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A significant goal of green chemistry must be to maximize the efficiency of the reactions and to minimize
formation of waste. One of the most environmentally benign processes is a transition-metal complex-catalyzed
addition reaction without formation of byproducts. ~ Although sulfur-containing compounds have long been known
to act as catalytic poisons, the ruthenium complex seems to be the most promising catalyst for such developments
of new atom-economical transformations of organosulfur compounds. Purpose of this study is concerned with
creation of novel sulfur-containing functional monomers, which can be obtained by ruthenium-catalyzed addition of
organosulfur compounds to C-C unsaturated bonds. This study should open up new opportunities in
transition-metal complex-catalyzed sulfur chemistry, since organosulfur compounds are quite useful intermediates

in organic and polymer chemistry.

Cp"RuCl(cod) [Cp" = penta-
methylcyclopentadienyl; cod = 1,5-cycloocta-
diene] Cp,Ti(SR), [Cp = cyclopenta-
dienyl]

(TH— (Ru)
Cp,Ti(u-SR),RUCICp” [Cp = cyclopentadienyl]



Cp2Ti(SR)2 + Cp*RuCl(cod)

Cp RuCl(cod)
8 20
(PhS), 2-

exo, exo

(MeS),

R
|R
benzene Q\ ‘;SS/"\ /CI
éTl Ru (l) e RlS
~79% R'S (
~95%
Cp*RuCl(cod) (exo,exo 100%)
(R1S), + oo [————— ’ )]
toluene or
B\ ,| 100 °C, 8-20 h R2
R RIS
R! = Ph, Me, Bu SR!
RZ = H, SiMez, CO,Me, CH,OH, Ph . ~75%
(PhS),
_ — Cp"RuCl(cod)
1))
[Cp"RUCH (u-SPh),], 70%
2-
1,3- 12%
(PhS), 2-
97%
[Cp"RuCl (1-SPh),],
1,3-
BF, OR,
30 mol%
(PhS),
1,3-
100
Cp"RuCl(cod) [RuC1,(C0);1,
vicinal—
100% 95% NMR
(n-BuS),
2_ Cp'RuCl(cod)
cis-1,2- [RuC1,(C0)],



trans-1,2-
100%

PhS

Cp*RuCl(cod) PhS! <;>
/ toluene
65% (cis 100%)

(PhS), + @ 100 °C, 6 h @)

\\ [RUCIx(CO)3l» PhS

toluene phs—<;>
100°C, 6 h
62% (trans 100%)
Cp"RuCl(cod) [RuCL,(C0);],
RuCl,(PPh,),
RUCl,(PPhs) sl
utlz 3)3
(PhS) + toluene Phs N “)
150°C, 15 h 78%
69%
"T_
e} el

PhSNEt, (1a)

(22)
[RuCI,(CO);], P
(DMF) 40 6
3a
84% GLC > 99%
PhSNEt, (1a)
(2b)
3b
PhS—NEt, + MeO,C———E
la 2a: E=H
2b: E=CO,Me
PhS  NEt,
MeOZC
3a, > 99%
[RUCIx(CO)3]»
(%)
DMF, 40 °C, 6 h PhS NEt,
MeO,C CO,Me
3b, > 99%
3a 3b
NMR
la 2a 3a
[RuCI,(CO);],

RUCI, 3H,0 (90%)
RuCl,(PPh.), (78%)

Ru(#*-cod) (7°-cot) (12%) Ru(7°-cot) (77-dmfm),
(trace) [cot = 1,3,5-cyclooctatriene; dmfm =
dimethyl fumarate] Ruz(C0),, (8%)

PACI,(PPhs,), (84%) RhCI, 3H,0

(93%)



1,3-shift

Scheme 1 DMF
(85%) 1,4-
(77%)
3a
[e) o M]Xq XpM]=—0
Meo MeO
(R = H, CO,Me)
Rls
+ - N
R155—|§1R2R3 (A *NRPR® RS
MeO R - [MIX;, MeO-C
/o 2
Xn[M]

Scheme 1.

(82%)

NR2ZR3

R

1. Ruthenium Complex-Catalyzed Addition of Organic
Disulfides to C=C double bonds in Alkenes,
1,3-Dienes, and Allenes, T. Kondo, S. Uenoyama, K.
Fukuda, Y. Kanda, A. Baba, Y. Ura, K. Wada, and T.
Mitsudo

Full paper

First Transition-Metal Complex-
Catalyzed Addition of Organic Disulfides to Alkenes
Enables the Rapid Synthesis of vicinal-Dithiorthers, T.
Kondo, S. Uenoyama, K. Fujita, T. Mitsudo, J. Am.
Chem. Soc., 121, 482 (1999).
2. Ruthenium-Catalyzed Addition of Sulfenamides to
Alkynes Leading to Selective Synthesis of
Polyfunctional Alkenes, T. Kondo, A. Baba, Y. Nishi, T.
Mitsudo, Tetrahedron Lett., 45, 1469-1471 (2004).



