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Separation of Enantiomers of Some 
Condensed Dihydropyrimidine Derivatives 
by HPLC Using Chiral Stationary Phases 

Selma SARAÇ*, Birsen TOZKOPARAN*, Mevlüt ERTAN*" 

Separation of Enantioıners of Soıne Condensed 
Dihydropyrimidine Derivatives by HPLC Using Chiral 

Stationary Phases 
Summary : The separation of enantiomers of 2-benzylidene-
7-methyl-3-oxo-5-phenyl-2, 3-dihydro-5H-thiawlo{ 3, 2-
a ]pyrimidine-6-carboxylic acid methyl ester derivatives by 
high peıj'ormance liquid chromatography (HPLC) was stud
ied using cellulose tris(3,5-dilnethylphenylcarbamate) (OD) 
ar cellulose tris(4-nıethylphenylcarbamate) (OG) as chiral 
stationary plıases. The convenient 1nethods far the prepara
tion of OD and OG chiral stationary phases were described. 
Most of tlıe compounds were effectively resolved into their 
enantiomers on these phenylcarbanıates and the enantiom~ 
ers were characterized by sonıe chromatographic data. 
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INTRODUCTION 

4-Aryl-3,4-dihydro-2(1H)-pyrirnidinone derivatives 
(DHPMs) (!) have been attracting great attention as 
calciurn channel rnodulators, antihypertensive 
agents, ala-adrenergic antagonists and neuropeptide 
Y (NPY) antagonists1 and several compounds have 
been developed such as orally active (R)-SQ 32926 
(Il) and related derivatives2-5· These substances can 
be considered as close structural analogs of the ther
apeutically used calciurn channel blockers of the 1,4-

Bazı Kondanse Dihidropirimidin Türevlerinin Kira! 
Stasyoner Fazlar Kullanılarak Enansiyomerlerine Ayırımı 
Özet : 2-Benziliden-7-metil-3-okso-5-fenil-2,3-dihidro-5H
tiyazolo[ 3,2-a]pirimidin-6-karboksilik asit metil esterlerinin, 
kiral stasyoner faz olarak selüloz tris( 3,5-
dimetilfenilkarbamat) (OD) veya selüloz tris(4-
metilfenilkarbamat) '(OG) kullanılarak, yüksek perfornıanslı 
sıvı kromatografisi (HPLC) ile enansiyomerlerine ayırımı 
incelenmiş; OD ve OG kira[ stasyoner fazları hazırlama nıe
totları veribnf,çtir. Bileşiklerin çoğu, fenilkarbamat ya
pısındaki bu -kira! stasyoner fazlar üzerinde etkin olarak 
enansiyomerlerine ayrılmış ve enansiyomerler bazı kro
matografik veriler ile karakterize edibniştir. 
Anahtar kelimeler : 2-Benziliden-7-ınetil-3-okso-5-fenil-

2,3-dihidro-5H-tiyawlo{3,2-a] pi
rim.idin-6-karboksilik asit nıetil ester
leri, kondanse dihidropirimidin tü
revleri, selüloz tris( 3,5-dünetilfenil
karbamat), selüloz tris ( 4-metil
fenilkarbamat), enansiyomer ayı

rımı, kira! HPLC 

dihydropyridine derivatives (DHPs) such as ni

fedipine and nilvadipine. 
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In our previous study we synthesized some con

densed derivatives of DHPMs (III) and investigated 

their pharmacological activities6. 

R: -H, 2-NOı, 3-NOı, 2-Cl, 3-Cl, 2-0CJ-g, 

3-0CH3, 2-CH3, 3-CH3 
R' -H, 4-CHJ, 4-0CHJ, 4-Cl 

it has been reported !hat calcium channel modulation 

of DHPMs (antagonist versus agonist activity) is de

pendent on the absolute configuration at C-4, where

by the orientation of the C-4 aryl group (R or S con

figuration) acts as a "molecular switch" between an

tagonist and agonist activity7. Far example, in SQ 

32926 (II), R enantiomer is responsible far the ther

apeu tically desired antagonistic activity3. Since in

dividual enantiomers of chiral DHPMs have op

posing pharmacological effects on the calcium chan

nel, the use of enantiomerically pure DHPMs is a re

quirement for the development of cardiovascular 

drugs of this type. 

High performance liquid chromatography (HPLC) 

on chiral stationary phases (CSPs) has gained im

portance in the preparation of single enantion1ers of 

drugs8,9. Various polysaccharide derivatives, par

ticularly cellulose derivatives, were used as chiral sta

tionary phases far resolution of enantiomers by 

HPLC after being adsorbed on macroporous silica 

gelrn Herein we describe the analytical resolution of 

the enantiomers of thiazolo[3,2-a]pyrimidine de

rivatives by normal-phase HPLC columns packed 

with cellulose tris(3,5-dimethylphenylcarbamate) 

(OD) and cellulose tris(4-methylphenylcarbamate) 

(OG) in our laboratory. 

EXPERIMENTAL 

Preparation of tris(phenylcarbaınate) derivatives of 

cellulose 

Cellulose tris(phenylcarbamate) derivatives were 

prepared as described previouslyll by treatrnent of 
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microcrystalline cellulose (Avicel, Merek) with an ex

cess of corresponding phenyl isocyanates in dry py

ridine at about lOO"C. The solution was cooled to 0-

50C and methan_ol was added to the solution at 55-

600C to precipitate the crude products. Reaction 

yields were over 60°/~. Elemental analyses showed 

that hydroxy groups of cellulose reacted almost 

quantitatively to form urethane bonds (Table 1). Ali 

IR and NMR da ta are in accordance with literature11. 

Table 1: Elernental analysis da ta of rnethyl

phenylcarbamate derivatives of cdlulose 

Elemental analysis' 

Chiral stationary phase C0/o H0/o No/~ 

Cellulose tris(3,5-dimethyl- 66.01 643 6.81 

phenylcarbamate) (OD) (65.66) (6.18) (6.96) 

Cellulose tris(4-methyl- 64.57 5.76 7.87 

phenylcarbamate) (OG) (6416) (5.56) (7.48) 

"'Calculated values of elemental analysis are shown in parantheses. 

Preparation of 3-arninopropylsilica 

A slurry of 10 g of HPLC grade silica iı1 100 mi of so

dium-dried benzene was dried by azeotropic dis~ 

tillation of water (Dean and Stark trap). When there 

was no more collection of water, trimethoxy-3-

aminopropylsilane (20 mi) was added frorn a tap

funnel over a period of 20 min and azeotropic dis

tillation continued to rernove liberated methanol and 

water. The rnixture was refluxed ovemight and al

lowed to cool. The product silica was collected by fil

tration and washed by repeated s11spension in ben

zene and finally dried in a vacuun1. 

Preparation of stationary phase 

A cellulose triphenylcarbarnate derivative (0.75 g) pre

pared as described above, was dissolved in tetra

hydrofuran (10 ml). The solution (5 mi) was added to 

the above silanized rnacroporous silica gel (3 g) by stir

ring. The solvent is slowly evaporated and wetted sil

ica gel was dried under vacuum. This coating process 

was repeated with the rernaining carbamate solution. 

A slurry of the packing materials thus obtained was 

packed into a stainless-steel tubes (250 x 4.6 mm 1.0.) 

at 150-380 bar by the conventional high pressure slurry 

packing technique using a Knauer Pneurnatic HPLC 
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Pmnp (Berlin, Germany). The column was washed 

with the 2-propanol until UV absorption was no long

er detected at wavelength of 254 nm. 

The theoretical plate numbers of cellulose tris{3,5-

dimethylphenylcarbamate) and cellulose tris(4-

methylphenylcarbarnate) columns for toluene were 

7500 with hexane-2-propanol (85:15), 0.8 ml/min and 

1140 with ethanol-hexane (80:20), 0.5 ml/min, re

spectively. 

Chemicals 

Microcrystalline cellulose (Avicel), trimethoxy-3-

aminopropylsilane, 3,5-dimethylaniline and 4-

methylphenyl isothiocyanate were purchased from 

Merek (Darmstadt, Gerrnany) and triphosgene from 

Aldrich (Milwaukee, WI, USA). 3,5-Dimethylphenyl 

isocyanate were prepared from 3,5-dimethylaniline 

by the conventional method using triphosgene. LiCh

rospher Si ıoooR (pore size 1000 run, partide size 5 

µm) was obtained from Merek (Darmstadt-Germany) 

and was silanized using trimethoxy-3-

aminopropylsilane in benzene at 80°C before use. 

Solvents were of analytical-reagent grade. Racemic 

compounds Illa-Xld were prepared as described pre

viously6. 

Apparatus 

IR spectra (KBr) were recorded ona Perkin Elmer FT-IR 

spectrometer 1720X 1H-NMR spectra were measured 

with a Bruker AC 200 MHz FT NMR spectrometer. Ele

mental analyses were performed by Westfalische Wil

helms-University of Münster (Germany). 

Chromatography was performed using a Spec

traSYSTEM P1500 pump as a solvent delivery sys

tem, which was connected to a SpectraSYSTEM 

UVlOOO variable wavelength UV detector (Spectra

Physics, Thermo Separation Products ). A Rheodyne 

injector with a 20 µl loop was used far injection of 

samples. Dala processing was perfarmed with an 

IBM PC Computer using PClOOO System software. 

HPLC conditions 

Analyses were carried out at room temperahıre 

(20°C). Far UV detection the wavelength was set to 320 

nm. Depending on the retention time of the second 

eluted enantiomer, the flow rates were set to 0.5, 0.8 or 

0.9 ml/rnin, respectively. Resolution was carried aut 

with hexane-2-propanol (85:15) (A), 100% ethanol (B) 

or ethanol-hexane (80:20) (C). The eluents were pre

pared freshly and filtered befare use through a 0.45 

µm rnernbrane filler (Schleicher&Schuell, Dassel, Ger

rnany). About 10 µl aliquot of 1% ethanolic solutions of 

racemic con1pounds was injected. 

Separations were characterized by calculating capac

ity factor (k)= (tR-t0)/t0, separation factor (a)= k2 /k1, 

number of theoretical plates (N)=16(tR/W)2 and res

olution factor (R,)= 2(trt1)/(W1+W2), where W is the 

peak width (cm) measured by extrapolating the rcl

evant straight sides to the baseline. k1 and k2, N1 and 

N 2 refer to enantiomers having lower and higher re

tention times, respectively. The dead time (t
0

) of the 

colunıns was determined by injection of toluene as a 

non-retained compound. 

RESULTS AND DISCUSSION 

Thiazolo [3,2-a]pyrimidines were prepared according 

to literahıre procedure6 starting from 2-thioxo-1,2,3,4 

-tetrahydropyrimidine derivatives which were ob

tained by standard three-component Biginelli con

densation of the rnethyl acetoacetate, aromatic alde

hydes and urea12. 

In general DHPMs are available in racernic form 

through classical Biginelli synthesis or related meth

odsU3-15. Enantiornerically pure DHPMs were ob

tained by resolution of the corresponding racernic 

carboxylic acids via diastereomeric arrunonium 

salts 16, by separation of diastereomeric derivatives 

bearing chiral auxiliaries at N-3 or by enantioselective 

HPLC3A. Recently, a few successful chromatographic 

resolutions of DHPMs have been published in the lit
erature17-19. 

in this study we tried carbohydrate-based CSPs, such 

as OD and OG, far the enantiomeric separation of 

condensed DHPMs. OD and OG are structurally 3,5-

dimethyl- and 4-rnethylphenyl-carbamoylated cel

lulose, respectively (Fig. 1). 
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X= 3,5-(CH3)z (OD); 4-CH3 (OG) 
Fig.1: Structure of cellulose tris(phenylcarbarnate) 

derivatives 

Silica coated with cellulose triphenylcarbarnate de
rivative chiral stationary phases were easily prepared 
in our laboratory. In order to functionalize silica, it 
was reacted with terrninally substituted alkyl tri
alkoxysilane. This reaction leads to forrnation of new 
siloxane bonds. The process for the preparation of 
CSPs (OD and OG) is outlined in Fig. 2. 

t
l,-rn o 

al _s(-rn 
p 

Si---ffi 
1 

Fig. 2: (a) Reaction ernployed to functionalize silica, 
(b) Preparation of OD and OG chiral 

stationary phases. 

The enantioseparation rnechanism of polysaccharide 
phenylcarbamate-type stationary phases is con
sidered to involve interactions between chiral ad
sorbing sites and the polar carbamate group. The 
groups can interact with a solute via hydrogen bond
ing with NH and C=O groups and dipole-dipole in
teractions on C=O. The adsorbing powers of these 
sites may be strongly influenced by the nature of the 
substituents on the phenyl groupn The enan
tioseparation of DHPMs should be considered to fol
low the same mechanism on the cellulose phen
ylcarbamate stationary phase. 

The separation capabilities of OD and OG were eval
uated by norrnal-phase HPLC for racemic DHPMs 
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llla-Xld (Table 2). We found that these carbamoylat
ed cellulose derivatives are effective CSPs resolving a 
wide range of condensed DHPMs racernates. About 
90% of all analytes presented in Table 2 were separ
ated by these CSPs. 

The separation of enantiorners of llla-d were ob
tained on an OD colurnn using hexane-2-propanol 
(85:15) as the mobile phase. Under the chro
matographic conditions, compounds llla-d were well 
separated with a values 3.75, 4.82, 3.68 and 5.83, re
spectively. A typical chrornatogram far cornpound 
illa on OD colurnn is shown in Fig. 3. Although corn
pounds Illa-d were completely resolved on the OD 
colurnn, using hexane-2-propanol (85:15), the elution 
time was long for cornpound Illd. 

" 

• ~:&~6 '·' ~~ ~ " 
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l ı~ 
o 

• • 'E 15 ; 'Eu 

' 

~L 
; 

:ı_J 
1\ 

iL 
• ' .. " . • . • " .. -·- ......... 

Fig. 3. Resolution of compounds Illa and VIIIa on 
cellulose tris(3,5-dirnethylphenylcarbamate) colunm. 

Separation conditions as described in Table 2. 

While cornpounds !Vb and IV c could not be separ
ated on OD and OG chiral stationary phases, com
pounds !Va and·!Vd were resolved on OG using eth
anol and ethanol-hexane (80:20) as the mobile phase 
with a separation factor of 1.41 and 1.70, respectively. 
Although compounds Vb-d were completely separ
ated on OD using hexane-2-propanol (85:15) as the 
mobile phase, compound Va is resolved partially (a= 
1.07, R,;= 0.40). 

Cellulose tris(3,5-dirnethylphenylcarbamate) could 
not separate the racemic compounds V!a-d. These 
compounds were partially separated on iris( 4-
rnethylphenylcarbamate) derivative of cellulose using 
ethanol as the mobile phase and a values ranged be
tween 1.32-1.61 (Fig. 4). 
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Table 2: Chromatographie da ta obtained by direct enantioseparation of compounds Illa-Xld 

Coınp. 

Illa 

lllb 

Ille 

Illd 

!Va 
!Vb 

!Ve 
!Vd 
Va 
Vb 

Ve 
Vd 
Vla 

Vlb 

Vlc 

Vld 

Vlla 

Vllb 

Vllc 

Vlld 
Villa 

VIIIb 

VII!c 

Vllld 
!Xa 

!Xb 

!Xe 
!Xd 

Xa 
Xb 

Xc 

Xd 
Xla 

Xlb 

Xlc 

Xld 

R 

-H 

-H 

-H 

-H 

2-N02 

2-N02 

2-N02 

2-N02 

3-N02 

3-N02 

3-N02 

3-N02 

2-Cl 

2-Cl 

2-Cl 

2-Cl 

3-Cl 

3-Cl 

3-Cl 

3-Cl 

R' 

-H 

4-CH3 

4-0CH3 
4-Cl 

-H 

4-CH3 

4-0CH3 

4-Cl 

-H 

4-CH3 
4-0CH3 

4-Cl 

-H 

4-CI-13 

4-0CH3 

4-Cl 

-H 

4-CI-!3 
4-0CH3 

4-Cl 

2-0CH3 -H 

2-0CH3 4-CH3 

2-0CH3 4-0CI-!3 

2-0CH3 4-Cl 

3-0CH3 -H 

3-0CH3 4-CH3 

3-0CI-!3 
3-0CH3 

2-CH3 
2-CH3 

2-CH3 

2-CH3 

4-0CH3 
4-Cl 

-H 

4-CH3 
4-0CH3 

4-Cl 

3-CI-!3 -H 

3-CH3 4-CI-!3 

3-CH3 4-0CH3 

3-CH3 4-Cl 

CSP 

O Da 

O Da 

O Da 

O Da 

oct 

OG' 

OD" 

O Da 

O Da 

OD" 
oct 
OGb 

oct 
ocb 
OD" 

O Da 

O Da 

OD" 

O Da 

O Da 

OGb 

oct 

ocb 
ocb 
O Da 

OD" 

O Da 

ocb 
oct 
O Da 

O Da 

OD" 

OD" 

a Eluent, hexane-2-propanol (85:15, v /v) 

b Eluent, lOO(Yo ethanol 

c Eluent, ethanol-hexane (80:20, v /v) 

Flowrate 

0.8 

0.8 

0.8 

0.8 

0.5 

0.5 

0.6 

0.8 

0.8 

0.8 

0.5 

0.5 

0.5 

0.5 

0.9 

0.9 

0.9 

0.9 

0.8 

0.9 

0.5 

0.5 

0.5 

0.5 

0.8 

0.8 

0.8 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

1.17 

1.28 

2.44 

2.23 

2.67 

3.12 

2.65 

2.22 

3.81 

4.16 

1.67 

1.77 

2.36 

2.28 

1.00 

1.04 

2.09 

2.12 

2.09 

2.86 

1.28 

1.31 

1.35 

1.76 

2.42 

1.11 

1.22 

1.72 

1.69 

0.80 

0.84 

1.57 

1.58 

a 

4.39 3.75 

6.17 4.82 

8.99 3.68 

13.00 5.83 

3.77 1.41 

No separation 

N o separa ti on 

5.30 1.70 

2.84 1.07 

3.08 1.39 

5.19 1.36 

7.42 1.78 

2.20 1.32 

2.53 1.43 

3.51 

3.66 

1.38 

1.31 

2.43 

2.87 

1.49 

1.61 

1.38 

1.26 

1.16 

1.35 

9.81 4.69 

13.03 4.56 

1.90 1.48 

2.17 1.66 

No separation 

1.70 1.26 

2.31 1.31 

2.92 1.21 

9.19 8.28 

13.39 10.98 

2.35 1.37 

2.43 1.44 

1.17 

1.13 

1.95 

2.12 

1.46 

1.35 

1.24 

1.34 

2500 

2704 

1600 

4624 

147 

154 

3265 

4733 

3009 

2988 

119 

141 

5021 

4303 

2742 

4444 

134 

180 

2652 

3025 

3782 

3547 

71 

113 

140 120 

137 144 

3318 4516 

5184 4303 

2304 2844 

2434 3762 

1764 

2844 

196 

171 

107 

163 

3762 

1936 

2304 

117 

151 

2304 

3983 

134 

186 

44 

88 

2756 

3397 

5929 

74 

107 

3894 3927 

2844 3762 

4023 5267 

4096 4556 

13.45 

16.00 

11.75 

21.09 

0.76 

1.33 

0.40 

3.69 

3.60 

6.93 

0.43 

0.66 

0.84 

1.03 

2.40 

2.22 

1.33 

3.00 

12.75 

17.00 

0.75 

1.03 

0.25 

0.48 

1.86 

17.78 

26.00 

0.48 

0.68 

2.91 

2.00 

2.29 

3.07 
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Fig. 4. Resolution of compounds Vld and Vlllc on 
cellulose tris(4-methylphenylcarbamate) column. 

Separation conditions as described in Table 2. 

The separation of Vlla-d enantiomers was achieved 
using the OD colurrm, but the separation factors were 
low and ranged between 1.16-1.38. 

Compounds VIIIa and VIIIb were completely separ
ated on OD with a separation factor 4.69 and 4.56, re
spectively, using hexane-2-propanol (85:15) as the 
mobile phase (Fig. 3). Compounds VIIIc and VIIld 
carrying 4-0CH3 and 4-Cl substituents on the ben
zylidene moiety, respectively, were partially separ
ated on OG (Fig. 4). 

Compound !Xa could not be separated on OD and 
OG columns. Compounds !Xb and !Xc were partially 
resolved on the OG column using ethanol as mobile 
phase with a separation factor 1.26 and 1.31, re
spectively. Compound !Xd was resolved on the OD 
column (o:= 1.21, R

5
= 1.86). 

The separation of enantiorners of compounds Xa, Xb 
and Xla-d were achieved on the OD colurnn and o: 
values ranged between 1.24-10.98. Compounds Xc 
and Xd were partially separated on the OG colurnn 
with o: values 1.37 and 1.44, respectively. 

CONCLUSION 

Carbamoylated cellulose derivatives, such as cel
lulose tris(3,5-dimethylphenykarbamate) (OD) and 
cellulose tris(4-methylphenykarbamate) (OG) are 
very effective CSPs, resolving a wide range of con-
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densed DHPM racemates. The OD column has 
showed longer retention times and a good elma! rec
ognition for rnany DHPM derivatives. Chiral recogni
tion of OD which is coated on silica gel depended 0n 
the position of substituents on the C-5 phenyl ring of 
the cornpounds. Among the derivatives containing 4-
Cl or 4-0CH3 substituents on benzylidene structure, 
the compounds having no substituent or a sub
stituent at the 3-position of C-5 phenyl ring (except 
!Xc) were resolved into their enantiomers on the OD 
column . 

Cornpounds which could not be separated on the OD 
colurnn were separated (except !Vb, !Ve and !Xa) 
with a short analysis time on the OG column. How
ever, the peaks were broad and theoretical plate num
bers of the colınrın for the enantiomers were low. 

Since these chiral stationary phases were quite stable 
under the present experimental conditions, these col
urnns can be used not only analytically but alsa prep
aratively. 
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