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Vinylcyclopropane derivatives containing two isomers were
respectively obtained in good yields in the reactions of 3-methyl-
2-butenyl, geranyl, and neryl p-tolyl sulfones with NaOH in liquid
ammonia. On the other hand, the reaction with crotyl p-tolyl
sulfone gave 2-ethyl-1,3-di-p-toluenesulfonylpropane in good yield.

While the synthetic potential of sulfonyl carbanion has been well recognized

1,2)

and reviewed extensively, the displacement of the sulfone by a carbon

3,4)

nucleophile is relatively rare. Thus, the formation of carbon-carbon bond by

utilizing these natures of sulfone is of great value.4_7)
In this communication, we wish to report the coupling reaction of allyl

sulfones using NaOH-liquid ammonia system.g’g)

The first attempt was made in the
reaction of 3-methyl-2-butenyl p-tolyl sulfone lb with NaOH in liquid ammonia. A
typical procedure of the reaction is described below. A solution of 1b (2000 mg,
8.92 mmol) and NaOH (750 mg, 17.9 mmol) in liquid ammonia (10 ml) in a titanium
37 the

reaction mixture was extracted with CHCl3 and the extracts were separated by silica

autoclaye was stirred for 72 h at room temperature. After removal of NH

gel column chromatography using CHCl3 as an eluent to afford two isomers of

3-(1l-methylethyl) -2-(2-methylpropen-1-yl) -1-p-toluenesulfonylcyclopropanes 2b and
3b in 80% yield along with a small amount of methyl p-tolyl sulfone 5 (11%). The
ratio of 2b and 3b was roughly 3 : 2.
10) 11) . e 1 13

and 3b were identified by MS, IR, "H NMR, C NMR

spectra and elemental analysis, and the configurations of cyclopropane rings in 2b

The structures of 2b

and }? were determined by their lH NMR coupling constants on the basis that in
cyclopropanes, cis coupling constants are invariably larger than trans coupling
constants,lz)
The reaction with geranyl or neryl
p-tolyl sulfones lc and 1d gave two
isomers of the vinylcyclopropane

derivatives 2c and 3¢, respectively.

Different from these allylic
sulfones, the reaction with crotyl 2b 3b

p-tolyl sulfone la for 48 h at room
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temperature gave 2-ethyl-1,3-di-p-toluenesulfonylpropane 4a in 66% yield as a

major product. The results are shown in Table 1.

Table 1. Reaction of Allyl Sulfones with NaOH in Liquid Ammoniaa)

1
R 2 1 1
R R. R
X NaOH 2 H 2 1
R2)\/\sozfrol — Ry gl + R}_CS°2T°1 + CH,50,Tol
lJ.q.NH3 R H H ) = R S0,Tol
R
SOzTol OzTol
} 2 3 3 5
1 2 1 2 . .
la : R = CHy, R® = H, or R” = H, R" = CH, (1 : 1 mixture of cis and trans)
1b : R1 = R2 = CH
o 3
1 2 _
}g : RT = CH3, R™ = (CH3)2C—CHCH2CH2
1 _ _ 2 _
1d : R = (CH,) ,C=CHCH,CH,, R” = CH,
Allyl sulfone Temp/°C Time/h ,——DProduct/$% ———
2 3 4 5
Crotyl p-tolyl sulfone (}g)b) R.T. 48 0 0 66 5
3-Methyl-2-butenyl
p-tolyl sulfone (1b)S) R.T. 72 48 32 0 11
Geranyl p-tolyl sulfone (lc)? 50 a8 60(2c+ 30 o 17
Neryl p-tolyl sulfone (}g)d) 50 48 81l(2c + 3c)eLf)0 trace

a) NaOH : 2 equiv., liq.NH3 : 10 ml. b) 4.76 mmol. c¢) 8.92 mmol. d) 2 mmol.
e) The ratio of 2c and 3c was ca. 3 : 2. f) Vinylcyclopropanes obtained from

1d were identical with those from lc.

Since it is well known that allyl sulfones isomerize to the corresponding
vinyl sulfones via a sulfonyl carbanions under basic conditions we studied the
reactions of trans-3-methyl-1-(p-toluenesulfonyl)-1l-butene 6 and trans-1-(p-
toluenesulfonyl) -1-butene 7 under similar reaction conditions. After 24 h at room
temperature, 6 gave vinylcyclopropanes 2b and 3b in 35 and 23% yields,
respectively. In this reaction, 1lb was also obtained in 21% yield. Similarly, 7
afforded 4a in 26% yield after 60 h at room temperature. Consequently, it appears
that the corresponding vinyl sulfones are the intermediates in a series of the
reactions with allyl sulfones.

The plausible mechanisms of the reactions with allyl sulfones are shown in the
Scheme 1.

The initial step is an isomerization of an allylic sulfone to a vinyl sulfone
via o sulfonyl carbanion.l4) Judging from the fact that the treatment of vinyl
sulfone 6 with NaOH in liquid ammonia forms allyl sulfone 1b, allyl p-tolyl

sulfones are in equilibrium with the corresponding vinyl p-tolyl sulfones.ls)
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Scheme 1.

Michael type addition of o sulfonyl carbanion to the resulting vinyl sulfone
followed by the displacement on the allylic sulfone site affords vinylcyclopropane

derivatives (Route a).16s17)

The formation of methyl p-tolyl sulfone 518) may be
attributable to the addition of NaOH to vinyl sulfones to yield B-hydroxysulfones
which may undergo retro aldol reaction to give 5 (Route B). In the reaction with
crotyl p-tolyl sulfone }a, the addition of sodium p-toluenesulfonylmethylide
formed by Route B to vin;l sulfone 7 preferentially occurred (Route C).

Work along the expansion of sy;thetic utilities using allyl sulfones is in
progress in our laboratory.

We wish to thank Dr. Yutaka Fujise, Department of Chemistry, Tohoku
university, for the measurements of lH NMR and 13C NMR spectra of the compounds,

2b and 3b.
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