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[catalyst] = TpRu(PPh3)(CH3CN)oPFg (10 mol%%)
LiCF3SO3 (20 mol%)

R = alkyl, aryl, heteroaryl
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Metal-catalyzed cleavage of carbecarbon bonds is an interest-  Scheme 1 @

ing topic in organic reactionsCleavage of the carbercarbon triple OH  catalyst -\

bpnd of alkynes is ve.ry'dlfflcult beca.use this functionality normally MeO—@—/_QE o _Q_/ + CO
gives products containing an unstrainegsC or C—C bond during 1a 1b

catalytic transformatio®? Most studies on alkyne cleavage have -

focused on stoichiometric organometallic reactidfsncluding entries catalysts® Lewis acids yields®

oxidative cleavage of alkyne to carboxylic aéidlkyne cleavage
across metatmetal multiple bond$, water-assisted splitting of
allfyn_e into alkane and coordinated C@s well as alkyneligand 2 TpRu(PPh3)(CHsCN)CI — 2%
scission on metal complexég.here have been very few reported
examples for the catalytic cleavage of organic alkyne via a
nonmetathesis pathwdylJun et al. reported catalytic cleavage of
alkynes through rhodium-catalyzed hydroiminoacylafioviery
recently, Yamamoto reported the cleavage of diynesruthenium- 5 RuCl(PPhg)s
catalyzed hydroaminatioh.These reactions require additional 6 RhCI(PPha)s _ _
promoters 2-aminopyridine or 2-aminophenol to facilitate cleavage 5
of the alkyne? Because of the importance of carberarbon bond 7 TpRu(PPh3)(CH3CN),PFg  LIOTf

8

9

1 TpRu(PPh3)(CH3CN),PFg - 31%¢

w

CgHsRu(PPh3)(CH3CN),PFg - 2%
TpRuU(PPh3),Cl — 2%

H

cleavag_e, we sought to identify anew pathway for th_e cleavage of TPRU(PPh3)(CHsCN)2PFs  Zn(OTf), 48%
alkyne in the absence of organic promoters. In this report, we

. . . . . 0,
describe a new ruthenium-catalyzed reaction in which ethynyl TPRu(PPh3)(CH3CN),PFg  Sn(OTf), 41%

alcohol is split into alkene and carbon monoxide. The mechanism 10 TpRu(PPh3)(CH3CN),PFs  Sc(OTf)3 37%
of this new process was elucidated on the basis of the results of an
isotope-labeling experiment. a(a) 10 mol % catalysts, 100 in toluene 16 h for entries-16, and 3

We sought to achieve cleavage of alkynes via generation of a h for entries 7-10. (b) 20 mol % Lewis acid was used. (c) Isolated yields
metal vinylidene intermediate in a catalytic reactidVe examined from the silica column. (d) CO was determined from GC with 35% and
various ruthenium and rhodium catalysts (Scheme 1), because the)7 2% yields in entries 1 and 7, respectively.
readily form metal vinylidene species in the presence of alkjnes. Taple 1. Ruthenium-Catalyzed Cleavage of Ethynyl Alcohols
TpRu(PPR)(CHCN),PRs? (10 mol %, Tp= tris(1-pyrazolyl)borate)
is the most active for the transformation of ethynyl alcohid) ( y
(100 °C, toluene, 16 h) into alkene in an isolated yield of 33%. e% Me @E}v\(E W
GC-anegsis of gaseous mixtures confirmeq the formation qf carb_on d '  gr-ose M e oeb e
monoxide (35%), indicative of the catalytic reaction depicted in M 2a 2b (52%) (9>R S, 10a R =S, 10b (64%)

Scheme 1. Under the same conditiongH€Ru(PPR)(CH;CN),PFs Q;Q—«»)n_\\\ _Q_H\_
(o]

and other catalysts (entries-B) including TpRu(PP$).Cl, TpRu- (10)11\/\(_ bEn

Substrates Products®(yields)® Substrates Products(yields)

(PPh)(CHsCN)CI, RuCk(PPh);, and CIRh(PP¥); failed to give AR e

significant amounts of alkeng&b but rather gave uncharacterized Pha PhoN

black tar. The efficiency of this process can be further improved b\/\F Q\/\/ .
with Lewis-acid catalysts (entries—7.0) with LiOTf (20 mol %) x e o L e 8! C

being the most effective: the reaction time is reduced (toluene 100 OV\F O\/\/ (ye=miz R :||1lz:,3;s(%>
. . . . . 65%;
°C, 3 h), and alkendb is obtained in an isolated yield of 75%. (1) R =(CH;OH, 14a R =(CH0N Taes)

L . . ) OH . 23 150 (77%
Carbon monoxide is found in ca. 72% vyield according to GC- gg;;:ggm 7a ;:ggvm(gi/{gw) (14) R= %\*3 182 R= gy )
e 2 ¥ (15) R= §/ "o, 192 R £/, 160 ©5%)

analysis. -
We further examined the scope of organic substrates, and the /\/\(E @Q/\/\/ Ot — o
results are summarized in Table 1. A mixture of TpRu(fp@H;- e OH b (85%) OH_m 5171;2%
CN),PFs (10 mol %) and LiOTf (20 mol %) catalysts was
employed. This method also works for tertiary ethynyl alccbel 10 mol % TDRU(PPbb(CHSCN)zPFs, 20 mol % LiOTf, toluene (0.15
to give 1,1-disubstitute@b in 52% yield. It can be extended to Q’i'"f:‘;bféﬁﬁﬁﬁﬁ’,mc’ 5 h.?Yields were reported after separation from the
phenyl groups containing electron-rich 1,2-(methylenedioxy) and
diphenylamino substituent8a—5a (entries 2-4) and electron- of 74—91%. This new reaction is also compatible with substrates
withdrawing cyano and methoxycarbonyl groupes—7a (entries bearing 2-naphthyl and oxygen, nitrogen, and sulfur heteroaryl

5, 6), and the corresponding alkerg#s-7b were obtained in yields functionalities (entries #10), and alkene produc&b—11b were
9294 m J. AM. CHEM. SOC. 2003, 125, 9294—9295 10.1021/ja036246w CCC: $25.00 © 2003 American Chemical Society
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Scheme 2. Deuterium Labeling for Cleavage of Alkyne

deuterium sample products deuterium sample products
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obtained in reasonable vyields (688%). We also prepared
substratesl2a—15a to examine the tolerance with regard to
functional groups and found that this new approach is compatible
not only with acidic fluorenyl protons but also with allyl, alcohol,
and dioxolane groups (entries-114). Thecis-olefin functionality

of alkenel6b is completely retained in the catalytic cleavage of
ethynyl alcoholl6a(entry 15). This new method can also be applied
to the synthesis of unfunctionalized 1-decdé, and a chelating
effect is not required for this catalytic reaction (entry 16).

Scheme 2 shows the results of isotope-labeling experiments to
elucidate the reaction mechanism. The deuterium migration of
ethynyl alcohollato alkenelb proceeded rather regiospecifically.
The G-hydrogen of alkenéb arose primarily from the €hydrogen
of ethynyl alcoholla. Most of the alkynyl proton ofla was
migrated to therans-C;-proton of alkenelb, whereas the alcohol
proton underwent migration to thes-C;-proton of alkenelb. We
also prepared 8-labeled (58%-content ¥ alcoholla, which led
to enriched-C@ with a content of 48%.

In toluene, TpRUPPKCH;CN),PF; likely becomes TpRu
PPh(CH;CN)PF; via dissociation of an acetonitrile. On the basis
of the results of the deuterium experiments, we propose a plausible
mechanism (Scheme 3) that involves the formation of ruthenium-
nt-alkynyl hydride specie® via proton migration of ruthenium-
m-alkyne complexA.1 In the presence of LIOTf, speciés will
undergo ionization to form ruthenium-allenylidenium specigs
and the counterattack of LiOH at the €arbon of specieB yielded
ruthenium-acyl specie®.®> Subsequent decarbonylation of species
D yielded vinylruthenium hydride speci& which upon reductive
elimination regenerated active ruthenium catalyst in addition to

alkene and carbon monoxide. This proposed mechanism is consis-

tent with the results of the isotope-labeling experiment except for
the minor deuterium contents on this- andtransvinyl protons
in entries 2 and 3, respectively. This may be attributed to proton
exchange between ruthenium hydriBewith residual water in

catalytic system. It is also likely to arise from the formatiorZ¢
(1/2) isomers of specie® andE.

In summary, we have reported a new and efficient catalytic
cleavage of organic alkynes in which ethynyl alcohol is split into
alkene and CO by ruthenium compl&This reaction is syntheti-
cally useful because it can tolerate various functional groups. The
mechanism of this catalytic reaction was elucidated with an isotope-
labeling experiment. The development of new catalytic processes
based on this principle is under investigation.
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