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SYNTHETIC COMMUNICATIONS, 29( 13), 2229-2234 (1999) 

S O L I D  S T A T E  S Y N T H E S I S  O F  B E N Z I L S  AT L O W -  
H E  A T  I N  G T E M P E R A T  U R E  S 

Yi-Ming Zhou ,  Xiang-Rong Ye, X in -Quan  Xin*  

Coordination Chemistry Institute, State Key Laboratory of  Coordination 
Chemistry, Nanjing University, Nanjing 210093,P.R. China 

A b s t r a c t  : A s i m p l e  and ef f ic ien t  method for  t he  p repa ra t ion  o f  
benz i l s  th rough the  so l id  s t a t e  ox ida t ion  r eac t ion  of  benzo ins  by 
FeCI; . 6 H 2 0  a t  low-hea t ing  tempera tures(80  - 9O'C) is descr ibed .  
The  oxida t ion  cond i t ions  a re  mi ld .  T h e  p roduc t s  a r e  eas i ly  
separa ted  wi th  no pol lu t ions  produced .  

Benzi l s  have  rece ived  a grea t  deal o f  a t t en t ion  because  of 

the i r  p rac t ica l  app l i ca t ions ,  i . e .  a s  a pho tosensa t ive  agent  in  

photocurable  c o a t i n g s ( l ) ,  and  a s  a synthe t ic  agent  in  o rgan ic  and  

pharmaceut ic  syn thes i s .  As we know,  benz i l s  a r e  t rad i t iona l ly  

prepared  by the  ox ida t ion  of  t he  co r re spond ing  b e n z o i n s  wi th  an  

oxid iz ing  agent .  such  as CuSOqiPy,  B i 2 0 3 / H f ,  H N 0 3  in an 

aqueous  so  1 u t i o n(  2 

P h C H ? E t ; Y B r ; / ( P h C 0 ) 2 0 2 / M e C N ,  T i ( O P r i ) j / T H F ,  a n d  C r 0 3  . 

and P h j P B r2 / M  e C N , D M S 0/( C 0 C 1) 21 C H? C 12, 

* To w h o m  correspondence  should  be addres sed .  
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2230 ZHOU, YE, AND XIN 

(CH;);N . HC1 / SiO2 in  a nonaqueous solution(;). The  available 

large number of  "mi ld"  oxid iz ing  agents  may be proven  to be 

impracticable when the reactions are per formed on a large sca le .  

Also there a re  some  problems assoc ia ted  wi th  above  syntheses ,  

such as ,  severe  condi t ions  for the  reac t ion ,  expens iveness  and 

difficulty i n  p repar ing  the  reagent and separa t ing  the  product 

from the  reaction sys tem,  and  ser ious  envi ronmenta l  po l lu t ion .  

Quite a few organic reac t ions  proceed well in so l id  s ta te .  In 

some cases ,  the organic reac t ion  occurs  more  e f f ic ien t ly  in solid 

state than  i n  so lu t ion  phase(435). Here  we repor t  on how to 

prepare benzil  and  i t s  der iva t ives  f rom oxida t ion  of  the 

corresponding benzoin by FeC1; * 6H2O in solid s t a t e  at  low- 

heating tempera tures  accord ing  to Scheme 1 .  A mixture  o f  

benzoin and  F e e l ;  6 H 2 0  was  pulver ized  a n d  kept  at  

Scheme 1 Oxidat ion  o f  benzo ins  by FeCl3  - 6 H 2 O  in so l id  s tate  

0 0  

' I  F e C  I 3.6 H,O 
A r - C - C H - A r  A r - C - C - A r  

1 ( a - d )  2 (a-d)  

where  Ar  represents  as follows: a .  ph- ; b. p-C1-ph- ; c.  p- 

8 0 - 9 0 - C  

CHfO-ph-  ; d .  p - C H f - p h - .  

80 - 90°C for  4 hours ,  then  washed with water.  The pure product 

was co l lec ted  with the  y ie lds  o f  89 - 95 % af te r  f i l t ra t ion  and  

purification, a s  shown in Table  1 .  It i s  c lear  that FeCl;  . 6H2O 
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BENZILS 223 1 

compound melting 
yield 

(fornula) point (iit.)/'C / %  

23 93 - 94.5 95.0 
(C14H1002) (94 - 95)(?4 

2b 196 - 197 94.0 
(Ci4HSC12O2) (195 - 196)(7) 

(C16HIJO-I) (131 - 133)(6) 
2C 133 - 134 89.5 

2d 102 - 104 9;.0 

(C16H1402) (10; - 104)(@ 

can ac t  as  a mild and  ex t remely  e f f ic ien t  ox id i z ing  agent  for the  

convers ion  of  benzoin  to  the cor responding  benzi l  i n  the  absence 

o f  any so lvent .  

elemental I R ,  ~ H N M R ,  

6 IPPm analyses(cal.)/?/o u max/cm- 1 
.. .. . 

C H  

80.29 4.71 1658, 1592, 7.16 - 8.10 (IOH, 

(79.99) (4.79) 1578, 794, 717, m, Ar-H) 
696.681 

60.34 3.49 1661, 586, 880, 7.45, 7-80 (SH, 

71.69 5.10 1659, 1597, 3.85 (6H. s, 

(60.24) (2.89) 834, 734 dd, Ar-H) 

(71.10) (5.23) 1510, 799, 830 2CH3), 6.85, 7.85 

(SH. dd. Ar-H) 

80.31 5.49 1660, 1595, 2.41 (6H, s, 

(80.65) (5.92) 1570, 1450, 875, 2CH3), 7.251 7.80 

830, 780,740 (SH. dd. Ar-H) 

Table  1 Character izat ions  for  compounds  2 ( 1 -  d )  

synrhesis 
temperature* ;C 

yield / % 

60 70 

necllyno product 60 72 82 95 

The yield o f  the synthes is  reac t ion  was  a f f ec t ed  by the 

reaction tempera ture .  Table  2 shows t h e  r eac t ion  yield a t  

different tempera ture  wi th  the same  reac tan t  amoun t s  (2 .123g o f  

l a ,  8 . 1 1  Og of FeC1; . 6 H 2 0 )  a n d  reac t ion  t ime  (4  hour s ) .  Almost  

n o  benzil  2a was produced  at the  tempera ture  lower  than  60 "C, 

Table 2 Yield of benzil 2a at different synthesis temperature 

= Total reaction time was -I hours. 
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2232 ZHOU, YE, AND XIN 

w h e r e a s  an o b v i o u s  r e a c t i o n  o c c u r r e d  a t  a p p r o x i m a t e l y  7 0 % .  T h e  

v ic ld  o f  b e n z i l  g r a d u a l l y  i n c r e a s e d  w i t h  t h e  t e m p e r a t u r e  a n d  a 

near ly  c o m p l e t e  r e a c t i o n  was  a c h i o v e d  a t  9 0 % .  

In c o n c l u s i o n ,  we  have  s h o w n  t h a t  t h e  u s e  o f  s o l i d  s t a t e  

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

m e t h o d  f o r  o x i d a t i o n  r e a c t i o n  o f  b e n z o i n s  w i t h  h i g h  y i e l d .  T h e  

p r o c e d u r e  a v o i d s  t h e  usage  o f  o r g a n i c  s o l v e n t .  

G e n e r a l  P r o c e d u r e  

T h e  g e n e r a l  p r o c e d u r e  a d o p t e d  f o r  t h e  p r e p a r a t i o n  o f  b e n z i l  

2 a  is a s  f o l l o w s .  A m i x t u r e  o f  b e n z o i n  l a  ( 2 . 1 2 3 g ,  10 m m o l )  a n d  

F e C 1 3 . 6 H 2 0  (8 .109g ,  30  m m o l )  w a s  f i n e l y  p o w d e r e d  b y  a n  a g a t e  

m o r t a r  a n d  p e s t l e  a t  room t e m p e r a t u r e .  T h e  m i x t u r e  w a s  t h e n  

t r a n s f e r r e d  t o  a t e s t  t u b e  a n d  k e p t  a t  90  'C fo r  4 h o u r s .  A f t e r  

c o o l e d  d o w n  t o  r o o m  t e m p e r a t u r e ,  t h e  r e a c t i o n  m i x t u r e  w a s  

d i s s o l v e d  i n  40 mL o f  water  a n d  f i l t r a t e d .  T h e  o b t a i n e d  o r g a n i c  

c rys ta l  w a s  w a s h e d  t h r i c e  w i t h  w a t e r ,  a n d  a y e l l o w  c r y s t a l  ( r n . p .  

91 - 93 * C )  w a s  c o l l e c t e d .  R e c r y s t a l l i z a t i o n  o f  t h e  c r u d e  p r o d u c t  

. f r o m  95  % a l c o h o l  a f f o r d e d  a p u r e ,  f a i n t l y  y e l l o w  n e e d l e s  benzil 

221 ( 1 . 9 9 8 8 ,  m . p .  9 3  - 9 4 . 5 % )  i n  a y i e l d  o f  9 5  '34 o f  t h e  t h e o r e t i c a l  

a m o u n t .  T h e  s u b s t i t u t e d  b e n z i l s  2 ( b  - d )  w e r e  s y n t h e s i z e d  a t  80  

'C f o r  4 h o u r s .  T h e  IR and  I H N M R  f o r  t h e  p r o d u c t s  2 ( a  - d)  w e r e  

c o n s i s t e n t  w i t h  t h e  a u t h e n t i c  s p e c i m e n s  i n  t h e  s t a n d a r d  S a d t l e r  

D a d a .  
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BENZILS 2233 

Experimental  

FeC1; . 6 H 2 0  and benzoin l a  were o f  chemica l  g rade  and  

were used as received wi thout  further pur i f ica t ion .  The  

substi tuted benzoins l b ,  l c ,  and  I d  were prepared accord ing  to 

the procedures described i n  the  l i treature(8).  Infrared 

spectroscopy of t he  products were  recorded on an IRS66V FT-IR 

spectrometer with KBr disc and  the  values were tabula ted  in u 

/ c m - l .  lHNMR spec t ra  were taken  on a JEOL JNM-PMX-60SI  

spectrometer for so lu t ion  in CDC13 with TMS as  a n  in te rna l  

reference,  and the chemical sh i f t  va lues  were  g iven  i n  6 /ppm. 

Elemental  analyses were obta ined  by Perk in  Elmer  240C. Melt ing  

points were measured on an  X 4  micromel t ing  point appara tus  and  

all o f  them were uncorrected 

Acknowledgements  Financial  suppor t  by the  Nat iona l  Sc ience  
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