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Synthesis and Reactivity of (q6-Arene) (phosphino 
enolato)ruthenium(II) Complexes, Their Coupling Reaction 

with Phenylacetylene, and Thermal Rearrangement to a 
Phosphametallacyclopropane. X-ray Crystal Structures of 

(Ru [ q3 - C H=C (P h) C H (PP h2) C (But) =O ] (p-  cymene) ) ( PFs), of 

(Ru[ q3-CH=C( Ph) C( Me) (PPh2) C( Et )=O] (mesitylene))( BF4), 
and of 
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The reaction of lithium enolates with chlorodiphenylphosphine provides a convenient large 
scale synthesis of @-keto phosphines. The coordination of 8-keto phosphines 1 a t  an (q6-arene)Cl2- 
Ru fragment affords neutral complexes (q6-arene)C12Ru[q1-P-Ph2PCHR2C(=O)R11, 2, cationic 
complexes {(q6-arene)C1Ru[q2-P,0-Ph2PCR3R2C(R1)=01)+, 3, and neutral enolato derivatives 
(q~-arene)C1Ru[q2-P,0-OC(R1)=C(R2)PPh21, 4. Compounds 4 react under mild conditions with 
ligands L (L = Me2S or RC=N) to give cationic derivatives {(q6-arene)(L)C1Ru[OC(R1)=C- 
(R2)PPh2] )+, 5. When L is PhCECH, carbon-carbon bond formation leads via regioselective 
coupling of the C=C bond to both ruthenium and =C(PPh2) carbon to complexes {(q6-arene)- 
Ru[q3-CH=C(Ph)C(R2)(PPh2)C(R1)=Ol)+, 6. The crystal structures of the compounds 6a 
(arene = p - c y e ,  R2 = H, R1 = But), monoclinic, space group P21/n (No. 14) with 2 = 4, a 
= 14.870(4) b = 20.087(6) A, c = 12.454(5) A, a = 90.0°, @ = 92.67(3)', y = 90.0°, d(ca1cd) 
= 1.37 g/cm3, and 6c (arene = mesitylene, R2 = Me, R1 = Et), triclinic, space group Pi (No. 2) 
with 2 = 2, a = 10.962(1) A, b = 15.473(2) A, c = 10.910(1) A, a = 100.10(1)', 0 = 113.64(1)', 
y = 102.41(1)', d(ca1cd) = 1.55 g/cm3, have been determined. 6b (arene = mesitylene, R2 = H, 
R1 = But) is cleanly thermally converted to the metallaphosphacyclopropane derivative {Ru- 
[q3-CH(PPh2)CPh=C(H)C(But)=Ol (mesitylene))+, 7, as shown by the X-ray structure 
determination: triclinic, space group Pi (No. 2) with 2 = 2, a = 14.034(2) A, b = 11.944(1) A, 
c = 10.957(1) A, cy = 106.56', @ = 98.34(1)', y = 109.24(1)', d(ca1cd) = 1.44 g/cm3. 

Introduction 

The reactivity of ruthenium(I1) complexes has especially 
attracted interest for the activation of terminal alkynes 
which provides a ready access to ruthenium(I1) vinylidene 
intermediates under mild conditions. Such vinylidenes 
have been prepared starting from complexes containing 
cyclopentadienyl,' arene,2 or chelating functional phos- 
phine3 ligands. The formation of the vinylidene ruthenium 

~ ~~ ~~~~~ 

Abstract published in Aduance ACS Abstracts, August 15, 1993. 
(1) (a) Bruce, M. I.; Wong, F. S.; Skeleton, B. W.; White, A. H. J. 
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Commun. 1989,165. (d) Bruce, M. I.; Koutsantonis, G. A. A u t .  J .  Chem. 
1991, 44, 207. (e) Lomprey, J. R.; Selegue, J. J. Am. Chem. SOC. 1992, 
114,5518. 

(2) Dixneuf, P. H. Pure Appl. Chem. 1989, 61, 1763 and references 
therein. 

(3) Werner, H.; Stark, A.; Schulz, M.; Wolf, J. Organometallics 1992, 
11, 1126. 

0276-7333/93/2312-3906$04.00/0 

moiety is generally unders to~dl~-~  via q2-coordination of 
the alkyne followed by proton migration with a first-order 
rearrangement. Poor electron donating ancillary ligands 
enhance the electrophilic character of the vinylidene 
carbon atom that adds methanol under mild conditions 
leading to methoxycarbene derivatives.6 By contrast, 
reactions involving the first-step formed (T~-HC=CR)- 
Ru" intermediates are uncommon but would be expected 
with reactive ligands in intramolecular processes. We have 
previously given evidence6 for the reactivity of the 
phosphino thioenolato ligand in iron(I1) complexes I in a 
sulfur-carbon coupling reaction with phenylacetylene 
leading to complexes 11. However the structure of 

(4) Silvestre, J.; Hoffmann, R. Helu. Chim. Acta 1985,68, 1461. 
(5) Le Bozec, H.; Ouzzine, K.; Dixneuf, P. H. Organometallics 1991, 

(6) Samb, A,; Demerseman, B.; Dixneuf, P. H.; Mealli, C. J. Chem. 
10, 2768. 

Soc., Chem. Commun. 1988,1408. 
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(q6-Arene)(phosphino enolato)ruthenium(U) Complexes 

I I1 

complexes I1 shows that the coupling reaction occurred 
after the rearrangement into vinylidene has been effective. 

These studies were limited by the specific access to the 
phosphino thioenolato ligand, from intramolecular cou- 
pling' of a phosphinoalkyne with iron coordinated carbon 
disulfide. Our aim to develop the chemistry of closely 
related but more easily accessible functional ligands, able 
to trap unstable or reactive transient species, led us to 
study the synthesis and reactivity of ruthenium(I1) com- 
plexesof &keto phosphines? In the present paper we report 
(i) the synthesis of several new 8-keto phosphines by 
reaction of lithium enolates with chlorodiphenylphosphine 
and their (+arene)ruthenium(II) complexes, (ii) the 
formation of complexes of type I11 that lead to intramo- 

c I  I 
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7 '- 
CI 

H 

A? - ;:?p 0 

0 

111 IV V 

lecular coupling between an v2-coordinated terminal alkyne 
and an q2-phosphino enolato ligand to give new tripodal 
ligand ruthenium complexes of type IV, and (iii) the 
evidence of a thermal rearrangement producing a novel 
phosphorus-carbon-ruthenium three-membered ring and 
a complex of type V. X-ray structure determinations of 
complexes of types IV and V are reported. 

Experimental Section 
All chemicals were reagent grade and were used as received 

or synthesized as described below. Reactions involving phos- 
phines were performed under argon or nitrogen using Schlenk 
techniques. Chlorodiphenylphosphine was distilled prior to use 
and stored under argon. Melting points were determined in sealed 
capillaries and are uncorrected. Elemental analyses were per- 
formed by the "Service de Microanalyse du CNRS", Vernaison, 
France. Solvents were dried and distilled under inert atmosphere 
before use by conventional methods, except ethanol for which 
anhydrous conditions are not required. Infrared spectra were 
recorded on a Nicolet 205 FT-infrared spectrometer as Nujol 
mulls. The 'H, 3lP(lH), and l3C{lH) NMR spectra were recorded 
on WP 80 FT (lH, 80 MHz; 31P, 32.38 MHz) and AC 300 FT (lH, 
300.13 MHz; SIP, 121.50 MHz; W ,  75.47 MHz) Bruker instru- 
ments. The commercially available ketones were used without 
supplementary purification. tert-Butyl ethyl ketone and tert- 
Butyl isopropyl ketone were prepared according to published 
methods.9 The complexes [ @-cymene)RuClz]2,10 [(mesitylene)- 

(7) (a) Robert, P.; Le Bozec, H.; Dixneuf, P. H.; Hartatock, F.; Taylor, 
N. J.; Carty, A. J. Organometallics 1982, 1, 1148. (b) Le Bozec, H.; 
Fournier, J.; Samb, A.; Dixneuf, P. H. Organomet. Synth. 1986,3,297. 

(8) Bouaoud, S. E.;Braunstein, P.; Grandjean, D.; Matt, D.; Nobel, D. 
Inorg. Chem. 1986,25, 3765. 

(9) Dubois, J.-E.; Hennequin, F. Bull. SOC. Chim. Fr. 1966, 3572. 
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RuClz] 2,11 and [ (hexamethylben~ene)RuCl2]2~~ were prepared as 
literature described. 

Ph*PCH*C(=O)Bu', la. To a cold solution (between -60 
and -80 "C) of LDA obtained from 60 mL (96 mmol) of 1.6 M 
BunLi hexane solution and 13.4 mL (102 mmol) of Pri2NH in 100 
mL of THF was added 11.0 mL (88.0 mmol) of pinacolone. The 
mixture was then stirred 2 h, allowing it to reach room 
temperature, and then evaporated to dryness. The crude white 
solid enolate was dissolved in 150 mL of hexane, and after cooling 
at -80 "C, 15.0 mL (83.6 mmol) of PhzPCl was added. The 
reaction mixture was stirred overnight at room temperature and 
then filtered through a short (10- X 4-cm) alumina column. The 
alumina was washed three times with 40 mL of hexane and the 
filtrate concentrated to 100 mL under vacuum. The solution 
was kept at -20 "C overnight, allowing the formation of white 
crystals. The crystals were separated, washed with 30 mL of 
cold pentane, and dried under vacuum. Yield: 17.8 g, 75%. Mp: 
50 OC. IR, v-: 1690 cm-1. 31P(lHJ NMR, CDCls, 32.38 MHz, 
6: -20.2 (8).  lH NMR, CDC13, 80 MHz, 6: 7.35 (m, 10 H, Ph), 

Ph$CH&(=O)Ph, lb. The acetophenone enolate was 
prepared as for la using 10.0 mL (86.0 mmol) of acetophenone 
and then reacted with PhzPCl using diethyl ether instead of 
hexane. The solution obtained after filtration over alumina was 
evaporated to dryness under vacuum, leaving a white solid that 
was used without further purification. Yield 23.0 g, 90%. Mp: 
71 "(3.8 IR, v-: 1680 cm-1. 31P(lHJ NMR, CDCla, 32.38 MHz, 
6: -17.1 (8 ) .  lH NMR, CDC13, 80 MHz, 6: 8.10-7.20 (m, 15 H, 

PhzPCH(Me)C(=O)Et, IC. The diethyl ketone enolate 
obtained from 15.0 mL (142 mmol) of diethyl ketone was dissolved 
in 200 mL of hexane and reacted with 21.5 mL (120 mmol) of 
PhzPCl as for la. The resulting solution was evaporated to 
dryness, leaving a colorless oil that was used without further 
purification. Yield: 29.8 g, 92%. IR, Y-: 1700 cm-1. SlP(1H) 

6: 7.35 (m, 10 H, Ph), 3.50 (m, 1 H, 'JPH = 4.6 Hz, Vm = 7.1 Hz, 

= 13.4 Hz, PCMe), 0.88 (t, 3 H, C H a e ) .  
Ph$CH(Me)C(=O)But, Id. Id was prepared following the 

procedure described for IC, starting from 20.0 mL (140 mmol) 
of tert-butyl ethyl ketone. The hexane solution obtained after 
filtration was concentrated to 100 mL and then cooled to -20 "C 
to afford white crystals. Yield: 26.9 g, 75%. Mp: 60 "C. IR, 
u-: 1700 cm-l. SlP(1H) NMR, CDCh, 32.38 MHz, 6: -1.4 (a). 
lH NMR, CDCls, 80 MHz, 6: 7.40 (m, 10 H, Ph), 3.95 (m, 1 H, 

Hz, PCMe), 0.92 (a, 9 H, But). 
Ph*PCH(Me)C(=O)Ph, le. The enolate obtained from 6.0 

mL (45.2 mmol) of propiophenone was dissolved in a hexane 
(100 mL)/diethyl ether (50 mL) mixture. After reacting with 
7.50 mL (41.8 mmol) of chlorodiphenylphosphine as above, the 
solution was evaporated to dryness, leaving a colorless oil. On 
standing, crystallization of the oil occurs. Yield: 12.6 g, 94%. 
Mp: 35 "C. IR, Y-: 1670 cm-l. 31P(1HJ NMR, CDCls, 32.38 
MHz, 6: 1.3 (a). lH NMR, CDCl3, 80 MHz, 6: 7.90-7.21 (m, 15 
H, Ph), 4.39 (m, 1 H, ~ J P H  = 5.1 Hz, 3 5 ~  7.1 Hz, PCH), 1.39 
(dd, 3 H, 'JpH = 12.5 Hz, PCMe). 

Ph$CMe&(=O)Pi, If. Ifwaspreparedas lc,startingfrom 
20.0 mL (141 mmol) of diisopropyl ketone. The filtered hexane 
solution was concentrated to 100 mL and then cooled overnight 
to -20 "C, affording white crystals. Yield: 28.1 g, 78%. Mp: 
100 "C. IR, v-: 1700 cm-1. SlP(lH) NMR, CDCls, 32.38 MHz, 
6: 14.3 (a). lH NMR, CDCla, 80 MHz, 6: 7.34 (m, 10 H, Ph), 3.42 
(m, 1 H, 3Jm = 6.6 Hz, 4 J p ~  = 1.7 Hz, CHMeZ), 1.27 (d, 6 H, 'JpH 
= 10.7 Hz, PCMe2), 1.01 (d, 6 H, CHMe2). Phosphine If was 
analyzed as its oxide. Anal. Found (Calcd) for ClsHz~P02: C, 
72.81 (72.60); H, 7.00 (7.37); P, 9.96 (9.85). 

3.25 (8, 2 H, PCHz), 1.11 (e, 9 H, But). 

Ph), 3.80 (8, 2 H, PCH2). 

NMR, CDCls, 32.38 MHz, 6: -1.0 (8).  'H NMR, CDCls, 80 MHz, 

PCH), 2.28 (m, 2 H, 'JPH = 2.0 Hz, CHzMe), 1.23 (dd, 3 H, 3 J p ~  

2 J p ~  = 5.9 Hz, 3Jm = 6.8 Hz, PCH), 1.25 (dd, 3 H, a J p ~  = 13.2 

(10) Bennett, M. A,; Huang, T. N.; Matheson, T. W.; Smith, A. K. 

(11) Bennett, M. A.; Ennett, J. P. Organometallics 1984, 3, 1365. 
Inorg. Synth. 1982,21, 74. 
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Ph#CMerC(=O)But, lg. lg was prepared as If from tert- 
butyl isopropyl ketone and was obtained as a colorless oil. Yield: 
50 % . Several recrystallizations from hexane afforded white 
crystals. Mp: 65 OC. IR, v-: 1680 cm-l. slP(lH} NMR, CDCls, 
32.38 MHz, 6: 14.1 (8). 'H NMR, CDCL 80 MHz, 6: 7.35 (m, 
10 H, Ph), 1.34 (d,6 H, 3 J p ~  = 10.3 Hz, PCMed, 1.32 (s,9 H, But). 
(pcymene)[PhSCH&(=O)But]RuC1a,2a. A 4.65-g (7.60- 

mmol) sample of [@-cymene)RuClJ2 and 4.33 g (15.2 mmol) of 
phosphine la were stirred in 40 mL of dichloromethane for 1 h. 
The deep red solution was filtered and the filtrate covered with 
180 mL of hexane. The dark red crystals resulting from the 
natural diffusion of the solvents were separated, washed with 30 
mL of hexane, and dried. Yield 7.90 g, 88%. Anal. Found 
(Calcd) for C d a C l 2 O R u :  C, 56.61 (56.95); H, 5.80 (5.97); P, 
5.20 (5.25); C1,12.85 (12.01). IR, v-: 1705 cm-l. slP{lH) NMR, 

7.96-7.48 (m, 10 H, Ph), 5.22 (AB, 4 H, 3Jm = 5.9 Hz, C&), 4.02 
(d, 2 H, 2 J p ~  = 9.0 Hz, PCH2), 2.51 (m, 1 H, CHMe2), 1.87 (s, 3 
H,MeAr), 0.84 (d, 6 H, 3Jm = 6.8 Hz, CHMed, 0.66 (s,9 H, But). 

C=O), 133.6-85.7 (m, Ar), 45.7 (8, CMes), 30.6 (d, lJpc = 25.8Hz, 
PCHz), 30.0 (8, CHMe2), 25.4 (s, CMes), 21.4 (s, CHMed, 17.3 (s, 
MeAr). 
(mesitylene)[Ph#CH&(=O)But]RuCla, 2b. A 2.90-g (4.97- 

mmol) sample of [(mesitylene)RuC12]2 and 2.90 g (10.2 mmol) of 
phosphine la were stirred overnight in 50mL of dichloromethane. 
The reaction mixture was evaporated to dryness and the solid 
extracted with 40 mL of hot chloroform. The red solution was 
filtered and the filtrate covered with 150 mL of hexane. The 
resulting red crystals were separated and washed with 30 mL of 
diethyl ether. Yield: 4.60 g, 80%. Anal. Found (Calcd) for 

C1, 13.17 (12.30). IR, V M :  1710 cm-l. slP{lH} NMR, CDCls, 

(m, 10 H, Ph), 4.71 (8, 3 H, C&.), 4.08 (d, 2 H, 2 J ~ ~  = 9.0 Hz, 
PCHz), 1.85 (8, 9 H, Me&), 0.69 (8, 9 H, But). 
(pcymene)[PhaPCH&(=O)Ph]RuCla, 2c. A 1.87-g (3.06- 

mmol) sample of [@-cymene)RuCl2]2 and 1.85 g (6.09 mmol) of 
phosphine lb were stirred in 30 mL of chloroform for 1 h. The 
solution was filtered and the filtrate covered with 100 mL of 
hexane. Yield: 3.70 g, 99%.  Anal. Found (Calcd) for 

C1, 11.25 (11.61). IR, v-: 1670 cm-l. slP{lH) NMR, CDCls, 

(m, 15 H, Ph), 5.27 (AB, 4 H, 3Jm = 6.1 Hz, C&), 4.42 (d, 2 H, 
2 J p ~  = 10.7Hz, PCH2), 2.52 (m, 1 H, CHMez), 1.90 (8, 3 H,MeAr), 

(mesitylene)[PhaPCH&(=O)Ph]RuCla,2d. Thiscomplex 
was obtained in 95% yield as a red crystalline powder, starting 
from [ (mesitylene)RuC12]2 and phosphine lb, following the 
procedure detailed for complex 2b. Anal. Found (Calcd) for 
C&sPClzORu: C, 58.46 (58.39); H, 4.82 (4.90); P, 5.10 (5.19); 
C1, 12.08 (11.89). IR, V M :  1670 cm-l. slP{lH) NMR, CDCls, 
32.38 MHz, 6: 29.0 (E). 'H NMR, CDCls, 80 MHz, 6: 8.W7.37 
(m, 15 H, Ph), 4.73 (s, 3 H, C&,),  4.49 (d, 2 H, 2 J p ~  = 18.7 Hz, 
PCHa), 1.89 (6, 9 H, Me&). 
(mesitylene)[PhaPCH(Me)C(=O)Et]RuClr, 20. A 2.05-g 

(3.51-"01) sample of [(mesitylene)RuCl~l2 and 2.50 mL (excess) 
of the crude phosphine IC were stirred for 3 h in 30 mL of 
dichloromethane. The reaction mixture was evaporated to 
dryness and the residue extracted with a hot mixture of 15 mL 
of toluene and 20 mL of chloroform. The solution was filtered 
and the dark red filtrate covered with 150 mL of hexane. The 
deep red crystals were separated and washed twice with 30 mL 
of diethyl ether. Yield 3.12 g, 79%. Anal. Found (Calcd) for 

C1, 13.42 (12.61). IR, vw: 1710 cm-1. 31P{1H) NMR, CDCls, 

CDCls, 32.38 MHz, 6: 25.2 (8). 'H NMR, CDCls, 80 MHz, 6: 

'3C{'H) NMR, CDCls, 75.47 MHz, 6: 210.8 (d, 2Jpc = 11.6 Hz, 

CnH&&ORu: C, 55.97 (56.25); H, 5.83 (5.77); P, 5.17 (5.37); 

32.38 MHz, 6: 26.3 (8). 'H NMR, CDCls, 80 MHz, 6: 8.04-7.49 

CmHslPClaORu: C, 58.67 (59.02); H, 5.22 (5.12); P, 4.95 (5.07); 

32.38 MHz, 6: 27.7 (8). 'H NMR CDCls, 80 MHz, 6: 7.93-7.43 

0.87 (d, 6 H, 'JHH = 7.1 Hz, cHMe2). 

CBHalPClzORu: C, 55.30 (55.52); H, 5.36 (5.56); P, 5.30 (5.51); 

32.38 MHz, 6: 29.0 (8). 'H NMR, CDCla, 80 MHz, 6: 8.11-7.46 
(m, 10 H, Ph), 4.88 (m, 1 H, 2 J p ~  = 5.9 Hz, 3 J ~ ~  = 7.2 Hz, PCH), 
4.54 (8, 3 H, C a s ) ,  2.62 (m, 2 H, CHzMe), 1.88 (8, 9 H, Me&), 
0.98 (dd, 3 H, 'JpH = 15.6 Hz, PCMe), 0.77 (t, 3 H, 3Jm = 7.1 
Hz, CHJ4e). W{'H) NMR, CDCla, 75.47 MHz, 6: 211.2 (d, 2 J p ~  

Demerseman et al. 

= 6.5 Hz, C=O), 135.9-85.8 (m, Ar), 40.7 (d, lJp~ = 17.4 Hz, 
PCH), 38.0 (d, 3 J ~  = 2.2 Hz, CH2Me), 18.4 (8, Me&), 16.8 (d, 
2 J p ~  = 3.3 Hz, PCMe), 7.3 (s, CHJ4e). 
(pcymene)[Ph~PCH(Me)C(=O)But]RuCl~, 2f. A 1.00-g 

(1.63-"01) sample of [@-cymene)RuCl2]2and0.97 g (3.26 "01) 
of phosphine Id were stirred overnight in 20 mL of chloroform. 
Diethyl ether (100 mL) was added and the solution fastly filtered 
before cooling overnight to -20 OC. Yield 1.12 g, 57%. Anal. 
Found (Calcd) for C&uPClzORu: C, 57.13 (57.61); H,6.20 (6.17); 
P, 4.84 (5.12); C1, 12.64 (11.73). IR, v-: 1695 cm-l. 31P(1H) 

6: 8.43-7.40 (m, 10 H, Ph), 5.20 (m, 1 H, 2 J p ~  = 2.2 Hz, sJm = 
7.1 Hz, PCH), 5.08 (m, 4 H, C A ) ,  2.54 (m, 1 H, CHMe2), 1.69 
(s, 3 H, MeAr), 1.18 (d, 3 H, 3Jm = 6.8 Hz, CHMe2), 1.14 (8, 9 
H, But), 1.05 (dd, 3 H, 3 J p ~  = 16.0 Hz, PCMe), 0.98 (d, 3 H, VHH 
= 6.8 Hz, CHMe2). 
(mesitylene)[PhSCH(Me)C(=0)But]RuC1,,2g. A 1.84-g 

(3.15-"01) sample of [(mesitylene)RuCl212 and 1.88 g (6.31 
"01) of phosphine Id were stirred overnight in 40 mL of 
dichloromethane. The reaction mixture was evaporated to 
dryness and the residue extracted with 30 mL of toluene. The 
solution was filtered and then covered with 130 mL of hexane 
to afford red crystals. Yield: 1.85 g, 50%. Anal. Found (Calcd) 
forC&dC120Ru: C, 56.70 (56.95); H, 5.90 (5.97); P, 5.14 (5.25); 
C1, 12.33 (12.01). IR, V-: 1695 cm-l. slP{lH) NMR, CDCB 
32.38 MHz, 6: 31.3 (8 ) .  'H NMR, CDCls, 80 MHz, 6: 8.55-7.39 
(m, 10 H, Ph), 5.46 (m, 1 H, 2 J p ~  = 2.4 Hz, 3Jm = 7.3 Hz, PCH), 
4.50 (s, 3 H, C&), 1.89 (8, 9 H, Me&), 1.10 (s,9 H, But), 1.03 
(dd, 3 H, VPH = 16.8 Hz, PCMe). 
(pcymene) [Ph*PCH( Me)C(=O)Ph]RuCl&HCla, 2h. A 

2.00-g (3.27-"01) sample of [@-cymene)RuC1212 and 2.10 g (6.60 
mmol) of phosphine l e  were stirred in 40 mL of chloroform. The 
solution was filtered and the filtrate covered with 150 mL of 
hexane. The dark red crystals were separated and washed with 
30 mL of ether. Yield: 3.80 g, 78%. Anal. Found (Calcd) for 

(4.16); C1, 23.86 (23.82). IR, v-: 1675 cm-l. slP(lHJ NMR, 

8.42-7.25 (m, 15 H, Ph), 5.71 (m, 1 H, 2 J p ~  = 4.8 Hz, 3Jm = 7.1 

NMR, CDC13,32.38 MHz, 6: 27.9 (8). 'H NMR, CDCb, 80 MHz, 

CslHsPC120RuCHCls: C, 51.42 (51.66); H, 4.59 (4.61); P, 4.11 

CDCls, 32.38 MHz, 6: 28.3 (8). 'H NMR, CDCh, 80 MHz, 6: 

Hz, PCH), 5.30 (AB, 2 H, 3Jm = 6.1 Hz, CeHd), 4.94 (AB, 2 H, 
'JHH = 6.1 Hz, C&), 2.49 (m, 1 H, CHMea), 1.72 (8,s H,Meh) ,  
1.15 (d, 3 H, 'JHH = 6.8 Hz, CHMe2), 1.11 (dd, 3 H, 'JPH = 16.6 
Hz, PCMe), 0.89 (d, 3 H, 3Jm = 6.8 Hz, CHMe2). 
(mesitylene) [ Ph*PCH( Me)C(=O)Ph]RuClt, 2i. A 2.50-g 

(4.28-"01) sample of [(mesitylene)RuCl2]2 and 3.00 g (9.43 
mmol) of phosphine l e  were stirred overnight in 60 mL of 
dichloromethane. The reaction mixture was evaporated to 
dryness and the residue extracted with 40 mL of hot chloroform. 
The solution was filtered and 150 mL of hexane added to the 
filtrate. Yield: 2.91 g, 56%. Anal. Found (Calcd) for 
C~HB~PCI~ORU:  C, 58.58 (59.02); H, 5.08 (5.12); P, 5.18 (5.07); 
C1, 12.22 (11.61). IR, v-: 1675 cm-l. slP{rH) NMR, CDCls, 
32.38 MHz, 6: 30.8 (8). 'H NMR, CDCls, 80 MHz, 6: 8.50-7.24 
(m, 15 H, Ph), 6.00 (m, 1 H, 2 J p ~  = 7.1 Hz, 3Jm = 6.8 Hz, PCH), 
4.55 (8, 3 H, CsHs), 1.87 (8, 9 H, Me&), 1.11 (dd, 3 H, 'JPH = 
16.5 Hz, PCMe). 

(( r)s-mesitylene)Ru( p-Cl)aRu(Cl) [+-PhZPC (Me)&- 
(Prl)=O]]. A 1.30-g (2.23-"01) sample of [(mesitylene)RuCl& 
and 1.40 g (4.70 mmol) of phosphine I f  were stirred overnight 
in 30 mL of dichloromethane. The solution was filtered and the 
filtrate covered with 15 mL of toluene and then 100 mL of hexane, 
affording dark red crystals. Yield: 0.66 g, 38%. Anal. Found 
(Calcd) for C&aCLORu2: C, 44.14 (44.11); H, 4.33 (4.63); P, 

6: 104.1 (a). 1H NMR, CD2C12, 80 MHz, 6: 8.00-7.38 (m, 10 H, 
Ph), 5.09 (8, 3 H, C&); 3.09 (m, 1 H, CHMe2), 2.20 (8, 9 H, 
Me&), 1.56 (d, 3 H, 'JpH = 9.0 Hz, PCMe), 1.41 (d, 3 H, 'JPH 
= 14.9 Hz, PCMe'), 1.14 (d, 3 H, sJm = 6.3 Hz, CHMe2), 1.07 
(d, 3 H, Vm = 6.4 Hz, CHMe2). W{'H) NMR, CD2C12, 75.47 
MHz,6: 239.8 (d, 2 J ~  = 6.8Hz, C=O), 136.8-127.9 (m,Ph), 99.0 
(8, CMe, mesitylene), 74.5 (8, CH, mesitylene), 58.9 (d, 1Jp~ = 

4.13 (4.06); C1,18.60 (18.60). 3'P('H} NMR, CD2C12,32.38 MHz, 
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(+Arene)(phosphino enolato)ruthenium(Il) Complexes 

24.9Hz,PCMez), 24.8 (s, CHMez), 20.9 (d, Vpc = 10.2 Hz, PCMez), 
19.0 (8,  Me&). 

mmol) sample of [(mesitylene)RuClz]zand3.29 g (11.1 "01) of 
phosphine If were stirred for 2 days in 50 mL of dichloromethane. 
The mixture was evaporated to dryness and the residue washed 
with diethyl ether and then dissolved in 60 mL of a 1/1 toluene/ 
dichloromethane mixture. The solution was filtered and the 
filtrate covered with 160 mL of hexane, affording a dark red 
crystalline solid. Yield 2.58 g, 55%. Anal. Found (Calcd) for 

[$-PhtPC(Me)&(Pi)=O]&uC12.CH&la. A 1.62-g (2.77- 

C&a&lzO2R~CH&lz: C, 55.84 (54.87); H, 5.90 (5.67); P, 7.36 
(7.26); C1, 16.13 (16.61). 3lP{lH) NMR, CD2C12, 32.38 MHz, 6: 

3.03 (m, 2 H, CHMed, 1.73 (t, 6 H, I 3 J p ~  + 7.8 Hz, PCMe 
64.0 (8 ) .  lH NMR, CD2C12,80 MHz, 6: 8.43-7.37 (m, 20 H, Ph), 

+ P'CMe), 1.31 (t, 6 H, I3JpH+ 6 J p ~ l  = 11.7 Hz, PCMe'+ P'CMe'), 
0.94(d,6H,aJ~=6.8Hz,CHMe2),0.21(d,6H,3J~=6.8Hz, 
CHMez). 

{(pcymene) (Cl)Ru[Ph,PCH2C(But)=O]}[BF& 3a, from 
4a. A 0.50-g (0.90-mmol) sample of 4a and 0.13 mL (0.91 mmol) 
of HBFd-diethyl ether complex were dissolved in 30 mL of 
dichloromethane, and this solution was covered with 70 mL of 
diethyl ether. The orange crystals resulting from the diffusion 
of ether were washed with 20 mL of ether. Yield 0.48 g, 83%. 
Anal. Found (Calcd) for C&&lORuBF4: C, 52.50 (52.39); 
H, 5.36 (5.50); P, 4.62 (4.83); C1,5.36 (5.52). IR, V M :  1610 cm-l. 

80 MHz, 6: 7.86-7.16 (m, 10 H, Ph), 5.75 (AB, 2 H, 3Jm = 6.6 

2 J p ~  = 10.7 Hz, 2Jm = 18.7 Hz, PCHz), 2.81 (m, 1 H, CHMez), 
1.96 (8,  3 H, MeAr), 1.32 (dd, 6 H, CHMe2), 1.31 (s, 9 H, But). 
{(mesitylene)(C1)Ru[Ph~PCH~C(But)=O]}[PF6]~CHt- 

Clt, 3b, from 2b. A 0.55-g (0.95-"01) sample of 2b and 0.18 
g (1.07 mmol) of NflF6 were stirred overnight in 25 mL of acetone. 
The reaction mixture was evaporated to dryness and the residue 
extracted with 20 mL of dichloromethane. The filtered solution 
was covered with 60 mL of diethyl ether, affording orange crystals. 
Yie ld :  0.45 g ,  6 1 % .  Anal .  F o u n d  ( C a l c d )  f o r  

8.03 (8.04); C1,11.79 (13.80) (some loss of CHzClz occurred). IR, 
Y M :  1610 cm-1. 3lP{lH) NMR, CDCl3, 32.38 MHz, 6: 61.8 (8).  
1H NMR, CDC13, 80 MHz, 6: 7.60 (m, 10 H, Ph), 5.28 (8,  3 H, 

PCH2), 2.07 (s, 9 H, Me&), 1.32 (8, 9 H, But). 
((pcymene)(Cl)Ru[Ph2PCH~C(Ph)=O]}[BF1], 3c, from 

4d. A 0.50-g (0.87-"01) sample of 4d and 0.13 mL of HBF4.Ek0 
were dissolved in 30 mL of dichloromethane, and the resulting 
orange solution was covered with 70 mL of diethyl ether. Yield 
0.51 g, 89 % . Anal. Found (Calcd) for CmH3lPCIORuBF4: C, 
54.23 (54.44); H, 4.59 (4.72); P, 4.73 (4.68); C1, 5.89 (5.36). IR, 
Y M :  1550 cm-1. 3lP{lH] NMR, CDC13, 32.38 MHz, 6: 58.1 (8).  

1H NMR, CDCls, 80 MHz, 6: 8.22-7.34 (m, 15 H, Ph), 5.84 (AB, 

4.39 (ddd, 2 H, 'JPH = 11.2 Hz, 2 J ~  = 18.1 Hz, PCHz), 2.70 (m, 
1 H, CHMez), 2.00 (s,3 H, MeAr), 1.27 (dd, 6 H, 3 J ~ ~  = 7.2 Hz, 
CHMe2). 
{(pcymene)(Cl)Ru[Ph2PCH(Me)C(Et)=O]}[PF~I, 3d. A 

0.96-g (1.57-"01) sample of [@-cymene)RuCl~l~, 0.52 g (3.20 
mmol) of NHZF6, and 1.0 mL (3.7 mmol, excess) of phosphine 
lo  were stirred for 2 h in 40 mL of methanol. The reaction mixture 
was evaporated to dryness and the residue extracted with 40 mL 
of dichloromethane. The filtered orange solution was covered 
with 100 mL of diethyl ether to afford orange crystals. Yield 
1.17 g, 54%. Anal. Found (Calcd) for CnHSPzClORuFe: C, 
47.56 (47.27); H, 4.87 (4.85); P, 9.21 (9.03); C1, 5.20 (5.17). IR, 
Y-: 1625 cm-1. 3lP{lH} NMR, CDCls, 32.38 MHz, 6: 73.8 (8 ) .  
1H NMR, CDCls, 80 MHz, 6: 7.63 (m, 10 H, Ph), 5.60 (m, 4 H, 
C&), 3.68 (m, 1 H, 2 J p ~  = 7.1 Hz, PCH), 2.90 (m, 3 H, CHzMe 
+ CHMeZ), 1.98 (8,  3 H, MeAr), 1.47 (dd, 3 H, 'JpH = 11.5 Hz, 
3Jm = 7.6 Hz, PCMe), 1.29 (d, 6 H, 3Jm = 6.8 Hz, CHMeg), 1.29 

{(mesitylene) (Cl)Ru[Ph2PCH( Me)C (Et)=O]][PFe], 30. 
Following the procedure described for 3d, 38 was obtained as 

alP{lH) NMR, CDCls, 32.38 MHz, 6: 55.9 (9). 'H NMR, CDC13, 

Hz, Cad) ,  5.62 (AB, 2 H, ' J m  = 6.6 Hz, CsIf,), 3.93 (ddd, 2 H, 

C27H~PzClORuFs.CHzCl2: C, 43.52 (43.52); H, 4.58 (4.58); P, 

C&), 3.89 (ddd, 2 H, 'JPH = 11.0 and 10.5 Hz, ' J m  = 18.1 Hz, 

2 H, 3Jm = 6.2 Hz, CBH~), 5.68 (AB, 2 H, ' J w  = 6.4 Hz, C&), 

(t, 3 H, 'JHH = 6.6 Hz, CH&fe). 
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orange crystals starting from 1.50 g (2.57 mmol) of [(mesitylene)- 
RuC12]2,0.84 g (5.15 mmol) of N W F 6 ,  and 1.5 mL (5.6 mmol, 
excess) of phosphine IC that were stirred overnight in 40 mL of 
methanol. Yield: 1.17 g, 34%. Anal. Found (Calcd) for 

C1,5.33 (5.28). IR, YM: 162Ocm-l. 31P{1H} NMR, CDZCIZ, 32.38 
MHz, 6: 77.9 (8 ) .  lH NMR, CDzClz, 80 MHz, 6: 7.6*7.11 (m, 
10 H, Ph), 5.11 (s,3 H, C&), 3.85 (m, 1 H, 2 J p ~  = 7.3 Hz, PCH), 
2.91 (q, 2 H, CHzMe), 2.07 (8, 9 H, Me&), 1.48 (dd, 3 H, a J p ~  
= 11.0 Hz, VHH = 7.1 Hz, PCMe), 1.26 (t, 3 H, CHaMe). 
{(mesitylene)(Cl)Ru[PhSCH(Me)C(But)=O]}[PF6], 32 

from 2g. A 1.00-g (1.69-"01) sample of complex 2g and 0.28 
g (1.69 mmol) of N W F 6  were stirred overnight in 50 mL of 
methanol. The reaction mixture was evaporated to dryness and 
the solid extracted with 20 mL of dichloromethane. The filtered 
solution was covered with diethyl ether (80 mL). Yield 0.85 g, 
72%. Anal. Found (Calcd) for c~&&cloRuF~: C, 47.93 

1590 cm-l. 31P{1H) NMR, CDC13, 32.38 MHz, 6: 78.5 (8,  major 
stereoisomer), 65.6 (e, minor stereoisomer). lH NMR, CD2C12, 
300.13 MHz, major (2/3) stereoisomer, 6: 7.67-7.00 (m, 10 H, 
Ph), 5.09 (e, 3 H, Cas ) ,  3.92 (m, 1 H, z J p ~  = 11.9 Hz, PCH), 2.03 
(8,  9 H, Me&), 1.56 (dd, 3 H, 'J~H = 11.6 Hz, sJm = 7.4 Hz, 
PCMe), 1.30 (s,9 H, But). lH NMR, CD~C12,300.13 MHz, minor 
(1/3) stereoisomer, 6: 7.67-7.00 (m, 10 H, Ph), 4.98 (s,3 H, Cas ) ,  
4.09 (m, 1 H, 2 J p ~  = 11.5 Hz, PCH), 2.03 (8,  9 H, Me&), 1.39 
(s,9 H, But), 1.38 (dd, 3 H, 3 J ~ ~  = 13.3 Hz, 3 J ~  = 7.7 Hz, PCMe). 
{(pcymene)(Cl)Ru[PhSC(Met)C(Pr')=O]][PF6], 3g. A 

3.06-g (5.00-"01) sample of [@-cymene)RuClzlz, 1.63 g (10.0 
"01) of NHZF6, and 3.0 g (10.0 "01) of phosphine l f  were 
stirred for 2 h a t  room temperature in 50 mL of methanol. The 
reaction mixture was evaporated to dryness and the remaining 
solid stirred with 50 mL of water. The yellow precipitate was 
separated by filtration and washed with water (50 mL), ethanol, 
and ether. Yield 6.79 g, 95%. Recrystallization from dichlo- 
romethane/ether afforded dark orange crystals. Anal. Found 
(Calcd) for C ~ H ~ ~ P ~ C I O R U F ~ :  C, 48.90 (48.78); H, 5.46 (5.22); P, 
8.70 (8.68); C1,4.87 (4.96). IR, Y-: 1605 cm-l. 3lP{lH} NMR, 

(m, 10 H, Ph), 5.84-5.40 (m, 4 H, C&), 3.06 (m, 2 H, CHMe2), 
1.93 (s, 3 H, MeAr), 1.57 (d, 3 H, 'JPH = 10.0 Hz, PCMe), 1.39 
(d, 3 H, 3 J ~ ~  = 11.2 Hz, PCMe'), 1.42 (d, 9 H, s J ~  = 6.6 Hz, 
CHMe2), 1.18 (d, 3 H, 3Jm = 6.0 Hz, CHMe2). 
((mesitylene)(C1)Ru[PhSC(Me)&(Pri)=O]}[PF6],3h. A 

0.60-g (1.02-mmol) sample of [(mesitylene)RuCl~I~, 0.62 g (2.08 
"01) of phosphine If, and 0.35 g (2.15 mmol) of NHZFe were 
stirred for 24 h in 50 mL of methanol. The solvent was removed 
under reduced pressure and the residue extracted with 40 mL 
of dichloromethane. The filtered orange solution was covered 
with diethyl ether (120 mL). Yield 1.04 g, 73 %. Anal. Found 
(Calcd) for C&&ClORuF6: C, 48.06 (48.04); H, 5.08 (5.04); P, 
9.20 (8.85); C1, 5.05 (5.06). IR, Y-: 1615 cm-l. S1P{lH} NMR, 

7.72-7.20 (m, 10 H, Ph), 5.01 (e, 3 H, C&), 3.24 (m, 1 H, PCH), 
2.00 (s,9 H, Me&), 1.52 (d, 3 H, 'JpH = 10.3 Hz, PCMe), 1.38 
(d, 3 H, 3 J p ~  = 12.2 Hz, PCMe'), 1.35 (d, 3 H, 3Jm = 6.6 Hz, 
CHMea), 1.18 (d, 3 H, 3Jm = 6.6 Hz, CHMez). 
((mesitylene)(C1)Ru[Ph~PC(Me)&(But)=O])[PF~], 3i. 

Starting from 0.87 g (1.49 mmol) of [(mesitylene)RuCl&, 0.95 
g (3.04 "01) of phosphine lg, and 0.50 g (3.07 mmol) of N&- 
PF6, complex 3i was obtained as orange crystals, following the 
procedure described for 3h. Yield 1.73 g, 81 %. Anal. Found 
(Calcd) for C~H~,P&~ORUF~: C, 48.83 (48.78); H, 5.16 (5.22); P, 
9.01 (8.68); C1, 5.02 (4.96). IR, Y M :  1585 cm-l. *lP(lH] NMR, 

(m, 10 H, Ph), 4.99 (s,3 H, Cas ) ,  2.03 (e, 9 H, Me&), 1.70 (d, 
3 H, ~JPH = 11.2 Hz, PCMe), 1.48 (d, 3 H, s J p ~  = 13.9 Hz, PCMe'), 
1.44 (e, 9 H, But). 
(pcymene)(Cl)Ru[OC(But)=C(H)PPh~], 4a. A 6.90-g 

(11.27-"01) sample of [@-cymene)RuClzlz and 6.44 g (22.67 
mmol) of phosphine la were stirred in 100 mL of ethanol for 2 
h. Then 1.50 g (26.8 mmol) of KOH was added and the reaction 

C&31P&1ORd?6: C, 46.55 (46.47); H, 4.56 (4.65); P, 9.52 (9.22); 

(48.04); H, 4.97 (5.04); P, 9.08 (8.85); C1, 5.32 (5.06). IR, Y-: 

CDCls, 32.38 MHz, 6: 70.7 (8). 'H NMR, CDCq, 80 MHz, S: 7.68 

CDCIs, 32.38 MHz, 6: 76.1 (5). 'H NMR, CDCh, 80 MHz, 6: 

CDCq, 32.38 MHz, 6: 84.6 (8 ) .  'H NMR, CDCls, 80 MHz, 6: 7.71 
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mixture was filtered and the filtrate cooled to -20 OC. Yield: 
2.85 g, 79%. Anal. Found (Calcd) for C&&ClORu: C, 59.38 
(59.37); H, 6.00 (5.75); P, 5.87 (5.89); C1,7.05 (6.74). IR, v-0: 
1555 cm-l. 3'P{lH} NMR, CDCb, 32.38 MHz, 6: 66.8 (8).  lH 
NMR, CDCls, 80 MHz, 6: 7.38 (m, 10 H, Ph), 4.68 (s,3 H, CeHa), 
2.36 (m, 2 H, CHZMe), 1.97 (e, 9 H, Me&), 1.66 (d, 3 H, s J p ~  = 
9.8 Hz, PCMe), 1.16 (t, 3 H, sJm = 7.6 Hz, CHNe). 
(pcymene)(C1)Ru[OC(But)=C(Me)PPh;], 4g. A 3.92-g 

(6.40-"01) sample of [@-cymene)RuClzl~, 4.00 g (13.4 mmol) 
of phosphine Id, and 0.76 g (13.6 mmol) of KOH were stirred for 
3 h in 70 mL of ethanol. The mixture was filtered at the boiling 
temperature and the filtrate cooled to -20 OC to give red crystals 
of 4g. Yield: 5.52 g, 76%. IR, v-0: 1529 cm-'. s1P{lH) NMR, 

6: 7.90-7.27 (m, 10 H, Ph), 5.54-4.38 (m, 4 H, C&), 2.57 (m, 1 
H, CHMez), 2.04 (8,  3 H, MeAr), 1.81 (d, 3 H, 'JPH = 11.2 Hz, 
PCMe), 1.26 (s,9 H, But), 1.20 (d, 3 H, VHH = 7.0 Hz, CHMez), 
1.06 (d, 3 H, 3 J ~  = 6.9 Hz, CHMez). 

(mesitylene) (Cl)Ru[ OC(Bu')=C(Me)PPh*], 4h, from 2g. 
Following the same procedure, 4h was obtained in 68% yield 
starting from 2g. Anal. Found (Calcd) for C&IBQClORu: C, 
60.86 (60.70); H, 6.35 (6.19); P, 5.15 (5.59); C1, 6.64 (6.40). IR, 
v-0: 1518 cm-1. slP{lH} NMR, CDe, 121.50 MHz, 6: 72.4 (8 ) .  

3 H, C a s ) ,  1.88 (d, 3 H, PCMe, s J p ~  = 11.3 Hz), 1.68 (e, 9 H, 
Me&), 1.46 (a, 9 H, But). 

(pcymene)(Cl)Ru[OC(Ph)~(Me)PPhtl, 41, from 2h. A 
3.00-g (4.81-"01) sample of 2h and 0.34 g (6.07 mmol) of KOH 
were stirred in 50 mL of ethanol for 3 h at  50 "C (2h could be 
prepared in situ by stirring the corresponding stoichiometric 
amounts of [@-cymene)RuClz]2 and phosphine le in ethanol for 
2 h before the addition of KOH). Yield: 2.01 g, 71%. Anal. 
Found (Calcd) for Ca1HSzPClORu: C, 63.21 (63.31); H, 5.43 (5.48); 
P, 5.13 (5.27); C1, 5.93 (6.03). IR, v-0: 1540 cm-1. slP{lH) 

6: 7.97-7.42 (m, 15 H, Ph), 5.32 (AB, 2 H, = 6.1 Hz, CeH4), 

(8 ,  3 H, MeAr), 1.73 (d, 3 H, S J p ~  = 10.0 Hz, PCMe), 1.21 (d, 3 
H, 3Jm = 6.8 Hz, CHMez), 1.09 (d, 3 H, = 6.6 Hz, CHMe2). 

{ (hexamethylbenzene) (Bu+CN)Ru[ OC(But)=C(H)PPh;])- 
(PF3, Sa, from 4c. A 0.68-g (1.16-"01) sample of 4c, 0.20 g 
(1.23 mmol) of N W F e ,  and 0.50 mL (4.53 mmol, excess) of 
ButCN were stirred for 20 h at  room temperature in 40 mL of 
methanol. The resulting mixture was evaporated to dryness and 
the residue extracted with 20 mL of chloroform. The solution 
is filtered and the orange filtrate covered with 80 mL of diethyl 
ether, affording orange crystals. Yield: 0.71 g, 79 7%. Anal. Found 
(Calcd) for C ~ H ~ ~ P Z N O R U F ~ :  C, 54.48 (54.26); H, 6.12 (6.11); P, 
7.98 (8.00); N, 1.77 (1.81). IR, u-0: 1513 cm-l. slP{lH) NMR, 

6: 7.50-7.20 (m, 10 H, Ph), 4.43 (d, 1 H, 2 J p ~  = 3.5 Hz, PCH), 

(8,  9 H, ButCN). 
((mesitylene)(MetS)Ru[OC(Bu')Yo)PPhtlj(PF~), Sb, 

from 4b. Following the procedure detailed for Sa, Sb was 
obtained as orange crystals starting from 1.16 g (2.15 mmol) of 
4b, 0.41 g (2.52 mmol) of NHzFe, and 1.0 mL (13.6 mmol, excess) 
of Me2S. Yield: 0.84 g, 55%. Anal. Found (Calcd) for 

S, 5.45 (4.51); C1,0.07 (0.00). IR, v-0: 154Ocm-I. slP{lHJ NMR, 

7.63 (m, 10 H, Ph), 5.10 (e, 3 H, CeHs), 4.55 (d, 1 H, 2 J p ~  = 4.2 
Hz, PCH), 2.02 (s,9 H, Me&), 1.93 (s,6 H, Me&, 1.23 (s,9 H, 
But). 

{(mesitylene) (MeCN)Ru[ oC(But)=C(Me)PPhtlJ(PFs), Sc, 
from 4h. Following the same procedure, Sc was obtained as 
orange crystals starting from 0.75 g (1.35 mmol) of 4h, 0.25 g 
(1.53 mmol) of "Fs, and 1.0 mL (excess) of MeCN. Yield: 
0.25g, 26%. Anal. Found (Calcd) for C&mPzNORuFe: C, 50.89 
(51.14); H, 5.30 (5.29); P, 9.60 (8.79); N, 2.00 (1.99). IR, YD.ICO: 
1516 cm-1. 31P{1HJ NMR, CDzClZ, 121.50 MHz, 6: 76.5 (8).  'H 
NMR, CD&lz, 300.13 MHz, 6: 7.60-7.47 (m, 10 H, Ph), 4.96 (8, 

CDCls, 121.50 MHz, 6: 68.1 (8). 'H NMR, CDCls, 300.13 MHz, 

'H NMR, C a s ,  300.13 MHz, 6: 8.06-7.06 (m, 10 H, Ph), 4.23 (8,  

NMR, CDCls, 32.38 MHz, 6: 60.3 (8). 'H NMR, CDCls, 80 MHz, 

4.91 (AB, 2 H, 3 J ~ ~  f 5.9 Hz, C&), 2.62 (m, 1 H, C m e z ) ,  2.10 

CDzC12,121.50 MHz, 6: 53.9 (8).  'H NMR, CDZClz, 300.13 MHz, 

1.89 (d, 18 H, JPH = 0.7 Hz, CeMa), 1.18 (8, 9 H, Bu'CO), 0.88 

C&azSORuFe: C, 49.18 (48.94); H, 5.56 (5.38); P, 8.58 (8.70); 

CDzC12, 32.38 MHz, 6: 58.4 (8). 'H NMR, CDzClz, 80 MHz, 6: 

mixture stirred overnight. The resulting slurry was heated and 
filtered at  the boiling temperature. Formation of orange crystals 
from the filtrate occurred upon cooling to -20 OC. Additional 
crystals were obtained after concentration of the mother solution. 
Overall yield: 10.95 g, 87%.  Anal. Found (Calcd) for 

6.54 (6.40). IR, Y-0: 1505 cm-'. 3lP{lH) NMR, CDCla, 32.38 
MHz, 6: 52.6 (8).  'H NMR, CDCl3,80 MHz, 6: 7.54 (m, 10 H, 
Ph), 5.46 (AB, 2 H, 3Jm = 6.1 Hz, CeHd), 4.33 (AB, 2 H, sJm = 
4.4 Hz, Cad) ,  4.32 (d, 1 H, 2 J p ~  3.2 Hz, PCH), 2.57 (m, 1 H, 
CHMez), 2.13 (e, 3 H, MeAr), 1.20 (s,9 H, But), 1.23 (d, 3 H, s J ~  
= 5.1 Hz, CHMeZ), 1.02 (d, 3 H, 3Jm = 6.8 Hz, CHMez). W{lH) 

141.4-82.3 (m, Ar), 70.5 (d, 'Jpc = 62.7 Hz, PCH), 38.1 (d, s J ~  
= 11.9Hz, CMes), 30.4 (8,  CHMez), 29.6 (8, CMes), 22.7 (8,  CHMed, 
21.7 (8,  CHMeg), 18.3 (8,  MeAr). 
(mesitylene)(C1)Ru[OC(But)=C(H)PPht], 4b, from 2b. 

A 3.00-g (5.21-"01) sample of complex 2b and 0.50 g (8.93 mmol) 
of KOH were stirred in 40 mL of ethanol for 3 h at  40 "C. The 
mixture was filtered at  the boiling temperature and the dark 
orange filtrate cooled to -20 "C, affording orange crystals. 
Yield: 2.15 g, 77 5%. Anal. Found (Calcd) for CnHSzPClORu: 
C, 60.05 (60.05); H, 5.99 (5.97); P, 5.65 (5.74); CL6.24 (6.56). IR, 
Y-0: 1525 cm-1. 31P{lH) NMR, CDCla, 32.38 MHz, 6: 56.7 (e). 
1H NMR, CDCls, 80 MHz, 6: 7.73-7.46 (m, 10 H, Ph), 4.69 (8,  

Me&), 1.20 (8,  9 H, But). 
(hexamethylbenzene)(C1)Ru[OC(But)=C(H)PPh;], 4c. 

A 2.13-g (3.19-"01) sample of [ (hexamethy1benzene)RuClzlz 
and 1.81 g (6.37 mmol) of phosphine la were stirred for 6 h in 
50 mL of dichloromethane. The dark red solution was filtered 
to remove some insoluble material and evaporated to dryness. 
The remaining solid was dissolved in 60 mL of ethanol and 0.40 
g (7.14 mmol) of KOH added. After stirring overnight, the 
solution was heated and filtered at the boiling temperature to 
afford orange crystals upon cooling to -20 OC. Yield: 2.76 g, 
74%. Anal. Found (Calcd) for C d d C l O R u :  C, 61.46 (61.90); 
H, 6.47 (6.58); P, 5.23 (5.32); C1, 6.38 (6.09). IR, v-0: 1505 
cm-1. 31P{1H} NMR, CDCls, 32.38 MHz, 6: 53.4 (8). 'H NMR, 
CDCls, 80 MHz, 6: 7.61-7.19 (m, 10 H, Ph), 4.29 (d, 1 H, z J p ~  
= 3.1 Hz, PCH), 1.83 (8,  18 H, CsMee), 1.19 (8, 9 H, But). 
(pcymene)(Cl)Ru[OC(Ph)=C(H)PPhtl, 4d, from 2c. A 

3.00-g (4.92-"01) sample of 2c and 0.40 g (7.14 mmol) of KOH 
were stirred overnight in 70 mL of ethanol. The reaction mixture 
was heated and filtered and the light red filtrate cooled to -20 
OC. Yield: 1.98 g, 70%. Anal. Found (Calcd) for C d m -  
PClORu: C, 62.66 (62.77); H, 5.29 (5.27); P, 5.21 (5.40); C1,5.75 
(6.18). IR, v-0: 1515 cm-l. slP{lH) NMR, CDCls, 32.38 MHz, 
b: 51.5 (8).  'HNMR, CDCls, 80MHz, 6: 7.72-7.33 (m, 15H,Ph), 

PCH),4.87 (AB,2H,SJm= 5.5Hz,Ca4),2.62(m,lH,CHMe2), 
2.16 (8 ,  3 H, MeAr), 1.05 (d, 6 H, sJm = 6.8 Hz, CHMez). 
(p~ymene)(Cl)Ru[OC(Et)=C(Me)PPh~].~/rCsH~r, 48. A 

3.06-g (5.00-"01) sample of [@-cymene)RuCl2]2 and 3.0 mL 
(excess) of phosphine IC were stirred for 1 h in 40 mL of ethanol. 
Then 0.60 g (10.7 mmol) of KOH was added, and the mixture was 
stirred overnight. Hexane (40 mL) was added before filtration 
and cooling. Yield: 5.08 g, 87%. Anal. Found (Calcd) for 

(5.31); C1,6.01(6.08). IR, v ~ o :  1545 cm-1. 31P{1HJ NMR, CDCb, 

(m, 10 H, Ph), 5.61-4.39 (m, 4 H, Cad),  2.37 (m, 3 H, CHzMe 

PCMe), 1.15 (t, 3 H, 3Jm = 7.1 Hz, C H a e ) ,  1.19 (d, 3 H, 
= 6.8 Hz, CHMeZ), 1.04 (d, 3 H, aJm = 6.8 Hz, CHMe2). W{lH} 

138.6-85.5(m,Ar),78.2(d,lJp~=55.8Hz,PC=),30.5(s,CHMez), 
27.8(d,%Jpc = 11.8Hz,CHzMe),22.6(s,CHMez),22.3(s,CHMe2), 
22.2 (d, 2Jp~ = 8.3 Hz, PCMe), 17.9 (8, MeAr), 12.3 (8,  C H a e ) .  

(mesitylene) (Cl)Ru[ OC(Et )=C (Me)PPh,], 4f, from 20. A 
3.80-g (6.76-"01) sample of 20 and 0.60 g (10.7 mmol) of KOH 
were stirred in 30 mL of ethanol for 3 h at  40 "C. The reaction 

CBHBQClORu: C, 60.73 (60.70); H, 6.27 (6.19); P, 5.48 (5.60); C1, 

NMR, CDCls, 75.47 MHz, 6: 199.6 (d, 'Jpc = 15.5 Hz, 40), 

3 H, CeHs), 4.32 (d, 1 H, 'JPH = 3.4 Hz, PCH), 1.97 (a, 9 H, 

5.55 (AB, 2 H, 'JHH = 6.1 Hz, CeH4), 5.02 (d, 1 H, 'JPH = 2.0 Hz, 

CnHazPClORu.'/zCeH14: C, 61.68 (61.79); H, 6.71 (6.74); P, 5.31 

32.38 MHz, 6: 60.9 (8). 'H NMR, CDCls, 80 MHz, 8: 7.89-7.39 

+ CHMez), 2.05 (8 ,  3 H, MeAr), 1.72 (d, 3 H, 'JPH = 10.0 Hz, 

NMR, CDCb, 75.47 MHz, 6: 187.8 (d, 2Jpc = 19.9 Hz, e o ) ,  
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($-Arene)@hosphino enolato)ruthenium(II) Complexes 

3 H, C&), 1.89 (8, 9 H, Me&), 1.74 (d, 3 H, 'JPH = 11.8 Hz, 
PCMe), 1.73 (8,  3 H, MeCN), 1.23 (s, 9 H, But). 

{ (pcymene)(BuCN)Ru[OC(Bu')--C(Me)PPhrl)(PF~), 5d, 
from 4g. The same procedure was applied starting from 0.48 g 
(0.85 mmol) of 4g, 0.20 g (1.23 mmol) of NHSF6, and 0.50 mL 
(4.53 mmol, excess) of Bu'CN. Yield 0.43 g, 67 % . Anal. Found 
(Calcd) for C&&NORuF6: C, 54.38 (53.68); H, 6.05 (5.96); P, 
8.05 (8.14); N, 1.30 (1.84). IR, u-0: 1521 cm-l. 'lP(lH) NMR, 

6: 7.65-7.37 (m, 10 H, Ph), 5.73-4.99 (m, 4 H, C&), 2.52 (m, 1 
H, CZfMed, 1.99 (e, 3 H, MeAr), 1.88 (d, 3 H, 'JpH = 11.8 Hz, 
PCMe),1.24(s,9H,B~'CO),1.22(d,3H,~Jm=6.9Hz,CHMe2), 

{(mesitylene)( MerS)Ru[ OC( But)-C(Me)PPh,])(PFt), Se, 
from 4h. Complex 6e was prepared starting from 1.50 g (2.71 
mmol) of 4h, 0.50 g (3.07 mmol) of NHSF6, and 1.0 mL (excess) 
of Me2S. Yield: 1.27 g, 65%. Anal. Found (Calcd) for 

S,5.26 (4.42). IR, v w :  153Ocm-l. slP(lH) NMR, CD2C12,121.50 

(m, 10 H, Ph), 5.00 (8,  3 H, C6H3), 1.96 (s,9 H, Me&), 1.78 (8, 
6 H, MeZS), 1.71 (d, 3 H, 'JpH = 11.8 Hz, PCMe), 1.23 (s, 9 H, 
But). 

((pcymene)(MeaS)Ru[OC(Bu*)~(Me)PPh~])(PF~), Sf, 
from 4g. Orange crystals of 5f were obtained from 0.49 g (0.86 
mmol) of 4g, 0.20 g (1.23 mmol) of NH4PF6, and 0.50 mL (6.8 
mmol, excess) of Me2S. Yield 0.51 g, 80%. Anal. Found (Calcd) 
for Cs1H42P2SORuF6: C, 50.67 (50.33); H, 5.75 (5.72); P,8.42 (8.37); 
S, 5.63 (4.33). IR, u-: 1517 cm-l. 31P(1H) NMR, CD2C12,121.50 

(m, 10 H, Ph), 5.78-4.89 (m, 4 H, C&), 2.56 (m, 1 H, CHMeZ), 
2.01 (s,3 H, MeAr), 1.89 (br, 6 H, MezS), 1.76 (d, 3 H, 3 J p ~  = 11.9 

But), 1.18 (d, 3 H, 3Jm = 7.0 Hz, CHMe2). 
Synthesis of 5f from 5d. A 0.18-g (0.24-"01) sample of 

complex 5d was dissolved in a mixture of 5.0 mL of dichlo- 
romethaneand0.50mLof MezSandtheresultingsolutioncovered 
with 120 mL of diethyl ether to afford orange crystals identified 
to 5f by NMR. Yield: 0.16 g, 92%. 

from 41. Orange crystals of 5g were prepared following the 
procedure detailed for Sa, starting from 0.46 g (0.78 "01) of 4i, 
0.18 g (1.08 mmol) of NH4PF6, and 0.50 mL (6.8 mmol, excess) 
of Me2S. Yield: 0.42 g, 71%. Anal. Found (Calcd) for 

S, 4.77 (4.22). IR, UWO: 1544cm-'. 'lP(lH) NMR, CD&12,121.50 

(m, 15 H, Ph), 5.79-4.95 (m, 4 H, c&), 2.65 (m, 1 H, CZfMeZ), 
2.10 (s,3 H, MeAr), 1.93 (br, 6 H, MeZS), 1.74 (d, 3 H, 'JPH = 10.7 
Hz, PCMe), 1.27 (d, 3 H, VHH = 7.0 Hz, CHMed, 1.23 (d, 3 H, 

((p-cymene)Ru[ ~*-CHEC(Ph)CH(PPhz)C(But)=O])- 
[PFt], 6a, from 4a. A 0.70-g (2.77-"01) sample of AgPF6 and 
0.30 mL of phenylacetylene were stirred in 50 mL of cold toluene 
(-60 "C), and then 1.50 g (2.71 mmol) of 4a was added. The 
reaction mixture was slowly warmed to room temperature and 
stirred overnight after addition of 20 mL of dichloromethane. 
The solution was concentrated under reduced pressure and the 
yellow precipitate separated out and dried. Recrystallization 
from dichloromethane (40 mL) and diethyl ether (150 mL) 
afforded orange crystals. Yield 1.40 g, 68%. Anal. Found 
(Calcd) for CssH&ORuFe: C, 56.50 (56.47); H, 5.38 (5.27); P, 
8.05 (8.09). 3'P{'H) NMR, CDC13, 32.38 MHz, 6: 126.8 (8). 'H 
NMR, CDC13,80 MHz, 6: 9.87 (dd, 1 H, s J p ~  = 1.7 Hz, 4Jm = 

CD&12,121.50 MHz, 6: 74.6 (8). 'H NMR, CDzC12, 300.13 MHz, 

1.13 (d, 3 H, 'JHH = 6.9 Hz, CHMez), 0.94 (8,  9 H, Bu'CN). 

CmHd2SORuF6: C, 49.80 (49.65); H, 5.61 (5.56); P, 8.21 (8.54); 

MHz, 6: 77.5 (8 ) .  'H NMR, CD2C12, 300.13 MHz, 6: 7.53-7.36 

MHz, 6: 73.8 (8). 'H NMR, CD2C12, 300.13 MHz, 6: 7.55-7.47 

Hz, PCMe), 1.25 (d, 3 H, 'JHH = 7.0 Hz, CHMe2), 1.22 (8, 9 H, 

{(pc~mene)(MetS)Ru[OC(Ph)~(Me)PPh~l~(PFt), 513, 

CssH&'2SORuF6: C, 52.18 (52.17); H, 4.92 (5.04); P, 8.56 (8.15); 

MHz, 6: 68.0 (8). 'H NMR, CD2C12, 300.13 MHz, 6: 7.62-7.36 

'JHH = 6.9 Hz, CHMe2). 

2.2Hz,RuCH),7.56-7.39(m,15H,Ph),6.29-5.93 (m,4H,C&), 
5.68 (dd, 1 H, 2 J p ~  = 10.3 Hz, PCH), 2.58 (m, 1 H, CHMeZ), 2.04 

H, ~ J H H  = 6.8 Hz, CHMeZ), 0.75 (s, 9 H, But). lSC{'H) NMR, 
(8, 3 H, Me&, 1.10 (d, 3 H, 'JHH = 7.1 €32, CWLfez), 1-06 (d, 3 

CDC13, 75.47 MHz, 6: 228.6 (d, 2Jpc = 5.9 Hz, C=O), 166.2 (d, 
2Jpc 14.4 Hz, RuC), 137.3 (d, 2Jpc = 10.6 Hz, XCPh), 132.9- 
89.0 (m, Ar), 66.4 (d, 1Jpc = 32.0 Hz, PCH), 45.3 (d, ' J ~ c  = 2.4 
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Hz, CMes), 31.7 (e, CHMeZ), 25.9 (8, CMes), 22.8 (8, CHMe2), 22.3 
(8,  CHMeZ), 18.6 (e, MeAr). 

( ( m e s i t y l e n e ) R u [ ~ ~ - - C H ~ ( P h ) C ( B u O ] ) -  
[BF,], 6b, from 4b. A 0.76-g (3.90-"01) sample of AgBF4 was 
added under stirring to a cold (-60 "C) solution of 2.09 g (3.87 
mmol) of 4b and 0.35 mL (4.01 mmol) of phenylacetylene in 80 
mL of dichloromethane. After overnight stirring, the reaction 
mixture was evaporated under reduced pressure and the residue 
washed with 50 mL of diethyl ether. The crude product was 
crystallized from dichloromethane/diethyl ether mixture. 
Yield: 2.30g, 86%. Orange crystals of 6b.toluene were obtained 
after dissolution in a 1/1 toluene/dichloromethane mixture and 
a d d i t i o n  of h e x a n e .  Ana l .  F o u n d  ( C a l c d )  f o r  
C ~ H ~ O R U B F & H B :  C, 63.51 (64.20); H, 5.71 (5.90); P, 3.99 
(3.94). "P{'H) NMR, CDCls, 32.38 MHz, 6: 126.5 (8). 'H NMR, 
CDCl,, 80 MHz, 6: 9.28 (dd, 1 H, 'JpH = 2.5 Hz, 'Jm = 1.5 Hz, 
RuCH), 7.53-7.20 (m, 20 H, Ph), 5.77 (dd, 1 H, 'JPH = 10.3 Hz, 
PCH), 5.57 (8,  3 H, C6H3), 2.34 (8,  3 H, Me-toluene), 2.23 (s, 9 
H, Me&), 0.83 (s,9 H, But). W{ 'H) NMR, CD2Cl2, 75.47 MHz, 

138.8 (d, 2Jpc = 14.9 Hz, =CPh), 138.2-85.7 (m, Ar), 67.5 (d, lJpc 
= 30.5 Hz,PCH), 45.7 (d, ' J ~ c  = 2.2 Hz, CMes), 26.2 (8, CMes), 
19.6 (8,  Me&). 
((mesitylene)Ru[rl'-CH--C(Ph)C(Me)(PPhr)C(Et )--VI)- 

[BF,], 6c, from 4f. Following the same procedure, 6c was 
prepared starting from 0.53 mL (4.83 mmol) of phenylacetylene, 
0.85 g (4.37 mmol) of AgBF4, and 2.30 g (4.37 mmol) of 4f in 80 
mL of dichloromethane. After overnight stirring at room 
temperature, the reaction mixture was filtered and the orange 
filtrate evaporated under reduced pressure. The residue was 
shaken with 50 mL of ether to obtain a yellow precipitate that 
was separated upon filtration and dried. The crude product (2.27 
g, 76%) was dissolved in 35 mL of dichloromethane and the 
solution covered with 120 mL of ether to promote the formation 
of orange crystals. Yield: 1.45 g, 49%. Anal. Found (Calcd) for 

3lP{'HJNMR,CDC4,32.38MHz,6: 144.9 (8 ) .  'HNMR,CDC&, 
80 MHz, 6: 8.91 (d, 1 H, 'JPH = 2.9 Hz, RuCH), 7.59-6.38 (m, 
15 H, Ph), 5.35 (8,  3 H, CsHs), 2.89 (m, 2 H, CHZMe), 2.15 (8,  9 

= 7.1 Hz, CH&e). l*C('H) NMR, CDCla, 75.47 MHz, 6: 225.8 (d, 

2 J ~  = 16.6 Hz, =CPh), 139.4-85.5 (m, Ar), 75.0 (d, 'JPC = 26.8 
Hz, PCMe), 34.8 (8, CHzMe), 19.1 (8,  Me&), 14.4 (d, 'Jpc = 4.2 
Hz, PCMe), 8.1 (s, C H a e ) .  

~(pcymene)Ru[rl'-CH=C(Ph)C(Me)(PPh*)C(Ph)=O])- 
[BPI], 6d, from 41. Following the procedure described for 6c 
and starting from 0.66 g (3.40 mmol) of AgBF4,2.00 g (3.40mmol) 
of 4i and0.42 mL (3.82 mmol) of phenylacetylene, 6d was obtained 
as an orange precipitate. Yield 1.97 g, 78 % . Red-orange crystals 
were obtained from dichloromethane/diethyl ether. Anal. Found 
(Calcd) for CseH&'ORuBF4: C, 62.83 (63.17); H, 5.12 (5.17); P, 

6: 229.5 (d, 2Jpc = 6.8 Hz, C-O), 171.8 (d, 'Jpc 13.8 Hz, RuC), 

CuH&ORuBF4: C, 60.16 (60.10); H, 5.07 (5.34); P, 4.81 (4.56). 

H,Me&), 1.46 (d, 3 H, 3 J p ~  = 11.7 Hz, PCMe), 1.31 (t, 3 H, 'JHH 

'Jpc 7.6 Hz, C=O), 172.2 (d, 2Jpc = 14.4 Hz, RuC=), 141.0 (d, 

4.25 (4.18). ''P{'H) NMR, CDCl3, 32.38 MHz, 6: 150.5 (8).  'H 
NMR, CDCb, 80 MHz, 6: 9.41 (d, 1 H, VPH = 2.7 Hz, RuCH), 
7.56-7.15 (m, 20 H, Ph), 5.98-5.47 (m, 4 H, C&), 2.47 (m, 1 H, 
CHMeZ), 2.17 (s,3 H, MeAr), 1.66 (d, 3 H, 'JpH = 12.0 Hz, PCMe), 
1.00 (d, 6 H, 

((mesitylene)Ru[qa-CH(PPh&2(Ph)=C( H)C(But)=O])- 
[BF,], 7, from 6b. A 1.40-g (2.02-mmol) sample of crude 6b was 
refluxed in 30 mL of ethanol for 20 min, affording a dark red 
solution. On overnight standing at room temperature, red crystals 
were obtained from that solution. They were separated out and 
dried. Yield: 1.00 g, 71%. Anal. Found (Calcd) for 

MHz, 6: 7.7 (a). 1H NMR, CDCls, 80 MHz, 6: 7.72-7.36 (m, 15 

= 6.8 Hz, cHMe2). 

C~H&'ORUBF~: P, 4.55 (4.47). "P('H] NMR, CDC&, 32.38 

H, Ph), 6.11 (dd, 1 H, (JPH = 2.2 Hz, 'Jm 1.2 Hz,=CH), 5.30 
(8,  3 H, C&), 4.24 (dd, 1 H, 2 J p ~  = 5.0 Hz, PCH), 2.09 (8,  9 H, 
Me&), 0.72 (s, 9 H, But). laC('H) NMR, CD2C12, 75.47 MHz, 
6: 207.1 (s, C=O), 166.5 (s, =CPh), 143.1-118.7 (m, Ar), 112.9 
(8,  =CH),  105.9 (e, CMe-mesitylene), 82.5 (8,  CH-mesitylene), 
43.9 (8,  CMes), 27.7 (s, CMes), 22.8 (8,  PCH), 19.6 (8,  Me&. 
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{ (pcymene)R@t?-CH=€( Ph)CH( PPhz)C( But)=O]HPFsl, 6a, (( m e s i t y l e n e ) R @ d - C (  Ph)C(Me) (PPhz)C( Et)=O]}[BF41,6c, 
and ((mesitylene)R@d-<=H(PPh~)C(Ph)~(H)C(But)30]HBF41,7 

A. Crystal Data 
formula CasHu~P20iFsRUi C d h s P i 0 1  FiRui C3d-hPiOiBiF4R~ 
mol wt 765.73 679.5 1 693.54 
cryst syst monoclinic triclinic triclinic 
space group P2l/n (No. 14) Pi (No. 2) P1 (No. 2) 
a, A 14.870(4) 10.962( 1) 14.034(2) 
b, A 20.087(6) 1 5.473(2) 1 1.944( 1) 
c, A 12.454(5) 10.910(1) 10.957(1) 
a, deg 90.0 100. 10( 1) 106.56(1) 
i% deg 92.67(3) 113.64( 1) 98.34(1) 
79 deg 90.0 102.41 (1) 109.24( 1) 
v, A3 3715.9 1451.0 1603.2 
Z 4 2 2 
dollol 8 1.37 1.55 1.44 
p(Mo Ka) cm-I 5.52 6.34 
N(CU Ka) cm-I 34.41 
cryst size, mm 

diffractometer Philip PW-1100 Enraf-Nonius CAD-4- 1 100 Philip PW-1100 

scan width, deg 0.9 + 0.35(tan 8) 0.8 + 0.35(tan 8 )  0.7 + O.lS(tan 8) 
scan speed, deg/min 0.04 0.07 0.05 

Table I. Crystallographic Data for the Structural Analyses of Compounds 

6a 6c 7 

0.25 X 0.25 X 0.20 0.47 X 0.47 X 0.52 0.40 X 0.20 X 0.18 
B. Data Collection and Reduction 

scan type -28 *2e *2e 
28 range, deg 5 4 0  5-50 5-120 

C. Solution and Refinement 
total no. of data 3780 
no. of unique data, I > 3(a) 2047 
no. of parameters 180 
R 0.079 
R W  0.075 
abs corr min, max 1.199-0.854 

X-ray Diffraction Studies. Crystal data, data collection 
parameters, and results of the calculations for structure solution 
and refinement are given in Table I, and the final positional 
parameters in Table I1 (complex 6a), Table I11 (complex 6c), and 
Table IV (complex 7). All measurements were carried out at  23 
"C. Unit cell dimensions were determined by least squares 
refinement of the positional parameters of 25 reflections. As a 
general procedure three standard reflections were collected every 
2 h. Only in the case of compound 6a was a decay as large as 15 5% 
observed. Moreover there were almost no measurable reflections 
for 28 > 40" and the low diffraction power of the crystal results 
in the final relatively high R factor (0.079). All the data were 
collected for Lorentz and polarization effects. A numerical 
absorption correction was applied in the case of compound 7 by 
using the appropriate algorithm of the SHELX76 program. In 
the other cases, an empirical correction for the absorption effect 
was performed at  an advanced state of the structure's refinement 
by using the program DIFABS.12 Atomic scattering factors are 
those tablulated by Cromer and Weber.ls The structures were 
solved by Patterson methods. After the location of all the non- 
hydrogen atoms from F, and AF maps, the least squares 
refinement was performed. Only for compound 6a were the Ce 
rings constrained to be rigid bodies with D& symmetry (C-C = 
1.39 A), with the exception of the +kxmdinated arene ring. The 
atoms for which anisotropic thermal parameters were refined 
are distinguished by an asterisk (Tables 11-IV). The hydrogen 
atoms were usually introduced at  calculated positions except for 
compound 6c for which all of these atoms have been located in 
AF maps. The final AF maps were almost featureless except for 
compound 6a showing a few peaks slightly smaller than 1 e/AS. 
The largest one at  position (0.468, 0.007, 0.468) makes a short 
vector of 1.2 A with one of ita symmetry images, but no chemical 
significance could be attributed to it. Selected bond distances 
and angles for the three complexes are listed in Table V. 

5951 
4626 
354 
0.045 
0.047 
1.156-0.875 

4446 
4189 
278 
0.055 
0.062 
0.63W.442 

Results and Discussion 
Synthesis of B-Keto Phosphines Ph#CRSR2C(=O)- 

R', 1. Some years ago1* we described the reactivity of iron 
phosphino thioenolate complexes and their coupling 
reaction with phenylacetylene! Such studies were limited 
by the specific access to the phosphino thioenolato ligand, 
from intramolecular coupling7 of a phosphinoalkyne with 
coordinated carbon disulfide. The literature described8 
synthesis of the &keto phosphine PhzPCHZC(=O)Ph 
by reacting the lithium enolate derived from acetophenone 
with chlorodiphenylphosphine, and our aim to compare 
the reactivity of phosphino enolato ligands with those of 
their thio analogs led us to apply this convenient reaction 
to several ketones (eq 1). 

1) LDA 
R'- C- CHR2R3 PhpP-CR2R3- C-  R' (1) 

II 
0 I1 2) PhpPCI 0 

1 

Is, Ph2PCH2C(=O)But 
Ib, Ph2PCHzC(=O)Ph 
IC, PhzFCH(Me)C(=O)El 
Id, PhzPCH(Me)C(=O)Bu' 
le, PhzPCH(Me)C(=O)Ph 
If, Ph2PCMezC(=O)R' 
Ig, Ph2PCMeZC(=O)Bu' 

The &keto phosphines were obtained in good yields as 
colorless crystals except in the case of IC isolated as a 
colorless oil. An important key of this synthesis requires 
the isolation of the (room temperature stable) lithium 
enolate before reacting it with chlorodiphenylphosphine, 
in hexane when R1 is an alkyl group or diethyl ether when 

~~ ~ ~ 

(12) Walker, N.; Stuart, D. Acta Crystallogr. Sect. A 1983, A39,158. 
(13) Cromer, D. T.; Weber, J. T. Acta Crystallogr. 1965,18,104. 

(14) Samb, A.; Demereeman, B.; Dixneuf, P. H.; Mealli, C. Organo- 
metallics 1988, 7, 26. 
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(76-Arene)@hosphino enolato)ruthenium(II) Complexes 

Table 11. Atomic Parameters for the Structure of Compound 
1: @ c ~ ~ ~ ~ ~ ) R ~ [ ~ - C H ~ ( P ~ ) C H ( P P ~ ~ ) C ( B ~ ) ~ ] H P F J  

6a. 

Organometallics, Vol. 12, No. 10, 1993 3913 

Table III. Atomic Parameters for the Structure of 
Compound { (mesitylene)Ru[vWH==C(Ph)C(Me)- 

(PP~~)C(E~)=OIHBFII, 6c. 
atom X Y z Uor u,? A' atom X Y z Uor L.6 A2 

Ru 1 
P1 
0 1  
c 1  
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c10  
c11  
c 1 2  
C13 
C14 
C15 
C16 
C17 
C18 
C1,l 
C2,l 
C3,l 
C4,l 
C5,l 
C6,l 
c1,2 
c2,2 
C3,2 
C4,2 
C5,2 
C6,2 
C1,3 
C2,3 
c3,3 
c4,3 
c5,3 
C6,3 
P2 
F1 
F2 
F3 
F4 
F5 
F6 

286(1) 
927(3) 

1398(11) 
1690(11) 
1 107( 10) 

-232(7) 

212(11) 
-1 50( 12) 
-95 1( 17) 

-384(16) 
-982( 13) 
-958( 15) 
-239(14) 

607( 17) 

549(13) 
517(14) 

-251( 13) 
-1746(15) 

1341 (1 6) 
1188(27) 
2220(18) 
285(7) 
658(7) 
191(7) 

-649(7) 

-555(7) 
1977(7) 
1877(7) 
2634(7) 
348 9 (7) 
3589(7) 
2832(7) 
243 6 (9) 
2713(9) 
3430(9) 
3870(9) 
3594(9) 
2877(9) 

-1022(7) 

-3054(5) 
-3053(12) 
-3083( 12) 
-2885(13) 

-2047( 15) 
-3202( 17) 

-4053( 15) 

2061(1) 
2384(2) 

1473(9) 
1244(8) 
1525(8) 
1186(8) 
677(9) 
349(13) 
169(12) 

1036(12) 
1967 (1 0) 
2624( 11) 
3010( 11) 
2832(9) 
2174(10) 
1757(10) 
15 10( 12) 
3300(12) 
3710(19) 
2956( 15) 
2758 (6) 
27 7 9 (6) 
3087(6) 
3374(6) 
33 53( 6) 
3045(6) 
2857(6) 
3548(6) 
3954(6) 
3671(6) 
2981(6) 
2574(6) 
771(7) 
350(7) 

1349(5) 

-87(7) 
-1 03( 7) 

317(7) 
755(7) 

3848(3) 
3967( 10) 
3624(9) 
3073(10) 
3732(11) 
3909( 1 1) 
4574(14) 

317(1) 
8761(4) 
9 1 94( 9) 
0296(14) 
9344(13) 
8352(13) 
8422( 13) 
7669( 14) 
8086(21) 
7467(21) 
661 1 (18) 
1224( 15) 
0790( 17) 
0948( 16) 

11553(15) 
12050(16) 
1 189 1 (1 5 )  
11041(20) 
11706(19) 
12706(3 1) 
11833(25) 
7666(10) 
6660(10) 
5798( 10) 
5943( 10) 
6950( 10) 
7811(10) 
88 1 1 (10) 
8844(10) 
8988(10) 
9099( 10) 
9066( 10) 
8922( 10) 
9 146(8) 
9989(8) 
9868(8) 
8904(8) 
8060(8) 
8 18 l(8) 
-498(5) 

-1773(16) 

-752( 17) 

-374( 17) 
-223(20) 

7 1 O( 14) 

-645( 17) 

'Thermal parameters multiplied by lo3, coordinates by 104. b U, 
defined as one-third of the trace of the orthogonalized thermal tensor. 

R1 is a phenyl group, and less soluble products obtained. 
The @-keto phosphines rapidly become oxidized in air, 
and the simple exposure of If to air afforded without 
further treatment the corresponding phosphine oxide in 
an analytical state of purity (see Experimental Section). 
Therefore correct elemental analysis could not be obtained 
for the prepared @-keto phosphines, but la-lg were found 
pure enough for the access to organometallic compounds 
and their ruthenium(I1) complexes of types 2 and 3 analyze 
satisfactorily. Nevertheless the @-keto phosphines have 
been well characterized by IR and NMR (lH, 31P) 
spectroscopies. The IR spectra show the characteristic 
absorption of the carbonyl group, without significant 
change with respect to the corresponding primary ketone. 
The 3lP NMR chemical shift depends on the number of 
methyl substituents at the C, position, with observed 6 
values of --20 ppm in the case of Ph2PCH2C(=O)R1, -0 
ppm for the C, monomethylated keto phosphines, and 
-+14 ppm for the C, dimethylated phosphines. The 'H 
NMR spectra of the @-keto phosphines 1 show low 2 J p ~  
coupling constant values for the protons located at the C, 

Ru 1 
P1 
0 1  
c 1  
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
c 9  
c 1 0  
c11  
c 1 2  
C13 
C14 
C15 
C16 
C17 
C1,l 
C2,l 
C3,l 
C4,l 
C5,l 
C6,l 
c1,2 
c2,2 
C3,2 
C4,2 
C5,2 
C6,2 
C1,3 
C2,3 
c3,3 
c4,3 
c5,3 
C6,3 
B1 
F1 
F2 
F3 
F4 

4205( 1) 
5424(1) 
3936(3) 
6164(4) 
6863(4) 
6125(4) 
4841(5) 
7024(5) 
4655(6) 
3334(7) 
3874(5) 
41 3 1 ( 5 )  
3284(6) 
2154(5) 
1932(5) 
2788(5) 
4771(6) 
3546(9) 
810(7) 

4371(5) 
3348(10) 

i::# 
3459(8) 
4421 (7) 
6947(4) 
7673(5) 
8815(6) 
9228(5) 
8544(5) 
7406(5) 
8225(5) 
9256(5) 

10479(6) 
10691 (7) 
9692(7) 
8468(6) 
8225(8) 
8347(7) 
7808( 10) 
7174(8) 
9352(8) 

~~ 

1858(1) 
3 178( 1) 
1411(2) 
1757(3) 
2056(3) 
2543(3) 
1789(3) 
3147(3) 
1477(4) 
668(5) 

1022(3) 
1972( 3) 
2462(4) 
2002(4) 
1077 (4) 
591(3) 
517(4) 

3466(4) 
596(6) 

3833(3) 
3437(7) 
3891(8) 
4700(6) 
5114(5) 
4683(4) 
4043 (3) 
483 l(3) 
5498(4) 
5381(4) 
4600(4) 
3916(4) 
1923(3) 
2079(4) 
1866(6) 
1500(6) 
1359(5) 
1561 (4) 
24 16(5) 
2163(5) 
1687(4) 
2801(6) 
2976(7) 

291(1) 
2093(1) 
1921(3) 
1304(4) 
2697(4) 
3424(4) 
3143(5) 
493 l(5) 
4304(6) 
3806(7) 

-1785(4) 
-1 703(5) 
-1 4 1 6( 5 )  
-1206(6) 
-1207(5) 
-1 5 1 5( 5 )  
-2096( 5 )  
-1383(8) 
-8 7 3 (8) 
2510(5) 
2847 (1 0) 
2903(12) 
26 16(9) 
2362(8) 
2298(7) 
2289(5) 
3444(6) 
3548(7) 
2505(7) 
1384(7) 
127 l(6) 
3522(4) 
307 1 (6) 
373 1 (7) 
4834(8) 
5295(6) 
4644(5) 
8453(8) 
9590(5) 
7361(7) 
8093(8) 
8557(10) 

31(1)* 
33(1)* 
38(2)* 
33(1)* 
33( 1). 
35(1)* 
39(1)* 
50(2)* 
56(2)* 
67(3)* 
42(2)* 
45(2)* 
54(2)* 
59(3)* 
54(2)* 
49(2)* 
58(2)* 
83(3)* 
86(3)* 
46U) 

111(3) 
138(4) 
92(2) 
81(2) 
69(2) 
39(1)* 
49(2)* 
60(2)* 
61(2)* 
59(3)* 
48(2)* 
39(1)* 
52(2)* 
76(3)* 
86(3)* 
76(3)* 
55(3)* 
63(3)* 

139(3)* 
165(5)* 
156(4)* 
215(6)* 

a Thermal parameters multiplied by lo3, coordinates by 104. U, 
defined as one-third of the trace of the orthogonalized thermal tensor. 

position, as precedently observed* for Ph2PCH&(=O)- 
Ph; this contrasts with 3&H higher than 10 Hz observed 
for phosphines having a methyl group at the C, position. 

Synthesis of r11-P-Ph2PCH(R2)C(=O)R1 Ruthenium 
Complexes, 2. The @-keto phosphines Ph2PCH(R2)C- 
(=O)R1 la-le (R3 = H) react readily with [(&vene)- 
RuCW 2 ruthenium(I1) derivatives by cleavage of the 
halogen bridges to afford the mononuclear neutral de- 
rivatives (q6-arene)C12RuPPh2CH(R2)C(=O)R1, 2, by + 
(P) coordination of the keto phosphine (eq 2). 

+ 

2 PhzPCH(R2)C(=O)R '  CI 

2 
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Compound { (mesitylene)Ru[tlJ-CH( PPh2)C( Ph) 
Table IV. Atomic Parameters for the Structure of 

-C( H)C( But)=O])[BF41, 7' 
atom X Y z Uor Ues? A2 

Demerseman et al. 

Table V. Selected Bond Distances (A) and Angles (deg) for 
Compounds 

{ (pcymene)Ru[q3-CH=C( Ph)CH( PPh*)C( But)=O]j[PFs], 
6% 

{ ( mesitylene)Ru[q3-CH-C( Ph)C( Me) (PPh*)C( Et)=O]HBF4], 
6c, and 

{ ( mesitylene)Ru[q3-CH( PPh2)C( Ph)-C( H)C( But)=O])[BF41, 
7 

Ru 1 
P1 
0 1  
c 1  
c 2  
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c 1 0  
c11  
c12  
C13 
C14 
C15 
C16 
C17 
C1,l 
C2,l 
C3,l 
C4,l 
C5,l 
C6,l 
c1,2 
c2,2 
C3,2 
C4,2 
C5,2 
C6,2 
C1,3 
C2,3 
c3,3 
c4,3 
c5,3 
C6,3 
B1 
F1 
F2 
F3 
F4 

2330(1) 
3742(2) 
2326(4) 
2519(6) 
2208(6) 
2246(6) 
2316(6) 
2307(6) 
3250(8) 
1286(7) 
23 58 ( 10) 
1 128(6) 
2123(6) 
2702(6) 
2253(7) 
1280(7) 
717(7) 
549(8) 

3742(7) 
877(9) 

4518(6) 
5609(7) 
6224(9) 
5742(9) 
4665(8) 
4039(7) 
458 l(6) 
4775(7) 
5523(7) 
6015(7) 
5823(7) 
5083(6) 
1808(6) 
1147(7) 
742(9) 

1015(9) 
170 l(9) 
2088(7) 
1638(3) 
2037(5) 
2081(5) 

580(3) 
1855(5) 

2498(1) 
2011(2) 
1684(5) 
692(7) 
69(7) 

685(7) 
1948(7) 
2427(8) 
23 19( 12) 
1 564( 1 0) 
3776( 10) 
1797(7) 
2547(7) 
3806(7) 
4318(8) 
3595(9) 
2315(8) 
461(8) 

4572(9) 
4141(42) 
1863(7) 
2373(9) 
2289(10) 
1749(10) 
1227(9) 
1259(8) 
2266(7) 
128 l(8) 
1526(9) 
2748(9) 
3725(8) 
3483(8) 

-1350(7) 
-2028(9) 
-3369( 11) 
-3989( 11) 
-3308( 10) 
-2001 (8) 

8026(4) 
7 126(5) 
9010(5) 
7507(6) 
8462(6) 

1055(1) 
1019(2) 

212(7) 
-754(5) 

-1 206(7) 
-2090(7) 
-1 837(7) 
-3006(7) 
-3559( 10) 

-2554( 10) 
4066(9) 

2076(7) 
2993(7) 
3082(7) 
2273(8) 
1333(8) 
1235(8) 
2036(9) 
4056(8) 

2381(8) 
266 l(9) 
3732(11) 
4539(11) 
4274(9) 
3196(8) 
9930(7) 
9 149(8) 
8435(9) 
8497(9) 
9249(8) 
9971(8) 

387(10) 

-1735(8) 
-300 1 (9) 
-3476( 11) 
-27 17( 12) 
-1485( 10) 
-1001 (8) 

3125(4) 
3123(6) 
4308(4) 
2937(7) 
2131(5) 

25(l)* 
30(1)* 
34(2)* 
32(3)* 
33(3)* 
34(3)* 
33(3)* 
39(4)* 
72(6)* 
64(5)* 
78(6)* 
36(4)* 
35(4)* 
37(4)* 
43(4)* 
43(4)* 
40( 3) * 
56(4)* 
62(4)* 
69(6)* 
38(2) 

710)  
68(3) 
60(2) 
480)  

47(2) 
5 3 w  

49(2) 

370)  
54(2) 
W 3 )  
7 W )  
71(3) 
47(2) 
66(3) 

128(2) 
150(2) 
184(3) 
168(3) 

5 2 ~  

3 2 ~  

5 ~ 2 )  

4 ~ 2 )  

#Thermal parameters multiplied by 103, coordinates by lo4. U, 
defined as one-third of the trace of the orthogonalized thermal tensor. 

When the arene is mesitylene, the reactions were 
performed in dichloromethane. Starting from the soluble 
[@-cymene)RuC12]2, the reactions lead in ethanol to a red 
precipitate of 2. Complexes 2 were isolated as red 
crystallized air stable solids and have been fully charac- 
terized by elemental analysis and spectroscopy. The 31P 
NMR spectra show a single resonance in the range 6 = 
25-32 ppm. The carbonyl IR absorption is only slightly 
shifted to a higher frequency with respect to the unco- 
ordinated keto phosphine. 

Surprisingly, the keto phosphines If and lg containing 
the bulky Ph2PCMe2 fragment exhibit a particular reac- 
tivity. After [(mesitylene)RuC12]2 was stirred with 1 equiv 
of If per Ru atom in dichloromethane, a dark red 
crystalline product was isolated in moderate yield and 
identified as (q6-mesitylene)Rub-Cl)&u(Cl) [$-Ph2PCMer 
C(=O)Pril on the basis of the elemental analysis and 
spectroscopic data. In the presence of 2 equiv of If the 
same procedure allowed us to isolate a second but more 
soluble product corresponding to  [q2-Ph2PCMe2- 
C(=O)Pri12RuC12 with two trans phosphorus and two cis 
chlorine atoms. 

Synthesis of q2- (P, 0)-P h2PC (R2R3)C ( R1)=O Ru- 
thenium Complexes, 3. In a polar solvent such as 

69 6c 1 
2.293(5) 
2.12(1) 
2.03(1) 
2.25(2) 
2.27(2) 
2.22(2) 
2.21(2) 
2.18(2) 
2.23(2) 
1.23(2) 

1.82(1) 
1.36(2) 
1.58(2) 
1.50(2) 

77.6(3) 

82.5(5) 
92.3(5) 

112(1) 

120(1) 
120(1) 

77.5(5) 

104(1) 
116(l) 

2.266( 1) 
2.1 1 9( 4) 
2.039(4) 
2.246( 5) 
2.184(6) 
2.207(6) 
2.275(6) 
2.256(4) 
2.240(4) 
1.23 3 (4) 

1.893(5) 
1.334(6) 
1.557(8) 
1.505(6) 

79.21 (9) 
75.0(1) 
79.21(9) 
93.5(1) 

114.9(4) 
104.5(4) 
118.4(4) 
119.5(3) 
120.2(4) 

2.243(2) 
2.055(5) 
2.21 l(8) 
2.225(9) 
2.172(8) 
2.190(7) 
2.25 l(9) 
2.27( 1) 
2.246(9) 
1.255(2) 
1.787(6) 

1.44( 1) 
1.37(1) 
1.42( 1) 

89.6(2) 
47.3(2) 
87.0(2) 

65.4(3) 
120.86(6) 
124.6(7) 
126.7(7) 
125.1(7) 
132.1(5) 

methanol and in the presence of NHdPF6, the dissociation 
of one Ru-Cl bond in complexes 2 occurs, leading to 
cationic derivatives 3 (eq 3). 

CI C I  

t 1 (3a. 3f)  

3a, l(pcymene)(CI)RulPh~fH~C~u')=Oll[BF~1 
3b, I (mesityIene)(CI)Rul~PH~C(Bu')=OI 1 [PFsl 
3c, I(p-~ymene)(CI)Ru[Ph2PCH2C(~)=Ol I [BFd 
3d, 1 @-cymene)(C1)Ru[PhzPH(Me)C(El)=Ol I [PF6I 
3e, [ (memtylene)(CI)Ru(Ph2PCH(Me)C(Ei)=OI I [PFgl 
31, 1 (mesilylene)(CI)RulPhPh2PCH(Me)C(Bu')=OI I [PFsl 

(3) 

Alternatively, complexes 3 could be obtained under 
similar conditions (methanol and NH4PFs) starting from 
the stoichiometric amounts of (arene)RuCU 2 and phos- 
phine. Specifically, complexes 3g-3i were thus directly 
prepared from If and lg having two substituents on the 
C, carbon (eq 4). 

[ L n ' - e r e n e ) R u C l ~ . l ~  

+ 

2 Ph2PCMe2C(=O)R1 
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($-Arene)(phosphino enolato)ruthenium(ZZ) Complexes 

Scheme I. Synthesis of Complexes 
(d-arene)(C1)Ru[b-OC(R1)~(RZ)PPh2], 4, and 

Coordinating Modes of @-Ketophosphines 

1+ Ph Ph 
\ I  

Ph ';" +, RI 

' P 4  .R' P d  R' 

C I  

Ph Ph 

4% (pcymene)(CIlRulOC(B~')~(~P~~] 

C, (hexamethylbcnrenel(CI)Ru[OC(Bu')~~P~~] 
43, ~ p c y m e n e l ~ C I ~ R u I O C O ~ ~ ~ P ~ ~ l  

C I  4e. (p-cymene)(CI)RuIOC(t)~(Me)PPhz] 
41, ~mesilylene)(CI~Ru[OC(E~l~(Me)PPh~] 

4 4& ~~s~mene~~CIlRuIOC~Bu'l~~Me)P~~l 
4h, (mesilyleneXCI)RuIOC(But)~(Me)PPhz] 
4i, (p-~ymene)(CI)RufOCO=C(Me)PPh21 

R' 4b, (mesitylene)(CI)RufOC(Bu'~(~PPh~] Ry.-$ 
Complexes 3a-3f are also available by protonation of 

the corresponding phosphino enolato derivatives 4 with 
HPFa or HBF4 (see later). Complexes 3 were isolated as 
air stable orange crystals and have been characterized by 
elemental analysis and spectroscopy (IR, NMR). The 3lP 
NMR spectra of the cation show a single resonance in the 
range 6 = 55-85 ppm. As a consequence of the coordination 
of the keto function the carbonyl IR absorption is lowered 
by about 100 cm-l relatively to the 7I-P coordinated keto 
phosphine. The lH NMR spectra of complexes 3a-3c show 
the diastereotopy of the PCH2 protons with a 2 J ~  constant 
value of -18 Hz whereas the 2 J p ~  value (-11 Hz) is not 
significantly changed relatively to the corresponding 
complexes 2 ( 2 J p ~  - 10 Hz). Evidence for two stereoi- 
somers due to the asymmetric C, carbon was shown by 31P 
and lH NMR for complex 3f in the approximative ratio 
2/1. The ratio remains unchanged after deprotonation of 
3f under basic conditions to obtain the corresponding 
neutral phosphino enolato derivative of type 4 (see Scheme 
I) followed by protonation with HBF4 of HPFs, suggesting 
a kinetic equilibrium. The hemilabile character of keto 
phosphinesls may account for this interconversion. The 
observation of only one isomer for complexes 3d and 3e 
obtained from the less bulky keto phosphine IC may be 
the result of a more sterically favored conformation rather 
than a stereoselective chloride-oxygen substitution pro- 
cess. 

Synthesis of &0C(R1)=C(R2)PPh2 Enolato Ru- 
thenium Complexes, 4. The +P,O coordination mode 
is also achieved under basic conditions by abstraction of 
one molecule of HC1 from complexes 2 or alternatively 
deprotonation of the cationic derivatives 3, to afford the 
neutral phosphino enolato derivatives 4, as shown on 
Scheme I. 

These reactions, limited to derivatives of keto phos- 
phines containing a hydrogen atom at the C, position occur 
even with mild bases such as potassium acetate, but were 
more conveniently performed with KOH in ethanol from 
which complexes 4 could be obtained crystallized. Com- 
plexes 4 were obtained as orange crystalline products fairly 
soluble in common solvents to give solutions that slowly 
turn green on exposure to air. The starting materials 2 

~~ ~~ 

(15) Jeffrey, J. C.; Rauchfuas, T. B. Znorg. Chem. 1978, 18, 2658. 
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and 3 are readily recovered upon acidification by an acid 
ethanolic solution, HC1 for complexes 2, HPF6 for com- 
plexes 3 (Scheme I). Complexes 4 have been characterized 
by elemental analysis and spectroscopy. The IR spectra 
show the disappearance of the carbonyl absorption band 
and a new strong absorption in the range 1505-1555 cm-l 
attributable to the C=C(O) vibration. 

Reactivity of the Neutral Derivatives 4. The neutral 
derivatives 4 retain a ruthenium-chlorine bond which is 
easily dissociated in the presence of NH4PF6 in methanol, 
allowing the coordination of soft ligands such as dimethyl 
sulfide at the ruthenium center to afford the stable orange 
cationic complexes 5b, 5e,5f, and 5g (eq 5). Alternatively, 
nitriles (MeCN or ButCN) react with complexes 4 to give 
complexes 5a, 5c, and 5d (eq 5). 

The structure of phosphino enolato complexes 5 was 
established on the basis of the elemental analysis and 
spectroscopic data. The isolation of the nitrile derivatives 
depends upon the nature of R', R2, and the arene ligand. 
Noteworthy, the stability appeared to increase by the 
introduction of methyl groups at  any position and could 
be obtained either with the permethylated arene ligand 
hexamethylbenzene or by substitution at the C, position, 
as shown by complexes 5a and 5d, but attempts to isolate 
the analogous derivatives of 5a containing mesitylene or 
p-cymene or those of 5d with a phenyl group as R1 remain 
unsuccessful. The weakness of the nitrileruthenium bond 
was evidenced as the easy substitution of the nitrile ligand 
by dimethyl sulfide occurs by simple recrystallization of 
the nitrile complex in the presence of a slight excess of 
dimethyl sulfide. This process Was found irreversible. 

Activation of Phenylacetylene with Phosphino 
Enolato Complexes 4. The substitution of the same 
chloride ligand of complexes 4 by a terminal alkyne was 
then attempted. The coordination of phenylacetylene 
after the removal of the chloride ligand of derivatives 4 
with AgBF4 or AgPFe resulted in the formation of the 
novel complexes 6 in which the ruthenium center is linked 
to a new bifunctional phosphine arising from the regi- 
oselective intramolecular coupling reaction of the 92- 
coordinated alkyne with the C, carbon atom of the 
phosphino enolato ligand (eq 6). 

Complexes 6 were isolated in good yields (49-86 74 ) as 
orange air stable crystals and were characterized by 
elemental analysis and NMR spectroscopy. The IR spectra 
of 6 show a complex set of absorptions of medium or weak 
intensity in the range 1700-1500 cm-l, and there was no 
direct evidence of the coordination of an acyl group. As 
spectroscopy could not allow the elucidation of the mode 
of coupling of the alkyne, the X-ray structure determi- 
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H Ph 

Demerseman et al. 

6a, arenc = p-cymene 
6b, arene = mesitylene 

'E t  
6 c  

$ i U H q M e  \ O  

Ph 
6 d  

nations of complexes 6a and 6c have been undertaken, 
the structure of 6a has been previously reported in a 
preliminary communication.ls The molecular structure 
of compounds 6a and 6c are shown on Figures 1 and 2, 
respectively. In both cases the ruthenium atom attains 
the 18 electron configuration by coordination of an arene 
ligand and of a newly formed tripodal ligand carrying three 
different donor functions, Le. a phosphine, a u-coordinated 
vinyl fragment, and an oxygen atom of a keto group. No 
significant change in bond distances and angles (Table V) 
observed for the metallabicyclic skeleton resulted from 
the substitution of the hydrogen atom located on the C3 
carbon atom in 6a by a methyl group in 6c. The Ru-0 
[2.12(1) A for 6a and 2.119(4) A for 6cl and Ru-C l2.03- 
(1) A for 6a and 2.039(4) A for 6cl bond distances compare 
well with Ru-0 [2.11(2) AI in Ru(CO)[CsH4MeC(O)- 
CsH1MelCl(PMe2Ph)2~~ and Ru-C [2.06(1) AI in Ru- 
[CH-C(Me)C(O)OC4Hgl (HI (PPh3)3.l8 The C 1 - G  bond 
distance [1.36(2) A for 6a and 1.334(6) A for 6cl is typical 
of a C - C  bond. 

The formation of complexes 6 occurs but in lower yields 
under similar conditions (MeOH/NHSFs) under which 
(q6-arene)(PR3)RuC12 led to methoxycarbene derivatives6 
as shown on Scheme 11. 

The reactivity of complexes 6 was then investigated, 
and this study showed that the thermal stability of 
complexes 6 depends on the nature of the R2 substituent 
at  the C, position. When R2 is a methyl group, the 
corresponding complexes 6c and 6d show no significant 
change after refluxing several hours in ethanol, but complex 
6b, R2 = H, undergoes a fast rearrangement leading in 
refluxing ethanol to the red complex 7 (eq 7). 

The 31P NMR spectrum shows a dramatic shift of the 
phosphorus resonance from 6 = 126.5 for 6b to 6 = 7.7 for 
complex 7. The 'H NMR spectrum of 7 shows that no 
incorporation of ethanol or loss of protons occurs and that 

(16) Guilbert, B.; Demereeman, B.; Dixneuf, P. H.; Me&, C. J. Chem. 

(17)Dauter, R. J.; Mawby, R.; Reynolds, C. D.; Saundere, D. R. J.  
SOC., Chem. Commun. 1989,1036. 

Chem. SOC.. Dalton Trans. 1986. 1236. 
(18) Konhya, S.; Ito, T.; Cowie, M.; Yamamoto, A.; Ibers, J. A. J.  Am. 

Chem. SOC. 1976,98,3874. 

Figure 1. Molecular structure of compound (@-cymene)- 
RU[$-CH=C(P~)CH(PP~~)C(BU~)=OIJ[PF~, 6a. 

Figure 2. Molecular structure of compound ((mesitylene)- 
Ru[tl3-CH=C(Ph)C(Me)(PPh2)C(Et)=Olj[BF~I, 6c. 

Scheme 11. Formation of Methoxycarbene 

CI 

H P I  

Complexes 
Rn 

@ 
C 
I1 
CHR 

R" PR3 

H Ph 

6A 1 

the transformation consisted of an isomerization process. 
The X-ray structure determination of 7 proved this 
transformation to be a 1,3-phosphorus-carbon bond shift 
(eq 7). The molecular structure of 7 (Figure 3) revealed 
a novel tripodal ligand araising from the conversion of the 
two five-membered metallacycles to a three-membered 
phosphametallacycle and a six-membered oxametallacycle. 
The Ru-P bond [2.243(2) AI is slightly shorter than in 
complexes 6 but the Ru-Cl bond [2.211(8) AI is signif- 
icantly longer than that in 6a [2.03(1) A3 or 6b r2.039 (4) 
AI. The P-C(l) bond [1.787(6) AI compares well with 
the P-C bond [1.761(4) A3 of the phosphazirconacyclo- 
propane in CpzZr(C1) [C(PMe2)(SiMe3)2l.l9 The C-0 
bond in 7 [1.255(2) AI is equivalent to those observed for 
6a and 6c [1.23(2) and 1.233(4) A, respectively], but the 
Ru-0 bond is somewhat shorter in 7 [2.055(5) AI than 

(19) Karsch, H. H.; Deubelly, B.; Hofmann, J.; Pieper, U.; Mtiller, G. 
J.  Am. Chem. SOC. 1988,110, 3664. 
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(qS-Arene)(phosphino enolato)ruthenium(II) Complexes 

Figure 3. Molecular structure of compound {(mesitylene)- 
Ru[q'-CH(PPh2)C(Ph)~(H)C(But)~1 J[BF4], 7. 

Scheme 111. Resonance Forms for Complex 7 

Bu' Bu' 

in 6a [2.12(1) AI or 6c [2.119(4) AI. Noteworthy, the 
carbon-carbon bonds distances of the six-membered 
metallacycle [Cl-C2,1.44(1) A; Cd3 ,1 .37 (1 )  A; C3-C4, 
1.42(1) A] are indicative of a strong ?r-electron delocal- 
ization in this metallacycle, as described in Scheme 111. 
For comparison the bonds distances in the Ru-O= 
C-C=C skeleton are similar to those [Ru-0,2.09(1) A; 
c-O,1.30(2) A; C - C ,  1.38(2) A; C=C, 1.36(3) AI observed 
for the metallacycle Ru-O=C-C=C in the recently 
reported complex ~(qs-CsMea)(PMe3)Ru[q2-C(OMe) 
----CH--C(CH----CPh2)=Ol )[PFsI .20 

Moreover, the overall transformation 4 - 6 - 7 
corresponds to the regioselective formal insertion of the 

Organometallics, Vol. 12, No. 10, 1993 3917 

alkyne into the P-C, bond of the former phosphino enolato 
ligand of 4. 

Conclusion 

The results presented here showed that a variety of 
#?-keto phosphines are easily prepared from enolizable 
ketones. The study of their coordination on a [($-arene)- 
Run] fragment revealed that substitution at the Caposition 
enhanced the stability of the q2-P,0 coordination mode. 
The proton located at the C, position exhibits an acidic 
character, allowing the access to the corresponding phos- 
phino enolato ligand even under mild basic conditions. 
The phosphino enolato ligand retains a nucleophilic 
character that is involved in the observed coupling reaction 
with an q2-coordinated alkyne intermediate, rather than 
the expected Ru(ql-vinylidene), leading to novel poly- 
functional coordinated phosphines. The latter gives an 
unprecedented example of a thermal induced l,&bond 
shift, achieving the formal insertion of the alkyne into the 
phosphorus-functional carbon bond. 
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(20) Romero, A.; Vegae, A.; Dixneuf, P. H. Angew. Chem., Znt. Ed. 
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