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surface with a secondary minimum (~10 kcal/mol deep)
may be estimated. Despite the reasonably long lifetime
(10~ 8 sec at 200°) indicated for a diradical on this surface,
trapping by good ‘‘diylophiles” such as dimethyl male-
ate?? and dodecanethiol?® in pyrolysis (trapping agent
used as solvent) and photolysis experiments is not ob-
served. Expected products 5 and 1,4-diphenylbutane were
obtained independently and shown to survive the decom-
position conditions. The diradical dichotomy which per-
sists involves a species which on the one hand may have a
lifetime of a bond rotational period (for stereochemical
loss via an intermediate) but which eludes direct detec-
tion (r < 10-11 sec?). The latter elusiveness is predicted
by theoretical calculation of the surfaces for small ring
reorganizations.24
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On the Mechanism of the Formation of
Methylenecyclobutenone from the Pyrolysis of Furfuryl
Benzoate

Summary: Aspects of the mechanism of the formation of
methylenecyclobutenone by the pyrolysis of furfuryl ben-
zoate are defined by the findings that pyrolysis of furfu-
ryl-a,c-ds benzoate gives methylenecyclobutenone-5,5-ds
and pyrolysis of 5-methylfurfuryl benzoate gives a good
yield of 2,5-dimethylene-2,5-dihydrofuran.

Sir: Recently we reported that the low pressure (~10-%
Torr) gas phase pyrolysis of furfuryl benzoate (1) gives
methylenecyclobutenone (2) in fair vield.!
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A likely mechanism for this interesting reaction in-
volves the initial formation of furfurylidene (3) by « elimi-
nation followed by rearrangement of this carbene to cis-
pent-2-en-4-ynal (cis-4), rearrangement of cis-4 to allenyl-
ketene (3), and rearrangement of 5 to 2. This mechanism
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is supported by the fact that 3 is known to rearrange to 42
and by the detection by ir and nmr spectroscopy of small
amounts of trans-4 in the pyrolysis product mixture from
1.

This mechanism predicts that pyrolysis of the «,a-di-
deuterio ester (6) would give 2 that contains only one deu-
terium atom. We wish to report that the pyrolysis of 62
gives a 40% yield of 2 which has both methylene protons
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replaced with deuterium atoms (7). The nmr (CDCls)
spectrum of the product shows only two strong peaks, a
doublet (J = 2.75 Hz) at § 8.65 and a doublet (J = 2.75
Hz) at 6.98. These peaks have been assigned to the ring
protons of 2! and their different splitting pattern (com-
pared to 2) is accounted for by the replacement of the two
methylene protons with deuterium atoms. Integration of
the four signals of 2 showed that each methylene position
contained >96% deuterium.

These results clearly rule out the mechanism presented
above which involves o elimination and indicate that both
a substituents of the ester end up on the methylene car-
bon of the product, an observation that could be useful in
attempting to prepare substituted methylenecyclobuten-
ones. A mechanism which accounts for these results is the
following one which involves initial migration of the ben-
zoate group into the furan ring.*
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Support for this mechanism was gained by the study of
the pyrolysis of 5-methylfurfuryl benzoate (10). Pyrolysis
of 10%:6 at 640° gave a 43% yield of 2,5-dimethylene-2,5-
dihydrofuran (11). Compound 11 was identified by its nmr
spectrum [ 6.41 (s, 2), 4.50 (d, J = 1.5 Hz, 2), 4.21 (d, J
= 1.5 Hz, 2)] and conversion to the known? bis(quaternary
ammonium iodide) 12: nmr é 7.06 (m, 2), 4.77 (m, 4), 3.27
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(s, 18); dec pt 227--229° (lit.” dec pt 227-229°). Production
of 11 is consistent with the above mechanism since the ex-
pected intermediate 13 should undergo 8 elimination to
give 11.
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Alkylation of «-Bromosulfonyl Compounds with
Trialkylboranes

Summary: «-Alkylated sulfonyl derivatives have been pre-
pared in good yields by treatment of the corresponding «-
bromosulfonyl compounds with trialkylboranes in the
presence of potassium tert-butoxide.

Sir: One general method for the preparation of sulfonyl
derivatives® involves alkylation of w-sulfonyl carbanions.
This method is likely to suffer in those systems where
alkyl halides other than primary are employed, or for un-
symmetrical sulfones when there is little if any difference
in the relative acidities of the hydrogens « to the sulfonyl
grouping. Trialkylboranes have been shown to serve as ex-
cellent alkylating agents for «-haloalkanoic esters, a-halo
ketones, and «-halonitriles.2 We wish to report the facile
reaction of a-bromomethanesulfonyl compounds® with
trialkylboranes under the influence of potassium tert-bu-
toxide to produce the alkylated derivatives in good to ex-
cellent yields (eq 1).

tert-BuOK
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R:B + BrCH,S0,Y RCH,S0,Y O

The reaction is easily performed and appears to be com-
plete within a relatively short period of time under mild
conditions. The trialkylborane is prepared by treating the
appropriate olefin with a calculated amount of diborane in
tetrahydrofuran according to the standard procedure.*
The bromosulfonyl derivative is then added, followed by
dropwise addition of potassium tert-butoxide in tert-butyl
alcohol at either 0 or —40°. The results of this study are
summarized in Table I. The reaction appears to be gener-
al, although somewhat lower isolated yields are realized
employing cyclic secondary boranes.

Presumably the reaction involves the steps indicated in
Scheme 1.2

Scheme 1
BrCH,80,Y + tBuO~ K* — K* “CHBrSQ,Y + #BuOH
RB + K" "CHBrS0,Y — K' [R,BCHBrSO,Y]”
K* [R;BCHBrSO,Y]™ — RgB('JHSOgY + XBr

R

RZB$HSOQY + tBuOH — RCH,S0,Y + #BuOBR,

R

The following procedure for the preparation of cyclo-
pentylmethyl phenyl sulfone is representative.

A dry 50-m! round-bottomed flask equipped with a septum
inlet, a magnetic stirring bar, and a nitrogen inlet was flushed
with nitrogen and maintained under a constant préssure of nitro-



