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Abstract

Reaction of [7,8-u-SCH,CH,S-7,8-nido-C,ByH 9]~ and MoBr(n-CsHs)(CO),(MeCN), in THF affords the zwitterionic exo-nido
molybdacarborane complex Mo(n-C3Hs)(CO),(7,8-u-SCH,CH,S-7,8-nido-C>BoH ), characterised by 'H- and 'B-NMR spectro-
scopy and by a crystallographic study. The complex is fluxional (having mirror symmetry on the NMR timescale) in solution at
room temperature although asymmetric in the solid state. Data are presented which suggest a significant 3c—2e B3—H3—-Mo bond.
Deprotonation of [7,8-u-SCH,CH,S-7,8-nido-C,BoH o] ~ with LiN’Pr, followed by reaction with MoBr(1-C3Hs)(CO),(MeCN),
affords Li[1,2-p-SCH,CH,S-3-(1-C3Hs)-3,3-(C0O)»-3,1,2-closo -MoC,BsHo] for which 'H- and ''B-NMR data are reported. © 2002

Published by Elsevier Science B.V.

Keywords: Deprotonation; Molybdacarborane; 'H- and "B-NMR spectroscopy

1. Introduction

The interaction of transition metal fragments with
heteroborane cages continues to be an area of significant
research activity [1] and within this field studies of
metallacarboranes are pre-eminent. Metallacarboranes
are important compounds for a whole variety of
reasons, from their involvement with fundamental
studies of heteroborane shape [2] and isomerisation [3]
to applications in fields as diverse as catalysis [4] and
radionuclide extraction [5].

Carboranes which carry donor atoms attached to the
cage as substituents have a particularly rich coordina-
tion metal chemistry. If open (e.g. nido or arachno) they
could in principle co-ordinate to a transition metal
fragment in n-fashion (endo metal forming a cluster

* Corresponding author. Fax: +34-9-3-5805729
E-mail address: clara@icmab.es (C. Vifas).

vertex) as well as co-ordinating an exo-bound metal
through the donor atoms(s) or B-H-M bonds [6] or
both.

As part of our interest in nido-C,By carboranes
containing sulfur substituents [7] we are developing the
transition metal chemistry of [7,8-u-SCH,CH,S-7,8-
nido-C,BgH 0] . In this paper we report the reaction
of this anion with the {Mo(n-C;Hs)(CO),} ™ fragment
both with and without prior deprotonation of the nido
carborane. In the former case this leads to an anionic
closo species and in the latter case to an overall neutral,
zwitterionic, exo-nido species with both Mo—S bonds
and a strong B-H-Mo bond.

2. Results and discussion

The reaction between [NMey][7,8-u-SCH,CH,S-7,8-
nido-C,BgH 9] and MoBr(n-C;H;)(CO),(MeCN), in

0022-328X/02/$ - see front matter © 2002 Published by Elsevier Science B.V.
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+ MoBr(n-C3Hs)(CO),(MeCN),

THF
RT, 4 hr

Scheme 1. Synthesis of the exo-nido compound Mo(n-C3H;s)(CO)y(7,8-u-SCH,CH,S-7,8-nido -C,BoH ), 1.

THF affords (Scheme 1) the exo-nido molybdacarbor-
ane compound Mo(n-C3;Hs)(CO),(7,8-u-SCH,CH,S-
7,8-nido-C,B9H ), 1, in high yield after work-up invol-
ving column chromatography.

Compound 1 was characterised by microanalysis and
by IR and NMR spectroscopy. The IR spectrum
(CH,Cl, solution) is dominated by a strong broad
absorption centred around 2530 cm ~ ! due to BH stretch
and by two strong, sharper, absorptions at 1939 and
1855 cm ! due to CO stretches. By both !'B- and 'H-
NMR spectroscopy (CDCI; solution) the compound has
time-averaged C, symmetry at room temperature. Thus
the '"B-{'H}-NMR spectrum reveals six resonances
(2:2:2:1:1:1, high frequency to low frequency) between
0 and —35 ppm, typical of a nido C,By residue. On
retention of proton coupling all become doublets ('Jgy
120—-155 Hz) due to exo-bound H atoms, with that at —
26 ppm additionally showing endo-H coupling of ca. 50
Hz. In the "H-NMR spectrum is the familiar pattern for
the n-C3H; group (doublets for syn (ca. 7 Hz) and anti
(ca. 12 Hz) pairs of protons, doublet of triplets (near
heptet) for central proton) and a pair of multiplets for
the endo and exo protons of the SCH,CH,S unit. Also
clearly visible are two broad resonances in the "H{''B}-
NMR spectrum, presumably unresolved doublets, as-
signed to a {BH,} unit, the exo proton resonating at
0.55 ppm and the endo proton at —2.70 ppm, and a
signal integrating for 1 H atom at even lower frequency,
—5.55 ppm, assigned to the H atom bound to B3 and
involved in the 3c—2¢' B-H—Mo bond.

A crystallographic study of 1 was undertaken. Fig. 1
presents a view of the compound and selected molecular
parameters are listed in Table 1. The overall structure of
the molecule is that of a zwitterionic exo-nido metalla-
carborane, with a formally cationic {Mo(n-
C;H;5)(CO),} ™ unit bound to the side of a formally
anionic {nido-C,BgH o}~ wunit via two S—-Mo co-
ordinate bonds and one 3c—2e B3-H3-Mo bond. In
the solid state the {Mo(C11011)C>BoH;o(SCH>CH,»S)}
unit has effective mirror symmetry, with the C3Hs ligand
lying to one side, and the C10010 ligand to the other

! The idea of 3c-2¢ was introduced by Longuet—Higgins in J.
Chem. Phys ., 1949, 46, 275 to explain the bridged structure of diborane
and in particular its hypercoordinated bridging hydrogen atom, then it
was used extensively by Lipscomb in Adv. Inorg. Chem. Radiochem .,
1950, 1, 117 to rationalize the structures of the series of higher boranes.

Fig. 1. Perspective view of Mo(n-C;Hs)(CO)y(7,8-u-SCH,CH,S-7,8-
nido-C,BoH ), compound 1, showing the atomic numbering scheme.
Atoms are drawn as 50% thermal ellipsoids, except for H atoms.

Table 1
Selected interatomic distances (A) and angles (°) for compound 1

Interatomic distances

B1-B2 1.768(5) C8-B9 1.613(4)
B1-B3 1.748(5) B9-BI10 1.845(6)
B1-B4 1.781(5) B10-Bl11 1.849(6)
B1-BS5 1.794(5) B11-C7 1.615(4)
B1-B6 1.811(5) C7-S7 1.785(3)
B2-B3 1.756(5) C8-S8 1.785(3)
B2-B6 1.749(5) S7-C71 1.826(4)
B2-C7 1.720(4) S8-C81 1.805(3)
B2-Bl11 1.828(5) C71-C81 1.528(6)
B3-B4 1.765(5) S7-Mol 2.5170(10)
B3-C7 1.725(4) S8—-Mol 2.5336(10)
B3-C8 1.732(4) Mol-C10 1.987(4)
B4-BS5 1.767(5) C10-010 1.131(4)
B4-C8 1.725(4) Mol-Cl11 1.937(4)
B4-B9 1.809(5) Cl1-011 1.159(4)
B5-B6 1.820(6) Mol-C12 2.338(3)
B5-B9 1.764(5) Mol-C13 2.225(3)
B5-B10 1.776(6) Mol-Cl14 2.311(3)
B6-B10 1.774(5) Cl12-C13 1.388(5)
B6-Bl1 1.778(5) C13-C14 1.409(5)
C7-C8 1.581(4) Mol-H3 2.14(4)
Interatomic angles

C7-S7-Mol 95.17(10)  Mol-Cl11-011 177.1(3)
C7-S87-C71 99.08(16) Cl10-Mol-Cl11 79.80(16)
C71-S7-Mol 102.51(12)  C12-C13-Cl4 116.3(3)
C8-S8-Mol 94.55(10)  S7-Mol-H3 77.9(10)
C8-S8-C81 98.55(15)  S8-Mol-H3 80.1(10)
C81-S8-Mol 104.14(13) Cl1-Mol-H3 170.9(10)
S7-Mol-S8 73.57(4) C10-Mol1-S8 165.40(10)
Mol1-C10-010 174.8(3)
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side, of this plane. Thus relatively little ligand motion is
required to achieve the time-averaged C; symmetry in
solution which is evident from the NMR spectra.

Compound 1 is closely similar to RuCI(PPhs),(7,8-p-
SCH,CH,S-7,8-nido-C,BgH ), [7]d one of several chlo-
ro- or hydrido- exo-nido ruthenium complexes of
dithioether carboranes recently studied [7]f. The pre-
sence of B3—H3-M 3c—2e bonding is found to result,
relative to equivalent values in the un-coordinated
ligand, [8] in (i) a marked shift to low frequency of the
""B.NMR resonance assigned to B3, (i) a decrease in
the Jp3_p3 coupling constant and (iii) the presence of a
low frequency resonance in the 'H-NMR spectrum
assigned to H3. Fig. 2 compares the ''B spectra of 1
(A) and [7,8-p-SCH,CH,S-7,8-nido-C,BoH 9]~ (B) as
stick diagrams, and confirms that 6 (B3) moves upfield
by 11.5 ppm (from 6 —10.4 to —21.9) on complexation.
At the same time Jg3_ g3 is diminished from 175 to 127
Hz. Together with the low frequency chemical shift of
H3 already noted these data are consistent with strong
3c—2e B3—-H3-Mo bonding.

The Mol-H3 distance is 2.14(3) A, the Mol---B3
distance is 2.834(3) A, and the B3-H3-Mol angle is
121(3)°. As a consequence of the B3—-H3—-Mo bonding
H3 is somewhat pulled out of a normal position radial
to the carborane cage, lying only 0.30 A below the least-
squares plane through B2B3B4B5B6 (cf. H2-H6, 0.38—
0.51 A below this plane). Although clearly involved in a
significant 3c—2e bond, the frans influence of the B—H
unit on the metal is markedly less than that of a SR

o = N w S
|

B(3)

ligand, since Mol-Cl1 (trans to B3-H3) is 0.05 A
shorter than Mol1-C10 (trans to S8).

Attempts to deprotonate [7,8-u-SCH,CH,S-7,8-nido -
C,BoH o]~ with NaH in THF [9] prior to metallation
were unsuccessful, as established by '"B-NMR spectro-
scopy. Equally, the anion was not deprotonated by ten
equivalents of K'BuO in refluxing DME. Presumably
the presence of the dithioether substituent renders [7,8-
pu-SCH,CH,S-7,8-nido-C,BoH o] ~ less acidic than alkyl
or aryl analogues [7-R-8-R’-7,8-nido-C,BoH;0]™ [10].
However, the use of LiN'Pr, did remove the endo-
proton from the open face of the carborane to afford the
[7,8—u-SCH2CHZS-7,8-nid0—C2B9H9]27 dianion, charac-
terised as its Li salt by '"B-NMR spectroscopy (Fig.
2C). In this ion are five resonances, 1:2:2:3:1 from high
to low frequency, with the lowest frequency resonance,
0 —46.1, well separated from the rest. Futher studies
with nBuLi have also shown the capacity of this base to
deprotonate the [7,8-pu-SCH,CH,S-7,8-nido-C,BoH o] .
We do not have enough data to explain this deprotona-
tion process, however, the influence of the Li cation can
not be discard.

The addition of MoBr(n-C;Hs)(CO),(MeCN), to the
solution of Li,[7,8-u-SCH,CH,S-7,8-nido-C,B9Hy] so
produced affords a single product 2 tentatively formu-
lated as Li[l,2-u-SCH,CH,S-3-(n-C3H5)-3,3-(CO),-
3,1,2-closo-MoC>BoH,] (Scheme 2) on the basis of 'H-
and ""B-NMR studies. The 'H spectrum confirms
retention of the SCH,>CH,S bridge and the presence of
the n-C;Hs ligand. The ''B spectrum (Fig. 2D) reveals
five resonances between 0 —2 and —15. The weighted

B(10) B(1)

S BN

-25 30 -35

4
3
) B(3) B(10) B(l)
B , II
0 , . 1 1
0 " 10 18 20 25 a0 35 40
4
3
Cc ., I I I
1
0 , . ~ 1
o 5 10 -15 -20 -2 30 .35 40 45
4
3
2
v | iy
0

Fig. 2. Raw "B.NMR spectra with the peak assignments for the compounds: A, Mo(n-C3Hs)(CO),(7,8-u-SCH,CH,S-7,8-nido-C,BoH ), 1; B,
NM€4[7,S-H-SCH2CH25-7,8-nid0 -CzB()H]()]; C, Li2[7,8-}l-(SCH2Cst)-7,8-nid()- CzB()HQ]; D, Li[l,2-H-SCH2CH28-3-(T]-C3H5)-3,3-(CO)2-3,1,2-('[()5()-

MoC,BoHo], 2.
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=" co

[Mo]

[Mo] = MoBr(n-C;Hs)(CO),(MeCN),

Scheme 2. Synthesis of closo molybdacarborane complex 2.

average ''B chemical shift, (5''B), is —9.4 ppm, clearly
signifying that metallacarborane 2 has a closo structure
[2b—2d]. Moreover, the presence of only five resonances,
with relative integrals 2:3:1:2:1 (high to low frequency),
is indicative of a symmetric species. Thus we assume that
2 has a 3,1,2-MoC,By architecture, similar to 3-(n-
C3H5)-3,3-(CO)2-4-SM€2-3,1,2-C10S0-MOC2B9H10 and
[1-Ph-3-(n-C3H5)-3,3-(CO),-3,1,2-closo-MoC,BoH 1] ~
[3Db].

3. Experimental

3.1. Synthesis-general

Experiments were performed under dry, oxygen-free
N, using standard Schlenk techniques, with some
subsequent manipulation in the open laboratory. Sol-
vents were freshly distilled over CaH, (CH,Cl,) or Na
wire (THF, 60—80 petroleum ether) and were degassed
(3 x freeze—pump—thaw cycles) before use, or were
stored over 4 A molecular sieves (CDCls). IR spectra
were recorded from CH,Cl, solutions on a Nicolet
Impact 400 spectrophotometer. NMR spectra at 400.1
MHz (‘H) or 128.4 MHz (''B) were recorded on a
DPX400 spectrometer from CDCl; or (CDj3),CO solu-
tions. Elemental analyses were determined by the
departmental service (H-WU). The starting materials
[NMC4][7,8-H-SCH2CH28-7,8-I’!id0-C2B9H1()] [8] and
MoBr(n-C;H;5)(CO),(MeCN), [12] were prepared by
literature methods or slight variants thereof. All other
reagents and solvents were supplied commercially and
were used as received.

3.2. Mo(yn-C3Hs)(CO),(7,8-u-SCH,CH,S-7,8-nido -
CoBoH ) (1)

To a stirring solution of MoBr(n-
C;3;Hs)(CO)»(MeCN), (0.12 g, 0.34 mmol) in 10 ml
THF at 0 °C was added, dropwise, [NMey][7,8-u-
SCHQCHzS-7,8-nidO-CngHlo] (010 g, 0.34 mmol) in
the same solvent (30 ml). After further stirring for 4 h at
room temperature (r.t.), solvent was removed in vacuo.
The product was purified by flash chromatography on
silica using CH,Cl, as eluent, affording Mo(n-

C3H5)(CO)x(7,8-pu-SCH,CH,S-7,8-nido-C,BoH ) (1) as
a yellow solid. Yield 0.12 g, 83%. Found: C, 25.82; H
4.53; C9H[9BoMo0O,S, requires C 25.95, H 4.59%. IR:
Vmax 2529 (BH), 1929, 1855 (CO) cm ~'. NMR (CDCl;,
291 K): 'H, ¢ 4.5 (m, 1H, CH,CHCH.), 4.0 (d, *Jiy11 7.0
Hz, 2H, CH,CHCH,[syn]), 3.5 (m, 2H, SCH>), 3.3 (m,
2H, SCH,), 1.8 (d, °Jyu 109 Hz, 2H,
CH>CHCH,[anti]), 0.55 (br, 1H, BH 10ey,), —2.7 (br,
1H, BH10.,40) and —5.55 (s, 1H, H3). '"H{''B}, § 4.5
(m, 1H, CH,CHCH,), 4.0 (d, *Juyn 7.0 Hz, 2H,
CH>CHCH,[syn]), 3.5 (m, 2H, SCH>), 3.3 (m, 2H,
SCH>), 2.38 (br s, 2H, BH.,), 1.8 (d, *Juy 10.9 Hz,
2H, CH,CHCH,[anti]), 1.48 (br s, 2H, BH.,,), 1.43 (br
s, 2H, BH.y,), 0.55 (br s, 1H, BH10y,), —2.7 (br's, 1H,
BH 10n40) and —5.55 (s, 1H, H3). ''B, § —3.4(d, 'Jgn
145.3 Hz, 2B), —13.6 (d, 'Jpy 142.4 Hz, 2B), —17.3 (d,
Usn 153.3 Hz, 2B), —21.9 (d, 'Jpy 126.7 Hz, 1B, B3),
—26.2 (d of d, Jgy 119.5 Hz[exo], Vg 51 Hz[endo],
1B, B10) and —33.64 (d, 'Jgy 141.8 Hz, 1B, Bl).

3.3. Li[1,2-u-SCH,CH,S-3-(y-C3Hs)-3,3-(CO),-3,1,2-
closo-MoC,BoHy] (2)

To a stirring solution of [NMey][7,8-u-SCH,CH,S-
7,8-nido-C,B9H ] (0.10 g, 0.34 mmol) in 10 ml THF at
0 °C was added, dropwise, 0.34 ml of a 2M solution
(0.68 mmol) of lithium di-isopropylamide in THF-
heptane—ethylbenzol. "B{'H}-NMR [(CD5),CO, r.t]
of this Liy[7,8-u-SCH,CH,S-7,8-nido-C,BgHy] inter-
mediate, 6 —15.4 (1B), —18.3 (2B), —21.1 (2B), —
22.5 (3B) and —46.1 (1B). After 1 h MoBr(n-
C;3H5)(CO)»(MeCN), (0.14 g, 0.41 mmol) was added,
and the reaction mixture stirred for a further 30 min.
Solvent was removed in vacuo and the product was
purified by recrystallisation from ethyl acetate:petro-
leum ether (1:4) under nitrogen to afford Li[l,2-p-
SCH,CH,S-3-(n-C5H5)-3,3-(CO),-3,1,2-closo -
MoC,B9Hy] (2) as a yellow solid. Yield 0.13 g, 79%.
NMR (291 K): 'H, CDCls, § 5.8 (m, 1H, CH,CHCH>),
5.2 (d, *Juu 8 Hz, 2H, CH,CHCH,[syn)), 5.0 (d, *Jun
10 Hz, 2H, CH,CHCH,[anti]), 3.7-3.5 (m, 4H, SCH)).
B{'H}, (CD;),CO, 6 —2.1 (2B), —8.9 (3B), —12.3
(1B), —13.3 (2B) and —14.5 (1B).
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3.4. Crystallography

Crystals of 1 suitable for a crystallographic study were
grown from diffusion of petroleum ether and a CDCl;
solution at —30 °C. Diffraction data were collected
using a Bruker P4 diffractometer equipped with Mo—
K, X-radiation (4 =0.71073 A) by w scans at 160(2) K.

3.4.1. Crystal data

Crystal size 0.6 x 0.48 x 0.12 mm, CoH;9BoM00O-S,,
M =416.59, monoclinic, P2,/n, «=6.966(3), f=
18.266(6), 7=13.729(6) A, f=96.90(3)°, V=
1734.3(11) A3, Z=4, D, =1.596 Mg m >, 1 =0.993
mm !, F(000) = 832. # Range for data collection 2.23—
25.02°, index range —1<h <8, —21 <k <1, —16<
/ <16. About 4063 data collected, 3016 independent
reflections (R, =0.0308), R; =0.0385, wR,=0.1071
for all data, S =1.049, largest peak 0.640 and deepest
hole —0.804 ¢ A 3.

Data were corrected for absorption by psi scans and
the structure solved by direct and difference Fourier
methods. Refinement [13] by was by full-matrix least-
squares on F> for 238 parameters. All non-H atoms were
refined with anisotropic displacement parameters. Ex-
cept for H3, refined freely resulting in B3—H3 =1.07(4)
A, boron-bound H atoms were restrained to B—H =
1.10(2) A, whilst carbon-bound H atoms were treated
as riding on their respective C atom, C-H=1.00 A
(CH) and 0.99 A (CH,). In all cases the (isotropic)
displacement parameter of H atoms was set at 1.2 x
that of the bound atom Uy.

4. Supplementary material

Crystallographic data have been deposited with the
Cambridge Crystallographic Data Centre as CCDC
187076. Data can be obtained free of charge via
www.ccdc.cam.ac.uk/conts/retrieving.html (or from the
Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; Fax: +44-1223-
336033; or deposit@ccdc.cam.ac.uk).
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The crystal structure of 3-1-1,2-closo-C,B,H;, reveals that
molecules are arranged as infinite head-to-tail zig-zag
double chains held together by C-H---1I hydrogen
bonding.

The last two decades have witnessed the emergence of supramo-
lecular chemistry® as an area of considerable interest, covering
all aspects of the discipline from biochemistry to organic,
organometallic, and physical chemistry and encompassing the
thriving area of materials. The non-covalent interactions cru-
cial in supramolecular chemistry are most effectively utilised
when they are periodic, realising the field of molecular crystal
engineering,”> dependent on appropriate building-block mol-
ecules and suitable linking groups.

It has already been pointed out that boron-based clusters can
play an important role in this field® by virtue of their three-
dimensional structures and well-developed derivative chem-
istries. In particular the three isomeric icosahedral carboranes,
1,2-, 1,7- and 1,12-closo-C,B,,H;, appear to have great potential
as building blocks in supramolecular systems which is only now
beginning to be explored.* Moreover the CH protons of 1,2-
carboranes are highly acidic® (carrying a charge of +0.30 cf’
0.07-0.09 for the hydrogen atoms on boron ) and consequently
have the potential for hydrogen bonding.”

Previously, self-assembly of carboranes vie C-H --- X
hydrogen bonding has been limited to C-H - - - O interactions,
both classical® and bifurcated, C-H -+ (0),,> C-H--- =«
interactions® and, recently, C-H -+« F interactions.!' Self-
assembly of carboranes by weaker C-H --- I interactions is
currently unreported, although intermolecular C-H --- [-B
interactions do exist in a few neutral iodo(hetero)boranes'?
where the source of the C—H unit is a co-crystallising molecule
or ion. Crystal structures of four iodo dicarbadodecaboranes,
C,B,oH;;1, have previously been reported, namely 4-1-1,7-closo-
C,BoH .2 8-1-1,2-closo-C,B Hy,, ' 2-1-1,12-closo-C,BoH , 2
and 9-I-1,7-closo-C,B,,H,,,'® but in none of these are there
intermolecular C-H - - I interactions.'” Here we report the
first example of supramolecular self-assembly directed by car-
borane C-H - - - I interactions.

The carborane 3-1-1,2-closo-C,B,,H;; was synthesised
according to the literature,'® through {BI} recapitation of [7,8-
nido-C,ByH,,]*~. The "H NMR spectrum of the product reveals
a singlet at 3.84 ppm. assigned to the two C-bonded H atoms,
ca. 0.3 ppm to high frequency relative to that in 1,2-closo-
C,B,0H;,, suggesting greater protonic character for these H
atoms in the iodo species. Moreover, the solid-state IR spec-
trum of 3-1-1,2-closo-C,B,oH;; exhibits a C-H stretching fre-
quency at 3052 cm ™' measurably lower than that, 3070 cm™', in
the unsubstituted parent. This lower energy stretching mode for
C-H is fully consistent with the existence of H-bonding in the
solid state, presumably of the C-H - - - I type. To establish the
situation unequivocally, a single-crystal X-ray diffraction
analysis T of 3-1-1,2-closo-C,B;,H,; was undertaken, colourless
crystals having been grown by the slow evaporation of a hexane
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solution of the compound.
A perspective view of a single molecule is shown in Fig. 1.

Fig. 1 Perspective view of a single molecule of 3-1-1,2-closo-C,B,oHy;.
The plane defined by [1B3B8B6B10 is a crystallographic mirror plane.
Atoms reflected across this plane carry the letter A. Atoms are drawn as
50% thermal ellipsoids, except for H atoms. Interatomic distances (A)
and selected angles (°): C1-C1A 1.624(8), C1-B3 1.711(6), C1-B4
1.708(5), C1-B5 1.701(6), C1-B6 1.733(7), B3-I1 2.168(6), B3-B4
1.764(6), B3-B8 1.756(9), B4-B5 1.792(6), B4-B8 1.784(6), B4-B9
1.787(6), B5-B9 1.773(6), B5-B10 1.795(6), B9-B9A 1.789(9), B9-B10
1.791(7), 11-B3-C1 118.9(3), I1-B3-B4 123.1(2), I1-B3-B8 129.1(4).

The molecule has C, symmetry which is crystallographically
imposed. The cage has the expected near-icosahedral geometry
with the lengths of the differing types of connectivity increasing
in the expected sequence C—C < C-B < B-B, the magnitudes of
these connectivities standing good comparison with those
determined for 1,2-closo-C,B,,H,,.* Close inspection of the
connectivities involving the substituted B atom, B3, and the
otherwise equivalent atom, B6, reveals that iodide substitution
has the effect of shrinking the cage connectivities somewhat,
since B3—C1, B3-B4 and B3-B8 are all shorter than B6-Cl1,
B6-B5 and B6-B10, respectively, by statistically significant
amounts. The B3-I distance is 2.168(6) A, in excellent agree-
ment with other such distances in the literature.'>!%*

The crystal structure of 3-1-1,2-closo-C,B,oH;; reveals two
orientations of molecules (head-to-tail) arranged in infinite
double zig-zag chains running parallel to the b crystallographic
axis (Fig. 2). Both carborane C-H vertices participate in C—
H - - - Iinteractions. The chains are held together by I - - - H1
hydrogen bonds, 3.215 A, involving the protonic C-bound H
atom, C(1)-H(1) --- I 133.5°, and a bifurcated linkage at I,
H---1-B3 114.6°; H+--1--- H 126.6°. Thus the environ-
ment at I in the crystal is quasi-planer—the sum of angles at I is
355.8°, and I is displaced only 0.33 A out of the plane defined
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Fig. 2 Crystal structure of 3-1-1,2-closo-C,B,,H,; showing the C—
H - -- I hydrogen bonding which results in a head-to-tail arrangement
of molecules forming an infinite double zig-zag chain running parallel
to the crystallographic b axis. I -+- His 3.215 A, C-H -+~ I is 133.5°,
and there is a bifurcated linkage at I, H---[-B 114.6° and
H---1---HI126.6°

by B3 and the two adjacent H1 atoms.

Individually these intermolecular C-H - - - I interactions are
clearly weak, since the sum of the van der Waals radii of H and
I is only 3.35 A and CH - - - I distances between neutral mol-
ecules as small as 2.81 A are known in the literature.? However,
the adjacency of the acidic CH groups to the I-substituted
boron atom obviously affords a molecule that can maximise its
intermolecular C-H - - - I bonding in a very efficient fashion by
adopting the double chain shown in Fig. 2. Certainly this is the
first reported example of carborane self-assembly via C—
H - - - Iinteractions.
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Notes and references

T Colourless single crystals of 3-I-1,2-closo-C,B,oH,; were grown from
hexane. Crystal data for C,H,;;B,,l, 160(2) K, M, = 270.11: crystal size
0.36 X 0.68 x 0.42 mm, orthorhombic, Pnma, a = 20.011(3), b =
8.0039(10), ¢ = 6.4946(14) A, V = 1040.2(3) A%, Z = 4 (C, symmetry
imposed), D, = 1.725 Mg m 3, F(000) = 504, z = 3.009 mm™'. Of 990
unique reflections from 1417 measured (R, = 0.0480), 873 were

2 J. Chem. Soc., Dalton Trans., 2002, 1-3

observed [F, > 46(F,)]. Refinement of 85 parameters converged at R, =
0.0373, wR, = 0.0801 (for all data), R, = 0.0320, wR, = 0.0773 (for
observed data). S = 1.045, max. and min. residual electron density:
0.564 and —1.828 ¢ A~* (near 11). Intensity data were collected on a
Bruker P4 diffractometer, with Mo-Ka radiation (4 = 0.71073 A) to
20,ax = 50°, w-scans, corrections for absorption (¢-scans), Lorentz and
polarisation effects, and structures were solved by direct methods and
refined (against F?) by full-matrix least-squares refinement.”! Cage C
atoms were unambiguously identified by inspection of U values follow-
ing isotropic refinement of all cage vertices as boron, and confirmed by
C-C distances. H atoms treated as riding model. CCDC reference num-
ber 154905. See http://www/rsc/org/suppdata/dt/b2/b206892n/ for crys-
tallographic data in CIF or other electronic format.
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