
1226 [Ru(C4H14B 1002S2)(C18H15P)] 

5371 measured reflections 
5010 independent reflections 

3 standard reflections 
every 200 reflections 
intensity decay: 0.372% 

Refinement 

Refinement  on F 2 
R[F 2 > 2tr(F2)] = 0.047 
wR(F z) = 0.167 
S = 1.138 
5010 reflections 
343 parameters  
H atoms constrained 
w = 1/[tr2(F 2) + (0.0567P) 2 

+ 17.9297P] 
where  P -  (F  2 + 2F~)/3 

(z~/O')max < 0.001 
Apmax = 0.626 e A -3 

Apmin = -0.870 e ,~-3 
Extinction correction: none 
Scattering factors from 
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Table 1. Selected geometric parameters (,~, o) 
Rul--B2 2.036 (9) RuI--PI 2.487 (2) 
RuI--B3 2.062 (8) S l-----C1 1.641 (8) 
Rul--B4 2.329 (8) $2--C2 1.641 (8) 
RuI--B5 2.341 (8) OI--C1 1.296 (9) 
Rul--B7 2.393 (9) OI--B2 1.447 (10) 
Rul--B6 2.393 (8) O2---C2 1.301 (9) 
Rul---S2 2.443 (2) O2--B3 1.437 (10) 
Ru 1---S 1 2.445 (2) 

B2--RuI--S2 151.7 (3) B6---RuI--S 1 114.8 (2) 
B3--Rul---S2 74.7 (2) S2--RuI--SI 84.87 (7) 
B4---Rul--S2 159.7 (2) B2--RuI--PI 109.7 (3) 
B5--Rul--S2 115.2 (2) B3--RuI--P1 112.7 (2) 
B7--Rul--S2 114.6 (2) B4--RuI--PI 93.1 (2) 
B6---RuI--S2 85.8 (2) B5--RuI--PI 94.6 (2) 
B2--Rul--S1 74.8 (2) B7--RuI--P1 155.6 (2) 
B3--RuI--S1 152.6 (2) B6---Ru I--PI 159.4 (2) 
B4---Rul--SI 115.3 (2) S2--Rul--PI 86.82 (7) 
B5--Ru l-lSl 159.8 (2) S1--Rul--PI 83.63 (7) 
B7--RuI--S 1 86.7 (2) 

Data collection: MSC/AFC Diffractometer Control Software 
(Molecular Structure Corporation, 1988). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduc- 
tion: PROCESS in TEXSAN (Molecular  Structure Corpora- 
tion, 1992). Program(s)  used to solve structure: SHELXS97 
(Sheldrick, 1990). Program(s)  used to refine structure: 
SHELXL97 (Sheldrick, 1997). Molecular  graphics: ZORTEP 
(Zsolnai & Huttner, 1994). Software used to prepare material 
for publication: SHELXL97. 
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Abstract 
The title compound 3,7:7,8:7,11-tris(#-thioacetate-S:O)- 
10-(triphenylphosphine-P)-8,9-#H-7-nickela-nido-undeca- 
borane, [Ni(C24H31B1oO3PS3)], has a nido-type {NiBl0} 
cage fused to three five-membered Ni--S---C---O---B 
rings. 

Comment 
The chemistry of metallaborane clusters is still attract- 
ing a great deal of interest and a large variety of novel 
structural motifs is continually revealed (Greenwood, 
1983, 1991; Kennedy, 1986, 1997). We have synthesized 
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and characterized a series of metallaborane compounds 
which contain exo-polyhedral  cyclization of metal lig- 
ands to the cluster. Some examples of groups involved 
in cyclization are thiobenzoate (Dou, Hu, Sun et al., 
1997; Dou, Hu, Yao et al., 1997; Hu et al., 1997; Hu, 
Dou, Sun et al., 1998; Hu, Dou, Yao et al., 1998; Yao 
et al., 1998), benzoate (Yao et al., 1995) and acetate 
(Fontaine et al., 1987). As a continuation of this in- 
vestigation on exo-polyhedral  cyclization clusters, we 
studied the reaction of [NiC12(PPh3)2] with [Bl0Hl0] 2- 
and thioacetatic acid. The preparation and structure of 
the title compound, (I), are reported here. 

Me 

Me--('/S"" ~ /  0 PPh3 

Me" - "'O--~ ~ B ~ , ~ - - - . ~  
H" '~,~"  H 

(I) 

The cluster structure of (I) is shown in Fig. 1. 
The compound has a n i d o - l l - v e r t e x  {NiB10} cage, 
with the Ni atom in the open NiB4 face. There are 
three five-membered rings, i.e. N i 7 - - S 1 - - - C 1 - - O 1 - -  
B3, Ni7- -S2- - -C2- - -O2- -B8  and N i 7 - - S 3 - - - C 3 - - O 3 - -  
B l l .  The Ni7- -S1 ,  N i7 - -S2  and Ni7 - -S3  distances 
are 2.3766 (14), 2.3405 (13) and 2.2469 (13) A, respec- 
tively, which are consistent with the corresponding N i - -  
S bond lengths in the cluster [(PhCOS)3NiBI0HT(PPh3)] 
(Dou, Hu, Sun et al., 1997). The distances N i 7 - -  
B3 [2.082 (4) ~,], N i7 - -B8  [2.109 (4) A] and N i 7 - -  
B 11 [2.112 (4) A] are significantly shorter than reported 
corresponding N i - - B  distances [2.18 (1), 2.24 (1) and 
2 .22(1)A,  respectively] in the non-cyclized nickela- 
borane (Guggenberger, 1972). This further demon- 
strates that cycloboronation can strengthen the nickel- 

c24 

C30~ -- " ' ~ C 2 1  
$2 $3 / / C32 

('--~-...~ ~-] "~O3 p1~4~..C34 
C2 \ ~ ~/BI! J C 3 ' ~ b . ( ~ .  Cll C12 ~ 1 3  

/ /[ ~-~r /  3-~3;~ B6 C35 C14 

Oi B1 

Fig. I. The molecular structure of (I) shown with 30% probability 
displacement ellipsoids. 

to-boron bonding (Dou, Hu, Sun et al., 1997; Dou, 
Hu, Yao et al., 1997; Hu et al., 1997). In the clus- 
ter, the PPh3 ligand is bonded to the B10 atom of o 
the cage. The bond lengths P 1 - - B 1 0  [1 .906(5)A],  
B 1 0 - - B l l  [1 .682(6)A]  and B 9 - - B 1 0  [1 .823(6)A]  
are similar to those in [(PhCOS)2NiB10H8(PPh3)] and 
[(PhCOS)3NiB10HT(PPh3)] (Dou, Hu, Sun et al., 1997; 
Dou, Hu, Yao et al., 1997). There is a bridging H atom 
between the B8 and B9 atoms. 

Experimental 

The synthesis of (I) was carried out by reaction of 
[NiC12(PPh3)2] (0.6mmol), [Et4N]2B~0HI0 (0.6mmol) and 
CH3COSH (1.2 mmol) in refluxing dichloromethane for 65 h 
under an atmosphere of dry nitrogen. The resulting solution 
was reduced in volume and chromatographed using dichloro- 
methane/light petroleum (4:1) as the eluting medium to give 
the dark-green compound at R I = 0.85. The product was re- 
crystallized from an n-hexane/dichloromethane solution. 

Crystal data 

[Ni(C24H31B 1003 PS3)] Mo Ka radiation 
Mr = 661.45 A = 0.71073 ~, 
Triclinic Cell parameters from 25 
P]- reflections 
a = 11.957(3)]k 0 = 10.0-13.7 ° 
b = 12.966 (3) A # - 0.837 mm-J 
c = 13.041 (3) t~, T = 294 (2) K 
a = 114.31 (2) ° Square prism 
/3 = 109.41 (2) ° 0.42 x 0.36 × 0.18 mm 
3' = 94.62 (2) ° Dark green 
V = 1681.3 (7) ,~3 
Z = 2  
Dx = 1.307 Mg m -3 
On not measured 

Data collection 
Enraf-Nonius CAD-4 3932 reflections with 

diffractometer I > 20"(/) 
~/20 s c a n s  Rim = 0.017 
Absorption correction: 0max ---- 25 ° 

scan (North et al., h = 0 ---, 14 
1968) k = -15  ~ 15 
Tmi, = 0.720, Tmax = 0.864 l = -15  ~ 14 

6229 measured reflections 3 standard reflections 
5915 independent reflections frequency: 60 min 

intensity decay: 0.1% 

Refinement 

Refinement on F 2 
R[F 2 > 20.(F2)] = 0.045 
wR(F 2) = 0.149 
S = 1.047 
5915 reflections 
407 parameters 
H atoms treated by a 

mixture of independent 
and constrained refinement 

w = 1/[0.2(Fo 2) + (0.0847P) 2 
+ 1.5226P] 

where P = (Fo 2 + 2F,?)/3 
(A/0.)max = 0.001 
Apm~ = 0.894 e ~-3 
A p m i n  = -0.707 e ,~-3 
Scattering factors from 
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Table 1. Selected geometric parameters (~i, o) 
Ni7--B3 2.082 (4) $2----C2 1.665 (5) 
Ni7--B8 2.109 (4) $3----C3 1.676 (4) 
Ni7--BI 1 2.112 (4) PI--B10 1.906 (5) 
Ni7--B2 2.119 (5) O1--B3 1.480 (5) 
Ni7--S3 2.2469 (13) O2--B8 1.457 (5) 
Ni7--S2 2.3405 (13) O3--BI 1 1.492 (5) 
Ni7--S1 2.3766 (14) B9--B 10 1.823 (6) 
SI---CI 1.658 (4) BI0---BI I 1.682 (6) 

B3--Ni7--B8 50.29 (18) B8--Ni7--S2 75.25 (13) 
B3--Ni7--B 11 85.06(17) B 11--Ni7--S2 117.41 (12) 
B8--Ni7--B 11 88.79(17) B2--Ni7--S2 159.91 (13) 
B3--Ni7--B2 49.89 (18) $3--Ni7---$2 91.97 (5) 
B8--Ni7--B2 88.50 (18) B3--Ni7--S 1 82.27 (13) 
BI I--Ni7--B2 49.25 (17) B8--Ni7--SI 101.17 (13) 
B3--Ni7----S3 146.36(14) B11--Ni7--SI 152.86(12) 
B8--Ni7--S3 159.62 (13) B2--Ni7--SI 105.30 (13) 
B 11--Ni7--S3 83.04 (12) S3--Ni7---S I 94.45 (5) 
B2--Ni7--S3 100.01 (13) S2--Ni7---SI 89.63 (5) 
B3--Ni7----S2 121.35 (14) 

The cage H atoms were located using Fourier methods and 
refined isotropically. H atoms on phenyl and CH3 groups were 
included at riding positions, with C--H distances and U(H) 
fixed at 0.93 A/1.2Ueq(C) and 0.96 ,~dl.5Ueq(C), respectively. 

Data collection: CAD-4 Manual (Enraf-Nonius, 1988). 
Cell refinement: CAD-4 Manual. Data reduction: SDP- 
Plus (Frenz, 1985). Program(s) used to solve structure: 
SHELXS97 (Sheldrick, 1990). Program(s) used to refine 
structure: SHELXL97 (Sheldrick, 1997). Molecular graphics: 
ZORTEP (Zsolnai & Huttner, 1994). Software used to prepare 
material for publication: SHELXL97. 
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chromophore. An intramolecular hydrogen bond exists 
between the hydroxyl group and the carbonyl O atom 
of the carboxylate group [O-..O 2.581 (3) ,4,]. 

Comment 
The number of reports on monomeric copper(H) com- 
plexes containing carboxylate and basic ligands is quite 
limited. It has been found that by increasing the acidity 
of the alkylcarboxylate ligands or by increasing the ba- 
sicity of the basic ligands, the tendency towards forma- 
tion of monomeric complexes increases (Melnik, 1981; 
Ahmed & Abuhijleh, 1982; Uruska et al., 1990). Com- 
plexes of copper(II) with carboxylate and imidazole lig- 
ands have been studied as models for copper proteins 
containing both functionalities in the side chain (Sigel, 
1980; Bernarducci et al., 1983). Some of these cop- 
per(II) complexes have been found to possess a vari- 
ety of pharmacological activities (Tamura et al., 1987; 
Bhirud & ~rivastava, 1990). 

The crystal structure of the title complex, (I), con- 
sists of monomeric units in which the copper(H) ion 
assumes a centrosymmetric distorted octahedral geom- 
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