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Novel exo-nido-ruthenacarboranes, 5,6,10{CI(Ph,P),Ru]-5,6,10-u-(H),-10-H-7,8-R,C,BgHs (1; R = H, structurally characterized
by an X-ray diffraction study, and 2; R = Me) have been prepared by reaction of RuCl, (PPh,); and [nido-7,8-R,C,BgH,0]~ K*
in diethyl ether-tetrahydrofuran; in the solid state clusters 1 and 2 contain tridentate nido-carborane ligands bound to the
Ru" atom through three Ru—H—B bridging hydrogen bonds, whereas in solution they exist as an equilibrium mixture of
isomeric exo-nido-bis(triphenylphosphine)chlorohydridoruthenacarboranes formed as a result of the cleavage of one of the
Ru—H—B bonds with the formation of a new Ru—B ¢-bond and a simultaneous hydrogen atom shift to the metal atom.

Among the variety of metallacarboranes of the platinum group
metals exo-nido-metallacarborane clusters, wherein a metal-
containing moiety is linked to a nido-carborane cage through
two-electron, three-centre (2e, 3c) M—H—B bonds, attract
considerable interest from the point of view of synthetic and
structural chemistry'™ and also homogeneous catalysis.>® Pre-
viously reported 16e~ exo-nido-rhodacarboranes? and 18e-
exo-nido-iridacarborane® have only two bridging M—H—B
hydrogen bonds. Until now, in the metallaborane family only,
there have been two examples of unprecedented clusters™® con-
taining boron hydride ligands coordinated to a metal atom via

three 2e, 3c-bridging M—H—B bonds. In the present commu-
nication we report the synthesis, structural characterization
and behaviour in solution of the first exo-nido-ruthenacarbo-
ranes wherein the nido-carborane anionic ligand functions in a
tridentate manner.

Unlike the reaction of (Ph;P);RuHCl with [nido-7,8-
C,B,H,,]"Me;NH™ yielding exclusively closo-3,3-(Ph,P),-3,3-
H,-3,1,2-RuC,B,H,,,’ the synthetic precursor of the ruthenium
complex, viz. (Ph,P); RuCl,,' reacts readily with K *salts of
carborane monoanions [nido-7,8-R,C,BsH,,]~ under mild con-
ditions [diethyl ether—tetrahydrofuran (THF), 22 °C, 2-3 h]



Mendeleev Commun., 1991, 1(2), 47-49

48

Fig. 1 Molecular structure of 1 [Ph substituents and hydrogen atoms
with the exception of H(5), H(6), H(101) and H(102) are omitted for
clarity). Main bond lengths (A): Ru—Cl 2.395(2), Ru—P(1) 2.304(2),
Ru—P(2) 2.301(2), Ru---B(5) 2.394(6), Ru---B(6) 2.399(6),
Ru---B(10) 2.284(6), Ru—H(5) 1.82(5), Ru—H(6) 1.85(4), Ru—H{(101)
1.57(5), B)Sy—H(5) 1.19(5), B(6)—H(6) 1.18(4), B(10)—H(101) 1.43(5),
B(10)—H(102) 1.02(5), C—C.., 1.567(9), C—B 1.574(9)-1.723(9),
B—B 1.714(9)-1.836(9).

leading to the formation of the novel ruthenacarborane clusters
CI(Ph,P), Ru(R,C,B.H,,) (1; R=H, 2; R = Me)} in more than
95% yield (Scheme 1). According to the 'H and ''B NMR
spectra complexes 1 and 2 retain the same ‘open face’ with an
‘extra’ hydrogen positioned over it as in the starting nido-
carborane monoanions. The structure of cluster 1 in the solid
state was established by an X-ray diffraction study.

17, 8-R2C2BoH1d K*
ELO-THF

RuCL:(PPhy);

Scheme 1

The structurally studied cluster 1 belongs to the group of
exo-nido-metallacarboranes (Fig. 1).} Two triphenylphosphine
ligands and one chlorine ligand are involved in the octahedral
coordination of the Ru" atom forming the 12¢~ [(Ph,P),-
CIRu]* moiety, which is bound to the nido-carborane cage by
three 2e, 3c-bridging Ru—H—B bonds completing the 18e~
configuration of the Ru atom. Boron atoms both in the C,B,
‘open face’ and in the lower Bs-belt of the nido-carborane
ligand are involved in the Ru—H—B bonding. However, the
Ru—H—B bridges are noticeably non-equivalent:
Ru—H(101)-B(10) is somewhat shorter [Ru---B(10)

+ The composition of clusters 1 and 2 was confirmed by elemental
analyses of the corresponding CH,Cl, solvates.

1 Crystal datafor 1: C;5H,4,BsCIP,Ru-0.5C¢Hg - 0.5n-CoH 14, M = 877.5,
monoclinic, space group P2,/n, a=12,616(5), b =20.875(8),
c=16.604N A, B=93953)°, U=43624A% D.=1.335gcm3,
Z = 4. Data were measured on a Siemens P3/PC diffractometer with
Mo-Karadiation (A = 0.71069 A, graphite monochromator) using /26
scan (0 < 30°). The structure was solved by direct methods and refined
anisotropically by the full-matrix least-squares procedure to R = 0.044,
R,, = 0.042 for 4928 independent observed reflections (F? = 30). Atomic
coordinates, bond lengths and angles, and thermal parameters have been
deposited at the Cambridge Crystallographic Data Centre. See Notice to
Authors, Issue No. 1 J. Chem. Soc., Chem. Commun.
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Fig. 2 The '"H NMR spectrum of cluster 2 in the hydride region

2.284(6) A] than the other two [Ru---B(5) 2.394(6) and
Ru---B(6) 2.399(6) A]. The Ru—H bond lengths are also

. unequal: the H(101) atom involved in the stronger Ru—H—B

bridge is closer [1.57(5) A] to the Ru atom than the H(5) and
H(6) atoms [1.82(5) and 1.85(4) A respectively].

In contrast to the exo-nido-metallacarboranes studied
earlier,’> in cluster 1 the ‘extra’ hydrogen atom H(102) is
terminal rather than p,-bridging over one B—B bond in the
‘open face’. The H(102)—B(10) bond is much shorter
[1.02(5) A] than the distances between H(102) and the two
adjacent B(9) and B(11) atoms [1.88(5) and 1.85(5) A
respectively].

Taking into account the fact that in the known metalla-
borane clusters, (OC); MnBgH,; 7 and (OC);MnB,;H; *'' with
tridentate boron hydride ligands the 2e, 3c-bridging M—H—B
hydrogen bonds are retained on dissolution, the results of the
NMR study of clusters 1 and 2 proved to be rather unexpected.
The 'H, "'B, ""B{'"H} and *'P NMR spectra of clusters 1 and 2 in
CD,Cl,, CsD or [*Hg]JTHF show that on passing from the solid
state to solution one of the Ru—H-—B bridges is cleaved, its
hydrogen atom becoming terminal at the Ru atom with the
simultaneous formation of a new Ru—B o¢-bond at the site of
cleavage of the M—H—B bridge. Thus in solution, clusters 1
and 2  exist as the 18¢~ exo-nido-bis(triphenyl-
phosphine)chlorohydridoruthenacarboranes, i.e. species with
a seven-coordinate Ru'Y atom.

Two sets of signals were observed in the 'H, ''B and *'P
NMR spectra of both clusters 1 and 2 (see e.g. Fig. 2) indicating
the presence of isomeric hydrido clusters which, moreover,
exist in equilibrium.§ In accordance with the observation in the
3P NMR spectra of clusters 1 and 2 of a single signal of
isochronic and two signals of anisochronic P atoms for these
isomers A and B (mixture of enantiomers) respectively, we have
concluded that isomer B is non-symmetrical, whereas isomer A
has a symmetrical structure.

A B (one enantiomer)

The exo-nido-structure of the hydrido clusters formed in
solution was confirmed by the appearance of both quadruplet-
like ‘extra’ hydrogen 'H-signals and two ''B(10)-triplets (one
narrow and one broad) for both isomers A and B

§ The equilibrium mentioned is not only both solvent and temperature
dependent, but also varies with the nature of the substituents in the
carborane cage. At the same time a concentration dependence of the
NMR spectra is not observed. We are now studying the influence of
these factors on the A==B equilibrium in more detail.



Mendeleev Commun., 1991, 1(2), 47-49

MENDELEEV COMMUN., 1991

in 'H and "B NMR spectra respectively.

We thank Professor E.A.V. Ebsworth (University of
Durham, UK) and his colleagues for registration of the !'B and
"H{"'B} NMR spectra of 2.

1 NMR spectral data for 1 and 2 [mixture of hydridoclusters A<==B:
chemical shift (8/ppm), assignment, constants J (BH), J' (PH), J? (PP)
in Hz]. Spectra were recorded with a Bruker WM-400 spectrometer. A
selective 'H{''B} NMR study was carried out for the assignment of
signals and J' constants in the NMR spectra of 2.

1: 'H NMR (C¢Ds, 23 °C) 8 7.6-6.9 (m, Ph, g), 2.0 (s, br, CH),
— 1.2(q, Hg*"=, J = 95), —3.0(dq, br, H{®, J = 120, J' = 35), — 4.1
(m*, HX®), —6.1 (dq, br, HY, J=90, J1~45), — 14.8 (m*, HEY),
—16.2 (m*, HRY) (m*, a quadruplet-like signal); "B NMR (CD,,
60 °C)33.8(d, br, B39, J = 160), 1.1 (d, br, BA3®, J = 190), — 14.1(d,
br, B3V, J =~ 185), —20.0 (d, br, J 95, B?®), —23.8 (d, BX} + B%"),
—25.8(d, B§», J = 120), — 32.6 (d, By, J = 150), — 41.0 (4, br, BY,
J=95), —43.6 (t, BY, J = 92); *P{'H} NMR (C,Ds, 23 °C) & 50.8 (d,
P'®, 2 = 24),46.9 (s, P4?), 43.3 (d, br, PE", J2 = 25).

2: '"H NMR (C¢Dy, 40 °C) 8 7.6-6.9 (m, Ph, ), 1.39 (s, br, Me, ),
1.37 (s, Meg), — 1.3 (q, Hi$*, J = 88), — 3.25 (d, q, HE®, J = 125,
J' =~ 40), —4.35(d, q, HX®, J = 125,J' = 38), — 6.35(d, q, HI, J = 88,
J'=48), —15.6 (m*, HEY, J' 8), — 16.8 (m*, HRY, J' 8); "B NMR
(CsDs, 40 °C) & 5.9 (d, br, BX%, J ~ 180), 2.8 (d, br, B¥&®, J ~ 180),
—6.2 (d, br, B3>, J=160), ~20.0 (d, br, BX!4 + B®, J= 100),
—24.4 (d, B3, J=125), —26.0 (d, B§®, J=125), —31.3 (d, Bhs,
J=160), —41.2 (t, br, BY, J=90); —44.3 (t, BY, J=88); *'P{'H}
NMR (C¢Dq, 23 °C) 3 51.3 (d, P¥?, J? = 34), 47.0 (s, P%?), 43.8 (s, br,
PEY).
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