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REACTION OF CARBENES WITH BICYCLO[2.1.0]PENTANE!
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Summary: Bicyclo[2.l1.0]pentane reacts with phenylcarbene and dicarbomethoxycarbene by
simple insertion at the cyclobutane methylene position. By contrast, difluorocarbene
reacts by two bond cleavage to give },1-difluoro-1,5-hexadiene.

BICYCLO[1.1.0}BUTANE reacts with carbenes to give 1,4-pentadienes as the major
products.3r4 There is both experimental and theoretical support for the notion that this
reaction involves a concerted two bond cleavage in which the central and one side bond are

broken without intervening intermediates.? Ordinary cyclopropanes do not undergo this
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reaction’ even in strained systems® and one is naturally led to wonder where the “"break
point” is. 1In particular, how bent must the central bond of the bicyclic system be in

order for this reaction to occur? We describe here our work on the reaction of

bicyclo[2.1.0]pentane (1) with carbenes.’
Irradiation of a degassed solution of methyl diazomalonate in 1 in a sealed quartz or

Pyrex tube with a 450 watt medium pressure mercury arc led to two products (2,3) insep~
arable by gas chromatography. High resolution mass spectrometry showed them to be 1:1
adducts of dicarbomethoxycarbene and 1. 1y nMr spectroscopy showed no vinyl hydrogens,

and the presence of a three membered ring was revealed by multiplets integrating for 2H

centered at §0.62 and 0.79 ppm (at 250 MHz 1 itself shows multiplets for hydrogen
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attached to Cg centered at & 0.50 and 0.65 ppm).8 Dicarbomethoxycarbene has apparently
undergone only carbon-hydrogen insertion to give 2 and 3 in the ratio 2.7:1. The 250 MHz
Iy wMr spectrum of the major product 2 can be completely assigned from examination of the
decoupled spectra, but the following details suffice to specify the endo structure for the
major product. H, appears as a sharp doublet at § 3.28 ppm and decoupling experiments
show that it is coupled to Hyp at 6 3.08 ppm. That Hy is coupled to Hp shows that the car-
bene cannot be attached at the bridgehead, and the presence of two hydrogens at Cs rules
out insertion at that point. An NOE difference spectrum shows that H, lies in proximity
to one of the cyclopropane hydrogens (H., 6§ 0.62 ppm). The CH(COOCH3); group cannot be
exo, as no NOE effect can be observed for either cyclopropane H in 3. Why is the major
product endo? First of all, it i{s known that the endo 2-methoxy compound is ther-
modynamically favored,9 and it 1is reasonable for some of the preference for endo to be felt
in the transition state for ingertion, Bicyclo[2.l1.0]pentanes are known to isomerize as low
as 135° C,9 and our observed ratio of 2.7 may reflect some isomerization on preparative gas
chromatography. Examination of the crude 250 MHz lg MR spectrum, though complicated by many
extraneous signals, shows that this ratio cannot be seriously in error; in particular the
major product of the original insertion cannot be exo.

Irradiation of phenyldiazomethane in 1 leads to a similar picture., The products are
4 and 5 and the endo insertion product is favored by a factor of ca. 2.4. Once more the

crude !H NMR spectrum shows that thermal interconversion cannot have changed the ratio much.
CH,Ph

:CHPh
CH,Ph

4
It %as become quite fashionable to suggest stepwise mechanisms for ieactions of

singlet carbenes!1s12 and some arguments (though by no means alll) are quite persuasive.13
One could write such a mechanism in this case, as shown below. However this exotic mecha~
nism is eliminated by a labelling experiment. In an experiment in which a mixture of 71%
endo,endo~ and 29% exo,exo~2,3-dideuterio-1 was allowed to react with dicarbomethoxycar-
bene, 2y NMR spectroscopy showed that no deuterium appeared at Cs5. No sign of two—bond
cleavage reactions appears and therefore the formation of 2-5 involves a simple carbon-

hydrogen insertion reaction.
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In reactions with quadricyclane we have shown that difluorocarbene gives the product
of two-bond cleavage when other carbenes do not.”’ Moreover, products of carbon-hydrogen
insertions of :CFy are unlikely to dominate. Reaction of 1 with difluorocarbene generated
by the method of Burtonl4 led to two products, 6 and 7, albeit in only ca. 2% overall
yield. Compound 6 is probably the result of reaction of :CF3 with the 0.3% cyclopentene
present as a contaminent in 1, although we cannot absolutely rule out a more interesting
origin, Compound 7 however is the expected product of two bond cleavage. Both 6 and 7
were identified by comparison of spectra with those of authentic samples. Cyclopropane 6
is known,15 though published details are scanty. We synthesized an authentic sample from
cyclopentene and Pt1HgCF3/N:;I.16 Diene 7 could be made through the indicated sequence.”'21

F PhHgCF, /Nal @ Ay OH
<
100° C, 48 h
\/OnBu

6
[l’haPCFzBr]Br I Hg (0Ac
>
KF, 25° C, 72 h + v

S [Ph,PCF,Br]Br N ref. 19 A
< <~
0

F, 0 0
Zn, (Me) NCOMe 130° ¢
2 2h Xy
100°C, 1 h
7 ref. 20

The reaction with difluorocarbene shows that the limit of the two bond cleavage reac-
tion has not quite been reached with 1, but clearly this reaction will be restricted to

unusual molecules,
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