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Abstract

We reported a method of determination of enantiomeric purity of the new potential antiviral agents by direct analytical
HPLC. Those agents are nucleoside analogs, having one chiral center. They are synthesized as a single eRamtiBmer (
by an asymmetric pathway. The chiral stationary phases chosen are silica-based cellulose tris-3,5-dimethylphenylcarbamate
(Chiralcel OD-H), or tris-methylbenzoate (Chiralcel OJ). Resolution was achieved using normal-phase chromatography with
a mobile phase consisting ofhexane—alcohol (ethanol or 2-propanol) in various percentages. Furthermore the effects of
structural features on retention, selectivity and resolution, as well as on the elution order were thoroughly studied.
Differences in the lipophilicity of the compounds were also examined.
0 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction oxycytidine) or 2,3'-didehydro-2,3'-dideoxynucleo-
sides (d4Ns), corresponding to the introduction of a
Since the beginning of acquired immunodeficiency double bond at tt® Position, such as d4G
syndrome (AIDS) 15 years ago, there has been (2',3 - didehydro-2, 3' - dideoxyguanosine—Carbovir),
continued interest in the synthesis of new com- d4C’,3(didehydro-2,3'-dideoxycytosine), d4T
pounds. Today, a number of’,2-dideoxynu- (2,3 -didehydro-2, 3’ - dideoxythymidine — Stavu -
cleosides, such as AZT [(&zido-3-deoxythy- dine, Zerit) (Fig. 1a), possessifigp configuration,
midine—Zidovudine, Retrovir), ddl (23'-dideoxy- have been approved by the US Food and Drug
inosine—Didanosine, Videx) and ddC '(2-dide- Administration in human immunodeficiency virus
(HIV) therapy [1-4]. Several nucleosides with the
*Corresponding author. Tel.+33-3-2096-4701; fax:+33-3- unnaturalp- cqnfiguratiqn hav_e emerged as antivir-
2095-9009. al agents against HIV including 3TQB{L-(—)-2'-
E-mail address: cvaccher@phare.univ-lille2.{C. Vaccher). deoxy-3-thiacytidine—Lamivudine, Epivir), FTG,-
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Fig. 1. (a) Formulae of anti-HIV and anti-HSV molecules. (b)
Formulae of potential anti-HIV molecule.
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FMAU [5]. Lastly, an acyclic nucleoside, such as
acyclovir (Fig. 1a) was used in the efficient treatment
of herpes simplex virus (HSV) infection [6,7].

In a previous paper [8] we described the dia-
stereoisomeric resolution of nucleoside analogs of
d4T based on a benzjfuran core, e.g., precursors
of compounds such as bfT (Fig. 1b). In the continui-
ty of our work and in order to study the structure—
activity relationship and to obtain compounds with a
higher therapeutic index, five new acyclic nucleoside
analogsl->5, related to d4T and acyclovir have been
developed (Fig. 2): 1[2-O-benzoyl-1-phenyl)-
ethoxy]methyjthymine, compoundl; 1<[(2-O-ben-
zoyl-1-phenyl)ethoxy]methyliracil, compound 2;
1{[(2-O-benzoyl-1-phenyl)ethoxy]methigytosine,
compound 3; 1-{[(2-O-benzoyl-1-phenyl)ethoxy]-
methyladenine, compound}; 1-{[(2-O-benzoyl-1-
phenyl)ethoxy]methybuanine, compoun8. All chi-
ral compounds are produced as single enantiomers in
the R or S configuration, in a high yield, by an
asymmetric pathway (ADmixx or ADmix 3 induc-
ers) [9]. Those compounds can be viewedseso-
benzoE]furan species. The acyclic nucleoside ana-
logs with one asymmetric carbon atom differ in the
biological activity of both () and () enantiomers.
Only thecis-(—) enantiomer of Carbovir has antivir-

o o) NH,
H,C NH =N
NH
fL/K |N)“o 1N”&o
N~ O _/ _/
Orgae” o o
U 0 0
7\
1- Thymine 2- Uracil 3- Cytosine
NH, o]
N N
N
QAL <ﬂ'
N NT>NTNH

4- Adenine

Orgas” ™
Il
(o]

5- Guanine

Fig. 2. Formulae of compounds-5.
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al activity [10]. For this reason each isomer needs to
be obtained enantiomerically pure by synthesis or
chromatography separation. To the best of our
knowledge no work using liquid chromatography for

the direct enantiomeric separation of such nucleoside
analogs has been published. We develop a method to

check the enantiomeric purity and to control any
chiral inversion in the substances. Two chiral station-

ary phases (CSPs) were tested for the high-per-

formance liquid chromatographic (HPLC) separation
of the five couples of enantiomers: Chiralcel OD-H
and Chiralcel OJ. Silica-based cellulose tris-3,5-di-
methylphenylcarbamate (OD-H) and tris-methylben-
zoate (0OJ) show a particularly high chiral recogni-
tion for a variety of racemic compounds and with a
wide range of mobile phases. Moreover they exhibit
quite excellent enantioselectivity for a variety of

racemates [11]. The large usefulness and broad

applicability of these polysaccharide bonded station-

ary phases are related in numerous recent review

articles [11-16]. The CSPs were tested with various
mobile phases consisting af-hexane and alcohol
modifier, to establish the enantiomeric purity of each
isomer.

2. Experimental

2.1. Instrumentation
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a Waters in-line degasser apparatus. The mobile

phases used waréhéxane—ethanol (70:30); B:
n-hexane—ethanol (80:20); Qr-hexane—2-propanol
(70:30); B:hexane—2-propanol (80:20). Com-

pounds were chromatographed by dissolving them in
methanol to a concentration of aboutMD.75 m
(which corresponds to 15 nmol injected) and passed

through a @mM5Smembrane filter prior to loading
the column.

2.3. Chromatographic conditions and calculations

The column eluate was monitored at 200, 230 and
245 nm. Mobile phase elution was made isocratically

usimgnexane and a modifier (ethanol or 2-pro-

panol) at various percentages (70:30 or 80:20). The

flow-rate was 0.8 ml thin . Retention times were

mean values of two replicate determinations. All

separations were carried outCat Btk peak of

the solvent front was considered to be equal to the

dead tigre4(1 min) and was taken from each
particular run. The retention fakfavas determined
kasty—t,)/t,. The resolution was calculated as
R={[1.18 (t,—tr)]/(6,+6)}, wheret , and§, are
the retention times and the half-widths of each
enantiomer, respectivelfR, and « were determined
from the two chromatograms of the two pure en-
antiomers.

Chromatography was performed on a Waters 600 3. Results and discussion

HPLC system equipped with a Waters 996 photo-

diode array spectrophotometer. The sample loop was 3.1. Mobile phase effects on retention and

20 pl (Rheodyne 7125 injector). Chromatographic
data were collected and processed on a Digital
computer running Millennium 2010. The stainless-
steel columns Chiralcel OD-H (cellulose tris-3,5-
dimethylphenylcarbamate; 25@.6 mm |.D.; 5pm)
and Chiralcel OJ (cellulose tris-methylbenzoate;
250x4.6 mm [.D.; 10 um) were purchased from
Daicel Chemical Industries.

2.2. Reagents

The syntheses of the compounds5 were de-
scribed previously [9]. Ethanol, 2-propanol and
hexane were HPLC grade from Merck or Baker. All
the solutions were filtered (0.45m), degassed with

stereosel ectivity

The results are summarized in Tables 1 and 2. Fig.
3a and b are representative examples of the sepa-

rations achieved, respectively, on Chiralcel OD-H
(eluent A) and Chiralcel OJ (eluent A).

3.1.1. Sructure of mobile phase modifier
Two kinds of mobile phase were investigated by
changing the modifier from ethanol (eluents A, B) to
2-propanol (eluents C, D). For the five compounds,
both on Chiralcel OD-H and OJ, we observed a
decrease in the retentidn by passing from 2-pro-
panol to ethanol (respectively, from eluent C to A
and from eluent D to B). Since the polarity of
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Table 1
HPLC resolution on Chiralcel OD-HA=200 nm): retention factork) separation factora) and resolutionR,) of enantiomers and absolute
configuration

Compound Eluent k, k, a® R First eluted isomet
1 A 123 R) 1.40 6) 1.26 1.14 F]
B 2.00 R) 2.27 6) 1.14 1.35 F]
c 1.69 R) 1.98 ©) 1.17 1.51 F]
D 3.07R) 3.19 §) 1.04 1.45 F]
2 A 1.66 ) 2.38 R) 1.43 2.90 i
B 323 Q) 4.46 R) 1.38 2.94 A
C 3.44 6) 450 R) 131 1.64 ]
D 6.99 8) 9.88 R) 1.41 2.75 B
3 A 1.00 R) 1.09 §) 1.09 <0.5 ]
B 159 R) 1.75 §) 1.10 1.00 Fl
c 1.38 R) 1.47 6) 1.06 1.19 F]
D 2.41 R) 2.76 ©) 0.87 0.72 E]
4 A 0.69 ) 0.72 R 1.04 <05 [+]
B 1.42 §) 1.43 R) 1.01 <05 -
c 1.36 6) 1.45 R) 1.07 <0.5 [+]
D 2.916) 3.46 R) 1.19 1.34 &
5 A 1.90 R) 1.97 6) 1.04 <0.5 -]
B 3.15R) 3.26 8) 1.03 <05 -]
C 2.65 R) 3.23 8 1.22 2.18 El
D 5.23 R) 5.75 6) 1.10 1.50 Fl

n.r., Unresolved.

Eluents: A=n-hexane—ethanol (70:30);=Bh-hexane—ethanol (80:20);=h-hexane—2-propanol (70/30);=En-hexane—2-propanol (80:20).
*«a and R, determined from the two chromatograms of the pure enantiomers.
® Perkin-Elmer 241 polarimeter (Sodium D-line: 689 nm).

ethanol P’ value, 4.3) is larger than that of 2- Chiralcel OD-H and OJ. Passing from 30 to 20% of
propanol P’ value, 3.9) [12], it is expected that tlke ethanol (eluent A to B) resolutioRR, increases or
values obtained using ethanol as modifier, would be remains slightly constant on the two stationary
smaller than values obtained with 2-propanol. On phases. With changing percentage of 2-propanol
Chiralcel OD-H, except for compoung, the res- from 30 to 20% (eluent C to D) the same behavior is
olution R, is higher with 2-propanol than with observed on Chiralcel OJ and on Chiralcel OD-H,
ethanol. The use of ethanol as modifier appeared to but only for comp@uand 4.

be better suited for all the compounds using Chi- On the other hand, on Chiralcel OD-H, for com-
ralcel OJ, except for compound$é and 5 where poundsl, 3 and 5, we observed an unusual effect:
better resolution is observed using 2-propanol. decreasing the concentration of alcohol modifier,

leads to a decrease of resolution too.
3.1.2. Concentration of mobile phase modifier
The effect of concentration of alcohol modifier 3.2. Effects of the structure of polysaccharide

(from 20 to 30%) on retentiok and resolutionR derivatives on retention and stereoselectivity

was investigated using ethanol and 2-propanol. It can

be seen that an increase of the polar modifier Nowadays it is well known, that the chiral recog-
concentration in the mobile phase, from eluent B to nition process results, firstly, of several interactions
A and from eluent D to C, leads to a decrease in of different magnitude involving hydrophobic inter-

retention k, for all the five compounds, both on action [13], hydrogen interaction, dipole—dipole in-



E. Lipka-Belloli et al. / J. Chromatogr. A 972 (2002) 211-219 215

Table 2

HPLC resolution on Chiralcel OJA&200 nm): retention factork) separation factora) and resolutionR,) of enantiomers and absolute

configuration

Compound Eluent K, k, a® R First eluted isomet

1 A 4.28 R) 7.28 B 1.70 4.94 Fl
B 726 R) 12.29 §) 1.69 5.45 Fl
C 5.65 R) 6.05 ) 1.07 0.56 Fl
D 10.94 R) 11.14 §) 1.02 <05 [-]

2 A 248 R) 5.77 ©) 2.33 4.62 Fl
B 5.05 R) 11.52 @) 2.29 5.50 Fl
C 3.67R) 7.02 ) 1.91 2.15 Fl
D 9.00 R) 17.30 §) 3.95 3.10 Fl

3 A 0.99 R) 1.09 §) 1.10 0.74 Fl
B 4.95 R) 741 0) 1.50 4.40 Fl
C 2.78 R) 3.47 ) 1.25 1.67 Fl
D 572 R) 6.56 ©) 1.15 1.64 Fl

4 A 0.96 S 1.10 R 1.14 0.91 Bl
B 213 R) 2.42 ) 1.14 0.80 Fl
C 2.00 R) 3.12 Q) 1.56 2.27 El
D 438 R) 7.80 B 1.78 3.28 Fl

5 A 11.94 R) 15.21 ) 1.27 2.55 Fl
C 15.86 6) 22.87 R 1.44 3.46 Bl

n.r., Unresolved.

Eluents: A=n-hexane—ethanol (70:30);=Bh-hexane—ethanol (80:20);=h-hexane—2-propanol (70:30);=En-hexane—2-propanol (80:20).
*a and R, determined from the two chromatograms of the pure enantiomers.

® perkin-Elmer 241 polarimeter (Sodium D-line: 689 nm).

teraction between the electronegative atoms of the
solute and the —CO-0O- and the —NH-CO- of the
CSPs,m— interaction, between the aromatic ring of
the solute and the substituted phenyl moiety of the
CSP and secondly, by inclusion phenomenon of the
solute into the chiral cavity of the CSP [17]. This
second contribution to chiral recognition is due to a
regular higher order structure of the chiral sites of
the CSP: a left handed threefold (3/2) helicoidal
chain conformation for modified cellulose [18]. The
results of the investigation of the effect of alcoholic
modifier, on retention and stereoselectivity on cellu-
lose tris-3,5-dimethylphenylcarbamate (OD-H CSP)
show best results with 2-propanol.

the alcohol modifier to compete with the solute for
hydrogen bonding sites [17].

Concerning cellulose tris-methylbenzoate (OJ
CSP), best results are obtained with the lower
alcohol (ethanol) added to the mobile phase. Partial

resolution or total loss of resolution is observed
when using 2-propanol. This suggests that hydrogen
bonding interactions are probably not predominant
on this kind of CSP but separations might involve
mare interactions between the aromatic ring of

the analyte and the substituted phenyl moiety of the
stationary phase.

3.3. Effects of the solute structure on retention

This can be explained by two kind of phenomena: and stereoselectivity

(1) as aforementioned, in the polysaccharides phenyl
carbamates, the part of N—H and=@Q groups are

involved in hydrogen bonding and then responsible
of the high order structure of these materials, (2) the
steric hindrance of the 2-propanol seems to prevent

We examined the structural features and particu-
larly the lipophilicity Qg Table 3) [19] of the
molecules on the retek}i@nd selectivity 4).

Our compounds can be classified into two categories:
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Fig. 3. (@) Chromatograms of compounti§R), 1-(S) to 5-(R), 5-(S), on Chiralcel OD-H stationary phase; eluent iHexane—ethanol,
70:30); flow-rate: 0.8 ml min® ; temperature 3D; wavelength 200 nm. (b) Chromatograms of compouhk(@®), 1-(S) to 5-(R), 5-(S), on
Chiralcel OJ stationary phase; eluent ixHexane—ethanol, 70:30); flow-rate: 0.8 ml min ; temperaturéC3@vavelength 200 nm.

substituted with a pyrimidine group (compouns? Concerning the first series of molecules-3

and 3) and substituted with a purine group (com- (pyrimidine derivatives), we thought that the elution

pounds4 and5). order would be the opposite of the lipophilicity
Concerning molecules with a purine group, com- order: a linear correlation has been reported by

pound 4 is more lipophilic (i.e., involving more Roussel et al. [21,22] between lipophilicity and

hydrophobic interactions) than compourid [20]. retention factok. Log k vs. logP and log« vs. log

Then the retentiork, selectivity « and resolutiorR, P are reported, for the five compounds, on Chiralcel

of compounds are higher than those of compou#ad OD-H (Fig. 4a and b, respectively). Firstly, we
both on OD-H (Fig. 3a—b) and OJ. This may be observed that, for the two enantidtéegsreased
caused by the presence of a supplementary carboxyl whenPlagcreased, for all compounds except
group. compound3 which deviated significantly from the
trend as shown in Fig. 4a. Secondly the lower the
value of log P, the higher is the selectivityy, as
shown in Fig. 4b. However compoun8 again

Table 3 _ o showed a deviation from the general trend. This
Log P values of the different bases as given in Ref. [19] could be due to the bulkiness of the cytosine, which
Compound 1 2 3 4 5 prevents inclusion in the chiral cavity and then the
Base Thymine  Uracil ~ Cytosine ~ Adenine  Guanine  gtabilizing interactions of the diastereomeric solute—

Log P -1.17 -151 -177 —0.55 -1.30

CSP complex. On Chiralcel OJ, for compourids3
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k increases when lo® increases. Of course steric
hindrance of each solute must also take place [23].

3.4. Enantiomer elution order

On cellulose tris-3,5-dimethylphenylcarbamate
(OD-H), the ()-(R) enantiomer elutes first both
with 2-propanol and ethanol as alcohol modifier, for
compounddl, 3 and5. On the other hand theH)-(S)
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enantiomer elutes first for compoun2snd4 (Table

1). The elution order does not seem correlated with
the nature of the base (pyrimidine or purine) in the
analyte.

On cellulose tris-methylbenzoate (0J), for com-
pounds1, 2, 3 and 4, both using 2-propanol and
ethanol as alcohol modifier, the-}-(R) enantiomer
is eluted first. For compoung, the same behavior is
observed with ethanol, but changing the modifier
from ethanol to 2-propanol leads to an inversion of
elution order (Table 2). The reversal of the elution
order of the two enantiomers, on cellulose-based
CSP upon changing the kind of modifier in the
mobile phase, has been often reported and was
generally related to an alteration in the steric en-
vironment of the chiral cavities [12].

3.5. Validation method for the determination of
enantiomeric purity

After optimization, the chiral purity of compounds
1, 4 and 5 has been evaluated using the Chiralcel
OD-H with a mobile phase composed whexane—
ethanol (70:30) (eluent A). Compouri?tl has been
tested with a mobile phase consistingnehexane—2-
propanol (70:30) (eluent C) on Chiralcel OD-H and
compound3 on Chiralcel OJ. The chiral assay for
each enantiomer was validated for detection and
concentration limits. The limit of detection (LOD)
calculated at a signal-to-noise ratio equal to 3 [24]
was between 1.25 and 9.3¢mol |~* corresponding
to 0.16 and 1.24% minor enantiomer for a major
enantiomer target concentration of 0.73vIntorre-
sponding to 100%. Results are given in Table 4. By
way of an example, a chromatogram of compound
4-(R) in the presence of 2.40% df(S) is presented
in Fig. 5. The purity was determined by the relative
percentages of the peak areas.

4, Conclusion

We have presented a successful method develop-
ment for the chiral separation and determination of
enantiomeric purity of nucleoside analogs by liquid
chromatography. As development in synthesis of
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Table 4
Limit of detection and enantiomeric purity of compountss
Compound Enantiomer LOD (%) Concentration limjit\]) Enantiomeric purity (%)
1 R 0.27 2.07 99.00
S 0.33 2.50 99.20
2 R 0.16 1.25 >99.71
S 0.29 2.22 97.50
3 R 2.27 17.10 98.60
S 2.62 19.70 99.20
4 R) 0.32 4.89 95.30
S 0.85 6.41 97.60
5 R) 0.80 6.00 >08.76
S 1.24 9.34 99.75
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Fig. 5. Chromatogram of d-(S) sample in presence of 2.40% &f(R), on Chiralcel OJ stationary phase; eluent iAhgxane—ethanol,
70:30); flow-rate: 0.8 ml min* ; temperature 30; wavelength 200 nm.
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