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THE QUANTITATION OF HEROIN AND 
SELECTED BASIC IMPURITIES VIA REVERSED 

PHASE HPLC. 1. THE ANALYSIS OF 
UNADULTERATED HEROIN SAMPLES 

I.  S. Lurie and S. M. Carr 
Drug En forcement Ad m in ist ra tion 

Special Testing and Research Laboratory 
7704 Old Springhouse Road 

McLean, Virginia 221 02 

ARST R ACT 

Methodology was d e v e l o p e d  employing r e v e r s e d  phase  l i q u i d  
chromatography for  t h e  s i m u l t a n e o u s  d e t e r m i n a t i o n  o f  h e r o i n ,  
03-monoace t y l m o r p h i n e  , 06-monoace t y l m o r p h i n e  , ace t y l c o d e  i ne  , 
n o s c a p i n e  and p a p a v e r i n e  i n  u n a d u l t e r a t e d  i l l i c i t  powders .  An 
HS-5 c18 column was used  w i t h  a g r a d i e n t  sys tem u s i n g  m e t h a n o l  
and  a hexylamine  p h o s p h a t e  b u f f e r  a t  pH 2.2.  Th i s  method, 
s u i t a b l e  f o r  au tomated  a n a l y s i s ,  used  a multi-mode d e t e c t i o n  
scheme v i a  t h e  u s e  o f  a p h o t o d i o d e  a r r a y  detector .  I n  order  t o  
a r r i v e  a t  t h e  optimum c h r o m a t o g r a p h i c  c o n d i t i o n s  i n  terms o f  
s e l e c t i v i t y  and s t a b i l i t y ,  a s t u d y  was per formed on  t h e  effect  o f  
v a r i o u s  mobile p h a s e  p a r a m e t e r s  o n  log k' for  h e r o i n ,  v a r i o u s  
i m p u r i t i e s ,  and common a d u l t e r a n t s .  The mobile p h a s e  p a r a m e t e r s  
i n c l u d e d  a m h e  c o n c e n t r a t i o n ,  o r g a n i c  m o d i f i e r  t y p e ,  and e l u e n t  
PH * 
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INTRODUCTION 

LURIE A ~ D  CARR 

The d e t e r m i n a t i o n  of h e r o i n  and its i m p u r i t i e s  can  be 

impor t an t  f o r  i n t e l l i g e n c e  purposes  and can  form t h e  basis f o r  
compara t ive  a n a l y s i s  o f  e x h i b i t s .  Acidic, n e u t r a l ,  or basic 

i m p u r i t i e s  which arise d u r i n g  h e r o i n  manufac ture  are a r e s u l t  o f  

a c e t y l a t i o n  of opium a l k a l o i d s ,  o r  h y d r o l y s i s  o f  t h e s e  by- 

p roduc t s .  Q u a n t i t a t i v e  procedures  have been r e p o r t e d  f o r  t h e  

d e t e r m i n a t i o n  o f  h e r o i n  and b a s i c  i m p u r i t i e s  i n  i l l i c i t  h e r o i n  

samples t h a t  employ e i t h e r  GLC o r  HPLC methodology. Packed 

column and c a p i l l a r y  column GLC have been employed f o r  t h e  

q u a n t i t a t i o n  o f  h e r o i n  and c e r t a i n  b a s i c  i m p u r i t i e s  such as 
06-monoacetylmorphine, 03-monoacetylmorphine, a c e t y l c o d e i n e  , 
morphine, code ine ,  and papave r ine  u s i n g  bo th  FID1-5 and ECD6,7 
d e t e c t i o n .  Normal phase  HPLC wi th  conven t iona l  UV d e t e c t i o n  h a s  

been u t i l i z e d  by Huizer8'I0 and White,  e t .  a1.l1, f o r  t h e  

q u a n t i t a t i o n  o f  h e r o i n  and some o f  t h e  above i m p u r i t i e s ,  p l u s  

noscap ine .  An alleged reve r sed  phase  procedure  h a s  been r e p o r t e d  

by Baker and Gough 12. This s e p a r a t i o n  appea r s  t o  be proceeding  

by a d i f f e r e n t  mechanism s i n c e  t h e  more l i p o p h i l i c  compounds are 

e l u t i n g  f irst .  F e l l ,  e t .  a l . ,  used HPLC wi th  photodiode a r r a y  W 

d e t e c t i o n  f o r  t h e  d e t e r m i n a t i o n  o f  h e r o i n  and selected basic 

i m p u r i t i e s 1  3-15 u t i l i z i n g  t h e  chromatographic  system developed by 

Baker and Gough12. 

s a t i s f a c t o r y  f o r  o u r  needs because  of e i t h e r  incomple te  r e s o l u -  

t i o n  o f  compounds of i n t e r e s t ,  p robab le  i n t e r f e r e n c e s  from 
a d u l t e r a n t s  o r  o t h e r  h e r o i n  i m p u r i t i e s ,  o r  l a c k  o f  ease o f  sample 

p r e p a r a t i o n .  Common t o  these methods is t h e  e l u t i o n  o f  nOSCapine 

nea r  t h e  void  volume where i t  is s u b j e c t  t o  i n t e r f e r e n c e  from 

non-re ta ined  compounds. 

None o f  t h e s e  methods were found t o  be 

This paper  r e p o r t s  a r eve r sed  phase procedure  f o r  t h e  

s imul t aneous  q u a n t i t a t i o n  of h e r o i n ,  03-monoacetylmorphine, 
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HEROIN AND SELECTED BASIC IMPURITIES. I 2487 

06-monoacetylmorphine, a c e t y l c o d e i n e ,  noscapine  , and papave r ine  

i n  i l l i c i t l y  manufactured h e r o i n  samples  us ing  photodiode  a r r a y  

UV d e t e c t i o n .  I n  o r d e r  t o  o b t a i n  optimum chromatographic  

c o n d i t i o n s  f o r  h e r o i n  and o t h e r  compounds of i n t e r e s t ,  a s t u d y  of 

t h e  effect  of mobi le  phase parameters  such  as amine concen- 

t r a t i o n ,  o r g a n i c  m o d i f i e r  t y p e  and e l u e n t  pH on k *  was conducted .  

A p rev ious  r e p o r t  on t h e  a n a l y s i s  o f  h e r o i n  demonst ra ted  t h e  

v a l u e  of hexylamine i n  r educ ing  k' v a l u e s  and p rov id ing  good 

peakshape16. 

t e r a t e d  samples  are inc luded .  

I n  t h i s  pape r ,  on ly  t h e  q u a n t i t a t i o n s  i n  unadul- 

EXPERIMENTAL 

Materials 

Methanol, t e t r a h y d r o f u r a n ,  and a c e t o n i t r i l e  were acqu i red  

from Burdick and Jackson (Muskegon, M I ,  USA). Reagent g r a d e  

hexylamine and p i p e r o n a l  were acqu i red  from Eastman Chemicals 

(Roches t e r ,  N Y ,  U S A ) .  Propiophenone s t anda rd  was o b t a i n e d  from 

P i e r c e  Chemical (Rockford,  I L ,  USA). Other  chemica ls  were 

reagent g rade .  Drug s t a n d a r d s  o f  USPINF q u a l i t y  were employed. 

The mobi le  phases  were mixed i n t e r n a l l y  from s o l v e n t  

r e s e r v o i r s  c o n t a i n i n g  pu re  o r g a n i c  component o r  an  amine-phos- 

pha te  b u f f e r .  

30 p a r t s  2M sodium hydroxide ,  and 10 p a r t s  phosphor ic  aciC. 

Hexylamine was added t o  t h i s  b u f f e r  af ter  i t  was f i l t e r e d  and 

degassed ,  due  t o  p o s s i b l e  v o l a t i l i t y  l o s s e s .  The f i n a l  pH was 

a d j u s t e d  t o  pH 2.2 w i t h  2M sodium hydroxide  o r  phosphor ic  a c i d ,  

if necessa ry .  

The phosphate b u f f e r  c o n s i s t e d  of 870 p a r t s  water, 
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2488 LURIE AND CARR 

Equipment 

Two s y s t e m s  were employed for  t h e  c h r o m a t o g r a p h i c  s e p a r a -  

t i o n s .  The f irst  s y s t e m  used i n  c h r o m a t o g r a p h i c  o p t i m i z a t i o n  

s t u d i e s  c o n s i s t e d  of  a S e r i e s  4 l i q u i d  chromatograph  ( P e r k i n -  

E l m e r ,  Norwalk, CT,  U S A ) ;  a n  ISS-100 a u t o s a m p l e r  f i t t e d  w i t h  

e i t h e r  a 6 u l  o r  5 0 u l  l o o p  ( P e r k i n - E l m e r ) ;  a n  HS-5 C18 column 

(12.5cm x 4.6mm I.D.) ( P e r k i n - E l m e r ) ;  two Model LC85B d e t e c t o r s  

f i t t e d  w i t h  1 . 5 ~ 1  flow ce l l s  ( P e r k i n - E l m e r ) ;  a Model 3600 d a t a  

s t a t i o n ,  e q u i p p e d  w i t h  Chromatographics  2 s o f t w a r e  ( P e r k i n -  

Elmer),  and a Model 660 p r i n t e r  (Perk in-Elmer) .  

The second s y s t e m  used f o r  h e r o i n  sample  a n a l y s i s  c o n s i s t e d  

of  a S e r i e s  4 l i q u i d  chromatograph;  a n  ISS-100 a u t o s a m p l e r  f i t t e d  

w i t h  a 5 0 u l  l o o p ;  a n  HS-5 C18 column;  a Model 1040a p h o t o d i o d e  

a r r a y  HPLC d e t e c t i o n  sys tem ( H e w l e t t - P a c k a r d ,  Waldbronn, FRG); 

two Model LCI-100 l a b o r a t o r y  comput ing  i n t e r g r a t o r s  ( P e r k i n -  

Elmer)  i n t e r f a c e d  t o  a Model 7500 d a t a  s t a t i o n  e q u i p p e d  w i t h  

Chromatographics  3 software ( P e r k i n - E l m e r ) ,  and a Model PR-210 

p r i n t e r  ( P e r k i n - E l m e r ) .  

Q u a n t i t a t i v e  D e t e r m i n a t i o n  of H e r o i n  and S e l e c t e d  Basic 
I m p u r i t i e s  

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

The f o l l o w i n g  were a c c u r a t e l y  weighed i n t o  a 10Oml volu-  

1 .Omg e a c h  of 03-monoacetylmorphine s u l f a m a t e ,  metric f l a s k :  

n o s c a p i n e  b a s e ,  and p a p a v e r i n e  b a s e ;  1.5mg of  06-monoacetyl-  

morphine  b a s e ,  3.0mg of a c e t y l c o d e i n e  b a s e  and 90mg o f  h e r o i n  

b a s e .  P r i o r  t o  d i l u t i o n  t o  volume w i t h  i n j e c t i o n  s o l v e n t ,  

p ropiophenone  i n t e r n a l  s t a n d a r d  was added  i n  i n j e c t i o n  s o l v e n t  t o  

g i v e  a f i n a l  c o n c e n t r a t i o n  of 0.08mg/ml. I n j e c t  5 0 u l  onto t h e  

l i q u i d  chromatograph .  
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HEROIN AND SELECTED BASIC IMPURITIES. 1 2489 

Sample P r e p a r a t i o n  

An amount o f  h e r o i n  was weighed i n t o  a vo lumet r i c  f l a s k  

which r e s u l t e d  i n  a n  approximate  h e r o i n  base  c o n c e n t r a t i o n  of  

0.90mg/ml a f t e r  d i l u t i o n  t o  volume. P r i o r  t o  d i l u t i o n  t o  volume 

wi th  i n j e c t i o n  s o l v e n t ,  propiophenone was added i n  i n j e c t i o n  

s o l v e n t  t o  g i v e  a f i n a l  c o n c e n t r a t i o n  o f  0.08mg/ml. Subsequent 

t o  50u l  i n j e c t i o n s  i n t o  t h e  l i q u i d  chromatograph, h e r o i n  and 

s e l e c t e d  b a s i c  i m p u r i t i e s  were de termined  v i a  peak h e i g h t  o r  peak 

area us ing  s i n g l e  p o i n t  c a l i b r a t i o n .  For automated de termina-  

t i o n s  t h e  s t a n d a r d  mix tu re  was i n j e c t e d  a f t e r  every  f o u r  sample 

i n j e c t i o n s .  

Chromatographic Cond i t ions  

Grad ien t  e l u t i o n  was employed fo l lowed by an i s o c r a t i c  s t e p .  

The i n i t i a l  s o l v e n t  c o n s i s t e d  of 5% methanol and 95% phosphate  

b u f f e r  (O.023M hexylamine, pH 2 .2 ) ;  wh i l e  t h e  f i n a l  s o l v e n t  

c o n s i s t e d  of 30% methanol ,  70% phosphate  b u f f e r  (0.023M hexyl- 

m i n e ,  pH 2 . 2 ) .  A l i n e a r  g r a d i e n t  f o r  20 minutes  was employed 

wi th  t h e  f i n a l  s o l v e n t  he ld  f o r  25 minu tes ,  So lven t  f low ra te  
was 1 . 5 m l h i n .  Analogue s i g n a l  A on t h e  photodiode  a r r a y  

d e t e c t o r  was k e p t  a t  218nm f o r  12 minutes  then  swi tched  t o  228nm, 

and subsequen t ly  swi tched  t o  240nm a t  30 minutes .  Analogue 

s i g n a l  B was r u n  a t  228nm and swi tched  t o  240nm a t  12 minu tes .  

I n j e c t i o n  So lven t  

The i n j e c t i o n  s o l v e n t  c o n s i s t e d  o f  10 p a r t s  a c e t o n i t r i l e ,  89 

p a r t s  water and 1 p a r t  acetic a c i d  and was a d j u s t e d  t o  pH 3.7 
w i t h  2N sodium hydroxide.  
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RESULTS AND DISCUSSION 

LURIE AND CARR 

Mobile Phase Op t imiza t ion  

The g o a l  i n  o u r  s tudy  was t o  deve lop  a chromatographic  

sys tem s u i t a b l e  for the  q u a n t i t a t i o n  of h e r o i n  and selected basic  

i m p u r i t i e s  i n  bo th  uncut  and a d u l t e r a t e d  h e r o i n  samples.  A 

p r e v i o u s l y  r e p o r t e d  sys tem used a n  HS-5 C18 column and a mobi le  

phase  c o n t a i n i n g  12% a c e t o n i t r i l e  and 88% phosphate  b u f f e r  

(0.072M hexylamine) t h a t  gave  an  e x c e l l e n t  s e p a r a t i o n  o f  06-mono- 

a c e t y l  morphine,  a c e t y l c o d e i n e ,  h e r o i n ,  papave r ine , . and  noscapine  

i n  t h a t  o rde r '  6. 
wi th  t h i s  system: 

However, t h e  fo l lowing  problems were observed  

(a )  Although noscap ine  and papave r ine  peaks were well 

r e s o l v e d  when new columns were used ,  t h e i r  r e s o l u t i o n  decreased 

wi th  time and t h e y  e v e n t u a l l y  merged a f te r  s e v e r a l  weeks o f  

column usage. 

(b) 06-monoacetylmorphine co-e lu ted  wi th  t h e  a d u l t e r a n t  

a c e t y l p r o c a i n e .  

( c )  The a d u l t e r a n t s  q u i n i n e ,  me thapyr i l ene ,  and aminopyrine 

e x h i b i t e d  large day-to-day v a r i a t i o n s  i n  r e t e n t i o n  time r e l a t i v e  

t o  h e r o i n .  

With respect t o  Problem ( a ) ,  it was observed  tha t  w i t h  

con t inuous  column usage  papave r ine  had a more d rama t i c  r e t e n t i o n  

time s h i f t  t han  noscapine .  It was p o s t u l a t e d  t h a t  a modi f ied  

mobi le  phase  cou ld  s h i f t  t h e  e l u t i o n  order and t h u s  r e s o l v e  t h i s  

problem, as well as Problem ( b ) .  Problem ( c )  appeared  t o  be  a 

r e s u l t  o f  a n  u n s t a b l e  chromatographic  system i n  which k' v a r i e s  
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HEROIN AND SELECTED BASIC IMPURITIES. I 249 1 

s i g n i f i c a n t l y  wi th  small changes  i n  c o n c e n t r a t i o n  o f  one o r  more 

components of  t h e  mobi le  phase. 

A s t u d y  was performed to  measure t h e  effect  of amine 

c o n c e n t r a t i o n  on r e t e n t i o n  f o r  t h e  compounds o f  i n t e r e s t .  As 

i n d i c a t e d  in F i g u r e  1 ,  t h e  log k1 o f  q u i n i n e ,  me thapyr i l ene ,  and 

aminopyrine first decreased t h e n  i n c r e a s e d  g r e a t l y  w i t h  i n c r e a s -  

ing hexylamine c o n c e n t r a t i o n .  T h i s  was i n  c o n t r a s t  t o  t h e  

behav io r  o f  t h e  o t h e r  moderate t o  s t r o n g  bases  examined which 

e x h i b i t e d  t h e  expec ted  behav io r ,  where t h e  l o g  k1 v a l u e s  de- 

crease wi th  i n c r e a s i n g  amine c o n ~ e n t r a t i o n ~ 7 , ~ ~ .  

none of t h e  sys tems i n d i c a t e d  i n  F igu re  1 appeared t o  be v i a b l e  

f o r  t h e  q u a n t i t a t i o n  of 06-monoacetylmorphine i n  t h e  p r e s e n c e  of  

a c e t y l p r o c a i n e  and no change i n  e l u t i o n  o r d e r  was observed  f o r  

noscap ine  and papaver ine .  

I n  a d d i t i o n ,  

S i n c e  t h e  pH o f  t h e  e l u e n t s  used i n  F i g u r e  1 changed wi th  

amine c o n c e n t r a t i o n ,  it was des i red  t o  a s c e r t a i n  whether t h e  

r e t e n t i o n  behav io r  o f  t h e  t h r e e  a d u l t e r a n t s ,  q u i n i n e ,  metha- 

p y r i l e n e ,  and aminopyrine were pH related.  The re fo re  t h e  v a r i a -  

t i o n  o f  l o g  k1 v e r s u s  amine c o n c e n t r a t i o n  was s t u d i e d  a t  pH 2.2 

and 3.0. As F i g u r e s  2 and 3 i l l u s t r a t e ,  t h e  l o g  k' o f  t h e  t h r e e  

a d u l t e r a n t s  l i s t e d  i n c r e a s e d  s i g n i f i c a n t l y  wi th  mobi le  phase pH 

and e x h i b i t e d  normal behav io r  w i th  r e s p e c t  t o  t h e  effect  of  amine 

c o n c e n t r a t i o n .  The change i n  r e t e n t i o n  times f o r  q u i n i n e ,  

me thapyr i l ene ,  and aminopyrine wi th  pH were probably  due t o  

changes  i n  i o n i z a t i o n  state o f  t h e  compounds t o  a more l i p o p h i l i c  

s p e c i e s .  The d i p r o t i c  amines,  q u i n i n e  and me thapyr i l ene ,  have 

r e p o r t e d  second pKa v a l u e s  o f  4.2 and 3.7 r e s p e c t i v e l y ;  wh i l e  

aminopyr ine ,  a monoprotic amine, h a s  a r e p o r t e d  pKa o f  5.0. The 

r e p o r t e d  v a l u e s  were determined i n  aqueous s o l u t i o n  and t h e  

a d d i t i o n  of  an  o r g a n i c  m o d i f i e r  effects s imul t aneous ly  a n  

i n c r e a s e  of t h e  a p p a r e n t  pH o f  t h e  e l u e n t  and a decrease of t h e  
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HEXYLAMINE CONCENTRATION (M X 1000) 

1 .  P l o t  of l o g  k' v e r s u s  hexylamine c o n c e n t r a t i o n  for  h e r o i n ,  
s e l e c t e d  b a s i c  i m p u r i t i e s ,  and v a r i o u s  a d u l t e r a n t s .  Cond i t ions :  12% 
a c e t o n i t r i l e  and 871 phosphate bu f fe r  ( s e e  expe r imen ta l  s e c t i o n )  w i t h  
v a r i o u s  c o n c e n t r a t i o n s  o f  hexylamine. 

The symbols are l i s t e d  from t h e  l e f t ,  t o p  to bottom, and r e p r e s e n t  the  
f o l l o v i n g :  o-noscapine,  x-papaverine,  A-heroin + -ace ty l code ine ,  

0 -coca ine ,  o - s t rychn ine  , x-ace ty lp roca ine  and O&-monoacetylmorphine, 
n -qu in ine ,  o-methapyri lene,  x-codeine,  &-proca ine ,  +-aminopyrine. 

e f f e c t i v e  pKa of  t h e  s o l u t e l g .  
o b t a i n  a more s t ab le  chromatographic  sys tem,  a b u f f e r  pH of  2.2 

would be r e q u i r e d .  

would be expec ted  t o  e x i s t  as s i n g l e  s p e c i e s .  

It would appear  t h a t  i n  o r d e r  t o  

A t  t h i s  pH, each  of  t h e  compounds of i n t e r e s t  

I n  F i g u r e s  1-3, t h e  i n c r e a s e  i n  s e l e c t i v i t y  f o r  papave r ine  

v e r s u s  noscapine  wi th  an  i n c r e a s e  i n  hexylarnine c o n c e n t r a t i o n  is  
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HEXYLAMINE CONCENTRATIOH (M X 1000) 

2.  P l o t  o f  log k' v e r s u s  hexylamine c o n c e n t r a t i o n  for  h e r o i n ,  
s e l e c t e d  b a s i c  i m p u r i t i e s ,  and v a r i o u s  a d u l t e r a n t s .  Condi t ions:  same 
as F igure  1 excep t  f i n a l  pH a d j u s t e d  t o  2.2 wi th  phosphoric  a c i d  if 
necessa ry .  

The symbols are l i s t e d  from t h e  lef t ,  t o p  t o  bottom, and r e p r e s e n t  t h e  
fo l lowing :  o-noscapine,  x -papave r ine ,p -he ro in ,  + -ace ty l code ine ,  
0 -coca ine ,  o-benzoyl t ropeine,  x - c a f f e i n e ,  0 - s t r y c h n i n e ,  
A-ace ty lp roca ine ,  +-06-monoacetylmorphineJ 0 - c o d e i n e ,  o-quinine , 
x-methapyrilene,A-aminopyrine,  +-procaine.  

of p a r t i c u l a r  i n t e r e s t  because of  Problem ( a ) .  

s e l e c t i v i t y  can  be exp la ined  by the two s i t e  mechanism of 
r e t e n t i o n  on t h e  s o l i d  phase17,*0. 

be unbonded s i l a n o l  g roups ,  would be  involved  i n  s i l a n o p h i l i c  
i n t e r a c t i o n s  wh i l e  t h e  o t h e r  kind of  s i te ,  thought t o  be t h e  

bonded a l k y l  c h a i n ,  would be involved  i n  so lvophobic  i n t e r -  

a c t i o n s .  The r e d u c t i o n  i n  k' v e r s u s  amine c o n c e n t r a t i o n  f o r  bo th  

The  change i n  

One kind of  site, thought t o  
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HEXYLAMINE CONCENTRATION (M X 1000) 

3.  P l o t  of log k’ v e r s u s  hexylamine c o n c e n t r a t i o n  f o r  h e r o i n ,  
s e l e c t e d  b a s i c  i m p u r i t i e s ,  and v a r i o u s  a d u l t e r a n t s .  Cond i t ions :  same 
as  F igure  1 e x c e p t  f i n a l  pH a d j u s t e d  t o  3.0 with phosphoric  a c i d  o r  2N 
sodium hydroxide i f  necessa ry .  

The symbols are l i s t e d  from t h e  l e f t ,  t o p  t o  bottom, and r e p r e s e n t  t h e  
fol lowing:  o-noscapine,  x-papaverine,A-heroin,O-cocaine,  
+-acetylcodeine,  o-benzoyl t ropeine,  x-methapyrilene, A-caffeine, 
+-quinine,  0 - s t r y c h n i n e ,  o -ace ty lp roca ine ,  x-06-monoacetylmorphine, 
A-code ine ,O-p roca ine ,  +-aminopyrine. 

s o l u t e s  can  be exp la ined  by an  inc reased  compe t i t i on  between t h e  

s o l u t e  and t h e  amine for t h e  a v a i l a b l e  s i l a n o p h i l i c  sites. 
Papaver ine ,  be ing  less bulky and having a lower hydrophobic 

c o n t a c t  area t h a n  noscapine ,  should  more e a s i l y  undergo s i l a n o -  

p h i l i c  i n t e r a c t i o n s  w i t h  t h e  p a r t i a l l y  sh i e lded  unbonded s i l a n o l  
sites. There fo re ,  t h e  effect of t h e  m i n e  mod i f i e r  will be 

g r e a t e r  on papave r ine  than  noscapine .  T h i s  e x p l a n a t i o n  is 
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c o n s i s t e n t  w i t h  a p r e v i o u s  r e p o r t  t h a t  compet ing  amines  w i t h  

shor te r  h y d r o p h o b i c  s i d e  c h a i n s  w i l l  be less s t r o n g l y  a t t rac ted  

t o  t h e  s t a t i o n a r y  p h a s e  c a r b o n  c h a i n  and w i l l  t e n d  t o  be t t e r  

undergo  s i l a n o p h i l i c  i n t e r a c t i o n s 2 1 .  

The l o s s  i n  r e s o l u t i o n  between n o s c a p i n e  and p a p a v e r i n e  

w i t h  column u s a g e  c o u l d  r e s u l t  from l o s s  of C 1 8  g r o u p s  from t h e  

s t a t i o n a r y  phase  w i t h  time and t h e  r e s u l t a n t  f o r m a t i o n  o f  s i l a n o l  

sites. S i n c e  p a p a v e r i n e  undergoes  s i l a n o p h i l i c  i n t e r a c t i o n s  more 

e a s i l y  t h a n  n o s c a p i n e ,  its a f f i n i t y  for  t h e  s t a t i o n a r y  p h a s e  

would i n c r e a s e  a t  a greater rate,  g r a d u a l l y  i n c r e a s i n g  its 

r e t e n t i o n  time r e l a t i v e  t o  n o s c a p i n e .  

S i n c e  v a r y i n g  t h e  amine c o n c e n t r a t i o n  i n  a m o b i l e  p h a s e  

c o n t a i n i n g  12% a c e t o n i t r i l e  d i d  n o t  r e s u l t  i n  s a t i s f a c t o r y  

s e p a r a t i o n s  f o r  many of t h e  compounds of i n t e r e s t ,  d i f f e r e n t  

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

h e r o i n  were i n v e s t i g a t e d .  The effect of hexylamine  c o n c e n t r a t i o n  

on  log k' for  h e r o i n  and selected compounds i n  21% m e t h a n o l  and 

3% t e t r a h y d r o f u r a n  i s  p r e s e n t e d  i n  F i g u r e s  4 and 5 ,  r e s p e c t i v e l y .  

C e r t a i n  compounds were omitted from t h e s e  f i g u r e s  b e c a u s e  of  

t he i r  v e r y  low r e t e n t i o n .  It is  of i n t e r e s t  t o  n o t e ,  e s p e c i a l l y  

for  n o s c a p i n e  v e r s u s  p a p a v e r i n e  and 06-monoacetylmorphine v e r s u s  

a c e t y l p r o c a i n e  and q u i n i n e ,  t h e  large s e l e c t i v i t y  d i f f e r e n c e s  

t h a t  r e s u l t e d  from c h a n g i n g  t h e  o r g a n i c  m o d i f i e r .  The e l u t i o n  

o r d e r  for  n o s c a p i n e  and p a p a v e r i n e  was r e v e r s e d  when a n  e l u e n t  

c o n t a i n i n g  methanol  o r  t e t r a h y d r o f u r a n  was used .  With e l u e n t s  

c o n t a i n i n g  m e t h a n o l ,  be t te r  s e l e c t i v i t y  was o b s e r v e d  be tween 

06-monoacetylmorphine and a c e t y l p r o c a i n e  and q u i n i n e  e l u t e d  a f te r  

06-monoacetylmorphine.  

morphine  and q u i n i n e  was desirable  s i n c e  large q u a n t i t i e s  o f  t h e  

l a t te r  compound and its later e l u t i n g  i m p u r i t y  d i h y d r o q u i n i n e  

were less l i k e l y  t o  i n t e r f e r e  w i t h  t h e  f o r m e r  compound. F i g u r e  

4 a l so  shows t h a t  s i g n i f i c a n t l y  improved s e p a r a t i o n s  were 

T h i s  e l u t i o n  o r d e r  for  06-monoacetyl- 
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HEXYLAMINE CONCENTRATION (M X 1000) 

4 .  P l o t  of  log k' v e r s u s  hexylamine  c o n c e n t r a t i o n  f o r  h e r o i n ,  
s e l e c t e d  b a s i c  i m p u r i t i e s ,  and v a r i o u s  a d u l t e r a n t s .  C o n d i t i o n s :  21% 
m e t h a n o l  and  79% p h o s p h a t e  b u f f e r  ( s e e  t e x t )  w i t h  v a r i o u s  Concen- 
t r a t i o n s  o f  h e x y l a m i n e  a d d e d ;  f i n a l  pH a d j u s t e d  t o  2 . 2  w i t h  p h o s p h o r i c  
a c i d  i f  n e c e s s a r y .  

The symbols  are l i s t e d  from t h e  l e f t ,  t o p  t o  bot tom,  and r e p r e s e n t  t h e  
f o l l o w i n g :  o - p a p a v e r i n e ,  x-noscapine, A - h e r o i n ,  + - a c e t y l c o d e i n e ,  

0 - b e n z o y l t r o p e i n e ,  0 - c a f f e i n e ,  x - c o c a i n e , A - s t r y c h n i n e ,  + - q u i n i n e ,  
0 - a c e t  y l p r o c a i n e  , o-06-monoacetylmorphine, x-codeine  , 
a - m e t h a p y r i l e n e ,  +-aminopyrine.  

o b t a i n e d  u s i n g  a m o b i l e  phase  c o n t a i n i n g  21% methanol  and 0.023M 

hexylamine .  

d i t i o n s ,  samples  c o n t a i n i n g  h i g h  l e v e l s  o f  a c e t y l p r o c a i n e  would 

still  i n t e r f e r e  with 06-monoacetylmorphine.  

a c e t y l m o r p h i n e  would n o t  b e  s e p a r a t e d  from 06-monoacetylmorphine. 

However, even under  t h e s e  c h r o m a t o g r a p h i c  con- 

In a d d i t i o n ,  03-mono- 

I n  o r d e r  t o  improve t h e  s e p a r a t i o n  f u r t h e r ,  a lower s o l v e n t  

s t r e n g t h  was n e c e s s a r y  for  earlier e l u t i n g  compounds, and 
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5. P l o t  o f  log k‘ v e r s u s  hexylamine c o n c e n t r a t i o n  f o r  h e r o i n ,  
s e l e c t e d  b a s i c  i m p u r i t i e s ,  and v a r i o u s  a d u l t e r a n t s .  Cond i t ions :  3% 
t e t r a h y d r o f u r a n ,  97% phosphate b u f f e r  (see t e x t )  w i th  v a r i o u s  con- 
c e n t r a t i o n s  o f  hexylamine added; f i n a l  pH a d j u s t e d  t o  2 . 2  w i th  
phosphoric  a c i d  i f  necessa ry .  

The symbols are l i s t e d  from t h e  l e f t ,  t o p  t o  bottom, and r e p r e s e n t  t h e  
fol lowing:  o-papaverine.  x - n o s c a p i n e , a - h e r o i n ,  + -ace ty l code ine ,  

[ j -benzoyl t ropeine,  o-cocaine,  x - c a f f e i n e , ~ - s t r y c h n i n e ,  
+-ace’yprocaine, D-O6-rnonoacetylmorphine, o-codeine , x-quinine.  

t h e r e f o r e  g r a d i e n t  e l u t i o n  was d e s i r a b l e .  

g r a p h i c  c o n d i t i o n s  c o n s i s t e d  o f  5% methanol ,  95% phosphate  b u f f e r  

(.O23M hexylamine, pH 2 . 2 ) ;  wh i l e  t h e  f i n a l  chromatographic  

c o n d i t i o n s  c o n s i s t e d  of 30% methanol ,  70% phosphate b u f f e r  (.023M 

hexylamine, pH 2 . 2 ) .  

w i th  t h e  f i n a l  s o l v e n t  h e l d  f o r  8 minutes .  

t i o n  employing g r a d i e n t  e l u t i o n  f o r  h e r o i n ,  s e l e c t e d  b a s i c  

i m p u r i t i e s ,  a s u i t a b l e  i n t e r n a l  s t a n d a r d ,  p i p e r o n a l ,  and t h e  most 

common a d u l t e r a n t s  is p resen ted  i n  F i g u r e  6 .  

The i n i t i a l  chromato- 

A l i n e a r  g r a d i e n t  was used f o r  20 minutes  

An optimum separa-  
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6 .  Chromatogram o f  g r a d i e n t  s e p a r a t i o n  o f  s t a n d a r d  m i x t u r e  of h e r o i n ,  
s e l e c t e d  b a s i c  i m p u r i t i e s ,  and t h e  most common a d u l t e r a n t s .  Con- 
d i t i o n s :  i n i t i a l  s o l v e n t  - 5% m e t h a n o l ,  95% p h o s p h a t e  b u f f e r  (0.023M 
h e x y l a m i n e ,  pH 2 . 2 ) ;  f i n a l  s o l v e n t  - 30% m e t h a n o l ,  70% p h o s p h a t e  
b u f f e r  (0.023M h e x y l a m i n e ,  pH 2.21, 20' l i n e a r  g r a d i e n t :  h o l d  8 ' ;  
flow 1.5ml/min.  

The s h o r t  term s t a b i l i t y  o f  t h e  c h r o m a t o g r a p h i c  s y s t e m  was 

good,  w i t h  r e l a t i v e  r e t e n t i o n  times of  t h e  compounds of i n t e r e s t  

v e r s u s  t h e  i n t e r n a l  s t a n d a r d  v a r y i n g  by no more t h a n  a p p r o x i -  

m a t e l y  1.0% d u r i n g  a 10 h o u r  r u n .  However, as e x p e c t e d ,  t h e  

r e s o l u t i o n  be tween n o s c a p i n e  and p a p a v e r i n e  i n c r e a s e d  w i t h  column 

lifetime. C o n v e r s e l y ,  t h e  r e s o l u t i o n  between h e r o i n  and p i p e r o n a l  

decreased w i t h  column l ifetime. These  c h a n g e s  i n  t h e  f irst  few 
weeks of  column u s a g e  were i n i t i a l l y  large b u t  e v e n t u a l l y  

l e v e l e d  o f f .  After s e v e r a l  months of column u s a g e ,  t h e  i n t e r n a l  

s t a n d a r d  c o - e l u t e d  w i t h  meconin.  T h i s  n e u t r a l  i m p u r i t y  d e r i v e d  
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from noscapine can be found i n  s ign i f i can t  quan t i t i e s  i n  c e r t a i n  
heroin samples, espec ia l ly  those or ig ina t ing  i n  Mexico. I n  
addi t ion,  o ther  impuri t ies  found i n  heroin or ig ina t ing  i n  Mexico 
could co-elute with t h e  in t e rna l  standard piperonal. Therefore 
propiophenone, which e l u t e s  after any possible sample in t e r -  
ferences,  was chosen as an in t e rna l  standard. 
t h i s  compound was accomplished by extending the  hold time of  t h e  

f i n a l  solvent t o  25 minutes. Although propiophenone behaved 
s imi la r ly  to  piperonal,  i n  tha t  its re ten t ion  time decreased wi th  

column lifetime, after severa l  months o f  use t h i s  i n t e rna l  
standard was not subject  to co-elution with heroin impuri t ies .  
The re ten t ion  time of propiophenone using a new co lmn  was 

approximately 44 minutes. 
time, t h e  re ten t ion  time o f  the  in t e rna l  standard was under 38 
minutes and its rate of decrease of  re ten t ion  time with column 
l i f e t ime  was s ign i f i can t ly  reduced. 

The e lu t ion  o f  

After a r e l a t i v e l y  shor t  period of' 

The changes i n  r e l a t i v e  re ten t ion  times fo r  t h e  i n t e r n a l  
standards and c e r t a i n  compounds is thought t o  be as described 

earlier f o r  noscapine and papaverine. 
cleavage o f  C18 groups f r o m  t he  s t a t iona ry  phase, unbonded 
s i l a n o l  sites are formed. 
piperonal undergoes s i l anoph i l i c  i n t e rac t ions  less than heroin 
and meconin and therefore  would be retarded on the s t a t iona ry  
phase t o  a smaller degree. 
precolumn, located between the  pump and in j ec to r ,  containing t h e  
same s ta t ionary  phase as t h e  ana ly t i ca l  column would i n h i b i t  loss 
of C18 groups. I n  fact the use of  t h i s  type o f  sa tura t ion  column 
or t h e  employment o f  a silica precolumn had no effect on the  
reso lu t ion  changes which occurred. 
t h i s  phenomena was that  the mobile phase was not f u l l y  saturated 
wi th  column breakdown products. 
r e l a t i v e  re ten t ion  values occurs a t  i n i t i a l  colwnn use, the 

As a r e s u l t  o f  the 

For example t h e  in t e rna l  standard 

It would seem that the use o f  a 

A possible explanation for 

Since the largest va r i a t ion  i n  
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2500 LURlE AND C A R R  

column s h o u l d  be i n i t i a l l y  c o n d i t i o n e d  o v e r n i g h t  a t  a flow rate  

of  r).5ml/min. T h i s  l e d  t o  a more s t ab le  c h r o m a t o g r a p h i c  s y s t e m  

and t o  t h e  des i red  s e p a r a t i o n s .  

QUANTITATIVE ANALYSIS 

I n j e c t i o n  S o l v e n t  

S i n c e  methodology s u i t a b l e  fo r  a u t o m a t i o n  was des i red ,  t h e  

h y d r o l y s i s  o f  h e r o i n  t o  06-monoacetylmorphine on  s t a n d i n g  i n  t h e  

i n j e c t i o n  s o l v e n t  was o f  major c o n c e r n .  

t h i s  breakdown h a s  been  shown t o  proceed  v i a  f irst  o r d e r  k i n e t i c s  

and t o  depend on s o l v e n t  p r o p e r t i e s  s u c h  as pH, i o n i c  s t r e n g t h ,  

non-aqueous components ,  and t e ~ n p e r a t u r e ~ ~ - ~ ~ .  

e f f e c t  of v a r i o u s  i n j e c t i o n  s o l v e n t s ,  pH, and t e m p e r a t u r e  on  t h e  

f o r m a t i o n  o f  06-monoacetylmorphine from h e r o i n  on s t a n d i n g  was 

c o n d u c t e d  and i s  p r e s e n t e d  i n  T a b l e  1 .  I n  agreement  w i t h  

p r e v i o u s  s t u d i e ~ ~ ~ - * ~ ,  h e r o i n  h y d r o l y s i s  was found t o  decrease 

s i g n i f i c a n t l y  w i t h  a decrease i n  i o n i c  s t r e n g t h  o r  i n  t e m p e r a t u r e  

and t o  be h i g h l y  pH d e p e n d e n t .  A d j u s t m e n t s  i n  i n j e c t i o n  s o l v e n t  

c o m p o s i t i o n  were e x p l o r e d .  From Tab le  1 it a p p e a r e d  t h a t  fo r  t h e  

a n a l y s i s  of both  h e r o i n  base and h e r o i n  h y d r o c h l o r i d e  a t  room 

t e m p e r a t u r e ,  a n  i n j e c t i o n  s o l v e n t  of 20% a c e t o n i t r i l e ,  79.8% 

water, and 0.2% acetic acid (pH 3 . 7 )  would be optimum. However, 

t h i s  i n j e c t i o n  s o l v e n t  would have  i n a d e q u a t e  b u f f e r i n g  c a p a c i t y  

t o  h a n d l e  some c u t  samples. I n  a d d i t i o n ,  i t  was found t h a t  

ear l ie r  e l u t i n g  compounds s u c h  as  p r o c a i n e  e x h i b i t e d  peak  d i s -  

t o r t i o n  b e c a u s e  t h e  i n j e c t i o n  s o l v e n t  was t o o  s t r o n g .  An 

i n j e c t i o n  s o l v e n t  c o n s i s t i n g  of  10% a c e t o n i t r i l e ,  89% water, and 

1% ace t ic  acid (pH 3 . 7 )  was therefore  c h o s e n  t o  minimize  t h i s  

effect .  Also as i n d i c a t e d  i n  T a b l e  1 ,  t h e  h e r o i n  s a l t  form or  
t h e  p r e s e n c e  of  other  bases had o n l y  a small effect on the ra te  

F o r  aqueous  s o l u t i o n s ,  

A s t u d y  of t h e  
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HEROIN AND SELECTED BASIC IMPURITIES. I 2501 

Table 1 - Stud of Effect of Injection Solvent, pH and Temperature on 
Formation of 0 -monoacetylmorphine Rase from Heroin on Standing. 

Column - HS-5 C-18; Mobile Phase - 12% acetonitrile, 88% bclffer (0.05V h e x y l -  
amine, pH 2.2). Flow 2.0ml/min. O r  Mobile Phase 5% methanol, 95% buffer 
(O.OZ3M hexylamine, pH 2.2) - 30% methanol, 70% buffer (0.23i4 hexylmine, pF1 
2.2); 20' linear gradient: hold 8'; flow 1.5inl/min. 

Sample So 1 vent pH(a) Temp. O6 Formed Time  of 

( % )  ( H r s . )  
Standing 

Heroin HCl(b) 
Heroin base(b) 
Heroin base( b) 
Heroin base(b) 
Heroin basecb) 
Heroin base(b) 
Heroin basece) 
Heroin base(e) 
Heroin base(e) 
Heroin base(e) 
Heroin basece) 
Heroin base + 

Heroin base(e) 
Heroin base(e) 
Heroin base(e) 
Heroin base(e) 
Heroin HCl(e) 
Heroin base(e) 
Heroin base(e) 
Heroin base(e) 
Heroin base(e) 
Heroin base(e) 
Heroin base(e) 

basic impur.(g) 

methanol 3.6 
methanol 7.9 
acetonitrile 8 . 8  
tetrahydrofuran 6.8 

(d) 4.7 
(d) 4.3 
(f) 4.7 
(f) 4.4 
( f) 4.1 
( f) 3.7 
(d) 3.7 

3.7 
4.7 
3.7 
4.7 
3.7 
4.7 
4.7 
4.6 
3.7 
3.8 
3.8 
4.7 

amb . 0.01 
amb. 4.7 

amh . 0.01 
amb. 0.30 

amb . 0.19 
amb. 0.14 
m b  . 0.17 

amb . 0.01 

amb. 0.23 

amb . 0.13 
amb . 0.18 

amb. 0.19 
9 c  0.07 
9 c  0.02 

-10 c 0.00 
-10 c 0 .oo 
amb. 0.19Ch) 
amb. 0.11 
amb. 0.59 
amb . 0.42 
amb. 0.35 
amb . 0.17 
amb. 0.54 

21 .o 
21.5 
21.5 

6 . 8  

19.0 
23.0 

29.5 
29.5 
23.5 

24.0 
27.5 
27.0 
22 .o 
21 .o 
28.0 
28 .o 
19.0 
18.5 
19.5 
20.0 
21 .o 

18.0 

23.0 

(a)adjusted with 2M sodium hydroxide 
(b)3.0 m g h l  
(elheroin peak undergoes severe peak distortion 
(d)lO% acetonitrile, 89% water, 1% acetic acid 
(e10.90 m g / m l  
(f)20% acetonitrile, 79% water, 1% acetic acid 
(g)0.90 mg/ml heroin base, 0.10 mghl acetylcodeine base, 0 

(h)calculated as hydrochloride 
(i)20% acetonitrile, 79.8% water, 0.2% acetic acid 
(j)gg% water, 1% acetic acid 
(k)20$ methanol, 79% water, 1% acetic acid 
(1)50% methanol, 49% water, 1% acetic acid 

noscapine and O.lZmg/ml papaverine 
25 mg/ml 
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2502 LURIE AND CARR 

of h y d r o l y s i s  of  h e r o i n  i n  a b u f f e r e d  sys tem.  S i n c e  we found no 
h y d r o l y s i s  of  h e r o i n  a t  f r e e z i n g  t e m p e r a t u r e ,  samples  c o u l d  b e  

f r o z e n  fo r  r e - a n a l y s i s .  The u s e  of  a c o o l i n g  u n i t  on t h e  

a u t o s a m p l e r  would b e  b e n e f i c i a l  i n  r e d u c i n g  t h e  amount of  h e r o i n  

h y d r o l y s i s .  

D e t e c t i o n  System 

A p h o t o d i o d e  a r r a y  d e t e c t o r  was used  f o r  sample  a n a l y s i s .  

T h i s  d e t e c t i o n  scheme, which s i m u l t a n e o u s l y  measures  a b s o r b a n c e  

as f u n c t i o n s  of  wavelength  and time h a s  been  used p r e v i o u s l y  t o  

m o n i t o r  peak  p u r i t y  and confirm peak i d e n t i t y  i n  h e r o i n  e x h i -  

bits13'15. 

c o n t i n u o u s  p l o t  of  t h e  254:280nm a b s o r b a n c e  r a t i o .  

t o  check  peak  i d e n t i t y ,  s p e c t r a  and d e r i v a t i v e s  o f  s p e c t r a  

c a p t u r e d  a t  peak a p e x e s  were u t i l i z e d  by F e l l ,  e t .  a 1 . 1 3 9 1 4 , .  

a d d i t i o n ,  UV d e t e c t i o n  a t  280nm was used for  t h e  q u a n t i t a t i o n  of 

h e r o i n  and b a s i c  i m p u r i t i e s ;  w h i l e  t h e  i n t e r n a l  s t a n d a r d  was 
measured a t  254nm. 

For  peak p u r i t y ,  F e l l ,  e t .  a1.13914,  o b t a i n e d  a 
Also i n  o r d e r  

I n  

Our a p p r o a c h  was t o  u s e  a software program lfEVALIJPff provided  

by t h e  vendor  t o  m o n i t o r  peak  p u r i t y .  

program first o b t a i n s  a UV s p e c t r u m  o n  t h e  u p s l o p e  of  a peak 

which becomes t h e  r e f e r e n c e  s p e c t r u m .  T h i s  s p e c t r u m  i s  t h e n  

s u b t r a c t e d  from t h e  a c q u i r e d  s p e c t r u m  o n  t h e  apex  o f  t h e  peak 

which becomes t h e  new r e f e r e n c e  s p e c t r u m .  The new r e f e r e n c e  

s p e c t r u m  is t h e n  s u b t r a c t e d  from s p e c t r a  a c q u i r e d  on  t h e  

downslope and end of  t h e  peak  w i t h  t h e  r e s u l t a n t  s p e c t r u m  

i n v e r t e d .  A l l  t h r e e  r e s u l t a n t  s p e c t r a  are n o r m a l i z e d  and 

compared by d i r e c t  o v e r l a y  i n d i c a t i n g  peak p u r i t y .  

a p p r o a c h  would o f f e r  no a d v a n t a g e  over a b s o r b a n c e  r a t i o  t e c h -  

n i q u e s  u t i l i z i n g  a l i m i t e d  number of  w a v e l e n g t h s  when t h e  

T h i s  n o n - i n t e r a c t i v e  

T h i s  
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HEROIN AND SELECTED BASIC IMPURITIES. I 2503 

i n t e r f e r i n g  UV spectrum is similar t o  t h a t  of  t h e  compound of 

i n t e r e s t .  However, two compounds c a n  have  similar a b s o r b a n c e  

r a t i o s  a t  o n e  p o i n t  i n  t h e i r  UV spectra,  b u t  d i f f e r  s i g n i f i c a n t l y  

a t  o t h e r  p o i n t s .  The UV s p e c t r a  g e n e r a t e d  were a l so  used  t o  

c o n f i r m  peak  i d e n t i t y .  

Both a n a l o g u e  s i g n a l s  on  t h e  p h o t o d i o d e  a r r a y  d e t e c t o r  were 
time programmed so  t h a t  t h e  w a v e l e n g t h s  were s w i t c h e d  12 m i n u t e s  

a f t e r  t h e  b e g i n n i n g  of t h e  r u n .  F o r  S i g n a l  A ,  d e t e c t i o n  was 

f i rs t  a t  218nm, t h e n  a t  228nm; a t  30 m i n u t e s  t h i s  s i g n a l  was 

s w i t c h e d  t o  240nm. S i g n a l  B was switched from 228nm t o  240nm. 

For  q u a n t i t a t i v e  a n a l y s i s  t h e  wavelength  of c h o i c e  fo r  03-mono- 
a c e t y l m o r p h i n e  and 06-monoacetylmorphine was 218nm, whi le  228nm 

was c h o s e n  for t h e  o t h e r  compounds of i n t e r e s t .  Al though 218nm 

was more s e n s i t i v e  o v e r a l l  fo r  t h e  compounds o f  i n t e r e s t ,  a t  
228nm greater s e l e c t i v i t y  o f  d e t e c t i o n  was o b t a i n e d  for ace- 

t y l c o d e i n e  i n  t h e  p r e s e n c e  of  h e r o i n .  

n o s c a p i n e  and p a p a v e r i n e  were n o t  s u b j e c t e d  t o  b a s e l i n e  d i s -  

t u r b a n c e s .  I n  a d d i t i o n  more s e l e c t i v e  d e t e c t i o n  was o b t a i n e d  fo r  

n o s c a p i n e  a t  228nm i n  s a m p l e s  where p a p a v e r i n e - l i k e  i m p u r i t i e s  

were p r e s e n t .  A similar s i t u a t i o n  would h o l d  f o r  p a p a v e r i n e  a t  

240nm i n  t h e  p r e s e n c e  o f  any  n o s c a p i n e - l i k e  i m p u r i t i e s ,  i f  

needed .  

A d d i t i o n a l l y  a t  228nm, 

L i n e a r i t y ,  P r e c i s i o n ,  and Sample A n a l y s i s  

As i n d i c a t e d  i n  Table 2 ,  l i n e a r  r e s p o n s e s  o v e r  s p e c i f i e d  

c o n c e n t r a t i o n  r a n g e s  were o b t a i n e d  f o r  t h e  compounds o f  i n t e r e s t  

a t  t h e  w a v e l e n g t h s  of  c h o i c e  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  o f  
0.999 or  greater u s i n g  peak h e i g h t  o r  peak  area. I n  a d d i t i o n ,  

computed r e g r e s s i o n  l i n e s  p a s s e d  e s s e n t i a l l y  t h r o u g h  t h e  o r i g i n .  

It was a p p a r e n t  from t h e  l i n e a r i t y  s t u d i e s  t h a t  a t  h i g h e r  

c o n c e n t r a t i o n  l e v e l s  peak  area was p r e f e r r e d  o v e r  peak height f o r  
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2504 LURIE AND CARR 

T a b l e  2 - L i n e a r i t y  and Chromatographic  R e p r o d u c i b i l i t y  Via P h o t o d i o d e  
D e t e c t i o n .  Chromatographic  c o n d i t i o n s  as d e s c r i b e d  i n  e x p e r i m e n t a l  s e c t i o n ,  

Compound Conc. C o r r e l a t i o n  Conc. CV# Wave- Area o r  
Range C o e f f i c i e n t  (mg/ml) ($1  l e n g t h  H e i g h t X  
(mg/ml) (nm) 

03- 0.0014-0.0250 1 .OOO 0.0030 1.2 218 h e i g h t  
monoace ty lmorphine  

06- 0.0037-0.2250 0.999 0.0275 0.6 218 h e i g h t  
monoace ty lmorphine  

A c e t y l c o d e i n e  0.0040-0.1980 1.000 0.0158 1.0 228 h e i g h t  

A c e t y l c o d e i n e  0.0040-0.4960 1.000 0.0158 2.3 228 area 

Noscapine  0.0005-0.204 1 .ooo 0.0010 2.8 228 height  

Noscapine  0.0005-0.510 1 .ooo 0.0010 8.0 228 area 

P a p a v e r i n e  0.0005-0.206 0.999 0.0010 2.2 228 h e i g h t  

P a p a v e r i n e  0.0005-0.5160 1.000 0.0010 2.4 228 area 

H e r o i n  0.1125-1.80 1 .ooo 0.900 0.8 228 area 

a l l  free bases e x c e p t  O&onoace ty lmorphine ,  w h i c h  is s u l f a m a t e .  
A c o e f f i c i e n t  o f  v a r i a t i o n  b a s e d  o n  f i v e  i n j e c t i o n s .  
X p a r a m e t e r  u s e d  for c o m p u t a t i o n .  

computa t iona l  purposes .  

mate ly  0.2mg/ml, n o n l i n e a r  i so the rms  e x i s t e d  and d e t e c t o r  

s a t u r a t i o n  was observed  which affect  peak he igh t  measurements 

much more t h a n  peak area measurements. A s  i n d i c a t e d  i n  Table  2 ,  

good chromatographic  p r e c i s i o n  was o b t a i n e d  f o r  t h e  compounds of  

i n t e r e s t  even when t h e y  were p r e s e n t  a t  r e l a t i v e l y  low l e v e l s .  

Converse ly ,  a t  lower s o l u t e  c o n c e n t r a t i o n s  s i g n i f i c a n t l y  g r e a t e r  

p r e c i s i o n  cou ld  be o b t a i n e d  for  c a l c u l a t i o n s  based  on peak h e i g h t  

than for  peak area. 

A t  c o n c e n t r a t i o n  levels  above approx i -  
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HEROIN AND SELECTED BASIC IMPURITIES. I 2505 

Because  of  t h e  h i g h  c o n c e n t r a t i o n  of h e r o i n  p r e s e n t  i n  t h e  

material a n a l y z e d ,  peak  area s h o u l d  b e  used  t o  d e t e r m i n e  t h i s  

component. For t h e  o t h e r  components  peak h e i g h t  s h o u l d  b e  

u t i l i z e d ,  p r o v i d e d  t h a t  t h e  s o l u t e  c o n c e n t r a t i o n  is w i t h i n  t h e  

l i n e a r  r a n g e .  

o f  a l l o w i n g  more a c c u r a t e  q u a n t i t a t i o n  i n  t h e  e v e n t  t h a t  minor  

components  e l u t e  n e a r  t h e  basic  i m p u r i t i e s  of i n t e r e s t .  The 

ttEVALUPtf program was used t o  m o n i t o r  peak p u r i t y  a t  t h e  v a r i o u s  

s o l u t e  c o n c e n t r a t i o n s  used  i n  o u r  l i n e a r i t y  s t u d i e s .  T h i s  

methodology was s u c c e s s f u l  f o r  03-monoacetylmorphine and a c e t y l -  

c o d e i n e  down t o  a c o n c e n t r a t i o n  l e v e l  o f  0.009mg/ml; w h i l e  fo r  

06-monoacetylmorphine,  n o s c a p i n e ,  and p a p a v e r i n e ,  h a l f  t h i s  

c o n c e n t r a t i o n  l e v e l  was m o n i t o r e d  s u c c e s s f u l l y .  The a b s o r b a n c e  

peak h e i g h t  or  peak  area r a t i o  from t h e  a n a l o g u e  s i g n a l  c o u l d  be  

used  i n  t hose  i n s t a n c e s  when I*EVALUP'* was n o t  s u c c e s s f u l .  A t  

h i g h e r  s o l u t e  c o n c e n t r a t i o n  l e v e l s ,  where peak h e i g h t  l i n e a r i t y  

no l o n g e r  h o l d s ,  n o r m a l i z e d  UV spectra  o v e r l a y  c o u l d  n o t  be 

o b t a i n e d  b e c a u s e  of detector  o v e r l o a d .  

The u s e  o f  peak h e i g h t  h a s  t h e  f u r t h e r  a d v a n t a g e  

U n a d u l t e r a t e d  s a m p l e s  seized i n  S o u t h e a s t  Asia, t h e  Middle 

East ,  Europe and Mexico were a n a l y z e d .  For many of  these 

e x h i b i t s  a compar ison  was made between t h e  q u a n t i t a t i v e  r e s u l t s  

o b t a i n e d  for 06-monoacetylmorphine,  a c e t y l c o d e i n e ,  and h e r o i n  v i a  

HPLC and t h e  o r i g i n a l  r e s u l t s  o b t a i n e d  when t h e s e  s a m p l e s  were 

f i r s t  examined v i a  GLC p r o ~ e d u r e s 5 , ~ 5 .  

good agreement  was o b t a i n e d  for  the  q u a n t i t a t i o n  of  a c e t y l c o d e i n e  

and h e r o i n ,  t h e  agreement  f o r  06-monoacetylmorphine was much 

p o o r e r .  A compar ison  of  r e s u l t s  fo r  more r e c e n t l y  s u b m i t t e d  

samples  is g i v e n  i n  T a b l e  3. 
v i a  HPLC is  a l so  p r e s e n t e d  s i n c e  03-monoacetylmorphine l e v e l s  

c a n  be s i g n i f i c a n t .  T h i s  c a n  c o n t r i b u t e  t o  t h e  lack of  agreement  

b e c a u s e  t h e  GLC method does n o t  r e s o l v e  t h e  monoace ty lmorphines .  

O t h e r  f a c t o r s  which c a n  c o n t r i b u t e  t o  these d i s c r e p a n c i e s  i n c l u d e  

While  i n  most i n s t a n c e s  

V a l u e s  for  03-monoacetylmorphine 
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2506 LURIE AND CARR 

Table 3 - Comparison of Quantitative Determination+ o f  
O6-monoacety1morphine, Acetylcodeine, and Heroin via HPLC and CLC. 
HPLC chromatographic conditions are described i n  Experimental Section. 

Sample No. $03 $06 $Acetylcodeine $Heroin Heroin 
HPLC HPLC GLC HPLC CLC HPLC GLC Type 

0.5 5.9 7.3 1.5 1.5 87.4 88.8 
0.1 0.7 0.9 4.3 4.4 63.8 61.8 
0.4 9.1 11.2 1.3 0.9 86.8 81.1 
0.2 9.7 10.0 4.4 3.9 74.7 75.2 
0.2 6.2 7.1 3.5 3.8 60.1 63.7 
0.1 1.2 1 .o 4.0 3.7 60.3 62.7 

0.2 1.1 1.8 11.5 5.0 69.8 72.7 
0.4 5.1 6.5 5.1 4.9 70.3 67.8 
0.9 0.7 1.1 4.1 4.0 54.0 52.7 

0.3 5.9 7.0 2.8 2.6 60.7 57.7 

HC1 
HCl 
HC1 
HCl 
HC1 
base 
HC1 
HCl 
HC1 
base 

+bascA on single determination via GLC o r  HPLC 

t r a n s a c e t y l a t i o n  between h e r o i n  and some of  t h e  c o n s t i t u e n t s  of 

i l l i c i t l y  p r e p a r e d  h e r o i n  t o  produce  06-monoacetylmorphine26, 

p r o d u c t i o n  o f  06-monoacetylmorphine from h e r o i n  i n  t h e  h e a t e d  

i n j e c t i o n  p o r t 2 7 ,  h y d r o l y s i s  of  h e r o i n  on  storage, and t h e  i n -  

s t a b i l i t y  of 0 ~ - m o n o a c e t y l m o r p h i n e  o v e r  time1 2. 

During  a n  u n a t t e n d e d  r u n ,  10 s a m p l e s  c o u l d  be  a s s a y e d  b e f o r e  

h e r o i n  h y d r o l y s i s  p r o v i d e d  a n y  s i g n i f i c a n t  errors. For samples  

c o n t a i n i n g  0.6% 06-monoacetylmorphine,  which was i n  p r a c t i c e  t h e  

lowest amount e n c o u n t e r e d ,  a p o s i t i v e  error of no more t h a n  10% 

would b e  o b t a i n e d .  

n a t i o n  was minimized by u s i n g  a sample  c o n c e n t r a t i o n  of  h e r o i n  

a p p r o x i m a t e l y  e q u a l  t o  t h a t  of  t h e  mixed s t a n d a r d .  The hy- 

d r o l y s i s  of h e r o i n  i n  t h e  sample  was p a r t i a l l y  compensated for  by 

h y d r o l y s i s  of  h e r o i n  i n  t h e  s t a n d a r d .  By u s i n g  a n o r m a l i z e d  

h e r o i n  c o n t e n t ,  c o n s i s t e n t  lower  l i m i t s  o f  q u a n t i t a t i o n  were 

T h i s  error i n  06-monoacetylmorphine d e t e r m i -  
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7. Chromatographic separation using multi-wavelength detection of a 
heroin sample seized in the Middle East. For chromatographic con- 
ditions, see experimental section. 

o b t a i n e d  fo r  O6-monoacetylmorphine and o t h e r  compounds of 

i n t e r e s t .  

a c e t y l m o r p h i n e  and n o s c a p i n e  and p a p a v e r i n e  were d e t e r m i n e d  a t  

l e v e l s  of 0.1% r e l a t i v e  t o  h e r o i n .  

morphine and a c e t y l c o d e i n e  were 0.40% r e l a t i v e  t o  h e r o i n .  

With a h e r o i n  c o n c e n t r a t i o n  of  0.9mg/ml, 03-mono- 

Values  for 06-monoacetyl- 

Q u a n t i t a t i v e  v a l u e s  o f  t h e  v a r i o u s  basic i m p u r i t i e s  r e l a t i v e  

t o  h e r o i n  i n  t h e  s a m p l e s  a n a l y z e d  were found t o  va ry  o v e r  a large 

r a n g e  and formed a basis f o r  comparing i l l i c i t  h e r o i n  samples 
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2508 LURIE AND CARR 

from v a r i o u s  s o u r c e  areas. An example o f  a chromatogram of  a 

h e r o i n  sample  s e i z e d  i n  t h e  Middle  East is p r e s e n t e d  i n  F i g u r e  7.  

CONCLUSION 

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

and a d u l t e r a n t s  was o b t a i n e d  v i a  r e v e r s e d - p h a s e  l i q u i d  chromato-  

g r a p h y .  Methodology amenable  t o  a u t o m a t i o n  was d e v e l o p e d  which 

a l l o w e d  t h e  s i m u l t a n e o u s  q u a n t i t a t i o n  o f  h e r o i n ,  a c e t y l c o d e i n e ,  

03-monoacetylmorphine,  06-monoacetylmorphine,  n o s c a p i n e ,  and 

p a p a v e r i n e  i n  i l l i c i t l y  m a n u f a c t u r e d  u n a d u l t e r a t e d  h e r o i n  

samples .  

n o s c a p i n e ,  and p a p a v e r i n e  were measured a t  l e v e l s  o f  a t  l ea s t  

0.1% r e l a t i v e  t o  h e r o i n .  Peak p u r i t y  as well as peak i d e n t i t y  

were c o n f i r m e d  by a p h o t o d i o d e  a r r a y  d e t e c t o r .  

C e r t a i n  i m p u r i t i e s  s u c h  as 03-monoacetylmorphine,  
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