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APPLICATION OF HIGH PRESSURE LIQUID CHROMATOGRAPHY 

TO THE DETERMINATION OF DIASTEREOISOMER 

IN METHYLPHENIDATE HYDROCHLORIDE 

G. R. Padmanabhan*, J. Fogel. J. A. Mollica, 
J. M. O'Connor and R. Strusz** 

Ciba-Geigy Corporation, Pharmaceuticals.Division 

**Present Address: 
Gow-Mac Instrument Company 

P.O. Box 22,  Bound Brook, New Jersey 08805 

Research & Development Department, Suffern, New York 10901 

ABSTRACT 

.A procedure for the quantitative analysis of the diastereoisomer 
in methylphenidate hydrochloride is described. The method 
is based on a high pressure liquid chromatographic separation 
of the isomers on a Si1-X column with a mobile phase containing 
ethanol, cyclohexane, chloroform and ammonium hydroxide. 
The method is simple, precise and accurate and has a limit 
of detection of 0.1% of the diastereoisomer in the drug 
substance . 

INTRODUCTION 
0 Nethylphenidate hydrochloride, USP (Ritalin ) (I) is a 

mild central nervous system stimulant used extensively fo r  

the treatment of narcolepsy and hyperkinesia. The active 
drug (I), which is a racemic mixture, has two asymmetric 
centers and hence can have another pair of diastereoisomers 

(11). 
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I 11 

I Methyl a-phenyl-2-piperidineacetate h y d r o c h l o r i d e ,  

(R", R*)- (? )  

I1 Methyl a-phenyl-2-piperidineacetate hydroch lo r ide ,  

(R*, S*)-(2) 

The c o n f i g u r a t i o n s  of t h e  d i a s t e r e o i s o m e r s  I and I1 have 

been w e l l  e s t a b l i s h e d  ( 1 - 3 ) .  Isomer I1 i s  r e f s r r e d  t o  as 

e r y t h r o  isomer i n  USP XIX ( 4 ) .  Isomer I is t h e  c l i n i c a l l y  

a c t i v e  drug  whereas Isomer I1 is  s i g n i f i c a n t l y  less a c t i v e  

( 5 ) .  Hence, a method w a s  d e s i r e d  t o  de t e rmine  t h e  amount of 

t h e  Isomer 11 i n  t h e  a c t i v e  drug .  

X q u a n t i t a t i v e  h igh  p r e s s u r e  l i q u i d  chromatographic  

(HPLC) p rocedure  has been developed and i s  r e p o r t e d  i n  t h i s  

p u b l i c a t i o n .  S i m i l a r  s t u d i e s  have been r e p o r t e d  f o r  t h e  

q u a n t i t a t i o n  of enan t iomer i c  p u r i t y  of naproxen by Jonnson 

e t  a1 (6) and f o r  t h e  q u a n t i t a t i o n  of enan t iomer i c  r a t i o  i n  

r-phenethylamine by Helmchen and S t u b e r t  ( 7 )  by r e a c t i n g  t h e  

mixture  of o p t i c a l  i somers  w i t h  s p e c i f i c  o p t i c a l l y  a c t i v e  

r e a g e n t s  and then  chromatographing t h e  r e s u l t a n t  d i a s t e r e o -  

isomers on s i l i c a  g e l  columns. Techniques  such as th in -  

l a y e r  and gas - l iqu id  chromatography, phase  s o l u b i l i t y  a n a l y s i s  

and n u c l e a r  magnet ic  resonance  spec t roscopy  can  a l s o  be  used  

f o r  t h e  a n a l y s i s  of t h e  d i a s t e r e o i s o m e r s .  However, t h e s e  

methods have c e r t a i n  l i m i t a t i o n s  f o r  t h e  compounds of  i n t e r e s t .  
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Thin- layer  chromatography (TLC), which is t h e  t echn ique  

employed i n  USP X I X  ( 4 )  as a l i m i t  test, is o n l y  semiquant i -  

t a t i v e  and gas - l iqu id  chromatography (GLC) r e s u l t s  i n  p a r t i a l  

decomposi t ion  of t h e  compounds i n  t h e  column, t a i l i n g  and 

poor r e s o l u t i o n .  Nuclear magnet ic  resonance (NMR) s p e c t r o -  

scopy i s  l i m i t e d  by t h e  mutua l  i n t e r f e r e n c e  of r e sonance  

peaks and hence has  a l i m i t e d  a p p l i c a t i o n  f o r  t h e  q u a n t i t a t i o n  

of Isomer I1 p a r t i c u l a r l y  a t  a c o n c e n t r a t i o n  level of 1% o r  

below. 

EXPERIMENTAL 

Appara tus  

A DuPont l i q u i d  chromatograph, Model 820, w i t h  a 254 nm 

UV d e t e c t o r  was used .  A s t a i n l e s s  s t e e l  column, 100 cm x 
2 . 1  mm was dry-packed w i t h  Sil-X 

o b t a i n e d  from Perkin-Elmer Corpora t ion ,  Norwalk, Connec t i cu t . )  

' lobile Phase: Mix 85 mL of Chloroform, 13.5 mL of Cyclohexane, 

0 ( a  r e f i n e d  s i l i ca  g e l  

1 . 5  mL of Ethanol ,  and 0.5 mL of Concen t r a t ed  

Axranonium Hydroxide. 

Procedure  

E x t r a c t  q u a n t i t a t i v e l y  100 mg of t h e  a c t i v e  d rug  s u b s t a n c e  

t aken  i n  5 mL of a pH 10 c a r b o n a t e  b u f f e r  s o l u t i o n  (ob ta ined  

by mixing a p p r o p r i a t e  amount of 0.1N sodium hydroxide  w i t h  

100 mL of 0.1N sodium b i c a r b o n a t e )  w i th  5 mL of ch loroform.  

Immediately s e p a r a t e  t h e  l a y e r s  and r e p e a t  e x t r a c t i o n  of t h e  

aqueous phase w i t h  5 mL of  ch loroform.  Combine t h e  ch loroform 

e s t r a c t s  and e v a p o r a t e  t o  d r y n e s s  under d r y  n i t r o g e n  a t  

35°C. Take t h e  r e s i d u e  i n  e x a c t l y  1 mL of ch loroform.  

I n j e c t  20 LL of t h e  c o n c e n t r a t e d  sample s o l u t i o n  i n t o  t h e  

column. 

S tandard  P r e p a r a t i o n  

P repa re  an aqueous s o l u t i o n  of Isomer 11 r e f e r e n c e  s t a n d a r d  

c o n t a i n i n g  0 . 1  mg/mL. Add t h e  r e q u i r e d  volume of t h e  s o l u t i o n  
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t o  100 mg of methylphenida te  h y d r o c h l o r i d e  r e f e r e n c e  s t a n d a r d .  

Extract t h i s  s o l u t i o n  as above and inject  20 pL of t h e  

c o n c e n t r a t e d  ch lo ro fo rm e x t r a c t .  Compare t h e  peak areas of 

t h e  Isomer I1 i n  t h e  s t a n d a r d  and t h e  sample and c a l c u l a t e  

t h e  amount of t h e  Isomer I1 i n  t h e  sample.  

RESULTS AND DISCUSSIONS 

A chromatogram of t h e  f r e e  b a s e s  o b t a i n e d  from a methyl- 

phen ida te  h y d r o c h l o r i d e  sample c o n t a i n i n g  0.5% Isomer I1 is 

shown i n  F i g u r e  1. The peak a r e a s  of samples of methylpheni- 

d a t e  t o  which were added v a r i o u s  amounts of Isomer I1 showed 

l i n e a r i t y  w i t h i n  t h e  c o n c e n t r a t i o n  range  of 0 .1  t o  5.0%. 

The l i m i t  of d e t e c t i o n  of Isomer I1 w a s  found t o  be  0.1%. 
While s e p a r a t i o n s  are o b t a i n a b l e  by TLC and CLC t e c h n i q u e s ,  

t h e  HPLC method has  t h e  advantage  of b a s e l i n e  s e p a r a t i o n  

over  GLC and b e t t e r  q u a n t i t a t i o n  ove r  bo th  GLC and TLC. The 

c o n c e n t r a t i o n  of Isomer I1 i n  t y p i c a l  samples of methyl- 

phen ida te  hydroch lo r ide  were below 0.1% by t h e  proposed 

technique .  

The method can be  s i m p l i f i e d  by i n j e c t i n g  a me thano l i c  

s o l u t i o n  of methylphenida te  hydroch lo r ide  i n s t e a d  of a 

s o l u t i o n  of t h e  f r e e  base  d i r e c t l y  i n t o  t h e  column wi thou t  

going through t h e  e x t r a c t i o n  s t e p  ( F i g u r e  2 ) .  However, i n  

t h i s  procedure  t h e  peaks  appea r ing  b e f o r e  t h e  Isomer I1 make 

the  peak a r e a  d e t e r m i n a t i o n  d i f f i c u l t  below a 1% c o n c e n t r a t i o n  

l e v e l .  Hence, t h e  d i r e c t  i n j e c t i o n  of t h e  h y d r o c h l o r i d e  

sa l t  s o l u t i o n  procedure  is  recommended on ly  f o r  a 1% level  

1 i m i  t t e s  t . 
As one  would expec t ,  t h e  r e s o l u t i o n  of Isomers I and 11 

is s u b j e c t  t o  column c o n d i t i o n s  and ,  hence,  one  could  e x p e c t  

t h e  s e p a r a t i o n  t o  be  a d v e r s e l y  a f f e c t e d  due t o  t h e  d e a c t i v a t i o n  

of t h e  column, p a r t i c u l a r l y  when t h e  m o b i l e  phase  c o n t a i n s  

bo th  water and a base ,  namely ammonium hydroxide  (8) .  I n  

such  i n s t a n c e s ,  w e  found t h a t  r e s o l u t i o n  could  be improved 

by e l i m i n a t i n g  t h e  c o n c e n t r a t e d  ammonium hydroxide  comple t e ly  
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FIGURE 1 

Chromatogram showing the separation of a mixture containing 
0.5% Isomer I1 in methylphenidate HC1 by the extraction 
procedure. Sample, 20 UL of a solution containing 100 mg of 
Isomer I and 0.5 mg of Isomer I1 in 1 ml of chloroform 
extract; column, Sil-XO at ambient temperature; mobile 
phase, ethano1:cyclohexane: ch1oroform:concentrated ammonium 
hydroxide (1.5:13.5:85:0.5);  flow rate, 0.4 mL/nin. 

from the mobile phase and by adjusting the ratio of chloroform 

and cyclohexane to obtain the optimum resolution. 12 mobile 
phase containing chloroform, cyclohexane and ethanol (80:20:1.5) 

was one such system successfully employed with a prepacked 
50 crn Y 3.1 mm (i.d.) HicroPak-SI-10 column obtained from 

Yarian Associates, Palo Alto, California. However, this 
nodified mobile phase is not suitable for the direct injection 
of the salt solution. 

Since o-phenyl-2-piperidineacetic acid, which is the 
major degradation product of methylphenidate hydrochloride, 
is retained by the aqueous phase in the chloroform pH 10 
carbonate buffer extraction step, the method reported in 
this communication can be readily adapted to the development 
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FIGURE 2 

Chromatogram showing the separation of a mixture containing 
1% Isomer I1 in methylphenidate HC1 by direct injection. 
Sample, 20 VL of a solution containing 100 mg Isomer I and 1 
mg of Isomer I1 in 1 mL of methanol; co2:1an Sil-Xa at 
ambient temperature; mobile phase, ethano1:cyclohexane: 
ch1oroform:concentrated ammonium hydroxide ( 1 . 5 : 1 3 . 5 : 8 5 : 0 . 5 ) ;  
f l o w  rate, 0.4  mLImin. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DIASTEREOISOMER 1085 

of a stability-indicating assay procedure for the methyl- 

phenidate HC1 formulations (9). This investigation is being 
carried out in our laboratories. 
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