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THE t-BUTYLATION O F  AROMATIC COMPOUNDS W I T H  2 6 - D I  ( t -BUTYL) - - 
p-CRESOL. THE SELECTIVE SEPARATION OF p-XYLENE FROM C8 AROMATICS 

- 

* 
M. T a s h i r o  I G. Fukata  and T. Yamato 

Research 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 ,  
Hakozaki, Higashi-ku,  Fukuoka 812 I JAPAN 

The t r a n s a l k y l a t i o n  of some g-buty lbenzenes  h a s  been  a p p l i e d  

t o  t h e  p r e p a r a t i o n  of o t h e r  r -buty lbenzenes  . However I t h e  

a romat i c s  used a s  an  a c c e p t o r  of t - b u t y l  group must be  used 

i n  l a r g e  e x c e s s  i n  o r d e r  t o  o b t a i n  h igh  y i e l d s  of t h e  d e s i r e d  

- t -bu ty lbenzenes  s i n c e  t h e  

v e r s i b l e .  

+ &' 
CH 

I I1 

a: R = CH3, R' = H 

b : R = C H  R ' = H  2 5'  
C:  R = n-C H R' = 

d: R = i - C  H R' = 
3 7' 
3 7' 

t r a n s a l k y l a t i o n  i s  g e n e r a l l y  re- 

- C a t a l y s t  &' + 6 
cH 3 

I11 I V  

e :  R = CH3, R' = 2-CH3 

f :  R = CH 3' R' = 3-CH3 

g: R = CH R' = 4-CH3 

h :  R = OCH3' R'  = H 
3'  H 

H 

W e  now r e p o r t  t h e  conven ien t  and h i g h  y i e l d  (96 -99%)  2- 
b u t y l a t i o n  of a romat i c  compounds (11) by t h e  i r r e v e r s i b l e  

aluminum ch lo r ide -n i t rome thane  c a t a l y z e d  t r a n s l a k y l a t i o n  of 

2 '6-di  (A-butyl)  -p-cresol ( I )  : t h e  g - b u t y l a t i o n  of I I g  was n o t  

observed .  I V  w a s  o b t a i n e d  i n  h i g h  y i e l d s  ( 9 0 - 9 9 % )  i n  a l l  c a s e s .  

The isomers d i s t r i b u t i o n  of t h e  p roduc t  (III):\is summarized 

i n  Table 1. 
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TASHIRO, FUKATA AND Y M T O  

Table  1.- The Isomer D i s t r i b u t i o n  (vpc)  o f  P roduc t s  (111) 

Run I11 o r t h o  para 

1 a 0 7.0 93.0 
2 b 0 7.0 93.0 
3 C 0 6.4 93.6 
4 d 0 7.0 93.0 
5 h 0 0 1 0 0  
6 e I - t -buty l -  100 
7 f 5-5-butyl- 1 0 0  

T h i s  sugges t ed  t h a t  t h e  A1C13-CH3N02 c a t a l y z e d  - t - b u t y l a t i o n  

o f  t h e  mixture of C8-aromatics such  as xy lenes  and e thy lbenzene  

w i t h  I as a method o f  the s e l e c t i v e  separation o f  I Ic  from t h e  

mix tu re  and t h e  r e s u l t s  are summarized i n  Table  2 .  

Table 2 .- The A1C13-CH3N02 Ca ta lyzed  t - B u t y l a t i o n  o f  t h e  

Mixture  of I1 and I11 w i t h  I a t  15  . O a )  

b )  R e a c t a n t ( % )  

- Run IIe IIf IIg IIb 
1 1 0  0 9 0  0 

2d) 50 0 50 0 
3d) 0 50 50 0 

4 5 5 90 0 

5 0 0 90 1 0  

6 5 5 85 5 

1/11 Produc t  (%)  

(mole/mole) 9 c ) I I I e  I I I f  I I I g  I I I b  I V  

0.055 95 95 o +  0 9 2  
0.275 97 99 87 

0.275 94 0 98 0 0 9 1  
0.055 95 4 4  4 7  1 0 88 
0 -055 95 0 0 + 98 94 
0.090 95 34 34 ++ 20 93  

-- 

a) C a t a l y s t / I  = 1 . 5  mole/mole; t i m e :  1 minute .  b) T o t a l  mole 
o f  I1 w a s  k e p t  as one m o l e .  c)  The p u r i t y  o f  I I g  w a s  h i g h e r  
t h a n  99%. d )  Reac t ion  t i m e :  30 min.  

A s  shown i n  Table 2 ,  I I g  d i d  n o t  react b u t  t h e  cor respond-  

i n g  2 -bu ty lxy lenes  ( I I Ie  and I I I f )  and &-buty le thylbenzene  

( I I I b )  were o b t a i n e d  i n  good y i e l d s  i n  a l l  c a s e s .  The b o i l i n g  

p o i n t s  o f  I I g  is somuch lower t h a t  t h o s e  o f  I I I b ,  IIIe and 

IIIf t h a t  t h e  s e p a r a t i o n  of I I g  by d i s t i l l a t i o n  from t h e  

r e a c t i o n  mix tu re  i s  ve ry  e a s y  and I V  w a s  e a s i l y  removed w i t h  

1 0 %  sodium hydroxide  s o l u t i o n .  

The fo rma t ion  o f  s m a l l  amounts o f  I I I g  obse rved  f o r  t h e  

26h 
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THE t-BUTYLATIOW OF AROTIATIC COI'POUNDS - 
o n e  m i n u t e  r e a c t i o n  s u g g e s t s  t h a t  I I I g  i s  u n s t a b l e  u n d e r  t h e  

c o n d i t i o n  u s e d  a n d  t h a t  I I g  is r e g e n e r a t e d .  The v e r y  much 

s h o r t e r  r e a c t i o n  t i m e  recommends t h i s  r e a c t i o n  as  a more 

c o n v e n i e n t  s e p a r a t i o n  of p - x y l e n e  from t h e  m i x t u r e  o f  C8- 

aromatics t h a n  p r e v i o u s l y  r e p o r t e d  methods .  
5-10 

EXPERIMENTAL 

The isomers d i s t r i b u t i o n  of I11 was d e t e r m i n e d  by g a s  
chromatography u s i n g  a Yanagimoto G a s  Chromatography,  Yanagimoto 
G8 YR-101; column, ,30% h i g h  vacuum s i l i c o n  g r e a s e ,  2 m ;  
t e m p e r a t u r e  i s  110 carr ier  gas, h e l i u m  50 ml/min. 

The 2 - B u t y l a t i o n  of A r o m a t i c s . -  To a m i x t u r e  of 5 e q u i v a l e n t s  

o f  I1 a n d  1 e q u i v a l e n t  of I w a s  added 1 . 5  e q u i v a l e n t  o f  

c a t a l y s t 1 6  i n  o n e  p o r t i o n  a t  room t e m p e r a t u r e .  

r e a c t i o n  m i x t u r e  w a s  s t i r r ed  for  1 min. ( u n l e s s  o t h e r w i s e  

A f t e r  t h e  

i n d i c a t e ) ,  it w a s  quenched  w i t h  10% HC1.  The o r g a n i c  l a y e r  

was extracted w i t h  t h r e e  100 m l  p o r t i o n s  of e t h e r  a n d  t h e  

e t h e r e a l  e x t r a c t  w a s  washed w i t h  1 0 %  sodium h y d r o x i d e ,  d r i e d  

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

t o  a f f o r d  111. A f t e r  a c i d i f i c a t i o n  o f  t h e  sodium h y d r o x i d e  

e x t r a c t  w i t h  10% HC1, it w a s  e x t r a c t e d  w i t h  e t h e r  and  t h e  

e t h e r e a l  e x t r a c t  w a s  d r i ed  over sodium s u l f a t e ,  t h e n  d i s t i l l e d  

t o  g i v e  I V .  

I I I a :  b p  77'/10 mm, lit.", b p  192.2' /760 mm. 

122'/30 mm, lit.", b p  212.1°/760 mm. 

I I I b :  b p  120- 

IIIc" bp 106-109'/18 mm, 

l i t . I2 ,  b p  116-15 mm. I I I d :  b p  106-109'/15 mm, l i t .  1 2  , b p  

l09 ' /15 mm. 

I I I f :  b p  92-95'/12 mm, l i d 4 ,  b p  102-104°/30 mm. 

96-97'/13 m, l i d 5 ,  bp 99-100°/15.5 mm. 

IIIe: b p  102-104°/16 mm, lit.13, b p  83-85O/3 mm. 

I I I h :  b p  
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TASHIRO, FUKATA AND YAMAT0 

General Procedure of S e p a r a t i o n  of  p-Xy1ene.- To a s o l u t i o n  

of 12.2  g ( 5 5  m o l e s )  of I i n  a mixture  of  11 ( t o t a l  amount: 

1 mole) w a s  added A1C13-CH3N02 c a t a l y s t  (10 .9  9/20  m l )  i n  one 

p o r t i o n .  A f t e r  one minute w i t h  s t i r r i n g ,  it was quenched w i t h  

1 0 0  m l  of water and t h e  o rgan ic  l a y e r  w a s  worked up as  d e s c r i b e d  

above. D i s t i l l a t i o n  under reduced p r e s s u r e  a f fo rded  I I g  (bp 

31-32 /13  m m ) ,  I11 and V (bp of  111: 87-93 /13  m m ) .  

- 

0 0 

REFERENCES 

1. G.  A. Olah, Ed., "F r i ede l -Cra f t s  and Related React ions" ,  

2. N .  Yoneda, M .  Yamaguchi, and H .  Otsuka, Nippon Kagaku 

3. S.  Nagahama and K .  Shimada, Japan P a t . ,  70 19, 688;  C.A. ,  

4. F. R. J.  W i l l e m s e ,  J. Wolters and E.  C .  Kooijiman, R e c .  

5 .  B .  B. Corson and V. N .  I p a t i e f f ,  J.  Am. Chern. SOC., 2, 
6 .  J. R .  James and D.  N igh t inga le ,  i b i d . ,  66, 1 5 4  ( 1 9 4 4 ) .  
7. K .  Shimada abd S .  Nagahama, J. PetroleumChem. Japan, 2, 
8. M .  J .  S c h l a t t e r ,  J.  Am. Chem. SOC., 76, 4952 ( 1 9 5 4 ) .  
9.  C. J. Egan and R .  V .  Luthy, Ind .  EngTChem., 47, 250 ( 1 9 5 5 ) .  

Wiley, N e w  York, 1964,  V o l .  11, P a r t  I .  

Zasshi ,  1973, 331. 

73, 66234  ( 1 9 7 0 ) .  

Trav. Chim. Pays-Bas, 90, 5 ( 1 9 7 1 ) .  

1 4 1 7  ( 1 9 3 7 ) .  

34 (1975)  . 

1 0 .  B.  B. Carson, W. J. Heintzelman, R .  C .  Odioso, H.E .  T i e f e n t h a l ,  

11. M. J .  S c h l a t t e r  and R.  D. C la rk ,  J. Am. Chem. SOC., 75, 3 6 1  

1 2 .  G. F.  Hennion and L .  A. Auspees, i b i d . ,  65, 1 6 0 3  ( 1 9 4 3 ) .  
13. J. R .  Jones and D .  N igh t inga le ,  i b i d . ,  66, 1 5 4  ( 1 9 4 4 ) .  
1 4 .  D. N igh t inga le ,  H .  D.  Radford and 0. G .  Shanko l t ze r ,  i b i d . ,  

and F .  J.  P a v i l i k ,  Ind.  Eng. Chem., 48, 1 1 8 0  ( 1 9 5 6 ) .  

( 1 9 5 3 ) .  

64. 1 6 6 2  (19421 .  
1 5 .  K'M. Cul i inane  and D.  N .  Leyshan, J. Chem. SOC., 1957, 

2952. 
1 6 .  0. Tsuge, M. Tash i ro  and A .  T o r i i ,  Kogyo Kagaku Zasshi ,  
- 70, 2287  ( 1 9 6 7 ) ;  C.A.,  68, 104300 ( 1 9 6 8 ) .  

(Received Sept.  3, 1976; i n  revised form Dec. 9,  1976). 

266 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


