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The deprotonation of S,B;,H;, with sodium hydride and subsequent reaction with [PtCl,-
(PMe,Ph),] gives the new macropolyhedral metallathiaborane [(PMe,Ph),PtS,B;sH;¢], of
which the cluster consists of a conventional eleven-vertex nido {SB,.} unit, fused, with two
boron atoms in common, with a {PtSBg} unit of unique ten-vertex neo-arachno constitution
and geometry. The latter geometry suggests a configuration for the previously structurally
uncharacterised [B,yH;5]” anion; starting from this configuration, DFT calculations of struc-
ture and thence of boron nuclear shieldings, which are found very closely to mimic those
found experimentally, thence support a fluxional structure for [B,,H,g]” with three {BHB-
(bridging)} and two {BH(endo)} hydrogen atoms around a six-membered open face.

Keywords: Macropolyhedral; neo-arachno ten-vertex cluster; X-ray diffraction; Crystal struc-
ture; Platinum-sulfur-polyboron cluster; Sulfur-platinum-polyboron cluster; Metallaboranes;
Boranes; Metallathiaborane; Thiametallaboranes; Borane anions; DFT calculations.

+ A IUPAC nomenclature for the title compound as illustrated in Fig. 1 would be
10,10-bis(dimethylphosphine)-nido-9'-thiaundecaborano-(7',8':5,6 2neo-arachno-9-thia-10-
platinadecaborane. The compound is chiral: the other enantiomer would be named
8,8-bis(dimethylphosphine)-nido-11'-thiaundecaborano-[7',8':6,79neo-arachno-9-thia-8-platina-
decaborane
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Known macropolyhedral thiaboranes are the six neutral species
[n-S3B16H 1], [150-S2B16H16], [150-S,B16H14(PPO3)], [S:B17H:7], [S2B17H17(SMey)]
and [S,B;gH50] (lit.17®), and the six monoanions [S,B;4H;s]7, [SB17H 0],
[S,B17H 6], [S,B17H 18], [S,B1gH 0]~ and [iso-S,B;gH 0] (lit.49). It is apparent,
from the limited chemistry of these macropolyhedral thiaborane skeletal
systems that is so far known, that they are architecturally very flexible!-1°,
In the only one of these species so far investigated for macropolyhedral
metallathiaborane creation, specifically the neutral [n-S,B;5H;5] species, it is
apparent that the capacity for cluster flexibility and rearrangement is car-
ried through and often enhanced in reactions leading to observed metalla-
thiaborane products®+1%-12_ In view of the macropolyhedral metallathiaborane
structural novelty thus observed, it is of interest to examine reactions of the
other macropolyhedral thiaborane species with metal centres, and in this
context here we report preliminary results on metallathiaborane formation
from the reaction between neutral [S,B,,H;7] (compound 1, schematic clus-
ter structure I) and [PtCl,(PMe,Ph),].

S

A

Thus, the deprotonation of [S,B,,H;;] 1 (lit.8) (100 mg, 380 umol) with
NaH (9.1 mg, 380 umol) in THF (20 ml) at -78 °C (solid CO,/Me,CO bath),
followed by reaction with [PtCIl,(PMe,Ph),] (205 mg, 380 umol) at room
temperature for twelve hours, yielded a mixture of coloured products. Sepa-
ration by preparative TLC (silica gel G (Fluka, type GF,s,); CH,CIl,/n-CgH 1,
80:20) revealed four principal coloured components, albeit only in low
yield. After purification by repetitive preparative TLC, the first of these
components was isolated and identified as yellow crystalline air-stable
[(PMe,Ph),PtS,B,sH,6] (compound 2; 9 mg, 12 umol, 3.3%; Ry 0.81), a for-
mulation established by single-crystal X-ray diffraction analysis® (Fig. 1)
and multinuclear NMR spectroscopy!*. Preliminary studies on the second
component (orange, Rg 0.75) and the third component (yellow, Rz 0.67),
also utilising NMR spectroscopy, indicated that these were also macropoly-
hedral metallathiaborane products. We hope to purify and unequivocally to
characterise these in due course after attempts to optimise yields. The fourth
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component (red, R; ca. 0.6) was identified as a salt of the [S,B;,H;g]” anion®
by NMR spectroscopy. We here present a preliminary report on the struc-
ture of compound 2 because it has some interesting features and implica-
tions.

1A 1B

The molecular structure of compound 2 (Fig. 1) is seen to be based on a
nineteen-vertex {PtS,B,} framework (schematic cluster structures Il and I).
Obviously the starting {S,B;;} cluster skeleton has lost a boron vertex dur-
ing the course of the reaction; loss of boron vertices is not without prece-

7<E

Fic. 1

ORTEP-3 (Iit.4°) plot of the molecular structure of [(PMe,Ph),PtS,B,sH ;6] (2), as determined
crystallographicallyle’; organyl hydrogen atoms are omitted for clarity. Selected interatomic
distances (in A) are as follows: from Pt(10) to P(11) 2.2633(6), to P(12) 2.3046(6), to S(9)
2.3500(6), to B(1) 2.243(3), to B(4) 2.279(3) and to B(5) non-bonding at 2.726(4); from S(9) to
B(4) 1.940(3) and to B(8) 1.918(3); from S(9') to B(6) 1.992(3), to B(4') 2.018(3), to B(5')
1.991(3") and to B(10') 1.973(3); B(5)-B(6) is 1.772(4). Angle B(5)-B(1)-Pt(10) is 84.17(12)° and
angle P(11)-Pt(10)-P(12) is 98.05(2)°. Angles P(11)-Pt(10)-S(9), P(12)-Pt(10)-B(1) and
P(12)-Pt(10)-B(4) are 153.27(4), 164.12(4) and 139.59(3)°, respectively
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dent in reactions of metal centres with both single-cluster and macropoly-
hedral boron-containing cluster speciest®5-17. The {PtS,B,} framework of 2
consists of an open nido-type eleven-vertex {SB,,} subcluster (schematic
cluster structure Il B) and a somewhat more open {PtSBg} subcluster (sche-
matic cluster structure Il A) fused with two boron atoms held in common.

v \

The basic {B,5} boron skeletal framework approximates to the configura-
tion of the long-recognised binary borane B;gH,, (schematic skeletal config-
uration V)19 and the overall cluster structure of 2 can be visualised as
derived from B;zH,, by the replacement of connectivites to open-face hy-
drogen atoms by connectivities to the three cluster heteroatoms S(9), S(9')
and Pt(10) (schematic cluster structure V). The nido eleven-vertex {SB;}
subcluster is as also seen in other macropolyhedral thiaborane species?®,
and closely mimics that in the nido eleven-vertex single-cluster model
[SByoH1,] itself20-24,

g &

The {PtSBg} subcluster of 2 is of more interest. Its geometry has some re-
semblance to the classical open nido/arachno ten-vertex boat-geometry
(schematic VI), but the “long” platinum-boron distance of 2.762(4) A
(hatched lines in schematic Il A above) is essentially non-bonding, and
gives the platinum-containing subcluster an interesting more open aspect.
This is in contrast to the eighteen-vertex platinathiaborane [(PMe,Ph),
PtS,B;5H;,(NHCOMe)] (compound 3, schematic VII)*°, which has a closely
related configuration of nido-type ten-vertex {SBg} and {PtSBg} subclusters
fused with two boron atoms in common. However, in this last compound 3
the {PtSBg} subcluster is now nido in character?®, as evidenced by the differ-
ent positioning of the bridging hydrogen atom, and by the shorter Pt(10)-
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B(5) distance of 2.391(4) A, now well within a recognised!” platinum-to-
boron cluster-bonding range. The geometry exhibited by the {PtSBg} sub-
cluster of compound 2 is more open than nido: this geometry can be termed
“neo-arachno”, because an “iso-arachno” nomenclature has previously been
invoked for the so far unique shape of the ten-vertex {SBg} subcluster in
[S,B;7H;-(SMe,)] (lit.?). This new type of “neo-arachno” shape is also seen in
[1-(C¢Meg)RUBgH, 5] (compound 4) (schematic cluster structure VII)?5:26,
but this species has a conventional nido ten-vertex cluster-electron count
and has conventionally disposed nido ten-vertex hydrogen bridges and is
therefore perhaps best regarded as a “stretched” nido. By contrast, the
{PtSBg} subcluster of compound 2 is in principle an [arachno-B;yH,,]> ana-
logue, but the basic cluster shape does not readily derive from the removal
of two vertices from any reasonable closed deltahedral twelve-vertex clus-
ter, nor does it relate to the “iso-arachno” shape of the ten-vertex {SBg} sub-
cluster in [S,B;;H;,(SMe,)] (lit.?), hence we would propose a “neo-arachno”
descriptor. The single-cluster model would be of formulation [(PMe,Ph),-
PtSBgH,,], with the {Pt(PMe,Ph),} and {S} vertices both being isolobal
and isoelectronic in cluster terms with anionic {BH,}~ units?’?8, which
gives the cluster its overall ten-vertex conventional [B,,H,,]>~ formulation-
equivalence. The conventional isomer of this, [6,6-(PMe,Ph),-arachno-
6,9-PtSBgH, o], with structure of conventional ten-vertex [arachno-B;oH ;4]
geometry IX, is well recognised, along with many other {PtBgE} platina-
heteroborane structural congeners, where E represents, for example the O,
S, Se, {B(PMe,Ph)}, {NH} or {CH,} units'?29-32,

KVA W74

Vil IX

Subrogation by isolobal {BH,}~ units of the {Pt(PMe,Ph),} and {S} vertices
of [(PMe,Ph),PtSBgH,,] of configuration Ill A would result in a [B;oH4]*
anion of neo-arachno type configuration X (note that, in structures X to
XIII, unlabelled vertices are {BH(ex0)} units). We surmise that a species with
this latter structure X would be kinetically and thermodynamically unstable
compared to the conventional [arachno-B,,H,,]>~ configuration XI, but the
structure nevertheless prompts the idea that notional monoprotonation
would result in a [B;oH;5]” anion 5 of a structure with connectivities closely
related to those shown in schematic XII, which would have mirror-plane
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symmetry. Although the [B;jH;5]” anion 5 has long been known, and is
characterised by NMR spectroscopy (Table I), which also indicates
fluxionality30-31, the static disposition of the hydrogen atoms on the open
face of the cluster, and, indeed, the shape of the {B,,} cluster matrix itself,
are not established.

Starting from the approximate geometry of XII, we have thence conducted
density-functional theory (DFT) calculations to ascertain whether such a
molecular structure, or one closely related, represents a reasonable thermo-
dynamic minimum, and have carried out gauge-independent atomic orbital
(GIAO) boron nuclear-shielding calculations on the minimised structure so
obtained and minimised33. These calculations resulted in energy minimis-
ation at a structure as given in Fig. 2 (schematic structure as in XIII), and
the results of the nuclear-shielding calculations for this structure, presented
as 8(11B) values, are summarised in Table I.

Fic. 2
ORTEP-3 (Iit.4°) plot of the molecular structure of the [B;,H;5]” monoanion 5, as calculated by
DFT techniques33 (B3LYP/6-31G*). This minimum-energy molecule has mirror-plane symmetry
through B(1), B(3) and H(5,10). Selected interatomic distances (in A) are as follows: B(5)-B(6)
2.045, B(6)-B(7) 1.921, B(7)-B(8) 1.866, B(5)-B(10) 1.805 and B(3)-B(7) 1.752, B(5)-H(6)(endo)
2.281, B(6)-H(6)(endo) 1.209, B(6)-H(6)(exo) 1.201, B(6)-H(6,7) 1.385, B(7)-H(6,7) 1.280 and
B(5)-H(5,10) 1.312
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As can be seen from Fig. 2, the structural calculations do in fact result in a
configuration with mirror-plane symmetry, of basic classical nido/arachno
ten-vertex boat shape. In contrast to the equivalent linkage Pt(10)-B(5) in
the {PtSBg} subcluster of 2 (hatched lines in schematic cluster structure
Il A), however, the (calculated) B(7)-B(8) distance in 5 is not overly long at
1.866 A (bold connectivity in structure XHI). On the other hand, the
B(5)-B(6) distance (and its mirror-equivalent B(9)-B(10) distance) at 2.045 A
(hatched lines in XIHI) is now outside the arbitrary interboron cluster-
bonding cut-off distance of 2.00 A. There are three {BHB(bridging)} and two
{BH(endo)} hydrogen atoms around the six-membered open face. This type
of open-face hydrogen-atom configuration is very similar to the configur-
ation now established for the nine-vertex analogue, the [arachno-BgH,,]
anion34, The calculated structure of mirror-plane symmetry represented in
Fig. 2, together with the calculated boron nuclear-shielding values (Table I),
would predict an B NMR spectrum with a 1:2:1:2:2:2 relative-intensity
pattern, well spread over a large range of some 50 ppm. This is in contrast
to the compact spectrum observed3®36 (Table 1). However, a rapid exchange
of the five endo and bridging hydrogen atoms around the open face, which

TaBLE |
Results of 6-31G*/GIAO calculations for the !B nuclear shieldings in the [B,yH;5]” mono-
anion 5

Position 5(*'B) (calc)  Position 5(*'B) (mean) &(*'B) (exp)?  Ad(*B)
B(1) -47.82 B(1,3) -20.03 -19.8 -0.2
B(2,4) -20.13 B(2,4) -20.13 -19.8 -0.3
B(3) +7.75

B(5,10) +2.83 B(5,7,8,10)  -13.87 -14.2 +0.3
B(6,9) -20.07 B(6,9) -20.07 -21.8 +1.7
B(7.8) -30.57

2 Data from lit.%%; Na* salt; monoglyme solution.
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would involve the equivalent structure with hydrogen bridges at B(7)B(8)
rather than B(5)B(10), at B(5)B(6) rather than B(6)B(7), and at B(9)B(10)
rather than B(8)B(9), again with parallels to the behaviour of the [arachno-
BgH,,]~ anion®*, would render the B(1) and B(3) positions on time-average
mutually equivalent, and also the B(5,10) and B(7,8) positions would simi-
larly be on time-average mutually equivalent. The averaging of the calcu-
lated boron nuclear shieldings for each of these two sets of positions gives
values that agree excellently with the measured values (Table I), thereby
strongly matching (i) the molecular structure in Fig. 2 to experimental ob-
servation, as well as (ii) matching the proposed fluxionality. It is encourag-
ing that the averaged values so closely mimic those determined experimen-
tally, particularly in view of the large differences between the individual
calculated values in each of the {B(1)B(3)} and {B(5,10)B(7,8)} sets.

In sum, the ready formation and isolation of the novel macropolyhedral
metallathiaborane [(PMe,Ph),PtS,B,5H;6] 2, with interesting structural fea-
tures that have structural implications that can be extended to other sys-
tems such as, here, the reasonably definitive establishment of the structure
of the [arachno-B;,H;5]” anion 5, augur well for the continued generation of
other interesting and useful novel species in metallathiaborane syntheses of
this type, and we currently experiment to extend the work to other metal
centres and to thiaborane substrates other than the S,B;zH;5 isomers and
S2By7H7.

Supplementary Data

Crystallographic data for the previously unreported [(PMe,Ph),PtS,B;5H ;]
species 2 are deposited at the Cambridge Crystallographic Data Centre,
CCDC, deposition number CCDC 254726; these data can be obtained free
of charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from the Cam-
bridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ,
UK; fax: +44-1223/336-033; e-mail: deposit@ccdc.cam.ac.uk]. The
DFT-calculated coordinates for the [B,y,H;5]” dianion 5 are appended as sup-
plementary data to this submission and are available on http://cccc/
uochb.cas.cz/Vol/70/No04/20050430.html.
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