Tetrahedron Letters,Vol.22,No.46,pp 4651-4654,1981 0040-4039/81/464651-04802.00/0
Printed in Great Britain ©1981 Percamon Press Ltd.

A CYCLOBUTENE BRIDGEHEAD OLEFIN APPROACH
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Summary: A model study for the synthesis of the germacranes is described which utilizes a
consecutive oxy-Cope/cyclobutene ring opening rearrangement sequence. The B8,y-unsaturated

enone necessary for the rearrangement is obtained directly from the photocycloaddition of
allene and cyclohexenone.

We are interested in developing a strategy for the synthesis of germacranes that
involves the construction of a ten-membered carbocyclic ring containing the butadiene
unit as in 1. Thi1s type of structural unit is found to occur in such members of the

germacrane class as germacrene Di 2, and perip]anone—82’3, 3. It could also serve as a
useful precursor to the functionality found at these carbon centers in the other members
of this structural class. Our approach to the cyclic diene involves the use of a consecutive
oxy-Cope/cyclobutene ring opening rearrangement sequence and utilizes the regioselectivity
observed in the photocycloaddition of allene to cyclohexenones.

Photocycloaddition of5a1]ene to cyclohexenone regioselectively generated the g,y-enone
4, as reported previously. Addition of vinyl magnesium bromide (THF, -70°) to 4 gave a

79% yield of the tertiary alcohol, 5. The assignment of the endo alcohol stereochemistry

4651



4652

is based on the expected attack of the Grignard reagent from the convex face of 4.
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Divinyl cyclohexanols have been shown to be extreme1¥ useful in the synthesis of
cyclodecanoids, ’" by way of the oxy-Cope rearrangement, and this divinylcyclohexanol
proved to be no exception. When 5 was treated with KH and 18-crown-6 1in THF at room .
temperature for two hours and quenc?gd with NH,C1, the cyclobutene bridgehead olefin 6
was obtained in 71% isolated yield.

The i}ructure of the bridgehead cyclobutene was concluded on the basis of its spec-
tral data and chemical behavior. Thus hydrogenation of 6{(1 atm. H,, 10% Pd/C, hexane,
2 min., 99% yield) gave a single product, the symmetrical bridged cyclobutane 9. As ex-
pected from consideration of the symmetry of 9, the fully decoupled 13C spectrum displayet
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only six carbon signals, whereas the cyclobutene & displayed the expected eleven.

The thermal ring opening of the cyclobutene 6 proceeded smoothly in toluene in a
sealed tube at 180° for twelve hours to produce a readily separable (preparative tlc) 5:1
mixture of the cis olefin, 7, and the trans olefin, 8, respectively,>®*** 1n 95% yield.
Photolysis in cyclohexane (Hanovia medium pressure lamp, quartz filter) of either pure cis
{(7) or pure trans (8) butadiene, or of the mixture obtained from the thermolysis established
a photostationary state containing a 10:1 mixture of trans and cis isomers, respectively,'®>
in 81% yield. In this fashion, an olefin/mixture enriched in either cis or trans isomer
can be established. We are currently studying extensions and applications of this chemi-
stry in bridgehead olefin and natural product synthesis.
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1
3C NMR (CDC13, 67.9 MHz): 213.5(s), 148.6(s), 136.6(d), 43.9, 42.0, 3.3, 33.8, 30.4,
8.8, 26.2, 19.2; FT-IR (neat): 3019, 1699, 1630 cm-1; GC-MS: m/e = 164 (M+).

3
The stereochemistry assigned to 9 is basad on peripheral attack of hydrogen on the
cyciobutene, For a similar structural proof on an isomeric system, see: M, Kahn,
Tetrahedron Lett., 4547 (1980); S.G. Levine, R.L. MacDaniel, J. Org. Chem,, 46, 2199,
(1981).

1 B
Spectral Data of 7: H NMR (CDCl3, 90 MHz): 5.84 & (d,J = 10.8 Hz, 1H), 5.42 § (dt,
Jdd = 10,8 Hz, Jt = 7 Hz, 1H), 4.96 & (bs, 1H), 4.78 & (bs, 1H); FT-IR (neat): 3078,
1708, 1630, 900, 775 cm~1; UV (hexane): xmax = 225 nm.; GC-MS: m/e = 164 (M+).

1
Spectral Data of 8: H NMR (CDCl;, 270 MHz): 6.11 § (d,J = 16.1 Hz, TH), 5.38 & (dt,
Jd = 16,1 Hz, Jt = 7.4 Hz, 1H), 4.90 5 (bs, 1H), 4.88 s (bs, 1H); FT-IR (neat):

3075, 1702, 1649, 982, 889 cm-1; UV (hexane): amax = 236 nm.; GC-MS: m/e = 164 (M+).

When either pure cis (7) or pure trans (8) isomer was resubjected to the reaction
conditions (180°, 12 hours) only a small degree of interconversion (<10%) took place,
indicating the 5:1 cis:trans thermolysis ratio reflects a kinetic preference in the
ring opening.

For a discussion of photoisomerjzation of dienes, see: R.0. Kan, "Organic Photochemis-
try", Ch, 2., section 2.1, McGraw Hill Book Co., N.Y., 1966,

Under these conditions, no electrocyclic ring closure of the dienes back to the cyclo-
butene 6 was detected.
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