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The Synthesis of Bicyclo[2.1.1]hex-2-ene!
Sir:

Whereas the chemistry of bicyclo[2.1.1]hexanes has
been explored to a considerable extent during the last
decade,? the corresponding parent olefin, bicyclo[2.1.1]-

hex-2-ene (I), has never been described, Much to our
surprise, even the Hofmann elimination sequence re-
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cently reported for the synthesis of the closely related
tricyclo[3.3.0.02¢]oct-2-ene (II)® was unsuccessful when
applied to the simpler bicyclic nucleus.* We now re-
port the successful application of a newly described ole-
fin synthesis to this problem,5¢

The readily accessible bicyclo[2.1.1]hexan-2-one
(ITTA)" was converted into its p-toluenesulfonylhydra-
zone (IIIB)® which, in a typical experiment, was treated
with excess ethereal methyllithium at room tempera-
ture for 15 hr. After quenching the reaction mixture
with water, most of the ether was removed by careful
distillation. The residue, which contained two main
hydrocarbon products, was subjected to preparative
gas chromatography., The component of shorter re-
tention time, formed in about 25 % yield from IIIB, was
established to be the desired I on the basis of the follow-
ing evidence, (1) Its mass spectrum shows a parent
peak at m/e 80 (C¢Hs'*) and a base peak at 79 (C;H:).
(2) Its nmr spectrum (60 Mc, external TMS) shows ole-
finic absorption centered at = 3.38 (2 H) and saturated
proton absorptions centered at 7 7.66 (4 H) and 7.91
(2 H). (3) Catalytic hydrogenation in absolute ethanol
over Adams catalyst resulted in the uptake of 1 equiv of
hydrogen. The isolated product was indistinguishable
from an authentic sample of bicyclo[2.1.1]hexane on the
basis of glpc comparison on two columns, as well as by
nmr and mass spectral comparisons.

Since I is the only olefin which could give rise to
bicyclo[2.1.1]hexane on catalytic reduction, the success
of the toluenesulfonylhydrazone—alkyllithium technique
in this case is established, and it would appear that this
method will be especially useful for the synthesis of
highly strained olefins, %1
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The ultraviolet absorption spectrum of I is most un-
usual for a simple, disubstituted ethylene. In n-pen-
tane solution maximal absorption appears at 220 mu
(e ~1300), with a shoulder at 226 mu (¢ ~1000). In
the gas phase vibrational fine structure shows maxima
at 204.4, 205.2, 207.1, 207.9, 208.7, 210.8, 211.5, and
215.2 mu. These spectral data bear a striking resem-
blance to those observed for II.* Further work with
both olefins is now being undertaken.
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Preparation and Configuration of
4,6,8-Trimethylazulenetetraruthenium Enneacarbonyl.
A Complex with Azulene Coordinated to

Three Metal Atoms!

Sir:

Recent crystallographic studies on the azulene-
metal carbonyl complexes CisHsFei(CO)s,? CicHsMo;-
(CO)e,>*  (i-C3H:(CH3).CieH:M o0 CO)e,?  [CioHs-
Mo(CO);CH;),5 and C;oHsMny(CO)e® have revealed a
variety of azulene-metal bonding schemes. Continu-
ing the systematization of azulene-metal carbonyl
chemistry, we have investigated the reaction of 4,6,8-
trimethylazulene’ with Ruy(CO), and now report the
isolation and characterization of a complex in which
azulene is bonded to three atoms of a tetrahedral metal
cluster.

Rus(CO);; (0.48 g) and 4,6,8-trimethylazulene (0.58
g) in ligroin (bp 90-120°, 25 ml) were heated under
reflux for 96 hr. After removal of solvent under
vacuum and reactants by sublimation, the resulting
dry material was dissolved in 60:40 ethylene dichlo-
ride-cyclohexane and chromatographed on Florisil.
Mass spectral analysis of the two products indicated
them to be RUS(CO)uCS and (CH3)3C10H5RU4(CO)9 (m
order of elution).

The azulene-ruthenium carbonyl species appears to
crystallize in two modifications, monoclinic and tri-
clinic.®. Monoclinic crystals of diamagnetic, air-stable
(CH 3)3C10H;Ru(CO), are obtained as small red paral-
lelepipeds crystallizing in the spacegroup P2;/n with @ =
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