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Studies on Electrocyclization in Bicyclo[4.4.1]Jundeca-2,4-diene
and Bicyclo[4.2.1]nona-2,4-diene Systems
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Summary: Photoinduced electrocyclization of substituted bicyclo[4.4.1]Jundecadienes and
bicyclof4.2.1]nonadienes, derived from chromlum(O) -promoted [67t+4n] and [67+2x] cycloadditions,
respectively, afforded polycyclic products possessing substantial stereochemical information.
Copyright © 1996 Elsevier Science Ltd

Metal-promoted higher-order cycloaddition can provide access to structurally elaborate polycyclic
systems that exhibit considerable functionality and stereochemical information.! The synthetic utility of
these adducts would be augmented if selective post-cycloaddition manipulation of extant functionality
could be achieved.2
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Scheme I
The 1,3-diene unit present in both [6+4] and [6+2] adducts provides a number of opportunities for
subsequent conversion into other useful sub-structures. In this paper we report a study on the
photochemical electrocyclization of these systems to cyclobutene products.3
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Irradiation (quartz) of bicyclo[4.4.1]undecadiene 4,4 derived from 2 (R, R’ = Me, X = H) by
dihydroxylation (OsOq, Et3NO, t-BuOH, H70, 22%), afforded a 4.6:1 mixture of exo-cyclobutene 545
and endo-6,% respectively in 90% yield.6 Protection of the cis-diol in 5 as the acetonide followed by
reductive ozonolysis? afforded the stereochemically-rich diol-acetal 74 in 30% overall yield. It is
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noteworthy that compound 7 exhibits relative stereogenicity that is complementary to that produced in
Cr(0)-mediated [6m+21] cycloadditions.8

1) (Me),C(OMe),, TsOH Me...,

2) 0,5, MeOH, -78 °C H
3) NaBH ,, MeOH

4) LiAlH,, THF HO

7 (30%)
Additional stereochemical information can be incorporated into the tricyclic product by employing a

7-substituted cycloheptatriene complex in the initial cycloaddition step. Thus electrocyclization of the
diene moiety in the readily available methoxy-substituted substrate 8,4 derived from 2 (X =OMe, R,R'=
Me), provided a 6:1 mixture of ex0-94 and endo-104 in 92% combined yield. It is interesting that a non-
hydrogen substituent facing the diene on the one-carbon bridge appears to exert only a minor influence on
the stereochemical outcome of the cyclization step. The stereochemistry of 9 and 10 was determined by
comparing relevant coupling constants with those in 5 and 6.
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Adducts conveniently available from Cr(0)-promoted [6+2] cycloadditions are also amenable to
diene electrocyclization. In a typical example, irradiation of bicyclic alcohol 11, obtained by LiAlH4
reduction of adduct 3 (Y = COgEt, X = H), afforded an 80% yield of a mixture of two products in a 2:1
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ratio. The major product proved to be the corresponding endo isomer, a result that is qualitatively
consistent with precedent in related ring systems.3 It is noteworthy that efforts to reverse the
stereochemical course of this reaction using various sensitizers failed.3d
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The stereochemistry of 12 and 13 was determined by noting the relevant coupling constants.
Thus, for compound 12 an observed Jap = 5 Hz was consistent with a calculated (MM2) dihedral angle of
36°, and for isomer 13, a Ja = 0 Hz was in reasonable agreement with the calculated angle of 70°.
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In contrast to the above results, electrocyclization of a bicyclo[4.2.1]Jnonadiene with a methoxy
substituent positioned over the diene moiety afforded only the endo product 15. In this case the
substituent provided sufficient steric hindrance to completely suppress the alternative cyclization pathway.
This observation can be contrasted with the results in the corresponding bicyclo[4.4.1]Jundecadiene system
(vide supra). Straightforward cleavage of the cyclobutene moiety in 15 provided the highly substituted
bicyclo[2.2.1]heptane product, 16 in good overall yield.

MeO,
1) TBSCI, imid.
15 —
2) 05,-78 °C
3) NaBH,, CH,Cl, HO OTBS
4) LiAlH,, THF HO
16 (36%)

Since appropriately disposed substituents on the one-carbon bridge were observed to control the
stereochemical course of diene electrocyclization in bicyclo[4.2.1]nonadiene substrates, we wondered
what role substituents at other locations in the molecule would play. To address this issue, a range of
groups were positioned on the endo surface of the two-carbon bridge and photocyclizations were
performed. The results are collected in Table I. The remarkably large influence of the isomenthyl ester
substituent was particularly noteworthy and may be due to factors other than steric hindrance. Work to
sort out this issue is currently underway.

Table I. The Influence of Substituents on the Stereochemistry of Electrocyclization.

Substrate Exo-product Endo-product Yield (%)
11 1 2 80%
3, Y =CH,0TBS 1 1.6 85%
3, Y = C(CH3);0H 1.1 1 51%
3, Y =COoR* 1 0 80%

R* = (+)-isomenthyl, X = H in all substrates.
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Finally, heterocyclic substrates are also effectively converted into tricyclic products under standard
photocyclization conditions. Irradiation of the azepine derived adduct 178 afforded two isomeric
cyclobutenes paralleling the results with compound 11.
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In summary, electrocyclization of the diene moiety in higher-order cycloadducts affords
structurally elaborate, stereochemically-rich products. The utility of some of these products in natural
product synthesis will be reported in due time.
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