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Abstract 

[(PMe,Ph),PtB,H,,NH] (la, 63% from [PtCI,(PMe,Ph),], arachno-4-NB,H,, and base) has a ten-vertex {uruchno-9,6-PtNB,} 
cluster, whereas [(~6-C6Me6)RuB,H,,NH] (2 a, 19% from [($-C,Me,)RuCl,], and nido-6-NB,H,,) and [($-MeC,H,‘Pr)- 
RuB,H,,NH] (2b, 46% from [(q6-MeC&I,‘Pr)RuCI,], and [NMe,]+[aruchno-4-NB,H,,1-) have ten-vertex {nido-8,6-RuNB,} 
clusters. 
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Although carbametallaboranes, particularly the di- 
carbametallaboranes, are very well recognised [l], het- 
erometallaboranes in which the heteroatom is a first- 
row element other than carbon are surprisingly rare. 
Only three oxametallaboranes are known [2-4], and 
only four azametallaborane types [5-91. There is now 
a strong developing interest in azaborane [lO-241 and 
azametallaborane [6-9,22,25] chemistry. Recently in 
azametallaborane chemistry close twelve-vertex (sche- 
matic structure I), [9], nido eleven-vertex (schematic 
structure II) [8] and close-type eleven-vertex (schematic 
structure III) species [6,7] have been structurally es- 
tablished. In type I the nitrogen centre has a cluster 
connectivity of five, and in types II and III a cluster 
connectivity of four. 

In view of the vast amount of carbametallaborane 
chemistry [l], there is now interest also in extending 
azametallaborane chemistry to other cluster types, and 
to include other nitrogen-to-cluster connectivity num- 
bers. Here therefore we give a preliminary account of 
work resulting in two ten-vertex azametallaborane clus- 
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ter types: arachno-6,9_azaplatinadecaborane (schematic 
configuration IV) and nido-6,8-azaruthenadecaborane 
(schematic configuration V), of which each has a 
nitrogen-to-cluster connectivity of three. In contrast to 
the previously reported compounds of structure types 
I-III these two new ten-vertex species do not have 
direct cluster metal-to-nitrogen connectivities. 

Reaction among arachno-4-NB,H,, [12,1Wl, 
iV,N,N’,N’-tetramethylnaphthalenediamine (tmed, 
‘proton sponge’) and the platinum(I1) complex [cis- 
PtCl,(PMe,Ph),] (CH&l,; -294 K), followed by TLC 
separation (silica gel G; 8:20 CH,Cl,/hexane), gives 
pale yellow air-stable crystals of [9,9-(PMe,Ph),- 
arachno-9,6-PtNB,H,,] ( compound la) (63%). Com- 
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pound 1 is characterised by NMR spectroscopy2 and 
a single-crystal X-ray diffraction analysis (Fig. 1)‘. The 
reaction stoicheiometry is straightforward: 

HNB,H,, + [PtCl,(PMe,Ph),] + tmed - 

[(PMe,Ph),PtB,H,,NH] + 2tmedH’Cl- (1) 
la 

A previous aruchno-6,9_azaplatinadecaborane ex- 
ample (compound lb) (interpreted at the time as a 
‘nido’ species) derives via an alternative, redox, route 
from the platinum(O) complex [Pt(PPh,),] and the 
arachno-4-NB,H,, substrate [.5]: 

HNB,H,, + [Pt(PPh,),] - 

[ (PPh,),PtB,H,,NH] + H, + 2PPh, (2) 
lb 

Compound lb was also structurally identified [5], but 
no details of the X-ray work have been reported, nor 
any NMR characterisation. Interestingly, the electronic 
structure is now better traced to aruchno ten-vertex 
non-metalla analogues such as uruchno-6,9-N,B,H,, [7] 
by “B NMR shielding behaviour similarities (Fig. 2, 
upper part of diagram), and by the diagnostic disposition 
of the two bridging hydrogen atoms; these two factors 
support an uruchno character and the uruchno descriptor, 
whereas an uncritical electron-counting [5,33] can con- 
fusingly suggest a ‘nido’ formulation. An incompatibility 
between (a) formal cluster electron count, and (b) 
observed geometric structure and implied electronic 
structure, is often an interesting feature of metalla- 

‘NMR data for [9,9-(PMe,Ph),-arachno-9,6-PtNBsH,,] (compound 

1) (CDCI, solution at 294-303 K) (ordered as: assignment S(“B) 

(ret. F,BOEt,) (ppm) [6(‘H) in square brackets]): BH(1,3) -28.6 

[ + 1.241, BH(2) - 3.9 [ + 3.641, BH(4) + 30.6 [ + 5.211, BH(5,7) - 8.3 

[+2.84], BH(8,lO) -25.6 [+0.75]; additional 6(‘H) data: NH(6) 

+3.85, pH(7,8; 5,lO) - 1.88, PMe + 1.69 and + 1.77 (both doublets, 

N(3’P-‘H) 9 Hz, with 3J(‘95Pt-‘H) 26 and 28 Hz, respectively); a(“P) 
(rel. 85% H,PO,) -3.5 ppm and ‘J(‘95Pt-3’P) 2866 Hz at 233 K. 

‘X-ray data for [9,9-(PMerPh)r-arachno-9,6-PtNB,H111 (compound 

1). All crystallographic measurements were carried out at ambient 

temperature on a Nicolet P3/F diffractometer operating in the o-213 

mode using graphite-monochromated MO Ka radiation (h=71.069 

pm). The data set was corrected for absorption once the structure 

had been solved [26]. The structure was determined using standard 
heavy-atom techniques and was refined by full-matrix least-squares 

using SHELX-76 1271. AU non-hydrogen atoms were refined with 

anisotropic displacement parameters. The methyl and phenyl hydrogen 

atoms were placed in calculated positions (C-H = 96 pm) and refined 

with an overall isotropic displacement parameter, cage-associated 

hydrogen atoms were located on a Fourier difference map and were 

freely refined. The weighting scheme w = [d?(FO) + O.OOOS(F,)*] -rrz 

was used. Crystal data. C,&,BN,P,Pt, 0.8 x 0.6 X 0.2 mm, M, = 582.96, 
monoclinic, a = 1940.8(3), b= 1318.5(2), c = 2017.7(3) pm, 
8=110.42(l)“, U=4.8384(11) nm, space group C2/c, Z=S, 0,=1.60 

gem-” , p = 5.69 mm-‘, F(OOO) = 2272.4662 unique data were collected 

in the range 3.0 < 28150” of which 3409 with F>4.0@) were 

considered observed and used in refinement. Refinement converged 
with R(R,) = 0.0446(0.0446). 

Fig. 1. Drawing of the crystallographically determined molecular 

structure of [9,9-(PMe2Ph)Z-urachno-9,6-PtNB,H1,] (compound la), 
with P-phenyl atoms (apart from the ipso carbon ones) omitted for 

clarity. Selected interatomic distances (in pm) are: from Pt(9) to 

B(4) 222.6(14), B(8) 220.9(14), B(lO) 221.7(13), P(1) 230.4(S), P(2) 

230.8(S); B(S)-B(10) 188.4(19), B(7)-B(8) 183.2(19), N(6)-B(2) 

158.9(17), N(6)-B(5) 153.6(16), N(6)-B(7) 154.2(18) pm; angle 

P(l)-Pt(9)-P(2) is 96.1(2)“. 
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Fig. 2. Stick representations of the chemical shifts and relative 

intensities in the “B NMR spectra of (from top to bottom) arachno- 

6,9-NzBxH,r (A, data from Ref. [17]), [9,9-(PMerPh),-arachno-9,6- 
PtNB,H,,] (B, compound la, this work), [S-(q6-&,Me,)-nido-8,6- 

RuNBsH,,] (C, compound Za, this work), and nido-6-NE&H,, (D, 

assignments by [“B”B]-COSY experiments from this work; these 

differ from those in Ref. [lS]). Hatched lines link resonances for 

the equivalent cluster positions in the four compounds. Note the 

effective inversion in the S(“B) sequencing (particularly for 6[“B(2)] 

and 6[“B(4)] in the nido-arachno comparison, which is diagnostic 
of a ten-vertex nido-arachno difference [28-301. Additionally, the 

markedly lower “B shieldings associated with the 4-position (the 

arachno system) 1311 and 9-position (nido system) [32] are typical 

for the respective cluster types. 

borane clusters when the metal site is a sixteen-electron 
transition-element centre [34]. 

By contrast, the constitution of the more novel species 
[8-($-Ar)-nido-8,6-RuNB,H,,I (compounds 2a and 2b) 
(schematic structure VI, M={Ru(C,Me,)} (2a) or 
{Ru(MeC,H,-p-‘Pr)} (2b), unlettered vertices are 
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{BH(exo)} units) is traced, via llB shielding patterns4, 
to the nido non-metalla parent nidod-NB,H,, [14,15] 
(Fig. 2, lower part of diagram). Fig. 2 also demonstrates 
the typical [28] ten-vertex arachno-nido inversion in 
IIB NMR shielding between the {urachno-9,6-PtNB,} 
and {&u-8,6-RuNB,} clusters. 

VI 

Compound 2a (yellow solid; air-stable; 19%) was 
isolated by TLC (silica gel G; 70130 CH,Cl,/hexane) 
from the reaction between [Ru(C6Me6)C1212 and nido- 
6-NB,H,, in CH,Cl, (30 h at -294 K), and compound 
2b (46%) similarly (silica gel G; 100% C,H,) from the 
reaction between [Ru(MeC,H,-p-‘Pr)Cl,], and 
[NMe,]‘[aruchno-6-NB,H,,]- in CH,Cl, (24 h at -294 
K). We have not yet obtained crystals of 2a or 2b 
suitable for single-crystal X-ray work (there is some 
solution instability), but the formulations reasonably 
derive from mass spectrometry, and from NMR spec- 
troscopy based on nido ten-vertex {6-NB,} and {5-MB,} 
[32] shielding characters. Other products from these 
ruthenium reactions include some of eleven-vertex nido 
configuration, for example the two species [8-($-Ar)- 
nido-8,7-RuNB,H,,] (of schematic structure II), iden- 
tified by comparison with their azairidaborane analogues 
such as [9-C1-8-($-C,Me,)-nido-8,7-IrNB,H,,1 [8], and 
we hope to describe these more definitively in the near 
future. 
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