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A Novel Photofragmentation of 1-Diphenylmethyl-
3,3-diphenyl-4-aryl /(2-thienyl)-2-azetidinones

G.S SINGH
Department of Pharmaceutics, Institute of Technology
Banaras Hindu University
Varanasi-221 005, India

Photolysis of titled compounds 1-diphenylmethyl-3, 3-diphenyl-4-aryl/(2-
thienyl)-2-azetidinones, (I) in dry benzene gave 1,4,4-triphenyl-5-aryl/(2-
thienyl)-3-oxo-1,2,4,5-tetrahydrobenzazepins (1), 1,1,2,2-tetraphenylethane
(), diphenylmethane (IV) and arylnitriles (V). The products have been
characterised on the basis of analytical and spectral (UV, IR, PMR and MS)
data and the mechanistic route of their formation is suggested.

INTRODUCTION

Although azetidinone is a biologically important heterocycle, a little attention
has been paid to its photochemistry. A few examples available in literature report
N-C transacylation, e.g., photolysis of 1-phenyl substituted 2-azetidinones lead

benzacridone and benzacycloalkenonesl'z. The photofragmentation of N-
benzhydryl substituted azetidinones leading to diphenylmethane, 1,1,2,2-tetra—
phenylethane, arylnitriles and N-benzhydryldiphenylacetamide has been
reported3. The present study reveals the effect of UV light (obtained from 200-W
Honovia lamp) on 1-diphenylmethyl-3,3,4-triphenyl-, 1-diphenylmethyl-3,3-diphenyl-
4(4-dimethylaminophenyl)-, 1-diphenylmethyl-3, 3-diphenyl-4- (4 methoxyphenyl)- and
1-diphenylmethyl-3, 3-diphenyl-4-(2-thienyl) -2-azetidinones (Ia-d) in dry benzene.
The azetidinone ring undergoes novel ring opening and fragmentation leading to
1,4,4-triphenyl-5-aryl/(2-thienyl)-3-ox0-1,2,4,5-tetrahydrobenzazepins (Iia-d), as
a major product of this reaction not reported earlier together with starting
azetidinones (la-d, yield 40-45%), 1,1,2,2-tetraphenylethane (III), diphenyl-
methane (IV) and corresponding nitriles (Va-d). The paper also describes the
plausible mechanism in detail.

RESULTS AND DISCUSSION

The product mixture, obtained from irradiation of dilute solutions of
azetidinones Ia-d in dry benzene in nitrogen atmosphere with UV light from
200 W Hanovia lamp, on fractional crystallisation from n-hexane-ethanol (1:1)
and column chromatography afforded 1,4,4-triphenyl-5-aryl-3-oxo-1, 2,4,5-
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tetrahydrobenzazepins (Ila-d, yield 15-25%), 1,1,2,2-tetraphenylethane (111, yield
5-8%, m. pt. and mix. m. pt. 206°C), diphenylmethane (IV, yield 10~15%) and
the starting azetidinones Ia-d in 45-50% yields. The IR spectra of the crude
product mixtures exhibited a strong absorption band at 2265 = 5 cm™ indicating
the presence of nitrile group. The presence of corresponding arylnitriles (Va-c)
was supported by comparison of their R¢ values with that of authentic samples.
The products III, IV and starting azetidinones la-d were identified on the basis
of comparison (underpressed mix m. pt and/or Co-IR) with authentic samples
prepared according to reported methods*S. Tetrahydrobenzazepins IVa-d were
characterised on the basis of analytical (Table 1) and spectral (UV, IR, PMR and
MS) data (Table 2). The IR spectra of IIa-d in nujol were characterised by two
medium and strong absorption bands respectively at 3280 +20 (N-H) and
1640 + 5 cm™! (seven membered heterocyclic amide carbonyl).

TABLE 1
PHYSICAL DATA OF BENZAZEPINS (Ila-d)

Yield m. pt. Found % (Calcd)

Compd. Ar %) © g) Mol. formula c . N
Ifla CgHs 15 271 C34HyNO 8740 584 335
(87.74) (5.80) (3.01)

IIb  CgH4N(CHj3),-p 25 200 C3H3N, O 8509 652 5.76
(85.04) (6.29) (5.51)

Ilc CgH4OCH3-p 18 196  C3sHpNO, 8453 555 283

‘ (84.85) (5.86) {(2.83)

IId  2-Thienyl 18 165 C3HpsNOS 8193 S.67 3.17

(81.52) (5.30) (295)

In the PMR spectra C; proton appears as doublet at 8 5.9 ppm which becomes
singlet after DO shake. The appearance of N-H proton as a doublet and conversion

of C; proton from doublet to singlet after D,O shake clearly indicates that they
are in vicinity.

The most plausible route for the formation of products is depicted in Scheme
I. Photofragmentation of the N-C bond (1,4) of azetidinones Ia-d may give rise
to biradical a. The intramolecular hydrogen transfer in a may lead to another
biradical b (more stable than a due to conjugation with two phenyl rings) which
may recombine to give tetrahydrobenzazepins Ila-d. Similar biradicals have been
proposed earlier in the photolysis of 1-phenyl substituted azetidinones leading to
benzacycloalkenones'. The cleavage of N-diphenylmethyl bond of la-d may give
rise to diphenylmethyl radical ¢ and an amido radical d. Dimerisation of radical ¢
would lead to 1,1,2,2-tetraphenylethane (IIT). Alternatively radical ¢ may abstract a
hydrogen atom from the amido radical d to form diphenylmethane (IV) and
3,3-diphenyl -4-aryl-1, 4-azetin-2-one. The cleavage of C-C and C-N bonds in latter
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may yield aryl nitriles (Va-d) and diphenylketene which, however, could not be
isolated or trapped even by addition of ethanol and aniline as it is known to be
quite reactive and may undergo either photodecomposition or photopolymerisa-

tion’.
TABLE 2
SPECTRAL DATA OF BENZAZEPINS (Ila-d)

Compd. IR (Nujol, cm'l) uv (PMR DMSO-dg,) Mass
No. v(N-H) v(C-0) (EtOH, nm) m/z(M*)
Ila 3325 1630 243,248,254, 7.29 (m, 24H, aromatic), 6.91 461

259,262,265, (d,1H, NH, D, exch.), 6.50 (s,
268. 1H, CH), 5.90 (d, 1H, CH,
singlet after D,0 shake)
1Ib 3250 1640 240,250,256, 7.10 (m, 23 H, aromatic), 8.10 508
260,266,270  (d, 1H, NH, D,0 exch.), 5.90
(d, 1H, CH, singlet after D,0O
shake), 5.30 (s, 1H,CH), 2.23
(s,6H, two N-CH3)
Ilc 3250 1640 248,253,260, 6.95 (m, 23H, aromatic), 8.0 495
266,269 (d,1H,NH,D,0 exch.), 5.84
(d,1H,CH, singlet after DO
shake), 5.24 (s, 1H,CH), 4.03
(s, 3H, OCH,)
I1d 3325 1630 250,253,255, 7.13 (m,23H,aromatic), 6.90 471
260,266,269  (d,1H,NH,D,0 exch.), 6.40
(s,1H,CH), 5.84 (d,1H,CH,

singlet after D,O shake)

EXPERIMENTAL

Melting points were determined on a Biichi apparatus and are uncorrected. UV
spectra were recorded on a Cary-14 spectrophotometer, IR spectra on a Perken-
Elmer 621 spectrophotometer and PMR spectra on a Jeol FX 90 Q spectrometer
using TMS as an internal standard. Mass spectra were recorded on a Hitachi
Perkin-Elmer model RMU-6E spectrometer.

Azetidinones la-d were prepared by the reaction of azibenzil with respective
imines by reported methods®3

General Procedure

A dilute solution of azetidinones Ia-d (1 m mole) in dry benzene (320 ml,
thiophene free) was irradiated with UV light from a 200-W medium pressure
Hanovia lamp for 2 hrs in a stream of nitrogen. Three such runs were combined
and solvent removed under reduced pressure. The IR spectrum of the residual
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matter exhibited a band at 2265 cm™}(C-N) and the TLC analysis (comparison
of R¢ value with authentic samples) indicated the presence of arylniriles (Va-c).
The residual matter was triturated with n-hexane-ethanol (1:1) mixture (10 ml).
The solid obtained was crystallised from ethanol to give azetidinones (Ia-d) and
tetrahydrobenzazepins (Ila-d). The mother liquor was chromatographed on a

neutral alumina column (40 gm, 1.5 x 20 cm?) using n-hexane as eluant. Evapora-
tion of solvent under reduced pressure and crystallisation of residue with n-hexane
gave 1,1,2,2-tetraphenylethane (III). The liquid product obtained after concentra-
tion of the filtrate was identified as diphenylmethane (IV).
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