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BETWEEN 1, 3-OXAZEPINE AND PYRIDINE-2,3-OXIDE
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Upon treatment with [Mo(CO)6] or [FeZ(CO)gl, phenyl-substi-
tuted 1, 3-oxazepines undergo the C-2-0 and C-7-0 bond cleavage to
give pyridine and pyrrole derivatives via a coordinated pyridine-

2,3-oxide.

The equilibrium for the symmetry-allowed valence isomerization of oxepine

(la)-benzene oxide (2a) generally lies on the side of ;g.l) It is clear that tem-

perature, solvent system, and substituent on the ring carbon atom contribute to the

observed position of the equilibrium.l) It was also theoretically shown that the

C-C bond of the epoxide ring in 2a is strengthened by protonation or coordination
of the lone pair electron on the oxygen atom so as to shift the equilibrium of la-
2a to the side of 35.2) The thermodynamicl) and kinetic studiesB) are suggestive
of this prediction. Regarding the valence isomerization of 1,3-oxazepine (lb)-
pyridine-2,3-oxide (2b), the existence of 2b was postulated in the photochemical
reaction of pyridine N-oxide derivatives4’5) or in the thermal reaction of 1,3-
oxazepine derivative to give 3-hydroxypyridine derivative.G) In acid-induced
reaction of 2,4,5,6-tetraphenyl-1,3-oxazepine, pg?tonation occurs on the nitrogen

However, 1l,3-oxazepine re-
4,8)

atom to results in a hydrolysis of the C=N bond.
arranges to 3-hydroxypyridine derivative on silica gel. Thus, the coordina-
tion effect on the equilibrium of 1lb-2b would be suggested.

We report hereon the [Mo(CO)6]— or [Fez(CO)Q]—induced reaction of phenyl-sub-
stituted 1,3-oxazepines (3) to undergo the C-2-0 and C-7-0 bond cleavage leading to
pyridine and pyrrole derivatives (4 and 6) in good combined yields via a coordi-

nated pyridine-2,3-oxide (10) (Scheme 1).

— ~ a: X=CH
- 0 b: X=N
N
X
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The general procedure for the reactions was as follows. A solution of 1,3-

oxazepine 3 (1 mmol) and [Mo(CO)G] (2 mmol) or [Fez(CO)Q] (3 mmol) in dry benzene
(10 cm3) was refluxed under a nitrogen atmosphere for a period indicated in Table 1.
The yields of the products summarized in Table 1 were determined through purifica-
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tion by TLC.
The reaction of 229

) with the metal carbonyls afforded phenyl-substituted pyri-

10) afforded 4b, 6b, and 7b.  On the oth-
afforded pyridine 5c¢, which resulted from the re-

dine 4a and pyrrole 6a, while those of 3b
er hand, the reaction of 2910)
arrangement of C~2-C-7 framework, in addition to 4c¢, 6¢c, and 7c. The products
iE'E'll) Ag'l2) 29,13) 8) 12’14) 15)
authentic samples, and the structures of 6b,c were characterized on the basis of

16) The thermal reaction of 1,3-oxazepines at high temperatures was

6a, and 7c¢ were identified by comparison with
physical data.
described to give pyrroles, which resulted from the cross-linked intermediate 8 fol-
lowed by the bond cleavage.s) Heating of 3a-c¢ without [Mo(CO)G] or [Fez(CO)gl
under the present conditions afforded no product and the starting materials were
recovered quantitatively. Thus, the present reaction is clearly differentiated
from the purely thermal reaction.

Concerning the reaction mechanism, the thermal reaction of 3 with the metal
carbonyls is considered to result in the formation of the complex 9 (Scheme 1).
The coordination of [Mo(CO)S] or [Fe(cg;4] species would shift the equilibrium of
9-10 to the side of 10 in some extent. The existence of such complexed epoxides
as in 10 has aslo been pointed out in the deoxygenation or rearrangement of phenyl-
substituted epoxide with [Mo(CO)6]17) or [Fe(CO)5].18) Then, the C~2-0 and C-7-0

bond cleavage occurs in 10 to give the intermediates 1l and 13.19)
17,18)

The deoxygena-
tion of 11 would give pyridines 4a-c. The intermediate 12 may also possibly
give 4a-c in some extent. However, the reaction of 12 leading to 4a-c may be slow
as compared to that leading to 1520)

would afford pyrroles 6a-c. The reaction of 3b or 3c resulted in the formation of

(vide infra). The C~C bond fission in 15

another pyrrole 7b or 7c, respectively. The reaction of 6b with [Mo(CO)G] or
[FeZ(CO)Q] did not afford 7b. Therefore, 7b,c could result from the C-N bond
cleavage in 15 leading to 16 followed by debenzoylation. The pyrroles 7b,c may
result from the C-C bond cleavage in 13 followed by debenzoylation. However, the
reaction of 3b,c did not afford 1l4b,c, which is also expected from 13. Thus, the ring
closure of 1l leading to 13 seems to be unfavorable. The formation of the unusual
pyridine 5c¢c from 3c is explained by the rearrangmenet of 15 leading to lZZl)
followed by deoxygenation.

Concerning the product ratio of 4/6+7, pyridine 4a predominates over pyrrole

6a in the case of 3a. On the contrary, pyrroles 6b,c and 7b,c predominate over
pyridines 4b,c in the reaction of 3b,c. Concerning 3¢, the electron-attracting
nitrogen atom seems to favor the formation of 1l2c rather than llc. The phenyl

group (R3) also stabilizes 12b rather than 1lb in the case of 3b. However, the
phenyl groups (Rl and R4) are fully conjugated with the pentadienyl moiety in lla.
Therefore, lla is considered to be more stable than 1l2a. Thus, the product ratio
of 4/6+7 are rationalized on the basis of the electronic effect of the phenyl group
and the nitrogen atom. The deoxygenation of 12 leading to 4a-c seems to be a minor
process. Furthermore, all of the [Mo(CO) ]l-induced reaction of 3a-c resulted in a
high ratio of 4/6+7, as compared to the corresponding [Fez(co)gl—induced reaction.
In the [Mo(CO)61;§nduced reaction, phenyl-substituted epoxidisis deoxygenated to
greater extent, unlike in the [Fe(CO)sl—induced reaction. Thus, the direct
deoxygenation process of 10 leading to 4a-c is suggested to occur in the [Mo(CO)6]-
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Table 1.
1,3-Oxazepine Metal Reaction Product (yield/%) Ratio of
Rl R > & R° Carbonyl time/h 4 5 6 7 4/6+7
3a Ph Ph H Ph Ph  Fe,(CO), 11 69 0 23 0 3.0
Mo (CO) 7 day 52 0 15 0 3.4
3b Ph H Ph  H Ph  Fe,(CO) 4 3 18 0 72 5 0.23
Mo (CO) 50 27 0 21 28 0.57
3¢ Ph H H H Ph  Fe, (CO), 3 4 4 55 4 0.13
Mo (CO) 48 22 2 41 0 0.53
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Scheme 1,
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induced reactions.l7)
23)

Attempted reaction of benz-1,3-oxazepine l§22) or 20 with [Mo(CO)6] or with
[FeZ(CO)Q] in refluxing benzene for 24-48 h afforded no product, and 18 or 20 was

recovered in 80-85% yield. This fact clearly indicates that the quinoid struc-

Me Me
— — "~ Me ~
0 ’ N XN
Ph 0 Ph Ph
18 19 20 21

tures, 19 and 21, are not favored energetically even by the coordination of the
[Mo(CO)5] or [Fe(C0)4] species under the present conditions.

It is clearly suggested that the coordination of the [Mo(CO)S] or [Fe(C0)4]
species on 3a-c causes the C~O bond cleavage via an O-complexed pyridine-2,3-oxide,

leading to the formation of pyridine and pyrrole derivatives.

References
1) E. Vogel and H. Glinther, Angew. Chem., Int. Ed. Engl., 6, 385 (1967).
2) W. -D. Stohrer and R. Hoffmann, Angew. Chem., 84, 820 (1972); W. -D. Stohrer,
Chem. Ber., 106, 970 (1973).
3) H. Prinzbach and P. Vogel, Helv. Chim. Acta, 52, 396 (1969).
4) G. G. Spence, E. C. Taylor, and O. Buchardt, Chem. Rev., 70, 231 (1970).
5) F. Bellamy and J. Streith, Heterocycles, 4, 1391 (1976).
6) T. Mukai, T. Kumagai, and O. Seshimoto, Pure Appl. Chem., 49, 287 (1977).
7) C. L. Pedersen and O. Buchardt, Acta Chem. Scand., 27, 271 (1973).
8) O. Buchardt, C. L. Pedersen, and N. Harrit, J. Org. Chem., 37, 3592 (1972).
9) J. -P. LeRoux, J. -C. Cherton, and P. -L. Desbene, C. R. Acad. Sci., Ser. C,
280, 37 (1975).

10) T. Toda, T. Takase, T. Mukai, and Y. Suzuki, Heterocycles, 11, 331 (1978)..

11) Y. Suzuki, Nippon Kagaku Kaishi, 1980, 604.

12) C. Jutz, R. -M. Wagner, A. Kraatz, and H. -G. Lobering, Liebigs Ann. Chem.,
1975, 874.

13) M. Simalty-Siemiatycki, Bull. Chim. Soc. Fr., 1965, 1944.

14) s. sato, H. Kato, and M. Ohta, Bull. Chem. Soc. Jpn., 40, 2936 (1967).

15) J. P. Boukou-poba, M. Farnier, and R. Guillard, Tetrahedron Lett., 1979, 1717.

16) Elemental analyses and mass spectral data are satisfactory for 6b,c. For 6b:
bp 150 °C (bath temp)/66.6 Pa; v (CHCl3) 1692 em~l; § (CDCl3) 6.74 (1H, 4, J=
1.8 Hz), 7.1-7.9 (16H, m). For 6c: bp 100-110 °C (bath temp)/133.2 Pa;

v (CHClz) 1698 cm-1l; & (cbclz) 6.23 (1H, t, J=3.3 Hz), 6.40 (1H, dxd, J=3.3,
1.5 Hz), 6.98 (1H, dxd, J=3.3, 1.5 Hz), 7.0-7.8 (10H, m).

17) H. Alper, D. D. Roches, J. Durst, and R. Legault, J. Org. Chem., 41, 3611
(1976) .

18) T. Kobayashi and M. Nitta, Chem. Lett., 1982, 325.

19) Since the 1,2-phenyl migration in 11 and 12 leading to pyridone ring system
is not observed, 1l and 12 seem to collapse quickly: T. Kobayahsi and M. Nitta,
Heterocycles, in press.

20) Concerted manner for this process is symmetry-forbidden: R. B. Woodward and
R. Hoffmann, Angew. Chem. Int., Ed. Engl., 8, 781 (1969).

21) For a recent review see: R. F. Childs, Tetrahedron, 38, 567 (1982).

22) J.-P. LeRoux, J. -C. Cherton, and P. -L. Desbene, C. R. Acad. Sci., Ser. C, 278,
1389 (1974).

23) 0. Buchardt, Acta Chem. Scand., 21, 1841 (1967).

(Received March 9, 1985)



