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Abstract 

The metal carbonyls M&CO),, (M = Ru, OS) react with diphenylvinylphoqhine (PPb2CH=CH2) and divinyi~~yl~~i~ 
<PPh(CH=CH,),) in n-octane or toluene giving carbonyl substitution products of formulae M,KO),,L (1. M =Re; I’, M=Os). 
M,(CO),,L (2: 2’) and M,(CO),,,L, (3: 3’) (L = PPh&H=CH2 or PPMCH=CH,&). When M = 0s the reactions smp at this smge. 
When M = Ru oxidative addition of the vinylic C-H bond of one of Ihe pkosphinic ligands of complexes 3 occurs to form 
[(p-H)Ru,(CO),(PPhzCH=CH2) (p,PPhl(CH=CH))] (4ao) and [( ~-H)Ru,(CO),{PPMCH=CH~)ZH~~-PPMCH=CH~XCH=CH)~~ 
(4b), starting from PPhZCH=CH2 and PPh(CH=CH2)2 respectively; this process is favoured by tbe TLC mareriai and is faster for 
PPh,CH=CH2 than for PPh(CH=CH,&. Th2 structure of 46, determined by X-ray diffraction m&c&, consists of a triangle of Ru 
atoms bound to eight terminal carbonyls. The PPh(CH=CH,)Z ligand :S ~&nmd m one of tbe Ru atoms through the P atom. whilst the 
PPh(CH=CH2XCH=CH) moiety interacts with all of the three metals. being u-bound to hvo Ru atoms through the P and C atoms and 
Ir-bound 10 the third Ru atom through the double bond. 0 1997 Elsevier Science S.A. 

Revwords: Ruthenium: Reactions wnh vinylphosphines; X-ray snucnues 

1. Introduction 

The reactions of alkynes with phosphido- and phos- 
phinidene-bridged metal clusters are well known [I ,2]. 
giving facile insertions of acetylenes into the M-P 
bonds in p,-phosphinidene derivatives [3,4] and less 
easily in pFLr-phosphido complexes ‘. Sometimes, the 
latter reactions are accompanied by reductive elimina- 
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don of hydrocarbyls into M-P(RR’) bonds are given in Refs. (5.61. A 
discussion is given in Ref. (71. 

tion [s]; hence the synthesis of complexes character&d 
by M-P(RR’)-C-C-M metallacycles is generally a 
difficult task. Some of them. however, were isoiared 
and characterized during the homogeneous hydrogena- 
tion of alkynes in the presence of phosphido-bridged 
ruthenium clusters [9. IO]. 

Therefore. we were interested in gaining a better 
knowledge of the synthetic methods and in having a 
deeper insight into the reactivity of this type of com- 
olexes. A wssible route to M-P(RR’)-C-C-M sys- 
iems could be the reaction of vinylphosphines 4th 
MJCO),, (M = Ru, OS) carbonyls. Indeed. we have 
found that Ru,(CO),, reacts with diphenylvinylphos- 
phine (PPh2CH=CH2)to form the disubstituted com- 
plex [Ru,(CO),,,(PP~,CH=CH~)~] W, which under- 
goes oxidative addition on the TLC plates affording 

0022-328X/97/$17.@J Q 1997 Elsevier Science S.A. All rights reserved. 
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[( EL-H)Ru3(COJ,(PPh2CH=CH,]( /.+PPh,(CH=CHJ]] 
Ma) [I 11 3. 

In a recent paper [ 121 Johnson et al. described the 
ruthenium and osmium carbonyl clusters obtained by 
the same phosphine PPh,CH=CH2 under different te- 
action conditions. 

This paper deals chiefly with the reactions of di- 
vinylphenylphosphine, PPh(CH=CH2),, with the same 
carbonyls: Os,(CO),, gives only CO substitution prod- 
ucts and. in particular. [Os,(CO), ,(PPh(CH=CH, & J] 
(l’b). whereas Ru,(CO),, gives the disubstituted prod- 
uct [Ru~(co),,(PPI.“H=cH,)~] (3b) and then, in a 
slow process occurring on the TLC plates. [(p- 
H)Ru,(CO),(PPh(CH=CH,J2}( p,-PPh(CH=CHz) 
(CH=CH)}] (4b). whose structure has been determined 
by X-ray diffraction study. 

2. Erpedmeotali 

2.1. General esperirnental details 

The carbonyls M,(C0),2 (M = Ru or OS) and the 
vinylphosphines PPh,CH=CH, and PPMCH=CH,), 
wcrc commercial products (Strem) used as received 
after purity tests. The reactions were performed in dry 
II- ,tane or toluene, under dry nitrogen. in conventional 
three necked flasks equipped with gas inlet, cooler and 
mercury valve. The reaction mixtures, filtered under 
nitrogen, were brought to small volume under reduced 
pressure and purified on preparative TLC plates using 
Kieselgel (P.F. Merck) as stationary phase and mixtures 
of light petroleum (4%70°C) and diethylether (792.5 
v/v. unless otherwise specified) as eluants. 

Elemental analyses were carried out by the F. Pascher 
Laboratories (Remagen, Germany). IR spectra were 
recorded on a Perkin Elmer 580 spectrometer (KBr 
cells) and ‘H, “C and “P NMR spectra on a JEOL 
JNM 270 GX Ff instrument. 

2.2. Reactions of Rrc, f CO),, with PPh ,CH = CH, 

The reactions leading to Ruj(COJ,,,(PPh2CH=CH12)? 
(3n) and to complex 4a has already been reported 
[ 11,12]. The same reaction was carried out in the pres- 
ence of [(C,H ,JNi(C0)]2. A 2: 1 molar excess of 
PPh2CH=CH2 was added to a suspension of 
[(C,H,JN#CO)], in toluen- which was heated till incip- 
ient reflux; a suspension of Ru,(COJ,~ in toluene was 
then added and reflux was allowed for 10 min. The 
solution was filtered off (considerable amounts of metal 

’ The Ru complexer are labelled wrh a number: the O\ one\ with 
B number marked with an apostrophe: the letters a and b mdicnte 
complexes with PPh:CH=CH, and PPh(CH=CHZ), as ligandx 
re.\pecrlvel). 
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“P(‘H) NMR: +31.1 d, +24.5 dtintensity l:l, J(P-P) 
= 15.3 Hz). A sharp signal at + 15.9 and a very broad 
resonance at + 15.1 ppm were also observed. 

2.5. Reactions of OS,(CO),~ with PPh(CH = CH, ,I 

The reaction of OS,(CO),~ with a 1.2: 1 molar excess 
of PPh(CH=CH2j2 in toluene, under N, for 10 min at 
reflux, gives a dark yellow solution: after cooling unre- 
acted OS&CO),, (about 50% of the initial amount) is 
deposited. TLC purification affords a yellow band of 
[Os,(CO),,(PPh(CH=CH,),)] (l’b. 20%) and an 
unidentitied orange band-that is not eluted. Complex 
l’b: C% 23.4 (24.21, H% 1.2 (1.11, P% 2.9 (3.0). IR 
(vco1 heotane): 2 1 I Is, 2057~s. 2037vs(sh), 2022vs, 
2003&h). 1992~s. 1977s(br) cm-‘. -“P(‘H) NMR 
(CDCI,, RT): - 19.06 s. 

2.6. Crystal structure determination of complex 4b 

A crystal of approximate dimensions 0.22 X 0.25 X 

0.30 mm was used for the X-ray analysis. 
Ctytal data. CzsHzr0,PzRu3, M = 851.63. tri- 

clinic, space grvup PI, a = 15.633(7), b = 10.518(5). 
c = 10.0666) A, a = 107.73(2), fi = 96.52(2), y = 
97.13(2P, V = 1544( I) ii’ (by least-squares refinement 
from the 8 values of 30 accurately measured r$ections 
with fI in the range 13.i-IS.?“, A = 0.71073 A). Z= 2, 
D, = I .832 g cme3, F(OO0) = 832, ~(Mo-K (Y I= 15.68 
cm-‘. 

Data were collected at room temperature on a Siemens 
AED single-crystal diffractometer using the niobium- 
filtered MO-K (Y radiation and the tI/20 scan mode. AIll 
reflections with 0 in the range 3-27” were measured; 
out of 6776 independent reflections, 4764. having I > 
2a( I), were considered observed and used in the analy- 
sis. The individual profiles were analyzed acc0rdk.g to 
Lehmann and Larsen (131. The intensity of one standard 
reflection was measured after 100 reflections as a gen- 
eral check on crystal and instrument stability. No signif- 
icant change in the measured intensities was observed 
during the data collection. No correction for the absorp- 
tion effects was applied. 

The structure was solved by Patterson and Fourier 
methods, and refined by full-matrix least-squares first 
with isotropic and then with anisotropic thermal param- 
eters in the last cycles for all of the non-hydrogen 
atoms. All hydrogen atoms were clearly localized in the 
final AF map and refined isotropically. A weighting 
scheme w = [m ‘( /$,I + gF,‘]- ’ was used in the last 
refinement cycles; at convergence the g value was 
0.0026. Final R and R,” values were 0.0334 and 0.0429. 
The SHELX-‘76 and SHELXS-86 systems of computer 
programs were used (141. Atomic scattering factors, 
corrected for anomalous dispersion. were taken from 
Ref. [ 151. Final atomic coordinates for the non-hydrogen 

Table I 
Fractional atomic coordinates ( X IO”) with F&is in parentheses for 
the non-hydrogen atoms of the complex 4b 

RI&I) 
Rd2) 
Ru(3) 
FtlJ 
P(2) 
o(I) 
o(2) 
o(3) 
o(4) 
o(5) 
o(6) 
o(7) 
06) 
C(I) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(IO) 
alI) 
C(I2) 
C(13) 
CSIJ) 
a 15) 
C( 16) 
C(l7) 
C(18) 
C(19) 
azoo) 
C(‘I) 
C(22) 
C(23) 
C(24) 
Cc5) 
C(26) 
C(27) 
C(28) 

x/a 
1584tl) 
2627( I ) 
2700(l) 
1434( I ) 
3871(r) 
706(3) 
-94(3) 
932(3) 
2471(4) 
390X3) 
378U43 
282%4) 
1084(3) 
IOOHJ) 
52b(J) 
I55H4) 
2526(J) 
3431(4) 
3370(4) 
2787(j) 
1654(4) 
355%4) 
2719(3) 
488514) 
56634) 
425N3) 
442X4) 
4818(5) 
5018(J) 
481X5) 
4436(J) 
2142(6) 
2Ol110) 
389(5) 
- 29715) 
1672(J) 
23734) 
25516(6) 
wxN7) 
128116) 

y/b 
-29HI) 
2145(l) 
1379(l) 
-2578(l) 
710(l) 
-81x6) 
lOUS) 
3183(5) 
2515(6) 
4784(5) 
4071(5) 
- 36i6) 
253%5) 
-6lM6) 
-48(5) 
2736(6) 
2368(6) 
3778(6) 
3067(6) 
461(6) 
207x6) 
602w 
-2.%5) 
1909(6) 
1647(7) 
- 870(5) 
- I K&6) 
- 2271(7) 
-3108(7) 
- Llu7) 
- I736t6) 
-343X7) 
-413l(ll) 
-3617(g) 
-3298(10) 
- 302x5) 
- 3622(7) 
-3919(8) 
-3619(g) 
- 3020(9) 
- 2727(7) 

:/c 
3185(l) 
4805(l) 
1838(l) 
1984(l) 
2956(Z) 
5509w 
15745) 
4316(6) 
787615) 
5587(7) 
207N7) 
- 126915) 

4599(6) 
2151X6) 
4447t6) 
6720(7) 
5260(7) 
2016(7) 
- I lH7) 
1386(7) 
454916) 
458x5) 
3510(7) 
32748) 
2loM8 
73N7) 
139(9) 
wd9) 
2244x9) 
2839(7) 
2821(S) 
3554 IO) 
1751(7) 
209ul”t 
1846) 
-22N7) 
- 159N9) 
-2569(S) 
-2172171 
-8OH7) 

atoms are listed in Table 1. All calculations were car- 
ried out on the GOULD POWRNODE 604@ and EN- 
CORE 91 computers of the Centro di Studio per la 
S;rutturistica Diffrattometrica del CNR, Parma. Italy. 

Additional data available from the Cambridge Crys- 
tallographic Data Centre or from the authors comprise 
H-atom coordinates and thermal parameters. 

3. Results and diiu.ssion 

3 I S.vxthesis . . 
products 

and spectmscopic churucterixttion of the 

The reactions of the phosphorus ligands 
PPh,CH=CH, and PPMCH=CH,), with the metal 
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carbonyls M&CO),, appear to follow the same path- 
ways, albeit the latter does react more slowly. The use 
of [(C,H,)Ni(CO)], modified the reaction pathway of 
PPh,(CH=CH,) with osmium carbonyl, presumably 
acting via a radical mechanism as observed for 
[(C,H,)Fe(C0)2]2 [16-IS]. The products obtained were 
characterized by means of elemental analyses and spec- 
troscopic techniques. 

Complexes M,(CO), ,L are monosubstituted deriva- 
tives, and show comparable IR (and NMR) spectra. In 
particular, complex l’b was also obtained from 
Os,(CO),,(NCMe) and structurally characterized [12]. 
Complexes Pa and l’b show ‘H NMR patterns closely 
comparable in the vinyl region: however, for l’a the 
chemical shifts span a 2 ppm range, whilst for l’b the 
signals fall within a 1 pprn range, thus reflecting the 
differences between the PPh 2CH =CH Z and 
PPh(CH=CH2), ligands. 

Complexes 2’, obtained using [(C,H,)Ni(C0)]2, were 
identified as Os,(CO),,L derivatives, in which one 
vinyl group interacts ?r with one of the cluster metal 
atoms. Their identification is based on analytical data 
and on the ‘H NMR spectra showing resonances in the 
6-4 ppm region, different from the ones observed for 
complex I’. Complex 2’a apparently exists as two iso- 
mers @‘a, and 2’a,,), presumably because of the orien- 
tation of the vinyl and phenyl groups bound to phospho- 
ms or of the axial-equatorial coordination isomerism. 

Complexes 3 have been characterized, by means of 
analytical and spectroscopic data, as M,(CO),,L, 
bisubstituted complexes with the ligands on adjacent 
metal centers [12,19.20]. The proposed structure is indi- 
rectly confirmed also by the intermediacy of the species 
3 in the formation of complexes 4, as discussed below. 

The 13C NMR of 4b in the CO region shows five 
sharp signals at 202.1 kbr), 200.7 (s,br), 196.0 (d, 
J(C-P) 10 Hz), 193.6 \d, J(C-P) 8 Hz), 190.4 (s,br), 
with intensity 1: 1: 1: 1: 1, and a broad hump between 197 
and 202 ppm attributable to three fluxional CO’s; a 
comparable situation was found for 4a [Ill. Worthy of 
note is the presence in both spectra, of a doublet at 
about 167 ppm (J(C-P) 31.9 for 4b and 35.3 Hz for 4a) 

M=Ru R=FkSa 
R= CHcH2: Jb 

M = OS R = ph: 1: 2’,3’a 

R=CHCH2: lb 

Scheme I 

FiR. 1. ” P NMR swctra of different fractions collected after TLC 
elidon of the mi&re of the reaction between Ru,(CO),~ and 
PPh(CH=CH2)2. (a) Bottom (red) band containing mostly 3b and a 
broad extra signal: (b) lower intermediate band (reddish) containing 
3b, 4b and a &up extra band; (c) top band (yellow) containing onl; 
4b. 

attributable to the vinylic carbon [C(9)] close to the 
phosphorus atom. 

The structures proposed for complexes l-3 are en- 
visaged in Scheme 1. 

3.2. Some comments on the formation of complexes 4a 
and 46 

Ru,tCO),, reacts with PPhlCH=CH, or 
PPh(CH=CH,), giving mainly the disubstituted com- 
plexes 3; in their turn, they undergo oxidative addition 
on the TLC plates to form complexes 4. This process is 
particularly slow for PPh(CH-CH2&, so that the elu- 
tion of the reaction solutions of Ru,(CO),~ with this 
ligand (containing nearly 100% of red 3b) results in the 
formation of a continuous band on the plates. The 
colour was yellow on top and deep red at the bottom; 
oifferently coloured samples could be scraped from the 
plates and the solutions obtained were analyzed by “P 
NMR. ‘They showed the gradual formation of 4b an;i 
disappearance of 3b going from the bottom to the top of 
the TLC plates: ” P NMR are shown in Fig. I. 
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Possible intermediates of this transformation could 
be complexes with vinyl groups interacting with metals 
(and gradually displacing CO) [2 I]. Indeed, in the 3’ P 
NMR of the bottom red band an unexpected broad 
signal, which then sharpened and disappeared, was ob- 
served too. Evidence for the role of the TIC silica 
comes from the following observations: (i) on 2 mm 
thick plates (instead of the usual 1 mm) the rate of 
formation of 4b increases; (ii) elution of smaller amounts 
of material results in an increase of the formation rate; 
(iii) the use of eluant mixtures with 50% diethyl ether 
increases the transformation rate; (iv) leaving the plates 
after elution for 60 min under moist air results in the 
total transformation to 4b. 

Different hypotheses could account for the formation 
of complexes 4: one might be the formation of anionic 
triruthenium hydrides (with release of CO), in a sort of 
water-gas shift reaction involving the silanol grotips or 
water. Recent examples of “surface organometallic 
chemistry” [22-251 involving water on silica have been 
reported: in some instances, splitting of water into its 
component atoms was observed [26-281. This process 
could be accompanied by nucleophilic attack of =CH2 
to cluster bound Co’s and stepwise transfer of hydrogen 
onto the cluster, as recently observed for the reaction of 
R,P=CH, with Ru,(CO),, [29]. 

Trinucleu complexes comparable to 4a or 4b, but 
containing vinylidene ligands inserted into M-P(Ph) 
bonds, have been obtained by reductive elimination and 
coupling of phosphino-alkynes with [HFe,(CO), ,I- [30]; 
the “butadienyl” species Ru,(CO),[ p3.q4- 
C(Bu’)CC(H)C(Ph) (PPh,)] have been obtained from 
HRu,(CO),(PPh,C=CPhl(C=CBu’) via intramolecular 
reductive coupling of the cluster hydride with the 
acetylide ligand [s]. These reactions are just the reverse 
of the oxidative add&n discussed in this paper. An- 
other cluster with an alkyne inserted into a M-PRR’ 
system is Ru3(COl,[PPhzC=C@r’)1, obtained by slow 
and spontaneous isomerization of the acetylide cluster 
(PPhzlRu,(COl,(C+ril in solution 1311. 

3.3. Crystal structure of complex 46 

The strttciure of complex 4b is shown in Fig. 2. 
together with the atomic numbering scheme; important 
distances and angles are reported in Table 2. The struc- 
ture consists of a triangle of Ru atoms (Ru(l j-Rd2) = 
2.776( Il. ORu( I)-Rut31 = 3.035( 1) and Ru(2)-Ru(3)= 
2.866(2) A] bound to eight terminal carbonyls. three on 
each of the Rut21 and Rut31 atoms and two on Rd 1). 
which also bears the ter@nal PhP(CH=CH,), ligand 
[Rut I)-P( 1) = 2.305(2) A]. The hydride bridges the 
longest edge of the 6”etal triangle [a?.~( I)-H( I) = 1.68, 
Ru(3)-H( I) = 1.79 A] with the hydride bridge making a 
dihedral angle of 37.8” with it. The 
PhtCH, =CHlP(CH=CH) ligand interacts with all of 

Fig. 2. View of the stmcmre of the complex 4b with the atomic 
numbering scheme. 

the three metals, via f~ bonds between Ru(3) and P(2) 
[Ru(3)-P(2) = 2.332(2) A] and between RI&) and 
C(10) [Ru(l)-C(IO) = 2.668(5) A] and via a w 
between Ru(2) and the C(9)-C(lOl bpnd [Rtr(2l-C(9) 
= 2.290(6), Ru(2)-C(l0) = 2.248(5) A]. As expected, 
the *activation” of the C(9)-C(lOl double bond results 
in its elongation [ 1.404(8) A]. This distance is shorter 

Table 2 
selected bond distances ,.i, and angles (“) 

RuflkRd2) 2.7760) Rd2I-C(4) 
Ru( I &R&3) 3.0350) Ru(2WW 

1.897(7) 
1.895(6) 

Rut2kRu(3) 2.866(2) Ru(2I-C(9) 2.2900 
RutlkP(I) 2.305(2) Rti2X( 10) 2.24tM) 
Ru(3kP(2) 2.33Z2) Ru(3HX6) I .892t6) 
R&&C(I) 
Ru(lkC(2) 
RuW-ff 10) 
Rd2XI3) 
Rd2kRu( t r-Rd3) 
Rd Ii-Ru(ZI-Ru(3) 
Ru( I kRu(3I-Ru(Z) 
Ru(ZkRu(lkC(t) 
RdZkRd 1 l-c(2) 
Rut2~RuW-C(10) 
Rd3~RuW-P(t) 
Rd3kRu(lr-C(2) 
Rd3kRu( I )-C( IO) 
P(IkRu(tr-C(I) 
P(IkRu(tHX2) 
P(I~Ru(l~C(IO) 
C(l)-R&1)-C(2) 
C( t )-Ru( I kC( IO) 
Rd3)-Rtil~C(3) 
Rd3)-Rd2kC(5) 
Rd t )-Ru(2k-C(3) 
RdI)-Ru(2~C(J) 

1.86N7) 
I .93%6) 
2.0686) 
I .89X7) 
58.9(l) 
65.0(l) 
56.0(t) 
97.%2) 
l12.6(2) 
52.%2) 
111.5tl) 
90.9(2) 
Ws(2) 
91.9(2) 
94.9(2) 
IOWG?) 
92.8(3) 
85.7(2) 
88.7(2) 
9432) 
7Y..u2) 
107.M2) 

RuOkC(7) 
Rd3o-C(8) 
P(2I-C(9) 
C(9kC( IO) 
C(3kRd2kC(4) 
C(3hRu(2&-CX5) 
C(4)-Ru(2kC(5) 
Ru( I kRut3kP(2) 
RI& I I-Ru(3l-C(7) 
Ru( I kRu(3hX8) 
Ru(Zr-Ru(3kP(t) 
Ru(2k-Ru(3l-C(6) 
Ru(2k-Ru(3kC(S) 
K2I-Rd3I-C(6) 
A2kRd3kC(7) 
Ci6kRd3kC(7) 
C(6J-Rd3MXl) 
C(7kRd3kC(S) 
PO-a I 1X( t 2) 
P(2kCf9kC( IO) 
C(9)-P(Z)-C( I I j 

1.93766) 
I .935(73 
1.76Ci6) 
I .404(S) 
93.IR 
101.X3) 
9343) 
&1.7(l) 
114.642) 
86.42) 
71.3(l) 
92.6(23 
94.X2) 
92.442) 
99.6(2) 
97.33) 
lJ9.1(3) 
94.5(3) 
12646) 
121.1(4) 
t lMoi3) 
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than that found in 4s [1.45(j) A]. Only slight diffet- 
ences can be observed by comparing the other important 
structural features of 4a and 4b, in agreement with 
recent results on a large series of phosphine-substituted 
triruthenium clusters which suggested only minor 
changes in intracluster distances upon phosphine substi- 
tution [ 19,201. 
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