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THE ANALYSIS OF ENANTIOMERIC AND DIASTEREOISOMERIC 
MIXTURES OF EPHEDRINE AND PSEUDOEPHEDRINE USING 

REVERSED-PHASE HIGH PERFORMANCE L I Q U I D  CHROMATOGRAPHY 
OF NICKEL DITHIOCARBAMATE COMPLEXES 

* * -F 
G.K.C.Low , P.R.Haddad and A.M.Duffield 

Department of A n a l y t i c a l  Chemistry (*) and Biomedical 
Mass Spectrometry Unit  (T) ,  Univers i ty  of New 

South Wales, P.O. Box 1 Kensington 
New South Wales 2033 A u s t r a l i a  

ABSTRACT 

Following t h e i r  conversion t o  d i th iocarbamate  l i g a n d s  and 
thence t o  n i c k e l  complexes, enant iomer ic  mixtures  of ephedr ine  o r  
pseudoephedrine may be s e p a r a t e d  and q u a n t i t a t e d  by reversed-phase 
High Performance Liquid Chromatography (HPLC) us ing  t e r n a r y  
s o l v e n t  mixtures .  The s o l v e n t  used t o  d i s s o l v e  t h e  complexes 
p r i o r  t o  i n j e c t i o n  w a s  found t o  have a s i g n i f i c a n t  e f f e c t  on t h e  
s e p a r a t i o n .  I n  a s imilar  manner, a mixture  of t h e  d i a s t e r e o -  
isomers ephedrine and pseudoephedrine w a s  s e p a r a t e d  and quant- 
i t a t i v e l y  analysed using a b i n a r y  s o l v e n t  as t h e  mobile phase. 
This  s e p a r a t i o n  was  achieved both  wi th  p r i o r  formation of  t h e  
n i c k e l  complexes and a l s o  w i t h  on-column formation u s i n g  
n i c k e l ( I 1 )  i o n s  i n  t h e  mobile phase. The a n a l y s i s  of d i a s t e r e o -  
i somer ic  contaminants i n  pharmaceut ical  p roducts  and r a w  materials 
conta in ing  ephedrine o r  pseudoephedrine is i l l u s t r a t e d .  

INTRODUCTION 

Dithiocarbamate complexes of n i c k e l  can r e a d i l y  undergo 

l i g a n d  exchange r e a c t i o n s  t o  produce t e r n a r y ,  o r  mixed-ligand, 

complexes ( l ) ,  according t o  t h e  fo l lowing  equi l ibr ium:  

31 1 
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312 LOW, HADDAD, AND DUFFIELD 

L and L are b i d e n t a t e  d i th iocarbamate  l i g a n d s ,  Ni(L1)2 and 

I f  
1 2 

N i ( L  ) are binary complexes and NiL1L2 i s  a t e r n a r y  complex. 

t h i s  r e a c t i o n  mixture  i s  analysed by normal-phase High Performance 

Liquid Chromatography (HPLC), t h r e e  peaks are observed, w i t h  t h e  

te rnary  complex peak l y i n g  between t h e  two b i n a r y  complex peaks. 

When L1 and L2 are enant iomers ,  then  t h e  two b inary  complexes co- 

e l u t e  as a s i n g l e  peak, p r i o r  t o  the  t e r n a r y  complex peak. 

2 2  

Moriyasu and Hashimoto (2 ,3 )  have u t i l i s e d  t h e s e  observa t ions  

f o r  t h e  p r e c i s e  q u a n t i t a t i o n  of enant iomer ic  i m p u r i t i e s  i n  amines, 

a f t e r  conversion of t h e  amines t o  d i th iocarbamate  l i g a n d s  by 

r e a c t i o n  with carbon d isu lphide  under a l k a l i n e  c o n d i t i o n s ,  and 

subsequent formation of n i c k e l  complexes. The HPLC s e p a r a t i o n  

of the  b inary  and t e r n a r y  n i c k e l  complexes w a s  achieved us ing  a 

water  d e a c t i v a t e d  s i l i c a  column, however t h i s  method has  t h e  

s e r i o u s  disadvantage t h a t  long e q u i l i b r a t i o n  t i m e s  are r e q u i r e d  

to give  reproducib le  r e s u l t s  ( 4 ) .  

In t h i s  paper ,  w e  d e s c r i b e  t h e  use of reversed-phase HPLC 

f o r  t h e  a n a l y s i s  of enant iomeric  and d i a s t e r e o i s o m e r i c  i m p u r i t i e s  

i n  amines, using b i n a r y  and t e r n a r y  s o l v e n t  mixtures .  T h i s  

approach i s  d iscussed  both f o r  t h e  s e p a r a t i o n  of n i c k e l  complexes 

formed p r i o r  t o  i n j e c t i o n ,  and a l s o  f o r  t h e  s e p a r a t i o n  of d i t h i o -  

carbamate l igands  us ing  mobile phases c o n t a i n i n g  n i c k e l  i o n s .  I n  

t h e  l a t t e r  method, d i th iocarbamate  b i n a r y  and t e r n a r y  n i c k e l  

complexes are formed on the  column. This  procedure reduces t h e  

number of manipulat ive s t e p s  i n  t h e  a n a l y s i s .  The reversed-  

phase HPLC approach provides  t h e  b a s i s  of a r a p i d ,  s e n s i t i v e  

a n a l y t i c a l  method f o r  the  screening  of enant iomer ic  and s t r u c t u r -  

a l l y  r e l a t e d  contaminants i n  pharmaceut ical  p roducts  conta in ing  

amines such as ephedrine and pseudoephedrine. Such an a n a l y s i s  

has  h i t h e r t o  proved very d i f f i c u l t  (5) .  A b r i e f  survey of the  

a p p l i c a t i o n  of the  proposed method t o  t h e  a n a l y s i s  of some pharm- 

a c e u t i c a l  products  and r a w  materials i s  a l s o  presented .  
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MIXTURES OF EPHEDRINE AND PSEUDOEPHEDRINE 313 

EXPERIMENTAL 

Standards and Reagents 

( i )  Carbon disulphide-chloroform s o l u t i o n .  Carbon d i s u l p h i d e  

(A.R.Grade, MAX) w a s  f r e s h l y  d i s t i l l e d  i n  a l l  g l a s s  appara tus  

and made up t o  1% v / v  s o l u t i o n  wi th  r e d i s t i l l e d  chloroform. 

( i i )  

water was made up t o  100 m l  wi th  35% ammonia s o l u t i o n  (ARISTAR, 

BDH) . 

Nickel-ammonia s o l u t i o n .  50 m l  of 1% w/v of  NiC126H20 i n  

( i i i )  Aromatic amine s o l u t i o n s .  (f) ephedrine hydrochlor ide ,  

(-) pseudoephedrine hydrochlor ide ,  and (+) pseudoephedrine hydro- 

c h l o r i d e  w e r e  ob ta ined  from Sigma Chemical Company (USA). 

(-) ephedrine w a s  ob ta ined  from Fluka (Swi tzer land) .  These 

materials were shown to  be f r e e  from contaminants by GCMS a n a l y s i s  

and by compositional d a t a  from microanalys is .  T e s t  s o l u t i o n s  

conta in ing  approximately 1.0 mg/ml were a c c u r a t e l y  made up i n  

methanol. 

( i v )  Table t s  and r a w  m a t e r i a l s  conta in ing  ephedrine and pseudo- 

ephedrine.  Raw materials conta in ing  pseudoephedrine and 

ephedrine were donated by v a r i o u s  pharmaceut ical  manufacturers  i n  

A u s t r a l i a .  S i n g l e  i n g r e d i e n t  t a b l e t s  wi th  dec lared  p o t e n c i e s  of 

15, 30 o r  60 mg of amine were purchased over  the  counter .  

Synthes is  of Dithiocarbamate Complexes 

To 1.0 m l  of aromatic  amine s o l u t i o n ,  2 m l  of nickel-ammonia 

s o l u t i o n  were added and the  mixture  e x t r a c t e d  wi th  carbon 

disulphide-chloroform (5 m l ;  1% v / v ) .  The chloroform l a y e r  w a s  

then washed wi th  d i s t i l l e d  water ( 3  x 2 ml) and d r i e d  over  

anhydrous sodium su lpha te .  The f i l t e r e d  chloroform l a y e r  w a s  

evaporated t o  dryness  under a s teady  stream of n i t r o g e n  t o  remove 

excess  carbon d i s u l p h i d e  which may produce ex t raneous  chromato- 

graphic  peaks, and made up t o  an a p p r o p r i a t e  volume i n  methanol o r  

a c e t o n i t r i l e .  The n i c k e l  complex prepared i n  t h i s  way w a s  shown 
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314 LOW, HADDAD, AND DUFFIELD 

t o  g ive  only one chromatographic peak by HPLC. 

each complex w a s  confirmed by Desorption Chemical I o n i s a t i o n  Mass 

Spectrometry (6) .  

The i d e n t i t y  of 

Analysis  of Ephedrine and Pseudoephedrine i n  Pharmaceut ical  
Formulations 

Twenty randomly s e l e c t e d  t a b l e t s  from a s i n g l e  b a t c h  were 

crushed and an a c c u r a t e l y  weighed p o r t i o n  of  powder e q u i v a l e n t  t o  

the average weight of a s i n g l e  t a b l e t  w a s  taken and d isso lved  i n  

water i n  a volumetr ic  f l a s k  w i t h  t h e  a i d  of an u l t r a s o n i c  ba th .  

The sample was d i l u t e d  t o  a s u i t a b l e  volume t o  g ive  a concent ra t ion  

of 1 mg/ml, a f t e r  which t h e  s o l u t i o n  w a s  f i l t e r e d  and an a l i q u o t  

equiva len t  t o  10 mg of drug w a s  made a l k a l i n e  wi th  2M NaOH and 

e x t r a c t e d  with 20 m l  of chloroform. The o r g a n i c  l a y e r  was  passed 

through a column of anhydrous sodium s u l p h a t e  and 10 ml w a s  

evaporated t o  dryness  under a stream of n i t r o g e n .  The n i c k e l  

complex w a s  then formed by t h e  method descr ibed  i n  t h e  prev ious  

s e c t i o n .  The f i n a l  s o l u t i o n  w a s  made up t o  a concent ra t ion  of 

0 . 1  mg/ml i n  methanol and 5-10 p1  of the  s o l u t i o n  w a s  i n j e c t e d  

wi th  t h e  HPLC d e t e c t o r  se t  a t  0 . 2  AUFS. 

For t h e  r a w  materials, a p p r o p r i a t e  d i l u t i o n s  were made t o  

g ive  t h e  concent ra t ion  descr ibed  above and t h e  a n a l y s i s  performed 

using the  same procedure as f o r  t h e  t a b l e t s .  

Quant i ta t ions  were made us ing  chromatographic peak h e i g h t s  

and a l l  assays were performed i n  t r i p l i c a t e .  For most samples, 

two determinat ions a t  two d i f f e r e n t  s e n s i t i v i t y  l e v e l s  w e r e  

requi red :  the  f i r s t  was performed a t  t h e  most s e n s i t i v e  a t tenua-  

t i o n  p o s i t i o n  of t h e  d e t e c t o r  t o  e s t a b l i s h  whether any contaminant 

w a s  p r e s e n t ,  a f t e r  which a less s e n s i t i v e  a t t e n u a t i o n  w a s  used f o r  

the  determinat ion of t h e  a c t i v e  i n g r e d i e n t  i n  t h e  sample. 

HPLC Ins t rumenta t ion  and Procedure 

The l i q u i d  chromatograph c o n s i s t e d  of Waters Assoc ia tes  (Milford 

Ma) Model M6000 s o l v e n t  pump, Model U6K i n j e c t o r ,  Model M440 UV 
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MIXTURES OF EPHEDRINE AND PSEUDOEPHEDRINE 315 

d e t e c t o r  and QD 15 H i t a c h i  Recorder. The column used was a 

15 cm x 4.6 mm I D  Ul t rasphere  (Altex S c i e n t i f i c  Inc.,Berkeley,Ca) 

CI8 column, w i t h  a mean p a r t i c l e  diameter  of  5 pm. The d e t e c t o r  

w a s  opera ted  a t  313 nm with a s e n s i t i v i t y  s e t t i n g  of 0.2 AUFS and 

a l l  s e p a r a t i o n s  were c a r r i e d  o u t  a t  20°C using a mobile phase f low 

r a t e  of 1 . 5  m l  min . -1 

Methanol and t r i e t h y l a m i n e  were of A n a l y t i c a l  Grade and were 

d i s t i l l e d  i n  a l l  g l a s s  appara tus .  A c e t o n i t r i l e  (HPLC Grade) was 

purchased from Waters Assoc ia tes .  The e x a c t  i n g r e d i e n t s  of t h e  

mobile phases used are given i n  the  c a p t i o n s  t o  t h e  f i g u r e s .  

Mobile phases were a s p i r a t e d  through 0.7um g l a s s  m i c r o f i b r e  paper  

f i l t e r s  (GF/F Whatman), degassed i n  an u l t r a s o n i c  b a t h  and allowed 

t o  e q u i l i b r a t e  t o  ambient temperature  b e f o r e  used. 

RESULTS AND DISCUSSION 

Analysis  of Mixtures of Enantiomers 

A mixture conta in ing  both enantiomers of ephedrine o r  pseudo- 

ephedrine w a s  q u a n t i t a t i v e l y  analysed by conversion of t h e s e  amines 

t o  di thiocarbamate l igands  and thence t o  n i c k e l  complexes, w i t h  

subsequent s e p a r a t i o n  using reversed-phase HPLC. Typica l  chromat- 

ograms are shown i n  Fig. 1; these  s e p a r a t i o n s  are s imilar  t o  t h a t  

p rev ious ly  repor ted  f o r  normal-phase HPLC us ing  water d e a c t i v a t e d  

s i l i c a  column& (2,3). I n  each chromatogram, the symmetrical 

b inary  complexes der ived from each enantiomer coe lu ted  as t h e  f i r s t  

peak, which w a s  separa ted  from t h e  peak due t o  t h e  t e r n a r y  complex 

conta in ing  l igands  der ived from both enant iomers .  To s i m p l i f y  

r e f e r e n c e  t o  t h e s e  complexes, they w i l l  b e  i d e n t i f i e d  as fo l lows:  

Ni [ CS2 : (+) eph] 

both of which are di thiocarbamate l i g a n d s  der ived  from (+) ephedrine;  

s i m i l a r l y  Ni[CS2:(+)eph][CS2:(-)eph] i s  t h e  t e r n a r y  complex con- 

t a i n i n g  di thiocarbamate l igands  der ived  from (+) ephedrine and 

(-) ephedrine.  Pseudoephedrine w i l l  b e  abbrevia ted  t o  pse .  

i s  t h e  complex conta in ing  two l i g a n d  molecules ,  2 

Separa t ion  of t h e  b inary  and t e r n a r y  n i c k e l  di thiocarbamate 

complexes shown in Fig. 1 w a s  achieved us ing  a t e r n a r y  s o l v e n t  
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316 LOW, HADDAD, AND DUFFIELD 

A 

C 

1 1 1 ~ 1 1 ~ ~ I  I I I I '  

0 2 L 6 8 10 12 1L 16 18 20 22 2L 26 
Time Iminutesf 

FIGURE 1. Analysis of a mixture of enantiomers of ephedrine 
[Fig. l ( a ) ]  or pseudoephedrine [ F i g .  l(b)]. 

Mobile Phase: 0.2% (v/v) triethylamine in 25:40:35 (v/v) 
CH30H:CH3CN:H20. Flow rate 1.5 ml/min. 

Peak Identities: See text for key to abbreviations 
A ,  unresolved Ni[CS : (+)eph] 
B, Ni[CS2:(+)eph] [Cg2:(-)ephf; C, unresolved Ni[$S2:(+)psel2 and 
Ni[CS2:(-)pseI2; D, Ni[CS2:(+)pse][CS2:(-)pse]. 

and Ni[CS2: (-)ephl ; 

system. The seven experiment ortimisation procedure of Glajch 

and co-workers (7) was applied to determine the composition of a 

suitable isocratic solvent system. A mobile phase containing 

25:40:35 (v/v) methano1:acetonitrile:water was found to give 

optimum resolution,and a small amount of triethylamine was added 

to further improve the separation, because our previous experiences 

(6) have indicated that this solvent has a highly selective inter- 

action with the dithiocarbamate complexes under study. 
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MIXTURES OF EPHEDRINE AND PSEUDOEPHEDRINE 317 

The s o l v e n t  used t o  d i s s o l v e  t h e  complexes p r i o r  t o  i n j e c t i o n  

w a s  found t o  have a s i g n i f i c a n t  i n f l u e n c e  on t h e  s e p a r a t i o n  

achieved by reversed-phase HPLC. When chloroform w a s  used,  poor 

s e p a r a t i o n  and d i f f u s e  peak shape r e s u l t e d ;  on t h e  o t h e r  hand, 

methanol and a c e t o n i t r i l e  gave b e t t e r  peak shape and r e s o l u t i o n ,  

w i t h  t h e  l a t t e r  s o l v e n t  g iv ing  optimum r e s u l t s .  This  e f f e c t  w a s  

probably due t o  a change i n  t h e  composition of t h e  adsorbed l a y e r  

of o r g a n i c  m o d i f i e r  (from t h e  mobile phase)  on t h e  s t a t i o n a r y  phase 

s u r f a c e .  Adsorption of o r g a n i c  m o d i f i e r s  on to  reversed-phase 

columns has  been r e p o r t e d  p r e v i o u s l y  (8) and i t  has  been proposed 

t h a t  t h i s  adsorbed l a y e r  can be  p a r t i a l l y  d i s p l a c e d  by s o l u t e  o r  

o t h e r  molecules ( 9 ) .  I n  t h e  p r e s e n t  c a s e ,  i t  is l i k e l y  t h a t  

i n j e c t i o n  of  a chloroform s o l u t i o n  caused a change i n  t h e  adsorbed 

l a y e r  of methanol and a c e t o n i t r i l e  (from t h e  mobile p h a s e ) ,  

thereby  i n f l u e n c i n g  t h e  a b i l i t y  of t h e  column t o  r e s o l v e  t h e  

c l o s e l y  r e l a t e d  n i c k e l  complexes. 

The formula proposed by Moriyasu and Hashimoto (2,3) f o r  

c a l c u l a t i o n  of t h e  composition of an enant iomer ic  mixture  of m i n e s  

us ing  normal phase HPLC is  e q u a l l y  a p p l i c a b l e  t o  reversed-phase HPLC. 

The reversed-phase method however h a s  t h e  advantage t h a t  no lengthy  

column e q u i l i b r a t i o n  t i m e  w a s  r e q u i r e d  f o r  r e p r o d u c i b l e  r e s u l t s ,  as 

was t h e  case  f o r  t h e  normal-phase method. We have found e x c e l l e n t  

agreement f o r  a n a l y s e s  of racemic mixtures  u s i n g  both  methods. 

Analys is  of Dias te reo isomer ic  Mixtures  

A mixture c o n t a i n i n g  two d i a s t e r e o i s o m e r s ,  such a s  ephedr ine  

and pseudoephedrine, can a l s o  be  s e p a r a t e d  by reversed-phase HPLC 

us ing  b i n a r y  s o l v e n t  mixtures  a,s t h e  mobile  phase.  Such a 

s e p a r a t i o n  i s  shown i n  Fig.  2 ,  where t h e  t h r e e  peaks i n  t h e  

chromatogram can be  ass igned  t o  t h e  two b i n a r y  complexes 

Ni[CS2:(-)ephI2 and Ni[CS2:(-)pse]  

NilCS2:(-)eph][CS,:(-)pse]. Again, t h i s  chromatogram i s  

s imilar  t o  t h a t  o b t a i n a b l e  w i t h  normal-phase HPLC (2,3). The 

r e l a t i v e  peak h e i g h t s  i n  Fig.  2 may b e  used t o  q u a n t i t a t i v e l y  

and t o  t h e  t e r n a r y  complex 2 
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L 1  1 I I 1 I 1  1 1 
0 1 2 3 L 5 6 7 0 9  

Time (minutes1 4 

FIGURE 2. Analysis  of a mixture  of t h e  d i a s t e r e o i s o m e r s  
(-) ephedrine and (-) pseudoephedrine by p r i o r  formation of t h e i r  
n i c k e l  d i th iocarbamate  complexes. 

Mobile Phase: 

Peak I d e n t i t i e s :  See t e x t  f o r  key t o  a b b r e v i a t i o n s  
A ,  Ni[CS2: ( - )pseI2 ;  
C ,  Ni[CSZ: (-)ephI2.  

70:30 (v/v)  CH30H:H20, flow rate 1.5 ml/rnin. 

B ,  Ni[CS2: ( - ) p e l  [CS2: (-1ephI; 

determine the  composition of t h e  o r i g i n a l  mix ture  of  d i a s t e r e o -  

isomers. Table 1 compares t h e  r e s u l t s  o b t a i n e d  us ing  t h i s  method 

wi th  those  obta ined  us ing  GCMS a n a l y s i s  (6 )  of a series of  s tand-  

a rd  mixtures  of ephedr ine  and pseudoephedrine. 

The accuracy of the r e v e r s e d  phase HPLC method was somewhat 

poorer  than t h e  GCMS method and b e s t  r e s u l t s  were obta ined  w i t h  

mixtures  conta in ing  a minor percentage  of one d ias te reo isomer .  

This s i t u a t i o n  i s  l i k e l y  t o  occur  i n  t h e  a n a l y s i s  of d i a s t e r e o i s o -  

meric contaminants  i n  pharmaceut ical  samples. 
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TABLE 1 

Analysis  of Standard Mixtures of t h e  Diastereoisomers  Eephedrine 
and Pseudoephedrine by t h e  Proposed Reversed-Phase HPLC Method 
and by GCMS 

% Ephedrine i n  s t a n d a r d  d i a s t e r e o i s o m e r i c  mixtures  

Actual  ( X )  by HPLC* (%> by GCMS (%> 

100 100 101 
82.3 87.4 83.0 
62.6 69.0 64.4 
41.2 38.0 41.6 
21.0 22.6 22.0 
0.0 0.0 0.5 

R e s u l t s  shown are t h e  average of  two runs .  For t h e  HPLC method, 
* 
t h e  maximum range obta ined  is 2.5% and f o r  GCMS, 1 . 2 % .  The HPLC 
r e s u l t s  were c a l c u l a t e d  us ing  t h e  fo l lowing  formulae a p p l i e d  t o  
chromatograms similar t o  t h a t  given i n  Fig.  2 

I f  peak 3 > p e a k  1, then 

I f  peak 3 < peak 1, then 

% Ephedrine = 100[0.5 

% Ephedrine = 100[0.5 - J 0.5(0.5-H /c Hi)] 
1=1 

where H i s  t h e  h e i g h t  of r e s p e c t i v e  n i c k e l  complex peak. 

A b r i e f  survey w a s  conducted f o r  t h e  presence of d i a s t e r e o i s o -  

meric  contamination i n  ephedrine and pseudoephedrine t a b l e t  

formulat ions and pharmaceut ical  r a w  materials. 

of s o l v e n t s  w a s  used f o r  the  mobile phase, t h e r e f o r e  t h e  r e s u l t a n t  

chromatogram d i d  n o t  provide information on the  presence of 

o p t i c a l  isomers i n  the  a c t i v e  i n g r e d i e n t  of t h e  formula t ion .  

t e r n a r y  s o l v e n t  mobile phase would be necessary  t o  e l u c i d a t e  t h i s  

information ( see  preceding s e c t i o n ) .  The r e s u l t s  are given i n  

Table 2. 

A b i n a r y  mixture  

A 

It is  noteworthy t h a t  no i n t e r f e r e n c e  i n  t h e  assay  method w a s  

d e t e c t e d  f o r  t h e  sugars  and b inding  compounds p r e s e n t  i n  the  

t a b l e t  formula t ions .  Only peaks corresponding t o  t h e  a c t i v e  

i n g r e d i e n t  and t h e  d i a s t e r e o i s o m e r i c  contaminant ( i f  p r e s e n t )  
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TABLE 2 

A n a l y s i s  of D i a s t e r e o i s o m e r i c  Contaminants  i n  P h a r m a c e u t i c a l  
Fo rmula t ions  and Raw Materials Con ta in ing  Ephedr ine  o r  Pseudo- 
e p h e d r i n e .  

R e s u l t s  are g i v e n  as p e r c e n t a g e  ? s t a n d a r d  d e v i a t i o n .  
Each v a l u e  r e p r e s e n t s  t h e  mean of t h r e e  i n d i v i d u a l  
a s s a y  r e s u l t s .  The r e s u l t s  are c a l c u l a t e d  w i t h  r e s p e c t  
t o  t h e  l a b e l l e d  c o n t e n t  of t h e  d rug  i n  each  t a b l e t ;  r a w  
p roduc t s  a r e  assumed t o  b e  100% p u r e .  Each s t a n d a r d  
d e v i a t i o n  i s  e s t i m a t e d  from t h e  r ange  o f  t h r e e  r e s u l t s .  

Sample I n g r e d i e n t  Type % Contaminant X Active 
I n g r e d i e n t  

A Ephedrine n.d.  9 9 . 8  2 4.2 
B* Ephedrine n . d .  98.9 ? 3.6 
C Ephedr ine  n.d.  92.2 i 4.3 

E Ephedr ine  n.d.  96.9 i 2 . 8  
F* Ephedrine n .d .  102.0 t 2.4 
G Ephedr ine  3.9 i 0.04 95.0 k 1 . 2  
H Pseudoephedrine n .d .  98.0 i 3.2 
I Pseudoephedrine n.d.  99.7 i 1 . 6  
J* Pseudoephedrine n.d.  101.6 2 2.4 
K* Pseudoephedrine n.d. 99.4 k 1.3 

D* Ephedrine 6.0 i 0.05 95.9 i 1 .2  

n .d .  i n d i c a t e s  n e g l i g i b l e  d e t e c t i o n  
* i n d i c a t e s  t h a t  t h e  sample i s  a r a w  p r o d u c t  

were obse rved ,  s i n c e  t h e  d e r i v a t i s a t i o n  p rocedure  used  w a s  

s p e c i f i c  f o r  p r imary  and secondary  amines.  The s e n s i t i v i t y  o f  

t h i s  method, w i t h  which a n a l y s e s  a t  t h e  sub pg/ml l e v e l  p r e s e n t e d  

no d i f f i c u l t y ,  compared f a v o u r a b l y  w i t h  t h a t  g i v e n  by Barkan and 

co-workers (5) f o r  t h e i r  method. L i n e a r  c a l i b r a t i o n  p l o t s  w e r e  

o b t a i n e d  w i t h  e p h e d r i n e  and pseudoephedr ine  f o r  i n j e c t e d  amounts 

of s o l u t e  i n  t h e  r ange  100 t o  500 ng, w i t h  c o r r e l a t i o n  c o e f f i c i e n t s  

b e t t e r  t h a n  0.95. 

Mobile Phases  Con ta in ing  N i 2 +  I o n s  

One of t h e  advan tages  of t h e  u s e  of reversed-phase HPLC f o r  

t h e  a n a l y s i s  of m e t a l  complexes i s  t h a t  t h e  s e p a r a t i o n  sys t em can 
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MIXTURES OF EPHEDRINE AND PSEUDOEPHEDRINE 32 1 

FIGURE 3. Ana lys i s  of a m i x t u r e  of t h e  d i a s t e r e o i s o m e r s  (-) 
e p h e d r i n e  and (-) pseudoephedrine u s i n g  on-column f o r m a t i o n  of 
n i c k e l  d i t h i o c a r b a m a t e  complexes. 

Mobile Phase: 
Flow rate 1.5 ml/min. 

Peak I d e n t i t i e s :  A , B , C  as f o r  F i g .  2;  D,  e x c e s s  carbon 
d i s u l p h i d e ;  E ,  s o l v e n t  i m p u r i t y .  

70:30 (v /v )  CH30H:0.2% (w/v) aqueous NiC12.6H20. 

b e  r e a d i l y  mod i f i ed  by a d d i t i o n  of  a metal i o n  t o  t h e  mobile  phase .  

When Ni2 '  was added t o  t h e  mobile  phase and a m i x t u r e  of d i a s t e r e o -  

i s o m e r i c  d i t h i o c a r b a m a t e  l i g a n d s  ( d e r i v e d  from e p h e d r i n e  and 

pseudoephedrine)  w a s  i n j e c t e d ,  t h e  chromatogram shown i n  F ig .  3 

r e s u l t e d .  The l a r g e  f i r s t  peak w a s  due t o  e x c e s s  carbon 

d i s u l p h i d e  remaining a f t e r  d e r i v a t i s a t i o n  of t h e  amine du rgs ,  and 

a small peak due t o  s o l v e n t  i m p u r i t y  w a s  a l s o  obse rved .  The 

remaining peaks w e r e  a s s i g n e d  t o  b i n a r y  and t e r n a r y  n i c k e l  

complexes formed dur ing  t h e  m i g r a t i o n  o f  t h e  d i t h i o c a r b a m a t e  

l i g a n d s  through t h e  reversed-phase column. 

Th i s  method of s e p a r a t i o n  w a s  more s i m p l e  than  t h e  u s e  of 

p r i o r  fo rma t ion  of  n i c k e l  complexes and forms t h e  b a s i s  of a r a p i d  
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and s e n s i t i v e  method f o r  t h e  d e t e c t i o n  of d i a s t e r e o i s o m e r i c  con- 

taminants i n  primary and secondary amines. It  i s  noteworthy t h a t  

the  r e l a t i v e  peak h e i g h t s  ob ta ined  with t h e  i n - s i t u  complex form- 

a t i o n  method were somewhat dependent on the  mobile phase f low rate ,  

i n d i c a t i n g  t h a t  d i f f e r e n c e s  i n  l a b i l i t y  probably e x i s t  between the  

d i f f e r e n t  complexes. This  v a r i a t i o n  i n  r e l a t i v e  peak h e i g h t s  was 
not  observed when the n i c k e l  complexeswre formed p r i o r  t o  

i n j e c t i o n .  

CONCLUSIONS 

Enantiomeric and d ias te reo isomer ic  amines may b e  s e p a r a t e d  

and q u a n t i t a t e d  a f t e r  t h e i r  conversion t o  n i c k e l  di thiocarbamate 

complexes, using reversed-phase HPLC. This  method g ives  s imilar  

r e s u l t s  t o  those obta ined  using the  prev ious ly  repor ted  normal- 

phase method, however the  former procedure does n o t  r e q u i r e  

ex tens ive  column e q u i l i b r a t i o n  t i m e s  f o r  reproducib le  r e s u l t s .  

I n  a d d i t i o n ,  the  reversed-phase method can b e  modif ied t o  a l low 

i n - s i t u  formation of the  n i c k e l  complexes, thereby e l i m i n a t i n g  

some of t h e  manipulat ive s t e p s .  The proposed method w a s  success-  

f u l l y  appl ied  t o  t h e  a n a l y s i s  of d i a s t e r e o i s o m e r i c  contaminants i n  

pharmaceutical products  and raw materials conta in ing  ephedrine o r  

pseudoephedrine. 
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