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HIGH PERFORMANCE LIQUID CHROMATO-
GRAPHIC SEPARATION OF THE ENANTIO-
MERS AND DIASTEREOMERS OF
PRIMAQUINE AND ITS METABOLITES

John K. Bakerl, Alice M. Clark2, and
Charles D. Hufford2

IDepartment of Medicinal Chemistry
2Department of Pharmacognosy
School of Pharmacy
University of Mississippi
University, Mississippi 38677

ABSTRACT

Primaquine, which is marketed as a racemic mixture, was found
to be metabolized by microorganisms to a biphenyl dimer, to a
methylene linked dimer, and to a sulfur linked dimer. Using a
conventional reversed-phase column, the biphenyl dimer could be
resolved into three diastereomeric peaks while the methylene link-
ed dimer and the sulfur linked dimer were each resolved into two
diasteromeric peaks. Using a chiral Pirkle-lA column, primaquine
could be resolved as two peaks, carboxyprimaquine as two peaks,
the biphenyl dimer as six peaks, the methylene dimer as three
peaks, and the sulfur dimer as three peaks. '

INTRODUCTION

Primaquine (Fig. 1, I) is used as a racemic mixture of its

two enantiomers for the treatment of the tissue forms of malaria.
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It has been shown that the major metabolite of primaquine by
microorganisms (1) and mammalian systems (rat (2), monkey (3), and
man (4)) is carboxyprimaquine (II). It has also been shown that
microorganisms can metabolically convert primaquine to an
N-acetylated metabolite (1) and this metabolite was further trans-
formed to either a biphenyl metabolite (Fig. 1, III){(5), or a
methylene linked dimer (IV)(6), or a sulfur linked dimer (V)(7).

Though the primaquine diphosphate in current clinical use is
a racemic mixture, it has been shown that both the therapeutic
activity and toxicity of the two enantiomers are not the same (8).
It has been proposed that the difference in biological activity of
the two isomers was due to differences in either the rate of form-
ation of biologically active metabolites of the two primaquine
stereoisomers or differences in the inherent activity of the iso-
mers of the metabolites. It was also found that III produced by
either synthesis or metabolism existed as 6 stereoisomers and IV
existed as 3 stereoisomers (9). It was also found that some of the
isomers of IV would spontaneously interconvert on standing in
solution (9) and it has also been shown that some of the isomers
of V would interconvert (7).

The major objectives of the present study were to develop a
method for quantitating the relative conceantrations of R- and S-
primaquine and to develop assay methods for the various enantio-
mers and diastereomers of metabolites II, III, IV, and V. It was
also anticipated that trends in the elution order of the enantio-
mers might prove useful in the assignment of the stereochemistry

of new synthetic primaquine analogs or metabolites.

EXPERIMENTAL

Materials

Racemic primaquine diphosphate was utilized as obtained from

the Aldrich Chemical Company. The individual (+) and (-)-isomers
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of primaquine diphosphate were obtained from the Walter Reed Army
Institute of Research. Though the enantiomers of primaquine have
been separated, the absolute stereochemistry of the compound has
not been established. To simplify the discussion of the results,

it was arbitrarily assumed that (+)-primaquine was the R-enantiom-

er.,

Metabolic Transformations

R-carboxyprimaquine (II) was prepared by fermentation from
(+)-primaquine using a previously described procedure (1). A mixt-
ure of the six isomers of the biphenyl dimer (III) was prepared
from rucemic primaquine diphosphate by fermentation (5) using

Streptomyces rimosus. A mixture of S$8S- and SRS-biphenyl dimer was

also prepared using the same procedure using S. rimosus with
S-primaquine diphosphate.

A mixture of the three isomers of the methylene dimer (IV)
was prepared from racemic primaquine diphosphate by fermentation

(6) using Candida tropicalis. Fermentation of racemic primaquine

diphosphate with S. roseochromogenus was used to produce mixtures

of the methylene dimer (IV) and the sulfur dimer (V)(7). Early in

the incubation with S. roseochromogenus approximately equal quant-

ities of the methylene dimer and the sulfur dimer were produced

while late in the incubation, the sulfur dimer predominated.

Preparative Scale Synthesis of VI

The carbonylimidazole derivative of primaquine (VI) was pre-
pared by taking 1.0 g of primaquine diphosphate in water, then
extracting the free base into ethyl acetate following the addition
NHAOH. After drying the solution with NaZSOA, the solvent was
removed by evaporation under vacuum. The residue was redissolved

in 5.0 ml of dry tetrahydrofuran along with 0.5g N,N'-carbonyldi-
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imidazole (CDI) at room temperature. After the reaction had pro-
ceeded 1.0 hr., the solvent was removed under vacuum then the

residue was partitioned between H,O and ethyl acetate. The ethyl

acetate fraction was purified 2by preparative chromatography
(Silica gel, ethyl acetate) to give 350 mg of VI as a very light
yellow glass. C-13 NMR: C-2, 144.4 ppm; C-3, 122.0; C-4, 134.9;
C-4a, 130.1; €-5, 92.1; C-6, 159.5; C-7, 97.2; C-8, 144.9; C-8a,
135.4; CH3O, 55.2, ¢-1', 40.8; Cc-2', 33.9; C-3', 26.1; C-4', 40.9;
C-5, 20.7; imidazole, 116.3, 129.8, and 129.8. H-1 NMR: H-2, 8.5
ppm (d); H-3, 7.3 (dd); H-4, 7.9 (d); H-5, 6.2 (d); H-7, 6.3 (d);
CH,0, 3.9 (s); CH,CH, 1.25 (d); imidazole, 6.95, 7.35, and 8.1.
Infrared (GHCl, sol.): ©=0, 1,715 em L.

Analytical Scale Formation of VI and VII

Using 1.0 ml of freshly dried tetrahydrofuran; 1.0 mg of
racemic primaquine, R-primaquine, S-primaquine, racemic carboxy-
primaquine, or R-carboxyprimaquine were each reacted with 5.0 mg
of carbonyldiimidazole at room temperature. For the kinetic study,
the reaction was monitored for a total of 4.5 hr., but for the
other assays, the mixture was chromatographed on the Pirkle-lA

system after the sample had been allowed to react for ome hour.

HPLC with Non-Chiral Columns

Standard reversed-phase analyses of the diastereomeric mix-
tures were conducted using a Whatman PXS 5/25 ODS column utilizing
a 5 um, C-18 packing material. The mobile phase (1.0 ml/min) was
prepared using 8.4g of KHZPOA’ 6.6g of KZHPO4’ 4.,0g of N,N-dimeth-
yloctylamine, 2.8L of CH3OH, and 1.2L of water. The chromatograph-
ic peaks were detected using a dual wavelength unit (Waters Assoc.

Model 440) operating at 254 nm and 280 nm.
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HPLC with Chiral Columns

Pirkle type 1-A columns (4.6 wm x 250 mm) packed with spher-
ical 5 micron aminopropyl packing modified with the N-3, 5-di-
nitrobenzoyl derivative of D-phenylglycine was utilized as obtain-
ed from the Regis Chemical Company. The mobile phase (1.0 ml/min)
was prepared using 850 ml hexane, 105 ml 2-propanol, and 75 ml of
acetonitrile. The chromatograms were obtained using a 254 nm UV-

detector.

RESULTS AND DISCUSSION

Using the non-chiral, reversed-phase columns, the chromato-
grams of the biphenyl dimer (III) obtained from the fermentation
of racemic primaquine were found to consist of three peaks (at 7
min, 9 min, and 12 min; Fig. 2). When the biphenyl dimer obtained
by chemical synthesis from racemic primaquine was chromatographed,
it was also found to consist of the same three peaks and the peak
areas were found to have a 1:2:1 ratio. When the biphenyl dimer
(I11) was synthesized from R-primaquine, only the peaks at 7 min-
utes and 12 minutes were obtained. Because of the chiral centers
in the side chains, one might have expected to observe only two
chromatographic peaks (the RR, SS pair and the SR=RS pair). How-
ever, the restricted rotation of the hindered biphenyl systems
introduced a third chiral center. Thus, when III was prepared from
R-primaquine, the peak observed at 7 minutes would correspond to
RSR-III and the other peak at 12 minutes would correspond to
RRR-III (the biphenyl system's stereochemistry is represented by
the middle letter and the stereochemistry of the side chain is
represented by the first and last letter). When the peak at 7 min-
utes was isolated using preparative HPLC, the material was found
to be very stable at room temperature, but when heated to 192° the
system would equilibrate to a mixture of the peak at 7 minutes and

12 minutes. When the peak at 9 minutes was isolated and then heat-
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FIGURE 2

The Reversed-Phase Chromatogram of the Biphenyl Dimer (III) obt-
ained from the Fermentation of Racemic Primaquine.

ed, it remained unchanged. These findings were consistent with the
thermal interconversion of the stereochemistry of the biphenyl
rings at elevated temperatures leading to an equilibration of the
RRR-isomer with the RSR-isomer while the interconversion of the
RRS-isomer to the RSS-isomer would not have been detected because

of their enantiomeric relationship(9).
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FIGURE 3

The Reversed-Phase Chromatogram of the Methylene Dimer (IV) and
the Sulfur Dimer (V) obtained from the Fermentation of Racemic
Primaquine by S. roseochromogenus.

With the methylene dimer (IV) the aromatic rings would be
free to rotate at room temperature and only three isomers would be
expected: the RR-isomer, the SS-isomer and the RS = SR meso pair.
When the methylene dimer (IV) obtained from fermentation of racem-
ic primaquine was chromatographed on the reversed-phase system, a
peak at 26 minutes and a peak at 32 minutes was obtained (Fig. 3)

which corresponded to the pair of meso isomers(RS and SR) and to
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the pair of enantiomers(RR and 8S). When the methylene dimer was
prepared by chemical synthesis a 1:1 area ratio was observed by
the 26 minutes and 32 minutes peak. When the methylene dimer was
synthesized from R-primaquine or from S-primaquine, only the peak
at 32 minutes was observed.

When the sulfur dimer (V) was prepared by fermentation (Fig.
3) from racemic primaquine, peaks at 28 and 34 minutes were obser-
ved. When either R-primaquine or S-primaquine was used for the
starting material, only the peak at 34 minutes was observed. Thus
the peak at 28 minutes could be assigned to the meso pair (RS-V
and SR-V) and the peak at 34 minutes could be assigned to the mix-
ture of the two enantiomers.

When the sample of the biphenyl dimer (III) obtained by chem-
ical synthesis from racemic primaquine was chromatographed on the
Pirkle 1-A column, all six isomers were observed and the peak
areas were in the 1:2:2:1 ratio that would be expected from theory
(Fig. 4, second from top). When the biphenyl dimer was prepared by
chemical synthesis from S-primaquine, only two peaks were observed
which would correspond to the SSS-isomer and the SRS-isomer (Fig.
4, third from top). When the biphenyl dimer obtained by fermenta-
tion starting from racemic primaquine was chromatographed, all six
isomers were observed, but the isomers with R-stereochemistry in
the side chain were metabolically favored over the isomers with
S-configuration (Fig. 4, top).

Using the Pirkle 1-A column, the sulfur dimer (V) could be
resolved into all three of the isomers expected from theory. Using
racemic primaquine in the fermentation, the chromatogram of the
isolated product showed a peak at 5] minutes for RR-V, 52 minutes
for $8-V, and 60 minutes for the RS-V meso isomer (Fig. 5, bot~-
tom). To make the assignments of the stereochemistry of the three
peaks, the sulfur dimer was prepared from S-primaquine by ferment-
ation and only the peak at 52 minutes for 88-V was observed (Fig.
5, third from top) and co-injection of the two samples (Fig. 5,
top) was also found to be consistent with the assignment. When the

sulfur dimer was prepared from R-primaquine by fermentation, only
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FIGURE 4

The Pirkle 1-A Chromatograms obtained for the Biphenyl Dimer
(III). Top: III obtained from fermentation of racemic primaquine.
Second: III obtained by synthesis from racemic primaquine. Third:
III obtained from fermentation of S-primaquine. Bottom: Co-injec-
tion of second and third products.
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FIGURE 5

The Pirkle 1-A Chromatograms obtained for the Sulfur Dimer (V).
Top: Co-injection of third and fourth products. Second: V obtained
from the fermentation of R-primaquine. Third: V obtained from the
fermentation of S-primaquine. Fourth: V obtained from the ferment-
ation of racemic primaquine.
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FIGURE 6

The Pirkle 1-A Chromatogram obtained for the Methylene Dimer (IV)
prepared by Synthesis from Racemic Primaquine.

the peak at 51 minutes for RR-V was observed (Fig. 5, second from
top).

The chromatogram of the methylene dimer (IV) obtained by
chemical synthesis from racemic primaquine was found to have peaks
at 61, 64, and 66 minutes in a peak area ratio of 1:1:2 (Fig. 6).
It was also found that the methylene dimer prepared from R-prima-
quine exhibited only the peak at 61 minutes, while the dimer pre-
pared from S-primaquine exhibited only the peak at 64 minutes. The
methylene dimer obtained by fermentation showed all three peaks,
but the peak area ratio was not exactly in the 1:1:2 ratio that
would be expected on a purely statistical distribution of the
isomers.

One of the objectives of the project was to develop methods
for the analysis of the individual enantiomers of primaquine it-
self. Using the most polar mobile phase that was compatible with

the chiral column, underivatized primaquine could not be eluted
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FIGURE 7

The Derivatization of Primaquine and Carboxyprimaquine with N,N-
carbonyldiimidazole (CDI).

from the column. Previous reports (10) have also indicated that
drugs containing free amine groups usually can not be chromato-
graphed on these columns. Our initial effort at resolving the iso-
mers of primaquine utilized acetic anhydride to form the amide of
the primary amine group of the drug. It was found that the N-acet-
yl derivative could be eluted from the column, however the racemic
mixture showed only one sharp peak.

While the N-acetyl derivative was not satisfactory, it was
found that primaquine could easily be derivatized with carbonyldi-
imidazole to give a carbonylimidazole derivative (VI, Fig. 7) that
could be resolved into the two enantiomeric peaks. Compound VI was
also synthesized on a preparative scale and 1H—NMR, 13C-NMR, and
IR spectral data were found to be consistent with the proposed
structure. When carboxyprimaquine (II) was vreacted with

carbonyldiimidazole, a lactam (VII) was formed and the
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FIGURE 8

The Pirkle 1-A Chromatograms of the CDI Derivatives of Racemic
Primaquine (I) and Racemic Carboxyprimaquine (II).

chromatograms of this product on the Pirkle 1-A column were found
to be identical to that of a reference sample of VII previously
synthesized (11).

The chromatograms of the CDI derivatives of racemic prima-
quine and racemic carboxyprimaquine were found to give very well
resolved peaks for the pairs of enantiomers (Fig. 8). The assign-
ments of the pairs of peaks were made by derivatizing separate
samples of R-primaquine, S-primaquine, and R-carboxyprimaquine.
The kinetics of the reaction of primaquine and carboxyprimaquine
with CDI at room temperature were also followed (Fig. 9). It was
found that the reaction was at 90% completion within 45 minutes.

In summary, it was found that all of the isomers primaquine
(2 isomers), carboxyprimaquine (2 isomers), the biphenyl dimer (6
isomers), the methylene dimer (3 isomers), and the sulfur dimer (3

isomers) could be resolved with the Pirkle 1-A column. With the
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FIGURE 9

b

The Kinetics of the CDI Derivatization of Primaquine and Carboxy-
primaquine at Room Temperature. Percent reaction Vs. reaction time
for primaquine (squares) and carboxyprimaquine (circles).

simple exception of carboxyprimaquine, it was always found that
the isomer with the side chain methyl group with the R-configura-
tion had shorter retention times compared to the S-isomer (Note:
the assigment of the absolute stereochemistry was based on the
assumption that (+)-primaquine had R-configuration). It was also
found that the microbial metabolism of primaquine to carboxyprima-
quine, the methylene dimer, and the sulfur dimer appeared to have
little stereoselectivity. A significant amount of stereoselectivi-
ty was observed only for the metabolism of primaquine to the bi-

phenyl dimer.
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