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A number of synthetic procedures employing 2-butyne and aluminum trichloride have recent-
ly been cievelr::ped.l_3 Some of us have previously reported the reaction of 2-butyne with aluminum

trichloride in which the title compound 1 is produced. The structure of 1 has recently been con-
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confirmed by X-ray amalysj.s.“’5

The nmr spectrum of _1_6, taken at -10° in methylene chloride solution, consists of three
sharp peaks. These occur at 1.32, 2.29, and 2.40 ppm in a ratio of 1:1:2. If the sample is warmed,
reversible line-broadening is cbserved. By 20° the two low-field peaks have collapsed into a broad
singlet. And, when a methylene bromide or benzene solul:ion7 of 1 is warmed to 800, coalescence to
one peak is observed. These phenomena indicate that 1 is involved in a dynamic process; the alumi-
num trichloride group is migrating around the four-membered ring.

The intramolecular nature of this process has been established. Alternative pathways
(eg., exchange of aluminum trichloride groups between two molecules of 1) have been excluded, since
no reduction in the rate of migration was observed when solutions of 1 were d:l.lm:ed.8 Nor is 2-bu-
tyne involved in the migration process, for in low concentration it still gives a sharp nmr signal,
even after the peaks of 1 have begun to broaden. Addition of excess aluminum trichloride does not

enhance migration; instead, one equivalent reduces the rate of migrationby a factor of at least 50.9
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Double irradiation nmr experimntslo indicate that migration is not simply due to consec-
utive 1,2-shifts of the aluminum trichloride group. When 1 was strongly irradiated at 1.32 ppm, the
intensities of the 2.40 and 2.29 ppm signals were equally reduced. This equal transfer of satura-
tion shows that, irrespective of its original position, the aluminum trichloride group can migrate
equally well to any of the other positions on the four-membered ring.

Experimental activation parameters were calculated from the line~width of the high-field
nmr peak at -10 to 45° using the slow-exchange approximation procedureu: An#, 10.7 kcal.ml-l;
AS*, -17 eu. These parameters were aliso calculated from the lihe-shape of the two low-field

peaks'®1? ot 0.5 to 18°: aut, 9.7 keal.mo1™!

] AS*, -23 eu. The uncertainty in these values is
estimated to be 20%.

We suggest that the w-complex 2 is an intermediate in the migration process. Complete
disruption of the carbon-metal bonding to give "free” tetramethylcyclobutadiene is also possible,
but intuitively less likely. Furthermore, the negative entropy of activation better accords with 2
.as the intermediate.

A number of Diels-Alder reactions employing 1 have been performed.1 For example, treat-
ment of 1 with dimethyl acetylenedicarboxylate, either with or without DMSO, led to the expected
dewarbenzene derivative. Pres@ly, both the diester and DMSO can remove aluminum trichloride from
1 generating "free” t:etx:amet:hylcyclobut:ad.i.ene.1 It is this intermediate, then, that actually under-
goes cycloaddition with the dienophile.

Addition of DMSO to a methylene chloride solution of 1 and two equivalents of 2-butyne
at 15-35° led chiefly to three produci:s13 (eq 1) : the expected hexamethyldewarbenzene (3) (40%),
tetramethylcyclobutadiene dimer 4 (30%), hexamethylbenzene (5) (15%), and 15% of unidentified ma-

terials, When the experiment was repeated in the absence of 2-but:yne,14 4 (62%) and 5 (11%) were

1 15- 35
= DMSO
2-BUTYNE

still obtained, but only a trace of 3 (2%) was present. The products 3 and 4 presumably derive from
competing Diels-Alder reactions of the intermediate tetramethylcyclobutadiene with itself ,15 or,
alternatively, with 2-butyne.

at -40° aadition of DMSO to a solution containing 1 and two equivalents of 2-butyne gave

only one major product (eqg 2): 116 (79%) and 5 (3%). There was no 3 present. Thus, the intermedi-



No. 45 3917

ate is now reacting selectively with itself and not at all with 2-butyne.

1 -40°
—_— e 4 + S eq?
DMSO - "
TRACE
2-BUTYNE

The well-known reactivity of cyclobutadienes, particularly the parent compound,17 might

seem to exclude the possibility of any selectlvity in their reactions. However, recent worlvz19 in-

dicates that certain highly substituted cyclobutadienes, most notably the tri-t-butyl derivativelga,
are at least stable enough to be isolated. We submit that the reactivity of tetramethylcyclobuta-
diene is intermediate between that of the parent compound and the tri-t-butyl derivative.

Results with various dienophileszo indicate some limitations to the synthesis of substi-
tuted dewarbenzene derivatives from 1. The dienophile must be at least moderately reactive (eg.,
possess a conjugated ester group) for a useful synthesis. Otherwise non-selective conditions (i.e.,

moderate temperature) must be employed, and, at best, low yields accepted.

We are continuing our investigations of 1 and related species derived from other alkynes.
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