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p~TOLYL SULFOXIDES VIA l1-ALKYNYL p-TOLYL SULFOXIDES
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1-Alkynyl Grignard reagents react with (SS)—(-)-menthyl p-toluene-
sulfinate in toluene to give optically active l-alkynyl p-tolyl
sulfoxides in high yields. The l-alkynyl sulfoxides thus obtained
undergo a stereoselective hydroalumination followed by hydrolysis to
afford the corresponding (E)-l-alkenyl p~tolyl sulfoxides with high

optical purity.

Optically active l-alkenyl sulfoxides (1), chiral by virtue of asymmetry at
sulfur, have been used successfully to direct carbon-carbon or carbon-heteroatom

1-3) They are usually prepared by the re-

bond formation in asymmetric synthesis.
action of (SS)—(—)—menthyl p-toluenesulfinate (2) with vinylic Grignard reagents
(Andersen's method),4) or by the reaction of (RS)-(+)-dimethylphosphorylmethyl P~
tolyl sulfoxide (3) with carbonyl compoundsS) (Eq. 1). However, the former method
depends on the availability of the starting l-halovinyl compounds, and the latter

usually leads to a mixture of the geometrical isomers. In connection with our
study on the asymmetric synthesis of acyclic compounds using chiral sulfoxides,

we needed a variety of chiral o,B-unsaturated sulfoxides with high optical purity.

6)

This paper describes a new route to a variety of chiral l-alkenyl sulfoxides (1)

via l-alkynyl sulfoxides (4) (Eq. 2).
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Despite recent success on the asymmetric oxidation of sulfides to chiral sul-
foxides,7) the Andersen's method, which involves the reaction of chiral sulfinate
(2) with Grignard reagents, has been still valuable for the preparation of diaryl,
aryl alkyl, and alkenyl aryl sulfoxides with high optical purity.8)

edge, however, the synthesis of chiral acetylenic sulfoxides has not been reported

To our knowl-
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Table 1. Preparation of 1-Alkynyl p-tolyl sulfoxides (4)

(0]
=C- —C=C—8 s ; a) 20 ,, Absolute
R-C=C-MgBr R-C=C §¢u Yield/% lalp™/° (CHCL,) configuration
p-Tol
R=n—C3H7— 4a 83 +88.6 (¢ 1.009) S
R=n-C jHg- 4b 80 +77.6 (¢ 1.195) s
R=n-CH, ;- 4c 86 +73.6 (c 0.469) s
R=n-C_H., ,- 44 82 +70.0 (¢ 1.087) S
6713 — b)
=Me ,Si- te (R=H) 80 +154  (c 0.182) R

a) Yields are for the isolated pure products based on 2.

b) See Text.

so far. We first examined the reaction of (SS)—(—)-menthyl p-toluenesulfinate (2)
{[a]go -202° (¢ 0.50, acetone) } with l-hexynyllithium or l-hexynylmagnesium bromide

under a variety of conditions. The reaction of 2 with l1-hexynyl-

lithium was unsuccessful, yielding the 2:1 adduct (5) as the w-Bu z
major product. Exposure of the Grignard reagent to 2 in Etzo, >==/ QQiTI
THF, or benzene, which are commonly used for the Andersen's 4& p-lo
method,s) was also unsatisfactory, affording the desired 1- n-Bu 2

hexynyl p-tolyl sulfoxide (4b) in only 20% yield along with the

recovery (60%) of 2. On the other hand, when the reaction of the Grignard reagent
with 2 was conducted in toluene as the solvent, it was found that the reaction pro-
ceeded cleanly even at low temperature, and a great superior yield of 4b was
achieved. The results from the reaction of 2 with other Grignard reagents are
summarized in Table 1. In the case of trimethylsilylethynylmagnesium bromide, the
initial product (4, R=Me3Si—) was hydrolyzed during chromatographic purification on
silica gel, giving (R)-(+)-ethynyl p-tolyl sulfoxide (4e) in 80% yield. The abso-
lute configurations of these new chiral sulfoxides were assigned on the basis of
the reasonable assumption that this type of the reaction would proceed with inver-
sion of the chirality at the sulfur atom analogous to many other Andersen-type pro-
cedures. This was finally confirmed by the conversion of the acetylenic sul-
foxides (4) to the corresponding vinylic sulfoxides as described below.

The acetylenic sulfoxides thus obtained were then subjected to hydroalumination.
Thus, treatment of 4 with diisobutylaluminum hydride (DIBAH) in toluene or THF
followed by hydrolysis of the resulting adducts (6) with water afforded the 1-(E)-
alkenyl sulfoxide (7) in high yields (Eq. 3 and Table 2). The stereochemistry of
the double bond in these products was easily determined by their lH NMR spectra;
the olefinic proton signals appear around at § 6.1 (d, J=15.5 Hz, H,) and 6.4 (dt,

J=15.5 and 6 Hz, %ﬁ).g) In contrast to usual hydroalumination of simple unacti-
vated acetylenesﬂ') the hydroalumination of these acetylenic sulfoxides proceeded
smoothly even at low temperature (-78— -~100 °C) in a trans addition manner, and the

orientation of addition (formation of 6) was proved by the hydrolysis of the adduct
(6c) with DZO to give 1-(E)-1-D-heptenyl p-tolyl sulfoxide (8) [§ 6.43 (br t, J=6.0
Hz, HS)] (Eq. 3). The vinylic sulfoxides (7) thus obtained were shown to be

11)

optically pure by HPLC analysis on a chiral stationary phase. Consequently, the
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Table 2.
. a) 20 ,,
Compound Product Yield/% [oc]D /° (acetone)
1a 7a 84 +178 (¢ 1.003)
4b b 87 +158 (c 1.027)
4c 7c 74 +148 (e 0.517)
4d 74 81 +138 (¢ 0.503) (ref. +104°) )

a) Yields are for the isolated pure products.
b) See Ref. 9.
optical purity of the acetylenic sulfoxides prepared by the present method was
estimated to be 100%.
An additional advantage of the present method has also been shown by the fact
that the acetylenic sulfoxides (4) undergo stereoselectively a facile 1,4-conjugate
addition with organocopper reagents to give the B-mono or B,B-disubstituted vinylic

12) por example, the reaction of 4b with MeCu in THF proceeded well to

13) {[a]go

sulfoxides.
furnish a single product, (Z)-2-methyl-l-hexenyl p-tolyl sulfoxide (9)
+260° (¢ 0.50, acetone)l} in 77% yield (Eq. 4). Similarly, 4e reacted with n-BuCu
in THF, affording 7b {[a]g0 +154° (¢ 1.02, acetone)} in 80% yield (Eq. 5).

Thus, the present method offers an easy access to a variety of optically pure
l-alkenyl p-tolyl sulfoxides as well as l-alkynyl p-tolyl sulfoxides because of the
ready availability of acetylenic Grignard reagents. We are currently
investigating the utility of these o,B-unsaturated sulfoxides as a chiral synthon

for asymmetric syntheses.
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A representative procedure is described for 1-(E)-hexenyl p-tolyl sulfoxide (7b).
l1-Hexyne (2.26 g, 28.8 mmol) was added to an ethereal solution of EtMgBr (11 mL of
2.17 M solution) and the mixture was refluxed for 1 h under nitrogen. To the
cooled solutionl4) was added a solution of 2 (5.88 g, 20 mmol) in toluene (70 mL)
at -20 °C. After stirring for 1 h, the reaction was quenched by the addition of

saturated aqueous ammonium chloride. Extractive work-up followed by chromato-
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graphic purification on silica gel (hexane-EtOAc=20:1) afforded 3.52 g (80% yield)
of 4b. To a solution of 4b (1.41 g, 6.4 mmol) in 20 mL of THF was added dropwise
a solution of DIBAH (5 mL of 1.53 M solution, 7.65 mmol) at -90 — -95 °C. The
reaction was usually complete within 10 min. Addition of saturated aqueous
ammonium chloride and extractive work-up followed by purification (silica gel
chromatography; 3:1 hexane-EtOAc as eluent) gave 1.23 g (87% yield) of 7b.
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