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The five-coordinate chloro(hydrido)- and hydrido(iod0)ruthe- 
nium(I1) and -osmium(II) compounds [MHX(CO)(PiPr&] (1, 
2, 6, 7) react with CS2 to give the octahedral dithioformato 
complexes [MC1(CO)(PiPr3),(q2-S2CH)] (3, 4, 8, 9) in excel- 
lent yields. In the initial step, an addition of the heteroallene 
to the metal center occurs which is followed by insertion of 
CS2 into the M-H bond. On treatment of the dichlororuthe- 
nium(I1) derivative [RUC~~(CO)(P~P~ , )~ ]  ( l O ) ,  which is pre- 
pared from RuC13 . aq and PiPr3 in methanol, with carbon 
disulfide insertion into one of the Ru-PiPq bonds takes place 
to give the six-coordinate ruthenium(I1) complex 12 with the 

zwitterion -S2CPiPr,f as a chelating ligand. While the reac- 
tion of [OsH(SPh)(CO)(PiPr,),] (13) with MeSCN leads to ad- 
dition of the thionitrile to the metal center, the starting mate- 
rial reacts with MeNCS by insertion of the heteroallene into 
the 0s-SPh bond to give two stereoisomers 15a, b, in which 
the nitrogen atom of the chelate ring is either cis or t ram to 
the hydrido ligand. The octahedral methoxydithiocarbonato- 
and formatoosmium(I1) compounds 16 and 17 are prepared 
from 2 and CS2 or CO, in the presence of NaOMe. The cry- 
stal and molecular structures of 4 (M = OS), 12 and 15a have 
been determined. 

We have recently shown that the coordinatively unsatu- 
rated chloro(hydrido)ruthenium(II) and -osmium(II) com- 
pounds [MHCl(CO)(PiPr3)2] (1, 2) react with small mol- 
ecules L such as H2, 02, CO, CNR and CH2=CHX to form 
octahedral complexes [MHCl(CO)(PiPr3)2L] in which the 
new ligand L occupies the free coordination site[',2]. If the 
starting materials 1, 2 are transformed into the correspond- 
ing hydrido(pheno1ato)- and hydrido(thiopheno1ato)metal 
derivatives [ M H ( E C ~ X , ) ( C ~ ) ( P Z ~ ~ ~ ) ~ ]  (E = 0, S; X = H, F), 
we have observed that these compounds on treatment with 
CS2 undergo insertion reactions to yield the chelate com- 
plexes [MH(T~*-S~COC~X~)(CO)(P~P~~)~]  and [MH(q2- 
s2csc6x,)(cO)(PiPr~)2], respecti~ely[~]. Since terminal al- 
kynes insert into the M-H bond of l and 2I4l, we were inter- 
ested to know whether a similar process could occur with 
heteroallenes such as CS2, SCNR, OCNR and even with 
COz. In this paper we describe the synthesis of dithioform- 
ato-, dithiocarbamato-, dithiocarbonato-, and formatoru- 
thenium and -osmium compounds which are all formed by 
heteroallene insertion. We furthermore report that in the ab- 
sence of a hydrido or thiophenolato ligand, a five-coordinate 
d6 metal complex of general composition [MX2(CO)(PR&] 
can equally undergo a CS2 insertion, in this case however, 
not into the M-X but into one of the M-PR3 bonds. 

Results 
Insertion of CS2 into Ru-H and OS-H Bonds 

The chloro(hydrid0) complexes 1 and 2 react with an ex- 
cess of CS2 in dichloromethane at room temperature to give 

the insertion products 3 and 4 (Scheme 1) in almost quanti- 
tative yields. Both compounds are red air-stable solids 
which with the exception of pentane and hexane are readily 
soluble in all common organic solvents. The presence of a 
dithioformate ligand is illustrated by the appearance of a 
triplet in the 13C-NMR spectrum at 6 = 226.9 (3) and 221.1 
(4) for the S2CH carbon atom and by a low-field 'H-NMR 
signal at 6 = 10.5 (3) and 12.1 (4) for the S2CH proton 
which due to a long-range P-H coupling is also split into 
a triplet. With regard to the mechanism of formation of 
compounds 3 and 4, it is in general conceivable that initially 
a coordination of the heteroallene to the metal center oc- 
curs which is followed by the insertion (or hydride mi- 
gration) step. At least for M = OS, this proposal has been 
substantiated by the isolation of the 1 : 1 adduct 5 which is 
obtained in the reaction of 2 with CS2 if instead of CH2Cl2 
acetone is used as the solvent. The 'H-NMR spectrum of 
the yellow solid displays a triplet at 6 = -2.85 for the OsH 
proton, the position of which is indicative of the coordi- 
nation of a strong n-acceptor ligand tram to the hydrido 
ligand. Although due to the facile rearrangement of 5 to 4 
a I3C-NMR spectrum of the pure adduct 5 could not be 
recorded, the single 31P-NMR resonance signal confirms 
that the two phosphane ligands are equivalent. 

The hydrido(iodo)ruthenium(II) and -osmium(II) deriva- 
tives 6 and 7, which are prepared from 1 and 2 by meta- 
thetical exchange with LiI, behave similarly and also react 
quite smoothly with CS2 to yield the dithioformato com- 
plexes 8 and 9. In this case, however, we failed to isolate an 
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M-CS2 adduct which suggests that the addition (and not 
the insertion) is the rate-determining step. We know already 
from our previous work on the reactivity of phosphanepal- 
ladium compounds toward CS2 and CSe2 that the type of 
anionic ligands sometimes significantly influences the rate 
of the heteroallene insertionr5]. In addition, Caulton et al. 
have reported more recently that the group X of the com- 
plexes [RUHX(CO)(PM~~BU~)~] has a profound influence 
on the reactivity toward D2, MeC=CMe and PhC=CHr6]. 
In this case the hydrido(iod0) compound is more reactive 
than the chloro(hydrid0) derivative which on the basis of ab 
initio SCF calculations is explained by the more favorable 
opening of the H-Ru-I compared with the H-Ru-Cl an- 
glers]. We finally note that the spectroscopic data of 3, 4 on 
one hand and of 8 ,9  on the other hand show only marginal 
differences and thus the arrangement of the ligands around 
the metal center should be the same. 

An Unexpected Insertion Reaction: Preparation and Molecular 

Structure of [RuClz(CO)(PiPr,)(q2-SzC~~r~)] (12) 

During attempts to optimize the synthesis of 1, we have 
found that if the phosphane is added dropwise to a suspen- 
sion of RuC13 . aq in methanol at 60°C instead of room 
temperature and the reaction mixture then heated for 24 h 
under reflux, a second minor product is formed besides the 
chloro(hydrido)ruthenium(II) derivative. Both the elemen- 
tal analysis and the spectroscopic data confirm that this is 
the formerly unknown dichloro complex 10 (Scheme 2). 
Since we know that [RuCI~(CO)(PC~,)~][~] as well as the 
related five-coordinate osmium compound [OsCl- 
(CH=CHPh)(CO)(PiPr,)2][4a1 possess a square-pyramidal 
geometry, we assume that 10 has an analogous configur- 
ation. 

On treatment with carbon monoxide, 10 reacts spon- 
taneously by filling the free coordination site to give the 
dicarbonyl complex 11 in more than 80% yield. The same 
compound is obtained quantitatively if a soIution of RUC& 

'I PiPr3 
P P r3 I /  

RuCI5.aq c 1 + CI-Ru-CO 
MeOH / 

1 0  iPr3P 

12 1 1  

1)CO 2 )P iP r3  I 
RuC13.aq 

. aq in 2-methoxyethanol is first stirred at 80°C under CO 
and then treated with triisopropylphosphane. The IR spec- 
trum of 11 which forms yellow air-stable crystals displays 
only one CO stretching band and the 31P-NMR spectrum 
equally only one resonance signal, and therefore an all, trans 
configuration of the octahedral molecule can be assumed. 

The reaction of 10 with CS2 in chloroform is much slower 
than that with CO and affords after two days at room tem- 
perature a dark crystalline product which is analyzed as 10 
. CS2. Both the 'H- and the 31P-NMR spectra reveal, how- 
ever, that the new compound 12 is not a l : l adduct like 11 
but instead a complex containing two distinctly different 
PiPr, units. The 13C-NMR spectrum displays in the low- 
field region besides the signal for the metal-bonded CO at 
6 = 195.75 a second doublet at 6 = 224.15 which can be 
assigned to the carbon atom of a zwitterionic 32CPiPr; 
ligandr81. Thus, the conclusion is that on treatment of 10 
with CS2 an insertion of the heteroallene into one of the 
Ru- PiPr3 bonds occurs. 

The structural proposal for 12 shown in Scheme 2 has 
been confirmed by an X-ray crystal-structure investigation. 
The SCHAKAL diagram (Figure 1) reveals that the ge- 
ometry around the ruthenium(I1) center is distorted octa- 
hedrally. The smallest corner-to-center-to-corner angle 
Sl-Ru-S2 is 71.4(1)" which is due to the unequal in- 
teratomic distances within the [Ru,Sl ,S2,C7] plane. The two 
Ru-S bond lengths are also significantly different [2.477( 1) 
and 2.349( 1) A] which we attribute to the different trans- 
directing influence of the trans-disposed phosphane and 
chlorine ligands. The C12-Ru-CS unit is almost linear 
[174.9(3)"] whereas the S1-Ru-P1 and even more so the 
S2-Ru-Cl1 axes are slightly bent. The Ru-Cl distances 
are in the expected rangerg] and the Ru-PI bond length is 
nearly identical with those in [RU(~~-S~CH)~(PP~,)~]~'~]. 

Addition and Insertion Reactions of the Thiophenolato Complex 13 

The thiophenolato complex 13 which is easily accessible 
from 2 and NaSPh not only reacts with CS2r3] but also with 
MeSCN and the isomer MeNCS (Scheme 3). Whereas with 
the thioisocyanate a simple addition occurs to give the six- 
coordinate hydridoosmium(I1) derivative 14, the heteroal- 
lene undergoes an insertion into the 0s-SPh but not, as in 
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Figure 1. Molecular structure of 12; selected bond lengths [A] and 
angles ["I: Ru-C11 2.423(1), Ru-C12 2.451(1), Ru-S1 2.477(1), 
Ru-S2 2.349(1), Ru-P12.355(1), S1-C7 1.667(4), S2-C7 1.670(4), 
P2-C7 1.815(4), P1-Cl 1.855(4), P1-C2 1.851(3), Pl-C3 1.861(4), 
P2-C4 1.826(4), P2-C5 1.819(4), P2-C6 1.823(3); Cll-Ru-CI2 
91 .O( l), C11- Ru- S 1 91.7( l), C11- Ru - S2 163.1( l), C11 -Ru-C8 
91.6(2), Cll-Ru-P1 97.4(1), C12-Ru-Sl 90.2(1), C12-Ru-S2 
88.0(1), C12-Ru-C8 174.9(3), C12-Ru-Pl 91.6(1), P1-Ru-Sl 
170.6(1), Pl-Ru-S2 99.5(1), Pl-Ru-C8 92.4(2), C8-Ru-Sl 
85.3(2>. C8-Ru-S2 88.3(2h Sl-Ru-S2 71.4(1), R~-C8-08 
173.?lfi3), Ru-Sl-C7 84.6(1), Ru-S2-C7 88.8(1), Sl-C7-S2 

115.2(2), S1 -C7-P2 122.6(2), S2-C7-P2 122.2(2) 

the case of 2, into the OS-H bond. Compound 14 is a white 
air-sensitive solid which has been characterized both by el- 
emental analysis and by IR and NMR spectroscopy. 

Scheme 3 

is compound 15a containing the NMe unit of the chelate 
ligand tram to the hydrido ligand, and that after several 
hours an equilibrium mixture is formed in which both iso- 
mers are present in comparable quantities. We failed to sep- 
arate the isomeric mixture by chromatographic techniques 
and also to prepare a pure sample of 15b either by heating 
or photolysis of the reaction mixture. It should be men- 
tioned that Robinson et al. have described the synthesis of 
various (N-alkyl- and N-ary1thioformamido)metal com- 
plexes by insertion of SCNR (R = Me, Et, Ph, p-Tol) into 
an M-H bond of hydridoruthenium(II), -osmium(II) and 
-iridium(III) compounds, and that in the reaction of 
[OSHCI(CO)(PP~~>~] with methyl and ethyl isothiocyanate 
the formation of an isomeric mixture has also been ob- 
served["]. Attempts to separate this mixture and unequivo- 
cally characterize the isomers have remained unsuccess- 
ful[lll. 

An insertion process similar to that occurring in the for- 
mation of 15a, b probably also takes place on treatment of 
a solution of 2/NaOMe in benzenelmethanol with CS2 
(Scheme 4). In agreement with the behavior of 2 toward 
NaOC6H5L3], we assume that initially a hydrido(meth- 
oxy)osmium intermediate is generated which reacts with the 
heteroallene to give the 0-methyldithiocarbonato complex 
16. The presence of the OCH3 substituent at the chelate 
ring is indicated by a 'H-NMR signal at 6 = 3.6 and by a 
corresponding resonance signal in the I3C-NMR spectrum 
at F = 54.8. The equivalence of the phosphane ligands is 
confirmed by the appearance of one singlet in the 31P-NMR 
spectrum which in off-resonance is split into a doublet due 
to P-H coupling. 

Scheme 4 

1 MeNCS 

Y 

SMe 

14 

2 i  
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The reaction of 13 with methyl isothiocyanate yields, de- 
pending on the reaction conditions, either one or two prod- 
ucts. If a benzene solution of the two substrates is stirred at 
25°C for 15 min, a single compound is obtained which due 
to the X-ray crystal-structure analysis is the isomer 15a 
(Scheme 3). Extending the reaction time to about 10 h 
yields, however, a light yellow air-stable solid which un- 
doubtedly is a mixture of two isomers. The 'H-NMR spec- 
trum displays two high-field signals at 6 = -15.0 and 
-15.4 in the intensity ratio of 23 ,  whereas in the 13C-NMR 
spectrum two triplets at 6 = 182.5 and 175.8 assigned to 
an sp2-hybridized NCS2 carbon atom appear. The obvious 
conclusion is that the kinetically preferred insertion product 

L = PiPr3 

If under the same conditions which are used for the prep- 
aration of 16, the solution of 2 and NaOMe in benzene/ 
methanol is treated with CO2, instead of a compound with 
a chelating monoanionic 02COMe ligand the format0 com- 
plex 17 is formed. The isolated yield of the white crystalline 
solid is 82%. Since the starting material 2 is completely 
inert toward CO2, we assume that in the initial step of the 
reaction an intermediate [OsH(OCH,)(CO)(PiPr& is gen- 
erated which by elimination of CH20 gives [OsH2(CO)- 
(PiPr&j. It is probably this compound which reacts with 
CO2 to yield 17. To explain the different behavior of the 
supposed intermediates toward CS2 and CO2, we note that 
there is ample precedent in the literature indicating that the 
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insertion of CO2 into an M-H bond occurs much more 
readily than that of CS2[l21. Characteristic spectroscopic 
features of complex 17, which can also be prepared by li- 
gand exchange from 2 and HC02Na, are the 'H-NMR sig- 
nal for the HC02 proton at 6 = 8.8, the hydrido resonance 
signal at 6 = -21.2, and the low-field singlet for the HC02 
carbon atom in the 13C-NMR spectrum at F = 173.5. We 
finally note that the formation of the dihydrido complex 
[OSH~(CO)(P~P~,>~] as an intermediate has already been im- 
plicated in our mechanistic studies of the hydrogen transfer 
from 2-propanol to cyclohexanone, acetophenone, benzyl- 
idenacetone and phenylacetylene catalyzed by 2[2b313]. It is 
also thought to play a key role in the reactions of [OsH(q2- 
H2BH2)(CO)(PiPr3),] with n~cleophiles[~~1. 

X-ray Structural Analyses of Compounds 4 and 15a 

The molecular structures of the two osmium complexes 
4 and 15a which are formed by insertion of heteroallenes 
into OS-H and 0s-SPh bonds are shown in Figures 2 and 
3. In both molecules the metal center is octahedrally coordi- 
nated with the two phosphane ligands in tram position. The 
bending of the P-OS-P axis is more pronounced in the 
dithiocarbamato compound 15a which could be due to 
steric hindrance between the substituents at the OsNCS 
four-membered ring and the isopropyl groups of the phos- 
phane ligands. In agreement with the structural data of 12, 
also in complex 4 the two metal-sulfur bond lengths are 
distinctly different [2.356(1) and 2.497(1) A], the longer dis- 

Figure 2. Molecular structure of 4; selected bond lengths [A] and an- 
gles ["]: OS-C1 2.432(1), 0s-S1 2.356(1), Os-S2 2.497(1), 0s-P1 
2.433(1), O S - P ~  2.447(1), O S - C ~  1.877(5), S1-C1 1.665(7), S2-Cl 
1.671(6), C2-0 1.087(7); Pl-Os-P2 169.10(5), P1-OS-Cl 
84.41(5), Pl-Os-C2 89.3(2), Pl-OS-Sl 95.04(5), Pl-Os-S2 
91.08(5), P2-0s-CI 87.85(5), P2-0s-C2 85.1(2), P2-0s-Sl 
94.80(5), P2-0s-S2 96.70(5), Cl-Os-C2 104.0(1), C1-OS-S1 
160.73(5), Cl-Os-S2 90.91(5), Sl-Os-S2 69.83(5), S1-Os-C2 
95.3(2), S2-0s-C2 165.1(2), OS-S1-Cl 91.1(2), Os-S2-C1 

86.1(2), Sl-Cl-S2 112.9(3), Os-C2-0 175.7(5) 

L 

c1 

H1 

0 

c 4  1 "'v 

Pp CI1 L J  

Figure 3. Molecular structure of 15a; selected bond lengths [A] and 
angles 1'1: 0s-P1 2.328(1). Os-P2 2.3380). 0s-S1 2.481(1). 
OC-Nl' i.201(2), O S - C ~  '1.780(3), Nl-C2 "1.267(4), N1-Cl0 
1.437(5), S1-C2 1.702(3). S2-C2 1.774(3), S2-C4 1.718(4), 
C3-03 1.141(4); Pl-Os-P2 163.3(1), 'Pl-0s-N1 99.9(1), 
P1-OS-S1 88.3(1), Pl-Os-C3 92.8(1), P2-Os-Nl 96.2(1), 
P2-0s-Sl 95.0(1), P2-0s-C3 86.7(1), NI-OS-Sl 63.8(1), 
Nl-Os-C3 106.2(1), Sl-Os-C3 170.0(1), Os-Nl-C2 102.6(2), 
OS-N1-C10 137.6(2), OS-S1 -C2 80.6(1), C2-Nl-Cl0 119.8(2), 
Nl-C2-S1 113.0(2), Sl-C2-S2 126.2(2), Nl-C2-S2 120.9(2), 

C2-S2-C4 102.9(2), Os-C3-03 179.3(2) 

c20 B C14 
F, 

5 

C6 

tance being opposite to the stronger tram-directing CO li- 
gand. The influence of the two unequal chelate rings on the 
structural parameters is illustrated by the difference in the 
OS-P bond lengths which are 2.433(1) and 2.447(1) A for 
4, but only 2.328(1) and 2.338(1) A for 15a. The car- 
bon-sulfur distances in 4 lie in between those of a C-S 
single and double bond and are almost identical with those 
of other octahedral (dithioformato)metal comple~es~ '~~ '~1 .  
In 15a, the bond length Sl-C2 is somewhat shorter 
[1.702(3) A] than that between the ring carbon and the ex- 
ocyclic sulfur atom [1.774(3) A], which reflects the charge 
delocalization in the chelate ring. This conclusion is consi- 
stent with the Nl-C2 distance [1.267(4) A] which is only 
slightly longer than that of a C=N bond['6]. Although the 
position of the metal-bonded hydrogen atom of 15a could 
not be exactly determined, according to the bond angles 
Pl-Os-C3, P2-Os-C3 and S1-Os-C3 there is no doubt 
that it occupies the sixth coordination site. 
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schaft and the Fonds der Chemischen Industrie. We also thank the 
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measurements, and Dr. G Lange and Mr. l? Dadrich for recording 
the mass spectra. 

Experimental 
All operations were carried out under Ar with the Schlenk-tube 

technique. The starting materials 1, 2['1 and 13L31 were prepared by 
published procedures. - IR: Perkin-Elmer 1420. - NMR: Jeol FX 
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90 Q, Bruker AC 200 and AMX 400; vt = virtual triplet. - MS: 
Varian MAT CH7. 

1. Preparation of (RuCI(C0) (PiPr3)2($-S,CH)] (3): A solu- 
tion of 92 mg (0.19 mmol) of 1 in 5 ml of dichloromethane was 
treated with 0.1 ml (1.7 mmol) of CS2 and stirred for 1 h at room 
temp. The solution was concentrated until a precipitate appeared, 
and then stored at -78°C for 6 h. Deep red crystals formed which 
were repeatedly washed with methanol (-30°C) and dried in va- 
cuo; yield 99 mg (92%). - IR (KBr): 0 = 1930 cm-' [v(CO)], 919 

Hz, lH ,  S2CH], 2.60 (m. 6H, PCHCH3), 1.39 [dvt, N =  14.0, 
J(HH) = 7.1 Hz, 18H, PCHCH,], 1.18 [dvt, N = 12.6, J(HH) = 

[~(cs) ] .  - 'H NMR (C6D6, 400 MHz): 6 = 10.51 [t, J(PH) = 3.7 

6.9 Hz, 18H, PCHCH,]. - I3C NMR (C6D6, 100.6 MHz): 6 = 
226.95 [t, J(PC) = 5.5 Hz, SZCH], 207.85 [t, J(PC) = 12.9 Hz, CO}, 
25.87 (vt, N = 20.3 Hz, PCHCH3), 21.03,20.27 (both S, PCHCH3). 
- 31P NMR (C6D6,162 MHz): 6 = 36.44 (s). - C ~ O H ~ ~ C ~ O P ~ R U S ~  
(562.3): calcd. C 42.72, H 7.72; found C 42.76, H 7.75; mol. mass 
562 (MS). 

2. Preparation of [OsCl(CO) (PiPr3),($-S2CH)] (4): Anal- 
ogously as described for 3, by using 110 mg (0.19 mmol) of 2 as 
starting material; deep red crystals; yield 11 3 mg (91 %); m.p. 175 "C 
(dec.). - IR (KBr): 0 = 1908 cm-' [v(CO)], 916 [v(CS)]. - 'H 

S2CH], 2.82 (m, 6H, PCHCH3), 1.38 [dvt, N = 14.0, J(HH) = 7.2 
NMR (CDC13, 400 MHz): 6 = 12.15 [t, J(PH) = 2.8 Hz, lH ,  

Hz, 18H, PCHCH,], 1.31 [dvt, N = 12.4, J(HH) = 6.8 Hz, 18H, 
PCHCH31. - 13C NMR (CDC13, 100.6 MHz): 6 = 221.06 (s, 
S2CH), 183.39 [t, J(PC) = 9.4 Hz, CO], 25.40 (vt, N = 25.2 Hz, 

162 MHz): 6 = 1.71 (s). - C20H43C100~PZS2 (651.4): calcd. C 
36.88, H 6.66; found C 37.02, H 6.80; mol. mass 652 (MS). 

3. Preparation of [OsHCl(CO) (CS,) (PiPr3)*] (5): A solution 
of 120 mg (0.21 mmol) of 2 in 10 ml of acetone was treated with 
0.5 ml of CS2 and stirred for 5 min at room temp. The solvent was 
removed, the yellow solid was repeatedly washed with methanol 
(-30°C) and dried in vacuo; yield 117 mg (86%). - IR (KBr): 0 = 
1935 cm-I [v(CO)]. - IH NMR ([D,]acetone, 200 MHz): 6 = 2.87 
(m, 6H, PCHCH3), 1.27 [m, 36H, PCHCH,], -2.85 [t, J(PH) = 
30.0 Hz, lH ,  OsH]. - 31P NMR ([D6]acetone, 80.9 MHz): 6 = 
25.76 (s; d in off-resonance). - C20H43C100~P2S2 (651.4): calcd. 
C 36.88, H 6.66; found C 36.94, H 6.49. 

4. Preparation of [RuHI(CO) (PiPrj)2] (6): A solution of 171 
mg (0.35 mmol) of 1 in 10 ml of dichloromethane/acetone (1:l) 
was treated with 50 mg (0.37 mmol) of LiI and stirred for 2 h at 
room temp. The solvent was removed and the residue extracted 
with 20 ml of benzene. The extract was concentrated to ca. 0.5 ml, 
and then 4 ml of 2-propanol was added. After standing for a few 
hours, red air-sensitive crystals precipitated which were washed 
twice with 1 ml of 2-propanol (-30°C) and dried in vacuo; yield 

PCHCH3), 20.66, 20.03 (both S ,  PCHCH3). - 31P NMR (CDC13, 

202 mg (87%); m.p. 107°C (dec.). - IR (C6H6): 0 = 1910 Cm-' 
[~(co) ] .  - 'H NMR (C6D6, 400 MHz): 6 =  2.66 (m, 6H, 
PCHCH3), 1.22 [dvt, N = 13.2, J(HH) = 6.8 Hz, 18H, PCHCH31, 
1.21 [dvt, N =  16.0, J(HH) = 7.6 Hz, 18H, PCHCH31, -23.57 [t, 
J(PH) = 20.0 Hz, 1H, RuH]. - I3C NMR (C6D6, 100.6 MHz): 

PCHCH3), 20.59, 20.12 (both S, PCHCH3). - 31P NMR (CbD6, 
6 = 201.98 [t, J(PC) = 14.1 Hz, CO], 26.76 (vt, N =  21.4 Hz, 

162 MHz): 6 = 57.55 (s; d in off-resonance). - C19H4310P2R~ 
(577.6): calcd. C 39.51, H 7.52; found C 39.64, H 7.61; mol. mass 
578 (MS). 

5. Preparation of [OsHI( CO) (PiPr3),] (7): Analogously as de- 
scribed for 6, by using 200 mg (0.35 mmol) of 2 as starting material; 
deep red crystals; yield 171 mg (85%). - IR (c6H6): 0 = 1890 
cm-I [~(co) ] .  - 'H NMR (C6D6,400 MHz): 6 2.84 (br. m, 6H, 

PCHCH3), 1.26 (br. m, 36H, PCHCH3), -29.82 (br., 1 H, OsH). 
- 31P NMR (C6D6, 162 MHz): 6 = 47.57 (br. s). - C19H43100~P2 
(666.7): calcd. C 34.23, H 6.51; found C 34.38, H 6.51; mol. mass 
668 (MS). 

6. Preparation of (RuI(C0) (PiPr3),($-S,CH)] (8): Anal- 
ogously as described for 3, by using 100 mg (0.17 mmol) of 6 and 
0.1 ml(l.7 mmol) of CS2 as starting materials; deep red crystalline 
solid; yield 108 mg (84%). - IR (KBr): 0 = 1920 cm-I [v(CO)]. - 
'H NMR (CDCI3, 400 MHz): 6 = 11.18 [t, J(PH) = 3.6 Hz, 1 H, 
S2CH], 2.85 (m, 6H, PCHCH3), 1.41 [dvt, N = 13.6, J(HH) = 6.8 
Hz, 18H, PCHCH,], 1.37 [dvt, N = 13.2, J(HH) = 6.8 Hz, ISH, 
PCHCH31. - I3C NMR (CDC13, 100.6 MHz): 6 = 230.53 [t, 
J(PC) = 7.0 Hz, SZCH], 207.08 [t, J(PC) = 12.9 Hz, CO], 27.51 
(vt$ N = 24.6 Hz, PCHCH3), 20.93, 20.89 (both S, PCHCH3). - 
3'P NMR (CDC13, 162 MHz): 6 = 30.81 (s). - C ~ ~ H ~ ~ I O P ~ R U S ~  
(653.7): calcd. C 36.75, H 6.64; found C 36.90, H 6.77. 

7. Preparation of (OsI (C0)  (PiPr3),($-SZCH)] (9): Anal- 
ogously as described for 3, by using 113 mg (0.17 mmol) of 7 and 
0.1 ml(l.7 mmol) of CS2 as starting materials; deep red crystalline 
solid; yield 82 mg (72%). - IR (KBr): 0 = 1910 cm-' [v(CO)]. - 
'H NMR (C6D6, 400 MHz): 6 = 12.19 [t, J(PH) = 3.2 Hz, 1 H, 
S,CH], 2.93 (m, 6H, PCHCH3), 1.36 [dvt, N = 12.8, J(HH) = 7.2 
Hz, 18H, PCHCH31, 1.26 [dvt, N = 12.8, J(HH) = 7.2 Hz, 18H, 
PCHCH31. - I3C NMR (C&, 100.6 MHz): 6 = 225.82 [t, 
J(PC) = 4.6 Hz, S2CH], 184.63 [t, J(PC) = 10.1 Hz, CO], 27.70 
(vt, N = 24.9 Hz, PCHCH3), 20.99, 20.90 (both S, PCHCH3). - 
31P NMR (C6D6, 162 MHz): 6 = -8.65 (s). - C ~ O H ~ ~ I O O S P ~ S ~  
(742.8): calcd. C 32.34, H 5.85; found C 32.50, H 5.64. 

8. Preparation of [RuC12(CO) (PiPr,),] (10): A suspension of 
2.0 g (7.6 mmol) of RuC13 . 3 H 2 0  in 75 ml of methanol was treated 
at 60°C with 5 ml (29 mmol) of PiPr, and heated for 24 h under 
reflux. After cooling to 25°C. the orange-yellow precipitate of 1 
was filtered 0% yield 2.15 g (70%). The filtrate was concentrated 
in vacuo to ca. 20 ml, and the solution was then stored for 3 h at 
0°C. Dark red crystals formed which were separated, repeatedly 
washed with small amounts of methanol (-30°C) and dried; yield 
487 mg (12%). - IR (KBr): 0 = 1920 cm-' [v(CO)]. - 'H NMR 
(C6D6, 400 MHz): 6 = 2.84 (m, 6H, PCHCH3), 1.28 [dvt, N =  

MHz): 6 = 206.62 [t, J(PC) = 12.9 Hz, CO], 23.73 (vt, N = 20.5 

6 = 43.02 (s). - C19H42C120P2R~ (520.5): calcd. C 43.84, H 8.07; 
found C 43.66, H 8.10; mol. mass 520 (MS). 

9. Preparation of [RUC~,(CO) , (P~P~~)~]  (11). - (a) A slow 
stream of CO was passed for 2 min through a solution of 75 mg 
(0.14 mmol) of 10 in 5 ml of dichloromethane. After the solution 
had been stirred for 15 min at room temp., it was concentrated to 
ca. 0.5 ml in vacuo, and then 3 ml of ether was added. A yellow 
crystalline solid precipitated which was filtered off, washed with 
ether and dried in vacuo; yield 68 mg (86%). - (b) A solution of 
200 mg (0.76 mmol) of RUC& . 3 H20  in 20 ml of 2-methoxy- 
ethanol was stirred for 30 min at 80°C under CO. After cooling to 
room temp., the solution was concentrated to ca. 10 ml, and then 
0.3 ml (1.52 mmol) of PiPr3 was added. Yellow crystals formed 
which were repeatedly washed with small amounts of methanol and 
dried in vacuo; yield 397 mg (96%). - IR (KBr): 0 = 1978 cm-' 
[v(CO)]. - 'H NMR (CDC13, 400 MHz): 6 = 2.74 (m, 6H, 

13.3, J(HH) = 6.7 Hz, 36H, PCHCH31. - I3C NMR (C&, 100.6 

Hz, PCHCH3), 19.99 (s, PCHCH3). - 31P NMR (C6D6, 162 MHz): 

PCHCH3), 1.43 [dvt, N = 13.4, J(HH) = 6.9 Hz, 36H, PCHCH,]. 
- I3C NMR (CDC13, 100.6 MHz): 6 = 201.72 [t, J(PC) = 12.5 Hz, 
CO], 24.27 (vt, N = 22.5 Hz, PCHCH3), 19.43 (s, PCHCH3). - 
31P NMR (CDC13, 162 MHz): 6 = 37.49 (s). - C ~ O H ~ ~ C ~ ~ O ~ P ~ R U  
(548.6): calcd. C 43.79, H 7.66; found C 43.88, H 7.59. 
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10. Preparation of [RuC12(CO) (PiPr3) ($-S2CPiPr3)] (12): A 
solution of 60 mg (0.12 mmol) of 10 in 1 ml of chloroform was 
treated dropwise with 0.1 ml (1.7 mmol) of CS2 and stirred for 48 
h at room temp. The solution was concentrated in vacuo to ca. 0.3 
mi, and then 2 ml of ether was added. Dark (almost black) crystals 
precipitated which were separated, repeatedly washed with ether 
and dried in vacuo; yield 68 mg (86%); m.p. 207°C (dec.). - IR 
(KBr): 0 = 1932 cm-' [v(CO)], 1064 [v(CS)]. - 'H NMR (CDCl,, 
400 MHz): 6 = 3.11 (m, 3H, PCHCH,), 2.76 (m, 3H, P'CHCH,), 
1.53 [dd, J(PH) = 16.0 Hz, J(HH) = 8.0 Hz, 18H, PCHCH,], 1.35 
[dd, J(PH) = 12.0 Hz, J(HH) = 8.0 Hz, 9H, P'CHCH,], 1.32 [dd, 
J(PH) = 16.0 Hz, J(HH) = 8.0 Hz, 9H, P'CHCH,]. - I3C NMR 
(CDCI,, 100.6 MHz): 6 = 224.15 [dd, J(PC) = 30.2 Hz, J(P'C) = 
5.7 Hz, SZC], 195.75 [d, J(PC) = 14.1 Hz, CO], 25.77 [d, J(PC) = 
22.1 Hz, P'CHCH,], 21.65 [d, J(PC) = 39.2 Hz, PCHCH31, 19.64, 
19.30 (both S, P'CHCH,), 16.91 (s, PCHCH3). - 31P NMR 
(CDC13, 162 MHz): 6 54.18 (s, SZCP), 36.83 (s, P'). - 
C20H42C120P2R~S2 (594.5): calcd. C 40.40, H 7.06; found C 40.52, 
H 7.12; mol. mass 594 (MS). 

11. Preparation of [OsH(SPh) (CO) (MeSCN) (PiPr3)J (14): A 
solution of 122 mg (0.19 mmol) of 13 in 5 ml of benzene was 
treated with 20 p1 (0.3 mmol) of MeSCN and stirred for 5 min at 
room temp. The solution was concentrated to ca. 0.5 ml in vacuo, 
and then 3 ml of methanol was added. White crystals precipitated 
which were filtered off, washed with small amounts of methanol 
(-30°C) and dried in vacuo; yield 115 mg (84%). - IR (KBr): 0 = 
2150 cm-' [v(CN)], 1895 [v(CO)]. - 'H NMR (CDCl,, 90 MHz): 
6 = 2.75 (m. 6H, PCHCH,), 1.40 [dvt, N = 13.8, J(HH) = 6.9 Hz, 
36H, PCHCH,], 1.40 (s, 3H, MeSCN), -15.30 [t, J(PH) = 18.0 

in off-resonance). - C27H51NOO~P2S2 (722.0): calcd. C 44.92, H 
7.12, N 1.94; found C 44.36, H 7.02, N 1.98. 

Hz, lH ,  OSH]. - ,'P NMR (CDC13, 36.2 MHz): 6 = 24.43 (s; d 

12. Preparation of [OsH(CO) (PiPr3j2 {$(S,N)-MeNC- 
(SJSPh)]  (15a, 15b): A solution of 140 mg (0.22 mmol) of 13 in 
5 ml of benzene was treated with 20 mg (0.27 mmol) of MeNCS 
and stirred for 10 h at room temp. The solution was worked up as 
described for 14. Light yellow air-stable crystals were isolated; yield 
132 mg (85%). Owing to the relative intensities of the 'H-NMR 
signals, the ratio of 15a:15b was 3:2 (60:40). - IR (KBr): 0 = 1890 
cm-' [v(CO)]. - 'H NMR (C6D6, 400 MHz): Isomer 15a: 6 = 7.30 
(m, 5H, SC6HS), 3.46 (s, 3H, NCH,), 2.59 (m, 6H, PCHCH,), 

J(PH) = 20.8 Hz, 1 H, OsH]; isomer 15b: 6 = 7.30 (m, 5 H, SC6H5), 
2.97 (s, 3H, NCH,), 2.26 (m, 6H, PCHCH,), 1.30 [dvt, N =  13.4, 

1.22 [dvt, N =  14.0, J(HH) = 6.8 Hz, 36H, PCHCH,], -15.44 [t, 

J(HH) = 6.8 Hz, 36H, PCHCH,], -15.02 [t, J(PH) = 18.0 Hz, 
1 H, OSH]. - I3c NMR (CsD.5, 100.6 MHz): Isomer 15a: 6 = 
184.43 [t, J(PC) = 9.1 Hz, CO], 175.79 [t, J(PC) = 3.5 Hz, NCS], 

[vt, N = 24.6 Hz, PCHCH3], 19.75, 19.18 (both s, PCHCH,); iso- 
mer 15b: 6 = 186.88 [t, J(PC) = 10.4 Hz, CO], 182.51 [t, J(PC) = 
4.7 Hz, NCS], 137.14, 129.65, 129.23, 128.82 (all s, C6H5), 43.70 (s, 

PCHCH,). - 31P NMR (CsD6, 162 MHz); isomer 15a: 6 = 24.69 
(s; d in off-resonance); isomer 15b: 6 = 27.67 (s; d in off-reson- 
ance). - C27H51NOO~P2S2 (721.9): calcd. C 44.92, H 7.12, N 1.94; 
found C 44.68, H 7.15, N 1.77; mol. mass 723 (MS). - If the 
reaction mixture was stirred for 15 min (instead of 10 h), the iso- 
lated solid consisted of isomer 15a. It was used to obtain single 
crystals for the crystallograpic study. 

136.67, 129.34, 129.13, 127.31 (all S, CsH5), 44.84 (S, CH,N), 26.75 

CH3N), 26.64 (vt, N = 22.7 Hz, PCHCH,), 20.57, 20.37 (both S, 

13. Preparation of [OsH(CO) (PiPr3)($-S2COMe) J (16): A 
solution of 110 mg (0.19 mmol) of 2 in 10 ml of benzene was 
treated dropwise with 195 p1 (0.20 mmol) of a 1 N solution of 

CH30Na in methanol. After the solution had been stirred for 2 
min at room temp., 0.5 ml of CS2 was added. The reaction mixture 
was stirred for 15 min and then concentrated to dryness in vacuo. 
The residue was exctracted with 10 ml of dichloromethane, the ex- 
tract was concentrated to ca. 0.5 ml, and 2 ml of hexane was added. 
After the solution had been stored for 12 h at -78"C, a yellow 
microcrystalline solid precipitated which was washed with hexane 
(-30°C) and dried in vacuo; yield 47 mg (58%). - IR (KBr): 0 = 

6 = 3.59 (s,  3H, OCH,), 2.54 (m, 6H, PCHCH3), 1.29 [dvt, N = 
2100 cm-' [~(OSH)], 1885 [v(CO)]. - *H NMR (C6Ds,400 MHz): 

13.2, J(HH) = 6.8 Hz, 18H, PCHCH,], 1.22 [dvt, N 12.8, 
J(HH) = 6.8 Hz, 18H, PCHCH,], -13.85 [t, J(PH) = 20.0 Hz, 
lH ,  OSH]. - ',C NMR (C6D6, 100.6 MHz): 6 = 222.90 [t, 
J(PC) = 4.0 Hz, SZC], 184.78 [t, J(PC) = 9.5 Hz, CO], 54.78 (s, 
OCH,), 27.23 (vt, N = 25.2 Hz, PCHCH,), 20.52, 19.42 (both s, 

resonance). - C21H46020~P2S2 (646.9): calcd. C 39.01, H 7.19; 
found C 39.37, H 7.24. 

14. Preparation of [OsH(CO) (PiPr3)2($-02CH) J (17). - (a) 
A solution of 90 mg (0.16 mmol) of 2 in 5 ml of benzene was 
treated under CO2 dropwise with 160 p1 (0.16 mmol) of a 1 N solu- 
tion of CH30Na in methanol. After the solution had been stirred 
for 15 min at room temp., the solvent was removed and the residue 

PCHCH,). - 31P NMR ((336, 162 MHZ): 6 = 24.77 (S; d in Off- 

Table 1. Crystallographic data for 4, 12 and 15a 

4 12 15a 

Formula CZOH4,CIOOsPzS, 
Mol. mass 651.296 
Cryst size [mm] 0.2 X 0.15 X 0.35 
Cryst system monoclinic 
Space group P21/c (No. 14) 
a [-+I 13.097(4) 
b [$I 8.464(1) 
c [AI 23.772(8) 
a ["I 90 

98.04(1) 
90 
2665 
4 Z 

Diffractometer Enraf-Non. CAD4 
Radiation 
(graphite-mono- MO K ,  
chromated) (0.70930 A) 
T [KI 293 
p [cm-'1 51.7 
h, k, 1 
Scan method w/0 
20(max) ["I 44 
absorption 
correction w scan 
Total no. of 
reflexions 
scanned 3703 
No. of unique 
reflexions 3521 
No. of observed 
reflexions 
[Fo > 30(Fo)] 2747 
No. of param- 
eters refined 248 
R 0.019 

Reflexiond 
parameter ratio 11.1 
Residual 
electron 
density [e k 3 ]  +0.644/-0.413 

B ["I 
Y rj 
v fA31 

dcalcd. [g ~ m - ~ l  1.624 

13, 9, +25 

RW 0.020 

0.4 X 0.6 X 0.25 
monoclinic 
P2& (No. 14) 
18.279(1) 
8.774(1) 
18.395(1) 
90 
109.83(1) 
90 
2775.3(3) 
4 
1.428 
STOE Stadi 4 

0.45 X 0.6 X 0.25 
triclinic 

8.844( 1) 
11.555(2) 
16.459(2) 
88.12(1) 
78.52(1) 
78.06(1) 
1612.6(3) 
2 
1.478 
STOE Stadi 4 
MO K ,  

P-1 (NO. 2) 

MO K,  
(0.70930 A) (0.70930 A) 
293 293 
10.2 44.0 
k22, 11, 23 

55 60 

-11112, k16, 23 
010 wckofff 

y~ scan w scan 

9982 17157 

6370 9388 

5704 9134 

254 308 
0.045 0.022 
0.037 0.021 

22.46 29.66 

+1.571-1.40 +0.96/-0.99 
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extracted with 10 ml of dichloromethane. The extract was concen- 
trated to ca. 0.5 ml in vacuo, and 3 ml of methanol was added. 
After the solution had been stored for 2 h at -78"C, white crystals 
precipitated which were washed with small amounts of methanol 
(-30°C) and dried in vacuo; yield 76 mg (82%). - (b) A solution 
of I 1  5 mg (0.20 mmol) of 2 in 10 ml of dichloromethane/methanol 
(1 : 1) was treated with 20 mg (0.40 mmol) of HC02Na and stirred 
for 15 min at room temp. The solution was worked up as described 
for (a); yield 106 rng (91%). - IR (CH2C12): F = 1875 cm-I 
[v(CO)], 1555 [vas(CO)]. - 'H NMR (C&, 400 MHz): 6 = 8.80 
(br. s, lH ,  02CH), 2.36 (m, 6H, PCHCH3), 1.28 [dvt, N =  13.6, 
J(HH) = 7.2 Hz, 18H, PCHCH31, 1.21 [dvt, N = 13.6, J(HH) = 
6.8 Hz, 18H, PCHCH,], -21.21 [t, J(PH) = 16.0 Hz, 1 H, OSH]. 
- I3C NMR (C6D6, 100.6 MHz): 6 = 183.40 [t, J(PC) = 7.0 Hz, 
CO], 173.46 (s, OZCH), 25.95 (vt, N = 24.7 Hz, PCHCH,), 20.33, 
19.62 (both S, PCHCH-,). - 31P NMR (C&, 162 MHz): 6 = 39.55 
(s; d in off-resonance). - C20H44030~P2 (584.8): calcd. C 41.08, H 
7.60; found C 41.22, H 7.67. 

15. X-ray Structure Determination of Compounds 4, 12 and 
15a[I7]: Single crystals were grown by slow diffusion of methanol 
into benzene solutions of 4 and 15a, or of ether into a chloroform 
solution of 12. Crystal-data collection parameters are summarized 
in Table 1. Intensity data were corrected for Lorentz and polariz- 
ation effects. The structures were solved by direct methods 
(SHELXS-86 and SHELXTL PLUS). Atomic coordinates and an- 
isotropic thermal parameters of the non-hydrogen atoms were re- 
fined by the full-matrix least-squares method. The positions of the 
hydrogen atoms (with the exception of H1 in 4) wer: calculated 
according to ideal geometry (distance C-H = 0.95 A) and were 
refined by the riding method with fixed isotropic U values. For 
other details see Table 1. 
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