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C - - O - - B  ring. Of the two PPh3 ligands, one is bound 
to the Pt atom and the other to a B atom. 

Comment 
We have developed an interest in exopolyhedral cycli- 
zation of metal ligands to clusters, especially sulfur- 
containing ligands. Beckett et al. (1985) reported an 
exopolyhedral heterocyclic platinaundecaborane [#-2,7- 
(SCSNEt2) -7- (PMe2Ph)-n ido-7-PtBioHl l  ] via a ligand- 
exchange-type process from the reaction of [7,7- 
(PMe2Ph)2-nido-7-PtB 10Hi 2] with [AuBr2(SCSNEt2)]. 
The reactions of CS2 with metallated boron-containing 
cluster compounds result in a series of exopolyhedral 
cyclic compounds containing five-membered M - - S - -  
C - - S - - B  rings; metals include Rh (Ferguson et al., 
1990), Re and Os (Coldicott, 1994), and Ir (Coldicott, 
1994; Coldicott et al., 1996). We have developed a 
further type of exopolyhedral cyclization process re- 
sulting in a five-membered M - - S - - C - - O - - B  ring on 
the eleven-vertex metallaborane; this occurs via a di- 
rect process from the reaction of MC12(PPh3)2 (M = 
Ni, Pt) or MC12(PPh3)3 (M = Ru) and (NEt4)2Bl0Hi0 
with PhCOSH in dichloromethane solution (Dou, Hu, 
Yao et al., 1997; Dou, Hu, Sun et al., 1997; Hu et al., 
1997, 1998; Yao et al., 1998). We report here another 
example of thiobenzoate linkage, a platinaundecaborane, 
(I), [(PPh3)(PhCOS)PtB 10Hg(PPh3)]. 1.5CHC13. 
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Abstract 
The title platinaundecaborane species, 7,11-(#-thio- 
benzoato-S: O)-7,10-bis(triphenylphosphine-P)- 8:9-/zH- 
7-p la t ina-n ido-undecaborane-ch loro form (1/1.5), has a 
nido- type  {PtBlo} cage with a five-membered P t - - S - -  

Ph 

Ph3P- ~1.S~I~.  _ /PPh 3 

B 
(l) 

.1.5CHCI 3 

The cluster has a nido-e leven-ver tex  {PtBl0} poly- 
hedral skeleton and has a five-membered P t - - S - - C - -  
O--B ring of exopolyhedral cyclization via one thio- 
benzoate. Its structure is shown in Fig. 1. The Pt atom 
is bound to the S atom of thiobenzoate, the P atom of the 
PPh3 ligand and four B atoms of the {PtBl0} cage. The 
Pt - -P  and Pt--S bond lengths are similar to those in 
previous reports (Beckett et al., 1985; Hu et al., ]998). 
The Pt--B bond lengths [2.187 (12)-2.256 (10) A] are 
significantly shorter than the corresponding distances in 
non-cyclized platinaundecaboranes [2.214 (5)-2.301 (6) 
(Boocock et al., 1981) and 2.206 (12)-2.342 (13) A 
(Crook et al., 1984)]. This could be due to the formation 
of the five-membered P t - - S - - C - - O - - B  ring. This ring 
is only approximately planar (r.m.s. deviation 0.0577 A). 
Cyclization occurs on the B11 atom of the open PtB4 
face, which is similar to our previous report (Hu et al., 
1998), but on the B2 atom in the work of Beckett et al. 
(1985). In the cluster, a PPh3 ligand connects with the 
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B10 a tom of  the  cage  [ P 1 - - B 1 0  1.921 (12),~,]. The  dis- 
tances  B 1 0 - - - B l l  1.659 (15) and B 1 0 - - B 9  1.848 (15) ,~, 
are shor ter  than the c o r r e s p o n d i n g  B - - B  dis tances  in 
the l i tera ture  ( B o o c o c k  et al., 1981; C r o o k  et al., 1984; 
Becke t t  et al., 1985; H u  et al., 1998); this is due  to the 
PPh3 l igand  act ing as a two-e l ec t ron  donor ,  thus e l imi-  
na t ing  the need  for  the b r idg ing  H a tom,  w h i c h  thereby  
increases  the two-cen t r e  con t r ibu t ion  to the B 1 0 - - B  11 
b o n d i n g  vec to r  (Dou,  Hu,  Yao et al., 1997; Dou ,  Hu,  
Sun  et al., 1997). 

C43 C44 C34 
C4 C5 : :  - "  

C42 ~ C45 : ~ C 3  k , ~ 7  

C63 C62 C41 ~ - ~  C2~6~e~ ~ Cl3 
S1 C31 

CS4 ~C~5 C56 B3 C22"~"~ 
B5 C}3 

BI 
Fig. I. The structure of the title compound showing 30% probability 

displacement ellipsoids. H atoms and the chloroform solvent have 
been omitted for clarity. 

C43H44BIoOP2PtS. 1.5CHC13 

Data collection 
Rigaku AFC-7R diffractom- 

eter 
,~ scans 
Absorption correction: 

O scan (North et al., 
1968) 
Train = 0.438, Tmax = 0.549 

5203 measured reflections 
5203 independent reflections 

Refinement 

Refinement on F 2 
R[F 2 > 2o.(F2)] = 0.037 
wR(F 2) = 0.104 
S = 1.070 
5203 reflections 
583 parameters 
H atoms: see below 
w= l/[o.2(F,~) + (0.0745P) 2] 

where P = (Fo 2 + 2F,?)/3 
(A/o.)m~x = 0.028 

Experimental 

The synthesis of the title platinaundecaborane was carried 
out by reaction of [PtC12(PPh3)2] (0.316g, 0 .4mmol)  and 
(NEt4)2BioHl0 (0.512 g, 0.4 mmol) with PhCOSH (0.112 g, 
0 .8mmol)  in refluxing dichloromethane (75 ml) for l 12h  
under an atmosphere of dry nitrogen. The initially colourless 
solution turned orange-yellow and a precipitate appeared. 
After filtration, the bright yellow solution was reduced in 
volume and chromatographed using dichloromethane/light 
petroleum (b.p. 333-363 K) (4:1) as the eluting medium 
to give the title compound at R: = 0.57. The product 
was recrystallized from n-pentane/chloroform (3:1) by liquid 
diffusion. 

Crystal data 

C43I-'I44B wOP2PtS.- Mo Ka  radiation 
1.5CHC13 A = 0.71069 ,~, 

Mr = 1153.0 Cell parameters from 21 
Monoclinic reflections 
Cc 0 = 9.1-10.7 ° 
a = 28.851 (5) ,~, # = 2.995 tom-  
b = 11.615 (2) ~, T =  293 (2) K 
c = 19.992 (4) A Square prism 
/3 = 127.42(1) ° 0.30 x 0.20 x 0.20 mm 
V = 5320.7 (17) ,~3 Red 
Z = 4  
Dx = 1.439 Mg m -3 
Dm not measured 

4606 reflections with 
1 > 2o-(/) 

0m~ = 27.49 ° 
h = 0 - - ,  34 
k = 0 ---, 15 
I = - 2 4  ~ 20 
3 standard reflections 

every 200 reflections 
intensity decay: 0.7% 

g~pmax = 1.576 e]k -3 
(1 A from Pt) 

g~pmin = -0 .923  e .~-3 
Extinction correction: none 
Scattering factors from 
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Absolute structure: 
Flack (1983) 

Flack parameter = 
-0 .010  (9) 

Table  1. Selected geometric parameters  (,4, o) 
Pt7--B3 2.187(12) F't7--SI 2.359(3) 
Pt7--Bl I 2.204(11) PI--BIO 1.921 (12) 
Pt7--B8 2.208(10) SI---C1 1.699(11) 
Pt7--B2 2.256 (10) OI---C1 1.267 (12) 
Pt7--P2 2.328(2) O1--Bll 1.504(12) 
B3--Pt7--B I 1 83.7 (4) B8--Pt7--P2 89.5 (3) 
B3--Pt7--B8 47.9 (4) B2--Pt7--P2 150.1 (4) 
BI I--Pt7--B8 90.3 (4) B3--Pt7--S1 155.1 (3) 
B3--Pt7--B2 48.8(5) BII--Pt7--S1 81.2(3) 
B11--Pt7--B2 47.1 (4) B8--Pt7--S1 151.2 (3) 
B8--Pt7--B2 86.0(4) B2--Pt7--SI 107.1 (3) 
B3--Pt7--P2 108.8 (3) P2--Pt7--S 1 90.66 (9) 
BI 1--Pt7--P2 162.6 (3) 

A half occupancy of one CHC13 molecule gave the most 
satisfactory agreement factors and displacement parameters: 
these atoms were refined isotropically. H atoms were refined 
with a riding model, except for free refinement of those on 
B8 and B9. The bridging H atom between B8 and B9 was not 
located. 

Data collection: MSC/AFC Diffractometer Control Sofm'are 
(Molecular Structure Corporation, 1994a). Cell refinement: 
MSC/AFC Diffractometer Control Software. Data reduction: 
TEXSAN PROCESS (Molecular Structure Corporation, 1994b). 
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 publica- 
tion: SHELXL97. 
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the axial Cu--C1 distance [2.505 (1)A] is elongated 
compared with the basal Cu---CI distance [2.400 (1),~]. 
In the basal plane, Cu--N(tertiary) [2.138(3),A,] is 
considerably longer than Cu--N(primary) [1.985 (4),~ 
mean], presumably reflecting the reduced basicity of the 
ligand atom. 

Comment 
The title compound, (1), was synthesized during 
our mechanistic studies of metal template reac- 
tions involving 2,6-diacetylpyridine and 3'-diamino- 
N-methyldipropylamine. The experimental conditions 
normally used for the synthesis of metal complexes 
of 2,7, 12-trimethyl-3,7,11,17-tetraazabicyclo[11.3.1]- 
heptadeca- 1 ( 17),2,11,13,15-pentaene, (2), and analogous 
macrocyclic ligands suggest that such reactions are true 
template reactions involving substrates that are both co- 
ordinated to the metal ion concerned. This is supported 
by the failure of such reactions when the metal ion is 
present as its hydroxide, i.e. it is not coordinated by the 
triamine (Prince et al., 1974). The title compound, (1), 
was isolated at an early stage in the preparation of the 
copper complex of (2). This further indicates that com- 
plexation of the metal by the triamine is required prior 
to forming the Schiff base linkages that complete the 
macrocycle. 

CI CI 

Me 
(1) 
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[N-(3-Aminopropyl)-N-methyl-l,3-propane- 
diamine-e~3N]dichlorocopper(II) 
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Abstract 
The preparation and crystal structure of the title com- 
plex, [CuC12(CvHIgN3)], are described. The Cu u ion has 
distorted tetragonal pyramidal geometry, with CI axial; 

© 1998 International Union of Crystallography 
Printed in Great Britain - all rights reserved 

Typical template syntheses of complexes of the 
tetradentate macrocycle (2) involve refluxing a metal 
salt with stoichiometric equivalents of the dicarbonyl 
and triamine for several hours in mixtures of ethanol 
and water (Karn & Busch, 1966; Caira et al., 1975; 
Nelson et al., 1981). The title compound was formed as 
the initial product of this reaction and the structure was 
determined to confirm its identity. Most of the structures 
already examined that share the CuN3CI2 ligand set 
(from the Cambridge Structural Database; Allen & Ken- 
nard, 1993) are simple tris(monodentate ligand) com- 
plexes; all except one have trigonal bipyramidal geom- 
etry, with the bulkier C1 groups occupying the equato- 
rial positions as expected [e.g. dichlorotris(1,2-dimethyl- 
imidazole)copper; Huq & Skapski, 1971]. One exam- 
ple only, dichlorotris(4-methylthiazole)copper (Cu4MT) 
(Marsh et al., 1988), has tetragonal pyramidal geometry, 
a difference attributed to the bulk of the thiazole ligand. 

This geometry is also shown by the title compound 
(Fig. 1); it is probably preferred because the rigidity 
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