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Application of Free Radical Substitution Reaction into Interconversion
of 1-Alkenylsulfides, l-Alkenylgermanes, and l-Alkenylstannanes
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Treatment of l-alkenylsulfides or l-alkenylstannanes with
Ph3GeH in the presence .of Et3B provides l-alkenyltriphenyl-
germanes in good yields. 1-Alkenylstannanes are converted into
l-alkenylsulfides easily with PhSH-Et4B, whereas l-alkenyltri-
phenylgermanes are recovered unchanged upon treatment with
PhySnH-EtqB or PhSH-Et3B.

Recently, much attention has been paid to free radical reactions for the
synthesis of organic molecules.!) We have shown that EtqB is an efficient
catalyst for the radical addition of triphenyltin hydride,z) triphenylgermyl
hydride,3) or benzenethiol®) to acetylenes and that the isomerization of (Z)-
olefins into (E)-isomers proceeds easily via addition-elimination sequences of
triphenylgermyl radical.3) Here we wish to report further exploitation of this
approach and the development of the method for the transformation of l-alkenyl-
sulfides or l-alkenylstannanes into l-alkenylgermanes and for the conversion of

l-alkenylstannanes into l-alkenylsulfides.
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A hexane solution of Et3B5)(1.0 M, 1M=1mol dm—3, 1.2 ml, 1.2 mmol) was
added to a solution of 2,2-diphenylethenyl phenyl sulfide®) (0.29 g, 1.0 mmol)
and triphenylgermane (0.37 g, 1.2 mmol) in benzene at 25 °C under an argon atmo-
sphere. The resulting mixture was heated at 60 °C for 2 h. Workup (1 M NH,ClL,
AcOEt) followed by purification by silica gel column chromatography gave (2,2-
diphenyl)ethenyltriphenyigermane (0.41 g, 85% yield).7) The results are summa-
rized in Table 1.

Some conclusions follow from the results. (l) Transformation of l-alkenyl-
sulfides into l-alkenylgermanes proceeded easily upon treatment with Ph3GeH-Et3B
system. Triphenylgermyl radical has to attack the sulfur-substituted olefinic
C-atom in order to give substitution products via B-elimination of thiyl radical
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Table 1. Interconvegsion of l-alkenylsulfides, l-alkenylgermanes, and l-alkenyl-
stannanes?)
. ] Prod
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1 P Ph,GeH-Et.B 4 R=Ph 85
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3 1 2gP)
Ph.._.-H
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a) Substrate (1.0 mmol), Ph3GeH (or Ph3SnH, PhSH (1.2 mmol)), and Et3B (1.2

mmol) were employed
recovered.
used per 1.0 mmcl of

c) See Ref. 8.

unless ofherwise noted.
d) See Ref. 9.
substrate.

e)

b) Starting vinylsulfide (42%) was

Excess (3.0 mmol) of Ph3GeH was
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from the intermediary radical A. The distribution of the products heavily
depends on the substitution pattern of the double bond. 2-Ethyl-l-butenyl
phenyl sulfide gave 2-ethyl-l-triphenylgermyl-l-butene as a single product,
while 1-dodecenyl phenyl sulfide afforded a mixture of the desired (E)-l-tri-
phenylgermyl-l1-dodecene and 2-triphenylgermyl-l-dodecyl phenyl sulfide generated
by the attack of PhyGe radical on distal olefinic carbon to phenylthio group.
(2) Conversion of l1-alkenylsulfides into l-alkenylstannanes could not be per-
formed effectively. Thus, the reaction of l-phenylthio-l-dodecene with PhySnH-
Et4B resulted in a formation of l-triphenylstannyl-l-dodecene in only 20% yield
along with a recovered starting sulfide (70%)10) In contrast, the conversion
of l-alkenylstannanes into l-alkenylsulfides took place smoothly.ll) (3) 1-
Alkenylstannanes were easily transformed into l-alkenylgermanes. However, the
use of large amount of PhjGeH (3.0 mmol per 1.0 mmol of l-alkenylstannane) was
essential for the successful substitution reaction. The reaction did not reach
completion with a slight excess of Ph3GeH. For instance, treatment of l-tri-
phenylstannyl-l-dodecene (1.0 mmol) with PhyGeH (1.2 mmol) in the presence of
Et3B gave a mixture of l-triphenylgermyl-l-dodecene (70%) and starting alkenyl-
stannane (20%) after heating at 60 °C for 10 h. (4) l-Alkenyltriphenylgermanes
were reluctant to react with PhS or PhySn radical. Treatment of a mixture of
(Z)-l-triphenylgermyl-l-dodecene and (E)-isomer with PhSH-Et3B or Ph33nH-Et3B
did not provide any trace of l-alkenylsulfides or l-alkenylstannanes and (E)-1-
triphenylgermyl-1l-dodecene was recovered. (5) Although the longer reaction
period was required, the amount of Et3B could be reduced from 1.2 mmol to 0.1
mmol per 1.0 mmol of substrate.

Interconversion of crotyl phenyl sulfide, crotyltriphenylstannane, and
crotyltriphenylgermane was also examined. Treatment of crotyl phenyl sulfide or
crotyltriphenylstannane12’13) with Ph3GeH-Et3B afforded crotyltriphenylgermane
in good yield, whereas crotyltriphenylgermane was recovered unchanged upon
treatment with PhSH-Et3B or Ph3SnH-Et3B.14)

AN SPh
‘//’ v\ﬂ\\)
AN SnPh; 2::%::2 AN GePh;

a: PhSH-Et3B, 60 °C, 10 h, 75% b: PhyGeH-Et4B, 60 °C, 8 h, 80%
c: PhyGeH-Et3B, 60 °C, 9 h, 98% d: PhySnH-Et3B, 60 °C, 10 h, 19%
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