Asian Journal-of Chemistry Vol. 18, No. 1 (2006), 307-312

Fast Atom Bombardment Mass Spectral Analysis
of Primaquine

SUKESH N. SINHA*

National Institute of Occupational Health, Meghaninagar, Ahmedabad-380 016, India
Fax: (91)(79)22686110; E-mail: sukeshnr_sinha @ yahoo.com

Fast atom bombardment mass spectrometry was used for struc-
ture elucidation of primaquine, an antimalarial drug of biomedical
interest. m-Nitro-benzyl alcohol was used as a matrix in fast atom-
bombardment studies because it does not react with analyte to form
adduct. The spectra of primaquine clearly indicated that the frag-
ment ions were obtained due to ring cleavages. loss of side chain
and proton transfer and free radical rearrangement of molecular ion

peak.
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INTRODUCTION

Soft ionization techniques which permit direct desorption of gase phase analyte
ions without the need for vaporization have greatly expanded the potential
applications of mass spectrometry. By using such techniques as field desorption
(FD), desorption chemical ionization (DCI) and fast atom bombardment (FAB),
thermally labile and higher molecular weight compounds are now amenable to
MS examination without thermal degradation. Halmarks'™® in his work has
included extensive application for sequencing of peptides to around 3000 p using
FAB fragmentation data and early complete mass spectra of very large bio-mol-
ecules like bovine insulin and proinsulin. The applications of FAB to bioor-
ganic/biomedical compounds have been extensively dealt with in a number of
reviews . Even for the trace levels of higher molecular weight, thermally labile
analytes that are present in the final isolated fractions can be characterized using
FAB spectrometric data. A protonated alcoholic hydroxyl group is likely to be
lost as water via charge transfer. In addition, charge site initiation cleavages with
proton transfer and charge retention are observed’ as are rearrangements and
cleavages remote from the apparent charge site'® !'.

Primaquine, an 8-aminoquinoline, is the clinical drug of choice for the radical
cure of relapsing malaria. Mass spectrometry has been used extensively for the
elucidation of structure of primaquine derivatives. The oxidative products of
primaquine were characterized recently'? using electron impact (EI) mass spec-
trometric data. Idowu and coworkers'® have used HPLC-MS and GC-MS for the
characterization of metabolites of WR 238605, an 8-aminoquinoline, by rat liver
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microsomes and reported electron impact (EI) mass spectrum of these derivatives.
Field desorption mass spectral analysis of N-acetylated dimer formed by m.icrici-
bial transformation of primaquine by Candida tropicale was reported earlier™.
Strother ef al.'® have used mass spectrometry in electron impact and chemical
‘onization mode for the identification of blue derivative of primaquine metabolite
formed during in vitro metabolism of primaquine by mouse liver enzymes.
Hufford er al.'® have used field desorption mass spectra for the characterization
of sulfur linked dimmer of N-acetyl primaquine isolated by microbial metabolism
studies of primaquine using Streplomyces roseochromogenus. Fast atom bom-
bardment (FAB) mass spectrometry has been used recently by Sinha ez al.” for
the elucidation of structures of thermally labile and higher molecular weight
compounds of biomedical interest as the EI mass spectrum is unable to give the
molecular ion peak for higher molecular weight compound. In this paper, the
correlation between the mass spectral data and the structural features of prima-
quine is discussed.

EXPERIMENTAL -

Primaquine diphosphate was purchased from Sigma (USA) and purity was
checked by HPLC (more than 98%). The fast atom bombardment mass spectrum
was recorded on JEOL SX-102/DA-6000 mass spccm»mctcr/data system equipped
with the FAB target (a metal prove tip 3-4 nm” made of stainless steel) and the
xenon atoms of ca. 6 keV was used as the ionizing beam. Primaquine is soluble in
methanol as well as water. Therefore, 3-nitrobenzyl alcohol (3-NBA) was used as
matrix. A few pg of the analyte were dissolved in the matrix. The ions were
accelerated out of the ion source at a potential of 10 kV at 107 torr pressure and
could produce a flux of ions and neutrals up to the equivalent of a 500 A charged
beam. The FAB mass spectrum was recorded at Central Drug Research Institute
(CDRI), Lucknow, India in average scan of 1-3. The retention time and intensity of
spectrum is 0.12 and 27.5704, respectively.

RESULTS AND DISCUSSION

The 3-NBA cluster ions are found of masses corresponding to multiples of
molecular weights of 3-NBA plus a proton; m/z 136, 154, 289, 307, 460 and the
bombardment of analyte/3-NBA mixture results in sputtering into the gas phase of
[M + HJ" ions of the primaquine due to proton transfer process'® 1% The FAB mass
spectrum of primaquine is shown in Fig. 1. The base peak at m/z 260 was assigned
to protonated pseudomolecular ion peak. The M appears at 259 . having % total
ion intensity 5.8301%. In the high resolution the observed mass of M" was found to
be 259.1686 1, confirming the elemental composition of primaquine CsH;;ON3.

The peak at m/z 243 was due to the removal of ammonia gas from protonated
molecular ion peak (M + H)* which confirmed the presence of terminal amino
group. Its chemical composition, CysH;gN,O, is confirmed by high-resolution
spectra. On the other hand, the rearrangement process of methyl radical results in
loss of butyl amine (—CH;—CH;—CH,—CH,—NH,) and propyl amine
(—CH3—CH,—CHy—NH,) at m/z 187 and 201, respectively, which is the charac-
teristic feature of the protonated primaquine mclecule. This fragmentation scheme
is in line with the exemplary study carried out by Gohlke and MeLafferty?’. The
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Fig. 1. Fab mass spectrum of primaquine, an antimalarial drug

chemical compositions of Cy,H;4N,O and Cy;H;oN;0 are confirmed by high-reso-
tion spectra. Generally i m the FAB cases the different fragments ions occur due to
loss of neutra! molecule”! from molecular ion (M + 1) and the present results are in
agreement with this stabilized phenomenon. The characteristic fragmentionat 75
was observed due to the loss of CHy=CH—CH,—CH,—CH,—NH, (85 dalton
mass) group and m/z at 159 was due to complete expulsion of side chain
NH,-CH (CH;)-CH,-CH,~CH,-NH, from pseudomolecular ion peak, respec-
tively. None has reported primaquine fragmentation using FAB, though in xmnm
line FAB fragmentation is reported about oxidative product of pnmaqume 7 The
ejection of formaldehyde —OCH, (30 Dalton mass) from the fragment ion
[M + 1]*-85 affords an ion at m/z 145 and the elimination of methoxy —OCH; from
[M + 11*-101 results at m/z 145. The fragmentation appears to originate in the side
chain moiety linked at 8- gmsntion of the quinoline ring as reported in oxidative
product of pnmaqume” 2 The high-resolution spectrum indicates the chemical
composition of the ions C;oH,oN,O, C;HgNO, C¢NHg. CgNH,. The fragmenta-
tion schemes (Schemes 1-5) confirm the structure of primaquine.

TABLE-1
ELEMENTAL COMPOSITION OF THE FRAGMENTS OBSERVED IN PRIMAQUINE

(M/Z) Composition abu!r:g::ge(%) Fmg;g;med
260 CisHa N3O 100 M=+ HJ"
243 CysHgN>0 25 [M + H]*-NH;
227 CaHj7N3 10 [M + H}*-CH,0H
201 C1aH;13N50 68 M + H]*-C3NH,
187 C1HoN20 20 M+ H]"-C4H N
175 CoHoN20 74 [M + H]*-CsNHy;

159 C1oHgNC 10 M+ HY"-CsH 4N
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Fig. 2. angmemalion schemes of primaquine

Conclusions

FAB mass spectrometry was found very useful to assign the molecular ion
peak and fragmentation scheme for elucidation of structure of primaquine of
biomedical interest. The fragmentation appears to originate in the side chain
moiety linked at 8-position of quinoline similar to oxidative product of prima-
quine. Although, compared to electron ionization, FAB is considered a gentle
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mode of ionization; the ions formed possess internal energies several eV above
their ground state causing thern to dissociate into smaller fragments. Thus clearly
depicting that the FAB mass spectrum of primaquine has better % total ion
intensity, accuracy in determination of fragment ions and also the fragments were
obtained due to ring cleavage, McLafferty rearrangement, loss of side chain and
proton transfer and free radical rearrangement. The spectra reported here first
time might serve as a reference for characterizing the primaquine related new
tissue schizontocide in future.
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