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Recently, the reaction of triisobutylaluminum and carbon tetra-
chloride was shown to yield diisobutylaluminum chloride and isobutyl chlo-
ride as major products. Carbenes were proposed as intermediates in the
reaction (1,2), but no carbene-trapping experiments were reported. I
now report parallel work on the reactions of triethylaluminum with poly-
halomethanes; the formation in these reactions of cyclopropane and cyclo-
heptatriene derivatives, however, may or may not involve carbene inter-
mediates.

Reaction of triethylaluminum and diiodomethane in a 2:1 mole
ratio in benzene at 25° for seven days gave iodoethane (3) as a major pro-
duct. If, before hydrolysis, this reaction mixture was heated at 75° for
19 hours, part of the iodoethane disappeared and ethylbenzene became a
major product. Ethylene was found in both product mixtures. Reactions

analogous to those proposed by Collette can account for the products.
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I
RyAICH,I —3> RpALT + CpH, (1)
CHpIz + BR3Al —> RoALL
2
RI ——» PhR (2)
= Et CeHg,

The proposed intermediate, I, and its decomposition above -10° (reaction 1)
have been described by Hoberg (4). Friedel-Crafts catalysis by alkylalu~
minum halides (reaction 2) has also been reported (5). Reaction of tri-
ethylaluminum and diiodomethane in a 1,5:1 mole ratio in cyclohexene for

3 days at 250 gave, after hydrolysis, unchanged diiodomethane (18%) and
norcarane (20%), purified (6) by v.p.c. from a fraction boiling at 85-120°

(reaction 3). Norcarane was identified by its n.m.r. spectrum and by come

I+O—->R2All+ O> (3)

parison of its infrared spectrum with a spectrum (7) of authentic norcarane.
Hoberg's study indicates that reaction 3 does not involve carbene, but rath-
er an addition-elimination mechanism (4).

Although the addition of organometallic bonds to olefins is well
precedented, such addition to benzene seems unlikely. Nevertheless, cyclo-
heptatrienes can be generated by the reaction of an alkylaluminum. After
13 days at 25-40°, a benzene solution of triethylaluminum and bromoform
(3:1 mole ratio) was hydrolyzed to give ethane, propene (40%; yields based
on bromoform), bromoethane (32%), 7-ethyleycloheptatriene (14%), cyclohepta—

triene (8%), and unchanged bromoform (10%). Cycloheptatriene, purified by
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distillation and v.p.c., was identified by comparison of its n.m.r. spec-
trum with a reference spectrum (8). 7-Ethylcycloheptatriene, similarly
purified, was identified by comparison of its infrared and n.m.r. spectra
with the spectra of authentic 7-ethylcycloheptatriene (9).

Although a mechanistic interpretation of this reaction is com-
plicated by the many possible intermediates, it is most probably an elec-
trophilic species which attacks the benzene ring., One possible electro~
phile is bromocarbene; another is an (~haloalkylaluminum which can
function as an alkylating agent in a Friedel-Crafts type reaction. A
proposed intermediate in either mechanism is II. In the carbene mechan-
ism, II generates bromocarbene (reaction 5) which inserts into triethyl-

aluminum to give III (reaction 6a) or into benzene to give tropylium

II
RgAl + CHBrz —> RpAICHBrz + RBr (4)
:CHBr + RoAlBr (5)
III R3Al R
C3Hg + RgAlBr < RpAICHBrR (6)
II + R3Al ~——> III + RoAlBr (n

Iv

R
RoAlBr } -
IIT ——> | H-C [RzAlBrz] ~—> R. - -R
Q )
RoAl

R =Et
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bromide (reaction 6b). Decomposition of III gives propene. Reaction of
tropylium bremide with triethylaluminum may give 7-ethylcycloheptatriene
(10); reduction of II or tropylium bromide by triethylaluminum or the di-
ethylaluminur. hydride (11) contained therein can lead to cycloheptatriene.
In an alternstive mechanism, II gives IIL by reaction with triethylaluminum
(reaction 7) (12). In the presence of diethylaluminum bromide, benzene
undergoes electrophilic attack by III, giving IV. Usually a g complex
rearomatizes by loss of a proton, but IV has an alternative leaving group -
a favorably located EtzA_l - which can readily accept the positive charge
(reaction 8) (13). If II provides the electrophilic species, the resulting
tropylium bromide reacts as before. Again, reduction of II or tropylium
bromide leads to cycloheptatriene. Since the carbene mechanism (reactions
L4-6) and the non-carbene mechanism (reactions 4,7,8) both lead to the ob-
served products, a selection will be deferred.

Carbon tetrachloride (1), bromoform, and diiodomethane each react
with trialkylaluminums to give alkyl halides; thus each serves as a source
of positive halogen. Triethylaluminum was found to also react with iodo-
form, chloroiorm, carbon tetrabroﬁde, and carbon tetrachloride, giving the
corresponding haloethane as one of the major products of each reaction (14).

Other produclis of these and related reactions are under investigation,
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