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Framework Electron Count in Metalloheteroboranes. 
Platinathiadecaboranes 

Sir: 
Recent reports indicate that certain metalloheteroboranes 

formed from the more electron-rich transition elements have 
"exceptional" structures. For instance, 3-(Et2NCS2)-3,l,2-
AuC2B9H11

1 and 8,8-(Me3P)2-7,8,10-CPtCB8H10
2 have been 

found by x-ray crystallography to have open (nido) structures 
rather than the more symmetric closo structures anticipated 
on the basis of framework electron count.3-5 

Our recent investigation of metallothiaboranes has led to 
the preparation of platinathiaboranes which could be char
acterized as closo L2Pt (SBgHg) molecules with "exceptional" 
nido structures on the basis of x-ray crystallography alone. 

Figure 1. Molecular structure of 9,9-(PPh3)2-6,9-SPtB8H10. Hydrogen 
atoms not shown. The numbering convention for the platinathiaborane 
cluster is shown with the shaded atoms 6 and 9 being S and Pt, respec
tively. 

However, additional evidence shows that they have nido 
framework electron counts and are correctly characterized as 
(PMe2Ph)2Pt(SB8H10) (I), (PEt3)2Pt(SB8H10) (II), 
(PPhJ)2Pt(SB8H10) (III), and (PPh3)2Pt(SB8H9-OEt) (IV). 
I-IV appear to be very similar to the L2M(SB9H9) [M = Pd, 
Pt] complexes reported previously.6 

The reaction of L4Pt (L = PMe2Ph, PEt3, PPh3) with 1-
SB9H9 in dry refluxing ethanol or methanol under nitrogen 
gives white to pale yellow crystals of I—III, respectively, in 75% 
yield. When (PPh3)2Pt(C2H4) is used instead OfL4Pt, IV re
sults. The products are air stable in crystalline form but were 
generally recrystallized from methylene chloride/alcohol in 
an inert atmosphere. The dimethylphenylphosphine and 
triethylphosphine derivatives (I and II) have been character
ized by mass spectroscopy, IR, 1H and 11B NMR, and ele
mental analysis. However, we have been unable to obtain a 
mass spectral molecular weight of III and IV. 

Single crystal x-ray studies of III and IV using conventional 
Patterson and Fourier difference techniques show that the 
framework structure is nido for both (Figure 1). Crystal data 
for III, 9,9-(PPh3)2-6,9-SPtB8Hi0: mol wt 848.3; monoclinic; 
space group PlxJn; a = 11.522 (5), b = 20.005 (5), c = 16.398 
(4) A; 0 = 95.74 (3)°; V = 3760 (2) A3; dobsd = 1.49(1), d,M 
= 1.498 gem3; Z = 4; ju (Mo Ka) = 40.88 cm-1; 7?i =0.043 
and R2 = 0.049 for 5430 collected reflections (3211 with / > 
3ff(/)). Crystal data for IV, 8-EtO-9,9-(PPh3)2-6,9-SPtBgH9: 
mol wt 892.4; monoclinic; space group Pl\/n; a = 13.336 (4), 
b = 21.034 (5), c = 14.545 (3) A;/3= 103.04(2)°; V = 3974 
(2)A3;rfobsd = 1.48(1), rfcaicd= 1.491 gem3; Z = 4, n (Mo 
Ka) = 38.75 cm"1; fli = 0.54 and ^ 2 = 0.059 at this stage for 
5968 collected reflections (2962 with / > 3<r(/)). The skeletal 
structure shows that Pt achieves effective square-planar 
coordination in which three boron atoms of the thiaborane Ii-
gand (B-4, B-8, and B-10) act as a bidentate moiety: Pt-B 
distances for III (A): 9-4 = 1.184 (16), 9-8 = 2.242 (15), 9-10 
= 2.222 (17). A similar J;3 bonding was observed in 
(Me2PhP)2PtB3H?.7 However, because of the disorder asso
ciated with the B3H7_ ligand in the latter structure, the present 
one gives the clearest definition of ij3 bonding between Pt and 
a borane cluster. 

The cluster structure is clearly open with nonbonding in
teractions between the Pt and boron atoms 5 and 7 (3.48 and 
3.49 A) and the sulfur (3.89 A). In view of recent contentions 
that a nido structure is not confined to "electron-rich" systems, 
but appears to be related simply to the presence of a formal d8 

or d9 metal,1-8 we sought to establish firmly the framework 
electron count in III. The critical ambiguity revolves around 
the number of hydrogen atoms associated with the cluster 
which cannot be determined unambiguously by x-ray crys
tallography in this case because of the dominant scattering by 
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86.6 MHz "B nmr OF (PMe2Ph)2FH(SB8H10) 

-27.0 
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Figure 2. The 86.6-MHz 11B NMR spectrum of 9,9-(PPhMe2)2-6,9-
SPtBgHio. The lower spectrum is 1H decoupled. Chemical shifts are in 
parts per million relative to Et2O-BFs with negative values to high field. 
The JBH is given below the bracket and the relative intensity under the 
peak. 

Pt. If the thiaborane ligand is SB8H8, then according to the 
PERC formalism5 the complex is closo (22 e - = In + 2). 
However, the SB8Hi0 ligand with two "extra" hydrogens is 
predicted to be nido (24 e~ = 2« + 4) with an open structure. 
The evidence cited below clearly favors the SB8H10 formula
tion and thus the nido structure is not "unexpected". Those 
studies of d8 and d9 metalloheteroboranes which have uncov
ered unexpected structures are probably correct because of the 
mild reaction conditions used, but it should be noted that they 
have not confronted directly the possibility that extra hydrogen 
atoms could account for the observation of a nido structure. 

The x-ray structure gives some indication of bridging hy
drogens on the open face between borons 7,8 and 5,10. The 
average B-B distance between 7,8 and 5,10 in III and IV is 
1.844 (28) A. Other boranes with bridge hydrogens in the same 
place show the following distances (A): 1.88 (1) in Bi0Hn 
(SMe2)2

9 and 1.87 (1) in 6,6-(Et3P)2-5,9-Me2-6,5,9-
NiC2B7H9.10 With no bridge hydrogen this distance is sig
nificantly longer: 1.973 (4) in Bi0H14

11 and 2.037 (7) in 5-
THF-6-(CO)3-6-MnB9H12.

12 

Additional evidence favoring the SB8Hj0 ligand comes from 
the parent peak profiles in the mass spectra of I and II. Both 
spectra show excellent agreement between calculated and 
observed ion intensities for P through P - 7. (For II with P of 
566 for 198Pt11B8

12C12
1H40

31P2
34S+ the calculated (observed) 

intensities are 0.003 (none), 0.006 (0.01), 0.07 (0.07), 0.14 
(0.15), 0.31 (0.36), 0.65 (0.71), 1.00 (1.00), 0.99 (1.14).) 

The 1H NMR provides the best evidence for extra hydro
gens. The spectra of I-IV show a broad peak at r 11-12. In the 
case of III a ' H-{'' B) spectrum was obtained and showed that 
the peak at T 11.4 was due to bridge hydrogens since it was 
sharpened but not shifted by decoupling. The remainder of the 
spectrum is consistent with the phosphine ligands and unre
solved terminal B-H signals. 

The 11B NMR spectra of I-IV are consistent with the x-ray 
structure, but give no evidence of bridge hydrogens; those of 
I—III are almost identical, and that of I is shown in Figure 2.'3 

Since 195Pt (/ = V2) is 34% naturally abundant, observation 
of a 1:4:1 triplet for the signals at +36.8 and -21.6 upon 
(1Hl-11B decoupling allows them to be assigned to atoms B-4 
and B-8,10, respectively (JnB_\9sPt - 260 and 240 Hz), those 
directly bonded to Pt. 

We have found that L2Pt(SB8H10) complexes also form 
when SB1 !H11 is substituted for SB9H9 as a starting material. 
Other experiments show that thiaboranes are degraded by 
ethanol. It appears that our synthetic method is a degradative 
insertion reaction where the Pt moiety is able to form a kinet-
ically stable coordination complex after the thiaborane has 
been degraded to an SB8 framework. The range of metal-

lothiaboranes which are susceptible to degradation by alcohol 
is not defined. However, since the previously reported 
L2M(SB9H9) (M = Pd, Pt) complexes6 were recrystallized 
from solutions containing ethanol and display 11B NMR 
spectra strikingly similar to those which we find for the 
L2Pt(SB8Hi0) complexes (Figure 2), they should be reinves
tigated. 
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Molecular Dynamics of Mixed-Metal Clusters. 
Carbon-13 Nuclear Magnetic Resonance Study of 
H2FeRu3(CO)J3 and H2FeRuOs2(COh3 

Sir: 

Metal surfaces undergo two basic types of dynamic pro
cesses: (1) The substrate (CO, H, etc.) moves on the surface, 
and (2) the metals themselves rearrange.1-2 Studies of metal 
clusters aimed at modeling these surface dynamics have pro
duced a variety of examples of the first type of mobility.3,4 We 
present here evidence that the clusters H2FeRUs(CO)13 and 
H2FeRuOs2(CO)O undergo dynamic processes not only in
volving ligand mobility but also a process in which the metals 
themselves move. 

A previous 13C DNMR study OfH2FeRu3(CO)13 (1) has 
been published.5 In connection with our larger study of 
mixed-metal clusters, we reexamined the variable-temperature 
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