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JUNICHI GOTO', AND TOSHIO NAMBARA' 

'Pharma Research Laboratories 
Hoechst Japan Ltd. 

Minamidai, Kawagoe, Saitama 350, Japan 
'Pharmaceutical Institute 

Tohoku University 
Aobayama, Sendai 980, Japan 

ABSTRACT 

High-performance liquid chromatographic methods for deter- 
mining the optical purities of ramipril, a novel angiotensin 
converting enzyme inhibitor, and its synthetic intermediates 
have been developed. Analytical procedures were established for 
the resolution of optical isomers of two moieties, precursor I 
and precursor 11, used for the preparation of ramipril. No 
occurrence of racemization during condensation react ion of the 
two precursors could be unambiguously confirmed by the proposed 
methods. On the basis of analytical data ramipril bulk material 
proved to be optically pure. 

INTRODUCTION 

Ramipril , 2- [N- [ (S 1-1-e thoxycarbonyl-3-phenylpropyl] -L- 
alanyll-(1 S , 3 S , 5 S  )-2-azabicyclo[ 3.3.0]octane-3-carboxylic acid, 
is a novel angiotensin converting enzyme inhibitor. It contains 
five asymmetric carbon atoms and therefore thirty-two optical 
isomers are theoretically possible. Ramipril is prepared by 

condensation of two moieties, precursor I, N-[ (S)-1-ethoxy- 
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carbonyl-3-phenylpropyl]-L-alanine, and p r e c u r s o r  11, ( l s , 3 s ,  

5S)-2-azabicyclo[3.3.O~octane-3-carboxyl~c a c i d  benzyl  e s t e r .  

For t h e  c l i n i c a l  u s e ,  c o n t a m i n a t i o n  w i t h  i m p u r i t i e s ,  i . e . ,  

o p t i c a l  i somers ,  shou ld  be checked s t r i c t l y  d u r i n g  t h e  s y n t h e t i c  

p rocess .  

The p r e s e n t  pape r  d e a l s  w i t h  high-performance l i q u i d  

chromatographic  methods f o r  d e t e r m i n i n g  t h e  o p t i c a l  p u r i t i e s  o f  

both s y n t h e t i c  i n t e r m e d i a t e s  and t h e  f i n a l  p r o d u c t ,  r a m i p r i l .  

EXPERIMENTAL 

Ma t e r i a  1s 

P r e c u r s o r  I (SS and RS i somers )  and p r e c u r s o r  I1 were 

gene rous ly  donated by Hoechst AG ( F r a n k f u r t ,  FRG). P r e c u r s o r  I 

( S R  and RR i somers )  and (-)-1-(1-anthryllethylamine were 

s y n t h e s i z e d  i n  t h e s e  l a b o r a t o r i e s  by t h e  methods o f  Tee tz  e t  e l .  

[ I ]  and Goto e t  a l .  [2], r e s p e c t i v e l y .  Ramipr i l  and i t s  RS-SSS 

isomer were a l s o  k i n d l y  s u p p l i e d  from Hoechst AG. The SS-RRR, 

RS-RRR, and SR-SSS isomers  were p repa red  from cor re spond ing  

p r e c u r s o r s  a c c o r d i n g  t o  t h e  method used f o r  t h e  s y n t h e s i s  o f  

r a m i p r i l .  T r i f l u o r o a c e t i c  anhydr ide  and o t h e r  r e a g e n t s  were o f  

a n a l y t i c a l - r e a g e n t  grade.  S o l v e n t s  were p u r i f i e d  by d i s t i l -  

l a t i o n  p r i o r  t o  u s e  and degassed  by s o n i c a t i o n .  

In s t rumen t s  

The a p p a r a t u s  used f o r  high-performance l i q u i d  chromato- 

graphy (HPLC) was a JASCO Model BIP-1 chromatograph (JASCO, 

Tokyo, J apan)  equipped w i t h  a Model VL-614 i n j e c t o r  and a Model 

UVIDEC-100-IV v a r i a b l e  d e t e c t o r ,  HPLC was c a r r i e d  o u t  on 

N u c l e o s i l  5 CI8 ,  50-5, SA 5 p m  (M. Nagel,  D;ren, FRG), Spheri-  

s o r b  S i l i c a  5 p  (Perkin-Elmer,  Norwalk, CT, USA), Sumipax OA-1004 

(Sumitomo Chemical Co., Osaka, J a p a n )  and C h i r a l p a k  OT(+) (Da ice l  

Chemical Ind. ,  Osaka, J apan) .  
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RESULTS A N D  DISCUSSION 

Ramipr i l  is p repa red  by c o n d e s a t i o n  of  two m o i e t i e s ,  

p r e c u r s o r  I and p r e c u r s r  I1 ( F i g .  1 ) .  I n i t i a l l y ,  examina t ions  

were made on t h e  o p t i c a l  p u r i t y  o f  p r e c u r s o r  I which is  o b t a i n -  

a b l e  from L-alanine benzyl  e s t e r  and e t h y l  3 -benzoy lac ry la t e  by 

t h e  Michael r e a c t i o n ,  fol lowed by c a t a l y t i c  d e b e n z y l a t i o n .  

P r e c u r s o r  I ( S S )  and i t s  o p t i c a l  i somers ,  a f t e r  m e t h y l a t i o n  w i t h  

diazomethane,  were r e s o l v e d  i n t o  two peaks ( S R  + RS and SS + 
R R ) ,  when chromatographed on a N u c l e o s i l  50-5 column w i t h  0.4% 

e t h a n o l  i n  hexane ( F i g .  2 ) .  On t h e  o t h e r  hand ,  d e r i v a t i z a t i o n  

o f  a d i a s t e r e o m e r i c  mix tu re  w i t h  (-)-l-( 1 -an th ry1)e thy lamine  

[2,3) and subsequent  HPLC on a normal phape c o l u w  p rov ided  

t h r e e  peaks ( S R  + RR,  SS and R S )  as i l l u s t r a t e d  i n  F ig .  3. 

The a n a l y t i c a l  r e s u l t s  of  p r e c u r s o r  I bulk m a t e r i a l  by t h e  

combined use o f  t h e  above two p rocedures  (Method I and Method 

1 1 )  a r e  l i s t e d  i n  Table  1. It i s  e v i d e n t  from t h e  d a t a  t h a t  

Ramipril 

Precursor I Precursor I1 

FIGURE 1. S t r u c t u r e s  o f  r a m i p r i l ,  p r e c u r s o r  I and p r e c u r s o r  11. 
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994 IT0 ET AL. 

TABLE 1 

Contents o f  Optical  Isomers i n  Precursor I 

* 
Method Opt ica l  isomer Content ( X )  

I 

S S +RR 

RS+SR 

98.9 

1.1 

ss 98.6  

I1 RS 1 .4  
SR+RR N. D. 

*Detai l s  are described i n  captions of Fig.  2 and Fig .  3 ,  
r e s p e c t i v e l y  

SR+RS 

I I I 

0 5 10 m i n  

FIGLRE 2 .  Chromatogram of  precursor I and i t s  o p t i c a l  isomers 
der ivat ized with diazomethane on Nucleos i l  50-5. 
Conditions: mobile phase,  0.4% ethanol  i n  hexane, 2 
ml/min; d e t e c t i o n ,  W 210 nm. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
9
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF RAMIPRIL OPTICAL ISOMERS 

SR+RR 

SS RS 

995 

15 20 rnin n E in v J I W  

FIGURE 3. Chromatogram o f  p r e c u r s o r  I and i t s  o p t i c a l  i somers  
d e r i v a t i z e d  w i t h  (-)-1-(1-anthry1)ethylamine on 
N u c l e o s i l  50-5. 
Cond i t ions :  mob i l e  p h a s e ,  h e x a n e l t e t r a h y d r o f u r a n  
( 4 : 1 ) ,  2 ml/min; d e t e c t i o n ,  W 254 nm. 

p r e c u r s o r  I was con tamina ted  by t h e  RS isomer i n  1.1-1.4% w h i l e  

t h e  SR and RR isomers  were below t h e  d e t e c t i o n  l i m i t  (0.5%). 

Next e f f o r t  was d i r e c t e d  t o  e l u c i d a t i o n  o f  o p t i c a l  p u r i t y  

o f  p r e c u r s o r  11, which has  t h r e e  asymmetric ca rbon  atoms i n  a 

molecule .  For t h e  p r e p a r a t i o n  o f  r a m i p r i l ,  t h e  SSS form among 

e i g h t  p o s s i b l e  o p t i c a l  isomers  i s  r e q u i r e d  as p r e c u r s o r  11. 

This  compound i s  s y n t h e s i z e d  by t h e  enamine r e a c t i o n .  Methyl 

2-acetylamino-3-(2-oxocyclopentyl)propionate is  p r e p a r e d  by 

c o n d e n s a t i o n  o f  c y c l o p e n t e n o p y r r o l i d i n e  w i t h  methyl 2 -ace ty l -  

amino-3-chloropropiona te.  Subsequent  c y c l i z a t  i o n  unde r  a c i d i c  

c o n d i t i o n  and c a t a l y t i c  hydrogena t ion ,  fo l lowed  by b e n z y l a t i o n  

p rov ide  racemic cis-endo-2-azabicyclo[3.3.O]octane-3-carboxylic 

a c i d  benzy l  ester i n  n e a r l y  q u a n t i t a t i v e  y i e l d .  F r a c t i o n a l  
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b 
I 
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I I 

0 6 min 

FIGURE 4 .  Chromatogram o f  p r e c u r s o r  I1 and i t s  o p t i c a l  isomers  
d e r i v a t  ized  wi th  t r i f  l u o r o a c e t i c  anhydride on 
Spher i sorb  S i l i c a .  
Condi t ions :  mobile phase ,  2% e t h a n o l  i n  hexane,  1 
mlfmin; d e t e c t i o n ,  W 210 nm. 
a :  c is-exo form, b: cis-endo form, c :  t rans-1  form 

c r y s t a l l i z a t i o n  of  t h e  s a l t  formed from N-benzyloxycarbonyl- 

L-phenylalanine a f f o r d s  t h e  d e s i r e d  cis-endo SSS compound 

( p r e c u r s o r  11). 

A mixture o f  p r e c u r s o r  I1 (c is-endo,  SSS) and i t s  o p t i c a l  

isomers ,  a f t e r  t rea tment  wi th  t r i f l u o r o a c e t i c  anhydr ide ,  was 

subjec ted  t o  HPLC on Spher i sorb  S i l i c a  with 2% e t h a n o l  i n  

hexane, provid ing  o n l y  two peaks ,  cis-exo form and cis-endo + 

t rans-1 forms on t h e  chromatogram (Fig.  4 ) .  The use o f  a c h i r a l  

column, Sumipax OA-1004, favored t h e  s e p a r a t i o n  o f  c i s  form and 

t r a n s - 1  form (Fig .  5 ) .  Thus, t h e  combined use  of  both chromato- 
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a 

997 

0 4 8 min 

FIGURE 5. Chromatogram o f  p r e c u r s o r  I1 and i t s  o p t i c a l  isomers 
d e r i v a t i z e d  w i t h  t r i f l u o r o a c e t i c  a n h y d r i d e  on Sumipax 
OA- 10 04. 
C o n d i t i o n s :  mob i l e  p h a s e ,  0 .5% e t h a n o l  i n  h e x a n e ,  2 
ml/min; d e t e c t i o n ,  W 210 nm. 
a: c i s - e x o  form,  b:  c i s - endo  fo rm,  c :  t r a n s - 1  form 

g r a p h i c  methods c o u l d  check  t h e  c o n t a m i n a t e d  c i s - exo  and  t r a n s - 1  

forms i n  t h e  c i s - endo  form p r o d u c t .  The t r i f l u o r o a c e t y l a t e d  

c i s - endo  forms were r e s o l v e d  i n t o  two compounds (SSS and RRR 
f o r m s )  on a C h i r a l p a k  OT(+) column w i t h  m e t h a n o l / w a t e r  (10:l) as  

a mob i l e  phase  as shown i n  F i g .  6 .  The a v a i l a b i l i t y  o f  t h e s e  

methods c o u l d  s e r v e  f o r  d e t e r m i n i n g  t h e  o p t i c a l  p u r i t y  o f  p r e -  

c u r s o r  I1 b u l k  mater ia l  c o n s i s t i n g  o f  t h e  d e s i r e d  c i s - endo  SSS 

form i n  9 8 . 2 %  and a t race amount o f  c o n t a m i n a n t s  h a v i n g  t h e  

R - c o n f i g u r a t i o n  a t  t h e  3-, 4-, a n d / o r  5 - p o s i t i o n s .  

C o n s i d e r i n g  t h e  a n a l y t i c a l  r e s u l t s  t h a t  t h e  two p r e c u r s o r s  

were c o n t a m i n a t e d  by t h e  RS form i n  1.1-1.4% and t h e  RRR form i n  

1.8%, r a m i p r i l  (SS-SSS form) b u l k  ma te r i a l  would p o s s i b l y  

c o n t a i n  t h r e e  o p t i c a l  i s o m e r s ,  RS-SSS, SS-RRR, and  RS-RRR forms.  

Also, i n  t h e  s y n t h e s i s  o f  r a m i p r i l ,  r a c e m i z a t i o n  may p o s s i b l y  

occur  d u r i n g  c o n d e n s a t i o n  o f  p r e c u r s o r  I and  p r e c u r s o r  XI i n  t h e  

p r e s e n c e  o f  d i a l k y l  p h o s p h i n i c  a c i d  a n h y d r i d e  and p o t a s s i u m  
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I (Ramipril) 

sss 

IT0 ET AL. 

0 5 10 15 min 
FIGURE 6 .  Chromatogram of  precursor I1 and i t s  o p t i c a l  isomers 

der ivat ized with t r i f  luoroacet ic  anhydride on 
Chiralpak OT( +) . 
Conditions: mobile phase , methanol/water (10:1),  1 
ml/min; d e t e c t i o n ,  W 254 nm. 

RS-SSS 

0 5 10 15 min 
FIGURE 7 .  Chromatogram of ramipri l  and i t s  o p t i c a l  isomer 

(RS-SSS) on Nucleos i l  SA. 
Conditions: mobile phase,  0 .15% KH PO (pH 3 . 0 ,  
H P 0 4 ) / a c e t o n i t r i l e  ( 1 : 2 ) ,  1 ml/mi?l; t e t e c t i o n ,  uv 
230 nm. 
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TABLE 2 

S e p a r a t i o n  o f  Ramipr i l  and I t s  O p t i c a l  Isomers 

999 

Ramipr i l  O p t i c a l  Isomer k '  a R 

ss-sss SS-RRR 10.60 6.67 1.59 5.69 

RS-RRR 

SR-SSS 10.60 9.14 1.16 1.99 

Cond i t ions :  column, N u c l e o s i l  5 C,";  mobile  p h a s e ,  0.15% 
KH2P0 (pH 2.4, H3P04)/methano1 ( f ? l ) ,  1 ml/min; d e t e c t i o n ,  
uv 218 m. 

c a r b o n a t e  [ 4 ] .  The SR-SSS isomer which may be formed i n  t h i s  

c a s e ,  h a s  an a n t i p o d e  r e l a t i o n  t o  t h e  RS-RRR form. 

Ramipr i l  and RS-SSS form were r e a d i l y  r e s o l v e d  by HPLC on  a 

N u c l e o s i l  SA column w i t h  KH2P04 (pH 3 . 0 ) / a c e t o n i t r i l e  ( l : Z ) ( F i g .  

7 ) .  D i s t i n c t  s e p a r a t i o n  o f  r a m i p r i l  from o t h e r  t h r e e  p o s s i b l y  

o c c u r r i n g  o p t i c a l  isomers  (SS-RRR, RS-RRR, and SR-SSS fo rms)  

was a t t a i n e d  by reversed-phase HPLC on a N u c l e o s i l  5 C18 u s i n g  

KH2P04 (pH 2.4) /methanol  (1:l) a s  a mobile  phase a s  l i s t e d  i n  

Table  2. In  a c t u a l i t y ,  con tamina t ion  o f  r a m i p r i l  by t h e  

r acemiza t ion - induced  o p t i c a l  isomers  was n o t  d e t e c t e d  a s  judged 

by t h e  p r e s e n t  method. 

Cons ide r ing  t h e  s y n t h e t i c  r o u t e  of  r a m i p r i l ,  r e l i a b l e  

p rocedures  f o r  d e t e r m i n i n g  t h e  o p t i c a l  p u r i t i e s  o f  r a m i p r i l  a s  

w e l l  as t h e  two p r e c u r s o r s  were thus e s t a b l i s h e d  by means of 

HPLC. Based upon t h e  r e s u l t  t h a t  t h e  two p r e c u r s o r s  c o n t a i n e d  

each one o p t i c a l  i somer ,  t h e  p u r i t y  of  r a m i p r i l  was checked w i t h  

r e g a r d  t o  con tamina t ion  by o p t i c a l  isomers  (RS-SSS, SS-RRR, and 

RS-RRR forms) .  A c a r e f u l  examina t ion  by t h e  proposed methods 

r e v e a l e d  t h a t  r a m i p r i l  bulk m a t e r i a l  was o p t i c a l l y  pure.  
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1000 IT0  ET AL. 

Contaminated o p t i c a l  isomers would be e l i m i n a t e d  by r e p e a t e d  

r e c r y s t a l l i z a t i o n  a t  t h e  l as t  s t e p .  

It is  hoped t h a t  newly e s t a b l i s h e d  HPLC methods w i l l  s e r v e  

f o r  t h e  q u a l i t y  c o n t r o l  o f  r a m i p r i l  and i t s  key i n t e r m e d i a t e s .  
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