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It is an honour and a pleasure to be able to contribute to this volume dedicated to our friend and
chemical colleague Professor Bob Štíbr, not only in recognition of his 70th birthday, but also in
recognition of his considerable experimental contributions and intellectual insights into polyhedral
boron-containing cluster chemistry, and in recognition of many friendly discussions over many years
on chemistry and on the philosophies of science and of life, and on the merits of český versus anglický
pivo.

The novel eighteen-vertex macropolyhedral dithiaborane anion [S2B16H17]– 1 has been ob-
tained as its [tmndH]+ salt from the reaction of [S2B17H17] 2 and tmnd in solution in the
presence of [RhCl2(η5-C5Me5)]2. It has two cluster skeletal electrons more than the three pre-
viously reported eighteen-vertex dithiaborane {S2B16} species n-[S2B16H16], n-[S2B16H15]– and
iso-[S2B16H16], and the anion consists structurally of an arachno {SB9} and a nido {B9} cluster
unit fused with two boron atoms in common, and with an endo-to-exo sulfur bridge that
also links the two subclusters together.
Keywords: Borane cluster; Thiaborane; Macropolyhedral; Synchrotron X-ray crystal struc-
ture; Molecular structure.

The bulk of the known chemistry of the higher boron hydrides, and of their
derivatives such as the carbaboranes, heteroboranes and metallaboranes, in-
volves polyhedral single-cluster species containing up to a synthetic barrier
of twelve boron atoms. The realisation of a fused-cluster chemistry for poly-
hedral species considerably expands the horizons of boron-containing
cluster chemistry beyond the twelve-boron barrier1–7. Development of
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this area is at present inhibited by the lack of transferable generic routes for
the intimate fusion of boron-containing single clusters to give fused-cluster
“macropolyhedral” species. Pending a breakthrough in finding such a ge-
neric route, the area of molecular borane and heteroborane chemistry in-
volving clusters of more than twelve boron atoms can be developed by the
investigation of reactions of known macropolyhedral species. In this re-
gard, the macropolyhedral thiaboranes in particular exhibit a considerable
flexibility and thence have a propensity readily to generate the new struc-
tural types that may ultimately define the field. Structural types established
comprise (i) the eighteen-vertex neutral n-[S2B16H16] 8,9 and iso-[S2B16H16] 9

isomers, neutral [S2B16H14(PPh3)] 10 and the n-[S2B16H15]– 9 and [SB17H19]–

anions11, (ii) nineteen-vertex neutral [S2B17H17(SMe2)]
12, neutral [S2B17H17]

13

and the [S2B17H18]– 14 and [S2B17H16]– anions13, and (iii) twenty-vertex neu-
tral [S2B18H20] 15 and the n-[S2B18H19]– 16 and iso-[S2B18H19]– anions15. In this
context, we now report the isolation and characterisation of a new addition
to this potentially important structural library, an eighteen-vertex macro-
polyhedral dithiaborane species, the [S2B16H17]– anion.

Thus, during the course of attempts to synthesise new macropolyhedral
rhodathiaboranes, we have isolated the previously undescribed [S2B16H17]–

anion 1 in viable yield as the unexpected product from a reaction system
involving [S2B17H17] 2, [RhCl2(η5-C5Me5)]2, and N,N,N′,N′-tetramethylnaph-
thalene-1,8-diamine (tmnd). Specifically, [S2B17H17] 2 (40 mg, 150 µmol)13,
tmnd (32 mg, 150 µmol) and [RhCl2(η5-C5Me5)]2 (46 mg, 75 µmol) were dis-
solved in dichloromethane (20 ml) and stirred at ambient temperature for
24 h. The reaction mixture was then filtered through flash silica and re-
duced in volume in vacuo. Preparative TLC (silica gel G (Fluka GF254), 200 ×
200 × 1 mm, n-hexane–dichloromethane 50:50 vol/vol) thence gave only
one clear component, an orange compound that we have identified as the
[tmndH]+ salt 1a (6 mg, 13 µmol; 9 %) of the [S2B16H17]– anion 1 via single-
crystal X-ray diffraction analysis (Fig. 1)17 and NMR spectroscopy19. The
TLC analysis showed trace quantities of other coloured components, but
not in viable quantities for identification.

The cluster structure of the anion 1 (Fig. 1) consists of a ten-vertex ‘remote
arachno’ {SB9} subcluster conjoined to a ten-vertex arachno {SB9} subcluster
by two common boron atoms (schematic skeletal structures I and II). An
equally valid alternative description of the anion would describe the
primed cluster as an eight-vertex nido {B8} subcluster conjoined to the
ten-vertex arachno {SB9} subcluster by a sulfur-atom bridge with one com-
mon boron atom and one additional interboron linkage. The average inter-
atomic distances are typical with a mean boron-to-boron distance of 1.797
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Å and a mean sulfur-to-boron distance of 1.910 Å; selected individual inter-
atomic distances are in the caption to Fig. 1. The cluster dimensions, as well
as the NMR characteristics19, are in accord with the crystallographically de-
termined structure and with the proposed nido and arachno characters of
the two subclusters.

The type of sulfur bridge exhibited by anion 1 is closely related to that
seen in iso-[S2B16H16] 3 (schematic skeletal structure III)9, and seems to be
becoming an increasingly-recognised structural motif as this and other
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FIG. 1
ORTEP-type illustration of the crystallographically-determined molecular structure of the
[S2B16H17]– anion 1 as determined in its [tmndH]+ salt 1a. Distances from the sulfur atoms are
as follows: from S(9) to B(10) 1.866(9), to B(8) 1.863(6) and to B(4) 1.920(6) Å, and
from S(5′6′7) to B(7) 1.915(4), to B(6′) 1.996(7) and to B(5′) 1.897(4) Å. Selected shorter
interboron distances are: B(1′)–B(6) 1.721(6), B(2)–B(6) 1.739(7) and B(3′)–B(6) 1.742(8) Å, with
longer ones B(5)–B(6) 1.857(7), B(5′)–B(6′) 1.873(8), B(5)–B(10) 1.885(10), B(4)–B(8) 1.890(8)
and B(4)–B(10) 1.892(7) Å; other interboron distances are in the range of 1.750(9)– 1.850(7) Å



structures emerge. Other previous examples include [S2B16H14(PPh3)] 10,
[(PPh3)NiS2B16H12(PPh3)] 10 and [(η6-p-MeC6H4

isoPr)RuS2B15H15] 20. More
generally, it seems likely that this type of endo-to-exo intercluster bridge,
here exhibited by the sulfur atom, will be an increasingly encountered
structural motif as macropolyhedral cluster chemistry develops; it is appar-
ent, for example, that metal-atom centres can also form similar bridges, as
in [(PMe2Ph)2PtB16H17PtB10H11(PMe2Ph)]21 and in one of the isomers of
[(PMe2Ph)2B18H18] 22,23.

Now that that the [S2B16H17]– anion 1 is characterised as such, it is now
apparent, by the retrospective inspection of NMR spectra of crude reaction
mixtures, that it has also been a product in variable small quantities in sev-
eral reactions of macropolyhedral dithiaboranes that we have reported, for
example, most recently, in other systems involving [S2B17H17] 2 such as the
reactions with [PtCl2(PMe2Ph)2] 24 and [RuCl2(η6-p-MeC6H4

isoPr)]2
22. This

may imply that the species may be a reasonably stable kinetic sink. In this
regard, the mechanism of its formation from the starting substrate
[S2B17H17] 2 (schematic skeletal structure IV) would be of interest. In gross
terms (schematic skeletal structure V), a removal of the boron atom B(4) of
2 would give the structure of the [S2B16H17]– anion 1. It is of interest that
there is an apparent abstraction of a {BH} vertex from a non-open face posi-
tion, contrary to a general perception that cluster dismantling and Aufbau
reactions generally occur on the open faces.
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