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REARRANGEMENT OF SUBSTITUTED TRICYCLO[2.1.0.0% 9] PENTAN-3-ONES
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Abstract: Treatment of 1,5-bis(hydroxymethyl)tricyclo[2.1.0.02'5]-
pentan-3-one (III) with triphenyl phosphine and carbon tetrachloride
results in deep-seated rearrangement to the keto furan, 3-oxybicyclo-
[3.3.0locta-1, 4-dien-7-one, VI; the analogous reaction with carbon
tetrabromide is normal and yields, the anticipated dibromide IV. Cyclo-
pentadienone intermediates account for the latter rseaction and for a
dimer formed from 1,5-dimethy1tricyclo[2.1.0.02’ ] pentanone (Ia)
upon treatment with iodine.

1,5-Dimethyltricyclo[2.1.0.02’5]pentan-3-one (Ia) was prepared by Doering and Pomerantz1
in 1963, and 1, 5-diphenyltricyclo[2.1. 0.02’ 5]pentan-3-one (Ib) was made by Masamune2 at the

same time. In spite of this early beginning, the tricyclo[2.1.0.02'5]pentane system has re-
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mained a rare skeletal type as a consequence of its difficult and limited accessibility. Re-
newed interest in this system arises from the recent observation3 of an extremely short
bridging C;-Cg bond in Ia, a bond comparable in length to an aromatic carbon-carbon bond,

and because of the synthetic potential inherent in this compact skeleton.

We have now learnedgb how to prepare functional derivatives of the dimethyl compound Ia.

In this Communication, several new members of this class are reported together with a series
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of rearrangements  which provide knowledge of the strain and reactivity inherent in this system.

Preparation of 1, 5-bis(hydroxymethyl)tricyclo[2.1.0.02’ 5]pentan-S-one (I11) proceeded readily
(80%) by treatment of the diacetate (II)3b with potassium carbonate in cold ethanol. The diol 111
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was reacted with carbon tetrabromide and triphenylphosphine in acetonitrile yielding the di-

bromide IV. When the analogous reaction was attempted using carbon tetrachloride instead of

carbon tetrabromide, the keto furan VI was isolated in 379 yield, only 8% of the dichloride V
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was formed. When 1.1 eq. of Hunig's base was included in the reaction, no dichloride V

was observed and the keto furan VI was obtained in 60% yield.
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The following rationale accounts for the anomaly. When carbon tetrabromide is used, the
counterion is the nucleophilic bromide ion, which displaces the oxaphosphonium ion leaving

groups in the fashion expected, yielding the dibromide IV. When carbon tetrachloride is used,
the counterion is the less nucleophilic chloride ion. The adjacent hydroxyl group then is



able to compete in an internal displacement reaction, thereby forming the tetrahydrofuran ring
(Scheme I).5 The molecule now becomes a (distorted) bicyclo[S.1.1]propellane.6 To escape
from this molecular dilemna, a bicyclobutane to butadiene rearrangement can occur leading
to a fused and still highly reactive cyclopentadienone. The protons on the tetrahydrofuran ring
are now acidic by virtue of their Y-position with respect to the unsaturated carbonyl group;
tautomerization occurs and the keto furan VI is the end product. The structure of VI was
demonstrated spectroscopically (ir: 1762 cm_l; nmr (CDClg): four-proton doublet (J=1 Hz)
at 3.336 and two-proton triplet (J=1 Hz) at 7.298) and by the synthesis (47% overall yield)

shown below.
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Catalytic conversion of a tricyclo[2.1.0, 0 ’ ]pentanone to a cyclopentadienone intermediatel

was also observed when the dimethyl compound Ia was treated with iodine.7 The product VII

is more reasonably formulated as arising by dimerization of a cyclopentadienone intermediate.
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The structure of the dimer VII8 was established by synthesis of an authentic samples, as shown

below, and spectroscopically (ir (CHCIS): 1780, 1692 and 1617 cm—l; nmr (CDCl 250 MHz).
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one-proton vinyl quartet (4]=1.212 Hz) at 66,023, one-proton bridgehead methine doublet of
doublets (3]=5.052 Hz and 4]=1.414 Hz) at 63,112, one-proton bridgehead methine doublet
(4]=1.414 Hz) at 8 2.658, one-proton methine doublet(3]=5.502 Hz) at 6 2.453, three-proton
vinyl methyl doublet (4]=1.213 Hz) at 6 2,05, three-proton vinyl methyl quartet9 (5]=1.011 Hz)
at 61.708, three-proton vinyl methyl quartet9 (5]=1.011 Hz) at 8§1.656 and three-proton
methyl singlet at 81,357,

Heating the dimer VII with MeONa in MeOD—DZO for one hour yielded the product VII—d8
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in which substantial exchange has occurred as shown by the nmr spectrum (CDCIS): singlets
at 66,02, 2,65, 1.71 and 1.36 in a ratio of 1:1:3:3. This is best explained by structure VIil-d
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A facile, degenerate Cope rearrangement is occurring under these conditions.
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