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LIQUID CHROMATOGRAPHIC ANALYSIS OF 

AMPHETAMINES 
SOME N-AL KY L-3,4-M ETHY LEN EDlOXY - 

F. Taylor Noggle, Jr.1, Jack DeRuiter2, 
Carl L. McMillian2, and C. Randall Clark** 

1Alabama Department of Forensic Sciences 
2Division of Medicinal Chemirtry 

Department of Pharmacal Sciences 
School of Pharmacy 
Auburn University 

Auburn, Alabama 36849 

A!x&rxi 
The l i q u i d  chromatographic  s e p a r a t i o n  o f  a s e r i e s  o f  low mo lecu la r  we igh t  

N - a l k y l  d e r i v a t i v e s  o f  3 t4 -methy lened ioxyamphetan i ine  ( M D A )  i s  r e p o r t e d .  

The N-methy l - ,  N - e t h y l -  and N,N-dimethyl-derivatives o f  MDA have appeared 

as s t r e e t  drugs I n  r e c e n t  years. These compounds a r e  becoming  s i g n i f i c a n t  

f o r e n s i c  problems due t o  t h e i r  un ique pharmacologica l  p r o p e r t i e s  and r e l a t i v e  

ease o f  c h e m i c a l  s y n t h e s i s .  These amines were  s y n t h e s i z e d  v i a  r e d u c t i v e  

a m i n a t i o n  o f  t h e  c o r r e s p o n d i n g  k e t o n e  w i t h  a lky lamines.  The UV a b s o r p t i o n  

s p e c t r a  f o r  t hese  compounds p r o d u c e d  a l m o s t  e q u a l l y  i n t e n s e  a b s o r b a n c e  a t  

234 and 285 nm. The compounds were  s e p a r a t e d  by reversed-phase (c18) HPLC 

procedures u s i n g  a m o b i l e  phase o f  aqueous methanol a t  low pH. 
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L & I Q & m  

The pharmaco log ica l  a c t i o n s  o f  3 t4-methy lenedioxyar~ iphetan~ine (MDA) a1 low 

f o r  i t s  c l a s s i f i c a t i o n  as an ha l l uc inogen .1  Alti,ough it has othc, ,  atypical 

e f f e c t s  such as  enhancing empathy and a low p o t n n t i a l  t o  produce severe sensory 

d i s r u p t i o n ,  MDA became a popu la r  s t r e e t  d rug  p r i m a r i l y  because o f  i t s  enhancing 

e f f e c t  on  empathy.2 M e t h y l a t i o n  t o  y i e l d  tb,e secondbry aniine. VDMA, produces 

s i g n i f i c a n t  changes i n  t h e  pharmacclog ica l  p r o p e r t i e s .  N e t h y l a t i o n  r e s u l t s  

i n  a s h o r t e r  d u r a t i o n  o f  e f f e c t .  a genera l  decrease i n  potency and e l i m i n a t i o n  

o f  t h e  h a l l u c i n o g e n i c  p r o p e r t i e s .  However. t h e  empathy e n h a n c i n g  p r o p e r t i e s  

a r e  r e t a i n e d  and appear t o  be more pronounced i n  MDMA.~ This  compound, MDMA, 

i s  c la imed t o  have un ique  p r o p e r t i e s  i n  psycho the rapy ,  r e d u c i n g  t h e  a n x i e t y  

t h a t  f l o r n i a l l y  accompan ies  t h e  d i s c u s s i o n  o f  e m o t i o n a l l y  unp leasan t   event^.^ 

The r e c e n t  appearance o f  t h i s  drug on t h e  s t r e e t  market  a s  "Ecstasy" i n d i c a t e s  

t h e  p o p u l a r i t y  and p o t e n t i a l  f o r  abuse o f  t h i s  drug. I t s  popu la r i t y  i 5  probably 

due t o  i t s  m i l d  e f f e c t s  and i t s  a b i l i t y  t o  f a c i l i t a t e  i n t e r p e r s o n a l  communica- 

t i o n . 5  

The i n c r e a s e d  a v a i l a b i l i t y  o f  MDMA on  t h e  s t r e e t  and i t s  p o t e n t i a l  t o  

f u n c t i o n  as a n e u r o t o x i n  i n  s e r o t c n e r g i c  pa thways  l e d  t o  i t s  i n c l u s i o n  a 5  

a S c h e d u l e  I d r u g  i n  19846. More r e c e n t l y ,  " d e s i g n e r  drug" m o d i f i c a t i o n s  

o f  MDMA have p r o d u c e d  t h e  N - e t h y l -  and N,N-dimethyl-derivatives o f  MDA. 

These l a t t e r  compounds have now appeared  on  t h e  c l a n d e s t i n e  drug market. 

MDA R = R' = H 

N-Methyl-MDA R = H, R' = CH3 

N-EthyT-MDA R = H, R' = CH2CH3 

N,N-Dimethyl-MDA R = R' = CH3 
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N-ALKYL-3,CMETHY LENEDIOXYAMPHhTAMINES 2499 

Besed upon th&e facts, we have prepared r e f e r e n c e  samples o f  these low n ic lecu la r  

we ish t  N - a l k y l  d e r i v a t i v e s  o f  NDA and developed HPLC nie.thods f o r  t h c i r  analysis 

i n pharwaceu t i c a l  sampl es. 

E X p e r i r n D M  

G e n c u l :  M e l t i n g  p o i n t s  were detein, ined i n  open g l a s s  c a p i l l a r i e s  u s i n g  

a Thomas-t lcover n l t l t i n y  p o i n t  a p p e r a t u s  anti a r e  u n c o r r e c t c t i .  A l l  1bl N I X  

spect i ,a  were measured i n  DMSP on a Var ian  T-GOA specri,ometer w i t h  an  i n t e r n a l  

s t a n d a r d  o f  t e t r a n 8 e t h y l s i l a n e .  I R  s p e c t r a  wet'e recorded on a Perkir i-Elmer 

model 1500 F o u r i e r  t r a n s f c r n i  i n f r a r e d  spec t ropho to r i i e t s r .  The UV a b s o r p t i o n  

s p e c t r a  were d e t e r o i n e d  u s i n g  a Shinladzu 160 spect rophotometer .  S o l u t i o n s  

f o r  UV . s t u d i e s  were  p r e p a r e d  i n  0.1N HzSO4 a t  a c o n c e n t r a t i o n  o f  1 X 1 0 - 4 ~ ~ .  

The N-methyl- dnd N-ethyl-MCA d e r i v a t i v e s  wei e prepared as previously dsscribed.7 

Synt.tic~is-~f-A&d.i&ih-kkkdR&: Sodium cyanoborohydr i d e  (1 .9 g, 30 nmol)  

was added p o r t i o n w i s e  t o  a s o l u t i o n  o f  3 r 4 - r n e t h y l e n e d i o x y p h e n y l - Z - p r o p a n o n e  

11.70 g, 10 mtnol) and d i m s t h y l  amino (5.0 a i l )  i n  a c e t o n i t r i l e  (50 1111). T h i s  

m i x t u r e  was s t i r r e d  a t  room t e m p e r a t u r e  and g l a c i a l  a c e t l c  a c i d  ( 1 . 0  m l )  

added. A f t e r  s t i r r i n g  f o r  2 h t  more y l a c i e l  a c e t i c  a c i d  was added (1.0 m l )  

and t h e  n : i x t t i r e  s t i r r e d  an a d d i t i o n a l  30 min. The r e a c t i o n  m i x t u r e  was t h e n  

e x t r a c t e d  w i t h  e t h e r  ( 2  X 100  m l )  and t h e  ccmb inod  e t h e r  e x t r a c t s  wcshed 

s u c c e s s i v e l y  w i t h  1 N  NaOH ( 1 0 0  m l ) ,  s a t ' d  EIaEC03 (100 n i l )  and H20 (100 n i l ) .  

The ether  s o l u t i o n  was t h e n  e x t r a c t e d  w i t h  3N HC1 ( 2  X 100 m l )  and t h e  combined 

HC1 e x t r a c t s  washed w:th CHC13 (100 ml). The aqueous a c i d  s o l u t i o n  was t h e n  

nrade b a s i c  ( p H  12) w i t h  ZN l4aOH. and t h i s  s u s p e n s i o n  e x t r a c t e d  w i t h  CHC13 

( 3  X 150  mil).  The comb ined  CHC13 e x t r , a c t s  were  washed w i t h  H20 (200 m l )  

and t i r i e d  (I.IazSO4). F i l t r a t i o n ,  f c ' l l o w e d  by e v a p o r a t i o n  o f  t h e  f i l t r . a t e  

gave t h e  p roduc t  base a5 an o i l .  The base was conver ted  t o  t h e  c o r r e - p o n d i n g  

s a l t  upon t r e a t m e n t  w i t h  e the t .ea1  HCl and r e c r y s t a l l i z e d  f rom m i x t u r e s  o f  

e thano l  and e t h e r .  

w & w h i G - P 1 :  The 1 i q u i d  chronizt.cgraph consisted o f  a Waters 

Associates ( M i l f o r d ,  MA) Model 6000A pump, U6K i n j e c t o r ,  440 UV d e t e c t o r  w i t h  
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2500 NOGGLE ET AL. 

d u a l  wave leng th  accessory operated a t  254 and 280 nrn, and Houston Ins t rumen ts  

(Aus t i n ,  TX) Onin iscr ibe dua l  pen reco rde r .  The column was 30 cm X 3.9 mm i d  

packed  w i t h  u Bondapak c18 (Waters Assoc ia tes )  and t h e  n iob i le  phase cons is ted  

c f  pH 3.0 phosphate b u f f e r :  methanol :  t r i e t h y l a m i n e  (650 :100 :0 .5 )  ( s o l v e n t  

s y s t e m  I) o r  pH 3.0 phosphate b u f f e r  and methanol ( 6 : l )  ( s o l v e n t  system 11). 

The n iob i le  phase  f l o w  r a t e  was 1.5 m l / r c in  and t h e  UV abso rbance  d e t e c t o r  

was o p e r a t e d  a t  0.2 AUFS. Sample s o l u t i o n s  f o r  a n a l y s i s  were prepared i n  

methanol and separa t i ons  were accomplished a t  ambient temperature.  

~ ~ ~ & ~ ~ .  

3 t 4 - W e t h y l e n e d i o x y n ~ e t h a n r p h e t a m i n e  ( M D M A )  has  been used s i n c e  t h e  mid 

1970s i n  c o u n c i l i n g  s e s s i o n s  as an a d j u n c t  t o  p s y c h o t h e r a p y .  The d r u g  i s  

r e p o r t e d  t o  ease p s y c h i c  t r a u m a  and b r e a k  down b a r r i e r s  t o  communication 

between people i n v o l v e d  i n  a s i g n i f i c a n t  e m o t i o n a l  r e l a t i o n s h i p .  I n  r e c e n t  

y e a r s ,  t h e  i n c r e a s e d  r e c r e a t i o n a l  use  o f  t h e  d rug  has r e s u l t e d  i n  i t s  i n c l u -  

s i o n  as a Schedule I c o n t r o l l e d  substance. To many r e c r e a t i o n a l  u s e r s ,  MDMA 

possesses t h e  p o s i t i v e  f e a t u r e s  o f  LSD w i t h o u t  LSD's h a l l u c i n o g e n i c  propert ies. 

The c o n t r o l  o f  MDFiA has l e d  t o  des igner  drug t y p e  mo lecu la r  m o d i f i c a t i o n s  

o f  t h e  b a s i c  s t r u c t c r e  which r e t d i n  t h e  b i o l o g i c a l  a c t i v i t y  p r o f i l e  y e t  d i f f e r  

c h e m i c a l l y  f r o n i  MDMA. The N - e t h y l  a n a l o g  o f  MDA, "Eve , "  wa5 one o f  t h e  

f i r s t  such d e s i g n e r  d r u g s  t o  appear  on t h e  s t r e e t  f o l l o w e d  more r e c e n t l y  

by t h e  NIP<-dimethyl rIDA d c r i v a t i v e .  

I n  t h i s  s t u d y  we have ob ta ined  re fe rence  s tandard  samples of MDA, MDMA, 

N-ethy l  and hl,N-dime'ihyl-MDA end developed an IIPLC procedurs f o r  t h e i r  i d e n t i -  

f i c a t i o n  i n  c l a n d e s t i n e  drug saniples. The amines were prepared v i a  condensation 

o f  ?.4-methylenedioxyphenyl-2-propanone w i t h  t h e  a p p r o p r i a t e  amine t o  y i e l d  

t h e  i m i n e  f o l l o w e d  b y  i n  s i t u  r e d u c t i o n  t o  t h e  d e s i r e d  anline u s i n g  sodium 

cyanoborohydride.8 Syn thes i s  o f  t h e  monoalkyl-MDA der ivat ives has been described 

i n  o t h e r  r e c e n t   report^.^ The p r e p a r a t i o n  o f  t h e  t e r t i a r y  aniine N,N-dinsthyl- 

WDA wes accomplished u s i n g  t h e  sacre p r o c e d u r e .  The u l t r a v i o l e t  a b s o r p t i o n  

c h a r a c t e r i s t i c s  f o r  N,N-diniethyl-MDA wore  q u i t e  s i m i l a r  -to t h e  secondary 
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F i g u r e  1. Reversed-phase 1 i q u i d  chromatographic  s e p a r a t i o n  o f  MDA and MDA- 

d e r i v a t i v e s .  a )  254 rim, b )  280 nm. Peaks:  1 = MDA; 2 = N-methyl-MDA; 3 

= N,N-dimethyl-MDA; 4 = N-ethyl-MOA. S o l v e n t  system I. 
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F i g u r e  2. Reversed-phase  l i q u i d  chromatographic  s e p a r a t i o n  o f  MDA and MDA- 

d e r i v a t i v e s .  a )  254 nm, b )  280 nrn. Peaks:  1 = MDA; 2 = N-methyl-MDA; 3 

= N,N-dinethyl-MDA; 4 = N-ethyl-MDA. So lven t  system 11. 
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N-ALKYL-3,4-METHYLENEDlOXYAMPHETAMlNES 2503 

arriines w i t h  t h e  major  a b s o r p t i o n  bands o c c u r r i n g  a t  285 and 233 nni w i t h  t h e  

abso rp t i v i -by  s l i g h t l y  h i g h e r  a t  t h e  l ower  wavelength. 

The 1 i q u i d  c h r o m i t o g r a p h i c  i a p a r a t i o n  o f  t h e  MDA-der i v d t i v e s  was acconi- 

p l  i s h e d  u s i n g  reversed-phase techniques c o n s i s t i n g  of a C l 6  s t a t i o n a r y  phase 

w i t h  aqueous methanol m o b i l e  phases. F i g u r e  1 shows t h e  s e p a r a t i o n  o f  t h e  

f o u r  arr.ines u s i n g  a m o b i l e  phase  o f  pH 3 p h o s p h a t e  b u f f e r ,  methanol and a 

low c o n c e n t r a t i o n  o f  t r i e t h y l a r n i n e  ( s o l v e n t  s y $ t e m  I). The l o w  pH p r o d u c e s  

good peak shape and tlie r . e s o l u t i o n  f a c t o r  i s  l e s s  than  one f o r  only ILN-dirrethyl 

and N-ethy l  MDA (peaks 3 and 4 ) .  F i g u r e  2 shows t h e  c h r o m a t o y r a n 8  o b t i l i n e d  

f o r  t h e s e  conipounds i n  a b i n a r y  s o l v e n t  system o f  pH 3 phosphate b u f f e r  and 

niethanol ( s o l v e n t  system 11). The major  d i f f e r e n c e  betwc!on t h e  cht .onatograms 

i n  F - i y u r e s  1 and 2 i s  t.he e n h t n c e d  r e s o l u t j o n  o f  p e a k s  3 and 4 i n  F i s u r e  

2. T h e r e  chrornatograms were o b t a i n e d  u s i n g  d u a l  w a v e l e n g t h  UV de - tec t i on  

a t  254 and 280 nni prciducing l a r g e  peak a rea  r k t i o s  (abso rbance  r a t i o s )  s i n c e  

t h e x  wdvelenglhs a r e  ve ry  c l o s e  t o  t h e  absorbance niinimuni and niaxinua respec- 

t i v e l y .  These amines d i s p l a y  s i m i l a r  UV a b s o r p t i o n  c h a r a c t e r i s t i c s  s i n c e  

t h e  3 .4 -n ie thy lened ioxypheny l  g r o u p  i s  t h e  major  chromophoric i l lo ie ty  common 

t o  a1 1 these  compounds. 

I n  surntxary. t h e  repo r ted  methocis a l l o w  f c i  t h e  a n a l y z i s  o f  :miall N - a l k y l  

d e r i v a t i v e s  o f  t4DA i n  phai maceu t i ca l  sirnFles. 
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