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M. TASHIRO AND G. FUKATA 

SELECTIVE ELECTROPHILIC AROMATIC SUBSTITUTIONS 

V I A  POSITIONAL PROTECTIVE GROUPS: A REVIEW - 

* 
M. Tash i ro  and G .  Fukata 

Research I n s t i t u t e  of  I n d u s t r i a l  Sc i ence ,  
Kyushu Unive r s i ty ,  Hakozaki, Higashi-ku, Fukuoka 8 1 2 ,  JAPAN 

INTRODUCTION 

The importance of e l e c t r o p h i l i c  aromatic  s u b s t i t u t i o n  

r e a c t i o n s  i n  o rgan ic  s y n t h e s i s  needs no emphasis. However, 

t h e r e  s t i l l  remain some problems i n  t h e  s e l e c t i v e  i n t r o d u c t i o n  

of f u n c t i o n a l  groups i n  o r d e r  t o  o b t a i n  compounds wi th  t h e  

d e s i r e d  o r i e n t a t i o n .  The d e s i r e d  o r i e n t a t i o n  may b e  achieved 

by blocking t h e  m o s t  r e a c t i v e  s i t e ,  then c a r r y i n g  o u t  t h e  

d e s i r e d  s u b s t i t u t i o n  followed f i n a l l y  by removal of t h e  pro- 

t e c t i v e  group. The fol lowing p o s i t i o n a l  p r o t e c t i v e  groups 

have been used up t o  now: ca rbony l ,  n i t r o ,  s u l f o n i c  a c i d ,  

amino, iodo,  bromo, c h l o r o ,  t - b u t y l  and isopropyl.’  

example, s i n c e  e l e c t r o p h i l i c  bromination of t o luene  y i e l d s  

For 
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SELEXXIYE ELECTROPHILIC AROMATIC SUBSTIIILTTIONS. A FtEVIEW 

predominantly p-bromotoluene, t h e  para pos i t i on  may f i r s t  be 

blocked by g-butylation2 followed by bromination and removal 

of t he  blocking 5-butyl group by t ransa lkyla t ion .  

Recently w e  have extended the  pos i t i ona l  p ro tec t ive  method 

t o  prepare some alkyl-  and halophenols, hydroxydiphenylmethanes 

and hydroxydiphenyls using benzyl, t -bu ty l ,  iodo, bromo and 

chloro groups as a pos i t i ona l  p ro tec t ive  groups f o r  t he  selec- 

t i v e  synthesis  of aromatic compounds. The present  review w i l l  

summarize recent  i nves t iga t ions  ca r r i ed  ou t  i n  our laboratory 

and by the  o the r s  during the  p a s t  2 years: t h e  l i t e r a t u r e  

has been covered up t o  1975.  

I. SELECTIVE PREPARATION OF HALOPHENOLS 

4 1. Benzyl and t-Butyl as a Pos i t i ona l  Pro tec t ive  Groups 

It has been previously r e p ~ r t e d ~ - ~  t h a t  the  benzyl 

group i n  diphenylmethnaes was e a s i l y  t r ans fe r r ed  t o  aromatic 

compounds such as benzene, toluene and chlorobenzene under the  

inf luence of Fr iedel-Craf ts  c a t a l y s t s .  These r e s u l t s  s t rongly  

suggested t h a t  the benzyl as w e l l a s  5-butyl group might se rve  

a s  a pos i io tna l  p ro t ec t ive  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  reac t ions .  

Indeed, the  t r ansa lky la t ion  of halophenols which w e r e  

e a s i l y  prepared by t h e  halogenation of t h e  corresponding 

alkylphenols afforded the  des i red  halophenols i n  good y ie lds  

respec t ive ly  (Table 1). 

However, i n  addi t ion  t o  the  expected products t he  t rans-  

a lky la t ion  of Va, Vb and V c  with A1C13 as  the  c a t a l y s t  gave 

by-products r e s u l t i n g  from t h e  transbromination of the  des i red  
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M. TASHIRO AND G. FUKATA 

p roduc t s  (VIa - VIb) ;  indeed  t r e a t m e n t  o f  V a  w i t h  AIClj under 

t h e  s a m e  expe r imen ta l  c o n d i t i o n s  a f f o r d e d  2-bromophenol (VIh) 

and bromobenzene. 

X AIC13 or AIC13-CH3N02 X'.&X + 6 * ( 2 )  
Benzene 

V VI IV 

X'  - X - R - 
a)  benzyl  B r  B r  a )  X = X '  = B r  a )  R = benzyl  

b) - t - b u t y l  B r  B r  b )  X = B r ,  X '  = C1 b)  R = - t - b u t y l  

d )  benzyl  c1 c1 h) X = B r ,  X' = H 

4) t - b u t y l  C1 C1 i) X = C1, X '  = H 

j) 2-bu ty l  B r  H 

c) - t - b u t y l  B r  C1 c)  x = x' = c1 

h) - t - b u t y l  C1 H 

OH 

X 

V 

R - 
e) - t - b u t y l  

f) - t - b u t y l  

h) - t - b u t y l  

j )  g-buty l  

AICI3 or AlClj- CH3N02 

Benzene 

VI 

1 ! z  
B r  H 

C1 H 

B r  M e  

C1 M e  

d )  X = B r ,  Z = H 

e) X = C1, Z = H 

f )  X = B r ,  2 = M e  

g )  X = C1,  Z = M e  

( 3 )  
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SELECTIVE ELECTROPHILIC AROMATIC SUBSTITUTIONS. A REVIEW 

T a b l e  1. 

RUn - 
le 

3e 
4c 

2c I i 

5bIe 

6 b 1 i  

7c 

g f  

8 b 1 i  

1 0  
l l b l i  

12g 
1 3d 
1 4  

1 S b ' 1  
1 6 b  I h I k 

1 7  

18b  

l g b  

T h e  T r a n s a l k y l a t i o n  of Haloalkylphenols (V) 

i n  B e n z e n e  (A1C13 o r  A1C13-CH3N02 C a t a l y s t s )  a 

P r o d u c t  ( % )  

V 

a 
a 
b 

b 

b 

b 

- 

C 

C 

d 

e 
e 
f 

f 

g 
h 
h 
i 

j 
k 

X-C C,H I OH 

2-Br- ( 2 4 )  

2-Br- ( 1 4 )  

2-Br- ( 9 )  

2-Br- ( 2 5 )  

- 
- 

2-c1- ( 4 )  
- 
- 

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

2-Br- ( 8 2 )  

2-C1- ( 7 2 )  

P h B r  

a )  B e n z e n e / V  = 30 m o l e s / l  m o l e ;  c a t a l y s t / V  = 1 . 2  m o l e / l  m o l e ;  
n 

ca ta lys t  i s  A1C13; temperature i s  50- and t i m e  i s  2 hrs  

unless  otherwise ind ica ted .  b )  A1C13-CH3N02 catalyst .  
0 0 

c )  Temp.:  3 0  . d )  Temp.: 8 0  . e) T i m e :  1 h r .  f) T i m e :  3 h r s .  

g )  T i m e :  5 hrs .  h)  T i m e :  6 h r s .  i) T i m e :  1 0  h r s .  j) V I I  

(C14H10Br402) obtained 7% y ie ld .  k )  V I I  obtained 1 6 %  y i e l d .  
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M. TASHIRO AND G. FUKATA 

However, t h e  t r ansb romina t ion  r e a c t i o n  w a s  r ep res sed  t o  

some e x t e n t  a t  lower r e a c t i o n  temperature  ( r u n s  2 , 4 , 7 ) .  

Benzene AIC13 & +  Q 
Ma 

I n  no case w a s  t r a n s c h l o r i n a t i o n  observed w i t h  A1C13  as 

c a t a l y s t .  These r e s u l t s  seem t o  sugges t  t h a t  t h e  bromo group 

of  phenols might s e r v e  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  t h e  

p r e p a r a t i o n  of  c e r t a i n  chlorophenols  which w i l l  b e  d i scussed  

i n  more d e t a i l  l a te r .  

I t  should be also noted t h a t  i n  c o n t r a s t  w i th  A 1 C 1 3 ,  t h e  

A1C13-CH3N02 c a t a l y s t 4 '  6 ' 7  which i s  known t o  be  i n a c t i v e  i n  

t h e  t r a n s b e n z y l a t i o n  r e a c t i o n  of  diphenylmethanes,  proved t o  

be an e x c e l l e n 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  o f  t - b u t y l -  

halophenols  as w e l l  as s-butylphenols '  b u t  n o t  f o r  transbromi- 

n a t i o n  and t r a n s b e n z y l a t i o n .  Th i s  r e s u l t  appa ren t ly  sugges t s  

t h a t  t h e  A1C13-CH3N02 c a t a l y F t  would be most s u i t a b l e  f o r  t h e  

p r e p a r a t i o n  of  bromophenols by using r - b u t y 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. 

Although t h e  A1C13-CH3N02 c a t a l y z e d  t r a n s a l k y l a t i o n  of 

Vh a f f o r d e d  t h e  expected VIf i n  good y i e l d ,  s m a l l  amount of 

by-product V I I  w a s  ob ta ined .  The y i e l d  of V I I  i n c r e a s e d  wi th  

r e a c t i o n  t i m e ,  wh i l e  t h a t  of VIf decreased ( r u n s  1 5  and 1 6  o f  

Table 1); V l I  w a s  a l s o  formed by t h e  t r ea tmen t  of VIf w i th  

A1C13-CH NO c a t a l y s t  under t h e  s a m e  c o n d i t i o n s  a s  t hose  used 3 2  
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SELECTIVE ELECTROPHILLC AROMATIC SUBSTITUTIONS. A REVIEW 

OH OH 
%Ek3 AICI3-CH3NO2 

Benzene 
Br Br 

Vh VIf VII 

€or  t h e  t r a n s a l k y l a t i o n  of Vh. V I I  w a s  e a s i l y  reduced by 

Raney N i - A l  a l l o y  i n  1 0 %  sodium hydroxide s o l u t i o n  t o  t h e  de- 

brominated compound V I E  which could be brominated wi th  bromine 

i n  a c e t i c  a c i d  t o  V I I  i n  good y i e l d .  

OH OH 
Ni -A\  A A  

VUI 

When bisphenol  A ( I X )  was t r e a t e d  wi th  A1C13  i n  benzene, 

phenol w a s  obtained i n  good y ie ld .8  

t h a t  I X  as w e l l  as 4-2-butylphenol might be a s t a r t i n g  compound 

t o  prepare  Vra and Vrc . 3,3r,5,5'-Tetrabromo ( X a )  and 3,3 ' ,5,5 '-  

t e t rachloro-b isphenol  A (Xb) t r e a t e d  wi th  A1C13  a t  50 f o r  

5 h r s ,  gave t h e  expected V I a  and V I c  i n  57 and 86% y i e l d  

r e s p e c t i v e l y .  

This  r e s u l t  a l s o  sugges ts  

0 

9 

AIC13 

Benzene 
X 

( 7 )  

X V I  

a : X = B r  

b : X = C l  
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M. TASHIRO AND G. FUKATA 

However, in the case of Xa, by-products resulting from 

transbromination of VIa were isolated in 6 and 5% yield as 

described previously in the transalkylation of Va-c. 

10 2 .  Bromine as a Protective Group 

As described in the above section, the bromo group 

appeared promising as a positional protective group in the 

preparation of chlorophenols. The preparation of 2,6-dichloro- 

3-methylphenol (XVIb) from 4-~-butyl-2,6-dichloro-3-methyl- 

phenol (XII ) by the transalkylation method was not practical 

because the starting compound 3-methyl-4-t-butylphenol (XI) 

could not be obtained by the Friedel-Crafts t-butylation of 

- m-cresol. 

6 C H 3  

OH OH OH 

3 

XVI b 

However, XVIb was prepared by the transbromination of 

XVb, obtained from m-cresol (Xmb) through the bromination 

then chlorination, XVIa was obtained by the same method. 
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SELECTIVE ELECTROPHILIC AROMATIC SUBSTITUTIONS. A REVIEW 

Although benzene could be used i n  place of toluene a s  a solvent  

and acceptor of bromo group, the  y i e lds  of t he  products w e r e  

lower than those obtained with toluene used as so lvent  and 

acceptor.  

OH 6 - 6 ___) CI2 
c'@c' 

Z Z Z 
Br Br 

X N  X N  xv 

a: 2 = H ,  b: 2 = M e  
( 9 )  

AIC13 
xv  - 

XVI 

a: 78%, b: 70% 

+ &- Br 

XVII 

3 .  

It i s  w e l l  known t h a t  some halophenols can be dehalo- 

genated t o  the  corresponding phenols with s u i t a b l e  reducing 

agents.  4'12-14 This suggests  t h a t  halo groups might be used 

a s  pos i t i ona l  p ro tec t ive  group with s u i t a b l e  reduct ing agents.  

Inves t iga t ion  of t h e  reduct ion of halophenols under var ious 

condi t ions showed t h a t  zinc powder-10% HC1-EtOH and zinc 

powder-10% NaOH could be used t o  s e l e c t i v e l y  dehalogenate 

halophenols. For example, 

By Se lec t ive  Reduction of Halophenols 11 
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M. TASHIRO AND G. FUKATA 

t 
Z n  - 10%NaOH 

100°C 
Br 

(10) 

X W I  V I  

a :  X = B r  h : 85.5% 

b :  X = C 1  i : 60 .5% 

I t  should be  noted t h a t  i n  z inc  powder-10% N a O H  system, 

iodo  and bromo groups i n  t h e  para p o s i t i o n  of halophenols  

could s e l e c t i v e l y  be  dehalogenated t o  g ive  t h e  corresponding 

halophenols .  However, i n  t h e  case o f  XVIIIa, 2,6-dibromophenol 

w a s  n o t  ob ta ined  b u t  2-bromophenol (VIh) w a s  s e l e c t i v e l y  formed 

under t h e  c o n d i t i o n s  used. While a t  much lower temperature ,  

XVma a f f o r d e d  V I a ,  VId and VIh. I n  c o n t r a s t ,  XVIIIb gave only 

VIb i n  good y i e l d :  

OH B r 6  B r 6 B r  6 B r  

Br Br 

+ 0 + o  (11 
Br-@ Br Z n - ~ O % N a O H ~  

17 C , 2 hr 

XVN a V I h  V I  a VId 

1 7 '10 56 '10 3 OIo 

C I Z n  - 1 0 % N a O H  - 
23"C, 2 hr 

Br 

(12 1 

XVID b V I  b 

8 5% 
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S E U C T I V E  ELE'CTROPHILIC AROMATIC S U B S T I T U T I O N S .  A REVIEW 

x6x' - (13) 

X 

XI  x xx 

a: x = I, x' = c1 
b: X = Br, X' = c1 
C :  X = I, X' = Br 

a: X' = c1  80-83% 
b: X' = Br 87% 

Br Zn -1O%NaOH 

30°C , 3 rnin 
- 

X X I  x XI1 

8 4 "10 

Br Zn - 10% NaOH 

30°C , 3 min 
- 

xxm X X N  

8 3% 

Br@r Zn-10"/0HCI ~ 

in EtOH 
Br 0 r  

X V I I l a  VId 

96 "lo 

(14 1 

(15) 

(1 6) 
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M. TASHIRO AND G. FUKATA 

OH 

in EtOH 
(17) 

x x v  x XVI  

9 1 OIO 

The Zn-HC1 r e d u c t i v e  system gave only 2,4-dibromophenol 

(VId ) .  However, i n  t h e  r e d u c t i v e  debromination of XXV, t h e  

bromo group of para p o s i t i o n  of XXV w a s  s e l e c t i v e l y  removed 

t o  g ive  X X V I  i n  good y i e l d .  

II . SELECTIVE PREPARATION OF ALKYLPHENOLS W I T H  t-BUTYL AS A 

PROTECT I VE GROUP 

I n  our  l a b o r a t o r y ,  a new p r e p a r a t i v e  method of some a l k y l -  

phenols w a s  r e c e n t l y  developed by us ing  r - b u t y l  func t ion  a s  a 

p o s i t i o n a l  p r o t e c t i v e  group as shown i n  t h e  fol lowing scheme. 

Q 
xxvn 

R R 

t t 
xx WI XXIX 

(18 1 

a:  R = CH 3 l  C2H5. n-C3H7 xxx  I V b  
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SELECTIVE ELECTROPHILIC AROMATIC SUBS'I!I'I!UTIONS. A REVIEW 

These reactions could be recycled a s  shown in equation (20) . 

XXVJIa xxvma XXIX a 

Also xy leno l s  w e r e  prepared s e l e c t i v e l y  i n  the same way. 

XXXl  xxxn xxxm 

CH3 H2S04 c H 3 9 c H 3  SO3H - c H 3 y c H 3  OH 

T 
A 

xxxv XXXVI XXXVI I  

OH 

(22) 

- C H 3 0 c H 3  + xxxv 
AIC13 -CH3N02 

xxxvn 

xxxvm 
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M. TASHIRO AND G. FUKATA 

The s t a r t i n g  materials X X X I  and XXXV w e r e  r egene ra t ed  i n  

t h e  l a s t  r e a c t i o n .  I t  w a s  a l s o  found t h a t  they can very e a s i l y  

be  ob ta ined  from 2-xylene and m-xylene by us ing  t r a n s a l k y l a t i o n  
L of 2,6-di(&-butyl)-p-cresol. Attempts t o  t r a n s a l k y l a t e  of 

s u l f o n i c  a c i d s  X X V I I I ,  X X X l I  and X X X V I  w a s  unsuccesful  and only 

t h e  s t a r t i n g  materials w e r e  recovered.  9’”” R ‘“’9’””” CH3 ‘“’9‘“’ SOgH 

x X W I  xxxn X X X V I  

IlI .  SELECTIVE PREPARATION O F  HYDROXY DIPHENYLMETHANES 

16 1. 

A s  w a s  mentioned i n  s e c t i o n  11, t h e  t - b u t y l  group of t- 
butylphenols  and t -bu ty lha lopheno l s  i s  e a s i l y  t r a n s f e r r e d  t o  

benzene used as a s o l v e n t  and accep to r  t o  g ive  t h e  correspond- 

i n g  phenols and halophenols  under t h e  i n f u l e n c e  of a mild 

c a t a l y s t  such as A1C13-CH3N02 which d i d  n o t  c a t a l y z e  t h e  t r a n s -  

benzy la t ion  r e a c t i o n  of diphenylmethanes. These r e s u l t s  seemed 

t o  sugges t  s t r o n g l y  t h a t  - t - b u t y l  group might s e r v e  as a 

p r o t e c t i v e  group i n  t h e  p r e p a r a t i o n  o f  some diphenylmethanes . 
Indeed, 2,2‘-dihydroxy- ( X L ) ,  2,2’-dihydroxy-5,5’-di(t- 

bu ty1) -  ( X L I )  , 2,2’-dihydroxy-5,5’-dimethyl- ( X L I I I )  , and 2 , 2 ‘ -  
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SELECTIVE EUCTROPHILIC AROMATIC SUBSTITUTIONS. A REVIEW 

dihydroxy-3,3'-dibromodiphenylmethane (XLVII  ) were prepared 

by the transalkylation of the corresponding t-butyl deriva- 

tive~'~ in the presence of A1C13-CH3N02 catalyst in benzene 

solution. 

OH OH OH OH 

t t at 50' for 5 min 

X L  60% 
XXXIX 

A I C13 - CH3N02 
XXXlX  ( 2 4 )  

at 20" for 5 min - Q-9 
X L I  80% 

x LI 
AIC13 -CH3N02 - XL 8 5 '10 (25) 
at 50" for 2 hr 

AL - C13-CH3 NO2 ($JcHff$ 
(26)  

+&H2&- in benzene 
CH3 CH3 at 20" for 5 min CH3 CH3 

XLII  X U I I  85% 

OH OH OH OH 

A'* ' " 3 6  cbo CH3 ( 27) 
AIC13 - CH3NOz 

in benzene 
at 50"for 2 hr 

xuv XLV 
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M. TASHIRO AND G, FUKATA 

Br 0 CH2 0 Br AIC13-CH3NO2 - B r & c H 2 6 B r  (28) 
in benzene 
at 50" for 2 hr 96 x LVI XLVII  41% 

However, the transalkylation of XLIV did not give the 

expected compound XLV but only starting material XLIV was re- 

covered in almost quantative yield. It should be noted that 

the ortho-t-butyl group of XXXIX could be transferred more 

easily than the para-t-butyl group. 

It was found18 that in contrast with 2 , 2 -dihydroxydi- 

phenylmethanes, 4,4'-dihydroxydiphenylmethane (XLIXa) could 

not easily be prepared by the above method from 3 , 3 ' , 5 , 5 ' -  

tetra(~-butyl)-4,4'-dihydroxydiphenylmethane (XLVIII). 

XLVIII XLIX a 

The expected XLIXa was obtained in only trace amount 

yield with large amount of resinous material and unidentified 

compounds. 

19 , 20 2 .  Using Bromine and Chlorine as Positional Group 

However, the desired 4,4'-dihydroxydiphenylmethanes 

(XLIXa) could be prepared by using the chloro or bromo groups 
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SELECTIVE ELECTROPHILIC AROMATIC SUBSTITUTIONS. A W I E W  

as a protective group. 

bromo- (La), 5,5'-dichloro-3,3'-dimethyl- (Lb), 3,3',5,5'- 

tetrachloro-2,2'-dimethyl-4,4'-dihydro~diphenylme~ane (Lc) 

which could be easily prepared from corresponding halophenols 

and 37% formalin were reduced with Raney-Ni alloy in 10% NaOH 

solution to give the corresponding XLIXa, XLIXb and XLIXc in 

good yield. 

The dehalogenation of 3,3',5,5'-tetra- 

L XLIX 

a: R = X = Br, R' = H a: R =  R' = H 95.5% 
b: R = CH3, X = C1, R' = H 
c: R = X = C1, R' = H 

b: R = CH3, R' = H 
c: R = H, R' = CH3 

96.0% 
98.0% 

This method was applied to the preparation of 2,2'-di- 

hydroxydipheny lmethanes . 

(31) 

OH 
Ni -A l  

in 10%NaOH 
X X 

LI XL 
0 

a: X = C1 at 95-97 for 30 min 51% 
b: X = Br at room temperature for 10 min 65% 

Ni -Al 

in 10°/oNaOH 
CH3 6 0 'HZ $CHI 0 - CH3&cH2&cH3 (32) 

tl Cl at 95-97" for 2 hr 

u1 
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M. TASHIRO AND G. FUKATA 

Ni -A l  

in 10%NaOH 
CH3 CH3 at 95-97" for 1 hr CH3 CH3 

LIII XLIII 87 '10 

OH OH OH 

kOOH COOH 

LIV LV 

This  r e d u c t i v e  method seemed t o  be  p r a c t i c a l  method f o r  

t h e  p r e p a r a t i o n  of XLV which could n o t  be o b t a i n e d  by t h e  

t r a n s a l k y l a t i o n  method p rev ious ly  desc r ibed .  Recent ly ,  Lotz 

and Bohmer r e p o r t e d  t h e  p r e p a r a t i o n  of LV by t h e  decarbonyla- 

t i o n  of L I V  i n  q u i n o l i n e .  

0 

2 1  

22 ,23  I V .  SELECTIVE PREPARATION OF DIHYDROXYDIPHENYLS 

Some dihydroxydiphenyls w e r e  a l s o  prepared from the  

in benzene in benzene 

LVI LVII 

in benzene 
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SELECTIVE ELECTROPHILIC AROMATIC SUBSTITUTIONS. A REVIEW 

corresponding 2-butyl  d e r i v a t i v e s  us ing  t h e  t r a n s a l k y l a t i o n  

method . 

HO 0 0 OH 24 A ICI,-C%N02 
> 

in benzene 

LXII 

(37) 

LXI 

The 2-butyl  groups of  para p o s i t i o n  i n  LVI, LVlI  and L I X  

could n o t  be t r a n s f e r r e d  by t h e  i n f l u e n c e  of A ~ c ~ ~ - C H ~ N O ~  

c a t a l y s t .  However, i n  t h e  presence of A1C13, t h e  expected 

LvllI from LVI and LVII w a s  ob ta ined .  I n  c o n t r a s t  w i t h  4 , 4 ' -  

dihydroxydiphenylmethane X L I X a ,  t h e  t r a n s a l k y l a t i o n  of L X I  

occurred and a f i o r d e d  t h e  expected L X I I  i n  8 2 %  of  y i e l d .  

A l s o  t h e  dimers of  o x i d a t i v e  coupl ing of m-cresol could be 

prepa rea  by t h e  t r a n s a l k y l a t i o n  method as shown i n  t h e  follow- 

i n g  scheme. 
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M. TASHIRO AND G. FUKATA 

CH3 

oxidative 

H3C Cq3 H3C CH3 

L X I V  L X V  

L X V I  

in benzene 
CH3 

L X V I I  

Al C l3-CH3 N 0 2  

H& 
L X V  

in benzene 
H3C CH3 

LXVI I I  

AIC13 - CH3NO2 
L X M  - 

in benzene 
H3C CH3 

(39) 

(40) 

(41 1 

L X l X  
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SELECTIVE ELECTROPHILIC AROMATIC SUBSTITUTIONS. A REVIEW 

V .  OTHERS A P P L I C A T I O N  

The transalkylation method was applied for the prepara- 

tion of diaryl ethers because the ether linkage is not cleaved 

under the condition which &-butyl group of diaryl ether is 

easily transferred to benzene used as a solvent and acceptor. 2 4  

(42 1 

LXX LXXl 

A l s o  g-halogenoalkylbenzene could be prepared by using the 
3 above transalkylation method as described previously. 

Br AIC13-CH3N02 

in benzene 
Br2 > 

111 t 
I n 

(43 1 

A s  described previously, 2-butyl, chloro, bromo and iodo 

groups could be used as a positional protective group for the 

halophenols, alkylphenol, dihydroxydiphenylmethanes and di- 

hydroxydiphenyls. Recently Hori, Kataoka and Yoshimura re- 

ported that 3,4-diiodothiophene ( L X X I V )  was prepared by the 

reductive deiodonation of 2,3,4,5-tetraiodothiophene ( L X X I U )  

which was prepared by the iodonation of thiophene ( L X X I I ) .  25 
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M. 'I'ASHIRO AND G. FUKATA 

12 I EtMgBr I I - 
Hg(OAc12 

L X X l I  L X X I I I  L X X I V  

( 4 4 )  

These results shows that the iodine could serve as a 

positional protective group for the preparation of B-substi- 

tuted thiophene derivatives. 

CONCLUSION 

The investigations carried out so far indicate that 

a) The benzyl group can be used only for the chlorophenols. 

b) The t-butyl group is best suited for preparation of the 

bromophenols, dihydroxydiphenyl and 2,2'-dihydroxydi- 

phenylmethanes but not 4,4'-dihydroxydiphenylmethanes. 

c) The transbromination of bromophenols with aluminum 

chloride in toluene could be applied to the preparation 

of chlorophenols. 

d) Selective reductive dehalogenation could be applied to 

preparation of some halophenols, alkylhalophenols and 

thiophenes. 

e) The r-butyl group is also suited for the preparation of 

alkylphenols. 
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