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Ruthenium(un) Complex
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The reaction of trifluoromethanesulphonyl chloride with alkenes in the presence of
dichlorotris(triphenylphosphine)jruthenium(n) gives 1:1 adducts with extrusion of sulphur dioxide.

Recently, fluoroalkylated compounds have received much
attention in medicine and material chemistry.! However, it is
difficult to introduce a fluoroalkyl group into alkenes or
aromatic compounds by ordinary alkylating methods via
carbocationic intermediate because of the high electron-with-
drawing character of fluorine. New methods of fluoroalkyla-
tion have been developed: e.g. fluoroalkylation of alkenes or
aromatic compounds by perfluoroalkanoyl peroxide,? metal
complexes of fluoroalkyl halides,? perfluorocarboxylic acids
mediated by xenon difluoride,* fluoroalkyl halide with metal
complex catalysts,5 and electrochemical method with trifluoro-
acetic acidé have been used. However, these methods do not
give satisfactory yields of the products, and often suffer from
side reactions. We have already reported the reaction of
trichloromethanesulphonyl chloride with alkenes in the
presence of ruthenium(1r) complex to give 1: 1 adducts in good
yields with evolution of sulphur dioxide.” During our system-
atic investigations on the reactions of sulphonyl chlorides with

RuCl,(PPhy),
_—

CFS0,Cl + RCH=CH, RCH-CH, + SO,

Cl CR
(1) (2) (3)

alkenes in the presence of a catalytic amount of a ruthenium-
(1) complex, we found that the reaction of trifluoromethane-
sulphonyl chloride (1) with alkenes in the presence of a
ruthenium(ir) complex proceeded smoothly under mild condi-
tions to afford the corresponding 1:1 adducts in high yields
with extrusion of sulphur dioxide.

Typically, a solution containing (1) (2.0 mmol), styrene (2a)
(5.0 mmol), and dichlorotris(triphenylphosphine)ruthenium-
(1) (0.02mmol)in 4.0 mlof benzene was degassed and heated at
120°C in a sealed tube for 16 h. Flash column chromatography
on Florisil using benzene and then the gel permeation
chromatography using chloroform gave 3-chloro-1,1,1-triflu-
oro-3-phenylpropane (3a) in 84% yield. Other metal catalysts,

CF380,Cl + Rull - [CF;S0,Cl]"~ + Rulll
[CF3502CI]'_ —)CF3502' +Cl-

Rulll + Cl-— Ru!!-C]

CF3SOz' - 'CF3 + SOz

-CF; + RCH=CH,— RCHCH,CF;

RCHCH,CF; + Rul!'-Cl— RCHCICH,CF; + Rul!

Scheme 1
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Table 1. The reaction of (1) with alkenes in the presence of
RU(PPh:;):;Clz.

Reaction
2), time
R (mmol) /h Product, % Yield?
(2a) Ph 5 16 (3a), 84
(2b) p-CIC¢H, 4 16 (3b), 74
(20) m-NOzC6H4 4 16 (3C), 79
(2d) p-MeCgH, 10 16 (3d), 46°
(2e) Me(CHy)s 4 14 (3e), 66
(2f) Me(CH,); 4 14 3f), 72
(2g) Me(CHy), 4 15 (3g), 70
(2h) EtO,C 10 14 (3h),70
(2i) PhCO, 6 24 (31), 49

a The yields were determined by g.c. ® CF;CH=CHC¢HMe-p was
obtained in 16% yield together with (3d).

e.g. Pd(OAc),, Rh(PPh;);Cl, Pd(PPh;),, Ni(PPh;),Cl,, or
RuCl;, were much less effective, (3a) being obtained in very low
yield from (1) and (2a). Results for the reaction of (1) with other
alkenes (styrene derivatives, acyclicalkenes, ethylacrylate, and
vinylbenzoate) using the ruthenium(ir) catalyst are summarized
inTablel.

The reaction of (1) with styrenes possessing an electron-
withdrawing group (p-Cl, m-NO,) on the aromatic nucleus
afforded the 1:1 adducts (3) in good yields, as did the acyclic
alkenes (2e—g) and the alkenes (2h) and (2i) containing an
electron-withdrawing group. Interestingly, the propene
CF;CH=CHC¢HsMe-pwasobtainedin 16% yield together with
the propane (3d) (46%) in the reaction of (1) with (2d). The
product (4d) seemsto be produced from (3d) formedinitially, by
the dehydrochlorination catalysed by the ruthenium(ir) com-
plex. Ruthenium(1n) catalysed dehydrochlorination was found
inthereactionof (2d) with f-styrylsulphonylchloride.8

The reaction may be accounted for by Scheme 1 involving a
redox transfer mechanism as we have proposed in the reaction
of trichloromethanesulphonyl chloride with alkenes catalysed
by the ruthenium(ir) complex.”
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The ruthenium(m) catalysed reaction of (1) is useful in that
trifluoromethylation can be performed with alkenes containing
electron-donating and electron-withdrawing groups. The
adducts (3) can be readily converted to the corresponding
alkenes by dehydrochlorination on treatment with base. For
example, reaction of (3a) with potassium hydroxide at 50 °C
afforded 3,3,3-trifluoro-1-phenylpropane in 62% vyield. The
reaction of (1) with alkenes should be useful synthetically for
introducing a trifluoromethyl group on alkenyl carbon atoms,
since (1) (b.p. 32 °C) can be easily handled atroom temperature,
whereas a trifluoromethylating reagent such as trifluoromethyl
iodide (b.p. —23 °C)isagasatatmosphericpressure anddifficult
tohandle.
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