Communications

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

2. (CHy:N
\ | > I I

H pn H 12

(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
—y
tert-BuOH

Y =CgH;, CH;, OCH;C(CHy; N(C.H;),

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-
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Table I
tert-BuOK
R:B + BrCH,SO,Y -——> RCH,S0,Y
tert-BuOH
1, R = n-C4H9 a, Y = CGH5 la-6d
2, R = L-C4Hg b, Y = CQH.‘;
3, R = n-CeéHizs ¢, Y = OCH,C(CH;);
4, R = n~CgH17 d, Y = N<C2H5)2
5'R = ¢-C:;H;
6, R = ¢-C:Hy;
na ba “a dll
Borane % yield? Mp, °C % yieldt Mp [bp (mm)], °C % yield? Bp, °C (mm) 9, yield? Bp, °C (mm)
1 99 31.5-32 . 5¢ 78 57 .5-604 76 77 (0.1) 84 87 (0.1)
2 92 35-36 .5¢ 81 [74 (0.1) V¥ 59 87 (0.3) 82 74 (0.1)
3 96 37-38 91 67-69 76 97 (0.05) 85 110 (0.6)
4 79 42--43 81 75-77 75 123 (0.15) 77 120 (0.35)
5 82 37-38 78 [101 (0.1)] 73 106 (0.15) 68 102 (0.35)
6 87 52-53¢ 65 (110 (0.1)] 60 111 (0.5) 72 111 (G.5)

¢ The nmr and ir spectral data of the products were consistent with the assigned structures. ® Isolated yields. ¢ Lit. mp 28.7-
31.6°,> 31-32°.6 4 Lit.’ rap 56-57°. ¢ Lit.t mp 35.5-36.5°. / Lit.” mp 15°. 7 Lit.8 mp 53-54°.

gen. The flask was charged with 4.25 ml of a 2.35 M solution of
borane (30 mmol of hydride) in tetrahydrofuran and diluted with
an additional 8 ml of tetrahydrofuran. The solution was cooled to
0° with stirring and cyclopentene (2.65 ml, 30 mmol) was added
dropwise via a syringe over a 3-min period; then the clear solution
was stirred at room temperature for 1 hr. The mixture was cooled
to 0° and a solution of bromomethyl phenyl sulfone (2.35 g, 10
mmol, in 10 ml of tetrahydrofuran) was added via Cannula. Po-
tassium tert-butoxide (9.1 ml of a 1.10 M solution in tert-butyl
alcohol, 10 mmol) was added dropwise via a syringe over a 20-min
period while the reaction stirred at 0°.% The addition of the first
few drops of base to the clear solution immediately produced a
white precipitate and the reaction remained heterogeneous until
work-up.

After the reaction mixture had been stirred an additional 80
min at 0°,19 sodium hydroxide (5.0 ml, 3 N aqueous solution, 15
mmol) was added followed by slow, dropwise addition of hydrogen
peroxide (5.0 ml, 30% aqueous solution, 48 mmol); both solutions
were added via a syringe. The mixture was stirred at 55° for 2 hr
and cooled to room temperature, diethyl ether added, and the
aqueous layer removed. The organic layer was washed with two
10-ml portions of water and one 10-ml portion of brine, dried over
MgSO,, and filtered. Concentration in vacuo yielded a residue,
which was recrystallized from an ether-pentane mixture to yield
1.85 g of cyclopentyimethyl phenyl sulfone, mp 37-38°, 82%.
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