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Solution Structures and Dynamics of [HOs;(CO), (0, 7 vinyl)] Complexes
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Abstract

No interconversion has been found to occur on the
NMR time scale between the structural arrangements
found in the solid state. The o, # motion of the vinyl
group does not cause a cis—trans interconversion of
the terminal hydrogens in [HOs;(CO),,(CH=CH,)]
which simply takes place by alternating the n-electron
cloud to opposite osmium centres.

_H

The 'H chemical shift of the =C moieties is a
R

useful probe to assess the coordination mode of the
vinyl ligand.

In [HOs;3(CO),o(CPh=C(H)Ph)], a trigonal twist
process has been shown to occur at the Os(CO), unit.
For the same unit 2J¢_¢ trans have been obtained for
all the reported derivatives and their magnitude is
almost unchanged along the series. Further J¢ infor-
mation has been obtained from a sample of [HOs;-
(CO),10(CH=CH,)] C-13 labelled in the vinyl ligand.

Introduction

The insertion of an alkyne molecule into the
metal-hydride bond of the coordinatively unsatu-
rated H,0s3(C0O);o complex results in the formation
of products of formula [HOs3(CO) (0, 7 vinyl)] in
which the organic ligand acts as a three electron
donor [1, 2].

In the solid state, three different structural arran-
gements are found for the vinyl ligand and point out
the versatility of this ligand in binding to the face of a
tri-osmium cluster [structures, I, II and III (hydride
and carbonyl groups have been omitted for clarity)]
[3-8].

For I and II structural types in solution, it has also
been shown that a o, m rearrangement process is
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occurring on the NMR time scale [2]. In solution, the
type I compound [HOs3(CO),;o(CH=C(H)But] was
reported as a mixture of two isomers (cis + trans),
whose occurrence was thought to arise from a de-
creased mobility of the o, 7 bonded ligand brought
about by the bulky But group [6]. These findings
prompted us to examine in more detail the NMR
spectra of these molecules in order to: (a) assess
whether the coordination mode of the vinyl group (I,
II or TII) can be established from NMR spectra and
(b) to get more insight into the intimate mechanism
of the o, 7 rearrangement motion and to see if any
interconversion takes place among the different
structural arrangements.

Results and Discussion

The *C NMR data of the complexes considered in’
this study are reported in Table I.

The pattern observed in the carbonyl region of the
13C NMR spectra at +25 °C of all the derivatives is
consistent with the occurrence of a rapid o, 7 rearran-
gement of the vinyl ligand as already shown by
Shapley et al. for [HOs3(CO),,(CH=CH;)] and
[HOs3(C0O)1o(CPh=C(H)Ph)] [9]. Careful tlc work
up on the yellow mixture obtained from the reaction
of H,0s3(C0O),, and t-buthyl acetylene, previously
reported as a mixture of type I isomers [6], allowed
us to separate two compounds but only one of them
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TABLE L. 13C NMR Data of [HOs3(CO)g(a, 7 vinyl)] Complexes®:©.¢
Compound COs, 6 /ppm
[HOs3(CO)1o(HC=CH,)] 4 185.2(1) 181.3(1) 176.3(2) 174.12) 173.4(2) 169.7Q2)
at ~95 °C: 184.9(1) 181.2(1) 180.1(1) 176.8(1) 174.4(1) 174.2(2)
173.1(1) 172.6(1) 166.0(1)
[HOs3(CO)16(HC=C(H)CMe3)] 185.6(1) 181.8(1) 178.3(2) 176.1(2) 174.6(2) 170.7(2)
[HOs3(CO)19(PhC=C(H)Ph)] € 186.4(1) 181.4(1) 176.5(2) 175.8(2) 174.8(2) 172.4(2)
at —85 °C: 186.7(1) 181.8(1) 177.3(1) 176.8(1) 176.4(1) 175.9(1)
175.7(1) 174.7(1) 173.4(1) 172.6(1)
[HOs3(CO)1o(MeC=C(H)SiMe3)] 185.6(1) 181.9(1) 177.6(2) 177.42) 174.8(2) 170.8(2)

8CD,Cl, solution. bRelative intensities in parenthesis.
[9(a)]. € This work, ref. [9(b)].

has a composition corresponding to [HOs3(CO),0-
(CH=C(H)Bu!)]. The second compound (obtained in
about 40% yield) has two hydrogen less than the
former and its IR, 'H and 3C NMR spectra suggest
the formula [HOs;(CO),o(C=C-But)]. This type of
Ha-n? coordination mode of an acetylide moiety has
already been suggested for the analogous derivative
from phenylacetylene [1]. The existence of cis +
trans isomers within the framework of type I com-
plexes is closely ruled out by these results.

In addition, in the case of [HOs3(CO);,(CH=CH,)]
the 'H NMR spectrum, in the AMX pattern, remains
unchanged in the temperature range from —95 to
+50 °C, confirming that the rearrangement of the
vinyl ligand follows a path which does not lead to an
interconversion of the geminal vinylic protons. The
exchange process occurring can then be viewed as a
sort of sweeping motion of the vinyl ligand on the
surface of the trimetallic cluster. Further insight into
the relationship between the coordination mode and
the motion of the vinyl ligand has been gained by re-
cording the C-13 NMR spectra of a sample obtained
from doubly labelled C-13 acetylene. The {*H} C-13
NMR spectrum showed two doublets for the vinylic
carbons with a carbon--carbon coupling constant
'Je—c of 33.4 Hz. On the basis of the established
relationship between Jc_¢ and carbon-carbon
distance in organic molecules [10], the small value
found in this complex indicates a marked elongation
of the C—C bond. However rehybridization of the
carbon atoms upon coordination must be considered
as well in explaining the rather small J¢_¢ coupling
constant [11].

This isotopomer also allowed the detection of
Jc—c coupling constants between the o-bonded
vinylic carbon and some of the carbonyl groups.

These coupling interactions have enabled us to
make further assignments of the carbonyl resonances
in these complexes. At room temperature (Fig. 1) the

°Room temperature unless otherwise stated.

dThis work, ref.

resonance at 178.3 ppm showed the largest Jo_co
(11.0 Hz) and at —100 “C this resonance is split into
two signals at 180.1 and 186.8 ppm whose J¢_¢g are
19.8 and 2.2 Hz, respectively. On the basis of the
expected larger coupling between carbon in a trans-
arrangement, these resonances can be assigned to car-
bonyls B and B/, respectively:
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Jc_co coupling on carbonyls C and C' (which
can be assigned on the basis of the coupling with
the trans-hydride, 2Jy_co =12.0 Hz) results only
in a slight, unresolved broadening of their reso-
nances.

Noteworthy is the observation of the Jo_¢
coupling constants with the axial carbonyls on the
unique Os(zy atom, 4.4 and 2.2 Hz, although a three
bond transmission through the C;-0s;—0s,—CO
framework cannot be excluded. We think that the
observed coupling constants are indicative of a direct
interaction between C(y and Os(,,. The involvement
of structural type IV as an intermediate could be
responsible for this coupling pathway. This has been
checked by looking at a sample highly enriched in
'3C. Only the C,, resonance showed a marked
broadening due to several unresolved overlapping
couplings, whereas the C ;) signal was not affected.
This observation supports the possible involvement
of a type IV structure in the o, 7 rearrangement of
the vinyl ligand:
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and the presence of intermediate IV can be invoked
to explain the thermal transformation of type I com-
plexes into 1:1 adducts (V) as reported by Deeming
[12] and Shapley [2].

An inspection of the chemical shifts found for the
vinylic protons for all the reported complexes [1, 2,
8] provides the opportunity to assign the coordina-
tion mode of the ¢, 7 vinyl group. In fact, the ter-
minal 'H resonance of the vinyl ligand falls in the
upfield region (3.46 and 4.90 ppm) for type I and in
the downfield region (7.12 and 8.01) for type Il and
III complexes, respectively. Since no drastic elec-
tronic differences are expected among the different
structures (as supported from the IR spectra in the
CO region) it is reasonable to assume that the dif-
ference in 6y can be attributed to the nearest neigh-
bour anisotropy effect of the trimetallic cluster. It
then follows that the product obtained from H,Os;-
(CO),o and Me—C,—SiMe; belongs to structural type
Il or I (vide infra) and on the basis of these results
it seems likely that type I complexes are formed only
from terminal alkynes, whereas the insertion of inter-
nal alkynes afford type IT or III structures.

One can ascertain the occurrence of structural
types II and III from the characteristic arrangement
of the four CO groups on Os(y in the only represen-
tative [8] of class MI structures (R = R'= CF;). Un-
like types I and II, type III does not have a pair of
trans-axially coordinated carbonyls on Os(;y. A good
probe to test the presence of a frans-relationship
between a pair of coordinated carbonyls is provided
by the observation of a significantly large Jog_co
coupling constant. Since all the compounds reported
in this study showed an almost invariant 2Jog_co
trans of 34.0 £0.2 Hz, it follows that [HOs3(CO);e-
(MeC=C(H)SiMe3)] belongs to type II structural
coordination mode.

Only in the case of [HOs3(CO);o(CH=CH,)] and
[HOs3(CO),0(CPh=C(H)Ph)] has it been possible to
observe, in the carbonyl region, spectra corresponding
to “frozen’ structures, when R = H and R'= But, only
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an incipient broadening of the set of the three pairs

of COs is observed at —95 C and no broadening at all

is detected at the same temperature for the derivative
ith R = Me and R = SiMe;.

These observations suggest that the driving force
for the o, 7 rearrangement process is mainly related
to the asymmetry induced from the substituents on
the vinyl ligand rather then to the actual structural
coordination mode.

Another difference among the derivatives, con-
sidered here, is represented by the behaviour of the
carbonyls bound to the unique Os(,). No broadening
of these resonances is observed for the complexes
derived from HC,H, HC,Bu® and Me—C,SiMe; up to
+90 C, whereas for [HOs3(CO),o(PhC=C(H)Ph)] a
localized CO exchange is occurring.
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Fig. 1. V.T. C-13 NMR spectra of [HOs3(CO)yo(PhC=
C(H)Ph)) (70% '3CO enriched).

As shown in Fig. 1, for a highly enriched '*CO
sample of [HOs3(CO)o(PhC=C(H)Ph)], as the tem-
perature is increased two CO resonances (one axial
and one equatorial of weighted intensity 2) broaden
while the remaining axial one is still sharp up to +60°,
At this temperature, the CO scrambling at the Os,)-
(CO),4 unit involves all four carbonyl positions. The
spectral changes observed in the temperature range
+25 C to +60 °C can be explained in terms of a selec-
tive CO exchange between one axial carbonyl group
(E or F) and the two equatorial CO groups D and D",
It is our opinion that the driving force for this lower
energy trigonal twist is a weak bonding interaction
between Os, and C, in the transition state for o—m
interchange at the organic ligand (Structure IV)
which causes one axial carbonyl (probably E) to bend
towards the equatorial carbonyls thus promoting this
site exchange. A related trigonal twist rotation was
already suggested by Gavens and Mays to explain the
localized CO exchange process occurring at M(CO),
units in [HM3(CO),o(1t;-COR)] derivatives (M = Fe,
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Os) [13]. It seems reasonable that, in this case, a
weak bonding interaction between the analogous
unique osmium atom Os(CO), and a lone pair on
oxygen could also cause a bending of the axial
carbonyl syn- to the u,-COR ligand thus promoting a
similar trigonal twist exchange. We further suggest
that such a selective exchange could be general for
other H(u,-L)Os3(CO),o systems and that the
existence of a relatively strong spin—-spin coupling
between magnetically active nuclei in the ligand L
and axial CO could be a diagnostic test for this
interaction.

Experimental

[HOs3(C0O)10(HC=CH,)], [HOs3(CO),o(HC=C(H)
But)] and [HOs3(CO),o(PhC=C(H)Ph)] were pre-
pared according to the published methods [1, 2, 6].
[HOs5(C0O)10(CHsC=C(H)Si(CH3);)] was synthetized
similarly by reacting 11,0s3(CO),o (200 mg, 0.23
mmol) and CH3CCSi(CH3)3 (0.2 ml, 1.3 mmol) in 50
ml of n-hexane at room temperature for 12 h. Tlc
work up (petroleum ether as eluant) afforded [HOs;-
yellow crystals; IR (n-hexane), vgg (cm™1): 2104w,
2064vs, 2051s, 2024vs, 2007s, 1996w, 1985w; 'H
NMR (CDCly), §/ppm: 8.01(s, 1); 2.26(s, 3), 0.19(s,
9), —17.91(s, 1).

3CO enrichment was performed on the parent car-
bonyl 0s3(C0O);, (2 days, <1 atm of '*CO in sealed
vials, n-octane, 110 °C).

13C-labelled acetylene (~90% enriched) was pur-
chased from Stohler Isotope Chemicals.

The 'H and **C NMR spectra were recorded on
a Jeol GX-270/89 spectrometer.
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