
Refinement 

Refinement on F2 
R[F~ > 2a(~ ' ) ]  = 0.030 
WR(F~) = 0.079 
S = 1.121 
3077 reflections 
239 parameters 
H-atom parameters 

constrained 
w = ll[a2(F:) + (0.0452~)~ 

+ 0.3435Pl 
where P = (F: + 2~:)/3 

(A/a),, = 0.038 

~ p , ,  = 0.439 e A;) 
Apmin = -0.5 18 e A-) 
Extinction correction: 

SHELXL97 (Sheldrick, 
1997a) 

Extinction coefficient: 
0.0948 (9) 

Scattering factors from 
International Tables for 
Crystallography (Vol. C )  

Absolute structure: 
Hack (1983) 

Flack parameter = -0.03 (3) 

Table 1. Selected geometric parameters (A, ") 

Symmetry code: (i) 1 + x, y, z. 

Sbl-CW 
Sb 1 - 4 1 . 5  
Sbl . . .CIS' 

C12-Sb 1 4 1 4  
CI2-SbI415 
C I 3 S b  1-414  
C13-Sb 1-415 
C14--Sb 1 x 1 5  

Table 2. Hydrogen-bonding geometry (A, ") 

Data collection: Kuma Diffraction Sofhvare (Kuma, 1996). 
Cell refinement: Kuma Diffraction SofnYare. Data reduction: 
Kuma DIfSraction Soware. Program(s) used to solve structure: 
SHELXS97 (Sheldnck, 1997b). Program(s) used to refine 
structure: SHELXL97 (Sheldrick, 1997a). Molecular graphics: 
SHELXTL (Sheldrick, 1990). Software used to prepare material 
for publication: SHEWIL97. 

This work was financially supported by KBN under 
project No. 3T09A 104 17. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: KA 1330). Services for accessing these 
data are described at the back of the journal. 
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Abstract 
The title complex, [k(CloH15)(C4~N202)(C18H15P)]~- 
CHC13, displays a 'piano-stool'-type configuration of 
ligands, with the Ir atom in an Ir-NR--C(O)-NR' 
ring system. This is the first structure determination of 
a coordinatively saturated iridaureylene complex. 

Comment 
Ureylene complexes containing the M-NR--C(O)- 
NR' four-membered ring system with a coordinated 
urea dianion are known for the majority of tran- 
sition metals (Dinger & Henderson, 1998a; Braun- 
stein & Nobel, 1989; Cenini & La Monica, 1976). 
A variety of synthetic routes have been described for 
the preparation of such complexes (Dinger & Hen- 
derson, 1998a) and we have recently been investi- 
gating the use of silver(1) oxide as a reagent for 
the synthesis of transition metal ureylene complexes 
(Dinger & Henderson, 1998a,b; Dinger et al., 1996, 
1998). As part of these studies, the iridium(III) ureylene 
complex [Cp*Ir{NAcC(0)NAc)(PPh3)] (Cp* is penta- 
methylcyclopentadienyl), derived from N,N'-diacetyl- 
urea, was reported (Dinger et al., 1998). We now 
report the crystal structure of the analogous iridium(III) 
complex derived from N-acetyl-N'-methylurea, [Cp*Lr- 
{NAcC(0)NMe)(PPh3)]CHC13, (I); the platinum com- 
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plex derived from this urea has been reported previously 
(Dinger et al., 1996). 

Only one crystal structure of a rhodium or iridium 
ureylene complex has been described to date, that of 
the coordinatively unsaturated [ C ~ * I ~ { N ( ~ , ~ - ' P ~ ~ C ~ H ~ ) -  
C(O)N(2,4,6-Me3C6H2))] (Danopoulos et al., 1996). 
The accuracy of this structure was rather low. 

The title complex (Fig. 1) shows the expected pseudo- 
six-coordinate structure, with the Cp* ligand occupying 
three coordination sites on the iridium centre, which 
forms part of a four-membered ureylenering. The Ir- 
N bond lengths [2.079 (3) and 2.092 (3) A] are the same 
within experimental error, though the. Ir-N2 bond is 
tentatively shorter, as might be expected due to strength- 
ening of the Ir-N bond by the electronegative acetyl 
substituent. Both are rather longer than the Ir-N bond 
lengths in the complex [ c ~ * I ~ { N ( ~ , ~ - ~ P ~ $ ~ H ~ ) c ( o ) N -  
(2,4,6-Me3C6H2))] [ I  .92 (2) and 2.03 (2) A; Danopoulos 
et al., 19961, presumably due to the coordinatively un- 
saturated nature of this complex. The ur~ylene C1-01 
bond of the title complex [1.250(5) A] is consider- 
ably longer than in [~p*Ir{~(2,6-'~r~C~~~)c(O)N(2,4,6- 
Me3C6H2)}] [I. 18 (2) A], but is comparable with the 
acetyl C3--02 bond length [1.236 (5) A]. The two N- 
C bond lengths in the idacycle are unequal in length 
[Nl--Cl 1.348 (5) and N2--C 1 1.41 3 (5) A], the dif- 

Fig. 1 .  The molecular structure of the title compound showing 50% 
probability displacement ellipsoids. The chloroform of crystalliza- 
tion and the H atoms have been omitted for clarity. 

ference presumably arising from the differing electro- 
negativities of the two nitrogen substituents (acetyl 
versus methyl) on the ring system. The acetyl sub- 
stituent lies approximately in the plane of the metalla- 
cycle, with the Cl-N2--C3--C4 torsion angle being 
8.9(7)". The Cp* ligand appears to be reasonably 
symmetrically bonded, with Ir--C bond lengths in 
the range z.210 (3)-2.223 (4) A. The Ir-P distance of 
2.3001 (9) A is normal for an iridium to phosphine bond. 

Experimental 

The title complex was prepared by the reaction of 
[Cp*lrC12(PPh3)] (Booth et al., 1969) with N-acetyl-N'- 
methylurea and excess silver(1) oxide in refluxing dichloro- 
methane, under a nitrogen atmosphere, following a method 
described previously for this type of complex (Dinger et al., 
1996, 1998). The silver salts were removed by filtration and 
the filtrate evaporated to dryness to give the crude prod- 
uct. Yellow crystals of the title complex as a CHC13 sol- 
vate were grown by slow evaporation from a chloroform- 
diethyl ether solution. Electrospray MS (positive-ion mode, 1: 1 
MeCNM20, cone voltage 20 V): mlz 705 [M + HI' (100%). 

Crystal data 

[ L ~ ( C I O H I ~ ) ( C ~ H ~ N ~ O ~ ) -  
(CI~HI~P)I .CHCI~ 

M, = 823.17 
Monoclinic 
P ~ I  / n  
a = 12.5471 (2) 4 
b = 17.0445 (1) 4 
c = 16.7432 (3) A 
/3 = 111.060 (1)" 
V = 3341.5 1 (8) A3 
2 = 4  
D, = 1.636 Mg m-) 
Dm not measured 

Data collection 
Siemens SMART CCD 

diffractometer 
Multi-scan 
Absorption correction: 

empirical (Blessing, 1995) 
Tmln = 0.284, Tmm = 0.626 

19 3 10 measured reflections 
7308 independent reflections 

Refinement 

Refinement on F2 
R[F2 > 2g(F2)] = 0.028 
WR(F~) = 0.066 
S = 1.067 
7308 reflections 
386 parameters 
H atoms constrained 
w = l l [ a 2 ( ~ : )  + ( 0 . 0 2 1 5 ~ ) ~  

+ 5.8390Pl 
where P = (F: + 2Fc2)13 

Mo Kor radiatdon 
A = 0.71073 A 
Cell parameters from 691 5 

reflections 
0 = 1.76-27.43' 
p = 4.316 mm-I 
T = 203 (2) K 
Tablet 
0.39 x 0.36 x 0.12 mm 
Yellow 

6 154 reflections with 
I > 2u(O 

Rl,, = 0.028 
Om, = 27.43" 
h = -15 -+ 14 
k =  0 + 22 
l = 0 + 2 1  
Intensity decay: none 

(A/o),, = 0.0330 
Ap,, = 1.548 e A;) 
Apmi" = - 1.039 e A - ~  
Extinction correction: none 
Scattering factors from 

International Tables for 
Crystallography (Vol. C) 



Table 1. Selected geometric parameters and hydrogen- 
bonding geometry (A, ') 

&He. .A D--H H. . .A D. . .A D-H . -A 
C50--H50A- . - 0 1  0.99 2.01 2.958 (6) 159 

A single molecule of chloroform of crystallization was lo- 
cated from residual electron-density maps and was refined 
anisotropically. A reasonable hydrogen bond exists betwe~n 
the chloroform carbon (C50) and the 001 atom [2.958 (6) A]. 
The maximum residual peak lies 1.37 A from C45 and the 
minimurn peak lies 0.89 A from the Ir atom. 

Data collection: SMART (Siemens, 1994a). Cell refine- 
ment: SAINT (Siemens, 1994~) .  Data reduction: SAINT. 
Prograrn(s) used to solve structure: SHELXS97 (Sheldrick, 
1997a). Program(s) used to refine structure: SHELXL97 
(Sheldrick, 1997b). Molecular graphics: SHELXTL (Siemens, 
19943). Software used to prepare material for publication: 
SHEWLL97. 

We thank the Universities of Waikato and Auckland, 
together with the New Zealand Lottery Grants Board, 
for financial support of this work. 

Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: TA 1247). Sew ices for accessing these 
data are described at the back of the journal. 
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nickel(II) dihydrate and triaqua(1,lO-phen- 
anthroline-N, N1)(thiosulfatoS)nickel(II) 
monohydrate 
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Abstract 
In the title compounds, [Ni(S203)(C10H8N2)(H20)3]-- 
2H20 and [Ni(S203)(C12H8N2)(Hfl)3]-H20, the ~ i "  
ion displays a distorted octahedral coordination provided 
by the two N atoms of the organic ligand, one S atom 
from the tliosulfate anion and three water molecules. 
The bipyridme complex has two independent moieties 
in the asymmetric unit related by a non-crystallographic 
pseudosymmetry center. The thiosulfate anions are quite 
regular, in contrast with other similar sulfur-coordinated 
thiosulfates in the literature. 

Comment 
The thiosulfate group has been shown to be a most 
versatile ligand, able to coordinate in many different 
ways, depending both on the characteristics of the 
cations involved as well as on the environmental 
conditions. Thus, among the ca 50 structures containing 
the anion which are included in the October 1998 
version of the Cambridge Structural Database (CSD; 
Allen & Kennard, 1993), there are examples where 
the thiosulfate binds in a mono-, bi- or even tridentate 
fashion, both in monomeric species as well as in one-, 
two- or three-dimensional polymers. At the same time, 
nickel(I1) appears to be a rather interesting metal center 
for thiosulfate complexing because, as a borderline acid 
ion in the Pearson classification scheme (Pearson, 19731, 
it would not be expected to exhibit a preference for 
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