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Abstract 

Complexes [{(r/6-arene) RuCIz} 2] (arene = benzene, p-cymene or hexamethyibenzene), react with trialkylphosphine-carbon disul- 
fide adducts, S2CPR 3 (R = cyciohexyl, C'y; or isopropyl, ipr), in refluxing ethanol in the presence of KPF 6 to afford cationic 
complexes [(r/6-arene)Ru(S2CPRa)Cl]PF6, which have been characterized by analytical and spectroscopic methods. These com- 
plexes react with SnC! 2 in CHECI2/THF to afford trichlorostannato-derivatives [(~6-arene)Ru(S2CPR3)(SnCia)]PF6 through 
insertion of SnCl 2 into the Ru-Cl bond. 
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1. Introduction 

In our studies of transition metal  complexes with 
S2CPR3, we have found that mononuclear  complexes 
of  manganese that contain one halide ligand and one 
chelating adduct, S2CPR3, are convenient building 
blocks for the preparat ion of binuclear complexes [1,2]. 
This prompted  us to undertake the preparat ion of 
similar complexes of other metals which could serve as 
starting materials for the synthesis of binuclear com- 
pounds. 

We report  here the preparat ion and characteriza- 
tion of a family of cationic complexes of ruthenium 
containing different arenes, r/6-arene complexes of  
Ru(II)  have attracted considerable attention [3] and 
their chemistry has been recently reviewed [4]. How- 
ever, there are few examples of this class of compound 
with S-donor [5-8]. Most reactions leading to hetero- 
binuclear complexes containing "Ru(r/6-arene) ' '  moi- 
eties take place with low yield. In contrast, we have 
repor ted [9] the preparat ion of [Ru(-q6-C6Me6 )- 
(S2CPCy3)C1]PF 6 and of its use to prepare  high yields 
of binuclear R u - M o  and R u - W  complexes. 

Correspondence to: Dr. D. Miguel. 

2. Results and discussion 

The dimers [{(r/6-arene)RuCl2}2] (arene = benzene,  
l a  [10]; p-cymene,  CHaC6H4~Pr-4, l b  [11]; hexameth- 
ylbenzene, C6Me 6, lc  [11]), react with trialkylphos- 
ph ine -ca rbon  disulfide adducts ,  S2CPR 3 (R = 
cyclohexyl, Cy; or isopropyl, ipr), in a mixture of  ethanol 
and CS 2 at reflux tempera ture  in the presence of an 
excess of KPF 6, to afford red-brown solutions. After  
filtration to remove KCI and the excess of KPF 6, and 
evaporation of the solvents, mononuclear  cationic com- 
plexes of formula [(~/6-arene)Ru(SECPRa)CI]PF6 (2a -  
2f, see Scheme 1) are obtained in good yield. Analytical 
(see Experimental  details), and spectroscopic data fully 
support  the structures proposed in Scheme 1. All show 
a singlet in their 31p{tH}NMR spectra in a region 
characteristic of phosphorus of SECPR 3. As with other 
series of  complexes, the resonances of those containing 
PiPr  3 appear  at higher frequencies than those of PCy 3. 

Several octahedral  mononuclear  complexes of 
ruthenium with SECPR 3 have been reported previously 
[12-14]. In all of them, the SECPR 3 is proposed to be 
bidentate and chelate. However, no t3C N M R  data 
have been repor ted for these compounds.  Since the 
discovery of the ability of  SECPR 3 to act as ~3(S ,C ,S ' )  
pseudo-allyl in mononuclear  complexes [15-17], t3c 
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NMR spectroscopy has proved to be useful to distin- 
guish between the two (chelate and pseudo-ally11 coor- 
dination modes. We have obtained 13C NMR spectra 
for the complexes containing PCy, [2a, 2c and 2e], 
which are more soluble than their homologues with 
P’Pr,. In the spectra, the signal attributable to the 
central carbon of the S,CPCy, appears as a doublet in 
the range 215-225 ppm expected for chelating S,CPR, 

with J(PC) of cu. 35 Hz. These data are additional 
support for the structures proposed in Scheme 1. 

Reaction of complexes 2a-2f with an excess of tin(H) 
chloride in a mixture of CH,Clz and THF produces 
trichlorostannate derivatives through the insertion of 
SnCl, into the Ru-Cl bond. After appropriate workup 
(see ~perimental details), these complexes can be 
isolated as hexafluorophosphate salts [(v6-arene) 

TABLE 1. 3’P(1H) and ‘H NMR data a for the new complexes 

Compound 3’P{‘H} b 

2a [(+-C,H6)R~(SZCPCY3)CIlPF6 33.2 
2b [($-C~H,)Ru(S,CP’Pr,)Cl]PF6 d 

2~ [($-p-cymene)Ru(SrCPCys)Ct]PF~ 

2d [(~6-~-cymene)Ru(S~CPiPr~~l]pF6 

43.5 

33.3 

42.5 

‘H ’ 

5.95 [s, 6~, C&I, 2.58 [m, 3H, C’H of Cyl, MO-l.18 [m, 3OH, CHZ of Crl 

2e [($-C6Me6)Ru(SzCP(7y$t]PFe d 33.9 

2f [($-C6Me,)Ru(S2CPiPr,)CI]PF, 42.2 

3a [(n6-C6H6)Ru(S,CPCy$SnCts)]PF6 33.4 (123) 
3b [(VI-C6H,)Ru(S,CPiPr,XSnCt3)]PF6 d 47.9 (128) 

3c [(r16-p-cymene)Ru(SzCPCy3XSnCl,)jPF6 32.6 (123) 

3d [(~6-~-~mene)Ru(S~CPiPr~xSnCI~)~F6 42.1(127) 

6.04 [s, 6H, CiH& 2.99 [m, 3H, CH of iPr], 1.47 [dd, J(PH) = 17 Hi 
J(HH) = 7 Hz, 18H, CH, of ‘Pr] 

5.95,5.71 [AB, J = 6 Hz, 4H, C,H,], 2.89 [m, lH, p-CH,C,H,CH(CH&l, 
2.67 [m, 3H, C’H of PC&], 2.36 [s, 3H, CH,-C,H,l, 1.95 to 1.33 [m, br, 

3OH, CH, of PCy,], 1.32 [d, J(HH) = 7 Hz, 6H, p-CH,C&CH(CH,),l 
5.94,X71 [AB, J = 6 Hz, 4H, C,H,], 3.01 [m, 3H, CH of ‘Prl, 2.89 [m, lH, 

p-CH,C,H,CH(CH,),], 2.37 [s, 3H, p-CH,~,H,CHKH,),l, 1.49 [dd, 
J(PH) = 17 Hz, J(HH) = 7 Hz, 18H, CH, of ‘Prl, 1.33 [d, J(HH) = 7 Hz, 

6H, p-CH,C,H,CH(CH,),l 
2.96 [m, 3H, C’H of Cy], 2.27 is, 18H, CHs of &Me,], 
1.97-1.30 [m, 30H, CH, of Cy] 
3.03 [m, 3H, C H of ‘Pr] 2.25 [s, 18H, C H3 of C,Me,], 1.49 [dd, 
J(PH) = 17 Hz, J(HH) = 7 Hz, 18H, CH, of ‘Pr] 

6.38[s, 6H, C,H,], 2.73 [m, 3H, C’H ofCyl,2.12-1.14[m, 3OH, CH, of01 
5.59 [s, 6H, C,H,], 3.33 [m, 3H, CH of ‘Prl, 1.53 [dd, J(PH) = 17 HZ, 

I(HH) = 7 Hz, 18H, CH, of ‘Pr] 
6..59,6.45 [AB, J = 6 Hz, 4H, C,H,], 2.89 [m, lH, p-CHsC,H,CH(CHs)& 
2.67 [m, 3H, C*H of PC&], 2.36 [s, 3H, CHs-C,H,], 1.95 to 1.33 [m, br, 

30H, CH, of PC&], 1.32 [d, J(HH) = 7 Hz, 6H, p-CH&+H,CH(CH,),] 
6.33,6.26[AB,I=6Hz,4H,C6H,I,3.05[m,3H,CHof’Pr],2.80~m, 1H 
p-CH,C,H,CH(CH,),], 2.33 Is, 3H, rKH,C6H,CH(CH,),], 1.51 Idd, 
J(PH) = 17 HZ, J(HH) = 7 Hz, 18H, CH, of ‘Pr], 1.28 [d, J(HH) = 7 Hz, 

6H, p-CH,C,fl,CH(CH,),l 
3.12 [m, 3H, C’H of Cy], 2.50 [s, 18H, CHs of C6Mes], 
2.31-1.43 [m, 30H, CH, of Cy] 
3.41 [m, 3H, CH of ‘Pr], 2.47 [s, 18H, CH, of C,Me,], 1.56 [dd, 
J(PH) = 17 HZ, J(HH) = 7 Hz, 18H, CH, of ‘Pr] 

3e [(~6-C6Me~)Ru~S~~~~xSnCl~)]PF6 d 35.7 (125) 

3f[($-C6Me,)Ru(S,CPiPrsXSnCts)]PF6 43.4 (125) 

a CD&I, solutions unless otherwise stated. b Chemical shifts in 6 (ppm) from external H,PO,. For complexes 3a-3f, J(Sn-P) is given in HZ, in 

parentheses. ’ Chemical shifts in S (ppm) from internal SiMe,. d In acetone-d,. 
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3.4. [Ru($-p-cymene)(S,CP’Pr,)Cl]PF,, (2d) 3.11. [RU(~6-C6~e,)(s,CPCy,)(snC1,)]PF6, (3t?) 
Compound 2d was prepared as described for 2a 

from [{Ru(776-p-cymene)C1,j,l [ill, (0.15 g, 0.25 mmol), 
P’Pr, (80 ~1, 0.5 mmol), KPF, (0.5 g, an excess), and 
CS, (1 cm3, an excess); in ethanol (20 cm3>. Yield 0.28 
g, 86%. (Anal. Found: C, 36.78; H, 5.36. 
C,,H,,CIF,P,RuS, talc.: C, 36.84; H, 5.41%). 

Compound 3e was prepared as described for 3a 
flUIl [RU(q6-C6Me6XS,CPCy3)CI]PF6 (2eX0.16 g, 0.20 
mmol), and SnCl, (0.05 g, 0.25 mmol). Yield 0.19 g, 
94%. (Anal. Found: C, 38.02; H, 5.03. C,,H,,Cl, 
F,P,RuS,Sn talc.: C, 37.61; H, 5.19%). 

3.5. [Ru(q6-C6Me6)(S,CPCy,)Cl]PF,,(2e) 
3.12. [RU(q6-C6~e,)(s,CPiPr,)(snCl,)]PF,, (3fl 

Compound 2e was prepared as described for 2a 
from [(Ru($-C,Me,)Cl,),l [ill (0.17 g, 0.25 mmol), 
S,CPCy, (0.18 g, 0.5 mmol), KPF, (0.5 g, an excess), 
and CS, (1 cm3, an excess); in ethanol (20 cm3>. Yield 
0.38 g, 95%. (Anal. Found: C, 46.35; H, 6.26. 
C,,H,,ClF,P,RuS, talc.: C, 46.52; H, 6.42%). 

Compound 3f was prepared as described for 3a from 
[RU(q6-C6Me6XS,CPiPr3)Cl]PF6 (2f) (0.14 g, 0.20 
mmol), and SnCl, (0.05 g, 0.25 mmol). Yield 0.16 g, 
90%. (Anal. Found: C, 30.52; H, 4.63. C,,H,,Cl,F, 
P,RuS,Sn talc.: C, 30.38; H, 4.52%). 
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