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DIRECT hlONITORING OF REACTION 
PROCESSES WITH MICRO-HPLC 

TECHNIQUE 

K.Jinno and M.Ishigaki 

School of Materials Science 

Toyohashi 440, JAPAN 
Toyohashi University of Technology 

ABSTRACT 
A simple scheme was developed by utili- 
zation of a micro-HPLC technique in 
order to monitor synthetic reactions 
in-situ. The application of this 
system for the organic reaction of 
bromination of toluene was success- 
fully presented. 

INTRODUCTION 

The monitoring of reaction processes for optimization 

of reaction conditions in organic synthesis by chromatogra- 

phic techniques (e.g., TLC, HPLC o r  GC) has been widely 

used, although there are some limitations in terms of 

volatility and thermal stability of materials. Also, con- 

ventional chromatographic techniques sometimes require 

appreciable amounts of precious crude reaction mixtures 

and series of time-consuming procedures. 
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1066 JINNO AND ISHIGAKI 

Micro-HPLC t e c h n i q u e s  r e c e n t l y  developed ( 1 ) - ( 5 )  have 

t h e  advantage of  d r a s t i c a l l y  reduced consumption of mob i l e  

phases  and sample;  t h i s  w i l l  p r o v i d e  t h e  p o s s i b i l i t y  of  

m o n i t o r i n g  s y n t h e t i c  r e a c t i o n  p r o c e s s e s  i n - s i t u  f o r  which 

a scheme is  as f o l l o w s ;  t h e  reactants and p r o d u c t s ,  i . e . ,  

t h e  c r u d e  m i x t u r e ,  are a u t o m a t i c a l l y  p i cked  up from t h e  

r e a c t i o n  v e s s e l ,  u s i n g  a m i c r o f e e d e r  combined w i t h  a micro 

l o o p  i n j e c t o r ,  and t h e  chromatograms of  r e a c t a n t s  and 

p r o d u c t s  a r e  c o n t i n u o u s l y  measured a t  i n t e r v a l s  d u r i n g  

t h e  r e a c t i o n  wi thou t  t e d i o u s  p r o c e d u r e s .  A l l  t h a t  is 

r e q u i r e d  i s  m a n i p u l a t i o n  of  a l o o p  i n j e c t o r .  

T h i s  communication d e s c r i b e s  t h e  p r e l i m i n a r y  r e s u l t s  

of t e s t i n g  t h i s  sys t em,  i n  which t h e  r e a c t i o n  s t u d i e d  is  a 

brominat ion o f  t o l u e n e .  

EXPERIMENTAL 

F i g u r e  1 shows t h e  b lock  diagram of  t h i s  sys t em.  The 

micro-HPLC system used  h e r e  comprised a m i c r o f e e d e r ,  MF-2 

(Azuma E l e c t r i c ,  Co.  L t d . ,  Tokyo, J a p a n ) ,  A ,  as a pump 

w i t h  a Uvidec 100-11 u l t r a v i o l e t  spec t ropho tomete r  (Jasco, 

Tokyo, J a p a n )  o p e r a t i n g  a t  254 nm. The "picking-up" system 

was a m i c r o f e e d e r  MF-2, B ,  w i t h  a mic ro  l o o p  i n j e c t o r  M 

422 (0 .08 u l ) ( J a s c o ,  Tokyo, J apan)  ( 6 ) .  With t h i s  i n j e c t o r ,  

t h e  c r u d e  m i x t u r e  c a n  be  p i cked  up  from t h e  r e a c t i o n  v e s s e l  

and t r a n s f e r r e d  t o  t h e  ch romatograph ic  system v i a  t e f l o n  

t u b i n g  wi thou t  s t o p p i n g  t h e  mob i l e  phase  f low.  The "pick- 

ing-up" ra te  of t h e  c r u d e  m i x t u r e  can be c o n t r o l l e d  by 

a d j u s t i n g  t h e  g e a r  of t h e  microfeeder-B.  The chromatogra- 

p h i c  c o n d i t i o n s  are as  f o l l o w s ;  

L- 
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D I R E C T  MONITORING OF REACTION PROCESSES 1067 

Figure 1 Schematic Diagram of the Direct Monitoring 
System f o r  Reaction Processes 
1 :  react ion vessel ,  2 :  microfeeder-A, 
3 : microfeeder-B, 4 : micro loop i n j e c t o r ,  
5 :  micro-HPLC column, 6 :  UV de t ec to r ,  
7 :  i n t e g r a t o r ,  8 :  char t  recorder 

Mobile phase: ace ton i t r i l e /wa te r=  7 0 / 3 0  

Flow r a t e  of mobile phase: 10 pl/min. 

Column: Chemcosorb (Chemco, Osaka, Japan) ODS/H, 

7 p m ,  0 .5  mm i . d .  x 15 cm 

Column temperature: 20 'C 
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1068 J I N N O  AND ISHIGAKI 

A l l  o f  c h e m i c a l s  u s e d  i n  t h i s  work were r e a g e n t  g r a d e s  

commerc ia l ly  a v a i l a b l e .  

RESULTS 

The r e a c t i o n  scheme i s  

+ H2S04 > 

o,m,p-bromotoluene  + 

The r e a c t i o n  c o u r s e s  were checked  by  m e a s u r i n g  t h e  

chromatograms o f  t o l u e n e  and  b r o m i n e - s u b s t i t u t e d  t o l u e n e s .  

The c h r o m a t o g r a p h i c  p re - run  of t h e  components  i n c l u d e d  

i n  t h i s  r e a c t i o n  sys t em w a s  p e r f o r m e d ,  and t h e  r e t e n t i o n  

d a t a  f o r  e a c h  c o n s t i t u e n t s  were o b t a i n e d  t o  i d e n t i f y  t h e  

p e a k s  i n  t h e  chromatogram measured  d u r i n g  t h e  r e a c t i o n .  

They are l i s t e d  i n  T a b l e  1. 

The c r u d e  r e a c t i o n  m i x t u r e s  w e r e  t h e n  i n j e c t e d  d i r e c t l y  

i n t o  t h e  micro-HPLC sys t em u s i n g  t h e  sys t em d e v e l o p e d  h e r e  

w i t h  a few m i n u t e s '  i n t e r v a l  be tween them. 
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DIRECT MONITORING OF REACTION PROCESSES 1069 

T a b l e  1 

R e t e n t i o n  Data f o r  Components I n c l u d e d  
i n  t h e  Bromina t ion  o f  To luene  

c h l o r o f o r m  

s u c c i n i m i d e  

N-bromosuccinimide 
s u r f u r i c  a c i d  

t o l u e n e  

b romoto luenes  
( 0  ,m, P-) 

0 

- 0.24 

- 0.27 

- 0 . 2 8  

0.37 

0 .86  

I n  F i g u r e  2 ,  t h e  r a t i o  o f  t h e  peak  area o f  t o l u e n e  t o  

t h a t  of b romoto luenes  are p l o t t e d  w i t h  t h e  r e a c t i o n  t i m e  

f o r  t h r e e  r e a c t i o n  t e m p e r a t u r e s .  I n  t h e s e  i n s t a n c e s ,  t h e  

r a t i o  i n c r e a s e s  w i t h  i n c r e a s e  o f  t h e  r e a c t i o n  t i m e  and  

t h a t  v a l u e  l e v e l s  o f f  a t  t h e  t i m e  when t h e  r e a c t i o n  s h o u l d  

be  n e a r l y  comple t ed .  T h i s  b e h a v i o r  shows t h e  r e a c t i o n  

p r o g r e s s  depends  on t h e  t e m p e r a t u r e ;  a l s o ,  t h e  d a t a  o b t a i n e d  

c a n  b e  u s e d  t o  i n d i c a t e  t h e  optimum r e a c t i o n  c o n d i t i o n s .  

I t  i s  a p p a r e n t  from above  r e s u l t s  t h a t  t h e  m o n i t o r i n g  

of t h e  r e a c t i o n  p r o c e s s e s  can  be  f o l l o w e d  a c c u r a t e l y  by t h e  

u s e  o f  t h e  t e c h n i q u e  p roposed  i n  t h i s  communica t ion .  

The p r o d u c t - i s o m e r s  (o ,m,p -b romoto luenes )  i n  t h i s  

i n s t a n c e  s e p a r a t e d  b y  t h e  c h r o m a t o g r a p h i c  sys t em c o u l d  be 
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60 120 

REACTION TIME (MINUTE) 

F i g u r e  2 Peak  Area R a t i o  of Bromotoluene  t o  T o l u e n e  
V.S. R e a c t i o n  Time 

A :  r e a c t i o n  t e m p e r a t u r e  50 'C 

B: r e a c t i o n  t e m p e r a t u r e  25 "C 

c :  r e a c t i o n  t e m p e r a t u r e  o OC 

180 

i d e n t i f i e d  w i t h  a r e c e n t l y  d e v e l o p e d  K B r  b u f f e r  I R  memory 

t e c h n i q u e  ( 7 ) - ( 1 0 ) .  

T h i s  s y s t e m  w i l l  be  u s e f u l  n o t  o n l y  f o r  o r g a n i c  syn-  

t h e s i s  r e a c t i o n s ,  b u t  a l s o  p o l y m e r i z a t i o n  r e a c t i o n s  i n  

t h e  g e l  p e r m e a t i o n  ch romatography  mode. 
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