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Abstract 

Complexes [(176-areneX?I’-Ph,PCH,C-O)OR}RuCI,Iarene = benzene, p-cymene, mesitylene or hexamethylbenzene; R = Me or 
‘Bu] have been prepared. Easy methanolysis and hydrolysis of the ester function occur when R =‘Bu. When R = Me, the stability 
of the ester function allows the synthesis of the stable salts [($-areneXT’-PhzPCH,C(=O)OMe)RuCI]X (X = PF, or BF,). 
Preparation of [($-areneXLXq’-Ph,PCH,C(=O)OMe)RuCl]+ (L = Me& MeGN or ‘BuGN) from 7*-P- and $-(P,O)-methyl 
phosphinoacetate derivatives has been studied and the strength of both the L and ester ruthenium coordinative bonds compared. 
The reactivity of these functional phosphine complexes differs markedly from that of the homologous compounds [($- 
areneXPMe3)RuClz],[($-areneXP(OMe).$RuClJ and [($-areneXT’-Ph2PC(R);C(R’)O]RuCl. Competitive and reversible coor- 
dination of dimethylsulfide and nitriles or of the ester function is observed and a change in the arene produces selectivity in the 
coordination of dimethylsulfide and nitriles. 
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1. Introduction 

Since the report of the ester phosphine complexes 
of platinum, palladium and rhodium [l], the ester 
phosphine Ph,PCH,C(=O)OEt has been shown to pro- 
mote the reversible insertion of carbon dioxide into an 
enolato-palladium complex [2] and the reversible bind- 
ing of carbon monoxide to ruthenium [3,41. Recently, 
the bulky ester phosphine ‘Pr,PCH,C(=O)OMe was 
involved in new vinylidene ruthenium complexes [5]. 
From the hemilabile [6] character of the functional 
phosphine, it has been inferred that the oxygen donor 
atom of the functional phosphine may be considered as 
a solvent molecule stabilizing a coordinatively unsatu- 
rated species [7]. However, coordination of the oxygen 
requires the functional phosphine to chelate and the 
‘chelate effect’ may result in a significant strengthening 
of the oxygen-metal bond relative to a bond to a 
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solvent molecule. Accordingly, complexes involving the 
chelating functional phosphines are stable if compared 
to solvent-stabilized species. In order to obtain further 
experimental information with regard to the easy dis- 
placement and protective effect of the functional oxy- 
gen, we have undertaken the synthesis of the ester 
phosphine ($-arene)ruthenium(II) complexes. We re- 
port here the involvement of the ester function in the 
coordination process of simple molecules such as 
dimethylsulfide or nitriles at ruthenium, showing how 
functional phosphines can promote the reversibility of 
the process. 

2. Results and discussion 

Methyl- and tert-butyl-diphenylphosphinoacetates, 
la and lb, respectively, were conveniently prepared by 
the generation of enolate anion from alkyl acetates 
with lithium di-isopropylamide (LDA), followed by its 
coupling reaction with chlorodiphenylphosphine [eqn. 
(l)]. Starting from methyl crotonate, the Michael-type 
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addition of LDA was observed and further reaction 
with chlorodiphenylphosphine resulted in the polyfunc- 
tional ester amine phosphine 2 [eqn. (2)]. 

I, L.DA 
CH,C(=O)OR - 

2) ClPPhl 
Ph,P/KoR 

0 

la. R = Me 

lb. R = Bu’ 

NPr’2 
(1) 

L, LDA I 
C H &H&H-C(.O)OHe - CH&H-CH-C(.O)OMe 

2) ClPPhr I 
PPhz 

2 

The ester phosphines la and lb were isolated as 
colourless oils and were characterized by IR and NMR 
spectroscopies. Sufficiently pure for synthetic applica- 
tion, they were used without further attempts to obtain 
an analytical state of purity. They react readily with 
[Cp(CO),FeCl] in methanol and in the presence of 
NH,PF,, affording the cationic T1-P-Ph2PCH2C(=O)- 
OR iron derivatives 3a (R = Me) and 3b (R = ‘Bu) 
[eqn. CU. 

Cp(CO)~FeCI PhlP /\f ” 
+ 

Ph2PCHzC(.O)OR 
NH,PFr -0 0 F$_; WFsl’ 
MIOH 

(2) 

la,R=Mc 
co 

lb, R = Bu’ 

3a. R = Me 

3b, R = Bu’ 

Similarly, the ester phosphines la and lb react in 
chloroform or dichloromethane with [(($-arene)Ru- 
Cl,),] to afford the corresponding air-stable q’-P- 
Ph,PCH,C(=O)OR ruthenium00 derivatives 4a-d 
(R = Me) and 4e-g (R = tBu) [eqn. (311. 

PhzPCHA+O)OR 

lEl.R=Me 

lb, R = Bu’ 

Cl 

4% R = Me, arene = benzene 

4b, R = Me, arene = p-cymene 

4c, R = Me, arena = mesitylene 

4d, R = Me. a~cne = hexamethylknzene 

4% R = Bu’, arem = p-cymene 

Sf, R = Bu’. arene = mesitylene 

4& R = Bu’, are”= = hcxamethylbenzene 

(3) 

Surprisingly, the complexes 4c, 4d or 3a were still 
obtained in good yield starting from the polyfunctional 
phosphine 2 and [(($-arene)RuCl,],l or [Cp(CO),- 
FeCl] [eqn. (411. Although the mechanism of the re- 
quired formal loss of ‘Pr,NCH=CH, was not eluci- 
dated, the reaction appears to be induced by the coor- 
dination of the phosphorus to iron or ruthenium. The 

uncoordinated phosphine 2 is very stable and melts at 
80°C without decomposition. 

P&N 

OMa 

Ph.P 
0 

2 

NH,PFs 
MCOH 

Cl 

4c, 46 

(4) 

0 0 +. ,,” IPFsl- 
co 

30 

The intramolecular coordination of the ester func- 
tion involving the cleavage of one Ru-Cl bond from 
complexes 4 was then attempted. No reaction of the 
methyl phosphinoacetate derivatives 4a, 4b and 4d was 
observed when stirred in methanol with NH,PF,, but 
in the case of 4c (arene = mesitylene) the expected 
product 8 was detected (yield < 5%) as described later 
(Scheme 3). Following another pathway, the butylphos- 
phinoacetate derivatives 4e-g gave evidence for hydrol- 
ysis of the ester function. The entire conversion of the 
starting material needed the addition of small amounts 
of water. Starting from 4f (arene = mesitylene), a crys- 
talline product 5 was isolated and a dinuclear structure 
(Scheme 1) inferred on the basis of elemental analysis 

MeOH (ii’) 

4e 4b 

6 

Scheme 1. Reactivity of the tert-butyldiphenylphosphinoacetate 

derivatives 4f and 4e. 
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\ 
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L 
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L = MqS, MeCcN or Bu’CsN 

Scheme 2. Substitution reactions of a chloride by L = Me,S or 
RGN at an (arene)Ru” fragment under MeOH/NH,PF, condi- 
tions. 

and spectroscopy. The ‘H NMR spectrum of 5 indi- 
cated the elimination of the tert-butyl group and the 
two diastereotopic PCH, protons. The IR spectrum 
showed the retention of the carboxylate function. The 
formation of 5 is assumed to involve the hydrolysis of 
the ester function. Further elimination of HCI and the 
loss of a chloride would generate the final cationic 
complex. To obtain supplementary evidence of the 
ready hydrolysis of the ester function when R = tBu, 
complex 4f was stirred in methanol with aqueous HCl 
and the mononuclear phosphinoacetato-complex 6 iso- 
lated (Scheme 1). Complex 6 could also be prepared 
from the methoxy precursor 4c, but under the more 
drastic conditions of ethanolic KOH at reflux. The 
continued lability of the butoxy group was shown by 
the transformation of 4e into the corresponding 
methoxy complex 4b, when stirred in methanol under 
catalytic acidic conditions (Scheme 1). 

Due to this lability, the reactivity of derivatives 
obtained from the ester phosphine lb was not investi- 
gated further. As the coordination of the ester function 
does not occur easily in methanol and in the presence 
of NH,PF,, the reactivity of the ester phosphine la 
derivatives, 4a-d, towards coordination of L = Me,!3 
or RC%N was examined under the same conditions. In 
the case of dimethylsulfide, the expected derivatives 
7a-c were isolated when the arene was benzene, p-cy- 

mene or mesitylene [eqn. WI. In the case of the 
nitriles, only 4c (arene = mesitylene) led to the corre- 
sponding products 7d (L = MeGN) and 7e (L = 
t BuC%N). 

PhzP qoye 

/ O L 
Ru- CI 

\ MeOH I Nli,PFs 
\ 
Cl 

(5) 
72% L = Me+, aTene = benzene 

7b. L = Me+, arene = p-cymene 

7~. L = Me+. arae = mcsitylenc 

‘Id, L = MeCkN, arene = mesitylene 

‘le. L = Bu’CkN, awe = mesilylene 

For comparison with similar systems, we have re- 
ported [8,9] the ready cleavage of a ruthenium-chlo- 
rine bond allowing the coordination of L = Me,S or 
RGN starting from the complexes [(n6-arene) 
(PMe,)RuCl,] or phosphinoenolato-complexes [(TV- 
areneXPh,PC(Rj=C(R’lO)RuCl]. The corresponding 
reactions are summarized in Scheme 2 and occurred in 
methanol in the presence of NH,PF6. Under these 
conditions, the cationic compounds [(mesitylenej- 
{P(OMe),}(L)RuCl] [PF,] were obtained from [(mesity- 
lene){P(OMe),jRuCl,] (Scheme 21, indicating that the 
ruthenium-chlorine bond was still easily broken de- 
spite the less electron-donating character of the 
P(OMe),. 

In contrast, the inertness of complexes 4a and 4b 
under conditions when L = RGN is surprising. Corn- 
plex 4d (arene = hexamethylbenzene) was recovered 
quantitatively in each case (L = Me,S or RGN), show- 
ing that the ester phosphine induces a different reactiv- 
ity relative to PMe,, P(OMe1, and Ph,PC(Rj=C(R’)O- 
ligands. 

, [ppa]’ 

7d,R=Ms 

‘le. R = But 

Scheme 3. Reversible coordination of L at the (mesitylene)Ru” 
centre. 
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The ‘H and 31P(1H] NMR spectra of the mesitylene 
derivatives 7c-e (L = Me+, MeCN or ‘BuCN, respec- 
tively) in dichloromethane solution correspond to a 
mixture of the involved derivative 7 and of the species 
already detected [(mesityleneX$-Ph,PCH,C(=OIO- 
Me}RuCl][PF,] (8). These observations clearly indicate 
reversible reactions as shown in Scheme 3. 

Complex 8 could not be isolated from such solu- 
tions, but the clean reaction of AgBF, with 4c afforded 
the parent compound [(mesityleneX~2-Ph2PCHzC- 
(=O)OMe} RuCl][BFJ (8’b) which differs from 8 only 
in the nature of the anion [eqn. (611. Comparison of the 
spectroscopic data obtained for complexes 8 and 8’b 
allowed the characterization of the only spectroscopi- 
cally detected species, i.e. 8. 

AllBPI 
RU,C, - 

CH#t (6) 

4 WP, arene = bcnrene 

S’b. areme = mesitylene 

We, mnc = hexamcthylbcnzene 

Relative to the ($-PI precursor 4c, the IR absorp- 
tion corresponding to the ester function is lowered 
from 1720 to 1626 cm-’ in S’b. Comparison of the ‘H 
NMR spectra showed the singlet resonance at- 
tributable to the methoxy protons shifted downfield 
from 6 3.21 ppm in 4c to 6 4.13 ppm in 8’b. Simple 
addition of L (in excess) to a solution of 8’b afforded 
the corresponding derivatives [(mesitylene){#-Ph,P- 
CH ,C(=O)OMe}(L)RuCl] [BF,] (7’c-e). By removing 
the chloride anion, complexes 7’c-e were isolated eas- 
ily in analytical purity. They behave in solution as the 
parent [PFJ- salts 7c-e, showing partial dissociation 
as judged by 31P NMR spectroscopy [eqn. (7)]. The 
reversible exchange of L was monitored by 31P NMR 
spectroscopy: the addition of L’ (L’ = Me,& MeCN or 
‘BuCN) in an excess to a solution of derivative 7 (or 7’) 
produces a 31P resonance attributable to the derivative 
incorporating L’. 

(7) 

8’b 
7’c. L = Meg 

7’d, L = MeON 

Fe, L = B&IN 

Easy access to the chelating mode of the ester 
phosphine by removal of a chloride from 4c with AgBF4, 
has been extended to the benzene and hexamethylben- 
zene complexes [eqn. (611. Since complexes 4 were 
found to be unexpectedly inert under MeOH/NH,PF, 
conditions, the interactions of the derivatives 8’ when 

the arene is benzene (S’a) or hexamethylbenzene (8’~) 
have been studied. 

The insoluble derivative 8’a (arene = benzene) was 
not separated from silver chloride and only character- 
ized by IR spectroscopy. However, 8’a readily dissolves 
in dichloromethane after adding a nitrile, but attempts 
to isolate the corresponding derivative (of type 7’) 
failed. 

Complex 8’c (arene = hexamethylbenzene) was iso- 
lated pure. The addition of Me,!5 to a dichloromethane 
solution of 8’c gave 31P NMR spectroscopic evidence 
for the corresponding complex 7’f [eqn. (S)], but in 
small amount, and attempts to crystallize it by addition 
of diethyl ether to this solution resulted in the recovery 
of 8’~. In contrast, this procedure was found effective 
in the case of L = ‘BuGN and allowed the isolation of 
the derivative 7’g [eqn. (S)]. The 31P and ‘H NMR 
spectra of 7’g in solution in dichloromethane showed 
that the complex dissociated partially (- 2/3 of the 
sample) into B’c and ‘BuGN. 

Ph2PqoMe 

lBFa1’ (8) 

8’c 7’f. L = Me,S 

7’g. L = Bu’CaN 

This study shows that the strength of the Me,S + Ru 
bond in complexes of type 7 (or 7’) is closely related to 
the nature of the arene. The benzene derivative 7a 
showed no detectable dissociation in dichloromethane 
solution. When the arene is p-cymene, the 31P NMR 
spectrum of 7h showed a weak resonance at 6 42.8 
ppm besides the resonance at 6 26.6 ppm due to the 
corresponding complex of type 8, indicative of a slight 
dissociation. Complex 7c (arene = mesitylene) was 
found to be dissociated to cu. 50% in solution while 
complex 7’f (arene = hexamethylbenzene) was almost 
completely dissociated in the presence of a large excess 
of Me& as inferred from NMR spectroscopy. 

The nitrile of cationic derivatives obtained from the 
phosphinoenolato-complexes [(arene){Ph,PC(R)=C- 
(R’)O}(RC=N)RUCI] [PF,] could be substituted irre- 
uersibly by dimethylsulfide [9]. The same irreuersible 
process is observed in the case of the [(mesityl- 
eneXP(OMe),}(RGN)RuCl] [PF,] derivatives. In con- 
trast, the reversible coordination of Me,S or RGN in 
complexes of type 8, [(#-areneXT2-Ph,PCHzC=OI- 
OMe)RuCl]X (X = PF, or BF,), involving the coordi- 
nation of the oxygen atom of the functional ligand, 
results in a reversible exchange between Me,S and 
RGN. 
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3JHH = 6.6 Hz, CHMe,); 0.94 (d, 6H, 3JHH = 6.7 Hz, 4.7. Preparation of [(p-cymene){q’-Ph, PCH,C(=O)O- 
C’HMe,) ppm. Me)RuCl,] (4b) 

4.4. Preparation of [(Cp)(CO),{q’-Ph2PCHzC(=O)- 
OMe} Fe][PF, 1 (3a) 

Following the procedure detailed below for 3b, the 

From la 

reaction of [Cp(CO),FeCll with phosphine 2 in 
methanol in the presence of NH,PF, gave orange 
crystals in _ 50% yield. Analysis: Found (talc. for 
C,,H,F,FeO,P,): C, 45.55 (45.54); H, 3.46 (3.47); P, 
10.40 (10.68); N, 0.19 (O.OO)%. 31P{‘H1 NMR (CD&l,, 
121.50 MHz) 8: 57.1 (s) ppm. ‘H NMR (CD&l,, 
300.13 MHz) S: 7.59-7.44 (m, lOH, Ph); 5.20 (s, 5H, 
Cp); 3.71 (d, 2H, 2JpH = 11.4 Hz, PCH,); 3.54 (s, 3H, 
OMe) ppm. 

The same procedure allowed the synthesis of 3a 
from la. 

4.5. Preparation of [(Cp)(CO),{q’-Ph,PCH,C(=O)O- 
‘Bu} Fe][PF6 / (3b) 

A 1.00 g (4.71 mmol) sample of [Cp(CO),FeCll 1.5 g 

A 3.50 g (5.72 mmol) sample of [((p-cy- 
mene)RuCl,),] and 3.2 g (12.4 mmol) of phosphine la 
were stirred for 20 h in 50 ml of dichloromethane. 
Precipitation of the product was completed upon addi- 
tion of 50 ml of diethyl ether. The red precipitate 
which separated out was washed with diethyl ether and 
dried, yield, 5.93 g (92%). Analysis: Found (talc. for 
C,H,Cl,O,PRu): C, 52.94 (53.20); H, 5.18 (5.18); P, 
5.87 (5.49); Cl, 12.96 (12.56)%. IR (cm-‘): 1722 (GO). 
31P{1H} NMR (CD,Cl,, 121.50 MHz) 6: 26.4 (s) ppm. 
‘H NMR (CD,Cl,, 300.13 MHz) 6: 7.88-7.46 (m, lOH, 
Ph); 5.27 (d, 2H, 3JHH 
3JHH = 6.1 Hz, C,H,); 

= 6.1 Hz, C,H$; 5.10 (d, 2H, 
3.58 (d, 2H, J,, = 10.1 Hz, 

PCH,); 3.13 (s, 3H, OMe); 2.39 (m, lH, CHMe,); 1.84 
(s, 3H, MeAr); 0.78 (d, 6H, 3JHH = 7.0 Hz, CHMe,) 

ppm. 

(5.0 mmol) of phosphine lb and 0.80 g (4.91 mmol) of 
NH,PF, were stirred for 2 d in 40 ml of methanol. The 
mixture was evaporated to dryness and the residue 
extracted with 40 ml of dichloromethane. The solution 
was filtered and the filtrate evaporated under vacuum 
to leave crude 3b. Recrystallization from acetone (30 
ml)/diethyl ether (130 ml) afforded orange crystals, 
yield, 1.70 g (58%). Analysis: Found (talc. for 
C,,H,,F,FeO,P,): C, 48.63 (48.26); H, 4.25 (4.21); P, 
9.85 (9.96); Cl, 0.15 (O.OO)%. IR (cm-‘): 2056, 2011 
(GO); 1726 (C=O). 31P{1H} NMR (CD&l,, 121.50 
MHz) S: 57.0 (s) ppm. ‘H NMR (CD,Cl,, 300.13 MHz) 
6: 7.59-7.42 (m, lOH, Ph); 5.20 (s, 5H, Cp); 3.62 (d, 2H, 
2J,, = 11.4 Hz, PCH,); 1.16 (s, 9H, tBu) ppm. 

From 4e 
A 4.80 g (7.54 mmol) sample of complex 4e was 

dissolved in 50 ml of dichloromethane. A solution 
consisting of 1.0 ml of sulfuric acid in 80 ml of methanol 
was added and the mixture stirred for 3 d. The greater 
part of the solvent was removed under reduced pres- 
sure and the red precipitate separated by filtration, 
washed with ethanol then diethyl ether, and identified 
as 4b by IR and NMR spectroscopy, yield, 2.72 g 
(64%). 

4.8. Preparation of [(mesitylene){~‘-Ph,PCH,C(=O)O- 
Me)RuCl,] (4~) 

From la 
4.4. Preparation of [CC, H,){ql-Phz PCH,C(=O)OMe}- 
RuCl,I (4a) 

A 2.50 g (5.00 mmol) sample of [{(C,H,)RUC~~)~I 
and 3.0 g (11.6 mmol, an excess) of phosphine la were 
stirred for 20 h in 30 ml of dichloromethane to afford a 
red precipitate of 4a which separated out after the 
addition of 100 ml of diethyl ether. Dark red crystals 
were obtained after recrystallization from 
dichloromethane/ diethyl ether, yield, 3.09 g (61%). 
Analysis: Found (talc. for C2,H2,C1202PRu): C, 49.97 
(49.62); H, 4.26 (4.16); P, 6.02 (6.09); Cl, 14.74 (13.95)%. 
IR (cm-‘): 1715 (C=O). 31P{‘H} NMR (CD,Cl,, 121.50 
MHz) 8: 27.0 (s) ppm. ‘H NMR (CD,Cl,, 300.13 MHz) 
S: 7.89-7.46 (m, lOH, Ph); 5.35 (d, 6H, J,, = 0.9 HZ, 
C,H,); 3.60 (d, 2H, 2JpH = 10.5 Hz, PCH,); 3.21 (s, 
3H, OMe) ppm. 

A 3.00 g (5.13 mmol) sample of [{(mesity- 
lene)RuCl,},] and 3.00 g (11.6 mmol, an excess) of 
phosphine la were stirred for 20 h in 40 ml of 
dichloromethane. The solution was filtered and evapo- 
rated to dryness. Recrystallization from chloroform (40 
ml)/diethyl ether (130 ml) afforded dark red crystals, 
yield, 4.35 g (77%). Analysis: Found (talc. for 
C,H,,Cl,O,PRu): C, 52.80 (52.37); H, 4.78 (4.94); P, 
5.93 (5.63); Cl, 13.06 (12.88)%. IR (cm-‘): 1720 (GO). 
31P{1H} NMR (CDCI,, 121.50 MHz) 6: 28.1 (s) ppm. 
‘H NMR (CDCI,, 300.13 MHz) S: 8.00-7.51 (m, lOH, 
Ph); 4.74 (s, 3H, C,H,); 3.76 (d, 2H, 2JpH = 9.9 Hz, 
PCH,); 3.21 (s, 3H, OMe); 1.88 (s, 9H, Me&) ppm. 
13C(lH} NMR (CD,Cl,, 75.47 MHz) 6: 169.5 (d, 2Jpc 
= 11.1 Hz, C=O); 133.9-128.5 (m, Ph); 102.8 (d, J,, = 
3.3 Hz, CMe, mesitylene); 87.0 (d, J, = 3.6 HZ, CH, 
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mesitylene); 51.8 (s, OMe); 32.5 (d, ‘Jr, = 22.9 Hz, 
PCH,); 18.7 (s, Me, mesitylene) ppm. 

From 2 
A 2.07 g (3.54 mmol) sample of [{(mesity- 

lene)RuCl,},] and 2.73 g (7.08 mmol) of phosphine 2 
were stirred for 20 h in 40 ml of dichloromethane. The 
solution was filtered and the filtrate covered with 100 
ml of hexane, yield, 2.25 g (58%). Analysis: Found 
(talc. for C,,H,,Cl,O,PRu): C, 52.57 (52.37); H, 4.96 
(4.94); P, 5.90 (5.63); Cl, 13.41 (12.881%. IR and NMR 
spectra as above. 

4.9. Preparation of [(hexamethylbenzene){q’-Ph, PCH,- 
C(=O)OMe}RuCl,] (4d) 

A 2.00 g (2.99 mmol) sample of [{(hexamethylben- 
zene)RuCl,),] and 2.50 g (9.68 mmol, excess> of phos- 
phine la were stirred for 20 h in 40 ml of 
dichloromethane. The red precipitate was separated 
out and then washed with diethyl ether, yield, 3.42 g 
(97%). IR (cm-‘): 1734 (GO). 31P(‘H] NMR (CD&l,, 
121.50 MHz) 6: 30.4 (s) ppm. ‘H NMR (CD&l,, 
300.13 MHz) 6: 7.86-7.48 (m, lOH, Ph); 3.57 (d, 2H, 
*Jr” = 9.8 Hz, PCH,); 3.16 (s, 3H, OMe); 1.67 (d, 18H, 
J,, = 0.8 Hz, C,Me,) ppm. The same product was 
obtained using phosphine 2 instead of la. 

4.10. Preparation of [(p-cymene){q’-Ph2 PCH,C(=O)- 
OtBu}RuCl,] . 1 / 4CHC1, (4e) 

A 3.00 g (4.90 mmol) sample of [{(p-cy- 
mene)RuCl,],] and 3.00 g (10.0 mmol) of phosphine lb 
were stirred for 5 h in 50 ml of chloroform. The 
mixture was filtered and the dark red filtrate covered 
with hexane (120 ml) to afford very thin orange needles 
that were separated out and then washed with hexane, 
yield, 5.35 g (86%). Analysis: Found (talc. for 
C,H,,Cl,O,RuP - 1/4CHCl,): C, 53.68 (53.32); H, 
5.54 (5.57); P, 4.92 (4.87); Cl, 15.20 (15.32)%. IR (cm-‘): 
1715 (C=O). 31P{‘H] NMR (CD,Cl,, 121.50 MHz) 6: 
24.6 (s) ppm. ‘H NMR (CD,Cl,, 3Oy.13 MHz) 6: 
:“9:7;: 2 lFHP;‘;551$ ((ddd,&H, 3;;;z;;’ ;; 

C!rH,);’ 3.62 id, !ZH:’ ‘J,, = 9.8’Hz, ‘PCH,); 2:50 <ml 
lH, CHMe$; 1.87 (s, 3H, iWeAr); 1.03 (s, 9H, tBu); 
0.79 (d, 6H, J,, = 7.0 Hz, CHMe,) ppm. 

4.11. Preparation of [(mesitylene){ql-Ph,PCH,C(=O)- 
OtBu)RuCl,/ . CHCl, (4fl 

A 3.00 g (5.13 mmol) sample of [(mesitylene)RuCl,], 
and 3.50 g (11.7 mm00 of phosphine lb were stirred 
for 20 h in 50 ml of chloroform. The solution was 
filtered and the filtrate covered with hexane (120 ml) 

to afford dark red crystals of 4f, yield, 5.17 g (71%). 
Analysis: Found (talc. for C,H,Cl,O,PRu * CHCl,): 
C, 47.74 (47.24); H, 4.90 (4.81); P, 4.13 (4.35); Cl, 24.94 
(24.90)%. IR (cm-‘): 1713 (GO). 31P{‘H] NMR 
(CDCl,, 121.50 MHz) 6: 26.5 (s) ppm. ‘H NMR 
(CDCl,, 300.13 MHz) S: 8.05-7.44 (m, lOH, Ph); 4.70 
(s, 3H, C,H,); 3.66 (d, 2H, *JpH = 9.9 Hz, PCH,); 1.84 
(s, 9H, Me,Ar); 1.05 (s, 9H, ‘Bu) ppm. 

4.12. Preparation of [(hexamethylbenzene){$-Ph,P- 
CH,C(=O)O'Bu)RuCl,] . CHCl, (4g) 

A 2.01 g (3.01 mmol) sample of [Khexamethylben- 
zene)RuCl,},] and 2.5 g (8.3 mmol) of phosphine lb 
were stirred for 20 h in 50 ml of dichloromethane. The 
solution was filtered and the filtrate evaporated to 
dryness. Recrystallization from chloroform (50 
ml)/hexane (150 ml) afforded dark red needles of 4g, 
yield, 3.95 g (87%). Analysis: Found (Calc. for 
C3,H3,C1202PRu 1 CHCl,): C, 50.11 (49.38); H, 5.58 
(5.35); P, 4.23 (4.11); Cl, 22.74 (23.51)%. IR (cm-‘): 
1713 (GO). 31P(1H} NMR (CD,Cl,, 121.50 MHz) S: 
27.1 (s) ppm. ‘H NMR (CD,Cl,, 300.13 MHz) S: 
7.94-7.43 (m, lOH, Ph); 3.47 (d, 2H, *JpH = 9.6 Hz, 
PCH,); 1.66 (d, 18H, J,, = 0.8 Hz, &Me,); 1.04 (s, 
9H, tBu) ppm. 

4.13. Preparation of [{(mesitylene), {p-q2-Ph,PCH,C- 
(=O)O},tp-Cl)Ru2][PF61~ 1/2CH,Cl, (5) 

A 0.50 g (0.70 mmol) sample of complex 4f and 
0.19 g (1.17 mmol) of NH,PF, were stirred for 4 d in a 
mixture consisting of 0.50 ml (27.8 mmol, excess) of 
water and 30 ml of methanol. The reaction mixture was 
evaporated to dryness and the residue extracted with 
20 ml of dichloromethane. The solution was filtered 
and the orange filtrate covered with 120 ml of diethyl 
ether. The resulting orange crystals were separated out 
and then washed with diethyl ether, yield, 0.24 g (60%). 
Analysis: Found (talc. for C,,H,,C1F,0,P3Ru2 . 
1/2CH,Cl,): C, 47.98 (48.45); H, 4.24 (4.29); P, 8.17 
(8.07); Cl, 6.31(6.16)%. IR (cm-‘>: 1598 (C=O). 31P{1Hj 
NMR (CD,Cl,, 121.50 MHz) S: 42.6 (s) ppm. ‘H NMR 
(CD&l,, 300.13 MHz) S: 7.65-7.16 (m, 20H, Ph); 4.87 
(s, 6H, C,H,); 3.41 (dd, 2H, *J,, = 17.4 Hz, *JpH = 9.9 
Hz, PCH, + P’CH,, HJ; 3.30 (dd, 2H, *JpH = 11.6 Hz, 
PCH, + P’CH,, H,); 1.91 (s, 18H, Me,Ar) ppm. 

4.14. Preparation of [(mesitylene){q2-Ph,PCH,C(=O)- 
O}RuClI (6) 

From 4f 
A 0.93 g (1.33 mm011 sample of complex 4f was dis- 
solved in a mixture of methanol (45 ml) and 
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omitted. 31P(1H} NMR (CD,Cl,, 121.50 MHz) S: 29.3 
(s) ppm. ‘H NMR (CD,Cl,, 300.13 MHz) (available 
data) S: 7.41-7.15 (m, lOH, Ph); 5.00 (s, 3H, C,H,); 
3.50 (dd, PCH,); 3.27 (s, 3H, OMe); 1.95 (s, 9H, 
Me,Ar); 1.94 (s, 3H, Me00 ppm. 

4.19. Preparation of [(mesitylene)(‘BuC~ N){r$-Ph, P- 
CH,C(=O)OMe}RuClf[PF,] (7e) 

Following the same procedure and using ‘BuC = N, 
complex 7c was obtained as orange red crystals in 51% 
yield. IR (cm-i): 1733 (C=O). The NMR spectra con- 
sisted of a mixture of 7c (l/2) and 8 (l/2). In the 
following data, the resonances due to 8 and free ‘BuC 
= N are omitted. 31P{‘H} NMR (CD&l,, 121.50 MHz) 
6: 29.4 (s) ppm. ‘H NMR (CD&l,, 300.13 MHz) 
(available data) 6: 7.95-7.18 (m, lOH, Ph); 5.01 (s, 3H, 
C,H,); 3.28 (s, 3H, OMe); 1.96 (s, 9H, Me,Ar); 1.32 (s, 
9H, ‘Bu) ppm. 

4.20. Preparation of [(mesitylene){P(OMe),) (Me,S)Ru- 
Cll[PF, 1 

A 0.50 g (1.20 mmol) sample of [(mesityl- 
eneXP(OMe),)RuCl,], 0.20 g (1.23 mm011 of NH,PF, 
and 0.50 ml (6.80 mmol, an excess> of Me,S were 
stirred for 2 d in 30 ml of methanol. The reaction 
mixture was evaporated to dryness and the residue 
extracted with 20 ml of dichloromethane. The solution 
was filtered and the orange filtrate covered with 100 ml 
of diethyl ether to afford orange crystals, yield, 0.56 g 
(79%). Analysis: Found kale. for C i4 H ,ClF,O,P,RuS): 
C, 28.90 (28.60); H, 4.59 (4.63); P, 10.14 (10.54); Cl, 
5.84 (6.03); S, 6.06 (5.45)%. 31P(‘H) NMR (CD&l,, 
121.50 MHz) S: 119.1 W ppm. ‘H NMR (CD&l,, 
300.13 MHz) 6: 5.31 (s, 3H, C,H,); 3.88 (d, 9H, 3Jpu = 
11.0 Hz, OMe); 2.27 (s, 6H, Me& 2.18 (d, 9H, J,, = 
1.1 Hz, Me,Ar) ppm. 

4.21. Preparation of [(mesitylene) {P(OMe),) (Me& N) 
RuCl][PF,] 

This complex was obtained similarly as orange crys- 
tals, starting from 0.42 g (1.01 mmol) of [(mes- 
ityleneXP(OMe),}RuCl,], 0.19 g (1.17 mmol) of 
NI-I,PF6 and 0.50 ml (10 mmol, an excess) of MeCN, 
and after recrystallization from chloroform (20 ml)/di- 
ethyl ether (120 ml), yield, 0.38 g (66%). Analysis: 
Found (talc. for C,,H,ClF,NO,P,Ru): C, 29.80 
(29.67); H, 4.31 (4.27); P, 11.21 (10.93); Cl, 6.27 (6.25); 
N, 2.47 (2.471%. 31P{1H) NMR (CD&l,, 121.50 MHz) 
6: 121.0 (s) ppm. ‘H NMR (CDZCl,, 300.13 MHz) 6: 
5.29 (s, 3H, C,H,); 3.74 (d, 9H, J,, = 11.4 Hz, OMe); 
2.48 (d, 3H, 5JpH = 1.2 Hz, MeCN); 2.19 (d, 9H, J,, = 
0.8 Hz, Me,Ar) ppm. 

4.22. Preparation of [(mesitylene){P(OMe),} (*BuCzN)- 
RuCl][PF,] 

Following the same procedure and using 0.50 ml 
(4.53 mm011 of ‘BuCN instead of MeCN, orange crys- 
tals of the complex were obtained, yield, 0.30 g (49%). 
Analysis: Found (talc. for Cl,H3,P,ClF,N03Ru): C, 
33.56 (33.53); H, 4.96 (4.97); P, 10.46 (10.17); Cl, 5.81 
(5.82); N, 2.31 (2.30)%. 31 PI’H} NMR (CDCl,, 121.50 
MHz) S: 121.0 (s) ppm. ‘H NMR (CDCl,, 300.13 
MHz) 6: 5.35 (s, 3H, C,H,); 3.80 (d, 9H, 3JpH = 11.4 
Hz, OMe); 2.24 (d, 9H, J,, = 1.0 Hz, Me,Arl; 1.45 (s, 
9H, tBu) ppm. 

4.23. Preparation of [(mesitylene) (Me,S) {#-Ph2 PCH,- 
C(=O)OMe}RuCl][BF4] (7’) 

To a solution consisting of 0.50 g (0.73 mmol) of 
complex S’b in 25 ml of dichloromethane, 0.50 ml (6.80 
mmol) of Me,S was added and the resulting solution 
covered with 100 ml of diethyl ether, affording orange 
crystals, yield, 0.42 g (87%). Analysis: Found (talc. for 
C,,H,,BClF,O,PRuS): C, 47.11 (47.04); H, 5.02 (5.01); 
P, 4.85 (4.67); Cl, 5.67 (5.34); S, 4.93 (4.831%. IR 
(cm-‘): 1719 (C=O). For NMR data, see 7c. 

4.24. Preparation of [(mesitylene) (MeC= N){q1-Ph2 P- 
CH,C(=O)OMe}RuCl][BF41 (7’d) 

To a solution consisting of 0.35 g (0.51 mmol) of 
complex S’b in 10 ml of dichloromethane, 0.50 ml (10 
mmol) of acetonitrile was added and this solution 
covered with 120 ml of diethyl ether to afford orange 
crystals, yield, 0.31 g (95%). Analysis: Found (talc. for 
C,,H,,BClF,NO,PRu): C, 48.25 (48.58); H, 4.78 (4.70); 
P, 4.88 (4.82); Cl, 5.72 (5.521, N, 2.26 (2.181%. For 
NMR data, see 7d. 

4.25. Preparation of I(mesitylene)(‘BuC=N){#-Ph, P- 
CH,C(=O)OMe)RuCl][BF,] (7’e) 

Similarly, 0.50 ml (4.53 mmol) of ‘BuC = N was 
added to a solution consisting of 0.50 g (0.73 mmol) of 
complex S’b in 25 ml of dichloromethane and this 
solution covered with 100 ml of diethyl ether to afford 
orange crystals, yield, 0.47 g (94%). Analysis: Found 
kale. for C,,H,,BClF,NO,PRu): C, 50.72 (50.86); H, 
5.31 (5.30); P, 4.60 (4.52); Cl, 5.25 (5.18); N, 2.12 
(2.05)%. IR (cm-‘): 1735 (C=O). For NMR data, see 
7e. 

4.24. Preparation of [(hexamethylbenzene) (Me,S){q I- 
Ph,PCH,C(=O)OMe}RuCl][BF,] (7’f) 

Complex 7’f was only detected by NMR spec- 
troscopy [31P(‘H1 NMR (CD&l, + Me,S (lo%), 121.50 
MHz) 6: 43.4 (s) ppm. ‘H NMR (CD&l,+ Me,S 
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