Budi thir sdu
Chuong 2. Phan rng chuyén vi phén tir

Trong phan tng thé, sy xudt va nhap cua cac nhom xay ra trén cung 1 nguyén tir carbon theo
nguyén tic cau triic phan tir thay doi it nhat. Nhung cé nhiing phan mg hitu co sy xuat va
nhap xdy ra khong trén ciing mot nguyén tir carbon va doi khi ¢ sy thay doi khung suon
carbon. Phan tng hitu co kém theo sy thay ddi vi trf nhém chirc hay thay d6i khung carbon
goi l1a phan ung chuyen vi phan tir. Chuyén vi ndi phén tir 14 sy chuyén vi ma nhém dich
chuyén khong tach han khoi phan tir va dich chuyen sang vi tri khac trong cung phén tir. Khi
do trang thai trung gian c6 co cau vong. Chuyen vi lién phan tir 13 sy chuyén vi ma nhom
dich chuyén tach khoi phan tir va dich chuyen sang vi tri khac trong cung phan tur hodc tai
phan tir khic.Ta xét mot sé phan tmg chuyén vi ndi phan tir trong hé théng thiéu dién tir va
hé thdng giau dién tur.

2.1. Sw chuyén vi trong hé thong thiéu dién tir

Hé thong thiéu dién tir 1a hé thong chira nguyén tir thiéu dién tr, tirc nguyén tir chi c6 6 dién
tir tang hoa tri. Nguyén tir c6 6 dién tir ¢6 thé 1a nguyén tir trung hoa hoic mang dién tich
duong. Nguyén tur thiéu dién tir ¢6 thé 1a carbon, nito, oxy. Do thiéu dién tir nén hé khong
bén, tao tién dé cho su chuyén vi. Chuyen vi trong hé thiéu dién tir con goi 1a chuyén vi than
hach. Ta xét chuyén vi tai 2 nguyén tir ké can nhau, goi 13 sy chuyén vi 1,2, trong d6 nguyén
tir mang nhoém dich chuyén 1 nguyén tir di, nguyén tir nhan nhom dich chuyén 1a nguyén tir
dén.
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Trong hé, A 1a nguyén tir c6 6 dién tir 16p hoa tri, do d6 thiéu dién tir. Nhém Z & vi tri s6 2
di chuyén sang A cung d6i dién tir lién két. A nhan dién tir tr Z nén du 1 dién tir va mang
dién tich am, dong thoi co di 8 dién tir tAng hoa tri. A ¢6 thé 1a C, N, O tuwong Gng véi cation
carbonium, carben, nitren, cation oxonium.

Hé thiéu dién tr c6 thé duoc tao thanh do nhém L tach ra cing doi dién tir lién két, dé lai
cation carbonium c6 nguyén tir C thiéu dién tir. Nhém Z tuong tac véi C® bang doi dién tir
lién két, cho trang thai chuyén ti€p vong 3. Z ti€p tuc dich chuyén sang nguyén td C mai,
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cho trung gian la cation carbonium mai 1a hé thiéu dién tr. Hé nhan 1 chit than hach N© dé
cho san pham.
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Qua trinh phan mg duogc trinh bay dé hiéu nhu trén. Thyc thé phan 16n chuyén vi 1,2 xay ra
trong 1 giai doan. Trang thai chuyén tiép duoc biéu dién bang vong 3 mang dién tich duong.
Nguoi ta cho rang nhom Z va L tham gia vao trang thai chuyén tiép, va c6 thé ca nhom N
cling tham gia vao trang thai chuyén tiép.
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Sy xuat nhom L va sy dich chuyén nhom Z xay ra cung lic, hoic nhom N ciing tham gia
giai doan nay. Thyuc nghiém cho thdy nhém dich chuyén luu giit ciu hinh, nhom xuét va
nhom dich chuyén & vi tri ddi 1éch nhau. Nhu vay, cAu tao trang thai chuyén tiép nay dugc
khang dinh.

Trang thai chuyén tiép thanh 1ap khi nhom dich chuyén Z ldy dién tir o tao lién két moi voi
C dén trong khi lién két o cii véi C di chua dut. Ngoai ra gitra nguyén tir C di va C dén co
mdt phan lién két bicu dién bang doan thang roi. Nhu vay vong 3 nay duoc lap bang 2 dién
tr va c6 su cong hudng vong. Theo quy tic Huckel vong 3 nay c6 tinh thom va c6 tinh bén.
Nhém Z twong tac bang doi dién tir lién két, nhu mot baz, hay mot chit than hach, v6i tim
thiéu dién tir nhu mot tim acid, hay tim than dién tr. Phan tmg cho mot hé thiéu dién tir mai
1a ion carbonium. Ion nay c6 thé nhan mot chit than hach N° hay tach 1 H, linh dong dé cho
alcen, cling nhu c6 thé cho phan mg chuyén vi v6i cac nhom tai 2 C, dé cho ra nhiéu san
pham khac nhau. Nhung thudng chi ¢6 1 phan tng chuyén vi xay ra. D& hiéu rang nhom
dich chuyén la nhém c6 lyc than hach manh hon. Khuynh huéng di chuyén cua cac nhom
tang dan theo thir tu:

H < CH3 < C;H;5 < i-C3H; < t-C4Hg < CgHs
Céac nhom phenil dich chuyén ting dan theo thu ty:
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p-NO,-Ph < p-Cl-Ph < Ph < p-Ph-Ph < p-CHs;-Ph < p-CH30-Ph
Ta thiy cac nhom alkil bac cang cao cang uu tién, nhom phenil wu ti€n hon nhom alkil, cac
nhom thé day dién tir trén vong thom lam tang tinh uvu tién.

Truong hop nhém H dich chuyén: Van dao 1s ciia H twong tac v6i van dao 2p cua C mang
dién tich duong, lién két véi van dao sp3 cua C di chua dut. Tai trang thai chuyén ti€p, lai
hoa cua 2 carbon la trang thai gitra sp3 va p.
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Truong hop nhom alkil R dich chuyén: Van dao bién HOMO cua R tuwong tac v6i van dao
LUMO cua C carbonium. Ta thay cau hinh cua R dugc bao toan.

Truong hgp nhom aril Ar dich chuyén: aril 1a hé dién tir 7 thom nén chuyén vi cua aril gidng
nhu sy thé ndi phan tr qua giai doan tao trung gian cation ciclohexadienil.

2.1.1. Sw chuyén vi dén nguyén tir carbon
1. Chuyén vi pinacol

Nam 1859 Wittig nhén dugc pinacol, dén nam 1860 dng phat hién pinacol trong dung dich
acid bién do1 thanh pinacolon.
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Pinacol Pinacolon

Sau d6 nhiéu phan ung tng twong tu duoc nghién ctru va phan Gng ciua Wittig tré thanh
phan tng dau tién ciia nhém phan Gmg mang tén chuyén vi pinacol. Chuyén vi pinacol 14
phan tng cua 1,2-glicol trong mdi truong acid bi tach nudc thanh hop chat carbonil.

Trong mdi truong acid, nhom hidroxil bi proton hoéa thanh nhém xuat t6t, sy mat 1 phan tir
nuée 1lam C mang nhom xudt trd thanh C thiéu dién tir (carbonium). Su dich chuyén nhém
alkil tai C ké can cung su tach 1 ion H® tao thanh san phém ceton.
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Véi a-glicol ¢6 cac nhom khac nhau, can xac dinh nhom OH bj proton héa va nhom dich
chuyén. No61 chung, OH bi proton hoa va bi tach ra duéi dang phan tir nude 1a OH cho
carbonium bén hon, nhom dich chuyén la nhém uu tién hon theo thr ty néu trén. Khuynh
hudng nhém OH bi tach ra theo thir tu sau:
R Tr R Ar
_(|:H2 < —lH < —(|3H < *‘iR < *‘;Ar
OH lH OH OH OH

Tuy nhién san pham phan tGng phy thudc vao diéu kién phan tmg. Khi cho 1,1-dimetil-2,2-
dipheniletilen-1,2-glicol vao H,SO, dam dédc va lanh, phan Gng xay ra khac véi khi cho vao
acid acetic co vét acid sulfuric.

H,SO, lanh Me—ﬁ—Tth
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Trong acid sulfuric dam dac 1a acid manh, OH uu dai proton héa 1a OH ctia C ¢6 2 nhom
phenil dé cho carbonium bén, nhém dich chuyén 1a nhom metil. Trong acid yéu 1a acid
acetic, su proton héa va tach nudc xay ra cung lic véi su dich chuyén, ma nhom phenil dich
chuyén uu dai hon nhom metil nén san pham nhiéu 13 san pham c6 su dich chuyén ctia nhom
phenil.

Mot sb thi du:
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Dic diém chung ciia chuyén vi trong hé thiéu dién tir 1a chuyén vi thuong xay ra trong 1 giai
doan va nhoém xuit cung nhém dich chuyén tai cdu trang phan ung & vi tri ddi 1éch. Pic
diém vi tri cua nhom dich chuyén quan trong hon thtr tu vu tién. Do do6 chuyén vi pinacol
cac dong phan lap thé khac nhau cho san pham khac nhau. Hon nita, 2 nhém OH & vi trf 1,2
tao lién két hidro noi phan tu tai ciu trang ban l¢ch. Do d6 dac diém 1ap thé duoc thé hién 1o
trong cac trudng hop cia phan tmg chuyén vi pinacol.

Chuyén vi pinacol dugc mé réng cho nhém hop chit o-minoalcol khi ché bién véi acid
HNO,, a-halohidrin khi ché bién voi bac, mé vong epoxid trong méi truong acid. Cac hop
chat nay trong diéu kién phan tng cho trung gian ion carbonium, chuyén vi kiéu pinacol cho
ceton.
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2. Chuyén vi Wagner — Meerwein

Chuyén vi Wagner — Meerwein 1a su tach loai nudc tir alcol trong acid qua trung gian 13
cation carbonium. Chuyén vi Wagner — Meerwein do Wagner phat hién nam 1899 khi tién
hanh tach loai phan tir nudce tir cac terpen 2 vong, nhitng nam 1920 Meerwein nghién ctru va
dé xuat co ché.

- - -

Borneol Camphen

Vé sau phan g mo rong cho cac hop chit ¢ vong va khong vong véi nhoém xuét bat ky co
thé tao carbonium nhu OH, halogen, TsO... Sdn pham phan tng c6 thé 1a the, tach loai...
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Chuyén vi Wagner — Meerwein trinh bay trong nhiéu giai doan (twong tu Sy1), nhung trong
phan 16n truong hop chi ¢6 1 giai doan xay ra (twong tu Sy2), khong co sy tao thanh ion
carbonium ty do. Sy tdch nhém OH xay ra cung lac véi sy dich chuyén va c6 thé ca tac kich
nhom nhap. Do d6 phan tmg c6 biét tinh 14p thé. Néu xay ra qua trinh
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thi A va B c6 su nghich dao cAu hinh, R ¢6 su luu gitr cAu hinh. Biét tinh lap thé cua chuyén
vi Wagner — Meerwein dugc bi¢u dién r0 nét trong bién doi 3B-fridelanol thanh 13(18)-
oleanen trong acid. Xay ra 7 dich chuyén.

Néu cac dich chuyén xay ra thir ty ngang qua cac carbonium thi birc tranh dwgc mé ta nhu
sau. OH bi proton hoa va loai 1 phan tir nudc thanh cation trén C3. H4 chuyén sang C3,
metil tr C5 chuyén sang C4, H10 chuyén sang C5, metil tai vi tri s6 9 chuyén sang C10, H8
chuyén sang 9, metil tir 14 sang 8, metil tir 13 sang 14.Tai C13 ¢6 dién tich duong, tach 1 H
tai C18 tao 13(18)-en. Nhung ca 7 dich chuyén xay ra dong thdi nhu 7 phan Gmg Sp2 cung
lac. Cac dich chuyén biéu dién duéi dang so do nhu sau.

(_Hzo '\|/'e '\|/|e G Me o Me C12 ‘ ----- H,0
3\ 4 55\510 '9\ '8 514\ 513 18
H H Ce H Cuy H Cis Me Cqio
H,0 ¢ @
I-|| l\|/|e Ce l\|/le Ciy l\|/le Cis Ci, H;0
3 4 'S 10 ' 9 '8 (14 13 18
H Me H c, H C; Me Cio

C6 thé thay cac dich chuyén c6 biét tinh lap thé. Cac nhoém phia trén miat phang phan tir
(doan lién) sau dich chuyén van ¢ phia trén, cac nhom phia dudi (doan ro1) van & phia dudi.

Th@ tur wu tién cac nhom dich chuyén trong phan tng 1a van dé phire tap. Néu phan tmg theo
kiéu Snl, vai tro quan trong khong phai nhém dich chuyén, ma cac nhém khong dich
chuyén, vi chinh cac nhém nay lam bén carbocation m&i tao ra. Néu phan tng xay ra giéng
Sn2, ban chit nhom dich chuyen la quan trong, nhdm nao cho trang thai trung gian bén hon
uu tién hon.

Trudng hop cation norbornil. Cation 2-norbornil ¢6 khuynh huéng chuyén vi Wagner —
Meerwein. Su chuyén vi dé dang hon véi norbornan thé tai exo, nhom dich chuyén 12 lién
két C; — Cg do ¢6 vi tri d6i léch voi nhém xudt (theo kiéu Sp2). Néu nhom xuét & vi tri endo,
nhom dich chuyén khong thé 1a lién két C; — Cg do khong & vi tri ddi léch. Do d6 phan tng
bat dau béng tach nhom X tao carbonium, sau d6 lién két C; — Cg dich chuyén. Phan ung
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theo kiéu Sy1. Phan timg cham hon nhiéu so voi dong phan exo. Chat than hach Y® tac kich
thuén loi hon tir huéng exo.
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3. Chuyén vi Wolf

Chuyén vi Wolf 1a chuyén vi cua carben sinh ra tr diazoceton dudi tac dung nhi¢t hodc anh
sang tr ngoai hodc xuc tac bac. Carben la hop chat ¢6 carbon hoa tri 2, ¢6 6 di¢n tir tang hoa
tri. Do thi€u dién tir nén carben c6 khuynh huéng cho phan tng chuyén vi.
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Carbocation thuong duoc 1am bén bang twong tac véi doi dién tir khong phan chia cia 6xy

bén canh (chuyén vi pinacol) hodc nhén tac kich chat than hach tir bén ngoai (chuyén vi

Wagner — Meerwein), trong truong hop nay c6 tuwong tac cia doi dién tir ty do sinh ra do

dich chuyén cua R, tao thanh ceten, hoac dich chuyén H, tao thanh ceton khong no. Ceten
cong nhanh nudc thanh acid, alcol thanh ester, amin thanh amid.

H,0

RCH,COOOH
R—ch=—=c=—=0 —] ROH _  RrcH,coor
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Ty 1é san pham ceten va ceton phu thudc vao nhiét do phan @ng: & nhiét d6 thap ceton khong
no nhiéu hon, nhiét dé cao (>50°C) cho nhiéu san phdm 1a chuyén hoa chit cua acid.

Phan tmg dugc tmg dung dé kéo dai mach acid thém 1 C. Pay la phan tmg Arndt — Eistert.
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Mo rong vong ceton.
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Bai tap:
1. Chuyén vi noi phan tir trong hé thiéu dién tir thudng xay ra trong méi truong acid. Phan
ung co thé xdy ra trong mdi trudng baz khong, tai sao?

2. Trong phan ng chuyén vi trong hé thiéu dién tir, cdu hinh nhom dich chuyén duoc bao
toan. Piéu nay néi 1én dic diém gi ciia co ché phan tng?

3. Trong chuyen vi pinacol, nhém xuét va nhom dich chuyén luén & vi tri d6i 1éch nhau. Mt
khac cau hinh carbon mang nhom xuat luon bi ngich ddo. Di€u nay noi 1én dac di€m gi cua
co ché phan ung?
4. Giai thich dic diém cta phan ing chuyén vi pinacol:
- OH tai C mang nhom phenil dé tich ra hon OH tai C mang nhém alkil.
- Nhom phenil dé dich chuyén hon nhom alkil.
- Néu 2 yéu t6 trén tac dong khong cuing chiéu thi phan g xay ra theo chiéu nao, cho vi dy.
5. Trong chuyén vi pinacol, 1,2-glicol ludn ¢ ciu trang ma tai d6 2 nhém OH & vi tri ban
1éch do c6 lién két hidro ndi phan tir. Viét co ché cac phan Ung sau, luu y dac diém nay ctua
phén tng.

HsC

eritro

CH;CH,COCH;  + CH—CHO

T®

CH3CH——CHCHj

| t
OH  OH reo CH,CH,COCH,

-

6. Trong chuyén vi Wagner — Meerwein cua 3B-fridelanol thanh 13(18)-oleanen nguoi ta
cho rang ca 7 dich chuyén déu xay ra cung luc. Diéu nay dugc chirng minh bang su kién gi?

7. Viét co ché phan tmg.
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Budi thir bay
2.1.2. Su chuyén vi dén nguyén tir nito

Céc nhém alkil va aril ¢6 khuynh huéng chuyén vi dén nguyén tir nito thiéu dién tir. Phan
ung ngang qua trang thai chuyén tiép vong 3.
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Trang thai chuyén tiép vong 3 thuan lgi néu nhom di chuyén 1a aril va co cac nhom thé day
dién tr. Cac dir kién phi hop co ché nay la: phan tng bac 1; cau hinh R dugc luu gitr,
nghién ciru dong vi danh dau cho thay phan Ung xay ra ndi phan tr; nhom R khong co su
thay ddi. Theo co ché nay, su tach X© cung luc vai sy dich chuyén cua R. Tuy nhién khong
phéi lic nao cling xay ra nhu thé, phan trng phu thudc vao diéu kién cu thé va ban chit chat
nén.

1. Chuyén vi Hofmann

Chuyén vi Hofmann 1a phan ung cua amid khong thé voi mudi hipohalit Na (hodc hdn hop
NaOH va halogen), san pham la amin c6 it hon 1 carbon (nén con goi la gidm cap
Hofmann).

R—— CO—NH, Br,/NaOH R—NH,

Hoa tan brom vao dung dich xut dugc dung dich mubi hipobromit Na. Dung dich nay brom
h6éa nhom amin cho trung gian ¢6 H acid kh4a manh. Trong mdi truong phan trng hidro con
lai tach ra du6i dang proton, cho trung gian anion véi dién tich Am trén nito. Su day dién tur
lam brom ra di cung doi dién tur lién két, dé lai nito co 6 dién tur téng hoa tri. Hop chét nay
clia nito goi 1a nitren. Nitren khong bén, l4p tirc cho phan mg chuyén vi v6i nhém dich
chuyén la R. Sy tuong tac cua cac van dao p cua N va C tao lién két 7, cho san phém phan
ung la alkil isocianat. Trong moi trudng phan tng, isocianat bi thuy phan va phan huy thanh
amin c6 it hon 1 C so véi amid ban dau.

© ©
Br,/NaOH H OH @ A -Br VY
R——C——NH, [ —. R—C——N——Br ——® R——C——N Br ——3» R——C—N
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(e} (e} (e} (6]
nitren
lNR
2 o
/w0 ® =
RNH, + CO, <®—— R——NH—C <— (Q—C—N—DR =*— Q—C——N——R
isocianat alkil 4
OH

Nitren thyc té khong ton tai trong hdn hop phan ng, sy tich Br® va su dich chuyén R xdy ra
cung lac. Khi khao sat sy chuyén vi cua amid c6 C, bat doi xtrng, nguoi ta thay cau hinh cua
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C, khong tay d6i. Nhu vay nhom dich chuyén di ngang qua vong 3 va tao lién két mdi ngay
tai lién ket cti b1 dut.
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Et NH, Et Et

Néu phan ing thuc hién trong alcol thi nhan dugc san phém la uretan.
R'OH
R——N—/—=C=—/7—=0 — ] R——HN——C—0
OR'

2. Chuyén vi Lossen
Chuyén vi Lossen la phan tng xay ra khi dun acid hidroxamic O-acil héa vdi baz, nhan
duoc san pham isocianat. Trong moéi trrong nudc, isocianat bi thiy phan thanh amin bac 1,
it hon 1 carbon so véi acid ban dau.

Q
R!'—C——NH——0COR? _Ho . Rl—N=—c=—0 E» RI—nNH, + CO,
L‘

Phan {mg theo co ché twong tu chuyén vi Hofmann. Hidro tai nguyén tir nito cta acid
hidroxamic O-acil hoa c6 d& dang tach ra dudi dang proton bang baz, cho trung gian anion
déy dién tur, lam nhom carboxil tach ra cung doi dién tir lién két. Luc nay nito con 6 di¢én tr
tﬁng hoéa tri nén thiéu dién tir, 1am nhom alkil dich chuyén sang nito, cho nitren. Tuong tu
nhu chuyén vi Hofmann, nitren khong bén nén thyc té khong tao ra ma cung luc xdy ra
chuyén vi nhom alkil cung tuong tac cua doi dién tu ty do trén N, cho san ph'?lm 1socianat,
thuy phan thanh amin.
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RINH, + CO,

Phan ung khong dugc sir dung rong rii trong tong hop hiru co vi acid hidroxamic khong co
san.

3. Chuvén vi Curtius

Chuyén vi Curtius xay ra khi phan hay bang nhiét hodc bang quang céc azid acid, tao thanh
isocianat.

A

RCON3 W R——N—/—=C—/=0 + N2
Phan g xay ra theo co ché twong tu phan ing Hofmann. Azid acid bi nhiét phan thanh
nitren, 1a hé thi€u dién tr tai N. Nhém alkil dich chuyén dén N cung doéi dién tir lién két cho
san pham isocianat.

o)
Qi:@_ -N, // ~R - H,0
R'——C—N N=—N ——» R—TC o—c—N——R ——» RNH, + CcO,
[ A 0 g
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Trong diéu kién khan nudc va khong ¢ alcol, isocianat nhan dugc voi hi¢u suat cao. Cling
nhu chuyén vi Hofmann, nitren thyc té khong ton tai, ma sy nhiét phan tach phan tu khi nito
xay ra cung luc véi su dich chuyén nhém alkil.

© M
R—C—N——N=N . C—N—-~R + N,
| &~ [
0 0

Tuy nhién phan hiy quang hoa azid acid, nitren tao thanh trong qua trinh phan rng nhu mot
chat trung gian.

O

°Ce /
R'—ﬁ—N N=—/N —» R—C + N,

o N

Khi nhiét phan alkilazid, san pham nhan dugc 1a imin. Sy chuyén vi xay ra twong tw, nhung
c¢6 khac biét 14 c6 tao thanh trung gian alkilnitren. Trong trung gian ndy c6 thé c6 chuyén vi
cua aril, alkil hoac hidro.

© g A
3C—N—N—N — R,G=—=NR + N,

Cicloazid va arilazid nhiét phan cho chuyén vi cing su mo rong vong.
NR
R N R "
N3 —
al
— NHPh
©/ @

(Luu y: Day khong phai 1a chuyén vi Cutius vi chat dau khong phai 1a azid acid, do d6 trung
gian isocianat khong tao thanh. Phan tng nay c6 chuyén vi twong tu chuyén vi Cutius).

Azid acid dugc diéu ché tir azid Na va clorur acid hodc hidrazid acid va acid nitoro .

o] (o]
/ /
R—C + NaN; —_— R—C + NaCl
Cl N3
//O /o HONO 2
R—C +  HyN—NH, ROH R—C/ — R_C// + H,0
OR' NH——NH, \N3
hidrazid acid

4. Chuyén vi Schmidt

Chuyén vi Schmidt 14 phan tmg xay ra khi cong acid hidrazoic vao hop chat carbonil nhu
aldehid, ceton, acid carboxilic, trong sy c6 mat cua acid manh. Cong ceton cho amid hoac
tetrazol tuy thudc moi truong su dung la nude hodc khan nuéde.
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R'\ | R'\ QNEN
€] -
c=LY 4 H—N’—%EN — R N—%EN -G C=—N_
/ \/ ,
R' R
OH i N,
R
H,0 \ @
R'——C——NHR &~ R——C——N—0&R - C——=N :
| LA
o OH R'
R
\ ®
-H

tetrazol

Su tach nhom N, va su dich chuyén R xay ra cung lic. Nhom dich chuyén 14 nhom & vi tri
trans véi nhom ra di. Khi tach loai 1 phan tr nudc, nhom 16m hon s€ ¢ vi tri trans voi nhom
diazonium. Do d6 trong ceton khong doi xung, thir tu di chuyén cdc nhoém nhu sau:

t-Bu > Ph ~ i-Pr > Et > Me
Nhu vy véi ceton, phan tmg trong dung dich nuéc giébng nhu thém nguyén tr N vao gitra
CO va nhom alkil. Acid carboxilic trong moéi truong acid manh hodc acid Lewis chuyén vi
thanh amin véi 1 nguyén tir carbon it hon.

i o ©
R——C——OH _— R—ﬁ—OH S R—ﬁ—OHZ —> R—|(|3
o} OH o} o
o) @
o HN3¢—H
RNH, + CO, & R—N—C—0 —-—— R—lcf_l.l\.l & R—c—(rx?—(‘ﬁEN

5. Chuyén vi Beckmann

Chuyén vi Beckmann 13 phan tmg chuyén vi ctia oxim tao thanh tir aldehid hodc ceton, dudi
tac dung cta acid manh hoac c6 méat PCls, cho san pham la amid theé.

R R OH R (o)
\ H,N-NH, \ - / S \ @ ~R @ H,0 //
c——O0 I, C—N. — C——N —» R ——C—N—R T> R—C

/ / ' - H,0 A+ “H
R R R NHR

Phéan tng tuong tu chuyén vi Schmidt, su tich OH dudi dang phén tir nudc xay ra cung lic
voi su dich chuyén R, trong d6 nhém R & vi tri trans véi OH sé dich chuyén. Khong cé
cation nitrenium ty do. Khuynh hudéng cdc nhom dich chuyén giong nhu trong phan tng
Schmidt.
2.1.3. Su chuyén vi dén nguyén tir oxi
Khi 6xi c6 nhém xuit ra di cung d6i dién tir lién két, ta co hé chira nguyén tir 6xi thiéu dién
tu. Su chuyén vi dén nguyén tir 6xi lam 6xi tré ve trang thai binh thuong.

R R

l/,," @ / S]
c—o0 — c—o *+X

\\\‘7 \(} /
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Nhom xuat X thuong 1a HO®, RCOOP... Sy xuét va nhap thuong xay ra cing lic va khong
coO su tao thanh cation R—C—é@

1. Phan ung oxid hoa Baeyer — Villiger

Phan tng Baeyer — Villiger xay ra khi cho aldehid hay ceton tac dung v&i peracid trong moi
truong acid, c6 sy gan thém nguyén tir 6Xy vao vi tri gitta nhom carbonil va nhém alkil hay
aril cua aldehid hodc ceton, cho san pham la ester.

2
e R2 30— O— ~R
R!—C—R + R ﬁ O—OH ——» R —R2 + R3COOH

o 0 ﬂ

Nguoi ta thdy trong trudng hop phan tmg cia acetophenon c6 O carbonil danh dau trong
phan tng v6i acid m-cloroperbenzoic, san pham chira O danh dau trén nhém carbonil chir
khong phai trén phan alcol. Mt khac nghién ctru déng vi *C cho thdy phan tng c6 hiéu ting
dong vi. Nhu vay su dich chuyén nhom phenil xay ra cung lac v6i su tach nhom carboxil
trong giai doan chdm cua phan tng. Co ché phan tng c6 thé trinh bay nhu sau.

]

D

<

Cl

Phéan tng xay ra theo kiéu chuyén vi trong hé thiéu dién tir. Peracid c6 O hidroxil cung dbi
dién tr tu do nhu chét than hach tac kich vao nhém C=0 cta hop chit carbonil. Su dut ndi
di li lién két O-O lam xuat hién O thiéu dién tr (6 dién tr ting hoa tri). Su dich chuyén
nhom phenil cing su twong tic cia nhém OH 1am O du dién tir, cho san pham 13 ester, trong
d6 nhom dich chuyén nim trong phan alcol.

Phan tng thuong dung voi acid peracetic, perbenzoic, dac biét thuan lgi voi1 CF;COOOH.
Tinh vu tién dich chuyén cac nhom theo thir tu: alkil bac 3 > ciclohexil > aril > alkil bac 2 >
alkil bac 1 > metil. Cac nhom aril thé: p-MeO-Ar > p-Me-Ar > p-CI-Ar > p-Br-Ar > m-
MeO-Ar > p-O,N-Ar. Nhom thé day dién tr lam ting, nhom thé rat dién tir 1am giam uu
tién. Aldehid phan ung véi peracid cho acid.

RCHO + R'COOOH — = RCOOH + R'COOH

B-Diceton c6 thé enol hoa khong cho phan tng, a-diceton chuyén hoa thanh anhidrid acid,
ceton vong thanh lacton.
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R3COOOH

Rl—C—C—R> ———— Rl—C—0—cC—R? T R’COOH
Il | |
0O o 0 o
o
0o
RCOOOH
—_— >

o + RCOOH

2. Phan vng oxid hoa Dakin

Oxid hoa Dakin 13 phan tng cta aldehid hodc ceton thom dwgc hoat héa bang nhém OH &
vi tri orto hodac para, voi peroxid hidro trong dung dich kiém, cho san pham la ester, bi thuy
phan trong moi trudng phan ing thanh phenol.

H,0,, NaOH
OH CHO —_— OH HO + HCOOH
45 - 500C

Trong moi trudng baz, peroxid hidro dudi dang mudi Na téc kich than hach vao nhém C=0
ctia hop chat carbonil. Sy dut di li lién két O-O tao nguyén tir 6xi thiéu dién tir. Nhom phenil
dich chuyén cung dbi dién tir lién két dén 6xi thiéu dién tir tao tAm thiéu dién tir méi trén C.
Tuong tac cua O dién tich 4m va C thiéu dién tir cho san pham 1a ester. Trong mdi trudng
kiém va c6 dun nhe, ester bi thity phan thanh phenol va muéi cua acid formic.

(0]
: : % : : § ~Ar : :
OH —» OH (0]
(9“ > "
©
OH ) l HO o)
: °
OH HO + HCOO

1. Theo co che phan tng, chuyén vi dén nguyén tr nito thiéu dién tir c6 thé chia thanh 2
nhom. Hay xép cac phan mg chuyén vi dén nito thiéu dién tir thanh 2 nhém va cho biét
khac biét gitra 2 nhom.

Bai tap

2. Tai sao trong sy chuyén vi dén nguyén tir N thiéu dién tir, nhom dich chuyén wu tién hon
la nhém c6 chira nhom day dién tir, va phenil uvu tién hon alkil?

3. Tai sao noi nitren khong tao thanh trong qua trinh phan tng nhu mot chit trung gian?

4. Trong chuyén vi Hofmann, dung dich halogen trong xut rat than lgi cho phan tng xay ra.
Hay phan tich tac dung cua halogen trong phan tmg nay. Tur do c6 thé dung chat khac thay
thé halogen trong phan rng nay dugc khong?

5. Tai sao chuyén vi Lossen chi dung dugc cho acid hidroxamic O-acil hoa ma khong dung
cho acid hidroxamic RCONHOH?

6. Tai sao nhié:[ phan azid acid khong nhan dugc nitren nhung quang phan lai nhan dugc
nitren nhu 1 chat trung gian?

7. Giai thich hién tuong sau: acid day dai cho chuyén vi Schmidt d& dang hon acid thom,
ceton mach thang hodc vong dé hon ceton thom.
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8. Phan tng chuyén vi Becmann luén cho san pham 13 amid thé. Tai sao san pham amid
khong thé khong tao thanh?

9. Chuyén vi Beckmann xay ra khi c6 su tach nhém OH cua oxim trong mdi truong acid
dudi dang phan tir nuéc. Su tach nhém OH con dé dang hon néu chuyén nhém hidroxil
thanh nhom tosilat. Viét co ché phan tng chuyén vi Becmann khi st dung clorur
benzensulfonil thay cho acid. Tir d6 c6 thé dé xuat thay acid bang nhitng chit phan Gmg nao
khéc?

10. Oxid hoa theo Dakin djmg cho aldehid hoac ceton thom dugc hoat hoa b@ing nhoém OH
tai vi tri orto hoac para. Néu aldehid hodc ceton thom khong c6 nhom hoat hoa thi phan trmg
c6 thé xay ra nhu thé nao?

11. Vi tri nhom dich chuyén thuong quan trong hon thir ty wu tién. Viét co ché 2 phan tng
sau dé thay r0 su quan trong do.

a/ PhCOOOH
—_—
AN
(6]
(0]
b/ PhCOOOH
—_—>
) ("
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Buéi thir tdm
2.2. Sw chuyén vi trong hé thong giau dién tir

Hé thong giau dién 13 hé c6 chira nguyén tir mang dién tich 4m (anion). Chuyén vi trong hé
thong thiéu dién tir thuong xdy ra trong méi truong acid vi c¢6 sy tao thanh cation cia
nguyén tir ¢6 6 dién tir. Nguyén tir thiéu dién tir dugc coi 14 tAm acid nén hé bén trong méi
truong acid. Nguoc lai véi hé thiéu dién tr, hé giz‘iu dién tr thuwong duoc tao thanh trong moi
truong baz, thuong la baz manh, hidro linh dong bi loai dé tao anion. Hé giau dién to duoc
coi 1a baz nén ton tai trong moi truong baz. HE giau dién tir khong bén nén duogc bén hoa
bang su chuyén vi.

Nhém dich chuyén Z c6 tinh acid lam bén tam B®.
2.2.1. Chuyén vi Stevens

Chuyén vi Stevens la chuyén vi cia mubi amonium bac 4 hay mudi sulfonium duéi tac dung
cua baz manh thanh amin bac 3 hay tioeter (mercaptan).

Rl Rl

® NaNH, |
A——CH,—N——R? —_— A—(|:H—N—R2

RS RS

A 1a nhém rat dién tir (RCO®, ROOC® ...). A rat dién tir, cung voi N rat dién tr lam H cua
nhom metilen linh dong, duéi tic dung ctia baz manh bj tach ra dudi dang proton, dé lai doi
dién tir lién két trén C, tao ilur, 1a hé giau dién tir. Sy dich chuyén R® lam triét tiéu dién tich,
cho co cau bén. Nhom di chuyén thudng 14 nhom allil, benzil.

R! Rl Rl
® NaNH, lo RS |
A——CHy;—N—R? E= A—CH—N—R2? —3®» A—CH—N—R?
- |
RS \ R3 R3
ilur
Thi du:
©
N of CH N®—((;)HCOPh
(CH3),NCH,COPh ( 3)q c — (CH3)2NTHCH20Ph
CH,Ph PhCH, ‘) CH,Ph
©
@ OH ©o
PhCOCH,SCH4 PhCOCHTjH3 — phcoTHSCH3
CH,Ph kCHZPh CH,Ph

2.2.2. Chuyén vi Wittig

Chuyén vi Wittig 1 chuyén vi caa eter duéi tac dung ctia baz rit manh 14 alkil hay arillitium,
thanh alcol. H trong eter c6 tinh acid yéu hon trong mudi amonium hay sulfonium nén baz
dung manh hon.

R3Li oo
RICH,——™O0—R? RICH —OLi + RSH

R?
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Duéi tac dung cuia baz rit manh, eter bi tich proton thanh carbanion. Nhom metil turong tac
v&i doi dién tir p trén carbanion, chuyén vi thanh alcol.

@
PhLi ~ e @ @ 0o H;0
CH3—O——CH,;Ph  ——» CHz3—O——CHPh i —— Li O——CHPh ——® OH——CHPh
- PhH x__
CHj CHj,

2.2.3. Co ché chuyén vi Stevens va Wittig

Chuyén vi Stevens va Wittig c6 diém chung 1a tach proton trong méi trudng baz dé tao ra
carbanion, 12 hé giau dién tir. Nhom dich chuyén tuwong tac bang van dao LUMO vdi van
dao HOMO cuia carbanion. Dé don gian, ta xem R tach ra nhu R® va nam trong su tuong tac
v6i 2 tim mang dién tich 4m 12 C va A (A 1a N, S hodc O). Van dao trong ctiia R® c6 thé 1a
sp® hodc sp°, twong tac co thé theo truc vudng goc hay song song (theo Mebins). Trong
truong hop dau cau hinh cia nhém di chuyén bi nghich dao, trong truong hop sau cau hinh
duoc bao toan.

@
R
\
C
I, ¢ / Iy, o
SC—A., —> C A
b d \ b d

Nhim so d6 thdy rd 1a ca 2 trudng hop déu khong thé thue hién duoc do tro ngai lap thé qua
16n. Do d6 ¢6 thé nghi phan tng phai xay ra trong 2 giai doan: R® dugc tach ra va gin vao
C®. Trong truong hop do phai nhan dugc san pham tiéu trién. Thuc té cho thdy san pham
nhan duoc cha yéu c6 luu giit cau hinh.

Chit Nhém dich chuyén % SP luu giir cAu hinh
Chuyén vi Stevens
o @ "
PhCOC H-N Me,CH(Me)Ph CH(Me)P 97
FaTiY CH(Me)Ph
CH,=CHC H-N Me,CH(Me)Ph (Me) 90
Chuyén vi Wittig
o
PhC H-OC(Me)(Et)Ph C(Me)(Et)Ph 80-90
o
PhC H-OCH(Me)Ph CH(Me)Et 62
o
CH,=CHC H-OCH(Me)Et CH(Me)Et 74

Xuat hién mau thudn: phan tich twong tic van dao cho thay trang thai chuyén tiép khong co

cau tao vong 3, nhung thuc nghiém ung ho trang thai chuyén tiép vong 3. Tur do gia thlet

rang tir dang ilur tach ra 1 trung gian c6 hoat tinh rat manh, manh dén ndi phan tng rat
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nhanh va cu hinh chua kip thay d6i. Trung gian c6 hoat tinh manh nhét 1 gbc tu do. Thuc
te cho thay trong cac phan rng chuyén vi trén c6 sy dut noi dong li.

©
@ @ © @ © .. .
(CH3),NCH,COPh (CH3),N——CHCOPh — (CH3),N—/—CHCOPh -¢—» (CH3),N—/—CHCOPh
CH,Ph PhCH, PhCH, l PhCH,

(CH3),NCHCH,0Ph
CH,Ph

Co ché phan tmg qua giai doan tao cip gde tu do trén N va nhom benzil. C® cho N 1 dién tir
tu do va tré thanh géc tw do. Gbc tu do benzil tuong tac nhanh véi géc tu do méi tao thanh
cho san pham chuyén vi. Géc ty do sinh ra trong cac phan tmg nay duoc chimg minh bang
pho cong hudng tir hat nhan.

Lién két don ké tdm anion d& dang dut ndi dong li. Cac phan Gmg chuyén vi ndy xay ra o
nhiét d6 thap, chuyén vi Wittig thuc hién ¢ -60°C. Binh thudng ¢ thé nghi rang cac tuong
tac dién tir xay ra nhu sau.

S o

ArCH——O —_— ArCH_—/.O —_— ArCH——O

PR

Nhung thuc té phan ng thuong khong xay ra nhu vay. O day c6 dich chuyén 1 dién tir. Néu
thay cac mili tén bang miii tén 1 canh biéu dién twong tic cua 1 dién tir, ta c6 birc tranh cia
phan ung. Goc tu do R va ArCH duoc tao thanh.
© [
ACH—O||R —= ArcH-0: |R

Géc R dich chuyén dén gbc ArCH tir cy ly gan trong thoi gian ngan, gdc R chua kip sip xép
lai. Cau hinh duoc bao toan.

2.2.4 Chuyén vi Favorsky

Trong khi nghién ctru o, a-diclorceton, Favorski dy dinh diéu ché a-diceton bang phan tng
thuy phan o,a-diclorceton trong dung dich kiém. Nhung thay vi nhan dugc diceton, 6ng
nhan dugc acid metacrilic tir chat dau 1a metil-o,a-dicloretilceton.

Sau d6 nhom cua Favorski ap dung phan tmg cho nhiéu hop chat a-haloceton khac va mé ra
phan tng chuyén vi mang tén 6ng. Chuyén vi dugc cong bd 1an dau vao nam 1895. Chuyén
vi Favorski 1a phan ing ctia baz than hach véi a-haloceton qua trung gian 1a ciclopropanon,
tiy thudc baz than hach cho san pham 1a chuyén héa chét cua acid carboxilic. Vi baz 1a
hidroxid kim loai kiém, alcoxid, amin, san phém 1a mudi cua acid carboxilic, ester, amid.
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R'O
> RO——C—C—
I
R
S |
HO o
Tl — ——Cc—~(C——
R—C—Cl—— — o ‘
I i
o R'NH, |
RNH——C—C—
I

H,O >_<
22 + CO,

Co ché phan tng 13 dé tai tranh luan thoi gian dai. Ban diu nguoi ta cho ring phan tng bat
dau bang su cong than hach cta baz than hach vao nhém carbonil.

X R R
| - |
R_ﬁ_c_ + OR' = RO c—=c —» RO——C—C—
L ch D I

Néu phan tng xdy ra theo co ché nay thi tir a-clorbenzilmetilceton ché bién kiém phai nhan
duoc acid a-phenilpropionic. Thuc té phan tung cho san pham la acid B-phenilpropionic.
Nhu vay phan tng khong xay ra theo co ché nay.

5 kh
PhCHCOCH; + HO —— PhCH(CHy)cooH  (khong xayra)

¢ T PhCH,CH,COOH

Favorski dé& xuét co ché ngang qua trung gian ciclopropanon, nhung khi do diéu kién thuc
nghiém va ly thuyét chua cho phep chimg minh. Bén nam 1951 Loftfield dung phuwong phap
nguyén tir C danh dau da ching minh co ché phan g di qua trung gian vong 3.

©
HO * *
_— - COOH + COOH
_—

*

i; ’
cl
i-CsH,;ONa
o - COOCgH,; *+ COOCsHyy
cl

*

Phan g bat dau bang sy tach proton vi tri & phia bén kia carbon mang clor, tiép theo 14 thé
than hach n¢i phan tr cung su ra di nhom xuat clor, tao thanh vong ciclopropanon. Baz than
hach cdng vao nhom carbonil, 0° day dién tir cung sy mé vong 3 cho san pham phan ng.

Trong giai doan dau, ion alcoxid tac dung khong phai nhu chat than hach ma nhu baz, tach
ldy proton. Sau d6 ion alcoxid cong vao nhém carbonil ciia ciclopropanon nhu chat than
hach, tham gia vao san phdm. Gia doan chdm cta phan tng 13 thé than hach ndi phan tir cho
trung gian 14 ciclopropanon. Do day 1a hop chit vong nho cing nén dinh ning luong cao.
Tiép theo 13 cong than hach cua baz than hach va mé vong, do giai phong nang luong nhiéu
nén phan ung xay ra nhanh. Nguoi ta khong nhan thiy c6 ciclopropanon tu do trong qué
trinh phan ung.
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Neéu trung gian ciclopropanon khong doi xung, sy mé vong 3 vu dai hon tai phia cho ra
carbanion bén hon

Cl

©
Ph_CH_C_CH3 —_— Ph@\H'_CHZ R—O> PhCHZCHZCOOR
a © I
| 0]
H.C H;C CH
3 \ ROe S
/ \c — c—ch — = /C\
e \ Watks HsC COOR
|| H3C ;

™

o

(@]

Chuyén vi Favorski lam hep vong haloceton vong.

HOOC

Néu phan tng trong dung dich kém va c6 mit peroxid hidro, san pham 14 alcen va thoat khi
carbonic.

O—OH

Co ché ngang qua trung gian ceton vong 3 khi o-haloceton c¢6 H linh dong tai vi tri o’.
Chuyén vi Favorski duong nhu ciing xdy ra khi tai C, khong chira H.

CH CH
3 @ 3
HO ©
CI—T—ﬁ—Ph — > Ph——C——CO0O
CHy O CHy

Cl Ph
o
EtO
—_—
C——Ph COOEt
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O day phan ng xay ra khong theo co ché qua trung gian ciclopropanon, ma theo co ché
biéu dién tai trang 66 (co ché tranh cdi va bi phu nhén). Do theo co ché khong phai 1a
chuyén vi Favorski nén phan tmg duoc goi 1a chuyén vi gidng Favorski (quasi-Favorskii
rearrangement).

Bai tap

1. Su chuyén vi trong hé thiéu dién tir thudng xay ra trong méi trudng acid hodc trung
tinh, nhung tai sao su chuyén vi trong phan rng oxid hoa Dakin lai xay ra trong moi truong
baz?

2. Tai sao cho rang sy chuyén vi trong hé giau dién tir khong di qua trang thai chuyén tiép
la vong 3? Néu thuc su c6 tao thanh goc tu do trong phan tng thi chuyén vi trong h¢ thong
giau dién tir c6 dugce coi la chuyén vi lién phan tir khong?

3. Theo so d6 chung cta phan Gng chuyén vi trong hé giau dién tir, su chuyén vi thuong
di tir hé giau dién tir nay sang h¢ giau dién tr khac. Nhu vay phan ng phai thuén nghich.

Nhung cac phan tmg chuyén vi Stevens, Wlttlg va Favorski déu xay ra dé dang va mot
chiéu. Dya vao ddc diém cy thé ciia 3 phan Gmg dé cho giai thich diéu nay.

4. Chuyén vi Stevens dung cho cac mudi amonium va sulfonium c6 nhém A rat dién ti.
Néu khong cd nhom rut dién tir thi phan ting c6 xady ra khong?

5. Chuyén vi Wittig c6 thé thuc hién ¢ nhiét do rat thap. Dung dic diém co ché dé giai
thich dic diém nay cua phan Uing.

6. Tai sao c6 thé xép chuyén vi Favorski vao nhom chuyén vi trong hé gidu dién tir kicu
1,2? Tam giau dién tir 1a tdm nao? Chi ra nhitng khac biét trong co ché phan tng chuyén vi
Favorski voi chuyén vi Stevens va chuyén vi Wittig.

7. Bé chimg minh co che phan tmg chuyén vi Favorski, Loftfield thuc hién phan ing voi
2-clorciclohexanon c¢6 C' tai vi tri 1 va 2. Két qua phan tich cho thay trong san pham co
50% C14 tai C nhom carbonil, 25% tai C, va 25% tai Cﬁ Dung cac s6 liéu trén dé ching
minh rang phan tng khong xay ra theo co ché tranh cii (trang 66), trong d6 phan Gng bt
dau bang su cong baz than hach.

8. Trung gian ciclopropanon khong ddi xtng trong phan tng chuyén vi Favorski ¢ thé
mo vong tai 2 vi tri va cho 2 san pham. Nhung thuc té chi nhan dugc 1 san pham. Giai thich
sy m@ vong trung gian ciclopropanon cua 1-chloro-1-phenylpropan-2-one va 3-chloro-3-
methylbutan-2-one trong dung dich alcoxid natri.

9. Viét cac phan mg sau.

a/ CH;COCCI,CH,CH; + HO —

b/ CH;CHBrCOCH,Br + EtO —

¢/ CH3;CHBrCHBrCOCH; + EtO —
d/ CH3;CH,CHCICOPh + EtO —

:> :
HO
e/ co [E—" .

Br
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Budi thir chin
Chuong 3. Phan trng trén hé thom
3.1. Tinh thom

Hop chat thom duoc dung chi cac chit c6 mui duge tach ra tir diu thom, diu chung cat than
da... Ngay nay tir “thom” duoc dung v6i nghia hoan toan khac. Tinh thom dugc hiéu 1a kha
ning mot s6 hop chit khong no d& cho phan tng thé ma kho cho phan tng cong, bén véi
chit oxid hoa, v6i nhiét d9... Pai dién cho céc hop chit thom 1a benzen, cong thirc phan tir 1a
CsHs. Cac nguyén tir carbon va hidro tao vong 6 phing voi 3 lién két doi va 3 lién két don.
Ca 6 nguyén tir carbon déu tuong duong. Do dai lién két C-C 1a 1,397A, goc hoa tri 120°.
Lién két octa cac nguyén tir carbon tao thanh do xen phu van dao Sp2, 6 van dao p cua 6
nguyén to C tao h¢ dién tor 7 khép kin do c6 su xen phu bén. Sy cong hudng khép kin nay
dam bao cho tinh khong ¢ dinh cua cac dién tir 7. Chinh hé dién tir # khép kin nay giai
thich tinh bén ctia benzen.

Theo thuyét van dao phan tir (MO), 6 van dao p ctia 6 nguyén tir C t6 hop thanh 6 van dao 7,
trong d6 3 van dao lién két va 3 van dao phan lién két. Nam 1931 Huckel 4p dung thuyét van
dao phan tir cho cac hop chat polien don vong cong hudng phang (thuyét HMO) va dua ra
quy tic xac dinh tinh thom (quy tic Huckel). Céc hidrocarbon don vong cong hudng phang
c6 tinh thom néu trong vong c6 (4n+2) dién tr 7. Theo HMO, mtc ning lugng cc van dao
p ctia mot s6 vong polien nhu sau.

3 4 5
— o2 1628
- — -
“““““ O T IITITTTH4062B
—  o+2p — a+28 — u+2B
6 7
- O‘:?B — — «-1.80B
ook _— — 0-0458
— — o+p — — a+1.258
—  u+2B —  a+2p
8 9
Ty == e
e e <
. — = 4+035
— — wetap T 9E9ER
— o+2p —  w+2B

Céc van dao dudi mirc o 1a van dao lién két, su lap day cac van dao nay lam phan tir bén.
Céc van dao nam ngang mirc « 1a van dao khong lién két, dién tir trén van dao nay khong
lam tang ciing nhu khong 1am giam tinh bén phan tir. Cac van dao nam trén mic « 1a van
dao phan lién két, dién tir van dao nay lam giam tinh bén phan tir. Theo thuyét HMO, trong
benzen ca 6 dién tir p déu nam trén van dao lién két, do d6 benzen bén va c6 tinh tro hoa
hoc. Ciclobutadien c6 4 dién tor p phan bd trén van dao lién két va van dao khong lién Kkét,
trong d6 2 dién tr doc than. 2 dién tir nay 1am phén tir butadien khong bén, dé cho phéan tng
cong nhu lién két d6i C=C c6 lap.

Quy tic Huckel 4p dung tdt cho cac hidrocarbon don vong, vong mang dién tich, hop chat di
vong. Dbi véi hidrocarbon da vong ngung tu, quy tic Huckel duoc 4p dung néu cac lién két
chung cuia 2 vong khong gay nhiéu loan dang ké so véi 1 vong 16n, ma chi lam cho vong dii
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phang. Xét naptalen va azulen trong so sanh véi don vong c¢6 10 C (vong [10]annulen).
Naptalen va azulen déu cé 10 dién tr 7 cong huong khép kin va tao vong phang. Lién két
chung cua 2 vong 1am ting tinh phing cua hé, 1am ting tinh khong c¢d dinh cta céc dién tir 7.
Ca naptalen va azulen déu c6 niang luong thip hon [10]annulen, va déu c6 tinh thom rd rét.
Naptalen khong mau, nhung azulen ¢6 mau xanh duong ddm. Azulen chil yéu ton tai dudi
dang ludng ion gdm anion ciclopentadienil va cation tropil.

8 1 8§

1
7 2 7 A
I 0e
6 3
Ty N

3

Naptalen Azulen

Dbi voi cac hé co nhiéu vong khac viée suy xét twong tu. Riéng cac vong c6 nguyén tir C
chung 3 vong, quy tac Huckel khong ap dung duoc.

Bén canh tinh thom nguoi ta con c6 khai niém tinh khong thom va tinh phan thom. Tinh
khong thom 1a tinh khong thay d6i muc ning lugng cua hé khi trong hé co sy cong hudng
khép kin. Su phan thom 14 sy ting mirc ning lwong (giam tinh bén) cua hé khi cé su cong
hudng vong khép kin. Mot s thi du (trich tir: Carey F. A., Sundberg R. J. (2007) Advanced
Organic Chemistry, Part A: Structure and Mechanisms, 5th Edition, Prenum Press, New
York, trang 743).

Compound  Electrons
Aromatic
Cyclopropenylium ion 2
Cyclopentadienide anion ]
Cycloheptatrienylium ion ]
Cyclooctatetraene dianion 10
Cyclononatetraenide anion 10
[12]Annulene dianion 14
Antiaromatic
Cyclopropenide anion 4
Cyclopentadienylium ion 4
Nonaromatic
Cycloheptatrienide anion 5

Hé thom 13 hé giau dién tr nén phan tng dic trung 1a thé than dién tir. Trong diéu kién khic
nghiét hodc véi co cau dac bi¢t, hé thom cé thé cho phan ting thé than hach.

3.2. Phan tng thé than dién tir

Phéan tmg thé than dién tir trong hé thom dwogc nghién ciru day da va st dung nhiéu trong
cong nghiép. Cac chat than dién tir dugc chia ra thanh nhom than dién tir manh, vira va yéu.
3.2.1. Chit thén dién tir

- Chét than dién tr manh gé)m jon nitronium NO%®, phtrc clor va brom vo1 acid Lewis
(FeCls, AlBrs, AICI5, SbCls...), cac ion H,OCI®, H,0Br®, RSO*®, HSO®*®

- Chat than dién tir vira gdm cac phtrc halogenur alkil va acil véi acid Lewis (RCL.AIClIs,
RBr.GaBr;, RCOCI.AICIs...), phtrc cua alcol véi acid Lewis va Bronsted manh (ROH.BF3,
ROH.H3;PO,4, ROH.HF...).

- Chét than dién tir yéu gdm cation diazonium ArN?®, iminium CH,=N®H,, nitrosonium
NO®, dioxid carbon COs.
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Chét than dién ti manh: tac dung duoc véi cac dan xuét benzen c6 nhoém thé rat va déy dién
ttr. Chat than dién tir vira: tac dung dugc véi benzen va dan xut chia nhom thé cho dién
tr (-NO,, -SO3H, -COR, -CN...) va halogen. Chét than dién tir yéu: chi tac dung duoc voi
dan xuét benzen chira nhom thé day dién tr manh (-OH, OR, -NHy, -NR;, -0°...). Bang dudi
day cho thiy su tao thanh mot s chat than hach manh, vira va yéu trich tir tai liéu: Carey F.
A., Sundberg R. J. (2007), Advanced Organic Chemistry, Part A: Structure and
Mechanisms, 5th Edition, Prenum Press, New York, trang 743.

Electrophile Typical means of generation

A. Electrophiles capable of substituting both activated and deactivated aromatic rings

18 O=Nt=0 2H804 + HNOg == NO,*+ 2 HS0, + H;0*
ob Bry or Bro—-MX, Br, + MX, = Br-MX,

3b BrO*H, BrOH + H0t =—= BrO'H,

4b Cly or Clo—MX, Cly + MX, == Clz—MX,

5P CIO*H, CIOH + Hi0* === CIO*H,

6° 50, or SO,0%H HyS.0;, =—= HSD, + S0,0%H

7 RSO,* RSO0 + AICl, =—= RSO,* + AlCI,

B. Electrophiles capable of substituting activated but not deactivated aromatic rings

8° R4C* RaCX + MX, == R,C"+ [MX,,,

g R,C* R,COH + H* == R,yC" + H,O

109 R,C*CHRAY R,C=CR% + H* == R C'CHR}

11° RCH,X - MX,, RCH.X + MX, =—= RCHX—MX,

12 RGC=0"* RCOX + MX, === RC=0*+ [MX,,,]
13" RCOX — MX,, ROOX + MX, === RCOX—MX,

141 RC*=0*H RCOX + MX,+ HY == RC"=0'H + [MX,,]
151 H* HX == H*4+ X

16% R;C=0"H R,C=0 + HY @ — R.C=0"H

17 R,C=0*-M X, RC=0 + MX, — pec=0*-MX,
181 HC*=N*H, HC =N + 2H* HCY=N"'H,

C. Electrophiles capable of substitution only strongly activated aromatic rings

19! HC=N"H HC=N + HX == HC=N'H + X~
20™ N=0" HONO + H* == N=0~+ Hy0
21" AN =N AdHy + HONO + H® =—= AN =N + 2H,0

3.2.2. Co ché phan g

Sy thé than dién tir trén hé thom xay ra theo kiéu cong — tach. Chat than dién t ban dau
tuong tac vdi cac van dao & cua h¢ thom, tao thanh phuc . Tiép tuc phan Ung, chit than
dién tir tién gan lai 1 trong cac C va xac lap lién két o voi C nay. Carbon chuyén tir lai hoa
sp? sang sp°, hé thom bi pha v&, do d6 ning luong hé rit cao, hé khong bén. Dé dua hé vé
trang thai bén, 1 proton duogc tach ra ngang qua phtrc 77 va cho san pham thé.
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X ®

G- -

phuc oy, T

g

Khi cho ludng khi DCI di qua dung dich benzen trong n-hexan & -78°C, ngudi ta nhan duoc
phtrc phan tir véi ty 18 1a 1:1. Phitc nay khong mau, khong dan dién. Nhu vy trong dung
dich khong c6 ion va manh phan tir mang dién tich. Bang phan tich nhidu xa tia X cic tinh
thé phtrc benzen va céac hidrocarbon thom khac vai cac chat than dién tr khac nhau, da xac
1ap c4u tao cho nhin qua vin dao 7z cua cac phirc nay. Day 1a phirc 7. Céc aren 1a baz 7, ¢o
thé tao phirc 7z kiéu cho — nhan véi cac acid Lewis ciing nhu DC1 khong phan ly. Khi nhiét
do tang, phirc 7 nhanh chong bi phan huy.

Khi cho AICI; vao dung dich DCI trong benzen hay benzen thé, dung dich dan dién va co
mau. Sy dan dién ching to trong dung dich c6 ion hodc phan tr mang dién tich. Phan tich
pho cong hudng proton va B¢ cho thay c6 tao thanh phuc ion.

@ o
CeHg + DCl + AICl; —=  CHD AlC,

Pay 1a phitc o. Phirc o tao thanh & nhiét do thap, khi tang nhiét do phirc o bi phan huy. Phirc
o c6 thé phan huy thanh san phdm hay chit dau, tuy thudc su tach chit than dién tir hay tach
proton, manh nao tich dé hon. Thong thuong tach proton dé hon nhiéu, va trong nhiéu
truong hop phitc o tao thanh khong thuan nghich. Véi cic aren va chat than dién tr khac
nhau d¢ bén phirc o khéc nhau.

M Me Me
e
BF, H ]?F 0°C
Me + C,HsF — —» Me 4 — Me C,Hs
- 80°C CoH
“oHs
Me Me 90%

Me Me Me

AgBF, H BF
Me + C,H,COF —— Me 4 —— Me COC,Hs
> CH,;NO,
: COC,H;
- 60°C
Me Me

Giai doan cham ctia nhiéu phan tng thé than dién tir hé thom 1a giai doan tao phitc . Gian
do nang luong tong quat cho thay c6 2 phirc 7 trude va sau phuc o.
TC2

TC3
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Thuc té dong hoc phan ung thé than dién tt trén hé thom tuy thudc truong hop cu thé. Chat
than di¢n t¢ manh c6 mic nang lugng cao, trang thai chuyén tiép O muc gén chat dau. Khi
do ta co6 trang thai chuyén tiép sém. Trudng hop nay dic trung cho cac phan tng téa nhiét.
Dién tich ducmg phan b trong vong it, do do 1t co su khac biét vi tri phan U:ng trén vong
benzen c6 sdn nhom thé. Vi chat than dién tir yéu, trang thai chuyén tiép & muc gan phu:c o,
ta ¢ trang thai chuyén tiép tré. Lién két o tao hoan chinh, dién tich dwong phén bd trong
vong va tap trung nhiéu hon & vi tri orto va para ddi voi nhom thé c6 sin trong vong
benzen. Phan tng thu nhiét. Hinh biéu dién dudi ddy trich tir tai liéu: Carey F. A., Sundberg
R. J. (2007), Advanced Organic Chemistry, Part A: Structure and Mechanisms, 5th Edition,
Prenum Press, New York, trang 789.

Early transition
state with little
@ bend formation

H

- @ E

a ccmplex +H”

E‘EH

Later transticn
state with substantial
o bend formation

/\/\ 5

[ ccmplex
K

Khao sat hiéu ung dong vi gitp 1am sang to co ché phan tung. Véi ting phan tng cu thé,
hiéu tng dong vi khac nhau. Hiéu tmg dong vi ku/kp hoic ku/kr cia mot sé phan tmg duoc
trich tir tai liéu: Carey F. A., Sundberg R. J. (2007), Advanced Organic Chemistry, Part A:
Structure and Mechanisms, 5th Edition, Prenum Press, New York, trang 790. Phan tng c6
hiéu tmg dong vi ku/kp hodc ky/kr khi giai doan tach proton khoi phirc o cho san pham la
giai doan cham.
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Reaction and reactants Reagent kyy ke or ky kg

Nitration

Benzene-#* HNO;-H,S0, <l1.2

Toluene-# HNO;-H,SO, <1.2

Nitrobenzene-ds* HNO;-H,S0, 1
Halogenation

Benzene-d,* HOBr, HCIO, 1

Methoxybenzene-d? Br, 1.05
Acylation

Benzene-d," CH,CO~ ShF,~,

CH;NO, 2.25

Benzene-d," PhCO~ SbF,~, CH;NO, 1.58
Sulfonation

Benzene-d,© CISO;H, CH;NO, 1.7

Benzene-d;© CISO;H, CH,Cl, 1.6

Nitrobenzene-ds* H,S50,, SO, 1.6-1.7
Nitrosation

Benzene—dsi HNO,, D,SO, 8.5
Diazo coupling

1-Naphthol-4-sulfonic acid® PhN,™ 1.0

2-Naphthol-8-sulfonic acid® PhN,™ 6.2

Hiéu (mg d6ng vi khong rd rang trong phan (ng nitro hoa, halogen hoa, trong khi phan tng
acil hoa, sulfon hoa, nitroso hoa va ghép cap diazo co giai doan cham la deproton hoa. Hi¢u
mg dong vi cho thay v6i cac chat than dién tir yéu nhu trong phan tng nitroso hoa va ghep
cip diazo, van toc phan ung phy thudc hoan toan vao van tdc tach proton. Nhung trong 2
truong hop cua phan Gmg ghep cap diazo, nhom sulfon ¢ vi tri 8 cho hiéu tng dong vi, trong
khi 6 vi tri 4 khong co hiéu ing ddng vi. Chung quy c6 4 loai co ché cho phan tng thé than
dién tr hé thom, biéu dién bang gian d6 ning lugng trich tir tai liéu: Carey F. A., Sundberg
R. J. (2007), Advanced Organic Chemistry, Part A: Structure and Mechanisms, 5th Edition,

Prenum Press, New York, trang 791.

)

reactants
products

(a) rate-controlling formation of the
electrophile

reactanis

products
(c) rate-controlling ¢ complex
formation (selective electrophile)

) ..

reactants

products

(b) rate-controlling ¢ complex
formation (non selective electrophile)

reactants

products
(d) rate-controlling deprotonation

Truong hop (a), giai doan xac dinh vén ’téc phan tng 1 giai doan hoat hoa chit than dién tu.
Dac trung cho loai co ché nay 1a van toéc phan ung khong phu thudc vao nong do hop chat
thom. Trong trudong hop (b), giai doan cham la giai doan tao thanh phtrc o, trang thai chuyén



tiép som, van téc phan mg phu thudc vao nong do ca chat than dién tr va hop chit thom.
Trudng hop (c) ciing c6 giai doan cham 14 tao phitc o, nhung trang thai chuyén tré. Trong
truong hop (d) giai doan cham 13 giai doan tach proton va thom hoa thanh san pham, dic
trung 14 hiéu Gmg ddng vi tai vi tri thé.

Trong trinh bay co ché phan g thé than dién tir trén hé thom ta nén luu ¥ sy tao thanh va
co cau chat than dién tir va co cau phtc o

3.2.3. Phan tng thé than dién tir trén benzen c6 1 nhom thé

Tai trang thai chuyen tiép trudc phuc o, gitra benzen thé va chat than dién tu ¢O phan b
dién tich duong. Néu trang thai chuyen tlep som, dién tich duong chu yéu phan bd trén chit
than dién ttr, néu trang thai chuyén tiép tré, dién tich duong chi yéu trén vong thom. Néu
trén vong benzen c6 1 nhom thé, c6 thé ¢ 4 trudng hop phirc o

orto meta para ipso

Tu céc phtrc cua vi tri tac kich orto, meta va para, 1 proton dugc tach ra, nhung tir phirc cua
vi trf ipso nhom tach ra 13 X duéi dang X®©. Su thé ipso dic trung cho cac dan xuét kim loai
cua benzen, vi kim loai bi thay thé dé hon hidro. Ddi véi cac dan xuit khac, su thé chi xay ra
trén céc vi tri orto, meta va para. Ta xét cac truong hgp nay.

Benzen c¢6 1 nhom thé co6 thé c6 hoat tinh véi tac kich than dién t&r manh hon hodc yéu hon
s0 v6i benzen khong thé. Cac nhom thé 1am ting hoat tinh vong benzen 14 nhém c6 hiéu tmg
day dién tir, do d6 dinh hudng para va orto. Nhom thé giam hoat tinh 13 nhom c6 hiéu tng
rut dién tur, do d6 dinh hudng meta. Nguoi ta chia nhom thé thanh 2 loai:

- Nhém thé logi 1 dinh huéng para va orto: OH, OR, OCOR,SH, SR, NH,, NHR, NR,,
NHCOR, -N=N-, CHs;, CH;R, CHR;, CR3, CH,CI, CH,OH, CH,;NH,, CH,NR;, CH,COOH,
CH,CH,COOH, F, CI, Br, I.

- Nhém thé logi 2 dinh huéng meta: SO3H, NO,, COOH, COOR, CONH,, COCI, SO,R,
NO, CHO, COR, CN, CCls, CF;, NH3®, , NR;®, P®R;, S®R,, S®Ar, CH,N®R;, POR,,
B(OH),

Mot s6 nhém thé khong dinh huéng rd rang nhu CFs;, CHCI, CH,NO,, CH,CH,NO,,
CH,CH,N®R;, CH,P®R;, CH,S®R,...

Nhom thé loai 1, trir halogen, déu ting hoat vong benzen. Nhém ting hoat manh nhat 1a O°
trong ion phenolat. Nhém tang hoat manh 1a R,N, NHR, NH,, OH, OR, OAC,va SR. Nhém
ting hoat yéu 1a cac nhom alkil. cac halogen déu 1am giam hoat hé thom. Nhom thé loai 2
déu giam hoat vong benzen, van toc phan ing cham hon benzen, va thuong chi cho thé 1
lan.

Tinh dinh hudng cac nhom thé duge giai thich bang tinh bén ion arenonium (phtic o) trung
gian. Nhom thé c6 thé 1am bén hodc lam kém bén cation nay, do dé su chon loc vi tri phai
phu hop phirc bén hon ca. Ta xét cac phirc o trung gian c6 thé cé trong phan mg thé than
dién tir cua anisol, clorobenzen va nitrobenzen.
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Céc phirc o clia su thé para va orto ciia anisol dugc bén hoa do ¢ twong tac day dién tir ciia
nhom MeO va trong 1 cong thirc giéi han cé twong tac truc tiép ciia C® va nhom OMe, do
dé su thé vao vi tri para va orto trén anisol xdy ra nhanh hon thé trén benzen. Phuc o cua
thé meta khong c6 su bén héa do do trong cac cong thirc gidi han khong co tuwong tac truc
tiép cua C® va nhom OMe. Do d6 phan tng trén vi tri meta xdy ra nhanh hon so véi benzen,
nhung cham hon so v&i phan g tai vi tri para va orto.

i}
oly
SR

Céc phtic o cua clorobenzen trong phan tng thé tai vi tri para va orto gan giéng voi trudng
hop anisol, ion cloronium trong 1 cong thirc giéi han gop mot phan vao tinh bén cua phirc o
Nhung do clor 14 nhém riit dién tir nén ion nay kém bén hon ion oxonium trong trudng hop
anisol. Do d6 phan tng thé tai vi tri para va orto trén clorobenzen xay ra chdm hon trén
benzen. Phic o ciia thé meta co tinh kém bén manh do tuong tac tinh dién cta tim C mang
dién tich duong véi ddu duong cia ludng cyuc carbon — clor. Do dé van tc phan tng trén vi
tri meta cham hon vén téc phan Gng trén orto va para.
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Céc phtic o trong su thé than dién tir cta nitrobenzen déu ¢ tuong tac tinh dién cua tim C
mang dién tich duong véi ddu duong cua ludng cuc carbon — NO, do nhém nitro rat dién ti.
Do d6 phan ung thé tai tat ca cac vi tri cia nitrobenzen déu cham hon phan tng véi benzen.
Phiic o ctia thé orto va thé para c6 tinh kém bén cao hon do trong 1 cong thirc giéi han co
lién két 2 tAm mang dién tich dwong. Trong phtic o cta thé meta 2 tim mang dién tich
duong cach nhau 1 hoic hon 1 nguyén tir C nén bén hon phitc o cua thé orto va thé para.

Pé dinh luong anh hudng dinh hudng cua nhom thé, nguoi ta dung dai lugng van tdc riéng f
(partial rate factors). Van tdc riéng tai vi tri orto, meta, para la ty I¢ van tdc phan tg thé
than dién tir tai 1 vi tri twuong Gng trén benzen c¢6 1 nhém thé vai van toc thé do6 trén 1 vi tri
ctia benzen khong thé. f dugc tinh theo cong thuc:

6 Kbenzen the (ty le san pham Z)

f =
y Kbenzen

trong d6 y 12 s0 vi tri tuong tng trong benzen 1 nhom thé.

Vi du: nitro hoa toluen trong hdn hop acid nitric va anhidrid acetic nhanh gép 23 1an benzen
trong cung di€u kién, hon hop phan Ung chira 63% san pham orto, 34% para va 3% meta.
Van toc riéng ting vi tri trong toluen trong phan tmg nay c6 gia tri sau.

6.23.0,63
f _ ’ = 435
orto 2 . 1
f __6.23.003  _ ,,
meta 2 . 1
f __6.23.034  _ g
para 1 . 1

Céc con s6 ndy cho thay van téc phan tng nitro hoa toluen tai vi tri para nhanh hon nitro
hoa trén 1 vi tri cua benzen 43,5 lan, tai meta nhanh hon 2,1 lan va tai orto nhanh hon 46,9
lan. Van toc riéng tai cac vi tri orto, meta va para ctia mét so phan ting trén toluen dugc dan
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trong bang sau (trich tr tai liéu: Carey F. A., Sundberg R. J. (2007) Advanced Organic
Chemistry, Part A: Structure and Mechanisms, 5th Edition, Prenum Press, New York, trang
788).

Partial rate factors for toluene

Reaction Ia fm I

Nitration

HNO,(CH, NG, ) £ 1.3 457
Halogenation

Cl, (CH,CO.H) 617 5 820

Br, (CH,CO.H, H,0) &00 5.3 2420
Protonation

H, 50,-H, 0 83 1.9 B3

H,50,, CF;CO.H, H,O 350 7.2 313
Acylation

PhCOCI [AIC];, PhNO,) 326 5.0 831

CH,COCI (AICl;, CICH,CH,CI) 45 48 749
Alkylation

CH;Br (GaBry) 9.3 1.7 11.8

[CH, ). CHBr (GaBr,) 1.5 14 5.0

PhCH,CI [AICI;) 42 0.4 10.0

Van tdc riéng cho biét tinh chon loc ctia phan tmg va ctia chat nén. Tinh chon loc ctia phan
g va cua chat nén thuong bién thién cing chiéu. Chat than dién tir manh thudng co tinh
chon loc thép vO1 phan ung va véi chit nén, va nguoc lai. Khi chat than dién tir ¢6 tinh chon
loc cao, ty 1& san pham orto/para thudng thp va rét it sin pham meta tao thanh. Tinh chon
loc cua chat than dién tir duoc tinh theo cong thirc

fparatoluen
St

fmetatoluen

St cao thuong dac trung cho chét than dién tur yéu, chét than dién ttr manh co S thép. Bang
dudi day cho cac gia tri van toc riéng va tinh chon loc cia mét s6 phan tng thé than dién tr
trén toluen.

STT Phan tng Kiotuen/ Kbenzen fo fp fm St

1 Brom hoda: Bry/CH;COOH, 606 600 2420 55 2,644
25°C

2 |Clor hoéa: Cl,/CH;COOH, 344 6117 | 820 495 | 2,219
25°C

3 | Acetil hoa: CH3;COCI, AICIs, 128 45 749 48 2,195
CICH,CH,CI, 25°C

4 | Benzoil héa: PhCOCI, AICls, 117 32,6 626 4.9 2,107
CICH,CH,CI, 25°C

5 | Deuteri hoa: D,O, CFsCOOD, 156 253 421 3,8 2,044
70°C

6 Pr(c))ton hoéa: HF, BF3, heptan, 59,5 103 145 3,1 1,670
20°C
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7 Brom héa: HOBr, HC1O,, dd. 36 76 59 2,5 1,373
50% diocxan/nudc, 25°C

8 Clor héa: HOBr, HCIOg4, dd. 20,6 134 32 4.0 1,311
50% diocxan/nudc, 25°C

9 Nitro hdéa: HNO3/CH3NO,, 20,5 38,9 457 2,3 1,363
25°C

10 Sulfon hda: PhSO,CI, AIClI;, 7,7 6,8 30,2 2,1 1,160
25°C

11 Thuay ngan hoa: Hg(OAc),, 6,5 5,7 23 2,2 1,014
AcOH, 25°C

12 Metil hoa: CHiBr, GaBr,, 55 9,5 11,8 1,7 0,842
toluen, 25°C

13 Isopropil hoéa: Me,CHBI, 1,75 1,8 51 1,4 0,554
GaBrs, toluen

14 | t-Butil hoéa: Me3zCBr, GaBrs, 1,6 0,0 6,6 1,6 0,625
toluen, 25°C

Theo chiéu tir trén Xuong tinh chon loc giam dan, hoat tinh chat than dién tur tang dan. Voi
chat than dién tir yéu, trang thai chuyén tiép tre c6 ciu tao gan gidng phirc o. Lién két cta
carbon cila chét than dién tir voi vong thom rét chit ché, phan 16n dién tich dwong phan b
trong vong thom. Do vong thom cé sin nhom thé nén tinh duwong dién tai cac vi tri khac
nhau c6 gia tri khac nhau 16n. Trong truong hop nay nhém thé trong vong thom anh huéng
manh 1én van toc phan ng tai cac vi tri phan Gng cia vong thom, néi cach khac, tinh chon
loc cuia tac chat cao. V&i chat than dién tir manh, trang thai chuyén tiép tao thanh sém, cdu
trac trang thai chuyén gan chat dau hon phitc . Dién tich duong phan bd chu yéu trén chat
dau, trong vong thom khong nhiéu, do d6 su khac biét vé tinh duong dién cua céc vi tri trén
vong thom khong nhiéu. Nhom thé anh hudng it 1én su khac biét van tdc phan tng tai cac vi
tri cua vong thom, néi cach khac, tinh chon loc cua tac chét thép.

3.2.4. Mot s6 phan wng thé than dién ti trén hé thom

1. Phan ung nitro hoa

C6 nhiéu tac nhan nitro héa, thuong sir dung hon ca 1a acid nitric trong hdn hgp véi acid
sulfuric hay acid nitric trong dung méi hitu co nhu acid acetic, nitrometan... Ngoai ra c6 thé
ding mudi nitronium nhu NO,®BF,®, acetilnitrat AcONO (anhidrid tao thanh khi cho acid
nitric phan ing v&i1 anhidrid acetic).

Benzen khong thé phan tng véi hdn hop acid nitric va acid sulfuric dam dic ¢ 45 — 50°C.
Chat than dién tir trong céc tdc nhan nitro hda 1a ion nitronium NOZ@. Ion nitronium tao
thanh trong hon hop acid nitric va acid sulfuric hoac khong c6 acid sulfuric.

2H,S0, + HNO; = NO,° + 2HSO,° + HZ;0°
3HNO; = H;0% + NO,® 2NO;°

Nitro hoa c6 thé coi nhu trén 2 giai doan.
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NO,

z

Giai doan cham cua phan tng c6 thé 1a giai doan tao thanh chit than dién tir hodc giai doan
tao phuc o, tuy thudc hoat tinh chat nén.

A, Relative Reactivity of Some Hydrocarbons

Reactant H,50,-HNO;-H, # HNQ,;-CH;NO3 HNO;-(CH,CO), OF
Banzene 1 1
Toluene 17 25 27
peiylens 38 139 92
m-Xylene 38 146 -
o-Xylena 38 139 =
Mesitylene 36 400 1750

B. Partial Rate Factors for Some Monoalkylbenzenas

Reactant HNO,-H, SO, (sul folane ) HNO,-CH,NOS ' HNO,[CH,C 0}, 08

..III".'- ..IIFIII ..llru'.‘ ..IIF'F o amn ..llru'.‘ ..-II".- ..III"II ..lll‘u'.‘
Toluene 52.1 28 38.1 49 2.5 56 4497 1.3 &0.0
Ethylbenzene 36.2 26 66 .4 329 1.6 67.1 314 23 60.5
i=Propylbenzene 17.9 1.9 433 - - - 148 24 T1.6
t-Butylhenzens 5.5 37 714 4.5 30 73.5

C. Relative Reactivity and Isomer Distribution for Nitrobenzene and the Nitrotoluenes®

Product composition (%)

Raactant Relative reactivity ortho mefd pera
Nitrobenzene 1 7 92 1
o=Nitrotoluene 545 29 1 70
m=Nitrotoluene 138 38 1 &0
p—Nitrotoluane 217 100 0 -

Phan tng nitro hoa it nhdy véi nhom alkil trong vong benzen. Toluen bi brom hdéa nhanh
gip 600 1an so v&i benzen, nhung bi nitro héa chi nhanh hon 27 lan. Ching t6 trang thai
chuyén tiép cua nitro hoa 1a chuyén tiép som, nghia 1a gan gidng chit dau hon phuc o
Trong hon hop HNO; — H,SO, tinh chon loc phan tmg va chon loc vi tri rat thﬁp. Vi cac
hdn hop nitro hoa c6 nong do ion nitronium thap nhu HNO; — CH3NO, hay HNO; —
(CH3CO).0, tinh chon loc tang dan, khac biét trong van téc phan g ciia cac chat nén khac
nhau tang 1én. Néu chit nén c6 nhom thé giam hoat, ning luong hoat hoa tang Ién, trang thai
chuyén tiép dich chuyén ra xa. Khi day tinh chon loc véi chat nén tang 1én. p-Nitrotoluen
khoang 200 1an hoat tinh hon nitrobenzen. Nhu vdy anh huéng ctia nhém metil trong trang
thai chuyén tiép ting 1én 10 ldn (xem bang trang trudc trich tir tai lidu: Carey F. A.,
Sundberg R. J. (2007) Advanced Organic Chemistry, Part A: Structure and Mechanisms, 5th
Edition, Prenum Press, New York, trang 798)

2. Halogen hoa

Trong phan ng halogen héa aren, hoat tinh halogen giam dan theo day: Cl, > Br, > I,. Chit
than dién tir c6 thé 1a halogen phan tir, phirc halogen véi acid Lews. Céc acid hipohalogeno
(CIOH, BrOH, IOH) 1a tac nhan halogen hoa yéu, nhung trong méi trudng acid 1a cic tac
nhan hologen h6éa manh. Thuong dung dung dich Cl, va Br, trong acid acetic. Halogen phan
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tir dung cho chit nén hoat tinh cao, véi chit nén hoat tinh thip can c6 xtc tac acid Lewis
hoac acid Bronsted.

H H
© S

/A\‘ Cl....Cl....FeCly cl
©_+\C c + FeCly — -_— Fecl

Clor va brom trong acid acetic phan tng véi trang thai chuyén tiép tré, gan phtc o Tinh
chon loc phan ung halogen héa cao. Van tdc riéng fo ciia brom hoa toluen khoang 2400,
trong khi cua nitro hoa toluen khoang 50. Khi c6 mat Cl hodc Br trong vong benzen, van toc
halogen hoa tiép theo giam xuéng 7 — 8 lan, khac véi phan tng nitro hoa, van toc dua nhom
nitro thir 2 giam 107 1an. Do d6 phan tng clor hoa va brom héa thudng cho san pham di- va
trithalogen. V&i cac aren ¢6 nhom thé giam hoat, halogen hoa c6 tinh chon loc véi chit nén
cao. Brom héa benzen, toluen, anisol khong cho thay co6 hiéu tng dong vi. Nhung brom héa
dan xuét céng kénh cua anisol nhu dan xuat N,N-dimetilanilin hay 1,3,5-trialkil cho thay c6
hiéu tng ddng vi. Hiéu tng dong vi trong h¢ cong kénh thudng do cac yéu t6 1ap thé. C6 thé
brom kich thudc 16n khé chiém vi tri phang do can tré ciia nhém thé 16n. Ciing c¢6 thé nhém
thé 16n can tré dung moi hay baz tach proton.
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Bubi thir muoi
3. Alkil hda Fiedel — Crafts

Alkil héa aren trong sy c6 mat xuc tac la acid Lewis hodc acid proton goi la alkil hoa theo
Friedel — Crafts. Aren c6 thé dugc alkil hoa bang cac tac nhan halogenur alkil, alcol va alcen
trong su xuc tac cua acid Lewis. Hoat tinh xtc tac cua acid Lewis thtr tu trong day: AlBr; >
GaBr; > AICI; > GaClz > FeCl; > SbCls > TiCl, > BF; > BCl; > SnCl, > SbCl;. Tac nhan
thuong dung la halogenur alkil va xtic tac thuong dung 1a AlCls.

Acid Lewis tuong tac v6i halogenur alkil, tao phtrc phan cuc trong d6 C mang 1 phan dién
tich duong. Phtrc tao thanh tuong tac nhu chat than dién tir voi aren. Co thé c6 sy tao thanh
ion carbenium néu goc alkil ¢6 cau truc thuan loi, thi du cation t-butil.

AICI; 5
R X = —— e ReceesXeoee- AlCI, + A|C14

R
+ RA1C14 Q/ + AICl; + HCI
AlC,

Alkil hoa theo Friedel — Crafts c6 tinh chon loc phan Gmg va tac chat thap, trang thai chuyén
tiép som. PO phan ung cia halogenur alkil giam dan theo diy: PhsCX > Ph,CHX >
PhCH,CX > CH,=CHCH,X > R;CX > R,CHX > RCH,X > CH3X. Kha nang tao phtrc ctua
halogenur véi acid Lewis giam manh tur flourur, clorur, bromur dén iodur, va day cling la
thir ty hoat tinh cia halogenur. Do do6 iodur alkil khong dugc dung lam tac nhén alkil hoa.
Su khac biét trong hoat tinh 16n dén ndi c6 thé alikl hoa chon loc dau alikl c6 F trong su co
mat Br trong cung phan tu.

BF,

20°C
4h (94%)

Alkil héa theo Friedel — Crafts c6 3 han ché.

- San pham alkil hoa c6 hoat tinh voi chat than dién tr cao hon chat ddu nén thudng xay ra
su da alkil hoa. Dé giam da alkil héa nguoi ta dung lugng du aren nhu dung moi.

- Trong qua trinh phan tng tac nhén alkil hoa thuong bi d6ng phan hoa, do d6 cho nhiéu san
pham.

CH,CH,CHg CHZCHCHj

AICL;, CgHg
+ CH;CH,CH,Cl ——
500C

(35%) (65%)

Clorur isopropil sinh ra trong phan tmg do clorur n-propil dong phén hoa. Clorur alkil bac 2
hoat tinh hon alkil bac 1 nén san pham isopropil nhiéu hon san pham n-propil.

- Trong san pham alkil héa thuong cé chuyén vi. Metil hoa toluen cho hdn hop cac dong
phan para, meta va orto. Trong moi truong phan tmg cé HCI va acid Lewis, sau mot thoi
gian chi c6 mot san pham 1a dong phan meta. Cac phan tmg chuyén vi 13 qua trinh thuan
nghich, ddng phan meta 1a dong phan bén hon nén sau mot thoi gian trong hdn hop phan
g chi c6 dong phan meta.
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CHy

CHs H  CHj
H
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~CH;4

CHs CHg
@
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-H

H @ —=
CHg CH3 CHg
CHjy
CHjy
CHj CHs

Alcol va alcen trong sy c6 mat acid manh c6 thé lam chit than dién tt cho phan ung alkil
hoa.

@ €] @
R3COH + H —_— R}CHonz —_— R3C

@ @
R,C=CHR' + H ——»  R,CCH,R'
Sy tao thanh cation carbenium dugc chirg minh bang pho NMR.

Céc aren c6 nhoém thé rat dién ta nhu NO,, NO, CN, COOR... khong cho phan tng alkil hoa
theo Friedel — Crafts. Amin thom, phenol ciing khong cho phan ting alkil hoa theo Friedel —
Crafts vi acid Lewis tao phtirc cho nhan voi N va O lam giam hoat aren.

4. Acil hoa Friedel — Crafts

Pua nhom acil vao hé thom bang tac nhan acil hoa dudi tac dung xic tic cia acid Lewis goi
la acil hoa theo Friedel — Craft. Tac nhan acil héa 1a halogenur acil va anhidrid acid. Cac
chat nay tac dung véi acid Lewis tao phirc kiéu cho nhan véi ty 18 1:1 va 1:2. Tac nhan than
dién tir c6 thé 1a phirc cho nhan hoic ion acilium.

I ®

fo) (o]

I | e o
rR—c—x T MX, _— R——C——X——MX,

Giai doan chidm cua phan ung 13 tac kich ctia 1 trong cac chat than dién tor (RCO®,
RCOCI.AICI;) v6i aren. Tac chat phu thudc vao diéu kién cu thé cia phan tng. Khi acil hoa
aren bang clorur acid, xtc tic AICls, trong dung moi phan cuc khong proton (nitrobenzen,
nitrometan), chat than dién tir 1 ion acilium. Trong dung méi phan cuc nhe (clorur metilen,
diclorometan, tretachorur carbon) chit than dién tir 1a phtrc. Halogenur acid thom tao thanh
mudi acilium dé& hon halogenur acid diy béo. Vi phitc cho nhan, co ché phan Gmg mé ta

nhu sau.
R
o H
R TN
H_uﬁ‘}?_,ﬁ{n S @\‘/ — | \ MY, + HCl
0 %)Xnu / o
7 z

Ceton thom baz hon halogenur acid, do d6 tao phuc bén hon voi acid Lewis. Do d6 acil hoa
bang halogenur acid can nhi€u hon 1 duong lugng xuc tac, con acil hoa bang anhidrid acid
can 2 mol acid Lewis, vi ¢o6 2 O carbonil.

Do chon loc trong phan ung acil héa khong cao (xem bang trich tur tai liéu: Carey F. A.,
Sundberg R. J. (2007) Advanced Organic Chemistry, Part A: Structure and Mechanisms, 5th
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Edition, Prenum Press, New York, trang 812). Theo sé liéu trong bang, ion alkilacilium
(acetil, propionil) 6 ty 1¢ o/p thap hon céc ion thom. Néu d6 chon loc phy thudc vao cac yéu
t6 1ap thé, két qua phai nguoc lai. C6 thé cho rang ddi voi cac ion acilium thom, chét than
dién tir 12 ion acilium, con trong trudng hop diy béo c6 phan Gng cia phirc cong kénh cua
alkil halogenur v6i acid Lewis.

Electrophilic reagents ki/kpenz  Toluene o:p ratio

1 CH;COCI-AlICIL® 134 0.012

2 CH,CH,COCI-AICI,® 106 0.033

3 CH,;C=07 SbE,~ 125 0.014

4 HCOF-BF;® 35 0.82

5  2.4-Dinitrobenzoyl chloride-AlCI;® 29 0.78

6  Pentafluorobenzoyl chloride-AICI¢ 16 0.61

7 PhCOCI-AICI,¢ 153 0.09

8  p-Toluoyl chloride-AICI;® 164 0.08

9  p-Methoxybenzoyl chloride-AlCI;¢ 233 0.2

a. G. A. Olah, M. E. Moffatt, 8. J. Kuhn, and B. A. Hardie, J. Am. Chem. Soc., 86,
2198 (1964).
b. G. A. Olah, J. Lukas, and E. Lukas, J. Am. Chem. Soc., 91, 5139 (1969).
c. G. A, Olah, 8. 1. Kuhn, §. H. Flood, and B. A. Hardi, J. Am. Chem. Soc., 86, 2203
(1964).
d. G. A. Olah and §. Kobayashi, J. Am. Chem. Soc., 93, 6964 (1972).
P6i khi phan ung acil hoa theo Friedel — Crafts ¢6 hiéu tng dong vi yéu. Hiéu tng dong vi
chung t6 giai doan tach proton khong hoan toan nhanh hon sy tao thanh phirc o, va co
truong hop phurc otao thanh thuan nghich.

Acil héa theo Friedel — Crafts khong c¢6 3 han ché nhu trong phan tng aklil hoa. Phan tng
thé 1 1an vi ceton thom khong thé phan tng tiép vi bi giam hoat. Phan tmg khong kém dong
hoa va chuyén vi. Tac nhdn acil ha manh nhét 13 anhidrid acid hdn tap cta acid carboxilic
va acid trifluorometansulfonic thuong duoc diéu ché truc tiép trong hdn hop phan tng. Tac
nhan nay acil héa benzen va cac aren khong can xic tac.

5. Gheép cap diazo

lon diazonium 1a chét than dién tr yéu, chi phan ing dugc voi aren c6 nhoém day dién tir

manh.
©
e o
@
AIN=—=N + =

N——=NAr
Ion arildiazonium tao thanh khi diazo hoa amin thom, bén & nhiét do thap. Ion nitrosonium
tuong tdc nhom amin cung su tdch 1 phan tir nude.

H

H |
H
ArNH, +  HONO — ArN N=—o0 + H0
H
@
H €]
ArN N=—7=O — ArN N——OH —_— ArN=—N + HZO
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Aril v6i nhom thé rit dién tir lam ting tinh than dién tir, nhém déy dién t&r lam gam tinh than
dién tir. Bac diém co ché phan tung ghép cip diazo 14 trong diéu kién xac dinh giai doan xac
dinh van toc phan Gng 1a giai doan tach _proton. Diéu nay duoc xac dinh bang hiéu tng dong
vi. Mat khac phan ung dugc xuc tac bang baz. Do cac hop chat c6 thé phan ung ghep cap
diazo khong nhiéu nén khong c6 sé liéu vé tinh chon loc ciia phan tmg. Du sao c6 thé dy
doan rang phan ung c6 tinh chon loc cao.

3.3. Phan tng thé than hach

Phan tng thé than hach trén hé thom c6 thé biéu dién nhu sau.

= N
|
TRy o TR
kRS
e e
X}/I Xff

Néu hé thom c6 nhom thé X rat dién tir, hé thom trd nén nghéo dién tir va cé thé cho phan
ung thé than hach. ta néi hé thom duoc tang hoat dbi véi tac kich than hach. Trong diéu kién
khac nghié¢t (nhi¢t do cao, baz manh) va véi cht than hach manh, hé thom c6 thé cho phan
g thé than hach ma khong can c6 nhom thé tang hoat (rat dién tir).

3.3.1. Phan ting thé than hach trong hé thom hoat dong

H¢ thom hoat dong 1a hé thom c6 1 hodc nhiéu nhém rat dién t&r nhu NO,, NO, RSO,, N,%,
CN... C6 nhiéu chat than hach c6 thé cho phan img nhu HO®, RO®, RS®, RNH,, NH,NH,...
Gidng nhu trong phan g thé than dién tir, ban dau c6 twong tac lién phan tir cho chat trung
gian ¢6 co cau giong phtc o (phtc ipso). Tuy nhién phitc o nay khong mang dién tich
duong ma mang dién tich &m. Ta goi phttc o anion. Nam 1902 Meisenheimer phan 1ap dugc
phuc o anion tir 2,4,6-trinitrophenetol vdi ion metilat.

OCyHs OCHjs

G

Pho nhidu va tia X cho thdy phirc phang c6 cic nhém nitro ndm trong mat phang vong
benzen, 2 nguyén tir O cua 2 nhom metoxil nam trong mdt phang vudng goc. Goc « bang
goc tir dién, goc Sbang 100°.

Phtrc anion c6 tinh bén phu thudc vao tinh khong ¢ dinh (chuyén dong tu do cua dién tir)
cta 1 hodc mét sé nhom rat dién ti.

Néu trén vong benzen tai vi tri para va orto cé 2 nhém thé rat dién tr manh (NOy, SO;R,
CN...) va nhém xuat kém (Z 1a H, OR, OAr...) thi phitc ¢ anion cé thé c6 1ap hay nhan
dang. Néu nhom xuat 1 halogen hay nhom OSO,R, ciing nhu néu chi ¢6 1 nhom rat dién tir
manh, phitc o khong nhan biét dugc do bj nhanh chéong chuyén thanh san pham.
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Nhu vy co ché phan tng thé than dién tir trén hé thom hoat dong co thé biéu dién trén 2
giai doan: cong than hach tao thanh trung gian phurc ipso va tach nhom xuat cho ra san
pharn Giai doan cham cua phan tng trong phan 16n truong hop la giai doan cong than hach.
Néu nhom xuat 1a halogen, khac voi phan trg S\2, vén tdc phan U Ung giam dan theo chiéu: F
> Cl > Br ~I. Ta biét nang luong cat di li lién két C — F 14 16n nhit nén giai doan tich nhom
xuat khong phai 1a giai doan cham ciia phan tng.

Néu phan tng thé than hach xay ra trén hé thom c6 nhiéu nhom xuat, ta c6 dinh huéng phan
Gmg. Ta xét truong hop phan tng cta cic pentafluorophenil do F xudt nhanh hon céc
halogen khac va ban than 5 nhém F lam ting hoat manh vong benzen. C6 thé nghi rang,
phan tng thé than hach hoan toan ngugc voi phan Gng thé than dién tir, nghia 1a nhom dinh
huéng orto va para trong phan tng thé than dién tir thi dinh hudng meta trong phan tng thé
than hach. Pentafluoronitrobenzen phan tng v6i amoniac cho hiéu sudt 95% véi hdn hop san
pham gdém 95% 2-nitro-3,4,5,6- va 4-nitro-2,3,5,6-tetrafluoroanilin.

NO, NO, NO,
F F F NH, F F
NH;
—_— +
F F F F F F
E F NH,

Céac nhom NH,, OCH,, O°, cling nhu CHj3 dinh huéng meta. Fluor va halogen dinh hudng
meta.

+ MeO —

F OMe

+ MeO —_—
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Dinh huéng do6i khi bi anh hudng bai yéu té 1ap thé. Khi dun trong dng nghiém kin hdn hop
2,5-dinitro-meta-xilen véi dung dich amoniac cé sy thay thé nhom nitro tai vi tri 2 "chét
ch6i" chtr khong phan ng tai vi tri 5 trong trai.

NO, NH;
Me Me Me Me
+ NH, + HNO,
NO, NO,

Nhém nitro tai vi tri 2 do yéu t6 14p thé v6i 2 nhom metil bén canh nén khong cing phéng
vGi1 vong benzen, do d6 khong lam bén phirc o anion néu sy thé xdy ra tai vi tri 5. Phan ing
tuong tu xay ra vdi 2,3-dinitrotoluen.

Me Me
NO, NH;
+ NH, ——» + HNO,
NO, NO,

3.3.2. Phan tng thé than hach trong hé thom khéng ting hoat

Halogenur aril ¢ trong it nhat 1 vi tri orto cho phan tng thé than hach v&i chat than hach
manh. Chét than hach manh déng thoi 1a baz manh, tach H linh dong nhat 1a tai vi tri orto
vOi1 halogen. Carbanion tao thanh nhanh chong tach halogen cho ra trung gian khong mang
dién tich co hoat tinh rat cao. Trung gian nay goi 1a aryn, co ché c6 tham gia trung gian nay
goi 14 co ché aryn, thudng 1a benzyn.

X

éﬁ Q Hj@ Y
+Nu‘__~ L.
// -HNu // /©

z z Z

Céc hé thom khong ting hoat khi c6 mat chat than hach manh hoic trong diéu kién nhiét do
cao cho phan ting thé than hach theo co ché benzyn. Dudi1 day mot s6 thi du.

Me Me
Cl OH
350 -400°C
+ NaOH —» +
ap suat
OH
NH,
NH,
|
Me Me

Me

Cl

NH;
+ KNH, —_—
long

-339¢C
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¢l OH OH

NaOH *
340°C

(58%) (42%)

Hdn hop san pham tao thanh cho thiy trung gian benzyn cho phan Gng véi chit than hach tai
2 vi tri cta lién két 3.

Carbon trong co cu benzyn co lai hoa s, nghia 1a ¢6 goc 180°. Nhung trong vong 6 khong
thé c6 goc hoa tri 180°. C6 thé nghi rang lién két 7 thir 2 cua benzyn nam trén mat phang
cua Vong benzen c6 thé duge tao thanh bang xen phu cua van dao sp®. Su xen phu nay yéu
hon nhiéu lién két 7 thong thuong.

L405A

Benzyn c¢6 hoat tinh rat cao nén khong thé tach va co lap duoc. Su ton tai clia benzyn chi xac
dinh dugc bang phuong phap pho. Benzyn nhanh chéng cong chat than hach ké ca chét than
hach yéu, va do chon loc thap. D6 phan tmg ciia benzyn giam dan trong cac chat than hach:
RS® > Ph3C® > PhC=C® > ion enolat > PhO® ~1° > Br® > C|°® > ROH ~H,0.

Khi cho hdn hop bromobenzen va o-deuteribromobenzen lugng bang nhau phan tng véi
luong thiéu amidur, ngudi ta thay trong aren khong phan tng luong deuteribromobenzen
nhiéu hon bromobenzen. Nhu vay deuteribromobenzen c6 d6 phan tng kém hon
bromobenzen, nghia 1a H® hay D® duoc tach ra bang NH,® trong giai doan chdm cuia phan

ung.
©
(cham R Br@ %Hz /NH,
; | S
o ‘o H

Aryn thé cho céng than hach tai 2 vi tri khac nhau c6 thé véi van téc khac nhau. Khi cho
amidur kali trong amoniac 16ng phan tng véi orto-, meta- hay para-halobenzen the, chi c6 2
benzyn tao thanh. Tt 2 benzyn c6 thé c6 4 carbanion (xem hinh trang sau).

Tir din xuét orto va para chi co 1 benzyn tao thanh 1a I va II, tir din xudt meta cé ca 2
benzyn. Mdi benzyn cong chat than hach cho 2 trung gian carbanion. Carbanion nao bén
hon thi wu tién tao san phém hon. Do trong carbanion, van dao chira d61 dién tir ty do trén C
mang dién tich 4m nidm trén mit phing vong benzen nén khong c6 cong hudng véi hé dién
tir 77 cia benzen. Do d6 cac nhom thé anh huong tdi tinh bén ciia carbanion bang hiéu ung
cam. Cac nhom —I 1am bén carbanion IV hon III va VI hon V. Cac nhom +1, nguoc lai, lam
bén carbanion I1T hon IV va V hon VL.

88



e para

Hiéu tmg cong hudng ctua nhom thé, tuy khong quan trong bang hiu tng cam, ciing cd vai
tro trong tinh bén carbanion. Néu chat than hach c6 déi dién tur tu do (trong truong hop nay
1a nhom amin) va nhom thé ¢6 hiéu tmg —R, c6 thé co cong huong cua doi dién tir ty do voi

nhom thé, 1am giam ning luong trang thai chuyén tiép. Bang duéi ddy hiéu suit phan tng
(%) XC6H4BI' voil KNH2/N H3

orto-XCgH4Br para-XCgH,Br
: orto meta meta para
F <1 > 99 20-25 75-80
CN 10-15 85>90 0-5 95-100
OCHjs 0-5 95-100 45 - 50 50-55
CHs, 55 45 60 40
0° 85-90 10-15 100 0

F 14 nhém thé —I manh, cho hau nhu san phim meta (qua I) va nhiéu para (qua II). CN ¢6
ngang v6i F nhung déng thoi cd —R manh. Cong huéng ctia nhém NH, voi CN 1am ting tinh
bén anion VI ma khong lam tang tinh bén anion V. Nhu vay ca hiéu tmg cam va cong hudng
déu thuén lgi cho su tao thanh san pham meta tir I1. Tir I, cong hudng cua CN voi NH, trong
III ma khong c6 trong IV, nhung trong trudng hop nay hiéu tng cam quan trong hon. Nhu
vay, v6i nhom thé CN, san pham para tir II nhiéu hon san pham meta tur I. Nhom metoxil
turong tu F, nhung hiéu tng yéu hon. Nhém metil ¢6 hiéu tng +I yéu, O° c¢6 +1 manh va +R
manh nén cé dnh hudng nguoc voi CN.
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