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Abstract 

Reactions between Ru5(~L5-C,PPh2XCL-PPh2XC0)13 (1) and allene have given two isomers of Ru.&&,PPhaX~-PPh,)(p- 

C,H&-C,H,)(CO),, (2, 3) containing the n3 : ~33-biallyl ligand, Ru,(~CL4-C2PPh,XCL-PPh,Xy-C,H,,XCL-C3H,XCO),” (7) con- 

taining an allene trimer, and Ru,(~5-C,HsPPh,X~-PPhz)(CO),, (8), in which an allene dimer has linked with the phosphino- 

acetylide ligand. Complex 2 reacted with P(OMe), to give two isomers of Ru~(.cL~-C~PP~~X~-PP~~~~(-C,H~)(~- 
C,H,XCO),{P(OMe),} (4 and 5) both of which were shown to be structurally related to 2 and 3; a third isomer, 6, was obtained 

from similar reactions of 3 and P(OMe),. InOcomplexes 2-6, the metal cores consist of wing-tip spiked planar rhombi, one Ru-Ru 

separation of which is very long (3.19-3.38 A); they contain p-biallyl ligands formed by dimerization of two allene molecules. The 

metal core of 7 consists of a similar Ru, rhombus with the fifth Ru atom connected via the CzPPh, and CL-C,H~~ hgands. The 

latter is formed from three allene molecules and is coordinated to a cluster Ru atom by a 1,3-diene unit and to the separated Ru 
atom by an n”-ally1 unit. All three complexes also contain a I.L-u,~~-C~H, ligand. In 8, incorporation of the acetylide carbons into 

the Ru, rhombus has given a C,Ru, octahedron, of which a wing-tip Ru is also attached to the fifth Ru atom. A PPhz group 

bridges this Ru atom and a carbon of the cluster Cz unit; the second carbon is linked to the C,Hs moiety which is attached to the 

cluster by ,r and n4 interactions. The results of single crystal X-ray studies of complexes 3-7 are reported. 

1. Introduction 

The open Ru, cluster Ru&.&PPh,X~-PPh,)- 
(CO),, (1; Scheme 1) contains a diphenylphosphino- 
acetylide ligand spanning the five metal atoms. Earlier 
accounts of its reactivity have shown that facile addi- 
tion of unsaturated hydrocarbons (olefins, dienes) to 
the cluster-bound ligand can occur [2]. Thus it was of 
interest to examine the reaction between 1 and allene. 
Two products were pentanuclear complexes containing 
ligands formed by coupling of two or three allene 
molecules on the cluster, together with bridging u : v3- 
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C,H, ligands; the phosphino-acetylide ligand remains 
unchanged. A third product contains a novel tertiary 
phosphine ligand which has been formed by coupling 
of the allene and phosphino-acetylide ligands, as de- 
scribed earlier [31. This paper describes these reactions 
in detail, together with some substitution products 
obtained with P(OMe),; X-ray studies helped to eluci- 
date the structures of the initial allene complexes. 

2. Results and discussion 

The reactions between 1 and allene were carried out 
in toluene solution in a sealed tube heated at 90°C for 
several hours (Scheme 1). Three products were sepa- 
rated by TLC on silica gel, as described in the Experi- 
mental section. The complex Rug(~4-C2PPh&- 
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PPh,)(~-ChHs)(~-CJ~13)(CO),(, (2) was obtained as 
red crystals that changed slowly in solution to an iso- 
mer, 3, which contained a bridging CO group, as shown 
by a single-crystal X-ray study. Suitable crystals of 2 
could not be obtained, but derivatization with P(OMe), 
afforded three crystalline monosubstitution products. 
two of which (4 and 5; Scheme 3) were able to bc fully 
characterized by X-ray crystallography. Complex 4 was 
the major product in the direct reaction of 2 with 
P(OMe), and TMNO whereas complex 5 dominated 
when the acetonitrile derivative of 2 was treated with 
the phosphite. Spectroscopic studies suggest that 2 is 
the precursor of 4. Isomer 3 reacted with P(OMe), to 
produce a fourth monosubstituted complex (6: Scheme 
3). An orange complex, Ru5tpJ-C,PPh, )t p-PPhl )(p- 

C,,H,;,)(F-C OH,,),,, (7). was also obtained in 35 
yield from the reaction bctwcen I and allenc; this was 
shown to contain a planar Ru, cluster together with 
the fifth Ru atom, now separate. which interacts with 
the phosphino--acctylide and an allcnc trimer. Com- 
pound 8, containing the coupled allrnc dimcr-phos- 
phino--acetylide ligand was also formed I?]. X-Ray 
structural characterirations of complexes 3-7 were 
made: since the first four arc similar they arc discussed 
together. 

2.1. Moltudrrr vlructlirrs of c~omnp1c.w.~ 3-6 
The structures of the four complexes are shown in 

Figs. l-4 and rele\,ant bond parameters are collected 
in Table 1. The cluster core in each case consists of a 

isometisation 

Scheme I 
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spiked planar rhombus, with the C,PPh, ligand span- 
ning four of the five metal atoms. The C, unit bridges 
the Ru, triangle formed by Ru(l)-Ru(3)-Ru(4) in the 
usual u, IT- fashion, while P(1) is attached to 
Ru(5). The Ru(2)-Ru(3) vector is bridged by P(2) of 
the p-PPh, ligand, while Ru(3)-Ru(4) is bridged by 
CO(41) in all except 4. The Ru(l)-Ru(2) vector is 
bridged by allene bonded in the (T: q3 manner, as 
found in Fe,(p-cT : n3-C3H4)(C0), [4], for example. 
The allene dimer bridges the Ru(4)-Ru(5) bond, being 
attached to each Ru by an v3 interaction. This ligand 
has also been found in Fe&-n3 : T~-C,H,)(CO), [5]. 

In the four complexes, the separations of like atoms 
are often significantly different. oThe Ru-Ru separa- 
tions range from 2.860 to 3.382 A over all complexes, 
indicative of a wide variety of Ru-Ru interaction 
strengths. Thus, the Ru(2)-Ru(3) separations 

[3.186(l)-3.382(2) A] are substantially non-bonding, 
while the Ru(l)-Ru(2) separations are also greater 
than 3 A; Ru(2) must be assumed to be held in position 
primarily by its strong interactions with the allylic groyp 
and the bridging PPh, ligand [Ru(2)-P(2) cu. 2.30 A]. 
The Ru(2)-P(2)-Ru(3) angles range between 88.0” and 
93.3(l)“, again consistent with a substantial non-bond- 
ing interaction between the two metal atoms. The 
shortest Ru-Ru separations in 3 and 4 are the diago- 
nal separations across the rhombi [Ru(l)-Ru(3), 
2.884(l), 2.860(l) A, respectively], although in 5 and ,6, 
these have lengthened to 2.956(2) and 2.887(l) A, 
respectively. The Ru(4~-Ru(5) separations range be- 
tween 2.994 and 3.175 A, the longest being found in 4 
and 6, in each of which the phosphite ligand is at- 
tached to Ru(4). Comparison of the cores in 3 and 6, 
where the only chemical difference is replacement of a 

TABLE 1. Selected bond lengths (A) and angles (0) for complexes 3-6 

Bond 

Ru(l)-Ru(2) 
Ru(l)-Ru(3) 
Ru(l)-Ru(4) 
Ru(2) Ru(3) 
RUG-Ru(4) 
Ru(4)-Ru(5) 
Ru-Ru (av.1 
R&‘-P(2) 
Ru(3)-P(2) 
Ru(3)-P(3) 
Ru(4)-P(3) 
Ru(S)-P(1) 
Ru(l)-C(102) 
Ru(2)-CXlOl) 
Ru(2)-C(102) 
Ru(2)-C(103) 
Ru(4)-C(201) 
Ru(4)-C(202) 
Ru(4)-C(203) 
RUG-C(204) 
Ru(5)-C(205) 
Ru(5)-C(206) 
Ru(l)-C(1) 
Ru(l)-C(2) 
Ru(3)-C(2) 
Ru(4)-C(l) 
Ru(4)-C(2) 
Ru(3)-C(41) 
Ru(4)-C(41) 

P(l)-C(1) 
C(l)-C(2) 
c(101)-c(102) 
C(102)-C(103) 
C(201)-C(202) 
C(202)-C(203) 
C(202)-C(204) 
C(204)-C(205) 
C(204)-C(206) 

3 4 

3.0588(9), 3.043(l) 3.119(2) 
2.884(l), 2.899(l) 2.8600) 
3.000(l), 2.9600(9) 2.945(l) 
3.273(l), 3.286(l) 3.186(l) 
2.9081(9), 2.9540) 3.077(2) 
3.042(l), 3.062(l) 3.175(2) 
3.031 3.104 
2.300(2), 2.298(2) 2.297(3) 
2.309(2), 2.319(2) 2.288(3) 
_ _ 
_ 2.308(4) 
2.296(2), 2.295(2) 2.268(2) 
2.043(7), 2.046(8) 2.039(9) 
2.215(9), 2.205(7) 2.19(L) 
2.103(7), 2.078(7) 2.10(l) 
2.297(g), 2.296(g) 2.28( 1) 
2.166(8), 2.174(9) 2.27(l) 
2.179(6), 2.177(9) 2.22(l) 
2.314(6), 2.342(8) 2.22(l) 
2.146(S), 2.159(8) 2.14(l) 
2.272(S), 2.27(l) 2.22(l) 
2.213(7), 2.243(B) 2.30(l) 
2.203(6), 2.182(6) 2.17(l) 
2.188(5), 2.187(6) 2.17(l) 
1.986(7), 1.973(6) 1.966(9) 
2.457(8), 2.423(7) 2.422(9) 
2.286(6), 2.293(8) 2.29(l) 
2.433(7), 2.51 l(9) _ 

1.943(9), 1.955(7) _ 

1.763(7), 1.760(6) 1.76(l) 
1.277(9), 1.293(9) 1.29(l) 

1.39(l), 1.42(l) 1.43(2) 
1.407(9), 1.418(9) 1.43(l) 
1.40(l), 1.43(l) 1.41(2) 
1.430(8), 1.433(9) 1.41(2) 
1.49(l), 1.48(l) 1.49(2) 
1.416(9), 1.420(9) 1.42(2) 
1.39(l), 1.438(9) 1.39(2) 

- 
5 6 

3.053(2) 3.0506(7) 
2.956(2) 
3.027(2) 
3.382(2) 
2.926(2) 
2.994(2) 
3.107 
2.306(4) 
2.345(4) 
2.333(4) 

2.310(4) 
2.06(l) 
2.22(l) 
2.08(l) 
2.27(l) 
2.20(l) 
2.20(l) 
2.33(l) 
2.14(2) 
2.310) 
2.24(2) 
2.20(l) 
2.16(l) 
1.94(l) 
2.39(l) 
2.30(l) 
2.32(l) 
1.98(l) 
1.76(2) 
1.32(2) 
1.40(2) 
1.40(2) 
1.42(2) 
1.39(2) 
1.53(2) 
1.39(2) 
1.37(2) 

2.887(l) 
2.9423(6) 
3.2873(7) 
2.9619(7) 
3.1462(7) 
3.103 
2.3050) 
2.311(l) 
_ 

2.276(2) 
2.2910) 
2.060(4) 
2.205(5) 
2.093(5) 
2.288(5) 
2.191(5) 
2.182(6) 
2.350(7) 
2.180(6) 
2.242(6) 
2.237(6) 
2.182(4) 
2.232(4) 
1.982(4) 
2.426(4) 
2.266(4) 
2.480(6) 
1.897(6) 
1.755(4) 
1.293(6) 
1.421(8) 
1.398(6) 
1.419(8) 
1.420(7) 
1.476(8) 
1.386(7) 
1.413(6) 



TABLE’ 1. (continued) 

Bond 

For 3: 

Ru4:O 

c-o 
P-C(Ph) 

For 4: 

Ru-(‘0 

C-O 

KC(Ph) 

I’-OMe 

For 5: 

Ku-CO 

c-o 
P-‘JPh) 

PkOMe 

For 6: 

Ru-CO 

C-O 

PKC(Ph) 

KOMe 

Ru( I )bRu(2)-RuU) 

Ru(l~-Ru(3)-RuG2) 

Ru(l)kRu(3)-Ru(4) 

Ru(l)- Ru(3)--KU(~) 

Ru(2)~Ru(l)-Ru(3) 

KU(~)& Rut1 )--Ru(4) 

Rut i)--Ru(4)- Ru(S) 
RuU--Ru(J)--Ru(S) 
Ru(2)-P(2)bRu(.l) 
Dihedral: Ru( 1) 

R&2-Ru(i)/‘Ru( I)-- 

Rd.?)-Ru(4) 

CO by P(OMe), on R&3), shows that the major struc- 
tural changes are in the Ru( I)-Ru(3) vector, ~I’UIES to 
the phosphitc, which is lengthened by c~. (I.07 A and in 
the adjacent Rui2) . . . Ku(j) non-bonded vector, which 
increases by more than 0.1 A. 

The Ru( 1 )-Ru(4) separations in the four complexes. 
which are spanned by the acetylide iigand. tie between 
2.94236) and 3.027(2) A. In related complexes there is 
a remarkable variation in the separation of ruthenium 
atoms bridged by acetylide ligands, which appears to 
be dependent on the nature of the other bridging 
groups (if present). Thus, values of 2.80X( 1) and 2.X5.1 
(1) A were found in RL~,(~-H)(~L--C,PPhL)(~-Br)(~- 
PPhz)(CO),3 [6] and AuRu,(~Lg-C~PPh_,)(~-PPhL)(~- 
C,Ph)(CO),,(PPh,) [7], where this bond is also bridged 
by the H and Au(PPh,) groups, respectively. In Ku,- 
(~u-X)(~~.~-C~‘~U)(CO)~~, values of 2.70213) (X = H [li]‘) 
and 2.820(l) A fX = Au(PPh I) 191) have been reported. 

The Ru-P separations are within the normal ranges. 
AS might be expected. however, attachment of the 
phosphite to Ru(3) results in a lengthening of the 

R&3-P(2) bond from 7.3W2)~ 2.319(3) A in 3 IO 
2.3434) ,& in 5, The Ru(S)- P(l) separation is quite 
sensitive to its cnvironmcnt. ranging between ?.;lhti(-?~ 
and 2.310(4) ,i\ in the four complexes: the length ap- 
pears to bc invcruclb rclztcd to thi: Ru(-t)--Ku(S) sepa-- 
ration. 

Considering the r.(-C,H,; ligand, the ORu( 1 )-c‘( 102) 
(r-bond is between 2.04! 1) and ?.!)h( 1) A; this central 
carbon ih nearest 10 Ku(Z) (2.0X( I I--?. 10 ( 1) A). The 
outer carbons of the q ‘-ally1 group are between ?.19( 1) 
and 2.30( 1) A fr-r~m Ru(3. Similar ~aluck arc found fc~ 
the _r7j-allyl groups in the p-C:,,lH, ligand, with the 
Ku-(‘(central) distances [Z. I-$( 11-7.23 1) i-t (YV. 2.17 
Al] being shorter than the Iiu--CYouter) scparationc: 
[2.17il)--2.33 1) 5 (av. 2.lis ,A,]. 

The acetylidc iigand is tr-bonded to Ru1.3) [sep- 
arations 1 .W( 1 I-- i.WOI7) /\I and ir-bonded to Rui I ) 
and KU(~): rhc i1tt;ichmL‘nt to Rut ii appear:, to be 
stronger [Rut 1 )--CT I ) 2.1711 I-2.20( I). Ru( 1 )-C(2) 
?.I@1 I--2.132(4) A] than to Ru(4) jRu(3)-C’( iKl.39( I )- 
7.3h( I ), Ku(J)-- C‘E71 I!.2hb(S~- 2.?4( 1 ) A]. 110 ciouht hc- 
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cause of the competition for metal electron density 
with the allylic group C(201)-C(202)-C(203). The 
C(l)-C(2) separation varies between 1.277(9) and 1.32 
(2) A in the four complexes. 

Complex 3 contains nine terminal CO groups; one 
of these, on Ru(4) in 4 and on Ru(3) in 5 and 6, has 
been replaced by the phosphite ligand. Complexes 3, 5 
and 6 each contain a CO group asymmetrically bridg- 
ing the Ru(3)-Ru(4) vector [Ru(3)-C(41) 2.433 (71, 
2.32(l), 2.480(6); Ru(4)-C(41) 1.943(9), 1.98(l), 1.897(6) 
A; Ru(4)-C(41)-O(41) 154.0(5), 147(l), 157.3(5)“, re- 
spectively]. 

(3) (molecule I) 

2.2. Molecular structure of Ru5(pL-CZ PPh,)(p-PPh,)- 

(~-C,H,,)(C~-C,H,)(CO),, (7) 
The structure of 7 is shown in Fig. 5, and relevant 

bond parameters are listed in Table 2. The planar Ru, 
rhombus found in the previous four structures is still 
present, but the fifth Ru atom is now bonded only to 
P(1) of the phosphino-acetylide ligand and to four 
carbons of an allene trimer by a (T, n3 system; one of 
the cluster Ru atoms is also bonded to this ligand by an 
n4-1,3-diene moiety. 

Within the Ru, rhombus, the Ru-Ru separations 
are generally similar to those found in complexes 3-6. 

(3)(molecule2) d 

(3) (molecule I) (3) (molecule 2) 

Fig. 1. Plots of molecules 1 and 2 of Ru,(~CL4-C2PPh,XCL-PPh*~~-C~Hs~~-C,H,X-COXCO)~ (3) (a) oblique to and (b) normal to the Ru, 

“plane”, showing the atom numbering scheme. For all Figures, non-hydrogen atoms are shown as 20% thermal ellipsoids; hydrogen atoms have 

arbitrary radii of 0.1 A. 



11X 

Ph_, 

P3(0hb), 

v.k?O),P~ 0 

(-9 

Scheme 7. 

Thus, the bonded diagonal Ru(l)-Ru(3) is 2.968(l) A, 
similar to that found in 5. The Ru(I)-Ru(2) vector 
bridged by the C,H, ligand is 3.073(2) A, while that 

3 

P(OMe), 

1 

Scheme 3. 

(41 

bridged by th,e PPh, group is substantially non-bonded 
at 3.249(2) A. The ,u-C:,H, ligand is (r-bonded to 
Ru(l) [Ru(l)-C( 102) 3.05(l)] and r-bonded to RUG) 
[Ru(2)-C(102) 3.12( I ). outer C 2.32. 2.30(l) A]. The 
acetylide unit is more strongly attached than in J-6, 
with Ru(.?~-C(?.~ shorter at I .99Cli A. and the C, unit 
also having a somcLvhat asymmetric interaction with 
Ru(l) and KU(~) [Ku(l k-c‘( 1) X5(1 ), Ru(l’kC(2) 
2.1X( 1); Ru(4)-C’( 1 i 2.37( 11. Ru(-I)--CK!) 2.2X( 1) ii]. The 
C( 1)-C(2) separation is 1.76(2) K. Coordination of the 
cluster Ru atoms i> complctcd h\ two terminal CO 
groups on each of Ru! lOI, Rut21 and tiu(3), Both the 
I$( 1 )-Ku(S) j?.X2O(Z) A] and RuG-Ku(S) [2.906(2, 
AI bonds of the RuC I )Ru(3)Ru(J) triangle are bridged 
asymmetrically by CO groups [Ru(4)-C(41.42) 1.98. 
1.93(l). Ru(l)L<‘(42) -7.51(1). Ru(3)-C(41) 2.36 (1) A: 
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mental section, while the 13C NMR spectra are listed 
in Table 3; assignments of the hydrocarbon ligand 
resonances were achieved by a combination of double 
resonance and DEPT techniques, and show no unex- 
pected features. Detailed comparison of the iH and 
i3C NMR spectra reveals similarities between those of 
the pairs 2, 4 and of 3, 6, particularly in respect of the 
resonances at 6 10.75 and 10.89 in the latter, assigned 
to CH, carbons of the C&H, ligand. These were not 
present in the spectra of 2 and 4, while in 5, a reso- 
nance at 6 3.50 was found. It has not been possible to 
make a detailed assignment of these resonances; how- 
ever the correspondences noted above suggest that the 
pairs 2, 4 and 3, 6 have similar structures as indicated 
in Schemes 1-3. Resonances of the C, carbons range 
between 6 42.73 and 50.10 [for 
162.80 and 175._ 2 [for C(2)]. 

C(l)] -and between 6 

(5) 

Fig. 3. A molecule of Rus(~,-C,PPh,X~-PPh,X~-C~HsX~-C~- 
H,Xp-COXCO),{P(OMe),) (5) (a) oblique to and (b) normal to the 

Ru, “plane”, showing the atom numbering scheme. 

Ru(4)-C(41)-O(41) 148(l), Ru(4)-C(42)-O(42) 
158(l)“]. 

The fifth Ru atom is attached to y(l) [2.338(3) Al, a 
CH, group [Ru(5)-C(2012) 2.20(l) Al, and ally1 group 
[Ru(5)--C(204-206) 2.23-2.26(l) Al of the C,H,, lig- 
and and to two CO groups. The C,H,, ligand is also 
attached to Ru(4) via an q4-1,3-diene moiety [Ru(4)-C 
2.17-2.29(l) A]. 

2.3. Spectroscopic properties 
The IR spectra of complexes 2-7 contain complex 

absorptions in the terminal u(C0) region, and for 3, 5, 
6 and 7, bands at 1899, 1861, 1876 and 1883 cm-‘, 
respectively, could be assigned to the bridging CO 
groups. The FAB mass spectra contain molecular ions, 
together with ions formed by loss of the CO groups. 
The ‘H NMR spectra of 2-6 are given in the Experi- 

(6) 

(6) 

Fig. 4. A molecule of Rus(~L4-C2PPh2X~-PPh~X~-C~HsX~. 

H,X&OXCO),(P(OMe)~) (6) (a) oblique to and (b) normal to 

Ru, “plane”, showing the atom numbering scheme. 

-c,- 
the 



Complex 8 is formed by coupling of the C,,H, and 
C,PPh, ligands to give a novel tertiary phosphinc. In 
this complex. which has been fully described elsewhere 
[3], the Ru, system takes up a butterfly conformation 
as a result of the interaction with the C’, unit; the 
resulting C,Ru i octahedron is spiked by the fifth Ru 
atom. 

3. Discussion 

The complexes isolated from reactions bctwcen 1 
and allene have hecn formed by attack of the unsatu- 
rated hydrocarbon on the cluster framework. Coordi- 
nation of one allene molecule, in the common F-U : $ 
mode, has been found previously with irot- carbonyl 
complexes, such as F~-JJ.L-u : q’-CiH4)(C0)7 obtained 
t’rom aliene with an cxccss of Fe2(CO), [3]. So-callsd 
‘head-to-head’ linkage of two ailenc mc~lecules ;it tran- 

sition metal ccntres has hcen observed with complexes 
of Pd (in IPd(auac)).(~-(_,H,). ;I minor product from 
the reaction of alIe& with Pd(acac)(q-(‘,1-i,) [IO]). or 
of Fe. in FcZ(~L-(~‘,,H,)(CO)(,. obtained from allcne and 
Fc,(C’O),, [S]. X’rimerization of allcne in reactions with 
F;c,(CO),, has hcen reported [%.I I]. one of the three 
products CY) containing the same li,g;ind a~ wc have 
found in 7. 

‘l-he fc9rmation of complcs 2 from 1 involvo loss of 
CO and addition of ligands deri\,cd from the allenc. 
with the net addition c9f four electrons to the cluster. 
Formally. clcavagt~ \9f two Ru--Ku bonds would 19~‘ 
expected. I’hc c~bscn ixii cluster core ccn3sists of a pla- 
nar rhombus with one iong. cs>t:ntially ncjn-bonding. 
Ku Ku edge: the fifth Ku atom rcmain~ attached 17) 
virtue of’ the hridpinp C’,:H, liganti. although the 
Ru(-l)-Ru(5~ sc*paration is also telativcly long. This 
enables this cm~plc~ to retain ;I compact core. yer 
bo19d cfficicntl\ to :hLI new ligands uhich arc formed. 
It is a moot point whcthcr there is any bonding interac- 
tim bctwwn Ku(Z) 2nd liti( oicupatic9n 01’ 8 R/I-M 
antihonciing orbital partially IctcAiLcd on these metal 
atoms may result in the ohser+cd lengthcninp. the two 
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Ru atoms remaining in relatively close association by 

virtue of the bridging PPh, ligand. 
The slow isomerization of 2 to 3 corresponds to a 

rotation of the biallyl ligand around the Ru(4)-Ru(5) 
vector with concomitant semi-bridging of the Ru(3)- 
Ru(4) bond by a CO ligand. The reasons for this subtle 
rearrangement of electron density are not clear. The 
reaction of 2 with P(OMe), afforded the substituted 
derivatives of both 2 and 3; again, subtle effects are at 
work to direct the entering phosphite ligand to either 
Ru(4) in (in 4) or Ru(3) (in 5). Complex 3 reacted with 
P(OMe), to give a third isomer, 6, which contains the 
biallyl ligand in the same orientation as found in 5, but 
with the phosphite coordinated to Ru(4). 

In 3-6, which all have similar cores, the ligands 
supply 40 electrons to the metal framework, so that the 
cluster valence electron (CVE) count is 80, which is 
consistent with a core with five Ru-Ru bonds. These 
complexes provide further examples of the importance 
of the bridging ligands in deciding the geometry of 
clusters; in the present case, relevant earlier examples 
include the planar 64 CVE clusters in Ru,(p- 
PPh,),(CO),, and Ru,(p-PPh2),(CO),, [121. The lat- 

t,“r have average Ru-Ru separations of 3.106 and 3.101 
A, respectiyely, compared with values between 3.102 
and 3.107 A for 3-6. Complex 7 is a planar 64 CVE 
rhomboidal cluster; in this case, the lengthening of 
Ru(3)-Ru(4) to 3.249(2) A and the Ru(3)-P(l)-Ru(4) 
angle of 89.4(!)0 result in an average Ru-Ru separa- 
tion of 3.180 A, providing a more extreme example of 
this effect. It is notable that in 8, where the ligands 
contribute only 34 electrons to the cluster, the tighter 
Ru-spiked C,Ru, polyhedron is adopted, where a 
favourable electron count can be achieved by incorpo- 
ration of the C atoms into the cluster. 

Coordination of allene to two metal centres in the 
CL-U, 7’ mode has been found previously in several 
systems, among them Fe&-a, v3-C,H,)(CO), [4] and 

MNiIp-g, r13-C(CH,)(CMe,))(CO)~(~-CSH,X77-C,- 
H,Me) (M = MO, W) [13]. Ready dimerization of al- 
lene occurs at transition metal centres, complexes con- 
taining pq3, T~-C,H, (biallyl) ligands analogous to 
those found here having been reported for Mn [14], Fe 
[51, Ni [13] and Pd [lo]. The essential reactions involve 
oxidative addition of allene across an M-M bond to 
give the CT, T~-C~H, ligand and insertion of a second 

TABLE 3. “C NMR chemical shift data for complexes 2-6a 

2 3 4 5 

10.75, 31.36, 33.23 (d, 7.9). 3.50, 33.19, 

6 

10.89 (d, 36.7). 
30.77, 34.84 (d, 
14.8), 40.02 (d, 
4.1) 

61.98, 65.18 (d, 
17.3) 
70.54 (d, 3.4), 
94.40 

169.91 (d, 3.6) 
47.99 (d, 47.6) 

WCC-H,), 35.28 (d, 15.1), 
38.38 (2 x C), 
41.76 

37.47 (d, 14.4), 
39.18 

37.33 (2 x C; d. 
17.41, 41.46 (d, 
14.1) 
60.43, 65.32 (d, 
17.7) 
90.27, 95.79 

34.83 (d, 15.1), 
42.31 

RuC(CH,)~ 61.06, 66.46 (d, 
17.3) 
93.09, 94.97 

62.36, 65.59 (d, 
17.4) 
93.98 (2 x C) 

62.48 (d, 17.21, 
64.30 
79.00, 94.16 CCCCH,), 

RuC(CH,), 167.18 
PCC 48.19 (d, 47.0) 

169.55 (t, 15.0) 

167.20 
50.10 (d, 43.1) 

175.52 (t, 3.5) 

168.51 
42.73 (dd, 52.1 

5.4) 
162.80 (br) 

167.07 
48.02 (d, 46.4) 

PCC 174.02 (dt, 121, 
3.7) 

52.69 (d, 8.1) 
133.50 (d, 57.3), 
138.37 (d, 45.2), 
145.25 (dd, 31.8, 

2.6), 147.17 (d, 
34.1) 

127.06-135.75 
194.25, 194.39 
(d, 7.2). 197.20 
(dd, 16.2, 7.71, 
198.73 (d, 3.51, 
199.61 (d, lO.O), 
201.82 (d, 7.6), 
202.02, 202.35 
(d, 11.3), 212.14 
(dd, 20.2, 9.2) 

175.49 (t, 3.1) 

P(OMe), 
PPh (ipso C) 

55.02 (d, 11.0) 
138.60 (d, 54.7), 
144.89 (d, 32.2) 

53.13 (d, 9.8) 
134.00 (d, 59.8), 
137.06 (d, 50.11, 
143.30 (d, 33.0), 
144.54 (d, 34.1) 

137.86 (d, 50.8), 
142.98 (d, 34.41, 
143.81 (d, 34.31, 
144.31 (d, 41.4) 

_ 
137.68 (d, 46.6), 
143.25 (d, 35.9) 

127.61-135.29 
190.94 (d, 6.91, 
192.10 (d, 4.81, 
195.72 (d, 10.71, 
198.11 (d, 4.21, 
198.14, 199.14 
(d, 11.2), 199.21, 
200.11 (d, 2.2) 
201.04 (d, 8.4), 
205.13 (d, 18.6) 

127.66-135.26 
191.52 (d, 5.6), 
192.99, 193.74 
(d, 6.11, 197.00 
(d, 10.81, 197.31 
(d, 3.5), 198.84 
(d, 10.7), 200.16 
(d, 13.4), 201.02 
(d, 8.4), 203.22 
(d, 16.5) 

127.65-136.16 
191.65 (d, 6.0), 
196.20 (d, 4.6) 
19X.32 (dd, 10.6, 

7.0), 199.83 (d, 
3.51, 200.42 (d, 
3.81, 201.49 (d, 
9.41, 202.15- 

202.63 (2 X d), 
203.24 

127.48-135.59 
195.28 (d, 7.6), 
198.03 (d, 3.6), 
198.49 (d, 10.01, 
200.46 (t, 6.71, 
201.39 (d, 3.4), 
201.67 (d, 8.5), 
207.20 (dd, 15.4, 

9.3) 

Ph 
co 

a Chemical shifts (ppm), multiplicity and J(CP) (Hz) given; resonances without multiplicity indicated are singlets. 
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molecule of allenc into the M-C 17 bond to generate 
the C,H, ligand [15]. 

l‘rimerization of allcnc to give various C,H ,? lig- 
ands has also been described previously. In the iron 
carhonyl-allene system. three isomcric binuclear com- 
plexes have been characterized by ,X-ray studies as 
9a-c [%.l I]; the C’,,H ,2 ligand in 9a is tht same as that 
found in 7. A fourth mode of attachment i\ found in 10 
(MM’ = Pd,(F-O&.Me& [Ih]: M = Mo(CO)JT/- 
C,IH,Mc). M’ = Ni(q-C,H,) [l.i]). All arc derived from 
the same hydrocarbon skeleton. 

The common structural features found in the vari- 
ous complexes isolated during this work suggest that 
they are formed from common intermediates. although 
we have been unable to detect any apccies which 
contain only one allenc ligand. Further reaction of the 
complexes containing C,,H, ligands may be with a 
third molecule of allene to give 7. or by intramolecular 
coupling to give 8. However, WC have not hecn able to 
convert 2 or 3 into 7 by reaction with excess allene. nor 
have we been ahlc to find conditions under Mjhich the 
allene dimer and phosphino-acetylide ligands combine 
to give complex 8. 

4. Conclusions 

The structures of complexes isolated from reactions 
between RuS(ILL-CIPPh:)(CL-PPh2)(CO),,I and allenc 
show that previously observed dimerization and trimer- 
ization reactions of this hydrocarbon occur on this 
metal cluster. and provide further examples of the 
reactivity of cluster-bound ligands and the ability of 
medium-sized cluster frameworks to alter their archi- 
tecture to accommodate the organic ligands. 

5. Experimental details 

All reactions were carried out under dry, high purity 
nitrogen by use of standard Schlenk techniques. Sol- 
vents were dried and distilled betorc use. tSlemental 
analyses wcrc by the Canadian Microanalytical Scrvicc. 
Delta. Es.<‘.. C‘anatia k’4C.i lG7. Preparative TLC was 
cal-ricd out on glass p1atcs (J--LO cm“! coated with 
silica gel (Merck 00 Gf;.,l. 0.5 mm thick!. 

Complex 1 was prepared by the published method 
[ 171. Me ,NO 3H ,O ~TMNO: Aldrich) was dehydrated 
by suhlirnatiorl i lOOY’/(i. 1 mm). Allcnc (Matheson) 
and P(OI\nej: i;ildl-ich) \\erc used as rcccived. 

5. I. 3. lt2.~tnrt7lrtltntiittl 

IR: Perkin-13lmer 1701)X FT IR; OX3 double beam, 
NaC’I optics: NMK: Bruker CXP.300 or ACP.100 (‘H 
NMK at .XO.l.? MHr., !‘C‘ NMR at 75.47 MIHz). FAB 
MS: VG %AB ?HF (FAB MS. using ?-nitrobenzyl 
alcohol as matrix. exciting gas .Ar. FAB gun voltage 7.5 
kL’. iurrcnt I nli5. .iccelcrating potential 7 kV). 

A solution of 1 (Z.50 mg. C).X mmol) and allcne ( i .X 
g. 31.5 mmol) in toluenc‘ (10 ml) was heated in a Carius 
tube for .;.5 h at Y!)“C~~ itube oven). After cooling to 

room temperature and careful rcleasc of the excess 
pressure. the solvcn~ was removed and the residue 
purified by- preparative TLC (light petrolcurn/acetone 
4 : 1 ). An orange band ! K! 0.6) was recrystallized from 
CH 2C12/MeOH tc) give I-cd crystals of RLI~(~_,- 

(‘,PPh,)!~-PPh,)(I*-C,,H,_)(~,,-C;H,)tCO),,, (7) (10 
mg. .i%). Anal. Found: C. 4i.X; H. 3.1Y. IM. 1331 
(mass spectrometrt.). CG,HJ,,O1,;PZRu. talc.: C. 4i.02: 
H, 2.713: ,21. 1%tl. IR: (cyclohcxanc): I,(CO) 71Ww. 
1071~~ W$% ?l13vs. 7013(sh), 701 Is. 2002m. 1007m. , i._ ._j. _ 
lYY4(sh), lY73s. l’ihlm. iY53(sh), IY4lw. IYlYm. IXX3m 

cm ‘. “C‘ NMR (C’DC’I,): 6 15.14 (d. .I(CP! = 8.1 Hz. 
C‘H ?): X.02 (s, 0I, 1. JY.54 (d. J(CP) := iY..J Hz, Ci-I. ): 
47.03 (s, (‘I-l 2 1: 50.1: (s. (_H T 1; 54.01 (\, C‘H Z ): h 1.05 is, 
WI); hh.64 (d. ./(C’Pi = -15.Z Hz. C.‘H,J: 10 i 21 (s. 
c’C((‘H ,),‘b: lX.hO is. (‘-= C‘H.): 1”7.31--135.86 (rn. 
Ph): 14732. llZ.50. 131.X 147.‘)‘) (2 k’ d (overlapping, 
@so C): !%3h (tl, .I(CP) = .1.5 HJ, c‘=cH~): 161.5.: (5. 
Ru(CH? ),I: i 77~0: !dd. .liCP) == I 1.0. 3.0 HL. PC<‘): 
lY3.07--110.~40 im. CO). FAB MS: tn;; 1341, M’: 
l317-mlO(11, jM m-/:CO]‘(,i tic 1 10); 001. [Ru,{C‘,- 
(PPh ,),}I _. A red band f/i, 0.45) was recrystallized _ .- 
from CH ,C’l,/McOH IO yield red crystals of Ku&p,- 
(‘~PPh~)iu-~‘PhI!(y-(‘,I--r,)(~-C’;tI,)!C‘O),,i (2) (I.32 
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mg, .51%), m.p. > 300°C (dec.). Anal. Found: C, 41.41; 
H, 2.32; M, 1301 (mass spectrometry). C,,H3201UP2R~5 
talc.: C, 41.57; H, 2.48%; M, 1301. IR (cyclohexane): 

TABLE 4. Non-hydrogen positional and isotropic displacement pa- 

rameters for RuS(CL4-C,PPh,XCL-PPh~X~-C~H~X~-C,H,XCO),” 

(3) 

Ru(12) 0.59086(3) 
R&3) 0.76644(3) 
Ru(14) 0.90678(3) 
Ru(15) 0.97028(3) 
C(111) 0.7335(4) 
0011) 0.7307(3) 
C(112) 0.7503(4) 
0012) 0.7456(3) 
C(121) 0.5884(4) 
O(121) 0.5850(3) 
C(122) 0.4843(4) 
O(122) 0.4166(3) 
C(131) 0.7538(4) 
O(131) 0.7505(3) 
C(132) 0.8045(4) 
O(132) 0.8283(3) 
C(141) 0.9015(4) 
O(141) 0.9272(3) 
C(142) 0.941 l(4) 
O(142) 0.9608(3) 
C(151) 1.0077(4) 
O(151) 1.0314(4) 
C(152) 0.9991(4) 
O(152) 1.0187(3) 

Cfll) 0.7963(4) 

C(12) 0.7805(3) 

P(11) 0.8369(l) 
Cfllll) 0.8051(4) 
C(1112) 0.7423(4) 
C(1113) 0.7141(5) 
C(1114) 0.7490(5) 
C(1115) 0.8112(5) 
Cf1116) 0.8389(5) 
C(1121) 0.7793(4) 
C(1122) 0.8150(5) 
C(1123) 0.7709(5) 
C(1124) 0.6901(5) 
C(1125) 0.6524(5) 
C(1126) 0.6959(4) 

P(l2) 0.6351(l) 
C(1211) 0.6096(4) 
C(1212) 0.5740(4) 
C(1213) 0.5561(4) 
C(1214) 0.5749(5) 
C(1215) 0.6098(5) 
Cf1216) 0.6272(5) 
C(1221) 0.6106(4) 
C(1222) 0.5315(4) 
C(1223) 0.5097(4) 
C(1224) 0.5687(5) 
Cf1225) 0.6459(4) 
C(1226) 0.6684(4) 

Atom x Y z UC,, &*2, 

Ru(l1) 0.74782(3) 0.29265(3) 
0.41335(3) 
0.45605(3) 
0.33232(3) 
0.20877(3) 
0.2930(4) 
0.2904(3) 
0.1812(4) 
0.1163(3) 
0.4325(5) 
0.4388(4) 
0.4564(4) 
0.4860(4) 
0.4857(4) 
0.4999(3) 
0.5465(4) 
0.6012(3) 
0.4073(4) 
0.4350(3) 
0.4041(4) 
0.4501(3) 
0.2860(4) 
0.3282(3) 
0.1291(4) 
0.0775(3) 
0.3069(4) 
0.3757(3) 
0.2418(l) 
0.2938(4) 
0.3589(4) 
0.3889(5) 
0.3517(5) 
0.2883(5) 
0.2595(4) 
0.1642(4) 
0.0849(4) 
0.0262t5) 
0.0480(5) 
0.1262(5) 
0.1848(5) 
0.5207(l) 
0.6209(4) 
0.6347(4) 
0.7105(5) 
0.7732(5) 
0.7610(4) 
0.6855(4) 
0.5464(3) 
0.5704(4) 
0.5956(5) 
0.5944(5) 
0.571 l(4) 
0.5468(4) 

0.74677(3) 
0.80316(4) 
0.69122(4) 
0.63496(4) 
0.51196(4) 
0.8691(4) 
0.9434(3) 
0.7724(4) 
0.7895(4) 
0.9171(5) 
0.9888(3) 
0.8201(5) 
0.8296(4) 
0.8034(5) 
0.8712(4) 
0.6157(5) 
0.5688(4) 
0.7079(5) 
0.7462(4) 
0.5237(4) 
0.4608(3) 
0.4058(5) 
0.3407(4) 
0.4449(5) 
0.4048(3) 
0.5968(4) 
0.6172(4) 
0.5177(l) 
0.4146(4) 
0.4136(4) 
0.3375(5) 
0.2629(5) 
0.2636(5) 
0.3390(5) 
0.5577(4) 
0.5698(5) 
0.5962(6) 
0.6102(6) 
0.5994(6) 
0.5732(5) 
0.6993(l) 
0.7270(5) 
0.8146(5) 
0.8339(6) 
0.7636(6) 
0.6776(6) 
0.6575(5) 
0.5902(4) 
0.5913(5) 
0.5099(6) 
0.4270(5) 
0.4270(5) 
0.5064(4) 

0.0370(5) 
0.0439(6) 
0.0369(5) 
0.0373(5) 
0.0426(6) 
0.050(7) 
0.072(6) 
0.050(7) 
0.079(7) 
0.065(9) 
0.090(7) 
0.061(S) 
0.093(S) 
0.054(S) 
0.082(7) 
0.057(S) 
0.090(7) 
0.053(S) 
0.080(7) 
0.048(7) 
0.079(7) 
0.059(S) 
0.100(S) 
0.057(S) 
0.078(7) 
0.038(6) 
0.034(6) 
0.038(2) 
0.041(7) 
0.052(S) 
0.070(9) 
0.08(l) 
0.08(l) 
0.059(S) 
0.046(7) 
0.064(9) 
0.09(l) 
0.08(l) 
0.08(l) 
0.064(9) 
0.041(2) 
0.047(7) 
0.059(S) 
0.080) 
0.08(l) 
0.08(l) 
0.065(9) 
0.040(6) 
0.058(S) 
0.08(l) 
0.070(9) 
0.061(S) 
0.050(7) 

u(C0) 2054m, 2034 vs, 2018m, 1977s, 1962(sh), 1939w, 
1893~ cm-‘. ‘H NMR (CDCl,): 6 0.48 UH, dd, 
J = 7.2, 4.5 Hz); 0.96 (lH, d, J = 2.3 Hz); 1.25 (lH, s); 

TABLE 4. (continued) 

CsllOl) 
C(1102) 
C(1103) 
C(1201) 
C(l202) 
C(1203) 
C(1204) 
C(1205) 
C(1206) 
Ru(21) 
Ru(22) 
Ru(23) 
Ru(24) 
Ru(25) 
C(211) 
O(211) 
C(212) 
O(212) 
C(221) 
O(221) 
C(222) 
O(222) 
C(231) 
O(231) 
C(232) 
O(232) 
C(241) 
O(241) 
C(242) 
O(242) 
C(251) 
O(251) 
C(252) 
O(252) 

C(21) 
Cf22) 
P(21) 
C(2111) 
C(2112) 
C(2113) 
cc21 14) 
Cc21 15) 
C(2116) 
C(2121) 
(x2122) 
(X2123) 
C(2124) 
C(2125) 
C(2126) 
P(22) 
C(2211) 
C(2212) 
(X2213) 
(X2214) 
C(2215) 
C(2216) 

0.595 l(4) 

1.3212(4) 

0.6292(4) 
0.5765(4) 
1.0257(4) 
0.9890(4) 
0.9191(4) 
1.0132(4) 
1.0840(4) 
0.9600(5) 
1.32814(3) 
1.34207(4) 
1.29531(3) 
1.27562(3) 
1.16655(3) 
1.4386(4) 
1.5058(3) 
1.3434(4) 
1.3551(4) 
1.4473(5) 
1.5111(3) 
1.3221(5) 
1.3089(5) 
1.3950(4) 
1.4562(3) 
1.2312(4) 
1.1894(3) 
1.3520(4) 
1.3992(3) 
1.1914(4) 
1.1477(3) 
1.0832(4) 
1.0302(3) 
1.1041(5) 
1.0674(4) 
1.2056(4) 
1.2252(4) 
1.1343(l) 
1.0352(4) 
1 .0194(4) 
0.9422(4) 
0.8823(4) 
0.8968(4) 
0.9738(4) 
1.1403(4) 
1.1413(5) 
1.1353(6) 
1.1296(5) 
1.1295(5) 
1.1341(5) 
1.2793(l) 
1.3257(4) 
1.3671(5) 
1.4006(5) 
1.3961t4) 
1.3558(5) 

0.3523(4) 

- 0.1769(4) 

0.3018(4) 
0.2831(4) 
0.2928(4) 
0.2270(4) 
0.2322(4) 
0.1617(4) 
0.1572(S) 
0.1156(4) 
0.17897(3) 
0.08920(4) 
0.02046(3) 
0.12655(3) 
0.28223(3) 
0.1350(5) 
0.1073(4) 
0.2837(4) 
0.3470(3) 
0.0252(5) 

- 0.0125(4) 
0.0815(5) 
0.0782(4) 

- 0.0554(5) 
- 0.0973(4) 
-0.0511(4) 
- 0.0905(3) 

0.0238(4) 
- 0.0269(3) 

0.0812(4) 
0.0492(3) 
0.2299(4) 
0.2036(3) 
0.3814(5) 
0.4429(3) 
0.2024(4) 
0.1271(4) 
0.2856(l) 
0.2690(4) 
0.1935(4) 
0.1830(5) 
0.2457(5) 
0.3215(5) 
0.3321(4) 
0.3708(4) 
0.4435(4) 
0.5095(5) 
0.5035(5) 
0.4302(5) 
0.3653(4) 

-0.0104(l) 
- 0.1121(4) 
- 0.1254(5) 
- 0.2039(5) 
- 0.2664(5) 
- 0.2539(4) 

0.6956(5) 
0.7625(4) 
0.8499(5) 
0.6541(5) 
0.6842(5) 
0.7608(4) 
0.6310(5) 
0.5571(6) 
0.6378(5) 
0.83939(4) 
0.69331(4) 
0.91521(4) 
1.04060(4) 
1.09641(4) 
0.8004(5) 
0.7864(4) 
0.8125(5) 
0.7905(4) 
0.6676(6) 
0.6482(5) 
0.5884(5) 
0.5239(4) 
0.8960(5) 
0.8880(S) 
0.9985(5) 
1.0442(3) 
1.0389(5) 
1.0621(4) 
1.1292(5) 
1.1879(4) 
1.1761(5) 
1.2249(4) 
1.1179(5) 
1.1304(4) 
0.9276(4) 
0.9250(4) 
0.9664(l) 
0.9827(4) 
1.0126(5) 
1.0316(5) 
1.0206(5) 
0.9916(6) 
0.9718(5) 
0.8716(5) 
0.8870(6) 
0.8172(7) 
0.7361(6) 
0.7217(6) 
0.7893(5) 
0.7894(l) 
0.7704(5) 
0.6834(5) 
0.6673(6) 
0.7388(6) 
0.8264(6) 
0.8417(5) 

0.052(S) 
0.043(7) 
0.063(9) 
0.055(S) 
0.050(7) 
0.056(S) 
0.054(S) 
0.070(9) 
0.062(9) 
0.0436(6) 
0.0523(6) 
0.0389(5) 
0.0387(5) 
0.0444(6) 
0.067(9) 
0.103(S) 
0.060(9) 
0.085(7) 
0.08(l) 
0.12(l) 
0.08(l) 
0.12(l) 
0.066(9) 
0.110(9) 
0.048(7) 
0.074(6) 
0.061(9) 
0.091(8) 
0.048(7) 
0.074(6) 
0.059(S) 
0.086(7) 
0.068(9) 
0.102(S) 
0.042(7) 
0.042(7) 
0.039(2) 
0.041(7) 
0.050(S) 
0.060(9) 
0.067(9) 
0.076(9) 
0.061(S) 
0.051(7) 
0.07(l) 
0.10(l) 
0.10(l) 
0.08(l) 
0.063(9) 
0.044(2) 
0.049(7) 
0.07(l) 
0.08(l) 
0.080) 
0.07(l) 
0.057(S) 



TABLE 4. (continued) 

C(2221J 1_1755(4J - 0.0065(4 J iJ.7978(4J 

C(2222J 1.1%59(S) - iJ.i)4’)0(4) 0.74x3m 

c’(2223J 1.0778ciJ - 0.044X5) 0.7546cht 

U2224J 1.0171~s) 1).0012(S) tl.81 lS(hi 

C(222S) 1 .0340(4J tJ.iJS4YfSJ !I.8SXXSJ 

C(222hJ I, 1122(4J O.O407(4J it.R527(SJ 

C(2101) I .3365(S) O.lXXXi4J 0.7iJYHS J 

C(2102) I .3OhSi4J iJ.2063(3) 0.714XSJ 

C(2103) 1.3fwxiJ 0.1141(SJ fJ.f,321(5) 

C(2201) 1.3234(4) 0.1233(4) l.lSl2(S) 

C(2202) I .3325(4) O.lYSh(-t~ l.iOXSf,(S) 

Ci 2203) 1.3X67(3) it. lriSO(4J i).YY7S(SJ 

(X2204) I .2X47(4) O.?74S(4) I. 1060(S) 

C(22OS) 1.233X.1) iEx27cS) I.lYSiJ(S) 

C(2206) t .2720(4) 0.34OXi4J 1 .fl3?2( 5 t 
-_----___~-~ ___ ._ ._~_ 

O.iMh(7J 

l).OhXYJ 

O.i)7( 1) 

0.113 1 t 

WIhZ(YJ 

0.053(8) 

it.061fY) 

0.1tsS(to 

I) Oi( I) 

1J.iJS8iY) 

1).054(XJ 

O.ilS6~83 

i!.i~SOi,S) 

G.Ofl4iYJ 

‘J 057(X) .I_ 

1.36 (lH, d, J= 2.2 Hz); 1.74 (lH, d, J- 2.2 Hz); 1.81 
(IH, dd, J = 7.8, 3.4 Hz); 2.00 (1H. s); 2.56 (1H. s (br)); 
2.59 (lH, dd, .I = 3.7, 2.8 Hz); 2.99 (IF-I, d, .I = 3.5 Hz): 
3.39 (lH, s (IX), CH,); 3.95 (lH, t. J- 3.1 Hz)(all CH, 
protons); 7.28-8.20 (20H, m, Ph). FAR MS: (w/‘z) 
1301, M+; 1273-1021. [M -nCO]+ (n = i-10): 901, 
[Ru,{C,(PPh_,)z}]--; 824. [901 - Ph] ‘. A brown band 
(K, 0.40) was recrystallized from CH,Cl,/MeOH to 
yield black crystals of Ru,(~S-C:~H,PP~,)~~- 
PPh,XCO),, (8) (68 mg, 26%) 131. 

TMNO (cu. 8 mg, 0.11 mmol) was added to a 
mixture of 2 (80 mg, 0.062 mmol) and P(OMe), (210 ml 
of a 0.355 mmol/ml solution in tetrahydrofuran. 0.075 
mmol) in tetrahydrofuran (20 ml) until no starting 
material remained. The solvent was removed and the 
residue purified by preparative TLC (light petroleum,’ 
acetone 2: 1 ) to yield two major bands. An orange 
band (R, 0.70) was recrystallized from CIHZIc’I ,/McOH 
to yield orange crystals of Ru,(~.L.~-C,PP~,)(~- 
PPh,)(~-ChHK)(~-CjH4)(CL-CO)(CO)H(P(OMe),) (5) 
(5 mg, 6%). m.p. 198-199°C (dec.1. Anal. Found: C, 
40.47; H, 2.96; ill, 1397 (mass spectrometry). Cli 
H,,O,ZP,Ru, talc.: C, 40.34; H, 2.96%; itl, 1397. IR 
(cyclohexane): v(CO) 2029m, 20 16vs, 199Xm. 1988s. 
1962m, 1953m, 1947m, 186Om cm I. “H NMR (CDCI;): 
6 -1.20 (lH, d, J = 2.7 Hz); l.U9 (lH, s): 1.70 (IH, s); 
1.75 (lH, s); 1.95 (1H. s); 1.98 (lH, q. J ;= 3.5 Hz); 2.30 
(lH, s; 2.56 (lH, d. J = 3.5 Hz); 2.67 (11-r. s): 1.95 (U-I, 
s>; 3.44 (IH, s> (all CH, protons); 3.27 (9H, d. J(HPJ == 
11.1 Hz, P(OMe),); 7.20-8.20 (20H. m, Ph). FAB MS: 
m/: 1397, M’; 1360-1201, [M -nCO]+ (n = I-7); 
1304. [M --- 30Me] &. The major dark red band (R, 0.50) 
was recrystallized from CHzC1,/MeOH to yield black 
crystals of Ku,(/l,-C,PPh,)(~-PPh~)(~-~‘hI-ik)(~- 
C,H,XCO),{P(OMe),J (4) (27 mg, 31%). m.p. > 320°C 
(dec.). Anal. Found: C, 3X.79; H. 3.00; M. 1397 (mass 

spectrometry). C,,li-i,,O,,P,Ru< CH ?Cl, talc.: C, 
38.93, H, 2.93%: izl, 1397. IR (cyclohexane): v(CO) 
2034m, 2(11Xvs. 199?m, l%hs. 104Sm. 1919w, 191 ish 

(‘(111) 0 7622iXJ 

(‘i 113) 0 ‘iO~Wf’~J 

C‘( 113) li.hll! I i 

Cfl 14) O.fAfl( ii 

UllSJ it.7tiKI 1 

C’(llh) (:.76YoiY) 

u I3 I J il.‘JS?X(S) 

(‘f1?7) l.iJO!8W) 

Ci123) I .iJY,-iI hi 

ci 121) l.l43!(W 

C( 1LSi I.o’)ht!~~~ 

C‘i 126) ~r,‘JY’~il(‘~, 

P(2) l,.75h’f.? 

(‘(21 I ) i,.f,YSbG 

Ci212) tt 71X( I i 

cc! I iJ O.fLJh( i ! 

CY?l4, i~.597( L 1 
(‘(2lSJ 1t.551i 1 ) 

Ci216J 1,.S’J;i 1 J 

(‘(721) 11.f,Y2Yih! 

(‘(‘2’) &. _ O.‘l-ll(“H 

(‘(723J il.663 I(‘) 1 

(‘(223) rr..SY?l,(x/ 

CC 235 1 (1.57iN~Y~ 

(‘(21-h) O.h2Z’lX1 

Piii 0 ':iOl;\ 

0.047’~6) L. 

0.0400i’~ 
o.iJ.wY(St 

O.OJ.W~(h) 

ii.Oi7(8) 

ti.itXo(f>) 

1).0~1.3(f1J 

iJ.(!74(hJ 

0 (175(Y) 

1).177(0~ 

I).OhXiS) 

il.1 IXXJ 

O.Oh4(XJ 

O.OOSi7j 

O.Ml(XJ 

O.O~Y(O) 

iJ.oShi7t 

iI.l~t;lffll 

1l.071(x~ 

0. lo:(x) 

U.117.3f’JJ 

O,l li(io 

I).O.WOi 

lt.iJi7(flJ 

rt.04iK’i 

0.04i~h) 

iJ.Of~iKX) 

O.O~-uY) 

O.OHi 1 i 

il.O7S(Yj 

0.004~8) 

M51(h) 

0.01N’) 

o.o’<si;J 

0 067i 8 J 

i).fWfY) 

i).O5Y(X) 

It.o.lS(2) 

O.OSO(7) 

11.076(Y) 

1).11Yi ! ) 

G.lfi(L) 

O.OY( I ) 

O.lJ72(Y) 

O.OJ‘K7~ 

iI.OfA(X) 

0.074(Y) 

iI.MSiX) 

0.06XSJ 

0.115.3i7) 

O.i)~-i(lj 



C.J. Adams et al. / Oligomerization reactions ofallene with Ru,(c~_~-C,PP~~)G-PP~~)(CO)I~ 125 

TABLE 5. (continued) 

Atom x Y 2 u,, &\‘, 

O(301) 
C(301) 
O(302) 
C(302) 
O(303) 
C(303) 
C(101) 
C(102) 
C(103) 
C(201) 
C(202) 
C(203) 
C(204) 
C(205) 
C(206) 

C(l’) 
cxll’) 
C(2’) 
C(3’) 
C(4’) 
C(5’) 
C(6’) 
C(1”) 
C(11”) 
(x2”) 
(x3”) 
C(4”) 
C(5”) 
(X6”) 

0.6622(6) 
0.627(l) 
0.8522(6) 
0.8840) 
0.7452(6) 
0.814(l) 
0.9228(8) 
0.9839(7) 
1.0690(8) 
0.596@7) 
0.6241(7) 
0.6714(S) 
0.6150(9) 
0.6090(9) 
0.6349(9) 
1.257(l) 
1.195(2) 
1.218(l) 
1.2790) 
1.379(l) 
1.4110) 
1.355(l) 
0.3494w 
0.347(2) 
0.4045(7) 
0.4065(9) 
0.353(l) 
0.2980) 
0.2960(6) 

0.6193(3) 
0.6497(6) 
0.6164(3) 
0.6477(6) 
0.5617(3) 
0.5279(6) 
0.6017(4) 
0.5973(4) 
0.6296(4) 
0.5227(5) 
0.4732(5) 
0.4758(5) 
0.4222(5) 
0.4214(5) 
0.3753(5) 
0.7631(5) 
0.7847(8) 
0.7474(5) 
0.7273(6) 
0.7238(6) 
0.7403(6) 
0.7587(6) 
0.5194(5) 
0.4784(7) 
0.5143(6) 
0.5553(g) 
0.6014(6) 
0.6065(5) 
0.5655(6) 

0.4903(4) 
0.4219(8) 
0.5271(4) 
0.4708(8) 
0.4250(4) 
0.4052(7) 
0.8887(6) 
0.8364(6) 
0.8537(7) 
0.5893(7) 
0.5663(6) 
0.5060(6) 
0.6060(7) 
0.6851(7) 
0.5728(7) 
1.016(l) 
1.063( 1) 
0.9397(9) 
0.8958(9) 
0.927(l) 
1.003(l) 
1.049(l) 
0.X108(6) 
0.8633(9) 
0.7565(7) 
0.7040(7) 
0.7057(7) 
0.7600(9) 
0.8124(7) 

0.064(5) 
0.09(l) 
0.070(6) 
0.10(l) 
0.066(5) 
0.10(l) 
0.047(7) 
0.037(6) 
0.059(7) 
0.061(S) 
0.051(7) 
0.062(8) 
0.061(S) 
0.061(8) 
0.070(8) 
0.10(l) 
0.18(2) 
0.11(l) 
0.11(l) 
0.14(2) 
0.12(l) 
0.11(l) 
0.17(2) 
0.23(2) 
0.15(2) 
0.19(2) 
0.23(3) 
0.28(4) 
0.16(2) 

cm-‘. ‘H NMR (CDCl,): 6 -0.02 (lH, q, J = 2.6 Hz); 
0.88 (lH, s, (br)); 0.97 (lH, s (br)); 1.37-1.53 (3H, m); 
1.89 (lH, s); 2.46 (lH, s (br)); 2.67 (lH, s (br)); 2.98 
(lH, d, J = 3.3 Hz); 3.59 (lH, d, J = 3.5 Hz); 3.95 (ZH, 
t, J = 2.9 Hz) (all CH, protons), 3.50 (9H, d, J(HP) = 
11.1 Hz, P(OMe),); 6.97-8.17 (20H, m, Ph). FAB MS: 
m/z 1397, M’; 1369-1201, [M - nCO]+ (n = l-7); 
1304, [M - 30Me]+. 

5.4. Reaction of 2 with MeCN 
TMNO (ca. 8 mg, 0.11 mmol) was added to a 

solution of 2 (53 mg, 0.040 mmol) in CH,Cl, (20 ml> 
and MeCN (2 ml) until no starting material remained. 
The solvent was removed and the residue purified by 
preparative TLC (light petroleum/acetone 3 : 1) to yield 
three bands. The major orange band (R, 0.30) was 
recrystallized from CH,Cl,/MeOH to yield Ru&~- 

C,PPh,)(~-PPh,)(EL-C,H,)(~-C,H,)(I-L-CO)(CO)~- 
(NCMe) (49 mg, 94%). Anal. Found: C, 41.60; H, 2.65; 
N, 107; A4, 1314 (mass spectrometry). C,,H,,NO,P,Ru, 
talc.: C, 42.08; H, 2.69; N 1.07%; M, 1314. ‘H NMR 
(CDCI,): 6 0.54 (lH, s (br)); 0.98 (lH, d, J(HP) = 2.6 
Hz); 1.05 (lH, s); 1.25 (lH, s); 1.39 (lH, s>; 1.69 (lH, 
dd, J = 7.4, 3.2 Hz); 1.78 (lH, s>; 1.83 (lH, stbr)); 2.36 
(lH, s (br)); 2.58 (lH, s (br)); 2.86 (lH, d, J = 2.7 Hz), 

3.83 (lH, s (br)) (all CH, protons); 1.76 (3H, s, 
NCCH,); 7.20-8.28 (20H, m, Ph). IR (cyclohexane): 
v(CO) 2033~s 2017sh, 2011s 2001m, 1989w, 1966s 

TABLE 6. Non-hydrogen positional and isotropic displacement pa- 
rameters for Ru,(lr,-C,PPh,)(~-PPh,)(y-C,H,)(~-C,H,- 
COXCO)slP(OMe),) (5) 

Atom x Y z u,, G*2, 

Ru(l) 
Ru(2) 
Ru(3) 
Ru(4) 
Ru(5) 
C(11) 
001) 
C(12) 
O(12) 
C(21) 
O(21) 
C(22) 
O(22) 
cx31) 
O(31) 
C(41) 
O(41) 
C(42) 
O(42) 
C(51) 
O(51) 
C(52) 
O(52) 
C(l) 
C(2) 
P(l) 
(x111) 
C(112) 
C(113) 
C(114) 
C(115) 
C(116) 
C(121) 
C(122) 
C(123) 
C(124) 
C(125) 
C(126) 

P(2) 
C(211) 
C(212) 
C(213) 
C(214) 
C(215) 
C(216) 
C(221) 
C(222) 
C(223) 
C(224) 
C(225) 
C(226) 

P(3) 

0.13602(6) 
0.15397(7) 
0.29407(6) 
0.26444(7) 
0.21369(7) 
0.0920(8) 
0.0626(6) 
0.0424(9) 

- 0.0185(7) 
0.1212(9) 
0.932(6) 
0.1486(9) 
0.1452(7) 
0.4007(8) 
0.4693(6) 
0.3271(8) 
0.3705(6) 
0.363(l) 
0.4249(7) 
0.318(l) 
0.3772(7) 
0.170(l) 
0.1474(9) 
0.2138(7) 
0.2541(8) 
0.2059(2) 
0.2878(9) 
0.3515(9) 
0.417(l) 
0.417(l) 
0.354(l) 
0.2891(9) 
0.1207(7) 
0.0607(9) 

-0.002(l) 
-0.007(l) 

0.0482(9) 
0.1116(9) 
0.2882(2) 
0.3419(8) 
0.304cx9) 
0.343(l) 
0.4230) 
0.4638(8) 
0.422(l) 
0.3362(8) 
0.340(l) 
0.370(l) 
0.4032(9) 
0.403(l) 
0.3698(9) 
0.2814(2) 

_ 

0.41418(9) 
0.58510(9) 
0.49120(8) 
0.31497(8) 
0.12541(9) 
0.504(l) 
0.5533(8) 
0.352(l) 
0.3188(9) 
0.686(l) 
0.7441(8) 
0.651(l) 
0.6895(9) 
0.491(l) 
0.4815(9) 
0.414(l) 
0.4371(7) 
0.266(l) 
0.243(l) 
0.085(l) 
0.0504(9) 
0.019(l) 
0.0514(8) 
0.309(l) 
0.384(l) 
0.1936(3) 
0.165(l) 
0.219(l) 
0.190(l) 
0.105(l) 
0.052(l) 
0.080(l) 
0.179(l) 

0.120(l) 
0.108(l) 
0.157(l) 
0.218(l) 
0.229(l) 
0.5890(3) 
0.6979(9) 
0.778(l) 
0.856(l) 
0.857(l) 
0.777(l) 
0.698(l) 
0.546(l) 
0.597(l) 
0.568(2) 
0.483(2) 
0.431(l) 
0.463(l) 
0.6052(3) 

0.18961(6) 
0.10461(6) 
0.20829(6) 
0.26882(6) 
0.24187(6) 
0.2426(7) 
0.2804(5) 
0.1832(7) 
0.1746(6) 
0.1574(S) 
0.1848(6) 
0.0251(9) 

- 0.0268(6) 
0.2052(6) 
0.2030(5) 
0.3091(7) 
0.3528(5) 
0.2509(7) 
0.2383(7) 
0.2343(S) 
0.2284(6) 
0.2133(S) 
0.1959(8) 
0.1524(6) 
0.1629(6) 
0.1347(2) 
0.0806(6) 
0.0747(8) 
0.0412(9) 
0.0127(8) 
0.0176(9) 
0.0508(8) 
0.0779(7) 
0.0926(8) 
0.048(l) 

-0.0112(9) 
- 0.0278(7) 

0.0166@) 
0.1134(2) 
0.1216(7) 
0.1281(9) 
0.134(l) 
0.131(l) 
0.1246(9) 
0.1190(9) 
0.0375(7) 

- 0.0225(8) 
- 0.0805(9) 
-0.0839(S) 
- 0.0276(9) 

0.0333(S) 
0.2897(2) 

0.0325(7) 
0.0351(7) 
0.0300(7) 
0.0335(7) 
0.0412(8) 
0.05(l) 
0.066(S) 
0.06(l) 
0.082(9) 
0.05(l) 
0.069(8) 
0.06(l) 
0.09(l) 
0.036(9) 
0.078(9) 
0.036(8) 
0.058(7) 
0.06(l) 
0.10(l) 
0.06(l) 
0.08(l) 
0.06(l) 
0.11(l) 
0.034(8) 
0.034(9) 
0.035(2) 
0.040(9) 
0.05(l) 
0.07(l) 
0.06(l) 
0.07(l) 
0.06(l) 
0.038(9) 
0.06(l) 
0.09(2) 
0.07(l) 
0.05(l) 
0.06(l) 
0.036(2) 
0.035(9) 
0.06(l) 
0.07(l) 
0.08(l) 
0.06(l) 
0.06(l) 
0.037(9) 
0.08(l) 
0.09(2) 
0.07(l) 
0.07(l) 
0.06(l) 
0.043(3) 



TABLE 6. (continued) 

O(301) 

C(301) 

O(302) 

C(302) 

O(303) 

C(303 ) 
CxlOl) 

C(102) 

C(103) 

C(201) 

C(202) 

C(203) 

C(204) 

C(2OS) 

C(20h) 

0.3516(6) 

0.423( I ) 
0.2413(6) 

0.235(l) 

0.2264(h) 

0.213(1) 

0.1491(7~ 

0.09Xix7~ 

0.0347ito 

11.2266(Y) 

0.1895(9) 

0.1533(Y) 
0.1561(X) 

0.1942(Y) 

0.0972(Y) 
_-.-_ - 

0.6386(H) 

0.671(2) 

0.6951(7) 

0.778 I) 
0..5692(7) 

0.610( 1) 
0.462X9) 

0.4hl(l) 

ikxM1) 

0.272( 1) 

(X264( I) 
0.344( 1) 
0.171(l) 

0.095( I ) 
0.1631) 

0.3377(S) 
0.313(l) 

0.2632(5) 

0.29’)(l) 
0.34Ywi) 

0.414(1 t 
0.0396(7) 

1).0943(7) 

0.091X7) 

0.377h(7) 

0.3500(7) 

1).3307(7) 

0.x31.%8) 

(MhH(7) 

0.2X23(X) 

0.070(8) 

0.12(2) 

O”Ml(X) 

0.13 2) 
i).Oh5(8) 
0.1 1i2) 

i1.i135(8) 

0.037(9) 

11.045(Y) 

il.Oh( 1 ) 
0.04i 1) 
O.U5( I ) 
i).ilii 1 ) 
il.Oh(l) 
if.Ohi I) 

1951m, 1944sh, 1921m, 1867m cm-‘. FRB MS: Y~I/Z 
1314, M’; 1273, [M - NCMe]+: 1245-1021 [M 
NCMe - nCO]’ (n = l-9). 

5.5. Reaction of RuS(~4-CIPPh2)(~-I’Ph,)(~.-C,H,~)- 

(cL-C_~H~)(~-CO)(CO),(NCM~) with P(OMe), 
A solution of Rus(Il.,-C2PPh,)(~-PPh2)(~- 

C,H,)(~-rl-C,H,)(~-CO)(CO),(NCMe) (42 mg, 0.032 
mmol) and P(OMe), (5 mg, 0.040 mmol) in CH,Cl Z (15 
ml> was stirred at room temperature for I6 h. The 
solvent was removed and the residue purified by 
preparative TLC (light petrol/acetone 3 : 11 to yield 
two major bands; a red band CR, 0.35) was rccrystal- 
lized from CH,CIJ MeOH to yield 4 (11 mg, 25%) 
and the major orange band (R, 0.40) was further 
purified by preparative TLC (light petroleum/CH ,CI Z 
5 : 2) to yield 5 (26 mg, 58%). 

5.6. Isomeriza tion qf 2 
A solution of 2 (40 mg, 0.030 mmol) in CH,Cl, (5 

ml) was left at ambient temperature for 21 days. The 
solvent was removed and the residue purified by 
preparative TLC (light petroleum/ acetone 4 : 1 i pro- 
ducing one major band (R, 0.6) which was recrystal- 
lized from toluene/ hexane to yield red crystals of 

Rus(CL~-CZPPhL)(~-PPhr)(~-ChHX)(~-C?HJ)(CO),O 
(3) (36 mg, 90%). m.p. 21%220°C. Anal. Found: c‘. 
41.73; H, 2.58; M. 1301 (mass spcctrometry). 
C,,H,ZO,,,P,Ru, talc.: C, 41.41; H, 3.32%: M, 1301. 
IR (cyclohexane): v(CO> 2052m, 2029~. 2OlXm, 2001s. 
1980m, 1968m, 1953sh. 1899m cm- ‘. ‘H NMR (CDC’I,): 
6 -0.65 (1H. d, J = 3.5 Hz); 0.96 (lH, s); 1.48 (IH, dd. 
.I = 6.2, 3.7 Hz); 1.56 (lH, s); 1.70 (IH, dd. J = 7.6. 3.4 
Hz); 1.96 (lH, s): 2.55 (lH, s(br)); 2.65 (IH. t. .I := 2.5 
Hz); 2.87 (lH, d, J = 3.6 Hz); 3.12 (lH, 1, J := 3.4 Hz); 
3.23 (lH, s (br)); 3.74 (1H. t, J = 3.2 Hz) (all CH, 
protons): 7.21-8.15 (2OH. m, Ph). FAB MS: m/z 1301, 

M; 1273-1021. [M -~~ nCO]’ (U = l-10). A trace 
amount of starting material CR, 0.3) was also recov- 
cred. 

(CO),(P-iOMe)J (6i 

Atom R 

Rut I ) 
Ktl(Zi 
KLIU) 
Rti(4) 

RttiS) 
(‘( 1 I ) 
(X I I ) 
(7 12) 
(XI,) 
(‘(21) 
(X21 J 
(‘iz?) 
(X 2 ) 
C‘iil) 
(X31) 
(‘(32) 
(X.32) 
041) 
O(41) 
USI) 
01511 
(‘(5’) 
(X521 
P(l) 

(‘( 1 11) 
C‘(l1?1J 
ai 13) 
Cl ! 14 1 
Cill5) 
(‘(1 10) 
C‘C 12 I t 
(‘(I’?) 
St 113) 
c-( i7-1) 
u 1 15 1 
C’il’fl) 
C”(1) 
(‘(3) 
P(2) 

<‘(111) 

c‘(71”) - - 

(‘(21) 

C(Z13) 

C(21.s) 

CiZl(1) 

(‘(221) 

C‘(232) 

c(m) 

C‘(124) 

c(m) 

0 226) 

IV) 
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TABLE 7. (continued) 

O(301) 0.7684(2) 1.1131(3) 0.8515(4) 0.082(2) 
C(301) 0.7441(5) 1.1099(7) 0.9648(8) 0.142(5) 
O(302) 0.8495(2) 1.2716(3) 0.9050(4) 0.080(2) 
C(302) 0.8488(4) 1.3376(5) 1.0482(7) 0.123(4) 
O(303) 0.8757(2) 1.1175(3) 0.9674(4) 0.120(2) 
cc3031 0.9398(4) 1.1516(7) 1.028(l) 0.192(6) 
C(101) 0.7086(2) 0.7101(3) 0.3460(5) 0.045(2) 
C(102) 0.7445(2) 0.7444(3) 0.2655(5) 0.042(2) 
C(103) 0.7543(2) 0.6679(4) 0.1436(5) 0.053(2) 
C(201) 0.9164(2) 1.2132(4) 0.6536(7) 0.069(3) 
C(202) 0.8796(2) 1.1782(4) 0.5117(6) 0.060(2) 
Cc2031 0.8889(2) 1.0795(4) 0.4193(6) 0.063(3) 
C(204) 0.8320(2) 1.2395(4) 0.4684(6) 0.059(2) 
C(205) 0.8237(3) 1.3363(4) 0.5591(6) 0.06X3) 
C(206) 0.7830(3) 1.1907(4) 0.3458(5) 0.063(2) 
C(O1) 0.5965(6) 0.314(l) 0.053(l) 0.28(l) 
C(O2) 0.5820(9) 0.430(2) 0.111(4) 0.68(4) 
C(O3) 0.5551(7) 0.418(2) 0.190(2) 0.40(2) 
C(O4) 0.520(l) 0.528(l) 0.242(3) 0.58(2) 
C(O5) 0.5391(6) 0.589(2) 0.360(2) 0.37(2) 
Cc061 0.4987(7) 0.656(l) 0.421(2) 0.32(2) 

5.7. Reaction of 3 with P(OMe), 
TMNO (ca. 8 mg, 0.11 mmol) was added to a 

mixture of 3 (50 mg, 0.038 mmol) and P(OMe), (5 mg, 
0.040 mmol) in CH,Cl, (20 cm31 until no starting 
material remained. The solvent was removed and the 
residue purified by preparative TLC (light petroleum/ 
acetone 3 : 1) to yield three major bands. The major 
orange band (R, 0.70) was recrystallized from 
CH,Cl,/MeOH to yield Ru,(~L,-C2PPh,)(~-PPh,X~- 
C,H,X~-C,H,)(~-COXCO),(P(OMe),J (6) (43 mg, 
81%). Anal. Found: C, 41.73; H, 2.58; M, 1397 (mass 
spectrometry). C,,H,,O,,P,Ru, talc.: C, 40.44; H, 
2.96%; M, 1397, IR (cyclohexane): v(CO) 2039s 2011~s 
1996s 1971s 1959s. 1945m, 1926vw, 1874m (br) cm-‘. 
‘H NMR (CDCl,): 6 -0.73 (lH, dd, J = 9.3, 3.4 Hz); 
0.95 (lH, s (br)); 1.44 (lH, s (br)); 2.05 (lH, dd, J = 8.3, 
3.4 Hz); 2.09 (s); 2.59 (lH, s (br)); 2.74 (lH, t, .I = 2.2 
Hz); 2.85 (lH, d, J= 3.9 Hz); 2.97 (lH, d, J= 1.7 Hz); 
3.05 (lH, t, J = 2.9 Hz); 3.65 (lH, s (br)) (all CH, 
protons); 3.43 (9H, d, J(HP) = 10.6 Hz, P(OMe),); 
7.22-8.18 (20H, m, Ph). FAB MS; m/z 1397, M+; 
1369-1145, [M-&O]+ (n = l-9). 

5.8. Crystallography 
Unique data sets were measured at ca. 295 K within 

the specified 28,,, limits using an Enraf-Nonius CAD4 
diffractometer (20-0 scan mode; monochromatic MO 
Ka radiation, A 0.7107, A); N independent reflections 
were obtained, N, with I > 3a(Z) being considered 
“observed” and used in the full matrix least squares 
refinement after gaussian absorption correction. 
Anisotropic thermal parameters were refined for the 
non-hydrogen atoms; (x, y, z, UisJH were included 

constrained at estimated values (after location of these 
atoms in difference maps in the case of the core 
ligands). Conventional residuals R, R’ on I F I are 

TABLE 8. Non-hydrogen positional and isotropic displacement Pa- 

rameters for Ru5(~CL4-C2PPh*X~-PPh~X~-C~H~~~~-C~H~~Co)," 

(7) 

Atom x Y z u,, (;iz, 

Ml) 0.3783(l) 
Ru(2) 0.2533(l) 

Ru(3) 0.1137(l) 

Ru(4) 0.2617(l) 

Ru(5) 0.3497(l) 

C(11) 0.465(l) 
001) 0.526(l) 

CO21 0.536(l) 

002) 0.6363(9) 

C(21) 0.297(l) 

O(21) 0.3330) 

CC221 0.217(l) 

O(22) 0.191(l) 

C(31) 0.126(l) 

O(31) 0.130(l) 

C(32) -0.056(l) 
O(32) -0.163(l) 
C(41) 0.183(l) 

O(41) 0.162(l) 

C(42) 0.445(l) 

O(42) 0.549(l) 

C(51) 0.465(l) 

O(51) 0.527(l) 

Cc521 0.236(2) 

O(52) 0.169(l) 

C(l) 0.245(l) 

C(2) 0.175(l) 

P(l) 0.2463(3) 
C(111) 0.072(l) 
C(112) 0.052(l) 
C(113) - 0.076(2) 
C(114) -0.183(l) 
C(115) -0.164(l) 
C(116) -0.038(l) 
C(121) -0.306(l) 
C(122) 0.2200) 
C(123) 0.270(2) 
C(124) 0.407(2) 
C(125) 0.490(2) 
C(126) 0.445(l) 

P(2) 0.0359(3) 
C(211) -0.082(l) 
C(212) -0.078(l) 
C(213) - 0.162(2) 
C(214) -0.255(l) 
C(215) -0.262(l) 
C(216) -0.1780) 
C(221) -0.068(l) 
C(222) -0.188(l) 
C(223) -0.273(l) 
C(224) - 0.240(2) 
C(225) - 0.116(2) 
C(226) - 0.0340) 

0.07081(7) 
-0.10627(7) 
0.01960(7) 
0.18256(7) 
0.42537(7) 

-0.0280(9) 
-0.0813(7) 
0.1230(9) 
0.1486(8) 

-0.202(l) 
-0.2610(8) 
-0.187(l) 
-0.2380(8) 
-0.0891(9) 
-0.1512(7) 
0.0554(9) 
0.0820(7) 
0.087(l) 
0.0616(7) 
0.1414(9) 
0.1328(8) 
0.459(l) 
0.4857(8) 
0.5201(9) 
0.5778(7) 
0.193X8) 
0.1264(8) 
0.2977(2) 
0.3247(8) 
0.392(l) 
0.424(l) 
0.388(l) 
0.325(l) 
0.291(l) 
0.2564(8) 
0.2175(8) 
0.189(l) 
0.195(l) 
0.229(l) 
0.2600(9) 

-0.0798(2) 
-0.0292(8) 
0.0634(9) 
0.099(l) 
0.043(l) 

-0.048(l) 
-0.0846(9) 
-0.1771(9) 
-0.162(l) 
-0.236(l) 
-0.322(l) 
-0.340(l) 
-0.2666(9) 

0.89098(3) 
0.85285(3) 
0.91516(3) 
0.94517(3) 
0.87951(3) 
0.9193(4) 
0.9386(3) 
0.8780(4) 
0.8677(3) 
0.8894(5) 
0.9106(4) 
0.8126(4) 
0.7867(3) 
0.9488(4) 
0.9684(3) 
0.9250(3) 
0.9294(3) 
0.9766(4) 
1.0068(3) 
0.9569(4) 
0.9743(3) 
0.8421(4) 
0.8192(4) 
0.8575(4) 
0.8458(4) 
0.8761(3) 
0.8856(3) 
0.84680(9) 
0.8296(3) 
0.7999(4) 
0.7874(4) 
0.8024(5) 
0.8322(5) 
0.8451(4) 
0.8021(3) 
0.7713(3) 
0.7389(4) 
0.7346(4) 
0.7647(5) 
0.7989(4) 
0.8644(l) 
0.8245(3) 
0.8145(4) 
0.7842(4) 
0.7626(4) 
0.7728(4) 
0.8036(4) 
0.8768(4) 
0.8931(4) 
0.8974(4) 
0.8878(5) 
0.8713(5) 
0.8672(4) 

0.0338(3) 
0.0368(3) 
0.0329(3) 
0.0370(4) 
0.0421(4) 
0.056(5) 
0.078(4) 
0.046(5) 
0.074(4) 
0.060(6) 
0.098(6) 
0.056(6) 
0.096(6) 
0.052(5) 
0.085(S) 
0.048(5) 
0.070(4) 
0.048(5) 
0.071(4) 
0.044(5) 
0.078(5) 
0.059(6) 
0.091(5) 
0.065(6) 
0.102(6) 
0.028(4) 
0.031(4) 
0.031(l) 
0.037(4) 
0.050(5) 
0.068(6) 
0.077(7) 
0.073(7) 
0.048(5) 
0.034(4) 
0.044(5) 
0.067(6) 
0.079(7) 
0.077(7) 
0.046(5) 
0.035(l) 
0.037(4) 
0.057(5) 
0.067(6) 
0.059(6) 
0.051(5) 
0.050(5) 
0.044(5) 
0.049(5) 
0.059(6) 
0.075(7) 
0.075(7) 
0.057(6) 



TABLE 8. (continuedf 

* Site occup;mcy factor = 0.5 

quoted, statistical weights derivative of U’(I) = 
(r”(Z,,,,, I + 0.0004~“( I,,,,) being used. Computation 
used the x IA. 2.h program system [IS] implemented by 
S.R. Hall: neutral atom complex scattering factors were 
employed. Pertinent results are given in the figures and 
tables. In the figures, 20% thermal ellipsoids are shown 
for the non-hydroge? atoms: hydrogen atoms have 
arbitrary radii of 0. I A. Projections oblique and normal 
to the Ru, “plane” are shown. giving numbering 
schcmcs. 

TABLE Y. Crystal data and refinement details for co~nplexes 3-7 

Compound 3 J 

58.1. Alvwrrrd fcatrum / I vria tiom in procedwe 
3: Two independent molecules comprise the asym- 

metric unit, differing significantly in the dispositions of 
the pendant phenyl rings (Fig. 1’) and in their bonding 
parameters (Table I). 

4: Solvcm thermai motion was very high, but scem- 
ingly without disorder or fractional site occupancy on 
the basis of refinement hehaviour. 

6: Solvent population was conatraincd at unity, de- 
spite high apparent thermal motion. on the basis of 
refinement behaviour. 

7: Solvent population was constrained at 0.5 on the 
basis of rcfincmcnt bc haviour. 
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