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ORGANIC PREPARATIONS AND PROCEDURES INT. 10(2), 79-82 (1978 1 

THE USE OF PIVALOYL CHLORIDE I N  THE SELECTIVE SYNTHESIS 

OF 3-(-BU"YL)-4-METHOXYPHENOL - A BHA ISOMER 

Luke K. T. Lam* and K e l l y  F a r h a t  

Department of  Labora tory  Medicine and Pathology 
U n i v e r s i t y  of  Minnesota ,  Minneapol i s ,  Minnesota 55455 

B u t y l a t e d  hydroxyaniso le  (BHA) has  been wide ly  used as an  a n t i o x i d a n t  

t o  s t a b i l i z e  f a t t y  foods s i n c e  1947.' Recent ly ,  BHA has  been found t o  

p r o t e c t  l a b o r a t o r y  an imals  from chemica l ly  induced tumor igenes is  under  

v a r i o u s  exper imenta l  c o n d i t i o n s .  While t h e  d e t a i l e d  mechanism of 

p r o t e c t i o n  i s  s t i l l  under  i n v e s t i g a t i o n ,  i n  v i t r o  o b s e r v a t i o n s  u s i n g  

benzo[a]pyrene  (BP) as a model carc inogen  i n d i c a t e  t h a t  BHA d e c r e a s e s  t h e  

format ion  of a c t i v e  BP m e t a b o l i t e s  as w e l l  as t h e  l e v e l  o f  BP-DNA 

binding .  Commercially a v a i l a b l e  BHA c o n t a i n s  two isomers  i n  approxi-  

mately 85:15 r a t i o  of I and 11. Reported s y n t h e s i s  of  BHA, e i t h e r  by t- 

111, R = H, R' = H I 
0 R' 

b u t y l a t i o n  of  h y d r o x y a n i ~ o l e , ~  o r  by m e t h y l a t i o n  of t -bu ty lhydroquinone ,  5 

r e s u l t e d  i n  a mixture  of I and I1 i n  approximately t h e  same p r o p o r t i o n .  

Isomer I can b e  o b t a i n e d  i n  99.5% p u t i t y  from f r a c t i o n a l  c r y s t a l l i z a t i o n  

of  the  commercial mix ture  from ace tone .  Attempts  t o  i s o l a t e  I1 from t h e  

commercial mix ture  i n  l a r g e  q u a n t i t y ,  however, have been complicated by 

i ts  r a p i d  a u t o x i d a t i o n  i n  s o l u t i o n .  P i v a l o y l  c h l o r i d e  h a s  been used 
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LAM AND FARHAT 

6 
s u c c e s s f u l l y  i n  t h e  s y n t h e s i s  of  p e p t i d e s  as a ca rboxy l  p r o t e c t i n g  group. 

We l i k e  t o  r e p o r t  t h e  u s e  o f  t h i s  r e a g e n t  as a phenol  p r o t e c t i n g  group 

i n  t h e  s y n t h e s i s  of isomer I1 wi thou t  t h e  con tamina t ion  o f  isomer I 

Compound I11 w a s  e s t e r i f i e d  w i t h  p i v a l o y l  c h l o r i d e  i n  p y r i d i n e  a t  

10" t o  g i v e  t h e  monoester I V  i n  e x c e l l e n t  y i e l d .  The u s e  o f  p i v a l o y l  

c h l o r i d e  s e r v e d  t o  o p t i m i z e  t h e  s t e r i c  i n t e r a c t i o n s  between t h e  two t- 

b u t y l  groups.  The r e s u l t  w a s  e x c l u s i v e  e s t e r i f i c a t i o n  a t  t h e  less 

h inde red  hydroxy l  group of 111. Dimethyl s u l f a t e  m e t h y l a t i o n  of I V  i n  

a c e t o n e  i n  t h e  p re sence  o f  potassium c a r b o n a t e  gave V i n  q u a n t i t a t i v e  

y i e l d .  Isomer I1 w a s  o b t a i n e d  by KOH s a p o n i f i c a t i o n  of  V. The o v e r a l l  

y i e l d  of  t h e  s y n t h e s i s  of I1 w a s  70% from 111. 

EXPERIMENTAL 

Mel t ing  p o i n t s  were t aken  w i t h  a Fisher-Johns m e l t i n g  p o i n t  a p p a r a t u s  
and are uncor rec t ed .  I R  s p e c t r a  were r eco rded  on  a Beckman Acculab 5 
s p e c t r o m e t e r .  W s p e c t r a  were r eco rded  on a Beckman Model 25 s p e c t r o -  
photometer .  
methyl  s i l a n e  as i n t e r n a l  s t a n d a r d .  TLC was done on S i l i c a  Gel GF p l a t e s  
(Anal tech)  and w a s  sp rayed  w i t h  1:l m i x t u r e  of  0.1M FeCl 
(CN)6 s o l u t i o n s .  
Garden C i t y ,  Michigan. 

3-L-Butyl-4-hydroxyphenol t r i m e t h y l  a c e t a t e  (111) .  - To a coo led  (5-10") 

s o l u t i o n  c o n t a i n i n g  300g (1.8 mol) of t -bu ty lhydroqu inone  i n  1 .87  1 o f  

p y r i d i n e  was added 200g (1.66 mol) of  p r e c h i l l e d p i v a l o y l  c h l o r i d e  i n  f o u r  

e q u a l  p o r t i o n s .  The r e a c t i o n  mix tu re  w a s  s t o r e d  a t  5-10" f o r  4 days.  The 

p r o g r e s s  of  t h e  e s t e r i f i c a t i o n  w a s  checked by TLC. Ten gram p o r t i o n s  of 

p i v a l o y l  c h l o r i d e ,  up t o  2.0 mol,  was added d a i l y  u n t i l  t h e  t -butylhydro-  

quinone was comple t e ly  r e a c t e d .  The py r id in ium h y d r o c h l o r i d e  w a s  

removed by f i l t r a t i o n  and t h e  p y r i d i n e  evapora t ed  i n  vacuo. The c rude  

p roduc t  w a s  d i s s o l v e d  i n  e t h e r .  The e t h e r  s o l u t i o n  w a s  e x t r a c t e d  w i t h  

6 N  H C 1 ,  washed w i t h  water, 10% sodium b i c a r b o n a t e ,  and w a s  d r i e d  ove r  

anhydrous magnesium s u l f a t e .  The e t h e r  s o l u t i o n  was f i l t e r e d  and t h e  

NMR were o b t a i n e d  on a Varian T60 s p e c t r o m e t e r  w i t h  tetra- 

and 0.1M K3Fe 
Elemental  a n a l y s e s  were done by M-H-W ? a b o r a t o r i e s ,  

- 

80 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SELECTIVE SYNTHESIS 3- (t-BUTYL)-4-METHOXYPHENOL - 

s o l v e n t  removed i n  vacuo. The c rude  product  was c r y s t a l l i z e d  from 

methanol t o  g i v e  3788 (84%) of c o l o r l e s s  c r y s t a l s ,  mp. 157-159". 

I R  (CC14) 3600 ( f r e e  OH) and 3460 c m - I  (bonded O H ) ,  1750 ( e s t e r  C=O) and 

1727 cm-' ( H  bonded C=O); UV max (95% EtOH) 201.8 nm ( E 1 9 . 4 ) ,  228.4 

(5 .48) ,  279 (2.59);NMR (CDC13) 

(m, 3 ) ;  mass spectrum (70 eV) m / e  ( re l .  i n t e n s i t y )  250 ( 2 7 ) ,  166 ( l o o ) ,  

151  (61) ,  123 ( 5 ) ,  57 (48) .  

- Anal. Calcd f o r  C15H2203: C ,  71.97; H 8 .86.  Found: C ,  71.87; H ,  9 .13.  

3-~-Butyl-4-methoxyphenoltrimethyl a c e t a t e  (IV). - To a r e f l u x i n g  

suspens ion  of 276g (2 mol) of  powdered potass ium c a r b o n a t e  and 250g 

(1 mol) of 111 i n  3 1 of d r y  a c e t o n e  w a s  added dropwise 150ml (1.5 mol) 

of d imethyl  s u l f a t e  o v e r  a p e r i o d  of 3.5 h r s .  A t  t h e  end of  24 h r s ,  the 

6 1 . 3 7  (s, 1 8 ) ,  5.67 ( s ,  l), 6.33-6.97 

r e a c t i o n  w a s  cooled and t h e  ace tone  s o l u t i o n  c o l l e c t e d  by d e c a n t a t i o n .  

The s o l i d  w a s  washed w i t h  ace tone .  The ace tone  s o l u t i o n s  were combined 

and t h e  s o l v e n t  removed i n  vacuo t o  g i v e  251g (95%) of I V .  Recrys ta l -  

l i z a t i o n  from methanol y i e l d e d  w h i t e  c r y s t a l l i n e  I V ,  mp. 67-68". 

I R  (cc14) 1750 cm -1 (ester c=O); Uv max (95% EtOH) 202.2 nm ( E 1 8 . 7 ) ;  

229.8 (6.88) ,  278 (2 .48) ;  NMR (CDC13) 6 1 . 3 8  ( s ,  1 8 ) ,  3.82 ( s ,  3 ) ,  6.77- 

6.93 (m, 3 ) ;  m a s s  spectrum (70 eV) m / e  ( r e l .  i n t e n s i t y )  264 (66) ,  180 

( l o o ) ,  165 (70) ,  57 (36) .  

- Anal. Calcd f o r  C16H2403: C ,  72.69; H, 9.15. Found: C ,  72.70; H, 9.40. 

3-t-Butyl-4-methoxyphenol (11). - A s o l u t i o n  c o n t a i n i n g  191g (0.72 mol) 

of I V ,  510g ( 9 . 1  mol) of  potassium hydroxide  i n  2 1 of  50% aqueous E t O H  

w a s  h e a t e d  under  r e f l u x  f o r  64 h r s  under  n i t r o g e n  atmosphere.  The 

r e a c t i o n  w a s  cooled  and was a c i d i f i e d  w i t h  conc. HC1. The y e l l o w i s h  or -  

ganic  l a y e r  w a s  c o l l e c t e d .  The aqueous l a y e r  was e x t r a c t e d  w i t h  e t h e r  

( 3  X 5001111). 

water, s a t u r a t e d  sodium b i c a r b o n a t e  s o l u t i o n ,  and w a s  d r i e d  over  anhydrous 

The o r g a n i c  l a y e r  and e x t r a c t s  were combined, washed w i t h  
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LAM AND FARHAT 

magnesium s u l f a t e .  

removed i n  vacuo. 

(87.5%) of  11, mp. 63.5-64", l i t  62.5'. 

The e t h e r  s o l u t i o n  was f i l t e r e d  and t h e  s o l v e n t  w a s  

R e c r y s t a l l i z a t i o n  from cyc lohexane  y i e l d e d  114.lg 

4 

NMR' (CDC13) 6 1 . 3 1  ( s ,  9 ) ,  3 .73  ( s , 3 ) ,  5 .45  ( s ,  l), 6.57-6.83 (m, 3 ) .  
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