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Abstract

A method was developed for the separation of cis-(15,2R)-, cis-(1R,2S)-, trans-(15,25)- and trans-(1R,2R)-2-
amino-cyclopentane-1-carboxylic acids by using pre-column derivatization with the chiral derivatizing reagents
1-fluoro-2,4-dinitrophenyl-5-L-alanine amide and 2,3.,4,6-tetra-O-acetyl-B-p-glucopyranosyl isothiocyanate. The
method is suitable for the separation of both diastereomeric and enantiomeric pairs. The high-performance liquid
chromatographic conditions (pH. eluent composition and different buffers) were varied to obtain optimal

separation.

1. Introduction

In recent years, a number of investigations
have been performed [1-5] to introduce alicyclic
B-amino acids such as cis- and trans-2-amino-
cyclopentane-1-carboxylic acids (cis- and trans-
ACPC, Fig. 1) into peptides in order to increase
their stability and to modify their biological
activity. Also, cis- and frans-ACPC have been
used in the syntheses of biologically active
heterocycles [6-9).

Although the syntheses [10-12] and trans-
formations of racemic cis- and trans-ACPC have
long been known, interest in this field was
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Fig. 1. Structures of four stereoisomers of cis-(15,2R,
IR 2S)- and trans-(15,2S, 1R,2R)-2-amino-cyclopentane-1-
carboxylic acid.
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enhanced when cis-(1R,25)-ACPC (cispentacin)
was found in nature [13-16].

Cispentacin [(—)-cis-(1R,2S)-ACPC] was iso-
lated [13-16] by two independent laboratories
from Bacillus cereus L450-B2 and Streptomyces
setonii 7562. (—)-cis-ACPC exerts a marked
protective effect against Candida albicans and
Cryptococcus neoformans in mice [13-18].
Because of their biological importance, a num-
ber of methods have been developed [19-22] and
patented [23-30] for the preparation of cispen-
tacin. These methods mainly involve enzymatic
separation techniques [31].

The difficulty to obtain many uncommon
amino acids in a homochiral form underline the
importance of having at hand effective chro-
matographic methods for the characterization
and identification of enantiomers.

Several papers and reviews have been pub-
lished on the development of enantioselective
separations by means of liquid chromatographic
techniques. Enantioselective separations involv-
ing high-performance liquid chromatographic
(HPLC) methods can be divided into three main
groups: direct separation on chiral stationary
phases [32-34], separation on achiral columns
with chiral eluents [34-36], and separation of the
diastereoisomers formed by pre-column derivati-
zation with chiral reagents [34,37-48].

The present paper deals with the separation of
enantiomers of cis- and trans-ACPC by using
pre-column derivatization with 1-fluoro-2,4-dinit-
rophenyl-5-L-alanine amide (FDAA, Marfey's
reagent) or 2,3,4,6-tetra-O-acetyl-8-p-gluco-
pyranosyl isothiocyanate (GITC). The separa-
tions were carried out in different buffer sys-
tems, acetonitrile or methanol being used as
organic modifier. The effects of pH, mobile
phase composition and organic modifier content
on the separation were also investigated.

2. Experimental

2.1. Chemicals and reagents

(%)-cis-ACPC was prepared from cyclopen-
tene via chlorosulphonyl isocyanate addition,

followed by aqueous hydrochloric acid treatment
and ion-exchange chromatography [12]. (*)-
trans-ACPC was synthesized by Michael addition
of ammonia to 1-cyclopentenecarboxylic acid in
a steel autoclave at 170°C for 80 h, followed by
ion-exchange chromatography [10]. (—)-cis-
(1R,28)-ACPC and (+)-trans-(15,25)-ACPC
were prepared from the corresponding esters by
lipase acylation, followed by hydrolysis [49].
GITC was purchased from  Aldrich
(Steinheim, Germany), FDAA from Pierce
Chemical (Rockford, IL, USA), and potassium
dihydrogenphosphate, trifluoroacetic acid, sodi-
um acetate, phosphoric acid, acetic acid of
analytical reagent grade, acetonitrile and metha-
nol of HPLC grade from Merck (Darmstadt,
Germany). Buffers were prepared with doubly
distilled water and further purified by filtration
on a 0.45-um filter, type HV, Millipore (Mol-
sheim, France). The pH was adjusted with phos-
phoric acid, acetic acid and sodium hydroxide.

2.2. Apparatus

HPLC analyses were performed on an M-600
low-pressure-gradient pump equipped with an
M-996 photodiode-array detector and a Millen-
nium 2010 Chromatography Manager data sys-
tem (Waters Chromatography, Division of Milli-
pore, Milford, MA, USA) and on an L-6000
liquid chromatographic pump (Merck Hitachi,
Tokyo, Japan) equipped with a UV 308 detector
(Labor MIM, Budapest, Hungary) and an HP
3395 integrator (Hewlett-Packard, Waldbronn,
Germany).

The columns used were Lichrospher 100 RP18
(125x 4 mm [.D.), 5 um particle size (Merck,
Darmstadt, Germany).

2.3. Derivatization of amino acids for
chromatographic analysis

An amount of 0.5-1 mg of cis- or trans-ACPC
was derivatized with FDAA by the method of
Marfey [43] and with GITC by the method of
Nimura et al. [40].
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3. Results and discussion

Control of the carboxylate group ionization
requires the control of pH, i.e. buffering of the
mixed aqueous—organic modifier phase system,
in order to maintain equilibrium constancy with-
in the column. The pK values of ACPC are not
known; for 1-amino-cyclopentane-1-carboxylic
acid, pK, = 10.31 and pK, = 2.40 [50]. The effect
of pH on the separation was investigated in the
0.01 M potassium dihydrogenphosphate (pH 2-
6)—acetonitrile system; the results can be found
in Fig. 2. It is clear from Fig. 2 that the k' values
are higher at lower pH, while at pH <3 and at
pH>5 k' varies slightly with a change in pH.
These results led to the choice of three systems
to keep the ionization at a constant level: a 0.1%
aqueous solution of trifluoroacetic acid, which is
often used in the separation of derivatized amino
acids and peptides, 0.01 M potassium dihydro-
genphosphate at pH 3, and 0.01 M sodium
acetate at pH 3.

3.1. Separation of ACPC-GITC derivatives

Separations were carried out in the three
systems, with methanol or acetonitrile as organic
modifier; the results are given in Tables 1 and 2.
Table 1 demonstrates that decrease of the

i
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Fig. 2. Dependence of retention factor (k') of four dia-
stereoisomers of ACPC-FDAA derivatives on pH of buffer.
Column, Lichrospher 100 RPI18: flow-rate. 0.8 ml/min;
detection, 340 nm; mobile phase. 0.01 M potassium dihydro-
genphosphate (pH 2-6)-acetonitrile (70:30). () cis-
(1R,28) derivative: (A) cis-(18.2R) derivative: ((J) trans-
(15.25) derivative: (x) trans-(1R.2R) derivative.

methanol content results in an increase in k' for
all four enantiomers, while the @ and R, values
also improve.

The optimal mobile-phase composition con-
tains 42.5% or less methanol. In this case, the
four enantiomers can be separated with R_ high-
er than 1.5. Comparison of the three buffer
systems reveals only slight differences. Better
resolutions were generally obtained in phosphate
buffer, but at the same time the k' value of the
last peak, i.e. the total time of analysis, was the
largest in this system. The elution order of the
peaks was identified by comparing the individual
k' values with standards prepared by enzymatic
resolution. These experiments showed that the
first peak corresponds to the trans-(1S5,2S5), the
second to the trans-(1R,2R), the third to the
cis-(1R,2S) and the fourth to the cis-(15,2R)
isomer (Fig. 3).

When acetonitrile was applied as organic
modifier, decrease of the acetonitrile content of
the mobile phase resulted in behaviour similar to
that observed in the methanol-containing system.
Resolutions similar to those observed in the
methanol-containing mobile phase could be
achieved with much larger k&’ values (Table 2).
This corresponds with our earlier findings
[51,52]: in acetonitrile-containing systems, a
similar resolution of diastercoisomers of some
unusual aromatic amino acids with GITC can be
attained at higher k' values as compared with the
methanol-containing systems. With regard to the
buffer systems, phosphate seems favourable with
respect to resolution and peak shape. The elu-
tion order of the four enantiomers is the same as
that observed in methanol.

The described method is suitable for the
determination of less than 0.1% minor isomer
content in excess of the major isomer.

3.2. Separation of ACPC-FDAA derivatives

The results of separations with methanol as
organic modifier are given in Table 3. The
elution order, determined by comparison with
standards, was cis-(1R,2S), cis-(1S,2R), trans-
(18,28) and trans-(1R,2R) isomer (Fig. 3). This
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Table 1
Dependence of retention factor (k'), separation factor («) and resolution (R,) of ACPC-GITC derivatives on eluent composition

Eluent k' alJ al.(' a(ﬂ(’ RSH { RS;T,C RS;I‘.C
composition
trans cis
(185.28) (1R.2R) (1R.25) (18.2R)
TFA-CH,OH
55:45 5.38 5.93 6.53 7.25 1.10 1.10 1.11 0.75 0.80 0.65
57.5:42.5 6.55 8.34 11.41 13.36 1.27 1.36 1.17 2.04 2.50 1.53
60:40 8.69 11.50 15.88 18.97 1.32 1.38 1.19 2.67 3.50 191
KH,PO,-CH,0OH
55:45 4.17 5.55 8.14 9.70 1.33 1.47 1.19 1.26 2.14 0.90
57.5:42.5 5.83 8.00 11.80 14.40 1.37 1.48 1.22 1.96 3.35 2.03
60:40 8.50 12.11 17.90 22.17 1.42 1.48 1.24 3.63 4.40 2.40
NaOAc-CH,OH
55:45 4.67 5.69 7.60 9.72 1.22 1.34 1.27 1.45 2.04 1.16
57.5:42.5 5.86 7.37 10.02 11.71 1.26 1.36 1.17 2.04 2.84 2.01
60:40 8.29 10.56 14.70 17.13 1.28 1.39 1.17 2.13 3.38 2.30

Column, Lichrospher 100 RP18; flow-rate, 0.8 ml/min; detection, 250 nm; TFA, 0.1% aqueous solution of trifluoroacetic acid;
KH,PO,, 0.01 M aqueous solution of potassium dihydrogenphosphate (pH 3); NaOAC, 0.01 M aqueous solution of sodium
acetate (pH 3); a,, and R,,, represent separation of trans-(15,25) and trans-(1R,2R) derivatives; «,, and R, . represent
separation of trans-(1R,2R) and cis-(1R,2S) derivatives; « _ and R___ represent separation of cis-(1R,2S) and cis-(15,2R)
derivatives.

Table 2
Dependence of retention factor (k'). separation factor () and resolution (R,) of ACPC-GITC derivatives on eluent composition

Eluent k! al.l al.t‘ a(‘.r Rs.l.l RS;I,(‘ Rs'.f.(‘
composition
rans cis
(18.,25) (1R,2R) (IR.2S) (15.2R)
TFA-CH,CN
77.5:22.5 20.98 24.80 32.48 36.46 1.18 1.31 1.12 1.75 2.96 1.35
KH,PO,-CH,CN
77.5:22.5 17.58 21.36 30.14 34.41 1.22 1.41 1.14 2.31 4.26 1.71
NaOAc-CH,CN
77.5:22.5 16.06 20.09 28.70 33.54 1.25 1.43 1.17 1.84 3.10 1.42

Column, Lichrospher 100 RP18; flow-rate, 0.8 ml/min; detection, 250 nm; TFA, 0.1% aqueous solution of trifluoroacetic acid;
KH,PO,, 0.01 M aqueous solution of potassium dihydrogenphosphate (pH 3); NaOAC, 0.01 M aqueous solution of sodium
acetate (pH 3); o,, and R, represent separation of trans-(15,25) and trans-(1R,2R) derivatives; a, . and R, represent
separation of trans-(1R,2R) and cis-(1R,2S) derivatives; o and R, . represent separation of cis-(1R,2S) and cis-(15,2R)
derivatives.
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Fig. 3. Representative chromatograms of separation of four diastereoisomers of ACPC derivatives. (A) GITC derivatives, (B)
FDAA derivatives. Column, Lichrospher 100 RP18; flow-rate, (.8 ml/min; detection, (A) 250 nm, (B) 340 nm; mobile phase, (A)
0.01 M sodium acetate (pH 3)-methanol (57.5:42.5), (B) 0.01 M sodium acetate-methanol (77.5:22.5). Peaks: 1= trans-(15,2S)
derivative; 2 = trans-(1R 2R) derivative: 3 = cis-(15.2R) derivative; 4 = cis-(1R.2S) derivative; 5 = unreacted FDAA.

cis/trans sequence is the reverse of that observed
for the GITC derivatives.

At a given eluent composition, the k’ values of
the diastereoisomers in the trifluoroacetic acid
system are the highest, and the resolutions are
also the best here. As can be seen in Fig. 3. the
cis-(1R.2S) and cis-(1S.2R) isomers and the
trans-(18,25) and trans-(1R,2R) isomers sepa-
rate very well. The peaks of the cis-(15,2R) and
trans-(18.2S) isomers are close. and good sepa-
ration requires optimization of the conditions.
Peak number 5, which elutes first, corresponds
to unreacted reagent.

The results of separations in the acetonitrile-
containing system are shown in Table 4. The
elution order of the four enantiomers is the same
as that observed in methanol. In the eluent
system with a buffer—acetonitrile ratio of 70:30,
the unreacted FDAA elutes after, and very close
to, the cis-(1R,2S) isomer. Complete separation
of these two peaks can be achieved at 25%
acetonitrile content. Comparison of the three
buffer systems at a given eluent composition

reveals that the k' values are the lowest in
sodium acetate, while the resolutions are better
in the trifluoroacetic acid and phosphate buffer
systems. There is no significant difference in
separation capability between the two organic
modifiers, methanol and acetonitrile.

The chiral purity of ACPC isomers can also be
determined by derivatization with FDAA. The
detection limit is less than 0.1% for the minor
isomer in the presence of the major isomer.

4. Conclusions

The described procedure can be applied for
the separation and identification of four enantio-
mers: cis-(15,2R)-, cis-(1R,2S)-, trans-(1§,25)-
and  trans-(1R,2R)-2-aminocyclopentane-1-car-
boxylic acid. The method permits a check on the
configuration of the amino acid after synthesis,
and hence optimization of the conditions of
synthesis. In general, the GITC derivatives give
better resolution than the FDAA derivatives for
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Table 3
Dependence of retention factor (k). separation factor (¢) and resolution (R)) of ACPC-FDAA derivatives on eluent
composition

Eluent k’ a< N a(‘.l atl R\ (e Rs (] RS:!,!
composition
cis trans
(1R.2S) (1S.2R) (18,25) (IR.2R)
TFA-CH,OH
50:50 3.75 10.92 13.26 21.36 2.91 1.21 1.61 8.90 2.36 5.41
52.5:47.5 4.95 14.89 16.67 27.51 3.01 1.12 1.65 10.25 2.37 6.41
55:45 6.80 21.26 23.14 38.97 3.12 1.09 1.68 14.72 2.40 8.67
KH,PO,-CH,OH
50:50 3.50 10.81 11.43 18.58 3.08 1.05 1.62 8.70 1.05 6.20
52.5:47.5 4.51 14.14 15.25 25.13 3.13 1.08 1.65 9.34 1.08 6.62
55:45 6.36 20.59 22.41 37.52 3.23 1.09 1.67 15.01 1.52 8.61
NaOAc-CH,OH
50:50 2.77 7.95 8.70 13.79 2.87 1.09 1.59 6.36 0.91 4.10
52.5:47.5 3.56 10.04 11.32 18.97 2.82 1.12 1.67 6.97 1.25 4.77
55:45 4.96 15.00 16.12 20.64 3.02 1.08 1.28 11.40 1.36 8.14

Column, Lichrospher 100 RP18: flow-rate, 0.8 ml/min; detection, 340 nm: TFA, 0.1% aqueous solution of trifluoroacetic acid;
KH,PO,, 0.01 M aqueous solution of potassium dihydrogenphosphate (pH 3); NaOAC, 0.01 M aqueous solution of sodium
acetate (pH 3); @, and R__ , represent separation of cis-(1R.2S) and cis-(15,2R) derivatives; «., and R, represent separation
of cis-(15.2R) and trans-(15.28) derivatives; ,, and R, , represent separation of trans-(15,25) and trans-(1R,2R) derivatives.

Table 4

Dependence of retention factor (k'). separation factor () and resolution (R,) of ACPC-FDAA derivatives on eluent
composition

Eluent k' a,, a,, a,, R, R, R,
composition
cis trans
(1IR.2S5) (1S.2R) (15.25) (IR.2ZR)
TFA-CH,CN
70:30 5.32 10.49 11.90 19.20 1.97 1.14 1.61 6.89 1.58 5.85
72.5:27.5 6.89° 16.26 18.68 32.70 - 1.14 1.75 - 2.19 8.77
KH,PO,-CH,CN
70:30 5.01 8.97 10.24 16.70 .79 1.14 1.63 5.78 1.27 4.67
72.5:27.5 6.46" 14.03 16.24 27.86 - 1.16 1.72 - 2.60 9.18
NaOAc-CH,CN
70:30 3.78 7.85 8.70 14.23 2.07 1.11 1.64 5.60 1.16 4.53
72.5:27.5 5.34 12.09 13.29 22.98 2.26 1.10 1.73 10.03 1.38 6.83

Column, Lichrospher 100 RP18: flow-rate, 0.8 ml/min; detection, 340 nm; TFA. 0.1% aqueous solution of trifluoroacetic acid;
KH,PO,, 0.01 M aqueous solution of potassium dihydrogenphosphate (pH 3); NaOAC, 0.01 M aqueous solution of sodium
acetate (pH 3); a, . and R__ . represent separation of cis-(1R.2S) and cis-(15,2R) derivatives; ¢, , and R__, represent separation
of cis-(15,2R) and trans-(15.2S) derivatives; a,, and R_, , represent separation of trans-(15,25) and trans-(1R,2R) derivatives.
“ The peak of the cis-(1R.2S) derivative coincides with that of unreacted FDAA.
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all four enantiomers. Of the three buffer systems
applied in the case of the GITC derivatives, the
phosphate buffer seems best; in the case of the
FDAA derivatives, trifluoroacetic acid seems
most efficient. With respect to the two organic
modifiers, the methanol-containing mobile phase
system seems to be more efficient than the
acetonitrile-containing one. The elution order of
the diastereomers of the cis and trans isomer
derivatives with GITC was opposite to that of
the FDAA derivatives.

The detection limit for the minor isomer is less
than 0.1% in excess of the major isomer.
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