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HIQI-PERFQRMANCE LIQUID CHFCW4'XCGRAPHIC I D ~ I F I C A T I O N  OF 
RAMIPRIL, AND ITS PRFXXIRSQR E"ICMERS USING A CHIRALPAK 
or(+)- c o ~  
Hassan Y. hul-Enein* and Solimn A. Bakr  

Drug Developrrrent Laboratory, Radionuclide & Cyclotron 
Operations Department , King Faisal Specialist Hospital 
and Research Centre, P.O. Box 3354, Riyadh 11211, 
Kingdam of Saudi Arabia 

Ramipril and its precursor I enantiomers (all-S and all-R optical 
isomers) were identified by liquid chranatographic mthod using 
Chiralcel stationary phase OT(t) column, after derivatization of 
proline residue with trifloroacetic anhydride to form trifloroaceta- 
mide. M a x i m  resolution (R) of 1.06 was obtained for precursor I 
enantiomers when chramtogramd as mixture. 
applied for optical purity determination of these precursors which 
are used for ramipril synthesis and also their detection as impuri- 
ties in rarnipril. 

The mthod can be 

Ramipril is a new drug presently in use as angiotensin-convering 

enzyrne (ACE) inhibitor with improved bioavailability and phar- 

macokinetics, (Fig.1). Ramipril is synthesized by condensation of 

two precursors: precursor I (1Sr3S,5S-2-azabicyclo) 13.3.01 

octane-3-carboxylic acid benzyl ester (Fig.1) and precursor 11, 
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1014 ABOUL-ENEIN A N D  BAKR 

Rarnipril All - S (SSS) All - R (RRR) 

Precursor I 

Fig. 1 The absolute configurations of ramipril and precursor I enantiomers (SSS and RRR optical isomers) 

Accordingly, ramipril the active isomer, contains five chiral car- 

bons all in S - configuration, and their correct stereochemistry is 
essential for its pharmcological activity. 

Horvath -- et al(2) reported that di,petides containing L-proline m y  

show peak splitting when reversed-phase liquid chraratography system 

was used. Similar observations were reported by Gustafsson et al(3) 

when analyzed ranipril and ramiprilate, its active metabolite using 

an octadecyl-bonded silica stationary phase with phosphate buffer as 

a mbile phase. 

precursor I mantiomers and their determination and identification 

as possible impurities during the synthetic procedure of ramipril 

using conercially available Chiralpak OT ( + I  column. 

This paper describes a mthod for separation of 

Apparatus 

The liquid chrornatography system consisted of a Waters W e 1  M-45 

pump, a U6K injector, and a Lambda-Max W e 1  481 LC Spectrophoto- 
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R :  

Fig. 2 The structure of the chiral stationary phase OT (+) used in this study. 

meter W detector operated at 254nm. 

Chiralcel OT ( + I  (25 cm x 4.6 mn, I.D.) (Daicel Chemical Industries, 

Tokyo, Japan), the structure of which is shown in Fig. 2. 

The stationary phase of 

chemicals 

Ramipril and precursor I enantimrs (all-S and all-R) were kindly 

supplied by Hoechst AG, (Frankfurt am Main, Germany). HPLC Grade 

methanol was obtained fran Alltech Associates Inc., Deerfield, Ill., 

USA, benzene and triethylamine were obtained €ran Fisher Scientific, 

Fairlawn, N e w  Jersey, USA, and trifloroacetic anhydide was obtained 

fran Fluka Chemie AG, Buckis, Switzerland. 

Derivatization 

The proline residue of ramipril and its precursor I enantimrs 

(all-S and all-R) were derivatized using trifloroacetic anhydride. 

In molar ratio, 4mg of starting material, 14~11 of triethylamine, 

2 5 0 ~ 1  of benzene, and 2 0 ~ 1  of trifloroacetic anhydride were added, 

mixed, then heated on a waterbath for 20 minutes at 70°C. The 
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1016 ABOUL-ENEIN AND BAKR 

samples were then dried using nitrogen stream, the samples were then 

redissolved in methanol. 

Chromatographic Conditions 

The mobile phase consists of pure methanol, flow rate was 0.8 ml/min 

and chart speed was 0.5 cqlrnin. 

and pressure was maintained 250 psi throughout the experiment. 

Sample m u n t  injected was 2.5 m l e .  

254nm with sensitivity range 0.01 AUFS. 

Temperature was imintained at 23°C 

Detection was obtained at W 

RESULTS AND DISCUSSION 

Gustafsson et a1,(3) recently studied the influence of various 

operating conditions on the retention, peak splitting and band 

broadening of ramipril and its active metabolite ramiprilate using 

reversed-phase Nucleosil column and a 

buffer containing various m u n t  of acetonitrile, tetrahydrofuran 

or methanol as organic modifier. Reported here a rethod for the 

separation, identification and detection of ramipril precursor I 

enantiamers as possible impurties during the synthetic procedure of 

ramipril using Chiralpak OT (t) column and pure methanol as a mbile 

phase. 

tographing the individual enantiamers (all-S and all-R) of precursor 

I, and ramipril under the same conditions. 

rarnipril was found to be (k=0.89) (Fig.3). 

enantimrs, the peak that eluted with lower capacity factor 

(k'=0.54) was identified as all-S enanticmers (Fig.4) while the 

mbile phase of phosphate 

The enantiameric elution order was determined by chrana- 

The capacity factor for 

As to the precursor I 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



RAMIPRIL AND ITS PRECURSOR ENANTIOMERS 1017 

; 

t 

% j 
Fig. 3 Chromatogram of ramipril derivatized with trifluoroacetic anhydride on OT (+) column 

(250 mm x 4.6mm I.D.). Conditions: mobile phase, methanol; flow rate, O.8mVmin.; 
temperature. 2 f C  detector. UV at 254nm; sensitivity, 0.01. 

peak that eluted with a higher capacity factor (k"=0.73) was iden- 

tified as all-R enantimers (Fig.5). The derivatization reaction, 

without any sam;?les, was also subjected to the same 

conditions to serve as a blank is shown in Fig.6. 

equal munts all-S, all-R precursor enantimers and ramipril was 

also chraratographed under the sane conditions and was found that 

the elution order and capacity factors in agreement with that of the 

chramatographic 
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! 

I 

b 
2 

L 

Fi9 .4  Chromatogram of precursor I (all-S) derivatized with trifluoroacetic anhydride. 
Comhtions were the same as in Fig.3. 

individual samples. ( Fig. 7 1 

cal resolution ( R )  obtained for all-S and all-R mantiomers was 

1.06. 

'The m i m u m  and symetrical stereochemi- 

Various concentrations of 2-propanol (10%-40%) in haxane were also 

used as an alternative imbile phase. 

only partial separation of the two enantiomers of precursor I of 

Hwever, the results had shown 
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3 

Fig. 5 Cromatogram of prearrsor I (all-R) derivatized with trifluoroacetic anhydride. 
Conditions were the same as in Fig.3. 

ramipril. 

sor I enantiomers was also studied, with Ethanol as mbile phase 

and was found that temperature has no effect on the resolution of 

these enantiomers. 

effect of column temperature on the resolution of precur- 

This rnethod could be applied for optical purity determination of 

precursor I enantiawrs which the all-S is used in the synthesis of 
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Fig. 6 Chromatogram of a blank for the derivatization reaction with trifluoroacetic 
anhydride on OT (+) column (250mm x 4.6nm I.D.). Conditions were 
the Same as in Fig.3. 

ramipril. 

checking the purity of ranipril with regards to contamination by 

these precursors both in bulk material and pharmaceutical for- 

mulations. 

Furthermore, it could be used as a reliable rrrethod for 

The author wish to thank Dr. H. Urbach, Hoechst Aktiengesellschaft, 

Leitung Pharma Forschung, Frankfurt am Main, Germany, for providing 
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Fg. 7 Chromatogram of a mixture of ramipril, precursor I enantiomers derivatized with 
triflwroacetic anhydride. Conditions were the Same as in Fig. 3. 

the sample of ramipril and precursors I enantiamers used in his 

study. 

We w u l d  like to express our thanks to the Administration of the 

King Faisal Specialist Hospital and Research Centre for its support 

of the Drug Development Laboratory Research Program. 
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