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Photodegradation of azilsartan produces a phenanthridine derivative, with its molecular structure determined by
1H and '3C NMR spectroscopy. This structure is confirmed by single-crystal X-ray diffraction and alternative
synthesis. The phenanthridine ring formation is explained through the ring closure of an imidoylnitrene inter-
mediate produced by decarboxylation of the 5-ox0-1,2,4-oxadiazole ring (oxadiazolone).

The non-peptide antagonists of angiotensin II type 1 (AT1)
receptors’ > are useful for treating hypertension and related medical
conditions. Among these AT1 receptor blockers (ARBs) also termed
sartans, azilsartan (AZL)** has attracted particular attention because of
its relatively higher hypotensive potential.® ® Its chemical structure in-
cludes a benzimidazole core with a carboxy group at position 7 and a
biphenylmethyl moiety involving an acidic group at position 2'.
Although most sartans contain a tetrazole ring, AZL involves a 5-oxo-
1,2,4-oxadiazole (or oxadiazolone) moiety as an acidic functional
group on the biphenyl moiety.
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According to guidelines™'® from the International Conference on
Harmonization (ICH), studying forced decomposition including light
irradiation is important for establishing the stability characteristics of
pharmaceutical products. In addition, to evaluate the toxicity of impu-
rities retained in pharmaceuticals or impurities that may increase during
storage, chemical structure information is required. In fact, even if this

involves an in silico method,'""'? experimentally identifying the struc-
ture of any impurity is vital for drug safety assurance.

In previous studies, AZL medoxomil (prodrug) was reported to
photohydrolyze to the free acid,'® while AZL itself yield 1H-diazirine
derivative when irradiated with ultraviolent (UV) rays.14 In addition to
1H-diaziridine, carbodiimide is also produced, these products being
assumed to form through decarboxylation of the oxadiazolone moiety
and generation of imideylnitrene (Scheme 1.5 However, little
experimental evidence is provided for these reactions by previous
studies, especially, considering that except in special cases, 1H-diazi-
lines are unstable and challenging to isolate because of their cyclic 4n
electron systems.'® Consequently, in AZL photolysis, the isolated prod-
uct from imidoylnitrene is considered different from 1H-diazirine. The
purpose of this study is to clarify the structure of this product.

When a solid sample of AZL was irradiated by UV light at the same
condition as described in ref. 14, no observable change was found
(Fig. S1). In contrast, when the AZL photolysis was conducted by irra-
diating (265 nm) a dilute AZL-methanol solution for 64 h, the solution
changed gradually from colorless to brown and a brown powder
precipitated. Analysis of the suspension by HPLC/ESI-MS revealed a
single decomposition product (4), with a molecular ion peak at m/z of
413.17 (M+H™) (Fi g. 1). The mass difference compared with AZL (exact
mass m/z 456.14) suggests that 4 is formed by AZL decarboxylation,
consistent with previous studies on AZL photolysis.'* Notably, 'H NMR
measurements reveal that signals for several aromatic hydrogens in 4
are considerably low-field shifted (6§ = 8.5-7.0) compared to those in
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Scheme 1. Illustration of the photolysis of oxadiazolone.

AZL (6 = 7.5-7.0). These results suggest that 4 is a phenanthridine
instead of 1H-diazirine. To confirm this hypothesis, we set to synthesize
4 using another method. Establishing the synthetic pathway of 4 is also
important for understanding the decomposition of AZL and related
substances as well as the biological activities of their decomposition
products.

We synthesized 4 as shown in Scheme 2. First, N-hydroxyar-
enecarboximidamide 1, which was prepared from the corresponding
nitrile, was acetylated with acetic anhydride to 2. Next, 2 was converted
to phenanthridine 3 using iron (III) as the catalyst. The phenanthridine
ring is generally synthesized from cyclization by creating a C-C or C-N
bond with a radical'®?! or transition metal.’>*> However, the method
involving the O-acetyl oxime group?*~2° is preferred because it produces
an intramolecular C-N bond on the ortho-functionalized biphenyl. In
preparation of 3, although the LC-MS analysis of the crude product
showed a molecular ion peak corresponding to a decarboxylation
product, isolating 3 was unsuccessful. Therefore, the ester moiety was
hydrolyzed with sodium hydroxide to obtain the target carboxylic acid
4. Both 'H and '3C NMR results supported that the obtained 4 was a
putative structure of the photolysis product.

Fortunately, we obtained a high-quality single crystal of the salt of
the photodegraded product with 1,8-diazabicyclo[5.4.0]undec-7-ene
(DBU). X-ray structural analysis of the crystal revealed a compound
containing the phenanthridine ring (Fig. 2), supporting the putative
structure obtained from synthesis. Note that formation of phenan-
thridine ring was not reported on phododegradation of AZL medoxomil,
where only photohydrolysis of the ester group occurred.'®> The
discrepancy of the photodegradation products could be due to different
reaction conditions including solvent system.

The compound 4 (photodegradation product of AZL) exhibits a
phenanthridine structure. The phenanthridine ring is attributed to the
formation of a central ring through the intramolecular C-N bond of the
ortho-functionalized biphenyl precursor. Probably, the reactive inter-
mediate of this reaction involves imidoylnitrene. Owing to intensive
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Scheme 2. Steps and compounds involved in the synthesis of the photo-
degradation product of azilsartan.

Fig. 2. X-ray structure of the DBU salt of 4. Oxygen atoms are shown in red,
while nitrogens are purple.
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Fig. 1. HPLC chromatogram for the reaction solution from azilsartan photolysis showing the azilsartan photo-product (retention time = 9 min) and azilsartan

(retention time = 21 min).
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Scheme 3. Reactions of imidoylnitrene with mono-substituted benzene bearing
electron-donating group.
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Scheme 4. Proposed mechanism for azilsartan photolysis.

studies on five-membered N-heterocyclic compounds containing N-O
bonds such as oxadiazolone as nitrene precursors”’ > and the 3-phenyl-
2H-1,2,4-oxadiazol-5-one showing a structure similar to AZL,
imidoylnitrene-derived fragments have been obtained through UV light
irradiation.”’

Generally, imidoylnitrenes react with mono-substituted benzene
(PhX) as shown in Scheme 3. First, the imidoylnitrene (in a singlet state)
and PhX form a complex (A), such that A can afford either or both the
benzenium ion (B) through the C-H insertion reaction and/or aziridine
(C) from a cheletropic reaction, depending on the character of the X
group. Especially, when X is an electron-donating group, the benzenium
ion is stabilized by a resonance effect, so that B formation proceeds
preferentially.*®

The AZL photolysis is explained similarly (Scheme 4). First, imi-
doylnitrene E is produced by a photoreaction, with position 2 of the
biphenyl as the most suitable reaction point for the nitrate nitrogen,
considering the bond distance. The reaction at this position likely occurs
before the phenanthridine ring forms because the resonance effect of the
phenyl group at position 1 stabilizes the benzenium ion F produced.
Considering that because of the C-N bond the two 6-membered rings are
coplanar, the resonance stabilizing effect of carbocations in F is expected
to be high. Finally, unlike in general reactions between imidylnitrene
and benzene, further proton transfer occurred, producing 4 through
aromatization of the central ring of the phenanthridine moiety.

In summary, we have shown that photodegradation of AZL was not
observed in the solid state, while it occurred significantly in the solution.
We demonstrated using X-ray structural analysis that a phenanthridine
compound is produced as the photodegradation product, instead of a
conventionally assumed 1H-diazirine derivative. In the photoreaction,
we proposed a thermodynamically stable aromatization reaction
mechanism involving the closure of a central ring through an intra-
molecular C-N bond of the reactive intermediate imideylnitrene. The
findings of this study are important for properly managing azilsartan.
Studies on the toxicity of the photodegradant are ongoing.
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