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Benzvalene (1, tricyclo[3.1.0.02,6]hex-3-ene) was first
prepared in 1966 by photoirradiating benzene,1 but the
amount that could be made in this way was tiny.2 Since
1971, the combination of cyclopentadiene, methylene
chloride, and methyllithium (eq 1) has made benzvalene

available easily and in quantity3 and has allowed it to
be used as the starting material for the synthesis of a
variety of its derivatives4,5 and of the parents and
derivatives of a number of other skeletons, including
2-12.4,6 The mechanism of the transformation has been

analyzed,7 and the method used to prepare 1 has been
applied to synthesize a number of ring systems, of which

13-16 are illustrative.8,9 The source of the benzvalene

for all the studies described above was an unpublished
procedure available until recently from Organic Synthe-
ses, Inc.10 Because it is no longer available,11 we are
publishing it here. The synthesis was developed after it
had been discovered that the combination of lithium
cyclononatetraenide, methylene chloride, and n-butyl-
lithium gives isobullvalene (13),12,8a,b a structure related
to [10]annulene as benzvalene is to benzene. It has been
used by Professor Manfred Christl to prepare, during a
period of a number of years, more than 5 kg of benz-
valene.4-6,13

Discussion

The choice of solvent for the synthesis is important
because carbenoid reactions of lithium halomethides
occur best in those that solvate lithium cations poorly.14

However, diethyl ether, the solvent commonly used for
carbenoid reactions, gives only a low yield of benzvalene,
probably because it dissolves only a small amount of
lithium cyclopentadienide. Dimethyl ether, in contrast,
gives a good yield, and although it also offers the
advantage that distillation separates it easily from
benzvalene,15 the preparation of large samples of pure
benzvalene by distillation has not been studied because
of benzvalene’s explosiveness.3 Instead, the synthesis is
performed in mixtures of dimethyl and diethyl ethers,
so that when the product is distilled, the benzvalene is
diluted by an inert solvent. Pure benzvalene, when
subjected to shock, explodes. However, its solutions have
never been reported to do so although they have been
used for innumerable experiments during the past 28
years.

† Dedicated to Prof. Manfred Christl (University of Würzburg) with
appreciation for the many structures he has synthesized from benz-
valene.
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According to Christl’s students13 and Swager and
Grubbs,6l the second batch of methyllithium in eq 1 can
be replaced by the cheaper n-butyllithium in hexanes,
and according to Christl’s students, so can the first batch.
In this latter case, because the reaction is more vigorous,
the cyclopentadiene must be added more slowly.13

Experimental Section

A flame-dried 2 L round-bottomed flask was fitted with an
airtight mechanical stirrer, dropping funnel, and low-tempera-
ture thermomether and was connected via a branched inlet to a
source both of gases and (through a tube filled with Drierite)
aspirator vacuum (the “gas inlet”) and to a stopcock sealed with
a serum-bottle cap. Methyllithium in diethyl ether (400 mL, 1.6
M, containing 0.4% lithium chloride) was introduced by syringe.
The aspirator was then used to remove the ether. While the flask
was cooled in a bath of dry ice and acetone, dimethyl ether (ca.
1 L) was distilled from LiAlH4 into the flask through the gas
inlet.16 The temperature was raised to -35 °C, and cyclopenta-
diene (52 mL, 640 mmol) was added slowly by syringe (at ca. 1
mL/min). After the vigorous evolution of methane had subsided,
methylene chloride (60 mL, 940 mmol) was added to the slurry
(again at ca. 1 mL/min). Methyllithium in ether (440 mL, 1.6
M, containing 0.4% lithium chloride) was then added in drops
from the dropping funnel. (The slurry was now yellow.) While
the apparatus was flushed with nitrogen, the stopcock with the
serum-bottle cap was replaced by a distillation head, condenser,
and receiver, all of which had been washed with aqueous
ammonia and dried. The dimethyl ether was distilled at atmo-
spheric pressure and ambient temperature into a receiver that
was cooled in dry ice-acetone.17 When the pot temperature
reached 20 °C, the receiver was replaced by a 500 mL flask,

which was cooled in the dry ice-acetone mixture. The product,
a solution of benzvalene in ether, was distilled at aspirator
vacuum into this flask. The yield was ca. 400 mL of 0.7 M
benzvalene in ether.18 The benzvalene was contaminated with
only 5-10% of benzene. In seven experiments, the yields of
benzvalene ranged from 30 to 59% and averaged 45 ( 5%.

Caution: The distillation residue should be destroyed cau-
tiously, for explosions have occurred when the residue was
simply exposed to air or water. While the flask was being flushed
with nitrogen, the distillation head was replaced by a stopcock
sealed with a serum-bottle cap connected to a Teflon tube
through which diethyl ether (100 mL) was syringed. The mixture
was stirred, and wet ether (20 mL) was added in drops, followed
by methanol (100 mL) and, very slowly, water (100 mL).19

Pure benzvalene can be isolated by GLPC, but it explodes
when scratched. The GLPC was conducted as recommended by
Wilzbach, Ritscher, and Kaplan,1 using an unheated 5 ft × 1/4
in. aluminum column, packed with 5% isodecyl phthalate and
1.25% triethanolamine on 45/60 Chromosorb G, and a helium
flow of 100 mL/min. The injector and detector were heated to
75 °C.
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(16) In Christl’s lab, the dimethyl ether was distilled from the tank
into the flask through two towers (each 6 cm in diameter, 40 cm high),
the first filled with P2O5 on pumice, the second with KOH pellets.13

(17) Christl’s students do not collect the Me2O, but by sending its
vapors through a rubber or plastic tube to a Bunsen burner in an
adjacent fume hood, burn it.13

(18) Approximately 20 mg of nitrobenzene was weighed into a base-
washed NMR tube. A 0.5 mL aliquot of the benzvalene solution was
added, and the yield was analyzed by comparing the intensities of the
olefinic and aromatic 1H NMR absorptions.

(19) Brunn, E. Ph.D. Dissertation, University of Würzburg, 1983,
destroyed the residue by adding to it 700 mL of petroleum ether (bp
50-70 °C) and then carefully in succession EtOAc, EtOH, and H2O.
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