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The acetylide complex [RuH (C=C-But) (CO) (PPh3)3] (1) prepared
from [Ru(H)C1(CO) (PPh3)3)] (2) and Li-C=C-But has been found to be a
good precursor for the catalytic dimerization of t-butylacetylene to
cis-1,4-di-t-butyl-1,2,3-butatriene. Room temperature reaction of
1 with HC=CBut has afforded a new complex [Ru(C=CBu)2(CO) (PPh3) 3]
which has been structurally characterized as possessing cis-di-
acetylide ligands. Reaction of 2 with 1,4-di-t-butylbutadiyne gave
a complex with 1,4-di-t-butylbut-l-en-3-yn-2-yl 1ligand, [Ru-
{C (=CHBut) -C=CBut}C1(CO) (PPh3) 2], which decomposed at 60°C to lib-
erate cis-1l,4-di-t-butylbutatriene. The reaction mechanism is dis-
cussed based on these findings.

A number of transition metal complexes have been known to catalyze dimeriza-
tion of 1l-alkynes to give l-butene-3-yne skeleton,l) the formation of which can be
easily explained by a conventional reaction pathway, i.e. oxidative addition of =C-H
at metal center, insertion of further molecule of alkyne into the M-acetylide
linkage, and reductive elimination of the Cg-unit with the hydride 1ligand.
Previously one of us communicated ruthenium catalyzed dimerization of t-butyl-
acetylene which gave unexpected product, 1,4-di-t-butylbutatriene.?) 1In order to
understand the mechanism of this at first sight puzzling reaction, we have studied
reactions of relevant ruthenium complexes. An important clue to the nature of the
reaction is the ¢is stereochemistry of the 1,4-di-t-butylbutatriene formed, in spite
of the fact that the thermodynamic stability of cis- and trans-1,4-disubstituted
butatrienes is quite similar.3)

One of the precursors we have used is [RuH2 (CO) (PPh3)3] which can form the Ru(0)
species on losing the two hydride ligands. The acetylenic C-H bond is expected to
add oxidatively to the Ru(0) center and indeed [Ru(H) (C=CBut) (CO) (PPh3)3] (1) has
been isolated from the reaction of the dihydride complex with t-butylacetylene.?)
Since the hydride-acetylide complex is expected to function as a good precursor for
the catalytic dimerization of l-alkyne, we prepared the hydride-acetylide complex 1
conveniently by the room temperature reaction of [Ru(H)C1l(CO) (PPh3)3] (2) with Li-

C=CBut 3) Since complex 1 shows its hydride resonance in lH NMR as two triplets due

to its coupling by trans phosphine and subsequently by two equivalent cis phosphines
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(8-8.23 in CDCly J=87 and 26Hz ), the structure illustrated below is assigned to

this complex.
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Complex 1 is superior to the dihydride complex in that it can catalyze the
dimerization at room temperature although the rate is slow ( 15 turn-over after 70 h
). Concentration of this reaction mixture and addition of hexane containing excess
triphenylphosphine afforded a new complex of the formula [Ru (C=CBut) 7 (CO) (PPh3) 3] (3)
in 53% yield as pale yellow and moderately air-stable crystals. 1H NMR spectrum of
this complex (CgDg) showed tBu resonances at & 0.96 and 1.28 while 31p NMR (CDClj)
exhibited a triplet and a doublet (J= 21.5Hz) at $19.34 and 29.64 in 1:2 ratio. A
single-crystal X-ray analysis on 3 confirmed its solid state structure which was
concomitant with the NMR spectra in solution.®) Complex 3 showed catalytic activity

almost similar to that of 1.
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When 3 was recrystallized from benzene/methanol solution, a complex of the com-
position [Ru(CBut),(CO) (PPh3)2(MeOH)] (3') was isolated. 1H NMR spectra (CgDg)
indicated that the two acetylide ligands were magnetically equivalent exhibiting a
single resonance of tBu at 81.103. The X-ray crystallographic analysis of 3' con-
firmed the trans orientation of the two acetylide ligands as shown above.’) The Ru-
-O(H)Me bond is long (2.218(7) A) suggesting that MeOH molecule is weakly bound.

Easy dissociation of methanol in solution was evidenced by lH NMR spectra measured
with a small amount of added free methanol. Only one CH30 peak appeared but at
varying chemical shifts of 82.64 to 3.12 depending upon the amount of free MeOH
added, indicating rapid exchange between free and coordinated MeOH molecules.
Addition of triphenylphosphine to a solution of 3' instantaneously reproduced the
parent complex 3. Seemingly, bulkiness of the entering ligand is the controlling
factor if the two acetylide ligands take cis or trans arrangement. These observa-
tions imply that 3 in solution dissociates PPhj3 trans to the acetylide ligand form-
ing a trigonal bipyramidal intermediate. Formation of related diacetylide complex
of 5-coordinated ruthenium, [Ru(C=CPh),(CO) (PPri3),}, from the reaction of [RuH(nz—
HoBH,) (CO) (PPris),] with PhC=CH has been reported recently where trans orientation of

the two -C=CPh ligands in square pyramid arrangement of the complex has been suggest
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ed.8 Since isolated 3 and 3' are stable and do not show any tendency to release
butatriene unit, attack of the third alkyne molecule on the 5-coordinated in-
termediate appears to be necessary. As a model complex for a product of such reac-
tions, complex 4a was prepared by treating 2 with 1,4-di-t-butylbutadiyne.

Complex 4a is a trigonal bipyramidal complex with but-l-en-3-yn-2-yl ligand
which was formed by cis addition of the Ru-H to one of the C=C triple bonds, as con-
firmed by an X-ray diffraction study.9) A CgDg solution of 4a was heated to 60°C
and monitored by lH NMR spectroscopy.
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Interestingly, peaks due to cis-1,4-di-t-butyl-buta-triene, & 1.086 (C4Hg) and 5.534

(H), emerged and increased as slow decomposition proceeded. The liberation of free
butatriene was also checked by GLC analysis. We propose the isomerization of the
organic moiety as shown in equation (1), where the butatrienyl ligand would further
abstract hydrogen, probably from triphenylphosphine, to liberate the butatriene.
However, in the actual catalytic cycle where the probable intermediate is 4b,
hydrogen should be supplied by attacking l-alkyne reproducing the 5-coordinated com-
plex with diacetylide ligands after liberation of the butatriene.

Very recently, it was shown that [RuH4(triphos)] reacted with phenylacetylene
to give a complex with M3-PhC3CHPh ligand, which was formed probably by end-to-end
coupling of two phenylacetylene fragments.10) The coordination mode of the n3-
PhC3CHPh moiety has been structurally analyzed and may be regarded as a transient
form of the isomerization (1). H
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It is not clear how the attack of l-alkyne on the diacetylide intermediate 3
can produce a complex 4b. The most probable route at first seems to be reductive
coupling of the two acetylide ligands and insertion of the resulting diyne into Ru-H
bond, which in turn will be formed by oxidative addition of the attacking l-alkyne.
However, this "diyne route" appears to be unlikely since (1) no 1,4-di-t-butylbuta-
diyne was detected in the catalytic reaction; (2) when the catalytic dimerization
reaction was carried out in the presence of free 1,4-di-t-butylbutadiyne, the diyne
was not consumed at all; (3) the hydride-acetylide complex 1 did not react with 1,4-
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di-t-butylbutadiyne at 50 °C; (4) thermal decomposition of 3 did not yield the diyne

but merely liberated tBuC=CH; (5) formation of the diyne from 3 was also not
observed by addition of 1,2-disubstituted alkynes such as diphenylacetylene.
Although we have no direct evidence, a probable alternative could be replacement of
a phosphine in 3 by another molecule of l-alkyne, which undergoes mM2-alkyne — nl-
vinylidene rearrangement to give [Ru(C=CHBut) (C=CBut)2(CO) (PPh3)2], followed by mi-
gration of the neighbouring acetylide group onto the vinylidene carbon. Steric re-
pulsion between bulky ®Bu group and other ligands should favour cis arrangement of

the 1,4-di-t-butylbut-l-en-3-yn-2-yl moiety as in 4a.
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