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O R G A N I C  PREPARATIONS AND PROCEDURES INT. 6 ( 3 ) ,  107-115 (1974 

STUDIES ON POSITIONAL PROTECTIVE GROUPS ON AROMATIC 
RINGS I ,  A NEW PREPARATIVE METHOD FOR HALOPHENOLS WITH 
THE t-BUTYL OR BENZYL GROUP AS A PROTECTIVE GROUP 

* 
M. Tashi ro  , H. Watanabe and 0. Tsuge 

Research I n s t i t u t e  of I n d u s t r i a l  Science,  
Kyushu Univers i ty ,  Hakozaki, Fukuoka 812, Japan 

I t  has been previous ly  r epor t ed  t h a t  under t h e  in f luence  

of F r i ede l -Cra f t s  c a t a l y s t s ,  t h e  benzyl group i n  diphenyl- 

methanes is e a s i l y  t r a n s f e r r e d  t o  a romat ics  such as benzene, 

to luene ,  and chlorobenzene. 1-3 

These r e s u l t s  s t r o n g l y  suggested t h a t  t h e  benzyl  group might 

s e rve  as a p o s i t i o n a l  p r o t e c t i v e  group i n  aromatic  e l e c t r o -  

p h i l i c  s u b s t i t u t i o n  r e a c t i o n s .  

.,&; AICt3 or AICtrCHsN02 

X’ 
in Benzene R 

I 

R 

b: 4- t -butyl  
C:  4 - t - b ~ t y l  

a: 4-benzyl 

d: 4-benzyl 
e: 6- t -butyl  
f :  6-benzyl 
9:  4- t -butyl  
h: 6 - t -buty l  
i: 6-t-butyl  
j : 4-t-butyl  
k: 4 - t - b ~ t y l  
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Br 
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TASHIRO, WATANABE AND TSUGE 

Hither to ,  c a r b o ~ y l , ~  amino,5 su l fon ic  acids6 t - b u t y l ,  7-9 

and 2-pentyl groups" have been used f o r  t h i s  purpose. 

W e  now repor t  a new method f o r  t h e  prepara t ion  of chloro-  

and bromophenols by us ing  benzyl and 2-butyl groups as pos i -  

t i o n a l  p r o t e c t i v e  groups i n  t h e  ch lo r ina t ion  and bromination 

of phenols 

The t r ansa lky la t  ion  react ions of dihaloalkylphenols  ( Ia-Ii) 

and monohaloalkylphenols ( I j - I k )  w e r e  c a r r i e d  out under var ious  

condi t ions  i n  order  t o  prepare  t h e  corresponding dihalophenols  

( I Ia-119)  and monohalophenols l i k e  2-chloro- and 2-bromophenol. 

The r e s u l t s  are summarized i n  Table 1. 

As is shown i n  Table 1, when aluminum ch lo r ide  ( A X 1  ) w a s  3 

used as t h e  c a t a l y s t  f o r  t h e  t r a n s a l k y l a t i o n  of bromine-sub- 

s t i t u t e d  I ,  t h e  expected products ,  I1 and I11 w e r e  formed. In  

add i t ion ,  by-products r e s u l t i n g  from transbrominat ion of 

benzene by I1 (Runs 1-4, 7 and 10) w e r e  i so l a t ed .  Indeed, 

t reatment  of I I a  with A l C l  c a t a l y s t  under t h e  s a m e  experi-  

mental condi t ions  a f forded  2-bromophenol and bromobenzene. 
3 

However, t h e  t ransbrominat ion r e a c t i o n  w a s  repressed  t o  some 

exten t  at  lower r eac t ion  temperature  (Runs 2 , 4  and 7 ) .  
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POSITIONAL PROTECTIVE GROUPS ON AROMATIC R I N G S  I 

T a b l e  1 ~ The T r a n s a l k y l a t i o n  Reac t ion  of Haloa lkylphenols  ( I )  
i n  Benzene ( A l C 1  o r  A1C13-CH3N02 C a t a l y s t  )a 

3 

Run I 

le a 

p s i  a 

3e b 

4= b 

g b Y e  b 

g b s i  b 

7= C 

gb9 C 

9f d 

10  e 
lib s i e 
129 f 

13d f 

1 4  9 
1 S b Y j  h 
lbbYhak h 

17 i 

1 gb k 
1 ab j 

Product ( 7 6 )  

I11 X-C6H40H PhBr 

a (100) 2-Br- (24 )  ( 2 8 )  

a (88) 2-Br- (14) (16 )  

b (72) 2-Br- (25)  ( 2 3 )  

b (81) 2-Br- (9 )  ( 9 )  

b (13)  

b (85) 
b (97)  2-C1- (4) (5) 

b (27)  

- - 
c - 
- - 

(18) 2-Br- ( 1 5 )  
4-Br- (7 )  

- c - - 
2-Br- (82) - 
2-C1- (72)  - 

a )  Benzene/I = 30 m o l e /  1 mole; c a t a l y s t h  = 1.2 m o l e / l  m o l e ;  
0 c a t a l y s t  is  A1C13; temperature is 50 

u n l e s s  o therwise  i n d i c a t e d .  b) A1C13-CH NO 
and t i m e  is 2 h r s  

c a t a l y s t  
3 2  

c) Temp.: 30°. d )  Temp,: 80°. e )  Time: 1 hr .  f) Time: 3 h r s .  

g )  T i m e :  5 h r s .  h )  Time: 6 hrs .  i) T i m e :  10 h r s .  j) I V  (C14 

H10Br402) o b t a i n e d  6.9% y i e l d .  k) I V  o b t a i n e d  16% y i e l d .  
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T A S H I R O ,  WATANABE AND T S U G E  

It should a l s o  be noted t h a t  i n  con t r a s t  with A1C13, t h e  

A l C l  -CH NO 

a c t i v e  c a t a l y s t  f o r  t h e  t ransbenzyla t ion  r e a c t i o n s  of d i -  

phenylmethanes, w a s  an exce l l en t  c a t a l y s t  f o r  t h e  t r a n s -  

a l k y l a t i o n  r e a c t i o n s  of t -butylhalophenols  but not f o r  t h e  

t ransha logenat ion  as w e l l  as t h e  t ransbenzyla t  ion r eac t ions .  

This  

t h e  most s u i t a b l e  c a t a l y s t  f o r  t h e  p repa ra t ion  of bromo- 

phenols by using t -bu ty l  group as t h e  p o s i t i o n a l  p r o t e c t i v e  

group a 

c a t a l y s t  2,3s11)12 which is  known t o  be a n  in-  
3 3 2  

apparent ly  sugges ts  t h a t  t h e  A1C13-CH3N02 c a t a l y s t  is 

Although t h e  A1C13-CH3N02 ca ta lyzed  t r a n s a l k y l a t  ion  re- 

a c t i o n  of Ih  and of o ther  s u b s t r a t e s  a f forded  t h e  expected 

IIf i n  good y i e l d ,  small  amounts of a by-product I V ,  (mp. 

243-245O) w a s  obtained. The y i e l d  of I V  increased  wi th  re- 

a c t i o n  time, while  t h e  y i e l d  of IIf decreased (Runs 15 and 

16 ) .  Compound I V  was e a s i l y  reduced by Raney N i - A 1  a l l o y  i n  

10% sodium hydroxide s o l u t i o n  t o  a debrominated compound 

( V )  mp. 117-118 which could  b e  brominated wi th  bromine i n  

a c e t i c  a c i d  t o  I V  i n  good y i e l d ;  Iv w a s  a l s o  formed by t h e  

t reatment  of I I f  wi th  A l C l  -CH3N02 c a t a l y s t  under t h e  s a m e  

condi t ions  as those  used f o r  t h e  t r a n s a l k y l a t i o n  react ion 

of Ih. 

0 

3 

CH3 

V 

AlCls-CH3NO2 
Ih 
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POSITIONAL PROTECTlVE G R O U P S  ON AROMATIC RINGS I. 

T h e s e  observa t ion  coupled wi th  elemental  ana lyses  and 

s p e c t r a l  data showed I V  and V t o  be 3,3’,  5,5’-tetrabromo- 

4,4’-dimethyl-2,2’-dihydsoxydiphenyl and 4,4’-dimethyl-2,2’- 

dihydroxydiphenyl r e s p e c t i v e l y  and suggest t h a t  t h i s  c a t a l y s t  

a c t s  as an oxid iz ing  agent f o r  t h e  ox ida t ive  coupl ing r e a c t i o n  

of IIf t o  Iv. 

Fur ther  i n v e s t i g a t i o n  concerning t o  t h e  o x i d a t i v e  coupl ing 

r e a c t i o n  is i n  progress  and t h e  r e s u l t  w i l l  be  publ ished i n  

t h e  near f u t u r e ,  

EXPERIMENTAL 

A l l  t h e  mel t ing p o i n t s  are uncorrected.  The ha loa lkyl -  

phenols w e r e  prepared by t h e  r epor t ed  method and w e r e  
p u r i f i e d  by f r a c t i o n a l  d i s t i l l a t i o n  and/or r e c r y s t a l l i z a t i o n .  

la:13 bp. 195-198°/3mm, m p .  62-63O. Ib:14 bp. 128-136°/5mm, 

mp. 77-79O. Ic: mp. 49-50°. Id:15 mp.  64-65O. Ie:16 mp.  62- 

63O. If:15 bp. 150-152°/20mm, m p .  81-82O. Ig:’ bp. 95-10S0/ 
3mm,  mp. 44-45O. Ih:17 mp. 53-54O. I d 7  bp. 114-115°/5mm. 
Ij :18 bp. 180-188°/130mm, Ik:19 bp. 100-105°/7mm. 

Ic w a s  unknown i n  l i t e r a t u r e .  

A&. Calcd. for C10H12BrC10: C ,  45.54; H, 4.59 

Found: C ,  45.87; H,  4.40 

I R  c m - l :  3560(uOH) 

t o  use,  and aluminum c h l o r i d e  - nit romethane c a t a l y s t  w a s  
p repared  as r epor t ed  previous ly .  

Ana ly t i ca l  Procedure. - The ana lyses  w e r e  c a r r i e d  out  by gas  

chromatography using a Yanagimoto Gas Chromatography, Yana- 

c o  YR-101: column, 30% high  vacuum s i l i c o n  g rease ,  75 c m ;  

i n c r e a s e  rate of column temperature ,  lzO/min, carrier gas ,  

hydrogen, 30 ml/min. 

Aluminum c h l o r i d e  w a s  p u r i f i e d  by subl imat ion j u s t  p r i o r  

2 0  
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T A S H I R O ,  WATANABE AND T S U G E  

From t h e  a r e a s  of ind iv idua l  peaks,  mole 96 f i g u r e  w e r e  

c a l cu la t ed  f o r  each product after t h e  r e l a t i v e  response 

data had been determined by t h e  i n t e r n a l  s tandard method. 

Nitrobenzene w a s  used as a n  i n t e r n a l  s tandard.  The d a t a  i n  

t h e  Table 1 a r e  given as t h e  average of at  least t h r e e  pa- 

ra l le l  determinations. 

General Procedure.- After a Gixture  of 30 equiva len ts  of 

benzene, 1.2 equiva len ts  of t h e  c a t a l y s t  per  equivalent  of 

I and 1 mole of I had been maintained at  a des i r ed ,  constant  

temperature  and a s p e c i f i e d  r e a c t i o n  time with shaking (120 

cycle/min), t h e  r eac t ion  mixture was quenched with 10% hydro- 

c h l o r i c  acid.  The organic  layer  w a s  separated and d r i e d  over 

sodium s u l f a t e .  A d e f i n i t e  amount of ni t robenzene was added 

i n t o  t h e  organic  layer  as an  i n t e r n a l  s tandard substance for  

t h e  gas  chromatographic analyses .  After t h e  ana lyses ,  t h e  

products  w e r e  i s o l a t e d  and p u r i f i e d  by d i s t i l l a t i o n  and/or 

r e c r y s t a l l i z a t  ion respec t ive ly .  

Typica 1 Procedures a - 
a )  The AlC1, ca ta lyzed  t r a n s a l k y l a t i o n  r e a c t i o n  of 1g.- To 

a s o l u t i o n  og 699 of Ig  i n  820 m l  of benzene, w a s  added 

gradual ly  519 of A1C13. A f t e r  t h e  mixture had been shaken 

a t  30° f o r  3h r s ,  it w a s  quenched wi th  100 m l  of 10% hydro- 

c h l o r i c  ac id .  The separa ted  organic  layer  w a s  ex t r ac t ed  with 

10% sodium hydroxide s o l u t i o n  and t h e  ex t r ac t  w a s  a c i d i f i e d  

wi th  10% hydrochloric ac id .  After  ex t r ac t ion  wi th  e t h e r  and 

drying t h e  e t h e r e a l  e x t r a c t  over sodium s u l f a t e ,  d i s t i l l a t  ion 

J 
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POSITIONAL PROTECTIVE GROUPS ON AROMATIC RINGS I 

af forded  46.89 (91%) of I Ic ,  bp. 115-12Oo/25rnm; mp. 64-65O, 

L i t  04  mp. 64.5-65.S0. 

D i s t i l l a t i o n  of t h e  r e s i d u a l  organic  l aye r  ex t r ac t ed  with 

10% sodium hydroxide gave I I I b  (60%),  

b )  The A1C13-CH3N02 Catalyzed Transalkylat  ion Reaction of Ih .  

A mixture  of 509 of Ih ,  400 m l  of benzene and A l C l  -CH NO 

(25g/46g) c a t a l y s t  w a s  shaken a t  50° f o r  2 h r s ,  t h e  r e a c t i o n  

mixture was then  t r e a t e d  and worked up as descr ibed  above. 

The e t h e r e a l  ex t r ac t  upon evaporat ion,  a f forded  42.49 of co- 

l o r l e s s  c r y s t a l s  which upon add i t ion  of 100 m l  of petroleum 

e the r  d i so lved  almost completely. F i l t e r a t i o n  of t h e  in so lub le  

c r y s t a l s  gave 3.49 (6.9%) of c o l o r l e s s  c r y s t a l s  which upon re- 

c r y s t a l l i z a t i o n  from petroleum benzine gave 3-09  (6.1966) of I V Y  

mp. 243-245O as c o l o r l e s s  needles .  

A S .  Calcd. f o r  CI4HlOBr4O2: C ,  31.70; H,  1.89. 

Found: C ,  31.71; H,  1-74. 

3 3 2  

I R  cm": 3480 (UOH). Mass spectrum m / e ;  526, 528, 530, 532, 

and 534 (M'). 

Compound IIf (389, 92%) was obtained by evaporat ing of t h e  

f i l t r a t e  as c o l o r l e s s  needles ,  mp. 41-43O. 

The Oxidative Coupling React ion of IIf with A1C13-CH,N02 Ca- 

t a l y s t . -  A f t e r  a mixture  of 5.09 of IIf, 50 m l  of benzene and 

A l C l  -CH NO c a t a l y s t  (39/5.59) w a s  shaken at  50° for  6 h r s ,  

t h e  r eac t ion  mixture was t r e a t e d  as descr ibed above, t o  g ive  

1 -69  (32.4%) of I V .  

Reduction of 1V.-  To a so lu t ion  of l g  of I V  i n  20 m l  of 1W 

sodium hydroxide so lu t ion ,  w a s  g radual ly  6.09 of Raney N i - A 1  

3 3 2  
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T A S H I R O ,  WATANABE AND T S U G E  

a l loy .  After add i t ion  of t h e  a l l o y ,  t h e  r eac t ion  mixture  w a s  

a c i d i f i e d  with 10% hydrochlor ic  a c i d ,  and 0.359 (87%) of V 

p r e c i p i t a t e d  as c o l o r l e s s  c r y s t a l s .  Rec rys t a l l i za t ion  from 

petroleum e ther  a f forded  c o l o r l e s s  needles ,  mp. 117-118O. 

A*. Calcd. €or C14H1402: C,  78.48; H, 6.59. 

Found: C, 78.40; H, 6.28. 

I R  cm": 3200 (urn) .  Mass spectrum m/e: 214 (M+). 
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