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Ketenimines (nitrogen analogs of ketenes) have been
shown to be general precursors to heterocycles through
simple 2 + 2 and 2 + 3 cycloaddition reactions. Hetero-
cycles produced by these routes include oxetanes (2),
oxazetidines (3), diazetidines (4), azetidines (5), oxazolines
(6), isoxazolidines (7), and triazoles (8). More recently
bis(oxazetidines) have been shown to be available through
the cycloaddition reactions of nitrosoarenes and bis(keten-
imines) (la). We wish to report the preparation of
another bis-heterocycle through a cycloaddition reaction
of bis-ketenimines.

In a mechanistic study of the reaction of azobenzenes
and monoketenimines, Barker and Jones state that the
cycloaddition is concerted and that the need for light is
to ensure the presence of the cis isomer of the azo-
benzene - the demonstrated reactive form of the azo-
benzene in the concerted cycloaddition (9). We have
studied the reaction of bis-ketenimine 1 (N,N'-bis(di-
phenylethenylidene)-1,4-benzenediamine) with various azo-
benzenes under the conditions described for the mono-
ketenimine reaction to ascertain if bis(diazetidines) could
be realized by this route and to determine if a similar
mechanism is operative. When 1 and azobenzene are
irradiated in a Srinivasan-Griffin photochemical reactor
equipped with 3500 A lamps for 48 hours, a 65% yield of
a 2:1 adduct is obtained. Proof of structure of the bis-
heterocycle (2) is based on elemental analysis, ir (a 1712
em™' absorption which is characteristic of imines on a
strained rings (3,4)), and thermal degradation studies
(Scheme 1). The observation of only an imine and the
bis-carbodiimide 3 upon degradation establishes the hetero-
cycle structure to be a bis(3-iminodiazetidine). No other
mode of addition would yield a product which could
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degrade to 3. Similar results were obtained with 1 and
symmetrically substituted azobenzenes (see Experimental).

In the original study of the production of 1,2-diazeti-
dines from ketenimines and azobenzenes, Barker and Jones
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also observed a pronounced steric effect (9). For instance
4 and 2-chloroazobenzene yielded only one of the two
possible isomeric products while 4-chloroazobenzene and
4 gave both isomers in a ratio of 72:28 (Scheme 1I).
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Similar results were obtained with other o and p mono-
substituted azobenzenes regardless of the electron donating
or withdrawing character of the substituent. To determine
il this same sterie effect after alignment would be ob-
served in the production of bis(1,2-diazetidines), T was
treated with 2-chloroazobenzene and with 4-chloroazo-
benzene. Analysis by thermal degradation of the adducts
1o the corresponding bis-carbodiimides and anils (9) was
utilized to obtain the isomer ratio. The results obtained
(Scheme 1Y are in accord with the observations on the
monoketenimines. The o-substituted azobenzene yielded
an adduct (8) analogous to 5. This adduct constituted
97% of the product. Thermal degradation of the product
from 1 and the p-substituted azobenzene gave a ratio
ol 68% benzophenone p-chloroanil to 32% benzophenone
anil. Three adducts (9, 10, and 11) are possible, but from
this ratio of anils 9 must be the predominate product.
These results are in agreement with expectations il a
steric effect after alignment is operative (9).

In summary, the reaction of bisketenimine 1 and
symmetrical azobenzenes yields bis(l ,2-diazetidines). The
same reaction with unsymmetrical azobenzenes yields
adducts indicative of sterie control on the cycloaddition.

EXPERIMENTAY,

Melting points were determined on a Mel-Temp apparatus and
are corrected. Infrared spectra were determined in carbon tetra-
chloride, chloroform, potassium bromide, and neat on Perkin-
Elmer Model 137 and 137G Infracords. The gas chromatographic
analyses were made on a Hewlett-Packard Model 5750 instrument
wsing a six fool column of 10% UCW 98 on Chromosorb W.
Analyses were performed by Galbraith Laboratories, Inc., Knox-
ville, Tennessee.

3,3 {p Phenylenedinitrilo)bis| 1 2 A Atetraphenyl-1 2-diazetidine |.
(2).

A solution of 2.30 g. (0.005 mole) of T and 182 g. (0.01
mole) of azobenzene in 50 mi. of dry benzene was irradiated in a
pyrex tube in the Srinivasan-Griffin photochemical reactor equipped
with 3500 Angstrom lamps for 48 hours. At the end of this time,
the adduct had precipitated from the solution and was separated
by filtration to give 2.68 g. (65.0% yield) of tan crystals.  The
solid adduct was extracted three times with hot tetrahydrofuran
and then washed with hot methanol to prepare the analytical
sample, m.p. 250-251° ir: 1712 em™" (s).

Anal. Caled. for CsgHagNg-Ha0: €, 82.63; H, 5.50 N,
9.97. Found: (,82.80; H,5.36; N,9.79.

3,3'(p-Phenylenedinitrilo)bis| 4 4-diphenyl-1 2dip-tolyl-1 2 diaze-
tidine ].

Fifty milliliters of dry benzene 2.30 g. (0.005 mole) of 1, and
210 g. (0.01 mole) of A A’ dimethylazobenzene were treated as
described to yield 350 g. (79.5% yield) of crude adduct which
when extracted and washed as described gave the analytical
sample, m.p.238-23‘)°: ir: 1709 ecm™! (s).

Anal. Caled. for CgaHsaNg: C, 84515 H, 5.95; N, 9.54.
Found: C,84.53; 11, 6.12; N,9.35.
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3,3'-(p-Phenylenedinitrilo)bis |4,4diphenyl-1.2 dip-bromophenyl-
1 2-diazetidine ].

One hundred milliliters of dry benzene, 2.30 g. (0.005 mole)
of 1 and 3.40 g. (0.01 mole) of 4.4’ dibromoazobenzene were
treated as described to yield 0.94 g. (17% vyield) of tan crystals
which when extracted and washed as described gave the analytical
sample, m.p. 249250°; ir: 1704 cm™" (s).

Anal. Caled. for CsgHagBraNg: C, 61.07; H,3.53; N, 7.37.
Found: C, 61.25; H,3.64; N,7.21.

3,3"-(p-Phenyle nedinitrilo)bis[4,4-diphenyl-1 2-dip- chlorophenyl-
1,2-diazetidine].

One hundred milliliters of dry benzene, 2.30 g. (0.005 mole) of
1, and 251 g. (0.01 mole) of 4 A'dichloroazobenzene were
treated as described to yield 2.41 g. (50.1% yield) of crude adduct
which when extracted and washed as described gave the analytical
sample, m.p. 233-235% ir: 1704 em~! (s).

Anal. Caled. for C5gNgoClyNg: C,72.35; H, 4.19; N,8.73.
¥Found: C,72.40; H,4.16; N,8.57.

3.3Yp- Phenylenedinitrilo)bis{2 ,4 A-triphenyl-1 p- chlorophenyl-1,2-
diazetidine .

Fifty milliliters of dry benzene, 2.30 g. (0.005 mole) of 1 and
217 g. (0.01 mole) of 2-chloroazobenzene were treated as de-
seribed to give 3.03 g. (67.7% vield) of crude adduct which when
extracted and washed as described gave the analytical sample, m.p.
237237.5% ir: 1712 cm™! (s).

Anal. Caled. for CsgHaaClaNg: C,7793; H, 474 N, 9.40.
Found: C,77.78; H,5.00; N,9.18.

Reaction of 1 with 4-Chloroazobenzene.

¥ifty milliliters of dry benzene, 2.30 g. (0.005 mole) of 1
and 2.17 g. (0.01 mole) of 4-chloroazobenzene were treated as
described to give 2.92 g. (65.3% yield) of crude adduct which
when extracted and washed as described gave the analytical
sample, m.p. 241.242°; ir: 1709 em~! (s).

Anal. Caled. for CsgHaaClaNg: C,7793; H, 4.74; N,9.40.
Found: C,78.11; H,4.92; N,9.13.

Proof of Structure of the Bis-heterocycles.

Kach purified adduct was heated at its melting point for 10
seconds. The benzophenone-anil formed was soluble in cold
chloroform while the carbodiimide was sparingly soluble and
would remain behind.

The identity of the anil was shown in each case by comparison
of the infrared of the anil produced by degradation with the
authentic anil. The retention time of the anil produced by
degradation and the authentic anil were determined to be identical
by ge also (10).

The adducts from 1 with o and p-chloroazobenzene were
analyzed the same way except relative peak areas of the two
possible anils were used to determine how much of each adduct
was present (10).
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