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Icosahedral Metallacarborane Containing an
{Rh(OH)}, Cubane Cluster**
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We are currently investigating the mechanism of isomer-
ization of metalladiphenylcarboranes by inducing low-tem-
perature isomerizations through steric crowding.! Our strat-
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egy uses vertex-substitution to follow the movement of
specific cluster vertices through the isomerization process
since the integrity of the vertex-substituent bond is reasonably
assured at low temperatures and thus eventually should
provide a complete experimental mapping of the process.
Although our initial studies have involved platina-,”! molyb-
da-Pl and nickeladiphenylcarboranes we have begun to
investigate rhodium species. This has led, fortuitously, to the
isolation and characterization of the novel rhodacarborane
tetramer described herein.

When Na,[7,8-Ph,-7,8-nido-C,BsH,] (prepared in situ from
[HNEt;][7,8-Ph,-7,8-nido-C,B;H,(] and excess NaH in THF
under reflux) is allowed to react with [{Rh(CgH,,)Cl},] in
THF, two new compounds are formed which may be
separated by chromatography. The major species 1, is

[1,8-Phy-2-(1-3-1%-:5,6-1-CgHy, )-closo-2,1,8-RhC,ByH,] 1

characterized by 'H and "B NMR spectroscopy and by a
crystallographic study. The "B-{'H} NMR spectrum of 1
contains eleven peaks instead of the expected nine between
0 =410 and — 15, the range usually associated with resonance
signals from closo metallacarboranes. This apparent anomaly
was resolved by analysis of 'H, 'H-'H correlated (COSY),
and '"H-'H nuclear Overhauser effect (nOe) NMR spectra,
which show clear evidence for two conformers (1a and 1b,
Scheme 1) which differ in the disposition of the #*:*-CsH,,
ring relative to the carborane cage. Unfortunately it is not
possible to establish which conformer is the major component
in solution. Subsequent exhaustive thin layer chromatography
(tlc) with a variety of eluents could not separate 1a and 1b.

C8—7 C8 Cc4
VAN 7 N\
cl fs:.CS \ GO
—=0C3/ c6e——C%"

la 1b

Scheme 1. The two conformers of compound 1. The relative amounts of
1a:1b are approximately 3:1 in the solid state (by X-ray diffraction). In
solution (by NMR) there are also two conformers in a 3:1 ratio, but it is not
possible to establish which is the major form.

A structural study of 1°! (Figure 1) establishes that low-
temperature isomerization has occurred, separating the cage
carbon atoms in a net 1,2 —1,7 manner as in closo-C,B,;H,,.
In the crystal the #7*:9>-CgH,, ligand is partially disordered
(atoms C23 and C25) corresponding to an effective super-
imposition of conformers 1a and 1b in the approximate ratio
3:1.

The direct synthesis of compound 1 is unexpected. Jeffery
et al.l¥l have previously obtained the related (but nonisomer-
ized) species [1,2-Me,-3-(1-3-7>-:5,6-n>-C4H,,)-closo-3,1,2-
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Figure 1. Perspective view of the structure of the major isomer 1a as
determined crystallographically. Selected bond distances [A] and an-
gles [°]: Rh2-C1 2.268(4), Rh2-B3 2.137(4), Rh2-B7 2.176(4), Rh2-B6
2.189(5), Rh2-B11 2.224(5), Rh2-C21 2.310(4), Rh2-C22 2.196(4), Rh2-
C23A 2217(7), Rh2-C26 2.296(4), Rh2-C27 2.302(4); C21-C22-C23A
123.0(4). C23A and C25A have 76% occupancy. In the minor isomer
(1b) C23B and C25B (24 % occupancy) are nonbonding and bonding to
Rh2, respectively; Rh2-C25B 2.215(18), C25B-C26-C27 123.2(8).

RhC,ByHy| by deliberate H- abstraction from the ion [1,2-
Me,-3-(1,2-7%:5,6-1>-CsHy,)-closo-2,1,8-RhC,ByHy| ~. We be-
lieve that 1 also forms from a (nonisolable) #?:*-CsH,,
containing anionic intermediate but by spontaneous loss of
an H™ ion, presumably to the medium.

Compound 2 forms as a minor by-product in the prepara-
tion of compound 1. The "B-{H} NMR spectrum of 2 in
CDCl; at 298 K shows only five broad, overlapping peaks
between 0 =415 and — 15, but there is some sharpening and
resolution of the spectrum (into seven components) at 333 K.
The "H NMR spectrum shows only resonance signals assign-
able to Ph rings which indicates the loss of the Cg ligand.

The structure of compound 2 was revealed by a crystallo-
graphic study (Figure 2).1 The molecule is the tetramer
[{(HO)RhPh,C,ByH,},] composed of four 2,1,8-RhC,B, ico-
sahedra bridged by four u;-OH units to give a cubanelike
{Rh,(OH),} central core. The tetramer has effective S,
symmetry (of which C, is crystallographically imposed) with
alternating 2,1,8-RhC,B, cages of opposite chirality. The
results of the crystallographic study suffer from partial
disorder of the [{(HO)RhPh,C,ByH,},] tetramer parallel to
the crystallographic b axis (“ghosts” with a 4% occupancy
factor ca. 1 A above and below the major component) and
from disordered CH,Cl, and CsH,, solvate molecules. How-
ever, because of mass spectrometric evidencel®! we are
confident that 2 is correctly formulated as
[{(HO)RhPh,C,ByHy},]; 2 can be prepared deliberately by
stirring compound 1 with NaOH in THE.!

Compound 2 is the first tetrameric icosahedral metal-
lacarborane,!' extending in logical sequence this family of
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Figure 2. The tetramer 2 viewed down its approximate S, axis (crystallo-
graphic C,). For clarity the H atoms are not shown. Selected bond
lengths [A]: Rh2A-O1A 2249(7), Rh2A-O1B 2.194(9), Rh2A-O1Y
2.142(8), Rh2B-O1A 2.190(8), Rh2B-O1B 2.169(8), Rh2B-O1Z 2.202(9).

compounds from simple monomer (e.g. [CpFeC,BoH;;]!'!])
through dimer (e.g. [{(CO),FeC,ByH;,},]*",l7) and trimer
(e.g. [{Cu(NC;H,CO,Me)C,B,H,,}5]3). Tt is, moreover, the
first example of a species with an {M,(OH),} cubanelike core
in which M is a Group 9 metal. Structurally and electronically
2 is analogous to the well known species CpiRh,S,["*l (Cp* =
CsMe;) illustrating further the potential for new chemistry
afforded by formal replacement of the five-electron Cp/Cp*
ligand with the four-electron carborane ligand.

Experimental Section

[{Rh(CsH;,)Cl},] (0.54 mmol) in THF (30 mL) was added to a frozen
solution of Na,[7,8-Ph,-7,8-nido-C,BsHy] (1.08 mmol) in THF (40 mL).
After 24 h stirring under N, at room temperature solvent was removed in
vacuo and the resultant brown powder was dissolved in dichloromethane
(5 mL). Initial column chromatography (silica) with dichloromethane :
60/80 petroleum ether (1:1) as the eluent afforded a crude mixture of
compounds 1 and 2 as an orange solid (28 % yield). Subsequent preparative
tle (silica) of this crude product with 60/80 petroleum ether : dichloro-
methane (3:2) afforded 1 as yellow (R;=0.55) and 2 as orange (R;=0.63)
products in the approximate ratio 5:1. For 1; IR (CH,Cl,) #,,,,=2574 cm™!
(s, br; B-H); '"H NMR (400.1 MHz, CDCl;, 298 K): 6 =7.7-70 (m, Ph),
major conformer: 5.86 (ddd, C6-H), 5.28 (ddd, C1-H), 5.00 (dd, C2-H), 3.83
(ddd, C3-H), 3.17 (ddd, C4-H), 2.87 (ddd, C5-H), 2.64 (dddd, C7-H), 2.59
(ddd, C4-H), 2.37 (dddd, C7-H); minor conformer: 5.82 (ddd, C6-H), 5.48
(ddd, C1-H), 4.77 (dd, C2-H), 3.79 (ddd, C3-H), 3.12 (ddd, C5-H), 2.67
(ddd, C4-H), below 6=2.5 impossible to assign; "B-{'H} NMR
(128.4 MHz, CDCl;, 298 K): 0=5.10, 3.61, 2.50, 0.48, —2.22 —3.26,
—4.65, —11.01, —11.70, —12.87, — 14.20.

2: TR (CH,CL,) #,,=2586 cm™' (s, br) (B-H); '"H NMR (400.1 MHz,
CDCl,, 298 K): 6=75-6.9 (m, Ph); "B-{'H} NMR (128.4 MHz, CDCl;,
333K): 0 =12.15, 8.74, 5.13, 4.20, —0.68, —3.83, —10.81.
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Synthesis, Solid-State NMR, and Quantum-
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Supramolecular chemistry and noncovalent interactions are
of major importance in many biological systems, for example
in enzyme —substrate binding or antigen-—antibody recogni-
tion, as well as in the design of new materials by molecular
self-assembly.'! An example is receptor 1, which belongs to a
family of molecules termed “molecular tweezers”, due to their
concave —convex topology and their propensity to selectively
form complexes with electron-deficient aromatic and aliphat-
ic compounds as well as with organic cations.”) This high
selectivity has been correlated with a markedly negative
electrostatic potential, by using semiempirical and quantum-
chemical calculations, for the concave side of the molecular
tweezer.Pl

Hunter and Packer described a supramolecular structure
determination, based on the empirical calculation of complex-
ation-induced 'H NMR shifts in solution employing the
empirical methodsl®! developed for the prediction of '"H NMR
shifts of proteins. As further illustrated by, for example, the
study of the dimerization of formic acid in a matrix at 7 to
40 K using IR spectroscopy,® a quantitative elucidation of the
structure, dynamics, and electronic properties of such complex
systems requires the coupling of advanced techniques of
physical characterization and theoretical chemistry. The
results of such an endeavour, which we describe here, can
then provide guidelines for generating new structures.

Central to our approach are advances in high-resolution 'H
solid-state NMR based on fast magic-angle spinning (MAS).["!
At rotation frequencies above 30 kHz, sufficient line narrow-
ing is achieved such that 'H resonances due to chemically
distinct protons can be distinguished.l®! Moreover, fast MAS
can be combined with double-quantum (DQ) spectroscopy!’]
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