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ORGANIC PREPARATIONS AND PROCEDURES INT. 8 ( 6 ) ,  249-262 (1976) 

THE PREPARATION OF ALKYLPHENOLS USING 2-BUTYL FUNCTION AS A 

POSITIONAL PROTECTIVE GROUP' 
* 

M. Tashiro , G. Fukata, T. Yamato, H. Watanabe, 
K. Oe and 0. Tsuge 

Research Institute of Industrial Science, Kyushu University, 
Hakczaki, Higashi-ku, Fukuoka 812, Japan 

2 We reported previously that some halophenols , 2,2'-di- 
3 5 hydroxydiphenylmethanes , dihydroxydiphenyls4 and diary1 ether 

were. easily prepared by the A1C13-CH NO 

transalkylation of the corresponding g-butyl derivatives. 

or A1C13 catalyzed 3 2  

H Catalyst i n  & + I  (1) 
toluene or 
ethylbenzene 

T l t  

I I1 111 

L V  a: R = CH3 

b:  R = C2H5 

We report the selective preparation of palkylphenols(1V) 

and X by transalkylation of I11 and IX prepared as showr. in 

equations 1 and 2. The structures of I1 were confirmed by 

conversion to the corresponding sulfonamides (VI) the 

sulfonyl chloride ( 1 7 ) .  Gas chromatography of V indicated the 

presence of small amounts (23%) of the isomeric, 2-methyl- 

(Val 1 and 2-ethyl-4-2-butyl sulfonyl chloride (Vb')  : the sepa- 

ration of V and V' by distillation was unsuccessful. These 

results suggest that I1 might also contain the isomeric sulfonic 

acids formed from the isomerihLtion of I1 during the sulfona- 
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TASIIIRO, FVATA, YATMTO, WATAIIAAUE, i lE  AID E U G E  

t i o n  o f  I w i t h  c o n .  s u l f u i r c  a c i d .  However, t h e  i s o l a t i o n  of 

11' and V I '  a s  w e l l  as  V '  w e r e  u n s u c c e s s f u l .  I n  t h i s  work ,  

11, 111 and V w e r e  u s e d  w i t h o u t  s e p a r a t i o n  of 11', 111' and 

v '  r e s p e c t i v e l y .  

SO ,H OH OH 
H3CyCH3 -.-c H 3 C T  3 a  

H2S04 

V I I a  V I  I Ia I X a  X a  

(2) 

' 3 ' 9  cH3 c 9 s 0 3 H  '3'T C a t a l y s t  id3'@ + V I I b  

-3 --t 
o-xylene - NaOH 

V I I b  V I I I b  1% xb 

The r e a c t i o n  o f  I I a  and I I b  w i t h  a m i x t u r e  o f  sodium 
0 

h y d r o x i d e  and p o t a s s i u m  h y d r o x i d e  w e r e  c a r r i e d  o u t  B t  300-330 

f o r  30 min t o  a f f o r d  t h e  d e s i r e d  I I I a  and  I I I b  w i t h  I I I a '  and  

I I I b '  i n  76 and  4 2 %  y i e l d s  r e s p e c t i v e l y :  t h e  m o l a r  r a t i o s  o f  

I I I a ' / I I I a  and I I I b ' / I I I b  are  17/83  and 25/75 mole/mole. The 

s t r u c t u r e  of I I I a '  w a s  i d e n t i f i e d  w i t h  a u t h e n t i c  sample  which  

w a s  p r e p a r e d  by t h e  t - b u t y l a t i o n  o f  2-cresol. 6 

On t h e  o t h e r  hand ,  when V I I a  and  V I l b  w e r e  c o n v e r t e d  t o  

4 - t - b u t y l - 2 , 6 - d i m e t h y l -  ( I x a )  and  5-~-butyl-2,3-dimethylphenol 

( I X b ) ,  no  isomer f o r m a t i o n  w a s  observed. The t r a n s a l k y l a t i o n  

of I11 and I X  w e r e  c a r r i e d  o u t  u n d e r  v a r i o u s  c o n d i t i o n s  and 

t h e  r e s u l t s  a r e  summarized i n  T a b l e  1. 
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PREPAFATION OF ALKYLPHENOLS 

a) Table 1.- The Transalkylation of I11 and IX with A1C13 

0 

Substance Solvent Temp.( C) Product ( % )  

IIIa benzene 25 IVa(82) Ic(80) 
IIIa to 1 uene 25 IVa(80) Ia(82) 
IIIb ethylbenzene 25 IVb(80) Ib(80) 
IXa g-xylene 25 Xa(78) VIIa(80) 

o-xylene 25 Xb(S2) VIIb(81) IXb - 
a) Reaction time was 3 hrs. 

It should be noted that the separation of I11 and 111' is 

not necessary for the preparation of the desired IV, since the 

both I11 and 111' afforded same product IV. 

The A1C13 catalyzed transalkylation of 3,3'-di(t-butyl)- 

4 , 4 -dihydroxy- (XIIa) , 3 , 3 -di (t-butyl-2 - , 4 -dihydroxy- ( XIIb) 

and 3 , 3'-di (t-butyl) -2 , 2 -dihydroxy-6,6 '-dimethyldiphenyl 
(XIIc) prepared by the oxidative coupling of 6-t-butyl-3-methyl- 

phenol (XI) (see Table 2) afforded 4,4'-dihydroxy-2,2'-dimethyl- 

(XIIIa) , 2,4'-dihydroxy-6,6'-dimethyl- (XIIIb) and 2,2'-di- 

hydroxy-6,6'-dimethyldiphenyl (XIIIc). The VC14 and V0Cl3 

catalyzed oxidative coupling of ;-cresol afforded only XIIIa 

in trace amounts, but none of its isomers XIIIc which would 

also be expected to form in the reaction . 7 

Table 2.- Oxidative Coupling XIa) 

0 Isomer Distribution ( % )  
Reagents Temp.( c) Yield(%) - XIIa __ XIIb - XIIc 
chloroanil 160 25 34 50 16 

vc 1 0 29 97 3 0 
VC14 20 18 89 11 0 

vocf, 20 33 34 66 0 

a) Reaction time was 1 hr. 

The structures of XIIa-XIIc were confirmed by their spectral 

data and the results of the transalkylation of XIIa-XIIc which 
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TASHIRO, FUKATA, YAI;ilTO, WATANABE, OE AND TSUGE 

HOOOH w 
H3C CH3 

X I I a  

. O O  w 
H3C C H 3  

XIIb 

3 H3C CH 

X I I C  

benzene 

XI I Ia  

H3C OH - H O W  

A l C 1 3  i n  

benzene 

CH 3 

XI I Ib  

- A l C 1 3  i n  

benzene 

3 H3C CH 

X I I I C  

t 6 
V I I C  

f V I I C  

f V I I C  

Table  3.- The A 1 C 1 3  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 X I 1  i n  
a )  Benzene S o l u t i o n  

0 

X I 1  Temp. ( C )  - T i m e  (min) P roduc t  ( % )  

X I I a  20  15  X I I I a  ( 7 0 )  
X I  I b  50 6 0  XI I Ib  ( 7 6 )  
X I I C  50 60  X I I I c  ( 7 0 )  

- 

a )  A 1 C 1 3 / X I I  : 2 . 2  mole/mole, Benzene/XII : 1 2 0  mole/ 
mole.  

w i l l  be  d e s c r i b e d  below. I d e n t i f i c a t i o n  of X I I I a  and X I I I c  

w e r e  c a r r i e d  o u t  by t h e  comparison o f  t h i e r  I R  s p e c t r a  w i t h  

t h o s e  of  t h e  a u t h e n t i c  samples  which w e r e  p repa red  a c c o r d i n g  

t o  t h e  r e p o r t e d  method XI I Ib  was p r e p a r e d  by t h e  c r o s s  

Ullman r e a c t i o n  of XIVa and XIVb, which gave XVa, XVb and X V c :  

however,  t h e  i s o l a t i o n  o f  XVb from t h e  mix tu re  of t h e  p r o d u c t s  

was n o t  d i f i c u l t  s i n c e  XVb was t h e  main p r o d u c t .  

25 2 
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CH 3 c-& 

X I V a  

+ 4 

CH30w3 
VIb 

CH3 
X i a  

H I  
X I I I b  

6 H 3  xvb 

H C OCH3 49 H I  - X I I I C  

xvc H3C6 CH3 

EXPERIMENTAL 

A l l  me l t ing  and b o i l i n g  p o i n t s  are uncor rec t ed .  I R  
s p e c t r a  were measured as K B r  p e l l e t s  o r  l i q u i d  f i l m s  on a 
Nippon Bunko I R - A  spec t rophotometer  and NMR s p e c t r a  w e r e  
determined a t  60 MHz w i t h  a H i t a c h i  R-20 NMR spec t rometer  
w i th  TMS a s  an i n t e r n a l  s t anda rd .  Mass s p e c t r a  were ob ta ined  
on a H i t a c h i  RMS-4 m a s s  spec t rometer  w i th  a d i r e c t  i n l e t  
( i o n i z a t i o n  energy 70 e V ) .  

A n a l y t i c a l  Procedure.- The a n a l y s e s  w e r e  c a r r i e d  o u t  by g a s  
chromatography us ing  a Yanagimoto Gas Chromatography, Yanaco 
YR-101; 30% high  vacyum s i l i c o n  g r e a s e ,  75 c m ;  programmed 
tempera ture  r ise,  1 2  /min; carrier g a s ,  helium, 25 ml/min. 
From t h e  a r e a  o f  i n d i v i d u a l  peaks ,  mole% f i g u r e s  w e r e  c a l c u l e t e d  
f o r  each p roduc t .  

Su l fona t ion  o f  1a.-  To  250 g o f  conc. s u l f u r i c  a c i d  w a s  added 

g r a d u a l l y  74  g (0.5 m o l e )  o f  Ia a t  room tempera ture .  A f t e r  

t h e  r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t  50 f o r  2 h r ,  it was poured 
0 

i n t o  a l a r g e  amount of ice,  and t o  t h e  s o l u t i o n  w a s  s a t u r a t e d  

sodium c h l o r i d e .  The p r e c i p i t a t e d  colorless c r y s t a l s  w a s  

c o l l e c t e d  by f i l t r a t i o n ,  washed w i t h  s a t u r e d t e d  sodium c h l o r i d e  

s o l u t i o n  and d r i e d  i n  vacuo a f f o r d i n g  120 g ( 7 7 % )  of sodium 

s a l t  of I Ia ,  mp 300 . NMR ( D 2 0 )  6 ppm: 1.25 (9H, s, 6-(Cg3)3), 
0 

2.57 (3H, s, CH3) - and 7.25-7.95 (3H, m, a romat ic  p r o t o n s ) .  
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TASHIRO, FUKAlA, YAIIATO, WATNJAUE, OE NII) TSUGE 

S u l f o n a t i o n  of 1b.- To 200 g of conc .  s u l f o n i c  a c i d  was added 

g r a d u a l l y  50 g ( 0 . 3 1  m o l e )  o f  I b  a t  25 i n  t h e  p e r i o d  of 1 h r  

under  s t i r r i n g ,  and t h e  s t i r r i n g  was c o n t i n u e d  f o r  6 h r  l o n g e r .  

The r e a c t i o n  mix tu re  was t r e a t e d  and worked up a s  d e s c r i b e d  

above a f f o r d i n g  46.5 g ( 5 3 % )  o f  sodium s a l t  of I I b ,  mp 300 . 

0 

0 

S u l f o n a t i o n  of  VI1a.-  A f t e r  6 0  g o f  5 - r -bu ty l - r~ -xy lene  ( V I I a )  

w a s  added g r a d u a l l y  i n t o  2 4 0  g o f  conc .  s u l f u r i c  a c i d  a t  25 

ove r  a p e r i o d  o f  1 h 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  

5 h r ,  and 1 0 0  m l  s a t u r a t e d  sodium c h l o r i d e  s o l u t i o n  added ,  

c o l o r l e s s  c r y s t a l s  p r e c i p i t a t e d .  The p r e c i p i t a t e  was c o l l e c t e d  

and d r i e d  a f f o r d i n g  9 7  g (76%) of sodium s a l t  o f  2 ,6-dimethyl-  

- t - b u t y l  s u l f o n i c  a c i d  ( V I I I a ) .  V I I I a  was used a s  a s t a r t i n g  

m a t e r i a l  f o r  t h e  p r e p a r a t i o n  o f  2,6-dimethyl-4-t-butylphenol 

( I X a )  . 
S u l f o n a t i o n  of VII1b.-  S i m i l a r l y  97 g o f  sodium s a l t  o f  2,3- 

doimethyl-5-&-butylsulfonic a c i d  ( V I I I b )  was o b t a i n e d  by mean 

o f  s u l f o n a t i o n  o f  60  g o f  5- t -buty l -2-xylene  - (VI Ib )  under  

some c o n d i t i o n  a s  d e s c r i b e d  above.  

A l k a l i  Fus ion  o f  1 I a . -  A f t e r  a mix tu re  1 0 0  g of sodium 

hydrox ide  and  40 g of po ta s s ium hydrox ide  was f u s e d  by h e a t i n g ,  

t h e  a l k a l i n e  m i x t u r e  w a s  cooled to  230 . T o  t h e  a l k a l i n e  

mix tu re  w a s  added g r a d u a l l y  74 g o f  I I a  a t  230 i n  t h e  p e r i o d  

o f  15  min. During t h e  a d d i t i o n  o f  I I a ,  t h e  r e a c t i o n  tempera-  

t u r e  was i n c r e a s e d  t o  270 from 230 . A f t e r  a d d i t i o n  o f  V I I I a ,  

t h e  r e a c t i o n  t empera tu re  was i n c r e a s e d  from 270 t o  300-330 

under  s t i r r i n g  and t h e  s t i r r i n g  w a s  c o n t i n u e d  f o r  30 min. 

A f t e r  t h e  r e a c t i o n  m i x t u r e  was c o o l e d  t o  room t e m p e r a t u r e ,  i t  

was d i s s o l v e d  w i t h  200 m l  of w a t e r  and 280 ml of  d i l u t e d  

0 

0 

0 0 

0 0 

254 
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PREPARATION OF AUXLPHFAOOLS 

s u l f u r i c  a c i d  (1:l) w a s  added i n t o  t h e  aqueous s o l u t i o n .  

D i s t i l l a t i o n  wi th  steam a f fo rded  2 4  g o f  I I I a  ( con ta in ing  I I I a ' )  

as p a l e  yellow l i q u i d ;  bp 1 3 6 - 1 3 9 ' / 1 3  mm. 

( v O H ) .  NMR ( C C 1 4 )  6 ppm; 1 . 2 0  (9H,  s ,  ( C g 3 ) 3 )  , 2 . 1 6  (3H,  s ,  

C E 3 ) ,  5 . 8 5  ( l H ,  s ,  OH) and 6 . 5 0 - 7 . 1 0  (3H,  m, aromatic  p r o t o n s ) .  

I R  ( K B r )  c m - l ;  3360 

The gas chromatography of t h e  products  i n d i c a t e d  t h a t  t h e  

r a t i o  of  I I Ia / I I Ia '  w a s  1 7 / 8 3 .  

A l k a l i  Fusion of 1Ib.-  S i m i l a r l y  4 0  g of  I I b  w a s  t r e a t e d  and 

worked up as desc r ibed  above a f f o r d i n g  7 . 8 5  g of mixture of 

I I I b  and I I I b '  ( 2 5 / 7 5 )  as p a l e  yellow l i q u i d  : bp 1 3 0 - 1 3 4  /15  
0 

mm. 

P repa ra t ion  of 1Xa.- A f t e r  a mixture  of  1 0  g o f  sodium hydroxide 

and 6 0  g of potassium hydroxide w a s  fu sed  by h e a t i n g ,  t h e  

a l k a l i n e  mixture  w a s  cooled a t  2 3 0  . To t h e  a l k a l i n e  mixture  

w a s  added g radua l ly  5 0  g of V I I I a  a t  2 3 0  i n  t h e  pe r iod  of 1 5  

min. During t h e  a d d i t i o n  of V I I I a ,  t h e  r e a c t i o n  temperature 

w a s  i nc reased  t o  2 7 0  from 2 3 0  . A f t e r  a d d i t i o n  of V I I I a ,  t h e  

r e a c t i o n  temperature w a s  i nc reased  from 2 7 0  t o  300-330 wi th  

s t i r r i n g  which w a s  cont inued f o r  30 min. A f t e r  t h e  r e a c t i o n  

mixture had been cooled t o  room temperature ,  it w a s d i l u t e d  

wi th  200 m l  of wa te r  and 2 8 0  m l  of  d i l u t e  s u l f u r i c  a c i d  

(1:l) w a s  added i n t o  t h e  aqueous s o l u t i o n .  D i s t i l l a t i o n  wi th  

s t e a m  a f fo rded  7 . 5 4  g of  I X a  as c o l o r l e s s  prisms, mp 7 2 . 5 -  

7 3 . 5 '  (petroleum e t h e r ) .  I R  ( K B r )  c m - l :  3350 (vOH) and 2 9 6 0  

( v O H ) .  NMR ( C C 1 4 )  6 ppm: 1 . 2 4  (9H, s ,  ( C I 1 3 ) 3 ) ,  2 . 1 8  (6H,  s ,  

CH3) , 4 . 4 0  ( l H ,  s ,  OH) , and 0 . 8 3  (2H, s ,  aromatic  p ro tons )  . 
Anal. Calcd f o r  C12H180:  C ,  8 0 . 8 5 ;  H ,  1 0 . 1 8 .  

Found: C ,  8 0 . 5 9 ;  H ,  1 0 . 0 7 .  

0 

0 

0 0 

0 0 
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TASHIRO, F’UKAlA, YfiiAATG, IdA’INITIABE, OE K10 LSUGE 

P r e p a r a t i o n  of 1 X b . -  S i m i l a r l y  50 g o f  V I I I b  w a s  t r e a t e d  and 

worked up as described above  t o  a f f o r d  1 4 . 6  g o f  I X b  a s  color- 

less l i q u i d ,  b p  143-146’/18 mm. 

( u O H ) .  NMR ( C C 1 4 ) 6  ppm: 1 . 2 0  (9H, s ,  ( C g 3 ) 3 ) ,  2 .06 (3H, s ,  

C g 3 ) ,  2.20 (3H, s ,  C H 3 ) ,  5.54 ( l H ,  s ,  O H ) ,  6.50 a n d  6 . 6 3  ( e a c h  

l H ,  s ,  aromatic p r o t o n s ) .  

Anal. C a l c d  f o r  C12H180: C ,  80 .85;  H ,  1 0 . 1 8 .  

Found: C ,  80 .68;  H ,  1 0 . 2 3 .  

I R  cm-’: 3360 (wOH)  a n d  2960 

The T r a n s a l k y l a t i o n  o f  111.- 

a l k y l a t i o n  o f  I I I a  i n  Benzene.-  To a s o l u t i o n  o f  3 . 5  g ( 2 2 . 9  

m o l e )  o f  I I I a  i n  150 g o f  b e n z e n e  w a s  added  7 g ( 5 2 . 6  m o l e )  

a )  -- The A1C13Catalyzed Trans- 

n 

of aluminum c h l o r i d e  a t  room t e m p e r a t u r e  (25-C)  w i t h  s t i r r i n g  

which w a s  c o n t i n u e d  fo r  3 h r .  The r e a c t i o n  m i x t u r e  w a s  quenched  

w i t h  w a t e r  a n d  t h e  o r g a n i c  l a y e r  w a s  s e p a r a t e d .  The o r g a n i c  

l a y e r  w a s  e x t r a c t e d  w i t h  10% sodium h y d r o x i d e  s o l u t i o n .  The 

e x t r a c t  w a s  a c i d i f i e d  w i t h  1 0 %  h y d r o c h l o r i c  a c i d  a n d  e x t r a c t e d  

w i t h  d i e t h y l  e t h e r .  The e t h e r e a l  s o l u t i o n  w a s  d r i e d  o v e r  

sodium s u l f a t e  a n d  e v a p o r a t e d  i n  vacuo a f f o r d i n g  2 g ( 8 2 . 3 % )  

o f  I V a .  D i s t i l l a t i o n  o f  t h e  r e s i d u a l  o r g a n i c  l a y e r  f rom t h e  

e x t r a c t i o n  w i t h  1 0 %  sodium h y d r o x i d e ,  g a v e  2.78 g ( 8 8 % )  o f  - t- 

b u t y l  b e n z e n e  ( I c )  . b )  The A 1 C 1 3  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 I I I a  i n  Toluene . -  To a s o l u t i o n  of 4 g ( 2 4 . 4  mmole) o f  4 g 

( 2 4 . 4  m o l e )  o f  I I I a  i n  300 g o f  t o l u e n e  w a s  added  1 0  g ( 7 4  

m o l e )  o f  A 1 C 1 3  a t  25 

3 h r s .  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  and  worked up as  

d e s c r i b e d  above a f f o r d i n g  2 . 1 9 ’ 9  ( 7 9 % )  o f  I V a  and  2.95 g ( 8 0 % ) .  

c )  The 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  g f  I I I a  i n  

Toluene . -  S i m i l a r l y  a m i x t u r e  of 2 g ( 1 2  mmole) o f  I I I a ,  33.7 g 

0 

w i t h  s t i r r i n g  which  w a s  c o n t i n u e d  f o r  
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PREPARATION OF ALKYLPHENOLS 

(317 mole)  o f  t o l u e n e  and A1C13-CH3N02 c a t a l y s t  (2 .88  9/5 m l )  

w a s  t r e a t e d  a t  50 and worked up a s  d e s c r i b e d  above a f f o r d i n g  

0.33 q (25%) o f  I V a  and 0.38 g (18 .5%)  of  I a .  The unchanged 

I I Ia  was r ecove red  i n  71% y i e l d .  d)  The A1C13-CH3N02 Ca ta lyzed  

T r a n s a l k y l a t i o n  of I I I b  i n  Ethylbenzene.-  S i m i l a r l y  a mix tu re  

o f  2 g (11 mole)  of I I I b ,  35.6 g (336 m o l e )  of  e thy lbenzene  

and A1C13-CH NO2 c a t a l y s t  ( 2 . 2 1  q/4.4 m l )  was t r e a t e d  a t  50 

and worked up a s  d e s c r i b e d  above a f f o r d i n g  0 . 2 4  g (18%)  of Ivb 

and 0.38 g ( 2 1 % )  o f  I b ,  and 1 . 3  g (65%) o f  I I b  was r ecove red .  

e)  The A1C13  Ca ta lyzed  T r a n s a l k y l a t i o n  o f  I I I b  i n  Ethylbenzene.-  

A mix tu re  of  2 g o f  I I I b ,  35.6 g o f  e thy lbenzene  and 2 . 2 1  g 

(16.8 mmole) of  aluminum c h l o r i d e  was t r e a t e d  and worked up a s  

d e s c r i b e d  above a f f o r d i n g  1.07 g (80%) o f  I V b  and 1 .43  g (80%) 

of I b .  

0 

0 

3 

T r a n s a l k y l a t i o n  o f  I X a .  

s o l u t i o n  o f  2 g (11 m o l e )  o f  I X a  i n  35.8 q (377 mole) of m- 
a )  A1C13-CH2N02 Ca ta lyzed . -  To a 

xylene  was added A1C13-CH3N02 c a t a l y s t  ( 2 . 2  g/4.4 m l ) .  

r e a c t i o n  mixture  w a s  s t i r r e d  a t  50 f o r  3 h r ,  and it was poured 

i n t o  l a r g e  amount of  water. The o r g a n i c  l a y e r  w a s  s e p a r a t e d  

and t h e  water l a y e r  was e x t r a c t e d  w i t h  benzene.  The o r g a n i c  

l a y e r  and t h e  benzene s o l u t i o n  w e r e  combined and e x t r a c t e d  w i t h  

50 ml o f  1 0 %  sodium hydroxide  s o l u t i o n .  The ex t r ac t  w a s  

a c i d i f i e d  w i t h  1 0 %  h y d r o x h l o r i c  a c i d  and e x t r a c t e d  w i t h  e t h e r .  

The e t h e r e a l  s o l u t i o n  was d r i e d  over sodium s u l f a t e  and eva- 

p o r a t e d  i n  vacuo t o  a f f o r d  1 .05  g ( 7 8 % )  o f  Xa; mp 4 1 - 4 2  , 

lit.8, 47-48O. I R  ( K B r )  c m - l :  3380 (vOH). 

2 . 1 9  ( 6 H ,  s ,  C H 3 ) ,  4.40 (lH, s ,  OH) ,  6.50 (3H, m ,  a roma t i c  

p r o t o n s ) .  D i s t i l l a t i o n  of t h e  r e s i d u a l  o r g a n i c  l a y e r  from t h e  

The 
0 

0 

NMR ( C C 1 4 )  6 ppm: 
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'TASIITRO, FUKATA, YA.bNT0, WATANABE, OE AID TSUGE 

e x t r a c t i o n  w i t h  1 0 %  sod ium h y d r o x i d e ,  g a v e  V I I a  ( 8 0 % ) .  

b)  A 1 C 1 3  C a t a l y z e d . -  To a s o l u t i o n  o f  0 . 8  g ( 4 . 5  mmole) of 

I X a  i n  35.8 g o f  m-xylene w a s  a d d e d  2 g of A 1 C 1 3 .  A f t e r  t h e  

r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t  25 f o r  3 h r ,  i t  w a s  t rea ted  
0 

a n d  worked up  as described above a f f o r d i n g  0.44 g ( 8 0 % )  o f  

X a  a n d  0 .36  g ( 7 8 % )  of V I I a .  

The T r a n s a l k y l a t i o n  o f  I X b .  a )  A l C l  -CH NO C a t a l y z e d . -  To a 

s o l u t i o n  o f  2 g (11 mmole) of I X b  i n  (377  mmole) o f  2 - x y l e n e  

w a s  a d d e d  A1C13-CH3N02(2.2 g/4.4 m l ) .  

m i x t u r e  w a s  s t i r red  a t  50 fo r  3 h r s ,  it w a s  t reated a n d  worked  

up as  d e s c r i b e d  a b o v e  a f f o r d i n g  0 .24  g ( 1 8 % )  o f  X b  a n d  0.12 g 

( 6 . 7 % )  of V I I b .  Ivb: co lor less  p r i s m s r  mp 70-71 , lit. mp 

75'. 

s r  C€13), 2 .20 (3H, s r  C€13), 4.91 ( l H r  s ,  OH) and  6.20-7.00 (3H, 

m ,  aromatic p r o t o n s ) .  b)  C a t a l y z e d . -  T o  a s o l u t i o n  o f  

3 g o f  I X b  i n  5 1 . 7  g of - o - x y l e n e  w a s  a d d e d  6 g o f  A1C13 .  

t h e  r e a c t i o n  m i x t u r e  w a s  s t i r red  a t  25 f o r  3 h r s ,  it w a s  

-3-3-2 

A f t e r  t h e  r e a c t i o n  
0 

0 9 

I R  ( K B r )  c m - l :  3300 (vOH) . NMR ( C C 1 4 )  6 ppm : 2.09 (3Hr 

3 

A f t e r  
0 

treated a n d  worked up  as d e s c r i b e d  above a f f o r d i n g  1 . 6 8  g 

( 8 1 . 6 % )  o f  X b  a n d  2 . 2 1  g ( 8 0 . 7 % )  o f  V I I b .  

P r e p a r a t i o n  of V a . -  A f t e r  m i x t u r e  o f  30 g o f  sod ium s a l t  o f  

I I a  and  30 g o f  PC15 w a s  h e a t e d  o n  a w a t e r  b a t h  (90-100 ) f o r  

30min, t h e  r e a c t i o n  m i x t u r e  w a s  p o u r e d  i n t o  ice-water a n d  

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

0 

sod ium s u l f a t e  a n d  e v a p o r a t e d  i n  v a c u o  t o  l e a v e  o n l y  r e s i n o u s  

mater ia l  w h i c h  w a s  d i s t i l l e d  t o  a f f o r d  25 g o f  I V a  as  co lor less  

l i q u i d :  b p  153-157 /20 mm. NMR (CDC13)  6 ppm:1.35 ( 9 H ,  s ,  

( C E 1 3 ) 3 ) r  2 .82  (3Hr s r  C€J,), a n d  7.20-8.00 (3H, m ,  aromatic 

p r o t o n s ) .  The g a s  c h r o m a t o g r a p h y  o f  t h e  p r o d u c t  i n d i c a t e d  

0 
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PREPARATION OF ALKYLPHENOLS 

t h a t  Va and V a l  were formed i n  a r a t i o  o f  23/77. 

Anal. - Calcd  f o r  C11H15S02C1: C ,  53.50; H I  6.08. 

Found: C ,  53.48; H ,  6 . 1 9 .  

P r e p a r a t i o n  o f  Vb.- S i m i l a r l y  a mix tu re  o f  30 g o f  sodium 

s a l t  o f  I I b  and 30 g of PC15 w a s  t r e a t e d  and worked up as 

d e s c r i b e d  above a f f o r d i n g  2.6 g o f  I V  as c o l o r l e s s  l i q u i d ,  

mp 109-167 /20 mm. The r a t i o  of Vb'/Vb as w e l l  as V a ' / V a  i s  

23/77. 

Anal. Calcd f o r  C12H1702SC1: C ,  55.27; H ,  6.57. 

Found: C ,  55.13; H ,  6 .50 .  

0 

P r e p a r a t i o n  o f  V I a . -  A f t e r  a mix tu re  of 1 g ( 4 1  mmole) of  Va 

and 5 m l  o f  conc. aqueous ammonium hydroxide  w a s  s t i r r e d  f o r  

1 h r ,  t h e  r e a c t i o n  mix tu re  w a s  extracted w i t h  e t h e r .  The 

e t h e r e a l  s o l u t i o n  w a s  d r i e d  over sodium s u l f a t e  and evapora t ed  

i n  vacuo t o  l e a v e  0.95 g o f  colorless c r y s t a l  which w a s  

r e c r y s t a l l i z e d  from benzene a f f o r d i n g  0 . 7  g o f  V I a ,  a s  colorless 

p l a t e s ,  mp 142-143 . 
Anal. Calcd  f o r  C11H17NS02: C ,  58.15; H ,  7.49; N ,  6.17. 

Found: C ,  58.48; H ,  7 . 1 1 ;  N ,  6 . 4 1 .  

0 

I s o l a t i o n  of V I a '  which was a l so  expec ted  t o  form w a s  unsuc- 

c e s s f u l .  

P r e p a r a t i o n  of VIb.- S i m i l a r l y  1 g (3 .7  mmole) of VIb w a s  

t r e a t e d  and worked up as d e s c r i b e d  above a f f o r d i n g  0 . 6  g o f  

VIb a s  c o l o r l e s s  p r i sms ,  mp 114-118 ( w a t e r - e t h a n o l ) .  N e i t h e r  

V I b '  n o r  V I a '  c o u l d  be i s o l a t e d .  

0 

- Anal. Clacd  f o r  C12H19NS02: C ,  59.71; H ,  7 . 9 4 .  

Found: C ,  59.75; H, 7.95. 

Ox ida t ive  Coupling o f  X I  w i t h  Chloroani1 . -  A f t e r  a mixture  o f  
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TASHIRO, FUKATA, YAMATO, WATANABE, OE AND TSUGE 

2 0  g ( 1 2 2  m o l e s )  of X I  and 1 5  g ( 6 0 . 5  m o l e s )  of c h l o r o a n i l  

had been hea ted  a t  1 6 0  + 5 f o r  1 h r ,  it was cooled t o  room 

temperature  and e x t r a c t e d  with 200 m l  of  petroleum e t h e r  (bp 

0 0  

- 

6 0 - 8 5  ) t o  a f f o r d  11 g of te t rachlorohydroquinone a s  r e s i d u a l  

substance.  The petroleum e t h e r  s o l u t i o n  w a s  concen t r a t ed  

i n  vacuo t o  one-tenth of  i t s  volume and 1 g of chlorobenzene 

added as an i n t e r n a l  s t a n d a r d  f o r  t h e  gas  chromatographic 

a n a l y s e s .  The y i e l d s  given i n  Table 2 w e r e  c a l c u l a t e d  as 

desc r ibed  above. XIIa,  XIIb and X I I c  were i s o l a t e d  by t h e  

p r e p a r a t i v e  gas  chromatographic method r e s p e c t i v e l y .  X I I a :  

mp 2 0 5 - 2 0 7  , c o l o r l e s s  prisms from petroleum e t h e r :  i r  ( K B r )  
0 

3550 c m - l  ( O H ) ;  pmr (CDC13) 6 1 . 4 0  ( 1 8 H ,  s ,  (C133)3) , 1 . 9 8  (6H,  

s ,  CH3) ,  4 . 7 5  (2H,  s ,  O H ) ,  7 . 0 0  and 7 . 3 5  (each 2H, s ,  aromatic  

p ro tons )  . 
- Anal. Calcd for C 2 2 H 3 0 0 2 :  C ,  8 0 . 9 3 ;  H ,  9 . 2 6 .  

Found: C,  8 1 . 3 7 ;  H ,  9 . 5 4 .  

XIIb: mp 1 5 4 - 1 5 5  , c o l o r l e s s  prisms from petroleum e t h e r ;  i r  

( K B r )  3 5 5 0  c m - l  ( v O H )  1; nmr (CDC13) 6 1 . 4 0  ( 1 8 H ,  s ,  (CH3) 3)  , 

1 . 9 0  (6H,  s ,  C€13), 4 . 8 8  ( 2 H ,  s ,  O H ) ,  6 . 6 0 - 7 . 2 6  (4H,  m ,  aromatic  

p r o t o n s ) .  

- Anal. Calcd f o r  C22H3002:  C,  8 0 . 9 3 ;  H ,  9 . 2 6 .  

Found: C,  8 0 . 6 3 ;  H ,  9 . 3 5 .  

X I I c :  mp 9 5 = 9 6  , c o l o r l e s s  prisms from petroleum e t h e r ;  i r  

( K B r )  3 5 5 0  em-'; nmr (CDC13) 6 1 . 4 0  ( l e H ,  s ,  (CH3)3)  , 1 . 9 0  

( E H ,  s ,  C g 3 ) ,  4 . 7 0  (2H,  s ,  O H ) ,  and 6 . 4 0 - 7 . 1 5  (4H,  m ,  aromatic  

p r o t o n s ) .  

&@.- Calcd €or  C22H3002:  C,  8 0 . 9 3 ;  H ,  9 . 2 6 .  

Found: C, 8 0 . 9 3 ;  H ,  9 . 5 4 .  
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PREPARATION OF ALKYLPIlEPIOLS 

Oxida t ive  Coupling o f  X I  w i th  VC14.-  To a s o l u t i o n  o f  1 g o f  

X I  i n  30 m l  o f  carbon t e t r a c h l o r i d e  w a s  added 1 . 5  9/10 m l  o f  

VC14-CC14 s o l u t i o n  and t h e  r e a c t i o n  mixture w a s  s t i r r e d  a t  20 

f o r  1 h r  under stream of n i t r o g e n ,  t hen  it w a s  quenched w i t h  

50% H2S04. 

w a s  e x t r a c t e d  wi th  20 m l  o f  benzene; t h e  benzene s o l u t i o n  and 

t h e  o rgan ic  l a y e r  w e r e  combined and d r i e d  ove r  sodium s u l f a t e .  

The s o l u t i o n  w a s  worked up as desc r ibed  above a f f o r d i n g  XIIa 

and XIIb i n  t h e  y i e l d s  g iven  i n  Table 2 .  

Oxidat ive  Coupling o f  X I  w i t h  V 0 C l 3 . -  S i m i l i a r l y  a s o l u t i o n  

o f  X I  and 1 .5  g o f  V 0 C l 3  i n  50 m l  o f  benzene w a s  t r e a t e d  a t  20 

f o r  1 h r  and worked up a s  d e s c r i b e d  above t o  g i v e  X I I a  and XIIb. 

4,4'-Dihydroxy-2,2'-dimethyldiphenyl ( X I I I a ) . -  A f t e r  a s o l u t i o n  

of 1 0 0  mg of X I I a  and 9 1  mg o f  A 1 C 1 3  i n  3 m l  o f  benzene was 

shaken a t  20 f o r  15  min, it w a s  quenched w i t h  3 m l  o f  6N 

hydroch lo r i c  a c i d .  The o r g a n i c  l a y e r  was s e p a r a t e d  and t h e  

wa te r  l a y e r  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  s o l u t i o n  

was combined wi th  t h e  o r g a n i c  l a y e r .  The s o l u t i o n  was com- 

b ined  and e x t r a c t e d  w i t h  1 0 %  NaOH s o l u t i o n  (5ml x 3 ) :  t h e  

a l k a l i n e  s o l u t i o n  was a c i d i f i e d  w i t h  1 0 %  hydroch lo r i c  a c i d  

and e x t r a c t e d  w i t h  e t h e r  (10 m l  x 3 ) .  The e t h e r e a l  s o l u t i o n  

0 

The o rgan ic  l a y e r  w a s  s e p a r a t e d  and t h e  w a t e r  l a y e r  

0 

0 

was d r i e d  over  sodium s u l f a t e  and evapora ted  i n  vacuo a f f o r d i n g  

50 mg (76%) of XI I Ia ,  mp 98-100°, lit.', mp 115-116O, c o l o r l e s s  

prisms from chloroform: i r  ( K B r )  3100-3600 c m - l  ( O H ) ,  mass 

spectrum: 214 m / e  (M'). 

2,4'-Dihydroxy-6,2'-dimethyldiphenyl ( X I I I b ) . -  A s o l u t i o n  o f  

1 0 0  mg of XIIb and 182 mg of A 1 C 1 3  i n  3 m l  of benzene w a s  

t r e a t e d  a t  50 f o r  1 h r  and worked up as desc r ibed  above 

a f f o r d i n g  46 mq (70%) of XII Ib  as colorless l i q u i d  which w a s  

0 
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T A S H I R O ,  FIJKATA, YAMATO, WfiTANABE, OE AND TSUGE 

p u r i f i e d  by t h e  p r e p a r a t i v e  g a s  c h r o m a t o g r a p h i c  method.  I r  

( l i q u i d  f i l m  on N a C l  p l a t e s )  3200-3580 c m - l  ( O H ) ;  nmr ( C D C 1 3 )  

6 1 9 1  ( 6 H ,  s ,  CE13), 5.40 ( 2 H ,  s ,  OH)  - and 6.50-7.30 (6H, m ,  
aromatic p r o t o n s )  ; m a s s  s p e c t r u m :  2 1 4  m / e  ( M  ) .  

2,2'-Dihydroxy-6,6'-dimethyldiphenyl (XII Ic)  .- S i m i l a r l y  a 

s o l u t i o n  of 11 mg of X I I c  and  9 1  mg o f  A 1 C 1 3  i n  3 m l  o f  b e n z e n e  

w a s  t rea ted  and  worked up as d e s c r i b e d  above  a f f o r d i n g  52 mg 

( 7 9 % )  o f  X I I I c ,  mp 163-164OI lit.", mp 164O, co lor less  p r i s m s  

from c h l o r o f o r m ,  i r  ( K B r )  

2 1 4  (M'). 
The Ullman R e a c t i o n  of a M i x t u r e  o f  2-Iodo-3-methoxy-1-methyl- 
b e n z e n e  and  2-iodo-5-methoxy-1-meth1benzene.- A m i x t u r e  o f  1 g 

of 2-iodo- 3-methoxy-1-methylbenzene ( X I V a )  , lo 1 g o f  2-iodo-5- 

methoxy-1-methylbenzene ( X I V b )  a n d  s m a l l  amount o f  c o p p e r  

powder w a s  h e a t e d  a t  230 , a n  a d d i t i o n a l  2 g o f  c o p p e r  powder 

w a s  a d d e d  i n  p e r i o d  o f  30 min t h e n  i t  w a s  h e a t e d  a t  270 f o r  

1 5  min. The r e a c t i o n  m i x t u r e  cooled t o  room t e m p e r a t u r e  w a s  
e x t r a c t e d  w i t h  b e n z e n e .  The t h r e e  p r o d u c t s  X V a ,  XVb a n d  X V c  

w e r e  i s o l a t e d  f r o m  t h e  b e n z e n e  s o l u t i o n  by u s i n g  p r e p a r a t i v e  
g a s  c h r o m a t o g r a p h i c  method.  The b o t h  p r o d u c t s ,  XVa and  XVc, 

w e r e  a l so  p r e p a r e d  by t h e  Ullman r e a c t i o n  of t h e  c o r r e s p o n d i n g  

X I V a  a n d  X I V c  r e s p e c t i v e l y ,  so XVb s h o u l d  be 2 , 2 ' - d i m e t h y l - 4 , 6 ' -  

d i m e t h y l d i p h e n y l .  The t r e a t m e n t  o f  XVa-XVc w i t h  h y d r o i o d i c  

a c i d  ( d :  1 . 7 )  u n d e r  c o n d i t i o n s  u s u a l l y  u s e d  a f f o r d e d  X I I I a - X I I I c  

i n  good y i e l d s  r e s p e c t i v e l y .  

+ 

3400-3500 c m - l  ( O H ) ;  mass s p e c t r u m :  

a 

0 

REFERENCES 
1. P a r t  X o f  t h e  series of " S t u d i e s  on S e l e c t i v e  P r e p a r a t i o n  

of A r o m a t i c  Compounds." P a r t  I X  of t h i s  series,  see M .  
T a s h i r o  a n d  G .  F u k a t a ,  Org.  P r e p .  P r o c e d .  I n t . ,  8 ,  5 1  ( 1 9 7 6 ) .  

2 .  M. T a s h i r o ,  H .  Watanabe a n d  0. Tsuge ,  i b i d . ,  6 ,  1 0 7  ( 1 9 7 4 ) .  
3.  M.  T a s h i r o ,  G .  F u k a t a ,  S .  Mataka a n d  K .  O e ,  i E i d . ,  - 7 ,  2 3 1  

4 .  M.  T a s h i r o ,  H .  Watanabe a n d  0. Tsuge ,  i b i d . ,  6, 1 1 7  ( 1 9 7 4 ) .  
5 .  M .  T a s h i r o ,  H .  Watanabe,  K .  O e  a n d  0. Tsuqe ,  i b i d . ,  1, 255 

6 .  W .  L. C a r r i c k ,  G .  L .  K a r a p i n k a  and  G .  T .  Kwia towski ,  J .  Orq. 

7 .  A .  C h i c h i b a b i n ,  Compt. Rend.,  198, 1239 ( 1 9 3 4 ) .  
8 .  0. J a c o b s e n ,  B e r . ,  2 1 ,  2829 ( 1 8 8 8 ) .  
9 .  E .  N o l t i z ,  i b i d . ,  18, 2673 ( 1 8 8 5 ) .  

( 1 9 7 5 ) .  

( 1 9 7 5 ) .  

Chem., 34,  2388 ( 1 9 6 9 ) .  

1 0 .  Y. S u g i i  a n d  H .  S h i n d o ,  Yakuqaku Z a s s h i ,  54, 829 (1934)  ; 
C . A . .  29 ,  790 ( 1 9 3 4 ) .  

11. Y .  O s a G ;  NipponKagaku Z a s s h i ,  84, 140 (1963)  ; C . A . ,  2, 
13856 ( 1 9 6 3 ) .  

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

262 

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


