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Propargylic sulfides and their derivatives are biologically active Scheme 172

compounds, as well as attractive building blocks in the synthesis ~ R1—= + R2SH M R-=—\_
of sulfur-containing functional monome*3he most promising and OCOMe Memethylpiperidine SR
straightforward method for preparing propargylic sulfides is the _L‘Z;’;’?hféf):
transition-metal complex-catalyzed substitution reaction of pro- 1a :R'=CgH;  2a:R2=CgH; 3a:83% (>99%) 4
; At ; : ; 1b: Et 2a:  CgHs 3b:75%%
pargylic alcohol derivatives with sulfur nucleophiles such as thiols. ic: Me 2a:  CuH. 3¢ 77% (>99%) @
However, this type of reaction has not yet been reported, while a 1c: Me 2b:  pFCeH, 3d:71:/oc
detailed study was performed on propargylic substitution of 160 Me  Ze: A et RS
carbonucleophile$The widespread belief that organosulfur com- 1c Me 2e: /"Mece|'?4 ¢ 39:73%¢
pounds are catalyst poisons may have precluded intensive research  1d:  Me,Si  2a:  CgHs 3h:20% (46%) *©

in this ared. Recent progress in the catalytic synthesis of propargylic  a Figures in the parentheses are GLC yiékbr 1 h.For 3 h.9For 8 h.
sulfides without poisoning of the catalyst has included (1) Ce- ©For 2 days.

exchanged Zeolite-catalyzed reactions of cyclohexanethiol and
benzenethiol with propargyl bromigland (2) the thiolate-bridged  such as Cp*RuCl(cod) [Cp*= pentamethylcyclopentadienyl],
diruthenium complex-catalyzed reaction of 4-methylbenzenethiol CpRuCI(CO), RUChL(PPh)s, RuHy(PPh)4, [RUCL(CO)],, Rus-
with 1-phenylprop-2-yn-1-ot.However, these two reactions have (CO), and Ruf®-cot)(dmfm) [cot = 1,3,5-cyclooctatriene, dmfm
serious drawbacks. In the former, the substrates bearing functional= dimethyl fumarate] were almost ineffective. Cp*RuCl(cod)
groups sensitive to acidic conditions cannot be tsecdhe latter, showed no catalytic activity. This means that tuning of both the
the ruthenium catalyst used is very specific, and it is easy to steric and electronic conditions of the active ruthenium center is
speculate that no reaction occurs with internal propargylic alcohols highly important for the success of the present reactioNo
via a reaction mechanism involving an (allenylidene)ruthenium reaction occurred with Pd(PB)l which is a highly active catalyst
intermediaté. for the stereoselective addition of organic disulfides to alkyfes,
On the basis of our study ofr-allylruthenium chemistry or RhCI(PPBh)s, which is also an active catalyst for the highly regio-
combined with ruthenium-catalyzed sulfur chemistuye recently and stereoselective hydrothiolation of alkynes with thié[§hus,

succeeded in developing the first ruthenium-catalyzed allylic
substitution of thiol$,which has prompted us to examine ruthenium
catalysts for use in the propargylic substitution of thiols. After many
trials, we finally found a novel ruthenium-catalyz&dpropar-

gylation of both aromatic and aliphatic thiols with internal pro-

the present reaction is characteristic of ruthenium catalysts.
The use of an appropriate solvent is also critically important.
No reaction occurred in toluene, 1,4-dioxane, DMF, or propionitrile
as a solvent. Only tertiary amines such\amethylpiperidine 8a,
>99%), and triethylamine3@, 92%) were suitable as solvents for

pargylic carbonates under neutral conditions. We report here thethe present reaction. These results strongly suggest that amines such

development of this new ruthenium-catalyzed reaction which
enables a rapid synthesis of propargylic sulfides.

Treatment of benzenethid®2g) with methyl 3-phenylprop-2-ynyl
carbonate 1a) in the presence of 10 mol % CpRuCl(cod) [Ep
cyclopentadienyl, coek 1,5-cyclooctadiene] ilN-methylpiperidine
at 100 °C for 0.5 h under an argon atmosphere gave the
corresponding aryl propargylic sulfides, phenyl 3-phenylprop-2-
ynyl sulfide @3a), in quantitative yield. In contrast to the earlier
work on the ruthenium-catalyzelallylation of thiols? the present
reaction required elevated temperatures overr@0and an ap-
propriate solvent, that i&y-methylpiperidiné®d-10(vide infra), since
propargylic carbonates are less reactive than allylic carboffates.

First, the effect of the catalyst was examined in the synthesis of
3afrom laand2a Among the catalysts examined, only CpRuClI-
(cod) Ba, >99%) and CpRuCI(PR} (33 66%) showed high
catalytic activity. Other di- and zerovalent ruthenium complexes,

*To whom correspondence should be addressed. E-mail: mitsudo@

scl.kyoto-u.ac.jp.

12960 = J. AM. CHEM. SOC. 2002, 124, 12960—12961

as N-methylpiperidine act as both a suitable ligand for an active
ruthenium intermediate and a solvent to prevent catalyst poisoning
by thiols10

The S-propargylation of several aromatic thiol®) (with pro-
pargylic carbonateslj proceeded smoothly with a CpRuCl(cod)
catalyst inN-methylpiperidine, and the results are summarized in
Scheme 1.

In all cases, propargylic carbonately (vere completely con-
sumed to give the corresponding aryl propargylic sulficks—Q)
in good to high isolated yields. Allenylic sulfides, which sometimes
became a main product in the reactions of propargylic compounds
with sulfur compounds? and vicinal-dithioethers, which may be
derived from the double thiolation of ao-allenyl)ruthenium
intermediate, were not obtained at all (vide infra). The substituents
at the terminal acetylenic carbon Inand the electron-donating
and -withdrawing substituents on the aromatic ringidid not
affect the reaction. Note that the trimethylsilyl-substituted propar-
gylic carbonateld, gave the corresponding propargylic sulfide in

10.1021/ja0277500 CCC: $22.00 © 2002 American Chemical Society
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Scheme 22

J— CpRuCI(PPh 3), J—
R? ——\ + RZ2SH —M8M8MM— R1 —\
OCO,Me M-methylpiperidine S-R2
100 °C, 8 h,
- CO,, - MeOH
1a :R'=C4Hy;  4a:R2=7-CgHy; 5a:87% (99%) ¢
4b: n-CgHyy 5b:95%
4c: cyclo-CgHy, 5¢:91%

aFigure in the parentheses is GLC yield.

only 46% vyield because of the desilylation of the startimband
the product3h. As can be readily seen from Scheme 1, general

internal propargylic carbonates are suitable substrates for the present

reaction. Functional groups such as OCihd Cl on the phenyl
substituent inla were also tolerated. Unsubstituted terminal
propargylic carbonates are poor substrates for the present re&ction.
Surprisingly, CpRuCl(cod) was totally inefficient for the
propargylation of aliphatic thiols such as octanethitd) (with 1a.
It has been pointed out that ruthenium-catalyzed reactions require
highly careful tuning of the reaction conditions with substrates to
obtain products in high yields and selectivitié8y screening the
catalysts again, we finally found that CpRuCI(RRIis specifically
effective for theS-propargylation of aliphatic thiols4j (Scheme
2). Since the coordination ability of aliphatic thiol§) (is higher
than that of aromatic thiol2f, a more basic ligand such as BPh
is needed to prevent catalyst poisoning by thiols.
While the reaction mechanism is not yet clear, we now believe
that the @g-propargyl)ruthenium compléXis a key intermediate
in the present reactiol-Methylpiperidine and PRtmay contribute
to the formation of thisq-propargyl)ruthenium intermediate. It has
been found that propargylic compounds add oxidatively to transition
metals to give eitherotallenyl)metal complexes ot{propargyl)-
metal complexed’ Generally, ¢-allenyl)metal complexes were
generated fronterminal propargylic compound® Internal pro-
pargylic compounds gaves{propargyl)metal complexes because
of the bulkiness of the terminal substituent on the alkyne mdféty.
If the present reaction proceeds viaaallenyl)ruthenium inter-
mediate,vicinal-dithioethers by double nucleophilic thiolation of
a (o-allenyl)ruthenium intermediate as well as allenylic sulfides
should be obtained as in the palladium-catalyzed reaction of
propargylic compounds with nucleophil&sHowever, the present
reaction exclusively gave the corresponding propargylic sulfides
without the formation of allenylic sulfides aricinal-dithioethers

(vide supra), which suggests that the present reaction proceeds via(149)

the (o-propargyl)ruthenium intermediate.

In conclusion, simple and readily available ruthenium complexes
of the type CpRuClIk were found to act as efficient catalysts for
the synthesis of propargylic sulfides vi&propargylation of
aromatic or aliphatic thiols under neutral conditions. This reaction
may complement the previously reported thiolato-bridged diruthe-
nium complex-catalyze&propargylation of thiols withterminal
propargylic alcohol$. This reaction should also open up new
opportunities in transition-metal complex-catalyzed sulfur chemistry.
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