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THE APPLICATION OF HPLC CHIRAL 
STATIONARY PHASES TO STEREOCHEMICAL 

PROBLEMS OF PHARMACEUTICAL INTEREST: 
A GENERAL METHOD FOR THE RESOLUTION 

CARBAMATE DERIVATIVES 
OF ENANTIOMERIC AMINES AS P-NAPHTHYL- 

Thomas D. Doyle*, William M. Adams, 
Fred S. Fry, Jr., and Irving W. Wainer 

Division of Drug Chemistry 
Food and Drug Administration 

Washington, D.C. 20204 

ABSTRACT 

The enant iomers  of pr imary ,  secondary  and some t e r t i a r y  
amines are r e s o l v e d  a s  carbamate  d e r i v a t i v e s  formed by  r e a c t i o n  
wi th  13-naph thy  l ch  l o r o f  orma t e . 
r e s o l v e d  on a commercial ly  a v a i l a b l e  P i r k l e - t y p e  HPLC c h i r a l  
s t a t i o n a r y  phase (CSP) , c o n s i s t i n g  o f  (5)-3-(3,5-dinitrobenzoyl)- 
pheny lg lyc ine  c o v a l e n t l y  bonded t o  s i l i c a ,  by u s i n g  a mob i l e  
phase  c o n s i s t i n g  o f  mix tu res  o f  i sop ropano l  i n  hexane.  In t h i s  
manner, 12 amines s t r u c t u r a l l y  r e l a t e d  t o  amphetamine were 
r e s o l v e d ,  i n c l u d i n g  such pha rmaco log ica l ly  impor t an t  compounds as 
methamphetamine and pseudoephedr ine ,  n e i t h e r  of which had been 
p r e v i o u s l y  r e s o l v e d  on P i r k l e - t y p e  CSPs, Reac t ion  of t h e  
ha lo fo rma te  wi th  pheno l i c  amines may b e  c o n t r o l l e d  t o  g i v e  e i t h e r  
mono- - o r  b i s - d e r i v a t i v e s ;  b o t h  gave u s e f u l  r e s o l u t i o n s .  Simple 
a l i p h a t  i c x i n e s  such a s  E - b u t y l a m i n e  were a l s o  r e s o l v e d .  
o r d e r  of  e l u t i o n  of t h e  carbamates  was c o n s i s t e n t l y  R,S; t h i s  
e l u t i o n  p a t t e r n  i s  d i s c u s s e d  i n  terms o f  s p e c i f i c  i n t e r a c t i o n s  
between t h e  carbamate  and t h e  CSP. 

The enan t  iomer i c  carbama t es a r e  

The  
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456 DOYLE ET AL. 

INTRODUCTION 

Recent r e p o r t s  from t h i s  l abora to ry  (1-6) have shown t h a t  

t h e  s te reochemica l  composition of pharmaceutical  amines may be 

r a p i d l y  and a c c u r a t e l y  determined by d i r e c t  enant iomer ic  

r e s o l u t i o n  on commercially a v a i l a b l e  HPLC c h i r a l  s t a t i o n a r y  

phases (CSP). I n  these  s t u d i e s ,  t h e  amines were f i r s t  

d e r i v a t i z e d  with a c h i r a l  r eagen t s ;  t h e r e  a r e  s e v e r a l  r easons  f o r  

t h i s  pre l iminary  d e r i v a t i z a t i o n  s t e p .  

poor chromatographic p r o p e r t i e s  on t h e s e  CSPs; a r e a c t i o n  t h a t  

forms n e u t r a l  compounds improves chromatography whi l e  a t  t h e  same 

time a l lowing  t h e  inco rpora t ion  of f u n c t i o n a l  groups which may 

enhance enantiomeric s e l e c t i v i t y  on t h e  CSP and a l s o  confe r  o r  

amplify u l t r a v i o l e t  o r  f l uo rescence  d e t e c t a b i l i t y .  

F ree  amines g e n e r a l l y  have 

However, some l i m i t a t i o n s  r e s t r i c t  t h e  scope of t h e s e  

procedures.  For example, a l though t h e  enantiomers of t h e  primary 

amine amphetamine were r e so lved  a s  any of a number of amide 

d e r i v a t i v e s  (11 ,  t h e  secondary amine analogue methamphetamine was 

not  reso lved  by t h i s  procedure.  Ephedrine,  a 1,Z-aminoalcohol, 

was reso lved  following condensation wi th  va r ious  a romat ic  

aldehydes t o  form c y c l i c  oxazo l id ines  ( 3 , 4 ) .  Separa t ion  f a c t o r s  

( a )  a s  h igh  a s  1.36 were observed ,  y e t  none of t h e  oxazo l id ines  

of pseudoephedrine ( t h e  d ias te reomer  of ephedr ine)  gave 

d e t e c t a b l e  r e s o l u t i o n .  O t h e r  1,2-aminoalcohols such a s  

norephedrine (5) and p roprano lo l  ( 6 )  were condensed wi th  

phosgene, and t h e  enantiomers were chromatographed as t h e  c y c l i c  
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STEREOCHEMICAL PROBLEMS OF PHARMACEUTICAL INTEREST 45 I 

oxazolidones.  

molecule and thus  does no t  enhance t h e  d e t e c t a b i l i t y  of  t h e  

amine, thereby l i m i t i n g  i t s  u s e f u l n e s s  i n  pharmacological s t u d i e s  

of compounds such a s  norephedr ine ,  which has  an i n t r i n s i c a l l y  low 

e l e c t r o n i c  a b s o r p t i v i t y  . 

T h i s  r e a c t i o n  does not  add a chromophore t o  t h e  

The well-known r e a c t i o n  of  amines wi th  ha loformates  a f f o r d s  

carbamates , which have been shown t o  have chromatographica l ly  

use fu l  p r o p e r t i e s  i n  a c h i r a l  systems (7,8). The r e a c t i o n  is 

gene ra l  f o r  primary and secondary amines (91, as well as f o r  some 

t e r t i a r y  amines, which are s e l e c t i v e l y  c leaved  a t  t h e  n i t r o g e n  

atom (7,8). Reaction with d i f u n c t i o n a l  compounds such a s  

hydroxyl ic  and phenol ic  amines can be  p r e c i s e l y  c o n t r o l l e d  t o  

g ive  well-defined products  (10). 

The chromatography of carbamates on CSPs has  no t  been 

ex tens ive ly  s t u d i e d ,  although r e s o l u t i o n  of some i n d i v i d u a l  

c y c l i c  carbamates (oxazol idones)  has  been i n c i d e n t a l l y  

r epor t ed  (5,6), and some carbamates prepared from a l i p h a t i c  

ch loroformates  a l s o  have been r e so lved  (11). I n  t h i s  paper w e  

d e s c r i b e  a genera l  method f o r  t h e  r e s o l u t i o n  of enant iomer ic  

amines as carbamate d e r i v a t i v e s  formed by r e a c t i o n  wi th  

8-naphthylchloroformate. The enantiomers are r e so lved  on a 

commercially a v a i l a b l e  P i rk l e - type  covalen t  (R)-1-3,5- 

( d in  i trobenzoyl phenylglyc i n e  C SP by us ing  mixtures  o f  

isopropano1:hexane a s  t h e  mobile phase. The scope of  t h e  method 

i s  i l l u s t r a t e d  by r e s u l t s  f o r  a s e r i e s  of 15 amines of  
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458 DOYLE ET AL. 

pharmaceutical i n t e r e s t ;  t hese  compounds , which are s t r u c t u r a l l y  

r e l a t e d  t o  amphetamine, were chosen for  t h e i r  func t iona l  

d i v e r s i t y .  Twelve of t hese  compounds were re so lved ,  i nc lud ing  

such c l a s s i c a l l y  simple molecules as. E - b u t y l a m i n e .  

EXPERIMENTAL 

Apparatus 

The chromatography was performed with a Spectra-Physics 

(Santa C la ra ,  CA, U.S.A.) Model 3500 l i q u i d  chromatograph 

equipped with a 10 o r  100 l.11 sample loop, an SP Model 8200 s i n g l e  

wavelength UV/VIS d e t e c t o r  with a 254 nm lamp and an SP Model 

4000 da ta  system. The column was a 250 X 4.6 mm i d  or a 250 X 10 

nun i d  Regis (Morton Grove, I L ,  U.S.A.) s t a i n l e s s  s t e e l  P i r k l e  

covalent  type,  packed with 5 pm s p h e r i c a l  y-aminopropyl s i l i c a  

p a r t i c l e s  modified with (~)-~-(3,5-dinitrobenzoyl)phenylglycine. 

Mass s p e c t r a  were obtained with a Finnigan MAT (San J o s e ,  

CA,  U.S.A.) 4023-T gas chromatograph-mass spectrometer.  

c h emic a 1 6 

Isopropanol and hexane were HPLC grade. A l l  o t h e r  s a l t s ,  

so lven t s  and reagents  were r eagen t  grade and were used as 

obtained. Phosgene was obtained as a s o l u t i o n  i n  to luene  

(Aldrich,  Milwaukee, WI, U.S.A.). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



STEREOCHEMICAL PROBLEMS OF PHARMACEUTICAL INTEREST 45 9 

The racemic amines were r e a d i l y  a v a i l a b l e ,  i n  t h e  form o f  

s a l t s  or f r e e  amines,  a s  pharmaceut ica l  r e f e r e n c e  s t a n d a r d s  o r  

from commercial s o u r c e s ,  excep t  t h a t  f i-norpseudoephedrine (as a 

mix tu re  wi th  f i -norephedr ine)  was a g i f t  from Loren Ge lbe r  (FDA 

Regional Labora to ry ,  Winches te r ,  MA, U.S.A.). E n a n t i o m e r i c a l l y  

pu re  samples were from t h e  fo l lowing  sources :  d- and 

- 1-pseudoephedrine b a s e  and 2-norpseudoephedrine b a s e  from Sigma 

( S t .  L o u i s ,  MO, U.S.A.); !-ephedrine H C 1  and 1 -ephedr ine  n i t r a t e  

from Ald r i ch  (Milwaukee, W I ,  U.S.A. 1; A-amphetamine s u l f a t e  and 

- d- and - 1-p-hydroxyamphetamine H B r  from Smith K l i n e  and French 

( P h i l a d e l p h i a ,  PA, U.S.A.);  - d-benzphetamine H C 1  from Upjohn 

(Kalamazoo, M I ,  U.S.A.); and i-methamphetamine H C 1  from U.S. 

Pharmacopeia (Rockv i l l e ,  MD, U.S.A.). 

r e s e a r c h  m a t e r i a l  p repared  i n  t h i s  l a b o r a t o r y  ( 5 ) .  

!-Norephedrine was a 

Syn thes i s  of 8-Naph thy lch lo ro fo rma te  

T h i s  method is a m o d i f i c a t i o n  of  t h a t  d e s c r i b e d  by 

Moszczvnski e t  a l .  (12 ) .  

0.694 mol) was added dropwise wi th  mechanical s t i r r i n g  t o  100 m l  

of an aqueous s o l u t i o n  of &naph tho l  ( 3 5  g,  0.243 mol) and NaOH 

(15 g,  0.375 mol). T h i s  s o l u t i o n  w a s  cooled  wi th  a n  i ce / sa l t  

b a t h .  A f t e r  a d d i t i o n  of  r e a g e n t ,  t h e  s o l u t i o n  was s t i r r e d  f o r  2 

h ;  then  excess  C O C l  was removed under vacuum by u s i n g  a gas  

bubbler  c o n t a i n i n g  a 40% aqueous s o l u t i o n  o f  NaOH as a t r a p .  

A f t e r  a d d i t i o n  of 100 m l  H 0, t h e  phases  s e p a r a t e d ;  t h e  o r g a n i c  

Cold 12.5% COC12 i n  t o l u e n e  (550 m l ,  

2 

2 
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460 DOYLE ET AL. 

phase was c o l l e c t e d ,  washed with 10% NaOH s o l u t i o n  and then with 

H 0 and d r i ed  with Na SO The toluene was then removed 

under vacuum (35OC a t  50 mm Ha). 

with e t h e r ,  and t h e  e t h e r e a l  s o l u t i o n  was f i l t e r e d  and evaporated 

t o  y i e l d  40 g of an orange-white s o l i d  (80% crude y i e l d ) .  

crude product was r e f r i g e r a t e d  under N2 u n t i l  needed. 

2 2 4' 

The r e s i d u e  was e x t r a c t e d  

The 

To maintain a reagent  of high p u r i t y  f o r  t h e  d e r i v a t i z a t i o n  

r e a c t i o n ,  i t  was d e s i r a b l e  t o  p u r i f y  t h e  reagent  i n  small 

por t ions  and use i t  wi th in  a few days. P u r i f i c a t i o n  was 

accomplished by p l ac ing  a 2 g p o r t i o n  of crude 

i n  0.5 m l  CH C 1  a t o p  a 2 cm ( i d )  g l a s s  column 

hexane s l u r r y  of 15 g s i l i c a  g e l  (60-200 mesh) 

2 2  

product d i s so lved  

packed with a 

and then e l u t i n g  

with 200 m l  hexane. 

products (naphthoquinones) are s t r o n g l y  r e t a i n e d .  Evaporat ion of 

Unreacted naphthol and a i r  ox ida t ion  

the  hexane e l u a t e  produced wh i t e  c r y s t a l l i n e  

R-naphthylchloroformate (mp 56-58OC) i n  60-65% 

crude product).  

N and sh ie lded  
2 

The p u r i f i e d  r eagen t  was k e p t  

from l i g h t  u n t i l  i t  was used. 

y i e l d  (based on 

r e f r i g e r a t e d  under 

P repa ra t ion  of Carbamates 

Typ ica l ly ,  2-50 mg o f  t h e  amine o r  amine s a l t  was 

d e r i v a t i z e d  by using a 2- t o  10-fold molar excess of 

8-naphthylchloroformate and a t o t a l  r e a c t i o n  volume of 

approximately 20 m l .  Four d i s t i n c t  techniques were employed: 

( a )  Amine f r e e  base  and haloformate r eagen t  were each 

dissolved i n  an organic  so lven t  ( e t h e r  o r  methylene c h l o r i d e ) ;  
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STEREOCHEMICAL PROBLEMS OF PHARMACEUTICAL INTEREST 46 1 

t h e  s o l u t i o n s  were mixed, and a n  excess  of  t r i e t h y l a m i n e  was 

o p t i o n a l l y  added t o  consume H C 1  ( o t h e r w i s e  y i e l d s  are d iminished  

by p r e c i p i t a t i o n  o f  amine HC1); t h e  r e a c t i o n  mix tu re  was s t i r r e d  

a t  room tempera ture  f o r  5 min. 

(b) A f r e s h l y  prepared  s o l u t i o n  of  ha lo fo rma te  r e a g e n t  i n  a 

mix tu re  of 1:l pH 7 phosphate bu f fe r :d ioxane  was added t o  a n  

amine s a l t  d i s s o l v e d  i n  t h e  same s o l v e n t .  A f t e r  t h e  r e a c t i o n  had 

proceeded f o r  5 min a t  room t empera tu re ,  t h e  product  was 

e x t r a c t e d  wi th  an equal  volume of  methylene c h l o r i d e .  

( c )  A s o l u t i o n  of t h e  amine s a l t  i n  pH 7 phosphate  b u f f e r  

was shaken f o r  5 min wi th  a s o l u t i o n  of  t h e  ha lo fo rma te  i n  a n  

equal  volume of methylene c h l o r i d e .  

( d )  For &-der iva t ives  of  pheno l i c  amines,  a s o l u t i o n  of 

t h e  amine s a l t  i n  pH 10 c a r b o n a t e  b u f f e r  was shaken f o r  5 min 

with an  equal  volume of a methylene c h l o r i d e  s o l u t i o n  c o n t a i n i n g  

t h e  ha lo fo rma te  and 10 mg tetrapentylammonium bromide. 

I n  each of t h e  above procedures  t h e  o r g a n i c  phase  was 

o p t i o n a l l y  washed wi th  an  aqueous a l k a l i n e  s o l u t i o n  t o  remove 

naph tho l ,  then  washed wi th  H 2 0  and d r i e d  ove r  Na2S04 b e f o r e  

chromatography . 

Chromatographic Cond i t ions  

The mobile phase  was e i t h e r  5 or 20% isopropanol  i n  hexane, 

a t  flow r a t e s  of  2 and 10 ml/min f o r  t h e  a n a l y t i c a l  and 

p r e p a r a t i v e  columns, r e s p e c t i v e l y .  Be fo re  i n j e c t i o n ,  each 

s o l u t i o n  t o  b e  ana lyzed  was f i l t e r e d  through a Millex-SR 0.5 pm 
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462 DOYLE ET AL. 

PTFE d i sposab le  membrane f i l t e r  ( M i l l i p o r e ,  Bedford,  MA, 

U . S . A . ) .  The tempera ture  of t h e  system was main ta ined  a t  25OC. 

RESULTS AND DISCUSSION 

Prepa ra t ion  and I d e n t i f i c a t i o n  of t h e  Carbamates 

T h e  8-naphthylchloroformate r eagen t  was synthes ized  from 

&naphthol and phosgene accord ing  t o  t h e  l i t e r a t u r e  (12). I n  

a d d i t i o n ,  a f i n a l  p u r i f i c a t i o n  by chromatography on s i l i c a  was 

performed. The r eagen t  i s  s t a b l e  i n d e f i n i t e l y  when r e f r i g e r a t e d .  

The r e a c t i o n  of t h e  ha loformate  wi th  both primary and 

secondary amine func t ions  is  e s s e n t i a l l y  in s t an taneous  and 

q u a n t i t a t i v e  a t  room temperature.  

i n  t h i s  s tudy  a r e  l i s t e d  i n  Tab le  1. 

s t r a t e g i e s  were i n v e s t i g a t e d  ( s e e  EXPERIMENTAL); t h e s e  included 

both aqueous and nonaqueous one-phase systems, and two-phase 

systems with and without ion-pa i r  c a t a l y s i s .  A l l  o f  t h e s e  

approaches were success fu l ;  t h e  choice  depends i n  p r a c t i c e  on t h e  

Carbamates which were prepared 

A v a r i e t y  of p r e p a r a t i v e  

source  and s o l u b i l i t y  p r o p e r t i e s  of t h e  a n a l y t e ,  and on t h e  

number and n a t u r e  of  f u n c t i o n a l i t i e s  p re sen t .  A l l  of t h e s e  

methods main ta in  t h e  o r i g i n a l  enant iomer ic  composition, s i n c e  t h e  

amine a n a l y t e  is t h e  only  c h i r a l  component of t h e  r e a c t i o n  

mixture ,  and no racemiza t ion  occurs  under t h e  mild cond i t ions  

employed. 

T e r t i a r y  amines can also b e  d e r i v a t i z e d  by u s i n g  t h e  

B-naphthylchloroformate reagent .  For example, t h e  t e r t i a r y  amine 
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464 DOYLE ET AL. 

benzphetamine (~-benzyl-~-methyl-l-phenyl-2-aminopropane, 2) was 

cleaved by r e a c t i o n  of t h e  f r e e  amine wi th  ha lo fo rma te  i n  e t h e r  

a t  room tempera ture  t o  a f f o r d  a carbamate i d e n t i c a l  t o  t h a t  from 

methamphetamine, 2. 

ary lha loformates  is w e l l  e s t a b l i s h e d  a s  a prechromatographic 

d e r i v a t i z a t i o n  technique  (7,8); t h e  f a c i l e  l o s s  of t h e  l -benzyl  

group i s  l i kewise  i n  accord  wi th  t h e  known l a b i l i t y  of t h i s  group 

under t h e  cond i t ions  of t h i s  r e a c t i o n  (13 ) .  Many c h i r a l  ter t iary 

amine pharmaceut ica ls  are p o t e n t i a l  c a n d i d a t e s  f o r  s i m i l a r  

c leavage ,  although more f o r c i n g  c o n d i t i o n s  pay b e  r e q u i r e d  (8).  

Cleavage o f  t e r t i a r y  amines by 

The r e a c t i o n  o f  t h e  t h r e e  pheno l i c  amines i n  t h i s  s tudy  (11, 
- 12 and - 13) wi th  B-naphthylchloroformate was r e a d i l y  c o n t r o l l e d  t o  

s e l e c t i v e l y  involve  only  t h e  amino group (=de r iva t ive )  o r  

both t h e  am ne and pheno l i c  f u n c t i o n s  (%-der iva t ive)  a s  shown 

i n  F igu re  1 

s tud ied  €or  s i m i l a r  compounds (10 ) .  

ob ta ined  i n  a two-phase system c o n t a i n i n g  added 

tetraalkylammonium c a t i o n s ;  i t  i s  probable  t h a t  t h e  r e a c t i n g  

s p e c i e s  i s  t h e  phenola te  moiety of t h e  e x t r a c t e d  ion-pa i r ;  t h e  

oxygen atom i m t h i s  form is s u f f i c i e n t l y  n u c l e o p h i l i c  t o  a t t a c k  

t h e  carbonyl  func t ion  of t h e  ha lo fo rma te  r eagen t .  

The cour se  of t h i s  two-stage r e a c t i o n  h a s  been 

The *-derivative was 

I n  g e n e r a l ,  t h e  carbamates were n o t  r o u t i n e l y  i s o l a t e d  b u t  

were chromatographed d i r e c t l y ,  w i th  l i t t l e  o r  no c leanup,  as 

s o l u t e s  i n  o rgan ic  s o l v e n t s .  However, r e p r e s e n t a t i v e  carbamate 

e l u a t e s  were i n d i v i d u a l l y  c o l l e c t e d  from a semiprepa ra t ive  
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l l b  0 
I - 

FIGURE 1. The r e a c t i o n  of E-hydroxyamphetamine wi th  
Ibnaphthylch loroformate  t o  g i v e  t h e  E-8-naphthyl 
d e r i v a t i v e ,  G, and t h e  ;,O-bis-(IJ- 
n a p h t h y l l d e r i v a t i v e ,  E; s e e  EXPERIMENTAL f o r  
r e a c t i o n  condt ions .  

phenylg lyc ine  CSP column, evapora ted  t o  a c o l o r l e s s  o i l  and 

i d e n t i f i e d  by mass spec t romet ry .  I n  t h i s  manner, t h e  s t r u c t u r e s  

of carbamates of t h e  fo l lowing  compounds w e r e  i d e n t i f i e d  by t h e i r  

molecular ions  and major f ragmenta t ion  ions :  

methamphetamine, 2; methoxyphenamine, 4; ephedr ine ,  I _ ;  and t h e  

- mono-derivative of rhydroxyamphetamine ,  G. 

was shown t h a t  t h e  a l i p h a t i c  hydroxyl  group of ephedr ine  does n o t  

r e a c t  wi th  t h e  ha loformate  r e a g e n t  under t h e  c o n d i t i o n s  employed. 

amphetamine, I ;  

I n  p a r t i c u l a r ,  it 
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466 DOYLE ET AL. 

We were not  ab le  t o  ob ta in  t h e  mass spectrum of  the  

b i s -de r iva t ive  of rhydroxyamphetamine, 2, because i t  

decomposed under t h e  condi t ions of co l l ec t ion .  

As proof of enantiomeric r e s o l u t i o n ,  i n  t h e  case  of t h e  

carbamate of methoxyphenamine, k ,  t he  e l u a t e s  containing t h e  

individual  enantiomers were c o l l e c t e d  f o r  mass spectrometr ic  

ana lys i s ;  t h e  two mass s p e c t r a  were i d e n t i c a l  i n  every r e spec t .  

Chromatography 

The chromatographic r e s u l t s  a r e  presented i n  Table  1. 

CSP was the  covalent modif icat ion of (R)-1-(3,5-dinitrobenzoyl)- 

phenylglycine (14,15). The mobile phase was 5 %  isopropanol i n  

hexane, except fo r  t he  chromatography of t he  phenolic amines, 

The 

which required 20% isopropanol i n  hexane f o r  s a t i s f a c t o r y  

capaci ty  f ac to r s .  

Twelve of t h e  15 amines were resolved. I n  c o n t r a s t  t o  

chromatographic r e s u l t s  f o r  o t h e r  d e r i v a t i v e s ,  carbamates derived 

from secondary amines were resolved about a s  w e l l  a s  o r  b e t t e r  

than those from t h e  corresponding primary amines. 

comparisons a r e  given in Table 1: 

f a c t o r s  €or t he  more l i p o p h i l i c  secondary amines a r e  c o n s i s t e n t l y  

Three d i r e c t  

1:2, ?:I and 5:g. Capacity 

lower, a s  expected. 

The r e s u l t s  i n  Table 1 do n o t  n e c e s s a r i l y  r ep resen t  t h e  

optimum chromatographic condi t ions;  i n  p a r t i c u l a r ,  a d d i t i o n  of 

small amounts of a c e t o n i t r i l e  to  t h e  mobile phase improves column 
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STEREOCHEMICAL PROBLEMS OF PHARMACEUTICAL INTEREST 461 

e f f i c i e n c y  with minimal e f f e c t  on sepa ra t ion  f a c t o r s .  

optimized sepa ra t ions  a r e  shown i n  Figure 2 f o r  methamphetamine 

and f o r  pseudoephedrine. 

secondary amines have not  previously been resolved on 

commercially a v a i l a b l e  CSPs. 

Typical  

These pharmacologically important 

Inco rpora t ion  of a naphthyl func t ion  i n  t h e  molecule se rves  

two purposes. Because of i t s  n-basic  p r o p e r t i e s ,  t h e  naphthyl 

group can i n t e r a c t  s t rong ly  with t h e  n-acidic  3 ,5-dini t robenzoyl  

group of Pirkle- type CSPs; t h i s  i n t e r a c t i o n  enhances enant iomeric  

r e s o l u t i o n .  I n  a d d i t i o n ,  t h e  naphthyl chromophore is h i g h l y  

s e n s i t i v e  t o  both u l t r a v i o l e t  and f luorescence d e t e c t o r s .  

Enantiomeric e l u t i o n  o r d e r s  were obtained f o r  e i g h t  of t h e  

carbamates by i n j e c t i n g  known, unequal mixtures of t h e  

enantiomers. 

b e s t  r e t a i n e d  (second e lu t ed ) .  This  i s  t h e  same o r d e r  as t h a t  

which w e  previously observed (11, with one except ion (161, f o r  

amides of amphetamine. However, i n  view of a growing 

apprec ia t ion  among workers i n  t h e  f i e l d  concerning t h e  

complexi t ies  and u n c e r t a i n t i e s  involved i n  c h i r a l  r e c o g n i t i o n ,  

e s p e c i a l l y  f o r  conformational ly  nonrigid s y s t e m s ,  w e  r e f r a i n  a t  

p re sen t  from o f f e r i n g  a d e t a i l e d  i n t e r a c t i o n  model. 

I n  every case  so f a r  determined, t h e  (s>-isomer is 

Nevertheless ,  we make some observat ions based on t h e  p re sen t  

r e s u l t s  which may c o n t r i b u t e  t o  an understanding of r e c o g n i t i o n  

processes  on Pirkle- type CSPs. 

( a >  For t h e  d i a s t e reomer i c  p a i r s  ephedrine: pseudoephedrine 

and norephedrine:norpseudoephedrine, it is  t h e  c h i r a l i t y  a t  C-2 
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468 DOYLE ET AL. 

X 
d- 

L 

FIGURE 2.  Chromatograms represent ing optimal enantiomeric 
resolut ions of the carbamates of ( a )  a 50:SO mixture 
of d- and i-methamphetamine, 2; t h e  mobile phase was 
hexane: isopropano1:acetonitrile 99:0.5:0.5, and (b) a 
60:40 mixture of d- and l--pseudoephedrine, 8; t he  
mobile phase w a s  hexane: isopropanol: a c e t o n i t r i l e  
95:4:1. The char t  expansion w a s  d i f f e ren t  f o r  the  two 
chromatograms; the  peak marked x is present in  most 
chromatograms and i s  t en ta t ive ly  a t t r i bu ted  t o  - bis-13-naph thylcarbona t e. 
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( t h e  n i t r o g e n - s u b s t i t u t e d  carbon)  r a t h e r  t han  a t  C-1 ( t h e  

hydroxy l - subs t i t u t ed  carbon)  t h a t  de te rmines  t h e  e l u t i o n  o r d e r .  

I n  a l l  four  compounds, t h e  (2 i ) - i somer  i s  b e s t  r e t a i n e d .  

( b )  This  i s  r e i n f o r c e d  by t h e  f a c t  t h a t  two o f  t h e  t h r e e  

amines which were no t  r e so lved  ( h a l o s t a c h i n e ,  2, and 

phenylephrine,  2) l ack  a c h i r a l  c e n t e r  a t  t h e  amino-subs t i tu ted  

carbon. (This  also appears t o  r e p r e s e n t  a p r a c t i c a l  l i m i t a t i o n  on 

the  scope of t he  proposed method.) 

( c )  The t h i r d  compound which was no t  r e so lved ,  

pme thoxyephedr ine ,  2, c o n t a i n s  a r -bas ic  a romat ic  s u b s t i t u e n t  

which may compete with the  in t roduced  naphthyl  group f o r  IT-IT 

i n t e r a c t i o n  with t h e  n-ac id ic  d i n i t r o p h e n y l  group of t h e  CSP (17) .  

( d )  The importance of n-71 i n t e r a c t i o n s  i n  t h e  r e c o g n i t i o n  

process  i s  a l s o  demonstrated by the  l ack  o f  r e s o l u t i o n ,  i n  

l i m i t e d  t r i a l s ,  f o r  c h i r a l  phenyl and p-n i t rophenyl  carbamate 

d e r i v a t i v e s  of amphetamine. 

( e )  The cova len t  l e u c i n e  mod i f i ca t ion  o f  t h i s  CSP has  so f a r  

f a i l e d  t o  r e s o l v e  any of t he  carbamate d e r i v a t i v e s  i n  t h e  

amphetamine series,  i.e.,  compounds where R i s  phenyl o r  

s u b s t i t u t e d  phenyl. Th i s  sugges t s  t h e  p o s s i b i l i t y  o f  a second 

71-7~ i n t e r a c t i o n  involv ing  Rl and t h e  phenyl r i n g  o f  t h e  

phenylg lyc ine  moiety of t h e  CSP, a s  we have proposed p rev ious ly  

f o r  amide d e r i v a t i v e s  (1 ) .  

1 

( f )  This  i d e a  i s  r e i n f o r c e d  by t h e  c o n s i s t e n t l y  g r e a t e r  

r e s o l u t i o n  of t he  &-der iva t ives  o f  t h e  pheno l i c  amines , 
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470 DOYLE ET AL. 

compared t o  t h a t  o f  the =-derivatives.  

have two naphthyl r i n g s  a v a i l a b l e  fo r  IT-IT i n t e r a c t i o n .  

The *-derivatives 

(g) F i n a l l y ,  t h e  r e s o l u t i o n  of t h e  carbamates of  t he  

a l i p h a t i c  amines E - b u t y l a m i n e ,  l4, and 2-aminoheptane, 2, a r e  

e spec ia l ly  s i g n i f i c a n t  i n  terms of understanding the  mechanism(s) 

of c h i r a l  recogni t ion.  A l l  of t h e  p o t e n t i a l  bonding i n t e r a c t i o n  

s i tes  of t hese  simple carbamates a r e  joined t o  t h e  c h i r a l  carbon 

through t h e  same N-C bond. Th i s  bond i s ,  t h e r e f o r e ,  f r e e  t o  

r o t a t e  within the  so1ute:CSP complex, with r o t a t i o n a l  populations 

con t ro l l ed  only by s te r ic  r epu l s ions  involving t h e  o the r  t h r e e  

groups a s  they i n t e r a c t  with t h e  CSP and with the  remainder of 

t he  s o l u t e  molecule. Thus, t h e  r e s o l u t i o n s  of  t hese  simple 

compounds a r e  impressive; e luc ida t ion  of t he  mode of  c h i r a l  

recogni t ion f o r  such s t r u c t u r e s  c o n s t i t u t e s  an important 

challenge f o r  t heo r i e s  of c h i r a l  chromatography. 

REFERENCES 

1. Wainer, I . W .  and Doyle, T.D., J. Chromatogr., 259, 465 (1983). 

2. Wainer, I . W . ,  Doyle, T.D. and Adams, W.M., J.. Pharm. Sc i . ,  
73, 1162 (1984). - 

3. Wainer, I . W . ,  Doyle, T.D., Hamidzadeh, Z. and Aldridge,  M., 
J. Chromatogr., 261, 123 (1983). 

4. Wainer, I . W . ,  Doyle, T.D., Fry,  F.S., Jr. and Hamidzadeh, Z. ,  
J .  Chromatogr., submitted. 

5 .  Wainer, I . W . ,  Doyle, T.D., Hamidzadeh, Z. and Aldridge, M., 
J. Chromatogr.., 268, 107 (1983). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



STEREOCHEMICAL PROBLEMS OF PHARMACEUTICAL INTEREST 47 1 

6. 

7. 

8. 

9. 

10. 

11. 

12 .  

13. 

14. 

15. 

16. 

17 .  

Wainer, I . W . ,  Doyle, T.D., Donn, K.H. and Powell ,  J . R . ,  J- 
Chromatogr., 306, 405 ( 1984). 

Har tv ig ,  P.  and Vessman, J . ,  J. Chromatogr. Sci . ,  l2, 722 
(1974). 

Gubitz ,  G . ,  Win te r s t e ige r ,  R.  and Har t inge r ,  A . ,  J- 
Chromatogr., 218, 51 (1981). 

Ahnfe l t ,  N . - 0 .  and Har tv ig ,  P . ,  Acta Pharm. Suec., 17, 307 
(1980). 

Ahnfe l t ,  N.-O., Abrahamsson, L . ,  Bondesson, U. and Har tv ig ,  
P . ,  Acta Pharm. Suec., 19, 355 (1982). 

P i r k l e ,  W.H., Welch, C . J .  and Hyun, M.H., J .  Org. Chem., 48, 
5022 (1983). 

Moszczynski, W . ,  Gorska, I .  and Gumulka, W . ,  Przem. Chem., 
50,  176 (1971); Chem. Abs t r . ,  14, 141351e (1971). 

Olofson, R.A. and Abbott ,  D.E., J. Org. Chem., 2, 2795 
(1984). 

P i r k l e ,  W.H., Sch re ine r ,  J .L .  and Hamper, B.C.,  J .  Am. Chem. 
-” SOC - 103, 3964 (1981). 

P i r k l e ,  W . H . ,  Hvun, M.H. and Bank, B. ,  J .  Chromatogr., 316, 
585 (1984). 

Doyle, T.D. and Wainer, I . W . ,  HRC C C ,  J. High Resolut .  
Chromatogr. Chromatogr. Commun., I ,  38 (1984). 

Th i s  compound showed some r e s o l u t i o n  (a = 1.03) on t h i s  CSP 
under d i f f e r e n t  chromatographic condi t ions;  Brunnet,  C.A. 
( t h i s  l a b o r a t o r y ) ,  p r i v a t e  communication (1985). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
1
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


