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THE SEPARATION OF DICHLOROBENZOPHENONE ISOMERS 
BY CONTINUOUS DEVELOPMENT AND REVERSED-PHASE 

THIN-LAYER CHROMATOGRAPHY 

S. L .  Smith,* R.  H. Bishara,  and G. E. Drummond 
L i  1 l y  Research Labora to r ies  

307 East  McCarty S t r e e t  
I n d i a n a p o l i s ,  I nd iana  46285 (U.S.A.) 

D i v i s i o n  o f  E l i  L i l l y  and Company 

ABSTRACT 

Two t h i n - l a y e r  chromatographic methods a re  descr ibed f o r  
2,4'-dichlorobenzophenone w i t h  which 1% of t h e  2,2'- and 2,3 ' -  
isomers can be determined. Continuous t h i n - l a y e r  chromatography 
on s i l i c a  g e l  and convent iona l  reversed-phase t h i n - l a y e r  chroma- 
tography were found t o  be complementary techniques f o r  t h e  
separa t i on  o f  t he  dichlorobenzophenone isomers. 

I NT RODUCT I O N  

D i  c h l o r i n a t e d  benzophenones are  i n te rmed ia tes  i n  t h e  syn- 

t h e s i s  o f  s e l e c t e d  fung ic ides  and o t h e r  a g r i c u l t u r a l  p roduc ts .  
I n  t h e  F r i e d e l - C r a f t s  syn thes i s  f o r  t h e  p r e p a r a t i o n  o f  these 
chemicals,  smal l  q u a n t i t i e s  o f  i somer i c  i m p u r i t i e s  a r e  a l s o  

produced. I n  our  l abo ra to ry ,  t h e  p u r i t y  o f  2 ,4 ' -d ich lo robenzo 
phenone must be c o n t r o l  l e d  t o  p reven t  ca r ry -ove r  o f  i s o m e r i c  
i m p u r i t i e s  t o  the  f i n a l  p roduc t ,  a chemical f u n g i c i d e .  

*To whom a l l  correspondence shou ld  be addressed. 

2205 

Copyright 0 198 1 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2206 SMITH, BISHARA, AND DRUMMOND 

R e l a t i v e l y  l i t t l e  has been pub l i shed  on t h e  chromatographic 
separa t i on  o f  these benzophenones . Perhaps t h e  most ex tens i ve  

work has been a gas-chromatographic procedure r e p o r t e d  r e c e n t l y  

by Abraham -- e t  a l .  ( 1 ) .  
time-consuming and t h e  r e s o l u t i o n  i s  i n s u f f i c i e n t  f o r  t he  de te r -  

m ina t i on  o f  minor  i somer i c  i m p u r i t i e s ,  t h e  method i s  n o t  r e a d i l y  

adapted t o  a r e a l - t i m e  c o n t r o l  s i t u a t i o n .  

However, because t h i s  procedure i s  

A v a r i e t y  o f  TLC systems have been used f o r  t h e  separa t i on  

o f  halogenated aromat ic  compounds (2 -6) .  A p p l i c a t i o n s  i n c l u d e  t h e  
separa t i on  o f  p o l y c h l o r i n a t e d  b ipheny ls  (3)  and t h e  separa t i on  o f  

c h l o r i n a t e d  i n s e c t i c i d e s  (4) .  Tewari and Sharma (5) r e p o r t  t h e  

t b i  n- 1 ayer chromatographic behav io r  o f  a number o f  c h l  o r i  na ted  

p e s t i c i d e s  i n  26 d i f f e r e n t  s o l v e n t  systems; severa l  chromogenic 
reagents were i n v e s t i g a t e d  i n  t h i s  work. A rev iew o f  p e s t i c i d e  

ana lys i s  by TLC has been pub l i shed  by Sherma and Zweig ( 6 ) .  

Desp i te  t h e  widespread use o f  TLC i n  t h e  a n a l y s i s  of ha lo -  
genated fung ic ides ,  p e s t i c i d e s ,  and i n s e c t i c i d e s ,  t h e r e  are  few 
r e p o r t s  on t h e  r e s o l u t i o n  of  i somer i c  halogenated aromat ics by 

t h i n - l a y e r  chromatography. I n  an e a r l y  r e p o r t ,  F i shbe in  ( 7 )  
separated a number o f  halogenated d e r i v a t i v e s  o f  a n i l i n e  and 

benzene us ing  t h r e e  separate systems. 
i n v e s t i g a t e d ,  t h e  i somer i c  dichlorobenzenes were n o t  separated. 

However, w i t h  t h e  c o n d i t i o n s  

I n  t h i s  work, s imp le  TLC methods a re  descr ibed f o r  2 ,4 ' -  

dichlorobenzophenone w i t h  which 1% o f  t h e  corresponding 2 ,2 ' -  

and 2 , 3 ' -  isomers can be de tec ted .  

We had screened a v a r i e t y  o f  TLC systems accord ing  t o  a 

p r e v i o u s l y  descr ibed procedure (8) .  

chromatography (i .e., us ing  ascending development i n  a c losed, 
sa tu ra ted  chamber over a bed l e n g t h  of 15 cm), equal  concentra- 
t i o n s  o f  t he  t h r e e  isomers c o u l d  be separated. 

op t im ized  TLC system cons is ted  o f  s i l i c a  ge l  TLC p l a t e s  and 

Us ing  convent iona l  t h i n - l a y e r  

Our o r i g i n a l  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
1
6
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF DICHLOROBENZOPHENONE ISOMERS 2 207 

carbon tetrachloride/benzene (4: 1)  as the developing solvent .  
However, the 2,2'- and 2 ,3 ' -  isomers could not be separated a t  a 
level less  than 10% of the 2,4'- main component. 

Approaches t o  enhance the resolut ion of compounds w i t h  sim- 
i l a r  Rf  values i n  conventional TLC a re  well documented (9-12). 
These approaches include successive development over two dimensions 
(10) , multiple development (11 )  , and continuous development over 
the 20-cm p la t e  ( 1 2 ) .  The f i r s t  two techniques require  repeated 
operator in te rac t ion .  All th ree  su f fe r  from so lu t e  diffusion 
problems and, consequently, high detect ion l imi t s .  
recent ly  discussed the combination of continuous development TLC 
with sho r t  bed lengths.  With t h i s  approach, the s e l e c t i v i t y  of 
nonpolar solvents  can be u t i l i z e d  without excessive spot  d i f fus ion .  
Perry indicated t h a t  this form o f  continuous TLC might be most 
appl icable  t o  d i f f i c u l t  separat ion problems. 
invest igated f o r  the separation of the dichlor inated benzophenones. 

Perry (13) 

This technique was 

In the l a s t  few years ,  reversed-phase chromatography has been 
widely applied t o  the separation of posi t ional  isomers of re la -  
t i  vely nonpolar compounds. Here , the possi bi 1 i t y  of u t i  1 i zing 
reversed-phase TLC p la tes  t o  resolve the isomers of dichloro- 
benzophenone i s  a l so  reported.  

EX PER IMENTAL 

S i l i c a  gel 60 F,,, TLC p la tes  (EM Laboratories,  Inc. ,  
Elmsford, N . Y .  10523), 20 cm x 5 cm w i t h  0.25-mm-thick l aye r ,  
were used f o r  a l l  of the continuous development TLC separat ions.  
A stock solut ion o f  the 2,3'- and 2 , 2 ' -  dichlorobenzophenone 
isomers was prepared a t  a concentration o f  2.8 mg/ml i n  methanol. 
Ten, f i ve ,  and one percent solut ions of these isomers i n  the 
presence of the  2,4'- dichlorobenzophenone were prepared from 
t h i s  so lu t ion .  One-microliter a l iquots  were applied t o  the 
TLC p la te .  
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2208 SMITH, BISHARA, AND DRUMMOND 

The equipment needed t o  per fo rm t h e  cont inuous TLC w i t h  

s h o r t  beds was a v a i l a b l e  commercial ly (Regis SB/CD TLC chamber, 
Regis Chemi ca l  Company, Morton Grove , I1  1 i no i  s 60053). However, 
f o r  t h i s  work, a convenient sc reen ing  chamber was designed which 

cou ld  accommodate up t o  s i x  p l a t e s  w i t h  v a r i a b l e  bed lengths  and 

cho ice  o f  developing so l ven ts .  

A convent iona l  TLC chamber (20.7 cm x 8.7 cm) was m o d i f i e d  
t o  accommodate cont inuous development and a v a r i e t y  o f  bed leng ths  

(F igu re  1 ) .  The g lass  chamber was c u t  t o  a h e i g h t  o f  10.5 cm and 

f i t t e d  w i t h  a t i g h t - f i t t i n g  T e f l o n  l i d ,  1.3-cm t h i c k .  S l i t s  

(5.1 mm x 2 mm) were machined 3.0 cm a p a r t  i n  t h e  T e f l o n  p a r a l l e l  
t o  i t s  w id th .  

i n s e r t i o n  o f  t he  5 x 20 cm p l a t e s  w i t h o u t  d i s r u p t i o n  o f  t h e  

s i l i c a  ge l  l aye r .  
i n  height,were p laced  i n s i d e  the  chamber and made a t i g h t  sea l  

w i t h  the  T e f l o n  l i d .  Dur ing  development, t h e  chamber was p laced  

i n  a l a b o r a t o r y  hood which had an a i r  f l o w  of approx imate ly  
200 f t / m i n .  Under these c o n d i t i o n s  , t h e  developing s o l v e n t  
t r a v e l e d  up the  TLC p l a t e  and evaporated when i t  reached t h e  t o p  

The s l i t s  were the  proper  geometry t o  j u s t  a l l o w  

Glass s o l v e n t  r e s e r v o i r s ,  6 cm x 2 cm x 10 cm 

20.7 cm c 

F igu re  1: Continuous development TLC chamber. 
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SEPARATION OF DICHLOROBENZOPHENONE ISOMERS 2209 

o f  t h e  T e f l o n  cover.  

depth of s o l v e n t  i n  t h e  i n d i v i d u a l  r e s e r v o i r s .  For  any depth, 
t he  samples were a p p l i e d  5 mm above t h e  s o l v e n t  l i n e .  

Bed leng ths  were v a r i e d  by changing t h e  

T h i s  exper imental  arrangement p roved t o  be a ve ry  e f f i c i e n t  

and economical system f o r  cont inuous t h i n - l a y e r  chromatographic 

sc reen ing  and o p t i m i z a t i o n .  
taneous ly  w i t h  s i x  d i f f e r e n t  s o l v e n t  systems. Bed leng ths  c o u l d  
be v a r i e d  con t inuous ly  up t o  8 cm. With t h i s  system, t h e  p l a t e s  

c o u l d  be p laced i n  the  chamber a t  t h e  end o f  t h e  day; r e s u l t s  
were a v a i l a b l e  t h e  n e x t  morning. The use o f  i n d i v i d u a l  r e s e r v o i r s  

r e s u l t e d  i n  very l i t t l e  s o l v e n t  be ing  used. 

S i x  p l a t e s  c o u l d  be developed s imu l -  

For  o p t i m i z a t i o n  o f  t he  dichlorobenzophenone cont inuous TLC 

system, severa l  s o l v e n t  systems were prepared by d i l u t i n g  t h e  

op t im ized  convent iona l  TLC system, carbon te t rach lo r i de /benzene  
( 4 : l )  , w i t h  cyclopentane. The r a t i o  of convent iona l  s o l v e n t  
systems t o  cyclopentane was v a r i e d  i n  t h e  f o l l o w i n g  p r o p o r t i o n s  -- 
0:100, 1:100, 2:100, 5:100, and 1O:lOO. Development o f  t h e  p l a t e s  
was te rm ina ted  when the  more mob i le  sample zone approached 0.5 cm 
f rom the  s o l v e n t  evapora t ion  l i n e .  The bed leng ths  i n v e s t i g a t e d  i n  

t h i s  work were 4, 5, 6, and 8 cm. The 8-cm p l a t e  was a l l owed  t o  

run  ove rn igh t .  
u l t r a v i o l e t  l i g h t  (approx imate ly  254 nm) a f t e r  a 30-min exposure of 

t h e  p l a t e  t o  i o d i n e  vapors. 

Zones were v i s u a l i z e d  by exposure t o  shor t -wave length  

I n  t h e  reversed-phase mode, t h e  TLC p l a t e s  (KC,,F, 20 cm x 
20 cm, Whatman Chemical Separat ion,  I nc . ,  C l i f t o n ,  New Jersey  07014) 
were developed ove r  a 15-cm bed i n  a convent iona l  TLC chamber. 
The deve lop ing  so l ven ts  i n v e s t i g a t e d  cons is ted  o f  methanol and 

wa te r  m ix tu res .  The p r o p o r t i o n  o f  wate r  was v a r i e d  from 0 t o  25%. 
The concen t ra t i ons  o f  benzophenones and t h e  amount a p p l i e d  t o  t h e  
p l a t e  were t h e  same as those descr ibed above f o r  t h e  cont inuous 

development. 
w i t h  short-wavelength u l t r a v i o l e t  l i g h t .  

The separated zones were de tec ted  by i r r a d i a t i o n  
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2210 SMITH, BISHARA, AND DRUMMOND 

RESULTS AND DISCUSSION 

Advantages and c h a r a c t e r i s t i c s  o f  cont inuous development ove r  

a s h o r t  chromatographic bed have been d iscussed i n  d e t a i l  by 
Per ry  (13).  The r e s u l t s  ob ta ined  w i t h  t h e  benzophenone isomers 
tend  t o  suppor t  h i s  general  conc lus ion  t h a t  t h i s  approach t o  TLC 

may be used t o  advantage f o r  s e l e c t  d i f f i c u l t  TLC separa t i ons .  

Improved separa t i on  of t h e  benzophenone isomers ove r  convent iona l  
development on s i l i c a  ge l  p l a t e s  was achieved us ing  t h e  cont inuous 

development system. 

developing s o l v e n t  and a s h o r t  bed leng th ,  i t  was p o s s i b l e  t o  
determine 1% o f  t h e  2,3'- isomer and 5% o f  t h e  2,2 ' -  isomer i n  

t h e  presence o f  2,4'-dichlorobenzophenone. T h i s  separa t i on  was 

ob ta ined us ing  a r a t i o  of cyclopentane t o  convent iona l  so l ven t ,  

carbon te t rach lo r ide /benzene (4 :1 ) ,  of 1OO:lO and an 8-cm bed 
length .  The m o b i l i t y  of 2,4'-dichlorobenzophenone was i n t e r m e d i a t e  

between t h e  two isomers, t h e  2,3'- isomer be ing  the  more mob i le .  
For  an ove rn igh t  development (approx imate ly  16 h r s ) ,  t h e  r e l a t i v e  
m o b i l i t y  of t he  2,4'-,  2,3 ' - ,  and 2,2'- isomers was 1.00, 1.19, 

and 0.81, r e s p e c t i v e l y .  
t he  2,2'- and 2,3 ' -  compounds f rom the  l a r g e  amount o f  t h e  
2,4'- isomer (28 pg)  a p p l i e d  t o  t h e  p l a t e .  

With t h e  u t i l i z a t i o n  o f  a more nonpo lar  

The 8.0-cm bed was necessary t o  r e s o l v e  

Reversed-phase TLC was found t o  be complementary t o  t h e  
cont inuous development TLC f o r  t h e  separa t i on  o f  d ichlorobenzo- 
phenone isomers. Several  reversed-phase systems were i n v e s t i g a t e d .  

Whi le the  2,3'- and 2,4'- dichlorobenzophenones c o u l d  n o t  be 
resolved, complete separa t i on  of 2,4'-dichlorobenzophenone and 

the  2,2 ' -  isomer was ob ta ined  us ing  a deve lop ing  s o l v e n t  of 

methanol and water  (60 : lO) .  
2,3 ' - ,  and 2,4'- isomers w i t h  t h i s  s o l v e n t  system were 0.55, 
0.45, and 0.45, r e s p e c t i v e l y .  Us ing  t h i s  s o l v e n t  system, we 
were ab le  t o  d e t e c t  1% of t h e  2,2 ' -  isomer i n  t h e  s y n t h e t i c  
i n te rmed ia te  o f  i n t e r e s t ;  namely, t he  2,4'- isomer.  The develop- 
ment t ime was about 60 min. 

The Rf  values f o r  t h e  2,2'-, 
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SEPARATION OF DICHLOROBENZOPHENONE ISOMERS 2211 

I n  summary, a p r e l i m i n a r y  p u r i t y  e v a l u a t i o n  o f  2 ,4 ' -d i ch lo ro -  

benzophenone can be made us ing  t h e  two s imp le  TLC procedures 
r e p o r t e d  i n  t h i s  work. The methods are  complementary, and b o t h  

a re  q u i t e  a p p l i c a b l e  t o  a p roduc t i on  s i t u a t i o n .  I n  combinat ion,  
they  can be used t o  determine whether t h e  s y n t h e t i c  2 ,4 ' -d i ch lo ro -  
benzophenone meets e x i s t i n g  s p e c i f i c a t i o n s  o f  a l l o w a b l e  i somer i c  
i m p u r i t i e s .  
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