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LIGAND COUPLING THROUGH 0-SULFURANE --- COMPLETE RETENTION OF
GEOMETRIC CONFIGURATION OF ALLYLIC AND VINYLIC GROUPS IN THE REACTIONS
OF ALLYLIC AND VINYLIC SULFOXIDES WITH GRIGNARD REAGENTS

Shigeru Oae*, Takashi Takeda and Shoji Wakabayashi®
Okayama University of Science, Ridai-cho 1-1, Okayama 700, Japan

Abstract: The reaction of p-benzenesulfonylphenyl crotyl sulfoxide with
Grignard reagents is considered to proceed via formation of an incipient
o-sulfurane to afford the coupling product, p-benzenesulfonyl-crotylbenzene, in
which the geometric configuration of crotyl group was completely preserved. No
rearrangement was observed in the coupling reaction of p-benzenesulfonylphenyl
a-methylallyl sulfoxide. Such a complete retention of geometric configuration
was also found in the reactions of 2-pyridyl and p-benzenesulfonylphenyl styryl
sulfoxides with Grignard reagents.

Earlier, we have shown that the reaction of optically active 1-phenylethyl
2-pyridyl surufoxide(l) with either phenyl or methyl Grignard reagent afforded
the corresponding optically active coupling product, i.e., 2-(1-phenylethyl)~
pyridine(3), in which the configuration of 1-phenylethyl group was completely
retained.’) We then postulated that the reaction proceeds via formation of a
sulfurane intermediate(2), formed upon the nucleophilic attack of the Grignard
reagent and subsequent coupling of 2-pyridyl group and 1-phenylethyl group after

pseudorotation as shown below.?2)
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This stereochemical experiment clearly revealed that the ligand coupling within

the incipient o-sulfurane is a concerted process.

Meanwhile, we have found that phenyl group bearing an electron-withdrawing
group, such as p-benzenesulfonylphenyl group, similarly to 2-pyridyl group, can
also couple readily with either benzylic or allylic group in the reaction of
benzylic3) or allylic sulfoxides with Grignard reagents. However, the vinylic
group was found to couple with p-benzenesulfonylphenyl group or 2-pyridyl group
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less readily than benzylic group. The order of coupling reactivity was observed
to be benzylic group >> allylic group > vinylic group ( Entry 4,5,8 and 10 ), as
can be seen in Table 1.

THF, N,
Ar—g—R1 + R%MgX ———~ > ar-R' + Ar-R?2 4+ Ar-Ar + Ar-H (1)
r.t., 1h

Table 1. The products in the reaction(1) of a few aryl allylic and
vinylic sulfoxides with various Grignard reagents

Products yield/s a)

Entry Ar R’ R2 Ar-R Ar-R Ar-Ar Ar-H
1 p-Bsp CH,=CHCH, CyHg 53.0 - - -
2 " CH,=C(CH3)CH, CoHg 63.7 - - -
3 " Ph&H=CH h 15.3 - - 35.4
4 C.H CH.,=CHCH - 45.1 - -
5 " cgng phég=cH > b) - - . - 21.5
6 " C5H CHyCH=CH D) - - - 42.7
7 " phch CH5=CHCH, 51.3 - - -
8 " CH =éHCH2 Ph Hz - 73.1 - -
9 " PhH, PhCHECH S)  42.2 - - -

10 " PhCH=CH PhCH ) - 50.0 - -
11 " PhCH, cHgchi=cu ©)  53.1 - - -
12 2-Py PhCH=CH C,H 41.0 - - -
13 " C,Hg pAcR=cH - - 5.1 -
14 " C5H CH,CH=CH - - 6.2 -
15 " phcR=cn PhCH, - 44.0 - -
16 " PhCH, PhCH=CH 42.0 - - -
17 " PhCH, CH;CH=CH 43.3 - - -

Bsp: benzenesulfonylphenyl ; Py: pyridyl ; a) Isolated yield ;
b) Reaction Time : 2h ; c¢) 5h
Especially interesting would be the stereochemical observation on the
reactions of both p-benzenesulfonylphenyl crotyl sulfoxide and p-
benzenesulfonylphenyl or 2-pyridyl styryl sulfoxide with Grignard reagents,
since one can readily observe the change of geometrical configuration of crotyl
or styryl group, if any dissociation or sigmatropic rearrangement would occur
during the reaction. Meanwhile, if the coupling of crotyl or styryl group with
p-benzenesulfonylphenyl and 2-pyridyl groups proceeds concertedly within the
sulfurane formed by the attack of a Grignard reagent on the sulfoxide, we would
observe that the geometric configuration of the allylic or vinylic group in the
resulted coupling product is completely retained throughout the reaction.
Thus, we have first carried out the following reaction with ethylmagnesium
bromide of p-benzenesulfonylphenyl crotyl sulfoxide(4), in which the cis-trans
ratio of crotyl group is 26 : 74,

Q THF, N,
@802©S-CH2—CH=CH—CH3 + C,HsMgBr >
r.t., 1h

4 (cis/trans:26/74)
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@SOZ@CHZ—CH=CH—CH3 + @soz©

5 (cis/trans:26/74) 48.7% 6 30.0%

This reaction afforded two products, p-benzenesulfonyl-crotylbenzene(5) and
diphenylsulfone(6). Obviously the former 5 is resulted by ligand coupling and
the latter 6 is formed by ligand exchange reaction respectively. However, the
major product was ligand coupling product 5, which was found to have retained
exactly in the same cis/trans geometrically isomeric ratio of crotyl group,
namely 26 : 74, as determined by Tn NMR spectra, i.e., 8=1.37 (4, J=7Hz, 0.78H,
cis—C§3]: 1.66 [d, J=5Hz, 2.22H, trans~C§3) and 1.39 (d, J=7Hz, 0.77H, cis—C§3]:
1.64 [d, J=5Hz, 2.23H, trans—C§3) of crotyl groups of both the starting
sulfoxide and the resulted coupling product4).
Here again, the ratio of cis-trans of crotyl group remained throughout the
coupling reaction.

Next, the reactions of p-benzenesulfonylphenyl and 2-pyridyl styryl
sulfoxides with ethylmagnesium bromide were carried out as shown below.

Q H THF, N, g
@soz@s-c=g@ +  CyHgMgBr ——— soz@é=c@
H r.t., 2h H

trans-7 only trans-8 67.1%
o THF, N, H
Q §—c=c@ +  C,oHgMgBr— 80~ > @c:g@
i r.t., 1h H
trans-9 only trans-10 44.0%
g THF, N2
@ -g=c@ + CyHgMgBr —— > Q 9=?©
HH r.t., 1h H H
cis-11 only cis-12 33.3%

The reaction of trans-p-benzenesulfonylphenyl styryl sulfoxide(7) afforded only
trans-p-benzenesulfonyl-stylbene(8) in a good yield.s) Further, the coupling
reactions of trans- and cis-2-pyridyl styryl sulfoxide(9 and 11)6) with the
Grignard reagent gave also the corresponding coupling product, trans-2-
styrylpyridine(10) and cis—2—styry1pyridine(12)7), respectively. In order to
confirm the geometric configuration of coupling product, 8 and 10 were subjected
to X-ray crystallographic analysis, which indeed have been confirmed to be of
pure trans form.B) Thus, the geometrical configuration of the double bond in the
sulfoxide did not change in the ligand coupling reaction.

A similar reaction was carried out with p-benzenesulfonylphenyl o-methyl-
allyl sulfoxide(13) with ethylmagnesium bromide, since any dissociation oi
isomerization would cause some isomerization of omethylallyl group bearing the
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ligand coupling. The ligand coupling between the aryl group and ¢-methylallyl
group proceeded smoothly as shown below.

O CH, CH,
A THF, N, I
O so S-CH-CH=CH + C,H:MgBr —— > S0 CH-CH=CH
2 2 2815 2 2
r.t., 1h
13 14 74.2%

The coupling product was p-benzenesulfonyl-e-methylallylbenzene(14) alone and no
rearranged crotyl derivative was observed in the product.

These observations suggest clearly again that the ligand coupling within
the o0-sulfurane is a concerted process,
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