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Abstract 

Reactions of [RuC1,(~6-arene)], with ammonium salt of dialkyldithiophosphoric acid in 1 : 1 and 1 : 2 stoichiometry readily gave 
complexes of the type [Ru{SSP(OR),)(C1X1)6-arene)] (arene = benzene, p-cymene; R = Et, “Pr, ‘Pr, “Bu or ‘Bu) and 
[Ru{SSP(OR),),($-arene)] (R = Et; arene = p-cymene). The former complexes, on treatment with NaBPh, in acetone followed by 
addition of a neutral donor ligand CL), afforded cationic complexes [Ru(SSP(OEt),]($-p-cymene)L][BPh,] (L = py, PPh,, (p-FC6H,),P, 
AsPh,]. All the complexes were characterized by elemental analysis and NMR (‘H, 3’P) data. A single crystal X-ray structure 
determination of [Ru{SSP(OEt)&$-p-cymeneXPPh,)TBPh,l has established an octahedra1 configuration around the ruthenium atom. 
The structure consists of a ruthenium centre bonded to an $-p-cymene, a chelated dithiophosphate and a unidentate triphenylphosphine 
ligand. 

Keywords: Ruthenium; Arene-mthenium; Dialkyldithiophophate; Crystal structure 

1. Introduction 

Transition metal complexes with sulphur ligands are 
of significance because of diverse bonding possibilities 
and their role in homogeneous catalysis. Although a 
number of organometallic [l] and classical coordination 
[2] complexes of ruthenium with thiolate and dithio 
acids (R,NCS;, ROCS;, RCS;, R,PS;, (RO),PS;) 
have been studied over the last two decades or so, there 
has been an increased interest in such complexes due to 
high catalytic activity of RuS, in various hydrotreating 
processes [3]. Numerous organomthenium complexes 
based on ‘CpRu’ [1,4,5] ‘Ru(C0)’ [1,6], ‘Ru(CO)H’ [7] 
and ‘Ru(diene)’ [8] have been studied in considerable 
detail. The arene-ruthenium complexes such as 
[RuCl,(arene)], and [RuCl,(PR,)(arene)] have been 
used as homogeneous catalysts [9,10]. However, there is 
a paucity of data on arene-ruthenium complexes con- 
taining sulphur ligands [ 11,121. This may be due in part 
to easy elimination of arene ligands from the com- 
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plexes. Thus, attempts to isolate complexes of the type 
[R&S-S>,(n6-arene)] (S-S = ROCS; or R,NCS,) 
were unsuccessful, whereas complexes with thiophos- 
phinic acids (S-S = SSPR,) lost arene slowly [l 11. We 
have synthesised a series of arene-ruthenium com- 
plexes with dithiophosphoric acids, and have estab- 
lished the structure of at least one complex by X-ray 
diffraction. The results of this work are reported herein. 

2. Results and discussion 

Reactions of [RuC1,(n6-arene)], with ammonium salt 
of dialkyldithiophosphoric acid in 1 : 1 and 1 : 2 stioi- 
chiometry readily gave arene-ruthenium(B) dialkyl- 
dithiophosphate complexes of the type [Rt.t(SSP(OR),]- 
(Cl>($-arene)l (1) 1 arene, R = benzene, Et (la>; ben- 
zene, ‘Pr (lb); p-cymene, Et (1~); p-cymene. “Pr (Id); 
p-cymene, ‘Pr (le); p-cymene, “Bu (If); p-cymene, “Bu 
(lg)] and [Ru{SSP(OR),},(q6-arene)] (2) (arene = p-cy- 
mene; R = Et) respectively. The complex [Ru{SSP- 
(OEt),)(C1)(q6-p-cymene)] on treatment with NaBPh, 
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followed by addition of a neutral donor ligand in ace- 
tone, yielded [Ru(SSP(OEt),)(L>($-p-cymene)][BPh,] 
(3) [L = py @a), PPh, (3b), (p-FC6H,),P (3~1, AsPh, 
(3d)l. 

The 3’P NMR spectra of 1 displayed a single reso- 
nance for the dithiophosphate ligand. The [RuH(CO)- 
{SSP(O’Bu),)(PPh,),] and organoplatinum complexes 
containing (“BuO), PSS ligand exhibit separate reso- 
nances for meso, RR and SS forms [7a, 131, with peak 
separation of 0.1 to 0.4 ppm. However, in the case of lg 
only one single resonance was observed, possibly the 
separation for different forms is of the order of digital 
resolution. The complex 2 showed two singlets at 113.6 
and 98.1 ppm. The 3’ P NMR spectra of 3 containing 
phosphine ligands exhibited two doublets attributable to 
the dithiophosphate and phosphine ligands. The magni- 
tude of 3J(P-P) (22 Hz) is in agreement with those 
reported for organometallic Ru, Pd and Pt dithiophos- 
phate complexes [4,13,14]. 

The ’ H NMR spectra of l-3 showed expected inte- 
gration and peak multiplicities. The spectra displayed a 
single set of resonances for arene protons. The alkoxy 
groups of the dithio ligand in 1 and 2 showed two 
separate sets of resonances, indicating non-equivalence 
of OR groups. One set of resonances (the downfield 
signals) are little affected on changing the chloride 
group in 1 with a neutral donor ligand in 3. However, 
the second set of proton resonances showed ligand 
depedence, and shielded further on changing chloride 
(1) and L (3). This may be attributed to the chemical 
shift anisotropy due to aromatic rings. It is evident from 
the structure of 3b that one of the OEt groups lies down 
the arene ring and one of the phenyl rings of the PPh, 
ligand is parallel to this group, whereas the second OEt 
group lies outside the ring currents and hence is little 
influenced by the ligand variations. The ‘H NMR spec- 
trum of 2 showed three sets of dithio ligand proton 
resonances, assignable to a bidentate and a monodentate 
ligand moieties. For the monodentate dithio ligand only 
one set of resonances was observed. 

The structure of [Ru{SSP(OEt),)(q6-p-cymene)- 
(PPh,)I[BPh,l (3b) was established by single crystal 
X-diffraction analysis. The molecular structure of the 
cation is shown in Fig. 1. The atomic coordinates and 
selected bond lengths and angles are given in Tables 1 
and 2 respectively. 

The ruthenium atom in the molecule adopts an octa- 
hedral configuration, having a p-cymene Ii&and at one 
face. The Ru atom is situated 1.746(2) A above the 
centre of the planar p-cymene ring. The dithiophosphate 
ligand is symmetrically chelated to the ruthenium atom, 
the tw? Ru-S distances are essentially the same, i.e. 
2.431 A, and are in good agreement with the values 
reported recently for the thiolate-bridged complex 
[(Ru(~6-C6Me6)],( CL-SPh),]Cl - 2CHC1, [12]. The 
Ru-C bond distances are in the range 2.204(4)-2.261(5) 

ca- 
Fig. 1. Molecular structure of [Ru(SSP(OEt),X$‘-p-cymene) 
(PPh,)l+ with the crystallographic numbering scheme for non-hy- 
drogen atoms. 

w (mean 2.257 A>, slightly longer than those reported in 
[RuC1,(q6-p-cymene)(PH,Cy)] [151, [RuC1(q6-p-cy- 
mene){C,H,CH=NCH(Me)Ph)] [16] and [RuCl( p- 
y3)(q6-p-cymene)], [ 171. The Ru-P distance (2.3558 
A) is slightly longer than that reported in [RuCl,(q6-p- 
cymene)(PH ,Cy)] (2.299 A> [I 51. The P-S bond lengths 
of 1.989(2) and 1.971(2) A are intermediate between 
double bond (1.94 A> and single bond (2.09 A> values, 
confirming the partial double bond character. The four- 
membered chelete ring RuS,P is planar [the phosphorus 
atom shows maximum deviation 0.228(l) A from the 
plane formed by Ru,S(l),S(2),P(2) atoms]. In metal 
complexes the four-membered ‘MS,P’ ring has been 
shown to adopt either a planar [ 14,181 or a non-planar 
[19,20] conformation. The anion [BPh,]- has the usual 
tetrahedral geometry. The bond lengths and angles are 
similar to those reported previously for this anion 
[2 1,221. 

3. Experimental details 

The complexes [RuCl,(q6-benzene)],, [RuC1,(v6-p- 
cymene)], [23] and the ammonium salt of the di- 
alkyldithiophosphoric acids [24] were prepared by pub- 
lished methods. All the preparations were carried out 
under nitrogen atmosphere. Elemental analysis for C, H, 
N were carried out in the Analytical Chemistry Division 
of this Research Centre. ‘H and 3’P{H} NMR spectra 
were recorded in CDCl, on a Varian XLR-300 instru- 
ment operating at 300 and 121.421 MHz respectively. 
Chemical shifts are relative to internal solvent peak 
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(CHCI,, 6 7.26 ppm for ‘H) and external 85% H ,PO, 
for 3’P. 

3.1. Preparation of [Ru{SSP(OEt),}(C1)(776-p-cymene)l 
flc) 

Me), 2.95 (septet, 7 Hz, CH < 1; 5.24 cd), 5.48 (d) (each 
6 Hz, C6H4) [arene protons]; 1.22 cd), 1.37 (d) (each 
6.2 Hz, OCHMe,); 4.66 (ml, 4.92 (m) (each 6.2 Hz 
OCH < > [dithiophosphate ligandl. “P NMR 6: 100.6. 

To an ethanol (5 ml) solution of NH,SSP(OEt), (116 
mg, 0.57 mmol), was added a mixture of dichlorometh- 
ane and diethylether (1 : 1 v/v, 20 ml>. To this solution 
was added solid [RuCl,(p-cymene)], (169 mg, 0.28 
mmol), and the whole was stirred at room temperature 
for 3 h during which time a wine red solution was 
obtained. The solvents were evaporated in vacua, leav- 
ing a brown paste. This was treated with diethylether 
and water. The organic layer was separated, washed 
with water, dried over CaCl, and filtered. The filtrate 
was concentrated in vacua. The brown residue was 
dissolved in a minimum added quantity of diethylether 
and hexane (10 ml>, which on cooling in a freezer for 
24 h gave brown-red crystals (187 mg, 74%). M.p 
7576°C. Anal. Found: C, 37.3; H, 5.1. C l4- 
H,,O,PS,ClRu Calc.: C, 36.9; H, 5.4%. ‘H NMR S: 
1.33 (d, 7 Hz, CHMe,), 2.25 (s, Me); 2.95 (septet, 7 
Hz, CH <); 5.25 cd), 5.49 (d) (each 6 Hz, C, HJ 
[arene protons]; 1.22 (0, 1.38 (t> (each 7 Hz, OC-CH ,>; 
4.09 (m, OCH,-) [dithiophosphate ligand protons]. “P 
NMR 6: 103.3 ppm. Mass spectrum of the sample 
showed a molecular ion peak at 456. 

[RuCl{SSP{O”Bu~,~~~6-p-cymene~~ flf). Recrystal- 
lized from diethylether-hexane mixture in 54% yield. 
M.p. 70-72°C. Anal. Found: C, 42.7; H, 5.8. C,,H,, 
O,PS,ClRu Calc.: C, 42.2; H, 6.3%. ‘H NMR 6: 1.33 
(d, 7 Hz, CHMe,); 2.25 (s, Me), 2.95 (septet, 7 Hz, 
CH <I; 5.24 cd), 5.49 (d) (each 6 Hz, C,H,) [arene 
protons]; 0.86 (t>, 0.96 (t> (each 7 Hz, Me); 1.31 cm>, 
1.44 (m) (y-CH,); 1.56 (quartet), 1.70 (quartet), ( f3- 
CH,); 4.03 (m, OCH,-) [dithiophosphate ligand]. ’ P 
NMR 6: 103.3. 

[RuC1{SSP(O”Bd,)(q6-p-cymene)~ (lg). Recrystal- 
lized from diethylether-hexane mixture in 23% yield. 
M.p. 71°C. Anal. Found: C, 42.0; H, 5.8. 
ClsH3,0,PS2ClRu Calc.: C, 42.2; H, 6.3%. ‘H NMR 
6: 1.32 (d, 7 Hz, CHMe,); 2.25 (s, Me), 2.94 (septet, 7 
Hz, CH <); 5.23 (br, m), 5.48 (broad) (C,H,) (due to 
overlapping resonances attributable to meso, RR and SS 
forms, broad signals were observed) [arene protons]; 
0.85 (t), 0.98 (t) (each 7.5 Hz, OCH-CH 2 Me); 1.2 1 cd), 
1.37 (d) (each 6.2 Hz, OCH < Me); I .42-l .78 (m, 
OCH-CH,-1: 4.46 cm), 4.74 (m) OCH < ). “P NMR 
6: 101.3. 

3.2. Preparation of [Ru{SSP(OEt&),(p-cymene)] (2) 
All other complexes were prepared similarly, except 

in place of ethanol an alcohol corresponding to the 
alkoxy group on phosphorus was used. Pertinent data 
for these complexes are given as follows. 

[RuCl{SSP(OEt~~)(~6-C, H, Il flu). M.p. 145- 150°C 
(decomp.). ‘H NMR 6: 5.68 (s, C,H,); 1.24 (t), 1.40 
(t) (each 7 Hz, OCCH,); 4.10 (m, OCH,). 3’P NMR 6: 
103.5. Although samples were spectroscopically pure, 
microanalyses were not reproducible. 

[RuCl{SSP(OiPr),/1(776-C, H,)] (lb). M.p. 115- 
116°C. ‘H NMR 6: 5.65 (s, C,H,); 1.21 cd), 1.38 (d) 
(each 6.2 Hz, OCHMe,); 4.63 cm>, 4.89 cm> (OCH <I. 
“‘P NMR 6: 100.6. Although samples were spectro- 
scopically pure, microanalyses were not reproducible. 

RuCl~SSP{O”Pr),)(r)6-p-cymene)l (Id). Recrystal- 
lized from diethylether-hexane in 43% yield. M.p. 55°C. 
Anal. Found: C, 39.2; H, 5.9. C,,H,,O,PS,ClRu Calc.: 
C, 39.7; H, 5.8%. ‘H NMR 6: 1.33 (d, 7 Hz, CHMe,); 
2.25 (s, Me), 2.96 (septet, 7 Hz, CH < >; 5.25 cd), 5.49 
(d) (each 6 Hz, C6H4) [ arene protons]; 0.87 (t>, 0.99 (t) 
(each 7 Hz, OCCMe); 1.60 (septet), 1.75 (septet) (each 
7 Hz, OCCH,-); 3.98 (m, OCH,); [dithiophosphate]. 
“P NMR 6: 103.2. 

To an ethanol (5 ml> solution of NH,SSP(OEt), (204 
mg, 1.00 mmol) diluted with CH,Cl,/diethylether (1 : 1 
v/v, 20 ml) was added solid [RuCl,(p-cymene)], (134 
mg, 0.22 mmol). The mixture was stirred at room 
temperature for 5 h. The solvents were evaporated in 
vacua. The residue was treated with diethyl ether and 
water. The organic layer was separated, washed with 
water, dried over CaCl,, filtered, and evaporated in 
vacua. The residue was recrystallized from ether/ 
hexane mixture as brown crystals (139 mg. 52%). M.p. 
78°C. Anal. Found: C, 35.3; H, 5.1. C 18H 3,0,S,P,Ru 
Calc.: C, 35.7; H, 5.6%. ‘H NMR 6: 1.29 (d, 7 Hz, 
CHMe,); 2.25 (s, Me), 2.92 (septet, 7 Hz, CH < 1; 5.44 
cd), 5.72 (d) (each 6 Hz, C6H4) [arene protons]; 1.24 
(t), 1.40 (t> (each corresponding to one Me, 7 Hz, 
OCCH,); 1.34 (t, 7 Hz, 2Me, OCH,Me); 4.14 (m, 
OCH *-- integrated for four CH, groups) [di- 
thiophosphate protons]. 3’ P NMR 6: 113.6 (s), 98.1 (s). 

3.3. Preparation of [Ru{SSP(OEt),)(PPh, )(~~-p-cy- 
mene)l[BPh, 1 (3bJ 

[RuCl{SSP{OiPr),)(~6-p-cymene~l (le). Recrystal- To an acetone solution of [RuCl{SSP(OEt>,)(p-cy- 
lized from dichloromethane-diethylether-hexane mix- mene)] ( 100.5 mg, 0.22 mmol) was added solid NaBPh 4 
ture in 40% yield. M.p. 126- 127°C. Anal. Found: C, (76.7 mg, 0.22 mmol). The mixture was stirred at room 
40.4; H, 6.0. C,,H,,O,PS,ClRu Calc.: C, 39.7; H, 
5.8%. ‘H NMR 6: 1.33 (d, 7 Hz, CHMe,); 2.25 (s, 

temperature for 30 min. To this an acetone solution of 
PPh, (60.3 mg, 0.23 mmol) was added with stirring for 
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1 h, during which time the colour changed to orange- 
yellow. The solvent was evaporated in vacua and the 
residue extracted with dichloromethane and filtered. 

The filtrate was again concentrated in vacua leaving a 
yellow-orange solid which was recrystallized from 
CH,Cl,/hexane mixture cooled in a freezer for three 

Table 1 
Atomic coordinates (X 104) and equivalent isotropic displacement parameters (A* X 103) for [Ru(SSP(OEt),X$-p-cymeneXPPh,)XBPh4] 

Atom x 

Ru(l) 
P(l) 
S(1) 
S(2) 
P(2) 
00) 
o(2) 
C(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(11) 
C(12) 
C(13) 
C(14) 
C(15) 
C(16) 
C(17) 
C(18) 
C(19) 
cc201 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
C(30) 
C(31) 
C(32) 
B(l) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
C(38) 
cc391 
C(40) 
C(41) 
C(42) 
cc431 
cc441 
C(45) 
c(46) 
cc471 
C(48) 
C(49) 

4974(l) 
5043(l) 
2857(l) 
5619(l) 
3815(2) 
3237(5) 
3857(6) 
5900(6) 
4668(7) 
4213(5) 
5069(5) 
6328(5) 
6775(5) 
8155(6) 
2915(7) 
3051(8) 
198000) 
4445(4) 
5242(5) 
4752(7) 
3507(7) 
2705(6) 
31745) 
6638(4) 
6828(5) 
8020(5) 
9029(5) 
88645) 
76645) 
4175(4) 
475d5) 
4143(6) 
2953(6) 
2375(5) 
2979(5) 
2892(9) 
1672(9) 
2860(9) 
2933(10) 
1599(5) 
728(4) 
842(5) 
172(6) 

- 618(6) 
- 745(6) 

- 80(5) 
1135(4) 
4945) 
147(5) 
410(5) 

1047(6) 
1400(5) 
1497(5) 
2551(6) 
2433(8) 
1265(9) 

196(7) 

Y 

19370) 
1385(l) 
23241) 
3613(l) 
3708(l) 
4450(3) 
4217(4) 
2345(4) 
1872(5) 
917(5) 
496(3) 
999(3) 

1926(4) 
245d5) 

31500) 
-74(10) 

4401) 
63(3) 

- 621(4) 
- 1613(4) 
- 1935(4) 
- 1278(4) 

- 289(3) 
1566(3) 
1127(4) 
1306t5) 
1929(4) 
2372(4) 
219d4) 
1900(3) 
27744) 
3 188(4) 
2727(5) 
18664) 
1451(4) 
4276(6) 
4621(9) 
4300(5) 
5271(6) 
2639(4) 
2855(3) 
2382(4) 
25545) 
3236(6) 
3722(5) 
35344) 
1511(3) 
722(4) 

- 221(4) 
- 415(4) 

333(5) 
1273(4) 
3412(3) 
4037(4) 
4670(4) 
4686(4) 
4076(5) 

2 “es 
75760) 39(l) 
8727(l) 
7671(l) 
8539(l) 
8116(l) 
8687(4) 
7419(3) 
6650(3) 
62443) 
6255t3) 
6705(3) 
7127(3) 
7090(3) 
7471(4) 
5737(4) 
4826(4) 
5880(5) 
83343) 
8367(3) 
7955(4) 
7521(4) 
7480(3) 
7877(3) 
9402(3) 

10023(3) 
10559(3) 
1 OStxx3) 
9902(3) 
935 l(3) 
9517(3) 

10147(3) 
10763(3) 
10758(3) 
10146(3) 
9528(3) 
935 l(5) 
9491(7) 
6876(5) 
6805(5) 
3589(3) 
4281(3) 
4877(3) 
54944) 
5559(4) 
4996(5) 
4375(4) 
291%3) 
3080(4) 
251 l(4) 
1752(4) 
1567(3) 
2139(3) 
3059(3) 
3021(3) 
2555(4) 
21044) 
2111(4) 

390) 
510) 
58(l) 
63(l) 

105(2) 
120(2) 
642) 
76(2) 
68(2) 
54(l) 
49(l) 
53(l) 
87(2) 

176(6) 
195(7) 
2248) 

44(l) 
63(l) 
85(2) 
86(2) 
64(l) 
48(l) 
450) 
59(l) 
66(2) 
65(l) 
63(l) 
54(l) 
42(l) 
58(l) 
68(2) 
6%2) 
68(2) 
57(l) 

115(3) 
166(5) 
1 lo(3) 
129(3) 
440) 
45(l) 
62(l) 
78(2) 
88(2) 
92(2) 
66(l) 
46(l) 
63(l) 
78(2) 
76(2) 
76(2) 
63(l) 
49(l) 
62(l) 
83(2) 
91(2) 
85(2) 
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Atom 

CW 
C(51) 
C(52) 
C(53) 
C(54) 
C(55) 
C(56) 

X 

323(6) 
31Od4) 
3949(S) 
5239(6) 
57 12(6) 
4909(6) 
363 l(5) 

Y 

344%4) 
2796(3) 
2176(4) 
2400(6) 
3233(6) 
3857(5) 
3633(4) 

Z % 
2573(3) 67(2) 
4101(3) 46(l) 
389X4) 72(2) 
4323(4) 942) 
4978(4) 80(2) 
521fX4) 75(2) 
4781(3) 62(l) 

‘/es is defined as one third of the trace of the orthogonalized Ui, tensor. 

days to give yellow crystals (102 mg, 46%). M.p. 
185- 188°C (decomp.). Anal. Found: C, 67.7; H, 6.1. 
C,,H,90,P,S,BRu Calc.: C, 67.1; H, 5.9%. ‘H NMR 

6: 1.15 (d, 7 Hz, CHMe,); 1.80 (s, Me), 2.38 (septet, 7 
Hz, CH < >; 4.90 (d), 5.06 (d) (each 6 Hz, C6H4) [arene 
protons]; 0.92 (t), 1.37 (t) (each 7 Hz, OCCH,); 2.90, 

Table 2 
Selected bond lengths (A) and angles (“1 for [Ru&SP(OEt),Xn6-p-cymene~PPh,)I[BPh,l 

Ru(l)-C(l) 2.2345) P(l)-cc1 1) 
Ru(l)-C(2) 2.247(5) P(l)-C(17) 
Ru(l)-C(3) 2.257(S) P(l)-C(23) 
Ru(1 )-C(4) 2.21 l(4) 
Ru(l)-C(5) 2.204(4) %1)-P(2) 
Ru( 1 )-C(6) 2.261(5) %2)-P(2) 

P(2)-o(1) 
Ru(l)-P(1) 2.3558(13) PM-00) 
RI&-S(~) 2.4312(14) o(l)-C(29) 
Ru(l )-S(2) 2.431(2) o(2)-C(3l) 

1.817(5) 
1.819(5) 
1.837(4) 

1.98%2) 
1.971(2) 
1.515(5) 
1.599(5) 
1.360(9) 
1.325(9) 

C(I)-Ru(lkC(2) 
C(l)-Ru(l)-C(3) 
C(l)-Ru(l)-C(6) 
C(2)-Ru(l)-C(3) 
C(2)-Ru( 1)-C(6) 
C(3)-Ru( 1 )-C(6) 
C(4)-Ru(l)-C(I) 
C(4)-Ru(l)-C(2) 
C(4)-Ru( 1 )-C(3) 
C(4)-Ru( 1)-C(6) 
C(S)-Ru(l)-C(l) 
C(5)-Ru( 1 )-C(2) 
C(S)-Ru( 1)-C(3) 
C(5)-Ru(l)-C(4) 
C(S)-Rut 1)-C(6) 

C(l)-Ru(l)-P(1) 151.6(2) 
C(2)-Rut 1)-P(l) 159.1(2) 
C(3)-Ru( 1 )-P(l) 122.5(2) 
C(4)-Rut1 )-P(l) 95.20(14) 
C(S)-Ru(l)-P(1) 91.79(12) 
C(6)-Ru( 1 )-P(l) 115.49(13) 

C(I)-Ru(l)-S(I) 
C(2)-RutI)-S(1) 
C(3)-Ru(l)-S(I) 

118.8(2) 
93.42) 
92.38(14) 

35.4(2) 
65.d2) 
36.3(2) 
36.7(2) 
65.1(2) 
77.9(2) 
76.6(2) 
65.42) 
36.5(2) 
65.8(2) 
65.2(2) 
77.42) 
66.42) 
37.0(2) 
36.42) 

C(l)-Ru(l)-S(2) 
C(2)-Ru( 1)-S(2) 
C(3)-Ru(l)-S(2) 
C(4)-Ru(l)-S(2) 
C(5)-Ru(l)-S(2) 
C(6)-Ru(l)-S(2) 

C(ll)-P(l)-Ru(l) 
C(17)-P(l)-Ru(1) 
C(23)-Pf 1 )-Ru(l) 

P(l)-Ru(l)-S(1) 
P(l)-Ru(l)-S(2) 
S(2)-Ru(l)-S(l) 

P(2)-S(l)-Ru(l) 
P(2)-S(2)-Ru(l) 

C(ll)-P(l)-C(17) 
C(ll)-P(l)-C(23) 
C(17)-P(l)-C(23) 

o(l)-P(2)-S(1) 
o(lHWS(2) 
oWPWot2) 
oWPWS(1) 

91.5(2) 
112.6(2) 
148.42) 
161.06(14) 
124.44(14) 
95.88(13) 

107.71(14) 
115.6(2) 
120.83( 14) 

89.09(5) 
88.30(5) 
80.43(5) 

83.54(7) 
83.92(7) 

105.9(2) 
106.3(2) 
99.1(2) 

116.7(2) 
117.1(2) 
99.d3) 

113.6(2) 

C(4)-Rut I)-S( 1) 
C(5)-Ru(l)-S(l) 
C(6)-RU( 1 )-S( 1) 
C(6)-Ru( 1 )-S( 1) 

118.16(14) 
155.13(13) 
155.1413) 
155.1413) 

o(2)-W-S(2) 
SWPQ-S( 1) 
C(29)-o( 1 )-P(2) 
C(31)-0(2)-P(2) 

105.2(2) 
104.88(g) 
120.8(5) 
127.2(6) 

All the C-C bond distances are comparable with those reported for similar compounds, except C(8)-C(l0) which is unusually short. Several 
attempts were made to relocate these atoms and also to constrain them, but the bond lengths after least-squares refinement return to the same 
value (1.14(l) A). 
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4.04 (each doublet of quartets. 7 Hz (t), 10 Hz (d); 
OCH,); 6.81-6.99 cm), 7.31-7.55 (m) [PPh, + BPh,]. 
31P NMR 6: 35.7 (d, 23 Hz, PPh,); 80.2(d, 23 Hz, 
SSP(OEt),). Other complexes were prepared similarly 
and pertinent data are given below. 

[Ru~SSP(OEt),ll(py)(q6-p-cymene)l[BPh, I (3a). Re- 
crystallized from acetone-dichloromethane-hexane 
mixture in 53% yield. M.p. 105-108°C (decomp.). Anal. 
Found: C, 62.5; H, 5.8; N, 2.0. C,H,,NPO,S,BRu 
Calc.: C, 63.1; H, 6.0; N, 1.7%. ‘H NMR 6: 1.10 (d, 7 
Hz, CHMe); 1.53 (s, Me), 2.40 (septet, 7 Hz, CH < ); 
4.69 (d), 5.00 (d) (each 6 Hz, C6H4) [arene protons]: 
0.77 (t), 1.33 (t) (each 7 Hz, OC-CH,); 3.00, 4.02 
(each doublet of quartets, 7 Hz (t), 9.5 Hz cd); OCH,); 
6.86-7.04 cm), 7.43 (br, m), 8.33 (d,d, 5, 1.3 Hz) 
[Ph + py]. 3’P NMR 6: 102.7. 

[Ru~SSP(OEt),){(4-FC6 H4 & P8q6-p-cymene)I- 
[BPh, / (3~). Recrystallized from dichloromethane- 
hexane mixture in 44% yield. M.p. 155-157°C. Anal. 
Found: C, 64.1; H, 5.8. C,6H,6F30,P,S,BRu Calc.: C, 
63.7; H, 5.3%. ‘H NMR S: 1.14 (d, 7 Hz, CHMe,); 
1.69 (s, Me), 2.38 (septet, 7 Hz, CH < ); 4.82 (d), 5.01 
(d) (each 6 Hz, CbH4) [arene protons]; 0.99 (t), 1.37 (t) 
(each 7 Hz, OCCH,); 3.11, 4.03 (each doublet of 
quartets, 7 Hz (t), 10 Hz cd); OCH,-); 6.80-7.37 (m) 
[Ph + C,H,F]. 31P NMR 6: 35.1 [d, 22, P(C,H,F-4),]; 
82.3 [d, 22 Hz, SSP(OEt),]. 

1RuiSSP(OEt),j(AsPh,)(q6-p-cymeneM[BPh,l (3d). 
Recrystallized from dichloromethane-hexane mixture in 
51% yield. M.p. 176-178°C. Anal. Found: C, 64.0; H, 
6.0. Cs6H5sAsPOzS2BRu Calc.: C, 64.3; H, 5.7%. ‘H 
NMR S: 1.07 (d, 7 Hz, CHMe,); 1.83 (s, Me), 2.23 
(septet, 7 Hz, CH < ); 5.01 cd), 5.10 (d) (each 6 Hz, 
C6H4) [arene protons]; 0.86 (t), 1.36 (t) (each 7 Hz, 
OCCH,); 2.78, 4.04 (doublet of quartets, 7 Hz (t), 10 
HZ (d); OCH,); 6.81-6.99 cm), 7.3 1-7.51 (m) [Ph]. 3’P 
NMR S: 79.3 (s). 

4. Crystallography 

Yellow needle-shaped single crystals of [Ru(p-cy- 
mene){SSP(OEt),)(PPh,)I[BPh,] were selected for X- 
ray single crystal diffraction data collection. All the the 
measurements were performed at room temperature (295 
K) on an Enraf-Nonius CAD-4 diffractometer using 
gaphite monochromated MO K (Y radiation (A = 0.7 107 
A) employing the 0-20 scan technique. The unit cell 
parameters were determined from 25 randomly selected 
reflections using automatic searching procedure, index- 
ing and least-squares refinement routines. The data were 
corrected for Lorentz and polarization effects. The data 
were monitored by measuring two standard reflections, 
(1 5-8) and (-4- 1 -5), every 60 min of X-ray 
exposure time. The structure was solved by the heavy 

Table 3 
Crystal data and structure refinement for [Ru{SSP(OEt),Xn6-cy- 
meneXPPh,l][BPh,] _- .~ 
Emnirical formula 
Formula weight 
Temperature 
Wavelength 
Crystal system 
Space group 

Unit cell dimensions 

C,,%,P,SzO,BR’-’ 
1002.05 
293 K 
0.71073 A 
Triclinic 
pi 
a = 10.756(3) .& a = 107.23(3) 

b = 14.468(S) A p = 101.31(3) 

c = 17.387(5) A y = 96.73(3) 
2489.3(13) A3 
2 

Volume 

Absorption coefficient 
F(000) 
Crystal size 
8 range for data collection 
Reflections collected 
Independent reflections 
Refinement method 
Data/restraints/ 

parameters 
Goodness-of-fit on F2 
Final R indices 

[I> 2d1)l 
R indices (all data) 
Largest difference 

peak and hole 

0.504 mm-’ 
1044 
0.38 X 0.35 X 0.22 mm3 
2.06 to 24.93 
6952 
6543 [ Rint = 0.00981 
Full-matrix least-squares on F* 
6543/O/582 

0.997 
R, = 0.0430, wR, = 0.1116 

R, = 0.0490, wR, = 0.1185 
1.323 and -0.661 e k3 

atom method of the SHELXS-86 program [25], and struc- 
ture refinement was carried using the SHELXL-93 pro- 
gram [26]. PLUTO 1271 was used for the molecular plot- 
ting. 

The positions of hydrogen atoms were located partly 
from the difference electron density maps and also 
using the geometrical method of AFIX instruction in the 
SHELXL-93 program. The weighting scheme employed 
was of the form w = l.O/[a*(Fz) + (aP>* + bP], 
where P = (F,’ + 2 Fc2)/3 and a and b were refined to 
values of 0.0596 and 5.790 respectively. All the calcula- 
tions were carried out on a NORSK-DATA (ND-500) 
computer and an IBM compatible PC-AT 486 system. 

The crystallographic data together with data collec- 
tion details are given in Table 3. 
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