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REVERSED PHASE LIQUID CHROMATOGRAPHIC 
SEPARATION OF LYSERGIC ACID DIETHYL- 
AMIDE (LSD) AND LYSERGIC ACID METHYL- 

PROPYLAMIDE (LAMPA) 

Jack DeRuiter, F. Taylor Noggle, Jr.*, 
and C. Randall Clark 

Division of Medicinal Chemistry 
Department of Pharmacal Sciences 

School of Pharmacy 
Auburn University 

Auburn, Alabama 36849 

Abstract 

A f a s t  and conven ien t  p rocedure  i s  descr ibed f o r  t he  HPLC separat ion of 

LSD and W A .  These conpounds are  separated by a reversed phase (C18) procedure 

u s i n g  a b i n a r y  s o l v e n t  system o f  methanol and pH 3 phosphate bu f fe r .  Under 

these c o n d i t i o n s  a l l  compounds a r e  e l u t o d  i n  a r e t e n t i o n  volume o f  27 rnL 

or l e s s .  T h i s  p rocedure  allows a f o r e n s i c  sample t o  be i d e n t l f i e d  as LSD 

and t o  e l im ina te  LAMPA as a p o s s i b i l i t y .  - 
Lysergic ac id  diethylamide (LSD) and l y s e r g i c  acid methylpropylamide (LAWA) 

have very s i m i l a r  a n a l y t i c a l  p r o f i l e s  by many s tandard  techn iques .  These 
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3482 DE RUITER, NOGGLE, AND CLARK 

two compounds a r e  r e p o r t e d 1  t o  e x h i b i t  n e a r l y  i d e n t i c a l  i n f ra red  and mass 

spectra. Thus, these ana ly t i ca l  procedures do no t  al low fo r  a d i f f e r e n t i a t i o n  

between LSD and LAMPA. The i d e n t i f i c a t i o n  o f  a fo rens ic  drug sample as LSD 

requ i res  ana ly t i ca l  methods which d i s t i n g u i s h  it from LAMPA. 

Severa l  GLC procedures  a re  r e p o r t e d  f o r  t h e  a n a l y s i s  o f  l y s e r g i c  acid 

d e r i v a t i v e s 2  a l though  many s u f f e r  from t h e  thermal l n s t a b i l i t y  o f  t h i s  c l a s s  

o f  compounds. C a p i l l a r y  column GC procedures1 produce l e s s  decomposition 

o f  l y s e r g i c  ac id  de r i va t i ves  than packed columns. 

A number o f  s o l v e n t  systems have been developed f o r  TLC separa t ion  of 

l y s e r g i c  ac id  der iva t ives .  These methods are  use fu l  on l y  f o r  sample screening 

and cannot  d i f f e r e n t i a t e  between LSD and LAMPA. An extensive study on the  

reversed phase l i q u i d  chromatograph ic  p r o p e r t i e s  o f  a s e r i e s  o f  l y s e r g i c  

a c i d  d e r i v a t i v e s  has been reported by McDonald e t  a1.3 The method was usefu l  

f o r  t h e  separat ion o f  18 l y s e r g i c  a c i d  d e r i v a t i v e s ,  however, LAMPA was n o t  

included i n  the  study. 

Re la t i ve  re ten t i on  data f o r  LSD and LAMPA using an ion-pairing chromatographic 

p rocedure  has been r e p ~ r t e d . ~  The method developed i n  t h e  present  study 

allows fo r  t h e  separat ion o f  LSD and LAMPA v i a  a f a s t  and conven ien t  HPLC 

procedure. 

Exoecimeatal 

Genera l :  M e l t i n g  p o i n t s  were determined i n  open glass c a p i l l a r i e s  using 

a Thomas-Hoover m e l t i n g  p o i n t  apparatus.  A l l  1H NMR spectra were measured 

i n  CDC13 s o l u t i o n  using a Varian T-60A spectrometer w i t h  an i n te rna l  standard 

o f  te t ramethy ls i lane .  I R  spectra were recorded on a Perkin-Elmer model 1500 

Four ie r  t ransform i n f  r ared spect rophotometer. 

Chromatographic Procedures: The l i q u i d  chromatograph consisted o f  a Waters 

Associates ( M i l f o r d ,  M A )  model 6000A pump, U6K i n j e c t o r ,  4 4 0  UV d e t e c t o r  

w i t h  dual wavelength accessory and a Houston Instruments (Austin, TXDO Omniscribe 
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dual pen recorder. The column was 30 cm x 3.9 mm i d  packed w i t h  u Bondapak 

c18 (Waters Associates) and t h e  mobi le phase consisted o f  pH3 phosphate b u f f e r  

and methanol (2:l). The m o b i l e  phase f l o w  r a t e  was 1.5 mL/min and t h e  UV 

absorbance d e t e c t o r  was operated a t  0.2 AUFS. Sample so lu t i ons  f o r  ana lys is  

were prepared i n  methanol and separat ions were accomplished a t  ambient temper- 

ature. 

Synthesls o f  d-N-Methyl-N-n-propyllysergamide (LAMPA) 

So lu t ions  o f  POCl3 (0.1 mLt 1.1 mmole) i n  CHC13 (5.0 mL) and N-methyl-N-n- 

propylamine (350 msr 4.8 mmole) i n  CHC13 were added simultaneously from separate 

add i t i on  funne ls  ove r  a 3 m inu te  p e r i o d  t o  a s o l u t i o n  o f  d - l y s e r g i c  a c i d  

(158 ng, 0.59 mmole) i n  CHC13 (15 mL) s t i r r e d  a t  r e f l u x  under d ry  ni t rogen. 

P.fter t h e  add i t i on  was complete, t h e  reac t ion  m i x t u r e  was s t i r r e d  a t  r e f l u x  

f o r  1 0  minu tes  and t h e n  coo led  t o  room temperature. The reac t ion  s o l u t i o n  

was then d i l u t e d  t o  50 mL w i t h  CHC13. and t h e  CHCl3 so lu t i on  washed successively 

w i t h  1 N  NaOH (2 x 50 mL) and H20 (50 mL). The CHC13 s o l u t i o n  was then d r ied  

ove r  MgS04. F i l t r a t i o n  fo l lowed by evaporat ion o f  t h e  f i l t r a t e  so lvent  under 

reduced p ressu re  a t  5OoC y ie lded the  product as a brown o i l ;  I R  (neat) :  1640 

cm-l ( C  = 0); IH-NMR (CDC13) : 0.90 (t, J = 6H2, 3HOl 1.15 - 1.75 (m centered 

a t  1.45, 2HIr 2.60 ( s ,  3H), 2.80 (s, 3H), 2.6 t o  3.2 (complex mr 7H), 6.4 

( s r  lH), 6.9 ( s r  1H). 7.1 - 7.3 (in. 3H). 

Ek2UL-k- . YJislpll 

Numerous methods have been r e p o r t e d  f o r  t h e  a n a l y s i s  of  l y s e r g i c  ac id  

diethylamide (LSD) i n  fo rens ic  samples. Methods which a l l o w  d i f f e r e n t i a t i o n  

between LSD and l y s e r g i c  a c i d  methyl-n-propylamide (LAMPA) are  l e s s  commn. 

LSD and LAMPA a r e  r e p o r t e d  t o  e x h i b i t  n e a r l y  i d e n t i c a l  i n f r a r e d  and mass 

s p e c t r a  as w e l l  as hav ing  t h e  same mo lecu la r  weight.  A common problem i n  

fo rens i c  ana lys is  i s  t he  quest ion o f  whether a sample i d e n t i f i e d  as LSD c o u l d  

ac tua l l y  be LAMPA. 
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Scheme I 

I n  t h i s  s t u d y  a s i m p l e  reversed-phase 1 i q u i d  chromatographic procedure 

i s  developed f o r  t h e  separat ion o f  LSD and LAMPA. An a n a l y t i c a l  sample o f  

LAMPA was prepared from l yse rg i c  acid by i n  s l t u  generat ion o f  the acid chloride 

fo l lowed by t reatment w i t h  N-methyl-N-n-propylamine (Scheme I ) .  The p r o d u c t  

was i so la ted  as t h e  o i l y  f r e e  base and used i n  t h e  chromatographic procedures. 

The reversed-phase separat ion o f  these two s i m i l a r  compounds was accompl ished 

using an octadecyl-stat ionary phase (C18) and a mobile phase o f  pH 3 phosphate 

b u f f e r  and methanol  ( 2  + 1). F l g u r e s  I and I1 i l l u s t r a t e  t h e  s e p a r a t i o n  

o f  t h e s e  compounds u s i n g  a 30 crn u-Bondapak column. LSD and LAMPA a re  we l l  

resolved under these cond i t ions  and a re  e a s i l y  separated from l y s e r g i c  acid. 

The more p o l a r  l y s e r g i c  a c i d  has a much lower  k l - v a l u e  t h a n  e i t h e r  o f  

the amides. LSD shows a lower k l  than LWPA under these reversed phase cond i t ions  

s u g g e s t i n g  t h a t  t h e  n-propyl-group i s  responsible f o r  a stronger hydrophobic 

i n t e r a c t i o n  t h a n  t h e  d l e t h y l - s i d e  c h a i n s  even though t h e  t o t a l  number o f  

carbons attached t o  n i t rogen 7s t h e  same i n  both compounds. This same e l u t i o n  

order f o r  LSD and LAMPA was observed by Lur le4  uslng a reversed phase procedure 

w l t h  t h e  hydrophobic ion-pa i r ing  agent 1-heptane s u l f o n a t e .  The s e p a r a t i o n  

i l l u s t r a t e d  i n  F i g u r e s  1 and 2 was accomplished w i t h  phosphate as t h e  on ly  

counterion i n  the mobile phase. The low pH o f  t he  mobile phase should protonate 

t h e  n i t r o g e n  o f  t h e  t e t r a h y d r o p y r i d i n e  r ing .  However. t h e  low b a s i c i t y  o f  
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Figure 1 
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Figure 2 
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Compound 

Lysergic ac id  
L SD 
LAMPA 

ikbJS-1 

Absorbance Rat ics  f o r  Lysergic Acid Der iva t ives  

A254/A280 

2.54 
2.54 
2.71 

A254/A313 

1.49 
1.48 
1.46 

the indole nitrogen would preclude pro tonat ion  under t h e  mobi le phase condi t ions.  

Thus, t h e  s e p a r a t i o n  i s  ach ieved under cond i t i ons  producing t h e  monocation 

as t h e  predominate species i n  sc lu t i on .  Protonat ion decreases t h e  k l - v a l u e s  

f o r  t h e  e l u t i o n  o f  t hese  compounds and allows the  separat ion t o  be achieved 

i n  a reasonable a n a l y s i s  t ime. The e l u t i o n  volume f o r  peak 3 (LAMPA) i s  

approximately 27 mL. 

The chromatograms i n  Figures 1 and 2 were obtained under i d e n t i c a l  chromato- 

graphic condi t ions.  The o n l y  d i f f e r e n c e  i s  t h e  wavelengths used f o r  dual 

wave length  d e t e c t i o n  i n  t h e  two chromatograms. F i g u r e  1 was obtained by 

mon i to r ing  a t  254 and 280 nm w h i l e  F i g u r e  2 was produced by m o n i t o r i n g  a t  

254 and 313 nm. The r a t i o  o f  absorbances a t  b o t h  se ts  o f  wavelengths are  

q u i t e  s i m i l a r  fo r  a l l  th ree  compounds as would be expected. T h e  i n d o l e  r i n g  

system p r e s e n t  i n  a l l  t h r e e  compounds i s  t h e  major  chroniophore. Table 1 

shows t h e  absorbance r a t i o s  f o r  t h e s e  compounds de termined i n  t h i s  s tudy .  

Absorbance r a t i o s  a r e  a means t o  g a i n  more s t r u c t u r a l  in fo rmat ion  about an 

e l u i t e  than j u s t  re ten t i on  data. Absorbance r a t i o s  can be considered a " two- 

p o i n t  UV curve"  and can be used t o  de termine t h e  i d e n t i t y  o f  drugs having 

s i m i l a r  e l u t i o n  cha rac te r i s t i cs .  I n  t h e  case o f  LSD and LAMPA the  absorbance 

r a t i o s  show t h e  e l e c t r o n i c  s p e c t r a  o f  t hese  compounds t o  be very s im i la r .  

Thus, t h e  combination o f  HPLC e l u t i o n  c h a r a c t e r i s t i c s  and absorbance r a t i o s  

i n  t h i s  method a l l o w  f o r  t h e  d i f f e r e n t i a t i o n  o f  LSD and LAMPA i n  fo rens ic  

samples. 
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