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Abstract—A sample of 10mM tolmetin in methanol was photo-irradiated with a Hanovia 200W high-pressure quartz Hg lamp for
four days. In total, eight photoproducts were observed from the HPLC chromatogram. Three major photoproducts were separated,
and their structures were elucidated by spectroscopic methods. The structures of all photoproducts were further determined by LC–
ESI-MS. A reaction scheme of tolmetin was proposed.
� 2004 Elsevier Ltd. All rights reserved.
Tolmetin (TLM), 1-methyl-5-(p-toluoyl)-1H-pyrrole-2-
acetic acid sodium salt dihydrate, is a non-steroidal
anti-inflammatory drug (NSAID), which is widely used
as an analgesic and antirheumatic agent.1 However,
drug-induced photosensitivity or phototoxicity is always
related to photoproducts.2 Photolysis showed that
0.1mM TLM in phosphate-buffered saline solution
undergoes photodecarboxylation to p-toluoyl-1,2-di-
methyl-5-pyrrolyl ketone in nitrogen and to p-toluoyl-
1-methyl-2-hydroxymethyl-5-pyrrolyl ketone and
5-(p-toluoyl)-1-methyl-2-pyrrole carbaldehyde in air.3

In the present study, an amount of 10mM TLM in
methanol was irradiated with a Hanovia 200W high-
pressure mercury lamp4 for four days. In total, eight
photoproducts were observed from the HPLC5 and
LC–MS6 chromatograms. Three major photoproducts
3, 7, and 8, were separated according to the elution
order by the preparative HPLC. The structures of photo-
products 3, 7, and 8 were identified by spectroscopic
methods to be p-methylbenzaldehyde, 5-(p-toluoyl)-1-
methyl-2-pyrrole carbaldehyde, and p-toluoyl-1,2-
dimethylpyrrolyl ketone, respectively.7 The molecular
weights of the remaining five minor photoproducts were
determined by LC–ESI-MS with a positive mode of
polarity.
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A novel a-cleavage of a ketone: Photoproduct 2 had a
molecular weight of 109gmol�1, and its structure is
most likely to be N-methyl-2-formylpyrrole. The suc-
cessful identification of 2 represents an interesting find-
ing, which indicates that a typical radical reaction of
a-cleavage of a ketone8 into two moieties occurred.
TLM is a diaryl ketone with a phenyl ring on one side
and a pyrrolyl group on the other. Consideration of
the resonance energy of benzene versus pyrrole9 in con-
jugation with the carbonyl group, which equals 36 ver-
sus 22kcalmol�1, implies the double bond character of
C8 0–C1 0 is stronger than C8 0–C5 due to the greater elec-
tron distribution of the former bond. The counterpart of
the cleavage is photoproduct 3, p-methylbenzaldehyde,
as verified by NMR spectroscopy. Due to the apparently
weaker bond strength of C8 0–C5 in the parent drug,
TLM, the bond fission occurs mainly along C8 0–C5 to
generate acyl (m/z 119) and pyrrolyl radicals (m/z 138).
Next, each of the two radicals picks up a hydrogen atom
from the solvent molecules and the former becomes pho-
toproduct 3. The latter pyrrolyl radical forms firstly an
acetic acid derivative, which decarboxylates and follows
by oxidation with singlet oxygen producing photoprod-
uct 2 (MW = 109gmol�1 equivalent to m/z 138 �
30 + 1; when the functional group changed from
–CH2(C@O)OH to –CHO, m/z would decrease by 30
units). Meanwhile, TLM is a weak acid, which releases
protons as the catalyst. An equilibrium reaction of
nucleophilic addition of methanol to the carbonyl group
of 2 (m/z increases by 32 units) produces a hemiacetal 1
(MW = 141gmol�1).
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Decarboxylation and oxidation: By decarboxylation of
TLM and N-methyl-2-pyrrolyl acetic acid (m/z decreases
by 44 units) initially forms methylene radical intermedi-
ates. The following reactions split into two ways. First,
the former intermediate intercepts a hydrogen atom
from methanol to form compound 8 (MW =
213gmol�1). Second, the two intermediates proceed
via similar reaction pathways by oxidation with the
singlet oxygen to generate the oxidized forms of an alco-
Table 1. Structure elucidation based on LC–MS of TLM and photoproduct

Compound Retention time (min) Quasimolecular ion and fragm

1 2.41 [MH]+: 142

Fragmentation: 110

2 2.51 [MH]+: 110

Fragmentation: 82, 99

3 6.04 [MH]+: 119

Fragmentation: N.D.c

4 9.99 [MH]+: 230

Fragmentation: 212, 119

TLM 10.77 [MH]+: 258

Fragmentation: 119

5 12.29 [MH]+: 246

Fragmentation: 228, 214, 119

6 15.49 —

7 24.20 [MH]+: 228

Fragmentation: 214, 119

8 41.21 [MH]+: 214

Fragmentation: 119

a [MH]+ in m/z units. The difference in MW by subtracting the molecular io
b IUPAC names: TLM, 1-methyl-5-(4-methylbenzoyl)-1H-pyrrole-2-acetic a

benzaldehyde; 4, p-toluoyl-1-methyl-2-hydroxymethyl-5-pyrrolyl ketone; 5

toluoyl-1,2-dimethyl-5-pyrrolyl ketone. The structures of photoproduct 3,
c N.D., no data.

Figure 1. A proposed photodegradation reaction scheme of TLM: (a) a-cleav
hol 4 (MW = 229gmol�1), two aldehydes 3 (MW =
120gmol�1), and 7 (MW = 227gmol�1), respectively.3

Photoproduct 5 is simply a hydrated form of 7
(MW = 245gmol�1; m/z increases by 18 units indicating
that 1mol of H2O is added to 7), just like its parent drug
(TLM) with a dihydrate structure. Photoproduct 6
forms neither a negative nor positive charged species,
thus its molecular weight could not be determined. In
all, seven of the eight photoproducts with their chemical
s

ent (m/z) Difference in m/za Chemical structureb

�116 (�118 � 30 + 32)

�148 (�118 � 30)

�139 (�109 � 30)

�28

—

�12 (�30 + 18)

— —

�30

�44

n of TLM from compound 1–8.

cid; 1, a hemiacetal of 2; 2, N-methyl-2-formylpyrrole; 3, p-methyl-

, hydrate of 7; 7, 5-(p-toluoyl)-1-methyl-2-pyrrole carbaldehyde; 8, p-

7, and 8 confirmed by spectroscopic methods.

age of a ketone; (b) decarboxylation; (c) oxidation with singlet oxygen.
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structures were further checked by LC–ESI-MS10 and
listed in Table 1. A proposed reaction scheme of photo-
lysis of TLM in methanol is shown in Figure 1.
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