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HIGHLY STEREOSELECTIVE SYNTHESIS OF TRISUBSTITUTED OLEFINS
FROM ALKENYL ARYL SULFOXIDES
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Alkenyl aryl sulfoxides could be alkylated stereoselectively via
their lithium salts to afford g-alkylated (E)-alkenyl sulfoxides.
Reduction of the sulfoxides to the corresponding sulfides followed
by nickel-phosphine complexes catalyzed coupling reaction with
Grignard reagents gave trisubstituted olefins.

Trisubstituted olefins exist in various natural occuring products and, as a
result, a number of methods for the stereoselective synthesis of the olefins
have been developed.l)

In this communication, we wish to report the highly stereoselective synthesis
of trisubstituted olefins utilizing the method for stereoselective alkylation of

2)

reagents catalyzed by nickel-phosphine complexes.

and the coupling reaction of alkenyl sulfides with Grignard

3)

Previously, we found that the alkenyl anions, derived from alkenyl aryl

alkenyl sulfoxides

sulfoxides (mixture of E,Z isomers), reacted stereoselectively with methyl iodide

in THF to give the methylated (E)-alkenyl sulfoxides (Eq. 1).2)
LDA MeI
ArS R —_ ArS R —_— ArS R (Eg. 1)
‘611/\ in THF #\/.\ #\/\ 4
Li 0O Me
> 2 32

Similarly, we examined the reaction of alkenyl anion 2 with butyl iodide.
However, the reaction hardly proceeded and (E)-alkenyl sulfoxide 1 was recovered.
This difficulty was overcome by the addition of HMPA to the reaction mixture, as
follows. The sulfoxide 1 was converted to the corresponding alkenyl anion z’by
treatment with LDA in THF at -100°C. To the solution, butyl iodide in THF and
then an equimolar amount of HMPA were added and the reaction mixture was stirred
for several hours at -78°C or -40~--30°C. The butylated (E)-alkenyl sulfoxides
were obtained in high yields (Egqg. 2) (Table I).

BuI/HMPA
Ars R > Ars\/\R (Eq. 2)
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Table I. Alkylation of Alkenyl Aryl Sulfoxides.

a),b) Alkylation Cond. . c) ..,,a)
run Ar R E/Z RX Temp. (°C) Time (h) Yield (%) E/Z
1 Ph CHZCHZPh 1 MeI -100 0.5 89 > 10
2 Ph CHZOSiMezt—Bu > 10 Mel -100 2 62 > 10
3 2-pyridyl CHZCHZPh 2 MeI -100 0.5 929 > 10
4 2-pyridyl CHZOSiMezt—Bu 1.8 MelI -100 2 91 > 10
5 Ph CH,CH,Ph 1 Bur?)  -78 0.5 <76%)  »10
6 2-pyridyl CH,CH,Ph 2 Bur®)  -100 3 38 > 10
7 2-pyridyl CH2CH2Ph 2 BuId) -78 3 70 >10
8 2-pyridyl CH,CH,Ph 2 Bur? -40~-30 3.5 82 » 10

a) Ratio was determined by nmr. b) Ratio for starting sulfoxides. <c¢) Yields of
isolated products by tlc. d) An equimolar amount of HMPA was added. e) Contami-
nated with a small amount of the isomer, PhS(O)CH(Bu)CH=CHCH2Ph.

Next, we examined the stereospecific reduction of the (E)-alkenyl sulfoxides
to the corresponding sulfides by using trifluoroacetic anhydride and sodium
iodide (Eg. 3). This reduction method was reported by Oae et al.4) for simple
alkyl or aryl sulfoxides leading to the corresponding sulfides.

5)

We successfully applied this method to alkenyl aryl sulfoxides and the desired

sulfides were obtained in high yields as shown in Table II.

Ari\\f%¢\\Rl 2.5 eg.NaI/l1l.8 eq.(CF3C0)2O o ArS\\r/¢\\Rl (Eq. 3)
0 2 2

R acetone, 0°C, 5 min R

3 4
Table II. Reduction of Alkenyl Aryl Sulfoxides 3.

N

run Ar ! R? vield (2)?)
1 2-pyridyl CHZCHzPh Me 88
2 2-pyridyl CHZCHzPh Bu 95
3 2-pyridyl CHZOSiMezt—Bu Me 98
4 2-pyridyl CH,0OSiMe,t-Bu CH.,CH.,CH=CMe 84
2 2 2772 2 b)
5 Ph CHZCHZPh Me 96

a) Yields of isolated products by tlc. b) Reduction under the conditions shown
in Eq. 3 resulted a complex mixture, but it proceeded cleanly under the following
conditions: 3.7 eq. NaI/l.2 eq. pyridine/l.8 eq. (CF3CO)20, 0°C, 10 min.

The alkenyl aryl sulfides thus obtained were successfully led to tri-

substituted olefins stereoselectively by using the nickel-phosphine complexes

3),6),7)

catalyzed coupling reaction (Egqg. 4) (Table III). It is worthy to note

that stereoisomeric purities of the products were more than 99% in all cases.
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R7MgX/NiCL, (dpp) * (0.03 eq.)
~.

ArS Rl > R3 R1 (Eq. 4)
2 Etzo, reflux 8h 2

R R
2 ;)
* =
dpp = Ph,PCH,CH,CH,PPh,
Table III. Synthesis of Trisubstituted Olefins7)
run Axr R2 R1 Grignard reagent (eq.) Producta) Yield(%)b)
1 2-pyridyl Me CH,CH,Ph PhMgBr (2.5) Ph\T/\v/\Ph 75
2 2-pyridyl Me CH,CH,Ph BuMgBr (2.5) /\/Y\/\Ph 79 (83)
3 2-pyridyl Bu CH2CH2Ph MeMgI (2.5) /A;:f/\«Aph 81 (91)
4 Ph Me  CH,CH,Ph BuMgBr (2.5) /\/\/\/‘Ph (64)

a) The structures of the products were confirmed by comparison with authentic

samples.s) Isomeric purities of the products were more than 99% (by glpc).

b) Yields of isolated products by tlc. The number in parentheses is a yield

determined by glpc.

In conclusion, the reaction sequence, described above and summarized in the
following Scheme, provides a useful and highly stereoselective synthetic method
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of trisubstituted olefins.
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