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SEPARATION AND DETERMINATION OF 2,5-DIMETHOXY-4-METHYLAMPHETAMINE 
ENANTIOMERS IN PLASMA BY HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY 

Junichi Goto, Nobuharu Goto, Atsuko Hikichi 
and Toshio Nambarak 

Pharmaceutical Institute 
Tohoku University 
Sendai, Japan 

ABSTRACT 

A method for quantitation of 2,5-dimethoxy-4-methylamphe- 
tamine (DOM) enantiomers in plasma by high-performance liquid 
chromatography (HPLC) is described. d- and 2-DOM were readily 
converted to the amides by condensation with a newly developed 
chiral reagent, succinimidyl ester of k+methoxy-a-methyl-l- 
naphthaleneacetic acid. The yielded diastereomers were separated 
on the UPorasil column with cyclohexane/ethyl acetate (3:l) 
exhibiting satisfactory k' and R values. The clean-up procedure 
by use of Sep-pak C18 and carboxymethyl Sephadex LH-20 (CM-LH-20) 
proved to be effective for determination of the drug in biologi- 
cal fluids by HPLC. The plasma levels of d- and 2-DOM after 
administration of the racemate to the rabbit were determined by 
the method thus established. 

INTRODUCTION 

Separation and determination of the enantiomeric drugs in 

biological fluids is prerequisite for pharmacokinetic studies of 

the racemate. Application of liquid chromatography to resolution 

of the enantiomers has been developed in two ways: direct sepa- 

ration of enantiomers on an optically active stationary 

phase (1) and derivatization with a chiral reagent followed by 
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1180 GOT0 ET AL. 

chromatography of the diasteromers on a conventional column. 

The previous papers of this series described synthesis of new 

chiral derivatization reagents for use in optical resolution of 

amino acids by HPLC ( 2 , 3 ) .  Among these,a-methoxy-a-methyl-1- 

naphthaleneacetic acid appears t o  be most promising, since optical 

resolution of the reagent itself is efficiently attained and the 

resulting diasteromers are readily resolved on a normal phase 

column. The present paper deals with preparation of an activated 

chiral reagent and its use f o r  separation and determination of 

enantiomers of DOM (I), one of hallucinogens in rabbit plasma,by 

HPLC . 

MATERIALS AND METHODS 

Reagents 

DOM was obtained by the method of Matin e t  a l .  ( 4 ) .  All the 

reagents employed were of analytical grade. Solvents were puri- 

fied by distillation prior to use. Sep-pak Cle cartridge 

supplied by Waters Assoc. (Milford Mass.) was washed thoroughly 

with ethanol and water before use. Sephadex LH-20 was purchased 

from Pharmacia Fine Chemicals (Uppsala). CM-LH-20 (1 meq/g) was 

prepared accoding to the procedure of Setchell e t  al. (5). 
Ethoxycarbonylmethyl-4-nitrophthalimide, an internal standard (IS), 
was prepared in these laboratories. 

N- 

Succinimidyl Ester of  2-a-Methoxy-a-methyl-1-naphthaleneacetic 
Acid (11) 

N-Hydroxysuccinimide (560 mg) in dioxane (16 ml) and dicyclo- 

hexylcarbodiimide (1.36 g) were added to a solution of Z-a-methoxy- 

a-methyl-1-naphthaleneacetic acid (800 mg) in ethyl acetate (16 

ml), and the resulting solution was stirred at room temperature 

overnight. After removal of the precipitate by filtration, the 

filtrate was evaporated in vacuo. 

to column chromatography on silica gel (60 9 ) .  

hexane/ethyl acetate (3:l) and recrystallization of the eluate 

The oily residue was subjected 

Elution with cyclo- 
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2,5-DIMETHOXY-4-METHYLAMPHETAMINE ENANTIOMERS 1181 

from e t h e r  gave I1 (500 mg) as c o l o r l e s s  needles .  mp 115-116". 

85.0" (c=O.l, CHC13). Anal. Calcd. f o r  C l e H 1 7 N O 5 :  C,  

66.05; H ,  5.24; N,  4.28. Found: C,  66.18; H,  5.54; N, 4.28. NMR 

(CDC13)6: 2.22 (3H, S ,  -CH3), 2.77 (4H, S ,  -COCH2-), 3.26 ( 3 H ,  S ,  

-OCH3), 7.36-8.48 (7H,  m, Ar-H). The o p t i c a l  p u r i t y  of  t h i s  

reagent  w a s  es t imated  t o  be over  99.5% by t h e  method descr ibed  i n  

t h e  prev ious  paper  ( 2 ) .  

Ins t rumenta t ion  

The ins t ruments  used were Waters MDdel 6000A s o l v e n t  de- 

l i v e r y  system and Model 440 absorbance de tec tor ,moni tor ing  a t  

280 nm,equipped with a Chromatopac-EIA i n t e g r a t o r  (Shimadzu Co., 

Kyoto). The test samples were a p p l i e d  t o  t h e  chromatograph by 

a Waters Model U6K sample loop i n j e c t o r  wi th  an  e f f e c t i v e  volume 

of 2 m l .  The Waters y P o r a s i l  column (1 f t .  x 114 i n .  I . D . )  w a s  

used under ambient condi t ions .  

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

A plasma sample (0.5-2 ml) w a s  d i l u t e d  w i t h  4-fold volume of 

water, a d j u s t e d  t o  pH 4 wi th  1% HC1,  n e u t r a l i z e d  w i t h  2% N a 2 C 0 3  

and passed through Sep-pak C l e  c a r t r i d g e .  A f t e r  s u c c e s s i v e  

washing w i t h  water ( 3  ml) and 10% e thanol  ( 2  m l ) ,  t h e  drug w a s  

e l u t e d  w i t h  1% methylamine/80% e t h a n o l  (4 ml). Upon evapora t ion  

of t h e  s o l v e n t , t h e  r e s i d u e  w a s  r e d i s s o l v e d  i n  90% e t h a n o l  (0.5 

ml) and appl ied  t o  a column (10 mm x 6 mm I.D.) packed w i t h  CM- 

LH-20 (100 mg). 

e l u t i o n  wi th  90% e thanol  ( 3  ml) ,  and t h e  d e s i r e d  f r a c t i o n  w a s  

c o l l e c t e d  by e l u t i o n  wi th  6% methylamine/90% e t h a n o l  ( 3  ml) .  

Af te r  evapora t ion  of t h e  s o l v e n t  w i t h  an  a i d  of  n i t r o g e n  gas  

stream, t h e  r e s i d u e  w a s  hea ted  w i t h  I1 (200 1-18) i n  p y r i d i n e  (200 

fl) a t  60°C f o r  2 h r .  To t h e  r e a c t i o n  mixture  w a s  added I S  ( 1  pg) 

i n  n-hexane/ethyl acetate ( 3 : l )  ( 1  ml) ,  and t h e  s o l u t i o n  w a s  

washed w i t h  5% H C 1  and water. 

The n e u t r a l  and a c i d i c  materials were removed by 

The organic  phase w a s  evaporated 
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1182 GOT0 ET AL. 

under a n i t r o g e n  gas  stream, and t h e  r e s i d u e  w a s  r e d i s s o l v e d  i n  

cyc lohexane /e thy l  a c e t a t e  (3:l) (150 pl) whose 50-70 pl a l i q u o t  

w a s  a p p l i e d  t o  HPLC. 

Q u a n t i t a t i o n  

The d i a s t e r e o m e r i c  amides (111) formed from DOM by conden- 

s a t i o n  w i t h  I1 e x h i b i t e d  a n  a b s o r p t i o n  maximum a t  281 nm w i t h  

s h o u l d e r s  a t  250, 270, and 290 nm i n  e t h y l  a c e t a t e .  Absorbance a t  

280 nm was used f o r  mon i to r ing .  The c a l i b r a t i o n  cu rve  w a s  con- 

s t r u c t e d  by p l o t t i n g  t h e  r a t i o  of  peak a r e a  of  d- o r  I-DOM t o  t h a t  

of  I S  a g a i n s t  t h e  amount of  each enan t iomer ,  and good l i n e a r i t y  

was observed i n  t h e  r ange  of 25-400 n g l t u b e ,  r e s p e c t i v e l y .  

Recovery T e s t  f o r  DOM added t o  Plasma 

The test samples  were p repa red  by d i s s o l v i n g  25, 100, o r  200 

ng each of d- and I-DOM i n  human blood plasma (1 m l ) .  The c l ean -  

up by u s e  of Sep-pak C,, c a r t r i d g e  and CM-LH-20 fo l lowed  by d e t e r -  

mina t ion  of  each enant iomer by HPLC w a s  c a r r i e d  o u t  a c c o r d i n g  t o  

t h e  procedure d e s c r i b e d  above. 

,?.,lminis t r a t i o n  - o f  DOM -. 

dZ-DOM i n  s a l i n e  (0 .5  ml) w a s  i n j e c t e d  subcu taneous ly  t o  a 

male a l b i n o  r a b b i t  weighing 3.2 kg  a t  a dose  of 3 mgfkg. 

blood was withdrawn from femoral  a r t e r y  w i t h o u t  a n e s t h e s i a  a t  10 ,  

20, 30 min, 1, 2, 3 ,  4 ,  5 and 6 h r  a f t e r  a d m i n i s t r a t i o n  and c e n t r i -  

fuged f o r  10 min a t  3,000 r ev . /min  t o  s e p a r a t e  plasma. 

The 

RESULTS AND DISCUSSION 

Our i n i t i a l  e f f o r t  was d i r e c t e d  t o  HPLC s e p a r a t i o n  o f  t h e  

d i a s t e r e o m e r i c  amides formed from DOM enan t iomers  w i t h  t h e  c h i r a l  

r e a g e n t .  F i r s t ,  s u i t a b l e  c o n d i t i o n s  f o r  q u a n t i t a t i v e  f o r m a t i o n  o f  

t h e  c o v a l e n t  bond w i t h  t h e  amino group of  DOM by u s e  of  a d e r i v a t i -  

z a t i o n  r e a g e n t  w e r e  i n v e s t i g a t e d .  There have been s e v e r a l  methods 
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2,5-DIMETHOXY-4-METHYLHETAMI.NE ENANTIOMERS 1183 

a v a i l a b l e  f o r  t h e  fo rma t ion  of  a p e p t i d e  bond. Among t h e s e  t h e  

a c y l  i m i d a z o l i d e  i s  most w ide ly  used f o r  d e r i v a t i z a t i o n  of  t h e  

amine i n  gas  chromatography and HPLC. However, t h i s  t y p e  o f  

r e a g e n t  i s  n o t  s o  s t a b l e  and i t s  p u r i f i c a t i o n  i s  u s u a l l y  somewhat 

t e d i o u s .  The u s e  o f  t h e  s u c c i n i m i d y l  ester, t h a t  is, a n  a c t i v a t e d  

ester,  w a s  a t t empted  f o r  c o n v e r t i n g  DOM i n t o  t h e  amide ( F i g u r e  1 ) .  

The r e a c t i o n  of 2-a-methoxy-a-methyl-1-naphthaleneacetic a c i d  

w i t h  N-hydroxysuccinimide i n  t h e  p r e s e n c e  of  d i c y c l o h e x y l c a r b o d i -  

imide a f f o r d e d  t h e  s u c c i n i m i d y l  es ter  i n  a f a i r l y  good y i e l d .  

Racemizat ion o f  t h e  r e a g e n t  i t s e l f  d i d  n o t  o c c u r  t o  any e x t e n t  

d u r i n g  t h e  condensa t ion  r e a c t i o n  and subsequen t  p r o c e s s i n g .  When 

DOM was h e a t e d  w i t h  t h e  a c t i v a t e d  r e a g e n t  i n  p y r i d i n e  a t  60°C, 

t h e  y i e l d e d  amount o f  t h e  amide i n c r e a s e d  w i t h  t h e  p ro longed  

r e a c t i o n  t i m e  and a r r i v e d  a t  t h e  p l a t e a u  a t  1 . 5  h r  as i l l u s t r a t e d  

i n  F i g u r e  2.  

It h a s  p r e v i o u s l y  been demonstrated t h a t  t h e  d i a s t e r e o m e r i c  

amides are  e f f i c i e n t l y  r e s o l v e d  on a normal phase column r a t h e r  

t h a n  on a r e v e r s e d  phase one ( 2 , 3 ) .  I n t e r a c t i o n  o f  t h e  amide 

l i n k a g e  w i t h  t h e  s i l a n o l  group of  s i l i c a  a p p e a r s  t o  be  e f f e c t i v e  

I II 

+ 
OCH, 

H 

FIGURE 1 Formation of D ias t e reomer i c  h i d e s  from DOM w i t h  Act i -  
v a t e d  C h i r a l  Reagent 
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60 120 180 

Time( min 1 

FIGURE 2 T ime  Course f o r  D e r i v a t i z a t i o n  of  DOM w i t h  Act iva ted  
C h i r a l  Reagent 

f o r  s e p a r a t i o n  of t h e  d ias te reomers .  On t h e  b a s i s  of t h e s e  

f i n d i n g s  a normal phase column, VPorasi l ,  w a s  chosen i n  t h e  

p r e s e n t  s tudy .  

The s u i t a b l e  s o l v e n t  system i n  r e s p e c t s  of c a p a c i t y  r a t i o  

( k ' ) ,  s e p a r a t i o n  f a c t o r  ( a )  and r e s o l u t i o n  f a c t o r  (R) w a s  i n v e s t i -  

gated by combination of  e t h y l  a c e t a t e  o r  t e t r a h y d r o f u r a n  w i t h  n- 

hexane o r  cyclohexane (F igure  3 ) .  The e l u e n t s  o t h e r  t h a n  cyclo- 

hexanef te t rahydrofuran  showed t h e  a p p r o p r i a t e  k '  va lue .  

S a t i s f a c t o r y  r e s o l u t i o n  was obta ined  w i t h  cyc lohexane/e thyl  ace- 

ta te  and n-hexaneltetrahydrofuran. 

not  s u i t a b l e  f o r  t h e  plasma specimens because t h e  over lapping  

peaks due t o  endogenous materials d i s t u r b e d  t h e  chromatogram. 

These experiments  l e d  t o  t h e  conclus ion  that,among t h e  f o u r  

s o l v e n t  systems,cyclohexane/ethyl acetate ( 3 : l )  i s  most sa t is-  

f a c t o r y  t o  provide a p p r o p r i a t e  k' v a l u e s  f o r  d-DOM (1.86) ,  1-DOM 

(2.51) ,  and I S  ( 3 . 3 7 )  as w e l l  as  e x c e l l e n t  R v a l u e  f o r  t h e  enan- 

t iomers .  

O f  t h e s e  two, t h e  l a t t e r  was 

E l u t i o n  of t h e  d i a s t e r e o m e r i c  amides i n  HPLC w a s  checked by 

monitor ing t h e  absorbance at 280 nm where the d e t e c t i o n  l i m i t  was 

5 ng. The c a l i b r a t i o n  curve  was c o n s t r u c t e d  by p l o t t i n g  t h e  

r a t i o  of peak area of d- o r  2-DOM t o  t h a t  of I S  a g a i n s t  t h e  

amount of enant iomer ic  DOM. The u l t r a v i o l e t  d e t e c t i o n  showed a 
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3 e  
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1 
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a1, 

3 3  10 
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3 g  
2 d  
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4 

a 
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1 

FIGURE 3 Effects of Solvent Systems on k'(d:-o-o-, z:-A-A-), 
c1 (-0-0-) and R (-x-x-) Values of Diastereomeric hides 
formed from DOM Enantiomers 
a) cyclohexanefethyl acetate; b) n-hexane /ethyl acetate; 
c) cyclohexaneftetrahydrofuran; d) n-hexaneftetrahydro- 
f uran 

linear response t o  each enantiomer in the range of 25-400 ng as 

shown in Figure 4 .  

The recovery of a drug in biological fluids is significantly 

influenced by the clean-up method employed. Treatment of  blood 
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0 

c) 

c) 

c e 
2 1.0- 

2 
Y 

Weight ( ng 

FIGURE 4 C a l i b r a t i o n  Curves f o r  d-DOM (-0-0-) and 2-DOM (-A-A-) 

plasma w i t h  a l c o h o l  o r  a c i d  i s  commonly used f o r  d e p r o t e n i z a t i o n  

p r i o r  t o  HPLC. E x t r a c t i o n  w i t h  t h e  o r g a n i c  s o l v e n t  a s  w e l l  as 

chromatography on Amberl i te  XAD-2 r e s i n  a r e  a l s o  e f f e c t i v e  f o r  

t h i s  purpose.  These p rocedures ,  however,  were n o t  a p p l i c a b l e  

owing t o  t h e  i n s u f f i c i e n t  r ecove ry  r a t e  and occur rence  of  t h e  

i n t e r f e r i n g  peaks on t h e  chromatogram. T h e r e f o r e ,  t h e  u s e  o f  

Sep-pak C 1 8  c a r t r i d g e  was a t t e m p t e d  f o r  p u r i f i c a t i o n  of  DOM i n  

plasma. The drug was r e a d i l y  adso rbed  on Sep-pak C 1 8  and e l u t e d  

a lmos t  q u a n t i t a t i v e l y  w i t h  1% methylamine/BO% e t h a n o l .  

washing w i t h  10% e t h a n o l  w a s  e f f e c t i v e  f o r  removal of  t h e  p o l a r  

s u b s t a n c e s  i n  plasma. E l i m i n a t i o n  of t h e  n e u t r a l  and a c i d i c  

materials i n  b i o l o g i c a l  f l u i d s  w a s  t hen  unde r t aken  employing 

l i p o p h i l i c  ca t ion -exchange r ,  CM-LH-20. The i n t e r f e r i n g  s u b s t a n c e s  

were a lmos t  e n t i r e l y  removed by e l u t i n g  w i t h  90% e t h a n o l  and t h e  

d e s i r e d  DOM w a s  q u a n t i t a t i v e l y  r ecove red  w i t h  6 %  methylamine/90% 

e t h a n o l .  The e f f i c i e n t  c lean-up p rocedure  f o r  HPLC of  DOM i n  

plasma w a s  t h u s  e s t a b l i s h e d  and an e x c e l l e n t  chromatogram of  t h e  

enan t iomers  w i t h o u t  any  i n t e r f e r i n g  peak w a s  o b t a i n e d .  

P reced ing  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
8
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



2,5-DIMETHOXY-4-METHYLAMPHETAMINE ENANTIOMERS 1187 

A p p l i c a b i l i t y  o f  t h e  p r e s e n t  method f o r  s e p a r a t o r y  de t e rmi -  

n a t i o n  o f  d- and 2-DOM i n  plasma w a s  t h e n  examined. 

amount o f  t h e  r acemate  was added t o  plasma and  t h e  r e c o v e r y  r a t e s  

were de te rmined .  A s  l i s t e d  i n  T a b l e  1,d- and 2-DOM were r e c o v e r e d  

a t  a ra te  o f  93-100% w i t h  a s t a n d a r d  d e v i a t i o n  o f  2.1-5.7%. I t  

i s  e v i d e n t  from t h e s e  d a t a  t h a t  t h e  proposed method i s  sat is-  

f a c t o r y  i n  accu racy  and p r e c i s i o n .  

A known 

S imul t aneous  d e t e r m i n a t i o n  o f  plasma l e v e l s  o f  t h e  e n a n t i o -  

mers w a s  c a r r i e d  ou t  a c c o r d i n g  t o  t h e  p r o c e d u r e  t h u s  e s t a b l i s h e d .  

Blood specimen was c o l l e c t e d  a t  10, 20, 30 min, 1, 2, 3, 4 ,  5 and 

6 h r  a f t e r  a d m i n i s t r a t i o n  o f  d2-DOM t o  t h e  r a b b i t .  A s  i l l u s t r a t e d  

i n  F i g u r e  5 t h e r e  w a s  s e e n  a l i t t l e  d i f f e r e n c e  i n  t h e  plasma l e v e l  

between d- and 2-DOM. A t y p i c a l  chromatogram o f  t h e  e n a n t i o m e r s  

i n  plasma o b t a i n e d  a t  30 min i s  shown i n  F i g u r e  6 .  

McGraw e t  aZ. (6) demonstrated,  i n  t h e  i n c u b a t i o n  s t u d y  w i t h  

r a b b i t  l i v e r  mic rosomes , tha t  t h e  h a l f - l i f e  o f  2-DOM w a s  somewhat 

l o n g e r  t h a n  t h a t  o f  t h e  d-enant iomer.  I n  a d d i t i o n ,  Matin e t  aZ. 

(4) r e p o r t e d  t h a t  t h e  e x c r e t e d  amount of 2-DOM i n  u r i n e  w a s  much 

TABLE 1 

Recovery T e s t  f o r  DOM added t o  Plasma 

Added Found Recovery 5 S.D.* 

(nglml)  (nglml)  (%I 

d-DOM 25 .O 23.5 93.8 + - 3.5 
100.0 100.4 100.4 2 3.7 
200.0 198.0 99.0 2 2.1 

Z-DOM 25 .O 23.4 93.6 -r 3.5 
100 .o 100 .5  100.5 2 5.7 
200 .o 191.0 95.3 2 3.5 

* n=6 
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FIGURE 5 Plasma Levels of d-DOM (-0-0-) and 2-DOM (-A-A-) after 

Administration of the Racemate to the Rabbit 
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F I G U R E  6 High-Performance Liquid Chromatogram of DOM Enantiomers 
in Rabbit Plasma 
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larger than that of the d-enantiomer when the racemate was admini- 

stered to the rabbit. In both experiments,quantitation of the 

enantiomers was carried out by means of gas chromatography and the 
plasma level of the drug was not determined. The present study 

revealed that the half-life of 2-DOM is somewhat longer than that 

of the d-enantiomer in the rabbit. It is to be noted that dis- 

appearance of the biologically more active 2-enantiomer in blood 

is delayed after the d-enantiomer. 
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