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Isomerisation of Pentenes Catalysed by H,0s3(CO),,*
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H,0s4(C0O) o converts 1-pentene to its isomers in
toluene at 70.4 °C at an initial rate which is not
appreciably dependent on the carbon monoxide
partial pressure and on the presence of weak acids
and polar substances. Reactions of H,0s3(CO)y
with trans-C,H,D, and [1,2-D,]1-pentene suggest
the operation of o-alkyl intermediates. The large
increase of the isomerising ability of H,0s5(C0O)yq
with respect to Osi(CO)y,, compared with the
relatively similar catalytic behaviour of Rus(CO)ya,
HuRu,(CO)yy and H,RuW(CO)s, is ascribed to the
different nature of the coordination step of the
alkene.

Introduction

The coordination of alkenes to metal carbonyl
complexes, which exhibit catalytic activity in iso-
merisation processes, usually occurs after the cleavage
of metal-CO bonds [1-5]. As part of a research on
the catalytic properties of metal-cluster compounds
[3-5], we have investigated the isomerisation of
pentenes catalysed by H,0s3(CO),0, which shows a
high reactivity towards unsaturated organic mole-
cules [6-9].

In this paper we report some results about the
behaviour of H,0s3(C0O)y, in this process and
compare it with that of hydridocarbonylruthenium-
clusters [3—5]. While this work was in progress some
results about the isomerising ability of H,O0s3(CO)
have been published [7].

Experimental

The proton n.m.r., mass and gas chromatographic
analyses were carried on as described previously [4].
Dihydridodecacarbonyltriosmium, trans-[D,] ethyl-
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TABLE 1. Initial 1somerisation Rates of 1-Pentene (46 mM)
with H,0s3(CO)yq at 70.4 °C in Toluene Solution.

H3053(CO)y0 Cco L®  Initial Rate
mM mM mM  mmol [}
h—l

1 0.37 19

2 0.50 26

3 1.82 9.6

4 3.7 22.0

5 1.82 50x 1072 8.5

6 1.82 41 7.5

7 1.82 52 19

81 is ethyl acetate for reaction 6 and acetic acid for reaction
7.

ene and [1,2-D,]1-pentene were prepared by pub-
lished methods [10-12]. Toluene was distilled
from sodium and stored on molecular sieves. 1-pen-
tene, 2-cis-pentene and 2-trans-pentene were Fluka
pure grade reagents.

The isomerisation of 1-pentene, [1,2-D,]1-pen-
tene and trans-D,-<thylene was performed by using
the same apparatus and experimental techniques as
reported previously [4, 5] .

Results and Discussion

In Table I the initial rates of isomerisation of
1-pentene with H,0s3(CO),, are reported. The
initial rate, proportional to the catalyst concentra-
tion, is not appreciably affected by the carbon
monoxide partial pressure and by the presence of
acetic acid or polar substances, such as ethyl acetate.
Under the reaction conditions reported in Table I
H,0s3(C0O),, is not formed in detectable extent and
the dependence of the initial rate on the carbon
monoxide partial pressure is completely different
from that of hydridocarbonylruthenium-clusters
under similar reaction conditions [4, 5]. This is in
accordance with the hypothesis of a double osmium—
osmium bond [6, 13], which makes possible the
coordination of the alkene molecule without any
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TABLE II. Distribution of Deuterium in the Reaction of
H,0s83(C0O)yg with frans-CoH,D5 at 70.4 °C in Toluene
Solution.?

Time, % Distribution
min
C;Hs CuHaD  C;HyD, CoHD3 C,D4
0 04 2.3 97.3 0.0 0.0
40 2.7 27.2 553 13.3 1.5
75 10.3 24.6 447 17.4 29

#|H,0s3(COY ] = 1.82 mM, [trans-CaHyD, ] = 22.1 mM.

cleavage of Os—CO bonds. The isomerising ability of
H,0s53(CO)y is one order of magnitude lower than
that of some hydridocarbonylrutheniumclusters
4, 5] and it is likely that the different coordination
process of the alkene is an important factor
responsible for this different reactivity, provided the
other reaction steps are similar. In order to clarify
the reaction mechanism, we have investigated the
nature of the active intermediate by the reactions
of H,0s3(CO)y, with trans-C,H,D, and [1,2-D;]1-
pentene. As can be seen in Table 11, redistribution
of hydrogen isotopes of trans-C,H,D, takes place
to a large extent when trans-C,H,D, is treated
with H,0s3(CO),, in toluene at 70.4 °C, and it shows
that o-alkyl intermediates are involved in the
isomerisation of pentenes catalysed by H,0s5(CO) .
In addition, these results indicate that the supposed
intermediate HOs3(C,H;5)(CO)yp [7] is in equilibrium
with H,0s3(CO)y, and that the formation of C,Hg
and HOs3(C,H3)(CO),o [6, 14] is slower than the
exchange of ethylene.

The operation of g-alkyl intermediates has been
confirmed by the results of the conversion to its
isomers of [1,2-D,]1-pentene with H,0s3(CO)1q.
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As shown in Table III the isomerisation is accom-
panied by intermolecular rearrangements of hydro-
gen and deuterium atoms. When the reaction is stop-
ped, also the catalyst appears to be partially
deuterated. Accumulation of deuterium on C-1 of I-
pentene and loss of deuterium on C-2 are likely to
be due to o-alkyl intermediates originated by both
Markownikov and gnti-Markownikov additions. The
distribution and location of deuterium in 2-cis-
and 2-trans-pentene are in agreement with this hypo-
thesis. Similar results have been reported for the
alkene isomerisation catalysed by monohydrido-
monometal complexes [15].

Transfer of deuterium to C-3 of 1-pentene occurs
in good extent. A strictly similar behaviour has been
previously observed for the isomerisation of 1-pen-
tene with HyRu,(CO);, and with other polyhydrido-
carbonyl clusters and ascribed to the exchange, in
the o-alkyl intermediates, of a hydrogen on C-3 of
the deuterated 1-pentene with a deuterium linked to
the metal cluster [4].

The isomerisation of 1-pentene catalysed by H,-
0s53(C0),y proceeds via o-alkyl intermediates, as
found for the isomerisation of pentenes with Hy-
Ruy(CO),, and related clusters and with monometal
complexes, but the coordination step of the alkene
does not involve the cleavage of metal-ligand bonds.
The isomerising ability of H;0s3(C0O),, is much
higher than that of 0s3(CO),,, similarly to the
higher reactivity of H,0s3(C0), with unsaturated
organic molecules, whilst the initial rate of isomerisa-
tion of 1-pentene with Ru3(CO),; is lower than that
with HaRu,(CO),, and H,Ru,(CO),3 by one order
of magnitude. This change in the isomerisation
ability, which can be observed passing from the
dodecarbonyltrimetals to their hydride derivatives,
can be attributed to the different nature of the
coordination step, which is strictly linked to the
different structures of the hydrido species.

TABLE 1II. Distribution and Location of Deuterium in the Pentene Iractions.?

Conversion % Distribution A.D.N. at Each Carbon Atomb
%

CsHyp CsHoD CsHgD, CsH,D3 CsHgDg4 C-1 C-2 C-3 Cc4 C-5
0 I-pentene 0.0 0.7 99.0 0.3 0.0 0.98 1.02 0.0 0.0 0.0
12.3 l-pentene 0.0 8.8 88.5 2.6 0.0 1.05 0.79 0.10 0.0 0.0
26.0 l-pentenc 1.6 15.2 78.1 4.7 0.4 1.10 0.70  0.13 0.0 0.0
34.5 1-pentenc 1.0 17.6 76.1 5.5 0.0 1.08 0.64 0.17 0.0 0.0
60.0 l-pentenc 3.7 26.8 61.7 7.1 0.6 1.13 0.41 0.20 0.0 0.0
C-1 C2+(C3 Cc4 C-5
34.5 2-trans- 2.9 15.2 58.5 21.0 2.3 1.16 0.84 0.04 0.0
60.0 2-trans- 5.2 17.6 46.9 27.3 2.8 1.28 0.66 0.0 0.0
60.0 2-cis- 4.3 18.4 54.2 21.1 1.9 1.34 0.64 0.0 0.0

3Experimental conditions are as follows: [H20s3(CO)1p] = 5.5 mM; [(1,2-D,)1-pentene] = 2.20 M; solvent, toluene; tempera-

ture, 70.4 °C.

Average deuterium number at each carbon atom; values uncertain to +0.05.
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