Photochemical behavior of 2,5-di-tert-butyl-3H-azepine: unexpected
formation of a dicyclopenta[b,e]pyridine derivative and a

cis,cis-cyclodeca-1,6-diene derivative

w l.uO)ulall)/s.lO')S.l‘MMM

Kyosuke Satake*a Shizuka Takami,? Yuko Tawada2 and Masaru Kimurab

a Department of Chemistry, Faculty of Science, Okayama University, Tsushima-Naka 3-1-1, Okayama

700-8530, Japan. E-mail: satake@cc.okayama-u.ac.jp

uoizedIuNWWo))

WWODIWAIHD

b Ingtitute for Fundamental Research of Organic Chemistry (IFOC), Kyushu University, Hakozaki

6-10-1, Higashi-ku, Fukuoka 812-8581, Japan

Received (in Cambridge, UK) 7th February 2001, Accepted 11th June 2001
First published as an Advance Article on the web 2nd July 2001

Hitherto unknown photochemical behavior of 3H-azepine
giving cyclopent[c]azete and a (4% + 4x) photodimer is
reported on the basis of an unexpected formation of a
tricyclic dicyclopenta[b,e]pyridine derivative and a ten-
membered-ring dicarbaldehyde by irradiation of 2,5-di-tert-
butyl-3H-azepine in hexane.

Photochemistry of cycloheptatriene (CHT) derivatives has been
extensively examined, whereas those of 3H-azepines have
rarely been explored in spite of having asimilar profile in both
molecular and electronic structure to each other. Generaly,
irradiation of CHT derivatives has resulted in the formation of
bicyclic compounds via intramolecular 4x photochemical
electrocyclic reaction! and/or isomerized CHT via photo-
chemically alowed [1,7] hydrogen shift.2 Under gas-phase
conditions, a ring contraction reaction leading to toluene
derivatives was aso observed.3 A few photochemica re-
searches have examined 3H-azepine with an electron donating
group (-OR or -NRy) at the 2 position. The reaction was
rationalized by the formation of a cyclobuta[b]pyrrole deriva-
tiveviaring closure between the 4 and 7 positions, exclusively.4
Although 3H-azepine without any substituents has been found
to be alabile substance an electron donating group, imino ether
or amidine conjugation, has been found to stabilize it.
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We have reported the synthesis of dialkyl 3H-azepines, the
stability of which was sufficient for treatment under atmos-
pheric conditions when substituents were tert-butyl groups.®
Since the stability of our 3H-azepines is not owing to
conjugative stabilization, but steric protection by the bulky
substituents, the behavior upon photoirradiation can be ex-
pected to be different from those reported. Wewish to report the
hitherto unknown photochemical behavior of 2,5-di-tert-butyl-
3H-azepine 1.

A solution of 1 (112 mg, 0.55 mmol) in hexane (100 ml) was
irradiated using a high-pressure mercury lamp (100 W) with
pyrex filter for 3 h at rt. Chromatography on silica gel of the
resulting mixture gave 1,4a7-tri-tert-butyl-3-pivaloyl-
3,3a,4,4a,5,7a,8,8a-octahydrodicyclopenta] b,e]pyridin-8-ol 2
(63 mg, 61%) as colorless needles and 5,10-diamino-
2,5,7,10-tetra-tert-butyl cyclodeca-2, 7-diene-1,6-dicarbal de-
hyde 3 (5 mg, 5%) as a yellow oil along with recovered 3H-
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azepine 1 (11 mg, 10%).” Fortunately, the structure of
crystalline product 2 was determined by X-ray structura
analysis (Fig. 1).8 The obtained structure is considered to be an
indirect product from the starting material because the molecule
contains oxygen atoms which strongly suggests that it comes
from a kind of dimer of 1. The other product, 3, showed a
negative ion peak at m/z 445 (M — H, 7%) in the FAB MS
spectrum. The mass number observed is compatible with two
moles of 1 and two moles of water, therefore the precursor for
3isalso considered to arisefrom thedimer of 1. The1H and 13C
NMR spectra of 3 suggest a symmetrical structure having
formyl groups owing to 84 9.55 (d, J = 5.4 Hz) and ¢ 205.6
(d). The IR absorption bands at 3399 and 1707 cm—1 are
attributable to amino and formyl groups, respectively. There-
fore, the structure of 3 is considered to be a cis,cis-cyclodeca-
1,6-diene skeleton formed from the hydrolysis of the imine
moiety of the (4t + 4rt) dimer 5. According to the conforma-
tional analysis for cis,cis-cyclodeca-1,6-diene based on molec-
ular mechanics, a chair form has been found to be the most
stable form.® When the conformation of the ring maintains a
chair form, the stereochemistry of 3 is determined to be as
illustrated in Scheme 1 owing to both W-letter coupling, J = 2.1
Hz, between an ipso-proton of aformyl group and a methylene
proton at &y 2.28 and molecular symmetry suggested by NMR
spectra.

To obtain more detailed information about the reaction, we
observed thein situ tH NMR spectrum during irradiation of 1in
cyclohexane-d;» under similar conditions. A gradua inverse
relationship varying in time was observed between the peaks of
3H-azepine 1 and the peaks of 3 and a new compound 4. No
peaks corresponding to 2 were found during theirradiation. This
means 3 formed quickly from (4m + 4x) photodimer 5 by
hydrolysis with a trace of water in the solvent, but 2 formed

Fig. 1 Ortep drawing of structure 2.
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during chromatographic work from the initially formed photo-
product 4. Attempts to isolate compound 4 were unsuccessful,
however, GCM S showed nvVz 205 (M+, 0.4%) which isthe same
mass number as 1. H NMR data for 4 was obtained by the
subtraction of known peak sets of 1, 2 and 3 from the spectrum
of areaction mixture. The structure of 4 is estimated as 3,5a-di-
tert-butyl-5,5a-dihydro-2aH-cyclopent[c]azete because of the
doublet signal at d 8.16 which is attributable to a —CH =N-
moiety.

A possiblerouteto 2 isillustrated in Scheme 2. The structure
of the C-ring and a haf of the B-ring of 2 are aready in
photoisomer 4 itself, but the pivaloyl group on the A-ring is not
in the structure 4. To access compound 2, it is necessary to
consider a formal (2xt + 2m) addition between 4 and 6 which
arises from 4 through the following sequence, [3,3] sigmatropic

rearrangement, vinylcyclopropane rearrangement and finally
1,3-prototropy. Appropriate ring opening with participation of
water on the adduct 7 leads to dicyclopenta]b,e]pyridine 2.
We report here a new photochemical intramolecular ring
closure at the 2 and 6 positions of 3H-azepine and (4w + 4r)
photodimerization, although theyield of (4 + 4t) dimerization
isrelatively low compared to that of 4t electrocyclic reaction.
An investigation is underway to clarify the photochemical
behavior of 3H-azepine.
We are grateful to Professor S. Kashino of Okayama University
for hishelpful advicefor X-ray structural analysis. We thank the
SC-NMR Laboratory of Okayama University for 1H and 13C
NMR measurements.
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