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ORGANIC PREPARATIONS AND PROCEDURES INT. 10( 3 ) ,  143-148 (1978) 

ALC13-CH3N02 CATALYZED - t-BUTYLATION OF BIPHENYL, NAPHTHALENE 

t AND SOME PHENOL DERIVATIVES WITH 2,6-DI(t-BUTYL)-p-CRESOL - 
* 

Masashi  T a s h i r o  a n d  Takehiko  Y a m a t o  

R e s e a r c h  I n s t i t u t e  of I n d u s t r i a l  S c i e n c e ,  Kyushu U n i v e r s i t y  86 ,  
Hakozaki ,  H i g a s h i - k u ,  Fukuoka 812 ,  JAPAN 

The c o n v e n i e n t  and h i g h  y i e l d  t - b u t y l a t i o n  o f  aromatic 

compounds s u c h  as  a l k y l b e n z e n e s ,  and h a l o b e n z e n e s ,  by 

t h e  i r r e v e r s i b l e  aluminum c h l o r i d e - n i t r o m e t h a n e  o r  aluminum 

c h l o r i d e  c a t a l y z e d  t r a n s  t - b u t y l a t i o n  w i t h  2 , 6 - d i ( t - b u t y l ) - p -  - 

cresol  ( I )  . 

3 

OH OH 
A1C13-CH NO 

i n  CH,NO, 32-m + Q 
(70%) CH3 3 L  

CH3 

Iv I I1 I11 

I + 
A1C13-CH 

i n  CH3N02 

V (50%) (30%) 

V I  V I I  

We now r e p o r t  t h e  A 1 C 1 3 - C H 3 N 0 2  c a t a l y z e d  - t - b u t y l a t i o n  o f  

b i p h e n y l  (11) , n a p h t h a l e n e  ( V )  and  some p h e n o l  d e r i v a t i v e s  

(VIIT,  X I  and  X D I )  w i t h  I .  On t h e  A 1 C 1 3 - C H 3 N 0 2  c a t a l y z e d  L- 

b u t y l a t i o n  of I1 a n d  V i n  n i t r o m e t h a n e  w i t h  I a t  15  f o r  5 min 

gave  t h e  e x p e c t e d  4 , 4 ' - d i  ( 5 - b u t y l )  p h e n y l ( I I 1 )  , 2 , 6 - d i  ( t - b u t y l )  - - 

( V I )  and  2 , 7 - d i  ( 5 - b u t y l )  naphtha l t inc  ( V I I )  i n  7 0 ,  5 0  and 30% 

y i e l d s ,  r e s p e c t i v e l y .  p - C r e s o l ( 1 V )  w a s  formed as  a b y - p r o d u c t  

i n  a l m o s t  q u a n t i t a t i v e  y i e l d .  The s e p a r a t i o n  of V I  a n d  V I I  
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TASHIRO AND YAMATO 

w a s  e a s i l y  c a r r i e d  o u t  s i n c e  t h e  l a t t e r  i s  p r e f e r e n t i a l l y  s o l u b l e  

i n  n i t rome thane .  

S i m i l a r l y  A1C13-CI131J02 c a t a l y z e d  5 - b u t y l a t i o n  of  2 - c r e s o l  

( V l l I a ) ,  2-methoxytoluene(VIUb),  m_-creso l (XIa) ,  3-methoxytoluene 

(XIb)  , 2,6-dimethylphenol(XIII) a f f o r d e d  t h e  c o r r e s p o n d i n g  t- 
b u t y l  d e r i v a t i v e s  a s  shown i n  Table  1. 

I +  &R A1C13-CH3N02 - & O R +  &R + IV 

in CH-NO, 
I X  X 3 . L  V I I I  

I +  6 A1C13-CH 3 2  NO * 6 + I V  
OR in CH NO OR 3 2  X I  

X I 1  
a :  R = 11, b:  R = CH3 

A1C13-CH NO 3 2  
I +  

XllE 
x I V  

These d a t a  show t h a t  t h e  use  of  n i t rome thane  a s  s o l v e n t  

i s  b e n e f i c i a l  s i n c e  pheno l s  reac t  w i t h  A 1 C 1 3  t o  a f f o r d  t h e  

co r re spond ing  aluminum p h e n o l a t e s .  I n  c o n t r a s t  t o  VIEb , XIb 

gave XIIb i n  on ly  poor  y i e l d s  i n  n i t rome thane .  However, when 

XIb was used i n  p l a c e  of  n i t rome thane  as  a s o l v e n t ,  XIIb w a s  

o b t a i n e d  i n  good y i e l d .  Although n i t rome thane  and carbon 

t e t r a c h l o r i d e  cou ld  b e  used  i n s t e a d  of  n i t rome thane  i n  a l l  

above r e a c t i o n s ,  t h e s e  s o l v e n t s  w e r e  n o t  p r a c t i c a l  s i n c e  

b o i l i n g  p o i n t  of t h e  former  c o m p l i c a t e s  t h e  s e p a r a t i o n  of  t h e  

p r o d u c t s  and t h e  s o l u b i l i t y  of A 1 C 1 3  i n  t h e  l a t t e r  i s  i n s u f f i -  

c i e n t  t o  g i v e  homogenous r e a c t i o n  m i x t u r e .  

1 4 4  
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- t-BUTYLATION OF BIPKFNYL, NAPHTHALENE AND SOME PHENOL DERIVATIVES 

TABLE 1. The A 1 C 1 3 - C H 3 N 0 2  C a t a l y z e d  t - B u t y l a t i o n  o f  P h e n o l  
D e r i v a t i v e s  w i t h  I a )  

0 

Run S u b s t a n c e  Temp. ( C )  P r o d u c t  ( % )  

1 V I I I a  1 5  

2 V m b  -5 I X b ( 1 0 0 ) ,  I V ( 7 0 )  

3 4  XIa 15 XIIa ( 6 4 )  

4 d,  XIb 15 X I I b ( 8 3 ) ,  I V ( 9 0 )  

5 XIU 5 X I V ( l O O ) ,  I V ( 8 1 )  

I X a  ( 8 5 . 5 )  b ,  , X a  ( 9 . 5 )  b ,  , I V  ( 87 ) 

a )  R e a c t i o n  t i m e  i s  30 min ,  S u b s t a n c e / I  = 2 m o l / m o l ,  A 1 C 1 3 / I  = 
1 . 5  m o l / m o l .  The s o l v e n t  i s  n i t r o m e t h a n e .  b )  Yields  d e t e r m i n e d  
b17 GC a n a l y s i s .  c) The y i e l d  o f  I V  w a s  n o t  d e t e r m i n e d  s i n c e  
t h e  s e p a r a t i o n  o f  I V  and r e c o v e r e d  X I a  w a s  v e r y  d i f f i c u l t  by 
d i s t i l l a t i o n .  d l  XIb w a s  u s e d  as  a s o l v e n t .  

EXPERIMENTAL 

A l l  m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .  I R  s p e c t r a  w e r e  
measured as  K B r  p e l l e t s  or a s  l i q u i d  f i l m  on T J a C l  p l a t e s  on a 
Nippon Bunko IR-S s p e c t r o m e t e r  and NMR s p e c t r a  w e r e  d e t e r m i n e d  
a t  6 0  MHz w i t h  a I i i t a c h i  R-20  NPlR s p e c t r o m e t e r  w i t h  TllS a s  a n  
i n t e r n a l  r e f e r e n c e s .  N i t r o m e t h a n e  may e x p l o d e  u n d e r  c e r t a i n  
c o n d i t i o n s .  C a u t i o n  s o u l d  be e x e r c i z e d .  

- t - B u t y l a t i o n  of B i p h e n y l . -  To  a s o l u t i o n  o f  7 2  g ( 0 . 5  m o l e )  

o f  11, 143.2  g ( 0 . 6 5  m o l e )  i n  200 m l  o f  n i t r o m e t h a n e  w a s  added  

a s o l u t i o n  of 115 .5  g ( 0 . 8 4 5  m o l e )  of aluminum c h l o r i d e  i n  200 

m l  of n i t r o m e t h a n e  o v e r  a p e r i o d  o f  5 min a t  15 C .  The r e a c t i o n  

m i x t u r e  t h e n  w a s  p o u r e d  i n t o  a l a r g e  amount o f  i c e - w a t e r .  The 

o r g a n i c  l a y e r  was e x t r a c t e d  w i t h  e t h e r ,  d r i e d  o v e r  sodium 

s u l f a t e  and e v a p o r a t e d  i n  V ~ C U O  t o  l e a v e  t h e  r e s i d u e  which  w a s  

washed w i t h  1 0 %  sodium h y d r o x i d e  s o l u t i o n  (500 ml) t o  a f f o r d  

9 3 . 1  g ( 7 0 % )  of 4,4'-di(t-butyl)biphenyl - ( I I I ) ,  mp. 128-129 , 

lit .  mp. 128  , color less  n e e d l e s  f rom e t h a n o l :  i r ( 1 : B r )  3030, 

2960, 1 4 9 0 ,  1360,  1 2 6 0 ,  1120,  8 2 0  c m - l ,  pmr ( C C 1 4 )  6 1 . 3 1  ( s ,  

18H, L-CF,), 7.38 ( s ,  8H, aromatic p r o t o n s ) .  

Anal .  - C a l c d  f o r  C 2 0 H 2 6 :  C ,  90.16: H ,  9 .84 .  

0 

6 0 
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TASHIRO AND YAMATO 

Found: C ,  9 0 . 0 1 ;  H ,  9 . 8 7 .  

A c i d i f i c a t i o n  o f  t h e  b a s i c  aqueous  e x t r a c t  w i t h  1 0 %  H C 1  a f f o r d e d  

p-cresol ( I V )  i n  almost q u a n t i t a t i v e  y i e l d .  

- t - B u t y l a t i o n  of N a p h t h a l e n e . -  T o  a s o l u t i o n  o f  6 . 4  g ( 5 0  mmoles) 

o f  V a n d  1 4 . 3  g ( 6 5  moles)  o f  I i n  30 m l  o f  n i t r o m e t h a n e  w a s  

added  a s o l u t i o n  of 1 2 . 9  g ( 9 8  m o l e s )  of aluminum c h l o r i d e  i n  

24 m l  o f  n i t r o m e t h a n e  o v e r  a p e r i o d  o f  5 min a t  1 5  . The reac- 

t i o n  m i x t u r e  w a s  quenched  w i t h  i c e - w a t e r  a n d  t h e  r e s u l t i n g  

p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n  . R e c r y s t a l l i z a t i o n  

from b e n z e n e  a f f o r d e d  6 . 0  g ( 5 0 % )  o f  2,6-di(t-butyl)naphthalene 

( V I )  as  c o l o r l e s s  n e e d l e s ,  mp. 147-148 , lit .  mp. 145-146 . 
I R :  3040, 1 6 0 0 ,  1460 ,  880 ,  805 c m - l ;  pmr (CC14) :  6 1 . 4 0  ( s ,  18H, 

- t-C€13), 7.20-7.80 ( m ,  6H, a r o m a t i c  p r o t o n s ) .  

Anal. C a l c d  f o r  C18H24:  C ,  89.94;  H ,  1 0 . 0 6 .  

Found: C ,  89 .35 ;  H ,  1 0 . 1 4 .  

0 

0 7 0 

The f i l t r a t e  was e x t r a c t e d  w i t h  e t h e r ,  washed w i t h  1 0 %  

sodium h y d r o x i d e  s o l u t i o n ,  d r i e d  o v e r  sod ium s u l f a t e  a n d  

e v a p o r a t e d  i n  vacuo  t o  g i v e  3 . 5  g ( 3 0 % )  of 2 , 7 - d i ( t - b u t y l ) -  - 

n a p h t h a l e n e  ( V I I )  a s  c o l o r l e s s  n e e d l e s  ( f r o m  b e n z e n e )  , mp. 102- 

103  , lit. mp. 103-104 . I R :  3040,  2950,  1 6 0 0 ,  1 4 6 0 ,  1360 ,  

9 0 0 ,  840 c m - l ;  pmr (CC14) :  6 1 . 4 4  (s, 18H, - t-C€13), 6 .56 -7 .37  

( m ,  6 H ,  a r o m a t i c  p r o t o n s ) .  

A X .  C a l c d  f o r  C18H24:  C ,  89 .94 ;  H ,  1 0 . 0 6 .  

Found: C ,  89 .25 ;  H ,  1 0 . 1 2 .  

- t - B u t y l a t i o n  o f  o - C r e s o l ( V I l I a )  .- T o  a s o l u t i o n  of  5 .4  g (50  

0 6 0 

mmoles) of  VIUa, 5 . 5  g ( 2 5  mmoles) of  I i n  13 m l  o f  n i t r o m e t h a n e  

w a s  added  a t  1 5  a s o l u t i o n  of  5 . 0  g ( 3 8  mmoles) o f  A 1 C 1 3  i n  

1 0  n i l  of  n i t r o m e t h a n e .  A f t e r  t h e  r e a c t i o n  m i x t u r e  was s t i r r e d  

f o r  30 min ,  i t  was t r e a t e d  a n d  worked up a s  d e s c r i b e d  above 

1 h L  
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- t-BUTYLATION OF BIPHENYL, NAPHTHALENE AND SOME PHENOL DERIVATIVES 

t o  a f f o r d  7.78 g ( 9 5 % )  of a m i x t u r e  of 4 - t - b u t y l -  ( I X a )  a n d  

6 - t - b u t y l - o - c r e s o l ( X a )  w i t h  2.34 g ( 8 6 . 6 % )  of I V .  The b o i l i n g  

p o i n t  of t h e  m i x t u r e  i s  122-124 / 1 3  m. The d i s t r i b u t i o n  of 

I X a  and  X a  (Table  1) w a s  d e t e r m i n e d  b y  GC a n a l y s i s .  

- t - B u t y l a t i o n  of 2 -Methoxy to luene  (VlILb) .- T o  a s o l u t i o n  of 

- 
8 

0 

2 . 4 4  g (20  mmoles) of VIJIb, 2.20 g (10 mmoles) o f  I i n  1 0  m l  

o f  n i t r o m e t h a n e  w a s  a d d e d  a t  -5 a s o l u t i o n  of 2.66 g ( 2 0  moles)  

o f  A 1 C 1 3  i n  5 m l  o f  n i t r o m e t h a n e .  

w a s  s t i r r e d  f o r  30 min ,  it w a s  worked up as  described above 

t o  g i v e  3.54 g (100%) of I X b ,  b p .  107-109 /15 mm, lit. bp. 

82O/2.5 mm; I R :  3030, 2960,  1 5 0 5 ,  1150 ,  1040 ,  805  crn-l; pmr 

( C C 1 4 ) :  6 1 . 2 7  ( s ,  9H, t-C€13), 2 .18  ( s ,  3H, C€13), 3 .74 ( s ,  3H, 

O C H 3 ) ,  6 .51-7.10 ( m ,  3H, aromatic p r o t o n s ) .  

- t - B u t y l a t i o n  of m - C r e s o l  - ( X I a )  .- T o  a s o l u t i o n  o f  5 . 4  g ( 5 0  

0 

A f t e r  t h e  r e a c t i o n  m i x t u r e  

0 9 

mmoles) o f  X I a ,  5 . 5  g ( 2 5  mmoles) o f  I i n  1 5  m l  o f  n i t r o m e t h a n e  

w a s  a d d e d  a t  1 5 -  a s o l u t i o n  o f  5 g ( 3 8  mmoles) o f  A 1 C 1 3  i n  1 0  

m l  o f  n i t r o m e t h a n e .  The r e a c t i o n  m i x t u r e  w a s  t r e a t e d  a n d  

worked up as d e s c r i b e d  a b o v e  t o  g i v e  5 . 2 1  g ( 6 3 . 5 % )  of X I I a  

as  a co lor less  l i q u i d ,  b p .  118-119'/14 mm, lit. 1 0  b p .  121-122O/ 

1 5  mm; I R :  3550, 3040, 2960,  1 6 2 0 ,  1410 ,  1300 ,  1190 ,  1 1 4 0 ,  

1090 ,  9 5 5 ,  810 c m - l ;  pmr(CC14):  6 1 . 3 5  ( s ,  9H, t-C€13), 2 .18  

(s,  3 H ,  CEl , ) ,  4 .48  ( s ,  lH, O H ) ,  6.20-7.30 ( m ,  3H, aromatic 

p r o t o n s ) .  

- t - B u t y l a t i o n  of 3 - l l e t h o x y t o l u e n e  ( X I b )  .- To a s o l u t i o n  o f  1 5 . 2 5  

g ( 1 2 5  m o l e s )  of 3 - m e t h o x y t o l u e n e ,  5 . 5  g ( 2 5  mmoles) o f  I i n  

20 m l  o f  n i t r o m e t h a n e  w a s  a d d e d  a t  1 5  a s o l u t i o n  o f  5 g ( 3 8  

mole)  of A 1 C 1 3  i n  1 0  m l  o f  n i t r o m e t h a n e .  

w a s  t rea ted  a n d  worked up as  d e s c r i b e d  above  t o  a f f o r d  8 . 5 8  g 

The r e a c t i o n  m i x t u r e  
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TASHIRO AND YAI'4ATO 

( 9 6 . 4 % )  of  X I I b ' l  as a color less  l i q u i d ,  b p .  1 0 6 - 1 0 8 ° / 1 4  mm; 

I R :  3 0 4 0 ,  2 9 6 0 ,  2 8 8 0 ,  1 6 1 0 ,  1 3 0 0 ,  1 2 6 0 ,  1 1 8 0 ,  1 1 0 0 ,  1 0 5 0 ,  8 1 0 ,  

an- ' ;  p m r ( C C 1 4 )  6 1 . 3 2  (s, 9H, &-Cf13) , 2 . 2 7  (s, 3H, CH3) , 3 . 7 5  

( s ,  3H, O C H 3 ) ,  6 . 4 0 - 7 . 1 0  ( m ,  311, aromatic p r o t o n s ) .  

- t - B u t y l a t i o n  o f  2 , 6 - D i m e t h y l p h e n o l  ( X m )  .- To a s o l u t i o n  of 

2 . 4 4  g ( 2 0  m m o l e s )  o f  X I U  a n d  2 . 8 0  g ( 1 3  mmoles) of I i n  1 0  m l  

o f  n i t r o m e t h a n e  w a s  added a s o l u t i o n  of  2 . 6 4  g ( 2 0  mmoles) of 

A 1 C l 3  i n  5 m l  o f  n i t r o m e t h a n e .  T h e  r e a c t i o n  m i x t u r e  was w o r k e d  

up as d e s c r i b e d  above t o  g i v e  3 . 5 5  g ( 1 0 0 % )  of  X I V  as  co lo r l e s s  

p r i s m s  ( f r o m  p e t r o l e u m  e t h e r ) ,  mp. 7 2 . 5 - 7 3 . 5  , l i t .  mp. 7 2 . 5 -  

7 3 . 5  . 

0 1 2  

0 
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