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The electronic and cluster structures of electron-deficrgo
metallacarboranes not conforming with Wade'’s electron counting
rules have been of interest for a long tiffeAmong the known
n-vertex metallacarboranes of this type, which formally possess
fewer than 2 + 2 electrons for skeletal bondirigpecies having
an 8-vertex cluster configuration with “isolated” (nonfused)
pentagonal bipyramidal polyhedra, to our best knowledge,
remained unknown. We now report the first such example of a

structurally characterized 8-vertex monocarbon metallacarborane

derived from the partially contracted monocarbon carboraitke{
BloH]_zCH]i.

We recently reported the synthesis of the two novel hyper-
closo-type monocarbon RuG@Rlusters which were formed as
main products in the polyhedral contraction reaction rutl§-
B1oH1,CH] Cs" promoted by RuG[(PPh); in hot methanof.
Among those species which were individually isolated from the
reaction mixture and identified as having low-coordinate boron
atoms, which are usually indicative of specific electronic cluster
structures, of particular interest is a pale yellow diamagnetic
crystalline solid with the formula (RR,HRUCBH,(OMe); (1).#
Although the'H and *'B/*'B{'H} NMR spectra as well as the
FAB mass spectruprof this latter complex were consistent with
its 8-vertex geometry, these data alone were insufficient for

unambiguous assignment of the detailed cluster structure of this
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Complexd was prepared in 8% yield as described elsewhegith some
modification of the purification procedure. Characterization datalfor
H NMR (400.13 MHz, GDg, 22° C) 6 7.51, 6.97, (m+ m, 12H +
18H, Ph), 4.17 (s, 3H, MeO), 3.05 (s, 6H,2MeO0), 2.99 (s, br, 1H,
CHcp), —9.02 (t, br, 1H, k,, 2J(H,P)= 20.7 Hz);*'P{*H} NMR (161.98
MHz, CsDs) 49.4 (s, R); 1'B NMR (128.33 MHz, CRCl,, J(B,H) (Hz))
+68.9 (s, br, 1B, B(8))+33.7 (s, 2B, B(3,6))+12.8 (d, 1B, 140);-31.8
(d, 2B, 150); FAB MS (positive ionive) calcd for *2CtH4 B0~
31p,101Ru 801.2, found 801.6 [N, 724.4 [M — PhJ", 647.3 [M— 2Ph}",
570.2 [M — 3Ph], 539.4 [M— PPh]*, 462.4 [M— PPh — Ph]". Anal.
Calcd for GgH44BsOsP,Ru: C, 60.00; H, 5.54. Found: C, 59.46; H,
5.63.
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Figure 1. General view of moleculé. Selected distances (&) and bond
angles (deg): Ru(2)P(1), 2.3630(15); Ru(2)P(2), 2.3617(13); Ru(2)
H(2), 1.40(4); Ru(2)-C(1), 2.301(5); Ru(2yB(3—6), 2.258(5)-2.336(5);
Ru(2)-B(8), 1.961(5); B(8)+H(2), 1.61(4); B(4)-B(8), 1.839(7); B(5)-
B(8), 1.838(8); C(1}B(3), 1.530(7); C(1)}-B(6), 1.538(7); P(1)Ru(2)P(2),
99.79(5); P(1)Ru(2)H(2), 85.1(2); P(2)Ru(2)H(2), 77.8(2); H(2)Ru(2)B(8),
54.0(2); H(2)B(8)Ru(2), 45.0(2); Ru(2)H(2)B(8), 81.0(2).

species. An X-ray diffraction stufyf 1 was, therefore, under-
taken which proved this species to be a small monocarbon
ruthenacarborane cappedosc2,2-(PhP)-2-H-3,6,8-(MeO}-
RuCBsH,4 with a number of interesting structural features (Fig-
ure 1).

The polyhedral cage geometry bfis based on a pentagonal
bipyramid with one additional boron vertex capping one of its
faces. Compled may thus be regarded as the first boron-capped
pentagonal bipyramidal metallacarborane. The ruthenium center
in the cluster is bonded to one carbon and five boron atoms of
the monocarbon carborane cage, of which four are located in the
equatorial plane of the bipyramid and the fifth occupies the
capping position. The metal atom is additionally coordinated by
the two PPl groups and a terminal hydrogen ligand. In contrast
to the known bimetallacarboranes [M&BgHgFeCof>-Cp)]” and
[Me,C,BgHgFeCo(PES),]® consisting of two fused 7-vertex
pentagonal bipyramidal closo polyhedra with the unique boron
atom wedged between both cages, the capping B(8) atdnisin
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B =84.17(3}, y = 68.22(3}, V = 2282.8(8) & for Z = 2, d(calc) =
1.290 g/cm. Data collection was carried out on a Siemens P3/PC
diffractometer {(Mo Ka) = 0.71073 AT = 293(2) K, 6/20 scan,f <
25°). The structure was solved by direct methods; 8110 independent
reflections R« = 0.0603) were collected and used in the refinement;
R1=0.0597 (onF for 5539 observed reflections with> 2o(1)), wR2
= 0.1047, and GOF= 1.071 (onF? for all data).
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the cage boron atoms substituted by MeO groups. TFhand
SIP{1H} NMR spectra ofl, measured at room temperature, are
also consistent with its symmetrical structure. In particular, the

g - gg or B terminal hydride resonance appears in tHeNMR spectra ofl
~ MeO as a broadened triplet &{*H) —9.02 ppm (line width ca. 22 Hz)
g - gPhs exhibiting a coupling of hydrogen to two equivalent RBhoups

[2J(HRY,P) = 20.7 Hz] and, apparently, a boron nucleus. Taking
into account the essentially short RH---B(8) distance found

in the solid-state structure df, the broadening of a high-field
triplet resonance is caused either by a unique-sppin through-
space interaction of the metal hydride and the capping B(8) atom

located roughly symmetrically over one of the faces of the or by the Iong-range couplin@l(HRU,BS). Indeed, in the selective
bipyramid (B(4)-B(5)—Ru) and has a formal cluster connectivity P°ron-decoupling experiment, when the B(8) resonancé at
of 3. The single cage carbon atom in the polyhedron framework +68-9 ppm was decoupled, the line width of the hydride triplet
is in the trans position with respect to the capped BBRu face, so & @ —9.02 ppm significantly decreased (from 22 to 12)Hz
that the complex can be considered as having ovegaymmetry. indicating the presence of this type of interaction in solution of
Two boron atoms B(3) and B(6) adjacent to the cage carbon as1- The*P{*H} NMR spectrum ofl showed one singlet a@(*'P)
well as the unique B(8) atom it are substituted by methoxy ~ 49-4 ppm from the two equivalent PRiroups at the metal vertex.
functions. This indicates thatis probably formed via methanolic ~ Consequently, decoupling &P nuclei caused a collapse of the

Figure 2. Geometrical and structural relationship between the contracted
hypercloscRuCBs (2) and hypercloscRuCBs (1) clusters.

deboronation ofhypekcloso2,2-(PPh),-2-H-3,9-(MeO)-2,1- hydride triplet at—9.02 ppm to a singlet with the same line width
RUCBsH; (2), one of the two RuCBclusters isolated as main  as the triplet had in the non-boron-decoupledNMR spectra.
products from the polyhedral contraction reaction afdp- Following the skeletal electron-counting rid@sd considering

BigH12CH]"Cs" with RuCL(PPR)s. It is apparent from the  a (PhP),HRu group as contributing three orbitals and one electron
comparison of the cluster geometry dbfand 2 (Figure 2) that (8+2x 2+ 1—12=1) to the monocarbon GRcage for
formal removal of both low-connectivity boron atoms, B(6) and  skeletal bonding, clustet has only 16 skeletal electrons, i.e.,
B(9), from the RuCB skeleton of2 would have produced a  two electrons fewer than required for a canonical 8-vertex closo
metallacarborane framework identical to that of compléx cluster. It may therefore be considered asasReletal electron
The Ru(2)-B(8) bond 1.961(5) A happens to be the shortest hyper-closo system. At the same time, there is an alternative way
Ru—B bond ever observed in ruthenium complexes of any boron ¢or gescription of such complexes on the basis of the polyhedral
derivatives. It is about 0.25 A shorter than the average bond lengthgyeletal electron pair theory (PSEPT)ndeed, in accord with
calculated across all reported RB distances (689 values o capping principlé2 which implies that both the capped and

.re”;]e"%d "Obm. dl61 ;tructure.T ‘gith ?B b.or%dsl of an)Atyl_::ezf(())(l)Jgd d parent uncapped closed polyhedra accommodate the same number
in the Cambridge Structural Database; Release Apr ) an of skeletal electrons for cluster bonding, the @uster electron

still noticeably shorter than the shortest-RBi distance of 1.993 L

A previously g/bserved in the mixed-metal clustesRAUILRUB- count forl predicts its capped-closo g_eometry. Thus, comglex

(CO)6!° featuring the interstitial boron atom in the center of the may be regarded as a pileo clué‘cew_hl_ch clearly conforms to

Ir,Rus octahedron. Interestingly, the shortest ever recordedaFe PSEPT for 8-vertex clusters containing a total of 16 ske!etal

distance is the distance from a similar capping boron vertex to electrons. Up tq now, mqst of the "”OVY” capped closo (or pileo)

the central iron atom in the electron-deficient complex JEi8gHs- clusters in the field are bimetalla- or trimetallaboranes based on
a capped octahedron which involves a BH or metal-containing

FeCo@®Cp)]” mentioned above. All these taken together indicate s

that the capping boron atom has a rather peculiar electronic 97°UP capping one of the cluster facéJhe structure of cluster
environment which allows somewhat closer approach of such 1 Provides the firstand a quite unique example of a cajesb
boron vertexes to the metal centers as compared to boron atoménetallacarborane based on pentagonal bipyramidal geometry.
within any other boron-containing units. The short Ru{B)8)
distance inl results in the H(2) hydrogen being as close to the . . . ; .
B(8) atom as 1.61(4) A. This close approach of the metal hydride financial support of the Russian Foundation for Basw Research
to the capping boron atom is reflected in the unique H(RBJ8) (Grants 00-03-32824 and 00-03-32807). We are indebted to Dr.

spin—spin interaction observed in thll NMR spectra ofl (vide O. L. Tok for the recording of selectivii{*!B} and 'H{*'P}
infra). NMR spectra ofl.

In accord with the overalCs symmetry, thé'B NMR spectra
of 1 revealed the presence of a set of four resonances of relative
areas 1:2:1:2 with one of the resonances shifted to extremely low
field. This unigque signal a#(*'B) +68.9 ppm is highly indicative
of a low-coordinate boron atom and has been, therefore, tentatively!lC010216H
assigned to the capping B(8) atom. Two of the four resonances
mentioned above, namely, those)ét'B) +68.9 (1B) and+-33.7  (11) (a) Williams, R. Elnorg. Chem.1971, 10, 210. (b) Mingos, D. M. P.
(2B) ppm, on proton decoupling collapsed to somewhat broadened =~ Acc. Chem. Red.984 17, 311.

; ; ; R ; (12) (a) Mingos, D. M. PNature Phys. Scil972 236, 99. (b) Mingos, D.
and sharp singlets, respectively, supporting their assignment to M. P.: Forsyth, M. I.J. Chem. S0¢.. Dalton Trant977, 610.
(13) See, for instance: (a) Pipal, J. R.; Grimes, Rlmdrg. Chem1977, 12,
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