CU CHI THT ELECTROPHIN VAO NHEN THUM - S Ar
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Abstract: Electrophilic substitution reactions on aromatic rings are mainly to change benzene into its derivatives. All S Ar reactions have followed
the same path, starting with the attack of electrophilic agent into aromatic electron p system to create non-aromatic complexess, after that protons

are divided and aromatic compounds with a new group are produced.
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1. M6t s6 n6i dung I thuyrt:

- CU chiiphan Ging: La con aludng chi tiit ma hl

cac chét &éu ai qua ar tao ra san phém phan (ng.
Bao gém: Phan (ing mét giai aoan vaphan Gng nhitu
giai aoan.

- Tacnhén electrophin: Cac cation nhi cation kim
loai, cacbocation, NO,,... luén co khuynh hating thu
nhén electron a1’ 6n ainh, chung coai llc v electron.
Cac phéntlicocac hguyTntlimang aivin tich quy Gdc
dddng 1dn nha SO,, houc co nguyin th thitu hut
electron so i quy tlc bat G nhi BF, cung co ai Idic
Itin adi Wi electron. Cac cation vacac phéntiiaoalic
gailachéelectraphin (Oa electron). Khichételectrophin
aong vai tro tac nhén phan ng thi no allc goi latac
nhén electrophin.

2. CU chi' thi electrophin vao nhén tham -
S A«

Phan (ing thr electrophin vao nhén thim la phan
Ung chu y1u a1’ bith benzen thanh nhling dén xuét
cua no. Cac phan Gng loai nay dith ra theo cung mét
con adiiing vabét aéu bung s(itén cing cuatac nhén
electrophin (cation hay aéu mang aivn tich dGing
cua limn Kt phén clc manh) vao hiithéng electron
tham, tao thanh phlc ¢ khng thim, sau ao proton
bd tach ra va tao ra hiip chét thim co mut cua nhom
muUi tén cong vao.

Cu chiichung cua phan (Ong th electrophin vao
nhén thim la ct chl gém 2 giai aoan:

E nhanh
hdm
H

Ton benzoni
- Giai aoan 1: Qua trinh tén cong cua tac nhén
electrophin vao nhén benzen (xay ra chém).

- Giai aoan 2: Qua trinh tai tao hiip chétthim (xay
ra nhanh). DU tac adng cua E* (chét xuc tac) th
nguyrn ta H bi tach ra va E th1' vao. Xuc tac thQling
dung la axit chGia H* hay axit Lewis (AICI, , AlBr, ,
FeBr,, FeCl,...)

(Thang 4/2016)

3. Mét s6 phan Gng thi' electrophin vao hup
chétthim

3.1. Phan Gng halogen hoa

Benzen tham gia phan Gng Wi clo, brom co mit
Xuc tac axit Lewis. Flo va lot khong phan Gng trOc titp
VUi benzen vi Flo phan Ging qua manh nTn IGdng san
phém chiinh rét fit, ngQdc lai lot lai qua thu adng.

Vi du: Phan Gng Wi clo:

O o e O e

Clcht: 2Fe + 3CI2—> 2FeCI3
FeCl, + Cl, » [Cld* ..Cl..FeCl.d] hay CI" + [

FeCl,J
©_C1+ FeCl; + HCL

@ Lh am @C

Trong phan (ng nay, Fe aong vai tro la chét tao
Xuc tac.
3. 2 Phan Ong ankyl hoa

[F e(,14
nhanh

......

ankylbenzen la cho benzen tac dung Wi ankyl
halogenua (R - X) comut xuc tac AICI.. Phiiing phap
nay aduc goi la ankyl hoa theo Friaen - Crap.

AlC, R
+ RX — + HX

Ciachr:RX+AICl, - [Rd*..Cl..AICl.d hay R*
+[AICI, |

sk o
R ~pR laicy" —R
. + R
@ Cham @ — @ + HX + AICL

Phan Ging ankyl hoa theo Fiaen - Crap co 2 nhic
aimmcénliuy:

- ThGinhét: ion cachonidrbiadng phén hoathanh
ion bh hdn, nin ta thGdng thu atdc hén hdp san
phém. Vi du:

*Trldng Aai hoc Hong Adc
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CH3-CH,-CH,Cl + AICl; === CH;-CH-CH,

... CIAICI,

I CH;-CH,-CH, + AICl,
|

- Thhai: Phan (ng thiiing khdng d(ing lai tibtc
thr 1 1én vi ankyl benzen tao thanh hoat a6ng hun
benzen chla thT. Vb v&y, ta aldc hon hidp cac san
phém th1'1, 2 houc nhitu 1én. Vi du:

@ + CH;CHyCl A%

1 mol

A1 khdng cht phan 0ng thit mét 1én thdting phai
dung da benzen.

3.3. Phan Gng Sunfo hoa

Sunfo hoa benzen aduc thlc hitn khi dung axit
sunfuric boc khoi. Tac nhén sunfo hoa la anhiarit

N .
CH;-CH-CH; + AICl,

1 mol

sunfuric:
SO; SO;H
+ H,SO,4 ﬁ + HO
Cuchr:

& : SO5 0 SO;H
Orfo— @ =0 g
0

Phan Ong nay thuén nghich, v th1' san phém tao
thanh cung dT b loai nhom thr khi aun nong vui hii
nQdc arn nhirt &6 cao han 100°C:

_SO3H N dun N
HZO nong HZSO4

4, Anh hQiiing cua céu truc chét ban aéu ain
kha nung phan Ong

4.1. Céu truc chét ban aéu. Trong trang thai
chuy1n hinh thanh ai'th tich dGting, cac nhom th'r' co
anh h(dng arn kha nung phan Gng cua nhén tham.
V' kha nung phan Gng, mét ad electron noi chung
trong nhén benzen cang Iin thi tac nhén E* cang d
tén cong. Do ao, cac nhomthTcohirtudng + ,+Clam
tung kha nting phan Gng, cac nhomthr'co hitu dng -
I, -C lam giam kha nting phan Gng.

Mt khac, vi phlc o coaitn tich nn cac nhom thr!
lam 6n ainh phic o (H, +C), ting kha ning phan
Ong, VUi cac nhom th1' lam mét 6n ainh phdc o thd
ngQuc lai. Cac nhom thT co hitu Gng -1 Iin hdn +C
cung lam giam kha nung phan Gng, nhQ: -F, -Cl,
-Br,... Coth giai thich hith tOlng nay bung céu truc
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>Hs oHs ,Hs
+ CHs
>Hs

cong hdudng hay livn hdp. Cac nhom thi co th1” hoat
hoa hay bi aéng hoa chon loc trong nhén benzen,
phuthudc vao hitu Gng electron cua nhom thrllam 6n
ainh trang thai chuyin phic c.

Cac nhom ankyl co hitu (ng +l lam ting mét a6
electron cua nhén, 6n ainh phlc o U o- va p- bung
hitu Gng +H. Cac nhom thr cha cup electron nhay
li'n Kit T cung 6n ainh trang thai chuyin G o- va p-.
Cac nhom thT nay xuc tith phan (ng nhanh hin
benzen va phlc ¢ conting 10dng 6n &inh hin phiic o
cua benzen.

Cac nhomththutelectronlamkhokhtncho phan
dng S_Ar, kho nhét la G Vi trii o- va p-, thliing gup
nhdng nhom cha no thitu electron nh(l C = O,
C=N,...houc nhling nguytn t6 ém aitn manh khéng
co cup electron n. Nhing nhom th'nay lam cho phan
(ng chém han benzen va phc ¢ co nung 10Ung cao
hun phic o cua benzen.

Ngoai [T, nhom thT bi 46ng hoa nhén nhi cac
halogenlam giam khanting phan Ging bung hitu Gng
-1, song khi tao thanh phic o, cac halogen lai xuét
hivn hitu Gng livh hdp cua cup electron n trrn obitan
3p Wi obitan 2p cua cacbon nhén thdm:

*c1

Jﬁ"l
~E

Cf O
=

C1

Sr

X
E H
On ainh bung lin hap Khong co tling tac
hay cong hdidng li'n hdp hay cong hddng

TOung tac nay bu trG cho hitu Gng -, nhiing do
hitu Gng nay khong hitu dung nhd trQdng hdp liTn
hdp cua obitan 2p nrn hitu dng -l vén quyit ainh
hun. Cac nhom thT co hitu Gng hut electron nhQ -
CH,CI,-CHCIL,, -CH,CCI....lam giam kha nting phan
Ung buing hitu ng -1, nhling cohitu ng +H G phlc s
co i triio- va p-.

4.2. Anh hiiing cua tac nhén electrophin. Tac
nhén electrophin - E* la axit Lewis, t(c la thitu hut
electron, co anh hlting arTn téc ab phan ang vat [V
aong phén. NTu tac nhén E*la axit yiu thi s thitu
hut electron G nguyrn t(icacbon cang nho, dén arn
sl khac nhau vi'tdc a6 cua tac nhén vii benzen va
dén xuét th1'cang Itin. NTu tac nhén E*laaxit manh
(la s thiTu electron ainh ché va manh) tho st khac
nhau cang nho.

Anh hliting cua nhom thkhi cotac nhén E*manh
Xuéthith kemmanh hun, nghialanhomthranh hliiing
aintdcad nhohdn hay hoat tinh tac nhén cang cao th
ban chét chét ban aéu cogiatri cang nho. Tac nhén E*
cung anh hliling a1h san phém thi' U cac Vi trfi khac
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nhau trong phén t0 chét ban aéu. Tac nhén E* giau
naing 0dng se tao thanh 10Ung ortho va para Itn hin
khi conhom thr Gu tin ainh h(ding meta valQdng Itn
meta khi conhom th1'Gutiin ortho - para. Tac nhén E*
ngheo nung l0Ung han thitilsan phém phuthudc vao
ban chét cua nhom thr'theo quy tic chung.

Kha nuing phan (ng cua tac nhén cang cao, tinh
chon I0a cua no cang nho vangQuc lai. Phan Gng th’
electrophin cung chiu ang hGung cua dung méi, xuc
tac va nhiit ad.

5. Anh hQiing cua nhom th’ co stn tdi phan
ang

Nhom th1 trong nhén benzen géy ra st phén bo
mét ao electron U cac Vi trfi con lai nh{i; ortho, meta,
para nTn kha nung thr cua tac nhén electrophin tip
theo vao cac \i tri ao cung khac nhau, gai la st ainh
h(dng cua nhom thr. Ham [00ng tidng adi cua san
phém thr ortho, meta, para hay khanting ainh h(ding
cua ph(c o Ucacvitriikhac nhau. Phiic o cang 6n ainh,
toc adthr cang IUn va san phém ao chitm Qu tith.

5.1. Aren aa co stin 1 nhom th':

- Cac nhom thr co hitu (ng +l, nh( géc ankyl -R
ainh hliing thr'vao Vi trii ortho va para. Vi du Toluen:

H;/H ?H3
% ~E

N\
E H

- Cac nhomthi'chicohitu ing -1aTulambiatng
hoa nhén va ainh h(iiing vao Vi trfi meta:

(O

5+

- Nhom th’ co hiTu Gng -1 va -C lam bi aéng hoa
nhén va ainh hdung vao meta. Vi du phan 0ng th’
cua nitrobenzen:

NO,

_H
~E

- Nhom thr’ co hitu Gng +C manh nhdng -l y1u,
nhd:-OH, -OR, -NH,, -NHR, -NR,, hoathoanhénva
ainh hddng vao ortho va para.

-Nhomth co hitu Gng -I manh va+C nh( -F, -Cl,
-Br,... lam bi &6ng hoa nhén nhing ainh hlting vao
ortho va para.

5.2. Aren co stin 2 nhom thi'

S ainh hiing cua nhom th1'th(i 3 phu thudc vao
ca 2 nhom th:
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.....

hoat hoa manh nhét khong chr' s ainh hQung:

CH; CH; GCH3
™ Cl, N N1
(D= Clo» J

NH, NH> NH,>

- N1u 1 nhom thi’ hoat hoa con 1 nhom thi bj
aong hoa thi nhom th” hoat hoa quyt &inh h(ing
th cua tac nhén th(i 3;

(PH (Pl—[
(D= "
~¢ o

NO> NO->

- N1u ca 2 nhom thT aa U i i meta vdi nhau,
hlung th1'th(i3 khéng tén cong vao Vitriigiia 2 nhom
th'vo hitu Gng 1ép thrkhdng phuthude vao anh hiiing
ainh hludng cua 2 nhom thi. NiTu thi tich nhom thr!
cung nhGtac nhén electrophin tung thohiiu Gng lEp thr!
cang tung.

- Khi nhom th' ainh hGing meta G Vi trii meta a6i
vUi nhom thainh hQiling ortho thd nhom thTtitp theo
ai vao Vi tri ortho adi wii nhom ainh hliing meta dr’
hin vao vi trfi para. Vi du:

NO,

NO, 0, NO,
o = Q-
e, .
cl cl cl L a
1 1 m

() lasan phém chinh, (II) chd mét [Gdng nho, (1IN

khdng hinh thanh do hitu Gng ortho.
* k%

Cac phan Gng th1'electrophin vao nhénthimadtic
divn ra gbm hai giai ao0an: giai aoan th(i nhét (xay ra
chém) la qua trinh tén cdng cua tac nhén electrophin
vao hTthong electron . thim, tao thanh phlc khdng
tham; giai aoan th( hai (xay ra nhanh) la qua trinh
proton bij tach ra, &6ng thi tao ra hip chét thim co
gun nhom mi vatralai xuc tac.0d
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