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attack of alkylating reagents on sulfide ligait@sAmong the
several C-S bond formations via inorganic sulfide ligands,
chemical reactivities of disulfide ligand are less explotédf?2
Here, we report the first sulfur-centered activation of an allylic
C—H bond of monoolefin, such as 1-pentene and cyclohexene,
on a disulfide-bridged dinuclear ruthenium complex, accompanied
by formation of C-S bond(s).

Addition of an excess of 1-pentene to an acetonitrile solution

Advanced Research Center for Science and Engineering of [{ Ru(P(OMe})(MeCN)} »(u-S,)](CFSOs)4 (1), prepared by
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Much attention has been paid to sulfide-coordinated transition
metal complexes, due to their chemistry relevant to the biological

and catalytic processésAlthough there are several chemical
reactivities in which the sulfur atom of the ligands usually acts
as the reactive centéiC—H bond activation on the sulfur center

has not been reported, except for our previous result and that of

Rauchfuss et al. on €H bond activation of acetone promoted
by disulfide and monosulfide metal complexXésAdditionally,

the reverse reaction of the olefin insertion into -aks bridging
ligand of a cationic cyclopentadienylmolybdenum complex can
also be regarded as a-El bond activation of a-alkanethiolate
ligand?® This is in strong contrast to the extensive studies efHC

bond activation based upon transition metal centers in organo-

metallic chemistry. In this regard, exploitation of €H bond
activation on a sulfur center of ligands will be a new challenge
in chemistry. So far the most widely reported reactions of sulfide,
disulfide, hydrosulfide, and polysulfide ligands in the formation
of C—S bond(s) are via (a) addition of sulfide, disulfide, and
polysulfide ligands to acetylene and its derivatfesr alkenes;®
(b) olefin insertion into coordinated-94 bonds®*%*! and (c)
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treatment of {RUCI(P(OMe)),} 2(u-S;) (u-Cl),] (2) with 4 equiv
of AQCF;SG; as previously reportet;'*at ambient temperature
gave yellow crystals off[Ru(P(OMe)),(MeCN)s} o(1-S5)(CHy)2-
CH(CH5)|(CF3SOy)4 (3) in ayield of 44% (eq 13° The structure
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of 3 was confirmed based on ti#&P, H, and**C NMR, CHN
elemental analysis, and X-ray diffraction analy$i&® Two
doublets with anab pattern (126.4 and 125.7 pprilep = 81

Hz) and a singlet (125.0 ppm) were observed in*tRg'H} NMR
spectrum, indicating inequivalency of the two ruthenium atoms
in 3. TheH and *C NMR spectra of3 also clearly show the
pentyl moiety?® All of the three NMR spectra with sharp peak
profiles show that3 is diamagnetic, although it is a Ru(lll)
dinuclear compounéf. X-ray analysis o3 reveals that an allylic
C—H bond of 1-pentene is cleaved and the two bridging sulfur
atoms are bound to two carbon atoms at the 1 and 3 positions of
1-pentene to form a five-membered dithiolane moiety as shown
in Figure 1. To our knowledge, this is the first example of allylic
C—H bond activation on any sulfide center and two sulfur atoms
of the disulfide bridging ligand are bonded to two alkyl carbon
atoms. This double €S bond formation is significant, since only
one C-S bond is formed in our previous study on the activation
of a C—H bond in acetone promoted by disulfide diruthenium
complex, in which the second-€S bond cannot be formed by
addition of excess acetoRd\s a relevant reaction, the disulfide
dinuclear rhenium complex reacts with acetylene and ethylene
to give dithiolate complexes, in which the-S bond is ruptureé?

All carbon—carbon bond lengths in the pentyl skeleton3n
correspond to single bond character (Figure 1), which implies
that one of the two allylic protons is transferred to the internal
olefinic carbon. Hitherto there is no report on the formation of a
C—S bond accompanied by a hydrogen atom transfer along the
hydrocarbon chain. Hydrogen atom transfer fror®—H to the
olefinic carbon has been proposed following the attack of the
sulfido ligand on an olefin in the insertion reaction of unactivated
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Figure 1. ORTEP drawing of comple8. Thermal ellipsoids are drawn
at the 50% probability level.

Figure 2. ORTEP drawing of complex. Theral ellipsoids are drawn
at the 30% probability level.

olefins with the hydrosulfido ligand of a cationic cyclopentadienyl
dimolybdenum compleX.

It is noteworthy that an internal linear or cyclic monoolefin,
i.e., 2-hexene or cyclohexene, did not react itmder the same
conditions as described above for the reaction with 1-pentene.
However, treatment a2 with 5 equiv of AgPF in the presence
of an excess of cyclohexene in MeCN leads to formation of a
novel pale green complex,{Ru(P(OMe)),(MeCN)s}.(Ag-
(NCMe))(u-S,CeHg)](PFe)s (4), in 69% yield (eq 2}> Smaller
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amounts of silver salt result in the formation of the known para-
magnetic RUSSRU' complex [ Ru(P(OMe})o(MeCN)s} 5(u-S)]3"
(5)'*18 as the major product. TheH NMR resonance of the
cyclohexenyl group was observed in thé NMR spectrum as
broad signals® ESR experiment confirmed thatis diamagnetic.
A crystallographic analysis df revealed that one of the bridging
sulfur atoms is bonded to the allylic carbon atom of the cyclo-
hexenyl group (Figure Z2:?°lt is difficult to distinguish whether
the double bond of the cyclohexenyl group is the one found in
the original cyclohexene or is formed by a rearrangement during
the reaction. However, the fact that a terminal olefin without the
o-hydrogen atom, i.e., styrene, did not react wathunder the
same conditions suggests that the double bond of cyclohexene i
retained ind and an allylic proton is essential for such a reaction.
Addition of an excess of aqueous HCI solution to the aceto-
nitrile solution of4 at ambient temperature resulted immediately
in the cleavage of the €S bond to release cyclohexene together
with complex2 and [ RuCI(P(OMe))z} (4-S5) (u-Cl){ Ru(NCMe)-
(P(OMe)),;}1(PFs) (6)* in a molar ratio of about 1 to 2 as con-
firmed by 3P NMR. The facile protonation of the cyclohexenyl
group in4 can be regarded as a reversible process of thelC
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bond activation. However, in contrast 4pthe C-S bonds in3
cannot be cleaved by acid.

Formation of4 indicates that the direct attack of the bridging
sulfide on the double bond of cyclohexene does not take place,
and rather a €H bond in the allylic position is more easily
activated to form a €S bond. Therefore, in the reaction of eq
1, C—H bond activation would occur with concomitant formation
of a C—S bond as the first step, prior to the addition of another
bridging sulfur atom to the olefinic carbon, although we were
not able to isolate or observe the corresponding intermediate
analogous tat in the case of pentene by using 5 equiv of sil-
ver salt?! The double bond character of the=S unit in the
RU"SSRU' core has been reportétk>23Although both electro-
philic and nucleophilic attacks of sulfido ligands on olefinic
carbon have been assumed as the key step in the olefin insertion
into au-S—H bond of hydrosulfide bridged dinuclear molybde-
num complexe8!® a C—H bond activation via addition of the
allylic C—H bond to the $S bridging ligand is considered to be
more rational in the present system (Schem# tjhich has been
confirmed somehow by the reaction of complewith conjugated
dienes giving (2+ 4) addition product& The fact that RISSRU!'
complex5 did not react with ketonésor any olefins suggests
that a RU'SSRU' core, i.e., higher electron deficiency on the
bridging sulfide atoms, is essential for the-8 bond activation
reactions. Addition of aromatic-€H bonds to olefins catalyzed
by ruthenium(0) complexes has been repoftédAfter the C-H
bond activation, anti-Markownikov addition of the-8l bond
thus formed to the terminal double bond of the pentenyl moiety
follows to form 3 having a dithiolane moiety. As a whole, a
hydrogen atom in the allylic position of 1-pentene is transferred
to the internal olefinic carbon.

Supporting Information Available: Experimental procedures for the
preparation, NMR data, and elemental analysiS&nd 4 and X-ray
data for3 and4 (PDF). This mateial is available free of charge via the
Internet at http://pubs.acs.org.
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