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Abstract—The structures of two oxidative degradation products of indomethacin were determined and their formation through a
novel oxidative degradation mechanism is proposed. The synthesis of one of the degradation products is described.
� 2005 Elsevier Ltd. All rights reserved.
Indomethacin is a nonsteroidal anti-inflammatory drug
that is prescribed to mainly treat rheumatoid arthritis
and pain. The major degradation pathway of the drug
substance is the hydrolysis of the amide linkage leading
to the formation of 4-chlorobenzoic acid and 2-methyl-
5-methoxyindole-3-acetate.1 However, no detailed oxi-
dative degradation studies have been reported according
to our survey. In order to look for potential oxidative
degradation products, we performed oxidative stressing
by using hydrogen peroxide as the oxidant. In this
paper, we report a novel oxidative degradation pathway
of indomethacin revealed from the study. In addition,
a synthetically useful preparation procedure is described
for one of the two major oxidative degradation
products.

To carry out the oxidative degradation, indomethacin
was dissolved in an aqueous mixture containing 0.23%
of hydrogen peroxide and the resulting solution was
heated at 80 �C for 75 min.2 Two major degradation
peaks were observed eluting prior to the indomethacin
peak in the HPLC analysis of the reaction solution
(Fig. 1).3 LC–MS analysis4 of the solution indicated that
the first eluting degradation product (RRT 0.64)5 had a
molecular weight of 330, or MWindo + 16 � 44 (where
0040-4039/$ - see front matter � 2005 Elsevier Ltd. All rights reserved.
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MWindo is the molecular weight of indomethacin, 358)
while the later eluting degradation product (RRT 0.73)
had a molecular weight of 374 or MWindo + 16. These
values appear to imply that RRT 0.73 corresponds to
a species that had an oxygen incorporated into indo-
methacin and a subsequent decarboxylation of this spe-
cies might lead to RRT 0.64. Nevertheless, heat stressing
the collected RRT 0.73 fraction did not yield any RRT
0.64, suggesting that the two species may share a com-
mon intermediate but one is not the precursor of the
other. Based upon the known chemistry of the indole
ring, the initially formed oxygenated species is most
likely an indole-2,3-epoxide (1) as shown in Scheme 1.
According to the work published by Zhang and Foote,6

such an epoxide is not stable at room temperature and
would be expected to rearrange into several secondary
degradation products, among which a major one would
be formed through a 2,3-alkyl shift concurrent with the
cleavage of the epoxide ring (Scheme 1, route a). Fol-
lowing up on this lead and the molecular weight infor-
mation obtained from the LC–MS study, the most
probable structures (2 and 3, Scheme 1) were then pro-
posed for the two degradation products (RRT 0.64
and RRT 0.73), respectively. In order to confirm the
proposed structures (2 and 3), additional materials were
needed for NMR structure determination. Hence, indo-
methacin was treated with 3-chloroperoxybenzoic acid
in methylene chloride, a well known reagent for epoxide
preparation, to see whether this procedure would gener-
ate the two degradation products in large enough quan-
tities for the NMR study.7 A large white precipitate
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Scheme 1. Oxidative degradation of indomethacin under stressing by hydrogen peroxide.

Figure 1. Upper: HPLC analysis of indomethacin solution in methanol/acetonitrile/water (1/2/3, v/v/v) stressed with 0.23% hydrogen peroxide under

80 �C for 75 min. Lower: UV scans of indomethacin and its two main degradation products at RRT 0.64 and 0.73.
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occurred during the course of the reaction and isolation
of the material was achieved through filtration. The
material was then dried and HPLC analysis indicated
that it was a pure compound. Moreover, this material
co-eluted with RRT 0.73, which was confirmed by analy-
sis of the original aqueous oxidation solution2 spiked
with the material. Furthermore, a comparison of their
UV scans with photo-diode array UV detector (Fig. 1)
confirmed that they were the same species.

1H NMR analysis of the material, nevertheless, showed
that the proposed structure (2) was not completely com-
patible with the observed spectrum. Further analyses of
the compound with 2D carbon–proton correlation tech-
niques (HMQC and gHMBC) suggested that the correct
structure was the one with a tricyclic framework (4, Fig.
2).8 Apparently, the carboxyl attacked the 2-position
which resulted in the opening of the epoxide ring and
the concomitant formation of the lactone ring (Scheme
1, route b). A search for the tricyclic structure in the lit-
erature indicated that it was previously reported by Hi-
robe�s group when they performed a drug metabolism
studies on indomethacin using chemical P-450 model
systems9 as well as a rat liver microsomal system.10

While compound 4 (RRT 0.73) is quite stable at room
temperature and can be readily made in large quantity,7
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25 �C). Only protonated carbons were assigned due to a limited sample amo
compound 3 (RRT 0.64) is relatively unstable and vari-
ous attempts to synthesize it in quantity were unsuccess-
ful. It became necessary to isolate compound 3 from the
original aqueous hydrogen peroxide stressing system by
using preparative HPLC.11 A small amount of com-
pound 3 was then isolated and subjected to both 1D
and 2D NMR analyses as well as high resolution mass
determination;12 all data gathered (Fig. 3) supported
the proposed structure (3). The most obvious spectro-
scopic features are the two geminal protons occurring
at 6.38 and 6.00 ppm as singlets with both attached to
the same carbon at 128.3 ppm, thereby, indicating an
exo-methylene unit as shown in Figure 3. ROESY cross-
peaks were observed between 6.38 ppm singlet and the
acyl methyl group at 2.38 ppm. In this case, decarboxyl-
ation was accompanied by a simultaneous opening of
the epoxide ring, which in turn resulted in the breakage
of the N–C bond between the 1 and 2 positions (Scheme
1, route c).

In summary, we have described a novel oxidative degra-
dation pathway for indomethacin when it is stressed
with hydrogen peroxide. One of the oxidative degrada-
tion products (4) was also observed previously as a
metabolite when indomethacin was subjected to bio-
transformation with rat microsomal system and chemi-
cal P-450 model systems involving a porphyrin iron
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moiety.9,10 Another degradation product (3), a result of
novel oxidative decarboxylation, has not been previ-
ously reported. In addition, we have developed a syn-
thetic procedure that can produce compound 4 in
large quantity which can be used as reference standard
for future monitoring of the degradation product. A sur-
vey of the literature also indicates that compound 4 is
structurally similar to a key intermediate for physostig-
mine,13 an indole alkaloid clinically used as anticholines-
terase, which appears to render 4 useful in preparing
physostigmine analogs. Physostigmine and its analogs
have been reported as potential therapeutic agents for
Alzheimer�s disease.14
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