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Abstract; Clarithromycin has significant antibacterial effect against Gram positive bacte-
ria, and has been widely used as an important clinical antibiotic at present. As a deriva-
tive of microbial secondary metabolites, however, clarithromycin products have a large
number of impurities, and some trace impurities also need further structural analysis. In
this study, the mass spectrometric fragmentation reactions of clarithromycin K and its
impurities of KL and KO were systematically studied by electrospray ionization tandem
mass spectrometry ( ESI-MS/MS) and quantum calculation. Quantum calculation

showed that the amino N atom of deoxyaminoglycosides (the No. 5 side chain unit) is
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the most preferred protonation site in the structure of clarithromycin. Upon collisional
activation, the protonated molecules undergo a serie of proton migration and fragmenta-
tion reactions on side chain groups as the followings: 1) The ionizing proton transfers to
the O5a atom in the No. 5 side chain group and triggers the loss of macrolides to form an
oxonium ion of the dehydrided deoxyaminoglycoside (KS5a-P, m/z 158.1). 2) The ioni-
zing proton transfers to the O5b atom in the No. 5 side chain group, which triggers the
ring-opeaning reaction of the deoxyaminoglycosides group to give a characteristic frag-
ment ion of N-(3-hydroxybutylidene)-N-methylmethanaminium (KSe¢-P, m/z 116.1).
3) Migration of the ionizing proton to the O6 atom results in the loss of methanol.
4) Migration of the ionizing proton to the O3a atom results in the formation of K3a,
which undergoes migration of the pyranose unit due to the nucleophilic attack of the O5d
atom of the No. 5 side chain unit, and the subsequent loss of macrolides to form an oxo-
nium ion at m/z 316. 2 (K3a-1P). 5) K3a can also undergo nucleophilic reaction due to
the nucleophilic attack of the O3c atom of the para hydroxyl, and subsequent fragmen-
tation to produce the characteristic ion K3a-2P by losing CsH,,O;, and further cleavage
to give the characteristic ion K3a-2P-P via the loss of methanol. The impurities of KL
and KO have high similarity to clarithromycin in structure, which only differ in the
No. 9 side chain unit. As expected, they have very similar tandem mass spectra, in
which there are several characteristic neutral losses of CH, O, C;H,,O; and (CsH,, O, +
CH,0O) in the high mass region, and abundant characteristic fragment ions at m/z 316,
m/z 158 and m/z 116 in the low mass region. This work summarizes the MS fragmenta-

tion law of clarithromycin and its analogue, provides a reference for the structure deriva-

tion of the other impurities of clarithromycin and it metabolites.

Key words:

clarithromycin; electrospray ionization tandem mass spectrometry (ESI-

MS/MS); MS fragmentation; quantum calculation
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Fig. 1 Structures of clarithromycin (a) and its impurities KL. (b), KO (c¢)
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Fig.2 HPLC spectrum of the raw clarithromycin sample
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Table 1  Accurate MS/MS data of clarithromycin and its impurities KL and KO

e AT JCE L I T L AR R 22 R - AH X B
Fragment ion Elementary Theoretical Relative Relative
Compound Assignment
(m/2) composition (m/2) error/10¢ intensity/ %
K 748. 4836 Css H7oNOy3 748. 4842 —0.7 [K+H]* 22.9
716. 4567 Cs7Hgs NOy2 716. 4567 —1.7 Ko6a-P 0.8
590. 3916 Cs0 Hs6 NO1 590. 3899 —2.9 K3a-2P 63.3
558. 3634 Ca9 H52 NOyg 558. 3637 0.5 K3a-2P-P 18.9
540. 3524 Ca9 H50 NOg 540. 3531 —1.2 K3a-2P-P2 1.2
316. 2106 Ci6 H30 NOs 316. 2118 —3.9 K3a-1P 4.2
158. 1184 Cs HI6NO, 158. 1176 —5.5 K5a-P 100
116. 1067 Cs HiuNO 116. 1070 —2.9 KS5c-P 9.6
KL 763. 4949 Csg Hri N2 O 763. 4951 —0.3 [KL+H]* 17.0
731. 4688 Cs7 Hgr N2 Oz 731. 4689 0.0 KL6a-P 2.6
605.4023 Cs0 Hs7 N2 Oy 605. 4008 —2.6 KL3a-2P 46. 8
573. 3756 Caz9 Hss N2 Og 573. 3746 1.8 KL3a-2P-P 22.5
555. 3642 Ca9 H51 N2 Og 555. 3640 3.6 7.0
448. 2904 Cao His NOg 448. 2905 —0.3 12.5
416. 2644 Cy1 Hys NOy 416. 2643 —0.3 9.8
398. 2535 Ca1 H3s NOg 398. 2537 0.5 14.0
380. 2441 Cy1 H34 NOs 380. 2431 —2.4 2.9
316.2113 Ci6 H30 NOs 316. 2118 1.8 KL3a-1P 4.4
158. 1179 Cs His NO; 158. 1176 2.5 KL5a-P 100
116. 1069 Cs HiuNO 116. 1070 1.2 KL5c-P 10. 8
KO 777.5103 Cag Hrs N2 Oy 777.5107 —0.6 [KO+H]* 26. 8
745. 4828 Css Hgo N2 Oz 745. 4845 —2.2 KO6a-P 6.3
619. 4155 Cs1 Hso N2 Op 619. 4164 —1.5 KO3a-2P 41.0
587. 3895 Cs0 Hs5 N2 Og 587.3902 1.3 KO3a-2P-P 25.5
555. 3628 Caz9 H51 N2 Og 555. 3640 —2.1 3.6
462. 3035 Co3 Hyy NOg 462. 3061 —5.7 1.4
412. 2673 Cyo H3s NOg 412. 2694 4.9 1.2
398. 2518 C1 Hss NOg 398. 2537 —4.8 5.3
316. 2116 Ci6 H3o NOs 316. 2118 0.7 KO3a-1P 6.5
158. 1178 CsHisNO; 158. 1176 —1.2 KO5a-P 100
116. 1069 CsHiu NO 116. 1070 —0.5 KOSc-P 11.6
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Fig. 4 Optimized structures of the N-protonated and the carbonyl O-protonated clarithromycin
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Fig.5 Fragmentation pathways of protonated K, KL and KO at the No. 5 side chain group
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Fig. 7 Fragmentation pathways of protonated K, KL and KO at the No. 6 side chain group
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