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Synopsis. The reaction of arenes with a calculated
amount of benzyltrimethylammonium tetrachloroiodate in
acetic acid at room temperature or at 70°C gave nuclear
chloro-substituted arenes in fairly good yields.

Direct aromatic chlorination of arenes (1) with
chlorine has usually been carried out in the presence of
a catalyst such as iodine, iron(III) chloride, or an
aluminium-mercury couple. As the chlorinating
agents which are easier to handle than toxic gaseous
chlorine, sulfuryl chloride,® iodine trichloride,®
titanium(IV) chloride,* copper(II) chloride,® alumina-
supported copper(II) chloride,® antimony(V) chloride,”
tellurium(IV) chloride,® trichloroisocyanuric acid,?
and poly(N-chloromaleimide),!? etc. have been used to
chlorinate 1.

As one part of our investigation concerning the
halogenation of aromatic compounds with quaternary
ammonium polyhalides, we have recently found that a
new reagent, benzyltrimethylammonium tetrachloro-

6

iodate (BTMA ICly), is an effective chlorinating

agent.b1l)
aromatic chlorination of 1 by the use of BTMA ICla.

Results and Discussion

In this paper we wish to report on the

A reaction of 1 with BTMA ICl4 in acetic acid at
room temperature or at 70 °C gave aromatic chloro-

substituted arenes (2) together

with  benzyl-

trimethylammonium dichloroiodate (BTMA IClg).12)

Thus, the produced BTMA ICl; is easily separabl

e

from the reaction mixture, since BTMA ICl: is hardly

+ -
3)3N ICl4

rt or 70 °C
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Table 1. Aromatic Chlorination of Arenes(1) with BTMA ICls in AcOH
Substrate Molar ratio  Reaction conditions Product Yield” Mp( °C) or Bp(°C/mmHg)
1 BTMA ICly/1 Time/h Temp/ °C 2 % Found Reported
(@) 1.0 48 70 Or« 16  132—133/760 131.65—131.66/19
760
(1a) (2a)
@) 1.0 24 70 Me<Qucy O 887 158—161/760 -
(1b) (2b)
Me Me b) o
. SenO) 1.0 20 70 Me/CH@Cl 30 187—189/760 —
(1) (2¢)
t-8u0) 1.0 20 70 t-8u(Q, P 667 213215760 —
1 2d
Me (d) Me 2d)
Me© 1.0 20 70 Me-@-Cl 70 194—196/760 193—197/7604
ve 1€ e (2e)
Me-@ 1.0 20 rt Me@Cl P) 907 185—187/760 —
(1f) (2f)
Ccl
Me-@-Me 1.0 20 70 Me@m 66 185—187/760 186.8/7601)
(1) (28)
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Table 1. (Continued)
Substrate Molar ratio  Reaction conditions Product Yield® Mp( °C) or Bp(°C/mmHg)
1 BTMA ICly/1 Time/h Temp/°C 2 % Found Reported
Me Me Me. Me
Me-© 1.0 20 rt Me-@-Cl 81 218—220/760 86—87/16%©
- (1) e (zh)
Me-@-Me 1.0 20 rt Me@-Me 52 67—68 70.5—7110
Ccl
(1i) (2i)
Me Me
Me@ 1.0 22 rt Me@cl 90 205—206/760 86—86.8/1417
Me (1) 'Me (2. l)
) Cl Me )
1j 2.0 22 70 Me c1 95 59—60 58—5910
Me 2%-2)
Cl Me !
1j 3.0 24 70 Me c1 98 205.5—206  204—2051®)
Cl Me 2-3)
Me Me Me Me ¥
Me-@-Me 1.0 20 rt Me@Me 76 249944/760 131—132/241
Cl
(1k) ve Mo (D)
1k 2.0 20 rt Me%@}Me 9% 189—191 19319
Cl Cl
(2k-2)
Me Me Cl
Me@-Me 1.0 20 rt Me@»«e 73 435445  47.5—4819
Me ] Me 1
1
ay e o1 @D
1 2.0 20 It Me Me 94 187—190 189—189.510
Cl Me
(21-2)
Me. Me Me
Me@ 1.0 20 rt Me c1 %6 152—153 15520
Me Me Me Me
(1m) o (m)
1.0 24 70 65 256—258/760 106.5/5%)
Me (In) Me (2n)
1.0 18 70 73 271—273/760 132.5—136/1222
Cl
(10) o (@0
M e
© 1.0 15 70 95 213—275/760 120—122/4.5%
(1p) o @
@@@ 1.0 18 It @@@ 40 212—213 214—21529
(1q) €l (2q-2)
1q 2.0 24 It 2q-2 99 212—213 214—2152)

a) Yield of isolated product. b) Product was obtained as a mixture of 4- and 2-chloro derivatives, and its isomer
ratio was determined by GC analysis and / or tH NMR spectrum. c) 4-Chloro deriv. / 2-chloro deriv. =3/7. d) 4-
Chloro deriv. / 2-chloro deriv. =1/1. e) 4-Chloro deriv. / 2-chloro deriv. =7/3. f) 4-Chloro deriv. / 2-chloro

deriv. =2/1.
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soluble in acetic acid at room temperature. The
results are summarized in Table 1.

The reaction of such polyalkylbenzenes as 1,3,5-
trimethylbenzene (1j), 1,2,3,4-tetramethylbenzene (1k),
and 1,2,4,5-tetramethylbenzene (11), with equivalent
weights of BTMA ICls gave the desired mono-, di-,
or trichloro-substituted arenes selectively. For example,
the reactions of 1j with 1.0, 2.0, and 3.0 equiv of
BTMA ICl4 gave 1-chloro- (2j-1), 1,3-dichloro- (2j-2),
and 1,3,5-trichloro-2,4,6-trimethylbenzene (2j-3), in
good yields, respectively.

We emphasize that the stable reagent BTMA ICl, is
an excellent chlorinating agent for 1 since it can be
treated safely and quantitatively in comparison with
toxic gaseous chlorine. Readily separable by-prod-
uct BTMA ICl: can be easily converted to BTMA ICl,
by treatment with chlorine in dichloromethane.24

However, benzene and isopropylbenzene gave chloro-
substituted products in poor yields, respectively, even
with a Lewis acid-catalyst such as iron(III) chloride,
titanium(IV) chloride, or zinc chloride.

Experimental

1-Chloro-2,4,6-trimethylbenzene (2j-1); General Procedure:
To a solution of 1,3,5-trimethylbenzene (1j) (0.50 g, 4.16
mmol) in acetic acid (30 ml) was added BTMA ICl4 (1.74 g,
4.16 mmol). The mixture was stirred for 22 h at room
temperature. During the period of stirring BTMA ICly,
which was only slightly soluble in acetic acid, gradually
reacted with 1j to give a product and a yellow precipitate.
The precipitate (BTMA IClg, 1.02 g, 2.93 mmol) was filtered
off. The filtrate was treated with 5% NaHSOs (20 ml) and
then extracted with hexane (25 mlX4). The hexane
solution was washed with 5% NaHCOs (30 ml) and was
purified by column chromatography on alumina. The
eluent was concentrated in vacuo to give an oily residue
which was distilled, affording 2j-1 as a colorless liquid; yield
0.58 g (90%); bp 205—206 °C/760 mmHg (lit,!” bp 86—
86.8°C/14 mmHg).
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