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A Benzvalene Synthesis
Sir:

Among interesting chemical structures, that of the
valence isomer of benzene, benzvalene (I), is one of
the most fundamental and one of the rarest. Benz-
valene has been synthesized by photolyzing benzene, 2
but because its photochemical decomposition is ben-
zene sensitized,’® the steady-state concentrations do
not exceed 0.0597,* and although the conversion can
be increased to 197 by dilution with hexadecane,™
the yield is still small and the product diluted by sol-
vent. We are reporting a simple procedure for syn-
thesizing the benzvalene ring system that makes this
rare hydrocarbon abundant.
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The procedure is indicated in reaction 1. Reasons
for expecting its efficacy have been enumerated pre-

@ + CH,C, + CHLi — @ + @ 1
Li*

viously,® but the best reason is that the analogous
reaction works, using the cyclononatetraeny!l anion,?*
and gives as the major product isobullvalene (II), the
corresponding valence tautomer of cyclodecapentaene.

An important consideration in effecting the reaction
is the choice of solvent, as carbonoid reactions of
lithium halomethides occur best in those that solvate
lithium cations poorly.” However, the commonly used
solvent, diethyl ether,®®® does not dissolve lithium
cyclopentadienide. By contrast, dimethyl ether does,
and if reaction 1 could be effected using it, the isolation
of large quantities of benzvalene would be easy because
distillation should separate it from the much lower
boiling solvent. In fact, reaction 1 can be effected
in dimethyl ether and gives a 2497 yield of benzvalene,’
samples of which were isolated pure and identified
by proton nmr spectroscopy. However, we were dis-
couraged from investigating its large-scale isolation
pure when the resonance energy of benzene and the
strain energy of small-ring compounds were called to
our attention by the benzvalene exploding.®*
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Large quantities of benzvalene can safely be pre-
pared in solution. Thus, 152 mmol of ¢cyclopentadiene
was treated with 160 mmol of CH;Li in 400 ml of
dimethy! ether, and then 314 mmol of methylene chlo-
ride and 320 mmol of 597 CH;Li in diethyl ether (con-
taining 0.4 % LiCl) were added at —45°. The dimethyl
ether was evaporated and the product and diethyl
ether were distilled at ambient temperature and reduced
pressure. The proton nmr spectrum of the ether solu-
tion (with dimethylformamide or nitrobenzene added
as internal standards) showed that the yield of benzene
was 6.49 and of benzvalene, 29%. A characteristic
of benzvalene is its extraordinarily foul odor.

The valence tautomer III of naphthalene, benzobenz-
valene, or naphthvalene could similarly be prepared as
indicated in eq 2. The yields of benzobenzvalene and
naphthalene after distillation, but before further purifi-
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cation, were estimated by nmr spectroscopy as 10 and
18 %. We were unable to find a procedure for isolating
benzobenzvalene free of naphthalene although repeated
crystallization of naphthalene from the mixture dissolved
in isopentane or methanol gave a small sample con-
taining only 997 naphthalene. Naphthvalene showed
the following characteristics: colorless liquid; nmr
(CCly) 7 3.18 (symmetrical multiplet, 4.05 H), 6.17
(1.5-Hz triplet, 1.98 H), 7.60 (1.5-Hz triplet, 1.97 H);
uv (in cyclohexane, after subtracting that of naphtha-
lene impurity) Amax (€) 278 (494), 271 (465), 264 (375),
235 nm (975); stable at room temperature; heated
in CCl, (175°, 10 min) it gives benzofulvene (36%
yield)!' and polymer, but not naphthalene;!? 1.,
(CCly, 75°) ~ 1.3 days.

A bounteous source of benzvalene makes it easy to
provide the ‘last datum necessary to implicate benz-
valene as an intermediate’! in the photochemical
hydration of benzene:'®?% that it reacts with
acidified D,O to give IV as suggested by Berson and
Hasty.®® An ether solution (105 ml) containing about
1.6 g of benzvalene was treated with 25 ml of 0.074 N
D;PO, in D;O for 30 min at room temperature to give a
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A related reaction of naphthvalene, with DCl gas
in CCl,, stereospecifically?®! gives Va (mp 53.5-56.5°)
in 9897 yield.?? The structure is proven by its proton
nmr spectrum?® and that of the epimer of Vb formed
upon reaction with LiCl in acetone,?* and by reaction
of Vb with triphenyltin hydride,? which gives quan-
titatively benzobicyclo[3.1.0Jhex-2-ene (57 %),*® 1-meth-
ylindene (40%),% and 1,2-dihydronaphthalene (3 %).%
The stereospecificity of the chloride attack seems re-
markable?® although that of the protonation is antici-
pated by two other results® and by theories. !

The abundance of benzvalenes should allow extensive
studies of their properties.
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The Difference between «- and 6-Chymotrypsins.
Preparation and Alkaline pH Dependence of
a-Chymotrypsin-Catalyzed Hydrolysis of
N-Acetyl-L-tryptophan Methyl Ester (ATME). The
Invoivement of Alanine-149 in o«-Chymotrypsin Catalysis
Sir.

We wish to report evidence which strongly implicates
the amino terminus of alanine-149 as a participant in
catalysis by the enzyme a-chymotrypsin. The ioniza-
tion state of this amino acid leads to some structural
change at the active site which determines the kinetic
behavior of the enzyme. It is known that a-chymo-
trypsin loses its ability to bind specific substrates or in-
hibitors in the alkaline pH region.!=% Although it has
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Figure 1. Schematic representation of the structures of chymo-

trypsinogen A (I), threo-neochymotrypsinogen (II), and o;-chymo-
trypsin (I11).

not been proved, this reversible inactivation has been
associated with the disruption of an ion pair between the
carboxyl group of aspartate-194 and the N-terminal
amino group of isoleucine-16, triggered by the depro-
tonation of this last residue.*

Recent studies from this laboratory on the pH de-
pendence of é-chymotrypsin-catalyzed reactions®¢ in-
dicated that the binding ability of this enzyme is re-
markably less dependent on pH when compared with
a-chymotrypsin, Although there is evidence for the
existence of the same ionic bond in crystals of phen-
ylmethanesulfonyl-6-chymotrypsin,” our results clearly
indicated that the deprotonation of the isoleucine-16
amino group causes only a minor effect on the binding
ability of this enzyme. This led us to suggests that the
peculiar behavior of a-chymotrypsin at alkaline pH
may be caused by the ionization of the phenolic group
of tyrosine-146 or the amino group of alanine-149,
which are present as chain termini in a-chymotrypsin
but not in §-chymotrypsin.

In this communication we wish to report preliminary
results on the preparation and the alkaline pH depen-
dence of another active form of chymotrypsin, a;-
chymotrypsin (III). This enzyme, whose existence was
first recognized by Desnuelle and coworkers, differs
from a-chymotrypsin because it has threonine-147 in-
stead of alanine-149 as the N-terminal amino acid of the
C chain (Figure 1).%

ITI was prepared by enzymatic activation of threo-
neochymotrypsinogen?® (II), according to the following
procedure: chymotrypsinogen A (I) was treated with
5% (w/w) purified é-chymotrypsin and 29 (w/w) crys-
talline soybean trypsin inhibitor in 0.1 M phosphate
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