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ISOLATION AND IDENTIFICATION OF DRUGS OF 

REVERSE PHASE I O N  PAIR PARTITION CHROhIATOGRAPHY 
FORENSIC INTEREST BY H I G H  PERFORMANCE 

Ira S .  L u r i e  and J e f f r e y  M .  Weber 
Drug Fm f or c emen t Adminis t ra t ion  

Nor theas t  Regional  Labora tory  
555 West 5 7 t h  S t r e e t  

N e w  York, New York 10019 

ABSTRACT 
A method is  p r e s e n t e d  f o r  t h e  i s o l a t i o n  and i d e n t i f i c a t i o n  of 

m i l l i g r a m  or microgram q u a n t i t i e s  of  d r u g s  of f o r e n s i c  i n t e r e s t .  
High p e r f o r u a n c e  r e v e r s e  phase ion p a i r  p a r t i t i o n  chromatography is  
performed on a 9.4 m i l l i m e t e r  i n t e r n a l  d iameter  m i c r o p a r t i c u l a t e  
o c t a d e c y l s i l a n e  column employing a water, methanol, a c e t i c  a c i d ,  
a l k y l s u l f o n a t e  mobi le  p b s e .  Subsequent to c o l l e c t i o n  from t h e  
l i q u i d  chromatograph, a s imple  e x t r a c t i o n  i s  performed fol lowed by 
I n f r a r e d  (IR) a n a l y s i s  and/or  s o l i d  probe Mass Spect rometry  (MS). 
A s t u d y  i s  presented  us ing  phenylpropanolamine h y d r o c h l o r i d e  and 
ephedr ine  hydrochlor ide  a s  a t e s t  model f o r  t h e  d e t e r m i n a t i o n  of  
t h e  optimum c o n c e n t r a t i o n  of  c o u n t e r  ion  r e q u i r e d  f o r  a semi-prepar-  
a t i v e  s e p a r a t i o n .  
c l a n d e s t i n e  l a b o r a t o r y ,  methamphetamine i n  a s t r e e t  e x h i b i t ,  and a n  
a m o b a r b i t a l  - s e c o b a r b i t a l  mix ture  i n  a m u l t i - b a r b i t u r a t e  c a p s u l e .  

The method i s  a p p l i e d  t o  a n  LSD s e i z u r e  f rom a 

INTRODUCTION 
For  l e g a l  as  w e l l  a s  i n t e l l i g e n c e  purposes  i t  i s  d e s i r a b l e  

t o  per form f u r t h e r  a n a l y s i s  on t h e  drugs whose peaks  a p p e a r  i n  an 

a n a l y t i c a l  chromatogram. One method would be t o  u s e  a semi-prepar-  

*Presented  i n  p a r t  a t  t h e  Eighth  Tr iannual  Meeting o f  t h e  I n t e r -  
n a t i o n a l  A s s o c i a t i o n  of F o r e n s i c  Sc iences ,  May 22-26, 1978,  
Wichi ta ,  Kansas. 
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588 LURIE AND WEBER 

a t i v e  column of similar packing m a t e r i a l  t o  an  a n a l y t i c a l  column 

followed by I n f r a r e d  o r  Mass Spectrometry. Although r e v e r s e  phase 

ion  p a i r  p a r t i t i o n  chromatography is a most v e r s a t i l e  a n a l y t i c a l  

technique when a p p l i e d  t o  drugs of f o r e n s i c  i n t e r e s t  (I), c o l l e c t i o n  

for  f u r t h e r  a n a l y s i s  i s  n o t  recommended mless t h e  i n t e r f e r i n g  

counter  i o n  i s  removed (2) .  

This  paper w i l l  cover t h e  e f f e c t  of using ion  p a i r i n g  r e a g e n t s  

in a semi-preparative r o l e  and t h e i r  subsequent removal f o r  i d e n t i -  

f i c a t i o n  o f  drugs of f o r e n s i c  i n t e r e s t .  

MATERIALS 

A p par a t u s 
The l i q u i d  chromatograph c o n s i s t e d  of t h e  fo l lowing  components: 

Model 6000A pump ( l k t e r s  Associates, Milford, MA); Model U6K i n j e c -  

t o r  (Waters); a prepacked 4.4 mn. i d .  x 30 cm.  stainless steel 

column, u-Bondapak C-18 (Waters) or  a prepacked 9.4 m. i d .  x 25 cm. 

s t a i n l e s s  steel column, Magnum 9 P a r t i s i l - 1 0  ODS (Whatman Inc . ,  C l i f t o n ,  

NJ); Model 440 W d e t e c t o r  a t  254 nm. andfor  Model 401 R I  d e t e c t o r  

(Waters) or  Model 770 v a r i a b l e  W d e t e c t o r  a t  254 nm. (Schoeffel  

Instruments, Westwood, NJ); System IBV i n t e g r a t o r  (Spectra  Phys ics ,  

Santa Clara, CA) . 
A Model 3200 GCfMS i n t e r f a c e d  t o  a Model 6110 d a t a  system 

(Finnigan Instruments ,  Sunnyvale, CA) was employed. 

The I n f r a r e d  Spectrophotometer u t i l i z e d  w a s  Model 283 (Perkin 

E l m e r  Corporat ion,  Norwalk, CT). 

Chemicals 
A l l  mobile phases were prepared by d i s s o l v i n g  an  a l k y l s u l f o n i c  

a c i d  o r  a l k y l s u l f o n i c  salt (Eastman Chemicals, Rochester ,  NY) i n  a 
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DRUGS OF FORENSIC INTEREST 589 

s o l u t i o n  c o n s i s t i n g  of g l a c i a l  a c e t i c  a c i d ,  methanol, (Burdick and 

Jackson) and d i s t i l l e d  water .  Af te r  f a t e r i n g  and degass ing  the  

s o l u t i o n  through a M i l l i p o r e  0 . 4 5 ~  f i l t e r  (Mi l l ipore  Corp., Bedford, 

MA) the  pH was ad jus ted  to  3.5 w i t h  2 N  NaOH.  

The d-methamphetamine hydrochlor ide was obtained from Aldr ich  

Chemicals, Milwaukee, W I .  Ephedrine hydrochlor ide was obtained from 

Merck, Rahway, N J ,  whi le  the  phenylpropanolamine hydrochlor ide was 

obtained from USP, Rockvi l le ,  MD. 

METHOD 
The a n a l y t i c a l  p r o f i l e  of a sample i n  methanol i s  f i r s t  d e t e r -  

mined on a u-Bondapak C-18 column. An a n a l y t i c a l  i n j e c t i o n  i s  then 

made on a Magnum 9 column w i t h  t h e  s a m e  mobile phase as  used on t h e  

a n a l y t i c a l  column except  t h e  counter  ion c o n c e n t r a t i o n  i n  most cases 

is sca led  up from 0.005M t o  0.04M. A concentrated e x t r a c t  of t h e  

sample i s  then d isso lved  i n  two mill i l i ters of mobile phase and 

c l a r i f i e d  through a .45 micron f i l t e r ,  type FLHOPl300 ( M i l l i p o r e )  

p r i o r  t o  a n  i n j e c t i o n  on t h e  Magnum 9 column o f  approximately 1 . 4  m l .  

Neutral  d rugs  and t h o s e  which e x i s t  as t h e  f r e e  a c i d  a t  pH 3.5 

are e x t r a c t e d  d i r e c t l y  i n t o  chloroform two or t h r e e  times a f t e r  c o l -  

l e c t i o n  from t h e  l i q u i d  chromatograph. 

b a s i c  drugs are  a d j u s t e d  wi th  1 N  NaOH to  a t  least 1 . 5  pH u n i t s  above 

t h e  pKa value  of t h e  drug,  if known,(3, 4 )  otherwise a pH of 11.5 is  

chosen. 

Col lec ted  e f f l u e n t s  c o n t a i n i n g  

RESULTS AM) DISCUSSION 

E f f e c t  Of Counter Ion On Semi-preparative Chromatography 
A major c o n s i d e r a t i o n  i n  going from an a n a l y t i c a l  t o  a semi- 

p r e p a r a t i v e  column i n  reverse phase ion p a i r  p a r t i t i o n  chromato- 
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590 LURIE AND WEBER 

graphy would be  w h a t  c o n c e n t r a t i o n  of counter  i o n  to  employ. Ion 

p a i r  formation between a c a t i o n i c  b a s i c  salt  and a n i o n i c  counter  

ion o c c u r s  in t h e  mobile phase and results in a l i p o p h i l i c  complex 

t h a t  is r e t a i n e d  by a r e v e r s e  phase As sample s i z e  

i n c r e a s e s  f o r  a c o n s t a n t  amount of c o u n t e r  ion,  t h e  ion pair r e a g e n t  

can become d e p l e t e d  r e s u l t i n g  in lower  k '  v a l u e s  and increased  

t a i l i n g ( 1 ) .  

Since m i l l i g r a m  amounts of sample a re  u t i l i z e d  on t h e  Magnum 9 

c o l u w ,  reduced k '  v a l u e s  and increased  t a i l i n g  r e l a t i v e  t o  micro- 

gram q u a n t i t i e s  of sample could be  obta ined  in p a r t  due t o  i n s u f f i -  

c i e n t  c o u n t e r  ion. It was i n v e s t i g a t e d  whether t h i s  p o s s i b l e  e f f e c t  

could be minimized by i n c r e a s i n g  t h e  c o u n t e r  ion c o n c e n t r a t i o n .  In 

t h i s  regard a s tudy  was performed whereby samples of f i v e  mcg. each 

and t e n  mg. each of phenylpropanolamine hydrochlor ide  and ephedr ine  

hydrochlor ide were i n j e c t e d  onto a semi-preparat ive column a t  d i f f e r -  

e n t  counter  ion c o n c e n t r a t i o n s  w i t h  t h e  r a t i o  of water, methanol, and 

a c e t i c  a c i d  kept c o n s t a n t .  The p e r c e n t  r e d u c t i o n  in k '  f o r  bo th  

d r u g s  in going from f i v e  mcg. t o  t e n  mg. of each  was measured. k '  

was c a l c u l a t e d  accord ing  t o  t h e  formula k' = (Vs - Vo)/Vo where Vs 

e q u a l s  r e t e n t i o n  volume o f  sample peak and Vo i s  t h e  r e t e n t i o n  volume 

f o r  t h e  methanol peak. A r e d u c t i o n  in k '  was obtained a t  a l l  concen- 

t r a t i o n s  of counter  ion .  T h i s  was due t o  some e x t e n t  t o  t h e  column 

being i n  an over load  condi t ion ;  that is, k '  v a l u e s  f o r  sample peaks 

show a greater than 10% d e c r e a s e  as t h e  sample weight i n c r e a s e s ( 6 ) .  

For a s i l i ca  absorbant  more than one  mg. of sample p e r  gram of pack- 

i n g  material r e p r e s e n t s  a n  overload c o n d i t i o n ( 6 ) .  In o u r  s tudy  we 
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DRUGS OF FORENSIC INTEREST 591 

have 20 mg. of sample i n  seven grams of  a bonded si l ica packing 

which has  a lower sample c a p a c i t y  than a s i l i c a  packing Since t h e r e  

was some v a r i a t i o n  i n  p e r c e n t  k '  r e d u c t i o n  wi th  c o u n t e r  ion  concen- 

t r a t i o n  as  F i g u r e  #1 shows, i o n  p a i r i n g  seems t o  be p l a y i n g  a r o l e .  

The reason f o r  t h e  d i f f e r e n c e  i n  behavior  f o r  ephedr ine  v e r s u s  

phenylpropanolamine i s  not  a p p a r e n t  a t  t h i s  t i m e .  

4 5  

4 0  

3 5  

30 

2 5  

2 0  

0 

% 

, 0 0 5  .01 .02  .03 . O 4  . 05  .06 .07 .08 

FIGURE 1 

P l o t  of percent  r e d u c t i o n  o f  k '  v a l u e s  from a n a l y t i c a l  t o  serni- 
p r e p a r a t i v e  i n j e c t i o n  vs. counter i o n  c o n c e n t r a t i o n .  For phenyl- 
propanolamine hydrochlor ide (XIS) and ephedr ine  hydrochlor ide  
( 0 ' s )  t h e  a n a l y t i c a l  i n j e c t i o n  c o n s i s t e d  of 5 m c l .  e a c h  of 0.5 
mg/ml .  methanol ic  s o l u t i o n  w h i l e  t h e  semi-preparat ive i n j e c t i o n  
c o n s i s t e d  of 1.4 m l .  of mobile phase c o n t a i n i n g  10 mg. of each 
component. Semi-preparat ive i n j e c t i o n s  had p r e c i s i o n  of approxi-  
m t e l y  10%. Chromatograph c o n d i t i o n s :  Column, Magnum 9 ODs; f i x e d  
wavelength d e t e c t o r ;  mobile phase,  water, methanol, a c e t i c  a c i d  
(79, 20, 1 )  w i t h  vary ing  amounts of pentanesul fonic  a c i d  a d j u s t e d  
t o  pH 3.5 descr ibed  i n  t e x t ;  f low r a t e  5.0 ml/min. 
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The percent reduction in k '  va lues  i n  going from f i v e  mcg. 

ephedrine hydrochloride p l u s  f i v e  mcg . phenylpropanolamine hydro- 

ch lo r ide  to  ten mg. each on the  Magnum 9 column was s i m i l a r  wi th  

e i t h e r  0.04M heptanesulfonic ac id  o r  0.04M methanesulfonic a c i d  when 

the  same water, methanol, acetic a c i d  r a t i o  as before was used. 

I n  the  above cases  when mill igram amounts of ephedrine hydro- 

ch lo r ide  and phenylpropanolamine hydrochloride were in j ec t ed ,  s ig-  

n i f i c a n t  t a i l i n g  peaks of s i m i l a r  magnitude were observed most l i k e l y  

due t o  a combination of i on  p a i r  e f f e c t s  and column overload. 

Since the  v a r i a t i o n  above i n  percent  reduct ion  of k' values  with 

counter ion Concentration is r e l a t i v e l y  small i t  would appear t h a t  

t he re  are no s i g n i f i c a n t  d i f f e rences  i n  using a l a r g e  o r  small  counter 

ion  concentration f o r  tb- amounts nf sample s tud ied .  However, t h i s  is 

not the case,  s ince  i t  was found t h a t  a t  a c o n c e n t r a t ~ o n  :Jelow 0.04M 

pentanesulfonic ac id ,  ephedrine and phenylpropanolamine w i l l  show 

peak s p l i t t i n g ,  see Figure # 2 .  This  phenomenon was confirmed by 

c o l l e c t i n g  var ious  f r ac t ions ,  ex t r ac t ing  and i n j e c t i n g  them on an 

a n a l y t i c a l  coluam. The poss ib l e  peaks that ephedrine and phenyl- 

propanolamine s p l i t  i n t o  may represent  a pentanesulfonate complex, 

an a c e t a t e  complex and uncomplexed material. Peak s p l i t t i n g  was 

a l s o  observed fo r  t h e  two drugs  wi th  methanesulfonic ac id  and 

heptanesulfonic ac id  below a counter i on  concentration of  0.04M. 

Thus to  e l imina te  peak s p l i t t i n g ,  0.04M counter ion concen t r a t ion '  

is recommended f o r  the  amount of sample i l l u s t r a t e d .  
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DRUGS OF FORENSIC INTEREST 593 

-1 

5 10 

TIME(rn in )  

FIGURE 2 

Semi-preparative chromatogram of 1 0  mg . ephedrine hydrochlor ide 
p l u s  10 mg . of phenylpropanolamine hydrochlor ide whose peaks 
r e p r e s e n t :  (1) phenylpropanolamine; (2 )  phenylpropanolamine p l u s  
ephedrine;  (3) phenylpropanolamine p l u s  ephedrine and ( 4 )  ephedr ine .  
Conditions: Column, Magnum 9 ODs; f i x e d  wavelength d e t e c t o r  sens i -  
t i v i t y  2.0 a . u . f . s . ;  mobile phase, water methanol, acet ic  a c i d  (79, 
20, 1 )  with 0.00% pentanesulfonic  a c i d  a d j u s t e d  to  pH 3.5 a s  
descr ibed  i n  t e x t ;  f low rate 5.0 ml/min. 

El iminat ion of Counter Ion 
A f t e r  c o l l e c t i n g  t h e  peaks of i n t e r e s t  from t h e  l i q u i d  chroma- 

tograph i t  i s  necessary t o  remove t h e  counter  ion.  A t  a pH v a l u e  

that i s  1 . 5  u n i t s  below i t s  pKa v a l u e  a b a s i c  drug w i l l  e x i s t  most ly  

a s  i t s  c a t o n i c  salt and t h e  r e s u l t i n g  complex w i t h  a counter  ion  

could be e x t r a c t e d  i n t o  chloroform.  I f  t h e  mobile phase was a d j u s t e d  

t o  a pH 1.5 u n i t s  above the  pKa v a l u e  then predominately f r e e  base  

would p a r t i t i o n  i n t o  chloroform.  T h i s  was exper imenta l ly  observed 

f o r  ephedrine which has a p b  va lue  of 9.5. Ten mg. of ephedrine 
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594 LURIE AND WEBER 

hydrochlor ide w e r e  r e p e a t e d l y  i n j e c t e d  onto a Magnum 9 column e q u i l i -  

b ra ted  with mobile phase c o n t a i n i n g  3.04M heptanesul fonic  acid. 

ephedrine peak was c o l l e c t e d  and e x t r a c t e d  w i t h  ch loroform d i r e c t l y  

and a t  i n t e g r a l  pH v a l u e s  of 7 t h r u  1 2 .  

The 

A f t e r  extrac J n g  the  ephedr ine  with ch loroform and evaporated 

i n  t h e  presence of concent ra ted  hydrochlor ic  a c i d ,  t h e  extract i n  

methanol was analyzed f o r  ephedr ine  c o n t e n t ,  see Table  1. The d a t a  

i s  c o n s i s t e n t  wi th  a complex being e x t r a c t e d  s i n c e  a t  a pH o f  n i n e  

and below a smaller amount of ephedr ine  would be expected wi th  

v i r t u a l l y  no ephedrine a t  pH 3 . 5 .  

TABLE 1 

Calculated y i e l d s  from 10 mg. i n j e c t i o n s  on a Magnum 9 column of 
ephedrine hydrochlor ide  e x t r a c t e d  a t  v a r i o u s  pH v a l u e s  from a 
mobile phase c o n t a i n i n g  20% methanol, 79% water, 1% a c e t i c  a c i d  
wi th  0.04M heptanesul fonic  a c i d ,  a t  3 . 5 .  Chromatography c o n d i t i o n s  
f o r  ephedrine assay:  Column, u-Bondapak C-18;  v a r i a b l e  wavelength 
d e t e c t o r ;  mobile phase, water, methanol, acetic a c i d  (79, 20, 1 )  
wi th  0.005M propanesulfonic  a c i d  a d j u s t e d  t o  pH 3 . 5  a s  d e s c r i b e d  i n  
t e x t ;  f low rate, 2 ml/min. 

PH M i l l i g r a m  Ephedrine 
( c a l c .  as  HC1) 

d i r e c t  7.4 

7 6.7 

8 6.8 

9 8.1 

10 8.6  

11 7.3 

12 7.6 
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DRUGS OF FORENSIC INTEREST 595 

The MS wi th  da ta  system was used t o  determine whether or no t  

t he  heptanesulfonate complex was present  i n  t h e  e x t r a c t .  Complex 

was found to  be present a t  pH 3.5, pH 7, pH 8, and pH 9 i n  decreas- 

ing  amounts. A small amount of complex was found a t  pH 1 0  and none 

was found a t  pH 11 and pH 1 2 .  

F igure  63 dep ic t s  t h e  t o t a l  ion chromatogram of ephedrine 

ex t rac ted  a t  pH 9 .  The t o t a l  i n t e n s i t y  of each scan is p lo t t ed  

versus the  scan number. The i d e n t i f i c a t i o n  of t he  presence of 

complex was determined through the  use of a technique known as a 

"limited mass plot".  This is  done by ask ing  t h e  computer t o  sea rch  

through a spectra f i l e  and l o c a t e  those spec t ra  which con ta in  spa- 

c i f i c  ion  fragments. This s p e c i f i c  mss search  i s  used t o  determine 

SCAN NUMBER 

FIGURE 3 

Tota l  ion chromatogram of ephedrine ex t rac ted  a t  pH 9 obtained v i a  
a d i r e c t  i n s e r t i o n  so l id  probe a t  250-300°C under t h e  following 
conditions:  Electron h e r g y  70 ev, Filament Current 1 m, Multi-  
p l i e r  Gain 1.2 kv . ,  Manifold Temperature 100°C. 
p o t e n t i a l s  were ad jus ted  t o  provide maximum s e n s i t i v i t y  and 
r e so lu t ion .  

Other source 
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596 LURIE AND WEBER 

the  presence of a compound i n  an  unresolved peak. Any of t he  180 

spec t ra  co l l ec t ed  may be reca l led  t o  g ive  a mass spectrum a t  that 

poin t  i n  t i m e .  

The mass spectrum of ephedrine has a l a r g e  peak a t  77 amu, 

while the  mass spectrum of heptanesulfonic ac id  has no peak a t  77 

amu. Heptanesulfonic ac id  has a l a r g e  peak a t  70 amu while ephe- 

d r i n e  lacks  t h i s  peak. 

t o  draw a l imi t ed  mass p l o t  for  77 amu and 70 amu as depicted i n  

F igures  #4 and #5. The computer has now separated the  t o t a l  ion 

chromatogram f o r  t h e  ephedrine - ephedrine complex mixture i n t o  

separa te  ion  chromatograms; one depic t ing  ephedrine and t h e  other 

t he  complex. The mass spec t r a  obtained from t h e s e  l imi t ed  mass 

p l o t s  were indeed those  of ephedrine and ephedrine heptanesulfonate 

complex. 

conta ins  peaks from the  ephedrine as w e l l  a s  t h e  heptanesulfonic 

Using t h i s  information we a s k  t h e  computer 

A mass spectrum of ephedrine hep tanesd fona te  c m p l e x  

S C A N  N U M B E R  

FIGURE 4 

Liffiited Mass P l o t  f o r  mass 7 7  of ephedrine ex t rac ted  a t  pH 9 .  
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DRUGS OF FORENSIC INTEREST 597 

S C A N  N U M B E R  

FIGURE 5 

Limited Mass P l o t  f o r  mass 70 of ephedr ine  complex e x t r a c t e d  a t  pH 9 .  

a c i d  mass spectrum. A t  pH 11 t h e  t o t a l  i o n  chromatogram and t h e  

l i m i t e d  mass p l o t  f o r  77 were almost  i d e n t i c a l .  It w a s  n o t  p o s s i b l e  

t o  o b t a i n  a l i m i t e d  mass p l o t  f o r  70; t h e r e f o r e  no complex was 

p r e s e n t .  Only a t  pH 10 and above were I R ' s  obtained on t h e  e x t r a c t s  

f r e e  o f  i n t e r f e r e n c e s .  

e x t r a c t e d  a t  lower pH v a l u e s .  

T h i s  a g a i n  is c o n s i s t e n t  w i t h  complex be ing  

The s a m e  experiment as above was r e p e a t e d  f o r  methamphetamine 

hydrochlor ide a t  pH 9 ,  1 0 ,  and 11 w i t h  s i m i l a r  r e s u l t s .  The amount 

o f  methamphetamine ( c a l c u l a t e d  as t h e  hydrochlor ide  s a l t )  recovered  

was 7.4, 8.2,  and 7.4 mg. r e s p e c t i v e l y .  The MS w i t h  d a t a  system 

showed a p p r e c i a b l e  complex a t  pH 9, a small amount of complex a t  

pH 10, and a trace of complex a t  pH 11. The IR of t h e  hydrochlor ide  

s a l t  of methamphetamine e x t r a c t e d  from a pH 9 s o l u t i o n  was d i s t o r t e d  

A t  pH 10 t h e  r e s u l t a n t  I R  had a small d i s t o r t i o n  w h i l e  a t  pH 11 t h e  

I R  was u n d i s t o r t e d .  
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598 LURIE AND WEBER 

Unexpected r e s u l t s  were obta ined  when r e p e a t e d  c o l l e c t i o n s  from 

ten  mi l l ig ram ephedr ine  hydrochlor ide  i n j e c t i o n s  were e x t r a c t e d  a t  

d i f f e r e n t  pH's from a mobile phase c o n t a i n i n g  0.04M methanesulfonic  

a c i d .  A s  Table 2 i n d i c a t e s ,  t h e  amount of ephedr ine  recovered  (ca l -  

c u l a t e d  a s  t h e  hydrochlor ide s a l t )  i s  zero a t  pH 3 . 5  and g r a d u a l l y  

i n c r e a s e s  t o  a maximum a t  pH's 11 and 1 2 .  This  data i n d i c a t e s  t h a t  

no complex i s  be ing  e x t r a c t e d .  

d a t a .  I t  is n o t  known a t  t h i s  t i m e  i f ,  i n  g e n e r a l ,  methanesulfonate  

T h i s  i s  suppor ted  by t h e  MS and IR 

complexes are n o t  e x t r a c t e d  i n t o  chloroform.  However, f o r  maximum 

y i e l d ,  t h e  pH chosen f o r  e x t r a c t i o n  i n t o  chloroform should be a t  

least 1.5 units above t h e  pKa v a l u e  of  the b a s e .  

TABLE 2 

Calcu la ted  y i e l d s  from 10 mg. i n j e c t i o n s  on a Magnum 9 column of 
ephedrine hydrochlor ide  e x t r a c t e d  a t  v a r i o u s  pH v a l u e s  from a mobile 
phase wi th  20% methanol, 79% water, 1% a c e t i c  a c i d  c o n t a i n i n g  0.04M 
methanesulfonic a c i d  a t  3.5. Chromatography c o n d i t i o n s  f o r  ephedr ine  
assay:  See Table  1. 

PH M i l l i g r a m  Ephedrine 
( c a l c .  a s  HC1) 

d i r e c t  -- 

7 1.5 

8 3 .1  

9 4 . 6  

10 6 . 3  

11 a .7 

12 8.7 
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DRUGS OF FORENSIC INTEREST 599 

Neutral  a rugs  o r  those  which e x i s t  as the  f r e e  a c i d  a t  pH 3.5 

could be ex t rac ted  d i r e c t l y  i n t o  chloroform s ince  no ccmplex would 

be  formed. 

A P E  ICATIONS 
The method was appl ied  t o  var ious  labora tory  submissions fo r  

which a few examples w i l l  be i l l u s t r a t e d .  

A methanolic so lu t ion  of a powder a l l eged ly  conta in ing  LSD was 

in jec ted  onto an a n a l y t i c a l  column and found to con ta in  two l a r g e  

peaks cons i s t en t  with LSD and iso-LSD, s e e  F igure  #6. 

so lu t ion  was in j ec t ed  onto a semi-preparative column conta in ing  the  

same mobile phase a s  above except the  counter ion  concent ra t ion  was 

0.04M. 

t i o n  to  that  of F igure  Q6 w a s  obtained. 

o f  t he  above so lu t ion  t o  dryness on a steam bath under a i r ,  t h e  

r e s idue  i n  the  mobile phase was in j ec t ed  onto t h e  semi-preparative 

column and two f r ac t ions  were co l l ec t ed .  The f r a c t i o n s  were ex t r ac t ed  

wi th  chloroform from an  ad jus t ed  mobile phase of pH 10. 

r e s u l t i n g  r e s idue  of the  f i r s t  c o l l e c t e d  f r a c t i o n  nntched standard 

LSD base while the  e x t r a c t  from t h e  next  f r a c t i o n  gave an  I R  m t c h i n g  

iso-LSD. Both I R ' s  were run a s  a f i lm  on a KBR window. The MS of 

t he  ex t rac ted  f r ac t ions  matched LSD. Since t h e  semi-preparative 

i n j e c t i o n  represented approximately 21 mg. of sample, t he  k' values  

and reso lu t ion ,  a s  expected, decreased as i l l u s t r a t e d  i n  F igure  #a. 

The same 

A s  Figure  #7 i l l u s t r a t e s  a chromatogram wi th  similar reso lu-  

After evaporating a po r t ion  

An I R  on the  

r ' igures and ill0 show t h a t  t h e  a n a l y t i c a l  p r o f i l e  i n  methanol 

of a mechamphetamine street sample on a u-Bondapak C-18 and a Magnum 

9 ODs column gave similar r e so lu t ion .  A dry chloroform e x t r a c t  of 
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600 LURIE AND WEBER 

' ~ 5 10 15 
TIME(rntn) 

FIGURE 6 

Analytical chromatogram of a clandestine LSD sample: (1) LSD; 
(2) iso-LSD . Conditions: Column u-Bondapak C-18; fixed mve- 
length detector s e n s i t i v i t y  0.04 a.u.f .s.; mobile phase, water, 
methanol, ace t i c  acid (59, 40, 1) with 0.005M methanesulfonic 
acid adjusted to  pH 3.5 a s  described i n  text ;  flow r a t e ,  2.0 
mlfmin. 

the powder was employed for  the semi-preparative run, which is i l l u s -  

t ra ted i n  Figure 111. Two col lected fract ions were adjusted t o  pH 

11.5 and extracted with chloroform. 

hydrochloric acid were added to the chloroform prior  to evaporation 

on the s t e a m  bath. IR's of the cal lected fract ions matched standard 

ephedrine hydrochloride and methamphetamine hydrochloride respectively.  

A few drops of concentrated 
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I 5 10 15 20 25 30 35 

T I M E  (mid 

FIGURE 7 

A n a l y t i c a l  chromatogram of a c l a n d e s t i n e  LSD sample: (1) LSD; 
(2) iso-LSD. Condit ions:  Column, Magnum 9 ODs; f i x e d  wave- 
l e n g t h  d e t e c t o r  s e n s i t i v i t y  0.01 a.u.f . s . ;  mobile phase,  water ,  
methanol, acetic a c i d  (59, 40, 1 )  w i t h  0.04M methanesulfonic  a c i d  
a d j u s t e d  t o  pH 3.5 as descr ibed  i n  t e x t ;  f l o w  rate, 5.0 mlfmin. 

A t h i r d  example i s  a m u l t i - b a r b i t u r a t e  c a p s u l e  which conta ined  

100 mg. each of sodium amobarb i ta l  and sodium s e c o b a r b i t a l .  Again 

the a n a l y t i c a l  p r o f i l e s  of  a methanol ic  s o l u t i o n  of t h e  c a p s u l e  

nraterial on both  t h e  a n a l y t i c a l  and semi-prepara t ive  columns show 

good agreement a s  t o  r e s o l u t i o n ,  see F i g u r e s  112 and  113. 

of one c a p s u l e  was e x t r a c t e d  f r a n  0.1N H2S04 using chloroform p r i o r  

t o  i n j e c t i o n  on t h e  Magnum 9 ODs column. I n  t h i s  i n s t a n c e  t h e  s a m e  

mobile  phase as  i n  t h e  u-Bondapak C-18 column was used s i n c e  acet ic  

The c o n t e n t s  
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5 10 15 2 0  25 30 

T I M E  ( m i n l  

FIGURE 8 

Semi-preparative chromtogram of a c l a n d e s t i n e  LSD sample: 
(1) LSD; (2) iso-LSD. Condi t ions:  Column, Magnum 9 ODs; f i x e d  
wavelength d e t e c t o r  s e n s i t i v i t y  2.0 a .u . f  .s . ,  R I  16X; mobile 
phase and € l o w  rate, see Figure  7 .  

a c i d  drugs such as amobarb i ta l  and s e c o b a r b i t a l  are n o t  a f f e c t e d  by 

counter  i o n ( l ) .  This  is i l l u s t r a t e d  i n  F i g u r e  #14 where the  k' 

v a l u e s  o f  a a n b a r b i t a l  and s e c o b a r b i t a l  f o r  t h e  mi l l ig ram amounts of 
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An l y t  i ca l  hroma 
peaks r e p r e  s e n t  : 

5 10 15 

TIME (rnin) 

FIGURE 9 

ogram of a methamphetamine street sample whose 
(1) ephedrine;  ( 2 )  methamphetamine. Condi t ions:  

Column u-Bondapak C-18; f i x e d  wavelength d e t e c t o r  s e n s i t i v i t y  
0.01 a . u . f . s . ,  mobile phase, water, methanol, a c e t i c  a c i d  (79,  20, 
1 )  with 0.005M pentanesulfonic  a c i d  a d j u s t e d  t o  pH 3.5 a s  descr ibed 
i n  t e x t ;  f low rate ,  2.0 mllmin. 

5 10 15 20 25 

TIME (min) 

FIGURE 10 

A n a l y t i c a l  chromatogram of  a methamphetamine street sample whose 
peaks r e p r e s e n t :  (1) ephedrine;  ( 2 )  methamphetamine. Conditions: 
Column, Magnum 9 ODs; f i x e d  wavelength d e t e c t o r  s e n s i t i v i t y  0.005 
a . u . f . s . ;  mobile phase, water, methanol, acetic a c i d  (79 ,  20, 1) 
w i t h  0.04M pentanesulfonic  a c i d  a d j u s t e d  t o  pH 3.5 a s  descr ibed  i n  
text; f low rate, 5.0 mllmin. 
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5 10 15 20 

T I M E  (rnin) 

FIGURE 11 

Semi-preparative chromatogram of a methamphetamine s t r e e t  sample 
whose peaks represent :  (1) ephedrine; (2) methamphetamine. 
Conditions: Colum, Magnum 9 ODs; fixed wavelength de t ec to r  sen- 
s i t i v i t y  2.0 a .u . f . s . ;  mobile phase and flow rate, see Figure 10. 

TIME (min) 

FIGURE 1 2  

Analytical  chromatogram o f  a mul t i -barb i tura te  capsule: 
b i t a l ;  (2) secobarb t ta l .  Conditions: Same a s  Figure 6 except 
de t ec to r  s e n s i t i v i t y  0.01 a.u.f .s .  

(1) ambar -  

mater ia l  i n j ec t ed  do not  change r e l a t i v e  t o  an  a n a l y t i c a l  i n j e c t i o n .  

The two col lec ted  f r a c t i o n s  were ex t r ac t ed  with chloroform and gave 

IR's t h a t  m t c h  standard a m b a r b i t a l  and secobarb i ta l .  
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5 10 I S  
TIME (minl  

FIGURP 1 3  

Analy t ica l  chromtogram of a mul t i -barb i tura te  capsule:  (1) amobar- 
b i t a l ;  (2) secobarb i ta l .  Conditions: Colum, Magnum 9 ODs; f i x e d  
wavelength de t ec to r  s e n s i t i v i t y  0.01 a.u.f .s.; mobile phase, see 
Figure 6; f low r a t e ,  5 m l l m i n .  

5 10 

TIME (mln) 

FIGURE 1 4  

Chrormtogram of an ac id  e x t r a c t  of mul t i -barb i tura te  capsule.  
(1) a m b a r b i t a l ;  (2)  secobarb i ta l .  Conditions: Colum, Magnum 9 
ODs;  f ixed  wavelength de t ec to r  s e n s i t i v i t y  2.0 a.u.f .s.: mobile 
p h a s e ,  see Figure 6; flow rate, 5 mlfmin. 
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606 LURIE AND WEBER 

Other samples in which t h i s  method was s u c c e s s f u l l y  a p p l i e d  

included LSD i n  dyed b l o t t e r  s p o t s ,  l y s e r g i c  a c i d  amide and iso-ly- 

s e r g i c  a c i d  amide i n  morning g l o r y  seeds,  amphetamine i n  "minnibennie" 

t a b l e t s ,  coca ine  i n  a street sample and c l a n d e s t i n e l y  manufactured 

methaqualone t a b l e t s .  ( 7 )  

One e x h i b i t  c o n s i s t e d  of a s m a l l  q u a n t i t y  of c o l o r e d  microdot 

t a b l e t s  c o n t a i n i n g  7 mcg. each of LSD. A MS of LSD was obtadned from 

a concent ra ted  sample i n j e c t e d  o n t o  a u-Eiondapak C-18 column using 

t h e  same mobile phase employed f o r  a n a l y t i c a l  i n j e c t i o n s .  
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