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Abstract 

The reaction of Ru(CO),(C,H,) or Ru(CO), with 1,5-Ph,P,N& in 
CH,Cl, /hexane at 23°C produces the dimer [Ru(CO),(Ph, 
PzN,Sz112 (21, which was shown by X-ray crystallography to have a 
centrosymmetric structure in which the P,N,S, ring is attached to 
one ruthenium atom through two (geminal) nitrogen atoms and the 
remote sulfur atom and serves as a bridge to the other ruthenium 
atom via the second sulfur atom. Crystals of 2.2(CH,Cl,) are 
triclinic, space group Pi (No. 21, a = 12.901(l) A, b = 13.0720) A, 
c=10.123(1) A, (~=100.88W, p=98.90(1)“, y=67.50(1)0, t’= 
1542.4(3) A3, Z = 1 with final R and R, values of 0.040 and 0.027, 
respectively. 
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Although nitrogen-containing inorganic heterocycles 
are potentially versatile ligands for metal carbonyls, 
very few such complexes have been structurally charac- 
terized. A classic example is the half-sandwich r-corn- 
plex (~6-Et,B,N,)Cr(CO), [ll. The compound 
(Me,P,N,)Mo(CO), has been isolated, but the mode 
of attachment of the eight-membered ring to the metal 
is unclear [2]. The formation of explosive, insoluble 
compounds of unknown structure such as (S,N,I 
Mo(C0) [3], (S,N,)Fe(CO) [41 and S,N,Co,(CO) [4] 
from reactions of S,N, with metal carbonyls was re- 
ported more than 20 years ago. Subsequently, Herber- 
hold et al. showed that nitrosylation of the latter com- 
plex yields Co(NO),(S,N) containing an almost planar 
CGSSNS ring [5]. 
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Our recent investigations of the ligand behavior of 
1, a hybrid of S,N, and Ph,P,N,, have shown that the 
P,N,S, ring is invariably retained in metal complexes 
161. As part of a study of the generality of the displace- 
ment of an $-alkene in metal complexes by the biden- 
tate (q2-S, S’) P,N,S, ligand [6al, we report here that 
the reaction between 1 and Ru(CO),(C,H,) produces 
[Ru(CO),(Ph,P,N,S,)I, (2), the first metal carbonyl 
derivative of this inorganic heterocycle. 

The reaction between 1 and Ru(CO),(C,H,) in 
dichloromethane/ hexane at room temperature pro- 
duces a yellow solution from which complex 2 was 
isolated in 54% yield 171. The same product was ob- 
tained in 11% yield from 1 and Ru(CO), under similar 
conditions. 

The analytical data for 2 indicate that the hetero- 
cyclic ligand has displaced ethylene and two CO li- 
gands (or three CO ligands in the case of Ru(CO),). 
The FAB mass spectrum reveals a dimeric molecule as 
the parent ion and the sequential loss of four CO 
ligands. The 31P NMR spectrum of 2 shows a singlet at 
63.9 ppm suggesting that the P,N,S, ring is bonded 
symmetrically to the ruthenium centres and that the 
transannular S-S interaction in 1 has been disrupted 
[6c]. The i3C NMR spectrum of 2 shows a singlet at 
193.7 ppm (in addition to the C,H, resonances) 
demonstrating that all four CO ligands are in equiva- 
lent environments. Finally, the IR spectrum of 2 ex- 
hibits two bands in the CO stretching region 2040 and 
1986 cm- ’ consistent with a ci.r arrangement for each 
pair of CO ligands on Ru” centres. The reaction of 1 
with Fe(CO), in the presence of Me,NO in THF at 
23°C yields a complex with S(31P) = 66 ppm, possibly 
[Fe(CO),Ph,P,N,S,],, which could not be isolated as 
a pure compound. 

In order to determine the mode of attachment of 
the P,N,S, ring to the Ru(CO), groups, an X-ray 
crystallographic study of 2 * 2(CH,CI,) was carried out 
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Fig. 1. ORTEP diagram (50% probability ellipsoids) for 2. For clarity 
only the a-carbon atoms of C,Hs groups attached to phosphorus are 
shown; selected bond lengths (& and angles (“): Ru(l)-S(1) 2.43#2), 
RUG)-S(2)* 2.397(2), Ru(l)-N(l) 2.153(4), RUG)-N(4) 2.151(4), 
RUG)-C(1) 1.884(6), Ru(l)-c(2) 1.880(6), N(l)-RUG)-N(4) 72.4(l), 
C(l)-RUG&C(~) 90.1(2), S(l)-R&)-S(2)* 172.96f5). Asterisks indi- 
cate symmetry-related atoms. 

[lo]. As indicated in Fig. 1, the molecule is a cen- 
trosymmetric dimer. The heterocyclic ring exhibits an 
unprecedented tetradentate bonding mode [6] in which 
it is attached to one ruthenium through two (geminal) 
nitrogens and the remote sulfur atom and serves as a 
bridge to the other ruthenium via the second sulfur 
atom. As a result the P,N,S, ring adopts a chair 
conformation. The geometry about ruthenium is dis- 
torted octahedral with the largest distortion being 
N(l)-Ru(l)-N(4) = 72.40)“. The reasons for this small 
chelate bite angle are not obvious, but it results in a 
significantly smaller endocyclic NSN bond angle at S(2) 
(96.4(2)? compared to that at S(1) (107.5(2)“). The 
Ru-N distances are essentially equal at 2.151(4) and 
2.153(4) A and these values are typical for Run-N 
bonds Ill]. The S(l)-Ru(l)-S(2)* arrangement is al- 
most linear (172.96(6)“) and the Ru-S distances are 
normal for ruthenium(U) [ll] with that involving the 
bridging sulfur atom S(2) being shorter than Ru(l)-S(1) 
(2.434(4) A). The Ru-Ru distance is 3.94 A. 

In summary, the preparation and structural charac- 
terization of 2 demonstrates that the hybrid ring system 
1 is a robust and potentially versatile ligand for metal 
carbonyls. 

Supplementary material available. Tables listing 
atomic coordinates and thermal parameters for non- 
hydrogen atoms, bond distances, bond angles, 
anisotropic thermal parameters, and parameters for H 
atoms have been deposited with the Cambridge Crys- 
tallographic Data Centre. 
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