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The Cyclotrimerization of 2-Butyne-1,1,1-d; by
Triphenyltris(tetrahydrofuran)chromium(III)!
Sir:

The cyclotrimerization of substituted acetylenes to
benzene derivatives using organometallic catalysts is
a transformation of considerable synthetic usefulness.*?
A controversial area in mechanistic discussions of this
reaction centers around the importance of metal-cyclo-
butadiene complexes as reaction intermediates. The
observation that various isolable transition metal com-
plexes of cyclobutadienes react with acetylenes only in
the presence of oxidizing agents or donor ligands has
been interpreted as evidence against cyclobutadiene
intermediates.>* However, the reactivity of these
stable compounds does not bear directly on that of less
stable and presumably more reactive complexes which
might be formed under the cyclotrimerization condi-
tions. Labeling and product studies have provided on
support for cyclobutadiene intermediates in these reac-
tions.” but these experiments are amenable to a number
of interpretations.” We wish to report the results of
deuterium-labeling experiments which provide clear
evidence excluding a chromium-tetramethylcyclobuta-
diene intermediate in the cyclization of 2-butyne-1,1,1-d;
(1) to hexamethylbenzene-d; by triphenyltris(tetrahydro-
furan)chromium(III).?

If the mechanism of this cyclotrimerization involves
dimerization of 1 to a tetramethylcyclobutadiene-
chromium complex, the initial stages in the cyclization
must produce head-to-head and head-to-tail configura-
tions of the labeled cyclobutadienes 2 with equal prob-
ability.” Further, ample experimental precedent sup-
ports the assumption that a cyclobutadiene moiety com-
plexed with a transition metal will adopt a square
geometry in which the carbon-carbon bonds of the
ring are chemically equivalent.? In consequence, reac-
tion of a tetramethylcyclobutadiene-containing inter-
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mediate with another molecule of 1, either directly or
following dissociation of the cyclobutadiene from the
metal, will lead to a statistically determined distribution
of the labeled hexamethylbenzenes 4, 5, and 6 (relative
yields 1:5:2). In contrast, cyclotrimerization pro-
ceeding in a concerted manner through an intermediate
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in which three molecules of 1 are simuitaneously co-
ordinated with the metal (represented schematically by
3), or through a metal heterocycle of the type proposed
by Blomquist* and Collman,? should lead only to 5 and
6in 3:1 relative yield.

We have distinguished experimentally between thesc
two alternative paths by determining the yield of 4 pro-
duced in the cyclization, relative to the combined yields
of 5 and 6. Compound 4 is unique among the labeled
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hexamethylbenzenes in having three adjacent labeled
methyl groups. Degradation of a mixture of 4, 5, and
6 to corresponding isotopically substituted 3-methyl-
2,4-pentanediones (7) by reduction with sodium in hexa-
methylphosphoramide-z-butyl alcohol, followed by
ozonolysis, isolates sets of three adjacent methyl groups
in separate molecules (eq 1). This degradation does not
scramble or exchange methy! groups; hence, mass spec-
tral determination of the proportion of 7 having three
labeled methyl groups, followed by appropriate statisti-
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cal corrections to account for the distribution of labeled
methyl groups expected on reduction of each of the
hexamethylbenzenes, provides a method of determining
the relative yield of 4.

The observed isotopic composition of 7 obtained by
degradation of the hexamethylbenzenes from cyclization
of 1 with triphenyltris(tetrahydrofuran)chromium(III)*
Jis given in Table I, together with the isotopic distribution

Table I.  Calculated and Observed Isotopic Compositions ( 9)*

7. 7.
7. (CHj)-  (CH.)- 7,
(CH,y): (CDy) (CDy). (CDy):

Caled: concerted 0.0 48.9 50.5 0.5

Caled: cyclobutadiene 4.0 449 46 .4 4.6
Obsd:" (CeH.).Cr(Hl)-

3THF 0.0 47 .4 52.0 0.6

Obsd:* AICI; 3.7 43 .7 48.1 4.5

« The starting 2-butyne had isotopic composition corresponding
t0 98.99; CDsCH. and 1.17; (CDy).. The experimental composi-
tions include contributions to the spectra from the approximately
1.19, 1sotopic impurity (CHD.) in the CD, groups. * Experimental
error in these values is estimated to be =0.29,.

calculated assuming that the reaction proceeds through
a tetramethylcyclobutadiene intermediate and that cal-
culated assuming a concerted cyclotrimerization (or
some geometrically equivalent path).® Experimental
results obtained by a parallel degradation of the hexa-
methylbenzene from cyclotrimerization of 1 using
aluminum chloride in benzene are also included in this
table.!! Comparison of the observed and calculated
values shows that no 7, (CD;); was formed in the chro-
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mium-catalyzed reaction beyond that attributap)e o 3
isotopic composition of the starting 2-butyne ang C(t)hc
sequently indicates that within our experimental erro, :
4 was formed in this cyclization. The close agreemcnot
between the isotopic composition observed for the
aluminum chloride catalyzed reaction and that ¢y).
culated on the basis of a cyclobutadiene intermediate
provides assurance that the degradation yields reliabic
results.!* Taken together, these results exclude a
cyclobutadiene intermediate in the cyclotrimerization
of 2-butyne over triphenylchromium(III).

We have used a similar approach to demonstrate that
a tetramethylcyclobutadiene-chromium complex is not
an intermediate in the production of 1.2,3,4-tetramethyl-
naphthalene (8) in the chromium-catalyzed cyclization
of 2-butyne. In particular, isolation of sets of 1o
adjacent methyl groups from 8, using the degradation
outlined in eq 2. and mass spectral determination of the
1sotopic composition of 9 have established that no 1,2-
dimethyl-3,4-di(methyl-d;)naphthalene (10) is formed
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in the reaction of triphenyltris(tetrahydrofuran)chro-
mium(EIl) with 1,51+
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place during this cvclization. Hence cation ii is not an intermediate.
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