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(M*/e caled for CgH 40, 126.1044; found, 126.1043) and NMR
spectral data: '"H NMR (CDCly) 3 3.17 (3 H, 5), 2.0-1.5 (11
H, br m); 3C NMR (CD,CN) § 50.02, 37.21, 33.60, 28.33, 26.63,
and 18.07.'® The '*C NMR spectrum of 12 was very similar to
those of other bicyclo[3.1.1]heptane derivatives. Compound 13
could not be obtained free of 14, Thus, it was identified through
comparison with an authentic sample of 13!® which showed the
following data: '*C NMR (CD;CN) 6 147.92 (s), 109.43 (1),
79.85 (d), 55.77 (q), 41.22 (t), 35.09 (t), 31.84 (t), 24.72 ().
Unfortunately, we were unable to obtain 14 as a pure compound.
However, the presence of absorptions in the 'H NMR spectrum
at 6 0.45-0.25 and in the '*C NMR spectrum at & 58.49 (q),
coupled with the complete absence of absorptions which could be
attributed to olefinic carbons, suggests that this compound might
be the cyclopropylcarbinyl methyl ether 14. This analysis was
confirmed through comparison of 14 with an authentic sample
which was synthesized via Simmons—-Smith cyclopropanation?®2!
of 1-hydroxymethylcyclopentene?? followed by methylation of the
alkoxide anion with methyl iodide.

In summary, [3.1.1]propellane has been synthesized and found
to be stable in solution at room temperature. Our results counter
the pessimism of those who questioned whether 3 would be a stable
entity.??® We are continuing to investigate the chemical prop-
erties of 3 and of related small propellanes.
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Synthesis and Reactions of
2-Lithio-3-chlorobicyclo[2.2.1]hept-2-ene. Generation of
the Trimer of Bicyclo[2.2.1]hept-2-yne

Sir:
In a detailed study of the mechanism of the reaction of 2-
chlorobicyclo[2.2.1]hept-2-ene (1) with n-butyllithium, Gassman

and Valcho' convincingly demonstrated that 1 underwent an
acid-base reaction with #-butyllithium to produce 2. Spontaneous
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loss of lithium chloride under the reaction conditions (large excess
of organolithium) then produced bicyclo[2.2.1]hept-2-yne (3) as
a highly reactive intermediate which immediately added the excess
n-butyllithium. As part of a program designed to explore the
chemistry of highly strained acetylenes, we desired to generate
3 in the absence of excess organolithiums. We now report on the
synthesis and reactions of 2, including its conversion to 3 and the
subsequent trimerization of 3.

Treatment of 1 with 1 equiv of fert-butyllithium in 1:1 tetra-
hydrofuran—pentane at -45 °C gave 2-lithio-3-chlorobicyclo-
[2.2.1]hept-2-ene (2) as the exclusive product.? We found that
2 was quite stable when generated in this manner. No detectable
decomposition of 2 was noted when the solution of 2 was warmed
to 25 °C and maintained at that temperature for 12 h. This was
demonstrated through conversion to 4 in 70% yield with deuterium
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oxide, and carbonation of 2 to give 5 in 60% yield.” The stability
of 2 made it an attractive intermediate for the preparation of a
variety of sustituted derivatives of bicyclo[2.2.1]hept-2-ene of
general formula 6. Thus, 2 reacted with (a) trimethylsilyl chloride,
(b) carbon tetrachloride, (¢) 1,2-dibromoethane, and (d) methyl
iodide to give 6a (40%), 6b (34%), 6¢c (50%), and 6d (47%),
respectively.

The stability of 2 at 25 °C can be compared with the reported
stabilities of other I-lithio-2-halocycloalkenes. 1-Lithio-2-
bromocyclohexene, 1-lithio-2-bromocyclopentene, and 1-lithio-
2-bromoacenaphthene are reported to lose lithium bromide at
<-120 °C,* 25 °C,5 and 100 °C.® respectively. 1-Lithio-2-
fluorobenzene was reported to yield benzyne at —-65 °C’ while
2-lithio-1-chloro-3,3-dimethylindene was stable to 25 °C.2  Thus,
it was of interest to establish the temperature at which 2 would
lose lithium chloride. Heating of the solution of 2 to 45 °C for
4 h resulted in the complete disappearance of 2. In addition to
a large amount of high molecular weight, intractable gum, the
reaction gave 9-11% of a white solid, mp 162-164 °C. The UV
spectrum of this material showed A_,, (ethanol) 269 nm (e 242).
This, coupled with the absence of any aromatic or olefinic protons
in the NMR spectrum, was diagnostic of a hexasubstituted
benzene derivative.® '3C NMR spectra indicated the presence
of two components. This 2:1 mixture of 7 and 8 was separated
by preparative VPC on a 10% SE-30 on 60:80 Chromasorb W
column at 220 °C. The major component, mp 165-168 °C,
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showed four sets of peaks in its 13*C NMR spectrum at 136.2 and
123.72 (s), 48.69 and 48.44 (t), 41.21 and 41.11 (d), and 27.43
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and 27.12 (t) ppm, indicating that it was the syn-anti-syn isomer,
7.1 The 3C NMR spectra of the minor isomer, mp 175-180
°C, showed only four absorptions at 136.19 (s), 48.91 (t), 41.05
(d) and 27.09 (t) ppm, indicating that it was the all-syn isomer,

The formation of trimers, in yields ranging from 2-449%, has
been used as evidence for the formation of cyclooctyne,!! cyclo-
heptyne,*!? cyclohexyne,® and cyclopentyne.’ We suggest that
the isolation of 7 and 8 provides equally strong evidence for the
transitory existence of bicyclo[2.2.1]hept-2-yne (3). We believe
that this is the most strained acetylene derivative prepared thus
far.

The results above raised the question of why 2 appeared to
decompose at 25 °C under the conditions of excess n-butyllithium!
but was stable at 25 °C when prepared as described above. We
felt that the decomposition of 2 might be promoted by excess
organolithium reagents. This was substantiated by the observation
that addition of tert-butyllithium, methyllithium, or s#-butyllithium
to 2 promoted its dehydrohalogenation at 25 °C. Both fert-bu-
tyllithium and methyllithium promoted the conversion of 2 into
high molecular weight oligomers and a mixture of 7 and 8. In
contrast, n-butyllithium promoted the conversion of 2 to 2-n-
butylbicyclo[2.2.1]hept-2-ene which was the major product
identified previously.!

Lastly, we examined the stability of 9. Unfortunately, 9 could
not be prepared through an acid-base reaction of 2-bromo-
bicyclo[2.2.1]hept-2-ene with an organolithium reagent due to
the propensity of the bromide to undergo halogen—metal exchange
reactions. Thus, 10 was used as the precursor.!> Treatment of
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10 with »-butyllithium in tetrahydrofuran—hexane at -78 °C gave
9. When a solution of 9 was warmed quickly to 25 °C, only
intractable material was formed. In contrast, addition of (chlo-
rotrimethyl)silane to a solution of 9 at —78 °C.gave a 90% yield
of 11, which substantiated the intermediacy of 9.!*  Since
acetylene trimerization is known to be catalyzed by certain
transition-metal complexes,!’ we questioned whether the addition
of such complexes to a solution of 9 at —78 °C followed by
warming would produce 7 and 8. When a solution of 9 was treated
with nickelocene!¢ and allowed to warm to room temperature, a
37% yield of a mixture of 7 and 8 was obtained. Other transi-
tion-metal derivatives which promoted formation of the trimer
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of bicyclo[2.2.1]hept-2-yne were nickel(IT) chloride, iron(III)
chloride, copper(I) iodide, copper(Il) chloride, and cyclo-
pentadienylbis(triphenylphosphine)cobalt.!’
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Mixed Valence and Magnetically Coupled Vanadate
Domains in Heteropoly Tungstate Anions

Sir:

The analogy between heteropoly anions and metal oxide lattices
vis-4-vis structures and catalytic properties has been recognized
for several years.! Partially reduced polyanions (“heteropoly
blues”)? are of considerable interest because, in principle, they
provide insight into electron mobility (semiconduction) and
magnetic exchange interactions in metal-oxide-like environments.
Analysis of such processes in heteropoly blues and oxides has been
complicated by the existence of numerous “intramolecular”
pathways for electron transfer and magnetic coupling. We have
recently developed stereospecific syntheses of certain mixed-metal
polyanions and can use these to explore electronic interactions
between a small number of adjacent metal atoms in a polyanion.
We report here the first ESR and magnetic data for complexes
of this sort in which unpaired electrons are restricted to two or
three oxygen-bridged vanadium atoms.

The complexes are a-1,2-SiV,W,;0,% (1) and a-1,2,3-
SiV;W30,0H® (2) and their reduced forms. It is believed that
the vanadium atoms in 1 and 2 occupy adjacent corner-sharing
“octahedral” sites in the Keggin structure (Figure 1).> Controlled
potential reduction of 1 and 2 yields green a-SiVIVVYW (04’
(1a) and o-SiVIVV,YW;0,H 2~ (2a) with the ESR spectra shown
in Figure 2. The 15-line spectrum (g = 1.966, a = 51 G) for
1a is consistent with an electron interacting with two equivalent
vanadium-51 nuclei (/ = 7/,)* and stands in contrast to the
spectrum of a mixture of isomers of a-PVIYVYW 10,5 which
consists of both 8- and 15-line components.> The ESR spectrum
of 2a consists of more than 40 equally spaced hyperfine lines (g
= 1.960) and has been interpreted according to the stick diagram
shown in Figure 2. The interpretation assumes a spectrum of eight
equally intense lines (a; = 68 G) each one of which is split into
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