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Photochemical Studies

VIII. The Formation of Benz[d]-1,3-0xazepines in the Photolysis of
Quinoline N-Oxides in Solution *

0. BUCHARDT

Chemical Laboratory II (General and Organic Chemistry), University of Copenhagen,
The H. C. Orsted Institute, Copenhagen, Denmark

and

B. JENSEN and I. KJOLLER LARSEN

Chemical Laboratory C, The Royal Danish School of Pharmacy, Copenhagen, Denmark

The photolysis of a series of 2-phenyl- and 2-cyanoquinoline
N-oxides is described. The main photolytic products are benz[d]-1,3-
oxazepines (III). This was shown by X-ray crystallography, and by
the examination of some of their chemical and spectroscopic properties.
The formation of N-acyl-2-hydroxy-2,3-dihydroindoles (V) or the
open chain tautomers (V’) in the solvolysis of the presently described
benz[d]-1,3-oxazepines indicates the general occurrence of benz[d}-
1,3-oxazepines in the photolysis of quinoline N-oxides. Minor amounts
of some other compounds were also isolated.

Recently the photolysis of a series of 2-phenyl substituted quinoline N-oxides
(Ta-d) was described in a preliminary communication,! and a tentative
assignment of benz[d]-1,3-oxazepine structures (IIla-d) to the main products
was put forward. One of the products, IIla, was previously obtained in the
photolysis of Ia by Kaneko et al.?, who assigned an oxaziridine structure (II)
to this and some related products.?-5

The evidence for our tentative assignment! was the chemical and some
of the spectroscopic properties of the presumed benz[d]-1,3-oxazepines.**

In this paper the photolysis of an extended series of quinoline N-oxides
(Ia-m) is described. The main products of these photolyses, which according
to their elemental analyses are isomers of the starting products, were benz[d]-

* A preliminary report of a part of this work has appeared.!
** The experimental details of this work are given in the present paper.
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1842 O. BUCHARDT ET AL.

1,3-oxazepines (IIla-m), and in some of the experiments minor amounts of
carbostyrils (IVa, c-d) were also isolated.

The identification of the benz[d]-1,3-oxazepines is based on an X-ray
study of a monobromo compound (IIle) which unambiguously establishes
the seven-membered ring and enables us to infer the relative positions of the
hetero atoms. The absolute positions of the two hetero atoms are inferred
from some of the chemical data. By comparing the IR, UV, and NMR spectra
(Table 1) of the main photolytic products (IIIa-m), it is concluded that they
all contain the benzoxazepine structure.
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The carbostyrils (IVa, c-d) are identified by elemental analysis, and by
IR and UV spectroscopy (Table 2).

The indole derivatives (Va, Vc), and the chain tautomer (V'b), which are
formed in the solvolysis of IIla-c, are identified by IR, UV (Table 2), and
NMR spectroscopy (Table 3, Fig. 2).

STRUCTURE ELUCIDATION OF THE BENZ[d]-1,3-OXAZEPINES

A. X-Ray crystallography: The electron density projection gp(xy) of Ille
shows the molecule well resolved (Fig. 1). However, the X-ray data used do
not permit an unequivocal determination of the absolute positions of the
oxygen and nitrogen atoms. The molecule is roughly planar with the plane
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PHOTOCHEMICAL STUDIES VIII 1843

approximately parallel to the y-axis and tilted in relation to the z-axis. In the
projection (Fig. 1) the O—C-4 distance is very short although it is approxi-
mately parallel to the y-axis, and we therefore conclude that the molecule
shows some deviation from planarity in this region. The projections of the
interatomic distances clearly show that the only bonds which can exist between
the atoms in the molecule are those shown between the neighbouring atoms in
the figure.

B. Spectroscopy of the benz[d]-1,3-oxazepines: The IR spectra of the
benz[d]-1,3-oxazepines (Table 1) all show two characteristic absorptions in
the 1600 cm™ region, which we tentatively assign to the vibrations of the seven-
membered ring.
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Fig. 1. Electron density projection g(xy) of ITlc.

e

The UV spectra (Table 1) show absorption at slightly longer wavelength
than found in the spectrum of cis-stilbene. Apparently, the delocalization
of the electrons in the seven-membered ring is of the same magnitude as that
found in other heterocyclic seven-membered ring systems with a number of
n-electrons that does not agree with the Hiickel (4n + 2)-rule.®

In the NMR spectra of the benz[d]-1,3-oxazepines (Table 1), the signals
due to the protons in the seven-membered ring are very characteristic, and
appear to be of considerable diagnostic value.

Acta Chem. Scand. 21 (1967) No. 7
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1846 0. BUCHARDT ET AL.

C. Chemical reactions: As a result of the X-ray crystallographic study,
the relative positions of the two hetero atoms could be inferred. The absolute
positions were elucidated by solvolysis of the benz[d]-1,3-oxazepines (III)
under very mild conditions in aqueous ethanol. This yields either the indole
derivatives (V), or the chain tautomers (V’). The ring forms (V) and the open
forms (V') are believed to form equilibrium mixtures in solution.”® As ex-
pected,” the ring tautomer (V) is the most stable if X2 = H, while the chain
tautomer (V') is preferred when X2 = CH;.
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Compounds Va, Ve, and V'b were identified by elemental analysis (Table 6),
and by the similarity of their IR, UV (Table 2), and NMR spectra (Table 3,
Fig. 2) with those of the previously described N-formyl and N-acetyl ana-
logues.?10

N-Benzoyl-2-hydroxy-3-methyl-2,3-dihydroindole (Vec) exists as a ca. 1:2
mixture of the cis and trans forms in solution, as seen from the NMR spectrum *
(Fig. 2, Table 3).

Table 3. Nuclear magnetic resonance spectra® of 2-hydroxy-2,3-dihydroindoles (V), and the
chain-tautomer (V’).

Compound Aliphatic methylene and methine protons Methy! protons
H-2 4.43,d,J = 6.5

Vab H-34 6.60, dd¢, J, = 6.5, J, = 17
H-3p 7.20,d,J = 17

Vb 6.18, s 7.95,8

cis Ved H-2 4.41,dd, J; = 8.0,J, = 6.6 8.62,d,J = 1.3
H-3 6.5, m°

trans Vel H-2 4.72,d4,J = 6.7 8.75,d,J = 7.3

H- 6.81,q,J = 7.3

4 Chemical shifts are in 7 units, coupling constants in eps; s = singlet, d = doublet,
dd = doublet of doublets, q = quartet, m = multiplet.

b 60Mc/s with TMS as internal reference and DMSOd, as solvent.

¢ Partly obscured by the signal from H,O present in the solvent.

4 100 Me/s with TMS as external reference and DMSOd, as solvent.

* For a detailed discussion of the NMR spectra of type V compounds, sece Refs. 7—8.
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Fig. 2a. 100 Mc/sec NMR spectrum of Ve in DMSOd,; with TMS as external reference.

The peak at 6.5 7 is mainly due to water present in the solvent. b, c. Part of the spectrum

of Ve, with various spin decouplings shown. With spin decoupling at C, the signal at
6.5 T was slightly changed.
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1848 O. BUCHARDT ET AL.

The benz[d]-1,3-oxazepines consume iodine in neutral aqueous solution,
and it was shown that Illa consumes 1 mole of iodine per mole, and that the
benz[d]}-1,3-oxazepines reduce copper(Il) chloride under quite mild conditions.

Finally it was found that IITa gives N-benzylindole by reduction with
lithium aluminium hydride.

RESULTS AND DISCUSSION

The formation of benz[d]-1,3-oxazepines (III) is considered to be of general
occurrence in the photolysis of quinoline N-oxides. Type III compounds have
so far only been isolated from quinoline N-oxides with a phenyl group or a
cyano group in the 2-position, but the formation of N-formyl-2-hydroxy-
2,3-dihydroindoles in the photolysis of quinoline N-oxides with H in the
2-position 810 and of N-acetyl-2-hydroxy-2,3-dihydroindoles or their chain
tautomers in the photolysis of 2-methylquinoline N-oxides ?,° strongly point
towards benz[d]-1,3-oxazepines (III) as precursors for the N-acylindoles.
(Note that this is a change in the mechanistic pathway suggested previously 7,19).

Furthermore, the unstable intermediates detected in the photolysis of
2-methylquinoline N-oxide ¢ and 2,4-dimethylquinoline N-oxide ? probably
were the corresponding benz[d]-1,3-oxazepines.

It still seems attractive to consider that the primarily formed species
leading either to carbostyrils (¢f. Ref. 7) or benz[d]-1,3-oxazepines (III) are
the oxaziridines (1I).

The zwitterionic intermediate (II'—II''), suggested in the previous pa-
pers,”»10 still seems reasonable, since the formation of benz[d]-1,3-oxazepines
(IIT) can be explained by way of the latter ion. The benz[d]-1,3-oxazepines
(III) can then react with water to form type V—V’ compounds, cf. p. 1846.
However, it is emphasized that the mechanism suggested is purely speculative.
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Besides the pathway from II'—II"" leading to benzoxazepines, another
pathway leading to carbostyrils is believed to exist.” It is found that the
formation of type III compounds or their hydrolysis products V—V’ can be
more or less inhibited, depending on the substituents, when the photolyses
are run in protic solvents.’s!' A control experiment to verify that the carbo-
styrils are not formed from III by irradiation has been performed.! Finally
it should be noted that deoxygenation of the quinoline N-oxides during
irradiation can also take place.?

Acta Chem. Scand. 21 (1967) No. 7



PHOTOCHEMICAL STUDIES VIII 1849

EXPERIMENTAL

Microanalyses were carried out in the microanalysis department of this laboratory
by Mr. Preben Hansen and his staff.

Melting points (uncorrected) were determined on a Reichert melting point microscope.

Infrared spectra for identification were recorded on a Perkin Elmer “Infracord”,
infrared spectra for analytical purposes on a Perkin Elmer Model 337 grating infrared
spectrophotometer.

Ultraviolet spectra were recorded on a Perkin Elmer Model 137 UV spectrophotometer.

Nuclear magnetic resonance spectra were recorded on a Varian A-60 or a Varian
HA-100 spectrometer.

X-Ray crystallography. 2-Phenyl-7-bromobenz[d]-1,3-oxazepine crystallizes from
pentane as yellow, needle-shaped orthorhombic erystals. The cell dimensions, determined
from rotation and Weissenberg photographs, are: @ = 11.0 A, b = 25.2 A, ¢ = 4.55 A,
7 = 4. From the absence of reflections 200 when 4 is odd and 0k0 when k is odd the
symmetry of the (001) projection was found to be pgg.

A crystal of dimensions 0.16 X 0.1 X 0.8 mm?® was rotated around the needle axis, -
and Weissenberg photographs of the hk0 reflections were made, using CuKe radiation
and multiple film technique. The intensities were estimated visually. Corrections for
absorption were not undertaken.

Table 4. Final positional and thermal parameters and their estimated standard deviations.

Atom x ox Y oy B oB
Br 0.1596 0.0007 0.0852 0.0003 5.20 0.26
C-17 0.218 0.005 0.013 0.002 2.5 1.4
C-6 0.681 0.005 0.003 0.002 2.5 1.6
C-5a 0.638 0.006 0.059 0.002 4.3 1.9
C-9a 0.707 0.005 0.086 0.002 3.2 1.5
C-9 0.811 0.006 0.065 0.003 4.2 2.3
C-8 0.862 0.006 0.010 0.002 4.4 1.7
C-5 0.531 0.006 0.072 0.003 5.7 2.1
C-4 0.452 0.004 0.104 0.002 2.6 1.2
(0] 0.460 0.005 - 0.136 0.002 6.5 1.7
C-2 0.577 0.005 0.156 0.002 2.4 1.4
N 0.678 0.004 0.137 0.002 4.1 1.3
C-1 0.5655 0.006 0.216 0.003 4.2 1.7
C-2’ 0.454 0.006 0.236 0.002 3.7 1.9
C-3’ 0.429 0.006 0.289 0.003 4.1 1.8
C-4/ 0.518 0.007 0.304 0.002 4.4 1.9
C-5' 0.627 0.007 0.287 0.003 5.1 2.1
C-6 0.656 0.007 0.234 0.003 7.1 2.3

The Patterson function P(xy) was calculated from 185 independent AkQ reflections,
and the structure was determined from this by use of the heavy atom technique. Refine-
ments of the coordinates were performed using the step method of Bhuiga and Stanley,!®
and by least squares refinements * of the co-ordinates and the individual isotropic
temperature factors, the R-index was lowered to 14.6 9. The final parameters are given
in Table 4, together with their estimated standard deviations.

Acta Chem. Scand. 21 (1967) Neo. 7
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PHOTOCHEMICAL STUDIES VIII 1851

Methods of irradiation. The procedures previously described,” methods A or B, were
employed in the present investigation. When specified, deoxygenated nitrogen was
flushed through the solutions during the irradiations.

Chromatography. Thin layer chromatography (TLC) was performed on 8 X 10 em
plates (Kieselgel PF,;, or PF,, | ..., Merck, 0.25 mm). Preparative layer chromatography
(PLC) was performed as described by Halpaap.'* The plates were 40 X 100 cm. The
thickness of the layer (Kieselgel PF,;, or PF,;, | ., Merck) varied between 0.5 mm
and 2.5 mm. Various solvent mixtures were employed for development. The fractions
were isolated by extraction with ethyl acetate, using a Soxhlet apparatus. The chromato-
grams were visualized with UV light.

Quinolines. (Table 5). 2-Phenyl-, 2-phenyl-3-methyl-, 2-phenyl-4-methyl, and
2-phenyl-6-methylquinoline were prepared according to the method described in Ref. 16.
2-Phenyl-6-bromo-, 2-(4-bromophenyl)-, and 2-(4-bromophenyl)-6-bromoquinoline were
prepared by the Pfitzinger reaction.'” 2-Cyano-, 2-cyano-3-methyl-, 2-cyano-4-methyl-,
2-cyano-6-methyl-, 2-cyano-6-methoxy-, and 2-cyano-4-methyl-6-methoxyquinoline were
prepared by cyanation of the parent O-methylated quinoline N-oxide methyl sulfates.!®

Quinoline-N-oxides. (Table 5). These were all prepared as described for 2-phenyl-
quinoline N-oxide. The reaction times varied between two and ten days.

2-Phenylquinoline N-oxide (Ia). 2-Phenylquinoline (41.0 g) and ca. 80 9, 3-chloro-
perbenzoic acid (50 g) were dissolved in chloroform (0.7 1). The solution was left in the
dark for 48 h at room temp. After this, the solution was shaken with an excess of 1 N
sodium hydroxide, washed once with ca. 0.1 N sodium hydroxide, twice with saturated
sodium chloride and dried over anhydrous magnesium sulfate. After filtration and
evaporation of the chloroform, 42 g of crude 2-phenylquinoline N-oxide was isolated.

Photolysis of quinoline N-oxides in aprotic solvents. The irradiations were all performed
analcl)gously to the irradiation described for 2-phenylquinoline N-oxide (Ia) in acetone
(Table 6).

Photolysis of 2-phenylquinoline N-oxide (Ia) in acetone. 2-Phenylquinoline N-oxide
(10.0 g) was dissolved in acetone (1.25 1) and irradiated after method B’ for 12 h, after
which time no more starting material could be detected by TLC. On evaporation of the
solvent, an oily yellow residue was obtained. The residue was extracted several times
with boiling hexane. Evaporation of the hexane yielded crude 2-phenylbenz[d]-1,3-
oxazepine. After several recrystallizations from pentane, the melting point was raised
to 65—66° (Table 6).

Photolysis of 2-phenylquinoline N-oxide (Ia) in 96 %, ethanol. 2-Phenylquinoline
N-oxide (Ia) (2.00 g) dissolved in 96 9, ethanol (210 ml) was irradiated according to
method A’ for 22 h, after which time no more starting material could be detected by TLC.
For 0.5 h before, and during the period of irradiation, the solution was flushed with
deoxygenated nitrogen. By evaporation of the solvent, a yellow oil was obtained which
was treated with ether-petroleum ether (1:1). This yielded a crystalline fraction, identified
as 3-phenylcarbostyril (IVa) (8 %), m.p. 232—233° (Lit.'® 235°). (Found: C 81.75; H 5.17;
N 6.45. Cale. for C,;H,,NO: C 81.43; H 5.01; N 6.33). The solvent was evaporated, and
the remaining oil extracted with petroleum ether. The petroleum ether was evaporated
to yield 1.57 g of crude 2-phenylbenz[d}-1,3-oxazepine (IIIa). The residue from the
latter extraction consisted of impure N-benzoyl-2-hydroxy-2,3-dihydroindole (Va).

Photolysis of 2-phenyl-4-methylquinoline N-oxide (Ic) in 96 % ethanol. 2-Phenyl-4-
methylquinoline N-oxide (Ic) (1.00 g) dissolved in 96 9, ethanol (410 ml) was irradiated
as described for Ta. After evaporation of the solvent, the resulting oil was treated with
ether. This yielded a crystalline fraction which was identified as 3-phenyl-4-methyl-
carbostyril (IVe) (12 %), m.p. 262—263°. (Found: C 81.95; H 5.67; N 6.12. Cale.for
C,HsNO: C 81.68; H 5.57; N 5.95). The ethereal fraction was separated by PLC (petro-
leum ether-benzene-acetone, 10:10:1) into nine fractions. One of the fractions consisted
of N-benzoyl-2-hydroxy-3-methyl-2,3-dihydroindole (Ve) (14 %). One of the other
fractions consisted of crystalline material (258 mg), not yet identified, while the remainder
fractions were oils.

Photolysis of 2-phenyl-6-methylquinoline N-oxide (Id) in 96 Y, ethanol. This experiment
was performed analogously to the one described for Ia in 96 %, ethanpl. This yielded
3-phenyl-6-methylcarbostyril (IVd) (9 %), m.p. 225—226°. (Found: C 81.40; H 5.70;
N 6.64. Cale. for C,;H,,NO: C 81.68; H 5.57; N 5.95), and 2-phenyl-7-methylbenz[d]-
1,3-oxazepine (II1d) (56 9%).

Acta Chem. Scand. 21 (1967) No. 7
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Table 7. 2-Hydroxy-2,3-dihydroindoles (V) and chain-tautomer (V’).

Analysis
Yield M.p.
Compound C H N
% C —
Found | Cale. | Found | Cale. ’ Found ‘ Cale.
Va 65 107—109 75.00 75.30 5.56 5.48 5.88 5.85
V’b 50 115—117 75.75 75.87 5.98 5.97 5.42 5.53
Ve 60 139143 75.75 75.87 6.05 5.97 5.53 5.563

Photolysis of Ia, I111a, and I1Ic in 50 9% aqueous ethanol. These experiments were
performed analogously to the photolyses previously described, cf. Ref. 1.

Solvolysis of benz[d]-1,3-oxazepines. (Table 7). The procedure described for 2-phenyl-
benz[d]-1,3-oxazepine was employed in each experiment.

Solvolysis of 2-phenylbenz{d]-1,3-oxazepine (I111a) in aqueous ethanol. 2-Phenylbenz[d]-
1,3-oxazepine (IIIa) (1.00 g) was dissolved in 96 9, ethanol (50 ml), and water (50 ml)
was added. The reaction mixture was left at room temperature and the disappearance
of IITa followed by TLC. After 20 h, no more IIla could be detected, and the solvents
were removed ¢n vacuo. The oily residue was treated with ether. This yielded 100 mg of
crystalline material, m.p. 248—250°, not yet identified (cf. Ref. 5). The ether-soluble
portion was separated by PLC (petroleum ether-benzene-acetone, 10:10:1). This treatment
yielded N-benzoyl-2-hydroxy-2,3-dihydroindole (Va) (648 mg). After several recrystalliza-
tions from benzene-ether, the melting point was raised to 107 —109° (Table 7).

Reduction of 2-phenylbenz[d]-1,3-oxazepine (IIla) with lithium aluminium hydride.
2-Phenylbenz[d]-1,3-oxazepine (IIIa) (500 mg) dissolved in anhydrous ether (100 ml)
was added to a solution of lithium aluminium hydride (1.0 g) in anhydrous ether (100 ml)
over & period of 10 min, with stirring. The reaction mixture was stirred for 20 h, after
which time it was treated with an excess of water, the precipitated inorganic material
filtered off, and the ether evaporated. By PLC, the resulting brown oil yielded N-benzyl-
indole (318 mg), m.p. 40—41° (Lit.?* m.p. 57°). (Found: C 86.75; H 6.50; N 6.81. Calc. for
C;H,;;N: C 86.92; H 6.32; N 6.76), (NMR: 2.37, multiplet, 1H; 2.857, multiplet, 9H;
3.477, doublet, J = 3 eps, 1H; 4.837, singlet, 2H).

Oxidation of benz[d]-1,3-oxazepines. A. The benzoxazepines, in ethanolic solution,
were treated with an excess of potassium triiodide in water for ca. 15 min, and the excess
of iodine was titrated with sodium thiocyanate. B. The benzoxazepines were dissolved
in aqueous ethanolic copper(II) chloride solution and heated gently. This caused the
precipitation of copper(I) chloride.
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