c6 hai nhém thé trong h¢ lien hgp, néu ¢6 hai hiéu tng khéc dsu thi
hiéu ing méi nhém tang lén, con ciing d4u thi gidm. Sy tang hidu fing clia hai nhém the c6
hiéu tng khdc nhau vé hudng s& 1am ting manh mémen ludng cue so vdi tinh todn khong
tinh dé€n anh hudng nay. Hiéu L’fng lien hgp cdc nhém th€ cang 16n thi hiéu wng clia mdi
nhém trong ching xuét hi¢n manh hon. Hiéu tng —-C cla nguyén tir c6 obitan tréng, néi
riéng cacbocation, xuft hién 16n nhit, nhdm th€ +C dinh v&i cacbocation xuit hién manh
lam cho cacbocation rat bén.
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Khi ¢6 hai nhém th€ c6 cing loai nguyen tit ¢ cip electron » lién hop véi he lien ket
ngén thi ¢6 sy chia d6i hiéu ing nay.

D¢ dénh gid hiéu dng electron, ngudi ta ding NMR, nhat 1a hop chét thom, trong dé
d¢ chuyén dich hod hoc ¢6 su phu thude vio hiéu iing electron & vi tri para, phdn ndo & v tri
meta, cdn & vi tri ortho thi nhan t¢ khic déng vai trd quan trong hon, d6 1a tinh bat ding
hudng tir, lam cho viéc tinh todn rit khé khin.

Higu tng electron cdn phu thudc vio dung méi, ching han, do tao lien két hydro hodc
tao ion... va ciing lam thay ddi cdc tin hieu NMR.

2.3. HIEU UNG SIEU LIEN HOP

Khi nghién céu anh hudng cia nhém ankyl dén dong hoc tuong tde cta p-ankyl-
benzylbromua véi pyridin:

® )
R—@—CHzBr +CsHN = R-@—CHchsHs Bf

ngudi ta thay ring, phan ing xdy ra nhanh nh4t khi R 1a CH,, cham nh4t khi R 13 C(CH;),.
Anh hudng nay tuan theo thit ty sau:

CH; > CH,CH, > is0-C3H; > tert-C,Hy > H
nghia 1a nguge voi hiéu tng 1.
Hiéu wng nay goi la hiéu Gng Baker-Nathan.
Baker Nathan giai thich ring, cdc dang coOng hudng siéu lién hop déng gép vio cdu
tric thyc clia phan tir nhu phin i toluen:
i
Hwc—H ©®

H®
H——hj—-H

céc nhém ankyl khdc c¢6 hi¢u éng sieu lien hop gidm vi s6 lien két C-H gidm va tert-butyl
khong c6 lien két nao nén hieu ing 16n nh4t 13 CH; va nhd nhat 1a tert-butyl.,
Hi¢u ting nay ciing xuét hi¢n trong hop chit cé cacbon lién két véi hydro dinh véi

cacbon khong no hay khong chdt ddy, ¢6 cdc cau tric cong hudng v6i cdu tric khong cé lién
két giita cacbon va hydro:

H R H R
R.....(I:-—C-_-:CRZ -—m» R— C‘;C —CR,
H
H

Hiéu @ng trong cong thic trén cé sy chuyén electron ciia lien k&t C-H t6i C. Hiéu {ng
dugc xem nhur 12 sy Xen phu cia ob1tan g clia lien k&€t C-H v6i obitan = tweng tu nhr xen
phu 7-7. ' '
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Hi¢u tng nay ciing quan sét thdy khi nghién cifu hing s& phan ly axit p-ankylbenzoic.

Hiéu (ng siéu li¢n hop bit ngudn tir tinh bét thudmg cho electron ciia géc ankyl, vi néu
chi ¢6 hi¢u (ng cim émng, thit nr cho electron cia nhém ankyl don gian lién két véi cacbon
khong no 1a rert-butyl > isopropyl > etyl > metyl va thi tr ndy quan st th&y trong moét s6
hien tugng nhu moémen ludng cyc cha toluem, etylbenzen, isopropylbenzen, fert-
butylbenzen trong pha khi twong émg 12 0,37, 0,58, 0,65 va 0,70D.

Theo Mulliken va Wieland thi electron o ciia céc lien két C-H duéi anh huéng phan
cyc in cia dién tich duong hinh thanh trong trang thdi chuyén & nguyén tir C ¢6 kha ning
giai toa:

+ H\ CH," -l-I--H+ =<:>=CH2 -
:ié}-@lcnz ?—( >— 2 1:7

Su chuyén electron cia electron o nay goi 12 hieu tng siéu lién hop, k¥ hiéu la H
(hyperconjugation). S6 nguyén tir hay s6 lien két C~H cing 16n, hiéu \ing cang 18n.

D€ giai thich hién tugng trén, Shuber lai cho ring sy khic nhau trong hiéu ing nay I
do sy khdc nhau vé nang lugng sovat ho4, dién tich duong hinh thanh trong qué trinh phan
ing & nguyeén 6t C para clia nhan benzen lam thay ddi t6c 4o phan dng. Thé tich g6c ankyl
cang nhd, tuong tic solvat cang I6n, su gidi toi dién tich 16n nén t6c d6 phan ng 16n.

H;C 7= 5
5+ 3
Hscj‘@j CH, --CI* HLO ?Q“_‘ ch, -
3
H;(-l

Sol Sol

Hi¢u mg Baker- Nathan 4p dung trong dung dich, cé thi ty nguge véi trong pha khi
va cfu tnic khong thay déi trong pha khi va trong dung dich, nén cho ring thi tu Baker
Nathan trong trudng hop ndy gay ra khong phii do cau tric ma do dung méi. Mdi nhém
ankyl bi solvat hoa khéc nhau.

Ap dung hiéu tmg Baker-Nathan vio nghién cu sy thay d6i momen ludmg cuc cia
andehit va nitrin cho thdy, mémen chi phy thudc vao hiéu ing /:

CH,CHO 2,40D CH,CH,CHO 2,54D (CH;),CHCHO 2,56D

CH,CN 3,51 CH,CH,CN  3,56D (CH,),CHCN 361D

Ciing nhv nhiét hydro hod etylen th€ so véi etylen déu khong thay dé6i:
CH,CH=CH, 30,3 kcal/mol CH,CH,CH=CH, 30,1 kcal/mol
(CH;);CCH=CH, 30,2 kcal/mol (CH4),CHCH=CH, 30,2 kcal/mo}

chitng 16 hi¢u \ing A chi xut hien & trang théi dong, & trang thdi tinh thi hieu ng H rat nhd
hay khong xudt hién. Hi¢u Ung si¢u lien hop ndy quan trong trong cdc ti€u phan cacbocation
vd g6c vi nhimg phan tir & trang thdi kich thich. Trong cdc phan t&r trung hod Muller va
Mulliken goi hiéu tng ndy la sieu lién hop “hién 1€ (sacrificial hyperconjugation), cic dang
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cong hudng khong chi khong c6 cong hudng vé lién két ma ciing khong c6 phan chia dién
tich nhu & dang chinh. Cic cacbocation va géc, cdc dang cdng hudng khong cé phdn chia
nhiéu dién tich hon so véi dang chinh, Muller va Mulliken goi 1a siéu lién hgp déng hod tri
(isocovalent hyperconjugation).

i i
I I@ H—C= > V.V
R °n
oo il

H_?_C. - H—.C=? - V.V...
LF }li H H

nhu vay dang chinh déng g6p vao lai hod nhiéu hon cdc dang khéc.

Theo Mulliken, nhém metyl cla toluen ¢ cdu trnic tif dién thuong la sp’ véi céc lién
két o chéng lén obitan p ciia cacbon lai hod sp?, néu p phing c6 thé xen phii v6i o 1am gidm
nang lugng phan tir khoang 1,5 kcal/mol so véi sp’ thudn tuy.

Tir d6 theo phuong phép MO, su 6n dinh & day dugc thuc hién bing hiéu ing H, nghia

Ia do sur xen phil hay giai tod ctia cdc obitan lién két C-H véi cdc obitan tréng ma c6 thé mo
ta nhu sau:

Hinh 2.7. C4u triic obitan cua lién hop o-p

D6i vé6i hop chat perfloankan c6 mot s6 tinh ch4t dac biét vé do dai lién két va ning luong:

H,C-F F;C-F
/=0,13 nm 1=0,132 nm
E = 107 kcal/mol E = 116 kcal/mol

Hién tuong ndy trdi v6i hiéu ing -/ va +C cuia F nhu di néi trén. Ngudi ta cho ring, ¢
day c6 su tuong tic phu tinh dién cia nhitng dién tich hinh thanh trong phan tir. Theo
Pauling, hop chét perflo ¢6 cic cdu triic t6i han:

F o o
o - P - B Sl s
F F ’
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ma theo quan diém cong huémg, cic cfu triic ¢6 khic nhau vé nang lugng cang lén thi céu
triic ciia hop chat tao thanh cang c6 nang lugng cao. Diéu nay di giai thich dugc tinh bén
cao va huéng phan \ing cong va thé clia hgp chat perflo.

Khi so sanh momen ludng cuc:

CH;-CF; p=232D; CeH—CF; p=2,61D

chitng to c6 sy chuyén manh electron vé phia nhém thé. _

Dé giai thich 4nh hudng clia nhém the perfloankyl, ngudi ta dua ra khai niém vé sy
lién hop ciia F 12 sy siéu lién hop nguge (-H) cha F. Sy siéu lien hop nguoc bidu thi su
chuyén electron theo huéng ngugc véi s lién hop cila H:

H® '
B _ 5]
H—C— c®<:‘ <> H—c=c hay =

H w ™
F FO F

S e
F>C—C{ == p—c=cg hy F—cER

~ ™~
F o F™  (H)

Hi¢u ing ndy ciing chi xu4t hién & trang thdi dong, nghia 1A trong cdc qué trinh ho4 hoc.

Téng hgp cdc hiéu tng trén d6i véi moét nhém the cg hie;‘,li tng chung, ¢é thé goi 13
hi¢u tng phin cuc P hay hiéu ing dién (electrical effect) bao gdm céc hiéu d¥ng sau:

Déi v6i h¢ no: higu tmg phan cyc P =/ (/5 + F);

D6i vSi he khong no: hiéuing phancuc P =1 (I5 + I, + C.

Hi¢u ting H thudng ding trong nhing ti€u phén chifa dién cich nhur 12 tifu phan trung
gian ctia c4c phin ymg hitu co. |

Theo quan di€m thuyét MO, tit c4c cdc higu tng nhém thé c6 thé nhu la sw kich thich
cdc MO do tuong tdc giita cdc nhém the véi obitan phan tir. Tuong téc d6 thudn tuy tinh dién
nhu hiéu ing /, hoac bing cich xen phit cdc obitan hoic chuyén dich obitan ctia nhém the
v6i phén con lai clia phan tir nhr hiéu éng lién hop C, cho nén cé cic twong tac lién hgp nm,
on, 60, dn... Didu kién cén cho su lién hop 13 tinh hinh hoc clia ¢4c obitan.

Ngodi cdc hiéu tng trén, cdn chi ¥ 16i hiéu Gng phan cuc tre ti€p bing su chuyén
obitan cia lién k&t n v€ phia nguyén tir 4m dién hon.

D6i v6i nhém the, chi c6 thé ddnh gid chung hieu tng phan cuc nhu trén, khé cé thé
phén tich thanh nhimg phin hi€u ng rieng. Ching han, nhém CHO c6 hiéu ung C khi dinh
v6i cacbon khéng no, con hiéu ing 7 khi dinh véi cacbon no thi cé thé phan biét duge con
nhu trong p-metoxybenzoic axit thi ca hai hi¢u vng déu ddng k&, hiéu tng / di qua khong
gian hay dung méi hay bing lién két o, cdn hiéu ting C bing electron .

Ciing can nh&n manh 14 hi¢u Gng cOng hudng hay cam Img c6 electron déng vai trd
cho hay nhan chi 1a d€ tién ding, chi 12 su phan b6 mat dé electron khi ¢6 nhém the d6 va
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quan trong la so sdnh sir phan bd mat do electron clia nhdém da cho dén trang thdi chuyén va

phan ur chua phan vng. Ching han, phin (tng thuy phan kiém clia amit thom ¢6 giai doan

quyét dinh t6c d6 1a sy tin cong ca ion hydroxit:
$—

OH OH
' I
Ar—C—NH, *HO" — Ar —C: ~NH; — Al‘—(l:— NH,
I ! o
o) 5.0 e
(D @ 3)

Chat ban ddu (1) di qua thai chuyén (2) va chdt trung gian (3), mat d6 electron & nhém
cacbonyl tang. Néu nhém th€ & vong benzen ¢6 -/ hay —C thi cdéc nhém ndy lam giam néng
luong tu do cla trang thai chuyén (2) (do gidi toa dién tich 4m) nhung ¢6 hiéu g thap hon
& chat ban ddu (1). G clia trang thdi chuyén thdp hon nhung khong 16n d6i véi chat ban ddu
(1), AG* giam va t6c d6 phan tng tang. N€u nhém th€ 1a +7 hay +C thi giam t6c d6 phan (ng
con nhém thé vira ¢é —f va +C thi khOng phai ldc nao ciing tién dodn chéc chin duoc.

2.4, HIEU UNG LAP THE

T6c do phan iing c6 lién quan tdi hiéu ing electron nhung trong nhiéu phan Ung xay
ra cham hon hay nhanh hon khong dua trén co s& hiéu ting electron. Trong céc trudmg hgp
nay thudng tim thiy sy anh huéng ciia hi¢u ing l1ap thé dén t6c d6 phén iing.

Chéng han trong phan tng Sy2 ancol phan anky! halogenua RBr bing etanol, t6c do
thay d6i nhu sau:

R= CHy; CH;CH, CH,;CH,CH, (CH;),CHCH, (CH,);CCH,
vg= 176 1 0,28 0,030 4,2.10°

Céc phan tng déu 1a din xuit bac nhit, cing mot nhém di ra Br nhung t8c do khic
nhau la do su phan nhdnh & cacbon B, su khdc nhan vé hiéu ing cdm ng hay hiéu ling
truomg rdt nho. Tir k€t qua trén cho thdy, 16c 49 gidm tir g6c mety] 16i neopentyl theo chidu
tang d¢ phan nhdnh ¢ cacbon f. Phan iing xay ra bing sy tan cong cha tdc nhan nucleophin
vao phia sau cua brom, goi la sy t4n cong sau. Su gidm 16n t6c do 12 do sy khé khan lap thé
clia cic nhém ankyl thé tich 16n hon dd chén sy t4n cong clia nucleophin, ¢ khi goi 13 hiéu
ting chin B. N&u cdc nhém th€ 16n & cacbon a ciing 1dm cham phan (ng Sy2 & trén goi 1a
hiéu fmg chan a.

Hi¢u vng lap thé ndy ciing thdy trong phin \ing este hod cia axit benzoic the 2,6 ma
hi¢u {ing cong hudng hay hi¢u ¥ng ciAm ng giSng nhau & vj tri 2 va 6, nhung phan tng the &
vi tri 2 khé khan hon do sy chin nhém thé, thudng goi 1a hiéu \ing ortho. Tuong ty este ciia
axit benzoic thé 2,6 ciing khé thuy phan hon este thudng.

Tuy nhién hi¢u ng I1ap thé khéng chi 1am gidm t6c d6 nhur trong phin ing thuy phin
ankyl halogenua theo Sy/, t6c d¢ thay déi nhu sau:
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RX= (CH3);CCt (CH;),CCICH,CH; CH;CCI(CH,CH3),  (CH3CH,),CCl
U= 0,033 0,055 0,086 0,099

O day phan ing di qua chit trung gian cacbocation & giai doan quyét dinh t6c 46 la
ion hod ciia RX:

R;C-Cl — R;C'+CI”

Trung tam phan iing c6 su thay déi trang thdi lai ho4 tir sp° sang sp, c6 su thay déi
goc tr 109,5 t6i 120°. Su chuyén trang théi lai hod lam giam sitc cang cho phan tir. Néu cdc
gdc bac ba va ba nhém thé 16n gay ra mot sitc cang ddy 14n nhau & cacbon 3p3 phan tf ban
ddu, thi s& gidm di khi chuyén sang trang thii spz, do d6 lam ting sy jon hod ankyl
halogenua va tang t6¢ d0. Sitc cang ndy goi 1A stic cang B (back strain). Phan ng & day xay
ra theo chifu giam siic cang B.

Trong cic hop chit vong, phdn ing phu thude vao sitc cdng cha vong, goi la sife cang /
(sdc cang nodi - internal strain). Loai sic cang ndy gy ra bdi su thay d8i trang thii lai hod
cita cacbon trong vdng tr 1 dién sang tam gidc hay nguge lai. Ching han, phan ng thuy
phan 1-clo-1-metylxyclopentan trong etanol 80% & 25°C nhanh hon tert-butylclorua dén
43,7 14n, di€u ndy c6 lién quan t6i sic cing che khudt cita vong xyclopentan, trong khi dé
hop chit vong xyclohexyl twong ing lai ¢6 t6c d6 thuy phan chi bang 1/3 t6¢c d6 cia tert-

butylclorua:
CH;, CH;
e (O OfF

Uy = 1,0 437 0,35

Tuy nhien, vdng xyclohexy! khong c6 sic cang che khust nhu trong xyclopentyl nén &
day t6c d9 giam thuc t€ chua 18, nhung c6 thé do sy thay déi tir cacbon lai hod tam gidc sang
tif dién,

Hi¢u ing cdu dang ciing dnh hudng nhiéu dén hoat tinh clia chét. Nhiéu phan tng chi xay
ra & cdu dang thich hgp. Chéng han nhu phan tng chuyén vi ciia N-benzoyinorephedrin sau:

cr

CgH;CONH._ CH,4 H,N® _CH; CgH;CONH-_H

H _Ha  CgHsCOO HO H,
cgHy ~H cgHy °H CeHy H

A B

Hai d6ng phan A va B la hai d6ng phan dia clia nhay, c6 kha nang phan tng khic
nhau khi tdc dung véi HCl trong ancol. Phan ing xay ra khi nito & gin ké véi oxy nhung mot
déng phan c6 phan (ing chuyén tir nito t6i oxy con déng phan khdc thi khong. Déng phan A
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€6 ciu dang mi nhém metyl va phenyl 12 anti v6i nhau l1a vi tri thich hgp cho chuyén vi,
trong khi d6 déng phan B d€ c6 nito ké v6i oxy thi cfu dang lai ¢6 nhém metyl va phenyl
ciing & vi tri ké v6i nhau 12 khong thich hop va phan #ng & day khong xay ra.

Hiéu tng c4u dang gap nhiéu trong cdc hop chat ¢6 c4u tric cling nhu trong céc steroit
tuy ¢6 cing nhém chidic nhung cAu dang khdc nhau, thudmg goi 12 su bién dbi ciu dang
{conformational transmission). Ching han nhy cholest-6-en-3-on (C) phan ting véi benzandehit
nhanh hon ergost-7-en-3-on (D) dén 15 l4n:

Tuy phan iing & hai hop chét déu 1a cha nhém cacbonyl, g6c hydrocacbon & C,7 khong
dnh huéng dén phan ¥ng nhung t6c d¢ tang do chuyén lién két d6i & cacbon 7 sang cacbon 6
gy ra sy thay d6i cfu dang ctia nhém cacbonyl.

Loai hiéu t¢ng 14p thé nay ciing gip nhiéu trong phin img cong electrophin Ag
(chuong 9) vao lién k&t d6i ciing nhu phan dng tich E (chwong 8), va nhiéu phan ting khéc
nhau cia nhém th€ axial va equatorial trong hgp chit vong, ciing duge trinh by nhiéu &
chuong hoé hoc 1ap thé vA céc chuong phan ting cu thé & sau,

2.5. QUY LUAT ANH HUGNG CUA NHOM THE

Dé dénh gi4 kha ning cda nhém the trong cic phan ing, ngudi ta ding phuong trinh
bin dinh lugng Hammett:

Db s = Lo o
A

rp

Igky =saxrfp, v4i s 1a dnh hudng ciia nhém the X, « 14 d¢ nhay biéu hién co
ché truyén &nh hudng electron va d0 nhay clia trung 14m phan
Ung vdi anh hudng electron, r 13 anh hudmg cha tdc nhan véi
d¢ nhay 8.

Igky = sg.0 x rp.B

lgky — Igky =1g (kx/ko) =r.B(sx—sp) o v6i X=Hthisz=0
Dat s.a = o va r. = p, ta c¢6 phwong trinh Igky = p.c + Igk,
hay: Ig (kx/ko) = p.o
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~ Diéu ki¢n dé c6 phuong trinh nay 12 & 12 hing s6 t6c do hay can bing, inh hudng clia
nhém thé H 1a oy = 0, sy phan ly ctia axit benzoic & 25°C ¢6 p = 1. Phuong trinh trén goi la
phuong trinh Hammett.

P Ia thong s¢ cha phan tng goi 12 hing s6 phin img v6i dau duong néu dién tich
duong & trung tam phdn tng tang len, 12 ddu hiu dac trung cho phan ing thé nucleophin,
nguoc lai, p 13 am lam tang dién tich am & rung tAm phén @ng, 12 dou hi¢u dac trung cho
phan (ing th€ electrophin. Gi4 tri tuyét d6i [p| nhd néu tdc nhan 6 kha nang phan iing cao vi
161 néu tdc nhan c6 kha ning phin ing thap.

¢ dic trung cho d¢ nhay ciia hiéu ting electron clia nhém th€ goi 1a hing s6 nhém the.
o duong néu nhém th¢ lam tang di¢n tich dwong & trung tam phan iing, dac trung cho nhém
thé ~/, —C v 4m néu nhém the lam tang dién tich 4m & trung tdm phdn iing, dac trung cho
nhém th& +7, +C.

Hang s6 nhém thé va hing s6 phan tmg khong hoan toan déc 1ap véi nhau, khong bao
gio tach riéng nhau, hang s6 nhém thé anh hudng d&€n d6 nhay B, cdn hing s6 phan ing Anh
hudng d€n do nhay «a.

Néu tdc nhan rdt hoat dong, khong doi hoi dnh hudng cfia nhém thé thi [p| nho, nguge
lai s& 16n, cho nén c6 thé néi p 1a mic d6 do nhu cdu electron clia phan tng.

Phudng trinh chi 12 ban dinh lugng, chi st phu thu6e tuyén tinh gifta anh hudng cla o
cua nhém th€ va logarit cia ty 1é 8¢ d¢ hay can bing clia chit ¢6 nhém the véi chit ban diu
co H.

Phuong trinh H-mmett con 4 su lién quan tuyén tinh clia nhém the véi ning luong tu
do hay nang lugng hoat ho4, nén cdn goi 12 sy twong quan tuyén tinh cla ning lugng tu do
(LFER). |

Gid tri nang lugng ty do AG lién quan t6i sy thay d6i cdu tric ciia chat phan tng, d6i
v0i mot diy phin ng nay phu thudc vio gid tri nang luong tu do AGy cua diy phan tng
khic ¢ ciing thong s6.

D6i v6i phan ing khi X 12 nhém bat ki: AG = —RTInkK
va khong ¢é nhém the: AGy = -RTInkK,,

1

-1 -
1g(K/Ky) hay lg(klko) = — e (AG — AG) = — 1 AAG
g(K/Ko) hay lglkiko) = 2= € V= 230K

véi AG va AG, 1 st khéc nhau giifa téng ning lugng ty do cda san phdm phan tmg vi trang
thdi chuyén, v6i nang lugng tu do ciia chit ban ddu thé va khéng the. AAG 13 sy khdc nhau
vé ning luong ty do cha phin ing (hay niang lugng hoat ho4) clia hop chit the va khong thé,
nghia 1 hiéu ¥ng anh hudng clia nhém thé bing don vi ning lugng tr do.

So v6i phuong trinh Hammett: 1gK — 1gK,, = p.c nén:

1g(K/Ky) = p.o = mil——-—AAG hay -AG = p.o. 2,303.RT - AG,

110



Do d6 phuong trinh Hammett c6 thé ding dé phan tich m6i twong quan cia tat ci
nhimg tinh chat cé lién quan 16i ning lugng tu do nhu nhimg di liéu cia IR, NMR, UV,
quang phé khéi, cyc phé, mémen ludng cuc va ngay ca mat do electron.

2.5.1. Hingsé o
Hing s6 o biéu thi nh hudng electron chung clia nhém thé, ¢6 gid tri bing 1dng céc
hi¢u dng electron, phu thudc vao ban chét va vi tri cha nhém thé trong nhan thom.
Hing s6 ¢ ciing nhu phuong trinh Hammett x4c dinh theo hing s& phan ly cia axit nén:
ox = lglk XCgH4COO0H / Kcﬁﬂscoon) = —pKyxy + PKay
& diéu kién 25°C va dung méi 13 nudec.

Néu nhém the cho electron +/ va +C 1am ting mat 40 electron & trung tdm phén (ng
thi o ¢6 ddu &m (kx < kp), ngugce lai nhém th€ -7, —C thi o ¢6 d4u duong (ky > kg). D4u clia
6 ngugc v6i d4u cia hi¢u \ing nhém the, con gid tri tuyét d6i o] dic trung cho mirc dé inh
hudng cita nhém th€, gid tri 16n thl dnh hudng electron 16n. :

P6i v6i hgp chat thom, anh hudng cha nhém thé€ & céc vi trd o-, m- va p- khic nhau
‘nén cdn phén biét o,, va o, (5, khong tuyén tinh).

Bang 2.3. Gid tri o, vA o, clia nhém thé

Nhom thé Cn o, Nhom thé On o,

CH, 0,07 0,17 F 0,34 0,06
C,H; -0,07 -0,15 ci 0,37 0,23
C(CHa)s ~0,01 -0,20 Br 0,30 0,23
CH(CH,), - -0,15 I 0,35 0,18
N(CH,), ~0,63 -0,83 CHO 10,36 0,44
H 0 0 CN 0,56 0,66
OH 0,12 027 NO, 0,71 0,78
OCH, 0,12 -027 N*(CHa)s 0,88 0,82
CeHs 0,06 0,01 SHCH); - 0,07
COOH 0,37 0,45 SCH, 0,15 0,00
CF, 0,45 0,54 $*(CHy), 1,0 0,90
NH, 0,09 0,57 o 0,47 0,81
N, 1,65 1,93 N=NC¢Hs§ 0,28 0,34
co0" 0,02 0,05 COOR 0,35 0,44
COCH 0,36 0,47 S0,CH, 0,64 0,73

Néu nhu nhém thé truyén dnh hudng chi bing hi¢u dng / t6i trung tAm phan ¥ng nhu
trudng hop axit phenylaxetic th€ thi diing hing s6 o°:

111



Nhom thé NH, CH,0 CH, cl NO,

Crm0 -0,134 +0,118 ~0,076 +0,385 +0,816

a,’ -0,371  -0,141 -0,138 +0,267 +0,895

Néu & nhan cé nhém thé ¢é hiéu tng —C hay +C manh gay ra su ting manh tinh axit
hon so véi o thm‘mg nhu cdc trudng hop:

T\ P
N—Q— ) NH, + H*
o
Limm n N @C@Q‘a +H' g

{Sol = dung mdi)

Il

thi ding hing s6 ¢ vac™.

V§i nh6ém th€ ~C manh, 67, con goi 12 hing s6 nucleophin, o= duong hon o-, o™ tring
vdi ¢~ khi & vi tr{ m- hay p- khong cé hi¢u tng —C manh:

Nhém thé NO, CHO . CN COCH,
cp” +1,27 +1,03 +0,88 +0,84
Gp +0,78 +0,43 +0,60 +0,50

V6i rhém the +C manh, lién hop tryc ti€p véi trung tAm phéan ing (thudng 12 obitan
trong) diing hing s6 o™ goi 12 hing s electrophin hay hing s§ Brown:

CH3 cham CH, FH3 .
X— CH—C— 1 = X—cH- o +Cr nm X—CsHe— (—OH +H
\CI'{3 H3 CH3

Bang 2.4. Hing s6 ¢’ clia mot s6 nhém the .

Nhom thé G o, Nhom thé O o,
CH, -0,066 -0,311 CHO 0,047 -0,778
C(CH,), -(,059 -0,256 N{CH,), -1.7 -
CF, 0,502 -0,612 F 0,352 -0,073
NO, 0,674 0,790 & 0,158 0,614
SCH, 0,158 ~0,6 0N -1,15 —4,27
NH, -0,16 -13 OH - -0,82
OCH;, 0,05 ~-0,78 CeHs 0 -0,18
Co0~ ~-0,10 -0,41 Br 0.41 0,15
N=NCzHs - 0,17 I 0,36 0,14
COOH 0,32 0,42 COOR 0,37 0,48
CN 0,56 0,66 NO, 0,73 0,79
N'(CH;) 0,36 0,41 N," - 1,88
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Gid tri tuyet d6i clia 6" néi chung 16n hon ciia o (khong phai 4t ca).
Phuong trinh chung vin 13: 1g (k/ky) = po™ va lg (kiky) = po~
Roberto va Moriland khi xdc dinh hing s6 nhém thé trong hop chét vong axit
4-bixyclo[2. 2. 2]Joctacacboxylic, & day chi xuat hién hiéu wng 7, da ding o’ thay cho o:
lg (kfkp) = p.o’
Thye chit ¢” cling do anh hudng clia hiéu tng / nén tring véi o'
Taft khi nghien cttu hgp chat no chi ¢6 hi¢u tng 7 diing phuong trinh:
Ig (klko) = p.c”
G goi 12 hing s& Taft.
Tuong quan giita 6’ va & nhu sau:
g = 0,45.UEH2R
DéE xdc dinh o*, diing hing 56 thuy phan kiém va axit cla este axit no véi cde nhém
thé khdc nhau & vi tri « theo phuong trinh:

* 1
0" = 5g e (koo g (Klko)y]

& day phuong trinh Taft 18y ¢~ ciia CHj = 0 (khdc Hammeti 14y o cia H = 0, cdn o ciia
H =+0,49.
Gid tri o c6 thé xdc dinh bing NMR cita '°F ciia flobenzen thé, cho thdy su tuong
quan t6t gilta &’ va G ;
Thyc nghiém cho thdy sy tuong quan véi hing s6 o*:
' =045.00u,p =(0,45/2.8)0) =0,160%

Gid tri 1/2,8 12 nhan 16 1am y&u hiéu vng / khi dua vao mot nhém CH,, ¢” clia CH,R
d6i véi XCH,CH,COOH, con oy d6i v6i hop chét XCH,COOH. Phuong trinh Taft coi o
dugc ding cho axit béo nhung khéng ding khi ¢6 anh hudng ciia hiéu tng lap thé va anh
hudng cha nhém thé ké.

Nhémthé: CH; CHs CgHs iso-C3H; fert-C;Hy, H  OCH, €I CN

o 0 -0,1 +0,6 -0,19 -0,30 +0,49 +145 29 236

Hing s6 o 12 t6 hop clia hieu tng 7 va C, 1a t6 hop tuyén tinh cla hai hieu tng d6. Taft
da tdch hai thanh phan khi thira nhan ring hai hiéu ing tic dung doc 1ap vdi nhau:

o=0+o°

dong thoi thira nhan réng hiéu tng 7 déng nhat & hai vi tri para va meta. Trong d6 o' = o”
d6i v6i vi tri para, nshia 1a dénh gid d6ng déu khodng cich giita nhém COOH & vi tri 4
trong benzen véi vi tri 4 trong axit bixyclo[2.2.2]octacacboxylic.

Thyc t€, nhém the para & xa hon meta song ¢6 hudng ludng cuc thuln lgi hon vj tri
meta (180" so v6i 657) nén thudng vi trf para tdc dung manh hon mét it so véi mera:
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I
o, = 1150},

Vinhém thé meta xudt hién hiéu ing C khong 16n nén cé thé viéu
Om = o' —a.c¢
Gid trj lya chon « 1a: o = (o, ~ al) /(o — o'y c6 gid tri tir 0,1 + 0,6. Diing phuong
phdp théng ké xdc dinh « = 0,33 d6i véi ddy phan ing Hammett binh thudng, con véi day
ding ¢” vd ¢~ thi a = 0,1, nghia 1a hiéu ing C truyén anh hudng & vi tri mera y&u hon & vi
tri para dén ba lan. Taft dua ra cdc gid tri:

Nhémthé NH, CH;O0 CHs0 F € Br CHy; NO, CF,

c! 0,1 0,25 0,38 0,50 0,47 045 -0,05 063 041

a© -0,7% -0,50 -0,41 -0,44 -0,28 0,22 -0,18 +0,15 +0,14
Swain va Lupton phan tich ra o' va ¢° theo phuong trinh:
o=fI+rC hay o=0ac =pc"

vGi f = d6 nhay d8i v&i hiéu \ing /, 712 hing s6 nhém thé chi ¢6 hiéu tng /; r = d6 nhay véi
hi¢u ting C va C 12 hiing s6 nhém the thudn tuy lién hop.

Phirong trinh tuyén tinh c6 dang: g (kfky) = pf + p.r.C

Trong hé Swain va Lupton, hgp chat the meta va para xem nhu 13 hai day riéng véi gid
tri f vd r d6i v6i nhom theé mera va para, 12 vi tuong tic lién hgp & para manh hon & meta.

Swain va Lupton di tim ra vai hing s¢ sau.

Bang 2.5. Gié tri o' va ¢ clia mot s6 nhém

Nhom thé o' o Nhom thé o' o©
C(CH3), -0,07 -0,17 OCH, 0,27 -0,42
CH, -0,05 -0,15 OH 0,27 -0.44
H " 0 I ¢,39 -0,12
CeHsCH, 0,04 CF, 0,42 0,08
N{CHa), 0,08 0,55 Br 0,44 -0,16
CeHs 0,10 -0,10 Cl | 10,46 ~0,16
CH,COCH, 0,10 F 0,50 -0,31
NH, 0,12 A -0,50 CN 0,56 ¢.08
CH,CO 0,20 0,16 SO,CH, 0,60 G112
COOC,Hg 0,20 0,16 NO, 0,65 0,15
NHC H, 0,26 -0,22 N*(CHa)y 0,86 -

Phuong phdp clia Swain va Lupton dua vao chuong trinh mdy tinh va bing cdch so
sanh gid tri f va r, tim sy d6ng gép cong hudng hay lién hop vao hing s6 nhom thé:
%C =100/ (c+B)hay C=100r/(f + 1)
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Po anh hudng cong hudng hay lién hop C véi cde hing s6 o

a' om o% op o*p o*'m of a*

%C = 0 25 40 50 62 60 100 ...

Anh hudng 16n nhit 12 dung moi, nhit 12 dung méi tao lién két hydro. Néu cap
electron n cha nhém th€ tham gia tao lién k&t hydro thi hi¢u tng +C cla nhém thé gidm,
gidm cang manh néu twong tdc cang manh. Nguge lai, néu nhém thé ¢é hiéu ing —C do ¢é
nguyén tit 4m dién manh dinh véi lién k&t ngdn thi sy tao lién két hydro véi nguyén i nay
lam tang —C, do dé hing s6 tang. Ching han, 6,° clia CH,0 trong CH,0H 75% 1a 0,42,
trong axit axetic 1a —0,34, hig¢u ing —C nhém CO ciia xeton trong xyclohexan nhé hon trong
axit trifloaxetic do tao lién k€t hydro manh hon:

~G— 0----HOOCCF;

Két qua trén duge xdc nhan bing NMR.

Néu nhém thé& 1a cho electron thi tuong tdc vdi phan tir dung moi bang tinh bazo.
Trong dung moi nay xudt hién +f 1én hon trong dung moi tro, chdng han, o' cha OH trong
CCl; 1a 0,25, trong CH,0H 1a 0,14, trong trimetylamin 12 0,12,

Hing s6 o cha cac nhdém thé€ nhu CH; it phu thudc vao dung moi:

g, clia CH, trong nuée = -0,17, CH,CH,OH = - 0,14, CH,OH= -0.11.

Su giam gid tri khi chuyén tir nuéce t6i metanol 1a do sy gidm hiéu iing siéu lién hop:

H,O0 ... H-C-

2.5.2. Thong sé p

Phurong trinh Hammett va Taft diing dé nghién ctfu co ché€ phan ing bang céch so sinh
ddu va gi4 tri tuyét d6i cha hing s6 p va p*. Y nghia vat 1y cta p 12 dic trung cho d6 nhay
twong d&i clia phan ing (so vdi chit chudn) hay hing s6 can bang khi thay d6i cau triic clia
hop chat phan tng. Su thay déi hing s& phan ing p khi chuyén tir day chat ndy sang diy
ch4t khdc giy ra bdi co ché phin ng, bdi mitc d6 anh hudng electron cla nhém thé dén
trung tdm phan tng va béi diéu kién phan dng.

Ching han, x4c dinh co ché phan ing sau bang xdc dinh p:

Z
>~
Néu p duong 1a phin ing duge xdc ti€n béi nhém the -/, —C va bi chdm bdi nhém thé
+{ va +C & trung tam phan dng, 13 dau hi¢u cho phin ng nucleophin cia chét ban déu.

p duong ciing dic trung cho phan ting phan cit anionit, chdng han phéin éng:

2-CH,~COOC,H;, —H%» 7-C,H,~COOH + C,HsOH p=25

khi Z = NO,, 1g(k/kg) = 2,5 x 1,27 = 3,175, phan ting nhanh g4p 1500 ldn so véi Z = H.
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Z-C¢H4~CH,CH,COOC,H, _Ho Z-C¢Hy~CH,CH,COOH + C,Hs0H p = +0,2
Khi Z = NO,, lg(k/ke) = 0,2 x 1,27 = 0,254, phan itng nhanh gap 2 14n so v6i Z = H.
Con phan ing:

2-C¢H,~COOH —> Z-C,H,~COO™ + H* p=-+1
Z2-C¢H,—OH " Z-C¢H,~O + H* p=+2
Phan ting déu 1a phan cir cationit.

Néu p am dic trung cho phin img duge xic tién bing nhém thé cho electron +1, +C, &

trung tam phan ting, nghia 13 dic trung cho phan iing electrophin d6i v6i chat ban ddu. Phan
tng l1a electrophin va phan cét anionit:

Z-C¢Hs + NO,* —> Z-C4H,~NO, p=-6
Z-CeH~CH,C1+ H,0 —> Z-C4H,~CH,OH p=-2
Z-CeHy-0" + CHyCHyl —> Z-CeH,—0-CH,CH; p =1
CHsCHCl + H,0  — C4H,CH,0H p=-131

béi v6i céc phan tng phirc tap, nhiéu giai doan, ddu cia p xdc dinh giai doan quyét
dinh t&c do phan ing.

Chéng han phan tmng;

e
o)
-~
Ar— COOCH, + HO™ 24 Ar—C—OCH; W Ar— cofs CH;0H
OH p= +2738

Nhém thé 1am 6n dinh dién tich duong & chat trung gian chia dién tich am O™:

ha - GH.,QOH
(A, CHC! == (An,cH' + o7 SO0 0y cHocH,  p=-5.0
nhém the cho electron 1am 8n dinh cation tao thanh.
Néu p = 0 hay p ~ 0, gi4 trj nho chiing 6 phén wng it nhay véi hiéu ng electron. O

day thudng ¢6 sy bii trir cha hai qud trinh nucleophin va electrophin:

Z-CH,~COOH + CH;0H + HY — Z~CsH4COOCH; + H,0 p=+0.2

Z=Ce¢H~CO—Ar + CH;Mgl —» Z—C5H4—/C:{)H p=+0,35

Ar CH;

Trong trudmg hgp p thay déi phu thudc vao nhém thé, ¢ nghia 14 giai doan quyét djnh
toc do phan g thay déi. Ching han phan \ing sau:

Ar-CHO + H,NNHCONH, == ArCH(OH)NHNHCONHz: ArCH=NNHCONH,
quyet dinh khi cé quyet dinh khi ¢6
nhém the +f, +C nhém the -1, -C

p duong, p = 3,5 khi ¢6 nhém thé cho electron;
p am, p =-0,25 khi ¢6 nhém thé hit electron.
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Dau ciia p thay déi khi thay d6i diéu ki¢n phan 1ing, ciing ¢6 nghia |2 co ché thay déi:
HOH

Z— CH—SO0,Cl —C: p = — 0,36, phan ting la phan cat anionit
HOH i . . :
prwenall +,0,84 , phin tng c6 sy tin cong nucleophin
bing cap electron clia oxy
Gid tri tuyét d6i cdla p c6 ¥ nghia 1&n, thudng thay ddi tr 0 dén 11 + 12, Tuong téc cla
nhém the v6i trung tam phéan Gng 16n nhat va anh hudng 16n nhat dén déng hoc 1a & nhimg
phan {ng ion hay gin ion, cho nén gié tri tuyet déi cha p dac trung cho mic do ion hod cia
phan \ing. Gid tri tuyét d6i clia p cang cao, trang thdi chuyén cang phan cuc. Gi4 tri cao nhat
clia p dac trung cho phan tng ion. Gid trj thap nhdt cia p dic trung cho nhitng phan iing xay
ra theo co ché& déng bo.
Chéng han, nitro hod hydrocacbon thom CgHsF c6 p = —7,292, thay F bang CH;0 s&
¢6 p = +7,55, phan 1ing diels Alder ciia arylbutadien v6i anhydrit maleic ¢é p = —0,62.
Hiang s6 p phu thudc vio bin chat cia dung méi. Thuong ding phuong trinh:
lg (krx. alkrx. ) = m (Y5~ Yg ) hay lg(k/kp) = m¥
vOi  kpx. a,krx. g2 hing s ton hod wrong dung moi A va B;
Y, va Y la kha nang solvat hod cha A va B;
m la d¢ nhay do anh hudng clia dung moi.

bat diéu kién chudn dé cho m = 1 va ¥y = 0, thudng phan ting chudn 1 thuy phan ters-
butylclorua trong etanol — nude (80 : 20). N6i chung, p gidm véi sy ting tinh phan cuc cua
dung méi, doi khi quan sit duge tinh tuyén tinh cla p v4i théng s6 dung méi, song chua ¢é
1y thuyét chung.

Hang s6 p giam khi tang nhiét d6 theo céng thiic p = }/T + C nhung kém tuong quan,
thyc t€ khong tuy&n tinh ma c6 sy pha thugce parabol. Tir su phu thudc dé & nhist do xéic
dinh ma p = 0, nghia 1a t6c d6 hay can bing phan ng khong phu thudc vao anh hudng cla
nhém thé thi nhiét do d6 goi 1a ding dong hoc, ¢6 thé xdc dinh bing d¢ nghiéng cla dudng
thing phu thudc AH" vao AS'.

& nhiet do cac hon dang dong hoc, ddu p thay déi 1a do anh hudng clla nhém thé vi
th€ dung hing s& p d€ nghién citu co ché, cdn biét viée do duge tién hanh theo phia nio so
v4i nhiét d6 ddng dong hoc.

Hing s6 p diing dé xdc dinh kha nang truyén dnh huéng ctia nhém thé qua cdu M nao

dé, ching han giita:
Y@_ COOH VA ’“@— M— COOH

thi p,/p; = 7’ x4c dinh kha nang caa M truyén anh hudng clia nhém the,

Gid tri n” cla anh hudng truyén mach clia vai nhém thé gita nhan benzen vi nhém
COOH:
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M = "'CHz_ —CH2CH2"" —CH=CH—- —(C==(— —O‘—

= 0,41 0,29 £ 0,02 0,5+ 0,102 02+£0,03 0,27+0,03
Tinh ch4t va kha nang phan tng clia nhém thé&, ngoai anh hudng cla hiéu 1ing electron
nhu dd ndi trén, con chi ¥ 1i twong tac 1ap thé.

Tir phuong trinh Taft ¢é thé tich ra duge hidu ing lap thé. D&i véi phan dng thuy
phan este x(ic tdc axit trong nudc-axeton, 1g(k/ky) rat nhay vdi hiéu dng phan cyc, nhung khi
khong ¢6 trong tic cong hudng, gid trj d6 ty 1¢ vSi hieu dng lap thé (khong cé hiéu imng cam
img va cong hudng). Phuong trinh la:

k

lg— =E,
k()

E; goi 1a hang s& 14p thé, nhu trong bang 2.5, khi hydro 1a chét chudn va c6 gia tri
bang 0 va da xét cdc gid tri d6 cho thay gin nhu 13 thit tr kich thude cta nhém thé.

Chalton dé tim thay gid tri E cho cdc nhém thé loai CH,X, CHX; va CX; 1a ham s6
tuyé€n tinh c@a bin kinh van der Waals ctia cic nhém d6.

Ngoai ra cdn ¢6 hat thong s6 1ap thé doc 1ap vdi cde dit liéu dong hoc [a cha Chalton
va Meyer. Gid tri Chalton v tif bdn kinh van der Waals cdn Meyer V' tir ty 1¢ thé tich ca
nhém thé véi 0,3 nm céa trung tam phan ng. Gid tri V" tim thdy béng tinh todn co hoc phan
tlr dua trén c&u tric phan b,

Bang 2.6. Céc gi4 tri £, v va V° clia nhém the

Nham E, v V10? Nhém E, v V.10°
0 0 Xyclohexyl ~-2,03 0,87 6,25
-0.,46 0,27 1,22 iso-Butyl =217 ¢,98 5,26
CN -0,51 sec-Butyl -2,37 1,02 6,21
OH -0,55 CF, -2,40 0,91 3.54
OCH, -0,55 3,59 tert-Butyl 2,78 1,24 7,16
NH, 0,61 *N(CHy), 2,84
Cl 0,97 0,55 2.54 Neopentyl -2,98 1,34 575
CH; -1.24 0,50 2,84 CCl, -3,30 1,38 6,43
C;Hs -1.31 0,50 43 CBry 3,67 1,56 7.29
I -1,40 0,78 408 [(CH,),CCH,},CH -4 .42 2,03
n-Propyl -1,60 0,68 478 C(C.Hs) -5,04 2,38
isa-Propyl 1,79 0,76 574 C(CsHs)y -592 2,92

Cdc gid tri d6 ¢6 tinh hop Iy nhung chura ddy di vé méi quan heé giita E,, v va V',
ngoai ra con dua ra c4c gid tri 14p thé khic.
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Phuong trinh Hammett dp dung cho hi¢u Gng ctia nhém thé & vi tri meta va para
nhung khong diing cho vi tri ortho. Hiéu iing dnh hudng dén t6c d6 phan dng va hing s6 can
bing clla nhém thé & vi tri ortho goi 12 higu tng ortho. DA c6 nhi¢u dinh lugng vé hidu ing
ortho nhung chua c6 tinh chat chung nhung Hammett ¢6 thé dp dung véi nhém th€ & orthe
trong cdc vong nhir 0-XCgH,OCH,COOH ¢6 thé ¢6 tuong quan tot.

Céc thong bdo vé phan ting c6 thé tim thdy ur gid tri p. Chéng han, gid i p 4&m manh
chi ring nhu cédu electron & trung tam phén tng 16n, tir d6 thay trung tdm thiéu electron ldn,
nhu 13 cacbocation; néu gid tri p duong thi lién quan t6i su ting dién tich am ¢ trang thé;
chuyén. M6i tuong quan p.o ciing ding cho phéan tng géc ty do vi géc ty do ciing cé ban
chat phan cuc tuy gid tri p thudng nho (duéi 1,5) cd dwong va am. Céc phan dng c6 trang
thdi chuyén véng cling ¢6 gid tri p rdt nhod.

2.6. AXIT VA BAZO HUU CO
Thut ngit axit va bazo dugc xdc dinh theo nhiéu cdch khdc nhau phu thuge vao tinh
axit va bazo clia chit ding tuong \ing.
Theo Lowry Bronsted, axit 12 chét cho proton va bazo ta chit nhan proton,
Khi axit sunfuric hod tan trong nudc, H,SO, 1a chét cho proton t6i baza H,0 dé hinh
thanh axit méi H;O" va bazo mdi HSO,
HzSO4 + H;_O = H30+ + HSO,{
axit mank  bazo manh axit yéu bazd yéu
tuong tv axit HC] trong bazo amoniac:
HCl + NH; == NHK{ + Cr
axit manh bazd manh axit y&u bazo y2u
Theo dinh nghia cia Lowry Bronsted, tinh axit hay lyc axit phy thuge vao kha nang
cho proton, tinh bazo hay luc bazo phu thuéc vao kha nang nhan proton. Nhu H;50,, HCI dé
dang cho proton la axit manh, ngugc lai HSO, ™, C1” 1 bazo yé€u vi kha ning nhan proton yéu
nén la bazo yéu. Trong mdi phan ting, can bing chuyén vé phia hinh thanh axit yéu va bazo yéu.
Néu cho dung dich H,SO, trén v6i dung dich NaOH, axit H,0" cho bazo HO proton
d€ hinh thanh axit méi H,O va bazo méi H,O:

H,0* + HO® === H,0 + H)0

axitmanh  bazd manh axityéu  bazo y&u
NH 4+ + HO» —=—— Hzo + NH 3
axit manh bazg manh axit y&u bazo y€u

Trong cc phan ng déu tao nén nhimg cap axit - bazo lien hop nhu NH," va NH,,
HO vi H,0, nghia la NHj; 1a bazo thi NH," 1a axit lién hop cla né.

C6 thé sdp x&p tinh axit va bazo nhu sau:
H2804, HCl »>> H30+ > NH4+ > Hzo
HO_ > NH3 > H20 > HSO4_, Cl_
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AXit va bazo lién quan t6i qué trinh cdng va tich proton:

A—H =—=— A + H*
Bt-=H == B + H*

AH va BH" 1a axit lién hgp clia A va B hay ngugc lai, do d6 dién tich cla axit va bazo
khéng ¢6 ¥ nghia.

Tir m6i quan he gifta axit va bazo, rit ra duge quy luat quan trong 1 tinh axit cita mét
axit cang cao thi tinh bazg cia bazo lién hop cang thap, nén c6 thé dung tinh axit clia axit
lién hop d€ dac trung cho tinh bazo ctta né.

Theo Lewis, axit 12 nhitng hgp chat thi€u electron hay ¢6 kha nang nhéan proton, cdn
bazd 1a nhitng hop chat ¢6 cap electron tu do » thudng goi 13 axit va bazo Lewis):

H+, BF3, R3C+, AlCl3 R:;N, —-CH=CH—, Hzo
axit Lewis bazo Lewis
Tuong téc cba axit va bazo nay tao lién k&t cOng hod trj:

=X
RsB+ NR; -» R3B... NR,

Axit Lewis khong lién quan t6i sy giai phéng proton ma chi proton la axit. Axit va
bazo Lewis 1a truong hop riéng cilia quan niém axit - bazo vi ¢6 lien quan tdi quan niém
electrophin va nucleophin nén duge wu tien ding trong phan ng hiru co.

Quan niém axit - bazo 12 tinh chat tuong d6i vi tinh cht axit chi xuat hién khi ¢6 bazo
va nguoc lai.

2.6.1. Axit Bronsted hitu co

Tuong tic axit - bazo trong hoé hiru co 12 qud trinh can bing:
A=B

Qud trink nay 12 khéng ché& nhiét dong hoc. Vi trf can bing phu thuoc vio sy khic
nhau vé nang luogng tu do, dung méi, nhiét do. Sy khic nhau vé nang lugng tuw do cla A va B
cang 16n, can bing chuyén vé phia hop chét ¢6 nang Iugng tu do tha‘p cang manh. Chidu cao th¢
nang xédc dinh t6c do qud trinh chuyén hod giita A va B, nghia 12 biéu hién d¢ linh dong cua he.

T6c d¢ chuyén proton tir axit t6i bazo rat I6n, 10" If (mol.s}, nén t6¢ d6 dugc xdc dinh
bang téc d6 khuéch tin.

Khi tic dung mot axit véi dung moi 12 mot bazo s& c6 can bing:
A—H + Sol

e .
T——

(S0l -

[ A—H---Sol),,; == [HSol]*;; + [A7],
dung dich).

phén tlr dung méi, sol- phan tir dung moi tham gia solvat ho4 tiéu phan c6 trong
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Trang théi can béng phu thugc vao bén chat dung moi va do thdm dién méi & Thudng
axit dugc xdc dinh trong dung méi 12 nuéc v6i hing s6 dién moi 16n 12 80, voi can bing gém
phan tr khong phan ly va ion:

A-H + H,0 == A" + H,0"
Kha nang ion hod cila axit dugc xdc dinh bing K, (hay pK,) & néng d6 rit nho:

x = _[AT][H;0%]
* [AH)

va hing s6 bazo K (hay pK},) twong Uing véi phuong trinh:
B + H,0 === B'H + HO
- _[BH1[OH]
[B]

Tinh bazo ciing dugc dénh gid bing hiing s§ can bing axit ctia axit lién hop BH', K+
hay pKyy+. gia tri pKpy+ cang 16n thi axit cang manh.

Dung méi nudc c6 thé tham gia nhu 12 axit va bazo nén c6 tinh chat ludng tinh va c6
thé thiét 14p can bing:

H,0 + H,0 == H,0' + HO
Kha nang chuyén proton tir phan tlr nay t6i phan tir khdc goi 12 sy tu phan ly hay tu
proton phan, dac trung bing K., = [H;0"] [HO] hoic biing pK,,,,.
T dé cho thay t6ng gié tri pK, chia axit v3 pK;, clla baza lien hop 13 hing s& ty phan ly:
PRaup = PK, + PKy
Haéng s6 ty phan ly dic trung cho tinh ludng tinh clia dung moi:
H,0 CH,OH C,H;OH
Kuyp = 14 16,7 19,1
Céc axit hiru co 12 nhimg hop ch4t c6 hydro linh dong do lién két véi cic nguyén t6
4m dién manh nhu R-COOH, R-OH, R-SH, Ar-COOH, Ar-OH.

Bang 2.7. GiA tri pK, nhiét dong hoc cha mot s6 axit (trong nuéc, 25°C)

Hop chat pK, Hop chit pK,
HCOOH 3,77 CH,OH 55
CH,COOH 476 CH,CH,0H 15,9
CH3CH,COOH 4,88 CeHsOH 10,0
CH,=CHCOOH 4,25 C4HsCOOH 42
CH,C=CCOOH 2,85 HOOCCH,CO0OH 2,83
CH,=CHCH,COOH 4,35
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Tinh axit phu thudc vac do phén cuc cia lién két, hidu ing electron cia nhém thé va
nhit 12 dnh hudng clia dung moi. D€ gidi thich cdc nhan 16 dnh hudng niy, ngudi ta thudng
dung chu trinh nhi¢t déng hoc trén co s& khdc nhau vé nang lugng cla chat ddu va chit cudi:

AH_\;()] AH + Sol A+ HY Ae+ H* H+s{)l + I@ H+sol + Aegof

— — —- —— —
M O @ a 3 Iy @  avy 3 Vy (6
- Giai doan (I): chi phi nang lugng d€ desolvat hod phan tir AH;

- Giai doan (II): chi phi nang lugng dé phan cét lien két A—H, trong pha khi bing AH",
tinh én dinh cta g6c chiu anh hudng nho;

- Giai doan (I11): chuyén electron, phu thudc vao 4i luc electron ciia A cang I6n, anion
tao thanh cang bén, dién tich 4m cang dwgc gidi tod, AH® & giai doan (III) thay déi phu
thug¢c vao do bén cta anion. DO bén cha anton cang ting thi mifc ning lugng clia san phim
(4) giam;

- Giai doan (IV) va (V): 1a giai doan phét nhiét do solvat ho4 ion H' va anion. Nang
lugng solvat hod anion l6n hon phéan tlr khong phan ly, giai doan (V) anh huéng 16n hon (1).
Nang lugng solvat hod cang 16n néu dién tich cing it giai toa, do d6 chiuv anh hudng 16n clia
nhom thé. Néu nhém the hit electron, tinh 6n dinh anion tang, ning lugng solvat hod gidm.

Qud trinh solvat hod khong chi 1dm thay déi entanpi ma thay d6i ca entropi clia hé.
Né&u phan tir dung moi lién k&t véi phan tir hay anion clia nd khi solvat hod cang 1dm, lién két
cang bén hon, lgi th€ vé entanpi hoat hod cang 16n, nhung sy mat entropi clia hé 1én.

Su mit entropi cla anion 16n hon phan tir khéng phan ly, nhu trong phuong trinh:

_RTana = RTpKa - AH‘Oim - TAS“im - A-H(]ext -TAS® ext

AH",, - su thay déi entanpi khi chuyén tir axit 31 anion, cing twong t nhu ASY,,, con
AH”‘,,,(t - sy thay déi entanpi do sy khéc nhau vé entanpi solvat hod axit va anion, ciing tuong
tu ﬁs(lext-

Thuc t€, entropi cua axit khong phan ly va anion gdn nhu nhau trong pha khi nén
entropi clha hé phu thuoe vao su thay déi entropi clia dung moi.

Khi xdc dinh cac him s nhiét dong hoc cho thdy, qud trinh phan ly luon luén ¢é TAS"
ién hon AH". Ching han & 298°C, axit CH,COOH c6 TAS” 1a 6,57 kcal/mol va AH" 13 0,12
kcal/mol, axit CqHsCOOH ¢6 TAS" 12 5,62 keal/mol va AH” 12 0,11 kcal/mol.

Nhu vay su phan ly axit trong dung dich quyé&t dinh boi nhan t6 entropi, song nhan 6
entanpi 16n, ma chinh 13 su thay d6i entanpi (AAH") khi thay d6i nh6ém thé dung dé d4nh gid
anh hudng ciia nhém thé.

Tit chu trinh nhiét dong hoc, c6 thé so sénh dugce tinh axit cia cac axit khdc nhau.

Khi xét anh hudng cha nguyén to lién k&t véi phan ly axit, néu cdc nguyén t6 d6 &
trong cling mot nhém trong bang hé théng tudn hoan thi giai doan anh hudng 1a giai doan

122



(II), tinh bén cla lién k€t cang 16n thi hang s6 phan ly cang nho:

Lién ket O-H S-H N-H P-H
E, kcal/mol 110 87,5 83,7 63,0
pK, 16(H,0) 7(H,S) 35(NH,) 27(PH;)

Néu cdc nguyen 8 trong cing mét chu k¥ thi su phan Iy phu thudc vao giai doan (1IT)
cdc ngnyén td cé di lyc electron cang 16n né€u dién tich hat nhan cang I6n nén tinh axit
H,0 > NHj, H,S > PH; mac diu nang lugng lién két 16n hon.

Khi so sdnh tinh axit cia mot day axit, ddnh gid bang sy thay déi K, cla axit th€ so
véi axit khong thé (trong dung dich nudc 25°C). Khi xét anh hudng ciia nhém thé, trudc hét
phéan tich dnh hudng ctia nhém the dén K, & trang thai khi v6i quan niém ring, hidu tng
electron la sy truyén anh huéng cha hiéu itng nay tdi trung tdm phéan ng 1a nguyén nhan noi
phan t& lam thay d6i K, khi thay d6i nhém thé, nghia 13 tinh dén chi phi nang lwgng khi
chuyén i giai doan (III) t6i giai doan (IV) v&i sy 6n dinh cha anion so v&i phan tir khong
phan ly. Sau d6 chuyén t6i phan tich cdc hing s6 nhiét déng hoc trong dung moéi dé tim
nguyén nhan 13m thay déi hing s6 AH",,, AH® . va AS®. C4c hiéu tng electron gém hiéu
ng phan cyc (axit béo), hiéu tng phan cuc va lién hop phan cue gidn tiép (axit thom), higu
itng phan cyc va lién hop gidn ti€p (phenol) va hiéu tng 14p thé, nhét 12 & hop chét thom § vi
tri ortho, chang han d6i véi axit hay ancol loai béo nhu & bang 2.8.

Bang 2.8. Ham s6 nhi¢t dong hoc ion hod axit béo

_ Khi Dung dich, 25°C
Axit

AGY kealfmol | AG®, kcalimol | AH®, kealimol | ASS, calimol pK,
HCOQOH 3,3 510 -0,05 -17.3 3,75
CH,COOH 0 6,50 -0,12 -22,3 4,76
1-CH,CO0H - 4,30 -1.41 -19,3 317
Br-CH,COOH 139 3,96 -1,24 -17.,4 2,90
ClI-CH,COOH 12,8 3,90 -1,12 -16,9 2,87
F-CH,COOH 10,8 3,53 -1.38 -16,5 2,59
Cl,CHCOOH 10,8 1,77 -0,09 - 06 1,30
Cl,CCOOH - 0,87 1,00 + 2,0 0,64

Néu xét trong pha khi, tinh axit ciia cloaxetic va bromaxetic 16n hon floaxetic axit, §
trang théi khi, su thay déi entanpi & (1) nhd, nh huéng ciia nhém th€ dén (I1) ciing nhd, anh
huémng quyét dinh 12 chuyén sang giai doan (III). Gi4 tri AG ion ho4 ctia dén xust brom 1a
I6n nhat cdn din xu4t flo 13 nhé nhét do tinh 6n dinh clia anion & trang théi khi 12 néi phan
tir. PO phan cuc gay ra boi nhém thé véi trung tAm phan dng cang l6n thi ion cang 6n dinh
(Br > Cl > F). V& entropi, sy khéc nhau do anh hudng clia nhém th€ khéng 16n, nhan t§
quyét dinh 12 AG®. Sur giam néng lugng & giai doan (III) ciing lam giam ca giai doan (IV) va
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(V). Néu trong dung dich, gid tri entropi 16n hon gis trj entanpi nhiéu. T bang trén cho
thdy, axit HCOOH la axit manh hon do mét entropi it hon khi phan ly trong nuéc. D6 am
dién cia nhém th€ cang I6n, anion cang 6n dinh, sy mét entropi cing nho. Anion kém bén
hon, sy mit entropi cang 16n. Do dé tinh axit clia floaxetic 16n hon clo vi bromaxetic &
trong nudc, ngugc vdi trong pha khi.

Twong ty nhu vay vdi ancol:

CH,CH,0H pK, =159 ClL,CCH,OH pK, = 12,24
CH,O0CH,CH,0H 14,8 F,CCH,OH 12,37
CICH,CH,OH 14,31 HC=CCH,0H 13,55
Cl,CHCH,OH 12,80

Tinh axit cia cdc hop chit thom nhu axit benzoic vA phenol, thay déi rit khic nhau
phu thudc vao vi tri nhém thé€ dnh hudng dén axit va anion.

Ching han, ham s6 nhiét dong hoc ctia axit X—-C4H,~COOH trong nudc & 25°C:

X p-CH,0 p-CH, H m-Cl  m-NO, p-NO,
AGY, keal/mol 6,12 595 575 5723 4,72 4,67
AH?, keal/mol 0,60 023 0,12 0,19 0,38 0,43
AS” cal/mol°C  -18,5 -19,12 -18,87 -16,87 -1456 -14,20
pK, 4,47 434 421 3,83 3,45 3,44

Céc s6 liéu trén cho thdy, entanpi ion hod duong va nhé, gid tri co ban vin 1A nhan 6
entropi TAS", cang nhé néu tinh chét hit electron clia nhém thé cang 18n. Su giam entropi
lam gidm pkK,.

Khi solvat hod anion v phan tit khong phan ly, su solvat dién hinh c6 gid ui 16n:
anion solvat bang dung m6i cho proton ciia axit biing dung méi bazo, tinh bazo cia dung
mdi cang 16, tinh axit cing nho, anion bj solvat & mitc do nhé. Khi ding quang phé khéi dp
sudt cao d€ nghién cifu anh hudng clla nhém the axit trong pha khi manh gdp 10 14n trong
dung dijch, va sy thay d6i nang luong ion hod (AAG") tuong quan véi hing s6 ¢ ma khong
phai ¢ Hammett nhu trong dung dich.

Bang 2.9. Tinh axit ca mét s6 hop chat hitu co

Hop chat pK, Hop chét pK, Hop chat K,
CH, 40 CH4CH; 50 CH;=CH, 44
A o CgHsCH, 41 CH=CH 25
{CsHs),CH, 34 CH,CN 25
D 52 (CHskCH 31,5 CH,(CN), 11,2
@ 3 CH;COCH, 20 C,HsNH, 35
CH,SO,H; 23 CH,NO, 30,21
CeHsCOCH, 16 CH,CO0C,Hs 245 CH,(NO,), 35,7
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Ngoai cdc nhan t6 trén, tinh axit con chju anh hudng cta thé tich nhém theé, tuong tic
ndi phan tlr nhu trong tic lien két hydro noi. Nhimg hop chat c6 lien két C-H ciing thé hién
tinh axit khi tdc dung véi bazo manh.

2.6.2. Bazo Bronsted him co
Bazo Bronsted duge ddnh gid bang 4i luc véi proton. Tinh bazo twong d6i clia hai hop
chdt duge xdc dinh bang hing s6 can bang cha phin tng trao ddi:
AH + B == A + BH'
Luc bazo cang 1dn, cin bang cang chuyén sang phai.
Bang phuong phdp quang phd 4p sudt cao da xdc dinh tinh bazo twong ddi ciia cdc diy
sau trong pha khi:
H,0 < CH;OH < CH;OCH;
NH; < CH;NH,; < (CH;),NH < (CHy)3N
Tir d6 thdy rang, tinh bazo ting khi ting nhém mety].
Trong dung dich nudc thiét 1ap duge can bang:
B+ HOH == B---HOH == BH' + HO
Trong dung dich nudc, bazo 1a hop chét chita oxy c6 tinh bazo & oxy rat nho nén tén

tai & dang phiic lién k&t hydro, cdn amin ¢6 tinh bazo 16n hon 16n tai chi y&u & dang solvat
hod ciia dung moi.

D¢ dac trung tinh bazo, ding hing s6 pK, nhung thudng diing hing s& pK, cba axit lién
hop pKgy+ v6i pKy, = 14 — pKpy+; pK, cang 16n, luc bazo ctia bazo lien hop v6i BH' cang lén.

Bang 2.10. Hing s§ pK, clla mot s§ axit lién hop cita bazg

Axit pK, Axit pK, Axit pK,
CH,O'H, -2.2 CH,C=0"H -6,5 CeHsC=0"H -1.3
C;HsO'H, -2,4 H H
CgHsO'H, -8,7 (CH3);CO'H, -38 (CH,);,CHO'H, -3,2
{CH,CH,),0'H -36 CgHsCO'HCH, -6,3 CHyN'H, 10,62
CH,CH=0"H -8,0 CH,C=N"H -10,1 (CH3),N'H, 10,73
C¢HsCH=0"H -7 CsHsC=N"H -10,5 (CHa),N'H 9,79
{CH4),C=0"H -73 CH,PH, 2,5 CgHsN'H, 45 |
CH,C=0°H -6,5 (CH3},P"H, 3,91 (CeHs)N'H, 0,80

C,Hs {CH),PH 8,65 CEH5F=N‘H2 -2.0
c:,,H5<I:=0‘H {CH,),$'H -5,4 CH

CH, CH,S*H, -6,8 N'ﬁ 7,0

| et
N 5,29 ®
®

Tur cdc s6 ligu trong bang 2.10, c6 thé rit ra vai trudng hop rieng:
Tinh bazo clia amin khi chuyén tir amin bac nh4t dén bac hai dén bac ba thay d6i theo
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hwéng RNH, < R,NH > R;N duge giai thich theo hai huéng:
- Tinh bazo tang khi tang goc ankyl th€ & N nén tinh bazo cia RNH, < R,NH < R3N

- Tinh bazo gidm khi giam kha ndng solvat hod cia ion amoni. Néu dung méi 1a nudc,
ion amoni dugce solvat hod bing lién k&t hydro:

ot e N
=N-H + H0 == —=N-H---O0H,

Tinh axit clia kiém amoni cang 16n, lién k& hydro cang bén va nang lugng solvat hod
cang 16n, do dé tinh 6n dinh cla kiém amoni bing nuéc giam RNH, > R,NH > R,N. Ngoai
ra con do khé khan lap thé tuong tdc v6i phan tlf dung moi.

Nhu vay, téng hop hat hiéu ing ngudge nhau thu duge gia tri pKgy+.

Quan sdt thiuc t& cia amin, khi nguyén tir N dinh bén canh lién két doi sé xuat hién
hiéu ting +C thi tinh bazo giam, nhv trudng hgp tinh bazo cfia amin thom nho hon amin béo.
Anh hudng ctia nhém thé trong nhan benzen dé&n tinh bazo tuong Wtng véi hiéu tng electron.

Pk, pK,
p-CH;0-CiH,~NH;* 5,29 p-Br-CH,~NH,* 3,91
p-CH;—CgH,~NH;* 5.12 m-Br-CgH,~NH,;* 3,51
p-Cl-C¢H,~NH;* 3,98 p-O,N-C¢H,~NH;* 1,02
C¢Hs-NH,* 4,58 m-0,N-C¢H,~NH,* 2,50

Nguyén tir N ¢é cap electron & trén obitan lai hod sp® ¢6 tinh bazo gidm, nhi pKgys
clia pyridin 12 5,17 so vdi piperidin 1a 11,22,

Tinh bazo cha cdc photphin khic véi nitg, P khong c6 hiéu iing +C v6i nhém the nén
amin ¢6 tinh bazdg cao hon photphin, ¢on amin thom ¢é tinh bazo thép hon photphin:

(CH;);NH" pK, = 9,80 '(CH,);PH* pK, = 8,67
C HsN*H(CH,), 5,06 (CeHsP*H(CH;), 6,49
(C¢H5):N"H 0,0 (CsHs);P"H 2,73

Khéc véi qua trinh phan ly axit, sy phan ly clia ion amoni khéng lam thay d6i s6 ion
va dién tich nén nhan t8 solvat hod it quan trong. Ching han, ham s& nhiét déng hoc cla ion
anilini (anilinium) va quinuclidini (quinuclidinium}:

AG® , keal/mol AH®, kcal/mol TAS" , kcal/mol
CeHsNH;* 6,26 7,41 1,14

@
6«( 15,16 11,17 -3,99

Trong ¢a hai trudng hop, thong s6 co ban xdc dinh tinh bazo 1a nhan t6 entanpi, nhén
t6 entropi khong lon.
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2.6.3. Axit - bazo Lewis hiru co

Axit va bazo Lewis duoc xdc dinh theo kha nang cho va nhin electron dé tao thanh
lién ké&t. Nguyén 16 nhan cap electron 14 chat nhan, 13 hop chdt axit, nguyén tir cho cip
electron cip doi 12 chét cho hay 1a mot bazo. Két qua twong tic d€ hinh thanh lién két giita
chélt cho va ch4t nhan 14 sy hinh thanh dién tich duong & chat cho va dién tich &m & chét
nhan hay 1 tao nén hgp chét phdi tri hay phic cho nhan.

Axit Lewis 12 nhitng tiéu phan sau:

- tiéu phan c6 obitan tréng c6 nang lugng thip nhu H*, BF;, AICL;, C*, halogenua kim
Ioai chuyén tiép (Ag", SnCl,)...

- hop chit c¢6 lién két w luan phién v6i nhdm thé cé hiéu ing —C nhu tetraxyanetylen,
trinitrobenzen va cdc dang hgp chat sau:

CH
R e T C (o0~ ~CH;

Bazo Lewis Ia nhiing hop chit chita nguyén t6 c¢6 cap electron » hay cé lién két x lién
ké&t véi nhém ¢é hidu ing +C.

Tinh axit va bazo Lewis clia hgp chat hitu co duge xdc dinh theo phuong phip
axetophenon hay ding NMR. Tinh axit x4dc dinh d6 chuyén dich pic h&p thu cia lién két
C=0 trong phd IR khi thém axetophenon ding lam bazo vao dung dich benzen cla chat
nghién ciu, con tinh bazo duge xdc dinh bing sy chuyén dich tin s6 lién két O-D khi them
CH,0OD vao dung dich benzen ciia hgp chét bazo.

Phuong phip NMR do d¢ chuyén dich hoa hoc cita proton CHCl4 khi thém CHCI, vao
hop chét nghién citu so v&i tin hiéu trong xyclohexan.

Hién nay da xdc dinh dugc hé axit - bazo Lewis, trong d6 baze Lewis manh nhat 12
cdc amin (trietylamin) va tinh axit rat nho.

Axit manh la nitrobenzen va dimetylsunfoxit tao lién k&t phoi tri vdi dién tich duong &
N va S: CgHsN'-0, , (CH;),S8"-0 .
Bimetylsunfoxit cling ¢6 kha nidng cho 16n vi mang dién tich 4m & oxy. Axetonitrrin
¢6 kha nang cho va nhan r4t nho. Axit rt manh 12 cac halogenua clla nguyén tlr nguyén t6 d
nhu ZnCly, $nCly, SbCls.
V& mat phan @ing, pham vi clia axit - bazo Lewis rét rong, cé cic loai:
Al + A2XB — A'-B + A?
B' + A-B? _, A-B' + B
A'-B' + A%-B? — A'-B’+A%-B
la nhitng phan tng chung trong hod hitu co. Thuc & 1a tit c& cdc phan tng déu tao thinh

lien két cong hod tri voi mot tiéu phan déng gop obitan bi chi€m cé cip electron v6i mot
tiéu phan cé obitan tréng duge xem nhu 1a phan Gng axit - bazo Lewis.
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Khi mét axit Lewis 6 hop véi mot bazo cho ion 4m trong d6 nguyén ti trung tam cb
hod tri cao hon binh thudng, do dé goi 12 phiic as (ate complex). Vi du:

(CH3);B + LiCH; — (CHa),B™ Li*
phitc at
(CsHs)sSb + LiCgHs ~— (C4Hs)eSb™ Li*
phifc at
Phitc af tvong ty nhu mudi oni khi bazo Lewis md rong ho4 tri ciia minh:
(CH3):N + CH;l — (CHy)N'T

Phan tdng axit - bazo phu thuoc vao luc axit bazo nhung con phu thudc vao cée tinh
chat khic, ching han nhu tinh cimg v mém ciia axit va bazo.

2.7. QUAN NIEM VE AXIT - BAZG CUNG MEM
AXit va bazo Lewis duge chia ra 1am hai loai theo 4i lyc cia cation kim loai véi 4 kim
ma pK khong mo ta duge.
Loai A: AI** > Mg > Na* ¢6 4i luc v6i 4 kim theo thi t:
F>O>N>Cl>Br>1I>8
Loai B: Ag* > Cd** > Au* > Sn™* ¢6 4i luc v6i 4 kim theo thit tw nguge véi trén:
S>I>Br>Cl>N>0>F

Trong loai A, hop chit tao thanh bén do tuong téc v6i chit am dién manh vé6i d6 phan cuc
hod nhd, con trong loai B thi nguoc lai, phén ng gitia chat m dién nho véi d6 phan cuc hod 16m.

Nhiing axit va bazo lién quan t6i d6 phan cyc hod nhod goi 1A cing (hard) (loai A) con
véi d¢ phan cuc hod 16n goi 1a mém (soft) (loai B).

Tieu chudn chung dé ddnh gi4 nhu bang 2.11.

Bang 2.11. Tinh chat cha axit ciing v mém

Axit cling Axit mém

B9 phan cuc hoa nhd Bé phan cue hoa Ion

D¢ am dién cao Do am dién thap

Ban kinh nguyén tir nhd Bén kinh nguyén tr [dn

Tinh ¢ing tang khi tang dién tich Tinh mém targ khi gidm dién tich
Obitan giéi han khang chét déy c6 nang lugng cao (HUO) | Obitan gigi han khong chét ddy c6 nang lugng thap (LUO)

Axit cimg Auxit trung binh Axit mém

H', Li*, Na*, K*, Mg®, Ca®, A, BF;, | Zn?, $n%", B(CHa)y, RsC", Cu', Ag', Hg®, Pd®, CH,Hg" T,
AICly, RC'=0, N=C*, Cr**, Fe*, AH,, | Co™, Fe®, Cu®, Sb™, Br*, I, Bry, ICN, BH,, GaCl,,
803, €O, B(OR),, Al{CH,)y, HX (phan | 8O,NO°, GaH,, C¢Hs', Bi** | CH,, cacben, g6c, quinon,

iz lign két hydro) trinitrobenzen
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Axit cing nhdt 1 proton, axit mém nhdt 1a cation kim loai chuyén ti€p chita obitan d
chét ddy hay gan chét ddy c6 kha ning tao lien két phéi tri.

Bang 2.12. Tinh chét clia bazo citng va mém

Bazo cimg ' Bazu mém

D6 phan cuyc hod nhd D¢ phan cyc hod l6n
Bo am dién Idn Do Am dién nhd
Khé oxy hoa D& oxy hoa
Chét nhan proton t6t Tinh mém t&ng khi gidm dién tich
Obitan bi chiém cé nang lugng thdp (LOO) Obitan bj chi&m ¢6 ning lugng cao (HOO)

Bazu eling Bazo trung gian Baza mém
H,0, HO™, CH,CO0™, RO, R;0, RNH,, | CgHsNH,, CeHsN, Na~, Br, R,S, RSH, R§™, SCN", R,P, CN",
N,H,, CI°, PO, CIO,”, NH;, ROH, NO,” CO,CN, I", CgHg, CH,. R H™,
NO;™, CO.% (RO)P. RCN

Dé xdc dinh tinh cing v mém cta axit hitu co, ngudi ta xdc dinh hing s6 can bang
trong dung dich nudc ciia hé:
CH;Hgyy + BH'yy — CH;HgByy + HYy
v6i CH;Hg" 1a axit mém va H* 12 axit ciing. Néu hing s6 can bing 16n hon 1 thi bazo B Ia

mém, nhd hon 1 14 cting; hoc bing cdch so sdnh hing s6 t6c do thé cic phéi tir trong hop
chéit phic:

ok, I i
(CeH,PCL, + Y~ 220800 ey, PCIY + Ql

(CGH )2 Cl (C6 5N) 2 + 1
sPtCY + Y HsN),PtY C
va da thiét lap duge cdc day:

Tinh mém gidm:
(CeHs)3P > CgHsS > NCM > 17> Br >Ny > CsHyN > NHy > CI” > F, CH;07, = HO™ > H,0
Tinh cing giam:
HO" > NH,; >F > CH;C00 > CsHsN > H,0
Tinh cing cha axit va bazo c¢6 thé dinh lugng theo phuong trinh sau:
_I-A
T2
v6i 1 - d6 cing tuyét d6i bing mot nira sy khdc.nhau vé th€ ion hod I vi 4i luc electron A.
D6 mém o 1a n3hich ddo cha n. Gid tri 1 clia moOt vai phan tir vA ion & bang 2.13.
trong d6 proton trong cdc phin tng axit - bazo Bronsted 13 axit ciing nhat v6i n = « (khong
¢6 thé€ ion hod).

Phuong trinh rén khong 4p dung cho anion vi khéng thé do duogce 4i luc electron chia
anion, nén thay vao dé coi n ctia anion X~ gifing nhu clia g6c X'.

n
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Béang 2.13. Gi4 trj d¢ ciing tuyét ddi bing electron von (eV)

Cation Phan tir Anion®
lon n Hop chét n lon n

H* @ HF 11,0 F- 7.0
AP 458 CH, 10,3 H™ 6.4
Lit 35,1 BF, 9,7 HO™ 5,7
Mg® 32,6 M,0 9.5 NH,™ 5,3
Na’ 21,1 NH, 8,2 CN™ 5,1
Ca® 19,5 HCN 8,0 CHy™ 49
K* 13,6 (CH,),0 8,0 cr 47
n* 10,9 co 7.9 CH;CH,™ 44
cr* 9,1 C;H, 7.0 Br~ 42
Cu? 8,3 (CH3)aN 6,3 CeHs™ 4.1
Pt 8,0 H,S 6,2 SH™ 4,1
Sn* 7,9 C,H, 6,2 {CH3),CH™ 4,0
Hg* 7.7 {CH,),$ 6,0 I 3,7
Fe™ 7.2 (CHy):P 5,9 (CH3),C 3,6
Pd?* 6,8 CH,COCH, 56
Cu' 6,3 CeHe 5,3

HI 5,3

CsHsN 5,0

CgHsOH 48

CH,’* (singlet) 47

CsHsSH 46

Cl, 4,6

CgHsNH, 4.4

Br, 4,0

I, 3.4

Anion ® gidng nhir gbc twong ng.

Trong bazo, quan trong 12 nguyén tlr hay phan tir ngoai cé obitan c6 cip electron khi
phén ¥ng véi axit ¢6 sy chuyén hai electron sang obitan méi, cdn axit ¢6 obitan gidi han
khong chat ddy hay tréng. C6 thé hinh thanh quy tic chung: Axit cung két hop vdi bazo
cing thuin lgi hon va axit mém lién két v6i bazo mém thuan lgi hon, goi 1a quy tic HSAB.
Phan tng gilta axit cimg (mém) v6i bazo cling (mém) xiy ra nhanh hon, véi can bang thuan
lgi hon so v6i phan iing axit ciing (mém) véi bazo mém (ciing). Cdc trudng hop ndy con goi
la sy cOng sinh (symbiosis).
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Quy tic tren khong lién quan t6i Iyc axit va bazo nhung chi ra sin phdm A-B dic biét
6n dinh n€u A v B 1a ciing hay ca hai 12 mém. Quy tdc khdc 12 axit Lewis mém va bazo
Lewis mé&m huéng tGi hinh thanh lién két cong hoa tri, coOn axit ciing va bazo cing hudng t&i
lién két ion.

Ap dung quy tic trén tim thdy trong cdc phiic giita anken hay hop chdt thom va ion
kim loai. Anken v vong thom 1 bazo mém va dé& tao phitc v&i axit mém nhu phic véi Ag',
Pt** va Hg®" 12 phé bi€n, cdn phitc cha Na*, Mg®* hay AI** 14t hiém.

Ciing nhu trong phan ng:

CH3—§“-SR' + R(? —_— CH;'_‘?_OR +OSR'
0

Quy tic HSAB cho thdy c4n biing s& chuyén vé bén phai vi axit cimg CH,CO" ¢6 i
luc 16n d6i v6i bazo ciing RO~ hon 1a bazo RS mém. Tuong tu cling thdy tai sao thiol este
dé bi phan cat bdi RO hay thuy phan bdi bazo loing (HO ciing la bazo cimg).

Trong nhitng phan ing c6 tuong tic giita cdc obitan gidi han ¢ nang lugng khic nhau
nhiéu, phan dng thue t€ chi duge thuc hién bing lyc Coulomb goi 14 phan ng khéng ché
dién tich. Ching han phan Wng giffa axit citng nhiéu dién tich vdi bazo ciing.

Trong nhitng phan ting ¢6 tuong tac giita cdc obitan gidi han c6 ning luong gin gidng
nhau, phin tng dugc quyét dinh bing su chuyén electron, nghia 12 qué trinh phan cuc, phan
itng goi 1a kh6ng ché obitan. '

Hinh 2.8. Tuong tic obitan cing - ciing  Hinh 2.9. Tuong tc obitan cling - mém
(mém - mém) (mém - cing)

Nhu vay nhiing hgp chdt mém nhu Ag®, Cu* dugc 8n dinh t6t bing nhimg hop chat
mém nhu axetonitrin, nhifng phitc Pt**, Pd>* phéi tri duge v6i nguyen tir S trong dimetyl-
sunfoaxit, nghia 13 giifa axit mém v§i bazo mém. Cic dung moi cung nhu H,O, ROH solvat
hod uu tign proton va cation ctng, cation nho.

Néu bazo tao duge lien két hydro véi dung moi nude, rugu, axit cacboxylie, thi tinh
citng ctia bazo giam. Dung mdi solvat hod 6t anion ciing, nghia 12 anion c6 kich thudc nhs,
hoat tinh ciia anion giam va tinh ciing gidm. Do d6, anion nho nhe F, Cl trong ruogu xuat
hién tinh bazo y&€u hon trong dimetylsunfoxit. Cdc g6c ty do 12 mém dugc dn dinh bing
dung mo6i mém nhu hydrocacbon thom hay sunfua cacbon. Olefin 12 bazo mém tao dugc
phitc véi kim loai mém. Cacben ¢6 kha néng phan éng rit cao, 12 axit mém d€ tao phic véi
oxit cacbon mém.
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Khi axit Lewis tdc dung véi mot bazy Lewis s& tao thanh hop chat phéi trf hay hop chat
phic, con mot axit Bronsted phin tng véi bazo Lewis thi chi tao dugc phie ¢6 lién két hydro.

Quan niém vé tinh citng va mém ciia axit vi bazg dugc giai thich sau hon trén co s co
hoc lugng tir, cho phép biéu duge sau hon nhing phan ing hitu co phic tap.

2.8, HIEU UNG CAU TRUC PEN LUC AXIT - BAZG

Cau trdc phan tlr dnh hudng dén tinh axit va bazo bing cdc hiéu itng khdc nhau ma
khé c6 thé phan tich rieng ra dugc méi hieu img déng g6p nhu the ndo vao tinh axit va bazo.

Tuy nhién ciing c6 thé xét cdc hieu ung rieng.

1- Hiéu itng cdm ing

Khi so sanh tinh axit ciia axit axetic vA nitroaxetic:

H— CHz—ﬁ —0—H OzN“CHz“ﬁ —O0—H
O o

pK, = 4,76 PKa=1,68

Su thay déi tinh axit ]1a do nhém thé NO, thay cho H, 13 nhém hiit electron tir dién tich
am COO . Gia tri pK, cita nitroaxetic axit g4p hang nghin l4n axit axetic. Nhém hit electron
lam tinh axit cia axit khong mang dién tich do gidi tod dién tich 4m & anion, nhung né&y
mang dién tich dwong thi hiéu @ng -/ lam m4t 6n dinh trung tam dién tich duong. N6i
chung, cdc nhém thé c6 hiéu tng -7 lam tang tinh axit con +/ thi nguge lai.

Bing 2.14. Gid trj pK cha mot s& axit

Axit pK Axit pK
HCOOH 3,77 CICH,COOH 2,86
CH,COOH 4,76 Cl,CHCOOH 1,29
CH4CH,COOH 4,88 C1,CCOOH 0,65
CHy(CH,),COOH 4,82+ 4,05
(n=216i7) 0,NCH,COOH 1,68
(CH;);CHCOOH 4,86 (CH3)sN'CH,COOH 1,83
(CH,);CCOOH 5,05 HOOCCH,COOH 2,83
CeHsCH,COOH 4,31
FCH,COOH 2,66 ~“00CCH,COO0H 5,69
CICH,COOH 2,86 ~0,SCH,CO0H 4,05
BrCH,COOH 2,86
ICH,COOH 3,12
CICH,CH,CH,CO0H 4,52 HOCH,COOH 3,83
CH,CHCICH,COOH 4,0 H,C=CHCH,COOH 4,35
CH,CH,CHCICOOH 2,84
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2- Hiéu ing lién hop hay cong hudng

Su cong hudng lam 6n dinh bazo nhung khéng lam 6n dinh axit lien hgp clia no,
ching han tinh axit clia axit véi ancol:

/O" /0
R—(C—OH —- R—C\ e R
E o ~No-
R—CH,—OH —»= R—CH,—0O"

RCOO™ 6n dinh khong phai chi vi c¢6 hai cong thitc cong hudng ma do dién tich am
dugc giai tod & hai oxy. Hiéu itng tuong tu & hop chét cacbonyl, nitrin nhu amit axit hon
amin, este axit hon ete, xeton axit hon ankan. Hyp chét ¢6 hai cacbonyl & mot cacbon lam
tang tinh axit nhu 3-xeto este axit hon axit va xeton don gian;

S
R—h?— CH,—{— OR —= R— ﬁ:— CH—C—OR -« R—C—CH—C—OR
5yl

R— -—CH—C—OR
)

bac biét nhu trixyanometan c6 pK, = -5, 2-(dixyanometylen)-1,1,3,3,-tetraxyanopropen
¢6 pK, = -8,5 & nac ddu va 2,5 & ndc thit hai.

Hiéu ttng céng hudng ciing lam giam tinh bazg nhu m-nitroanilin ¢é tfnh bazo cao hon
p-nitroanilin:

NH, NHz

O

Néi chung, hiéu ting cdng hudng ciling cho két qua tuong ty hiéu tng /, nhém hit
electron lam tang tinh axit, gidm tinh bazo, nhém cho electron thi ngugc lai.

/ ~ o eoxk“‘*o

Bang 2.15. Gid tri pK, cha axit

Axit Bazg pK, (s0 vdi nudc)

HF-SbF, SbFg”

Sieu | FSO,H-SbF -850,
axt '} FSO,H-SbF,

FSQ,H FSO,”

RNQH' RNO, -12
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Bang 2.15 (tiép theo)

Axit Bazd pK, (so vai nudc)
Ar—NOH' A-NO, 11
HCIO, Clo,” -10
HI I -10
RCNH* RCN -10
R—IC—H R—I(IJ—H -10
OH*

H2S0, HSO,

HBr Br -9

Ar-ﬁ)—OR Ar—ﬁ:-—OH -7.4
QOH* 0

HCI cr -7

RSH,' R3H -7

Ar—I(IZ-OR Ar—l(II—OH -7
OH* 0

R—ICf7—R R—|CII—R -6,5
OH' o

Ar-SO,H Ar-S0,” 6,5

R—i{?-—OR R~|f|)—0R -6,5
OH* 0

Ar-QOH* Ar—OH 6.4

Rnﬁ:vOH R—'ICII—OH -6
OH' 0

Ar-ltli—R Ar—'('IJ—R ~B
OH’ 0

Ar-0-R Ar-0-R -6
t
R’

CH(CN), “C{CN), -5

AryNH* Ar,N -5

H—ICI:—H H—»ﬁ—H -4
OH* 0

R—ﬁ—R R—ﬂ—R -35
H

R,COH," R,COH -2

R,CHOH,' R,CHOH -2

RCH,0H," RCH,OH -2
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Bang 2.15 (tiép theo)

Avit Baza pK, (so véi nudc)
H,0° H,0 1,74
Ar-C-NH, R-C-NH, -15
OH* 0
HNO, NO, -14
R-C-NH, R-C-NH, -05
OH* 0
Ar,NH," Ar,NH 1
HS0,” 0" 1,99
HF F 3,17
HONO NO, 3,29
ArNH,’ ArsNH, 3+5
ArNR,H" ArNH, 3+5
RCOOH RCOO™ 4+5
HCOCH,CHO HCOCH™CHO 5
H,C0, HCO,™ 6,35
H,S HS™ 7.0
ArSH ArS” 6+8
CH,COCH,COCH, CH,COCH COCH, 9
HCN CN™ 9,2
NH, NH, 9,24
ArOH ArO” 8+ 11
RCH,NO, RCH™NO, 10
RyNH* R,N 10 + 11
RNH," RNH, 10 + 11
HCO,~ co>” 10,30
RSH RS™ 10 + 11
R,NH,’ R,NH 11
NCCH,CN NCCH™CN 11
CH,COCH,COO0R CH,COCH COOR 11
CH,S0,CH,S0,CH, CH;50,CH SO,CH,4 12,5
Czﬂsol?CHﬁ?Ocsz cszo;.;:CHzlclocsz 13
0O 0
CH,OH CH,0™ 15,2
H,0 HO™ 15,74
RCH,OH RCH,0™ 16
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Bang 2.15 (tiép theo)

Axit Bazg pK, (so vdi nudc)

O i
RCH,CHO RCH CHO 16
R,CHOH R,CHO™ 16,5
R,COH R,CO™ 17
RCONH, RCONH™ 17
RCCCH,R RCOCH™R 19+ 20

@ 20
0 L) 2
ROOCCH,R ROOCCHR 245
RCH,CN RCH™CN 25
HC=CH HC=C" 25
Ar,CH Ar,C” 31,5
Ar,CH, Ar,CH™ 335
H, H 35
NH, NH,” 38
C¢HsCH, CsHsCH,™ 40
CH,=CHCH, [CH;=CH=CH,J" 43
CeHg CeHs 43
CH,=CH, CH,=CH" 44
xyclo-C4H, xyclo-CyHs~ 46
CH, CHy 48
C;Hg C,Hs" 50
{CH,},CH, (CH5),CH™ 51
{CHy)sCH {CHy)sC™ -

3- M6t tuong quan voi bdng hé théng tudn hoan

- Tinh axit ting va bazo gidm tir trdi sang phai cia chu ky. Tinh axit tang CH, < NH,
< H,O < HF, con tinh bazo gidm CH; >NH, >HO >F, Iy do 1a do tang d¢ am dién.

- Tinh axit ting va bazo giam trong mot nhém. Diéu nay lién quan t6i kich thuée tidu
phan, ching han F~ nhd hon I~ nhung hit electron nhiéu hon vi dien tich am chiém mot thé
tich nho hon va tap trung hon (F~ cung 1a bazo cing dé hit proton cing). Tuy nhién, tha
tu axit cha cde hydrua nhu H,0 < H,S < H,Se nhung tiu phan chira dién tich duong thi
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H,O" > HaS" > H;Se™.

- Axit ¢é mot cip electron & 16p electron ngoai cing manh hon ¢6 hai cdp electron,
nhu GaCl, manh hen ZnCl,.

- Tinh axit cia MX,, gidm khi di xu6ng bang hé thong tufn hoan do thé tich phan tir
tang, lyc hit giita hat nhan va cap electron y€u, nhu BCl; manh hon AlCl,.

4- Hiéu ting thong ké

Trong cdc diaxit ¢6i xiing, hiang s6 phin ly thit nhat cla hai hydro twong tv nhau 16n
g4p doi va hing s6 thit hai chi bing mot nita vi bazo lién hgp cé thé nhian mot proton & hai
phia tuong duong nhau, cho nén ty 1& K,;/K, bing 4 va gid tri gdn ding nay tim thdy tir axit
dicacboxylic ¢6 hai nhém du xa trong phan tir khong anh huong 1in nhauw. Diéu dé cing
tuong t trong phan tr ¢é hai nhém bazo trong tv nhau.

S- Lién két hydro

Lien ké&t hydro noi phan tir c6 anh hudng i6n dén tinh axit - bazo nhu o-hydroxy-
benzoic axit ¢6 pK 12 2,98, con p-hydroxybenzoic 1a 4,58. Lién két hydro néi gitta OH va
COO’ ciia bazo lién hgp cua déng phan ortho lam 6n dinh né nén tinh axit tang.

6- Hiéu itng lap thé

Proton ¢6 thé tich nhé nén khong cé khé khan 1ap thé trong qué trinh chuyén proton.
Hiéu tng lap thé trong phan ng axit - bazo Lewis 12 thé tich 16n cha axit. Trong bazg nhu
amin, tinh bazo ciing thay déi khi ding axit 16n. Sdc cang gay ra bai sy hinh thanh lien két
cdng hod tri khi hai nguyén tr di vao c¢6 nhém thé ién goi 1a siic cang dién F {face strain),

Hiéu ng 1ap thé gisn ti€p anh hudng dén tinh axit- baza 1a su cOng hudng, nhy o-tert-
butylbenzoic axit manh gip 10 l4n déng phan para vi nhém cacboxyl bi ddy ra khoi mat
phing do nhém tert-butyl. Hiu nhu cdc ortho-benzoic axit déu manh hon déng phan para
khi nhdém la cho hay hit electron.

Hiéu ting lap thé ciing gAy ra bing loai sifc cang khdc nhu 1,8-bis(dietylamino)2,7-

dimetoxynaphtalen 12 axit dac biét manh (pX, cla axit lién hop 14 16,3) so véi N,N-dimetyl-
amin (pK, = 5,1):

H;Cp 0 /L. o
(C;Hs),N - N(CyHs), HC N N
PO - Oy

()

nhung su chuyén proton tdi hay tdch proton & nitg rat cham. Hop chét (1) ¢6 sitc cang cia
hai cip electron n chia hai N & gén nhau, sy proton hod lam m4t sic cang nay, moét cip lién
két véi hydro cdn mot cdp tao lien két hydro. Hiéu dng tuong ty ciing tim thiy & 4,5-bis-
(dimetylamino)fluoren (2), 4,5-bis (dimetylamino) phenantren (3). Cic hop chdt trén déu
tim thay cdu proton (proton sponges). Hop chit loai quino[7.8.9]quinolin (4} c6 pX, = 12,8
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s0 v6i quinolin 1a 4,9, cho ion monoproton tuong ty nhu (1) nhung khong ¢6 khé khin lap
thé nhw & 2,3,4 nhung sy chuyén proton mét céch rét bat thudmg.

(CHy)N N(CHy), (12 N(CHy),
() (3)

Hiéu ting 12p thé khéc do hiéu ing entropi nhu hop chat 2,6-di-rers-butylpyridin (35) 1a
bazd yéu hon pyridin hay 2,6-dimetylpyridin:

m

o

fe?‘t-C4Hg TI ten-C4H9
H. H

) ONH

Ly do & day Ia axit lién hgp (5) kém bén hon axit lién hgp cua pyridin khong cé khé
khan 1ap thé. N6i chung, cdc axit lién hop déu tao lien k&t hydro véi nuéc, nhung trong (5)
thi nhém ert-butyl I6n kim ham sy quay trong phan ¢ nuée, 1am giam entropi.

C4u dang ciing dnh hudng t61 tinh axit nhu céc gid trj pK, clia cdc hop chat sau:
| [ 0 _0
/\)\ CH,0 - \/\0 CH, ><
(6) ) & 9
pK, = 13,3 11,2 15,9 7,3

Xeton ¢6 tinh axit cao hon este nén (6) > (8) nhung hop chat vong ho4 thi (6) chi hon
(7) 12 2,1 dom vi pK,, cdn vdng hod tir (8) t6i (9) tinh axit tang 8,6 don vi pK,. Tinh axit ciia
(9), goi 12 axit Meldrum, cao bat thudmg so véi este 1,3. Tir tinh todn obitan phan tir, nhu
mety] axetat ¢6 hai c4u dang chia metyl axetat v cia ion enolat:

0 0O
I
! PING
CH, 0 ol
spn anti 3

Ca hai déu mit proton nhung c4u dang este syn mat d& hon cfu dang este anti dén 5
kcal/mol (21 kJ/mol). Trong phan tit mach hd nhu (8) thi csu dang uu tién 1a ans, nhung
axit Meldrrum (9) thi cdu dang wu tién 1a syn.
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7- Su lai hod

Obitan s ¢6 nang luong thdp hon obitan p. Obitan ¢é ban chat s cang 16n thi ning
lugng cang thdp, nén cacbanion tir cacbon sp bén hon cacbon spz. Do d6, HC=C- cé cip
electron cé ban chat s 16n hon CH,=CH- vd CH,CH,- 12 bazo y&u hon. Diéu d6 giai thich
tinh axit cao ctia axetylen va HCN, tuong ty nhu cap electron trong ancol va ete 1a bazo
manh hon oxy cacbonyl.

8- Hiéu ing dung mdi

Tinh axit - bazo thay d6i theo diéu kién khdc nhau. Ching han nhu nhiét do, & 50°C
thi thit tu tinh axit 12 C;HgOH > (C,Hy),0 > H,O; nhimg & 1°C thi thit ty 1a (C,Hg),0 >
C,H,0H > H,0. Nhing quan trong hon la dnh huéng clia dung méi, chéng han trong pha
khi khong ¢6 solvat hod, toluen 12 axit manh hon nuéc, va ion fers-butoxit 14 bazo yéu hon
ion metoxit.

Khi giai thich tinh bazo cha cdc amin th€, cho thdy c6é hai hiéu ¥ng cam dng va hydrat
ho4 14 ngugc nhau, trong pha khi khong ¢6 solvat hod thi tinh bazo R;N > R;NH > RNH, >
NH; do chi ¢6 hiéu dng cam vng, anilin trong pha khi 1a bazo manh hon NH;, nhung trong
dung dich nudc l1a bazo thop hon gay ra do higu dng solvat hod khéng phai hiéu ng cam ting
hay lién hop. Pyridin va pyrol 12 bazo y€u hon NH; trong dung dich nwéc nhung 1a bazg
manh hon trong pha khi.

Ancol trong dung dich nudc ¢ unh axit ia H,O > CH;CH,OH > (CH,),CHOH >
(CH,)>COH nhung trong pha khi thi nguoc lai, dé gidi thich ciing ding hiéu ing solvat hod,
nhu H,0 va (CH;3);COH, ion HO™ bj solvat t8t bdi nudc, con ion (CH,),CO™ solvat kém hon
do thé tich 16n lam cho nudc khé cé thé ti€p cin 161 oxy, nén trong dung dich H,0 cho

proton nhanh hon. Khi khong cé solvat dung méi, tinh axit ndi tai boc 10 ra va (CH4);COH
axit hon H,0.

Mat khéc, hiéu iing dung moéi con phu thudc sy dinh hudng cia phan tir dung moi, khi
axit hay bazo chuyén thanh ti€u phan lién hop. Chang han, RCOOH chuyén t6i RCOO™
trong dung dich nudc, phan tir dung moi bing lién két hydro bao vy xung quanh nhém
COO theo mot trat ty xac dinh hon 13 xung quanh nhém COOH (do tinh hiit manh cha dién
tich am). Piéu nay biéu hién & sy mat d¢ tv do nén entropi gidm. Po nhiét dong hoc cho
thdy cdc axit béo don gian va halogen hod trong dung dich nuéc & nhiét d6 phdng cé entropi
déng gép 16n vao su thay déi nang lugng ty do AG” nhiéu hon 13 entanpi AH®.

pK,  AG AH TAS
CH,COOH 47 +6,5 -0, -6,6 (kcal/mol)
CICH,COOH 286 439 -1l -5,0
Cl,CCOOH 0,65  +09  +LS5 +0.,6

Hiéu iing cam dng vi cOng huong anh hudng tGi tinh axit theo hai cdch khic nhau.
Ching anh huéng dén entadpi (nhém hiit electron tiang tinh axit do 6n dinh RCOO™ bing
dien tich khuéch tdn), nhung cfing anh hudng téi entropi (do dién tich thip & nhém COO vi
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do thay ddi mat do electron phan b6 trong nhém COCOH, nhém hiit electron sau khi dinh
huéng dung moi quanh ci hai axit va ion, 1am thay déi entropi).

Anh huémg cha dung mai proton va aproton tdi tinh axit - bazo ciing khdc nhau, cé sy
khidc nhau vé solvat anion bing dung méi proton va aproton. Ching han, axit picric trong
DMF 14 axit manh hon HBr, trong nuéc thi HBr manh hon. Piéu ndy cé thé cho 11 do thé
tich ion (NO,);CsH;0" bj solvat t6t hon bing DMF hon ion nhd By~

Tém lai, su solvat hod ¢6 hiéu (ng manh dén tinh axit - bazo. Trong pha khi, hiéu tng
cdm tng va cong hudng déu tic dong, cdc nhém hiit electron 1am tang tinh axit (giam tinh
bazo), nhém cho electron anh huéng nguoc lai. Trong dung dich, dac biét trong nudc, hieu
ing dung moi néi chung 13 16n trix truong hop dic biét.

2.9. TINH AXIT CUA DUNG MOI

Khi chét tan thém vao dung méi axit thi sé& bi proton hod béi dung moi. Néu dung moi
la nuéc va néng do chat tan khong qué 16n thi pH cta dung dich 13 thudc do 16t cho 4i luc
cho proton cita dung moi. Péng ti€c 1a didu dé khong diing cho dung dich dic vi hé 56 hoat
d¢ khéng 16n hon don vi. Viéc do tinh axit clia dung méi khi 1am viéc véi dung dich dac va
diing hén hop dung moi. Ham s6 axit Hammett 13 phép do khi ding dung méi axit c6 héng
$6 dién moi cao.

D6i véi bit ky dung moi nao, bao gdm ca hén hop dung méi (nhung ty 1é hén hop xdc
dinh), gid tri H, dugc xic dinh la:

[BH']
[ B]

Hy 1a s6 do cho chét chi thi diing khi c6 bazo y€u (B) va chuyén mét phin trong dung
moi axit thanh axit lién hop BH*. Ch4t chi thi dién hinh 13 ion o-nitroanilini cé pK trong
nude la —0,29 va ion 2,4-dinitroanilini véi pK trong nudc 1 —4,53. Ddi véi dung méi di cho,
[BH*]/[B] la s6 do cha mét chét chi thi ding theo phuong phap quang phé.

Khi bi€t pX trong nu6c (pK’gy+,) cho chat chi thi, Hy 6 thé tinh duge cho mot he
dung moi. Trong thuc (&, chat chi thi chung da dugc ding véi gid trj H, trung binh. Khi biét
Hj, cho h¢ dung méi, gid tri pK, duoc tinh cho bat k¥ cap dung méi nio.

Hy=K'pys —lg

Ky hiéu A dugre xdc dinh 1a:

Fur
VG ay+ 12 hoat d¢ cia proton; f, va Jur+ 12 he s6 hoat d6 cia chat chi thj va axit lien hop cha
chat chi thi tuong ving, H, ¢6 quan he vei hg bai:

Hy=—lghy
Do d6, Hy tuong ty pH va ki, twong ty {(H'] va trong dung dich loang thi H, = pH.
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H, phan dnh 4i lyc cia dung moi cho proton nhung chi 4p dung cho dung dich axit cé
hing s6 dién moi cao nhu hén hgp nude véi axit nitric, sunfuric, peclorat... Hy, chi chinh x4c
khi f; / fiyr+ 40 14p v6i ban chét cha bazo (chét chi thi). Piéu d6 chi ¢6 khi cdc bazo c6 ciing

cfu tric nén cAdch ndy bi han ché& va khi so sdnh gilta cdc dung moi tim th4y c6 nhiéu chénh
lech.

Phuong phédp gdn ding cho ham s axit do Bunnett va Olsen dua ra 1a:
[BH']
{B]

vdi S 12 bazo bj proton hod béi dung moi axit. D¢ nghiéng ciia 1g({SH') / [S]) + H, d6i véi

Hy + 1g{H"] 12 théng s& ¢, trong khi d6 dudng chin 12 pK, clia ion lyoni SH* (ngoai suy dén

d¢ lodng vo han trong nuéc). Gid tri ¢ biéu thi do nhay cla cAn bing S + H" = SH” khi thay

déi néng do axit. Gid tri ¢ am chi ring Ig cla ty 1& ion hod {SH']/[S] tang, ciing nhu néng
do axit ting, nhanh hon Hg, con ¢ duong thi ngugce laij.

lg + Hy=d (Hy + 1g[H")) + pKgyy+

Phuong trinh Bunnett va Olsen & trén 1A tuong quan tuyén tinh v6i ning lugng tu do,
lien quan ti can bing axit-bazo.

Phuong trinh tuong dng diing cho dong hoc la:

Igky + Ho = d(Ho + 1g[H']) + 1g4%,

v0i kg 12 hing 56 t6¢ 40 gia bac nhét cha phan ing cha chél bazo y&u trong dung dich axit va
%%, 12 hing s6 t6c d6 bac hai ciia dung dich nudc loang vo han. Trong trudng hop nay, ¢ 1a
d6 nhay cia t6¢c d6 phan ing Khi thay d8i néng 4o axit clia dung méi.

Trén co s& ciia Bunnett va Olsen, Bagno, Scoran dd cong thitc hod hiéu tng dung moi
(sy thay d6i tinh axit clia dung méi) vio can bing axit. Can bing gén ding dugc chon lam so
sanh v tinh axit phy thudc vio phan img khéc so sinh vdi né khi ding phuong trinh tuyén
tinh:

lg£ =m lg—E—
Ky Ky
véi K 1a céc gid tri hdng s6 c4n bing theo:
K cho phan ting nghién c\tu trong dung moi riéng ndo dé;
K’ cho phén ting so sénh d6i chi€u & trong ¢ling dung moi;
K cho phan ting nghién cifu trong dung méi ddi chiéu;
K’ cho phan ting d6i chi€u & trong dung moi d6i chiéu;
vam' 1a do nghiéng clia hé thic (tuong ng véi 1 — ¢ clia Bunnett Olsen).

Phuong trinh nay 43 4p dung cho nhién phan tng axit - bazo.
2.10. CO CHE PHAN UNG CHUYEN PROTON

Su chuyén proton ciia axit hay bazo chifa oxy va nito thudng dic biét nhanh. Huéng
nhi¢t dong hoc thich hop 1a sy kh6éng ché khuéch tdn. Thuc t&€ mot axit binh thudng duoc xéc
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dinh khi ¢ phan ¢ng chuyén proton bing kh6ng ché khuéch tdn hoan toan, trir khi axit lién
hop ciia bazo chuyén proton ¢6 gi4 tri pK rit gdn nhau (khic nhau duéi 2 don vi pK) so vai
axit.
Cda ch€ phan wng axit - bazo c6 ba giai doan:
1) AH + B == AH----B
2) AH----B == A-...HB
3) A----HB == A + HB
Su chuyén proton thuc xay ra & giai doan hai. Giai doan d4u 12 sy hinh thanh phirc lién
ket hydro. Sin phdm & giai doan hai 12 phic hydro khéc dé phan ly & giai doan ba.

Khong phai t4t ca cdc phan tng chuyén proton la khong ch€ khué&ch tdn. Ching han
néu cé lien két hydro ni phan tit trong phan ti, phén {ing cla axit hay bazo giita cic phan tir
14 rat cham, ching han nhuw:

¥

A

‘fﬁz@ N ﬂ\

CH2 ’JH CH2 I'I' --O—H
P \?
H H

¢ day, ion HO™ ¢6 thé hinh thanh lien két hydro v6i hydro axit chi khi lién két hydro néi bi
phan cit, nén chi c6 mot s6 k&t hop gitta OH v6i phan tir 3-hydroxypropanoic do chuyén
proton. Trong nhiéu két hop, ion HO™ di t6i phia tréng nén t6c d¢ cham. Chi ¥ 1a diéu niy
chi dnh hudng dén t6¢ do, khong anh hudng t6i can bing. Nhan t6 khic ciing anh hudng t6i
t6c d¢ 1a cdu tric phan tlr cla phan tit cho proton dugc bao vé trong cdc khoang phan ti
(chang han nhu déng phan trong - trong (in - in) hay ngoai - trong (out - in). Ciing c6 trudng
hop do tao cdu proton.

Su chuyén proton giita axit va bazo & trong cling phén tir ciling xdy ra chim néu hai
nhém & xa nhau, Trong mét s6 trudng hgp sy tham gia clha dung méi Ia rét cdn thiét.

Su chuyén proton di hay t6i nguyen t& cacbon luén xay ra cham hon giia nguyén tir
OXY VA nito.

Su chuyén proton & cacbon xy ra & mot s6 trudmg hop sau:
1- Lién két hydro r4t y&u hay khong cé & cacbon.

2- Nhiéu cacbon axit mat proton hinh thinh cacbanion dugc 6n dinh bing cong huémg.
Sy céiu tric hod c6 th€ kém theo (nhu chuyén nguyén ti tit vi trf nay t6i vi tri khac).
Clorofom, HCN, 1-ankyn khdng hinh thanh cacbanion 8n dinh bing cong huéng 1a axit
dong hoc binh thudng.

3- C6 sy cdu tric hod lai cdc phan tir dung moi xung quanh ion so véi phan tir trung hoa.
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Lién quan t6i nhan t§ 1 vi 2, dé nghi ring, bat ky nhan t6 nao 1am 6n dinh sin phdm
(nghia 12 bdi cong hudng hay solvat hod) déu ha thdp hing s6 t6¢ d9, nén né phit trién cham
trén truc toa do phin dng nhung tang hiing 56 t6¢ do néu su phdt trién dé. Diéu nay goi la
quy tic déng bo chua hoan hao (principle of imperfect synchronization).

2.11. XUC TAC AXIT BAZO

Phin tng hitu co thudng dugec xic tdc bang axit hay bazo hodc ci hai. Trong méi
trudng hop xtic tic c6 lién quan t6i co ch€ ma thudmg c6 su chuyén proton & giai doan ddu
gitta proton va chat ban ddu.

Phan tng dugc xidc tdc axit hay bazo theo hai cdch khdc nhau: xic tdc chung (hay
téng quét - general) va dac thii (hay dién hinh - special).

Néu t6c d6 phan tng Xic tic axit xay ra trong dung moi S ma ty 1é v6i [SH'] thi phan
timg 1 xuc tdc axit dac thil, axit 13 ion SH'. Axit ¢6 trong dung moéi ¢6 thé manh hon hay
y&u hon nhung t6c do chi ty 1& véi [SH'] ¢6 trong dung dich bdi tuong téc:

S + HA == SH' + A~
Néu t6c do phan ing xic tdc axit tang khong chi do tang [SH'] ma con do tang ndng

do cla axit khdc (ching han nhv trong nuéc ¢ phenol hay axit axetic) goi 13 xic tic axit
chung. Cic axit khdc 1am tang t6c do trong khi d6 [SH'] 1 khong déi.

Quan h¢ giita lyc axit clia xic tdc va 4i lyc xdc tdc cé thé biéu thi bing phuong trinh
xic tdc Bronsted:

logk = alogk, + C
vai k 1a hiing 56 t6c do cho phin Wng xic t4c axit c6 hing s& ion hod K,. Theo phuong trinh
nay, v& gian d6 phu thudc logk vao logK|, cla phan (ng mét day axit s& tim duge gid tri o va C.
Tuong ty nhu vay khi ¢é xiic tic bazo chung va dic thi va phuong trinh Bronsted nhir sau:
logk = BlogKg + C

Phan itng xfic tic axit - bazo chung hay dic thil cho théng bdo vé co ché, ching han
Xlic tdc axit:

Giai doan 1: A ‘iH__ AH'
Giai doan 2: AH* —» sin phim

Néu phan tng xic tdc axit dic thi SH*, giai doan 1 12 nhanh, giai doan 2 13 quyét dinh
téc do phin dng, va can bing dugc thiét 1ap nhanh giita chit A va axit manh c¢é trong dung
dich SH*. Mit khéc, néu giai doan 2 13 nhanh, khong ¢6 thoi gian dé thi€t 14p cAn bing v
giai doan 1 quyét dinh t6c d6. Giai doan ndy c6é anh hudng dén 14t ci cdc axit ¢6 trong dung
dich va t6c d6 phin 4nh t6ng hitu ¥ng clia méi axit (xic tdc axit chung). Phin ing xic téc axit
chung ciing quan sit thdy khi giai doan cham 14 phan (ng cia phuc lién két hydro A....HB,
ma mdi phic phan ing véi bazo véi t6¢ 4o khdc nhau. Tuong tu ciing c6 thé ding xic tac
bazo chung va dac thii.
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Hon nita, d3 c6 nhiéu thong bo cho bist cic gid tri o va B trong phuong trinh xic tic
Bronsted tr khi do dugc gén ding dai lwong chuyén proton trong trang th4i chuyén. Trong
nhiéu trudng hop, gid tri o va B nim gita 1 vd 0. Néu gid trj o va B gén t6i O thi néi chung
1a trang thdi chuyén gdn véi tic nhan, nghia 12 proton chuyén rat nho khi trang thdi chuyén
da di. Néu gid trj o va B gin vé phia 1 thi nguoc lai, nghia 13 proton da chuyén hoan toan
trong trang thdi chuyén. Tuy nhién, nhiéu trutmg hop da biét lai khong tuan theo quy tic
chung nay va co s& 1y thuy&t cdn nhiéu diéu chura sdng td. N6i chung, proton trong trang thai
chuyén lien quan chat ché véi bazo yeu.

2.12. HIEN TUQONG TAUTOME

Trong hod hitu co c6 nhiéu hgp chét 13 hén hop ctia hai hay nhiéu ch4t khdc nhau vé
cdu triic ma 12 & trang théi can bing nhanh. Hié¢n tugng nay goi 13 sy tautome ho4.,
I-Tautome hod xeto - enol
Dang chung tautome ho4 giita nhém cacbonyl chida hydro o va dang enol:
¥ ¥
R—C—C—R" === R—C=C—-R"

b g b—n

dang xeto ‘dang enol
Trong trudng hop don gian, R” 1a H, ankyl, OR... can bing chuyén vé beén tréi t5t hon
do nang lugng lién k&t nhy trong bang 2.16.

Dang xeton c¢6 hen két C-H, C-C, C=0, dang enol c6 C=C, C-O va H-O. Téng cha
ba lién két ddu 1a 359 kcal/mol (1500 kJ/mol), con ba lien ke’_t sau 13 347 kcal/mol (1452
kJ/mol) nén dang xeton bén hon dang enol 1A 12 kcal/mol (48 kJ/mol).

Bang 2.16. Ham lugng enol ciia mot s6 hop chét cacbonyl

Hop chat Ham lugng enot, % Hop chét Ham (ugng enol, %
Axeton 6.1077 CgHsCOCH, 1,1.107
Xyclopentanon 1.10°° CH,CHO 6.107
Xyclohexanon 4,107 (CH,),CHCHO 14.107?
Butanal 55.107 {CeHs),CHCHO 9,1
CH;COOC,H, khong tim th&y CH;COCH,COO0C,H, 8.4
dang enol

CH,COCH,COCH, 80 CgHsCOCH,COCH, 89,2
C,Hs00CCH,CO0C,H; 7.7.10° NCCH,COOC,H; 2,5.107"
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Dang xeton bén nhi¢t ddng hoc hon dang enol v binh thudng khong tich dang enol ra
dugc trir mot s6 trudng hop bén sau day:
a- Phan tir ¢6 lien k€t doi enol lien hop dugc véi cdc n6i déi khdc. Nhr trong bang

2.16, este cacboxylic ¢6 hdm luong enol r4t nhd nhung trong phan tir este axetoaxetic thi
dang enol n dinh bing li¢n két hydro nén bén:

HyC\_ /CH ~ . ~OCaHs

|
---H—O

b- Phan tir ¢6 chifa hai hay ba nhém aryl, ching han nhu 2,2-dimesityletenol chi c6
5% dang xeto trong cAn bing:

CH
Ar At (°
Yo—=G-H == XCH-(-H Ar= H3C—Q—
AF iH Af E CH,

(1) (2)

Dang xeto mat 6n dinh do khé khan 1ap thé. Trong dang enol hai nhém phenyl & cich
nhau 120° con trong dang xeton bi dfy nhiéu hon (109,5%). Nhiing hop chat ndy goi 12 enol
loai Fusion.

c- Enol ctia xeton flo hod cao. Ching han:

200° _
CF;=C—CF, % CFZH—@ CF;
H

Trong trudng hop ndy, dang enol khong bén hon dang xeton nhiéu, giit duge lau &
nhi¢t do phong vi phan ing tautome hod rat cham do tinh hiit electron cia flo. Khi dun néng
dang enol d4n chuyén sang dang xeto.

Khi ham lugng enol cao cé thé tich ra ca hai dang, ching han dang xeto cila
axetoaxetic néng chay & —39° thi dang enol 12 long & ~78°C.

Enol don gian nhat la vinyl ancol CH;=CHOH diéu ché pha khi & nhiét 46 phdng cé
thoi gian bdn huy 12 30 phiit. Enol (CH;),C=CCHOH bén & dang rdn & —78°C va chu k¥ bin
huy 12 14 gi%r & trang thdi léng & 25°C.

Ham lugng enol hod phu thudc vio dung moi, néng dg va nhiét d4. Ching han trong
nudc ham lugng eno' clla axetoaxetic 12 0,4%, trong toluen 13 19,8%, do nudc di 1am mat
lién két hydro véi ni 6m cacbonyl lam cho nhém nay khé thuc hier dwoc lien két hydro
ngoai phan tr. Him luong cita pentan-2,4-dion (CH;COCH,COCH;) c6 95, 68 va 44% tuong
itng & nhiét do 22, 1£0 va 275°C.
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Khi ¢6 bazo manh, ca hai dang enol v xeton déu m4t proton tao nén ion enolat nhu
nhau nhing khdc nhau vé vi trf electron;

Rg}IIC—i:LR _— R2C=EI:I
e;pﬂ, H* H+1l' H

R,C— —— R,C=
I 5o
O
1)

( (2)

ching khong phdi 12 tautome ciia nhau nhung 12 hai dang cong huéng. Cau triic thuc ciia
enolat 1a lai hod cua (1) va (2), trong d6 (2) d6éng gép nhidu vao cau tric lai hod hon vi dién
tich 4m & nguyén tit am dién hon.

2- Tautome phenol - xeto

o=k
- H
N H

Can bing trén luon ludn chuyén vé ben trdi vi phenol 6 tinh thom. Ban than phenol

khong c6 xult hién dang xeto, song dang xeto tr& nén uu tién hon trong céc trudng hop:
1- trong phén tir ¢6 nhém OH hay N=0;
2- trong hé¢ vong thom ngung ty;
3- trong he di vdng.

Trong nhiéu hé di vong, trong pha 1ong hay trong dung dich dang xeto bén hon
con trong pha khi thi ngugc lai. Chéng han, trong can bing gita 4-pyridon (3) va
4-hydroxypyridin (4) thi (3) 1a dang bén ph4t hién ra trong etanol, con (4) la dang uu tién
trong pha khi:

)

T

e e
I
)

(3) (4)

3- Tautome nitrozo - oxim

R,CH—N=0 == R;C=N—-OH

nitrozo oxim
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Can bing nay luon chuyén vé& ben phai va di cé quy téc 12 hop chét nitrozo chi bén khi
khoéng cé hydro a.

4- Tautome nitro-axinitro

Dang nitro ¢é ¢4n béing véGi dang axi:

O
RZCH_% o - RZCI{—N/CP e R2c_l\<

dang axi
o dang nitro

Dang nitro bén hon dang axi, ngugc vdi trudng hop nitrozo - oxim vi dang nitro cé
cong hudng ma khong tim thdy trong nitrozo. Dang axi clia hgp ch4t nitro ciing goi la axit
nitronic v axit azinic. '

5- Tautome imin - enamin

R,CH—CR=NR =—= Ry;C=CR—NHR

imin enamin

Dang enamin chi bén khi khong ¢6 hydro a & nito (R,C=CR-NR,), nhu vay dang
imin wu tién hon.

Cic dang tautome trén 12 do sy chuyén proton, ngodi ra cdn ¢6 tautome ctia mach
nhdnh - vdng va tautome hod tri (xem chuong Chuyén vi),
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Chuong 3

HOA HOC LAP THE

Céc hop chat hitu co ¢6 su phan b6 xéc dinh cde nguyén tir trong phan t&r. Sy phan bs
khic nhau trong khéng gian sinh ra déng phan lap thé. Cic déng phan lap thé cé cling cong
thic phan tlr nhung c6 sir sép xép khéc nhau trong khéng gian ba chiéu khong thé trao déi
thay the cho nhau. Ciu tric khéng gian ba chiéu c6 thé goi 13 cfu hinh. Pdéng phan 1ap thé
hinh thanh do nhiing nguyén nhan sau:

1- Céc phan tit ¢6 su phan b& khéc nhau cila cdc nguyén tir d6i v6i bo khung cacbon
hay dé6i v&i mit phing clia mot lien két di cho nao dé goi 1a déng phan ciu hinh:

- Néu do sy phan bs d6i véi mat phing cha néi dai hay vong thi déng phan c4u hinh la
déng phan hinh hoc.

- Néu do s phan bd ddi véi mot trung tam d6i XUng nao d6 cita phan uir, lién quan t6i
su ¢6 mat hay khéng c6 nhimng y&u t& d6i xing trong phan 1, lién quan t6i sy dinh hudng va
hinh dang cdc MO trong phan ti¥ thi déng phan c4u hinh 12 ddéng phan quang hoc.

2- Nhimg hgp chat ¢6 tir hai cacbon tr&r 18n ¢6 kha nang quay xung quanh lién ké&t don
C-C, nghia 12 c6 kha niang thay d6i géc nhi di¢n lién quan tdi sy phan bd khic nhau cia

nhém th€ do sy quay xung quanh lién két don cho nhitg d6ng phan khéc nhau goi 1a déng
phén ciu dang.

3.1. PONG PHAN HINH HOC
3.1.1. Cau tric
1- Déng phdn hinh hoc ciia lién két doi

D6i véi hop chdt ¢6 néi doi c6 sy kim ham quay xung quanh lién két doi nén cé su
phan bg khdc nhau clia cdc nhém the déi véi ma phéng ciing n cha néi déi cho déng phan
hinh hoc:

R(RC = CR,R,
véi diéu kien 1A R = Ry, R, = R;.
Loai dong phan nay goi la déng phan cis-frans:
R
~ 7/ R
I/C=c:\ R)cf-:ci
trans Ry cis R,
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Danh phap cis-trans diing cho nhitng hgp chdt c6 cfu tric loai axC = Cay (a cing phia
1a cis, khic phia 1a trans) hodc hgp chat ¢6 cdc nhém the 1a hydrocacbon nhimg khdc nhau
vé thé tich thi c6 thé xét theo thé tich:

a. / y a\ 7 a H / CH3 C2H5
SN, AN So=c{ H>C=C <
trans cis y H';C 3 cis C2H5 H7C3 trans CH3

Po6ng phan cis-trans 12 déng phan dia cla nhau.

Doi véi loai hgp chat axC = Cby thi ding danh phip TUPAC cia hé Cahn-Ingold-
Prelog, goi 12 danh phdp £-Z theo tinh hon cdp clia nhém thé.

Noi dung clia danh phdp Cahn-Ingold-Prelog nhy sau:

1- Tinh hon cap cda nhém th€ duge xdc dinh theo s6 thit ty nguyén tir hay dién tich
hat nhan cua nguyén tir dinh trye ti€p v6i cacbon (cacbon spz hay cacbon b4t d6i ximg).

Nhém the€ cé nguyen ti dinh véi Cgp2 ¢6 s6 thit ty hay dién tich hat nhan I16n hon s&
hon cap hon:

Br>Cl>8>P>F>0>N>C>H
(35 A7) 16) A5 O & (7 & ()
2- Neéu cdc nguyén tir lign ket truc tiép giéng nhau thi xét 16p thit hai:

CH(CHy), > CH,CH, > CH,
(1H+20)=13 (1C+2H)=8 (3H)=3

(RO):C > (RO),CH > ROCH,
(30) = 24 (20+1H)= 17 (10+2H)=10

Né&u trong nhém ¢é nguyén t& 4m dién hon thi sé uu tién hon, nhu CH,0H hon cip
hon (CH3),CH mac du nhém sau c¢6 hai C, nén khi ¢ hai hay nhiéu nguyén tir lien két véi
cacbon ngi doi la nhu nhau thi nguyén tir thi ba quyé&t djnh tinh hon cép.

3- Cdc nguyén tir chita lien ket boi duge tinh boi 14n (ni doi tinh gap doi):
HC=0 > CH,OH C¢H; > (CH),CH C=N > CH,NH,
(7 (10) (18) (13) (2D 9
Chéng han sy tuong ting cia mét s6 nhém nhu sau:

i i v
—C=0 - —(I:—o-c —CH=CH, —» — —?—C
O C H
H P
—C=CH + —E_ l'_{; | H
CE et
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4- T4t ca cdc nguyen i, trir hydro, déu c6 hod tri 4. Khi hod tri thuc clia nguyén o
kém hon, nhu oxy, nito hay cacbanion, hod tri thi tu, thudng 1a cap electron khong lién két
nhu cap electron n, duge dinh s6 thir ty bing 0.

5- Trong cdc dong vi, nguyén tir c6 s6 khéi 16n hon s& hon c4p hon:
D>H
Ap dung quy tic trén, thit oy ca cdc nhém gidm nhu sau: COOH, COC¢H;, COCH;,
CHO, CH(OH),, o-tolyl, m-tolyl, p-tolyl, phenyl, C=CH, teri-butyl, xyclohexyl, vinyl,
isopropyl, benzyl, neopentyl, allyl, n-pentyl, etyl, metyl, deutri va hydro.

Trong danh phdp E-Z clia déng phan hinh hoc, néu hai nhém thé hon cap hon & hai
cacbon n6i doi & cling phia 12 déng phan Z (zusammen - cing) va ngugc phia nhau I3 ddng
phan E (entgegen - ngugc):

axC=Cby véia>x vib> ythi:

a b a ¥
Se—c( e
N -~
X @ Y X B b

(£ twong tng vdéi cis, E tuong ing voi trans).
Ciing gidng nhu danh phdp cis-trans, danh phdp E-Z chi dung lam ti€p ddu ngi.
Danh phép cis-trans ¢6 khi trang v6i E-Z, ¢6 khi khdc nhau:

H,C ~CHs cl Cl
fo‘S,Z} H (CfS.E) Br
H;C;C. L Cels \\ HC /B
=C \\ N
H g N(CH,), — C,H;s @ CyH;s
H,c ®

Nhitng hgp chat c6 hai hay nhiéu ngi d6i trong phan tlr, n€u méi cacbon ¢ hai nhém
th€ khéc nhau thi s6 déng phan hinh hoc 12 2", néu c6 nh6ém the giéng nhau tht s§ déng phén
giam,

Dai véi hé c6 nhiéu ndi doi rieng ré:

H ,H H CH
= Se=c” PLC__ /CHy
/ N C
o= HiC~.__ / He
I‘I/ \H H‘/C_C\H /C:C\
cis-cis (£-Z} H3C H

cis-trans (Z-E) trans-trans (E-E)
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Dai véi hé lién hop:

H H R' '
Re._ R RN “HOHS /C N HH /C ‘R
H H H H g “H R Oy

cis-trans (Z-E} trans-trans (E-E) trany-cis (E-Z)

cix-tis (Z-Z)
néu R=R’ thi s6 d6ng phan gidm vi ddng phan rrans-cis tuong duong véi cis-trans.

Hop chit loai allen khong c6 déng phan hinh hoc vi cdc nhém thé ndm trong hai mat
phéng khédc nhau, song n&u cé s6 ndi doi lién 12 1& nhur trong cumulen thi ¢6 déng phan hinh

hoc vi cdc nhém thé ndm trong mot mat phang:

/T /T =

Thuc t& ngudi ta da tich duge hai déng phan.

D61 vai loai hop chédt andoxim, xetoxim khong d6i xing, hydrazon, hop chét azo ¢é
lien k&t C=N, N=N va ngay ca C=S ciing c6 déng phan hinh hoc nhung thudng dung danh
phdp syn-anti (syn tuong Wing vdi cis, anti twong Gng véi trans), tuy nhien vin ¢6 thé ding

danh phap E-Z.

N N N N
~ OH Ho/ann' S}: OH Ho/a” /i
sy
—H
ot ol ok
| I # N 2 N
N V4 ~
N N N NHCH;
CﬁHS/ syn anti h C6H5 C6H5NH syn anti

trong trudmg hop xetoxim thi phai chi r nhém nao syn hay anti v4i nhom OH.

2- Déng phdn hinh hoce ciia cde hop chdt vong
Céc hop chat vong ciing ¢6 déng phan hinh hoc. Xyclopropan ¢6 hai ldn the c6 déng
phan cis-trans d6i v&i mat phing vong, dong thoi cling xullt hign déng phan quang hoc:
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Cl Al g cl al q H
VA AV R ave vt

{cis.nreso) (trans, DL}
HOOTACHs HaTAFOOH I ACI‘E H3TA|
(cis, DL} HOOC (trans, DL} COOH

CK-—_ /Cl C]\__“\\\\Cl C]\ Cl A

fcis) (trans) {eis} \:l { fmru)’///Cl

Dé riit ngan sy mo 13, nguvi ta dung phuong phip sau:

Vong ¢6 tinh hinh hoc déu. Hydro & cacbon ¢6 nhém the biéu dién bing dfu ch&m
néu né huéng vé ngudi quan sét, nghia 13 & phia truéc mat phing, con nhém the nim & phia
sau mat phang c6 lién ket thi bi€u dién bing dudng lién. Néu hydro & phia sau mat phing thi
khong biéu dién, con lign két ciia nhém the vin bidu dién bing dudng lién, da s6 cac hydro
khic bo qua.

|
C Cl
Ci H g Kv/ Cl Cl Cl
N\
: — oY H = = ‘

H

. H H / /
C H_cC Cl Cl CI
Cl
trans-dicloxyclopropan cis-dicloxyclobutan

Xyclopentan hai 14n th& ¢6 nam cfu tric:

SRR eNp ot

trong dé b, ¢, d, d 1a déng phan hinh hoc, dong thdi néu hai nhém thé giong nhau thie va d
la hoat dong quang hoc, con néu khéc nhau thi ci b, ¢, d, d déu 1a hoat dong quang hoc.

Xyclohexan hai 14n th€ c6 déng phan hinh hoc: cis-trans cia 1,2-, 1,3- va 1 4:
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= =R O

cis-1,2 (e.e=2= e.a}

trans-1,2 (e.e == a.aj

AT - e O

cis-1,3 (e.e == a,a) trans-1.3 {(a,e == e,a)

OFT = =S

cis-1,4 (¢, === a.e)

trans-1.4 {e.e = a.a)

Nhitng hop chat cé nhiéu canh va khong phing c6 s6 déng phan hinh hoc tang len

nhiéu vi tang s6 déng phan vi tri va s6 nhém thé cé thé co.

Quan trong 1a loai hgp chat hexacloxyclohexan va loai inosit ¢6 8 déng phan cis-trans

trong dé ¢6é 7 dang meso va mdt nghich quang:

Y

X X
X=0H cis-inosit epinosit alloinosit
X=Cl B & o
X X
@ X X
X X X X
X=OH mucainosit neoinosit D, L-inosit
X=Cl ; ; "

X

mesoinosit

X

X
X

spiloinosit

g

Nhu vy, & day c6 sy khdc nhau véi lién két déi [ cacbon th& c6 thé 1a khong tring
anh vat hay chiral. Néi chung, trong trudng hop bén nhém thé 1a khic nhau ¢6 bén déng
phan ma déng phan cis hay frans khong thé chéng khit 1én dnh guong clia né, trir trudng hop
vong chdn c6 nhém the & gée d6i dién nhau thi khong chiral, trong trudng hop nay cacbon

la tring anh vat hay achiral nhu hop chat sau:

O
H C,H;
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Hop chat nay c6 mat phing déi xiing, con khi ¢6 nhém th& & hai cacbon gidng nhau
thi déng phan cis chéng khit lén déng phan guong nén la hop chit meso, con déng phan
trans la mot cap D,L (trir trudng hop trén) do déng phan cis c6 mit phing déi xing con
trans thi khong.

H3C>O<CH3 H3C>Q<H H>Q<CH3

H

H cis meso H CH3 H3C H
cdp trans DL

Déi véi vong cé nhiéu hon hai nhém th€ khdc nhau cing c6 thé ding quy tic trén
nhung trong nhiée truémg hop khong dé gi tim thdy s6 déng phan. Phuong phap t6t nhat 1a
vE tdt ca 2" dong phan cla vong ¢6 » cacbon c6 nhém the khac nhau {thudng cacbon bét doi)
16i s0 sdnh va thir chéng khit cdc déng phan véi nhau hay dé& hon Ia phan tich tinh d6i xing.
Bang phuong phdp d6 da tim thdy 1,2,3-xyclohexatriol ¢6 hai déng phan meso va cap D L,
1,2,3,4,5,6-hexacloxyclohexan ¢6 7 déng phan meso va cap D,L.

Quy tic ny cling 4p dung cho hgp chét di vong c6 cacbon chifa hai nhém thé khic nhau.

Hop chat vong c6 hai cacbon ¢é nhém thé khdc nhau thi diing ti€p ddu ngit cis- rrans.
He E-Z khong ding cho hgp chét vong. Song hop chét ¢6 hon hai cacbon ¢é nhém thé khic
nhau thi khéng thé ding ti€p ddu ngit cis-trans. DSi véi hop chat nay, hé dioc chi 13 cidu
hinh cia méi nhém so v6i nhém chuin da chon thudng ky hiéu 14 r (reference group) c6 s6
thit tu nhé nhét trong vong, ching han nhu hop chdt (1) 1a ¢-3, ¢-5-dimetylxyclohexan-r-1-
ol, (2)~-3,t-5-dimetylxyclohexan-r-1-ol, (3) ¢-3,1-5-dimetylxyclohexan-r-1-ol. Trong trudng
hop nhu hgp chét (4) cd hai cich ddnh 56 twong duong nhau, chon 14y mot cich d€ chi cis
¢ho nhém the€ d4u tién so véi nhém chudn nén goi (4) 1a r-2-c-4-dimetyl-r-6-etyl-I 3-dioxan:

oS O O

H,C HyCH,C
(1) (3)

3- Dong phdn hinh hoc logi vong ngung tu

H¢ vong ngung tu bixyclo ¢6 mét canh chung hai cacbon khéng ¢6 quy tic gl mdi. Su
ket hop c6 thé 1a cis hay trans, dién hinh Ia trans-cis decalin. D8i v6i cdc vong nhd, ciu
hinh trans quan trong hon va c6 thé ¢6 dang cis. Vong d3 tdng hop duogc 1a vdng két hop
vong 4 va 5canh la trans-bixyclo[3.2.0]heptan:

T
'ﬁ H
cis-decalin frans-decalin trans-bixyclo[3.2.0Theptan
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- Vong 3 canh ngung tu vé&i vong 4, 5, 6 chi ¢ déng phan cis:

¢is-bixyclo[2.]1.0]pentan

- Vong 4 canh ngung tu v6i vong 5, 6 canh chi cho dong phén cis, con ngung ty vdi

vong 7 canh cho ddng phan cis-trans:

5 Cn On

cis-bixyclo[4.2 0loctan cis-bixvelo[5.2.0lnonan  trans-bixyclo[5.2.0jnonan

- Vong 5 canh ngung tu vdi nhau hay véi vong 6 canh cho déng phan cis-trans:

O O o

. . hvdrind:
cis-bixyelo[3.3.0loctan trans-bixyclof3.3.0]octan cis-hydrindan frans-hydrindan

- Vong 6 canh ngung tu vdi nhau cho dng phan cis-trans:

SORNeS

cis-decalin trans-decalin
Nhitng hop chét vong ngung tu rit quan trong trong tu nhién khong chi & déng phan
cis-trans ma con 12 déng phan quang hoc va nh4t 12 déng phéan ciu dang.
V61 nhimg vong ngung tu 16n hon cling ¢6 déng phan cis-trans, thudng dung ky hiéu
cis-trans cha nhitng vong ngodi d6i v6i vong trung tadm, con dung ky hiéu syn-antf cia
nhilng vong ngoai v6i nhau:

) Qo

cis-syn-cis-(meso)- cis-syn-trans-{D,L) cis-anti-cis-(D L }-pehydrountraxen
trans-syn-trans-{meso j- trans-anti-cis-(D L) srrans-anti-trans-{D.Lj-pehydroantraxen
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4- Ddng phdn cia hé vong cdu

Céc vang bixyclo cdu ¢6 hai vong néi véi nhau nhiéu hon hai cacbon nén s¢ déng
phan it hon 2" do c4u tric clia he. Ching han nhur campho chi ¢6 hai déng phan (mot cap
enantiome) tuy cé hai trung tam chiral. Trong ca hai déng phan nhém metyl va hydro 1a cis.
Trong trudng hop nay, cap enantiome trans khong thé hinh thanh do khi d6 cdu ¢6 thé 1a cis:

H,C_CH;
3 H

HC 0
campho

Céc cdu nhd hon, da t6ng hop duoc khi cdu 12 trans nhu xeton ciia he [4.3.1]:

¢6 b6n déng phan, di thu duge ca hai cdp enantiome trans va cis.

Khi mot trong cdc cdu chifa nhém thé gay ra cich goi cdc déng phan khic nhau. Khi
hai cdu khong chifa nhém thé & khodng cdch khac nhau, quy tic chung 1a ding ti€p ddu ngit
endo va exo. Béng phan endo diung khi nhém the nim gin vé phia hai cdu khong the dai,
con exo v€ phia cdu ngin hon:

A? OH L-bH
H OH

exo-2-norhotmeol endo-2-norbomeol

Khi hai cdu khong chita nhém the & khoang cich bing nhau, quy udc nay khong dp
dung nhung trong trudng hop mot trong haj ciu cé nhém chitc, doéng phan endo 1a déng
phan c6 nhém thé ndm gén véi nhém chic (cung phia), ddng phan exo c6 nhém thé nim xa

hon nhém chitc (khdc phia):

endo-T-metyl-2-norcampho exo-7-metyl-2-norcampho
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5- Déng phdn erythro va threo
Dong phan erythro va threo ciing 12 déng phan hinh hoc clia hai nhém thé & hai
cacbon lién nhau, thudng 12 nhitg hop cht c6 hai trung tam b4t d6i ximg.

Dong phin erythro c6 hai nhém th€ phan b6 cling phia vdi truc lien két C-C, con
threo c6 hai nhém the & hai phia clia truc lién k&t C-C:

—-X —1—X
erythro threo

Nhimg déng phan nay thumg duge bidu dién bing cong thitc phéi canh, Fischer hay
Newmann. Nhitng dong phan nay la cZu hinh tuong d6i bit ngudn tir c4u tric cda dudmg
erytrozo va treozo.

6- Déng phdn ngoadi - trong (out - in isomerism)

Mot loai déng phan 12p thé khéc goi 12 d6ng phar trong-ngodi (in-out) tim théy trong
cdc mudi cla diamin ba vong ma nito & div cdu:

CHz)k CHZ)I{ CHZ)k
f ] (( @G h
H- =

(CH:).) (CHIZ).)\I k
(CH,) (CHy)m

2)m CHZ)m

déng phan ngoai-ngodi (out-out) déng phan trong-ngoai (in-out) déng phan trong-trong (in-in}

Trong trudng hop ma k, ! va m > 6, lien két N~H ¢6 thé hu6ng vio trong trung tam
vong hay ra ngoai trung tdm vdng nén cho ba déng phan. Simmon va Park d3 tich dugc céc
déng phan vdi k, I va m thay déi tir 6 dén 10.

Trong hop chat (9.9.9), khoang khong gian ciia ddng phan trong-trong 16n c6 thé nh2p
ion clo & giita vong goi 14 cdc cryptat chia dién tich am dé& hon dién tich duong.

D61 v6i cdc hgp chdt vong nhé nhu loai (4.4.4) tim thdy san phdm monoproton hod
phia trong. Cdc déng phan ngodi-trong hay trong-trong ciing téng hop duge tuong tr nhu hé
ba vong chi gébm c¢6 cacbon. '

Con ¢6 loai hgp chét c6 bén nito bac bon, ion clo ¢6 thé tham nhap vao ma khéng cin
¢6 hydro dinh v6i nito. Nhilng déng phan loai ndy khong phai 12 déng phan ngoai - trong.
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3.1.2. Tinh chat cia déng phan hinh hoc
3.1.2.1. D6 bén tuong doi
Tinh bén clia cdc anken tang theo mitc do ankyl ho ciia etylen:
R,C=CR; > R,C=CHR > R,C=CH,, RCH=CHR > RCH=CH, > CH,=CH,
Con d6ng phan hinh hoc thi néi chung déng phan rrans bén hon cis do déng phan cis
c6 sy ddy van der Waals 16n ciia cdc nhém thé & g4n nhau hon.

Ngudi ta xdc dinh d¢ bén twong d6i ciia déng phan cis-rrans bang nhiét d6t chdy hay
nhiét hydro hod hai déng phan ciia mét hop chét chita néi déi:

C+H2
139
2,34
_cis- cis-
A trans-2-buten trans-2-buten
647,81 28,6 i
646,81 7.6
y |
\ - 4m2+4H20 n-butan

b
Hinh 3.1. Nhiét dét chdy (a) va hydro ho4 (b) ciia cis-trans-2-buten

Khi d6t chdy cis-2-buten, nhiét d6t chdy (hay thiéu nhiét) 1a 647,81 kcal/mol, cdn
trans 1a 646,8 kcal/mol, khic nhau 1 kcal/mol. Nhiét hydro hod cta cis-2-buten 1a 28,6
kcal/mol va trans 1a 27,6 kcal/mol, ciing khic nhau 1 kcal/mol.
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Bang 3.1. Nhiét hydro hod mot s6 anken

[ ~AH hiét hydro hoa —AH,
Anken e h::a:;r:tfla ‘ Anken e :cal.-*moi
CH,CH=CH, 301 CH,CH,CH=CH, 30,3
cis-CH,CH=CHCH, 28,6 (CH,),CH=CH, 28,4
trans-CH,CH=CHCH, 27,6 {CH,),C=CHCH, 26,9
C> 286 @ 26,9

Kha nang chuyén hod giita hai déng phan cis-trans xay ra khé khan, chi xay ra khi ¢6
dnh sang tim hay nhiét d¢ khi dun néng ho#c khi ¢6 tic dung ndo d6 cilia vat Iy hay hod hoc
khdc:

Hy& - CH, B ., . cH, H,C C
(:—-—- — it 3 - - H J— H3

Hang rao nang lugng thudng cao hon vi phai phan cét n6i déi. Nang luong ndy giam
khi c6 nhém th€ c6 khé nang lien hop véi n6i doi bing lién hop n-n" hay n-n" hay lam phan
cuc hod ndi doi nhu cdc halogen...

Nang lugng quay cua 2-buten 12 10,18 + 10,19 kcal/mol.

Néng lugng quay cia [(CH,);N1,C=CHCH; 1a 399 kcal/mol, giim xuéng 306 kcal/mol
d6i véi [(CH;),N1,C=CHC¢H,OCH;-p vA dén 137 kcal/mol d6i véi {(CH;),N],C=CHC¢H,Cl-p.

Nang lugng nghich dao cta lién két C=N trong cdc xetoxim thuc hién d& dang vi chi
nghich dao cip electron » clia nguyén tir N:

H,C, H
JC=N_ = 3C)c——-_
H oH H

dé dang hon nghich dao cia lién két doi bing phan cit lien két. Néi chung, tinh bén clia trans
cao hon cis nhung ciling ¢6 nhimg trudng hgp nguoc lai. Ching han ¢is-1,2-dibrometylen bén
hon frans dén 0,28 kcal/mol, & day giai thich bing tuong tic trao d6i chia hai obitan cha
brom lam giam nang lugng chung clia phan .

Su dn dinh cia dang cis trong dung moi cé khi nang tao lién két hydro thi dang cis
thudng bén hon dang frans. Ching han, enamin ArCOCH=CHNHR c6 dang c¢is bén hon
trans do tao dugc lien k&t hydro ndi phan tir trong dung moi khong phan cuc:
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H\c———--c/ H
.
C6HS< N~r

0---- H

Cdc xyclohexen thudmg biét nhiéu & dang cis hodc chi bigt & dang cis. Tir xyclopropen
t6i xyclohepten, lién két doi khong c6 trong vdng bén & dang trans. Tuy nhien, xycloocten
¢6 dén 10 +11 canh 1a vong rong hon cho phép t6n tai duge & dong phan trans tuy kém bén
hon d6ng phan cis clia né v6i s khdc nhau vé nhiét hydro hod dén 10 kcal/mol:

(X, (A
H
cis-xycloocten trans-xycloocten
Chi ¥ réng, sy quay xung quanh lién k&t don ¢6 thé rat cham va trong trudng hop nay

ciing ¢6 thé tich ra déng phan cis- frans. Ching han nhu, N-metyl-N-benzylthiomesitylit c6
tinh bén trong dang tinh thé nhung ¢6 thdi gian bén huy trong CDCl; trong 25 gitr & 50°C.

H3C CH3 H3 CH3
Q - CI-I3 - CHZCGHS
N\
H;C CHCHs  HC % CHs
S
Loai déng phan ny r4t hi€m, tim thdy trong mot s& amit va thioamit vi su ¢dng hudng
clia lién két doi 1am cham sy quay, nhr:

D
R— E_II\I—R -~ R— =1!\T —R
R' @4 R'

Ciing c6 nhitng hop ch4t c6 lien két doi nhung hdu nhy quay tir do khi mét cacbon ciia
lién ket doi dinh véi hai nhém hiit electron cdn cacbon kia c6 hai nhém cho electron:
A C A\e‘_ ®/C
A, B = nhém hut electron
C, D =nhém cho electron
Nhitng hop chat nay goi la etylen hit ddy hay etylen push-pull (etylen captodative). Sy
déng gdp clia dang cong hudng diion 1am gidm ban chit lien ket doi va ting sy quay. Chéng
han nhv'hgp chit sau c¢6 hang rio quay Ia 13 kcal/mol (55 kJ/mol) so véi hang rao quay ctia
etylen don gian 12 62 + 65 kcal/mol (260 + 270 kJ/mol).

© ?
Nw=(C S—CH;, N= —CH,
Ne=c” N v

- C—C - V.V,

Ne=c” NNCH, Nec” NNy,
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3.1.2.2. Tinh chdt vdt Iy va hod Hoc

Cac déng phan hinh hoc 1a déng phan di¢ nén tinh chédt lu6n luén khdc nhau va wi
khodng cdch gilta cidc nguyén tir va tuong tdc gita cdc MO trong phén tlr cia déng phan cis-
trans khac nhau, do dé tinh chdt vat 1y va ho4 hoc khdc nhau:

HOOG  _H  HOOG ~COOH H,G\ ~H H;C ~CH,

H ™ Ncoon  H- Y™ C\g H "= Nep, n-O=%
In“c, °C 300 + 302 130+ 139 ~105 -139
r"s,“c - - 0,96 3,73
Po tan, 257
g/l nude 7 788
pK, 3,02 1,92
pK; 4,38 6,24
! T
B
cis-decalin trans-decilin
r"s."C 196 185
r“n,w,"c -473 =319

Axit maleic & dang c¢is ¢6 kha nang tao anhydrit, con & dang frans khong c6 kha nang
dé, cling nhu cis-hydroxyxinnamic chuyén duge thanh dang cumarin, con trans thi khong.
Nguyén nhan la do tinh 14p thé cla cis cho phép vong hod duge.

m,_ ,COOH B, = k. ., COOH i, CO
C 180°C E E — O/ﬁ)
AN

H~ “COOH o &0 nooc” “H 0}:/ “H

CH CH
Ol = O - OO
[ — | —
(‘= —
~on 770 ~on §70° 0 Yo

ONa OH

Céc tinh chat vit 1§ cla cis-frans gin giéng nhau nén khong diing duge cdc phuong
phap nhu chung cél. két tinh, sic ky dé phan tich cic déng phan d6. Thudng phan biét cic
déng phan cis-frars bing mémen ludng cuc vi moémen ludng cuc cda frans thudng bing 0,
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con cis khdc 0, ciing c6 thé ding phuong phip so sdnh gira tinh todn va thuc nghiém dé
phan biét dong phan.

Trong trudng hop déng phan RCH=CHR’ ¢6 thé ding IR va NMR.
Trong IR, déng phan trans ¢ pic hdp thu & 965 cm™! ma cis khéng cé.

Trong NMR, proton trong trans-vinyl wong tic gita ching manh hon proton cis-vinyl,
hang 56 tuong tac spin-spin trong trans 16n hon trong cis:

COOH
~ 4 H
H HCy H5C6/ “~COOH
rrans-JH =11-18 Hz C‘f.!'-JH =6-14 Hz IFGHS-JH =[5,3 Hz C‘.‘T'JH =123 Hz

3.1.2.3. Su déng phan hod hay chuyén hod giita cis-trans

Phin iing cd dién d€ chuyén hoé giita déng phan cis-rrans 12 phan ting quang hod. Khi
chi€u sing, néng d6 déng phan cis & trang théi dimg quang hod 16n hon & trang thai co ban.
Nhu vay, sy chi€u sdng 14 phuong phdp chuyén déng phan rrans-anken thanh cis-anken.

Thanh phan trang théi dimg phy thuoc vao phd hap thy cia hai déng phan. Déng phan
trans ¢6 pic hip thy song dai hon va hé s6 tit 16n hon nén né hip thu dugc phdn 16n 4nh
sdng khi hai hop chat cé néng do bing nhau. Hiéu sudt luong tlr ctia hai qud trinh chuyén
hod cis-trans va trans-cis déu nhu nhau, nhumg sy chuyén hod hop chat trans thanh cis xay
ra nhanh hon 12 qué trinh nguge lai, nén & trang thai dimg [cis] > [trans).

Su déng phan hod xay ra qua trang théi kich thich, goi 12 trang thai cau dang p, trong
d6 hai cacbon lai hod sp? quay v6i nhau mot géc 90° so véi trang théi co ban:

Tir nhimg s8 li¢u quang phé khi nghién ciiu co ché€ phin ing déng phan hod c4u dang
clta cis- va trans-stylben cho thdy trang thii singlet va triplet cha cis- VA trans-stylben va
trang thai kich thich quay déu tao thanh & ca hai déng phan. Sr chiéu sdng truc tiép dua téi
sy déng phan hod qua chdt trung gian singlet véi nang lugng hoat hod khoéng 16n dé tao
thanh déng phén cis cling nhu trans. Phan Gng déng phan hod trong hé cam quang véi nang
lugng trong gidi han 52 + 58 keal/mol (triplet) kich thich manh déng phan 1rans, nén t6¢c do
chuyén hod trans — cis tang va trang théi dimg quang hoc gidu d6éng phan cis. Phan \ng
déng phan hod thudng bi canh tranh bdi phan img vdng hod nén thudng tién hanh trong dung
dich loang ctia hydrocacbon tro.

Céc dien lién hgp, ching han 1,3-butadien, cling chiu su déng phan hod tir hai dang
s-trans va s-cis di qua trang théi kich thich dé déng phan ho4 cis-trans. Trang thai kich
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thich 1a g6c kép allylmetylen nhung chi mot trong hai n6i déi d6ng phén hod khi cé kich
thich triplet hay singlet:

s }k /R'
‘KC::}C - :;g% gQ R+ 1\ ~
14 \H

I\ R
go —'-H\ <R'=#= N =Cl:_;

R’ \H

Phin ing dong phan hod chi xay ra & mot ndi do6i, khong c6 khi ning quay xung
quanh lién két C,~C;, nghia 1a cfu triic cia hé allyl lu6n luén duge bao toan.

Phén ving chuyén hod cis-trans c6 thé thyc hién bing phan wng hod hoc qua nhiéu giai
doan phan tng:

r R
. . RCOOOH
H/——c\ I1/:—-c
H

R A,R

-

R e ¢
—» R;PO" + fC;R

Giai doan ddu 13 phan (ing epoxy hod, sau d6 Ia phan Gng the Sy2 véi su tich-cong cla
photphin. D€ ¢4 phin g tach cis, tic nhan thé Sy2 phai quay xung quanh lién két C-C.

Néu xudt phdt ban diu tir trans qua qué trinh s& thu duge cis v nguoc lai.

Phan wng dung dé€ chuyén hod giita ddng phan cis - frans clia anken.

3.2. PONG PHAN QUANG HOC

béng phan quang hoc cling 1a ddng phan c4u hinh do sy sdp x&p khic nhau cia nhém
th€ d&i véi mot hay nhiéu trung tam bat d6i ximg trong phan ti, hay néi chung nhitng phan
tlr c6 cdu triic bat d6i xing gay ra tinh hoat dong quang hoc clia chat.

Nhitng dong phan nay chi khdc nhan vé tinh hoat déng quang hoc, nghia 1a vé kha
nang quay mit phing dnh sdng phan cuc khdc nhau.
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3.2.1. Céc yéu té déi ximg phan tir

Tinh chét cia mot phén tir ndo d6 c6 thé dugc xdc dinh bing su c6 mat hay khong c6
nhimg yé€u t6 d6i xing co ban. Quan trong nhét 12 nhitng yéu t6 d6i xiing sau:

1- Mdt phdng déi xiing

Mat phing d6i xing, thudng ky hiéu m, 12 mat phing chia vat ra 1am hai phdn ma
phdn nay 12 dnh clia phdn kia trong guong. Phan tir c6 mat phing d6i xing néu sau khi chiéu

vao mat phang thi anh triing véi né:
Cl
H” cl

NG

2- Tam déi xitng

Tam dé6i xing, thudng ky hiéu 1a 7, 1a diém ma trén dudng thing di qua diém dé6 c6 thé
gap dugc nhitng diém tuong duong & khoang céch nhu nhau, hoac la diém ma khi quay phan
tir d6i v6i diém d6 thu duge anh trang véi vat ban ddu.

Thudng mot vat c6 thé c6 nhiéu mat phing d6i xing nhung thudng chi c6 mot tam d6i xing:

3- Truc déi xitng

Truc déi xing, thudng goi 12 truc C, 12 truc di qua vat ma néu quay xung quanh truc mot
géc xdc dinh hing 360°/ n thi thu dugc céu triic tring véi c4u tric ban diu. Bac cia truc phu
thudc vao gid tri n. Truc bac C, khi quay 360° v6i n = 1, truc C, khi quay 180° v6i n = 2,...

. i b : b’
' I ' l il O T
T T ]
: : : i (‘.ﬁ.. a 3 | J/:l
C ¢ s v P g v A3 3abix4bb id ok
3 4 5 6 cl :\CI ..___,:,__
i ¢
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Trong phén tlr ¢6 truc lién hop € né&u khi quay xung quanh truc r6i chiéu vio mit
phing thang géc v6i true thi thu dugc vat tring véi chat ban ddu:

H, .- Cl Ch. -H H, - Cl

Ngoai cdc y&u t6 d6i xing trén con diing nhém d6i xd@ng, trong 15 nhém déi xtng cé
ba nhém quan trong c6 tinh khong tring anh vat goi 12 nhém Cy, C, va D,. Ta hay gap nhém
€y, trong d6 phan t& Khong cé y&€u t6 d6i xing nio, ching han d6i véi cacbon lién két véi
bon nhém the khic nhau, khong ¢6 y€u 6 d6i xing nio goi 13 cacbon bat dsi hoac nhém C,
khi trong phan tir ¢6 truc # 1& hoiac mét truc bac n véi vai truc C, va nhém D, diing trong
tinh quang hoc clia cc déng phan cdu dang.

3.2.2. Tinh hoat dong quang hoc va khong triing anh vat

Mot vat liéu c6 kha nang 1am quay mat phing dnh sdng phan cuc 14 hoat dong quang
hoc. Néu mot hop chat tinh khiét 12 quang hoat thi phan ti khéng chdng khit véi anh cta né
trong guong. Néu phan tr chéng khit véi anh guong thi khéng [am quay anh sdng phan cuc
va khong hoat dong quang hoc. Tinh khéng chéng khit clia vat 1én anh guong goi la tinh
khong triing dnh vat (chirality). Néu phan tr khong chéng khit 1én anh guong cia nd goi 1a
Khong tring anh vat hay goi 1a chiral, nguoc lai la trung anh vat hay achiral. Mé&i quan he
giita tinh hoat dong quang hoc va tinh khéng tring anh vat 13 tuyét d6i. Tiéu chudn cao nhit
d6i véi tinh hoat dong quang hoc 1a tinh khong triing anh vat, d6 12 didu cin va di.

Tinh khong tring dnh vat 1a sy khong chéng khit clla dnh va vat cita né trong mat
phing guong. Hai chat khong triing anh vat khi hai chit d6 & dang cap enantiome véi nhau.
Tinh khong triing anh vat 1 diéu kién cdn vi d0 cho sy t6n tai clia enantiome.

Phan tir khong tring anh vat (chiral) khi phan t&r d6 khong c6 yéu 6 déi XUng nao nén
con goi ta phan tir bat d6i xdng, nguoc lai, phan tr ¢6 mot yéu t§ ddi xing ndo dé goi la
triing anh vat (achiral) hay d6i xiing.

d”HNua,C\< a
c/ a
mat phdng d&i xing

Trong méi trudng hop quang hoat cha chét tinh khiét, ¢6 hai déng phan goi la d6i
quang (nghich quang hay enantiome khéc nhau vé cau triic chi & huéng quay trdi va phai.

Hai phan tr ¢6 -&u hinh khédc nhau ma chét nay 12 anh cta ch4t kia trong mit phang
guong goi 1a mot cap doi quang (nghich quang) hay enantiome. Hai chat nay khéng chéng
khit Ien nhau dugc tuy cé chung tinh chdt vat 1y va hod hoc giéng nhau. Hai chét nay chi

165



khéc nhau vé c4u hinh, hai cdu hinh nay ngwoc nhau:

khdc nhau vé cdu hinh 14 enantiome khdc nhau vé ciu dang, giéng nhau vé c4u hinh
khong phai 1a enantiome

Hai enantiome hay d6i quang 12 hai déng phan 1ap thé ctia nhau, c¢é c4u hinh nguagc
nhau nén huéng quay mat phang 4nh sdng phan cuc ngugc nhau nhung cé ciing gid tri tuyét
d6i géc quay cuc (vi cling céu tric clia trung tam b4t d6i ximg). Con nhitng déng phan lap
thé khic c6 cau hinh khdc nhau vé anh va vt trong guong la déng phan quang hoc ctia nhau,
¢6 tri s6 géc quay cuc khdc nhau khong phai 12 enantiome ctia nhau ma goi 1a déng phan dia
clia nhau, thudng gap trong nhitng phan tir c6 hai hay nhiéu trung tam bat d6i xing.

Cac enantiome c6 tinh chat vat 1y va hod hoc giéng nhau trir hai dac tinh:

1- Su quay mat phéng 4nh sdng phan cuc theo hudéng nguoc nhau nhung gid tri tuyét
d6i bang nhau. Pong phan quay mat phing sang trdi goi la dong phan quay trdi (levo
isomer) ky hiéu (-) cdon déng phan quay sang phai goi la déng phan quay phai (dextro
isomer) ky hiéu (+). Tir d6 c6 tén 1a d6i quang hay nghich quang.

2- Dong phan enantiome tham gia phan (ing véi hop chat chiral véi t6c do khédc nhau
ma c6 thé ding dé phan biét trong thuc t€. Vi Iy do d6 ma nhiéu hop chat 1 quang hoat sinh
hoc tuy ching khong phéi 1a enantiome. Céc enantiome phan ing v6i hop chat achiral véi
cling mot tée do.

NG6i chung cdc enantiome c6 tinh chat giéng nhau trong méi trudng déi xing va khéc
nhau trong moi trudng bat d6i xiing, phan ting véi phan tir achiral véi t6c dd khac nhau néu
ding xuc tdc hoat dong quang hoc, ching c6 tinh tan khac nhau trong dung moéi hoat dong
quang hoc ¢6 chi s6 khic xa va phd hdp thu khi thir v6i 4nh sdng phan cuc tron. Hop chat
tinh Khi€t luon Ia chat quang hoat néu chi gém c6 phan tir chiral, con hén hop cta hai
enantiome v6i lugng bang nhau do sy bi trir quay cuc ngugc nhau goi la hén hop raxemic
hay raxemat. Tinh chdt cia ching khong phi luén luon gi6ng véi enantiome. Tinh chit
trong trang thdi khi va 16ng hay trong dung dich thudng giéng nhau nhu gin ly tudng nhung
tinh chat trong trang théi rin nhu nhiét do néng chay, tinh tan thuong khdc nhau. Chéng han,
axit tartaric c6 nhiét do néng chay 204 + 206°C va tinh tan trong nuéc & 20°C 1a 206 g/l, con
enantiome (+) hay (=) néng chiy & 170°C va 1390 g/I. Su phan tich hén hop raxemic thanh
cdu tlr riéng goi 12 su phan gidi. Do d6, mot hop chat quang hoat phai 1a chiral, cdn hop chat
khong quang hoat c6 thé 1a achiral hay hén hop raxemic.

Déng phan 1ap thé bao gém déng phan enantiome va dia.
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Péng phan cau tric ¢6 thanh phin va khéi lugng phan it nhu nhau nhung khdc nhau
vé lién k&t clla cdc nguyen tir chung quanh, do d6 ¢6 cfu tric khdc nhau nhu chiéu dai lién
két, géc lién két... khdc nhau, tinh chét vat 1y khdc nhau nhu (°, (°,.. [alp, [#].... tinh chét
hod hoc khdc nhan nhw cdc chuyén hod khdc nhau, t6¢c d6 phan dng khic nhau... Cé thé coi
cdc déng phan c4u triic 12 nhitng déng phan bat ding hinh (anisometric).

D6éng phan enantiome khong chong khit ién nhau gifta anh va vat nhung ¢é ciu tric
hoan toan nhu nhau nhw chiéu dai lien két, géc lien két... cic tinh chdt vat 1y nhu nhau nén
thudng goi 1A nhitmg cip déng phan ding hinh (isometric).

Con d6ng phan dia giéng nhu déng phan cdu tric, khdc nhau vé tinh hinh hoc, tinh
chat vat 1§ va hod hoc nén thudc loai déng phan bit ding hinh.

Ngudi ta c6 thé ding tinh dang hinh va b4t ddng hinh d€ phan loai cdc dé1g phan.

Hang s6 dic trung cho sy quay cuc 12 d6 quay cuc a phu thudc vao chiéu dai binh do,
nhiét d¢ do, dung moi v néng d6 chdt tan, 4p suit néu 1a thé khi va chiéu dai séng dnh
sing. DO quay cyc cia cling mét chat trong ciing didu kién Ia nhu nhau. Chiéu dai binh do
va néng d6 hay dp sudt xdc dinh s¢ phan tr trong miu va d6 quay cuc o tuyén tinh vdi
ching nén dung 4o quay cuc dic trung [a]:

[a] = il doéi v6i dung dich va [a]l = % dét vai chat tinh khiét

le
Vol 12 do quay cuc quan st dugc, ! 1a chiéu dai binh bing cm, ¢ néng do g/ml, 4 1 1y khéi
trong mot don vi. D6 quay cuc cin chua thém nhiét d6 va chiéu dai séng nhu [cx] §39 hay
[o] 3. Gid tri « thay d6i khi thay déi diéu kién, c4u tric khong déi va sy thay déi diéu kien
khong chi 1am thay ddi gid tri quay cuc ma ca huéng quay.

3.2.3. Cac loat phan tir quang hoat

Tiéu chudn dé€ x4c dinh tinh quang hoat 14 sir chéng khit cha anh va vat, nghia Ia tinh
khéng tring 4anh vat ma thudng xdc dinh mat phing d6i xting. Hop chit c6 mat phing 46i
xing thi khéng quang hoat hay ngugc lai, nhung ciing ¢6é phan t&r khong ¢6 mat phing d6i
xitng nhung lai khong quang hoat nhu axit a-trixullic (1) hay ¢6 trung tam d6i xing bién déi
(alternating axis) nhu hop chat (2):

H  cH,
C¢Hs COOH HSC/@
&/ o
H N OTs
CH,
H
COOH “6Ms
H3C/ Sy
() 2)

Céc hop chat khéng ¢6 truc d6i xiing bién d8i luon 12 chiral.
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Céc phan tlr c6 moét trung tdm chiral nhu cacbon néi véi 4 nhém the khdc nhau got 1a
cacbon bat d6i la chiral va quang hoat. Tuy nhién khi ¢6 mot trung tam chiral 1a diéu kién
cin nhung chua du cho tinh quang hoat, vi tinh quang hoat ¢6 thé c6 trong chdt khong c6
nguyen tir chiral va mot s6 phan tir ¢6 hai hay nhiéu nguyén t& chiral cé thé chdéng khit vat
lén anh cia né va khong quang hoat.

1- Hop chdt ¢6 cachon chiral

Phén tlr ¢6 mot cacbon bat d6i 1a chiral va hoat dong quang hoc, ching han:

BI’CHzCHzCHzCHz(:Hz —"'(EH —CH2CH2CH2CH2CH2CH28T
CH,

va d¢ quay cuc phu thudc vao sy khéc nhau cia b6n nhém the va néi chung giam khi su
khdc nhau vé d6 phan cuc clia céc nhém gidm. Nhém ankyl c6 do phén cuce thap nhu 5-etyl-
3-propylundecan nhung c6 thé do & chiéu dai séng giita 280 va 580 nm.
Tinh quang hoat phét hién thdy trong trudng hop cia 1-butanol-1-deutri véi mot nhém

12 H va nhém khac 14 D:

W

CH3CH2CH2"'(E _OH
D

Nguyeén tif cacbon lai hod sp” lien két véi bén nhém nguyén tir khdc nhau thi s& cé d6i
quang, phdn tir khéng con y&u t6 d6i xung nao nén cacbon la trung tam khong tring anh vat
(chiral cdn goi 1a cacbon bit d6i (C*). Khi ¢6 hai hay nhiéu nhém thé€ gi6ng nhau, phan tir
c6 y€u t8 doi xig 12 triing anh vat (achiral):

‘l* (|2H2CH3
Pripp ”CH \\\‘ \ rey
3 OH i
HO / HH
khong trang anh vat (chiraf) tn‘mg anh vat (acliral)

Ddéi v6i cdc hgp chat vdng no, xyclopropan ¢é hai nhém the€ gi6ng nhau, cis khéng
hoat dong quang hoc, cdn frans cho cip enantiome. Néu hai nhém thé khic nhau déu cho

CAp enantiome:
HOOQACOOH HOOCA( A‘COOH
HOO(}:A.

cis (meso) COOH HOOC
CH,

rans
HOOCAfl'h CHﬁAfOOH A‘COOH

H,C

cis trans
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Xyclobutan ¢6 hai nhém thé 1,2 gi6ng nhau, néu 1a cis thi khong quang hoat, néu la
trans thi quang hoat, con néu hai nhém khac nhau thi déu quang hoat:

CH3 H3
H;
H;C

H;G CHy H
H H CH,

Hai nhém the 1,3 gi6ng nhau 14 cis khong quang hoat vi ¢6 hai mat phing d6i ximg
clia C;-C; va C,-Cs, d8ng phén trans cing khong quang hoat vi ¢6 mot mat phing déi x(ng
di qua C,-C;.

N6i chung, céc dong phan cis-xycloankan véi hai nhém thé giéng nhau déu 13 achiral,
con rrans-xycloankan la chiral néu s6 vong 1é, cdn néu s vong chin 14 chiral hay achiral
tuy theo ban chat nhém thé.

Trong trudng hop trans-1,3-xyclobutan, néu thém hai nhém the gidng nhau & vj ui C,
va C, thi ¢6 nhifng tinh chat dac biét. Néu hai nhém 12 cis thi tinh d&i xing clia phan tir duge
béo toan. Néu hai nhém thé 12 trans thi s& mat di tinh d6i xing nhung phan ti lai triing vdi
anh trong guong clia né. Phan tir ¢6 tAm d6i xing tring véi tam cia vdng xyclobutan. Vi dy
d6 chiing t6 quan h¢ giita tinh d6i xing va tinh khéng tring anh vat: “Cac phén tlr ¢6 trung
tam bat doi xing tring véi anh trong guong ciia né 1a achiral”.

B B B
H,C H HC H CH,
| H
CH, CH, 3 H
H Br Br

2- Cac hop chdt €6 nguyén tik bén hod tri khdc

Cdc phan tr ¢6 nguyén 16 dinh vdi bdn nhém thé & dinh hinh tit dién ciing hoat dong
quang hoc n€u bén nhém thé¢ d6 khdc nhau, cdc nguyeén t6 d6 1a Si, Ge, Sn, N & dang mudi
bac bén hay oxit.

Chéng han, nguyén tir Si tr& thanh trung tam khong tring anh vat khi Si lién két véi
bén nhém thé khic nhau:
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CH
H"Hf“ ./ 3 H3C\ Si“\\\\\ H

S
a?” T CaHs Hscz/ Cl

Tuong ty mudi amoni, mubi hod trj [V ciia P ciing 12 trung tam khong triing anh vat:

H;Cne_- C3Hy HiC\ g~ CoHs
NN *
C6H5CH2 B? CGHS eo/ \C6H5

H3C\ ﬁ/CH2C6H5 H3C\ I%/Csz
* \ *
CH2=CHCH2/ 1 Cetls og” \CH2CH=CH2

Nguyen tir S trong céc sunfonat tit dién (3) nhung 6 hai nhém 13 oxy nén khong phai
13 chiral, nhung ciing da téng hop duge cdc sunfon chifa oxy déng vi khic nhau ‘0, 0,
nhu hop chét (4) da 1éng hop dugc ca hai enantiome. Céc photphat (5) quang hoat ciing tdng
hop duge:

ﬁ 16 16?
@—CH;—— s—@— CH; @—CHz—-o.— — 170 ”O——r—OR

y) 186 18y

(3) 4) (5)

3- Nhitng hop chdt c6 nguyén tit hod tri ba

Céc nguyen tir ¢6 lien két hinh thip ciing cé tinh quang hoat néu ching dinh véi ba
nhom thé khdc nhau, cdn cip electron n 14 nhém thit .

N ciing 1a trung tam chiral nhung khong phan giai dugc hai déng phan nay do ¢6
nghich dao pyramit, v6i dao ddng rdt nhanh ciia cip electron n cha mat phing XYZ sang
mit phing khic dé chuyén thanh enantiome.

Nguyén tir nito ba hod tri ¢ c4u triic i dién 1éch chuyén hod cho nhau qua hop chat
trung gian phing véi t6c d6 rat nhanh, dén néi ngudi ta khong thé tich biet duge cic d6i
quang cia nhau nén chiing tén tai & dang hén hop raxemic clia hai d6i quang:
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| d6i quang

H H

H;sC; \2\/ 3 de”Csz
HyC

’csz )

enantiome (nghich dio}

Nhung su nghich dao chim hon khi amoniac bj thé nhu trong amin, amit. Nhiing loai
nito c¢é nghich dao r4t cham [4 nito & trén vdng ba canh v nguyén tir nite két hop véi
nguyén tUr khdc ¢ cap electron s. Chéng han, hai déng phan cla 1-clo-2-metylaziridin (6),
(7) khong chuyén hod cho nhau & nhiét do phdng hay 1-clo-2,2-dimetylaziridin (8) ciing
tach ra hai enantiome. Cac diaziridin (9), triaziridin (10), 1,2-oxalidin (11) cling ¢6 cfu dang
bén.

Con hgp chat ¢6 N dinh v&i hai oxy nhu (12} ciing phan giai ra duge hai enantiome (+)
va (=) véi [a] 3 = £3° 1a hop ch4t dac bi¢t ciia nito ba hod tri quang hoat, tuy nhién (12)
khong bén va raxemic hod & 25°C v6i thdi gian ban huy 13 1,22 gidy, n€u thay thé C;HsCH,0
trorlg (12) bang CH;CH,O thi thoi gian ban huy 13 37,5 gio.

Cl

roH
N
<; CH, CH,

Cl

e COOCH,CH,

’v, CH3CH200C’k /N_H
H,C

®) ®

CH,
T Y OOCH,
——=N

\ / NC COOCH; PCH;
N
I o !) CH;00CCH,C(CH5),—N— OCH,C4H;
H (0 apy Ot (12)

Nhitng hop chét ¢6 N ba hod tri & nhiing bazo cing, ¢6 N & ddu cdu khong ¢6 kha
nang nghich dao cau hinh ciing 14 trung tdm chiral nhw hgp chat (13) bazo Troger va (14):

CH
N(| \_\2: , CH, H3C OCH3
N
H,¢” *

(13)
(14)
Céc hgp chét photpho nghich ddo rat cham, ngay cdc photpho khong & ddu cdu, hop
chdt asen, antimon ciing phan giai dugc, tuong tu nhv cdc sunfoxit, este sunfinic, mudi
sunfonic va sunfit ¢4 lién két hinh thdp ciing phan gidi dugc:
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Q "”" CH
CH3CH2CH2\\?P Q
H;

{ [et] = +35° trong metanol ) (e} = +252% trong axeton )

s---CH; R—S—R' R—S$S—OR’ R—?—R X Ro—ﬁ— OR'
/ | 1
CeHs C,H; O R"
Dién hinh 12 hop chit (+)-CsHs'?CH,SO" CH,CgH; va sunfoxit ¢6 hai nhom ankyl chi
khéc nhau cacbon déng vi ¢6 [a],g = + 0,71.

Tuong tu nhw amin trén, cacbocation véi ba nhém thé khéc nhau cling 1a enantiome
cia nhau ma chuyén hod cho nhau tén tai nhu 13 hén hgp enantiome thanh hop chét raxemic:

H H
Qle _
\\\“. y ) /,///
H 3 H3C/ /CZ H5 CH3

dang trung gian achiral
4- Bong phan loai allen
Hop chat loai allen ¢ hai n6i d6i lién CH;=C=CH, ¢6 cacbon lai ho4 sp. Hai obitan p

clia cacbon nay ndm thing géc véi obitan p clia méi cacbon bén canh nén ¢é xen phu véi
nhau t2o nén hai lien két ndm trén hai mat phing thing gé¢ v6i nhau:

Trong phan tir allen, bon hydro phan b6 trén dinh ciia hinh f dién. Ban than allen Ia
tring anh vat, nhung néu médi cacbon sz dinh v6i hai nhém th€ khdc nhau thi hinh thanh
Cap enantiome VA khOng tring anh vat, cling nhu khi dinh véi b6n nhém the khic nhau:

H i |
\o P HC, JH |OH _CH,
//spz/lsp (|: H H’ ™ CH, | Hy,e” “H
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Nhu vay allen 13 chiral chi khi hai phia ¢6 nhém th¢ b4t d6i xing, nhu: .

. —
o= c=c

A

guong

Khdc véi hop chdt néi d6i, bdn nhém thé néi d6i ndm trong m6t mat phing nén I3
achiral, con trong allen ¢6 b6n nhém thé nam trén hai mat phing thing géc va déng phan 12
mot cap d6i quang:

H
C=(C= C<
H3C khéng quang hoat H khong quang hoat guang hoat

HAC.. H HC.. H HC.
= 0= c< =c=c

Nhu vay ban than allen c¢é truc d6i xing, khi thé€ bang hai nhém th€ khdc nhau & méi
cacbon hay c6 bSn nhém th€ khdc nhau & hai cacbon thi ¢6 thé phan tich thanh enantiome.

Khi trong phan tir ¢6 s6 lién két d6i 1a 3, 5 hay s6 1€, sy xen phil obitan clia b&n nhém
nim trong mot mat phing nén quan sdt thdy ddng phan hinh hoc, cdn khi 12 4, 6, hay s6
chin thi tuong tu nhwr allen va hoat ddng quang hoc.

(CHa);C C(CH
P e=c=c=c={ (EHs

Cl
Tuong tu nhr allen, cdc hgp chat loai spiran 12 chiral n€u hai phia 1a bat d6i xiéng:

AR RO,
bib

nhu dd phan tich duge hydroclorua cha 1,5-diaminospircheptan (15) thanh d6i quang véi
[alp =+ 30° va cdc hop chat vdng 6 lien két doi exo (16) ciing quang hoat:

H,N « NH, H H
IR A
H H:C

H (15) (16)
5- Ddng phdn cdn quay cé mdt phdng bdr doi thdng géc
Mot s6 hop chat tuy khong ¢6 nguyén tlt bt d6i xiing nhung 13 chiral do c6 cdu tric

cla hai mit phing thing géc v6i nhau duge chia ra 1am hai phdn bdi mot mat phing d6i
xing:
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7
\\\\\\
Z B :B

Hop chat biphenyl ¢6 bén nhém theé I6n & vi trf ortho nén lam giam kha nang quay tu
do xung quanh lién két trung tam do khé khan 1ap thé:

Nhu hgp chat (17) trén né€u R 13 F (bdn kinh 0,13 nm) hop ch4t khéng c6 nghich
quang, khi R 1a OCHj; (bdn kinh 0,145 nm) c6 thé tdch ra thinh d6i quang nhung d& raxemic
hod, kht R 1a C1 (bdn kinh 0,169 nm) ¢6 nghich quang kKhéng raxemic hod.

Céc o-biphenyl the khong tach ra duge nghich quang vi d& raxemic hod, o, o-biphenyl
¢6 thé tich ra thanh nghich quang dé raxemic hod khi dun néng:

SO,H iN(CH3)2 Br
HO; (CH3),N HOO;
con mot vai ddn xudt 0,0,0 -biphenyl nhu:
HOOC OCH,
O,N

6 hoat tinh quang hoat vdi th&i gian bin huy 12 9,4 phiit trong etanol & 25°C c6 thé tich ra
thanh nghich quang. Cic déng phan nay goi 12 déng phén atropo (atropisomer).

Néi chung, hop chat biphenyl ¢6 hai vong 13 hai mat phing thing géc vdi nhau. Néu
mot vong c6 nhém thé ddi xing thi phan tir c6 mat phang doi xing nhy hop chat (18):

QNo, HoO OH 0N Cl

A
Sy

NO, HOO COOH Q,N-

Buang

(18)
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Trong dé vong B ¢6 nhém the d6i xung, mat phing A théng géc vai B chita t4t ca cdc
nhém thé cla vong A va 1A mit phz"ing ddi xing nén phan tir la achiral.
Néu khong cé nhém the d6i xitng, khong ¢6 mat phang d6i xdng va phan tir 1a chiral
va ¢6 thé phan gidi duge nhu phan tir (19):
guang

NO, HO
écooH O,N
(19)

N6i chung, khong nhit thiét 1 ¢é bSn nhém thé ma ¢6 thé chi ¢6 ba hay tham chi hai
nhém thé, n€u du 16n gdy ra khé khan 1ap thé kim ham sy quay nhu hgp chat biphenyl-2,2°-
bisunfonic axit (20). Mot s6 hop chét cé nhém the 16n 1am cham 16n sy quay nhung khéng
kim ham hoan toan, nhu hgp chat sau c6 thé 1dng hop duge tuy raxemic rat cham véi thdi
gian ban huy trong etanol & 25°C 14 9,4 phiit:

H 02N

NO, HOO

G0
COOH
(20

Hoat tinh quang hoat loai nay cling c6 trong cic hgp chat binaphtyl, bipyryl...
6- Pang phdn cia hop chdr vong xodn (helical shape)

Mot s6 hop chat c6 tinh bat d8i xing xoin, thudng quay phdi theo kim déng hé ky
higu 13 P (cong) va ngugc Kim dong hé quay trdi ky hiéu 1a M (trir). Ching han nhu hop chat
hexahelixen (21} c6 nghich quang, mot canh ciia phan tir ndm trén canh khéc vi phan tir bi
xo0an chéo, hop chét tri-O-timotit (22) ¢6 cu tric xodn quay trii va phai do cdc vong phenyl
di ra khéi mat phing, ciing nhu trans-xycloocten (23) va din xuat th€ ciia heptalen khong
phing nhung cfu tric xodn 1am cho phan tir & thanh chiral, nhung cic enantiome dé

chuyén hod cho nhau trir khi 6 nhém the 16n kim him su quay néi phan t nhu (24) d3 duoc
phén giai d8i quang:

hexahelixen

1)

317
O-timotit (22)
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H3C CH3
H

: SaY
00 |
trans-xycloocten .

(23) COOCH; CH,; (24)
7- Hop chat cdn quay khdc

CH,

Mot s6 hop chit vdng nhir loai anka va paraxyclophan cling c6 tinh khéng tring anh
vat, do su sdp x&p khdc nhau cla cic nguyén tir hay nhém nguyén tir khic nhau d6i v6i mat
phdng goi 12 tinh khong tring anh vat phing. Nhu hgp chat (25, 26, 27) ¢6 vong benzen bi
can quay hodc x€p thanh 16p nhu (28) déu ta chiral.

Hop chat anka khong c6 cacbon bit d6i do khong c6 kha nang quay vdng benzen
trong vong alixyclic do khé khan khéng gian. Tinh quang hoat phu thude vao kich thuée
vong nén n = 10 thi khong quang hoat, n€u # = 9 thi thu duge hop chét raxemic, con néu n = §
thi thu duge cip nghich quang bén.

Hop chét paraxyclophan 13 d6i quang bén khi n =m =2, khi m = 3 vd n = 4 thi thu
duge sin phdm raxemic hod & 180°C, khi n = m = 4 thi khong phan tich ra duoc nghich

quang.
—(CHy)y |‘—< » |
HOOC~ ) -
(CHa);5 COOH (CH,) (CHp)n
I P V4 2/n 2
| | —O-Q_O——- L 7\ I
(25) (26) =/ (27)

CH,
COOH 500 H CH,
HI_....Fe(CO)4 -

|/
. Fe
= coon )=\ |
) (30) CH, 3
= v oy
( (28) (29)

Mot s6 metaloxen ¢é hai nhém th€ khdc nhau & mét vong cling 14 chiral nhu di tach
ra dugc d6i quang cla (29) va phifc axit maleic-tetracacbonyl sit (30). Din xudt 1,2,3.4-
tetrametylxyclooctatetraen (31) ciing 1a chiral tuy Khong c6 mit phing hay truc d6i xing
lien hop. Dan xuat 2,5-dideutri (32) cla barelen 1a chiral da téng hep duoc dang quang hoat
va trong mdi trudng hogp tinh khoéng tring anh vat 12 sy the déng vi.
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CG nhém CH»-CH,
gzua. hai O

/ i{/f “ﬁ)

—_—0_ ./
(32) (33) 0-C 6 nhém CH,
gita Cvi O

Phan tir ¢é mach xodn nhu (33) ¢6 dang tdm Mobius, khéng ¢é cacbon chiral cling
khong cé bo khung cing, khong ¢6 mat phing hay truc d6i xing lien hop nhung da téng hop
dugce va ¢6 tinh quang hoat.

Céc hop chit catenan va rotaxan 1a chiral n€u ¢6 nhém thé, nhu hai hop chat (34) va
(35) 1a khong chong khit 1én nhan:

A A

B B
(34)

(35)

Nhu vy, diéu kién dé cho mot hgp chat ¢é tinh quang hoat hay c6 d6i quang 12 Khi
phén tir ¢6 trung tam hay y€u 6 khong tring anh vat v ¢6 c4u hinh bén. Tinh tring anh vat
gy ra tinh khéng hoat dong quang hoc nhung tinh khoéng hoat dong quang hoc con la hén
hop duong lugng cha hai d6i quang c6 tinh khéng tring anh vat.

8- Hop chat adamantan thé

Trong céc hgp chét vong cdu c6 hai cacbon bt d6i & ddu cdu, loai hgp chél nay ¢d dic
tinh riéng cla hé cing khong ¢6 kha nang nghich dao céc trung tam bat dsi. Chéng han nhu

campho (36) cé hai cacbon bat d6i nhung chi c6 hai déng phan enantiome ma khong c6
dong phéan dia:

CH, CH, N CHs
*, //O O\\\ *
¥ * d— b COOH
H H
(36) é 7 IS

Adamantan c¢§ 36n nhém thé khdc nhau, khong ¢6 nguyén tir nao la trung tdm khong
triing anh vat, nhung jai c6 treng tdm Khong tring anh vat ndm & trung tdm cta phan 1. Nhy
dd phan giai duge ddn xudt (37), hop chit nay cé dang nhu 12 hinh 1 dién dén va c6 tinh
chit hoan toan nhu bat k¥ mot tif dién nao.
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Nguyen tlr cacbon lién két v6i b6n nhém thé khic nhau 1a cacbon bat d&i, nhung néu
nguyeén tr cacbon lién két véi hai nhém the khic nhau vi haj nhém thé gidng nhan nhung
khic nhau v¢ cdu hinh goi 1a cacbon “gid bdt dsi” (pseudoasymmetric cacbon), con nén cé
cdu hinh gi6ng nhau thi khéng phai la gia bat d6i. Nhu hop chat [ va I 1a heat dong quang
hoc, con ITI va IV 1 dang meso khong hoat dong quang hoc:

COOH COOH COOH COOH
HO-3—H HE- ol H&-0H pHo-S-y
H—OH Ho—+H H—= OH H—OH  gia bt doi
H--0H HoOBLy HS-0H Ho-B-H
COOH COOH COOH COOH
I Il I v

Nhu vay sy khac nhau vé c4u hinh nhém the khong gay ra tinh hoat déng quang hoc,
tinh chat clia ciéc ddng phan ¢6 cachon gid bat d6i khac nhau.

3.2.4. Cau hinh tueng déi va tuyét déi

Mot chat hoat ddng quang hoc ¢6 mot tri s6 quay cyc riéng, chiéu quay trii k¥ hiéu
bing d&u (-), quay phai bing dau (+). Diu khong c6 lién quan 16i c4u hinh clia chat, ching
han axit lactic ¢6 g6¢ quay +3,82, khi este hod né 1a metyllactat c6 géc quay cuc 1a -8,25
mac di ciu hinh khéng déi.

C6 thé biu dién 1inh khong tring 4nh vat bang c4u hinh cla chinh né: ciu hinh tuong
déi va cfu hinh tuyét déi,

Cau hinh twong d6i duge x4c dinh theo quy tic Fischer. Quy tic Fischer da chen
andehit glyxeric lam chat chudn.

(+)-Andehit glyxeric ¢6 cdu hinh D, con ddi quang cuia né (-)-andehit glyxeric cé c4u
hinh L:

CHO CHO CHO CHO
H"“'C ~=0H == H——OH HOW~(C--myy == HO——H
CH,OH CH,OH CH,OH CH,0H
D(+)-andehit glyxeric L(-)-andehit glyxeric

Cdu hinh wong déi cha cdc hop chat khic dua vao chit chuin andehit glyxeric.
Hop chdt ddy D c6 céu hinh gitng andehit glyxeric, cdn day L gi6ng c4u hinh cha

L-andehit glyxeric. Quy tic Fischer dung nhiu cho hgp chit dumg va lipit. C4c aminoaxit
tw nhién ¢6 c4u hinh L va quay cuc sang phai:
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COOH
HN—H
CH,

L{+)-alanin

do d6 khong cé lién quan true ti&p gilta ddu quay circ va cdu hinh.

Khi diing quy tic Fischer cho cdc hop chit dutmg va protit ¢6 cdc nhém thé€ twong tu
nhau thi khong c¢é khé khan, nhung véi nhitng hop chat ¢6 nhém thé€ khdc nhiéu véi andehit
glyxeric thi 4p dung quy tic Fischer khong duge r5 rang. Ching han loai hgp ch4t Cabxy va
Cabxz ¢6 ba nhém thé abx xung quanh trung tdm chiral dinh huéng gidng nhau d&i véi
nhém thé thit ur thi ¢ling mot c&u hinh Fischer:

Br H CH30~_
N O\ 3
C~—C,Hs C—-CyHs

' H\\\yc_“CZHS L2

H,C H,C H;C H,C

Thay cho ciu hinh tuong d6i, ngudi ta ddng c4u hinh tuyét d6i theo quy tic tinh hon
cip Cahn-Ingold-Prelog nhu d3 diing cho hé E-Z & trén.

Né&u trung tam b4t doi ¢6 bdn nhém th€ 1,2, 3 va4cétinhhoncdpla 1l > 2> 3 > 4,
su phan b8 cdc nhém thé€ nhu thé ndo dé cho nhém thé nhd nhat (nhém 4) ndm § xa ngudi
quan sdt thi thit ty phan b8 ba nhém thé& ¢dn lai (1, 2, 3) xdc dinh c&u hinh:

UEIETP

Néu si gidm tinh hon c¢dp (1 > 2 > 3) clia cdc nhdm thé d6 theo chiéu kim déng hé thi
trung tam chiral d6 c6 cau hinh R (rectus - quay phai), néu theo chiéu nguge kim déng hé
thi trung tam d6é cé cau hinh S (sinister - quay trai).

C6 thé hinh dung cic nhém thé 1, 2, 3 tao nén hinh tam gidc va nhém thif tw nhé nhat
ndm & phia sau hinh tam gidc dé:

L
/ 4./4 /*/ 4

3

(R} '8
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Néu chiéu giam tinh hon cp clia cic nhém thé tir 16n dén nhd 1 > 2 > 3 theo chidu
kim déng hé xung quanh tryc néi trung tdm véi nhém 4 13 ¢6 cdu hinh R, nguoc lai 14 cu
hinh $:

2(CH(CH3y),)

2 %
w/"\ = }l s
4" [ = 3 |
R) 1

(H+" 3(CyHp)
(Br)i
Br > CH{'CH:!)z >C,H, > H
1 2 3 4

H,N

\ - R _
H/ : \(:ogﬁ /N

1 @ 2

H,N > COOH > CH,OH > H
¥ 2 3 4

Céc ky hiéu cdu hinh tuyét d6i duge dat trong d4u ngodc trudc tén hop chit 12 (R) hay
{5), cdn raxemic 1a (R, S). CAu hinh R-§ khong cho biét géc quay cuc, cin phai xéc dinh theo
thuc nghi¢m. Danh phdp R-S vi Fischer khong cé tuong quan truc tiép.

Trong cdc hop chat loai andehit glyxeric c6 sy tring hop cdu hinh D-andehit glyxeric
la (R)-andehit glyxeric, con L-andehit 1a (5)-andehit glyxeric:

H OH CHO
CHO \ ‘\\\\\ HO P N
OH €
CH,OH HOCH, CHO CH,0H
(D) (R}
HO H
CHO N OHC S\/ OH
HO——H /E\
CH,OH HOCH,  CHO CH,0H
() &)

Trong diy aminoaxit ciing 4p dung quy tdc R-S, chdng han L-alanin 13 {8)-alanin:

OOH HOOC NH,
H,N H C\F

CH, CH;
(L}-alanin NH; >COOH>CH,;>H  (§)
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Cén chi § rang, su lya chon ky hi¢u d€ mo td c&u hinh theo quy tic d6 khéng c6 lién
quan téi qua trinh hod hoc, béi vi cdc qud trinh ¢6 thé cé hudng phan (ng hay vi trf tdn cong
nhu nhau nhung c¢4u hinh theo quy tic ndo d6 ¢6 thé giéng nhau hay khdc nhau.

Quy tic R-S ciing 4p dung cho nhitng trung tam bat d6i ba hod tri, trong d6 hod tri thi
tu tréng ¢d s6 thit tu bdng 0 hoac la cap electron n ¢6 thit tw nhd hon H:

S 'l'
& \ CH,, : Q
2 CH;CH,CHY 9

CH, CH,
{8)-(+)-benzyl-p-tolylsunfoxit ()-(+)-phenylpropylmetylphotphin

Nhimg hop chdt cé tinh bat d6i truc nhu loai allen, biphenyl, ankylidenxyclohexan,
spiran cling nhu mot s6 hgp chit bst d6i phing nhu trans-xycloankan ciing 4p dung quy tic
R-S nhung thudmg c6 quy tic riéng, chi dua ra day vai vi du:

H,C CH,

H;C N —c ~NCH;3 @ @
H” N
H

H,N NH,
(R)(-)-1.3-dimetylallen (RY(+)-2,2'-diarnino-6.6'-d:metylbiphenyl
\ (\ I_L/fffh',‘ \ %H
C/ \_/ CesHs
H;
H
(R)(+)-spiro-[3.3]heptadien (R)-)-trans-xycloocten  ($)(+)-1-bezyliden-4-metylxyclohexan

Khi biéu dién bang cong thitc Fischer, xdc dinh cdu hinh tuyét d6i khi thit ty nhém
thap nhat nim & trén mot dau hay dinh (¢6 hai vi i tir phia quan sat), c4u hinh R néu ba
nhém thé khdc giam theo chiéu kim déng hé:

H OH H OH
HCO«%CHz()H HOCH, ;bCHo HOCHz-i}CHo HCOGECHon
H H H _
(R)-Glyxerandehit (5)-Glyxerandehit

Néu nhém thap nhat khong & ddu hay dinh thi thay déi don gian dé cho nhém dé &
d4u hay dinh:

| CHO
CHO

on uénhgt HOCH;~— OH
CH,OH H

{8)-Glyxerandehit
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3.2.5. Hop chat c6 hai hay nhiéu trung tim khong triing anh vat
Hop chét ¢6 hai trung tam khong tring Anh vit ¢6 4 déng phan (22 = 4) theo quy tac
chung 2" véi n 12 $6 trung tam chiral.
Chéng han, loai Cabx-Cabx, méi trung t4m cé c4u hinh Gp va Gg sé& c6 céc 16 hop:
Gr- Gy G- Gg Gy - Gs Gs - Gy
I I HI v

Cap I-1II la cap d6i quang (enantiome) hay dang D, L, déng phan III giong IV 1a déng
phan meso, cdc cap khdc (I-1I1, I-IV...} 12 d6ng phan dia.

Dong phan dia 1a déng phan 1ap thé cé vai trung tam chiral nhung chi ¢6 mot phén
trung tdm gidng nhau vé cdu hinh. Péng phan dia c¢6 nhimg tinh chit khic v&i cap d6i
quang. Chéng han axit tartaric:

CO H
HO,C<_ COZH HO,C. C/C02H HO,C_ -——C COzH HOZC.\ y
—cz. K S AN W R S\ HON s <
W e p qfl/ W s S f’H H\ ; H OH
H\Ho/c \H OH HO \OH HO OH
1CO,H 1CO,H ‘2C02H 1CO,H
H2- oK HOZ-H H-oH HOZ-H
HO3-H HY-OH H4-OH HO H
4 C02H 4 CO2H 4C02H . 4 COzH
D-tartaric L-tartaric meso-tartaric meso-tartaric
(2R 3R)-tartaric (38,38)-tartaric (2R,35)-tartaric {2R3R)-tartaric
threo-tartaric threo-tartaric erythro-tartaric erythro-tattaic
COOCH COOH
OH HO H
OH OH
COOH COOH

D6i véi axit tartaric ¢6 hai trung tam khong triing dnh vat c6 cfu tric gidng nhau,
cing dinh v6i ba nhém the nhu nhau thi s6 déng phan gidm vi c6 hai déng phan cing Ia
meso, khong hoat dong quang hoc. Tinh khong hoat dong quang hoc ciia meso cé thé giai
thich bing su t6n tai mat phing d6i ximg trong phan tir hodc ciu hinh cla hai trung tam
giéng nhau ndy c6 cdu hinh tuyét d6i nguge nhau, nén tinh quay circ bl trir cho nhau hoac
¢6 thé xem nhw 12 hdn hop clia hai déng phan cfu dang cia hai d6i quang trong dung dich.
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mat phdng 448i ximg

HO,C CO,H
5 HO,C ,COH\  COH
4 ~a H\““f C("’*’/H HH-OH
+-oH
He y HO~ +H HO on H

- —_— " AN C""!;
. \\\\\\/c C y, o /C— \,,, ’ CO,H
O,H HO 0
HO,C' (1) 2 ,C @) CO;H

Déng phan threo va erythro dung trong danh phdp Fischer. Déng phan threo ¢6 cic
nhém th€ & hai phia khdc nhau cia tryc lien k&t C-C hay c6 c&u dang frans hoac anti, con
déng phan erythro ¢6 hai nhém th€ & ciing phia cda truc C—C hay c¢6 cdu dang ke hay gos:

X X X X
a—1Db b——a a~t-b b——a
a14b pra b2  ad—b

y y ¥ y
ciip erythro-D, L cip threo-DL

Ngoii ra cdn ¢6 thé dung hé khdc 1a he ding danh phdp syn va anti. Trong heé ndy,
mach chinh dugc biéu thi bing dudng ziczac, néu cac nhém thé khong phai hydro & ciing
phia clia mat phing xic dinh bdi mach chinh goi 12 syn, khéc phia 13 ansi:

Y Y v Y
X X X X
Y
cipsyn D, L ' cipent D, L

Trong cong thic Newman hay khai trién, danh phép threo-erythro dling cho nhitng
hop chat Cabx-Caby, néu cic nhém th€ gidng nhau che khuat nhau (loai Cabx-Cabx) hay hai
nhém th¢ gidng nhau che khuit nhau va nhém thit ba khdc nhau ciing che khuat nhau (loai
Cabx-Caby) 1a déng phan erythro, néu chi ¢6 mot nhém the gidng nhau che khudt nhau la
doéng phan threo:

a.,__\_ C/a a\ /a a--..\: —C/a a-\___ C/a
b b b b b y oy b
déng phan erythro ddng phan rhreo
a che khult & ache khuat a
b che khuat b b che khudt y
% che khuoit v b che khuat x
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N oo Br—. .~ CHh
H, (W \W’C2H5 H;C 2\\‘\yc N CoHs
cl a,C COOH
erythro threo

Khi hgp chdt cé dong phan meso thi s6 déng phan 1a:
(2" - 1) (2" 4 1) néu » chin
(2™') néu n 1
Déi v6i trudmg hop s6 nguyén tir hay trung tam khéng tring inh vat 18 thi cdn phai
chd ¥ t&i nguyén tir cacbon gia bat d6i vi tinh chét cba ching khic nhau,

Bang 3.1. Tinh chat clia cdc déng phan cha axit tartaric

(] £ K,y.107° Ke2 107 Tinh tan, g/100g H,0
(+)-tartaric +11,98 170 1,3 6,0 139.4
(—)-tartaric -11,98 170 1.3 €9 139.4
Raxemat 0 205 10,2 40 20,6
Meso 0 146 0,6 14 128,0

Hop chat ¢6 hai trung tAm chiral khic nhau, nhu trudng hop Cabx-Caby thi ciing
giéng nhu trudng hgp Cabx-Cabx, c6 hai cap enantiome v khong c6 meso, ¢ cap threo va
erythro nhung tuong (ng vdi R-S thi khong chic chin, ta ¢6 cic 8 hop:

enantiome

g g :
dia ;
dia
GR GS GR GS \ \
3 . 4
enatiliome
B{C C/CH3 H3C\ C/Br Br\c C/CH3 H3C\ C'/Br
W icy CIYy Q’f H ™Yy Q” Cl CIW, Q"' Cl
/ \ / Cl / / H
Br Br Br Br
H—Cl CH1—H CH—H H=Cl
Crr—H H——Cl CH—n H==d
CH3 CH3 CH3 CH3
(15,25)- (1R,2R)- 1R .25)- [8,2R}-
1-brom-1,2-diclopropan 1-brom-1,2-diclopropan l-bmrrf-] ,é—g?clopropun ]-br(()n‘i-,i ,Z%dic]opropan

threo ervthro

Neéu tr (15,25)-1-brom-1,2-diclopropan trén, th€ mét nhém th€ bao toin dugce dang
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threo nhung khéng bio toan dugc cAu hinh tuyét d6i theo R-S. Ching han, cic dang cé cfu
hinh tuyét d6i sau déu 1A threo:

B _CHj o —% _CH, By
W C_C"r.w (UL ;” Ty C C 7 iy
H‘““/ R \”Cl g" { Cl H\“‘/ \ Cl
Cl H
Tuong tu nhu vay, d6i v4i D,L-erythrozo va D,L-threozo:
H HO
CHO Z ,OH T, H CHO
p—on HO E - 1y Z HO——H
H——OH H™W| CHO HOM] CHO HO—+—H
dia
dia dia
dia
ot H CHO
CHO Ho Z MH :_-_. u -
HO——H : - g H=—OH
H-+—oH  HW CHO  powW“ CHO HO——H
HOH,C 253R HOH,C 2R3S CH,0H

CH,OH
D6t vdi andozo, theo quy tac Fischer, dang D va L xdc dinh theo su giéng nhau cla

cdc ciu hinh trung tAm bat d6i xa nhat d6i v6i nhém andehit, do dé caun hinh Cy tréng
threozo va erythrozo thudc diy enantiome khidc nhau. Nhung trong cdc a-aminoaxit, day
enantiome dugc x4c dinh theo c&u hinh cacbon a. Chang han, L-threonin:

CHO COOH COOH COOH
HO——H H,N——H H—OH HO—TH
H——OH H—1—OH HOT—H H—T—OH
CH,OH CH,0H COOH COOH
D(-)-threoza Li+)-threonin Ly (+)-sartaric L, (-}-rartaric

Nhu viy, hé andozo diing C' ¢6 s6 16n nhit, cdn aminoaxit diung C" ¢6 s6 nho6 nhat.
Do dé, ¢6 trudng hop ngudi ta phan biét diy D,L theo hé ndo, thudng thém g vao he andozo
va 5 vao hé aminoaxit, nhu L (-)-tartaric va L,(+)-tartaric axit.

Trong trudng hgp chat Caby-Cefg t6n tai & bén dang déng phan, ¢6 hai cip déng phan
guong, trong dd cé hai cip enantiome (1,2 va 3,4) vi b6n cip déng phan dia (1,3; 1.4; 3.3;

2.4):
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aT°¢ e T a a—T—e e Ta
b ¢ f—b f1—b b4
g g g g
a\C C/e i a\C C/ : a\C C/e E f:\C C/a
\““ut -_— 'i'.r;”” : “““\- — 'w”” “\“n —— 'l'u”” i ““un _— .”Nﬂf
X \g:g/ N\x x\/ \f:f‘/ \bx
b f b b g g
(1) 2. (3) (4)

Khac véi cdc h¢ trén, hé nay khéng c6 ten gi dac biét.

b6i véi he nhidu trung tam bat d6i, s6 déng phan tinh theo cong thiic 2" vdi n 13 s6
trung tam b4t d6i va nhiéu trudng hop thap hon do cé dang meso. Trong trudng hap 2,3,4-
pentantriol c¢6 cacbon giira khong phai bat d6i khi cacbon 2 vi 4 cung ciu hinh R hay §
nhimg [ bat d6i khi m6t 13 R va mot khéc 1 S. Cacbon nay goi 1a cacbon gia bat déi. Trong
truong hgp ndy c6 bon déng phan: hai dang meso va cap D,L:

CHj CH; CH, CH;
H-- ol H-- OH H-L+30H RY
H—+ OH H H H H H-+ OH
H-< OH H1-OH HOT=H H-3 OH

CHj; _ H; H, H,

meso meso cap D.L

Hai dang meso khong chéng khit v6i inh ciia né vi ciing khong phat 13 déng phan lap
thé khic. Hai déng phan dia nay khdc nhau chi mot trung tam bat doi goi 1a déng phan
epime.

Tén goi cdc dong phan 1ap thé, d6i v6i cap enantiome ding cfu hinh R hay § hoac D
va L hay (+), () nén ¢6 cdc cap enantiome khdc nhau, c¢é khi ngudi ta ding tiép ddu ngit
khdc nhau nhu epi, peri... va trong cic hop chat steroit dung ky hiéu 3 n€u ndm trén mat
phang clia h¢ vong va o néu dusi mit phing ciia hé vong, ching han:

1

HO

la—Clo-5-cholesten-3p-ol
3.2.5. Phuong phap x4c dinh ciu hinh
Tat ca cdc phuong phdp déu cdn thi&t phai biét msi twong quan gita cfu hinh chua
biét ciia chdt vdi c&u hinh da biét cla chat khic. Thuong ding cdc phuong phip sau:
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1- Chuyén hod chdt chua biét thanh chdt d@ biét cdu hinh ma khong 1am thay déi
trung tam khoéng tring anh vat, ching han nhu glyxerandehit va axit glyxeric & trén. Vi
trung tam chiral khong thay déi, chat chua biét hién nhién c6 cling c&u hinh véi chét da bist.
Piéu d6 khong nhat thi€t 12 néu csu hinh 12 R thi chét chua bi&t 12 R vi chi tring nhau khi
khong thay déi trung tdm va khéng khdc chiéu, ching han khi khit (R)-1-brom-2-butanol
thanh 2-butanol ma kh6ng thay déi trung tAm chiral, sin phdm 14 §:

OH
CHyCH,— CH,Br —» CH3CH2—|—CH3
H R Y

CAu hinh thay d6i vi CH;CH, ¢6 thit tw nhé hon BrCH, nhung cao hon CH;.

2- Chuyén hod trung tém chiral néu da biét co ché phdn ing. Ching han, phdn tng
Sn2 12 quay cfu hinh & cacbon bat déi. Diéu d6 ¢6 thé thyc hién bing mot ddy chuyén hod,
chang han nhu chuyén hod axit lactic thanh alanin sau:

COOH COOH COOH COOH

NOH i
ot *t N et
H3 CH3
h

{S)-(+)>Lactic axit {S)-(+)-Alanin

3- Phuong phdp sinh hoc: Trong diy cdc hop chdt tvong tu nhau, nhir aminoaxit va
steroit, mt enzym thudng chi tdn cong vao phan tir chi & mot ciu hinh x4c¢ dinh. Néu enzym
chi t4n coéng vao dang L cia 8 aminoaxit thi & aminoaxit thit chin cling chi t4n céng vio
dang L.

4- So sdnh quang hoat: Trong mot s6 trudng hop cd thé, diing dau va mifc do quay dé
xdc dinh c4u hinh clia chét. Trong ddy déng ding, sy quay thudng chi thay déi vé géc va
trong mot hudng. Néu cdu hinh cita mot thanh phdn di biét trong ddy thi c4u hinh cia thanh
phan khédc con thi€u c6 thé xdc dinh bing phuong phdp noi suy. Cdc nhém cé thé déng gép
nhiéu hay it vio mitc d¢ quay ctia chét chinh hay chat géc, dic biét khi chat géc 13 ciing nhu
loai steroit.

5- Phuong phdp tia =X, dac biét cia Bijvoet cho céu tra 1&i tryc 1i€p va dd ding trong
nhiéu trudmg hop.

Ngoai ra ciing ding cdc phuong phdp khic nhu khuéch tin quang hoc, tinh ludng séc
trdn, NMR, v t6ng hop bdt d6i xing.

3.2.6. Tong hop bat déi xtng

Trong hod hoc hitu co thudng téng hop duge dudi dang déng phan enantiome riéng
hay 12 hdn hop raxemic réi phan gidi, nhung phuong phdp don gidn 1 bit nguén tir ban chat
cla chdt ban ddu nhu 14 chat nén chiral.

Mot phuong phdp khdc goi 1a tdng hop bat d6i xing hay t6ng hgp chon loc lap thé.
Thudng theo phuong phdp nay thi su tao thanh mét trung tdm bit ddi thudng tao hai kha
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nang vé€ cfu hinh v6i ham lugng bing nhau. Thudng di tir cdc loai sau day:
1- Chdt ban ddu hoat dong quang hoc

Néu trong phan tir chdt ban d4u tao ra trung tam khong tring anh vit méi thi hai déng
phan dia tao thanh véi lugng khong bing nhau (trir mot s& trudng hop riéng) do hudéng tdn
cOng cua tdc nhin di dugc xdc dinh trong cdu tric clia nhém chitc. Chéng han nhu lién ket
cacbon-oxy cua xeton chita cacbon o bt d8i xing:

Hy¢ CN
CH;CH,—C—C—H

T el L by
CH3CH2—CP[‘I—E—H + HCN \ He OH

CH3CH2—C-—(|?-—H

CN

Quy tdc Cram da xdc dinh déng phan nio 13 wu tién. Néu quan sdt phan tr doc theo
truc cia nd, cic nhom thé N (nhd-small), Tb {(trung binh (medium) va L (1n - large) duoc
biéu thi twong dng, ban than nguyén tir oxy nim giita nhém nho va trung binh thi nhém di
vao uu tién tdn cong vao phia cla mat phing chita nhdém nhod. Bdi quy téc dd, sin phdm (1)
hinh thanh nhiéu hon sin phdm (2):

™ O YZ Y y H N

Yy
70 R 0z

/) ! I

(1)-chinh (2)-phy
Nhi¢u phan #ng thudc loai nay da thu duge sin phdm wu tién gin 100%.

Trong nhiéu trudng hgp clia tdng hop bit d6i xing, phan tir nhu (3) 1d achiral nhimg
tinh thé 1a chiral ¢6 thé chuyén thanh enantiome 12 san phim chiral (4) khi c6 tic dung cha

4nh sdng:
OOR
OOR {\_~COOR
Sy = O
o @

{3)-khong quang hoat (4)-hoat dong quang hoc

Ciing c6 thé chuyén hop chat ackiral thanh chiral bing phan ting ba giai doan:
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1- cong véi nhém chiral;
2- ti€n hanh téng hop bat d&i xing;
3- loai bo tdc nhan chiral ban diu.
Chéng han nhu phan ing chuyén hod 2-pentanon khong quang hoat thanh 4-metyl-3-
heptanon quang hoat di thu duge 99% déng phan S:

» OCH3 CH3CH2— ﬁ - CHzCH3
CH3CH2—ﬁ—CH2CH3 + N q — T\[\

0 | N
2-pentanon NH, CH;0 *
(S5)- (S)
CH,CH,CHj
| FHZCH2CH3

1-(iso-C3H4);NLi
———————

CH;3;CH,— € — CH—CH; Ha
2-CH,CH,CH, | *

pentan - CHy;CH,— C = CH—CHs
NQ [

N o]
(5)-4-metyl-3-heptancn
CH;0™

ddng phan dia wu tign

Téc nhan chiral da ding thudng goi 14 tdc nhan chiral hd trg vi chi diing cho su bat
d6i xitng cam itng réi sau dé loai di.

2-Tdc nhén hoat dgng quang hoc

Cap enantiome 6 thé dugc phan gidi bing mot tac nhan quang hoat néu né phan ting
v6i dong phan nay nhanh hon déng phan khic. Néu di biét cdu hinh tuyét d6i cia tdc nhan,
c&u hinh cita enantiome cé thé duge xdc dinh bing kién thic v& co ché va bai déng phan dia
tao thanh wu tién. Sy tao thanh mot trung tam chiral trong mot phan tir khéng hoat dong
quang hoc cling cd thé thyc hién dugc bing tic nhan quang hoat nhung thudng khéng dat
duge 100%. Chéng han nhu khir metyl benzoylfomat bang téc nhan quang hoat N-benzyl-3-
(hydroxymetyl)-4-metyl-1,4-dihydropyridin cho axit mandelic véi 97,5% déng phan S-(+)-
va 2,5% déng phan R(-):

H;C
H,C.. pH 3
2 cn,oH o H k. CH,OH
CeHs —~C —COOH + || ] e cf,Hs—cr‘—COOH + | W7

) ST
metyl benzoylfomat H2C6H5 H2C6H5

()-(+)-mundelic axit
(S}-(+)-N-benzyl-3-(hydroxymetyl)-
-4-metyl-1.4-dihydropyridin
Phin g nhy 13 mot tic nhan nay cho tic nhan khdc tinh khoéng triing anh vat ¢6 khi
gol la phan img t hy sinh (self-immolative).
Tinh khong tring dnh vat cling cé thé chuyén tir nguyen tir nay sang nguyen tir khic
trong n6i b9 phén tilr, nhir phan ing:
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H  §y OCONHCgH;

(hi¢u sudt chung 83%)

Mot phén ting clia chat ban ddu khong quang hoat chuyén thanh mot déng phan chon
loc trong hai enantiome goi la phan (g chon loc 14p thé (enantioselective reaction) va qué
trinh goi la su cdm Ung bdt d6i xing (asymmetric induction). Khi mot chat ban ddu quang
hoat phan ing v6i tic nhan quang hoat khdc hinh thanh hai trung tdm chiral méi ma cé thé
hai trung tdm méi nay tao nén theo mot hudng da xdc dinh. Qud trinh nay goi 12 sur tng hop
bat d6i kép (double asymmetric synthesis).

3- Dung méi hay xiic tdc quang hoat

Mot 50 phan tng di thuc hién duge theo muc dich nay nhu phin itng khir xeton va
anken th€ thanh ancol bic hai va ankan th& quang hoat khi tic dung hydro v&i xidc tic hydro
hod déng thé quang hoat, tic dung andehit hay xeton véi tdc nhan Grignard khi cé xic tdc
quang hoat va chuyén hoa anken thanh epoxit quang hoat khi diing hydroperoxit va xic tic
quang hoat. Ciing nhir phén ing giifa tic nhan Grignard véi vinyl halogenua khi ¢é phiic kim
loai chuyén ti€p quang hoat:

chiral
CH; CH,
nhu chuyén hod axit clofumaric & dang diion thanh déng phan (-)-threo khi tic dung véi
nudc va enzym fumaraza:

phu
CgHs—CH—MgCl + CH,=CHBr — CgHs—CH—CH=CH,
6775 2 ira |

Cl
Cl~ - C00 e H-— COO"
-OOC/C::C\ H fumaraza O0C—1—H
OH

déng phan (-)-threo
4- Phdn itng ding dnh séng phén cuc tron

Di c6 mét s6 phan itng quang hod khi diing 4nh sdng phan cuc tron déi v6i chat ban
ddu thi vé 1y thuyét s& thu duge mot déng phan wu tién hon déng phin khdc, nhumg thuc
nghiém chua dat dugc két qua ma cho dén nay chua dat duge 1%.

3.2.7. Phuong phap phan gidi déng phan

Phuong phép thudng diing dé phan giai cap enantiome 1a chuyén hod thanh déng phan
dia va phan tich bing két tinh phan doan, nhung cfing cdn c6 nhiéu phuong phép khic cdn
lya chon dé€ thu duge ca hai enantiome vA tréinh phan huy chét.
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1- Chuyén thanh déng phan dia

Néu hén hop raxemic dugc phan giai c¢é chfa nhém axit cacboxylic (nhung khéng
phdi bazd manh) thi c6 thé hinh thanh muéi véi bazo hoat ddng quang hoc. Ching han mudi
dung 14 dang S thi tao thanh musi dang RS va SS. Axit 13 enantiome, mudi 1a déng phan dia
¢0 tinh chat khdc nhau ma thudng diing 14 tinh tan khic nhau:

(EOOH“ - ?OO' bruxin-H*
RH—(|3—0H H*?-OH
+ CH; F- + S-bruxin  — + C.g-b By
(ISOOH §oo- bruxin-H*
§ HO——(IZ—H HO—(!:——H
CH; 9 EHS S

Hon hop déng phan dia cé thé két tinh dung moi thich hgp va vi tinh tan khic nhau
nén tinh thé tao ra ddu tién s& gian mot déng phan dia, loc va phan tich. Su khic nhau vé
tinh tan cila déng phan dia 12 hi€m nén diing phan tich bing két tinh phan doan.

Céc bazo quang hoat ty nhién thudmg diing 1a bruxin, ephedrin, strichnin va morphin,

Néu ding phuong phip nay v6i cdc déng phan khong ¢6 nhém cacboxyl thi chuyén
thanh axit cacboxylic tru6c khi phan giai, nhung phuong phip ny rat han ch&. Cic bazo
raxemic chuyén thanh déng phan dig bing axit quang hoat nhu ancol chuyén thanh este
quang hoat, andehit thanh hydrazon quang hoat... hydrocacbon chuyén thanh hop chét boc
quang hoat véi ure, tuy ure khong quang hoat nhing c&u triic 16ng lai quang hoat. Ete crown
diing dé phan gidi hén hop cia ion enantiome ankyl va arylamoni do hinh thanh phitc dia,
frans-xycloocten diing phéan gidi bing chuyén hod thanh phic platin chifa amin quang hoat.

Phuong phdp két tinh phan doan ciing ding dé phan gidi déng phan dia nhung ciing
rét han ché. Phuong phdp chung c4t phan doan rdt gidi han nhung sic ky khi va sic ky long
dugc dung trong nhiéu trudng hop nh4t 1a khi ¢6 diing két tinh phédn doan b8 sung.

2- Su hdp thu riéng phdn

Khi dat hén hop raxemic trong cot sic ky chda chit hdp phy quang hoat theo nguyén
tic, cdc enantiome chuyén dong véi t6c d¢ khidc nhau ma phan gidi ra khi khong chuyén
thanh déng phan dia. Qud trinh niy c6 thé thuc hién bing sic ky gidy, cot, ban méng, khi
hay [ong. Ching han da phan gii duge axit mandelic hoan toan bing séc ky cot tinh bot.
Nhiéu cong trinh da phan gidi bang sic ky khi va 16ng khi dong cot chdt ddy chdt hdp phu
chiral. Cot chat chat hdp phu chiral ¢6 bén trén thi trudng cho kha nang phan gidi enantiome
cua nhiéu loai hop chit.

3- Su dodn nhén chiral

Qud trinh diing chat chl chiral dé hinh thanh hop chit boc dia da néi & tren nhung
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trong vai trudng hop cé thé ding chat chi € hinh thanh hgp chit boc dia v&i mot enantiome
cha chat khdch raxemic. Quaé trinh nay goi 12 su dodn nhan chiral (chiral recognition). Mot
enantiome c6 thé vira chita khép trong 16ng chét chii chiral con chét khdc thi khong, thudng
ca hai déng phan dig déu hinh thanh nhung mét hinh thanh nhanh hon nén néu 14y chat
khdch ra thi coi nhu phan giai dugc mot phdn (nhu 12 phan gidi doéng hoc). Ching han nhu
ete crown (36) dd tach duge mudi raxemic amin (37) clia hén hop cha dung dich nuéc cha
(36) v6i dung dich quang hoat (37) trong clorofom va dé tach 16p, 1ép clorofom & trén chia
gdp doi cua phic gitta (36) va ddng phan R-(37) 1a phitc d6ng phan dia:

C . O’W s
CeHg—C— NH;*
N H

(36) (37)

Cic ete crown khdc, cdc cryptand, xyclodextrin, axit cholic va nhiéu chat khiac dung
lam chat chii. Enzym ciing ding 16t dé dodn nhan chiral.

4. Qud trinh sinh hod hoc

Trong co thé s6ng, hop chit quang hoat phan ing v6i hai enantiome véi t6c do khic
nhau. M6t vi khudn rlo d6 cé thé tieu hod dugc enantiome nay nhung khéng tiéu hod duoc
enantiome khdc. Qud trinh nay bi han ch& nhidu vi phai tim co ché thich hgp va enantiome
bi phan huy trong qua trinh d6, nhung khi da tim duge co ché thich hop thi phuong phip nay
cho ham lugng phan gidi 4t cao vi qua trinh sinh hod hoc thudng rat chon loc 1ap thé.

5- Sw phdn tich co hoc

Phuong phdp nay dua trén thi nghiém cia Pasteur phan tich hdn hgp raxemic axit gém
(+) va (—)-tartaric. Trong trudng hgp nay, mudi tartrat amoni natri clla enantiome két tinh
riéng &, tat ci (+) di v& mot tinh thé, cdn (-) di vé mot tinh thé khdc. Cic tinh thé nay
khong chéng khit 1&n nhau, xu4t hién khéc nhau va nha tinh thé hoc lanh nghé c6 thé tich ra
bing nhip. Phuong phdp niy di ding phin giai nhiéu hgp chdt khic, nhu phan gidi
heptahelixen, mdt enantiome c¢é d¢ quay cuc cao [a]* p = +6200° két tinh tic th¥i trong
benzen, con trong trudng hop 1,1°-binaphtyl tao thanh tinh thé quang hoat bing cich dun
néng don gidn méu tinh thé raxemic & 76 + 150"C va tdch ra bang thay déi pha. M6t vai
trudng hop phdn giai bing két tinh chon loc khi thém cfu tir chiral.

Mot s6 trudng hgp phan gidi bing thing hoa, nhu din xuit norborneol (38) & raxemic
rin thing hoa véi phén tlr (+) ngung tu thinh mot loai tinh thé, cdn phan tiy (-) ngung tu
thanh tinh thé khdc,
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(38)

6- Su phdn gidi dong hoc

Mot s6 enantiome phan \{ng v6i hop chat chiral véi t6c do khac nhau ma cé thé tich
ra bang phan tdch phan doan bang cich dimg phan tmg trudc khi hoan thanh phéan ung.

Phuong phdp nay ding dé€ phan gidi anken raxemic khi tdc dung véi diisopinocam-
pheylboran quang hoat vi anken r4t khé chuyén thanh déng phan dia khi khong cé nhéns
chitc khdc. Chang han, phan gidi raxemic allylic bing cich mot enantiome chuyén hod thanh
hgp chit epoxy chiral, con mét enantiome thi khong véi ty 1é t8c do 100:

I |
/\/\/\ + /\W/\/\
OH OH OH .
raxemic (R)-enantionie {S)-enantiome

Theo phuong phdp nay thi chi thu duge mot enantiome, con enantiome khic ¢6 thé thy
14y bang hai cich: diing tic nhan chiral khdc hay chuyén san phdm tré lai ch4t ban ddu bing
phin ing hod hoc ma bao toan tinh hod hoc 14p thé. Ngoai ra ¢é thé diing phan ting enzym
dé phan giai.

7- Su deraxemic hod (deracemization)

Qui trinh chuyén hod mot enantiome nay thanh enantiome khic nén hén hop raxemic
cling chuyén thanh enantiome tinh khiét hay hén hop gidu mot enantiome hon. Chang han
hén hgp raxemic thioeste (39) cho ti€p xiic v6i amit quang hoat, sau 28 ngay, dung dich
chita 89% mot enantiome va 11% encntiome khic:

0
02N Ilq 5 C4 Hg
H O
|

O,N (39)
Qua trinh dera:iemic hod cdn hai diéu kién:
k- enantiorie tao phitc khdc nhau véi chat quang hoat;
2- ¢6 thé cLuyén ho4 cho nhau & diéu kién thuc nghieém.
Quad trinh nay thudng ¢6 sy tham gia cha bazo nhu (CH;CH,);N.
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3.2.8. D6 tinh khiét quang hoc

Sau khi phan gidi hén hop raxemic thanh enantiome, cin bi€t d6 tinh khi&t cha
enantiome bing cich xdc dinh d6 tinh khiét quang hoc dua trén do quay cuc ciia ch4t tinh
khi€t v6i do quay cyc clia chét tim dugc. Ching han d6 quay cuc clia enantiome tinh khiét B
[&]max ¥2 40 quay cuc ciia chét do dugce 1a (a] s thi:

. . [U-]q,\‘
B¢ tinh khiét quang hoc % = ——

O
B¢ quay cuc o ¢6 quan h¢ véi ndng do cho nén trong nhiéu trudng hop cé thé tinh d6
tinh khiét quang hoc bang % enantiome du:
[R]-[S]
[RT+[S]

Do tinh khiét quang hoc = % enantiome du = = % R- %S

DéE x4c dinh [a],,,, c6 thé diing cch sau:
1- Phitong phdp dung NMR

Chuyén hén hop thanh hén hop déng phan dia va quan sit phé ciia hdn hop. Ching
han nhu hén hep sau:

o O
e H—C—N —C—CH
CeHs T-[ NH, OCH, CeHs | H— 7 Cels
H
+ Cl— _(E—CGHS —- OCH3
i H
C Hs_" _NHZ C6H5_ C C6H5
6
CH;

do phé NMR ciia hén hgp ban ddu, tim thdy pic proton cla CH; (0 dang doublet) va
enantiome cho NMR gi6ng nhau, nhung hai amit khéng phai 12 enantiome va mbj CH; c6
mot doublet. Tir cudng dé clia hai pic ndy, xdc dinh ty lé tuong d6i cla hai déng phan dia
(va enantiome ban ddu). Ciing c6 thé ding pic OCH,.

Phé ""CNMR ciing ding twong tu va ciing c6 thé ding phé ndy dé x4c dinh cfu hinh
tuyet d6i clia enantiome khi so sénh phé cla cic déng phan dia tit enantiome ban din. T
két qua thuc nghiém mOt day hop chdt dd biét c4u hinh, ¢6 thé xdc dinh huéng clia mot hay
nhiéu pic ca 'H hay '*C da dich chuyén nhir th€ nao dé hinh thanh déng phéan dia. Tr d6, tix
pic cla enantiome chua biét cfu hinh dich chuyén nhu the nao so véi chit di biet dé suy
dodn c4u hinh,.

Mot cich khéc 1a khong chuyén thanh déng phan dia, cdc enantiome ¢6 phé NMR
khédc nhau trong dung méi quang hoat hay khi trén véi phan tlt chiral ma trong nhiéu trudng
hgp cdc pic nay phan téch ra d€ c6 thé x4c dinh ty 18 enantiome tir cudng do pic.
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Mot céch khdc [a diing thém téc nhan chuyén dich lantanit quang hoat, ching han nhu
tris[3-trifloaxetyl-d-camphorato]europium(IlI). Tic nhan chuyén dich lantanit quang hoat cé
tinh chat mé& rong pic NMR ciia hgp chét do hinh thanh hgp chat phéi tri nhu ancol, hop chit
cacbonyl, amin ... Tdc nhan chuyén dich lantanit quang hoat chuyén dich pic cia hai
enantiome cia nhiéu hop chét rat khdc nhau.

2- Phuong phap sdc ky khf

Phuong phdp sic k¢ khi ciing ding twong t¢ nhu NMR bing chuyén tic nhan tinh
khi€t quang hoat thanh hén hop hai déng phan dia, cdc déng phan dia nay duge phan tich
bing séc ky khi va ty 1& duge xdc dinh bing dién tich pic. TY 1é cia déng phan dia gidng
enantiome ban dduv. Sic ky loéng 4p sudt cao ciing duge dung twong tu va duoc diing nhiéu
hon. Ciing ding sdc ky khi v 10ng dé phan tdch tryc tiép enantiome trén cot ¢ hiral 48 xac
dinh d6 tinh khié&t.

3.3. PONG PHAN CAU DANG (CONFORMATION)

Nhifng cdu tric clia mot chdt ¢ sy phan b8 khdc nhau chia cdc nguyén tir trong khong
gian do si quay xung quanh lién két don C—C goi 1A d8ng phan c&u dang hay conforme. C6
thé néi sy phan bd tic thoi cdc nguyén tir trong khong gian clta mét chat goi la c4u dang.

Chat déng phan goi 1a déng phan cdu dang hay conforme hoac d6ng phan quay hay
rotame, 1a nhilng déng phan ¢é c4u dang bén nhat (cé nang lugng cye tidu) khi cdc nguyén
tir hay nhém nguyén tl di l¢ch ra khoi vi tri ban ddu bing cich quay. C6 nhiéu phuong phdp
dé€ xdc dinh ddng phan cfiu dang nhu khic xa electron, IR, Raman UV, NMR, phé vi séng,
phé quang electron, ph6 phan tir siéu am (supersonic molecular jet spectroscopy) va do su
phan tdn quay quang hoc (optical rotary dispersion) va su ludng séc vdng (circular
dichroism).

C#u dang ciing ¢6 thé ding phuong phép tinh todn nhu phuong phip co hoc phan ti.

Phan tir bao gi¥ cling cé xu hudng nhan cdu dang c¢é nang lugng cuc tiéu. Sic cang
hay (ing suit ciia cdu dang phu thudc vao cic thong s6 cdu tric di lech ra khoi cdc gid tri |y
tudong. Nang lugng cia tinh hinh hoc 1éch khai 1y tudng duge xdc dinh nhu 1a tich s& cha do
16n 1éch vai luc tic dung vé phia gidm sitc cang dé.

Co hoc phan tir (molecular mechanics, cling ¢6 khi goi 1& su tinh todn trudng luc) la
phuong phép tinh tinh hinh hoc cha cfu dang, diing d€ tinh géc va chiéu dai lien két ciing
nhu téng thé ning cha cdu dang phan tir. Sy tinh rodn obitan phan tir cling cho nhing thong
tin ndy nhung co hoc phan tir d& diing hon, ré va it thdi gian hon. Trong tinh toin MO vij tri
hat nhin dugc thira nhan va ham s& séng chi dung dén electron. Sy tinh todn co hoc phan tir
bé qua electron va chi nghién citu vi tr{ hat nhan. Su khdc nhau cdn & ché, trong tinh todn
MO, méi phén tir 12 mot c4 thé riéng, cdn trong co hoc phan tir thi nhimg théng s6 tim thay
cho cédc chit don gian nho thi cling ding cho phan tlr 16n va phic tap.
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Co hoc phan tir diing phuong trinh thye nghiém tinh thé ning chung cta phéan tir bao
gém nhi¢u thanh phdn déng gép vao:
CVEIVE +IVE+IV @ +IV)
véi V(1) - th€ nang do su thay déi chiéu dai kien k&t r; V(1) = 0,5.k, (r — rg)* v6i k. 12 hang 56
lyc kéo dai, r = chi€u dai lien két, r, = chidu dai lien két binh thudng;

V(6) - th€ nang do su thay déi géc, V(8) = 0,5. kp.(AB)? vdi kg - hing s6 luc nén hay ép,
A8 = d¢ léch clia g6c so vSi binh thudng;

V(1) - stic cang quay, la ham s6 cla géc quay hay géc nhi dién, V(1) = 0,5.V,.(1 +
cos3t) v6i V;, = hang rao ning lugng chusn, thudng 14y etan lam chuén, V, = 2,8
+ 3,0 kcal/mol;

V(d) - nang lugng do céc tuong tdc khong lién ket giita cdc nguyéen hay nhém nguyén
ur. Tuong tic niy rat kh6 dénh gid, néu tuong tdc 1a ddy hay hit thi bao £6m
tuong tdc ddy hay hit van der Waals va luc khuéch tdn London. Luc London
thudng nhé va ty 1¢ nghich véi cin bac sdu clia khodng cdch gilta cdc nhan.

The ndng quay c6 thé tinh theo co hoc phan tir hay theo phuong phip MO, trong dé
thé ning chung cla phan tir 11 t6ng nang luong ciia bén thanh phin:
VizVie+ Vg + Ve +T
v6i V. - the nang chung clia phan tir; V,, - th€ nang hiit gilta nhan va electron; V., - thé nang
ddy gilta nhin va nhan; V., - thé nang ddy gifta electron va electron, 7 - ning lugng dong
hoc ciia electron.
Nhu vay, chi c6 th€ nang gilta nhan va electron 4 hit, ba thanh phdn con lai Ia ddy.
Bing cdch quan sat su thay d6i nang lwong hit va ddy theo mifc d6 quay cha nhan, ¢6 thé
mo ta hang rdo nang lugng quay nhv 12 hang rao ning luong véi luc hiit va ddy wu tién hon.
Hang rao nang lugng quay dic tnimg bing luc hit hay déy vu tien hon phit hop vdi su
thay d6i tuyét d6i nhat trong thoi gian quay ma cdc cfu tir nao dé di thuc hién. Phan tich su
thay doi thanh phén riéng cho phép hiéu dugc chi tiét hon ban chat vat Iy va hieu {tng thé
hon la diing nang lugng chung.
Chéng han, phan tir etan ¢6 hang rao quay la 2,58 kcal/mol tuong dng v6i cic thanh
phén sau:
Lye hiit: V. =-20,07 kcal/mol
Lyc ddy: V,, = +4,68 kacl/mol; V. = 9,53; T = 8,43
Téng lue ddy: +22,65
Su thayd6i nang lugng chung: 22,65 — 20,076 = 2,58 kcal/mol.
3.3.1. Cau dang cua hop chit mach hd (khéng vong)

Kha nang quay xung quanh lién két don giita hai Csp3 cho v6 s6 cfu dang ma mdi cfu
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dang c¢6 mot gid tri ning lugng tuong tng véi né nhung chi chi ¥ t6i hai c&u dang gigi han
bén va khong bén. Nhu etan ¢é hai ciu dang gidi han I c4u dang c6 nang lugng thap hon 12
xen ke va cao hon la che khuat:

| H
H ’ .
H 4 /\H
H H
H H
H
H H H H

xen ke che khudt xen k& che khudt

Khi quay lien két tir cdu dang xen ké sang ciu dang che khudt thi ning lugng tang,
nguge lai 13 giam. Géc quay goi ta géc nhi dien 1, 12 géc gilta hai mat phéng lien k&t XCC
va CCY:

Su khdc nhau vé nang lugng ndy 1a 2,58 kcal/mol (c6 tai liéu 12 2,9 keal /mol hay 12
kJ/mol)) goi 1a hang rao ning lugng quay. Thuc nghiém xdc dinh [a 2,67 + 0,12 kcal/mol
Theo co hoc phan tir thi hang rao ning lugng gay ra do su ddy giffa cdc obitan phén tir lién
két xen phil tin nhau. Nhu trong phén tir etan, cdu dang xen k& c¢6 rang lugng thap hon vi
cdc obitan C-H c6 mitc d¢ xen phi v6i obitan C-H ciia cacbon bén canh nhé hon.

N61 chung hang rio nang lugng quay khéng 16n, khedng 3,0 + 9,8 kcal/mol, vi thé
theo nguyén tic khong thé tich duge cdc déng phan cdu dang vi muén tich hai chét thi nang
lugng phai 1én hon 16 + 20,2 kcal/mol.

Nang lugng quay thay d6i theo géc quay, biéu dién trén gian d6 thé nang. Ching han,
etan c6 ba cyc dai v6i nang lugng phan tr cao nhat goi 1a cdu dang che khuat hay ciu dang
chan (do boi clia géc 607 1a 2, 4, 6), con ba cuc tidu nang lugng thap nhét 13 cdu dang xen k&
hay kim him (transoit) hay Ié.

Hang r2o nang luong quay 1a 3 kcal/mol, do d6 c6 thé coi su quay Fa hoan toan ty do.
Ban chét clia hang rac ning lugng quay trong phan tir etan cho dén nay con tranh luan vi
nguyén nhan la chi tinh dén sy ddy va va cham cila cdc nguyén tir ké nhau (vicinal) o hai
cacbon canh nhau & trong cau dang c6 nang luogng cao.

Tuong tdc che 'thuit nay khong I6n vi ngay trong cfu dang nang lugng cao thi cac
hydro ké nhau c6 & kl:odng cdch 16n d6i v6i nhau (so vdi ban kinh van der Waals). Hién nay,
thira nhin hang rdo ning lugng 14 su ddy electron giira cdc lién k&t C—H & thoi diém né di
qua nhau. Nhv vay, wrong etan & dang che khudt cé ba lién k&t C-H vdi nang luong
3 keal/mol thi ning luong twong tic che khuét ciia H-H 1a 1 keal/mol.
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Hinh 3.2. Gian d6 nang lugng quay cla etan

D61 voi propan, gidn dé tuong ty nhy etan, chiing t6 nang luong twong tdc H-H & cau
dang che khuat ciing bdng tuong tdic H-CHj; ciing 1a 1 kcal/mol.

a 4 & &

E

3.2 keolmol
H,C H3C MG
J L 1 H L L 1
0 60 120 180 240 300 3600

Hinh 3.3. Gian d6 nang lugng quay clia propan

P6i v8i n-butan, cic tuong tic s& khic nhau trén gian dé:

H,C H,C HiC oy,  HC H;C
E!;j @ Hy _IECI ! I o @
H3C H,C
7= 180" 120° 60" 0° 300° 240°
A B C D E G
xen ké che khuat  xen ké che khuit xen ké che khuat
anti (trans) (syn) ké (gos) (syn) ké (gos) {syn)
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Theo gidn d6 nang lugng quay clia butan va 18y nang lugng quay clia etan ia 2.8
kcal/mol c6 thé suy ra dugc tuong déi cic wong téc sau:

Nang luong ciia cdu dang & 60°, 300" 1a xen k€ ké C, so v6i nang ludng cdu dang anti
A (hay frans) & 180° khic nhau 0,8 kcal/mol 12 do luc ddy van der Waals clia hai nhém CH,
nang lugng cua xen k& k€ anti A thdp hon che khuét syn B, G do che khuat H-CH; (120°,
240°) 1a 6 kcal/mol, bao gém c4 tuong tic quay va van der Waals, so v6i sifc cang quay cla
etan 12 2,8 kcal/mol thi sy ddy van der Waals 12 3,2 kcal/mol cia hai nhém che khuit
CH;-CHy (5 0°, 360°), cdu dang che khust B, E & 120° = 240° i6n hon sic cang quay 13 0,8
kcal/mol (3.4 + 2,8) 1a nang lugng ddy van der Waals cdia hai nhém CH;—H nén sic ddy van
der Waals ciia mét nhém CH;~H 1a 3 kcal/mol.

Khi tinh todn ty 1¢ cla hai c4u dang, ding phuong trinh lién quan tSi su *thdc nhau vé
nang lugng cia hai c4u dang dé: AG" = —RTInk.

Trong n-butan cé can biang giita cdu dang anti A va k& C véi AH = 0,8 kcal/mol va
c6 hai c4u dang xen ké ké nén AS” = —RIn2.

AG" = ~AH" - TAS" = —0,8 kcal/mol — (~RTIn2)
G 298K, AG" = - 0,8 keal/mol + 0,41 — 0,39 kcal/mol, tir 6 tinh duoc:

K = [anti] [ [k€] = 1,9, twong Ung v&i 66% anti va 34% xen ké ké.

= T

T 2.6 kcalfmal

6 keoVmal 0.9 kcalimol
[ My C > B > A > G > E > D

-

1 b 1 | i J
0 80 120 180 240 320 as0 T°

Hinh 3.4. Gian dé nang lugng cha n-butan

béi v6i dan xuét c6 dang XCH,-CH,X hay XCH,-CH,Y, thudng dang anti bén hon
trlt mot s6 trudng hop da biét. Ching han nhir do d¢ am dien nhé, dic biét 1a flo va oxy.
Ching han 2-floetanol, 1,2-dicloetan, 2-floetyl tricloaxetat uu tién tén tai & cdu dang xen ke
ké cling nhu 2-cloetanol va 2-brometanol wu tién cfu dang xen ké ké (gos, gauche), nhimg
cdu dang bén nay cdn cé lien quan téi su tao thinh lien két hydro. Phan t 1,1,2,2-
tetracloetan va 1,1,2,2-tetrabrometan thich hop dang xen ké ké, con 1,1,2,2,-tetrafloetan wu
tién cdu dang anti.
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Chi ¥ ring dung moi ciing ¢6 inh hudng 16n dén cau dang. Ching han 2,3-dinitro-2,3-
dietytbutan t6n tai & cdu dang xen k& ké & trang théi rin, nhung trong benzen cé ty 1¢ xen k&
ké [ anti1a 79/ 21, trong CCl, dang anti thich hgp hon (ty 1€ xen k& ké-anti 1a 42 / 58).

Ciing ¢6 trudng hop dd tich duoc hai d6ng phan ciu dang leai hydrocacbon aliphatic
la 3,4-di(1-adamantyl)-2,2,5,5-tetrametylhexan bén khi tich ra & nhiét d6 phdng, ma cau
tric dd duge xac dinh bang tia X:

tert-C4H d Ad H
rert-C4H9 Ie?"l'-C4H9 C4H9'f€?’f Ad=
Ad H A H Adamantyl

3.3.2. Gia tri nang horong sitc cang quay

Gia tri nang lugng stic cing quay phu thudc vio cic yéu t& sau:
1- Hang rao nang luong tang khi tang thé tich nhém th€. Ching han:

CH;-CH,; CH,;CH,CH; CH;CH(CH;); CH3C(CH;); CH,3SiCH,
E= 2,88 34 3,9 4,7 17 kcal/mol

Khi the H bing CH;, hang rao nang lugng tang 0,6 kcal/mol, i etan d&n propan tang
0,6 kcal/ mol do che khuét cia H-CH,, tir propan dén 2-metylpropan tang thém 0,6 kcal/mol
do tang them mét che khudt CHy—H, tuong tu tang 1,8 & 2,2-dimetylpropan do c¢6 ba che
khuat CH;—H.

Silic ¢é cdu tric tuong tu cacbon, nang lugng giam do chiéu dai lién két Si-C (1,7) lén
hon C-C (1,454) nén nang lugng giam.

2- Hang rao nang lugng phu thugc vao ban chat nguyén tf tao lién két. Thudng hang
rao quay cla lién két cacbon - dj t¢ giam:

CH;-CH,F  CH;-CH,C1 CH;-CH,Br CH,-CH,I

E, kcal/mol 3,2 27 3,7 3,2

Cic halogenankan cé ning lugng quay gin giéng nhau so véi etan, ning luong tang do
tang lyc ddy van der Waals nhung chiéu dai lién két 16n hon nhiéu nén hiéu Ung chung cé
gia tri gdn nhu khong doi.

Nang luong quay ciia C - di t§ gidm, ching han:

CH;-NH, CH;-NH-CH; CH;-OH CH,-0O-CH; CH;-NO, CH,-SH

E, kcal/mol 1,98 3,62 1,07 2,7 0,006 1,26

Nang lugng gidm tir etan dén metylamin va metanol truc tiép lién quan t&i s6 tuong

téc khong lién ké€t H-H trong ciu dang che khust. Nang lugng ciia dimetylamin va dimetyl-
ete so v6i propan cho thy tuong tic ddy CH;—H trong propan la 0,6, trong dimetylamin va
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dimetylete 13 1,6 i6n hon do su ting luc ddy van der Waals vi chiéu dai lién két gidm (chiéu
dai C—0O, C-N, nho hon C-C).

3- Nang lugng phu thudc vao trang thai lai hod ctia lién k€t tao thanh. Ning luong
quay gidm khi chuyén tir lién k&t C,p3 — Cyp3 161 Cp3 — Cyp2:

CH;-CH=CH, CH;-C=0 CH;-C=0 CH;-C=0
i, OH
E.kcal/fmol 2 1,1 0,78 0,49

D&i véi propen, cdu dang bén 1a c4u dang che khuit cia H véi CH, hon 14 dang xen ké
ké. D€ giai thich hién tugng ndy, ngudi ta dya vao thuy&t MO bing quan niém siéu lign hop:

+0,0014 -0,001] H H
H -0,0 d 2
00001 ~CH, F _2CH,
H
H H H
+0,0001 -0,0001 H
che khudt H-C (+0,0016)  che khust H-H (-0,0020) CH;-CH=CH,

Cdu dang che khuat H-C v6i mitc do xen phit duong theo thuyét MO 12 tuong téc lién
két, con clu dang che khudt H-H vai d6 xen phll 2m 13 twong tdc v6i su ddy khong lien két.
Nhu vay, cdu dang che khuft H-C bén hon cfu dang che khuit H-H nhung d¢ 16n xen pha
nhé nhiéu thi thanh phdn hit nhé va hang rdo nang lugng x4dc dinh biing c4u tir ddy, nghia I
hang rdo quay quyét dinh bing lyc ddy wong dng véi gid tri xen phd duong nhung do6 16n rat
nhé. Trudng hop nay tro thanh gidng etan.

D61 v6i 1-buten hay néi chung 1-anken cé n6i d6i cudi mach, c6 thé cé cic cdu dang
khi quay xung quanh li¢n két C,-Cy:

H, & &
~CHy g H, HaF

(1) H;C H,C

Cau dang (1) va (2) 1a che khuat, cfu dang (3) va (4) I& xen k& ké. Phuong phédp phé vi
song cho thdy, ciu dang che khuit bén hon cdu dang xen k&. Cfu dang che khust (2) c6
hydro che khudt v&i n6i d6i cé bén hon mét it cdu dang che khudt (1) ¢6 nhém CH, che
khuit vdi n6i doi. Nang lugng khdc nhau gita hai cfu dang (1) va (2) chi 0,15 kcal/mol.
Tinh wu tién cia cdu dang che khu4t khi quay xung quanh lién két Cyp2-Cyp2 trong anken 1a
dinh luat chung dugc giai thich bing hiéu ting siéu lién hgp trén co s& thuyét MO.

Khi tang the tich clia nhém thé & C;, cdu dang che khuat ciia ndi doi voi hydro cang
chi€m wru th€ hon, ching han 3,4-dimetyl-1-penten tén tai chii y&u & c4u dang che khudt véi
hydro.
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Khi th€ nhém thé & C,, chang han trong phan tir 2-metyl-1-buten, c&u dang che khu4t
clia n6i doi v6i hydro ¢6 thém tuong tic ddy CH;~CH; nén ning lugng ciia hai cdu dang loai
(1) va (2) twong duong nhau.

Tuong ty nhu 1-anken, cdc hop chalt cacbonyl ciing ¢6 cdu dang che khuat bén hon cau
dang xen k&. Ching han, axetandehit ¢6 hai cfu dang che khuat véi d¢ 16n xen phit nhur sau:

+0,0078 -0,0016
H -0.001 .:“'-H
+0,0015 - P F s
31
H H
+0,0015 +0,0041

che khufit H-O (+0,0108)  che khudt H-H (+0,0009)

Cau dang che khuat H-O giffa hydro clia nhém metyl v6i oxy cha nhém cacbonyl cé
tong xen phii duong 16n hon t8ng xen phii cia cdu dang che khust hydro nhém metyl véi
hydro cia nhém andehit.

Céu dang che khuét H-O bén hon cdu dang che khust H-H, tuong tic lién két nay
dinh gid bang do 16n xen phit dit dé cho lyc hiit quyét dinh nang lugng quay clia axetandehit
(1,1 keal/mol).

Céc andehit cao hon ¢6 cdu dang che khuat clia nhém ankyl véi nhém cacbonyl bén
hon. Chdng han, andehit propionic c6 hai cfu dang che khuét nhir & hinh duéi thi cdu dang
(1) bén hon c4u dang (2) khoang 0.9 kcal/mol.

CH; H
O
H
H H,C
(N S ¥

Quang phd NMR ciing cho thay, chi ¢6 nhifng andehit c6 géc R 16n, ching han nhu
(CH,4);CCH,CHO thi cdu dang che khuat clia nhém cacbonyl v6i hydro bén hon.

Gidng nhu andehit, cdc xeton cé c8u dang che khust clia g6c ankyl v6i nhém cacbonyl
bén hon. Tinh chdt nay & xeton biéu hién 13 rang hon trong andehit vi cfu dang che khuat
ciia géc R véi oxy cacbonyl ¢6 hai g6c R & vi tri transoit, cdn cdu dang che khust ciia hydro
vdi oxy cua cacbonyl cé hai goc R & vj uri che khuét nén cang lam tang tinh bén cia céu
dang che khuat véi géc ankyl:

R
= =

H\“\\v — H““ "
R R

bén hon R" \¢m bén hon
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Khiic xa electron khi nghién ciu 3-pentanon ciing cho thiy cdu dang bén la cdu dang
che Xhudlt véi géce ankyl cia oxy cacbonyl nhu sau:

Hj

H‘,:‘] NH1H

Cic dien lién hop, ching han 1,3-butadien cé hai cdu dang cda lién két C,-C; 12 s-cis
va s-trans nhung ca hai cqu dang déu ¢6 céc lien két doi phang dé c6 xen phi cue dai obitan.
Nang lugng clia hai c4u dang nay khéac nhan 2,3 kcal/mol do phan b6 khdc nhau cda lién ket
doi.

C&u dang bén hon 1& cdu dang trans. Cu dang kém bén cis 12 do ¢é tuong tic che
khudt giita H & C, va C, cling nhu luc ddy van der Waals giita hai H & C, va Cy:

H \ CH, )
e T o s C/c_/c”
H H ¢

. s-CI5-CI% S-fruns- "‘H” S-Irans-vis
s-Cis-trans

Theo NMR, giita hai c4u dang trén cdn c6 cdu dang trung gian |a cu dang xoén kém
bén hon dang trans 1a 2,1 kcal/mol, riit ra tir hing s& phan tich spin-spin cia Hey—Hes. Theo
MO ciing cho thdy nang lugng cfu dang butadien phu thudc vao géc quay & C,—C; v6i dang
trans ¢6 géc quay 180°. Hang rio nang lugng quay C,—C; theo thuc nghiém 14 4,9 kcal/mol.

Theo MO, thé€ ning cyc dai clia butadien tuong ing véi géc quay 100° phd hop vdi sy
tang hang rao do mit nang lugng giai toa:

H /<H H,
H
H H . CH
y-trans secis H cu dang xodn :

Céc hgp chét cacbonyl a, B- khong no cling cé clu dang tuong tu 1,3-butadien do
ciing ¢6 tinh phang clia hé n6i d6i C=C-C=0 thuan lgi cho su phan bs electron.

Quan trong la cdu dang s-trans va s-cis, cdbn dang xodn khong phii hap véi cuc tiéu thé
nang. Trong cdu dang cis- clia cacbonyl o, B khong no tuong tdc quay va ddy van der Waals
bién hién kém hon trong cis-1,3-butadien nhiéu. Theo tai liu quang phd vi séng, acrolein c6
doc nhat vu tién 12 cau dang frans. Can bing gilta s-trans vA s-cis trong cacbonyl khéng no
nay phu thuée vio luc ddy van der Waals giita c4c nhém thé,

Metylvinylxeton khong no ¢6 luc ddy van der Waals 16n nén uu tién dang s-trans:
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LY

s-trans (75%) s-cis (25%)

nhung trong mesityloxit thi c6 tuong tic giita hai nthém CH, nén dang trans khong thuén loi
ma chuyén sang c4u dang cis:

H H
H,C 0 — H;C |/CH3
CH, CH; "CH; O
s-trans (28%) $-cis (72%)
3.3.3. Cau dang ciia nhimg hop chét vong
Cac hgp chat vong no ¢6 siic cang cla vong nhu sau:

Xycloankan E Xycloankan E
Xyclopropan 26,8 Xycloheptan 6,2
Xyclobutan 25,6 Xyclooctan 9,6
Xyclopentan 6,1 Xyclononan 12,5
Xyclohexun 0y Xyclodecan 8.5

Tinh bén ciha vong dugc xdc dinh theo cdc tuong tic sau:

I- Sitc cang Bayer 1a sy thay déi nang luong cia vong khi tang hay giam géc hoé tri so
véi gée binh thudng, titc 1a nang lugng bién dang cla géc héa tri.

2- Suc cing Pitzer g4y ra do su phan b8 che khuit c4c lien k&t C-H gifta hai cacbon
gén nhau, titc 12 nang lugng do thay déi géc nhi dien.

3- Sitc cang van der Waals do si ddy gira cdc nhém thé & cacbon gdn nhau. Sitc cang
nay tang khi tang thé tich nhém thé va khi gidm khoang cich so v6i téng bsn kinh van der
Waals. Stic cang giam khi gidm d¢ léch géc nhj dién.

Stic cing van der Waals c6 lién quan tdi sirc cing quay va géc:

N

- va ] '
\\7 wf
stc cang van der Waals 16n  siic cang quay ting stc cing géc ting
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4- Stc cang Prelog, con goi 14 sic cang qua nhan khi ¢ cic nhém th€ & khac phia
nhung gin nhaw d&€n miic cé tuong tic véi nhau ciing bing luc ddy van der Waals:

e

Ngoai ra ciing cdn c¢6 sitc cing do thay d6i chiéu dai lién két, do kéo dai hay rit ngin
lién két so véi gia tri binh thudgng, cdn goi 1a siic cang lién ké&t. _

Nang lugng cang cla vong nhd (3, 4 canh) chi yéu 1a do sirc cang géc va quay, vong
binh thuémg (5, 6, 7 canh) c¢6 siic cing nhd ma chi yéu 1a siic cang quay, vong 1én (8 dén 12
canh) cht yéu do twvong tic qua nhan clia nhém thé (sitc cang Prolog).

Nang lugng cang giam tit vong nho dén xyclohexan, sau dé ting dén cyc dai xyclodecan
r6i lai giam ddn d&€n vong 1én c6 tinh chdt nhu ankan mach ha.

1- Cdu dang cua cdc vong nho

Xyclopropan vé tinh hinh hoc ta phang, chiéu dai lién két 12 0,151 nm ngén hon 0,154

nm, géc HCH 1a 115° 16n hon géc Xyclohexan, tuong tdc obitan lién két y&u (c4u tric xem
chuong 2):

d¢ xen phi y&u d9 xen phi manh

Xyclobutan ¢6 cfu hinh khong phéng, t6n tai & dang phdng va gip. Chang han theo
khiic xa electron, nhu axit rrans-1,3-butan dicacboxylic & trang théi tinh thé 12 phing. Mot
s6 din xudt thé, chdng han, mu6i natri clia axit dicacboxylic rdn t6n tai & dang cAn bing
gilta dang gdp trans va cis, dang cis bén hon dang srans phit hop véi su dinh hwéng e cha cic
nhém th& clia dang cis:

Rl
W R= R'=Br AG=-90.2 kcalimol
R — R= CH;;R'=COOCH; AG =-0.3 keal/mol
R ois RI

Sy khdc nhau gifa dang phing va gdp clia xyclobutan 12 khong Idn.
Oxetan kém che khust hon, thi®u tinh phang véi géc giita cdc mat phing 1a 10",

trans
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CH,~—CH,

Xyclopentan khong phing, cé géc 106° so véi goc it dién, do dé sitc cang nhd, song
néu la phéng thi ¢6 5 l4n che khudt ciia H-H nhu & etan véi site cang quay la 10 + 17,39
keal/mol.

Xylopentan khong phing t6n tai & dang phong bi tho hay badn gh¢ ¢é sitc ciang géc
tang 4.4 kcal/mol, nhung stc cang che khudt giam 7,79 kcal/mol, do vay phan tlr khéng
phéng ¢ nang lugng giam 3,39 keal/mol.

o

phong bi tho bin ghe

Dang phong bi tho ¢6 1C ra khéi mat phing cha 4C kia v6i khoang cdch 0,047 nm,
cdc nguyen tir thay ddi vi tri di ra khoi mét phing cho nhau trong cdc chuyén hod véi nang
lugng nhd, thudng goi 1a sy gia chuyén hod. Céc dang chuyén hod nay c6 ning luong nhu
nhau Khong ¢6 dang wu tién, goi 13 cfu dang ding nang lugng.

gH
1 3 l i 2;
4 2 HJ}; % > a!
3 2 . f s 2
xyclopentan

dang phong bi tho I-metylxyclopentan

Din xudt 1-metylxyclopentan, dang bén 12 dang phong bi tho, c6 lién két e bén hon 4.
Din xudt 1,3-dimetylxyclopentan c¢6 dang phong bi tho, din xudt e, ¢ bén hon ¢4 13 0,528
kecal/mol:
CH,

d

CH,4 H

H;C °©
e, e« e, a-1,3-dimetylx yclopentan
Dang bin gh¢ c6 mgt nguyén tir ndm trén vd mot nguyén tir cacbon ndm dudi mat
phéng clia ba nguyén tir kia, cdc dang chuyén hod cho nhau véi ndng lwgng nho va khong cé
dang ru tién. Din xufit c6 C,p2 nhur 2-halogenxyclopentanon ¢6 c4u dang bin ghé:
Cl

O—Cl =0

dang bén ghé J_’!; 2-cloxyclopentanon
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2- Cdu dang cua xyclohexan

Phan tir cyclohexan ¢6 kha nang nhin nhiéu cfu dang nhung hai dang gidi han c6 tit
ca cdc goc tir dién 1a cdu dang gh€ va thuyén. Cau dang gh& ¢6 cau triic ciing con ¢4u dang
thuyén uén déo hon va c6 thé di qua nhitng cfu dang trung gian bén hon 12 c4u dang xoén:

~ = O

ghé thuyén xoidn
- Cdu dang ghé cua xyclohexan

Dang gh€ 13 cdu dang bén nhit v6i nhiét d6t chdy 945,5 kcal/mol, tuong ng véi gid
tri tinh todn 945 kcal/mol, chiing minh tinh bén cita dang gh¢. Dang gh€ ly wéng 1a C), C,,
C, va Cs ném trong mot mat phdng, Cs, Cg & hai phia clia mat phing véi géc nhi dién bing
nhau. Cdu dang nay c6 truc d6i xing bac ba, géc quay 55,9° thay cho 60°, 1a gh€ 1y tuéng,
lién két truc C-H khong chinh xdc song song v6i tryc ma dinh huéng ra ngoai khoang 7°,
chiéu dai lien két C-C12 0,152 nm, C-H 1a 1,119 A, géc CCC 12 111,05°

H
7 )
15284 Ho

110,05°

Sdu lien k& C-H tryc (a) hudng trén va dudi mat phdng va sdu lién k&t C-H bién (e).
Vitri cis-transtheo vitri e va a d6i v6i H 0 C| la:

¢is khi: H Hf H} H H: HS
trans khi: H} H} HS H H¢ H
ciskhi:  Hf H; HS H} Hf H

ranskhi: ~ HY H§ HY H{ HE HS

Tur cong thitc chi€u Newman, dang gh€ ¢6 cdc hydro canh nhau khéng che khudt, méi
thanh phédn bén cacbon gidng butan, cdc cacbon lieén k&t véi H,, Hy, He, Hy déu c6 H & cu
dang kim hdm, chiing to dang gh€ bén hon cdc dang khic.

Dang gh¢ t6n taj & hai dang nghich dio chuyén hod cho nhau véi hing s6 t6c do
nghich dao la 10* + 10°.s™" & 300K. Nang lugng chuyén hos 1a 11 kcal/mol qua trang thii
trung gian 14 bdn gh€ va xodn. Dang bdn gh€ c6 nang lugng cao hon dang ghé ia 11 keal/mol
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ma theo phuong phép co hoc phan tir tinh todn 1a 12 kcal/mol, trong d6é nang lugng bién
dang lién két 1a 0,2 kcal/mol, ning luong sitc cang géc lién két 1a 2 kcal/mol, nang lugng
tuong tic van der Waals 12 4,4 kcal/mol va ning lugng quay 1a 5,5 kcal/mol.

Nang luong ciu dang bin gh& cao hon dang xodn 5,4 kcal/mol.

11 kcal/mol

Toa d$ phan ing

Hinh 3.5. Gian d6 nang lrong nghich dao cila xyclohexan

Sy the trong vdng khong anh hudng dén t6¢ 46 nghich dao nhung anh hudng dén can
bang clia dang gh€ lién hop va lién két @ trd thanh e khi nghich d4o. Ching han khi the bang
nhém CHj, ru tien 1a dang e do dang a kém bén hon bdi luc ddy giita CH, lien két a v6i H &
Cs, Cs va mot tuong tdc gidta H & C, va Cs, cdn trong cdu dang e ¢6 mot tuong téc yéu giita
H & C,, C;, Cs5 do d6 dang e bén hon dang a 12 1,8 kcal/mol.

Tuong tac gilta CHy & C; véi H & C; va Cs goi 1a twong tdc 1,3-diaxial, cdn tuong tic
cda cdc nhém the¢ & I,3-diaxial d6i v6i nhau goi 12 tuong tdc syn-axial. Su diy van der
Waals nay lam nén vong lai nén géc quay trong e nhd hon trong e.

Tir cong thife chi€u Newman, cdu dang ciia metylxyclohexan & dang a cé hai tuong
tic tuong ty nhu twong tic trong c&u dang ké clia butan, trong khi d6 dang e khong ¢6.

[~ = NN
AG = 18 keal/ma)

CH,

Tir 6 thdy rang, dang e 6n dinh hon dang @ mot gid trj bing 2 x 0,9 = 1,8 keal/mol,
tuong ing v6i 95% dang e-metylxyclohexan. Thuc nghiém xdc dinh dwge 1a 1,7 keal/mol.
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Bang 3.3. Sy khdc nhau vé nang luong tu do clia hai dang e vA @ phu thudc nhém the

Nhom thé - 4G Nhém thé " AC

kcal/mol kJimol keal/mol kJimol
HgC! -0,25 -1,0 NO, 1,1 48
HygBr 0 0 COOC,H; 1,1+1,2 46 +5,0
D 0,008 0,03 COOCH, 1,27 +1,32 53:55
CN 0,15+0,25 0,6+1,0 COOH 1,36 + 1,46 5761
F 0,25 1,0 NH, 1.4 59
C=CH 0,41 17 CH=CH, 1.7 7.1
I 0,40 1.9 CH; 1,74 7,28
Br 0,48 + 0,62 2,0-26 C;Hs ~-1,75 -15
Ots 0,515 2.15 is0-C H, -2,15 -9.0
Cl 0,52 2.2 CeHy, 2,15 9,0
OC¢Hs 0,71 3,0 Si{CH3), 24286 10+ 11
OCH, 0,75 3.1 CeHs 27 1
OH 0,92+ 0,97 38+41 tert-C,Hg 449 21
N{CH,), 2.3 9,6

Twong tdc 1,3-diaxial 12 wong tic manh cling phu thudc vao nhém the:
Y---een--- X

X Y AG X Y AG

OH OH 1795 OH CH;, 10,04
CH; CH; 1348 | OCOCH; OCOCH; 837

Tuong téc ndy tang khi ting thé tich cla nhém thé, ching han tert-butylxyclohexan
ludn chi chi€m vi tri e:

<
C(CH3);
(CH;3)C8
Néu biét duge AG cia can bing giita hai ddn xu4t a va e thi ¢6 thé tinh duoc cdu dang
a va e trong hdn hop theo phuong trinh Boltzmann:
n,= nae'AG /RT
Ching han, I-clo-2metylxyclohexan ¢6 AG = 1,53 kcal/mol c6 ty 1&¢ afe = 8/9 va
1-clo-3-metoxyxyclohexan ¢6 AG = 0,11 keal/mol ¢é ty 1 a/e = 43/50.

Trong cdc hgp chat trén, cdc nhém metyl va nhit Ia tert-butyl thudng chiém vij trf e
khong phu thuéc vao : v dinh hudng ciia cdc nhém thé khic.

Ngay & nhiét d% thdp, Jensen va Bushweller di tdch dugc cdu dang e cla cloxyclohexan
va trideutrimetoxyxyclohexan & dang tinh khiét hay trong dung dich. Céc cloxyclohexan
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equatorial ¢6 thdi gian ban huy 12 22 nam trong dung dich & ~160°C.

Dan xu4t hai 14n th& c¢6 hai nhém thé giéng nhau, ching han, dimetylxyclohexan ¢6
nang lugng khdc nhau cia nhém the€ a va e ciing nhu twong tic 1,3-diaxial nén ¢6 tinh wu
tién ctia cdu dang cis va frans cling nhu tinh quang hoat.

Trudng hop din xust 1,2 ¢6 ¢is-1,2 va trans-1,2-dimetylxyclohexan:

CH
a|\3 e H3 [
. CH, . CH,
a CCH3 eCH3 a
CH,

CH,

trans vis ( chiral khomg bén )

trans-Dimetylxyclohexan ¢6 hai nhém thé dinh hudng a-g hodc e-¢, uu tién 11 e-e, con
cis-1,2-dimetylxyclohexan ¢6 hai nhém dinh hudng a-¢ hodc e-a nén hai cdu dang nay
doéng nhat.

Su chuyén hoa giita cis-trans-dimetylxyclohexan doi hoi nang lugng 13 1,87 keal/mol.
Hai dong phén cis-1,2 1a hai d6i quang nghia 1a c/iiral, nhung nhanh chuyén hod cho nhau,
dé raxemic hod nén khong thé tich riéng hai c4u dang nay dugc. Hai déng phan rrans-1.2 lai
12 déng phan dia, khong c6é kha nang chuyén thanh d6i quang bing cdch nghich dao vong va
¢6 thé phén tich duoc.

Ddng phan trans-e-e ¢6 tinh én dinh 16n hon déng phan trans-a-a vi déng phan rrans-
a-a c6 s6 tuong tdc clla cdu dang ké butan nhiéu hon 13 dang trans-e-e.

Trudng hop din xudt 1,3- ¢6 cis-1,3 va trans-1,3-dimetytxyclohexan:

CH H
H3C a 3 & a 3 H e
- CH, . %\cm
cis ‘ HJ ¢

CH3 irans
Dang cis c6 dang e-e hay a-a, trong d6é dang e-e bén hon, con dang trans chi ¢6 e-a
hay a-e. Dang dong phan cis-1,3 tén tai & dang hén hop cdu dang dia. Dang déng phan cis-
a-a dac bigt khong bén vi ¢6 site ddy gilta cdc nhém the 1,3-diaxial véi ning tuong tuong téc
la 3,7 kcal/mol.
Ca hai déng phan cu dang cis-1,3 khong t6n tai & dang cip d6i quang vi c6 mit
phdng d6i xtng trong phan tir:
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Trudng hop din xudt I[,4-dimetylxyclohexan cé dang cis-1,4 12 cap déng phan cau
dang ddng nhat, cdn rrans-1,4 1 cap déng phin cdu dang khic nhau.

CH,
— - CH;
H;C ~ >
cis
H, CH,
—— £ c(:H3
> H;C
CH3 frans

Ca hai d6ng phan 1,4 ¢6 mit phéng d6i xitng nén khong cé tinh quang hoat. Nang
lugng chuyén hod cis-trans ctia edc din xuat nhu sau:

tm@h g = g

iy trans - H3C trans
AG =-1,87 AG =+ 196

Su khédc nhau vé nidng lugng trong chuyén hod gilta cis-frans trong cdc din xuat nhu
nhau (khoang 1,9 kcal/mol) gin vdi can bing gilta @ va e clia ddn xudt mot 14n the (khodng
1,8 kcal/mol).

Coé thé xdc dinh sy khdc nhau giita d6ng phan e-e va a-¢ bing s6 tuong tic ké butan,
trong d6 dong phan e-e chi ¢ mot tuong tic, con déng phan a-e ¢6 ba twong tic ké butan:

Cl{:* CIH] CI—I}
g M Q@ o ﬁ
CH, CH; 3 CH,

ba tuong tic ké butan a-e, E = 2,4 kcal/mol

Péng phan 1,4 thudng duge dung dé nghién cttu tinh chat clia mét nhém nao dé & vj
tri @ hay e v6i nhom the€ da chon 12 tert-butyl, bdi vi ferf-butyl ludn chiém vi tri e nén c6 thé
thu dugc hén hop cis vd frans-1,4. Ching han nhu cis vA trans-4-brom-1-tert-butylxyclo-
hexan di phan tich ra dugc cdc déng phan dia d6. DOng phan cis s& ¢ brom & vi tri @ con
déng phan trans ¢6 brom d vitri ¢
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Br C(CH3),

H -
(CH3)3C - Br ciswstienc6Brlaa
H C(CHy); M
Br -
(CH3)3C - H ‘tansuutiéncoBrlae
H Br

Khi dua trung tam C,;2 vao vong, nang luong tu do hoat hod giam vi hang rao quay
xung quanh lien k€t Cy3—C, 2 thdp hon va nhu cdu khong gian clia nhém thé (CO, CH,...)
nho.

Xyclohexan ¢6 nang lugng hoat hod nghich dao 1a 11 kcal/mol, metylxyclohexan cé
nang lugng nghich dio 1a 7,7 kecal/mol, con xyclohexanon 12 4,0 kcal/mol. Cdc nhém ankyl

chi€m vi tri e bén hon a vi che khudt véi nhém chua no cacbonyl. Nhém metyl & C; & vitri e
bén hon & @ 1a 1,3 + 1,4 kcal/mol.

Nang lwgng nhém th€ ankyl & C; trong xyclohexanon nhé hon trong xyclohexan ta do
giam dugc tuong tic 1,3-diaxial.

Ciing ¢6 trudng hop bat thudng [a hgp chét 1,2,3,4,5,6-hexaisopropyl cé 4t ca 13 trans,
trong d6 t4t ca cdc nhém isopropyl déu chi€m vi tri a trong khi d6 hexaetylxyclohexan thi
tat ca cac nhém etyl déu chi€m vj tri ¢ thich hop hon. Cic nhém ankyl trong cdc hop chat
ndy chi t4t ca Ia a hay e 1a thich hgp do khong c6 nhimg siic cang 14p thé c6 trong cic déng
phan khdc.

Trudng hop cdc a-halogenxeton, ching han 2-brom hay 2-clo-xyclohexanon, tinh wu
tien cdu dang phy thugc vao dung moi, con goi la hiéu ing cha a-halogenxeton. Hiéu ting
nay do tuong tdc giwta ludng cyc nhém CO véi ludng cuc cha lién két a-C-X. C4u dang cé
halogen & vi tri @ ¢6 momen ludng cyc nhd hon, nén wu tién tén tai trong dung méi cé do
thdm dién moi thdp. Ching han, 2-bromxyclohexanon trong CCly, cdu dang a so véi cdu

dang e 1a 3:1,
CH
o = T
N=ANE e
Cl

dung Cl & a uu tién trong octan dang Cl 0 ¢ wv tién trong melanol

Céc ankylidenxyclohexan c¢é nhém ankyl the & C,; thi nhém nay ludn luén chi€m vi tri
a dé gidm twong tdc van der Waals ciia nhém ankyl, nghia 12 dang @ bén hon dang e. Hiéu
ling nay co khi goi 12 “siic cang allyl”, trong metyldenxyclohexan la cuc tiéu.

Chang han, 1,2-metylisopropyllidenxyclohexan ¢c6 dang a bén hon dang ¢ 1a 2,6
kcal/mol:
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Cén chi y réng, sy 1éch vé géc & dang ghé, tang géc nhi dién va gidm géc hod tri 1am
thay d6i tuong tdc trong cdu dang, nhat 1d twong téc 1,3-diaxial, song néi chung anh hudng
nay bi bu trir nhau nén thudng di t6i 0. Su néi ra phin beén trii cfu dang ghé thi phin bén
phai cdu dang bi nén lai, nghia la su léch vé hai phin bao gi& ciing di theo hai hudng nguge
nhau:

R, R' di xa nhau gidm wong tdc 1,3 & phin trdi
R:_l R", R™ di gin nhau ting trong tdc 1,3 & phén phai
R™
- Cde cdu dang khdc cia xyclohexan
Xyclohexan con tén tai & cdu dang thuyén, dang xodn va bar xodn, trong dé dang
xoin ¢6 nang tugng 6n dinh hon dang thuyén va ban xoin. Sy chuyZn hod giifa chiing nhur
trén gidn dé sau:

cdu dang thuyén

C

¢ dang ban xodn

e C><C\“C
~ ¢

cédu dang xodn

11 keal/mol

xoin  Xodn

5,6

Toa do phan itng

Hinh 3.6. Gian d6 nang lugng cia c4u dang thuyén
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Cdu dang thuyén c6 C;, C,, Cy, Cs ndm trén mot mat phing, cdn C;, Cq nim vé mot
phia clia mat phing. Hai géc nhi dién bang 0. Cdc nguyén tir & C,, C,, C,, Cs 12 che khuit
nén dua t6i strc cang quay va chi€m vj tri @ va e. Cdc nhém the & C; va Cq khéc véi lien két
a va e binh thudng. Tuong tic gilta nhom the hay hydro & v trf 1, 2, va 4, 6 & khoang céch
1,83 A (bdn kinh van der Waals 1a 2,4 A) dua t6i sitc cang Prelog lam cho dang thuyén kém
bén hon dang ghé 1a 6,9 kcal/mol, cdn dang xoén chi kém bén hon dang ghé 5, 6 kcal/mol.

Dang thuyén c6 hai cdu dang chuyén hod cho nhau mot c4ch dé dang, khéng cdn khic
phuc mot nang lugng nao:

Hai dang chuyén hoa cho nhau qua trang thdi trung gian xoén. Dang xo4n ¢6 hai truc
d6i xing bac hai, khong c¢6 tuong tic ctia nhém thé & vj trf 3 va 6 nén én dinh hon dang
thuyén.

Co mot s6 phan tir thuc t&€ wu tién tén tai & cdu dang xodn, nhu mot s6 hgp chat
bixyclic ¢8 vong sdu canh giit c§ dinh dwgc cfu dang thuyén hay xodn nhu norbornan (1),
loai twistan (2) va do ¢6 lien két hydro nhu loai (3):

<><>
1) —
(CH3),C C(CHy); @

- Cdu dang cra xyclohexen

Khi dua ndi d6i vao vong xyclohexan, xyclohexen ¢6 ba cfu dang bin ghe, divang va
thuyén, trong d6 dang bén ghé& bén nhat.

Dang divang ¢6 ning luong cao hon ban ghé 1a 1 kcal/mol va hon thuyén 1a 7 kcal/mol.

diving
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Trong c4u dang ban gh&, nguyeén tir C; vd Cg & trong mot mit phéng, con C, va C5 &
vé hai phia clia mat phiang d6. Cc nhém the & C, va Cs chiém vi tri @ hay e, cdn hudng lien
két & C, va Cg lech so vdi lien két binh thudng, thudng goi cdc lién két ndy 12 gid « va gid e,
song nhém the & vi tri ¢ thuan 1gi vé€ nang lugng hon vi tri a. N&u nhém thé § lién k&t doi 1a
OH (enol), NH, (enamin) thi tuong tdc giita obitan p cha cdp electron n véi nhém thé & ¢
(twong tic 1,2) ddy nhém thé tir e sang a:

H CH,
CH,

% mg S
- Cdu dang cia vong cé di t6
Khi dira di t6 vao vdng xyclohexan, cfu dang clia vong s& bi thay ddi mot s6 thong s6.
Quan trong 1a di t6 O, N, S va vdng 6 canh.
Di vong O-tetrahydropyran, N-piperidin va S-thian c6 cau dang tuong tu nhu xyclohexan
nhung kém phing hon vi cé su thay d8i chiéu dai lien két va géc lien két tvong ing vdi di t6.
Chiéu dai lién két C-0 1a 0,143 nm, C-N 1a 0,147 nm va C-S 1a 0,182 nm, géc lién

k€t hod tri binh thudng d6i véi O va N nho hon i dién cacbon, con déi véi S con nhé hon
{nhd hon 100%).

e thi
tetrahy dropyran piperidin an

Dic tinh quan trong 1a sy gidm tuong tdc van der Waals do thay nhém CH, bang O
phdi tri 2, N phdi tri 3 va S phéi tri 2 hay 3. O day ciing xust hién hiéu \ing phan cuc trong
phan tir vi nguyén tlr cé cip electron n nén tinh 6n dinh khong chi do tuong tic 1ap thé
Trong cic hop chat nay ¢6 tuong tdc dic biét goi chung 1 “hiéu ing cdu dang”, song thudng
cd tén riéng.

Quan trong trong cic vong chifa di 18 1a vdng tetrahydropyran & dang gh& cé nhiéu
trong cacbohydrat.

Hiéu tng cdu dang quan trong gy ra bdi su hién dién cua O 13 hiéu tng anome.

Chang han nhém metoxy cia tetrahydropyran & dang @ bén hon dang e 1a 0,3 + 0,7

kcal/meol:
0 . 0]
i mﬁow;

Hiéu dng cfu dang ndy got la hiéu ¥ng anome.
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C5 thé giai thich hi¢u Ung nay nhu sau: Lien két C-O—-C trong vong va C-0-CH; 1a
phan cuc nén c6 tuong tdc giifa hai ludng cuc nay 1a tang géc gifta hai ludng cuc. Tuong téc
ludng cyc - ludng cuc nay khong thun loi giita C—O va nhém the & vi tri e nhiéu hon & vi tef a:

/ /

C6 thé giai thich ring, sv dinh huéng a so v6i dinh hudng e 1a do su chuyén electron
clia cap electron n clia O sang obitan phan lién két cha C-X;

4p electron »

" ™ obitan o*

Su giai tod electron nay dugc hiéu dung hon néu nhém th€ chi€m vi tri a dé ¢6 sif xen
phti t6t hon cia cédc obitan tham gia:

[~ — =<

Trang thdi ndy cling c6 thé biéu dién bing loai siéu lien hop (goi 1a siéu lién hop am):

I ® | o
R-—O—(f—O—-R' ~ R—0=(l‘ 0O—R'

Thue nghiém dd xdc nhan quan niém ndy trén co s& nghién ctu cis-2,3-diclo-1,4-dioxan:

Cl
1,82 1470
1,47 1,43
o / _Cl
1,39 1,78

Lien két C-Cl binh thudmg 13 0,179 nm, con trong hop chat trén, lién két C-Cl & e 13
0,178, & @ 1a 0,182, nghia 1a lien két C-Cl & ¢ dai hon; lién két C-O 13 0,139 ngén hon lien
két binh thudng 1 0,147 nm. DS 12 do ¢6 su gidi toa electron lam yéu lién két C-Cl & a va
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lién k&t C—O mang tinh chét cia lien két kép.

Nhu trong cdc glucozit, nhém ankyl dinh & cacbon a d6i v6i di t6 uu tién & vi tf e,
con cdc nhém phan cyc hon vu tién & vi trf ¢. Hién tugng cfia hiéu ing anome nay thdy 18 &
cac a-glucozit uu tién hon céc B-g!ucozit'

gl—l
CH2 H2
H OH
Bg]ucnzu a-glucozit OR

Quan niém ndy cling thiy rd khi nghién ciu cdc chuyén hod cé su wu tién cia ciu
dang @ nhu sau:

CH;0COCH, CH,0COCH,
CH,CO0 = CHCOO
CH,C OCOCH3 CH,C 05—

v tidn

1 dign Cl

Hai c4ch giai thich trén ciing ding d€ giéi thich anh hudng clia dung moi. Do 1én dn
dinh cdn phai giam vdéi sy giam tinh phan cyc cha dung moi.

Bing phuong phdp MO d6i véi cdc hé c6 cap electron # ty do & nguyén ur bén canh
nguyén tir c6 nhém phan cyc dra (61 k€t ludn rdng, khi ¢6 nhém thé hdt electron, c4c cin
dang tuong ty nhu tetrahydropyran th€ axial (a, truc) wu tién hon cdu dang thé equatorial (e,
bien). Theo MO, hi¢u ting anome 4 trudng hop riéng cia hiéu tng ké.

Hiéu uing anome thudng gip trong cdc cacbohydrat ¢é cfu tric pyranozo va nhém thé
hut electron & C nhu halogen, ankoxy, NO,, SOCH;, N*(CH;), thi cdu dang c6 nhém thé dé
0 vi trf @ bén hon & vi tri e. Song néu nhu nhém thé khong phai Ia hit electron nhu cic nhém
metyl hay ankyl néi chung ching han, thi tinh bén clia cdn dang lai phu thudc vao tuong tic
1ap thé khdc nhu & xycloankan.

Tinh bén gilta cdu dang a vA e cdn do inh hudng chia tuong tdc van der Waals clla
nhém thé, Chang han, trudng hop:

e

0
CH, wtiecnhon  C{CHs3);

nhém ankyl & Cs uu tién dinh huéng @ vi gidm duwoc twong tic van der Waals vdi H-syn-

217



axial, nhém ankyl & C, wu tién & vi trf e hon vi chiéu dai lién k&t C-O gidm va khong ¢6
twong tic vai H-syn-axial & C4 va Cg nhu & vi trf a.

C6 vai truong hop vi tri a thudn lgi hon vi tri e do twong tdc khdc, ching han tuong tic
hydro 1am tang s dinh huéng a:

Truong hgp 1,3-dimetyl-1,3-diazin ¢6 sy ddy obitan » cia N mang cip electron # lam
thuan lgi cho c&u dang a hon e (goi 12 hiéu ng tai tho):

oK vﬁ*
N
H3C/

Ciling nhu trong cdc a-halogenxyclohexanon ¢6 cfu dang wu tién 13 ¢ goi [a hieu itng
a-halogenxeton. Hiéu (ing nay ting khi tang khé6i Iugng halogen.

Cau dang a wu ti¢n hon vi tuong téc ddy 14p thé gitta X & vi tri @ & C, va cdc hydro & vi
tri @ nhd hon tuong tdc ddy gitra ludng cuc clia lién két e C-X véi ludng cuc C=0:

| AP
W — H
X0

Ciing nhu d6i v6i 2-ankoxy-1,4-dioxan, cfu dang bén hon khi nhém ankoxy chi€m vi

tri a:
OR 0 Q
=7 = RO\,
O

Ngoai ra, tinh bén ciia cdu dang cdn phu thudc vdo tuong téc tinh dién hay phoi tri
gita cic nhém thé, ching han nhu trong hop chat trans-3-clomercuri-2-metoxy-
tetrahydropyran cé ciu dang e-e cita hai nhém thé ma ddng 1& nhém OCHj phai chiém vi tri
a do hiéu iing anome, & day uu tién tinh chat cho - nhan cha hai nhém thé:

CH,
P’IFg)Cl
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3.3.4. Sitc cang lap thé caa hop chét vong

Sitc cang 1ap thé (steric strain) cha nhitmg hop chét vong gay ra do c6 su thay déi hay
bi€n dang géc hod tri so véi géc hod tri binh thudng, lgqi la sitc cang géc hodc do nhing
tuong tac khéng lién két:

- Cic vong nhd (3 hay 4 canh) chii y&u do sic ciang vé géc.

- Cdc vdng binh thudng (3, 6, 7 canh) ¢6 sitc cang thap hon ma chit y&u do stic cang Pitzer.

- Cac vong trung binh (8 dén 11 canh) cé séc cing d4ng k€ cha sitc cang Pitzer, siic
cing qua nhdn hay Prelog va stic cang géc.

- Cdc vong 16n (12 canh hay 16n hon) sitc cang nho hay hdu nhu khong cé.

Sy khdc nhau v€ néi nang cha phan tir vdng c6 sic cang so véi khéng ¢ stc cang goi
la niang lugng sitc cang (hay nang lugng bién dang...). D€ ddnh gid nang lugng nay, ngudi ta
thuong ding nhiét nguyén tr hod hay nhiét dét chdy. Phan tlr ¢6 sitc cang ludn cé nhiét
nguyén tir hoa thap hon, tuy nhién khong thé do duge chinh xdc nang lugng siic cang nay vi
khé do duge & phan ulr thye va phan tlr gia thiét khong c6 sitc cing, ngodi ra c6 thé tinh to4n
bang co hoc phan .

Nang luemg cla nguyén tir rigng

Nhiét nguyén Nhigt nguyén
tir hod cis phan ue hod cila phin
tr gia thist tr thue

Nang lugng ciia phan tir thic
Nang lugng sic cang
[

Ning lugng ciia phan tir khong 6 sife cing
( gia thigt)

Hinh 3.7. Sy tinh todn ning lugng siic ciing

Bang 3.4. Nhi¢t d6t chdy cila xycloankan & trang thdi khf (quy vé nhém CH,)

Kich thuc véng AH, Kich thuec vong ARy

keal/mol kJ/mol kcal/mol kJ/mol
3 166,3 695,8 10 158.6 663,6
4 163,89 685,8 11 158,4 6627
5 158.7 6640 12 157 .8 660,2
B 157.4 6586 13 157,7 659.8
7 158,3 6623 14 157 4 6588
8 158,6 663,86 15 157.5 6590
9 158.8 6644 16 . 1515 659,0

1- Sic cdng cia vong nhd

Xyclopropan c¢é siic cang 16n, 16n hon etylen oxit, ¢6 hoat tinh rat cao nhu nhiét phan,
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halogen hod m& vong... ma phan iing m& vong c6 lien quan t6i sitc cing ctia vong.

Theo NMR, hing s6 tuong téc spin-spin ciia lién két trong xyclopropan khong gidng
nhu hgp chat khéng c6 sitc cang. Cic lién két khéng twong duong nhau. Cacbon trong
xyclopropan lai hod cho bén obitan khéng giéng nhau. Hai obitan huéng lién két ra ngoai ¢6
ban chét s 16n hon sp binh thudng, hai obitan huéng vao trong tao lien két trong vong ¢é
ban ch4t s kém hon hay ¢6 ban chét p 16n hon obitan binh thutmg. Sic cang géc lién quan
t6i ban chﬁt p tang cla obitan. Obitan bén trong ¢6 33% ban chét s nén co thé con la gdn véi
obitan sp con obitan ngoai ¢é 17% ban chit 5, ¢6 thé goi gﬁn ding la obitan sp®. M&i lién
két clia ba cacbon thyc hién bing xen phi ciia hai obitan sp° nay. Trong lién két C-C binh
thudng, obitan sp xen phl trén truc clia hai hat nhan va ty trong electron nam gilra hai hat
nhan 1 d6i xdng, cdn trong xyclopropan, ty trong electron hudng ra xa vong. Doi véi
xyclopropan, géc 0 = 21°. Theo tinh todn obitan phan tf, cdc lién két nay khéng hoan toan
¢6 ban chét o, mat dg electron khong d6i xing huéng ra bén ngoai vA hudng xen phl ngoai
tryc lién két voi géc 6 = 9,4°, thudmng goi la lien két bién dang (bent bond) hay con goi 1a
lien k€t hinh qua chudi nadm trung gian gitta lién két o va 7.

Vi the, lien két trong xyclopropan ¢é ban chét cha lién két n. C6 chimg minh cho
ring, lién ket trong xyclopropan ¢6 kha ning lién hgp v6i lign két = nhw hop chat & dudi, c4u
dang (1) c6 sy lien hop cia lien ket nt v4i hai obitan c6 ban chat p clia xyclopropan 16n hon &
cdu dang (2):

.R3 R
Ry’ oot 13

R, “WR,

(1) §3 (2)

Tuy nhién su lién hop clia lién két doi véi vong xyclopropan kém hon giita hai lién két do.

Xyclopropan c6 stc cang 16n hon etylen oxit, dé phan cit mé& vong, khi nhiét phan &
450°C chuyén thanh propen, brom hoé cho 1,3-dibrompropan, hydro hod dp sudt cao cho
propan. Cac vong ba canh khéc ciing ¢ tinh chat wrong tu.

Vong bén canh xyclobutan bén hon, ciing ¢6 hién tugng twong ty xyclopropan nhung
kém manh hon véi géc 8 = 7°. Theo tinh todn obitan phan tir ¢6 do lech géc chi 3,4°, bén
hon xyclopropan khi brom hod hay hydro hoé cdn diéu kién cao hon, nhiét phan & 450°C cho
hai phan tir etylen va xyclobutan khéng phéng.

Hi¢n nay da tim thdy nhiéu hgp chdt vong nhd ¢6 sic cing 16n 1a nhing hop chat
ngung ty cd thé mét di tinh cang nh & cdc vong nhé nhu loai cuban, prisman, tetrahedran.
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Chéing han, phan tir bixyclobutan (3) cling 12 phan tir bién dang véi géc 6 = 126", Sy
tinh todn ciing cho thdy lién két trung tam hinh thanh bing xen phil ciia hai obitan p ¢6 ban .
chit s rat nhoé hay nhu khong cé:

4) (5)

Trong heé vdong nhé, nhu loai propellan 1 nhitng hgp chét cé hai cacbon néi truc tiép
vdi nhau va cling néi véi ba cdu khdc. Nhu trong bang 3.5, propellan nhd nhat thyc t€ lai bén
hon propellan 16n hon nhu [2.1.1] va [2.2.1]propellan dugc tdch ra & trang théi rén & nhiét
do thap.

Bang 3.5. M6t s8 hop chat c6 vong nhd ¢6 sic cang

CAu tric Danh phap hé théng Tén chung
Bixyclo{1.1.0]butan Bixyclobutan
DG A" -Bixyelo[2.2.0)hexen
4@' Trixyclo{1.1.0.0**|butan o Tetrahedran
%> Trixycto[1.1.0,**Jpentan A[1.1.1]propellan
H Trixycto[3.1.1%*)octan Diasteran
@ Tetracyclo[2.2.0.02%.0%5Jhexan Prisman
_ Pentaxyclof4.2.0.0.0*%.0*Moctan Cuban
M Pentaxyclo[5.1.0.02*.0>%.0%%joctan Octabisvalen
@ Pentaxyclo[5.4.1.0*'.0%0% ")dodecan 4[Peristylan]
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Trong h¢ vong nho, tinh hinh hoc chia mét hay nhiéu cacbon véi bén hod tri hudng vé
cling mot phia ciia mat phing nhu hinh (4) (i dién nguoe - inverted tetrahedron). Trong
1,3-dehydroadamantan (5) thi bén hod tri cia C; va C; huéng vao trong phan tir va khong cé
hod trt nao hudng ra ngoai va lién két gitta C,;—C; ciing dai hon binh thuong. Hoeat tinh cao
cha lién két C,-C; trong (5) khong chi gay ra do sic cang ma con do cic tic nhan dé tiép
cdn vao cic nguyen tir lién k&t véi C; va C;.

2- Sitc cdng cua vong trung binh

Cac vong I6n hon, cé siic cang vé géc nhd nhung cé thé ¢é ba sic cang khdc.
Xyclohexan & dang gh& hdu nhu khong ¢é sitc cing nao, tat ca sdu lien k& cacbon - cacbon
¢6 hai cacbon lién két & vi tri xen k& ké. Xyclopentan va nhitng vong 7 va 13 cacbon thi c&u
dang nao c6 lién két vong xen ké ké déu ¢6 tuong tdc qua nhan, nhv wong tdc gilta nhém thé
a C, va C,, hay C; va Cy, v.v... Tuong tdc nay qua khong gian bén trong vong khong 16n nén
cdc nguyén tu hydro trd thanh gid-axial (quasi-axial) dé gidm ti€p xiic v6i nhau. Phan ti ¢6
thé nhan c4u dang nao gidm dugc sic cing qua nhan nay, nhung ciing ¢6 vai lién két cacbon
- cacbon phai nhan cdu dang che khuat hay che khufit mot phén. Sitc cang do céu dang che
khuft ndy goi 1a sitc cang Pitzer. Hiu nhu t4t ca cdc vdng no 16n, trir xyclohexan dang ghé,
déu cé mot hay ca hai sifc cing nay va thuc € phan tir nhan cdu dang ndo c6 hai sitc cang
ndy cye tiéu. Do d6, xyclopentan khong phing, cdc vong 16n hon 9 cacbon thi sic cing
Pitzer bién mat nhung lai c6 sifc cang qua nhan. D4i véi vong 9 va 10 cacbon, sic cing qua
nhan va Pitzer ¢6 thé giam nhung c6 sitc cang cla géc 16n, thudmg géec C-C-C tir 115 dén
120°. Cdc xycloankan 16n hon 13 canh c¢6 nhiét d6t chdy giéng nhau nén khong cé siic
cing nio.

Sifc cang qua nhan duge tim thay trong cdc vong 8 dén 11 canh hay 16n hon duoc xdc
dinh bdng momen ludng cuc hay phé. Ching han cdc phan tng sau:

CH, CH, Br
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3- Sic cdng cua cdc vong khéng no

Lién két doi ¢6 thé t6n tai trong vong bat k¥ nio. Xyclopropen cé sitc cang géc lon
nhung nhé hon xyclopropan 10° (tir 60 dén 120°) nhung giam stc cing hon do mat di hai
hydro che khuét. Xyclopropen di t6ng hop duge va bén & nhiét do nito 1éng, nhanh tring
hop & —180°C.

Nhi€u din xuat xyclopropen bén nhr benzoxyclopropen bén & nhiét d6 phong trong
vai tudn nhing bj phan hoy khi chung cit:

Lién két déi trong vong nho thudng c¢6 cu hinh cis. CAu hinh trans cha lién két doi
chi xudt hién trong vong 8 canh (trans-xycloocten), tuy ciing da chitg minh duge su 1én tai
trans-xyclohexen va xyclohepten ¢ trang thai nhu 1a chdt chuyén ti€p. Vong 11 canh cé lien
két trans bén hon cis.

Lien két ba tim thdy trong vong nho nhdt khéng c¢6 sic cang 13 xyclononyn.
Xyclooctyn ciing dd tdch ra dugc nhung theo nhiét hydro hod thi xyclooctyn ¢é siftc cing
déng ké. Ciing da tim thay lién k&t ba trong vong 7 canh nhu 3,3,7,7-tetrametylxycloheptyn
dé dime hod & nhiét do phong trong mét gid, nhung din xudt ¢6 lien k&t C-S dai hon C-C

nén bén & 140°C:
O O

Xycloheptyn khong tich ra dwgc nhung di tim thdy nhu 1A chat chuyén tiép.
Xyclohexyn va dén xudt 3,3,6,6-tetrametyl phat hién duge & 77K va x4c dinh bing phé.

Vong allen nhé ciing tdch ra dwge 2-rert-butylxyclooctadien. Nhimg chat twong tu
I,2-xyclooctadien khong tdch ra dugce nhung tén tai nhu 12 chét chuyén ti&p, nhanh dime ho4
va tim thdy & dang phitc v6i platin va xdc dinh cdu triic bang phé.

Cic allen vong cé sic cang nhd hon déng phan axetylen. Cumulen vdng 1,2,3-

xyclononatrien ciing da téng hop dugc va bén trong dung dich & nhiét do phéng khi khéng
¢6 khong khi.

Lien ket doi trong cdc vong cu, theo quy tic Bredt, khong c6 lien két d6i & ddu cdu:
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N v,
e
Li?
Nhung quy tic nay khong dp dung cho cic vong 16n. Cic bixyclo vdng 16n c6 thé ¢
lien két doi & ddu cAu nhu bixyclo[3.3.1]non-1-en (6), bixyclo[4.2.1]lnon-1-(8)en (7) i

nhitng hop chat bén, c6 sitc cang twong o trans-xycloocten. Bixyclo{3.2.2]non-1-en (8) c6
lién ket doi 1a trans-xyclohepten da t6ng hop duge nhung d& dime hod trude khi tich:

) 7 @)

Cac vong nhé [3.2.1] va [2.2.2] chita lién két doi imin nhu (9), (10), (11) tim thdy &
nhi¢t do thap, bi pha huy khi dun néng, c¢é déng phan cis-trans & lién k&t doi ddu cdu:

A A
(9)

(10) (1)
4- Sikc cdng do mdt do nhom thé lén
Céc nhém thé Iom c6 thé 1am thay déi géc lien két so véi lien két binh thudng gay ra
siic cang cho phan tir. Chéng han da t8ng hgp duoc hop chat chita vong benzen ¢6 nhém tert-

butyl & vi trf ortho nhu hgp chat 1,2,3-tri-rers-butyl (12), (13), 1,2,3,5-tetra-tert-butyl (14),
va 1,2,3,4-tetra-tert-butyl (13):

(CH3);
NS C(CH
(CH3)3C C(CH3)3 (CH3)3C\ ( 3)3
F H3CO0C COOCH;
g B COOC(CH,),
(12) (13)
(s C(CH;)s
(CH3)3C C(CHz);  (CHj);C - COOCH,
(CH;);C COOCH;
(CHs)s (CH,)3
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Cac phan tir nay déu cé sic cing, bang phéd UV va IR cho thdy vong 1,2,4-tri-tert-
butylbenzen khéng phdng va so sinh nhiét phan ting ctia hgp chét 1,2,4- va déng phan 1,3,5-
cho thay hop chdt 1,2,4-tri-terz-butyl ¢6 ning lugng cang 1a 22 kcal/mol (92 kJ/mol) so véi
déng phan cia nd. Khic xa tia X tim thdy hop chét (13) khong phing, vong cé cfu dang
thuyén. Ciing thu dugc hgp chit Cg[Si(CHj),l¢ ¢6 vong cdu dang thuyén & trang thdi rin, va
hén hop thuyén va ghé trong dung dich. Cic nhém nho hon ciing cé hiéu tng lap thé ortho,
trong hexaisopropylbenzen, sdu nhém isopropyl bi chen nhau, tuy khong quay dugc nhung
lech theo mét cling huéng xung quanh vong benzen ma c¢6 khi goi c¢dc hop chét nay 1a “phan
ulf rang cua” (geared molecule).

Trong phan t dang enol (16), m&i vong benzen ¢6 thé quay, con trong din xudt
triptixen (17), su quay 360° xung quanh lién két O-aryl phdi di qua ba hang rdo quay, lién
k&t C—X va hai lién ké&t C—H & dinh hai vdng, trong dé néing lugng C-X cao hon, nhu néu
X =Fla 10,3 kcal/mol (43,1 kJ/mol) X = rert-butyl 1a 17,6 kcal/mol (73,6 kJ/mol):

Ciing da téng hop duge déng phan cis va frans cia 5-amino-2,4,6-trijot-N,N N’ N*-
terametylisophtalimit (18) ¢6 han ché€ sur quay cila nhém CON(CHj3), bdi hai nguyén tir iot:

|
5:?— C— N(CH3), ? C— N(CH3);
(CH;),N (CH3),N

cis ( 1 8) trans

Déng phan trans 12 chiral, c6 thé phan giai duoc, con dOng phan cis 12 meso.
bdng phan cis-trans .ing xust hién trong hop chdt 1,8-di-o-tolylnaphtalen (19) do sy

can quay:

rrans
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bé do dinh luong hiéu ing 1ap thé nay, dua trén co hoc phan tir da tinh todn nang
lugng goi 1a entanpi 1ap thé quy uéce (FSE) (formal steric enthalpy) cho ankan, anken, ancol,
ete, metyl este... ching han véi butan 1 0,00, 2,2,3,3-tetrametylbutan 1a 7,27, 2,2,4,4,5-
pentametylhexan la 11,30, tri-zert-butylmetan 1a 38,53.

Lién ket doi C=C v&i bon nhém thé binh thudng 1 phing nhung néu c¢é nhém the 16n
s& lam léch ra khoi mat phing d6 nhu hgp chét tetra-ters-butyl eten khong téng hop dugce
(20), nhung tetraandehit (21) tim thdy ¢6 sitc cing ma theo khic xa tia X tim thay c&u hinh
xodn di ra khéi mat phing la 28,6°, chiéu dai lién két C=C 1a 1,357 A, nghia 14 ¢6 dai hon
binh thudng (1,32 A):

CH, HiC_ CHO C(CH;); IC(CH3)3
OHC 3 Hal | -
(CHyC . N . (CH,),Si _ SiCHy),
(CH3),C” - C(CH3);  Hy~ C\C\/CH3 (CH3)3Si/ Si{CH3);
4
(20) oH “cH, H:C” “cho 22)

(21)
Hop chat Z-1,2-bis(tert-butyldimetylsilyl)-1,2-bis(trimetylsilyl)eten (22) cé cfu dang
xodn 16n khong thé chuyén sang dang E do cdc nhém 16n khong thé vuot qua nhau.
3.3.5. Anh hudng ciia nhan té ciu dang dén kha niang phan iing
1- Anh hudng ciia cdu dang dén khd ndng phdn itng ¢é lién quan 161 co ché phdn ing

Cac phan tng ndy cé lién quan 16i trang thai chuyén, dén t6c do phan iing duogc thuc
hién bing cdch so sdnh su khdc nhau vé nang lugng cla hai cdu dang ban ddu véi hai trang
thdi chuyén.

Xét nhitng phén ing sau:

OH
LT el T
(CHy),C (CHy);
Oxy ho4 bang CrO; Uy = 3,23 vy=10
Axetyl hod Uy =10 g =37
COOC,H;
CH,):C
(CH;),C (CH)s
Thuy phin bang HO": vy =1 U= 19,8
COOH
\%\COOH
(CH;):C
(CH3)3C 303
PK, = 8,23 7,79

226



Trong cdc vi du trén, phin (ng oxy hod cis-4-tert-butylxyclohexanol nhanh hon la
déng phan trans clia né, nhung khi ankyl hoa thi nguge lai. Diéu dé duge giai thich bing
cdch so sdnh néng lugng c4u dang giita chét ban ddu va trang thdi chuyén hay chit trung gian.

Khi axety] hod:

OH

| -CH
YWAOH ¥ ( 3
(CH3)3C\% * (CH;)CO),0 ""'«:Hahc\% OCOCH,

OHlaa-cis (1)

OH 13 e-trans (2) NOCOC H,
- (CH3)3C\%

este 13 cis-a (3)
este 4 trans-e (4)
Nang lugng cila cdu dang cis (khi OH 12 a) cao hon cau dang trans (khi OM 1a ) mot
gia tri 0,7 kcal/mol. Giai doan quyé&t dinh t6c do axetyl hod 1a sy tdn céng clia anhydrit ddi
hoi ning lugng hoat hod cao vi thé tich hiéu dung clia nhém thé khi k&t hop tic nhan axyl
hod véi nhém hydroxyl. Su khdc nhau vé nang lugng hoat hod cla hai chdt trung gian (cis va
trans) phai 1én hon gié tri 0,7 kcal/mol.

A

£ » > 0,7 keal/mol

4-tort-butyl
xyclohexylaxetat

Toa d6 phan t'm;

Hinh 3.8. Gian dé thay déi nang lugng khi axetyl hod
cis va trans- tert-butylxyclohexanol

Nhur vdy, phan #ng axetyl hod nhém OH la e ddi hoi nang lugng hoat hod nho hon khi
axetyl hod nhém OH la 4, nghia 12 phan iing axetyl hod nhdm OH la e (hay trans) xay ra dé
hon nhém OH 14 a (hay ¢is):

OH
_ - CHs
OH
OCOCH;, \%\0—(':\/ CHj
(CH3);C (CHy);C OCOCH,;
E .. > E*, . > 0,7kcal/mol
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& phan itng oxy ho4 bing CrO5:

'

(CH3)3C\%

]

LOH

VAAVARL VAT
(CH3); 03 ™ (CHy)C o

t6c d¢ phan dng duoc xdc dinh bing giai doan hinh thanh chat trung gian este clia axit
cromic, & day c6 sy phan cét lien két C—H va nguyén tlr crom. Tuong tac diaxial & trang thii
chuyén bi gidm di so v4i twong tdc 46 & nhém hydroxyl dé dua phan dng xdy ra theo hudng
lai ho4 sp® ciia cacbon. Do dé, s khic nhau vé nang lugng hoat hod giita hai trang thai
chuyén giita hai chat ban d4u nhé hon 0,7 kcal/mol, d6éng phan cis c6 niang lugng hoat hod
th4p hon. Khi oxy hod bing CrQ,, xyclohexanol ¢é OH 1a a phan (ing nhanh hon khi OH 14 e.

E 5
> U|7 T
6 ) “:u
\“‘

1 Y
L3

2

07
4-tert-huty!
xyclohexanon
Toa d4 phan L'mgr

Hinh 3.9. Gian dd thay d6i nang lugng khi oxy hoa
cis- va trans-tert-butylxyclohexanol

H Odr—OH

H H H 0
H S Al
(CHs)s (CHa)s Cio-

(‘L\ < E#frau.s < 0,7 kcal/mol

o
COOC,Hs CHsO— & OH
HO™
-y -
(CH3)3C H.O (CH3)3C (CH3)3

cls
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_ pr
(CHs)zm COOC,H; T‘;g» (CH;);C\%\ C\—O'

OC,H;

— (CH3)3C\%\C00H

Khi thuy phan este, este dang cis (nhém este 1a a) c6 nang lugng cao hon este dang
trans (nhém este 1 e) 1a 1,2 kcal/mol, con nang lugng trang thai chuyén khdc nhau 16n hom
1,2 kcal/mol vi thé tich nhém thé.

Ef ., > E > 1.2 keal/mol

trans

A
£ 9
>1, 2 ‘\
10\“"- - “l

7 N
N L AHertbutyl
8 1.2 AN xyclohexan
*-- cacboxylic

Toa 46 phan ing -

Hinh 3.10. Gian d6 thay 46i nang lugng khi thuy phan este
cfs VA trans-tert-butylxyclohexancacboxylic

Nhu vay, este frans thuy phan nhanh hon este cis, do cé nang lugng hoat hod thap hon
cta chat trung gian.

2- Khd ndng phdn itng ciing phy thudc vao dnh hudng khéng gian goi la nhan 16'1gp thé

Kha nang phan tng phu thudc vao nhém thé cling nhir tic nhan tin cong nén phan ng
cho nhimg san phim khdc nhau. Chéng han, so sdnh c4c phan (ng sau:

H
/ NaBH, \mk \m{
CHWOL L v (CHYC (CHy)C .

chinh

EH3 sz

NEBHq_

(CHs)scxk hay L:Allh (CH3)3CM (CH3)3C V2 H
H,C

chinh

Trong trudng igp khir 4-ters-butylxyclohexanon, sy tin cong cia H vao vi tri a wu
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tién hon va san phdm chinh 12 ancol e-trans-4-tert-butylxyclohexanol, con véi trans-3.3,5-
trimetylxyclohexanon thi H™ t4n c6ng a vi 4n ngit khong gian ciia CH; & C; nén wu tién san
phdm a-trans-3,3,5-trimetylxyclohexanol.

Néu ding tdc nhan cé thé tich 16n hon nhu hgp chit co Kim thi s& ¢6 tinh chon loc lap
thé hon, bdi can bing giita nhan t6 lap thé cia sy ti€p can va sy phét trién twong tic quay
trong trang thai chuyén. Sy ti€p can lap thé phu thuéc vao kich thudc tdic nhan vi nhém the
axial § C; va Cs, cdn hi¢u tng quay it phu thudc vao kich thuéc nhém tham gia va nhém thé
axial & C, va C.

Higu itng nay ciing thé hién & cic hgp chdt vong cdu:

NaBH.; +
- OH
N
O chinh OH
H3C H3 H3C H3 H3C CH3
NaBH, +
\0 OH chinh

3. Khd ndng phdn itng ciia cdu dang phu thuéc véo ndng luong cdng cua vong nhu phy
thudc vao sitc cdng gdc va sic cdng quay

Siic cang géc biéu hi¢n & nhing phan {ng m& vong cla nhitng vdng nhd ¢6 nang
lugng cao ¢ trang thdi co ban clia phan tir:

CH; Br

+Bry —= CH3?HCH2?HCH3 + BrCHZEH?HCH:’ + BrCHz&CHZCH3
'W‘CH3 Br Br H;C Br Hy

Hop chat bixyclo[1.1.0]butan ¢6 siic cang géc rat 16n nén giam tinh 6n dinh vi tang
kha nang phan @ng. Phan ting m& vong d& xdy ra véi cdc halogen, axit y&u va nhiéu tic nhan
khdc. Swmé vong nay xdy ra bang phan cit lien két trung tam tao thanh do xen phit ca hai
obitan p hdu nhu thudn khiét cta hai cacbon ddu cdu:

CH,Cl
Cl 2
<D 3 CH,=CHCH,CHCl, + CI‘QCI NCWAVS SN \:A

45% 4%, 4% 6%
@ CH;CO0H CH2=CH(CH2)2OI?CH3 + Q_Oﬁ:HCH:H D—CHZOﬁJCHg
10% O 2% O % O
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Su chuyén hod vong cé Cp3 thanh vong c6 C2 xay ra rat khong thuan Igi so véi sy
chuyén tir Cg2 thanh Cg3 vi 1am tang géc hod tri tit 100° dén 120, nghia 1a tang sdc cang vé
g6c, trong d6 hop chat vong 3 canh ft thuan 1gi hon vong 4 canh:

D Do DS Dy

Sttc cang quay biéu hién & nhiing phan dng cheyén ho4 cia nhitng vong ¢4 su thay déi
trang thii lai hod ciia nguyen tir trong vong tir Cyp2 thanh Cyp3, A thi€t 14p dugc su d€ dang
chuyén hod Cg,3 ciia vdng thanh C,,2 va ngugc lai. Dién hinh 13 phan tng cia xyclohexanon
va xyclopentanon. Phan tng chuyén hod C,,2 clia vong 6 canh thuan lgi hon C,p2 clia vong
5 canh:

OH OH
0w = O Do = [

thudn 1gi hon kém thuan Ign

Chéng han, xyclohexanon bj khir bing NaBH, nhanh hon xyclopentanon dén 23 ldn.
Difu nay c6 lien quan téi sirc cing quay. Sy chuyén hod C,p2 clia vdng 5 canh thanh Cyp3 lam
ting s6 tuong tdc che khuat, con vong 6 canh thi ciu dang I kim ham.

Quan niém chung vé& sy dé dang thay déi lai hod 12 ham s6 clia kich thudc vong goi 1a
st cang /.

Chéng han cdc phan tng m& vdng ¢6 n = 5 vd n = 6 canh:

- . khi :4{ =6)
(CHy),, C=0 —5 HO(CH,),,-COOH i SXHxZA@=6 o,
J

H,0 vkhix=3(n=5

7
(4),,.3\ NH % OOC(CH),CONH, e YT EED s

H,0 vkhiy=2(n=35)

O

. 7 ™\ _OH

- el
(CHy,, C=0O —_— (Cw 1 KihizZ50=6) _

NCN " Kkhiz=4(2=5)
4. Anh hudng cia vong dén phdn ing Sy

Phan tng Sy2 xay ra & vong 5 canh v6i sy quay ciu hinh, cdn & vdng 6 canh cé su
chuyén din xu4t a thanh e, nghia 12 nhém thé méi chi€m vi tri ngugc véi nhém di ra:
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3 H, 3

Cl 1§
+ I_ axeton + Cl- + I'
H I Cl
ci-§-clo-3-metyl trans-1-i01-3-meiyl trans-1<lo-3-metyl civ-1-iot-3-meryl
xyclopentan xyclopentan xyclopentan xyclopentzn
(CH3)3C H + Br — (CH3)3C Br + CI
1 H

trans-|-clo-3-tert-butylxyclohexan ¢is-1-brom-3-rert-butylxyclohexan

Trong hai cdu dang a va ¢, ciu dang a kém bén hon cfu dang ¢ do ¢6 noi nang Ién hon
nén ¢6 kha nang phan Ung cao hon, vi nang lugng hoat hod clia phan tng ciu dang a nhd
hon cdu dang e.

Dé&i v6i phan ing Sy/, phin iing cling tao ra mot cacbocation thi ciu dang a ciing cé
kha nang phan tung cao hon. Ching han, phin (mg Sy/ cla cis-4-tert-butylxyclohexyltosilat
nhanh hon ¢rans d€n 4 14n, tic 13 c4du dang @ nhanh hon e dén 4 14n:

080~ V—ch,
H OS(0O
(CHJ)JCN 7 (CHy)O ©h D s
H

Phin tng dugc kiém tra bing phuong phdp déng vi nhw phan iing:

H e
I+‘le—h-|i% -—-%\
I
%\Hﬂe—*%“ ““‘%t'

S- Anh hudng ciia cdu dang dén phan ing tich E

Phin ing tdch E2 xdy ra khi hai nhém th€ cé tinh déng phing hay ant/ nén vong
xyclohexan c6 phan ing E2 khi hai nhém thé di ra ciing & vi tri «, ching han giita nhém thé

a va d & hop chdt sau méi ¢é thé tich duge:
a

d

Chéng han, phdn Gng tich clia mentylclorua 13 phan ng dac thi lap thé, con
neomentyiclorua la chon loc lap thé trong diéu kién E2:
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CHy

H3c—c—-H H
CH3\ ——
/ H
Hj Cl
mcntylclorua ciu dang cdn cho £2
CH(CHgs),
2-menten
CH
3 Hb
HiCn f GO <
—ha H, \
H, H,
CH(CH3)2 a CH(CH3)2
neomentylclorua 3-menten (75%) 2-menten (25%)

Cédc xycloanken cé stic cang l16n khi tinh hinh hoc cita phan tir khong cho phép tat ca
cdc lien k&t dinh v6i cacbon lai hod sp® & trong cling mot mat phng.

Céc xycloanken nay thudng cé hé olefin 1t Xoén lai, ching han xyclohepten tén tai &
dang trans, ¢ sic cang 16n va cling cé kha nang phan ing rit cao:

xyclohepten

Theo mitc do tang kich thudc vong, nang luong cing gidm. Do bén tuong tng cla
déng phan cis va trans cling phu thude vao kich thuéc vong.

Chang han, déng phan trans cha xyclononen vi xyclodexen kém bén hon déng phan
cis twong Uing, con xycloundexen va xyclododexen ¢é déng phan cis bén hon trans.

Bang 3.6. Tinh bén twong d6i clia déng phan xycloankan

Hop chat AR - A e Hop chit AR — AH o
kcal/mol kcal/mol
Xyclehepten -20,3 Xyclohexen -35
Aycloocten -87 Xyclodexen +0.3
Xyclononen -2.8 Xyclododexen +0,4
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3.3.6. Quy tdc Bredt

Nhirng bixyclo chia lién k&t doi & ddu cdu ndi [a nhiing hop chit ¢6 ning lrgng cao,

su hinh thanh ra né doi hoi ¢6 nang luong hoat ho4 cling rat cao:
a

[24

—— @ o

H
Trong cdc hop chdt nay, sy tao thanh lién két doi hodc rdt y&u hoac khong thé tao
thanh. Nguyén nhan 1a obitan p & cacbon ddu ciu khéng thé xen ph vdi obitan p cla
cacbon bén canh, tir 46 hinh thanh quy tic Bredt: “Khong thé tao diroc lien két dai & cacbon
ddu cdu”.

Chéing han nhu phan ing téch sau:

Br
HO.
Thpe @ (khOng hinh thanh =¥ @)

Quy tic Bredt khéng c¢6 ¥ nghia tuyét d6i va khong 4p dung cho nhitng hop chat vong
16n. Nhitng hop chét vong l6n c6 sy xen pht cuc dai theo loai «:
H H
¢ Come c=fl
VNN e 77 O\
(CHyh fCthu?“B" —— {CHyy, (CH‘.'JmS'-H + (CHyhq lf“zlmlCHg)g
J_(CHyg J_(CHay d
H H H
Hién nay, ngudi ta cho ring céc bixyclo c6 lien két d6i & ddu cdu ¢6 kha nang thyc
hién dugc khi lién két d6i ndm trong vong 16n khéng nhd hon 8 nguyén tlr. Néu 13 vong nhé
hon, nhu vong 7 canh thi cdc bixyclo c6 n6i d6i & ddu cdu nay chi tén tai dugc trong mot
thdi gian rét ngdn, dé nghi ndy da dugc xéc nhan bing ket qua t8ng hop duge mot s bixyclo

Do o L

bixyclo[3.3.1]nonen-1 bixyelo[4.2.1]nonen-1 (1,2) bixyclo[4.2.1]nonen-1 (1,8) adamantan

cling nhu thu duge dien ¢6 néi doi & ddu cdu:

bixyclo[3.3.1)nona-1,3-dien
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3.4. PONG PHAN CUA HE VONG NGUNG TU

Hop chét dién hinh 12 decalin va hydrindan. Hydrindan 13 hop chét ¢6 vong 5 canh
ngung tu vdi vong 6 canh, t6n tai & hai ddng phan cis va trans.

(D=7 (D=

cis-hydrindan

a trans-hydrindan a

He¢ vong nay gap nhiéu trong cic steroit.

Decalin ¢6 hai vdng ngung tu chung mot lien két C-C t6n tai & hai dang déng phan
cis- trans, Khac nhau & cu dang ciia Cy va Cy,:

P -co ch-co

béng phan cis c6 hydro nhém metyn & vi tri ¢is v6i nhau, cdn déng phan trans & vi tri
trans v8i nhau. Déng phén trans chi ton tai mot ciu dang bén:

cfu dang bdn cfu dang khéng t3n tai

Déng phan cis-decalin c6 thé tén tai & hai cou dang bén, con goi 1a dang steroit va
dang khaong steroit: -

T3

cflu dang steroit cau dang khong steroit

Khéc v6i cdu dang trans-decalin, cqu dang cis-decalin c6 ba twong tdc phu dic trung
bing cau dang butan, lam cho cis-decalin kém &n dinh hon véi nang lugng 14 0,9 x 3 = 2,7

kcal/mol, gén bing gid tri thyc nghiém x4c dinh dugce 1a 3 kecal/mol. Ba tuong tdc cfu dang
ké butan la:
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a-a-a, b-b-b, c-c-c:

3.5. HOA HOC LAP THE PONG

Nhitng van dé da dé cap & trén mo ta nhimg dac tinh hod hoc lap thé cia phan tir &
trang thai co ban, khong tinh dén cic chuyén hod, cdn khi nghién cttu nhiing dic tinh hinh
hoc ¢6 lién quan t6i t6c do phan tng la pham vi clia hod hoc i4p thé dong hoc.

Toc do phan ng khic nhau thay déi tir nhitng phan ng hod hoc lién quan téi sy phan
cit va sy tao thanh lién két cho 16i nhitng qud trinh ¢6 nang lugng thip nhu ¢é su khuéch tin
ciia ion trong dung méi.

DéE nghién citu mot qua trinh hod hoc, khong phai chi thiét lap méi quan he hod
hoc 13p thé giira chat ddu va san ph4m ma c4n phai nghien cttu m6i quan hé khéng gian
trong cac hop chat trung gian hay trang thii chuyén ciia phan dng phil hop vdi quan sdt
thuc nghiem.

Thudmng ¢é thé chia ra cic loai sau:

1- Phdn img déc thit lap thé

Phan ting dac thit 1ap thé 12 nhing phan ting chi cho nhitng déng phan 14p thé tir nhing
déng phan 14p thé clia chét ban diu trong ciing diéu kién phan éng. Ching han, nhitng phin
ing ma nhifng chét ddu 1a nhitng déng phan 14p thé va san phdm ciing 14 nhing cip déng
phan 14p thé tuong ing. M&i phan ting chi huéng t6i sy tao thinh mot san phim ma khong
c6 san phdm khéc.

C6 thé dua ra nhitng vi dy sau:

HO(CH»)3
CH;(CHy), CH,)0H  cn,cooom CH;4(CH,), o
R,
1; _ fH H H
Ciy
HO(CHy)q

CHy(CHy), H CH;COO0H H
l_>=_< rr—— 0]
(CH,){OH CH;(CHy)y H

frans

Phin \ng trén 1a cong cis, tir cis-anken chi cho eis-oxyran, nguoc lai néu tir frans-
anken chi cho trans-oxyran:

236



H
3(:;"- LT CH,C00
CH3(CH2)5T/—0502C6H4CH3'P - 3 H
H
H",, CHLOO o oy % _(CHy)sCH;
CHy(CHy)s=— 0S0,CeH CHy-p —— 3 CH,

H;C
Phan dng trén 12 SN2 ¢6 sy quay ciu hinh nén wr 2-octylsunfonat phan ing véi
CH;COO™ xay ra phan ting véi sy quay ciu hinh nén cho sin phim 12 mét d6i quang cila

chat ban dau.

HsC
H5C? H <Br KOCH,CH, Hy CeHs
..nw” C6H5 >
threo 1 HsCg  trans H
HsC
HsCon 2 Br KOCHCH, 113 H
{”’IIH ——rrre -
HsCq .y CeHs

erythro CGHS
Phan 1ing tdch HBr & trén, n&u i phan ing téch frans thi tr threo cho san phém trans

tir erythro cho cis, con phan ing sau 1a phan ting tich nhiét:

H3% §CH:;_I 5% H3C CH3
CeHs s S-6Hs —_—
o N(CHy), CéHs”  'H

cdn phai c6 su dinh huéng syn clia nhém di ra nén threo cho cis, erythro cho trans.
Nhirng phin ting thudc loai trén s& gap nhiéu trong cic chuong sau.

2- Phdn iing chon loc Idp thé
Phan wng chon loc 1ap thé 1a nhimg phan (ng ma mot cht ban d4u trong nhimg diéu

kién xdc dinh c6 thé cho nhiéu sin phdm nhung c6 mot san phdm wu tién. Ching han:
CH,

KOC(CHy); HsC H HC
CH3CH2(|:HCH3 —_— l_>=\/ + l’?=\/ + CH3CH2CH=CH2
60% CHj 20% H 20%

I
Phan ng loai HI & trén cho san phdm véi t§ 1é khéc nhau, trong d6 san phim wu tién

hon 13 trans-2-buten.
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HiG, HiG, HG,
Z Z ”f.
A

2 CH H
Hv_ S e ""0111_1 “"wCH
CeH; CeHs CH CgHs H

erythro(67%) 3 threo (33%)

C4c phén ting trén cé tinh chon loc khong 16n, con nhitng phin Ung sau lai ¢6 tinh
chon loc cao hon:

Seonen,m, "8
H i

CHZCHzBl’

P
CHYBO S~/ (CH3)3C\mE OH + (CH;)sc\%‘\
90

10%
Cic phin tng nay hdu nhu chi cho mot déng phén 14p thé. Tinh chon loc 1ap thé phu
thudc vio c4u triic chat ban d4u, tic nhan va diéu kién phan ing.

Ciing c6 nhitmg phan iing ¢6 tinh chon loc rat y&u véi ty 1¢ sin phdm twong duong nhau:

k\ L(CH3), $(CHa); PK $(CHa),

’ CoHsCHLCI [ j ‘
—— +
CH,0H,30°C ® ®

N ’ l

| f 1‘,,// /l ',///

CH, H,C CH,CeHs CeHsCHy | “CH,

58%

B4t ki phin ng nao chi c6 mot sin phdm hinh thanh duy nhét hay uu tién hon goi la
phan wng chon loc lap thé. Danh phdp ndy ding khi mot hén hop clia hai hay nhiéu
enantiome dugc hinh thanh duy nhét hay wu tién hon so v6i déng phan lap thé khéc. Phan
ting dac thil 1ap thé 1a mot déng phan huéng t6i mot san phdm, cdn déng phan khic hudng
t6i san phim nguoc lai. T4t ca cdc phan ing dac thil 1ap thé cin phai 1a chon loc 1ap thé, con
khong cé nguoc lai. Ching han khi tdc dung axit maleic v&i brom cho cap D,L cia axit 2,3-
dibromsuxinic, trong khi d6 axit fumaric cho déng phan meso, phin ing 12 dic thu 1ap thé
ciing nhw 13 chon loc 14p thé vi hai déng phan ngugc nhau cho hai déng phén nguwge nhau:

COOH

/H Br, 1

T
—_— + r
HOOCKL&- COOH -

COOH HOOC

HOOC ,H
COOH
%C\/H —"'B—rL r iy
HOO COOH
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Néu ca hai axit maleic va fumaric cho cap D,L hay hén hop véi cap DL wu tién, phan
ing la chon loc 1ap thé kKhong phai 12 dac thi lap thé. Néu phén ing cd ham lugng it nhiéu
béng nhau clia cip D,L va dang meso sinh ra trong méi trudmg hop thi phan dng khéng c6
chon loc 14p thé. Néu phan tng cia hgp chét khong ¢6 doéng phan [4p thé thi khéng thé dac
thit 14p thé nhung 1a chon loc 14p thé, ching han nhu céng brom vao metylaxetylen uu tién
hinh thanh trans-1,2-dibrompropen thi phan ing chi 12 chon lgc lap thé khong phai 1a phan
tng dac thi 1ap thé.

3.6. SUTAO THAHH TRUNG TAM KHONG TRUNG ANH VAT

Bat ky mét nhan t§ cu tric nao cila phéan tir g4y ra tinh hoat déng quang hoc déu goi
la trung tadm khong tring anh vat (chiral).

CH,CH,COOH —» CH,CH'BrCOOH
Néu c4c tdc nhan va diéu ki¢n phan tng déu 12 déi xiing, san phim c6 thé 1a raxemic
hod. Mot chat khong quang hoat tao thanh néu cdc tdc nhan ban ddu va diéu kien phin itng
12 quang hoat, nhu tao thanh raxemic 2-brombutan tir 2-butanol v6i HBr.

Trong téng hgp cdn phan biét nguyén tlr v nhém enantiopic va diastereopic:

Nhiéu phan tir c6 nhimg nguyén ti hay nhém nguyén tir nhu 1a tuong duong nhau
nhung kiém tra chat ché lai ¢6 sy khdc nhau. Néu nhu hai nguyén tU tuong duong nhau, néu
thay the¢ mdi nguyen tir d6 bing nguyen tir hay nhém nguyén tir khic, néu chat méi tao
thanh boi qua trinh nay 1a déng nhat thi nguyén tir ban d4u méi 1a tuong duong nhau, con thi
nguoc lai 1 khdc nhau. C6 thé ¢6 ba trudtng hop cdn phan biet:

1- Trong trudmg hop ctia phan tir axit maleic CH,(COOH),, propan CH,(CHj;), va
phan tir khic ¢ dang CH,Y;, néu thay th€ mot H ciia CH, bing nhém thé Z thi san phdm
thu duge giéng nhau. Hai hydro nay 1a wong duong nhau. Chd ¥ 1a nguyén tir hay nhém
trong duong nhaw khi ndm trén mot cacbon nhu nguyén tir C trong hexaclobenzen hay
nguyen tr brom trong 1,3-dibrompropan 13 trong duong nhau.

2- Trong phan tr etanol CH;CH,OH, n€u theé mot H cia CH, bdi nhém Z cho mot
enantiome (1) vi thé H khéc cho enantiome khic (2):

H OH
)< CH; e H, —_— CH,4
H Z
(1) (2)

Hai hgp chdt déu do th€ H bing Z khong giéng nhau ma 13 enantiome clia nhau nén
hai H khéng tuong dwong nhau ma goi 1a nguyen tr enantiopic. Nhu vay nguyén t
enantiopic 1a khi thé né bing nhém th ba cho enantiome. Trong moéi trudng doi xiing, hai
nguyén tit hydro 1a twong duong nhung trong méi trudng bat d6i xing thi khidc nhau, nhu
trong cdc phdn \ing clia tdc nhan chiral thi ching c6 thé tan cong véi t6c dd khdc nhau, dac
bi¢t 1a trong cdc phan iing enzym c6é kha nang phan biét 16n hon cdc tic nhan quang hoat

239



thong thudng. Ching han khi axit oxalaxetic (3) chuyén thanh axit a-oxoglutarric (5) trong
co thé sinh hoc theo chu ky Krebs di qua chat trung gian 13 axit xitric (4). Khi dung (3) ddnh
dan bang '*C & vi tri 4, nguyen t6 dénh d&u chi tim thiy & C, chia (5) mac di ring phan tir
(4) Xhong phai la chiral:

A COOH [COOH

+{OOH (Ha 21 FWO

3¢H2 28 po— (~COOH e CH,

O CHy H

 COOH COOH ;COCH
(3) (4) (5}

Hai nhém CH,COOH trong (3) 1a enantiopic va enzym di dé phan biét giita ching.

Chd ¢ ring, nguyén tir X hay nhém X trong bat k¥ phan t ¢6 cong thitc CX,VY luon
13 enantiopic néu V vd Y khong phai chiral, tuy nhién nguyén tir hay nhém enantiopic cling
tim thdy trong cic phan tit khdc, ching han nhu nguyén tir hydro trong 3-flo-3-cloxyclo-
propen néu thé H & C, hay C, déu 1am cho C, trd thanh bat d6i nhung cho hai enantiome
khac nhau.

/H

Cl

Nhitng hop chat hay nhém c6 hai nguyén tlt enantiopic nhu CX,VY goi la tién khong
tring anh vat hay prochiral. Néu nguyén tir hay nhém nguyén tir X hudng tdi hop chét R thi
goi 1a pro-R, hudng khdc goi 14 pro-S:

H,

H, =pro-S
Cooen 2 =pro

/ \ “H, H, =pro-R
HO CHO

3- Khi hai nguyén tir hay nhém nguyén ti trong phan ti & vi tri ma thay thé€ méi
nguyeén tl thi cho d6ng phan dia goi 1a nhém diastereotopic. Thudng gap nhiéu & nhém CH,
nhu trong 2-clobutan (6), vinyl clorua (7}, cloxyclopropanon (8), hai hydro ciia xyclopenten
(9): cdc hydro ndy phin iing vdi tdc nhan chiral véi t6c d6 khdc nhau ma thdy rd trong phé
NMR, trong NMR pic cha hai hydro khdc nhau va tdch ra khoi nhau:

H;

0 H
“= A H H ‘}A< H CHFCl
CH, i
) (7N (8) (9)
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Trai lai céc hydro tuong duong hay enantiotopic khong phan biét duge bing NMR, trir
khi dung dung méi chiral d6i v6i hydro enantiopic (khong phai twong duong). Ngudi ta
diing tir isochron (isochronous) dé chi hydro ma khéng phan biet dugc bing NMR. Thure &,
cdc tin hi¢gu NMR cua cdc proton diastereopic cling duge tim thiy nhung ching thudng
chong 1&én nhau, nén v& mat 1y thuyét va trong mot s trudmg hgp phan gidi dugc khi dung
tdc nhan chuyén dich hod hoc lantanit hay thay ddi dung méi va néng do.

Chi ¥ rdng, nguyen tir hay nhém X trong CX,VY déu 12 diastereotopic néu Vva Y 12
chiral.

Ngoai nguyén tir hay nhém enantiopic va diastereotopic, con phin biét mat phing
enantiotopic v diastereotopic. Thudng ta gap ba trudng hop:

1- Fomandehit hay axeton (10) bi tdn cong bai tdc nhin achiral A tit phia nao dé cla
phén tir déu giy ra trang thdi chuyén nhy nhau va san phdm hai mat 12 twong duong nhau.

2- Trong butanon va axetandehit (11) bi tdn céng bdi tic nhan achiral A vio mdt phia

cho trang thédi chuyén vi san phdm 14 enantiome cla tic nhan tdn cong vao phia khic. Cic
mit phang nay goi 14 enantiotopic:

(10)
A R" A | j?
\’C/‘_/ — R—C—R' hay R—C—R
K] 0 S
(1)

Néu tdc nhan tdn cong vé phia dé hinh thanh dng phan ¢6 c4u hinh R thi huéng t4n
cong d6 goi 1a hudng Re (rectus), ngugce lai cho dong phan S goi 1a hudng S: (sinister):

Re

Si
Ching han khi khir 1-D-axetandehit bing enzym sé chi cho R-1-deutrietanol véi

[alp = 0,28" 12 tdn cong hudng . le, khong cé chit phu do khéng c6 tdn cong ciia tic nhan vé
phia Si cila chat baa dau:
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ﬁ) HO,//’
D D
H3C H3C R-
Hon hgp raxemic 12 két qué cla trang th4i nay. Tuy nhién sir 14n cong vao mat phing
enantiotopic bdi tic nhan chiral cho déng phan dia véi lugng khéng bing nhau,
3- Trong trudng hop nhu (12) hai mat 12 khéng tuong dwong nhau va goi 1a

diastereotopic:

CH3
/JL
CH;
(12}

Mat phing enantiotopic va diastereotopic c6 thé la danh phdp mé réng clia Cahn-
Ingold-Prelog. Néu ba nhém th€ duoc sip x&p theo quy tdc hon cép ¢6 thit ty X > Y > Z, thi
mat phing tudn theo quy tic hon cAp theo chiéu kim d6ng hé nhr (13) goi 12 mat phang Re
(Latin: rectus), con nhu (14) goi 1a 7 (Latin: sinister):

| II
X
(13) (14)

Ho4 hoc lap thé dong ciing nghién citu huéng ciia cac phan tng, dac biét 1a trong cic
phan iing tich va cong da thay nhu tach syn hay ant:

X M X
Y tach syn A’/,, 9\\ cong anti \\\M
A\\\\ (fl/ M cong sy I{ \ tich anti \\\/ ‘\“N
N Y

Hod hoc lap thé dong ciing nghién ciu qua trinh thay déi c4u hinh bao gém qué trinh
bdo toan, quay va raxemic ho4.

Khi nghién ciru nhirng hgp chét hoat dong quang hoc (c6 trung tam chiral), phan ting
cho sdn phdm v6i sy bao toan, quay hay raxemic hod 12 d6i wong ciia hod hoc Iap thé, cho
nén cin phai thdy rang, hod hoc 14p thé 1a tinh chit cla co ché chit khong phai 1a bién phdp
dé x4c dinh co che.

Chéng han, sy thily phan metyl iodua xay ra v6i su quay cau hinh, nhung vé mat hod
hoc 1ap thé thi su phan b6 cdc nguyén tir hay nhém nguyeén tir trong khong gian ciia chat ban
ddu va cba san phdm nhu nhau, vi déu khong c6 trung tam bt d6i xing.

Phan ng bao toan c4u hinh ding cho nhing phdn @mg ma vé mat hod hoc lap thé, su
phan bg cdc nguyen tir hay nhém nguyeén tir trong khong gian cia chat ban ddu va sin phdm
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nhr nhau. Phan ting nay thudng xay ra ¢ nhitmg phan iing ma nhém t4n céng vi nhém dira &
clng trung tam cacbon hodc trong nhitng phan tng ¢6 hai 14n phan ing Sy2 (thuong do higu
ting anchime). Phin Wng quay cfu hinh ding cho nhiing qud trinh ma sy phan b6 khong gian
ciia cac nhém thé trong ch4t ddu va san phdm c6 ban chdt d6i quang v6i nhau. Phin ing nay
xay ra theo co ch€ Sy2.

Phan tng xay ra v6i sy raxemic hod néu tinh 1ap thé xdc dinh cta chat phin Gng mat
di khi chuyén thanh san phdm. Sy m4t di c6 thé hoan toan hay mot phin, do dé cé phin ung
raxemic hod hoan todn va raxemic hod mot phén.

Co ché chung cla sy raxemic hod clia phan tir hitu co 1a sy tich nhém thé ra khoi
trung tam bat déi dé tao thanh chat trung gian phdi tri ba mat phing, néu khéng cé hiéu ting
nao khdc thi s& cho su raxemic hod hoan toan, néu do anh hudng khdc thi chc su raxemic
hod mét phin.

Truting hgp nay da thdy trong céc phin #ng don phan tir c6 su tao thanh cacbocation
trung gian.

Sy raxemic hod ciing Xy ra ma khong c6 su phan cét lien két. Ching han nhu sy
nghich dao clia cic pyramit véi t6c do phu thudc vdo nhém th€ va nguyén tlt trung tam,
thudng véi ning lugng nghich dao thdp, khedng 1,7 + 8,3 kcal/mol. Ching han, hang rio
raxemic hod cla aziridin 1a 1,2 kcal/mol:

H
QN\ I = ﬁN/

cdn nang lugng nghich dao cha cdc mudi sunfonic hoat ddng quang hoc la 25 + 30 kcal/mol
va cdc sunfoxit 1a 35 + 40 kcal/mol.

Mot sG phan tir ¢6 tinh chét d6i xing truc hay phing ciing c6 thé raxemic hod bang
céch quay xung quanh lién két don cacbon - cacbon, chéng han, hop chat 1,1°-binaphtyl ¢6
sit raxemic hod bang cdch quay xung quanh lién két don véi nang lugng 21 + 23 kcal/mol.

G trang thdi co ban, phin tit cé hai vong khéng phing, su raxemic hod xay ra do su
quay xung quanh lién k&t 1,1°:

H 4 \l H
1 i
1’ H _"-..-_:'_ H 1"
4 | H A
S y/

Su quay xung quanh lién két 1,1’ khé khan do tuong tic van der Waals cla céc
nguyén tir H, tuong tic nly cing 16n khi hai vdng binaphtyl phang. Téc d¢ raxemic hod nay
phu thudc vao kich thudce clia nhdém the ortho.

243



Su raxemic hod ciing xay ra khi quay mat phing cia lién ket doi mot géc 180", Ching
han, trans-xycloocten ¢é sy quay mat phing xay ra xung quanh lién két Cy-C; va C3-C; theo
chiéu kim déng hé dé tr& thanh d6i quang:

H 3
7 6 5
— 3 3 = 6
1
a 7
b3
H s S+(+)

trans-xycloocten

Su quay phu thudc vao kich thudc vong. Chang han, trans-octen bén véi nhiét hon, ¢6
thé khong raxemic hod trong 7 ngay & 61°C. Cic vong 16n hon c6 sit quay mat phdng n6i doi
dé hon va raxemic hod dé& hon, nhu trans-xycloocten c¢é chu ky ban raxemic hoda 4 0°C1x 5
phiit, con trans-xyclodexen thi raxemic hod ngay khi tich ra.

244



Chuong 4

PHAN UNG HOU CO VA CO CHE PHAN UNG

4.1. PHAN LOAI PHAN UNG HUU CO

Phan tng hitu co duge phan loai theo nhiéu cdch khac nhau nhung nhin chung déu chd
y dé€n giai doan co ban, trong d6 nhitng don vi phan tir twong tic v6i nhau va lién K&t vdi
nhau d€ tao sin phdm méi. Tuong tdc nay c6 thé xay ra giita toan bo phan tir hay mot phin
phan tir 43 bj phan tich ra dé chiu sir chuyén ho4.
4.1.1. Phan loai theo sy phan cét lién két

Cac chat tham gia phan (ng dugc phan loai theo kha nang phan cét lién két;
- Phin itng di ly: A-B— A" + B, 12 nhitng phan \ing ion;
- Phin iing déng ly: A : B— A"+ B', 1a nhitng phan dng géc;
- Phan ung khong c6 sy phan cat lien két dé hinh thanh ion va géc trung gian ma chi
Ja phan bo lai cdc obitan lién két nhu nhitng phan tng vong hoé perixyrlic.
4.1.2. Phan loai theo két qua phan itng
Sy phan loai nay dua vao thanh phdn va cfu tnic san phdm thu dugc’
- Phan \ing thé (S);
- Phan g cong (A);
- Phan ing tdch (E);
- Phan tng chuyén vi;
- Phan tng oxy hod va khu.
4.1.3. Phan loai theo giai doan quyét dinh téc do phan ing
- Phan ng don phan t: (1);
- Phdn @ng ludng phan tir (2);
- Phan ttng da phan ¢ ().
4.1.4. Phin loai theo ban chit tac nhan phan dng
- Phan ing g6c (R);
- Phan itng elect-ophin (£
- Phan tng nucleophin (V).
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D¢ tao géc can chi phi nang luong bing nang luong lién két dé tao gbc, nang luong
nay 1a 80 + 100 kcal/mol, d€ tao ion cdn nang lugng 16n hon, trong pha khi 12 160 + 260
kcal/mol. Mac ddu vay, phan iing ion vin xdy ra vi cdc ion duge 6n dinh bing dung méi
phan cuc, chang han, trong nudce gidi phéng ra khoang 100 kcal/mol dé bit trir cho nang
luong diing dé phan cét tao ra jon.

Sy phan loai theo tinh chat electrophin va nucleophin 13 tinh ch4t electron cua tac
nhan nhung ching luén tvong hé vai nhau. Tic nhan electrophin cin ¢6 mot obitan tu do
hay trung tam cé mat d6 electron thap nh4t, nhu cdc ion duong, chat ¢6 dim may electron
chua chat ddy nhu BF;, AICH;, chat oxy hod (Os;, ROOR, Fe’*..).

Téc nhan nucleophin c¢é cap electron p hay obitan » hay ¢4 trung tam ¢6 mat do
electron 16n nhu anion, hgp chat ¢é cap electron » tu do, olefin, benzen, aren...

Hai tinh chat d6 lién quan véi nhau:

K phan ing nucleophin K @
RN+ R—Cl — | R=N—R] P
R/ phén tng ¢lectrophin R’

Teén goi dua trén dac tinh ciia tic nhan. Cin chi ¥ ring, cdc nhém the cling duge chia
ra hai nhém: nucleofuge va electrofuge (ti€ng La Tinh: fugare = 14y di) nhém th¢ giit lai
electron 1a nucleofuge, con nhém thé cho electron di la electrofuge. Trong vi du trén clo 1a
nucleofuge.

Thuye 1€, trong hod hitu co thudng c6 6 loai phan tng sau:

1- Phén tng thé §:

’ . AN
a- Thé nucleophin Sy: A--\)i+ Y — A-Y + X
b- Thé electrohpin Sg: A=X + Yt— A—Y + Xt
P % N
c- The g6c ty do Sg: A-X +Y" — A-Y + X'

2- Phan ting cong A:

X Y X
‘ Vot + [
a- Cong electrophin A A=B + X—Y = A—-B + Y » A—B
X Y X
-
b- Cong nucleophin Ay: ;D: B‘:}—Y 2 A—B + Y= A—]I}
X
i ~ - <« | ‘1{ >l(
c- Cong gbctudo Ag: A=B + X=Y—>» A-B+ X-Y->» A—-B + X’
X-Y XY
d- Cong déng bo: - [
AlE ™ A-bB
¥y
3- Phan tmg tich E: A—B —= A=B + X*+ Y
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4 - Phan tng chuyén vi (electrophin, nucleophin, géc):
5- Phan @ng oxy hod khir;
6- Phan tng té hop cAc phan ing trén.

Trong méi phin imng, thudng ding mili tén chi chiéu chuyén electron tir cfu tir nay
sang cau tr khdc.

Ngodi ra c6 thé xem phan tng hitu co 1a déng thé néu phan tng xay ra trong cling mot
pha, phan ting di thé 1a phin tng xay ra trén gidi han phan chia cia hai pha; phan tmg hitu
co nhu la phan tng oxy hod - khit vi su khir 1a qué trinh nhan electron, sir oxy hod la qua
trinh cho electron, chdt nhan electron 1a chit oxy hod va chat cho electron 1a chat khir; phan
ng hitu co nhu 14 phin ing ciia axit-bazo, véi nucleophin 1a bazo, electrophin 1a axit...

4.2, PHAN UNG HUU CO

Phan tng hitu co 1a maét qud trinh trong d6 cé s phan cét lign két cii v hinh thanh
lien két mdi, nghia 1a cdu tao lai va tao thanh cdc MO méi. Viec tao thanh lién két méi bang
sy xen phii cic AO hay MO ¢6 thé thyc hién duge bing nhiéu cach:

1- Tuong tic ciia cdc obitan nguyen tir AO, phan i hay tiéu phan phan #ng. Ching han:
G+ 5~
(CH) 0D + (COBF, — (CHs)0—BF;

Phén tng c6 tuong tic cha AO ciha O c6 cap electron # v&i AO ty do cla triflobo.

Phanimg: (CH3),0, e 2H D) —=  HC—CH;
¢ su phan tich dimetylperoxit bing nhiét d6 tao goc ty do vi ¢6 su tuong tac cia hai AO
ciia nhém metyl ¢6 electron tir do dé tao thanh MO clia lién két C-C.
2- Tuong tdc AO cua cde nguyén tir hay tiu phan phan iing véi MO phan ti.
Chang han phin tng: R-CH,-Cl + 1" — R-CH,-1+ CI
cé tuong téc clia obitan p chita cap electron ciia I véi MO tu do phan lién két cia C-Cl tao

ra MO bi chi€m cla lién két C-I, con lién két C-Cl phan cit nhu thé ndo dé hai electron tao
nén lién két d6 di vé phia Cl chiém obitan p.

~
@ phan tmg : :CH, + >C=C< — /C<C_I§<
2

¢6 AO cia cacben chifa cip electron nguge spin (trang thdi singlet) tirong tic vai obitan n
clia olefin tao ra MO bi chi€m cia lién k&t C-C.

3- Tuong tac cta cdc MO phén tir:

=
-
N

3 day MO ciia butadien tuong tic véi MO cla etylen tao ra MO ciia lién két C-C.
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Trong cdc qud trinh phan ing khéng phai t&t cd ma chi cé nhiing obitan hoan toan xic
dinh méi tham gia phan img.

Trong trudng hop cdc nguyén ul, chi 6 cdc obitan hod tri tham gia tuong tic.

Trong trudng hop cdc phan tir, chi ¢6 nhiing obitan hay MO gigi han ¢6 tinh d6i xiing
va c6 mitc nang lugng gdn gi6ng véi obitan tuong téc tham gia vao tuong tic. Cic obitan
gidi han 1a cidc AO vad MO bj chi€m (da chat ddy electron) ¢6 mifc nang luong cao nhat trong
td hop céc obitan bi chiém trong phan tr (goi tat 14 obitan nguyén tir bi chi€m nang lugng
cao nhat la HOAO va obitan phan tir bj chiém cé nang luong cao nhat Ja HOMO) va nhiing
obitan AO hay MO tréng ¢6 mtc nang lwong thip nhat trong t6 hop céc obitan tréng cia
nguyén tu hay phan tir (goi tat 14 obitan nguyen tir tréng ¢é nang luong thap nhat 13 LUAQ
va obitan phan I tréng ¢6 nang luong thip nhat 13 LUMO).

Nhu vay c6 thé bo qua nhing tugng téc cila cdc obitan con 1ai vi thuc t€ ching khong
¢6 tuong tdc va tich phan cong hudng bang 0.

Theo thuyét MO kich thich, khi cé tuong tdc cla hai obitan, ¢6 thé c6 nhing trudng
hop sau day:

1- Tuong tdc ciia hai obitan ¢6 nang lugng gi6ng nhau tao nén hai obitan lién k&t va
phan lien két v6i he s6 phan tich obitan £ d6i xiing tinh bang B goi 12 kich thich bac nhat:

— Yo a'_—“

ST LUO — — — T LUO

'.I' E |‘ 2 - ’
P—--q----- — s = ELE -------------- * |

‘\ J" 1 = 2 f' -

L. HOO —h} 4 4 4§ HOO

= W miic nang luomg K

phan tir

twong tic bic nhat

2- Tuong tic clia hai obitan c¢6 nang lugng khac nhau, he s6 phan tich obitan ¢ i kich
thich bic hai:

]

€

P

He s phan tich obitan £ gidm khi tang sy khdc nhau vé nang lugng, nghia la gidm su
xen phit cita obitan.

3- Tuong tdc ca hai obitan bi chi€m, ciing nhu hai obitar tu do hay tréng, lam nang
luong cia hé khong déi, ¢6 nghia 1a sy 6n dinh va mat 6n dinh cha he¢ 1a déng nhat. Sy trong
tdc nay thuong din t6i sy ddy gitra hai hé:
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twong tic bac hai

4- Tuong téc gilfa obitan bi chiém hay chat ddy véi obitan tréng s& 1am 6n dinh hé,
nghia la dua tdi sy hit giita hai hé. N&u nang lugng gilta hai hé nay khéc nhau cang nhé thi
tuong tac nay cang manh, cho nén huéng cita phan ng duge xdc dinh bing tvong tac cuc

dai ctia cdc obitan gidi han:

- L
- '| [
trong tic manh

tuong tic yéu

Nang luong todn phan cla tuong tdc gilta cdc obitan bi chi€m va obitan tréng la téng
nang luong cla tdt ca cdc tuong téc, ching han, tuong tdc giita hai phan tir A va B, tinh 1éng
cha cac trong tac obitan phan tir bi chi€m clia A v6i 14t ca c4c obitan tréng cha B, ciing nhu
cdc tuong tac cha obitan tréng cla A vdi tat ca obitan bj chiém cia B:

[CRCEABAR Y

AEubiian = 2Z z E_ —E
m n

obitan obitan
bi chiém tréng

Néu tinh dén tuong tic tinh dién thi 16ng ning lugng toan phén cia tuong tic la:
[CRCEABAs]’
E,-E,

AE,=4298 . o3 3

TaB obitan obitan

. bi chi€ém trdng

Phuong trinh trén 1 phuong trinh co ban clia phuong phap MO kich thich. Nang lugng

toan phdn cang I6n thi t6c d6 cang 16n va nang luong hoat hod cang nhd. Nang luwong toan
phén & nhitng phan (ing, n€u nhy anh hudng 1ap thé khong déi, phan dng xdy ra theo mét co
ch€ thi nang lwgng chi yéu phu thudc vao nang luong tuong téc electron, duge xdc dinh
bang do nghiéng cua dudng cong thay déi nang lugng theo truc toa do cang nho. Do dé, tinh
nang lugng cho nhitng thinh phdn khic nhau cia ddy phan (ng c6 thé danh gid dugc kha

nang phéan iing tuong ddi cila chiing.
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Trong trudng hop twong tac giita HOAO clia A vdi LUAO ctia B va nguoc lai, néu ¢é
s khdc nhau vé nang lugng nhy nhau thi khong c6 su chuyén electron tir phan tir nay téi
phén tir khdc ma twong tic & day chi la tuong tic trao déi. Trong hod hoc hitu co hay gip
nhimg tuong tdc ma nang lugng cdia phan tif nay khic v6i phan tir khic, & day s& xdy ra sy
chuyén electron, hoic hoin toan hodc mot phén, tir phan tr nay sang phan tlr khdc. Sy
chuyén electron hoan toan néu nang lugng cita obitan tu do cita phan tir nay thap hon nang
luong cha obitan bi chim cla phan t&r khéc. Su chuyén electron nay tao ra ion goc, néu sy
chuyén chi ¢6 mot phén thi tao ra phic cho-nhan (D = chat cho, A = chit nhan).

< IR 44

——

—_— —

A A D A D A D

Nhwr vay phdn (ng hitu co ciing xdy ra bing tuong tic cho-nhan electron gitta ch4t cho
(nucleophin) va chét nhan (electrophin), trong dé chat cho cé obitan bi chiém vdi nang
lugng cao nhét va chdt nhan c6 obitan tréng c6 nang lugng thdp nhat.

Chd ¥ rang, tuong tdc giita obitan bj chi€m clla chat cho vdi obitan tréng cla chit
nhdn ¢6 déng gép 16n vao nang luong kich thich hon 1a ngugce lai.

Ning lugng toan phédn (AE,) cla cdc tuong tic ciling tinh nhv phuong trinh wén cho
chat cho va chat nhan.

Trong phuong trinh trén, ndng lugng toan phin gém hai phén: tuong tac tinh dién va
tuong tac ¢cdng hod tri hay tuong tic obitan.

Néu phan ing duge quyét dinh bing twong téc tinh dien thi phan img duge goi ta phan
ting khong ché di¢n tich. Trong trudng hop nay xay ra khi sy khdc nhau clia céc obitan bi
chiém, ciing nhu cta obitan ty do cla cdc phan tir nhé hon su khdc nhau gita obitan bi
chiém cia chdt cho véi obitan tréng cia chat nhan. O day, tuong tac tinh dién phu thuée
vao sy khdc nhau vé dién tich khdc d4u cha hai obitan nén tuong tac tinh dién ting khi AF
tang, trong khi d6 tuong tic cong héa tri nhd vi AE tang, mat khéc cling ty 18 v&i mat do
electron cua chat cho v sy thiéu electron & chat nhan, nhung ndi chung twvong tac phu thuoc
vao dién tich.

Néu lién he véi tinh axit-bazo, tuong tdc giifa axit va bazo 1a tuong tic clia obitan bj
chi€ém cha bazo v6i obitan ty do cha axit. Bazo Ia chdt cho ¢ th€ ion hod cao, do am dién
cao va solvat hod manh dé 1am giém nang lugng obitan bi chi€m. Axit 1a chat nhan cé obitan
tu do cling b solvat hod manh. Nhu vay sy khéng ché dién tich & day l1a tuong tdc cia jon c6
bdn kinh nho (Al1+ H' F,HO ..) v nhitng phén tir c6 th€ ion hod cao ciia chét cho (nudc,
ancol, amin...) tifc 12 s khéng ché dién tich 1a twong téc giita axit cling va bazo cing.
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Truérng hop nang lugng obitan bi chi€ém ciia chdt cho va niang lugng obitan trdng cua
chit nhin gdn déng nhét, cdn su khdc nhau clia cdc obitan khdc ciia chat cho va chét nhan
l6n thi trong truong hop nay, tuong tic clia cdc obitan déng gdp 16n vao ndng luong kich
thich, nghia 1a AE = 2CCyABcn va tuong tac nay goi la twong tdc khéng ché obitan. Pay la
trudng hop gidi han clia tuong tic gilta obitan bi chiém cao va obitan tréng thip

4AE
AE JAAME

BAE

Hinh 4.1. Khéng ché dién tich

Trong trudng hgp khéng ch& obitan, chit cho ¢6 the ion hod nho, do &m dién thap va
ban kinh 16n, nghia 1 c6 obitan bi chiém cao (ching han nhu I”, HS ...} ciing 12 bazo mém,
con chdt nhan cdn c6 obitan nang lugng thap, ban kinh ion 1én, i luc electron cao, nhu Ag”,
Hg2+...) nghia 13 axit mém.

Nhu vay tuong tac hiéu dung cia axit-bazo tudn theo mot loai khong ch€ déng nhat:

dién tich hay obitan

Hinh 4.2. Kh6ng ché obitan

Sy khac nhau vé& nding lugng obitan clia chit cho i6n hon nhiéu
si khac nhau vé ning kuong clia HOMO chat cho va LUMO cla chat nhan

Do dé, khi dién tich & nguyén tir phan tng nho thi nang lugng kich thich dugc xdc
dinh béng thanh phin cong hod trj ¢6 gid tri dd 1én. Mudn cho phin ing duoc xdc tign thi
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cdn phdi tang hé s6 nguyén tir ciia obitan phan t&r gidi han, vi thanh phdn hod tri ty 1& véi
binh phwong ciia tich cdc hé s6 nguyeén tir ciia tt ca cic obitan phan tir & hai chat tham gia.

Néu tic nhan c6 vai trung tAm phan ting, phan tng kh6ng ché dién tich s& xay ra giita
nhimg nguyen tir ¢ dién tich cuc dai (d6i véi nucleophin 13 mat do electron cue dai), con
phan (tng khéng ché obitan 12 giita nhitng nguyeén i c6 he s& obitan g101 han cuc dai (d6i véai
nguyen tr cé mat do electron cyce dai trén obitan bi chi€m cao).

Tren co s& thuyét MO kich thich, tuong tdc cho-nhan 1a turong tdc cuc dai cla obitan
bi chi€m cfia chét cho voi obitan tréng thdp clia chdt nhan. Trong qua trinh dé ¢4 su chuyén
di¢n tich gilta cdc tdc nhan. Sy chuyén dién tich 1am y&u lién két & vi tri ¢6 mat dé
electron gidi han cao nh4t, 1am gidm ning lugng obitan tréng trd thanh on dinh hon, lam
lang nang lugng obitan bi chi€m vi mat 6én dinh hon. Trong phan dng Sg ¢6 su chuyén
electron tir obitan b} chi€ém cao (HOO) sang obitan tréng nang luong thap (LUQ), phan iing
the Sy tir HOO cla tic nhan nucleophin sang LUO ciia chét ban d4u, con phan ng goc tir
HOO cua chét ddu sang obitan mét electron hay tir obitan mot electron sang obitan tréng

nang lugng thap LUO clia chat ban d4u, nghia 1a obitan mot electron déng vai tro HOO hay
LUO ia nhu nhau.

O cdc chuyén hod héa hgc, cdn chid ¥ t6i tinh chat ait cia obitan HOO va LUO ma
thudng dung dé€ dinh hudng trong cdc phan tmg vdng hod.

4.3. CHI SO KHA NANG PHAN UNG

Khi ddnh gid kha nang phan ing clia cic hop chét hitu co, ngudi ta ding nhiéu cich
khdc nhau trong d6 hay diing nh4t 1a mat do electron dé so sdnh kha ning phan img & cdc vi
tri khdc nhau trong phan tlt, nhdt 13 nhitng hop chat c6 he n. Bing tinh todn cita MO, ngusi
ta thanh 1ap dugc gian dé phan tr, trong d6 chi mat do electron & céc vi tri khc nhau trong hé:

Q0 =222C.CS,,
voi C,, C;=hé s6 clia AOr vas;
St = tich phan xen phii cla AO 1 vas.
Va sy thay d6i nang luong clia he¢ 1a AE = g Ao, v6i Ao, 13 sy thay déi théng s6

Coulomb. Gié tri ¢, gom thanh phédn electron cu trii ciia AO 12 p, va phin tuong tdc ngoat
dac trung cho AO tham gia vao lién két v,:

1,917 ﬁ 1.501
NH; H 0.631
0,954 1.020 1,017 1,462
1,048 0,946
0,998 1,001
1,037 0,953
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Gid tri ¢, dung giai thich huéng phan Gng cla phan tng th€ & nhitng vi tri khic nhau
trong hgp chat thom. D&i v6i mot s6 phdn &ng nhu phan dng the trong din xudt clobenzen
hay pyridin thi gid tri g, khong giai thich duge trong trudng hgp ndy nén ngudi ta dua them
théng s6 cam 1tng ma ¥ nghia chua that rd.

Cl1,085
0,950 0,988 1,091
\ 1,004 1,010 \ 1044
| / 0.920 0,999 o
L ]95 1008 1,810

Dé xét kha nang phan iing trong hé chifa electron p, ngudi ta cé thé ding d6 phan cuc
rieng cha nguyen tit 7, khi the ion trong cdc hydrocacbon ¢6 dién tich déng nhét (g, = 1) va
kha nang phan ting khéng phu thudc vao nhém thé.

béi véi cac phan tng thé gdc, ngudi ta dung hod tri tu do F, vdi:
i AE |
FomNp— S P V6i S P = — vaN, =3
- 2AS

Trong cdc hop chét hitu co, con hay diing sy tuong quan gita nang lugng dinh chd va
nang luong giai toa dé nghién cifu phan ing. Ching han, d&i véi mot s6 phan ing phan ly, su
thay déi nang luong trong can bang, nhu trong phan ting;

ArCH,Cl — ArCH," +ClI”
thi su thay d6i nang lugng trong qud trinh 1 AE = AE,, + AE, + AE,; (AE,, = gid uj thay
d6i nang lugng cuta céc lién két dinh ché, AE, - gid tri thay d8i ning lugng ciia cdc lién ket
gidi tod, AE,, - gid tri thay d6i ning luong solvat khi chuyén tir trang thdi déu sang trang
thdi cudi, trong d6 ¢6 thé xem AE,, va AE, it thay déi, do d6 ty Ié t6c do chil yéu phu thudc
vao nang lugng giai tod AE,.

~RTIn(K\/K,) = B (AE' , — AE?)
véi B 12 he s6 ty 12, thuomg 1a B< 1.

Nang luong dinh chd va giai tod thudng diing trong cdc hop chat thom dé so sanh kha
nang phan ting & cdc vi trf khdc nhau hay gifta cdc hydrocacbon thom khdc nhau.

4.4. PHUONG PHAP NGHIEN CUU VA THIET LAP CO CHE

C6 nhiéu phuong phdp chung nghién ciu thiét 14p co ché, ma thung mot phuong
phép 1a khong da nén cin mot vai phuong phdp theo mot huéng chung.

1- Xdc dinh sdn pham

Qué trinh xdc dinh san phdm véi cdc 1y 1 khdc nhau, sy hinh thinh cdc sin phdm
chinh va san phdm phu trong phan tng phu cho phép du dodn duge co ché phan ding hay
huéng cha phan ng.
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2- Xdc dinh chdt trung gian
Chit trung gian 12 tién dé cho sir hinh thanh co ché. C6 thé:

- Téch ra chat trung gian: Chat trung gian tdch ra tir hén hop phan ung sau mot than
gian ngén clia phan ting hay diing diéu kien phin ving y&u hon. Chiing han nhu phén ing chuyén
vt Neber, tich ra duge chit trung gian (1) va chat trung gian d6 cho cing mot san pham:

CyH O™

N OTs N(l) HZN O

- Phét hi¢n chat trung gian: Trong nhiéu trudng hgp khéng tich ra dugc chét trung
gian nhung c6 thé phat hi¢n bing NMR, IR, hay phé khéc, nhu trong phén vng nitro hod
benzen ding phd Raman d€ phit hién ra NO,", cdc phan g gdc ty do da phat hién ra géc
bang ESR va CIDNP nhu trong cdc phan iing déng phan ho4 cis-frans khi c¢6 goc wr do:

C
HsCe, _CeHs Rs* Ao CeHs _RS Hsca\
Hrrr? - N
cis-styl ben trans-stylben

3- Nghién civu vai tro xic tdc

Su hiéu biét vé xic tdc rét quan trong trong qué trinh nghién cttu co ché€ khi so sidnh
phan tng ¢6 va khéng ¢6 xiic tic va sy hinh thanh san phdm khi c6 va khong ¢6 xiic tic. Xiic
tic khong 1am thay d8i AG nhung lam giam AG'.

4. Phuong phap ddnh ddu déng vi

Phuong phdp dinh d4u déng vi cho nhimg thong bio vé hudng phan tng vi su hinh
thanh san phdm, ching han phan vng:

RCOO + BrCN — RCN

Né&u mu6n biét RCN hinh thanh ¢6 phai di tir CN trong BrCN khong thi ding '*C cia
R “CO0™ s& thu duge RCN hoat dong phéng xa v tir d6 ¢6 thé thdy co ch& khong phai don
gian la th€ COO cho CN (xem chuong phan tng cong vao C=N, phan img 5). Trong Iy thuyét
thudmg chi dung vat liéu ddnh d&u mot phdn 12 dd, khong cdn phai ddnh d4u hoan toan.

5. Nghién citu hod hoc ldp thé

San phdm hinh thanh c6 thé tén tai & nhidu déng phan 1ap thé khic nhau, nén xdc dinh
c4u hinh cha san phim c¢6 thé cho biét hudng va co ché phan tng.

Chéng han, axit (+)-maleic c6 su quay Valden cho axit (-)closuxinic khi tdc dung véi
PCl; va cho déng phan (+)- khi tdc dung v6i SOCI,. Phuong phép nay cho biét nhiéu thong
bdo vé phin tng tich, thé, cong, chuyén vj...
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6- Phuong phdp nhiét déng hoc

Phan 1ing hitu ce lién quan t6i sy thay d6i entanpi (AH), entropi (AS) va nang luong tu
do (AG). Nguyén tic nhiét dong hoc ddm béo tinh doc 1ap clia nhitng thong s6 d6 trong qué
trinh phan éng. Cac hing s& d6 6 lién quan 16i nhau theo phuong trinh:

AG=AH -TAS

hay hing s can bing: AG = -RTInk.

Tat ca nhiing gid tri nay khong phu thudc vao co ch€ phan ting va khéng giai thich
dugc co ch€ phan ting nhung ¢6 thé tinh duge entanpi tao thanh san phdm tit chiing.

Vidu: CH;-CH=CH-CH, + H, — CH;-CH,-CH,-CH,

AH =} [nang lugng lien ket tao thanh] —- ¥ [nang lugng lién két phan cét]

=2C-H -195,4 kcal/mol H-H 103,2 kcal/mol
C-C -81.5 C=C 1459
-276.,9 kcal/mol 249.2 kcal/mol

AH =-276,9 + 248,2 = -28,7 kecal/mol, phan 1ing hydro hod phdt nhiét 14 28,7 kcal/mol.

Gid tri chi gdn ding vi gid tri lién két cling chi gdn ding.

C6 thé dung gid tri entanpi va nang luong tu do tir nhiét tao thanh AH”, (sinh nhiét)
clia chat:

AH =7 AH“f [san phim] ~ ¥ AH"; [tic nhan)
= -30,5 (butan khi) ~ [~2,57 (trans-2-buten) + 0 (H,)]
=-27.5 kcal/mol
hay diing phurong trinh: AG” = TAGY, [sin phim] — AG, [t4c nhan).

N¢u tinh dugc gid tri nidng lugng tw do, cho phép tinh duge hing s6 can bing. Gi4 tri
AG duong cho biét gidi han phan @ng xay ra tdi dau, gid tri AG &m 16n cho biét phan Gng wu
tién vé mat nhiét dong hoc. Ching han, tir phuong trinh AG = —RTInK, néu AG® bing
1 kcal/mol, tinh duge mifc d6 chuyén héa thinh sin phdm trong cn bing chi 15%.

Chui ¥ ring, céc gid trj entanpi, entropi va ning lugng tv do phu thude vao moi trudng
phan \ing ma hién nay con it s§ liéu A€ tinh todn phén tng trong dung mai hitu co. Mat khéc,
¢dc s6 lieu nhiét dong hoc khong cho thong bdo gi vé 16c d6 phin Wmg ciing nhu tdc do cla
cdc giai doan xdy ra trong phan ing hitu co.

D6i v6i nhitng phéan (ing ¢6 hiéu 1ing entropi nho, entanpi quyét dinh phin ting thi cé
Khi phan Ung xay ra tic thoi, song nhiéu phin ting ¢ entropi 16n, ¢6 khi quyét dinh hon
entanpi nhu céc trudng hop sau:

a- N61 chung, cdc chit 16ng cé entropi thap hon chat khi vi cdc phan tir c6 nhidu d6 1y
do va ngdu nhién hon. Cic chat rdn ¢ entropi rat nhd. B4t k¥ phan tng nio ma trong d6 tat
cd 1a chét long hay c6 mét hay nhiéu san phdm i chdt khi thi ¢6 entropi thu4n loi hon vi
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entropi tang, ¢6 hing s6 cAn bing cao. Tuong ty entropi cla chét khi cao hon khi ciing chat
d6 tan trong dung moi.

b- Trong cdc phan tng c6 s& phan ti tdc nhan bing s6 phan 1l san phdm nghia 13 A +
B — C + D, hiéu ting entropi nhd nhung néu s6 phan tir tang nhu A - B + C ¢4 entropi lén
vi ¢6 nhiéu cdch sip x&p c6 thé ¢6 trong khéng gian khi c6 nhiéu phan tlr. Cic phén itng ma
tac nhan bi phan cit ra thanh hai hay nhiéu phdn hon thi nhan t6 nhi¢t dong hoc thich hgp
do nhan t§ entropi. Cic phan \{ing ¢6 s& phan tir san phdm it hon & phan tr tic nhan thi
entropi giam va trong nhiéu trudng hop entropi gidm 1én dén mic sy thay déi entropi khéng
thuén lgi cho phan dng. '

¢- C6 nhi€u phin (ing c6 phan t& phan cit ra thanh hai hay nhiéu tidu phidn c6 thuan
loi vé hi¢u éng entropi nhung kha ning phan cit ¢6 thé khong xay ra do entanpi tang 16n.
Chéng han nhu phan cét etan thanh hai g6c metyl. Trong trudng hop nay, lién két phan cit
cdn 79 keal/mol (330 kJ/mol) va khong ¢6 sy bl trir clia nhiét hinh thanh san phdm lam cho
entanpi ting, tuy nhién c6 thé phan cit & nhiét d6 cao vi theo nguyén téc & nhiét do cao
entropi trd thanh quan trong hon tir phuong trinh AG = AH — TAS. Entanpi doc lap v6i nhiét
d0, con entropi ty 1é thuan véi nhiét do.

d- Céc phan tr khéng vong c6 entropi 16n hon phan tir vong vi c6 nhiéu ciu dang hon
(so sanh hexan vdi xyclohexan). M& vong 1am tang entropi, déng vong thi gidm.

7. Phicong phdp déng hoc

Bac tinh quan trong clia dong hoc 12 t16c do phan tng, nghia 13 d6 bién thién ndng do
ctia chat trong don vi thai gian, trong don vi thé tich hay trong don vi phén chia bé mat. Téc
% dugce xdc dinh bang su tén hao cda téc nhan hay xudt hién san phdm méi trong qud trinh
phan ving, cho nén bat ky phuong phap nio c6 thé ding dé xdc dinh néng do cia chat ddu
hay san phdm déu c6 thé dung dé x4c dinh téc do.

Trong nhiing phan tng giia hai hay nhiéu téc nhan, t6c do con phu thuée vio s6 14n
va cham, nhung néi chung nhé nén thudng bd qua v ngudi ta chi dua ra phuong trinh chung
bao gém nhiing phuong trinh cia cdc giai doan riéng.

Ngay khi ¢6 hai tic nhan, phuong trinh chung cla phan ting khong dip iing cho qui
trinh trye ti€p gida hai hat nhan & muc do phan tr ma di qua haj hay nhiéu giai doan lién
1i€p, mébi giai doan 12 mét phan ng co ban. N6 lap di lap lai céc chuyén hod déng nhit cha
chét ban ddu, goi 1a nhitng dong tic ca ban cha chuyén hod hod hoc va rat da dang.

Phan ung hod hoc xay ra do sy tham gia mot tiéu phan 1a don phan tir, hai tiéu phan 1
ludng phan tir v.v... trong trudng hop c6 sy tham gia vai c4u tir ngudi ta xdc dinh téc d6 theo
mot trong cdc cdu tir nhu 12 su thay d6i néng d6 cia cfu tr d6 theo thoi gian d[X}/dt. O
nhimg diéu kién xdc dinh ca nhiét do, p sudt, thai gian v.v... 16c do 1y le véi néng do chat
tham gia phan \ing:

v=k[A]M (Al ™. [A]"
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Gid tri n; 12 bac ctia médi cdu tlt, tng ny + ny +... n; 12 bac cha phan tng (bing tdng lu§
thira trong biéu thitc).

Nhu vay, phin ing don phan té 13 bac 1, ludng phan tir 1 bac 2, phin tng nhiéu giai
doan thi méi giai doan c6 thé 1a don hay ludng phan tir. Bac clia méi giai doan rieng khong
bao gid qud 3 vi theé gid tri 1on nhat cla phantng c6 bac 1,2, 3 ...

Thit nguyén clia bac 1: s™' (d6i khi ding min~’ hay h™') (c6 khi ding gy, ph™', gih,
Thit nguyén cia bac 2: mol/({.s) hay mol.l s,

Thit nguyén clia bac 3: mol.i 2.5~

Vi du phan tng:

&, ka k3
A+ B -—k-"'-...._._.l C —» D——» E + F
Téc do cac giai doan:
1) d[C] / dr = £ [A][B] - &, [C]
2) d[D]/ dt = ky[C]
3) d[E]/dt =d[F]/dt = ky[D]

Néu cho giai doan d4u la nhanh va k, << k3, giai doan thi hai 12 cham, tai lieu dong
hoc chi cho thong bdo v€ giai doan quyét dinh t6c d6 phan tng vA nhimg giai doan ding
truée né, con giai doan sau khong dnh hudng t6i t6c do phan ¢ng chung nén k; khong bidu
thi trong phuong trinh t6¢ d§. Téc do chung duge xdc dinh & giai doan thif hai 1a chd hep
cia phan (ng. Téc d¢ biang k,[C], nhung khong do dugc [C] nén quy vé néng do chat ban
bdu [A] va [B] ma ching ¢6 lién quan t6i hing s6 can bing:

= [C]/[Al[B]}
vi K lign quan t6i k; va k; duge xdc dinh & trang théi can bing khéng c6 su thay ddi chung
vé thanh phén:
k-1[C] = £, {A)[B]
riit ra: {Cl =K [A]B}/ k.
Téc do giai doan thit hai 1a:

d[D]/d = hy[C] —,3—1— [AIB] = K{A][B]. véi k= ",j"‘
.1 1

Téc do chung phan vng khong phu thudc vio néng d6 [D] va phan tng 1a bac hai.
Thuc nghiém thuc t& quan sit ty 18 t6¢ do theo néng do [A] hoac [B].

Thudng ding phuong trinh tich phan theo néng do:

5

Phan itng bac nhat:

k=1
t

257



Phan g bac hai:
1 bna
k= —(ag —by)ln| —
t( o —by) [ bJ

dy

Vol ay, by, ¢y 12 nOng 46 tic nhan ban ddu; a, b, ¢ 1a néng d6 tic nhan & thei diém 1.

C6 the dung phuong phép gidn d6, doi véi phan ung bac nhét, v gian dé phu thudc
Inc vao t s& thu duge dudng thing véi gée nghiéng bing &, véi phan ttng bac hai thu dugc
dudmg thing véi géc nghiéng 12 k (ap — by).

Vi du phan ing cla ancol:

ROH + HBr > RBr + H,0

k
ROH + H*-k'—- RO*H, ( giai doan nhanh)

-1
+ -k
RO'H, + Br —» RBr+H,0

Thue nghiém do t6c do & giai doan 2, song khéng do tryc ti€p duge [RO™H,] ma biéu
thi bang néng d¢ chat ban ddu qua hing s6 can bing:

K = [ROH,] / [ROH](H]
[RO*H,] = XK. [ROH][HY)

Téc do phan ing: k,K[ROH][H')Br’] = k [ROH)[H'](Br] véi k = kK.

Trong phan ting hitu co thudng gap nhiing phan wng ¢6 nhiéu giai doan, trong dé giai
doan ddu thudng thuan nghich vi tao ra san phdm khong bén chuyén hod thanh sin phim
cudi ciing:

ky
A+ B ==/ C
k)

kq
C+D—>» E

V1 C khong bén, néng d6 ludn nhd nén & trang thdi dimg hay gia dung, t6c d6 16n hao
chdt ban d4u va tao thanh san ph&m khéng bén C 12 nhu nhau:

k{A][B] = &[C][D} + £, [C]

riit ra: [C] = &, [A][B] / k5[D] + &,
nen- b= k &, [A][B][D]
ky +k,[D]

D¢ don gidn, c6 thé dat hai trudng hop:
- Néu k_) << k,[D] thi k_; + k,[D] = k,D va phuong trinh c6 dang: v = k,[A][B].

Téc do chung khong phu thudc vao [D], phan tng 12 bac hai va giai doan ddu la quyét
dinh t6c do phan ng.

258



- Néu k_; >> kD] thi k_, + k,[D] = k_, va c6:
v= %kzlA][B][D] = K.k, [A][BI{D]

Phan ¢ng 12 bac ba, t6c d6 phan ting ty 1& thuan v6i [D] va khong phu thuéc vio ky ma
vao K & giai doan ddu va k, & giai doan 2. Giai doan quyét dinh t6¢ do 1a giai doan 2.
Thuc t€, su phu thuge tée dé qud trinh vao néng do chat ban ddu con phic tap hon, nén
thi€t 1ap d6 phan tr cha qui trinh tir bdc dong hoc phin ting chi c6 trong mot s trudng
hop 1a thuan lgi.

Su nghién ctiu co ché cé thé rit ra tir cdc s6 lidu dong hoc, thudng so sanh két qua
dong hoc thu duge véi cde kha nang phan iing dy dodn dé tim duge co ché hop I§ nhat.

Ta hay xét mot vi du vé co ché c6 thé xdy ra khi nghién citu déng hoc cla phan tng
nitro hod benzen ma du dodn ¢6 thé cé ba co ché sau:

k
) 2 HONO, - ...k‘_ H,0"™NO, + NOy°
' NO,

+ H20+N02 S @ +H,0
No2 NO,

kpkj[HONOP{CeHs]  [HONO,P

U = k[H0'NO,][CeHg) = INO.T =k NOJT [CeHel

k
2 2 HONO, —_..—k_-‘ H,0™NO, + NOy-
-1

k;
+ +
H20 NOz ? Hzo NOZ
NO,

+NO,* o @ +H,0
NOZ NO,
nhanh O
koki  [HONO,? _ [HONOz]2
k., INOsF NO;J
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k
3) 2 HONO, ﬂ._k'_. H,0+ NO;* + NOjy
I

NO,
O e 55
NO, NO,
ki
R
+ k 2
_ . _ B [NO)'[CeHgl s [HONO,]
v=klo] wvéi [o]= 0 va [NO,) - NOLTH,0]
rit ra dugc v kskalCeHgl ki [HNO; ] [HNO;2[C¢Hg]
ra M = =
' k&1 [NO;T'[H,0] [NO3][H,0]

Trong ba co ch€ du ki€n trén, thuc nghiém ti€n hanh nitro hod benzen trong vai dung
moi déu cho thdy Khong cé thanh phén ndng do ciia benzen trong phuong trink téc do, nén
co ch€ phan 1ing dugce thiét 1ap 1a co ché 2.

Trong nhiéu truong hogp, tim gidn dé thay déi néng do chat theo thoi gian dé tim dinh
luat t6c d6 va hing s6 k. Néu phan ting cé dong hoc bac mot hay hai thi it khé khan. Chang
han phan tng bt ddu tir néng do A, véi dong hoc bac nhat:

—diAl k[A] hay AL
dt [A]
¢6 thé vi phan véi gidi han 7 = 0 va ¢ = ¢ cho:
~n LA

-—]= k.t hay In[A)=—k.r + InAg
0

Néu v gian dé phu thude In[A] vao ¢ thu duge duéng thing tuyén tinh thi phdn ung 1a
bac nhét va k ¢6 thé tim thdy bing he s6 géc va ¢6 thé tim duoge thoi gian ban huy 1,

A
lll‘E—= k.f]‘,rz + InA,

nén ¢y, la:

Ag
In
Aul'{z - In2 - 0,693
k k k
Trong trudng hop phan wing ¢6 bac nh4t cho A va ci cho B, phin ¢ng bac hai, thi c6
phitc tap hon nhung thudng ding [A] = [B] va c6:

lip=

—-d[A)/d: = k [A)[B]
tuong duong véi: -d[A]/ dr = k[A)® hay ~d[A)/ [AF = k.0
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va tich phan cho:
1 1

[A] [Ao]

O diéu kién duong luong, su phu thudc 1/[A] vdo ¢ |a tuyén tinh, phén tmg 12 bac hai, do
nghiéng 13 k.

Tuy nhién c¢é nhidu phin tng nghién cttu t6c do la tuyé&n tinh mor cdch don gian
nhung c¢é nhiéu phan tng rat phic tap, c¢é nhiéu phan fing 1a bac nhat & néng do thip, nhung
12 bac hai & nbéng 49 cao, c6 nhidu phan ing c6 bac khéng nguyén hay am thi qué trinh
nghién citu s& phire tap hon.

K&t qua nghién ctu déng hge cho nhitng théng bdo vé€ co ché sau:

1- Bac phan ting cho biét s6 phan tir tham gia & giai doan quyét dinh t6¢ do cla phan
iing. D&i véi mot phan dmg cé thé dwa ra bat ky co ch€ ndo twong ng vdi quy luat t6c do
tinh todn ra & trén. N&u két qua thuc nghiém tim ra khac nhau thi co ch& dé chua thich hop.
Thudng su twong quan giita bac phan tng véi co ché rit khé xdc dinh, nhat 1a khi bac phan
ing khong nguyén hay am. Hon nita, trong trudng hop ¢6 thé c6 hai hay nhiéu co ché dua ra
thi cdn diing két qua dong hoc dé phén tich nhung phai cling mot quy luat t6c do.

2- Diing hang s& 8¢ do rdt quan trong c6é thé thay déi khi thay déi cdu tric cua tdc
nhan, dung méi, luc ion, xiic tac...

3- Néu td8c d6 do duge ¢ nhigt do binh thudng, tim gian dé phu thuéc /T (T 1a nhiét
do chufin tuyét d6i) 1a gin tuyén tinh v4i hé s6 géc am trong phuong trinh:

k= £ 4104
RT

v6i R 1a hiang s6 khi, A 12 hé s6, cho phép tinh E, trong d6 nang lugng hoat hod Arhenius cia
phan ing AH" tim thdy bing phuong trinh: E, = AH™ + RT.
Va ¢6 thé tinh AS" theo phuong trinh:

=logk — 10,753 - logT + E,
4,576 4,576T

néu nang lugng tinh béng cal con n&u bang jun thi ding phuong trinh:

*

= logk — 10,753 - logT + E,
19,15 19,15T

Khi nghién cttu :o ché bing dit litu dong hoc cho thdy su thay d8i t6c d6 lién quan tdi
cu tric phan tir phd1 1ing, kha ning phan ing ciing nhu khi thay déi didu kién phin ing.
Céc s6 liéu dong hoc khong cho thong bdo gi vé& cfiu tric clia trang thdi trung gian & giai
doan quyét dinh t6c do va cdc g 1 doan trude d6. D€ gidi quyét vin dé ndy, ngudi ta dua vao
quan niém vé trang thdi chuyén tiép hay phic hoat hod.
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4.5. TRANG THAI CHUYEN TIEP HAY PHUC HOAT HOA

Thye 1€ trong phan tng hitu co khong phai moi phan tir chat ban ddu déu cé khi nang
tham gia phan tng d€ hinh thanh sin phdm, chi ¢6 nhitng ph4n tir c6 dii nang luong E cin
thi€t ndo d6, nghia la chi nhing phan tir d3 hdp thu thém duogc nang luong dé vugt qua nang
lugng gidi han. Nhitng phan tit ndy goi 13 nhitng phan tir 43 duge hoat hod. Mbi chat tham
gia phan ﬂﬁg déu c6 mot cyc ti€u ning lugng tao ra mot hang rao nang luong. Muén chuyén
tir cye tidu nang lugng ndy sang cyc ti€u nang luong khic, ching han, tir ch4t ban ddu sang
san phdm, chat ban ddu cin di qua mo6t hing rio nang lugng. Chédt ban ddu cdn cé nang
lugng 16n hon nang luong £ clia nd, hé chuyén thanh mot trang théi chuyén ti€p (TTCT) hay
phitc hoat hod (PHH).

Ching han: A+B—C

A+B —[A..B..C] — C
[TTCT} hay [PHH]
Trang thdi chuyén ti€p hay phic hoat hod & trang théi can bing voi chat ban diu nén:
K* = [PHH] / [A][B] — [PHH] = K* [AT(B]

va AG" = —-RTInk* nén Kf=e" G*/RT
(K* = hing 56 can bing hoat hod, AG* = ning luong ty do hoat hod).

bic tinh cua trang thdi chuyén ti€p trong phitc 12 khong c6 sy trao déi nang lugng véi
moi trudng, chi 6 mét bac ty do tring véi truc toa d¢ clia phan tng, trong 46 su thay déi
khodng cdch giita A... B ... C biéu hién trong truc toa do va cé thé phén tich theo haj huéng:
chuyén thanh sin phdm hay trd lai chat ban ddu, nhung thudng huéng chuyén thinh sin
phdm cé t6¢ do 16n hon.

Téc do phan tich trang théi chuyén ti€p [TTCT] hay phic hoat hod [PHH] tinh theo ly
thuyét 12 6.10'%57! & nhi¢t d6 phdng va c6 phuong trinh t6c do phan tich trang thii chuyén
li€p bang y.k.T/h, v6i x 12 hing s6 chuyén, k 13 hing s& Boltzmann, k 1 hang s6 Planck, nén
t0c d¢ phan tng 1:

b= “—T[PHH] hay v= ZCE[Trcr]

vi  [PHH]=K"[A]{B] va K'= e2C"RT a0 oo x'—fl'-T_e‘ﬂs” RT [A][B]

So sdnh v&i dang phuong trinh 16¢ d6 clia phan tng v = k[A)[B] cho thay, gi4 trj AG*
1a nhan 16 xdc dinh t6¢ d¢ phan tng & mot nhiét do bt ky.

Su lién quan giita trang thdi chuyén va co ché phén ing duoc bidu thi bing gian dé
thé nang:
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1 e trang théi chuyén el

trang thai chuyén 1
trang thai chuyén 2

ﬂG1‘ C

chat frung gian

Mt
A+B
_______________ A
g il
D
a) Toa dd phén_‘u;g b) Toa dd phan (ng

Hinh 4.3. Gian 46 thé ning:
a) phan ¢ng mét giai doan;
b) phan g hai giai doan

Trudmg hop (a) c6 mét trang thdi chuyén ti€p, trudmg hop (b) ¢6 hop chat trung gian
va hai trang théi chuyén ti€p. Trang thdi chuyén tiép c6 nang luong cue dai, con hop chat
trung gian c6 nang lugng cyc ti€u. Ch4t trung gian nidm & cuc ti€u cé thdi gian tén tai phy
thuge vao do sau clia cyc ti€u. Do sau cang 16n, thdi gian tén tai cang lau, chat trung gian
cang bén. Sy khdc nhau vé nang luong giita chat ban ddu va trang thdi chuyén tiép 1a nang
lugng hoat hod, su khdc nhau vé nang lvong gilta ch4t ban ddu va chit cudi 1 hiéu éng nhiet
phan tng.

Trang thdi chuyén 1a trang théi can bing, biéu thi bing s khic nhau vé nang luong
tir do hoat hod (AG™), entanpi hoat hoa (AHM) va entropi hoat hod (AS*) ciha chét ban ddu vi
sin phdm.

K" = c—ac‘f RT ~aHY/RT _ e-As”; RT

=¢
5 - . - - WA - *
con hang so tdc do phan iing la: kou = X_fl ¢ AG/RT
1

vi AG" = AH* - TAS" nen:

kT _ag*
= X (e AH ;RT)(

-as¥/RT )
Py I

k e

Thanh phdn L’:—T eAS"/R phu thudc vao T thay d6i khong 16n véi ¢-aHY/RT , Vith&€¢é
1
th€ viét phuong trinh gin diing:

k *
pu = C.C_AH /RT

T

ko
In =2 = (-AH/RT) +C"
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Trong trudng hogp nay, gian d6 phy thudc In(k,/T) vao 1/T 1a tuyén tinh véi do
nghieng 1a ~AH*/RT.

Tir gid tri AH® xdc dinh dugec, ¢6 thé xdc dinh gid tri AS* theo phrong trinh:

# hi d
Ast= M7 | pin e _ AH
kT

+4581g% _474
T

Thyc nghiém khong thé tim duge cdu tric trang thdi chuyén hay hop chét trung gian
nhung cé thé tinh tir MO va tir nang lugng hoat hod thyc nghiém. Gia trj AH" va AS* phan
dnh cdu tric clia trang thdi chuyén ti€p. Céc vi tr{ hat nhan trong trang thdi chuyén khéng
trong Gng v6i vi tri cAn bang trong trang thdi co ban, nén noéi nang cla trang thii chuyén
ti€p cao hon tic nhan va nang lugng cao hon nay biéu hién trong nang luong hoat hod.

Entropi hoat hod 12 mitc d6 trat tr hay m4t trat ty hinh thanh khi tao phitc trang thai
chuyén. Néu bac tr do tiém tién, dao dong va quay mét di khi chuyén t6i trang thai chuyén
thi entropi chung cia h¢ giam va 4m, ngugc lai ting d6 bac ty do thi entropi tang va dwong.
Chéng han, phan @ng ludng phan tir phai c6 gia tri entropi hoat hod am, vi khi chuyén 5i
trang thdi chuyén ti€p tir chat ban ddu c6 sy gidm béac ty do cha he phan ing. Mikc do trat ty
clia trang thdi chuyén ti€p cang I6n thi entropi cang Am. Nhing phan ving cé sy phan ly s&
lam tang entropi khi chuyén tir chét ban ddu tdi trang thdi chuyén tiép.

Chéng han phan tmg:

(CH3);CCl — (CH;),CY + CI 10, (CH;);COH
c6 AS* = +14 cal/mol.°C.
Con phan itng:
o
(CH3),CHCI —» HZO----TZH""CI —» (CH;),CHOH
CH;

6 AS" = -8,1 cal/mol.°C.
Néu so sdnh hai phdn ung:
CH;CH,CH,CH,N=N-CH,CH,CH,CH; —> 2CH;CH,CH,CH," + N,
AH* = 52 kcal/mol; AS* = +19 cal/mol.°C (pha khi)

- ko

AH" = 15,5 keal/mol; AS* = ~3,4 cal/mol.’C (pha khi)
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cho thay gi4 tri AH" cia phan ting dime hod xyclopentadien nhoé hon phéan ung phan tich
nhi¢t coa 1,17-azobutan, vi phin ting 12 d6ng b6 c6 su tao thanh lién két mdi twrong dng véi
su phan cat lién két cii, con phan dng phan tich nhiét azo c6 su phan cht doéng ly lién két
C-N & giai doan quyét dinh t6c do cla phan ng, thyc t& khong cé su hinh thanh lién két
mdi dé bi trir cho nang luong phan cat. Nhung vé entropi hoat hod lai thuan lgi & phan tng
phan tich azo, vi ¢6 sy tang bac ty do tiém ti€n trong trang thai chuyén tiép din téi sir tao
thanh hai ti€u phan nhu nhau, con phén ing dime hod lai mdt bac tu do tiém tién va quay.

Céc thong s6 hoat hod trér thanh phiic tap khi c¢6 anh hudng cha dung méi, nhat la
truong hop ¢6 sy tao thanh va phan cit cdc tiéu phan ion trong dung moi phén circ, nghia 1a
¢6 lién quan 161 khd nang solvat hod clia dung moi d6i vdi trang théi chuyén ti€p. Su ting
solvat hod trang thdi chuyén ti€p so v&i chat ban d4u din t6i gid tri entropi 4m hon ngay
trong ca qud trinh phan ly, do gidm béc tv do cha dung méi. Entanpi hoat hoi s& giam khi
tang solvat. Nhu vay, khi diing cdc thong s6 hoat hod cho cic phan ing trong dung dich, cdn
phai c¢6 su phan tich higu ting dung moi rét chi tiel

4.6. CHAT TRUNG GIAN

Nghién cu cfu tric chat trung gian cho kha nang hiéu dugc 13 rang hon co ché phan
Ung, nghia 12 bi¢t duge ban chét clia chat trung gian trong phan tng 6 thé coi nhu di biét
duge phdn 16n co ché€ phan ing. Lugng chat trung gian phu thude vio tée dd cna giai doan
hinh thanh chat trung gian vi t6c do chuyén hod tiép cha né. Ching han nhu phan iing hai
giai doan:

Tédc nhan LI Chat trung gian L, San phdm cuéi cing

Né&u k; >> ky, trong nhiéu phan 1ing c6 thé tich ra duge chat trung gian. Chét trung
gian that duoc tdch ra néu dua trd lai vio phan tng s& phin ing tiép thanh san phidm,

N€u ca hai t6c do , va k; déu 16n, phin tng xdy ra qué nhanh dé c6 thé tdch 1a duge
chit trung gian. Song trong trudng hop nay, qua nghién cifu dong hoc va quang phd ¢é thé
tim thay su t6n tai clla hai pha riéng cia phan vng chung: pha dau 1a sy tao thanh chat
trung gian 1 v&i hang s6 k; va pha hai 13 sy chuyén hod ti€p cua hgp chét trung gian vai
hang s& k.

Né€u t6c d¢ tao thanh hop chit trung gian 1 vuot qud do chuyén hod ti€p chia né khong
nhi€u thi chi ¢é mot phdn chat phan ting s& chuyén thanh dang | & bat k¥ thoi diém nao, doi
khi c6 thé diung phan tng bing cich ha nhiét do hay tich xic tic ra khoi phan ung, khi dé
néu chét dii 6n dinh ciing 6 thé tach ra duge mac dit véi lugng nho.

Chat trung gian ¢4 thé tich ra bing cdch them vio hdn hop phin ing mot chét ¢é kha
nang phin ting manh hon véi hop chét trung gian. Hop chat trung gian cé thé xdc dinh tir

ban chit clia san phim cong di tich ra duoc. Phuong phdp nay diing dé tich phic lrong phédn
\ing the electrophin vo nhan thom bing thém BF; vao phan iing.
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Phuong phép thuc t&€ d€ xdc dinh hop chét trung gian & néng d6 th&p 1a céc phuong
phdp cdng cu, dic biét 1a cic phuong phap phé.

Quang ph6 electron trong viing dnh sdng kha kién hay tim ciing ching minh duge su
ton tai cla chat trung gian khi chat trung gian ¢6 kha nang hdp thu trong viing 220 + 700
nm. Sy chuyén electron trong ving nay chil y&u 12 sy chuyén electron tir obitan chat ddy &
trang thdi co ban sang obitan tréng & trang thdi kich thich. Phé UV ding thuan loi cho
nhimg hop chat chua no va cé thé xic dinh dén néng do thap hon 107> M.

Phé IR ciing dung phat hién hop chét trung gian bing pic hdp thu clia nhitng nhém
chie hinh thanh trong hop chat trung gian.

Ching han, phan tng nghich dao quang hod ctia hop chat sau:

CH,0 CH; CH;O
kv hy

/

Phé IR cho pic hdp thy dac trung trong viing 2100 + 2130 cm™ ' 13 ving h4p thu ciia
xeten duge du dodn trong phan Ung. Khi ti€én hanh phan ing, quan st thdy sy xuit hién pic
hap thu 2118 ecm™’, pic nay tang dén lén réi lai giam din vé cudng do theo ti€n trinh phan
dng. Phé IR it nhay hon UV, thusn lgi & néng do 107 M.

Hién nay ph6 bién 1a phuong phdp cOng hudng tir hat nhan NMR, dic biét [a phé
'HNMR va PCNMR diing d€ xdc dinh cfu triic hop chat trung gian. Phé cong hudng ti
electron EMR dung d¢ phdt hién nhitng hgp chdt trung gian 13 g&c ty do hay nhiing chat
khic cé electron khong cip d6i. Phuong phdp c¢é d6 nhay cao va rat dién hinh, dac biét 12
déi véi cdc chit nghich tir hay thuln tir cé trong dung dich.

4.7. TIEN DE HAMMOND - QUY TAC BELL- EVANS- POLIAN (BEP)

Nhiét phan tng hay AG clia chat ddu va chét cudi lién quan (6i hing s6 cin bang, AG
am véi phan ng phat nhigt, duong véi phan ing thu nhiét va bing 0 véi phan ing can bing
hoan toan.

Néi chung, gilfa nhimg thong s6 nhiét dong hoc va dong hoc ¢6 quan hé tryc tiép,
song trong nhitng phan {ng cd cdc qué trinh co ban giéng nhau thi cé mdi lién he giita thong
s6 dong hoc va nhiét dong hoc va c6 thé ding théng s6 nhiét dong hoc d€ xdc dinh téc do.

Ning lugng trang thai chuyén va c4u tric cha né cho bi&t vé co ché phan ting, song &
trang thii khong dimg khong thé xdc dinh duge bing thuc nghieém dé bigt cau tric trang théi
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chuyén. Hammond d3 tim ra diéu kién dé so sdnh cfu tric trang thdi chuyén véi chat ban
ddu va sdn phdm goi 1a tien dé Hammond trong ho4 hitu co.

Toa d6 phan Erng Tea 39 phan l.’rng; Toa dd phdn ur?g
AG<0,K>1 AG=0,K=1 AG>0,K<1

Hinh 4.4. Gian d6 thay déi hiéu tng nhiét

“Néu hai trang théi, ching han trang thdi chuyén ti€p va chét trung gian khong bén
lien ti€p tao thanh trong qu4 trinh phan ing va c6 ning lugng gin gi6ng nhau thi sy chuyén
hod ciia chiing s& kem theo su thay ddi khong 16n vé cfu tric”,

Nhur vay, theo Hammond, nhiing sy thay d6i nhd vé nang lugng phan tir ¢6 thé twong
Ung chi v6i sy thay déi nhé vé ciu triic. Vi thé, vé mat cfu triic, trang thdi chuyén c4n phai
gdn v6i he c6 nang luong gdn v6i nang lugng cua trang thdi chuyén.

£ 4 Trang thai chuyén

R sSpP.

R
SP SPR

Toa d& phan L'rng’

Hink 4.5. Gian d6 th€ nang mo ta tién dé Hammond

Tuong ting véi quy téc nay, phic hoat ho4 gin voi clu tric chat ban ddu trong nhimg
phan ting phét nhiét manh c6 ning lugng hoat hod nhé, con trong phan img thu nhiét, cfu
triic trang thdi chuyén gén véi c4u tric sin phdm. Trong truong hop nhitng phan éng c6 hitu
ting nhi¢t nhd va ning lugng hoat hod 16n, cfu tric trang thai chuyén khdc v6i cu tric chat
ban ddu cling nhwr v6i sin phém.

Hién nay, tién d¢ Hammond dugc dung véi ¥ nghia m& rong 12 sy tang qué trinh phat
nhiét dua trang thdi chuyén gin véi chat ban ddu, tang sy thu nhi¢t gdn véi san phdm.

Hop chat trung gian nim & cuc tiu ning lvong khong twong tng v6i cuc dai nén cfu
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triic hgp chat trung gian gdn vdi cdu tric cla trang thdi chuyén. Nhu phan ting:
A-B+C — [A. B..C}] — A+B—C

A---B;-C Trang thai chuyén cham

s A--B---C Phan (ng khb

A B-C

Trang thai chuyén dé

Phan ting d&

A B-C

T
—-

Toa 46 phan Ung

Hinh 4.6. Gian dé thé ning phu thudc nhiét phin #ng va trang thai chuyén tiép

Bell - Evans - Polian ciing dua ra quy tdc (quy tic BEP) goi 12 thuyét 8¢ do tuyer déi
trong nhitng phan ing ma su phan cit vi tao thanh lién két 1a doc 1ap vGi nhau va c6 thé biéu
thi bing toa d6. Ching han phén iing:

A+BC— A-B+C
¢6 thé bi€u dién bine toa do ohan dne nhy sau:

End A+B+C

[

Toa d& phén L'rr:g
Hinh 4.7. Quy tic BEP vé sir thay d6i bd mat thé nang phan tng véi hi¢u ig nhiét

Gia st & trang thdi ddu c¢6 su phan cét B-C nhung khdng c6 tuong tic gilta A va B.
nang luong chung bidu dién bing dudng cong e-f. O trang thdi cudi, gia sit cé su phan cit
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A-B nhung khong c6 tuong tdc gifta B va C, nang lugng hé 1a dudng cong a-d. Diém cit a’
tuong dng véi trang thdi chuyén cé ning lugng twong ing v6i A+ B ... Cva A... B+ C, con
dudng cong e-a’-a la tién trinh clia phan wng. N&u c6 nhitng phan tng ciing loai 1a Ay Ay,
Ac... nhu trén thi trén gian d6 cho thdy cédc ti€n trinh phan dng e-a’-a, a-b’-b vi e-c’-¢ ¢6
diém cit twong dng 1a 2°, b’, ¢’ 14 trang thdi chuyén ti&p. Tir gian dé cho thiy, theo mic do
tang qua trinh phat nhiét, nang lugng hoat hod cita né giam.

Téc gia dua ra quan h¢ ty 1¢ giita hé s6 nhiét ctia phan ting va nang luong hoat hod cé
su phil hop tuyén tinh:

AG* = A + BAH
v&i A va B 1a hdng s6.

Tir gian d6 ciling cho thdy, theo mitc d6 phét nhiét, trang th4i chuyén chuyén vé phia
chat ban ddu trén tryc toa d6 phan ting, theo mtc do thu nhiét chuyén vé phia san phim.

Quy tac Bell-Evans-Polian cé thé t6m tit nhu sau:

- C6 su phu thudc tuyén tinh giita nang lugng hoat hod va nang lugng phin éng;

- Nhan t6 ty 1¢ trong sy phu thu6c tuy&n tinh nay cang nhd thi su phat nhiét cang ldn;

- Phén \ing cang phdt nhiét, cdu tric trang thai chuyén cang gdn véi ciu tric chat ban

diu. Quan diém nay tuong ty tién dé Hammond.

Dinh luat BEP du phit hop trong nhing qué trinh co ban, d6i véi nhimg phan img phitc
tap, chi diing quy téc nay cho nhiing giai doan co ban. S tuong tng gira qud trinh nhiét
dong hoc va dong hoc la trong nhitng trudng hop ¢6 su phan cit va tao thanh, chi mot lién
k€t hodc trong nhimng trudng hop cé s phan cit mot va tao thanh lién két khic trong nhitng
qua trinh xay ra déng bo nghiém ngat, cdn trong nhitng trudng hop khic ding mé hinh phic
tap hon.

4.8. KHONG CHE PONG HOC VA NHIET PONG HOC

Nhitng phan ting hira co cd su canh tranh giita hai hay nhiéu hudng khic nhau, cin
phai tinh dén nhitng nhan & Iam cho mot hudng nao dé xay ra wu tién hon:
B
v
~a C
Trong nhimg phin Gng khong thuan nghich, ty I¢ san phim dwoc xdc dinh chi bing
sy khdc nhau vé nang luong hoat hod clia trang thai chuyén nén sin phdm 1a khéng ché
déng hoc.
Trong nhimg phin ting thuan nghich ¢6 hai trudng hop: néu ty 1é san phém duge xac
dinh bang nang lugng hoat hod chia trang thdi chuyén, nghia 12 t6c d¢ cla cdc phan @ng canh
tranh nhau thi san phdm goi 1a san phdm khong ch& dong hoc, néu san phdm duge xdc dinh
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bang tinh chat nhiét dong hoc cia hé can bing, nghia 1a bdng ning lugng ty do cha san
ph4m canh tranh, goi 12 sin phdm khéng ché nhiét dong hoc.

Hinh 4.8. Nang lugng tu do cita qué trinh d6ng hoc va nhiét dong hoc

Trong gidn d6 wen, B 1a sin phidm bén nhiét dong hoc hon (AG thip), con C hinh
thanh nhanh hon (AG” th4p) 14 s2n phAm khong ché dong hoc.

C6 méot s6 trudng hop clia phan dng can bing:

1- Gid tri AG” tao thanh trang thai chuyén tiép A’ va B' tir tdc nhan R nhé hon AG” tao
thanh trang thai chuyén ti€p tir san phdm A va B tuong ing. N&u gid tri AG” tir A vi Btao ra
A' va B’ du 16n thi A vi B khong chuyén trd lai R, ty 12 sin phdm A va B phu thudc vao téc
d¢ tao thanh A va B. San phdm A va B 1a san phdm khéng ché dong hoc, nghia 12 t6c d¢ tao
thanh sin phim cao hon t6c d¢ dat can béng clia trang thii chuyén tiép, thdi gian dat can
bang cao hon thdi gian phdn ting va tch san phdm.

)

E

Toa d phan tng

Hinh 4.9. Giin d6 nang lugng khéng ché dong hoc
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2- Gid tri AG” tao trang théi chuyén A’ va B’ tir R thdp, gi trj AG” tao B’ tir A Ién hon
mot it, he 1a can bang va c6 thé khdng ché phan vng bing nhan t§ dong hoc hay nhiét dong
hoc.

Néu chon diéu kién phan iing nhu thé nao dé dé cho nang luong aAG* & dat dugce, con
nang lugng AG*B, khong dat dugc thi sin phdm wu tién 12 A, song néu trong didu kién phan
tng du cho ca AG" 5. va AG*y. thi san phdm chinh 12 B, bi vi sin phém B 8n dinh hon. A va
B 1a hai sin phdm chi khdc nhau mét hang rio ning lugng c6 thé khic phuc duge nén &
trang thdi can bang véi nhau, thanh phdn san phim x4c dinh bing tinh én dinh wwong d6i cia
A va B. Thanh phén san phdm 1a kh6ng ch€ nhiét dong hoc.

E &

Toa dé phan u;nz
Hinh 4.10. Gian d6 ning luong cta khéng ché nhiét dong hoc
3- Hang rao nang luong AGY ciia A va B r4t gin nhau, nho hon harg rdo nang lugng
tao trang thdi chuyén A’ vi B’ tir R. Can bing gifta A vh B thiét 1ap nhanh so v6i sir tao
thanh A. Thanh phédn sén phim 1a khéng ché& nhiét dong hoc clia phan ing.

EA

B

Toa d6 phan (mg
Hinh 4.11. Gidn d6 nang lugng cla khéng ché nhiét déng hoc

Nhu vay, trong nhitng phin tng thuan nghich, néu tc do tac thanh sin phdm tir chat
ban ddu I6n hon téc d6 dat can bing gifta hai san phdm thi phdn iing tuin theo khéng ché

271



dong hoc, n€u t6c do dat can bing triing vdi t6c d6 chuyén hoa ciia chét ban ddu thi sau mot
thdi gian ty 1€ sin phdm 13 kh6ng ché nhiét dong hoc, con néu t6c do thist 1ap can bing giita
san phdm nhé hon téc do cla phan dng co ban, nhitng phin (ing dugc ti€n hanh trong thot
gian lau thi ty 1& san phdm ban d4u la khong ch€ dong hoc réi hé chuyén sang trang thai cin
bang nhiét dong hoc.
Chéng han phén tng:
CH,=CH-CH=CH; + HBr — CH,=CH-CHBr-CH; + CH,-CH=CH-CH,Br

(1) (2)

& nhi¢t d¢ -80°C thu dugc 80% san phdm (1) va 20% san phdm (2) 1a san phdm khéng ché
dong hoc, khi tang nhi¢t dé thi ham lwong san phidm (1) tang dén 80% tuong ting v6i ham
lugng can bing ctia n6, nghia 1a khi tang nhiét d¢ di chuyén tir khong ché dong hoc sang
khéng ché nhiét dong hoc.

Xéc sudt khdng ch€ nhi¢t dong hoc cang cao néu sy khdc nhau vé ning lwong trang
thdi chuyén cia hai sin phdm cang nhd. Nhur phan itng enol hoa xeton:

CH;— (|3|— CH(CHj3),
O
i -
CH;—C=C(CH;), = Le H,(= (Iig CH(CH;),
o)

Hai san phim (3) va (4) tao thanh phu thudc vao diéu kién phan \ng.

Néu diing bazo manh nhir (CgHs);C va dung méi khong chita nhém hydroxyl thi san
phdm chinh 14 (4). Phan img enol hod xeton khong d&i xing véi hai loai H, nén ¢6 kha nang
cho hai loai enol. Khi ¢6 xic tdc bazo manh, c6 thé tich 16n nhu (C¢Hs);C™ thi c6 kha nang
t4n cong vao Hy cha nhém CHj;, phan ing 14 khéng ché dong hoc.

Néu tién hanh phan ung trong dung méi hydroxyl thi phan tng trd thanh phan iing can
bing giifa san phdm (3) va (4). Trong diéu kién ndy, sin phdm wu tien 1 san phdm Sn dinh
hon 1a enol (3). Enol (3) 13 sén phdm kh6ng ché nhiét dong hoc.

Tinh n dinh cao ciia enol (3) 1a do ¢6 mitc dé thé cao & cacbon sp2 hay 14 mot olefin
¢é ndi doi trong mach bén hon & ddu mach.

Su khdng ché dong hoc va nhiét dong hoc dac biét quan trong cho nhing trudng hop
¢6 thé thay d6i diéu kién phin ing d€ 1am thay di thanh phdn sin phdm cla phan fing theo
huéng mong muén, thudng 1a chuyén khéng ché dong hoc sang khong ch& nhiét dong hoc.

Tl cdc gidn d6 trén, theo tién dé Hammond ciing thdy ring, trudng hop 1 13 phan tng
phdt nhiét manh vdi néng lugng hoat hod thap, trang thdi chuyén ti€p c6 cau tric giéng véi
tdc nhan do gidn nhau vé ning lugng, do d6 sy chuyén hod dugc thyc hién véi sy thay ddi
nho céu triic. Trutng hop 2, nang lugng trang thdi chuyén ti€p cao hon ning lugng cia tic
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nhan va san phim nhiéu, do d6 chdt ban d4u ciing nhu sin phdm khong phai 1a mo hinh cdu
triic 10t cho trang thdi chuyén ti€p. Trudng hop 3 13 phan tng thu nhiét manh nhung san
phidm 12 mo hinh t6t cho trang th4i chuyén tiép.

Tinh chét khéng ché dong hoc va nhiét dong hoc ciing quan sat thdy trong nhitng phan
Ung cd cin bing vé cdu dang trén co sd quy tic Curtius —~ Hammett:

“Khi phan #ng c6 hai hay nhiéu cau dang khéc nhau & trang théi can bang vdi su tao
thanh nhimg sin phdm khéc nhau cho méi c4u ti, 1y 1¢ sin phdm dwge xdc dinh uu tien bing
ty 1¢ nang lugmg ciia trang thdi chuyén ti€p ma khong phai 12 chét ban ddu”.

E4 6! G"I

—

Toa do phan dng .

Hinh 4.12. Sy kh6ng ch€ dong hoc do 4nh hudng ciia cfu dang

Quy tic nay duogc 4p dung khi nang luong hoat hod cao hon nang lwgng quay nhiéu,
con trong trudng hop nguge lai, ty 1¢ san phdm duge xdc dinh bing ty 1& cdc cdu dang ban
d4u tham gia phan ing c6 trong hén hop.

Ta xét truomg hop hai déng phan cdu dang trong can bing & hinh 4.12, & day AG*, va
AG*, déu 16n hon AG*,, cau dang phan img c6 can bing: B == A vdi:
K.=[A]/[B]
Tdc d0 1ao thanh san phdm tir A: P, = dP,/dt = &,[A] = £,K_[B]
Téc d6 tao thanh sin phim tir B: Py = dPg/dt = k,[B)
Ty 1¢ sin phdm: (dP A/ d0/(dPy/dr) = kK {B)/kyB] = kK Jk,
Theo thuyét trang thdi chuyén ti€p thi ty 18 san phim la:

b = X -adsrr

_ -AG¥/RT
- P : k,=¢e

-aGY /RT _-AGY/RT
en GHAT /R TR PO TRT - act vactsact)

(kT | h).e~4CH KT
va tlr gian d6 trén cho thdy:  AGY - AG! + AG? = AGY - aG!
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chiing té ty ¢ san phdm khong phu thuéc vio AG, ma phy thudc vao niang luong tuong d6i

cua hai trang thdi chuyén tiép.

Quy tac trén la khéng ché dong hoc.

Chéng han phan ting tich HCI tir 1-clo-1,2-diphenyletan tir ba cfu dejng:

H H H
H C¢Hs CeHs H CeHs Cl
CeH; H CgHs H CeH3 H
Cl (A Cl () H
B B (C)
H
CeHs CeHs H
C6H5 H C6H5 H
o
can + (BY)
CeHs\_ ¢ ~H CeHs _~CeHs
C=C =00
e N CgHs n “H
trans cis

Vi phin ing 1a tdch trans nén (C) khong phan ing, cdn (A) va (B) theo Curtius-
Hammett thi ty 1 cis-trans phu thudc vao ty 1& trang thdi chuyén ti€p (A’) va (B’), khong
phu thudc vao ty 1& chét ban ddu (A) va (B). Trong phan iing trén, trang thdi chuyén uép (A)
thudn loi vé nang lugng hon. Ty 1€ sin phdm ciing 13 khéng ché déng hoc.

Quy téc Curtius—Hammeu ciing 4p dung cho nhitng phan (ng khic, trong dé su
chuyén hod giita hai tdc nhan phan Ung khong ddi hoi nang lugng 16n. Ching han trong cdc
phan ng c6 sy tautome hod do chuyén proton nhanh va dé:

| ’\ﬁ/Y
X— (I:—H |
R/_C 0 R/C\ O—H

Kha nang phan dng ciia hai tautome nay c6 thé rat khdc nhau.

Nang lugng hoat hod cua nhitng phan tng ti€p theo cha cdc tautome nay 16n hon nang
lugng hoat hod tautome hod. Ciing nhu trong trudng hgp ciia cdc déng phan ciu dang, v Ié
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san phdm tao thanh & giai doan ti€p theo khéng phu thudc vao vi tri can bang dé thiét lap
nay cha chat ban diu.

Trong qué trinh phdn ng, vi tri hat nhan va electron & moi diém déu & vi trf ¢é nang
lugng thap nhat. N&u phan tng 1a thuan nghich, vi tri ndy trong qui trinh thuan nghich 1a
nhu nhau. Vi th€, dudi ciing mot diéu kién, qué trinh thuan va nghich déu ¢6 ciing mét co
ch€, goi 1a quy tic thuin nghich vi mé.

Chang han phén ting A — B, ¢6 chét trung gian C thi C ciing 14 chét trung gian cho
phan #ng B —> A. D6 la quy tic chung dé nhan biét ¢co ché€ cha phan ing trong d6 can bing
c6 thé chuyén vé mot phia. Trir phin iing quang hod, cdc phan tir kich thich quang hod
khong cing mét nang lvgng nhu nhau trong qua trinh.

4.9, HIEU UNG DONG VI

Téc d6 phan ting hay hing s& (8¢ d6 phan iing thay d6i néu th€ nguyén ti hydro trong
phé&n t bang nhitng déng vi khdc, chang han nhu thé H bing D hay T.

Sy thay déi hang s6 téc do khi dua déng vi vao phan tir goi 14 hieu ing dong vi dong
hoc. Hiéu ing dugc xdc dinh bang 1§ I¢ hing s& t6¢c d6 cda hop chat véi hang s6 (¢ dé cha
hop chét the dong vi:

kylkp=K
'Chéng han & phan iing cia axit a-deutri axetic v6i g6c¢ CH,COO' & 120°C xay ra khi
phan cat C-H va C-D: _
' —— "CH,~COOH + CH;~COOD
CH,D-COOH + CH;C00" ——

——» "CHD-COOH + CH,COOH
d day ky / kp = 8,3 ching t6 phén iing phan cit C-D xay ra nho hon phan ting phan cit C-H.
Ban chat cua hiéu ung déng vi dugc gidi thich bing dudng cong thé ..ang cia nhung
dao dong hod tri lién két. _
Theo co hoc lugng tr, dudng cong the€ nang cha dao dong hod tri C-H khéng phai
& cuce tiéu ciia dudng cong (nang lugng cuc tiéu A nang lugng 0) ma & cao hon mét gid tri:
Uy = hv [ 2 v6i v 1a tdn s6 dao dong hod tri cita C-H. Ban than v phy thudc vio kh6i luong
cla nguyeén tir lién két a va b:

|
v= — K/
27c H

v&i K 1a hang s6 lyc cha lién két va p 1 khéi lvong rit gon.

D61 v6i nhitng lién két dong vi ning hom thi khéi lugng 16n hon, tdn 3 v nhd hon do
dé nang lugng nho hon.
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EA
Trang thai chuyén

Toa 46 phan (ng >
Hinh 4.13. Tén s6 dao dong ho tri cia C-H va C-D

Nhu vay & di€m 0 cha H ndm cao hon nang lugng & di€m O clia déng vi (khoang gén
1,2 keal/mol). Dong vi cang nang thi nang lugng & diém O cang thip.

Nang luong phan cat fién k& C-D sé& Iém hon lién két C-H.
Giad tri tinh todn hiéu img déng vi cuc dai & mot s6 lien két:

ky!hkp = 18 kisy/ kis = 1,14 k! ke = 1,25

ky /kr = 60 k"‘O fk,,o= 1,19 kuC fkmc =15

Thyc t€, trong c4c phin iing khéng bac givr dat duoc gid tri cuc dai vi ¢6 lién quan 16i
phitc hoat hod.

Chéng han, mot lién két C-H bat ky tuong ving v6i ddy dao dong dac trung & miic
nang lwgng & di€m 0. Ning luong nay lién quan t6i kh6i lugng ciia nguyen tir dao dong vi
khdi lwrgng 16n cha ddng vi, nhu D, ma lién két C-D déng g6p vao mifc nang luong & diém 0
nhé hon lien két C-H, nghia 12 gidm nang lugng & diém O ciia phan .

O nhimg phin g c6 phan cit lien ket voi H (hay D), mic dac dong ty do binh
thudng cia phan tir chuyén thinh mic dao dong 1iém ti€n di qua trang thai chuyén tiép. Mic
nang lugng & diém O cha lien k&t v6i D phan 4nh & mitc nang luong hoat hod cao hon va t6c
do thép hon boi vi cdc dao dong quan st khong anh hudng l6n dén nang lugng trang théi
chuyén ti€p. Sy khéc nhau 16n v¢ t6¢ d6 phu thudc vao ban chat cia trang thai chuyén tiép.

Trong cdc phan #ng hod hoc, hi¢u ing déng vi khong dat duge gid tri cuc dai vi lien
két trong phiic chuyén ti€p khong phan cdt hoan toan. Khi phan ly lién két C-X, hiéu g
déng vi cang 16n n€u sy khic nhau vé hing s§ lyc cia lien k&t C-X gifra ch&t ban ddu va
trang thdi chuyén ti€p cang 16n, nghia 13 lién k&t C~X bi phan cit cang 16n trong phirc
chuyén 1iép.

D6i véi phan ing chuyén nguyeén tir, hieu ¥img déng vi dong hoc nhén gid tri cuc dai
khi hang s6 lyc cla lién két phan cét vi tao thanh bing nhau trong trang th4i chuyén, nghia
1 khi trang thdi chuyén ¢6 csu tric can d6i. Chang han nhu trong phan ting:
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R-H+R’, — [R,...H...R,]' — R +Ry-H
vdi Ry = R,, trang thdi chuyén d6i xing, bac lién két R,...H va R,...H bing nhau thi hiéu
ting cuc dai. Theo miic do gidm tinh d6i xitng cia trang thii chuyén tiép, nghia 12 trang thdi
chuyén gn v4i chat ban ddu hay san phdm thi hieu ting ddng vi giam.

Hiéu iing dong vi & nhitng phan ing, rong d6, & giai doan xéc dinh t6c do phan dng
c6 sy phan cit cla lién két thé déng vi goi 12 hieu ting ddng vi bac nhat.

Chang han phan tng: Ar—-CHy-H’ + B’ —> Ar—CH, + H'Br c6 ky/ kp = 4,5

Thong thudng hiéu dng dong vi bic nhét c6 gid tri bdng 2 hay 16n hon. Néu & trang
thdi chuyén ti€p can doi, hiéu 1ing cuc dai tinh toan duoc cia lien k&t C—H & nhiét do phong
ky / kg bang 7, con ¢ nhiét d6 cao hon, higu tng giam. Hiéu ting ciing gidm khi su phan cat
lién k€t trong trang thdi chuyén da hoan thanh dugc hon 1/2 hay kém hon 1/2. Nhu vay, hiéu
g déng vi bac nhit cho thong bao:

- Khi hiéu tng déng vi ky / kp 2 2, ching tO phan tng x4y ra véi su phan cit lién ket
clla nguyén tir hydro.

- Gi4 (ri cua hiéu img dong vi cho quan ni¢m dinh tinh vé vi tri trang thai chuyén tiép
déi voi chat ban ddu hay san pham.

- Hieu ing déng vi tuong d6i nho, cho thdy lien két vi hydro rat nho hay da bj phan
cdt trong trang thdi chuyén ti€p, nghia 13 trang thdi chuyén ti€p cdn phii & gin véi sin phdm
hay tdc nhan. Gid tri gdn v6i cyc dai Iy thuyét ching t6 trang thdi chuyén dac trung bing
tuong tdc manh ctia H vdi thanh phén cii va md&i vé lién két.

- Hi¢u tng déng vi cho biét giai doan xdc dinh t8c d6 cla phan (ing. Ching han phan
Ung sau:

(CH,);CHOH — (CH;),CO
(D)
¢6 ki / kp = 6, phit hop vdi co ché€ phan ing xay ra v&i phan cét lién két C-H & giai doan xic
dinh 16¢ do.

Dai véi phan ing Sg clia nhan thom, khong c6 hiéu ing déng vi chimg to st phan cit
H khong xdy ra & giai doan xdc dinh t6¢ do.

Hi¢u ting ciing quan sat thdy khi nguyen tr hydro th€ déng vi khong tham gia truc ti€p
vao phan ¢ng. Hiéu tng nay goi 13 hi¢u iing déng vi bac hai. Hiéu vng niy c6 gia tri nho,
thudng ky / kp = 0,6 + 1,5,

Hi¢u wtng déng vi c6 &y / kp > 1, goi 12 hiéu ing binh thudng, n&u ky/kp < ! 12 hicu
ting ngugc. Hiéu dny ndy ¢ khi th€ & cacbon « hodc P gay ra sy thay déi hod tri trong
mach. Khi xdy ra phan ting, khong chi cdc tdn s6 dao déng hod tri cha lien két bj phan cit va
tao thanh thay ddi mi. c4 cdc tdn s6 dao dong hod tri va bién dang cha cdc lien két khdc
khong tryc 1iép thain gia vao phan ting ciing thay déi.

Hiéu ung déng vi xay ra khi thay déi mic do phdi tri clia cacbon trung tim tir trang
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théi ddu sang trang thai chuyén ti€p. Chéng han, khi gidm muc do phéi tri tir C sp® dén C sp
thi c6 hi¢u ting déng vi binh thudng, cdn nguge lai thi ¢6 hi¢u tng déng vi nguge. Hiéu ting
déng vi bac hai cling ¢6 trong nhitng hop chit cé nhém thé€ xa hon, nhu thé B ciing cé hiéu
ting binh thudng. Tinh todn cho thay hiéu ing cuc dai khi thé o 12 1,6 + 1,7, khi th€ § 14
1,15. Vi du:

p-CH30C6H4CH*O + HCN — p-CH,OCH,CH (OH)CN &y / kp = 0,73
p-CH_;C(,HdCH;Cl + HOH — p-CH,C¢H,CH, OH ky /kp =130
Tu nhimg s& liéu nhiét déng hoc, bang hiéu dng déng vi cé thé riit ra nhitng k&t luan
vé trang thdi chuyén. Ching han phén \ing:
—— CH;CH,CH=CHCH; 50%
CH;-CH,-CHD-CH"*-CH,

— CH;CH,CD=CHCH, 50%

ching 16 & giai doan phén cit hydro khong ¢ hiéu vng ddng vi ky / kp = 1, tuy c6 phan cit
lién k€t C—H. Lién quan tdi thong s6 nhié¢t dong hoc, giai doan loai deutri clia cation phdt
nhiét manh, tvong ng vdi Hammond, trang th&i chuyén ti€p cha giai doan ndy gin vdi cdu
tric cation, lién két trong trang thai chuyén ti€p bi kéo din & mitc d6 nhod nén khong c6 higu
tng déng vi bac nhat Ién.

Hiéu \ing déng vi clia mot s6 phan fing sau:

a- CgHsCH,-H" + Br” — C4HCH," + H Br kylkp=4.5

b- (CH3)2(|:— ﬁ— ?(CH;)Z +HO —» (CHH)Z?_ C=C(CHy) kylhp=6,1

[ ]

Hi O H Hl‘ 0_
Hi
c-
N*(CHs),
+HO — @ + (CH;):N ki / kp = 4,0
II_I*
d- CH;-0-CgH;-CH'=O + HCN —» CH30-C6H4-(13-0H ky/lkp =073
H¥ « CN
| knthkp=173
c- CH3 -CeHy -EI: -Cl+ H20 - CH3'C6H4-C-OH H/ %D '
g- CHz* .
H,

SO = GO0 - e wronss
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Can nhén manh réng, hieu tng déng vi dong hoc quan sdt duge 8t trong nhimng phin
ting don gian. Trong nhitng phan ing phitc tap, ¢6 thé quan s4t thdy quan hé nguoc laj,
ching han nhu este bi thuy phén trong nuéc nang dé hon trong nudce thudng vi higu ing quan
sdt duge & day khong phai thudn tuy dong hoc do phan ing bt ddu tao dang este ion hod réi
mdi thuy phan. Hiéu ung déng vi bac hai cling phuic tap, cé quan niém cho ring hieu ling
xudt hién do sy khdc nhau vé hiéu tng electron ciia lién k&t C—H va C-D, song thuc t& lién
két C-D c6 hiéu ¥ng cam ung manh hon C-H nhung hiéu iing lién hep lai yéu hon.

Mot vin dé cén dé cap dén 1a hiéu ting déng vi dung moi. T6c dé phan dng thay déi
khi dung moi thay déi tix H,0 t6i D,O hay ROH t6i ROD. Sy thay déi nay 1a do ba nhan t6:

I- Dung moi ¢6 thé 14 tdc nhan. Néu lien két O-H bi phan cat & giai doan quyét dinh
t6¢ d¢ thi phan ing c6 hieu ing déng vi bac nhat. Néu phan tir dua vio 1A D,0 hay D,0O" thi
c6 thé 6 hiéu dng bac hai gay ra bdi lién k& O-D khong bi phan cit.

2- Céc phan tir ban ddu ¢6 thé trds thanh dénh ddu véi deutri véi sy trao d6i nhanh cia
hydro va céc phan tir ddnh ddu nay tré thanh bi phan cit & giai doan quyét dinh t6¢ do.

3- Muc d¢ hay ban chat twong téc ch4t tan - dung moi cé thé khic nhau trong dung
moi deutri hay khong deutri hod, chiing ¢6 thé 1am thay déi nang lugng trang théi chuyén va
nang lugng hoat hod cfia phan ng. D6 1a hiéu ting déng vi bac hai.

Trong qud trinh nghién ctu co ché, ngudi ta con dung phuong phdp dinh d4u déng vi,
thuong dung nguyen tir danh ddu nhu deutri, triti, *“C, B¢, %0 va cho ring sy thé€ déng vi
khong anh hudng t6i tién trinh phan ing. -

Phuong phdp thudng ding dé€ xédc dinh vi tri clia nguyeén tir dinh ddu 12 phuong phép
ph6 NMR, IR hay phé khéi, phan tich sin phdm sau phén ing so véi chat ban d4u.

Chéng han, d€ nghién cifu co ché phan ting este hod hay thuy phan este, ngudi ta diing
180, ¢ nghién ctu qué trinh oxy héa sinh hoc thudng ding triti nhu 4-tritiphenylalanin. Khi
dua phan tir dinh d4u nay vao sinh vat, déng I€ triti c4n di ra méi trudng xung quanh do
phan (ng th¢ triti dé tao thanh 4-hydroxyphenylalanin, song thuc 1€ san phdm niy vin cé
mifc do phéng xa, chiing td ¢6 su bao toan triti trong phan tir va da xdc dinh dugc nhu sau:

phenylalaninhydroxylaza
T—C(,HS—CHT?H—COOH - HO—C6H4—CH2v?H—COOH

NH, NH,

Qud trinh chuyén hydro trong nhiéu qud trinh oxy ho4 sinh hoc, cic phan tlr thom,
thutng goi 1a chuyén vi — NIH, cho quan niém méi vé co ch€ oxy ho4 sinh hoc.

4.10. HIEU UNG KHONG GIAN VA HANG SO KHONG GIAN E,

Taft dp dung phuong trinh Hammett viio hgp chat mach thing;
lg k/kg)=p" &" + SE,
v6i £, 1a hing sd khong gian cia nhém the, 5 1a hing s6 ty 1¢ bidu thj do nhay ciia hiéu wng.
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D4u cha 8 ludn duong, nghia 13 khi ting tic dung khong gian cila nhém the thi toc do
phan ing giam.

Phuong trinh thudng c6 p* nhd hon 0,4 va gid tri p o tién t6i 0.

PE€ xdc dinh E,, ngudi ta ding phan dng thuy phan este trong mdi trudng axit, trong
d6 t6c do hai giai doan chiu anh hudng cla hiéu ing electron ngugc nhau, nén téng qué
trinh phu thudc vao hiéu Gng khong gian c6 thé viét:

g (k[ kg) = 8.E,

Phuong trinh trén ¢ hé s6 8 giéng p trong phuong trinh Hammett va Taft. Hé s6 8 1a
d6 nhay ciia day phan ting d8i v6i higu ting 1ap thé clia nhém thé, con E, 1a hing s& 14p thé
cta nhém thé, nghia 12 mitc d6 tuong tdc khong gian cla nhém thé¢ d6i véi trung tAm phan
ttng. Gid tri E, phu thudc vao tiung loai diy phan Uing cin nghién ciu.

Nt vay, khéng ¢6 méi twrong quan cha phuong trinh bao gém gid tri E, v6i phuong
trinh trén, nghia 12 tinh hinh hoc clia trang thai chuyén clia cdc phan \ing d6 kKhic vdi tinh
hinh hoc cita trang thdi chuyén ti€p clia phin dng thuy phan este & trén. Gid tri Eg ty 1€ v6i
bén kinh van der Waals clia nhém thé& (trir E, & ortho) va biéu thi sy khé khan khong gian
cia tic nhan di t6i trung tam phan tmg, thudng trong nhirng phan dng ma trang thdi chuyén
¢6 sitc cang khong gian hon chat ban ddu nhur Sy2, Ay loai BAc2, BAIK2, E2 ciing nhu trong
vai phan dng don phan ur,

Hiéu ing khong gian 13 anh hudng ciia nhém thé€ dén 16c do va huéng phan ing gay ra
do tinh hinh hoc clia cfu triic phan tit, nghia 13 vio thé tich nhém th&, khoang cich gida
nhém thé va trung tAm phan ting, géc nhi dién.

Pi x4c dinh duoce cdc gid tri khong gian hay 1ap thé cha cdc nhém thé khi thuy phan
este R—-COO-R’ khi thay d¢6i R va R’ (bang 4.1).

Bang 4.1. Hing s6 nhém thé E,

R E, R’ E,
H 1,24 CH, 0,00
CH, (chudn) 0,00 C.Hs 0,09
C,H, ~0,07 n-C;H, -0,30
n-C3H; -0,036 (CH3},CH ~0,42
iso-C3H, 0,47 n-C,H, -0,34
n- CHy -0,38 (CH,),CHCH, -0,22
(CH,),CHCH, ~0,93 (CH4},C -1,60
(CH;):C -1,54

Ngoai nhitng dnh hudng khong gian do stc cang phan tir nhu sttc cang gée, sic cang
quay, sitc cang [ ciing nhu anh hudng cla cdu dang da néi & chuong trudc. Hiéu iing khong
gian con bidu hién trong nhitng trudng hgp sau:
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Su khé khan khoéng gian do nhimg nhém the cé thé tich 16n dnh huéng dén hudng tdn
cong cha tic nhan ¢ trung tdm phan tng din tdi cdc huéng tadn cong wu tién hon, thudmg bao
gdm cac hudng sau:

- T4n cong phia sau ca trung tAm phin {mg phu thudc vio thé tich nhém thé & trung
tam, thé tich nhém thé cang 1én thi kha nang t4n coéng clia tic nhan vio trung tam phan Gng
cang nhé, do dé téc do phan Ung giam, nhw & phan vng Sy2:

N
Y

Trong 18 nhém phan dng nucleophin thi nhan t6 khéng gian déu 12 quan trong nhét;
Chang han phan img RCl véi I” trong axeton thi:
R = CH;, C;H; {CH;),CH
v = 93 1,0 0,0076
- Tdn cong bén, thudng c6 & nhimg phan iing cé n6i doi, ching han nhu phin ing
cbng vho nhém C=0:

R ¥

Nhir phidn img ctia xeton véi phenylhydrazin, su cé mat rhém th€ lam mét kha ning
phan ing cla nhém CO:
CH,COCH;  CH,COCH,CH; CH,COCH(CH;);  CH;COC(CH,)
v o= 65 50 15 0.4
Trong cdc xeton thom nhu axetophenon, sy ¢6 mit cic nhém th€ & vi iri ortho cling
lam gidm kha nang phan Gng do cdc nhém th€ lam mat tinh lién hgp cha C=0 véi nhan, vi

mét tinh song song cla cdc obitan, cling nhu tinh bazo ciia amin thom giam khi ¢6 nhém thé
ortho. Hi¢u Ung nay goi 12 hiéu img ortho:

- Tan cong dién:
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Nhu trudng hgp tdn céng cita axit vio amin khi gidi thich tinh bazo clia amin béo:
(CyH;),NH > (CyH;);N

Céc trudmg hop trén 12 anh hudng khong gian clia cic nhém the & vi trf « d6i véi trung
tam phan \ing. .

Khé khin khong gian cdn cé thé xdy ra & cacbon xa hon nhu & cacbon thit sdu hay vi
tri thit sdu d6i v6i trung tam phan (ng goi 12 “quy tic nguyén tir thi sdu ciia Newmann”.

Chang han kha nang este hoa ciia axit giam phuy thudc vao s6 lugng cdc nguyén tir thir
sdu nhu t6c d¢ este hod 0,005M bang dung dich rugu ¢é HCl & 40°C

Bang 4.2. Anh hudng cia nhém thit s4u d&n phan @ng este hod

Axit 88 nguyén tir & cachon thir séu Téc 46 este hoa
CH,COOH 0{(C=0,H=0) 1
CH,CH,COCH G({C=0,H=0) 0,84
CHs{CH,),COOH 3(C=0,H=3) 0,50
CH;(CH,),CO0H 3(C=1,H=2) 0,50
(CH,),CHCH,CO0H 6(C=0,H=6) 0,117
(CH5);CCH,CO0H 9(C=0,H=9) 0,00013

Hién twong nay duge gidi thich bing tuong tic giita cdc obitan cia trung tam phan \ing
Va cdc nguyén tir & vi tri thd sdu 1am cho phan tir nhin céu dang khé khin cho tdc nhan tiép
can vdi trung tdm phén iing:

H H H

I / H //H
H.Cq \HO

=

H & HC<
5N Ol c” OH

. ]f ~H
axit butyric axit isovaleric

(3 nguyen tr & vitri 6) ( 6 nguyen tir & vj 1ri 6)

4.11. HIEU UNG TIEP CAN HAY NHAN TG LAP THE TIEP CAN

Hi¢u (g ti€p can hay nhan 16 1ap thé ti€p can 13 kha ndng cua tic nhan ti€p xiic vdi
trung tam phan \ng, cé vai trd quan trong trong qué trinh vong hod noi phan tir va hiéu ing
tautome hod. Su vong hod néi phan tir phu thudc vao hai nhan t6:

- Xdc sudt ti€p can hay gip nhau ciia hai trung tdm trong cing mot phan 1. X4c suit
nay gidm khi tang chiéu dai cha mach phan ti.

- Nang lugng hoat hod déng vong phu. thudc vio dd bén cla vdng tao thinh. Nhan t6&
stc cang giam Khi tang s6 canh cla vdng, gidm tr 3 dén 6 canh, ting & vong 7, 8 canh réi lai
gidm & nhitng vong 16n hon:
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X .
C — >
X
C,H,ONa _CO0C,H;,

Bl’(CHz)nBr + CH3COCH2COOC2H5 — (Cb \COCH
3

Keét hop hai nhan t6 trén c6 thé giai thich duge s tao thanh céc vong. Vong 3 canh cé
nhan t6 xdc suat vuot qud sic cang cha vong. Vong 4 canh khé tao thanh do nhan tg sic
cang lon hon xdc sudt. Vong 5, 6, 7 canh ¢6 nhan 6§ sitc cang thuan loi hon, trong do t6c do
vong hod giam tir 5 — 6 — 7 canh do nhan t6 xdc sut giam. Nhimg vong 1én hon, t6c do
tao thanh vong 8 canh gidm vi tang twong tdc khong lién két, vong 9 va 10 canh c6 sic ciang
khong thuln lgi, cdn vong 16n hon dé tao thanh do sic cang giam, mac diu nhan 16 xic suat
kém thuén lgi hon,

Vé mat entropi, phan ing déng vong cha nhitng vong 16n hon 6 canh khong thuan loi
vé entropi. Chdng han, phan dng tao thanh este mach thing va lacton § hay 6 canh:

CH;CH,—C—OH + HO—CH, —» CHyCH,~ G —0—CH
chdm

I _
0 HO 0
CH~C—OH CH/C 17
— -
CH{CHZ —OH nhanh ‘&CHz/O

c6 cling gia tri AH nhtmg phan iing déng vong c6 AS™ thap hon. Vdi cdc vong nhd hon, stc
cang gée nhd 16n va AS* tuy thich hgp nhung khéng bii cho nhan 6 AH" kém thuén lgi.

Bang 4.3. Hang s6 t6c d6 tuong d6i cda phan tng déng vong & 60°C
v6i chit chudn vong 8 canh = 1

Br(CH,),CO0~™ — (CH,), —CO
L |

n Téc do tuong 46 n Téc 40 twang doi
3 21,7 11 8,51
4 3.4.10° 12 10.6
5 1,5.1¢° 13 32,2
B 1,7. 10 14 41,9
7 97,3 15 45,1
8 1,00 16 52,0
9 1,12 18 51,2
10 3,35 23 604
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V& mit dong hoc vi nhiet dﬁng hoc, J. E. Baldwin da dua ra quy tic déng vdng cha

vong 3 dén 7 canh:
T T — m
e
Y Ha m
Q o :

x..\___./Y

phan biét qud trmh déng vong g01 1a d6ng vong exo vA endo, v6i ba nguyén tir & vi tri ddu ky
hiéu 1a Ter cho sp Trig cho sp Dig cho sp. Quy tdc nhu sau:

Quy téc |: He tt di¢n:
(a) 3 dén 7 canh - exo-Ter 12 qud trinh thich hop cho tat ca;
(b) 3 tGi 6 canh - endo — Ter 12 khong thich hop.
Quy tic 2: Hé tam gidc:
{2) 3 dén 7 canh - exo-Trig 12 thich hap;
(b) 3 dén 5 canh - endo-Trig 1a khong thich hop;
(t) 6 dén 7 canh - endo-Trig 13 thich hop.

Quy tic 3: He nhj gidc:

(a) 3 dén 4 conh - exo-Dig 1a khong thich hop;
(b) 5 dén 7 canh - exo-Dig 14 thich hop,
(¢) 3 dén 7 canh - endo-Dig 14 thich hop.

Khong thich hgp khong cé nghia 12 khong tao thanh nhung ¢6 nhidu khé khan hon
truong hgp tuong ing. Céc quy tic ndy ¢6 y nghia thuc nghiém va ¢é ¢ s& hod hoc 1ap thé.
Con duong thich hop Ia chiu dai v ban chat cia mach & hai ddu cu6i c6 tinh hinh hoc thich
hop cho phan 1ing, cdn khong thich hop 1a ¢6 sy bien dang vé lién két va khoang cach.

D6i véi hién tugng squtome hod, sy tao thanh can bing rautome giita vong — mach hé
chi ¢6 khi cdc nhém chifc & vi ui 1,3 va 1,4, nghia la khi hiéu tng ti€p can di 16n va vong
tao thanh cd siic cang cuc tidu:

/(CHQ,

- CH- (CHp,- CH === R-CH CH - OH

o i o
Cl-C-(CH)-C-Cl === 0=C =0
TR ~
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4.12. DUNG MOI VA HIEU UNG DUNG MOI

Dai da s¢ phan tmg hiu co dirge ti€n hanh trong dung dich vi thé dung moi ¢6 anh
hudng 16n d&€n hudng va t6¢ do phan dng.

C6 thé phan loai dung moi nhu sau:

Dung méi aproton Dung méi proton
Phan cuc Khoéng phén cuc
Pyridin e=12 Hexan =19 Axit axetic £€=6,1
Axeton 21 CCl, 2.2 CF;—-COOH 8.6
Nitrobenzen 35 bioxan 22 tert- Butanol 12,6
Nitrometan 36 Benzen 3,3 Amoniac (22)
Dimetylfomamit 37 Ete etylic 4,3 Etanol 24,6
Dimetylsunfoxit 47 CHCl, 4.8 Metanol 2
Tetrahydrofuran 7.6 H,O 78

Pac trung cia dung moi 12 d¢ thdm dién moi, 1A mic 0 do khi ning cha vat ligu
trong don vi thé tich 1am tang dién dung ciia ty dién so v6i trong chan khong, 12 him s6 cia

hing s& momen ludng cyc va do phan cyc. D¢ thdm dién moi tang v6i sy tang momen ludng
cuc va do phan cuc hod.

D¢ thém dién moi c¢6 anh hudmg dén sy phan chia dién tich, nhung quan trong la
tuong tdc ¢ha dung moi véi chit tan & khodng céch gén, gAy anh hudmg rd ring t6i tdc nhan
va trang th4i chuyén, do d6 16i nang luong hoat hod.

Tuong tdc gita dung moi va chit tan hay giifa ban than cic phan ut dung méi c6 thé
¢ cdc dang twong tic gilta cdc phan .

Tuong tdc tinh dién do cic lyc dinh hudng, cam ng va khuéch tin. Lyc dinh huéng
hinh thanh & chal tan véi phan tir phan cuc, gay ra sy dinh huéng phan tir dung m6i xung
quanh chit tan ¢6 momen ludng cyc.

Luc ciam tng hinh thanh gilta phan tir c6 tinh phan cyc y&u hay khong phan cuc &
khoang cdch gin v&i phan tir phan cuc manh.

Luc khuéch tdn hinh thanh nh& xudt hién momen ludng cyc tic thdi trong nhing phan
tir do su chuyén dong lién tuc cia electron.

Nhu vay, luc khuéch tén va cdm fng phu thudc vao do phan cyuc hod cia céc phan tir
trong dung dich.
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Sof Sol Soi | Sol

: : . Sol .
Sol  CH;  Sol CH;  Sol  Sol u Sol
s+ s _ CH _C+/C 3801 Sol Sol
CH;— (lf—C| Sol CH3--(|3 <f 3. ~cH, or
Sol CH;  Sol CH; Sol Sol Sol Sol Sl Sol
4
Sol Sol Sol Sol

Sol = phan tir dung moi

Tuong téc tinh dién manh la tuong téc ion-ludng cuc, thay déi nhanh v6i khodng cich.
Nang lugng tu do hoat hod giam v&i su giam kich thudc ion va dung moi phan cue ¢d bin
kinh nhé thuan lgi cho ion. Cation bj solvat 16t bang ludng cuc hinh thanh trong phan tir c6

cip electron tu do trén AO lai hod [X'S'@S'} con anion tuong tic 6t véi dung moi loai
H"... X*™ do tuong téc hydro.

Tuong tdc ludng cyc- ludng cuc dat dugc khi ¢6 su phan b6 thing cdc ludng cuc:
A™...B¥ ... C*"... DY, wong téc nhé vi dién tich nhd va 1y 1¢ nghich véi lu§ thira bac ba ciia
khodng cdch. Tuong tic ludng cuc - ludng cuc tic lhcn nho hodc gitta hai lu@ng cuc tic thoi
ciing nho, d6i khi cé thé bd qua. g

Loal tuong tic thit hai 1a twong tdc hod hoc, goi la tuong tdc dac biét, gita phan ti
ch4t tan vi dung moi, thudng tao phitc cho-nhan véi sir chuyén dich d:en tich hay hén keét
hydro. Twong téc nay thudc loat tuong tic axit - bazo.

Theo quan diém thuyé&t MO kich thich, twong téc clia ch4t tan vA dung méi 1 su tron
ldn cdc MO, trong d6 tuong tic gifta cdc MO bi chi€ém v6i nhau khong dnh hudmg t6i nang
lugng cha hé, nhung tuong tic gita MO bi chiém clla dung méi véi MO tréng phan lién két
cha chét tan hay nguge lai, c6 thé 1am thay ddi nang lugng toan phdn. Sy thay déi dil 16n néu
cde MO c6 nang lugng gin nhau. Tuong tic chinh 1a tvong tdc gilta HOAO hay HOMO cua
dung méi vdi LUAO hay LUMO cia chat tan va HOAO hay HOMO cua chit tan véi LUAO
hay LUMO clia dung moéi:

! 4
- !
~. ’ I ]
i Chat tan

Theo Kaufman, ning luong tuong tic cia HOO vd LUO bing the ion hod cia HOO
(Iy00) VA 4i luc electron clla LUO (A} o). Twong tdc 16n 1a dung méi cé the ion hod thip va
chat tan cé ai luc electron cao hay nguoc lai. Cation (A electron cao) teong tdc vdi dung moi
¢ cap electron tu do (/ thép), twong tic nay dua tdi lién két hod hoc xdc dinh - phdi tri.
Cation d6c nhat khong tham gia vio tuong tdc ndy 1a NH,".
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Tuong téc manh 12 tuong tdc gilta anion ¢6 4i luc electron thap va dung moi c6 ddm
may hod trj tréng. C6 thé thay cdc AQ tréng bing MO phén lien két.

Vai trd quan trong clia dung méi trong cdc qud trinh hod hoc 1a su anh huéng dén
hang s6 can bing ctta cdc qua trinh thuin nghich va dé&n t6c d6 phan tng. Su thay déi nay ¢é
lién quan &1 nang lugng solvat hod cla dung méi véi chit tan & trang thai ban ddu so voi
trang thdi chuyén.

Anh hudng cia dung moi dén 8¢ 46 phan dng khi thay déi dung maéi khidc nhau duoc
xdc dinh bang sif thay d6i tinh 6n dinh cita chdt ddu va trang thdi chuyén. Néu nang luong
solvat chdt ban ddu tang lén 16n hon trang thai chuyén khi thay d6i dung moi thi tdc do phan
ing giam (hinh 4.14a), nguge lai n€u nang lugng solvat chdt ban ddu ting 1én véi mic do
nho so véi trang thai chuyén thi téc do phan dng tang 1én (hinh 4.14b) va nang luong solvat
chat ban ddu giam hon trang thai chuyén (hinh 4.14c) thi t6c d6 phén Gng tang manh.

AG a AG AG ¢

a) Toa d6 phan {mg by Toa dd phan Cmé 0 Toa d6 phan ing
Hinh 4.14. Su thay déi nang lugng ty do phu thudc vao dung moi

Dung moi ciing 1am thay déi trang théi can bang do sy thay d6i nang lugng solvat hod
cha hai hop chat trong trang théi can bang khi thay d8i dung méi, chi y&u gay ra do sy khéc
nhau vé nang luong solvat hod cia ddng phan & trang théi can bing,

- AG

Toa 84 phan (g
Hinh 4.15. Su thay d6i AG clia phan tng can bing khi thay déi dung moi
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Chéng han, su can bing ion hod axit hitu co, trong d6 ¢6 su chuyén proton tdi dung
moi:
O

/ |
R—C’ +Sol == R—COOH.So| == R—COO +H". Sol
~OH

Can bang chuyén sang phai 16n, n&u tinh bazo cla dung moi 16n hay tinh cléng ciia
bazo 16n, do thim dién moi 16n:
AGasy + AG? = AGy
AG? - AG' = AG sy - AGgsy = AAGg,
Bang sau day cho mot s& vi du.

Téc nhan { Sin phim Hiéu Wng dung moi

1- ion ion I+RCl—>[I...R.Cl]>RI+CI”

Phén iing chm khi ting tinh phan cvc clia dung moi, nang
lugng trang thdi chuyén khong 16n vi san bing dién tich.

2- ion trung hod | (CH,),S" + C,HsO™ —» (CH;),S + CH,SC,H;

Phan ing cham vi dung méi, ning luong solvat chat ban diu
1én hon trang thdi chuyén.

3- | trung hoa ion (CH3);CCl - (CH5):C* + CI™

Phan ing xdy ra trong dung moi 16n hon trong pha khi, t6c
d6 tang khi tang kha nang solvat ciia dung méi.

4- | trung hod | trung hoi 0O
phin cyc | phan cuc H3CE . %O _bHsc O o _+H3C 5
0 o)

Hi¢u ing dung moi khong 1én nhung t6c d¢ 16n trong dung
mai phan cuc.

5- | trung hod | trung hoa
khong khong Csﬁs\{/ . CﬁHﬁ“D

phan cic | phan cyc

Khéng c6 hi¢u ing dung moi, solvat bing tvong tic cam ing

khuéch tan.

D¢ thay 15 vai trd quan trong cla dung moi trong cdc phan tng hitu co, ta ¢6 thé so
sdnh néng lvgng hoat hod ciia cdc phin tmg khi ¢6 va khong c6 dung moi, nhu trong pha
khi. Chéng han, phin tng phan ly ion (3):
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(CH3);CCl — (CH,):C + CI”

la phan img Sy/, chdt ban ddu c6 moémen ludng cuc nén cé twong tic ludng cuc- ludng cuc
vai dung moi, trang thdi chuyén ¢6 mémen luéng cuc 16n hon nén tuong tdc ludng cyc & day
cling ton hon. Trang thdi chuyén duge 6n dinh bdi dung moi 16n hon chat ban diu nhiéu. So
v6i phan umg trong pha khi, nang Iwong hoat hod khi ¢6 dung moi thdp hon khoang 130
kcal/mol so v6i khi khong 6 dung méi.
[ +R-Cl— R-I+CI’

Trong phan éng (1):
1a phdn iing S\2, dung moi ciing 13m gidm ning lugng hoat hod nhidu so véi khong c6 dung

moi, song dung moi 1am 6n dinh chét ban ddu 16n hon 12 6n dinh trang théi chuyén ti€p. Khi
tang tinh phan cyc clia dung méi, hi¢u \ing dung m6i 1Am giam phan ving.

Cac dung moi aproton phin cuc thudng ¢6 hai chifc nang axit va bazo nén trung tam
axit va bazd ciing cd ban chat axit hoac bazo cimg va mém ma méi trung tdm déu cé su bao

vav khong gian khic nhau.

E A - (pha khi) E A
' /] RYX™ '

]f

; (pha khi)

i &n ¢inh 16n pha kit

i 1~ bdi dung mai

f

f .

'J- ﬁ+ ‘3{ 8n dinh nhd

K —

RX/ ‘ :
8n dinh L—\_?,i_ (dung mdi) (dung mai)
nho NuR+X~
RX
Toa dd phén?m'g Toa db phdn dng o

Hinh 4.16. Hi¢u {ing dung moi trong phan tng Sy7 v Sy2

Chéng han, dimetylsunfoxit (DMSO) va hexametylphotphotriamyl (HMPT) cé kha

nang solvat hod cation giérg nhau nhung kha nang solvat anion rdt khic nhau. DMSO c6
cfu tric bat dién, trung tam axit & nguyén t& S ¢6 khong gian I6n, con HMPT c6 cu tric 1
dién cla trung tam duong & P bj che chin nhidu. Anion bi solvat ho4 nhidu hon nén khi

nang phan dng cia anion trong DMSO cham hon trong HMPT.

T
CH{ 8-!- 8_
SS_:____: 0 & CH3 — N Pas=s 0
7/ |
CH
3 CH; |,
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Bang 4.5. Hing s6 vat 1y clia m6t s6 dung moi

Dung moi £, D £ g2 k,
Hexan 69 0 1,89 1,3751 -
Benzen 80 0 1.28 1.5001 -
Tetraclorua cacbon 76,5 0 2,23 1,4601 -
n-Propylclorua 47 2,10 - - -
Etanol 78,3 1,69 24,3 1,3611 107"
Metanal . 645 1,70 32,5 1,3288 1078
n-Butanol 118 1,63
Etylenglycol 198 2,2 377 1,4318 107"
Dietylenglyco! 245 2,3 29,4 1,4472 -
Ete etylic 346 1,25 4,34 1,3528 -
Dioxan 102 0 2,2 1,4224 -
Tetrahydrofuran 66 17 732 1,4050 -
Axeton 56,2 2.83 20,7 1,3588 -
Axetonitrin 816 3,5 38,2 1,3441 -
Dimetylfomamit 152 3.8 36,7 1,4303 -
Dimetylsunfoxit 189 3,9 49 1,4770 -
Axit axetic 118,5 1,74 6,2 1,3718 1,81.107°

Khi ning solvat ciing phu thuéc nhiéu vao kha nang tao phic bén nhu Na* ¢é kha
nang tao phitc bén vdi ete, polyetylenglycol, ete crown.

Né&u dung moi 12 bazo manh déng thdi c¢é nguyén tir hydro linh déng dé thé hién tinh
axit thi s& xay ra qué trinh phén ly proton (ty proton ph4n) cling dugc dic trung bang gid tri
PK ,aupy - Ching han:

2HCOOH === HCOO" + [HC(OH),]* pK,= 21
2(CH;3);SO == [(CH;3)»,SOH]" + CH3-SO-CHy”  pK, = 32
va do ¢é qud trinh ty phan ly nén tinh bazc cia dung méi tang l1en.

Dé6i v6i nhimg phan ing khong c6 su hinh thanh trang thdi chuyén ti€p hay chét trung
gian ion hod, ching han nhv phan tng (4) va (5) & trén, cling nhu loai phan tng xay ra theo
quy tdc d6i xing obitan, thi hiéu dng dung moi khéng c6, nhung tinh phan cyc clia dung moi
lam tang t6c 46 phdn ing.

4.13. XUC TAC CUA PHAN UNG HUU CO

Xiic tdc lam thay déi t6c do phan dng, tham gia vao qud trinh hinh thanh trang thdi
trung gian nhung tdi tao lai sau phén ¥ng.

Xic tdc lam tang t6c 46 phan ing clia mot giai doan nio d6 trong co ché phan img dé
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cho phan Wng xay ra theo hudng c6 nang lugng hoat hod thdp nhat, hay ndi cdch khac 13 lam
giam nang lugng hoat hod cla phin dng. Xiic tdc khong phai la ngudn ning lugng tu do ma
chi xic ti€n qud trinh thi€t 1ap néng d¢ can bing nhiet dong hoc cla san phdm phén \ng,
nghia 13 ¢6 kha nang xic ti€n nhanh viéc thi€t 14p can bing gitta ch4t ban ddu va san phém.

Xuc tdc duong 12 xic tdc xidc ti€n phan img, cdn xic tdc lam cham hay ngimg phan
g goi la xdc tdc am.

Xic tdc chi ¢d kha ndng Xic tic trong nhiing phin \mg x4c dinh hay loai phan Ung xdc
dinh. Viing tdc dung cia xiic t4c rat khdc nhau.

Trong phan g xic tdc di th&, phdn ung xay ra trén bé mat phan chia pha xic tac -
cht phan tng, trong phan tng xic tdc déng thé thi phin img xay ra trong mét pha déng nhat
(dung dich hoac hoi).

Tédc dung xiic tic gay ra do nhilng nguyén nhan sau:

- Do 120 thanh phifc clia xic tdc (C) v6i phan tit chat ban ddu (R) ¢6 t6c dé phan tng

16n hon chét ban d4du khong c6 lién két véi xic téc:
ky

S —p S + C == gC
chdtban ddu  sinphém  chdtban ddu  xic tdc phiic xiic tic
(b <<k, SC & p 4

- C6 téc dung chuyén phan tlr thanh dang c6 kha ning phan ting cao hon, ching han
nhu trong cdc phan ing xiic tdc axit-bazo.

- Hinh thanh nhing phan ting hod hoc trung gian méi do sy tham gia clia xiic tdc dé
chuyén chat ban d4u thanh san phfm cuéi cung vdi t6¢ do I6n hon khi khong ¢6 xiic téc.

Dua vao tdc dung xiic tdc, cé thé chia ra ba loai xiic tac: xiic tic axit- bazo xuc tdc
oxy hod khit va xiic tic phoi tri.

4.13.1. Xdc tac axit - bazo

Xiic tdc axit - bazo xiic tdc cdc phin Ung di ly béng axit hay bazo phu thudc vio tinh
axit hay bazo ciia chat hitu co.

Dic tinh ciia phan ung [a chuyén proton tir xic tdc t6i chat ban ddu hay nguge lai, dé
hinh thanh tiéu phan ¢6 kha niang phin g cao hon.

Thuyét xdc tdc nay dua trén 1y thuyét chung vé axit - bazo cita Bronsted, ctia Lewis
hay cta Pircon. :

Trong phan wng xiic tdc axit, giai doan ddu 1a chuyén proton tir axit (AH) téi chat ban
ddu (S) d€ tao thanh dang proton hod hoat dong hon (SH*) hoac c6 thé tir dung méi proton
hod SolH* chuyén proton t6i ch4t ban ddu (S) thinh (SH*) va Sol.

Ching han, phan tng thuy phan este, phin iing cong clha nhém cacbonyl. Chat ban ddu
0 day dong vai trd cha mét bazo nén cé thé xem Ia chuyén proton tir axit téi bazo:
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S + AH == GSH* + A

hay S + SolH* == SH' + Sol

, HOH
RCOOR' + H (H30") —= [R(I;'+0R'] —= RCOOH + R'OH + H,;0*
OH

C6 trudng hop proton ho4 bing hai proton nhu phan ng chuyén vi benzidin.

Dang proton hod c6 thé chin sy tan céng ti&p bdi téc nhan phin ing dé cho sin phdm
ndy c6 thé chiu chuyén hod xa hon thanh tiéu phan phan ting.

Phén ting xiic tic axit-bazo cé thé thuc hién bing hai c4ch:
nhanh cham

1- AH+S = SH*+A  —— sinphim

Phan iing thue hién bling cdch chuyén proton tir axit hay dung meéi proton hod tdi chét
ban ddu. Loai xidc téc ndy khong phu thudc vio néng d6 chét cho proton c6 trong phan ing,
phén tng dugc diéu hoa bing ndng d6 ion H’, nghia 1a pH clia méi trudng.

Té&c d6 phén tng: v = k[H'](S] hay v = k[Sol.H*][S]

Loai xiic tdc ndy goi 12 xic tdc axit dac biét hay dién hinh.

cham -
2 AH+S == SH'+A" -0 .0 ohdm

Xic tdc & day 1a phan tor axit chung. T6c d¢ khong phu thudc vio pH cha moi truding
ma phu thudc vio néng do cia axit. Do 46, trong phan ¢ng ndy, ngoai axit c6 thé c6 sw tham
gia cira nhiing cht cé kha nang cho proton ¢6 trong phan ing.

T6c do phan img: v = k[SolH*1[S] + ky[A,HIIS] + &3[A;HI(S} + ...

Véi Ay, A, 12 nhilng axit ¢6 khd nang cho proton c6 trong phan ttng, con [SolH'] 1a
néng do dung moi proton hod hodc cé thé 1a [AH].

Loai xic tdc axit ndy goi 12 xdc tdc axit chung.

Xiic tdc axit chung ciing quan sit dugc kKhi qué trinh chuyén proton x4c dinh t6c do
phan @ng cla axit hon 12 dung méi proton hoi:

ha -
S+AH —> SH'+A
SH* — sin phim
nghia 1a AH truc ti€p déng gép vao t6c do chung clia phian dng.

Phan img xiic tic axit chung c6 thé thuc hién bing cich tao lién két hydro giita chat
ban d4u va chat cho proton:

A-H+8 —= A-H...S
A-H .. S+ Nu — sin phim
trong d6 céc tiéu phan c6 lien k&t hydro déu c6 dong gbp vao t6c d6 chung cha phan iing.
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D6i v6i xic tdc bazo ciling ¢6 phan g xiic tic bazo di€n hinh va xiic tdc bazo chung.

ha )
ST+ BH' 20, can phim

SH+B == BH'+s DN . him

Phan tng trén la phan iing xiic tic bazo dién hinh, nghia [ t6¢c d6 phan ting phu thuoc
vao pH clia moi trudmg, con phan tng dudi 12 xic tic bazo chung, nghia 1 8¢ 46 phin ung
phu thuéc vao néng d6 clia bazo.

Cé thé tryc gidc thady méi lién quan gitta d9 hiéu dung ctia xic tdc axit chung hay bazo
chung theo phuong trinh goi 12 dinh luat xiic tic ciia Bronsted:

1gK oy =1gK, — o(pK,) hay IgK, = algK, + C

Ky = 1gK, ~ B(pKy)  hay 1gK,, = BlgKy + C
vdi K, - hing s6 tac dung xic tac ting véi axit hay bazo; K, K - hiing s6 ion hod clia axit
hay bazo; o va B 12 hing s& dién hinh cho mdi phan ung cu thé trong diéu kién phan ¢ng.

Phuong trinh ndy doi héi nang luong tu do hoat ho ciia giai doan xiic tic d6i véi day
axit, ty lé thuan véi nang luong ty do phan ly cia day axit dé. Hing s6 o hay B 1a chi s6
chi do nhay cua giai doan xic tac véi su thay déi c&u tric so voi 4nh hudng cta sy thay

ddi cau tric cha sy phan ly axit. Hang s6 chi ding gidi han cho mot day axit ¢6 cling cfu
triic gidng nhau.

Trong trudng hop xic tic axit hay bazo dién hinh c6 quan he:
1gK,, = 1g[H"] + const
1gK,, = 1g[HO ] + const
bé nghién citu qué trinh chuyén proton, ngudi ta ding hiéu tng déng vi dung moéi

biang cdch so sdnh t6c d6 phan tng trong H,0 va D,O. Hiéu ting déng vi ¢6 thé 1a binh
thudng hay ngugc, phu thudc vao qué trinh chuyén proton trong co ché phan dng.

Neu sy proton hod & giai doan can bang thi phin tmg trong D,0 x4y ra nhanh hon,
néu & giai doan chAm quyét dinh t6c do phan ing thi phin ung trong H,0 nhanh hon, thuoe
loat hiéu ing déng vi bac nhat.

4.13.2. Xuic téc phdi tri

Axit Lewis c6 tic durg xic téc bing cdch tao phitc véi chat phan ting, 1am tang kha
nang phan ing cla chat ban déu, nhu trong phén ting Friedel Crafts, chinh phic nay 1am
tang su phan ly ra ion lam tdc nhan phan #ng cao:

RX + AlX; === [R%---X---AIX;%] == [R* AIX,]
CsHg + [ R* AIX]— C4H:R + AlX; + HX

Cac ion kim loai chuyén c6 obitan d tham gia tao phitc v&i hop chat phéi trf, nhu cdc

phic cta kim loai uhém VIII: Fe(CO)s, [FeH(CO),], [RuClg}*, [Ni(CN),*", [PdCI,)>,

293



[Mo(CN)y 1>, [Cr(CN)I* ", IMn(CN)J*".

S6 phdi trf thay déi tir 2 dén 8. Cau hinh electron tir ¢' dén d'°, thudng tir &° dé&n 4.
C&u hinh obitan cia ion xic tdc c¢é vai trd 1én cho hoat tinh Xiic tdc, trong trudng hop cta
cdc phéi tir, mifc 4 cla ion bi phan mic, trong d6 electron chi€ém mic thip nh4t. Su thay déi
phéi tri gay ra sw thay déi mic chdt ddy cia obitan bdn muc J va nang lugng chuyén
electron d sang mifc nang lugng thdp hon nam trong niang lwong hoat hod. Hoat tinh xtc tic
clia phitc kim loai chuyén tiép khdc v6i hoat tinh cia phitc kim loai khéng chuyén tiép & chd
ning lugng hoat hod bao gém cd nang lugng chuyén electron d sang mitc thép hon.

Co ché xiic tdc cna cdc phiic phéi tri rat khdc nhau, nhung néi chung 13 chit ban
d4u va tdc nhan di vao thanh phan phitc, phic phan huy va tii tao lai sau khi tach ra san
phdm cuéi ciing. Ching han phan ung hydro hod etylen bang phic RhCI[P(C,H;0),], xiy
ra nhu sau:

CH,
H H |
L L H, L | L Catly L Rhlin CH,
— —_— —
L Rh{D) - -l L RhI(IIl) q L (] ) H
L C cl
vol Ll CH,CH, L L
— Rh(1) — Rh(I) + CH;--CH;
L = ligand L I H L Cl

Cl

Ciing nhu sy déng phan hod anken khi ¢6 xic tdc Fe(CO)q:
RCH,CH=CH, * Fe(CO)s == RCH,CH TCHZ ==
HFe(CO),
RCH T CHCH; —= RCH=CHCH;
Fe(CO);

Céc ion phirc nhu Mn?*, Fe**, Fe*, Cu*, Co™... 1a chét hoat hod clia enzym trong co
thé sinh vat, tao phitc v6i enzym xiic tic cdc qud trinh oxy hod - khir, thuy phan... xay ra
trong co thé.

4.13.3. Xiic tic oxy hoa - khir

Xiic tdc oxy ho4 - khir lién quan t6i sy chuyén electron giifa xic tdc va chat phan tng.
Cdc kim loat nang trong chu k¥ IV — VI ¢6 obitan d chua chat ddy (Pt, Pd, Ni, Co, Mn, Fe,
Cu... } va hop chdt clia ching nhu oxit, sunfua, (V;05, MnO,, Cr,04, MoS,, CuS,, WS,...).

Xiic tdc oxy hod - khit hay diing trong cdc qua trinh g&c ty do, trong d6 ¢ qud trinh
chuyén electron khi ¢6 kim loai c¢6 ho4 trj bi€n d6i. Ching han nhu phan Ung cha 1-anken
khi €6 hé xic tdc Mn(OCOCH;); — Cu(OCOCHS,), theo co ché géc:
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Mn** +RH — Mn** + R’ +H*
R’ + R’CH=CH, — R’CH'CH,R
R’CH'CH,R + Cu** —» R'CH=CHR + Cu* + H*
Cu* + Mn* — Cu®* + Mn**
Céc qud trinh oxy hod khir thudng dwgc nghién citu k¥ khi téng hop cic axit y, &
khéng no, cdc y-lacton, cdc phan ng thé nhém chitc va cdc qud trinh sinh hoc.

4.13.4. Xaic tac enzym

Enzym la xic tdc sinh hoc, xiic tdc cdc qua trinh hod hoc xdy ra trong co thé séng.
Enzym thudng 1a protein thuidn wy hodc protein két hgp v6i phdn phi protein goi 12
coenzym. Doi khi trong thanh phin ¢lla enzym con c6 cdc ion kim loai.

Co ché cua cdc qua trinh xiic tic enzym khong don gidn va rdt khdc nhau, thuémng gay
ra sy dinh huéng va 1ap trung trén cic trung tm hoat dong nhit clla enzym hay tao thanh
nhitng hop chat trung gian hod tri giita enzym - chit ban d4u.

Céc qua trinh xic tdc enzym thuOng gip trong héa sinh, hod 1y, hod hoc cdc hop chat
thién nhién nhu chu trinh isoprenoit, tecpen, cacbohydrat, protein.

Ngoai cdc phan iing xic tdc, cdn 6 nhitng phan ting chi ¢6 thé xay ra khi thém mot
cdu tr thit ba dé ¢ thé xay ra phan tng giifa hai cdu tir ban ddu:

S, +S,#P
$+f —™ R — P
san phdm trung gian
hoat dong

Trong trudng hgp nay, cau tir thit ba twong tdc véi mot trong hai cdu tlr ban ddu dé
hinh thanh hop chét trung gtan hoat dong, dé tham gia phan (tng véi c4u tlr thi hai.

Chéng han, phan ting clla N-cacbobenzoxyaminoaxit véi este clia c-aminoaxit chi xay
ra khi ¢é thém N ,N-dixyclohexylcacbodiimit:

C¢HsCH,OCONHCHRCOOH + C4Hs~N=C=N-C¢H,, —

NHCeH,

H,NCHR’COOC,H
— C6H5 CHz CCONHCHR COOC=NC6H 1t -

= C¢HsCH,OCONHCHRCONHCHR’COOC,;H;s + (C¢H,;NH),CO
Phan Ung nay thudng goi 12 phan ¥ng lién hop di qua mot chat trung gian hoat déng.

4.14. CAC TIEU PHAN TRUNG GIAN CUA PHAN UNG HOU CO

Nhimg tiéu phan trung gian phén iing trong cdc phan tng hitu co c¢6 khi nang phan
ing rdt cao la cacbanion, cacbocation, géc tu do, cacben, nitren.
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4.14.1. Cacbocation

Cation hitu co c6 dién tich duong & cacbon gém c6 cation oni vd ion cacboni
(cacbocation), cation oni tao thanh khi cong proton vao nguyén tir cacbon dé tao thanh
cacbon phéi tri 5 dd duge xdc nhan bang quang phé khoi.

Chéng han, cation metoni CH;" chita lign két hai electron nhu:

fH +
CHy---=2_

H

Trung tdm ma theo Olah khi cdng proton vio benzen goi 12 benzoni chita dién tich
duong dinh ché trén nam cacbon lai ho4 sp”.

7 H

[ H H H
H H H H H
- e m
yH g gt H

I
s
T

Cacbocation bén hay khéng bén thuong dugce tao thanh bing moét trong cdc phuong
phép sau:

- Ton hod tryc 1i€p v6i nhém di ra ciing vé6i cap electron lién két truc tiép tir nguyeén tir
cacbon:
REX — R +X
- Cong proton hay tiéu phan mang dién tich duong (6t nguyeén tir cia hé khong no:

@
—C£+ H" —» —C—Z—H

I
1- Cdu triic

Cacbocation 12 tiéu phan chifa dién tich duong & cacbon sp? ¢6 obitan tréng nidm thang
gbc véi mat phang ctia ba lién két o

NN
$+ 2sp® 2sp? 23,:92 %

s

obitan p

Hinh 4.17. Cu triic obitan clia CH,"

Cacbocation dugc tao thanh bang cdch phan cit lien két C-X cia hop chét no khi X 1 géc
axit manh (HX), phan cat lién két C-N, thudng cila amin gua hgp chat diazoni, cong proton
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hay cation vao lién két ngin hodc oxy hod g6c ankyl bing mudi clia kim loai chuyén ti€p.
Nang lugng phan cét dj ly lien két C-X trong pha khi r4t 16n, ching han phan ly.:
(CH;3);CCl — (CH3),C" + C1” véi AH = 157 kcal/mol
song c¢6 kha nang phan ly trong dung dich nh& ¢é kha ning solvat hod ion clia dung méi.
Kha nang ion hod cla R~X chi xay ra khi anion X c¢6 tinh 6n dinh 16n, nghia la khi

X la gdc cha axit manh HX hoac én dinh bing thém axit Lewis dé tao phiic bén véi X
{nhu AICl;, SnCly, SbCls...):

R-Cl + SbClg ~— R* + SbCl~

va dung moi ¢ kha nang phan ly cao va tinh nucleophin rét nhd, ching han, SO,CIF, hay
ndi chung la moi truong siéu axit (moi trudmg cé tinh axit cao hon axit sunfuric 96 = 100%)
dé ¢6 néng d6 cation trong dung dich di d€ nghién citu cic tinh chat 1y hoc, thudng diing he
SbFs — FSO,ClL
Bang 4.6. Nang luong phan cit dily ctaR-H — R*+ H~
(nang lugng phan ly & trang théi khi)

lon D(R'-H} lon D(R*™-H7)
CH,* 314,6 keal/mol (1316 kd/mol) CH," 276,7 kcal/mol (1158 kJ/mol)
{CH,),CH’ 249,2 kcalimol {1043 kJ/mol) (CH,)C' 231.9 keal/mol (970,3 kJdimol)
CeHs 294 kcal/mol {1230 kJ/moal) CH,=CH’ 287 kcal/mol (1200 kJ/mal)
CHy,=CH-CH,' 256 kecal/mol (1070 kJ/mof) CeHsCH," 238 keal/moi (396 kJ/mol)
Xyclopentyl 246 kcalimot (1030 kJ/mol) CH,CO’ 230 kealfmol {962 kJimol)

Bang cdc phuong phdp trén, c6 thé thu duge cacbocation én dinh nhung thuong
cacbocation thu dugc & dang kém 6n dinh nhu 1a chét trung gian trong cdc phan img hitu co.

Céc tiéu phan nay c6 kha nang phan iing rdt cao, thoi gian t6n tai ngin, tham gia phin
itng nhanh véi cdc tdc nhan khic trong phan ung trudce khi thay déi cdu triic cling nhu trude
khi cacbocation dat duge trang théi én dinh nhiét déng hoc.

Khi tién hinh nhitng qud trinh xay ra qua trang thi trung gian cacbocation trong dung
méi, can phai ding dung méi c6 kha ning tuong tdc y&u véi trung tAm dién tich duong &
cacbon. Dung moi proton ¢6 ¢ip electron n d& phén tng véi cacbocation, chang han:

R*+R'OH — R-O*-R’ —» R-O-R’+H*
H

Dung méi aproton phan ting véi cacbocation phu thude vao tinh nucleophin clia dung moéi.

Phuong phidp phdt hién cacbocation phu thudc nhiéu vae tinh 6n dinh cla né. Néu
cacbocation du 6n dinh trong dung dich, ¢6 thé dinh gid dwoc hing s6 dién ly va hing so
cn bang cla phan ng;

RX == R"+X
bang cdc phwong phdp hod 1y.
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Ciing c6 thé so sénh mu sic, song chii ¥ ring nhidu tidu phan khéc ciing d& hé&p thu
trong ving kha kién,

Dai da s6 cacbocation dugce phdt hién béng phuong phap phé.

Phd tir ngoai UV diing véi ti€u phan c6 thoi gian tén tai 107 + 107 57! va chj dung
cho ion ¢6 su gidi toa dién tich duong l6n, thudng gidi toa v6i obitan n.

Chiéu dai lién hgp cang 16n, sy khic nhau giia trang thdi co ban va kich thich 16n, pic
cuc dai hap thu chuyén vé phia séng dai hon va cuomg d6 hap thu 16n hon.

fpax, NM lge
3,05 4,03
4,73 5,04
3,97 4,00
5,5 5,18

Phuong phép NMR véi hat nhan '"H vA 1C, thang thdi gian 1a 107" = 107%s™", xdc
dinh su chuyén tin hi¢u cha proton & C* hay cacbon bén canh & viing trudng yéu do su
chuyén electron vé phia dién tich duong va su phdn chin cla proton nhu gidn dé & hinh
4.18.

(CHyyC*

.’J\—w-—-,_,...._____)g

u— 1 i 1 1 'l

5 4 3 2 ] 0

Hinh 4.18. Phd NMR cia florua sec-butyl va phiic ion ciia né
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P6i vdi nhitng cacbocation, nhu 14 chét trung gian trong phan ting, t6n tai vdi néng do
nho, thudng chitng minh sy tén tai bang phan ng trao d6i déng vi, thé€ H & vi trf o d6i véi
trung tim cation bing D. Néu dién tich duong & trung tAm duge giai toa 16n thi su trao déi H
cho D rdt cham, hoac thém vao dung dich nhitng ion hoat tinh cao véi C* gap 10% 14n so véi
nudc hoac dung tetrahydrothiophen:

CH;
|
CHy-CH-CHy-CHj 25 CH,- GH-CH,-CH; 2% CHy-*CH-CHy-CH; + CHy-"C-CH,
"OH, C4HgS

OH aHg } C4HSS+ CH,

CH;- $H CH,-CH; CHj- ?\CH
/ \ / \
2 2
/ \
CH2-"CH2 C""z""'--CH2

2- Tinh bén clia cacbocation

Tinh bén cha cacbocation & C lai hod sp® phu thudc vao sy gidi toa dién tich duong &
nguyén tir cacbon, sy giai tod cang 1én, cacbocation cang bén. Sy giai toa nay phu thudc vio
nhém thé bang hiéu \ing cam ttng hay lién hgp cong hudng.

Cédc nhém th€ ankyl giai toa dién tich dwong & trung tdm cacbocation bing hiéu ing
cam tng va siéu lién hop, tinh bén cacbocation thay déi nhu sau:

R=C* > R+C' > R*C" > H>C'
¥ ! } f
R H H H

|

I-I—--(IZ+ >  Cle—Ct >C1-—$+>c1+
|

H H H

Cyp=C> C—C" > CqsC

Cl

Hiéu tng +/ 1am &n dinh cacbocation, hiéu (tng ~/ 1am mat én dinh. Hiéu tng H 16n
cang 1am 6n dinh cacbocation,

Tinh 6n dinh giai thich bing si¢u lién hop khi so sénh cdc cfu tric cong hudng cha
cation bac 1, 2 va 3; cation bac 1, 2 chi cho hai cfu triic cong hudng, bac ba cho sdu cau
tric:
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Su gii toa cong hudng c6 thé thay trén can bing ciia phan ing:

(CD33C* + (CH3)3CH === (CH3);C* + (CD3);CH Koo = 1,97 0,20
(1) (2)

va tim thdy (2) bén hon (1), 1a hiéu tmg ddng vi B va hiéu ting siéu lien hop cha (1) kém hon (2).

Nhu vay cacbocation bic ba én dinh hon bdc hai va bac mot, do d6 cic cachocation ¢é
xu hudng chuyén tir cacbocation bac thap dén bac cao hon, goi la chuyén vj.

Trong cacbocation c6 t6n tai sy quay xung quanh lién két o, trong dé cidu dang bén
hon khi obitan p tw do ném song song véi lien két C—H bén canh:

H
H
W
5y -
\\\\/ \
H,C CH,
CH;
twomg e cue dai ruong tic cuc tidu

va su phan b6 nay dim bao tuong téc cuc dai giita ching. Thyec t€, hydro metin doi chuyén
t6i C* ciing v6i cap electron lien k&t dé tao nén lién két méi véi C* va hinh thanh
cacbocation bén vitng hon:

cation bac haj cation bic ba

Su chuyén vi ndy goi 14 chuyén vi hydrua.
Cac nhém the khic ciing c¢6 kha nang chuyén vi tvong tu:
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C

a

@& |
—C—C— ion bac ba u ti
C i @}LIH —- ﬁ:: i CHj;  cation bac ba wu tien
La b b e
cation bac hai L" C— _(f“'CH2 cation bac mot
C H

Hai vi du trén chitng td, cic cacbocation ¢6 xu huéng chuyén vi theo hudng hinh
thanh cacbocation bén vitng hon ngay trong céc qué trinh hod hoc. Phin dng chuyén vi nay
dac trung cho cacbocation ma tir cc¢ tiéu phan khic nhu cacbanion hay géc tir do hi€m cé.

Cac chuyén vi nay déu tim thdy trong dung dich ciing nhu trong pha khi, cation ankyl
don gian thuong khong tim th4y trong dung dich axit manh dac nhr H,SO,, nhung da nghién
cifu trén cdc cation bén nhu trong dung dich ciia hén hop axit floaxetic va pentaflorua
antimoni, nghia 13 thudng tim thdy trong dung dich goi 12 superaxit. Thyc nghiém co ban 12
cong cua ankyl florua vdi SbFs:

RF + SbFs — R* SbF,

Ciing ding ancol trong superaxit - SO, & —60°C hay anken trong HF-SbFs, trong SO,
hay SO,CIF.

Cic ankan trong superaxit s& mét hydro, ching han isobutan cho cation zert-butyl:

~SbF -
(CH,);CH F50.H-bFs (CH,);C* SbFsFSO;™ + H,

Su gidi tod manh nhat 12 gidi t0d v4i cap electron 1t hay n bang tuong tac giita obitan p
tréng v&i obitan p hay n. Tuong tic ndy cang l6n khi cé cdc obitan cang song song vGi nhau

va nang lugng obitan d6 cang gin nhau. Ching han, gidi tod bing electron = cha cation allyl,
benzyl:

H H H;C
c£cic 36({\@_@‘3“2 = 3C\C=CH-—+CHz
H;

H, H,

Vi c6 sy gidi tod, lien két don C'-C,2 c6 tinh chiit chia lien két boi nén tang nang
luogng quay xung quanh lién két d6 va c6 thé 16n tai & dang d6ng phan cis-trans, c6 thé xic
nhin bing NMR:
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Cation allylic bén ciling dugc thyc hién trong dung dich clia dien lién hop trong axit
sunfuric dic. Cation xyclic hay allyl axyclic ciing 6n dinh khi tdc dung ankyl halogenua hay
ancol trong SbF; va 50, hay SO,CIF. Cation divinylmetyl bén hon cation allyl don gian va
cling thu dugc trong axit sunfuric djc:

H,S0, @
Hy \ H;
CH, CH

Nhan phenyl dinh truc ti€p véi C* ciing giai tod manh dién tich duong gay ra su thiéu
electron & vi tri para va meta clia nhan, trong d6 vi trf para duong hon meta. Diéu nay dugc
x4c nhdn bing phé NMR.

@ ®
/ CH, /CH2 s /CHZ ra /CHZ
e ot - -

S6 nhan phenyl cang 16n, sy giai toa cang 16n, ching han, cation trotyl 12 cation bén:

Hy H, " proton - 5, ppm

/CH3d a 8,8
Hg \CH3 d 7,95
8,55
3.6

H
| g i:} | | |
_ H
Hsﬂg;;zg N 8,24
b 7.78
H, H}fzii§

Thuyc t€ cation trotyl ¢é c4u tric boi chéo, cacbon trung tam va ba vdng benzen khong
hoan toan nim trong moét mit phang: '

=T e B -

L¢]

@ﬁﬁ
Cation xyclopropylmetyl dugc tao thanh tir ancol trong axit sunfuric dac hay FSO,H-
SO,-SbFs nhu 3,4,5 & dudi c6 tinh bén do sy lién hop gilta obitan tréng cla cacbocation véi
vong xyclopropyl:
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_-CH; ® ;
—C® I>—CH—<] |>_
N &
CH,
(3) (4) (3)
S6 vong lien hop tang, tinh bén ting. Nghién citu phé NMR va cdc phuong phip khdc
da tim thay obitan tréng khong ndm thing géc ma ndm song song vdi lién két C,—C; cla

vong xyclopropan. Tinh hinh hoc nay dam bao cho su lién hgp twong tu nhu cia vong
xyclopropan véi lién két doi:

Cic vong xyclobutyl va 16n hon ¢6 hiéu ung twong ty nhu nhém ankyl binh thudng.

Cacbocation phéi tri ba ¢6 cacbon trung tdm c6 ba lién két va khong c6 electron hod
tri khdc nén céc lien ket 1a sp? va phiing, da xdc dinh dugc bing phé Raman va NMR, vi thé
khéng ¢ cacbocation ¢6 nguyén tir ddu c4u trong hé [2.2.1]. Tuy nhién v&i nhitng ion ddu
cdu 1én thi vln t6n tai, ching han nhu cation adamantyl (6), téng hop duoc & dang mudi
SFs hotic cation dodecahydryl (7) diéu ch€ trong dung dich supeaxit & ~78°C, ¢cdn cation

t-trishomobarelyl (8) tuy khong 8n dinh & vi tri ddu cdu nhung dic biét bén do ¢6 lién hop
véi ba nhém xyclopropyl:

(6) N (8

Khi C* cla cacbocation dinh truc 1i€p v6i nguyén tlt c6 cap electron n, cation nay
ciing én dinh do tuong tdc obitan p tréng véi obitan n gidi t0d dién tich dwong nhung khéng
hoan toan:

CH3 —g:‘C 5 CHZ_ 6-"' &2 - CHz_ 8= CH2
H H
| H'.BF, &% ¥ o

CHs—C—OCH; —=  CgHs—C—0—CH; + CH,OH
OCH,

Cép electron # cling lam 6n dinh cation ngay khi nguyén tlt ¢6 cap electron n lién k&t
v4i trung tAm cation bang lién k&t ngén, ching han nhu cation axyli:
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QH

H* + CHf-C—0H == [CHg— —OH]“-—'T.—“"- CH—C=0 +H,0

Cation nay dugc diéu ché trong dung dich ciing nhu trang théi rdn. Cation CH,;CO"
ciing bén twong ty rerr-butyl. Tinh bén cla cation ndy do hi¢u tng cong hudng, rong d6 c6
cong thirc cong hudng chifa lien két ba, dién tich duong dugc giai toa giffa cacbon va oxy:

® ®
R—C=(Q -=—» R—C=0Q
Tir axit thom, trong méi trudng axit, cation axyli thom tao thinh c6 tin s& hap thu phé

IR clia n6i ba & 2300 cm ™! va ¢6 sy lien hgp clha nhan benzen va C=0" trong phé NMR cila
3¢, do d6 cacbocation ¢6 dang ion:

&+ 4 "
[Ar—'%—"‘—o - Ar—C Eg] = A= "8

Néu nguyen tit chita cap electron » & vi tri y hay 8 d6i v6i C* ti sy tuong tac cla
obitan trdng v&i obitan », tao nén cation vong vi dién tich duong chuyén sang nguyeén tir
khic.

(|:H3 ’ / ¢l - X- / 81\
N0 e N e x G Sx = cn S
~ \(CHz)n n=23 CHz)“

l |
/C_ﬂ( JC—X
X

Cation vong 5 hay 6 canh thuan lgi vé ning lugng. Cation vdng oxy ba canh tao thanh
ciing phu thudc vao dj t6 v c4u tric jon,

H:C X _cCH, H, /éb CH,
?:—ciﬂ . G &
! H

Theo Olah, cation oni ba canh tao thanh khi X = CI, Br, I, S, cdon néu X = P, O thi
khong tao thanh ion oni.

Su dinh lvgng anh hudng clia nhém th& dén tinh bén cla cacbocation 6 thé xdc dinh
theo gid tri nang lugng tr do Gibbs so v6i chit chudn, thudng ding cation triphenylmetyl
(cation trityl). Ching han trong dung dich ¢é can bing:

RX =R*+ X
K =([R*1[X])/[RX] va AG" = - RTInK
AG® 12 40 6n dinh nhiét dong hoc clia cation so véi chat chudn.
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Dé ddnh gid anh hudng cda nhém the dén sy 6n dinh ciia cacbocation, ¢6 thé dung sy
khdc nhau vé ning lugng Gibbs cla qué trinh d6i véi cdc hop chét khdc nhau RX va R'X;
gid tri AAG” chia cation dic trung cho sy thay déi tinh 6n dinh cha cation khi thay déi nhém
thé. Khi xdc dinh AAGY, ky hidu AG"; phai ciing X va ciing dung méi, bd qua AG' ciia chat
ban ddu vi cé gi4 tri nho, nhung khong bd qua hiéu (ng cau dang hay 1ap thé.

Phuong phdp tién lgi hon 13 ding qu4 trinh trao doi:

R'Y +R'X — RX+RY”

véi Y l1a ion ngugc ddu, X 1A nhém di ra, R** 12 cation trityl. Lugng tuong d6i R* va R
trong cn biing cho gi tri AAGY. N&u xdc dinh duoc AG" phan ly coa trityl clorua, c¢é thé xdc
dinh dugce gia tri AG?V cho cation bét ky tir gid tri can bing cla qud trinh trao déi.

Chang han, nang lugng én dinh tuong d6i clia cation trityl khi ¢6 nhém the:

AG?F, kecal/mol AG°R+ , keal/mol
H 0.00 4,4,4-CH,4 19,2
3-CHj; 3,34 4,4,4-C(CH,), 18,2
4-CH, 6,7 4,4,4-OCH, 34,3
4-OCH; 18,8 4,4-N(CH;), 87,8
4-N(CH3); 68,1

Néu nhu ¢6 nhém the & vi tri ortho gy ra sitc cing phan tir do tuong tic giita céc
nhém the, nhung tuong tdc nay & phan tir khong phan ly 16n hon & cation do tang géc héa
tri, do d6 sitc cang ndy lam tang tinh 8n dinh cia cation:

AGy+ , keal/mol (para) AGs . kcal/mol (ortho)

CH;-C4H,—~C*(C4Hs), 6,7 7.5

(CHy—C4Hy):C* 17.1 18,4

Bing phwong phip quang phd khéi, dd xdc dinh dugc dnh hudng cha cdc gdc

hydrocacbon va cdc nhém phan cuc khdc dén do 6n dinh cia cacbocation trong pha khf dén
nang lugng én dinh tuong d6i cha cic cation sau;

CH;" 0 kcal/mol CH;CH,* 36,0 kcal/mol
(CH;),CH* 66,0 (CHy),C* 83,99
NC-CH," -10,0 F-CH,* 26,0
CeHsCH,* 55 Cl-CH,"* 32,0
CH;0-CH,* 68,99 Br-CH,* 51,0
CH;S-CH," 73,99 I-CH,"* 52,99
(CH;3),N-CH,"* 106,0 (CH;),P-CH," 78,99

Tinh bén nhi4i dong hoc clia cacbocation duge dinh gid bing cdc dit liéu vé kha nang
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phan ing: cation cang bén, kha nang phén \ing cing thap. Ching han, t6c d6 clia phan itng sau:

@ )
X—CgHi C(CgHs), + HO® — (CeHs)r{~ CeHy—X

OH
k, I (mol.s) & 10°C k, I/ (mol.s) & 10°C
X = p-NO, 1,78 m-CHj; 0,5
m-Cl 0,95 ' p-CH, 0,47
p-Cl 0,87 p-OCH, 0,36
m-OCH,4 0,67 p-NH, 0,13
H 0,60 p-N(CH,), 0,10

Két qua trén ching to dién tich cang duge gidi toa, cation cang bén, t6¢ do qué trinh
cang nho.
Cacbocation c6 di¢n tich duong & cacbon lai ho4 spz c6 d¢ 4m dién cao hon cacbon
clia cation ankyl chi ¢6 hai lién két o nhu cation vinyl va aryl:
R,C=C"-R, C¢H;"
Ca hai cation nay c¢6 dién tich duong & cacbon ¢6 d6 4m dién cao hon cacbon cita
cation ankyl nén cation nay rat khéng bén.

Cation vinyl cé thé tao thanh bing phan ting phan ly lien két C,2 - X:

R

R. ® -
C=(:/X —_— Cc=C—R *X
R/

R R/

song dé thyc hi¢n dugc qud trinh nay, cdn phii c6 g6c R giai tod duge dién tich duong nhir R
1a g6c thom, g6c ankyl phai dinh véi X di ra 13 axit manh nhir OSO,Ar, OSO,CF, trong diéu
kién siéu axit, chdng han da thu dugc cation p-metoxy-2,2-dimetylvinyl véi néng do di dé
xdc dinh NMR.

Cation ciling thu dugc trong pha khi khi phan tich mét vai hop chit duéi téc dung
chum electron.

Nhu vay, hién nay cation vinyl cling duge xem 1a hgp chét trung gian trong nhiéu
phan tng. Kha nang tao thanh cation vinyl thay rd khi so sdnh nang luong phan ly lien két:

AH®, kcal/mol
CH,CH,-Cl 80
CH,=CH-CI 90

va entanpi cua phan tng:
CH;CH,-Cl — CHyCH,* +CIT  AH" = 191 kcal/mol
CH,=CH-C! — CH,=CH*+ClI”  AH" =223 kcal/mol
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Tren ca s& 1y thuyét, ¢6 thé thdy cation vinyl ¢6 hai dang cfu triic hinh hoc khic nhau.
Dang dudng thing (9) ¢6 cacbon lai hod sp dién tich duong chita obitan tréng, truc obitan
thing géc véi dudng n6i ba nguyén tir va truc electron p tao lién két n. Dang uén cong (10)
c6 lién két lai hod sp® va truc obitan tréng spz, truc obitan tr6ng nam trong cling mat phing
clia ba nguyén tir cha h¢ nhung thdng géc v6i tryc electron p tao lién két x:

(%)

Trén cg sd tinh todn cta c¢d hoc lugng ti, cation vinyl ¢6 c&u tric (9) wu tién hon vi ¢6
dy trit nang lugng nho hon, c4u tric (10) c6 thé ¢6 trong cic cation cing.

Catton phenyl ciing 13 cacbocation ¢6 nguyén tir cacbon mang dién tich duong véi hai
lien k€t g. Cation ndy c6 cdu triic vong phing véi gdc giita cdc lien két o 13 120° va obitan
tréng lai hod sp? nim trén cliing mat phing clia vong, khong c6 thé lien hop véi hé =, cling
nhu cic nhém th€ duge 6n dinh bing hiéu ing siéu lien hop céc lien két clia cacbon véi
hydro, dic biét 13 hydro ortho:

Obitan cia nhiing lién két o ndy cing nim trong mat phing voi obitan tréng. Cic lién
két C-H & vi i meta va para tham gia vao én dinh & mic 46 nhd hon. Két luan nay duoc
rit ra tir hiéu tng déng vi khi diazo hod CgHsN,*BF, trong metylclorua cé axit sunfuric
loing & 25°C:

Ky !/ Kp 0 ortho = 1,22, d meta = 1,08, & para = 1,02
vi ¢4 dién tich duong & cacbon nén ddm may electron n cling bi phan cuc mot phén, do dé
cdc cacbon ¢é mang dién tich duang & ortho > meta > para.

Cation phenyl 1ao thanh khi nghién ciu d¢ng hoc phan Ung th€ khi diazo hod cation
diazoni khi khong cé dnh séng, kiém hay chat khir: .

CeHsN,'BF,” -— CH,* + N, + BE,” - CH.I

Phuong phép dinh lugng xdc dinh tinh én dinh twong d6i clia cacbocation 12 sy ion hod
ancol trong dung dich axit dya trén phuong trinh:

Cg-
ROH

Hp = pK’R+ - log
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véi pKR+ la gid trj pX clia phan ing:

R* + 2H,0 == ROH + H,0"
va 1a thuée do cho tinh én dinh clia cation. Hy 1a tinh axit clia dung moi va gin véi pH &
ndng d¢ thap cia axit. Mot s& cation 6n dinh thip x4c dinh bing phuong phip phé quang
electron.
Ngoai ra c4u tric cacbocation duge do bang do chuyén dich hod hoc clia BPCMR ciia

cacbon mang dién tich duong. Do chuyén dich nay c6 twong quan véi méat do electron &
cacbon.

Bang 4.7. Gid tri & cla BCMR do tir ”CSZ clia cacbon mang dién tich duong
trong SO,CIF-SbF;, SO,~FSO;H~SbF; hay SO,—SbF;

Ion 3 rc Ton 3 £C
(C,Hs),C CH; -139.4 -20 C'{OH), +28,0 -50
(CHa),C*C,Hs ~139,2 -60 CsHsC'(CHy), 61,1 60
(CHyC' -1354 =20 CgHsCH'CH, ~40
{CHa),CH' 15,0 -20 {CeHs),CH" 5,6 —60
{CHy),C*OH 557 -50 (CeMs)iC’ -18,1 -60
CH,C*(OH) -1,6 =30 {CH,),C” (xyclopropyl) -86,8 -60

Nhiing cacbocation & trén 1a nhitng cation lién hop do sy 6n dinh bing su phan bé lai
electron nt holdc p va electron o cla lién k&t C—-H & vi tri lién hgp véi cacbon mang dién tich
duong, khéng tao thanh nhiing lién k€t méi. Nhitng cation nay tao thanh khong ¢é sy thay
d&i tinh hinh hoc ngodi su thay déi géc hod tri tir 109,5” dén 120°, goi Ia cacbocation cé
dién.

H ién nay da bi€t nhitng cacbocation duge 8n dinh bing su giai 104 electron o cia lién
k&€t C—C hay electron n, ké ca lién Rét C=C khong & vi tri lien hop. Su gidi (0a nay c6 tao
lien k€t mGi va dién tich duong phan b6 & ba nguyén tir chifa hai electron cia lien két bi pha
huy. Nhifng cation nay goi 13 cacbocation khong c6 dién (nhiing cation loai nay néi k¢ &
phan itng Sy).

Chiéng han nhitng phan tng sau:

- Cation norbornyl thu dugce khi ion hod este p-brombenzensunfonic clia norborneol:

BrCeH,SO5
080,C¢H,Br * Bri6H,S0;

- Cation bixyclobutoni tao thanh khi dung moéi phan 4-clo-1-buten (homoallyl
clorua):

308



H—CH, .H—CHz ]
| —_— + Cl
H2 CH2C1 CH2 CHQ
4-clo-1-buten i~ (FHz— HOCOCH3
CH,—CH,
H,C—CH H,C
H, N , e ST A T CHCH,0COCH,
H, C/ ™ CH,Cl H,C—CH, H,C”

e CH2=’(:H - CH2CH20COCH3

Cation nay ciing tao thanh khi ion hod xyclopropylcacbinyl clorua trong dung dich
nhd sy én dinh cation bing sy tham gia cha cdc lién k&t uén cong (qua chugi) cita vong &
bén canh. Do dé6, hai hop chat trén déu cho ciing mét loai san phdm nhu nhau trong cdc phan
itng nh& cling hinh thanh mot cation khéng 6 dién nay.

Khi dung moi phan B-aryletyl clorua hay este B-aryletanol tao thanh cation khong cé
dién nhy ] chit trung gian xay ra véi su phd huy lien két o:

G
) 7N

Tir B-(p-metoxyphenylietyl clorua va B-(2,4,6-trimetylphenyl)etyl clorua trong diéu
kién s1eu axit cling da thu dugc cation, theo NMR cho thay ching c6 c4u tnic sau:

CH,;

AN
H3C A CH3

Trong nhiing cation kh3ng ¢4 dién trén, sy tao thanh do sy tham gia cla electron nt clia

nhan benzen, goi 1a cation benzoni, tuong tv nhy phic o trong phan ing th& electrophin cla
nhin benzen.

3- Phan tng cua -achocation
Céc cacbocation tham gia vao cdc phin ing dé chuyén thanh sin phim bén:

- T6 hop v6i tiér phan c6 cap electron (phin ting axit-bazo Lewis):

*+ Y —= R—Y
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Céc tiéu phan mang dién tich &am nhu HO™, ion halogenua hay ion a4m khéc hoic tiéu
phén trung hod cé kha nang cho cap electron d€ hinh thanh sdn phdm mang dién tich duong.

- Cacbocation mét proton & nguyén tir bén canh, tao hgp chit khong no:

_8...@[_1 —_ —CI:=Z + H'
|

- Chuyén vi: Nhém ankyl, aryl hay hydro hoac nhém khéc doi chuyén ciing véi cap
electron t6i trung tAm mang dién tich duong khéc:
fllf\
@
CH,~CH—CH® — CH;-CH—CH,
CH; ®
CH, _pCHf’ —~  CH;—(—CHy—CH,
I
CH, CH,
- Phan tng cong: Cacbocation cong vao lien két khong no tao dién tich duong ¢ vi
tri méi:

R —pmg— = Rg—{-

Cation nay c6 thé 1i€p tuc cong hgp cho san phdm nhu trong phin tng tring hop cic
monome vinyl.

4.13.2. Cacbanion
Cacbanion 1a ti€u phan mang dién tich am, c¢é nguyén tir cacbon mang cap electron
khong phén chia va lién k&t v6i cdc nguyén tir khdc bang lién k&t ¢ hay n.
Cacbanion dugce hinh thanh bing sv phan cét lién két C-X:
R-X — R +X"*
Khi R™ ¢6 tinh 6n dinh cao va X" 12 cation bén vimng:

=)
el - R +co,

hoac cong dién tich am vao ndi doi:

R TR S

Bing quang phd electron x4c dinh tinh bazo cia hé bazo - dung méi, di dp dung xic
dinh tinh axit ddéng hoc clia hydrocacbon:

RH+B == R +BH
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va pKpy = H- + 1g (BH1/ [R™"] v6i H_ 1 hing s6 bazo, d6ng th¥i két hop véi phan ting trao
d6i dé€ x4c dinh tinh axit:

RH + B" == R + BH
R™ + Sol-D==R-D + Sol
Sol'+ BH == Sol-H + B’

khi tinh axit cha hydrocacbon 12 ham s6 cila tinh bén clia dang trung hoa va ion, dac biet 1a
quan h¢ giai tod electron trong anion, nén sy xdc dinh tinh axit 13 & trang théi can bang. Tinh
axit nay goi la tinh axit dong hoc.

Phin ing phan ly ion c6 lién quan chat ché v6i cdc dang ion trung gian cia cdp ion
nén rat phu thuge vao ban chat dung moi, ban chat cacbanion, cation va nhiét ¢9. Dang cap
ion ciing lién quan tdi khi nang trao d6i déng vi, néu cap ion phan tich nhanh va phin tdn
nhanh vae dung dich thi phin Gng trao déi déng vi din (&i trao déi déng vi vi s6 lieu vé
phan ting trao d6i dong vi cho biét chinh x4c hon t6c d6 loai proton tir chét ban ddu. Su trao
ddi hydro-deutri xay ra sy bio toan cAu hinh. N&u do tuong tdc véi bazo va dung moi, cap
ion quay trd vé chdt ban ddu béng sy proton hod clia dung moi, goi 12 sy héi quy ndi, su loai
proton xdy ra nhung khong xédc dinh duge vi khong c6 sy trao d6i. Trong trudng hop nay xay
ra su raxemic hod.

Phan \ing phan ly thubng dung 13 hgp chit co kim:

h
RyCH + M*B" === [R;C'M" + BH] 2252 R+ M* + BH
héi quy noi Sol-b
R;C-D + Sol"

Phan (ng xay ra phtc tap, tuy vay, ciing da xdc dinh tinh axit cfia mot s6 hydrocacbon
va xdc dinh su hinh thanh cacbanion.

. Pk, Pk,
Hop chat trong xyclohexan trong DMSO
C¢Hs;CH,-H 40,0
(C¢Hs),CH-H 334 32,3
(C¢Hs),C-H 314 30,6
(CH3C¢H,),CH-H 35,1
C¢H;—C=C-H 23,2 26,5
H
16,6 18,1
X

Tir két qua trén cho thdy, tinh axit cha (CgHs)sCH > (CsHs),CH, > CgHsCH, do gidi
toa dién tich Am & cacbanion, tinh axit cao & axetylen do ban chét s Ién clia lién k&t C—-H.

Ciing dé xdc dinh dugc tinh axit clia nhiing ankan khéng c6 6n dinh bang cong
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hudng nhr:

Metan pK, = 50 + 60
Xyclopentan 45
Benzen 43

I- Cdu trite cua cacbanion

Cacbanion ¢6 hai c4u tric phing va hinh thdp, trong d6 cfu triic hinh thdp ¢6 hai dong
phan guong vdi hang rao nang lugng chuyén hod cao:

~ -
D = e
vd AN

ciu triic hinh thap

cdu triic phing

Cau tric phdng c6 sy phan bd cic nhém the rén mot mét phang va cap electron chiém
obitan p thing géc v6i mat phang. C4u trdc ndy cé & anion trityl, tuy cdc nhan benzen di
1éch ra khoi mat phing do tuong tic ciia hydro ortho:

HH
©
C/
H
H

Néi chung, cacbanion cé dién tich 4m giai toa bing cong hudng bing sy xen phil cla
cap electron khong phan chia véi electron & cita lién két boi thue 1€ 13 phing do doi hoi cla
tinh phdng cong hudng, tuy nhién do solvat khong dsi xing cla dung moi hay hiéu dng cip
ion ¢6 thé di l¢ch ra khoi tinh phing, Cram di tim thdy cacbanion khong tring anh vat
(chiral) thugc loai cong hudng nay cé thé bao toan, nghich ddo hay raxemic hod phu thude
vao dung moi. Diéu d6 la do solvat khong déi xing ctia cacbanion phang hay gin phing.
Nhu mét vai cacbanion én dinh bang luu huynh hay photpho & vi tri bén canh:

R ' ) | ]
Ar—S0,—C® Ar-—N-—SOg—(f@ Ar—F]""'(lZ

| 1 e 1

Rt R O R

1a khong trung anh vat, di quan sdt dugc sy bao toan ciu hinh khi tao thanh trong dung moi,
nhung cling ¢é su nghich dio hay raxemic hod & cacbanion khic. C4u hinh cla cacbon
cacbanionic trong cacbanion a-sunfonyl 13 phing v tinh khong triing anh vat vén {a mat su
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quay xung quanh lién két C-S.

C4u tric hinh thip cé cap electron chi€ém obitan ¢é ban chit s 16n nén cacbanion c6
tinh hinh hoc thuan lgi hon. Khi nghién cttu ciu tric hinh thip cla cacbanion metyl va etyl
cho thay géc hod tri H-C-H la 97 + 100°, nghia 1a ¢ su ép goc hod tri tvong tu nhu & céc
vong nho gay ra tinh axit cao cta C—H clia vong nhoé so vdi hydrocacbon thudng. G day
ciing quan sat thidy hiéu iing tuong tdc cia anion metyl d6i v6i proton giam mot cich ¢é quy
luat khi gidm géc hoa tri H-C~H. Dif lieu d6 chimg td c4u triic hinh thép bén hon c4u triic
phing. Hai c4u tritc hinh thdp cé hai nghich quang cé kha nang chuyén hod cho nhau nhung
v6i nang luong chuyén hod cao nén méi dang déu bén, song ciing ¢6 cacbanion ¢é cdu tric
cing khong cé kha nang chuyén hod cho nhau nhu ion triptisyl: .

Up
1’

Vé mat hod hoc 1ap thé, tinh hod hoc 1ap thé dya vao sy nghién cifu qui trinh trac déi
va phan tich quang hoat, so sanh t6¢ do trao d8i v raxemic hod, song tinh lap thé r4t phu
thude vao diéu Kién tao thanh cacbanion, dung moi, ban chdt kidm v ion nguoc ddu, nghia
14 phu thudc vio trang thdi cip ion.

N&u cacbanion ¢6 cau tric phing & giai doan tao thanh cacbanion, hgp chat ban diu
mat di tinh bat 461 xtng, sdn phdm thu dugc s& 12 sdn phdm raxemic hod. Cdu tric nay dat
ducc khi cacbanion duge én dinh bing cdc nhém thé -C va t6c d6 trao d6i bing t6c do
raxemic hod, nghia 12 ca hai qud trinh déu xdy ra qua ciing mét trang thii trung gian. Chéng
han phan tng:

X
}ﬁ =] | .
CGHS_ E— I(:_" C2H5 » [ CﬁHS“- I?_ C— Csz] - CSHS_ E_ |C C2H5
) CH, 0O J:H3 CH,4

(san phimraxemic hod)

Néu cacbanion ¢é cau tric hinh thdp, hgp chit ban diu giit duge cdu hinh bat dai
trong cacbanion, tinh 1ap thé phu thudc vao hang rdo niang lugng quay. Hang rio nang lugng
quay cang 1én néu ban chat s trong obitan chita cap electron khéng phan chia cang 16n.
Hang rao nghich dio phu thuoc vao trang thdi lai hod ciia cacbon, tang lén tir sp® dén sp’.
Chéng han, cacbanion ¢6 cap electron khong phan chia & C,p2 hodc O cacbon vong ba canh
s& ¢6 nang lugng quay 16n, gilf duge cdu hinh trong sudt thai gian tao cacbanion. Nhirng hop
chat ndy cho san phdm bio toan c&u hinh.

313



- —
Cc=C C=C NL=C
a” el a”  Na ol Na
H& _cH, HiC\  cn,
H; __CN H; _-CN
_C.\ H —_— C.\ D
H3 CH3 H3 CH3
(bao toan cdu hinh 93%
I C}\
— C\
C}\ C/HgCI DMSO Cl\ 8 HgCl ]
/ AN - D
H Ho S Ny oot “Pe=c(
nhanh H H
{bdo 10an cAu hinh 100%)
CH; H, CH;
4O
COCgH; NNz R
toluen
CeHs™ ™~ CeHs CeHs™ “CgHs CeHs 6Hs

{bao todn ¢4u hinh 100%)
Tinh 1ap thé phuy thudc vao ban chat dung méi, ching han trong phan ting:

H,C OH
3
R
CH3CH2_$""C—CH2CH3 — CH3CH2 C C()HS + CH3CH2COCH3
H5C6 H,

¢ Sol-H hay BH

CH;3CH,—C —CgH;
H,

- Néu dung méi 1a tersr-butyl kali trong benzen (e = 2), 2-phenylbutan hinh thanh dugc
bao toan cAu hinh.

- Néu ding NaOH trong etylengliycol (€ = 35) sdn phdm trén ¢6 43% quay c4u hinh,

- N¢u diing rert-butyl kali trong DMSO (€ = 45) cho san phdm hoin toan raxemic hod.

Nhu vay, dung moi c6 do thim dién méi thdp cho sin phim bio toan c4u hinh, dung
moi ¢6 do thdm dién madi cao 1am tang sin phdm quay c4u hinh.

Khi nghién ciu sy trao d6i H-D cta 2-phenylbutan cho thdy phan Gng trac déi khi
diing tert-butyl kali trong butanol cho san phim béo todn cdu hinh do qu4 trinh di qua cap
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ion, trong d6 phan tir dung moi phdi trf véi kim loai 1am cht cho proton:

HiCa 3 R H { R
N+ xalC o krols —
/ 4 }
H.C, ‘OR HsCe ~oR
CH,CH,

¢on trong DMSO cho sén phdm raxemic hod hodn toan do DMSO solvat d6i xiing cacbanion:

SEo ~
O=S$---Co-§=0 —= —C—H

7\

|
H,C CH; san phdm raxemic

Ho4 hoc lap thé cha san phdm ciing dugc xdc dinh theo ty 1¢ t6c d6 trao d6i (&,4) va
t8c 4o raxemic hod (k,,,):

NEu &y / ky.x = o thi 100% bao toan cfu hinh;
= 1 thi 100% raxemic ho4;
= 0,1 thi 100% quay c4u hinh.

Chéng han, phén i\tng trao d6i H-D ciia fluorenyl khi dung kiém 1a NH, trong rert-
butanol tim duoc kg / k., = 50, phan 1ing ¢é mitc do bao toan cdu hinh 16n vi qud trinh xay
ra & cap ion chat, sy phan cit D bing NH, tao ra DNH,* va su chuyén proton xdy ra nhanh
trudce khi tao lai cap ion va xay ra ciing phia:

+NH, (CH3)2I;>/@<©
—
H,¢” NDr--*NH;

© @ .NHiD (CH3)2N\ ICI'ICI
—
H, H:C" °H

© 4NH,D*

_, (CHa),

N
o 4l
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con:

- khi ding dung moi 1a DMSO cho san phdm raxemic ho4 do tao solvat d6i Xuing véi
kaglky,=1;

- khi ding dung moéi 12 metanol tao thanh sin phdm quay ciu hinh do metanol tac
dung vdi cacbon dién tich 4m ciia ¢ap ion solvat ho4 tir phia nguge lai.

Néu trong fluoren ¢é nhém NO, & vi trf 2 thi su raxemic hod xay ra nhanh hon 13 sy
trao d6i nén k 4/ k,,, = 0,1.

2-Tinh bén ciia cacbanion

Cacbanion la tiu phan c6 cip electron cap doi, 1a mot bazo, két hop véi proton cho
axit lien hop. Tinh 6n dinh cla cacbanion c6 lién quan dé&n luc axit ctia axit lién hop. Axit
y€u, lyc bazo 16n va tinh bén cacbanion thép, dd ¢6 nhimng thong tin vé tinh bén cia
cacbanion xdc dinh theo tinh axit lién hgp cla bazo. Tuy nhién khéng dé ding do duoc luc
axit cua nhiing axit y€u nhu la cic axit lién hop cilia cacbanion don giin khéng thé. Nhitng
cacbanion don gidn khong bén ngay trong dung dich va ciing khé hinh thinh cacbanion &
trang thdi khi ma thudng cacbanion nay dé m4t electron chuyén thanh géc tv do.

O’Brien nghién cttu vi tri c4n bdng cla phan ng:

RLi + Rl == R'Li + RI
trong ete hay ete-pentan, két qua cho thy cacbanion bén hon s& dé& két hop véi liti hon iot
va tim thdy tinh bén clia vinyl > phenyl > xyclopropyl > etyl > n-propyl > isobutyl >
neopentyl > xyclobutyl > xyclopentyl.

Bang phuong phdp gin ding, Dessy ding hop chit co magie tic dung vdi ankyl thuy
ngan trong THF theo can béng:

R,Mg + R;Hg ===R,Hg + R,Mg

v6i cdc nhém cacbanion én dinh 16n s& k&t hop véi magie hon. Tinh bén cacbanion xéc dinh
theo cdch nay 1a phenyl > vinyl > xyclopropyl > metyl > etyl > isopropyl.

Hai két qua cho sy phit hop t6t 12 tinh én dinh giam theo thit ty metyl > bac nh4t > bac
hai.

Tinh axit clia hydrocacbon va ciing 12 tinh 6n dinh clia cacbanion dugc Shatenshtien
nghién cifu bang tdc d¢ trao d6i hydro bing deutri, tuy khé phan biét dugc tinh axit dong
hoc va nhiét dong hoc nhung cling tim thdy m6i quan hé giia tinh axit dong hoc va nhiét
dong hoc va bing céch do t6c do dua ra thit ty 8n dinh cacbanion 12 CH, > ankyl bac nhit >
bac hai > bic ba.

Keét qua thyc nghiém trong pha khi ¢6 khéc nhau, nhung trong phan ting cia HO™ véi
ankyltrimetylsilan cho kha nang phéan cat g6c R hay metyl:
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CHy

RH + HO— Si— CH;

([:H3 / J:Hs

HO™ + R.—SI_CH3
H
(EH \ (I: 3
3 CH;H + HO— Sli—R
CH,4

R va CH; di ra nhu 1a cacbanion nén ty 1¢ sin phdm RH / CH;H dugc diing d€ xdc
dinh  tinh  bén twong d6i cha cdc g&c R khic nhau. Tir thue nghiém d6 da tim thay tinh
6n dinh theo thit ty: neopentyl > xyclopropyl > tert-butyl > n-propyl > metyl > isopropyl >
etyl. Ciing trong phan tng trong pha khi, Graul v Squires da quan s4t dugc cacbanion CHy
nhing khong tim thdy ion etyl, isopropyl hay tert-butyl.

Tinh én dinh clia cacbanion phu thu6c vao anh hudng ciia cdc nhém thé. Cdc nhém
thé gidi tod dién tich 4m & cacbanion cing 1én thi cacbanion cang bén.

Nhitng anion bén nhit 12 nhimg anion ¢6 tinh thom v6i 4n + 2 electron nhi anion
xyclopentadienyl, fluorenyl:

Nhiing anion ¢6 nhan thom lién k&t vdi C hay cdc nhém th€ 6 lien k&t doi c6 su giai
toa electron 16n ciia cacbanion:

Y— ]C— (l:'a q—re Y— %=#
[ 1 o
R—CH=ChHh— CI-?Z i  R—CH—CH=CH,

e
CH o
2 ~CH, A~ A ~CHy
- Juer . ol |
< N P

ching han dung dich triphenylmetyl kali hay natri trong amoniac l1éng ¢6 tinh dan dién,
dung dich dac ¢é mau do dam:

(C6H5)1CK —— (C6H5)3C_ + K+

Tinh bén cha cation trityl tang 1én khi ¢6 nhém th& —C & vi tri para cia nhan, ching
han tri{p-nitrophenyl)metyl kali bén trong dung dich rugu ¢6 pK, nhd hon etanol.

Cdc nhém the —C dinh tryc ti€p véi C clia cacbanion 1am 6n dinh cacbanion, trong dé
kha nang 6n dinh cta NO, > CO > SO, = CN:
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Céc hop chét & ren 6n dinh bing hiéu Gng cam \ing vA lién hop cita nhém the, d6i véi
sunfon thi vu tién 1a cdm itng. Céc hiéu ing ciing nhy tinh bén clia cacbanion dugc xdc dinh
bang t6c d¢ loai proton cilia hgp chat, ching han, dsi véi loai diankylxeton:

ki kg
CH,-CO-CH,—~CH,—H 100 H—CH,~CO-CH(CH,), 45
CH3—CO-(|ZH—CH3 41,5 CH3—CO~(|3H—C(CH3)2 0,45
H H
H —CH,-CO-CH,-CH; 45 H—CH,-CO-CH,~C(CH3); 5.1

CH;—CO—Cl—C(CH3)3 0,1
H

Thit ur thay d6i kha nang loai proton 12 CH; > RCH, > R,CH do hai nhan t6 electron
v 14p thé,

Nhém ankyl lam mat 6n dinh cacbanion do hiéu iing cho electron vao C,p3 nhung
khong 16n ma chii y&u phu thugc vao hieu ung 1ap thé cla nhém thé tich 16n tuong ty nhy
nhom isopentyl. T6¢ do loai proton & 2-butanon nhanh hon 4,4-dimetyl-2-pentanon dén
100 14n. Mat khdc, thé tich nhém th€ ciing ngin cin cdc kha ning solvat hod cla dién tich
4m bdi dung méi. Nhu vay, phan iing loai proton xiy ra & lien k&t C—H it khé khin vé lap
thé hon.

Tir d6 ciing suy ra dwgc tinh bén clla cdc ancolat thay déi nhu sau:

H0=C—-R > R—G=CHR > R-C=CR,
Tl o 2

Anh huémg mét 6n dinh céia nhém ankyl thit hai do hiéu tng 1ap thé vi electron. Su
glai tod cyc dai clia ancolat khi c4u tric phing cda enolat vA nhém ankyl ngan can kha nang
solvat cila oxy & vi tr{ ¢is d6i v6i nhém ankyl 1am tang ning luong enolat.

Cac nhém c6 hiéu tng -C khdc nhau NO,, CN ciing giai 104 cacbanion, bidu hién & sy

318



thay déi tinh axit cha C—-H:

pK, pK,
CH,CN 25 CH,COCH, 20
CH,(CN), 12 CH,(COCH,), 9
CH(CN), 0 CH(COCH-); 6

Chi ¥ rang, tinh axit dong hoc va tinh axit nhiét dong hoc c¢6 khac nhau, ching han
doi véi hop chat nitro:

Tinh axit dong hoc Tinh axit nhiét dong hoc

ki, (M7 ph™h Pk,
CH;NO, 238 10,2
CH;CH,NO, 39,1 6,5
(CH,),CHNO, 2,08 7,7
vi trong phan ng phan cit:
ky

RX =—= R + X*
K.y
thi tinh axit dong hoc xac dinh bing k;, cdn tinh axit nhiét dong hoc x4c dinh bang hiing s6
can bing K =k, [ k_,.

Khuynh huéng nguge nhau trong hop chét nitro c¢6 thé giai thich ring, nhém ankyl
1am khé khan cho sy tich proton nhung ldm 6n dinh anion nitronat, khéng quan trong déi
voi trang thdi chuyén proton hod, hiéu ing 1ap thé Iam khé khan cho qud trinh tich proton &
trang thdi chuyén nhiéu hon.

Cacbanion ciing dugc én dinh bing cdc nhém th€ -/ nhu CF;, N*R;, nhung luon kam
theo hiéu ing cong huong nén thuce t&€ khé phan biét duge hiéu ing -/, chang han nhr:

Ar—(C—N—CH - A—(C=N—CH
ﬁ' 2 F F— 2
O C[ H ©0 ICH
3 3

cdc nguyén t6 nhu P, S trong chu k¥ 3 cling ¢6 kha nang én dinh cacbanion, biéu hién & cac
gid tri pK, sau:

pK, pK,
C¢H5SO,CH,4 20,0 C¢HsS0,P(CsHs), 2,02
C¢H550,CH,C¢Hs 23,4 CeH;OCOCH,P*(CHs)5 9,2
CeHsSO,CH,SCHs 20,3 C¢HsCOCH,P*(C4Hs), 6,0

Céc nguyén tir nay tham gia vio gidi toa bing obitan d.

Pac trung cua cic hgp chat nay la cdc ylit nhu photphoni, sunfoni, va sunfoxoni cé
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cu tric t5i han:

e @
R2C— ?R 2 P ch_SR 5 RZC_ P R'3 g RZ# PRI3
ylit sunfua vlit photpho

&

P

o lb,
RE SR, == R,C==SR, ch—” R'=» R,C=5—R' =>

. . lit sugoni
ylit sunfoxoni y

Trong cau tric ylen phéan cyc, nguyén tir P hay S ¢6 10 electron hod tri nén c4n ¢6 sir
tham gia clia obitan d ciia dj 16. Trong hai cu tric trén, cfu tric ylit ludng cue cd déng gép
16n hon vio su 6n dinh cia cacbanion. Theo tinh todn ciia MO, tinh axit cao & cacbon cé
nhém S hay P th€ 1 do tinh phan cye, trong d6 anion dugc 6n dinh bang s kich thich tuong
hé ctia d4m may hod trj cla S hay P vdi cép electron khéng phan chia cia cacbon nhiéu hon
1a tham gia clia obitan d clia S hay P vao lién két.

Phin ung loai proton ctia cdc ankyl photphoni hay sunfoni ddi hoi phai c¢6 kiém manh
nhv jon NH, hay anion DMSO, cdn cdc muéi chita nhém axylmetyl thi kha nang loai
proton 16n hon, nghia 1a cdc pK, 16n hon, do ¢6 nguyen tir oxy 4m dién manh lam 6n dinh
16n céc ylit nay,

Tuong téc 6n dinh cha cdc nhém the bing lien hgp hay cong hudng nhu NO,, CN &
trén c6 tinh hinh hoc phing dé ¢6 su giai toa 16n, nén téc d¢ raxemic hod & trung tam b4t déi
cling bang t6c do trac déi. Song dé6i véi cacbanion cé nhém the sunfonyl hay sunfinyl ¢6 t6¢c
dd trao ddi tir 73 dén 1200 v6i sir béo toan c4u hinh. Sy bao toan cdu hinh dugc gidi thich
bing kha nang quay cham ciia lién két RR’C- —-SO,R” cling vét sir ti€p c4n clia proton wu tién
tr phia sau d6i vdi hai nguyén tir oxy:

Tinh én dinh cia cacbanion ciing phy thudc vio trang thdi lai hod clia cap electron
khong phan chia: bin chét s trong obitan cang 16n, hoat tinh bazo cta né cang nho,
cacbanion cang bén nén:

RC=C > RCH=CH™ > RCH,-CH,
Cacbanion ciing dugc 6n dinh bing cdc lién k&t n khong & bén canh cacbon mang dien
tich &m, dac biét 13 v6i nhém C=0. Ching han khi téc dung camphenilon (1) khoéng quang

hoat v&i bazo manh nhu rerz-butoxit kali, m&t proton cho anion giai toa (2) v6i nhom CO dé
cho sin pham (3) quang hoat theo qué trinh chuyén hod sau:
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baza
Hﬂ}( = H%EX - ,.\Lb - 4b
H Y \\O ® ©o

(1) 2) (3)

lon 120 thanh duge dn dinh bang nhém cacbonyl goi 1 ion homoenolat.

3- Phdn g ciia cacbanion
Cacbanion thudng tham gia trong ¢dc qud trinh hod hoc sau:
- Tdc dung véi tiéu phan mang dién tich duong, thudng [ proton, nhu 13 phan ing

axit-bazo:

e” N\
K +Y —» R—Y

- Cacbanion tdn cong vao cacbon hod tri bon rhiam thay th€ mét trong bén nhém nhu
trong phan ting §y2:

gﬁ{_q — R-}IC/ + X

- Cacbanion phan @ng véi tiéu phan trung hoa hinh thanh anion bén hon nhu tdn céng

vao nhém cacbonyl cho ancolat:
R

I
£+ —f— -G
0 o®

- Cacbanion hdu nhi khéng c6 chuyén vi hay 1a rat hiém, nhung cfing ¢6 trudng hop
¢6 chuyén vi clia (C¢Hs);CCH,  khi tdc dung (C4Hs);CCH,Cl thu dyoc san phdm chuyén vi
(C¢Hs),CHCH,C¢Hjs theo cao ché& chuyén vi electrophin:

S
(C6H5)3CCH2 —— (C6H5)2%CH2C6H5

4.14.3. Goc tir do

G6ce ty do 1a tiéu phan phin Ung trung gian khéng mang dién tich cé electron tu do
hay electron khong cap doi. Trong hod hitu co, electron doc thin hay tr do ¢6 thé & cacbon
nhu goc CHy', CgHs™ hay & wen cde dj t6 nhu RO', R,N'. Cic gdc thuong c¢é ddm may
electron ngoai cing Ling 7 kém hon hod wrj thudng mét don vi trong cdc hgp chat thudng.
Ciing c¢on biét géc ¢é 1am may npodi clng bang 6, nho hon hgp chat thudng hai don vi hod
tri nhir R,C: , R-N: .

Céc gbc ty dv trong cdc qud trinh hod hoc 1a nhitng chélt trung gian c6 thoi gian séng
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tinh theo micron giay. Ngoai ra ciing ¢6 nhitng g6c bén ¢6 kha nang tén tai trong dung dich
& dang c4n bing du6i dang dime.

Cdc gdc ty do tao thanh bing cdch phan cit di ly cdc lién két:
Y'+ R,C-X — R,C' + XY
R,C = CH-X ~> R,C=CR + X’

@—X—Y——-Z —- @—X—Y' + Z2 —= @' + XY

Phan \ing tao thanh géc tu do thudng 1a phan cdt nhiét trong pha khi hay pha 1ong khi
phan tlr chifa lién két 6 gid tri D 1a 20 d€n 40 kcal/mol (80 + 170 kJ/mol). Ching han nhu:

R—(—0-0-(C-R —» 2R—(C—0O'
E I - n

O O
R—N=N—R -S» 2R +N,
hodc bang cdc phan itng quang hod hoc dudi tic dung cha dnh sdng ¢6 tit 600 tdi 300 nm hay
tir 48 t6i 96 kcal/mol (200 t6i 400 kJ/mol). Ching han nhu phan tng:

h
Cl, —» 2CI°
R~ C—R —=» R—C' +R
” pha hoi “

O O

Ngoai ra gdc ciing tao thanh tir gdc bing phan tng phan cdt g6c khéng bén hay bing
phan itng chuyén mach trong cdc phan (ng:

CH—C—0" —= CeHs + CO;

Céc phuong phdp thuong dung dé€ phat hién ra goc tv do 1a NMR va ESR (Electron
Spin Resonance - cong huéng spin electron) ciing goi 12 EPR (Electron Paramagnetic
Resonance - ¢cong hudng tir electron) va ciling ding k¥ thuat tir khdc goi la CIDNP (Chemical
Induce Dynamic Nuclear Polarisation - si phin cuc ddng hoc hat nhan cam ing hod hoc) dé
phdt hién cdc g6c déng vai trd trung gian trong cdc phan ung goc.

Cé thé phan biét hai loai géc tr do: gc o va géic .

Cic gbc m cé nguyén tlr cacbon chia electron tu do trén obitan p, con goc 6 cé
electron ty do trén obitan ¢. Su tao thanh géc ty do o tir chit ban ddu khéng thay déi trang
thai lai hod, cdn gdc 1 ¢6 su chuyén trang théi lai hod tix sp’ sang sp°:
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H
Ny HaCe H>c=\g hay ~CH7=CH C=0
H/ 3 | H H H/
I I1 I
gd¢ metyl etyl gdc vinyl fomyl phenyl

=

1- Cdu triic ciia géc te do

Bang phuong phdp phé EMR va céc phuong phdp khde, cling nhu nghién ciu hod hoc
1ap thé chia cdc phin tng g6c tu do, géc tu do 1 c6 thé ¢6 c4c cau hinh phing, hinh thap
ciing hay nghich dao nhanh:

f

0 0 _X
7N\ N

hinh thip hinh thdp nghich dic c&u tric phing

7 U

Theo phé EMR, g6c metyl ¢6 cdu triic dang phing hay hinh thdp, cling nhu géc rert-
butyl ¢6 cfiu tric hinh thdp véi nang lugng nghich dao thdp 0,6 kcal/mol va cire tiéu nang
lugng cdu hinh dat duoc khi géc di léch ra khoi mat phing 20°.

Cdu hinh cla géc tyr do phu thudc vao ban chét nhém the. Anh hudng nay 1a do tuong
tdc gilfa cdc obitan bi chi€ém cia nhém thé.

Khi ¢6 hai nhém thé, tuong tdc phan lien két giira electron trong cdc nhém thé la cyc
tiéu & cdu hinh khong phing. Nhir vay khuynh huéng khong phing cia c#u hinh tang lén véi
s6 nhém thé ¢6 ban chit cho electron.

Chéng han, mét s6 nhém the anh hudng trong gée nhu:

' CF; < CH; < Cl<F< OR

Trong géc n nhu géc allyl CH=CH-CH,’, theo phé EMR va tinh to4n cfla co hoc
lugng tir, néu chi ¢6 su lién hop thi su phan bé mat d¢ spin cia electron & cacbon hai ddu 13
1/2, con cacbon gifta bang 0, nhung cén c6 hiéu ing kich thich cha electron tr do nén mat
d6 spin & cacbon gitta 1 am (-1/3 hay —0,231) & cacbon hai ddu Ia duong (+2/3 hay
+0,622):

0,622 -0,230 0,622
CH; ———=CH CH,’

Go6c thom béo loai benzyl CsHsCH,' ¢6 cdu tric phing do duge 6n dinh bing tuong
tic obitan p clia electron khong cap doi d6i v6i obitan = clia nhan. Ciing nhu céc g6c n khdc,
goc benzyl ¢6 su phan bs mat do spin cia electron c6 thé xdc dinh béng phé EMR.

Tir c&u triic phd, thdy duge twong tic trong tiéu phan giita spin cua electron khong cap
doi v6i momen tir chia nhan (‘H, *D, ¢, 14N...) cho kha nang tinh dugc su phin b8 mat do
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spin giita cic nguyen tir trong ti€u phin. Electron khong cap doi ¢6 tic dung kich thich
dén cdc electron cap doi bén canh 1am xuat hién tinh khong cap déi riéng phdn, & d6 hinh
thanh mat dé electron vdi huéng spin nguge v6i hudng spin gy ra hiéu tng nay. Mat do
electron méi dugc mo ta bing d4u 4m. Khi xu4t hién hiéu 1ing ndy, mat do spin duong tuyét
ddi tang lén.

Mat dé spin trong gdc benzyl nhit sau:

0,767
0.275 — CH,

0,191 0,27¢

Né&u sé géc phenyl dinh vdi cacbon ¢6 electron ty do ting lén thi mat do spin cita
electron nay dugc giai tod cang 16n, gdc cang bén nhung géc khong phan bd trong mat
phéng, vi truc clia obitan p clia electron tr do va cla obitan 7 clla nhan kém song song giam
tuong tdc trong mat phing. Chéng han, géc triphenylmetyl c6 c4u tnic boi chéo v6i géc quay
clia nhan benzen 13 32° & trang thai rén va 40 dén 45° & trang thai khi.

S gidi toa mat d6 spin & cacbon trung tam chi ¢ 0,5 + 0,7, con trong nhan ¢6 mat do
spin duong & para 1a 0,127, & ortho nhé hon 12 0,115, cdn & meta ¢6 mat dé spin am.

Géc triphenylmetyl c6 thé tén tai trong dung dich & nhiét do phong va thudng c6 can
bang vdi dang dime:

AsGs _LeHs
2(CeHs)C ==  CeHs— ¢ =C

HSC(, Hm C6H5

Noéng do g6c triphenylmetyl trong benzen khoang 2% & nhiét d6 phong. Tinh én dinh
cta g&c nay 1a do hiéu tng cong hudng:

(CeHs);C == ;=C(CeHs)y == +(  =C(C4Hs), v.v..
Tinh hinh hoc ciia g6c duge xdc dinh bang tinh hod hoc 14p tné clia phan (g g ty

do. Trong cdc phan ung sau, déu cho thdy c6 sur raxemic hod, nghia 13 g6c ankyl khong giit
dugce c4u tric tit dién ban ddu:
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Clz . hV

(+)CICH2'(|:H'CH2CH3 —- (—'t )'CICH2'$CI'CH2CH3

CH,4 CH,
Hs o H,
(-(CH3),CHCHy-C-CHO | oo (+)~(CH3);,CHCHy-CH-CH,CH;
CH,CH,
(|36H5 . H
(H-CH3-C-C(CH;), —=  CeHs-(-CH; + CH;-CO-CH,
Il‘l CI)CI Cl (99% raxemic hod)

Cdc phan ung trén tao thanh san phidm raxemic hod, ching td géc c6 tinh hinh hoc
phing hay nghich dao nhanh, Con phan ing cila phan ti vong:

X
H —x
R H +X-Y_-R +
H

Phan tng cho hén hgp san phdm cis vd trans, chiing minh tinh khong bao toan ciu
hinh cha chdt ban ddu boi chat trung gian goc, song c6 vai phén ving, déng phan cis ¢ wu
tien hon do ¢6 hiéu iing cla sie cang quay. Néu tdn cong vao gée xyclohexyl phiang hay
hinh thép bang tdn cong ¢, s€ cho san phdm frans cé su che khust cia H & trung tam géc vai
2H & ben canh, n€u tan céng a thi khéng ¢é twang tac nay vi cdc hydro & xa nhau.

Cidc gbc ¢ ddu cdu cha he bixyclo ¢6 c&u hinh thip cing.

T6c do hinh thanh cd- géc trén giam hon so vé6i hinh thanh géc ankyl, cham hon
khoang 50 d€n 1000 ldn so véi g6c rert-butyl. Cic bicxyclo it cing hon thi t6c do giam it
hon.

Trén co s& nghicn ciu dong hoc da dua ra két luan ring, nang luong cén thige dé tao
thanh cdc géc ty do o¢ tinh hinh hoc phdng khong dén ndi lén nhu loai ion cacboni.
Cic gOc G v6i e ectron khong cap doi trén obitan o. Cic géc vinyl ¢6 electron wr do

trén obitan sp” véi géc H-C-H i 140 + 150° nho hon truong hop mot electron & nguyén tir
lign két cOng hod try.
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Céc g6c fomyl ¢6 géc 120° theo phé EMR ¢6 tuong tic manh giita electron tu do véi
proton nén gdéc c6 hai cfu triic cong hudng:

4
A0 H
H
Trong dé, cdu tric sau cé lién két gifta H véi nhém C=0 1a lién két 1 electron nén
nang luong phan ly lién két C~H trong g&c (18 kcal/mol) nhd hon C-H trong fomandehit
(88 kcal/mol).

Khi nghién citu hod hoc lap thé clia nhimg phin tng géc tr do loai o, quan sat thiy cé

su thiét lap can béng nhanh cdc déng phin hinh hoc dé€ tao thanh hén hop san phim giong
nhau o hop chit cis va rrans ban dau:

H H
H CeHs 0 = H OOCH
D s e ity o Calls e N FOOCH
H cumen
CeHs (ﬁooc 3 CeHs CeHs CeHs
© CeHs 16% H

Quang phé EMR xdc nhan & trang thdi co ban, cdc g6c nay khéng phing ma la tidu
phan uén cong nghich dao véi nang lugng nghich dao nhd (2 kcal/mol), nén céc déng phan
rieng c6 thoi gian séng ngin (107 + 107'% s):

O I

R r

|
J

Néu géc ¢é nhém thé nhu CH;0, Cl, t6¢ do thiét lap can bang gilia cic déng phan
giam va trong trudng hop nay, thanh phdn san phdm phu thudc vio cdu hinh tic nhan.

Gd&c o loai phenyl ¢é electron tu do trén obitan sp"2 va mat d¢ spin & C' la 0,9918,
chitng t6 electron tu do duoc giai toa rat nho.

Electron nay c6 thé tuong tdc mot it v6i proton ortho, yéu hon véi proton meta va thue
¢ khong tuong tic duge véi proton para.

2- Tinh bén cia géc tir do

Tinh bén cla g6c tr do phu thuge vao mic do gidi tod electron tur do clia goc vdi cdc
nthém thé trong ti€u phan. Mot géc bén c6 néi nang thdp hon nghia 14 entanpi hinh thanh né
thép hon, thoi gian tén tai trong phan Gng lau hon, song kha nang tham gia phén ¢ng lai thap
hon. Kha ning tham gia phan ¢ng ctia mot tiéu phan phy thudc vao d6 bén cla ti€u phan dé
va con phu thudc vao cdu tric 1ap thé cta tiéu phan lam dé dang cho su ti€p can cia téc
nhan. Do d6, ngudi ta phan biét hai Ioai goc: g6c bén nhiét dong hoc v géc bén dong hoc,
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tuy rang hai g6c ndy déu ciing chiu tic dong déng thdi ciia nhimg nhan t& gay ra tinh bén
cla géc.

Tinh bén nhiét dong hoc cla g6éc phu thude vao sy giii toa electron ty do hay khong
cap doi lam giam entanpi tao thanh g6c ty do. Su gidi toa nay cang ldm, gdc cang bén,
entanpi tao goc cang nhé. DE so sénh tinh bén nhiét dong hoc ciia gdc, ngudi ta dua vao gia
tri ning luong phan ly cha lién két.

Nang lugng phan ly lién ket D° (khéc véi nang lugng lién két E) duge xdc dinh theo
phuaong trinh:

0 ) } )
D (A-By = AH((AO) + AH({B') — AI’I( (A-B)

Gid tri D duge so sdnh bang phuong phdp va cham electron hay phuons, phidp nhiét
hod hoc. Chéng han, trong hydrocacbon, nang lugng phan cét lien k&t C-C vd C-H nhu sau:

H,C-CH, 88 kcal/ mol C,Hs-H 97,6 kcal/mol
H,C-C,H 85 is0-CsH,~H 94
HiC-CiHy-iso 83,0 tert-CyHy-H 90,9
HyC-CiHy-iso 79,9 CeHs-H 103,11
H,C-C.Hs 92,8 Cl,C-H 95,9
HiC-CH,CeHs 64,6 FiC-H 103,0

H,C-H 103.8 | HOCH,-H 95,4

Nang [ugng phan ly lién két cang nho n€u géc sinh ra cang bén, tir d6 rit ra dugce tinh
béxn cla géc ankyl:

(CH])]C. > (CH‘;)zCH. g C2H5. > CH_}.

Tinh bén cla cdc goc ankyl duoc gidi thich bing hieu tng si¢u lien hop tuong tu nhu &
cacbocation:

R— (Ijv--l—l-R - .

SIS,
l H lH "H

Khi kha ning céng hudng tang thi tinh bén cla goc tang.

Tinh bén dgng hoc cia géc ty do phy thude vao s ngin can lap thé cia twong tic cla
gdc vdi cde ti€u phan khac. Néu su tiép cin cla tic nhan 16n do khé khan 1ap thé cia géc,
g6c cang 6n dinh va ¢6 thé tdn tai lau trong dung dich ciing nhu trong trang thdi Iéng va rin
nhu cdc phan tlr thudng.
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Chéng han nhu g6c 2,4,6-tert-butylphenoxy cé tinh bén dong hoc 16n do nguyén tir O
bi chidn bdi cdc nhom the & vi tri ortho va para nén han ché su gidi tod mat dé spin cia
electron, géc nay bén ¢6 mau xanh:

CH(CH;);
(CH;);C —0
C(CH3);

Cac g6c bén dong hoc ¢6 kha ning dime hod, néu cdc géc dé khong bén nhiét dong
hoc thi dime tao thanh dit bén khong phan ly, ching han nhu:

ONa
. 2(CHy),C—C— C(CHy),
2(CH;)4C— C—C(CH,); + 2Na —» 2(CH;);G— C—C(CH;); —» |
| a 2(CH3)3C"—(':'—C(CH3)3
0 ONa

Tinh bén dgng hoc cfia géc ciing lién quan 16i sy gidi tod electron nhu hai géc (1) va(2):

H3C\O ' H3 \T
—~¢

> LM

H;C CH,
(1) 2

Gdc (1) c6 sy giai tod electron thdp hon do inh hudng lap thé cha céc nhém thé (hé
tich 16n & vi tri ortho, tam cho phan tir khéng phing ngan can sy giai toa mat do spin. Géc
(2) ¢6 su gidi tod mat d¢ spin cia electron ty do 16n hon do c4u tric phan tlr phing hon, song
do anh hudng lap thé nén gde (1) chi tén tai & dang monome cdn gdéc (2) hoan todn dime hos.

D¢ nghién cifu moi quan hé gifra cAu tao va khi nang phan tUng, anh huong cia nhém
th€ dén tinh bén cla gdc ty do, ngudi ta ding phuong phip hod hoc theo mitc do phan 1y hay
hing sd cin bang cha phan img hay so sinh t6c d6 phan cét lién két khi ¢6 nhém thé khac nhau.

Thudmg so sanh phan iing phan tich pereste ca rert-butyl:

A & ;

R=C—0=0~C(CHy)s = [R~C~0~0=C(CHy); == K +CO, + (CH3);¢0

u
0 O
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R ko R kg
CH, 1 | HC(CHS), 10300
CeHs 17 | C(CH,),CyH; 41500
CH,C<H; 200 | CH,CH=CHC,H; 125000
C(CH,); 1700

Cing nhu phan ing phan tich hop chat azo & 300°C: R-N=N-R:

R kg E, kcal/mol
CH,4 1 52,6
C,H; 5 50,0
iso-C3H, 60 47,6
tert-C, Hy 130 440
C¢HsCH, 700 37,5

T6c d6 phan huy cang I6n, g6c cang én dinh.
Céc g6c ty do dinh déng thdi v6i nhém the hiit electron va cho electron ciing 1am 6n
dinh g6c¢ ty do got la higu tng push-pull (hi¢u tng hiit - ddy hay hiéu 1ing captodative):

- e e
R—|C—CEN - R—!C—CEN - R_F=C=N -
NR’, . eBIR'2 gR'z
> R—0=C=N = R—C—C=N®
NR', gR'z
ma da duge ching minh bing ESR, song ciing ¢6 chimg minh thyc nghiem va 1y thuyét

ngugc lai, ching han nhu géc FCH, va F,CH' bén hon CH;" nhung F4C” lai kém bén hon,
nghia la nguyén tir F thi ba ]am m4t én dinh goc.

Cdc nhém the dinh trye tigp v6i C', nhu nhan thom 1am 8n dinh manh géc, lien két ba
kém hi¢u dung hon lien két déi, nguyén t6 ¢6 cap electron n (O, S, F, C1) 1am én dinh géc,

trong d6 cdc nguyén 6 & chu ky 3 1im 6n dinh 16n hon & chu ky 2, nhém cacbonyl ciing 1am
6n dinh géc.

Cic g6c ¢6 C' & ddu cdu trong hop chat vong kém én dinh hon géc (CH5);C":

(CH4),C" k=1 m k¢ = 4,012,107

@ kg =1,98.10° @ kg = 5,06.107
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O day cin chi ¥ 13, nguge véi cacbocation, géc tu do & cacbon ddu cdu cling dugc tao
thanh, ¢é khi nhanh hon g8c mach ho. Céc gdc tu do c6 cacbon lién két véi cdc nguyén 1§
am dién cao nhur CF;’ ¢6 cfu tric hinh thdp thich hgp hon, cling nhu gde xyclopropyl cé cdu
triic hinh thédp.

Ngoai ra ciing ¢6 g8c ¢ hai electron ty do goi 14 gfc kép, c6 thé hai cacbon cé
electron ty do & xa nhau nhu "'CH,CH,CH,CH," ¢6 ph8 gidng nhu doublet, tuy ciing cé loai
hé chua no nhu trimetylenmetan lai la triplet khi hai electron ty do cling spin:

ji
CH .

2 CH,

Tinh én dinh ciia g6c ankyl thudng duge nghién ci bing ty Ié t6c do phan cit R-H
bang dung moi va t6c do 16 hgp chia géc R-R, ty 18 kg / kg cang 16n, kha nang phan ing
véi dung méi 16n, gc cang kém bén. Bing cdch so sinh phan tng phan cit lién k&t C-H céc
bac khac nhau, rit ra kha niang phan cdt C-H dé6i v6i goc phan cét thay ddi theo:

Bac 3> bac 2> bac 1
Va thit ty kha ning phén ly lién két thay déi theo nang lugng phan ly la:
Allyl < benzyl < bac 3 < bac 2 < bac |
Mot s6 g6c ma electron ty do & trén cdc di 16 nhe N hay O cling r4t bén, ching han nhw:

5Cs
= . 1-C,HsMgB
C(,HS—N—N@—NOz H3C£ j<CH3 zﬁ.g_r H,C CH,
N
ON HC 1, Ch HiC” N Neh,

Bang 4.8. Gi4 tri D ca lién két C-H
(gid tri D theo chifu giam,tinh bén g6c theo chiéu nguoc lai)

D
R keal/mol kJimol
CeHs' 111 464
CF,’ 107 446
CH,=CH’ 106 444
Xyclopropyl 106 444
CH,' 105 458
CHyCH;' 100 418
(CHa),CCH," 100 418
CH;CH,CH,"* 100 418
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Bang 4.8. (tiép theo)

Ci,c* 96 401
(CH;),CH" 96 401
(CH3),C* 95,8 401
Xyclehexyl 85,5 400
{CeHs) CH,' g8 368
HCO" 87 364
CH,=CH-CH,* 86 361

Trong phan ing géc, khong ding phuong phdp do truc ti€p dong hoc nhir trong phin
ing di thé ma dung phuong phap canh tranh, nghia Ia do kha nang phan ting t'fong d6i ciia
hai qua trinh canh tranh ciing ¢é bic dong hoc nhu nhau.

3- Phdn ing ciia géc tu do

Gée ty do thuding tham gia vao nhiing phan ting sau:

1- K€t hop v&i nguyen tir khéc, thudng 12 hydro:

R°'+R-H — R-H+R’
2- Cong vao lién két boi:
| I
R+ —0=( = = RG—(
I
3- Phan huy:
C¢Hs-COQ" — C¢Hi' + CO,

4- Chuyén vi:

R
| . .
R R

G6c tr do it ¢6 kha nang chuyén vi nhu cacbocation, chii y&u ¢ chuyén vj khi c6
nhém thé 12 nhan phenyl. D&i véi cation, sy chuyén vi dvoc thue hién qua cdu triic cdu hay
trang thdi chuyén ¢6 lién két ba trung tam vdi hai electron clia nhém chuyén vi:

R
1|1 | R

o — /
Fe TR T

Trong g&c e do, hé c6 ba electron, electron thif ba khong thé & trén cling obitan cua
hai electron khdc, vi th¢ electron nay phai phan b8 & midc phan lien két 1am cho trang thai
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chuyén it thuan loi hon cho su chuyén vi. Sw chuyén vi xay ra véi cdc lien két n dé 1a0 nén
chat trung gian cdn c6 sy gidi toa cta electron khoéng cap doi trén cac obitan bén:

Q//_CK_M “QC\— _;C—p

Xéc sut chuyén vi ting len khi nguyen tir cacbon xay ra chuyén vi c6 nhidu nhém thé
tich 16n, chéng han, chuyén vi géc bac 1 sang bac 3:

CH, CH;
i L]
CeHs—C(CH3), CH;—C—CH,C¢H5;
nhu khi phén tich axyl peroxit:
R R R’ 5 chuyén vi
1 ] R -
(CeHs=C~CH;=COO0), < SC-CH,CeHs | CHa H 30
]I:{' R' CﬁHs H 63
CeHs CeHj 100

4.14.4. Ion goc

Trong mot s6 phan éng, chat trung gian tao thanh 13 ion géc gém c6 anion géc va
cation goc.
Anion gdc 12 tiéu phan ¢6 dién tich va electron khong cap d6i & trén mot hay ca hai
nguyén tif cacbon. Anion g6c quan trong hay gap 1a semiquinin va xetyl:
O.
- .—Ar
of

OG)

Cdc anion g6c thudng tao thanh khi tic dung vdi kim loai kiém, ching han:

+ Na —"‘“O —= sin phim
® Na*

Cation goc ciing dé dugc tim thdy trong mot s§ phan tng.
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4.14.5. Cachen

Cacben 12 tiéu phan cé hoat tinh rit cao, ¢6 cdp electron khong cap d6i & cacbon c6 6
electron ma chét don gian nhét 1a CH, thudng goi 12 metylen. Céc hop chat thuge loai nay
c6 tén chung ia cacben nhuir CCl, goi 12 diclocacben hay diclometylen.

Thong thudng cacben hinh thanh theo hai con dudng:

I- Bang phén éng tach, thudng tdch o, thudng cacbon mat mot nhém di ra dé lai cap
electron, thudng IA proton va mot nhém khédc di ra ciing véi cap electron, thudng 1a ion
halogen:

H

I -H* &5 -CI -
R—(II—-CI — R——IC—CI — R-—?

R R R

Vi du la diclocacben tao thanh tir clorofom:

CHCl; > caly S 1cal,
hay tdch CO, tir tricloaxetic axit:

CCl~CO0™ 2> $CCL, + CO, + CI
hoac tir cdc phan iing sau:

e = 0
[

Nal
C6H5 _Hg —?_F — :CFQ_ + CﬁHngl + NaF
F

2- Sy phéan huy hop chat chita lign két doi:
i . =
R-C== —= R,Cs + Z

ma thudmg 1a tich tir xeten, diazometan hay diazin:
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Da s¢ cacben rat hoat dong nén thudng khé xdc nhan ma thyc € chi t6n tai trong qué
trinh phan Ung, & th¥i diém nio dé cacben tao thanh tic thii do phan itng tich o hay phan
huy hop chat c6 lien k€t doi nén cacben ty do thuc & khong xdc dinh duge. Danh tir
cacbenoit thudng ding khi bi€t ring cacben ty do khéng ¢ hay trong trudmg hop con ¢6é
nghi ngd, chéng han cdc « halogen co kim loai R,CXM goi 1a cacbenoit vi phan tng tdch
Xay ra rit nhanh,

Cédc a-halogen co kim bén & nhiet do thap (—~100°C) chi trong dung méi nhu THF hay
THF+HMPA, cdn & nhiét do thudng tich ra MX cho cacben goi 14 phan ting cacbenoit.

1- Cdu triic va tinh bén

Cacben 1a tiéu phan c6 hoat tinh cao, c6 thdi gian séng dudi 1 gidy. Trir mét s6 cacben
bén cdn néi chung chi c6 thé tdch ra véi chit két hop khic & nhiét do thap (s 77K).

Cacben con hai electron khong lién két & trang théi cap do6i hay khéng cap doi. Néu
hai electron cap doi thi c6 phd 1a singlet, con hai electron cap d6i ¢é phé triplet.

Phuong phdp phan bié¢t hai trang thdi nay 12 phin ting cia Skell cho tdc dung cacben
v6i hgp chdt chia ndi doi tao thanh din xuit cha xyclopropan. Néu tiéu phan |2 singlet cong
vao cis-buten s€ tim thdy déng phan cis-xyclopropan, do hai cip electron tham gia twong tic
déng thoi hay lién ti€p nhau rat nhanh:

H H
N H;C/BC"’/H
Hi” CH, H,C “CH,

Néu tiéu phan 1a triplet, hai electron khong thé ciing tham gia tao thanh lién két méi
b&i quy tic Hund c6 spin song song. Mot electron ciia triplet cong vio ndi déi tao nén gée
kép ¢ hai electron cung spin. Muén cé tuong téc, cdn cé sy quay lién két C-C nén tao
thanh hén hop d6éng phan cis- va trans-1,2-dimetylxyclopropan:

6Hz éHz éHz

H
Rt ./ H / i H /
N\ —CH
Ha” CH, HSC/C “CH, H?,C/C CHs
CH
H_/
. ~L—CHCH;
H,C

Két qua thyc nghiém nay cho thdy, ban than CH, sinh ra 1a singlet va cé thé chuyén
sang trang thai triplet thudng c6 nang lugng thdp hon. Theo tinh todn cla obitan phan tir, sy
Khdc nhau giffa hai trang théi 1a tir 8 d&n 10 kcal/mol (tir 33 dén 42 kJ/mol). Diéu dé cho
thdy c6 thé 18ng hap singlet truc tiép bing phan ing phan huy quang hod cia diazometan,
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CH, rat hoat dong nén néi chung singlet phan ting trude khi chuyén sang trang théi triplet,
song cd cacben khdc lai tham gia & trang thdi triplet hay singlet hoac triplet phu thudc vao
diéu kién tao thanh.

Phan itng ¢Ong clia cacben singlet ¢§ dac thu 14p thé khi céng vao néi doi nhung ciing
bi gi6i han khi xdc dinh tinh dic thi 18p thé ndy. Khi cacben tao thanh bing quang phan tao
thanh singlet ¢é trang thdi kich thich cao, khi ¢dng vao néi déi tao thanh xyclopropan ¢
trang théi kich thich cao nén ban than xyclopropan ¢6 thé ty déng phan hod cho hén hop cis-
trans sau khi hinh thanh, nhu 12 sin phdm cla wriplet mac dii d6 12 do singlet.

Cacben thudng gap 1a CH, va CCl, nhung con c¢6 cdc dang khic nhur;

Nghién cttu phé cha CCl, & nhiét d6 thdp trong khi tro argon rdn chi ring, trang thai
bén la singlet.

Ciu tric hinh hoc ciia metylen triplet 13 tiéu phan gdc kép, duge x4c dinh bang phé
ESR bing chit két hop vdi triplet & nhiét do thap (4 K), im thay triplet 12 phan tlr hod trj vdi géc
136°. Phé EPR khong do dugc singlet nhung phd electron clia CH, singlet tao thanh, khi

quang phan dnh sang diazometan ciing cho thdy metylen singlet cé cau tric hod trj véi géc
103°,

metylen singlet metylen triplet

c H m,,,o (oN
H’(C H Hl/b@ H’igﬁ? H

Singlet CCl, va CBr;, ciing 13 hod tri véi géc 100 va 114” tuong dng va triplet aryl cé
cdu tric hod tri.

Quang phan 4anh sang CHBr; tao thanh chit trung gian CBr:
CHBr, 2P -C—Br

goi la cacbyn, cidc chat trung gian CF va CCl ciing tao thanh tuong ty tr CHFBr, va
CHCIBr,.

2- Phdn itng cua cacben _
a- Cong vao lién két d6i cacbon-cacbon:

Cacben cong hop vao néi doi cia anken cho din xudt cla xyclopropan. Phan ng cia
cacben singlet véi lien két m qua trang thdi chuyén ti€p vdng mot giai doan bing sy chuyén
electron tir obitan w sang obitan trdng cua cacben:
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RHC=CHR + H-C-H —= RHG==CHR — RHC— CHR
AP CH
civ-anken CHZ 2

cis-xyclopropan
trans-anken e opropa

frans-xyclopropan
Phén tng 1a cong cis, déng bo, ¢6 tinh chon loc Iap thé va dac thi lap thé (xem thém
chuong 12). Chéng han, metylen singlet tao thanh khi quang phan diazometan trong pha
long phan dng nhanh véi cis-anken cho cis-1,2-diankylxyclopropan, véi trans-anken cho
trans-1,2-diankylxyclopropan.

Con cacben triplet cong hop véi anken theo co ché g6c ty do qua hai giai doan khoéng
¢6 tinh chon loc 1ap thé. Ching han, cacben triplet tao thanh khi quang phan diazometan
trong pha khi tde dung vdi cis-anken hay trans-anken déu cho hén hop cis- va trans-1,2-
diankylxyclopropan:

H 1( R
RHC=CHR + H—C-H —» \/I + |
cis- hay trans-anken H R M H

frans-xyclopropan  ¢fs-Xyclopropan

Cacben cong vao hé thom nhung chat trung gian tao thanh chuyén vi, thudng 1a md

rong vong:
O — ©><H @
—- H -

va cling cong vao lién L&t doi khdc nhu C=N va ca lién két ba.
b- Phan Gng cong mach vio lién két C—H:
CH
CH;—CH,—CH; —» CH;—CH,—CH,~CH; + CHy—CH—CH,
CH;

Phén ng xay ra trong pha 1dng clia ankan cho hén hop sén phdm theo théng ké chiing
10 cacben khong ¢6 tinh chon loc. Cacben singlet cong vao lién két C-H theo co ché tao
thanh trang thii chuyén vong giéng nhu phin ng chelat nén sy tham gia cha cic lien két
C-H bac khdc nhau gdn giong nhau. Tr day lai cho thiy quy tac chon loc cang thap thi hoat
tinh cang 16n khéng phir hop ¢ day ma coi nhu mot ngoai le. Singlet quang phan ir
diazometan la tiéu phan hoat dong cao nhung triplet lai kém hoat dong va cac cacben khéc
ciing kém hoat dong. Hoat tinh clia cacben gidm theo: CH, > HCOOR > C¢HsCH > BrCH,
CHCI. bihalogen cacben khong ¢6 phan ing cong mach nhu phdn Ung cong mach cia
cacben nhung c6 thé xay ra véi cdc lien két khéc, trir lien két C—C.

Cang tim thdy nhiing cacben bén & nhiét do phong nhu (1) tdn tai & dang tinh thé véi
nhi¢t d6 néng chdy 240 + 241°C vi (2) bén do t6n tai & dang cong hudng ylit v6i dang chita
lien két P=C 1a ch4t ddu do:
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_ ® ©
(:‘so-C3H7)2N—l:|’—-C— Si(CHy); (f'so-C3H7)2N-—l;’=C— SCH;), ~—»

{(iso-C3H7);N (iso-C3H.),N
2
( ) (iJ'O-C3H7)2N_1|)EC_ SI(CH:;)“
(1.6'0-C3H7)2N
c- Dime hod 1a phan itng quan trong clia cacben:

R,C + R,C —» R,C=CR,

song phan Ung nay khé xay ra do tiéu phan cacben 6 hoat tinh cao khong cé dii thai gian dé
két hop véi tidu phan khéc va dime tao thanh ciing ¢6 nang lugng rdt cao d€ phan huy. Do
dé, hién tugng dime hod chi 1a mdi sinh, khong thuc hién thyc 1€ gifta hai cacben, nhung
cacben ¢6 thé dime hod vdi phan tl tao ra cacben, ching han nhu:

ch= + RzCN2 — R20=CR2 + Nz

d- Céc ankylcacben ciing ¢6 phan \ng chuyén vi, chuyén vi géc ankyl hay hydro,
nhung khong ¢6 & CH, va phan iing nhanh nhu phan ng cong vao n6i d6i vi cong mach.
Tuy nhién phan tng chuyén vi & day, khac v6i chuyén vj cde ti€u phan khéc, 1a chuyén vi
cacben tryc ti€p tao thanh phan tlr bén, nhu:

H
I

CHy—CH;—CH3GH —»= CHy—CHy—CH=CH,

S — [
C—H /CHy
o — CL
H —»  O=C=CH—R
()
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Cdc axylcacben chuyén vi cho xeten goi Ia chuyén vi Wolf.

e- Cacben triplet thudng nhan hydro hay nguyén tlir khdc dé tao thanh gc ty do:
:CH2 + CH3'_CH3 — 'CH3 + 'CHzCH3

Phan ¢ng xay ra dugc do chinh cacben triplet ciing 1 g6c ty do, cacben singlet cling
cho phan tng nay nhung chi 14y halogen, khong phai hydro.

4.14.6. Nitren

Nitren R-N: 14 tiéu phan rdt hoat dong giSng cacben nén cé thé ndi la cacben cia
nguyén tir nito. Nitren c6 thé phat hién & diu Kién thudong nhu ankyl nitren phét hien duge &
4K, ¢on aryl nitren kém hoat dong hon phdt hién duge & 77K.

Trang thai co ban cua NH va tuong tu nitren t6n tai & hai trang thai singlet va triplet,
nhing thudng & trang thdi triplet:
R—N R—N"
singlet triplet
Nhu khi cgng nitren vao n6i doi cling thu dugc sdn phdm dic thi 14p thé va khéng dac
thir [ap thé nén Skell ciing thdy nitren c6 hat trang thai dé.

Nitren dugc tao thanh theo hai nguyen tic chinh:

1- Phan éng tdch, ching han nhu phan ting:

b: -
R—N—080Ar 2> R—N: + B—H + ArS0,0
H

2- Phan tdch mét s6 hop chat ¢6 ndi doi ma phuong phap chung la quang phan hay

phan huy nhiét cdc azit:
/"e 9 a hay hv
R—Nj N=‘_T/\I — > R—N:I + N,

Cdc nitren khong th€ c6 thé quang phan hay phéng dién cia NH;, N,H,, HN,.

Phan iing cla nitren ciing giéng nhu cacben. Trong nhiéu phan ng nitren 14 hop chat
trung gian nhung khéng tn tai & trang théi ty do ma thyc € rdt khé tim thdy bing chimg 1a
truong hop nao 12 nitren ty do hay khoéng phai 13 chét trung gian.

I- Phin #ng céng mach:

Nitren, dic biét 1a axyl nitren va sunfonyl nitren ¢6 thé cong vio mach lién két C-H
va vai lién két khdc:

H

I
R—C—-N{ + RyC—H —» R'_E'"N_CRz
i

G 0O
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2- Cong vao lién két doi C=C:

R
i

N
C/ \
R—N: + ch=CR2 — - R2 '_CR2

nhung thudng cong vd&i azit qua phan tng cong ludng cuc 1,3 véi ndi déi réi tich nite bang
dnh sdng hay nhiét:

R
I
_(|j=(lj_ + RN; —=» —C-—C— —_— —(IZ—?—

triazolin

cling cong hgp vao ndi ba nhu trong trudng hop téng hop azirin:

s
N N\
R'"CG=CR' + RyN—N! —= R"——C/=\C—R' — R™—C—C—NR,
2-azirin l-azirm Q¢

3- Phan ing chuyén vi:

Phan tng chuyén vi clia nitren xay ra rat nhanh:

f 2
R'—CH—N —_— RCH=NH
Iq
H

nhanh dén ndi khé xdc dinh dugc kha nang t6n tai tr do cla né, tuy su doi chuyén cling ¢6
ché & cung théi diém ma nitren tao thanh nhy da thdy trong phan tng chuyén vi Hofmann
trong d6 kha nang mat brom cho nitren va chuyén vi ti€p theo hay ¢6 thé thuan lgi hon 12 ca
hai 14 déng bo,

4- Phan tng tdch 18y hydro:
R—N:+ R—H —»= R—N—H + R’

5- Phan tng dime hod:
Mot trong nhitng phan iing dién hinh ciia nitren 12 dime hod cho diimit N,H, nhu d4
thdy sy tao thanh azobenzen trong phan (ng 13 dime ho4 ca aryl nitren:

2Ar— N —»  Ar—N=N—Ar
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Sy dime hod cha nitren quan trgng hon cacben nhiéu, nhung khong nén cho dé l1a
chitng minh cho nitren c6 t6n tai § trang théi e do.

Ngoai nitren con c6 ion nitreni ma nguyén tir nite mang dién tich dwong nhu la
chét trung gian trong mot s§ phan tng. Nhu dang (1) cé nguyén t nito lien két voi hai
nguyén tit nhu 1a tiéu phan proton hod cita nitren va dang (2) ¢6 nguyeén tir nito lién két
véi mot nguyén

Cing giéng nhu cacben va nitren, ton nitreni ciing tdn tai & hai dang singlet va
triplet.
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4.13. Xic tdc cla phan ing hitu co

4.14. Céc tiéu phan trung gian trong phan tng hifu co

TAI LIEU THAM KHAO
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CO CHE VA PHAN UNG
HOA HOC HUU CO

TAP 1

Tac gia: PGS. TS. THAI DOAN TiNH

Chiu trdch nhiém xudt bdn: PGS. TS. TO DANG HAI
Bién tdp va siia bai: ThS. NGUYEN HUY TIEN

NGOC LINH
Trinh bay bia: HUONG LAN

NHA XUAT BAN KHOA HOC VA KY THUAT
70 Tran Hung Dao - Ha Noi

In 400 cuon, khé 19 x 27 cm, tai Xi nghiép In Thuong Mai

(Bo Cong Thuong)
Quyét dinh xudt ban s6: 75-2007/CXB/72.1-02/KHKT-23/01/2007
In xong va nép luu chiéu Quy I nam 2008.
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