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LIQUID CHROMATOGRAPHIC AND MASS 
SPECTRAL ANALYSIS OF 

1- 3 4-METHYLENEDIOXYPHENYL -1- 
3,4-METHY LENEDIOXYAMPHETAMINES 

k.f HANAMINES: HOMOLOGUES (I F 
F. TAYLOR NOGGLE, J R . ~ , C . R A N D A L L   CLARK^, 

A N D  JACK D E R U I T E R ~  
‘Alabama Department of Forensic Scierices 

Wire Road 
Auburn, Alabama 36830 

2Departnierit o f  Pharniacal Sciences 
School of  Pharmacy 
Auburn Uiiiversity 

Auburn, Alabama 36849 

Abstract  

The d e l e t i o n  o f  a methylene u n i t  from the  arylamine s ide -  

chain o f  t he  3,4-methylenedioxyamphetamines (MDAs) produces t h e  

homo1 ogous 1- (3,4-methyl enedioxyphenyl ) -1 -ethanamines. These 

ethanamines were prepared v i a  reduc t i ve  aminat ion o f  t h e  

corresponding ketone w i t h  a se r ies  o f  N-a1 kylamines. A n a l y t i c a l  

methods were developed t o  d i s t i n g u i s h  these compounds from t h e  

MDA ser ies.  The ethanamines were separated under reversed-phase 
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432 NOGGLE, CLARK, AND DE RUITER 

1 iquid chromatographic conditions using a c18 stationary phase 

and a mobile phase of aqueous acidic (pH3) acetonitrite 

containing triethylamine. The electron impact mass spectra of 

the ethanamines were determined by GC-MS and the fragmentation 

pattern clearly distinguishes these compounds from those of the 

MDA series having the same molecular weight. 

Introduct i on 

T h e  u n i q u e  p h a r m a c o l o g i c a l  e f f e c t s  o f  3 , 4 -  

methylenedioxymethamphetamine ("Ecstasy, XTC"), and re1 ated 

compounds have made these compounds very popular drugs o f  abuse. 

The drugs appear to reduce the fear and anxiety that accompanies 

the discussion of emotionally painful events and have been used 

in phychotherapy (1). Several o f  the small alky group N- 

substituted MDAs have appeared as street drugs in recent years 

(2-4). These compounds are usually prepared from the 

commerc i a1 1 y 1 - (3,4 -methyl ened i oxyphenyl ) - 2 - propanone 
via reductive amination (5). The continued designer-drug 

interest in the MDA series suggests the possibility of the 

appearance of other homologues when starting materials are 

readily available. One such commercially available starting 

material is 3,4-methylenedioxyacetophenone which upon reductive 

ami nat i on woul d yi eld the 1- (3,4-methylenedioxyphenyl) - 1- 

ethanamines. The MDA series of amines are simply the methylene 

avai 1 abl e 
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HOMOLOGUES OF MDA 433 

homologues o f  t h e  ethanamines. The absence o f  t h i s  methylene- 

u n i t  i n  t he  s ide chain would be expected t o  produce compounds o f  

l e s s  phenethylamine-type CNS a c t i v i t y .  However, no s p e c i f i c  

a c t i v i t y  data r e l a t i v e  t o  t h e  MDAs appears t o  be a v a i l a b l e .  

Experimental 

INSTRUMENTATION. The l i q u i d  chromatograph consis ted o f  a Waters 

Associates Model 6000 A pump, p6K i n j e c t o r ,  Model 440 UV de tec to r  

w i t h  dual wavelength accessory operated a t  254 and 280nm, and 

Houston Instruments OmniScri be dual pen recorder .  I n f r a r e d  

spectra were recorded on a Perkin-Elmer Model 1710 Four ie r  

t ransform i n f r a r e d  (FTIR) spectrophotometer. U1 t r a v i o l e t  spect ra 

were reco rded  on a Shimadzu Instruments Model UV-160 

spectrophotometer. Nuclear magnetic resonance spect ra (1H) were 

determined using a Varian T-60A spectrometer. 

The e l e c t r o n  impact mass spectra were obtained us ing a 

Hewlett-Packard 59708 mass s e l e c t i v e  detector .  The i o n i z a t i o n  

vo l tage was 70 eV and the source temperature was 280°C. The 

i n d i v i d u a l  samples were d isso lved i n  methanol (lmg/mL) and 0.5 

pL introduced i n t o  the  mass spectrometer v i a  t h e  gas 

chromatograph equipped w i t h  a 12m x 0.31mm i .d .  fused s i l i c a  

column w i t h  a 0.52pm thickness o f  OV-1 .  The column temperature 

was programmed from 70°C t o  150°C a t  a r a t e  o f  15"C/min and from 

150'C t o  250°C a t  a r a t e  o f  25"C/min. The s p l i t  r a t i o  f o r  t h e  GC 

was 1 O : l  and a l l  samples had e lu ted  i n  approximately 7 minutes. 
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434 NOGGLE, CLARK, AND DE RUITER 

LIQUID CHROMATOGRAPHIC PROCEDURES. The a n a l y t i c a l  column was 

30cm x 3.9mm i .d.  packed w i t h  Bondex c18 (Phenomonex, Rancho 

Pal 0s Verdes, Cal i f o r n i  a) . The a n a l y t i c a l  c o l  umn was preceded by 

a 7cm x 2.lmm i.d. guard column d r y  packed w i t h  C0:Pell ODS 

(Whatman). The amines (lmg/mL) were d isso lved i n  HPLC grade 

methanol and chromatographed us ing a mobi le phase o f  pH 3.0 

phosphate bu f fe r ,  HPLC grade a c e t o n i t r i l e  and t r i e t h y l a m i n e  

(600:75:2). The pH 3.0 phosphate b u f f e r  was prepared by m ix ing  

9.29 monobasic (NaH2P04) i n  1 L double d i s t i l l e d  water and 

ad jus t i ng  t h e  pH t o  3.0 w i t h  H3P04. The mobi le phase f l o w  r a t e  

was 1.5mL/min and t h e  de tec to r  was operated a t  0.1 AUFS. A 15 pL 

a l i q u o t  o f  each amine s o l u t i o n  was i n j e c t e d  i n t o  t h e  l i q u i d  

chromatograph. 

SYNTHESIS OF THE 1-~3.4-neth~lenediox~~hen~l~-l-ethanaoines, A 

s o l u t i o n  o f  t he  appropr ia te ketone (10 mmol), ammonium acetate o r  

alkylamine (100 mmol) and sodium cyanoborohydride (25 mmol) i n  

methanol (25 mL) was s t i r r e d  a t  room temp f o r  24 h. The r e a c t i o n  

m ix tu re  was then evaporated t o  dryness under reduced pressure and 

t h e  remaining residue suspended i n  dichloromethane (50 mL). The 

dichloromethane suspension was ex t rac ted  w i t h  3N HC1 (2 x 75 mL) 

and t h e  combined a c i d  e x t r a c t s  made bas ic  (pH 12) w i t h  sodium 

hydroxide. The bas ic  aqueous suspension was then ex t rac ted  w i t h  

dichloromethane (2 x 100 mL) and the  combined organic e x t r a c t s  

d r i e d  over anhydrous sodium su l fa te .  F i l t r a t i o n  fo l lowed by 

evaporat ion of t he  f i l t r a t e  so lvent  gave t h e  product amine as t h e  
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HOMOLOGUES OF MDA 435 

f r e e  base. Treatment o f  t h e  bases w i t h  ethereal  HC1 (50 mL) 

af forded the  amine hydrochlor ides which were i s o l a t e d  by 

f i l t r a t i o n  and r e c r y s t a l l i z e d  from mixtures o f  anhydrous e the r  

and absolute ethanol .  

Results and Discussion 

The v a r i o u s  d e s i g n e r  d r u g  m o d i f i c a t i o n s  o f  3,4- 

methylenedioxyamphetamine (MDA) have become very popular  drugs o f  

abuse. I n  recent  years several N-subst i tu ted d e r i v a t i v e s  

i n c l u d i n g  N-methyl, N,N-dimethyl, N-ethyl  and N-hydroxy MDA have 

appeared as s t r e e t  drugs. The growing p o p u l a r i t y  o f  these drugs 

has generated i n t e r e s t  i n  r e l a t e d  compounds. One such r e l a t e d  

s e r i e s  o f  compounds a r e  t h e  N - s u b s t i t u t e d  1 - ( 3 , 4 -  

methyl enedioxyphenyl ) - 1-ethanami nes, homologues o f  t h e  MDAs. I n  

t h i s  study the  ethanamines were prepared (Scheme I) v i a  r e d u c t i v e  

amination o f  3,4-methylenedioxyacetophenone w i t h  t h e  approp r ia te  

amine i n  t h e  presence o f  sodium cyanoborohydride (6).  The amines 

were i s o l a t e d  as the  f r e e  bases and converted t o  t h e  

hydrochlor ides us ing ethereal  HC1. 

The u l t r a v i o l e t  absorpt ion p roper t i es  o f  these compounds a re  

e s s e n t i a l l y  equiva lent  t o  those o f  t he  MDA ser ies.  The 3,4- 

methylenedioxyphenyl chromophore i s  a fea tu re  both s e r i e s  have i n  

common. The ethanamines show good UV absorbance i n  both t h e  

284nm and 237nm ranges, w i t h  almost equal molar a b s o r p t i v i t i e s  a t  

t he  two wavelengths (Table 1). The minimum between t h e  two 

absorpt ion bands i s  i n  the  256nm region. 
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436 NOGGLE, CLARK, AND DE RUITER 

Scheme 1 

Table 1 

U1 traviolet Absorption Propertiesa 

o f  1- (3,4-Methylenedioxyphenyl)-l-ethanamines 

R 11 El A2 E2 

NH2 283.60 2.3~10~ 235.0 2.3~103 

NHMe 284.0 1.9~10~ 235.0 2.3~103 

NMe2 284.4 1.8~10~ 237.4 1.9~10~ 

NHEt 283.4 1.9~10~ 236.4 2.0~10~ 

NHnPr 283.4 1.7~10~ 237.4 1.8~10~ 

NHi Pr 284.4 1.9~10~ 237.4 1.9~103 

a determined in 0.1N H2SO4 solution 
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HOMOLOGUES OF MDA 431 

The l i q u i d  chromatographic separat ion o f  t he  1-(3,4- 

me thy lened ioxypheny l  ) - l -ethanamines was accomplished us ing 

reversed-phase condi t ions.  The s t a t i o n a r y  phase was Bondex c18 

shows the  separat ion o f  t he  seven 1- (3,4-methylenedioxyphenyl) - 1- 

ethanamines prepared i n  t h i s  study. The pr imary amine has t h e  

lowest capaci ty  f a c t o r  fo l lowed by the  N-methyl, N-ethy l  and N,N- 

d imethyl  de r i va t i ves .  Peaks 5 and 6 i n  F igure 1 are f o r  t h e  

l a r g e r  N-propyl subs t i t uen ts  and the  isopropyl  group d i sp lays  t h e  

lower capaci ty  fac to r .  Th is  e l u t i o n  order  i s  cons i s ten t  w i t h  

o the r  se r ies  o f  N-a1 k y l  amines and roughly  para1 l e l  s t h e  contact  

surface area f o r  so lu te -s ta t i ona ry  phase assoc ia t i on  ( 7 ) .  The N- 

hydroxy d e r i v a t i v e  has the  h ighest  capaci ty  f a c t o r  o f  t h e  seven 

compounds separated i n  F igure 1. This  unusual ly h i g h  k fva lue may 

r e f l e c t  t h e  d i f f e r e n c e  i n  b a s i c i t y  between t h e  N-a1 k y l  compounds 

and the  N-hydroxy isomer. A t  pH3 t h e  N-a l ky l s  should e x i s t  

e x c l u s i v e l y  as the  protonated species w h i l e  t h e  l e s s  bas ic  N- 

hydroxy isomer may e x i s t  p a r t i a l l y  i n  t h e  more l i p o p h i l i c  

nonprotonated species. The mobi le phase f o r  t h e  separat ion o f  

t h i s  se r ies  o f  amines requ i red  a small q u a n t i t y  o f  t r i e t h y l a m i n e  

i n  order  t o  improve peak shape and r e s o l u t i o n .  Such mobi le phase 

a d d i t i v e s  improve peak shape by compet i t ion w i t h  t h e  so lu tes  o f  

i n t e r e s t  f o r  s t rong adsorpt ion s i t e s  on t h e  s t a t i o n a r y  phase. 

The chromatogram i n  F igure 2 shows the  separat ion o f  some 

ethanamines prepared i n  t h i s  work f rom t h e  homologous 3,4- 

methylenedioxyamphetamines. The primary, N-methyl and N- 
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5 10 15 20 25 

0 5 10 15 20 25 
TIME I minutes I 

Figure 1. Reversed-phase liquid chromatographic separation o f  1- 

(3,4-methylenedioxyphenyl)-l-ethanamines. Peaks: 1 = primary 

amine (NH2); 2 = N-methyl; 3 = N-ethyl; 4 - N,N-dimethyl; 5 = N- 

isopropyl; 6 = N-n-propyl; 7 = N-hydroxy. 
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HOMOLOGUES OF MDA 439 

7 
0 pp= 

i 

TIME lmlnutesl 

Figure 2. Liquid chromatographic separation o f  1-(3,4- 

methylenedioxypheny1)-1-ethanamines and the homologous 3,4- 

methylenedioxyamphetamines. Peaks: 1 = primary ethanamine (NH2); 

2 = N-methylethanamine; 3 = MDA; 4 = N-ethylethanamine; 

5 = N-methyl MDA; 6 = N-ethyl MDA. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
4
:
0
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



440 

3 . 0 E 6 -  

u 2.0E6- 
0 
C 

P 
E 
3 
n 

NOGGLE, CLARK, AND DE RUITER 

11, I. . 111. .. I 

0 

0 

165  
/ 

A 

2.5E6 

2 .  BE6 

I 

1.5E6 
I 

> 

1.0E6 

5 .  BE5 

60 0 0  

6 4  

I 

~~ 100 I20 I40 168 I00 
Has s /Ch arge 

Figure 3. Electron impact mass spectra o f  1-(3,4- 

methylenedioxypheny1)-l-ethanamines. 3a = primary ethanamine 

(NH2); 3b = N-methylethanamine; 3c = N-ethylethanamine. 
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HOMOLOGUES OF MDA 44 1 

Figure 3c 

ethylamines i n  each ser ies were separated i n  about 15 minutes 

us ing t h e  same chromatographic condi t ions descr ibed f o r  F igure 1. 

The pr imary and N-methyl ethanamines e l u t e  f i r s t ,  fo l lowed by MDA 

then t h e  N-ethyl  ethanamine and f i n a l l y  N-methyl MDA and N-ethy l  

MDA, respec t i ve l y .  Some over lap o f  peaks would occur w i t h  t h e  

h igher  N-a1 k y l  subst i tuents  o f  each se r ies  under these i s o c r a t i c  

chromatographic condi t ions.  

The mass spectra o f  t he  ethanamines are d i s t i n c t l y  d i f f e r e n t  

from t h e  homologous methylenedioxyamphetamines. Figure 3 shows 

the mass spectra f o r  t he  pr imary amine, t h e  N-methyl and N-ethy l  

ethanamines. The base peak i n  a l l  these spectra i s  a r e l a t i v e l y  

high-mass i o n  r e s u l t i n g  from t h e  l o s s  o f  15 mass u n i t s  from t h e  
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molecular ion. This fragmentation is likely the loss of the 

alpha-methyl group (C-methyl) o f  the side chain yielding the N- 

substituted pipernal imine species. In this series, the 

formation of the low mass imine species resulting from the loss 

of the aryl radical does not occur. In the MDA series the loss 

of the benzyl-type radical yields the low mass imine as the base 

peak ( 4 ) .  The other major peak in the high mass region of the 

spectra is the m/z 149 ion resulting from the arylethyl-carbonium 

ion. These mass spectral characteristics a1 1 ow for compounds of 

this series to be easily distinguished from compounds of the MDA 

series having the same molecular weight. For example, Figure 4 

shows the mass spectra of MDA and MDMA and these compounds have 

the same molecular weight as the N-methyl and N-ethyl 

ethanamines, respectively. Comparison of Figures 3b and 4a, as 

well as 3c and 4b, shows the clear difference in the 

fragmentation of these two homologous series. 

In summary, the N-substi tuted 1- (3,4-methyl enedioxyphenyl ) - 
1-ethanamines, were prepared and their analytical profiles 

compared to the homologous 3,4-methylenedioxyamphetamines. The 

compounds were separated by 1 iquid chromatographic methods using 

a c18 stationary phase and an acidic (pH3) aqueous acetonitrile 

mobile phase. The mass spectra of the ethanamines are 

characterized by fragmentation products which differ 

significantly from those obtained from the homologous MDA series. 
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Figure 4 .  

MDA (4b) .  

Electron impact mass spectra o f  MDA (4a) and N-methyl 
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