Tetrahedron Letters, Vol. 37, No. 5, pp. 633-636, 1996

Pergamon Copyright © 1996 Elsevier Science Ltd
Printed in Great Britain. All rights reserved

0040-4039/96 $15.00 + 0.00

0040-4039(95)02219-8

Chiral 6,7-Dihydrooxepin-2(5SH)-ones and the Azepinone Analogues:
Conformation and Diastereofacial Selectivity in Addition to the Enones

Masayuki Sato,*2 Fumiaki Uehara,2 Koh-ichi Aizawa,® Chikara Kaneko,2
Shun-ichi Satoh,Pand Toshio Furuyab

a Pharmaceutical Institute, Tohoku University, Aobayama, Sendai 980-77, Japan
b Tsukuba Research Laboratories, Yamanouchi Pharmaceutical Co. Lid, Miyukigaoka, Tsukuba, Ibaraki 305, Japan

Abstract: Diastereofacial selectivity in addition to the enones of 6-and 7-substituted
dihydrooxepinones was studied. The addition occurred preferentially from the face anti to the
substituent and 7-substituted substrates showed higher diastereofacial selectivity than the 6-substituted
substrates. An explanation for the observed diastereofacial selectivity is proposed.

Chiral heterocyclic enones are useful intermediates not only for diastereoselective synthesis but also for
enantioselective synthesis. Owing to their rigid conformations, they show high diastereofacial selectivity
without chelation control which is usually required for acyclic enones such as chiral acrylates. Thus, five- and
six-membered heterocyclic compounds such as 5-substituted 2(5H)-furanones,! 6-substituted 5,6-dihydro-
2(2H)-pyrones,? and 2-substituted 1,3-dioxin-4-ones34 have been successfully utilized as chiral enones in
Michael addition, Diels-Alder reaction, and photo[2+2]addition. The high diastereofacial selectivity has been
also observed in enones incorporated in much larger rings such as 9- to 12- membered lactones.5 However, the
diastereofacial selectivity of chiral heterocyclic enones incorporated in a seven-membered ring has not been
extensively studied.57 Here we report the diastereofacial selectivity of 6- and 7-substituted dihydrooxepinones
and 7-substituted dihydroazepinone in addition to the enone moieties.

All chiral oxepinones and azepinone were prepared as racemic mixtures by the method illustrated in
Scheme 1,8 since in this study only the relative stereochemistry of the stereogenic center in the products was

of interest.
o) ol O o} 4a: R= Me, R'= H, R*= Me
R a RO b A% \sern € RO 4b: R= H, R'= R"= Me
- _ . ) 4c: R= Me, R=R"'=H
A R R /" -1 R Rl\s" /" 4d.: R=H, R'= Mel, R"“= H
1 2 3 4 4e: R= tert-Bu, R'= R*=H

4f: R= H, R'= tert-Bu, R"=H

- H O B O H 9
M I d Me\(j e M\é b, ¢, f Mf\&
— —_— )/
."Me ."Me "'Me Me
7 8

5 trans-6

Scheme 1 : a, m CPBA, CH,Clz; b, LDA then PhSeBr, THF, -78°C; ¢, O3 or HyO5, CH,Cly;
d, PCls, CHoCl3 ; e, (Boc)20, DMAP, benzene; f, CF3COOH

On catalytic hydrogenation with 10% Pd-C in ethyl acetate, 4,7-dimethyloxepinone (4a) and the
azepinone analogue (8) afforded exclusively the cis-dimethyl compounds cis-2a and cis-6 in quantitative
yields, respectively, while 4,6-dimethyloxepinone (4b) afforded a mixture of trans-2b and cis-2b (95% yield)
in 1:5 ratio as revealed by IH-NMR (500 MHz) spectroscopic study. The assignment of the hydrogenated
products was done by comparison of the IH-NMR data with those of authentic samples.
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Scheme 2
On conjugate addition reaction with methylmagnesium bromide in the presence of Cul and
chlorotrimethylsilane at -78 °C, 4¢ gave trans-2a and cis-2a in 4:1 ratio, while the terr-butyl derivative 4e gave
exclusively frans-2e. Under the same conditions, 4d gave a mixture of trans-2d and cis-2d (81% yield) in a
ratio of 5:1, and the tert-butyl derivative (4f) gave a mixture of trans-2g and cis-2g (82% yield) with an
improved ratio of 10:1.
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Scheme 3

The result shows that both 7-substituted oxepinones and the 6-substituted isomers display anti-
selectivity in catalytic hydrogenation and conjugate addition. Moreover, it has been demonstrated that 7-
substituted substrates show a higher diastereoafacial selectivity than the 6-substituted isomers, and introduction
of the bulkier tert-butyl group to the chiral center results in an improved stereoselectivity.

Finally, the diastereofacial selectivity of chiral oxepinones in a cycloaddition reaction was examined.
The reaction of 2,4,6-trimethylbenzonitrile N-oxide (9) with 4¢ proceeded under highpressure (10 kbar) for
one day at room temperature to afford anti-10 as the sole product in 95% yield. The regio- and
stereochemistries were determined by X-ray crystallographic analysis (Fig.1).9 As expected, this
cycloaddition occurred at the face anti to the methyl substituent. In contrast, compound 4d exhibited no
diastereofacial selectivity in the reaction with 9 affording a 1:1 mixture of syn-12 and anti-12 as shown by 'H-
NMR analysis of the reaction mixture.
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It is clear that the asymmetric induction in these seven-membered enones is not caused by direct steric
interaction between the substituent at the chiral center and reagents, as evidenced by the higher asymmetric
induction in the 7-substituted substrates in which the steric interaction is less than that in the 6-substituted
substrates. To rationalize the above result, compound 8 (mp 93-94 °C) was subjected to X-ray crystallographic
analysis. As shown in Fig. 2, this compound has an envelope conformation in which all of the ring atoms
except for Cg are almost in a plane and the 7-methyl group takes pseudo-equatorial orientation.? This
conformation is very similar to that of oxazepinone derivative (13)6 with a methyl group at the stereogenic
center in pseudo-equatorial position. These envelope conformations are originated from the coplanarity of the
amide group and the conjugated enone group. Therefore, it is reasonable to assume that 6-and 7-substituted
oxepinones take envelope conformations (4a~f) as illustrated in Fig. 2. The alternative envelope conformations
(4") are less favorable due to the steric reason. Semi-empirical calculations (MOPAC PM3)10 suggested that
conformations 4a and 4b (minimum energy conformations) are more stable than 4'a and 4'b by 0.67 and
1.98 Kcal/mol, respectively. The calculation also suggested that conformations 4e and 4f are more stable than
4'e and 4'f by 3.41 and 5.88 Kcal/mol, respectively.'H-NMR (500 MHz) spectroscopic study well
supported the conformations of 4a~f as well as 8 in solution as evidenced by the following coupling constants
:J7Ho-6Hp =7.0~9.0 Hz, Jyyo 6Ha=1.5~2.5 Hz for da, ¢, e and 8; J7yq.6up=7.0~8.0 Hz, J74p.6np=1.5~2.0
Hz for 4b,d,f; J7HB‘6HB=1'5 Hz for 4f.

Fig. 2 Molecular Structure of 8

Although the reasons for the above selectivity have not been clearly established, we might assume that
the selectivity is caused mostly by steric requirements in the transition state.!! For example, conjugate addition
to 4¢ and de occurs preferentially at the less hindered bottom face to give stable intermediate 15. However, the
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bottom face attack to 4d and 4f leads to intermediate 17 which is less stable than 15 due to the eclipsing
interaction of the R’ substituent. For this reason, addition to 4d and 4f occurs selectively at the top face. The
improved top face selectivity in the zers-butyl derivative 4f supports this assumption. The selectivity in the
cycloaddition is rationalized similarly; destabilization of syn-12 by the R' substituent allows the attack at both
of the faces (Scheme 5).
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Scheme 5

In conclusion, we have shown that addition to the enone moiety of 6- and 7-substituted
dihydrooxepinones occurs selectively from the face anti to the substituent. The diastereofacial selectivity is
believed to arise from steric requirements in the transition state.
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