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Photoreaction of 1H-Azepine-2,7-dione in Alkaline Solution
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Photolysis of 1H-azepine-2,7-dione 2 proceeded with alkali as in the photoreaction of N-alkylimide to

give 7-hydroxy-1H-azepine-2-one 13.

J. Heterocyclic Chem., 38, 531 (2001).

As apart of benzofuroxan and benzofurazan chemistry,
we have already reported the photoreaction of benzo-
furoxan 1 in acetonitrile containing a little water, under a
high pressure mercury lamp, where it was found to give
1H-azepine-2,7-dione 2, while under irradiation using a
low pressure lamp, 6H-furazano[4,5-c] carbazole-3-oxide 3
and compound 2 were obtained[1], and then the photo-
product 2 produced photodimer 4 by irradiation in acetoni-
trilezwater(9:1, v/v) using a high or low pressure mercury
lamp[2] as depicted in Schemel.
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In this study, examination was made of the photolysis of
product 2 in alkaline solution. The photoreaction of N-
alkylphthalimide 5 proceeds in the presence of amines[3].
This reaction is quite similar to the photoreaction of car-
bonyl compounds with amines [4].The photoreaction of
1H-azepine-2-one 11 yields cyclized 12 [5] as shown in
Schemelll.

Prototropy was found in this study to possibly result from
N-H to C=0 bonds on compound 2 based on spectral
behavior in uv spectraand nmr spectrafollowing potassium
hydroxide addition. In uv spectra, compound 2 in neutral
solution exhibited two absorption bands with maxima near
208 and 282 nm, while the compound 2 solution with added
akali exhibited a different maximal absorption band near
234 nm. Moreover, it appeared that the absorption of the
solution, which was neutralized with a corresponding
amount of acid, agreed with that of the first neutral solution.
In the nmr spectra, compound 2 exhibited two signal's cou-
pled together between H3 (= H6) [6.82 ppm] and H4 (= H5)
[6.47 ppm], in neutral solution. However, in a solution with
added akali , compound 2 exhibited multiple signals near
the absorption region of H4 (= H5) described above.

The photolysis of compound 2 was conducted in the
presence of potassium hydroxide to produce the photore-
duced compound 7-hydroxy-1H-azepine-2-one 13. On
using morpholine as alkali, the same result was obtained.

Assignment of product 13 was made based on its mass
spectra, microanalyses, ir spectra, and nmr spectra using
C-H COSY and H-H COSY experiments. In the 1H nmr
spectrum, four protons were observed resonating in the
5 —7 ppm region, and a one proton around 4.2 ppm. The
C-H COSY spectrum shows that these protons correlate
with carbon resonances, in a manner consistent with an
azepine-2-oxide structure. Based on correlations observed
inthe H-H COSY spectrum, the four protons resonating in
the 5 - 7 ppm range are assigned to the ring system, thus
verifying the structure of product 13 (Figure 1). The nmr
signal of H-3 appears as a doublet of doublets, however in
the H-H COSY only coupling with the ring proton H-4 is
observed. Upon addition of D,O the signal of H-3
changes from a doublet of doublets into a doublet. Also,
in a spin-spin decoupling experiment, where the N-H pro-
ton resonance is irradiated, a doublet is observed for H-3.
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Figure 3. Nmr Spectra of Compound 13 (8) 13C-nmr spectra; (b)
Spectra using C-H-COSY; (c) Nmr spectra using H-H COSY.
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These experiments show that H-3 is coupled with the pro-
ton of N-H bond.

The photoreduction of compound 2 by morpholine may
proceed in overal reactionsimilar to that of the photore-
duction of N-alkylimide by amines [3]. Next examination
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Figure 4. Nmr Spectra of Compound 13 (a) Spectra in al region. 8.22
ppm (N-H), 3.95 ppm (O-H): deuterium oxide-exchangeable; (b) Spectra
inregion of 3.9~6.3 ppm; (c) Spin-spin decoupling experiment by irradi-
ating a peak of N-H proton absorption (8.22 ppm).
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Figure 5. Structure of Compound 13

was made of the photolysis of compound 1, the parent
material in this reaction. Compound 1 was irradiated in
acetonitrile containing a little water with a high pressure
mercury lamp for 30 hours, followed by photolysis of the
reaction solution with a little morpholine or potassium
hydroxide added for 10 hours, and compound 13 described
above was obtained. Compound 13 underwent conversion
to compound 2 on exposure to air in a desiccator over a
period of three months.
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Photolysis of 1H-Azepine-2,7-dione(2) with Morpholine.

A solution of 100 mg (8 mmoles) of compound 2 and 0.3 ml of
morpholine dissolved in 300 ml of acetonitrile:water (9:1,v/v)
was irradiated using a 400-W high pressure mercury lamp with a
Pyrex filter at room temperature. After irradiation 10 hours, unre-
acted 2 (1.4 mg, 1.4%) and product 13 (3.9 mg, 3.8 %) were sep-
arated by column chromatography and identified.

7-Hydroxy-1H-azepine-2-oxo-7-ol (13).

This compound was obtained as colorless crystals (hexane:eth-
ylacetate (7:3,v/v)), mp 112~113 °C; ir (potassium bromide): v
1684 (N-C=0), 3216, 3470 (OH, NH) cmL; 1H nmr (acetonitrile-
d3): 6 2.21 (s, 1H, OH, deuterium oxide-exchangeable);
4.05~4.06 (t, 1H, C(OH)-H), 5.44 (g, 1H, C=C-CH=CH-C<),
5.68 (g, 1H,C=C-CH=CH-C<), 6.08 (m, 1H, O=C-CH=CH-),
6.23 (d, 1H, O=C-CH=), 8.03 (s, 1H,NH, deuterium oxide-
exchangeable); 13C nmr (acetonitrile-dz): & 70.0 (C(OH)-H),
114.0, 123.5, 125.6, 129.2 (C-H), 169.0 (C=0); hrms: (m/z)
125.0476. Calcd. for CgH;NO,: M,125.0476.

Anal. Calcd. for CgH/NO,: C, 57.59; H, 5.64; N, 11.19.
Found: C, 57.68; H, 5.57; N, 11.33.

Photolysis of Benzofuroxan (1) with Morpholine.

A solution of 10.0 g of compound 1 dissolved in 1500 ml of
acetonitrilewater (9:1,v/v) was irradiated using a 400-W high
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EXPERIMENTAL

Compound 2 was prepared as previously described [1]. The
photoreactions were carried out with Nikko Sekiei Works photo-
chemical reactor. Melting points were determined with a
Yanagimoto micromelting point apparatus and are uncorrected.
Their spectrawere recorded on a Jasco |R-810 spectrometer. The
1H and 13C nmr spectra were recorded on a INM-GSX 400 FT
NMR instrument with TMS as the internal standard. The mass
spectrawere recorded on a Hitachi M-2000 spectrometer with an
electron beam energy of 70 eV. Microanalyses were performed at
the microanalytical laboratory of the Center for Instrumental
Anaysisin College of Pharmacy, Nihon University.
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pressure mercury lamp with a Pyrex filter at room temperature
for 30 hours, followed by photolysis of the reaction solution with
1.5 ml of morpholine added for 10 hours, and unreacted 1, prod-
uct 2 (18.8 mg, 0.1 %), and 13 (144.7 mg, 1.2 %) described
above were obtained.
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