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Novel Propargylic Substitution Reactions Catalyzed key intermediate. Preliminary results on this catalytic reaction
by Thiolate-Bridged Diruthenium Complexes via are described here.
Allenylidene Intermediates Treatment of 1-phenyl-2-propyn-1-oB4) in EtOH in the

presence ofla (5 mol %) and NHBF, (10 mol %) at 60°C for
15 min afforded the corresponding ethyl ethdad) in 88%
isolated (95% GLC) yield (Table 1; run %)Interestingly, the
substitution occurred selectively at the propargygiso-carbon.
Neither allenic byproduct nor other regioisomer 4da was
observed by GLC antH NMR. The reaction at room temperature
Receied June 13, 2000  was completed withi 1 h togive 4aain 90% GLC yield. Similar
thiolate-bridged diruthenium(lll,1l1) complexeglf—e) were also
We have long been interested in development of homogeneouseffective in the reaction, however, a diruthenium(ll, 1) complex
catalysis of polynuclear transition metal complexes since direct 2° was ineffective. Noteworthy is that conventional monoruthe-
and indirect cooperation of plural transition metals can be expectednjum complexes such as [CpRuCI(RRh (Cp = #5-CsHs),
for the activation of substrates to provide novel transformations [RuCly(dppe)] (dppe= 1,2-bis(diphenylphosphino)ethane), [RuCl
that are not attainable at conventional monometallic centers. (PPh),], and [RuCh(p-cymene)], which were known to react with
Toward this end, our studies have been focused on the SynthESi.‘.‘propargy”c alcohols to produce the corresponding allenylidene
and reactivities of polynuclear noble metal complexes with complexes (vide infrad®<did not work at alf When MeOH and
bridging sulfur ligands. In the course of our investigation, we  iPrOH were used in place of EtOH, the corresponding methyl
have synthesized a series of thiolate-bridged diruthenium com- and isopropyl etherstéb and4ac) were obtained in 84 and 91%
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plexes such as [Cp*RuGl{-SRRRUCp*CI] (Cp* = »°-CsMes; yields, respectively (Table 1; runs 2 and 3).
R = Me (la), Et (1b), "Pr (o), 'Pr (1d)), [Cp*RuCl(uz-S- Reactions of various propargylic alcohols catalyzed djave
PrpRUCp*(OH)]OTf (1g OTf = OSOQLCK), and [Cp*Rufe>-S- been investigated. Propargylic substitution reactions of 1-monoalkyl-

PriRuCp*] (2) and revealed that these complexes provide unique and 1,1-dialkyl-substituted propargylic alcohaBe{€) at 60°C
reaction sites for various stoichiometric and catalytic transforma- occurred rapidly to afford the corresponding ethdsg) in high
tions of terminal alkynes. yields, respectively (Table 1; runs-5). In contrast, reactions of
Transition metal allenylidene (MC—=C=C<) complexes have 1 1-diaryl-substituted propargylic alcohol8f(and 3g) were
attracted a great deal of attention in recent years as a new typesjuggish under identical conditions, prolonged time being required
of organometallic intermediafeTheoretical studies indicate that  to produce the diaryl-substituted ethed$ 4nd4g) in moderate
the G, and G carbon atoms of allenylidene ligands are electro- yields (Table 1; runs 8 and 9). On the other hand, when the
philic centers, while the £carbon atom is nucleophilitin fact, reactions of3a with 5 equiv of chiral alcohols were carried out
stoichiometriareactions of allenylidene ruthenium complexes with  jn CICH,CH,CI at 60°C for 1 h, a mixture of two diastereomeric
a variety of nucleophiles have been reported, where nucleophilesisomers was obtained in moderate to high yields with the isomer
attack either the Cor C, carbon atom in allenylidene ligands to  ratio of ca. 1:1 (Table 1; runs H14).
afford Fischer-type carbenes or alkynyl complexes, respectively.  To elucidate the mechanism of the propargipio-substitution,
In sharp contrast, only a few examplesoattalytic reactions via the following stoichiometric and catalytic reactions were inves-
allenylidene intermediates have been reported until Hbws tigated. Reaction ofla with 1 equiv of 3g in the presence of
an extension of our study on reactivities of terminal alkynes at NH,BF, in EtOH at room temperature fal h afforded the
the thiolate-bridged diruthenium complexese have now found  allenylidene complex [Cp*RuCi-SMepRuCp*(G=C=C(Tol-
propargylic substitution reactions of propargylic alcohols with a p),)|BF, (53) in 84% yield, which was unambiguously character-

variety of nucleophiles catalyzed Wy This provides a new type  jzed by X-ray crystallography (eq 1.The structure oba is
of catalytic reaction via an allenylidene ruthenium complex as a
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Table 1. Propargylic Substitution Reactions Catalyzed by
[Cp*RuCl(u-SMe)pRuCp*Cl] (1a)2

R2 2
R‘\/ +ROH

2

R =
. 1 Z
cat.1a R \/ + Hs0

OH NHsBFs  OR
3 4
run R, R? R time yield of4°
1 3a Ph, H Et 15min  4aa 88
2 3a Ph, H Me 15min  4ab 84
3 3a Ph,H Pr 15 min 4ac 91
4 3b Fc,H Et 60min  4b 88
5 3c "CsH11, H Pr 15 min 4c 75
6° 3d  —(CHys— Et 30min  4d 57
7° 3e —(CHz)a— Et 30 min 4e 54
8 3f Ph, Ph Et 20h Af 62
9 39 p-Tol, p-Tol Et 20h 49 61
10 3a Ph, H Ph 60 min  4ad 65
11d 3a Ph, H R#e 60 min 4ae 80
12 3a Ph, H R®2f 60 min 4af 92
13 3a Ph,H R*%49 60 min 4ag 69
149 3a Ph, H R*h 60 min 4ah 43

a All the reactions of3 (0.60 mmol) were carried out in the presence
of 1a (5 mol %) and NHBF,4 (10 mol %) in alcohol (15 mL) at 60C.
blsolated yield.c At room temperature? Reactions were carried out
with 3a(0.60 mmol) and alcohol (3.0 mmol) in CIGBH,CI (15 mL).
eR*! = (9-CH,CH(Me)Et.f R*2 = (§-CH,CH(Me)Ph.9 R*3 = (S)-
CH(Me)Ph." R** = (9-CH(Me)Et.
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On the basis of these findings a mechanism for this novel
catalytic reaction (Scheme 1) is proposed. The initial step is the
formation of a vinylidene complexA() from the reaction ofla
with a propargylic alcohol in the presence of M, This is
followed by conversion oA\ into an allenylidene complex8j.
Subsequent nucleophilic attack of an alcohol on thetom in
the allenylidene ligand results in the formation of another
vinylidene complex €).*> ComplexC is then transformed into
then?-coordinated propargylic ether tautomB){which liberates
a propargylic ether by reaction with a propargylic alcohol to
regenerateA.!® The mechanism is strongly supported by the
finding that isopropyld; propargylic ether was obtained in 63%
yield with 70% deuterium incorporation at the C-1 position when
3cwas treated with 100 equiv #PrOH-dg in the presence dfa
(eq 2)1415
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aAll the reactions were carried out witBa (0.60 mmol) and
nucleophiles (3.0 mmol) in the presencelatf (5 mol %) and NHBF,
(10 %mol) in CICHCH,CI (15 mL) at 60°C.

2

We extended the propargylic substitution by employing other
heteroatom-centered nucleophiles. Typical results are shown in
Scheme 2. Amide, amine, thiol, and diphenylphosphine oxide
reacted with3a in the presence afato give the corresponding
propargylic derivatives in high yields with complete regioselec-
tivities. Thus, propargylic amide, amine, thioether, and phosphine
oxide derivatives were directly obtained fr@a. These catalytic
reactions have genuine potential for practical application in
organic synthesis. In all cases, allenic byproducts, which were
always produced by the classical propargylic substituti®h%,
and other isomers were not observed at all. It is to be noted that
nucleophiles are exclusively introduced at the propargylic carbon
of 3a. The Nicholas reaction is known to be effective for
propargylic substitution; however, a stoichiometric amount gf Co
(CO) is requiredt’ Further, several steps are necessary to obtain
propargylic derivatives from propargylic alcohols via cationic
propargyl complexes [(propargy)@&O))*.1"

In summary, we have found ruthenium-catalyzed propargylic
substitution reactions of propargylic alcohols with various nu-
cleophiles to produce propargylic derivatives in high yields with
complete regioselectivities. Further work is currently in progress
aimed at the elucidating the detailed reaction mechanism,
broadening the scope of the catalytic substitution, and developing
an enantioselective version.
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