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Abstract—Oxidation of lincomycin with H2O2 in alkaline media leads to N-oxides, besides the conversion of thiomethyl group into
sulfoxides and sulfones. NH4OH favors formation of the S-isomer; both R- and S-isomers of the N-oxide are formed in the presence
of NaOH. Addition of acetonitrile markedly accelerates the reaction.
� 2004 Published by Elsevier Ltd.
Lincomycin 1, an aminoglycoside antibiotic from
Streptomyces lincolnensis,1 and its semisynthetic
7-chloro-7-deoxy analogue (clindamycin2) are widely
used in human and veterinary medicine.3 Many attempts
to modify these compounds have been reported.4 Sulf-
oxides of lincomycin5 and clindamycin6 were initially
obtained by microbial transformation. Two isomeric
sulfoxides were prepared in low yield by oxidation of 1
with dimethyloxirane. Their further oxidation with
OsO4 and N-methylmorpholine N-oxide gave the cor-
responding sulfones.7 There are two possible sites for
oxidative attack in lincomycin: the thiomethyl group
and the pyrrolidine nitrogen. Tertiary amines are known
to be oxidized slowly by hydrogen peroxide.8;9 However,
Sztaricskai et al.7 reported that peracids, NaIO4 and
H2O2 are unsuitable for the oxidation of 1. Nevertheless,
in our recent work we described the preparation of the
sulfoxide and sulfone derivatives of 110 using H2O2

under mild acid or neutral conditions for 24 h.

We looked for reaction conditions, which would also
lead to the oxidation of the tertiary amine in 1. New
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Scheme 1. Preparation of lincomycin N-oxides.
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substances, slowly formed with aqueous H2O2 under
slightly basic conditions, were accompanied by a con-
siderable amount of degradation products.11 Raising the
pH above 9.5 resulted in a crucial improvement. The
outcome depended on the base used: with NH4OH
(method A),12 compounds 2 and 3 were formed, 3 and 4
were produced when NaOH (method B)13 was used
(Scheme 1). These compounds were isolated from reac-
tions performed on a preparative scale and their struc-
tures were elucidated by MS and NMR analyses.

Compounds 2, 3 and 4 exhibited intense [M+H]þ peaks
in positive-ion mode MALDI MS at m=z 439, 455 and
455, respectively (Scheme 2). During a post-source decay
(PSD) experiment, allowing analysis of fragment ions,
compound 2 lost a CH3SO moiety (63Da) and formed
the ion a (m=z 376). The same fragment ion arose by the
elimination of a CH3SO2 unit (79Da) from the molec-
ular ions of 3 and 4. The diagnostic ion b (m=z 170),
occurring in PSD spectra of all three compounds, was
formed by the cleavage of the amide bond and con-
firmed the introduction of one oxygen in the pyrrolidine
aline; Acetonitrile.
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No. R1 R2 R3 [M+H]+ a ion b ion

1 CH3S CH3 — 407.2 360.2 —

2 CH3SO CH3 O 439.2 376.2 170.1

3 CH3SO2 CH3 O 455.2 376.2 170.1

4 CH3SO2 O CH3 455.2 376.2 170.1

Scheme 2. Structure, atom numbering and mass spectrometric frag-

mentation of lincomycin 1 and its oxidation products.
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moiety; no such fragment was observed in the spectrum
of the parent compound. The abundant ion m=z 126
including the nitrogen-containing ring was common to
all the compounds. Therefore, 2 contains both sulfoxide
and N-oxide groups; 3 and 4 are isomeric N-oxide
sulfones. The location of the introduced oxygen atoms
and the nature of the newly formed groups could also be
inferred from a combination of the 1H and 13C NMR
data (Table 1). The nature of the methyl singlets was
obtained from their heteronuclear coupling pattern
observed in HMBC: the S-methyl was coupled to C-1
only, but the N-methyl showed cross peaks to C-20 and
C-50. Furthermore, the S-methyl and H-1 had a cross
peak in the ROESY spectrum. Considering the chemical
shift of the corresponding carbons, all compounds are
N-oxides; 2 is a sulfoxide and both 3 and 4 contain a
CH3SO2 group. This deduction is supported by the large
downfield shifts of C-20 and C-50 with respect to the
Table 1. 1H and 13C NMR data (400 and 100MHz, D2O, 30 �C)

Atom 2

dC dH, mult. (J in Hz) dCa

1 95.13 4.593, d (5.7) 91.3

2 68.48 4.233, dd (9.9, 5.7) 66.8

3 70.45 3.891, dd (9.9, 3.3) 68.6

4 68.48 3.852, dd (3.3, 1.2) 68.2

5 74.87 3.672, dd (8.2, 1.2) 75.2

6 54.09 4.097, dd (8.2, 5.3) 53.6

7 66.41 3.934, dq (5.3, 6.5) 66.3

8 17.60 1.012, d (6.5)b 16.7

Me–S 35.24 2.613, sb 42.5

C@O 169.64 –– 169.5

10-Me 54.99 3.157, sb 54.8

20 75.66 3.949, dd (11.1, 8.4) 75.5

30 33.69 2.251, ddd (13.2, 11.1, 10.3) 33.4

1.934, ddd (13.2, 8.4, 4.3)

40 33.95 2.493, m 33.7

50 76.40 3.483, dd (11.6, 7.9) 76.1

3.147, dd (11.6, 9.1)

100 35.76 1.085, mc 35.5

200 20.54 1.261, mc 20.3

300 13.39 0.681, t (7.3)b 13.3

aHMQC and HMBC read outs.
b 3 H.
c 2 H.
parent compound. The comparison of the NMR data
showed a great similarity in the galacto-octopyranose
part. However, the conformations of pyrrolidinium ring
are different in the isomeric pair 3 and 4, judging by the
vicinal coupling constants; that of 2 is similar to 3.
Whereas the chemical shift differences are small for the
N-methyl and C-50 (0.9 and 0.8 ppm), those of C-20 and
C-40 are large (6.3 and 1.6 ppm). The magnetic non-
equivalence of the diastereotopic H-30 and H-50 protons
was also different (0.315 and 0.336 ppm in 3, 0.887 and
0.009 ppm in 4; in 1 0.05 and 0.95 ppm). An NOE be-
tween N-Me and H-100 was found in 2 and 3 indicating
that this group and the n-propyl side chain are located
on the same side of the pyrrolidinium ring. Thus, 2 and 3
have an S configuration at N-1. Similarly, according to a
cross peak between the N-methyl and H-40 observed in
4, these atoms are on the same side of the ring, which
implies an R configuration for this compound.

The presence of acetonitrile increases the rate of oxi-
dation of tertiary amines by aqueous hydrogen perox-
ide.14 The use of H2O2, ammonia and acetonitrile
(method C)15 resulted in a fast exothermic reaction
producing an oxidation mixture that converted 1 into 3
and its intermediate within 20min. This intermediate
was fully transformed into 3 by careful acidification of
the reaction mixture with 0.5M HCl to pH2.5.
According to densitometry, the total yield of 3 reached
nearly 95%. The presence of ammonia is indispensable
for this efficient conversion, as with NaOH (method
D),15 both isomers 3 and 4 were formed and no inter-
mediate was detectable. Acetonitrile has a beneficial
effect on reaction at both the N and S centres in 1. It
promotes oxidation of tertiary amines,14 sulfides to
sulfoxides and sulfoxides to sulfones (Payne oxida-
tion).16 A peroxyimidic acid is believed to be the active
3 4

dH, mult. (J in Hz) dCa dH, mult. (J in Hz)

5.009, d (6.6) 91.3 5.004, d (6.6)

4.198, dd (10.4, 6.6) 66.8 4.189, dd (10.3, 6.6)

4.069, dd (10.4, 3.2) 68.7 4.046, dd (10.3, 3.2)

3.810, dd (3.2, 1.1) 68.1 3.784, dd (3.2, 1.1)

3.973, dd (8.9, 1.1) 74.8 3.981, dd (8.9, 1.1)

4.151, dd (8.9, 4.5) 53.9 4.143, dd (8.9, 4.6)

4.041, dq (4.5, 6.5) 66.5 4.004, dq (4.6, 6.9)

1.042, d (6.5)b 16.8 1.038, d (6.9)

2.973, sb 42.6 2.981, sb

–– 169.6 ––

3.143, sb 52.9 3.056, sb

3.956, dd (10.8, 8.4) 81.8 3.982, dd (8.8, 4.6)

2.247, ddd (13.3, 10.8, 10.4) 33.4 2.489, ddd (13.4, 9.4, 8.8)

1.932, ddd (13.3, 8.4, 4.4) 1.602, ddd (13.4, 6.8, 4.6)

2.495, m 35.3 2.581, m

3.484, dd (11.6, 7.9) 73.9 3.365, dd (19.3, 6.2)

3.148, dd (11.6, 10.0) 3.356, dd (19.3, 9.8)

1.251, mc 34.7 1.285, mc

1.102, mc 20.7 1.105, mc

0.677, t (7.3)b 13.3 0.681, t (7.3)b
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intermediate.17 Moreover, according to our results, the
participating base substantially influences the reaction
mechanism.

Oxidation of 1 with H2O2 in the presence of NH4OH
afforded only one isomer of the sulfoxide. The other was
probably rapidly oxidized into the sulfone derivative of
1. The method used for the determination of the abso-
lute configuration of the sulfoxides (prepared with
dimethyloxirane) was in principle based on comparison
of the CD spectra of both isomers;7 we had only one at
our disposal. In addition, MS and NMR spectra were
used as supporting arguments. Moreover, the reported
NMR spectra7 were measured in chloroform, a solvent
in which our compounds were not soluble. Therefore,
we prefer to leave this configuration question open.

In our experience, the H2O2 must be of high quality;
otherwise impurities present totally inhibit the oxidation
of 1 under any conditions. The failure of Sztaricskai
et al.7 to observe oxidation of 1 with H2O2 might be
explainable by this observation. Our results shed new
light on the preparation of chemically and pharmaco-
logically interesting18 N-oxides and makes it possible to
prepare a new type of these compounds easily using
nontoxic oxidants.
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