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THERMAL REARRANGEMENT OF 2-PHENYL-1,3-OXAZEPINE INTO N-FORMYL-2-PHENYLPYRROLE®
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1,3-Oxazepines have been known to rearrange thermally to 3-hydroxypyridine or
pyrrole deraivatives, in which the order of the C —07 framework in the 1,3-oxaze-

pine system does not alter as schematically shown below.2 3 We wish to report a
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new deep seated thermal rearrangement of 2-phenyl-1,3-oxazepine (I)4 leading to
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N-formyl-2-phenylpyrrole (II). The rearrangement i1s of saignificance, since a
transposition of the 02—07 of I 1s involved. To our knowledge, this 1is the
first example of the thermally induced transposition reaction of heteropines,
while the transposition of five membered heterocycles has been well known.5
When a dry benzene solution of I was pyrolyzed by passing 1t through a quartz
column containing Pyrex helices at 450° and 550°C, several phenylpyrrole deriva-
tives II-VI were formed in addition to the hydroxypyridine derivative (VII)3 in
yields as presented in Table 1. The phenylpyrrole derivatives II, III, and VI were

6

identified by comparison with authentic samples,” and the structures IV and vl

were aSSlgned on the basis of the following facts. IV: mp 137°; y co 1642

; §(1n C.D;) 6.96 (1H: g., J=1.5 Hz, J=3.0 Hz), 7.32 (1H; q.), 7.06 ~7.63

(5H; Ph), 9.81 (1H; s., CHO), 11.00 (1H; br., NH). V: mp 176°; )%O 1640 cm™t;

§(in acetone-d6) 6.65 (1H; t., J=3.0 Hz), 6.92 (1H; t., J=3.0 Hz), 7 35~7.70
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Table 1.
Products (1solated yields in %)
Temp. Reactants
1T ITT v v Vi VII XIT
I 14 11 11 5 29 23 0
450°C X 14 13 16 3 32 0 7
Xv 23 30 11 4 17 0 0
T 0 6 4 1 34 16 0
550°C
x 0 11 3 2 50 0 7

(5H; Ph), 9.86 (1H; d., J=0.7 Hz), 11.00 (1H; br., W1/2= 3 Hz, NH). The
position of the phenyl group in V was conflfﬁed by the fact that V was deraved
from II by pyrolysis as well as by photolysas.

The N-formylpyrrole II was converted to III-VI in 17, 16, 5, and 36% yields
respectively when pyrolyzed at 450°C,6 indicating that the primary products of
the pyrolysis of I were II and VII, The formation of III-V from II may be 1in
analogy to that of acylpyrroles from a N-acylpyrrole by thermal and photochemi-
cal reactlons.8 Though the formation of VII is readily accounted for as being
derived from norcaradiene isomer (VIII),3 the mechanistic interpretation for
the formation of II from I a1s not so straightforward. There may be two path-
ways A and B to derive II from I.

The path A 18 based on consecutive oxygen migration. The norcaradiene
i1somer VIII 1s converted to oxide (IX), a norcaradiene valence isomer of 1,2-

oxazepine (XI), by successive oxygen migrations, which then rearranges to II.

Fo. 13



Fo. 13 1069

Path A Q
O-Walk N
leh Ph ©‘9h PA N
CHO
I
"I‘ ( SN (W
N Ph
PathB | = o 5 Ph N5 m
FW‘
CHO or CHO CHO
N Ny pr XI XIV I

2,6

The rearrangement of IX to II has been reported. It has also been reported

that IX rearranges to the pyridone XII at the same t1me.6

In fact, the rein-
vestigation of the pyrolysis of X, a precursor of IX or XI under the pyrolytic
condltlons,6 revealed that XII was formed (from IX) in 7% yield together with
II (Table 1). Therefore, i1t 1s expected that the pyridone XII would be formed
from I in addition to the pyrroles, 1f the oxide IX i1s an intermediate of the
rearrangement of I to II (path A). Careful examination of the reaction mix-
tures demonstrated that the pyridone XII was not formed from I (Table 1).
Therefore, we suppose the path A not to be the case. In addition, 1t 18 not
conceivable that the oxygen migrates successively over such a wide range of a
molecule as shown in VIITI to IX by the thermal react10ns.2’9
In contrast to the path A, the path B assumes azirine (XIII)lo as a key
intermediate of the rearrangement, from which II i1s deraived probably through
nitrene intermediate (XIV). One of the key steps of this mechanistic pathway
18 whether or not the azirine XIII is transformed to II. Padwa et al. have

11

recently reported that azirine (XV) affords III when heated at 150°C In
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order to clearify thas point, the azirine XV was prepared, and the pyrolysis was
undertaken. When XV was pyrolyzed at 450°C, the N-formylpyrrole II was formed
in addition to ITII-VI in yields as presented in Table 1. This fact implaies
that XIII formed from I may readily be transformed to II under the pyrolytic
conditions employed. Therefore, 1t seems that there is no doubt about the last
step (from XIII to II) of the path B.

However, there 1s still some difficulty in the path B, as to how the azirine
XIITI 1s deraved from I. We consider, though 1t 1s tentative, that XIII arises

from carbene (XVI) which 18 derived from VIII by the double cleavage of the

C1-06 and Cl—O bonds. The formation of XIII from XVI, and XVI from VIII may be
1n analogy to that of an azirine from 1m1nocarbene,l2 and carbenes from oxi-
ranes13 respectively. All the evidence provaded by this study seems to support

the path B, but details of the mechanism must be awaited for further studies

being in progress.
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