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Abstract 

Heating Ru,( p-dppmXCO),(PPh,) (2) f or 90 min in refluxing toluene resulted in the formation of Ru& pL,-PPhX pq- 
PPh,C,H,CO)( p-PPh,CH,XCO), (3) and Ru,{~~-PP~(C,H,))( CL-PPh,CH,X p-PPh,)( ~L-CO)(CO), (4) as the major products (41%); 
other complexes identified were Ru,{p,-PPhCH,PPh(C,H,)}(CO& (5) and Ru,( p-PPhC6H,PPhCH,)(CO)6_.(PPh,), [n = I(6), O(7)]. 
The transformations involve oxidative addition of aromatic C-H and P-C bonds to the cluster, elimination of benzene and carbonylation 
of the aryl-Ru bond, as well as cluster disproportionation. X-ray structures of 3, 4 and 6 are presented. 

Keywords: Ruthenium; Carbonyl; Clusters: Pyrolysis; Crystal structure 

1. Introduction 

The complex Ru,( p-dppm)(CO),, (1) has proved to 
be a rich source of interesting chemistry [l]. Facile 
thermal transformations to a variety of complexes have 
been described by several groups and these are sum- 
marised in Scheme 1 [Z]. Ready dephenylation to give 
the pj-bridging phosphido-phosphine ligand PPhC,H,- 
PPh, , metallation to give PPh,CH ,PPh(C,H,), a com- 
bination of the two reactions to give PPhCH,PPh- 
(C,H,), and subsequent linking of the C6H, and CH, 
fragments to give the bidentate phosphine PPhC6H,- 
PPhCH,, have all been found [2]. In related reactions, 
hydrogenation produced a double dephenylation to give 
the pj-PPh ligand [3], while cleavage of the cluster 
afforded isomeric binuclear complexes containing CL- 
PPhC6H,PPhCH2 and +PPhCH2PPhC6H, ligands [4]. 

Pyrolysis of PPh, and PMePh, derivatives of Ru,- 
(CO),, has also given a variety of novel complexes, 
formed both by degradation of the tertiary phosphine 
and by cluster expansion reactions [5]. Features not seen 
in the reactions of 1 include formation and trapping of 
benzyne on the trinuclear cluster, further interaction of 

* Corresponding author Scheme 1. 

0022-328X/96/$35.00 0 1996 Elsevier Science S.A. All rights reserved 
SSDI 0022-328X(95)0605 1-O 



144 M.I. Bruce et aL/Journal of Orgunometullic Chemistry 515 (1996) 143-154 

the benzyne ligand with an extra one or two Ru(CO), 
fragments, and stepwise carbonylation of the benzyne to 
give cluster-bound benzoyl and phthaloyl ligands [6]. 

Complex 1 is readily substituted by tertiary phos- 
phines to give Ru,( p-dppm)(CO),(PR,), in which the 
entering phosphine substitutes a CO group on the 
Ru(CO), fragment of 1 [7]. This paper describes the 
products obtained by pyrolysis of the mixed complex 
Ru,( p-dppm)(CO)&PPh,) (21, a reaction carried out to 
determine whether complex(es) containing fragments 
derived from both PPh, and dppm ligands would be 
formed. 

2. Results 

Complex 2 was heated in refluxing toluene for 90 
min. Subsequent work-up by thin layer chromatography 
afforded five products, accounting for nearly 90% of 2, 
which separated from a baseline. These are summarised 
in Scheme 2 and comprised orange Ru,( p4-PPh)( p,- 
PPh,C,H,CO)( p-PPh,CH,)(CO)s (31, dark red 
Ru,{ /+-PPh(C,H,)]( p-PPh&H,)( CL-PPhJ /L-CO)- 
(CO), (41, orange Ru,{ pj-PPhCH,PPh(C6H,)](CO), 
(5; Scheme l), yellow Ru,( p-PPhC6H,PPhCH,)- 
(CO),(PPh,) (6), and pale yellow Ru,( p-PPhC,H,- 
PPhCH,)(CO), (7). Attempts to establish the sequence 
of reactions which led to the formation of these com- 
plexes were not successful: shorter reaction times result 

in the formation of the same products, but only 70% 
conversion was achieved, while under milder condi- 
tions, the same products were formed over a longer 
reaction time. 

Of most interest is the finding that the PPh, ligand 
could be displaced, nearly 27% of the products (5 and 
7) not containing this ligand and being identical to 
thermolysis products from 1; only complex 6 contains 
an unchanged PPh, ligand. The major product is 3, 
which contains four Ru atoms and three P atoms, one of 
which is in a ligand that can reasonably be derived from 
alteration of coordinated PPh,. However, no linkage of 
fragments from PPh, and dppm appears to have oc- 
curred. 

The complexes were identified as follows. 
(a) Ru,(p4-PPh)(p4-PPh, C, H,CON p-PPh,CH, )- 

(CO), (3). This cluster has a complex IR spectrum 
containing nine terminal v(C0) bands; the mass spec- 
trum shows a molecular ion which fragments by step- 
wise loss of up to nine CO groups, followed by three Ph 
groups. The molecular structure of 3 was determined by 
X-ray crystallography (see below). 

(b) Ru,ij_+PPh(C, H4 )I t p-PPhzCHz )(p-PPh, )(p- 
CO)(CO), (4). As with 3, the spectroscopic data were 
not sufficient to establish the molecular structure, which 
was determined by a single-crystal X-ray study (see 
below). The IR spectrum contained six terminal v(C0) 
bands, while the H NMR spectrum contained peaks at 
6 0.89 and 5.72 assigned to the CH, protons of the 

Ph, 

i’h 

(6) L = PPh, 
(7) L = co 

Ph 

(3) 

Scheme 2. 
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PPh,CH, ligand. In the aromatic region, several multi- 
plets were found, but could not be reliably assigned to 
any particular ligand. 

cc) Ru,{p3-PPhCH, PPh(C, H4 #(CO), (5). This 
complex has been described before [2,8] and its identity 

was confirmed by comparison with an authentic sample 
(IR, MS). 

cd) Ru,(p-PPhC, H, PPhCH, NCO), _ ,(PPh, ),ln = 
1 (6), 0 (7)l. The IR spectrum of 6 contains only four 
v(C0) bands. The stoichiometry was determined from 

(b) 

Fig. I. Plots of a molecule of Ru,( p4-PPhX p4-PPhzC6H,COX CL-PPh,CH,XCO)s (3) (a) perpendicular to and (b) oblique to the Ru, plane 
showing atom numbering scheme. In this and subsequent figures, non-hydrogen atoms are shown with 20% thermal envelopes; hydrogen atoms 
have arbitrary radii of 0.1 A. 
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its mass spectrum, which contained a molecular ion at 
m/z 912 and ions formed by loss of between three and 
five CO groups. A single-crystal X-ray structural deter- 
mination showed the complex was a PPh, substitution 
product of 7, also obtained here, and previously re- 
ported as a by-product of a reaction of 1 with benzyl 
halides [4]. Complex 7 was identified by comparison 
(IR, MS) with an authentic sample. 

2.1. Molecular structures 

(a) Ru,(~u,-PPh)(~~-PPh,C, H,CO)(pPPh2CH2 )- 
(CO), (3). Plots of a molecule of 3 are shown in Fig. 1 

(b) 6 
Fig. 2. Plots of molecule 1 of Ru,( px-PPh(C,H,))( p- 
PPh,CH,X CL-PPh,X CL-COXCO), (4) (a) perpendicular to and (b) 
oblique to the Ru, plane showing atom numbering scheme. 

Fig. 3. Plot of a molecule of Ru,( p-PPhC,H,PPhCH,XCO),(PPh,) 
(6) showing atom numbering scheme. 

and significant structural parameters are collected in 
Table 1, The molecule is based on a rectangular Ru, 
core, which has unequal edges (two lotg, two short) 
ranging between 2.778(3) and 2.940(3) A. One side is 
capped by the PPh group, with two long [Ru(1,4)-P(2) 
2.412(7), 2.420(7) A] and two short [Ru(2,3)-P(2) 
2.363(7), 2.3347) A] bonds; similar p4-PR complexes 
often show a three short, one long pattern of M-P 
bonds. The Ru(l)-Ru(4) edge of the trapezium is 
bridged by a PPh,CH, ligand with Ru( I)-P( 1) [2.317(8) 
A] and Ru(4)-C(l) [2.14(l) A] separations somewhat 
shorter than those found in 5 and 7 (below). 

The remaining organic group is a 2-diphenylphos- 
phinobenzoyl ligand, which is attached by P(3) to Ru(2) 
[2.334(7) A], to Ru(3) by an n2-interaction with the 
C, H, group [Ru(3)-C(3 11,3 12) 2.26(2), 2.3 l(2) A] and 
to the Ru, core by the carbonyl group. The latter seems 
to be unprecedented, with C(3 12 1) bridging the Ru@- 
Ru(3) edge [Ru(2,3)-C(3121) 2.09(2), 2.26(2) A] and 
O(3121) bridging Ru(l)-Ru(4) [Ru(1,4)-O(3121) 
2.17(2), 2.16(2) A]. This mode of interaction is related 
to that found in Ru,( p-H)( ,uu,-0=CC6H,PPh2)( p- 
dppm)(CO),, in which the CO of the benzoyl group 
interacts with the Ru, core in a 2n’, n*-mode [9]. Th,e 
r-bonded Ru-C, 0 distances are 2.21(3) and 2.16(2) A 
respectively, while the a-bonded Ru-C, 0 distances are 
2.04(2) and 2.09(2) A respectively. In both cases, there 
are parallels between the coordination of the C=O 
group with the more familiar C=C system. 

(b) Ru,&-PPh(C, H4 )&-PPh,CH, )(p-PPh, )(/AU- 
CO)(CO), (4). Fig. 2 shows a molecule of 4 and 
relevant bond parameters are collected in Table 2. The 
triangular metal core is capped by a PPh(C,H,) ligand, 
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Table I 
Important bond lengths (A) and angles (deg) in Ru,( /_q-PPhX F4-PPh,C6H,COX FL-PPh,CH,XCO& (3) 

Bond lengths 
Ru(l )-R&2) 2.855(3) RI&?-C(3121) 
Ru(l)-Ru(4) 2.786(4) Ru(3)-C(3121) 
Ru(2)-Ru(3) 2.778(3) Ru(3)-C(3 1 I ) 
Ru(3)-Ru(4) 2.940(3) Ru(3)-C(312) 
Ru( I )-PC I ) 2.3 17(8) Ru(4)-C(I) 
Ru( I )-P(2) 2.412(7) Ru(l)-O(3121) 
Ru(2)-P(2) 2.363(7) Ru(4)-O(3121) 
Ru(2)-P(3) 2.309(8) P(l)-C(l) 
Ru(3)-P(2) 2.3347) P(3)-C(311) 
Ru(4)-P(2) 2.420(7) 0(3121)-C(3121) 

Cc31 IkC(312) 

2.09(2) 
2.26(3) 
2.26(2) 
2.31(2) 
2.143) 
2.17(2) 
2.16(2) 
1.743) 
I .82(2) 
1.31(3) 
I .35(3) 

Bond angles 
Ru@-Ru(1 I-Ru(4) 
Ru(l)-Ru(2)-Ru(3) 
Ru(2)-Ru(3)-Ru(4) 
Ru(3)-Ru(4)-Rut 1) 

89.7( 1) 
91.9(l) 
88.1(l) 
90.0(l) 

Ru(l)-P(l)-C(1) 
Ru(4)-C(l)-P(I) 
P(3)-C(3ll)-C(312) 
C(31 I)-C(312)-C(3121) 
C(3l2)-C(3l21)-0(3l21) 

101.7(9) 
98(l) 

1 lti2) 
I l3(2) 
11X(2) 

and each of the three edges is bridged by a different 
ligand. A PPh,CH, ligand bridges Ru(l);Ru(2), which 
is the longest Ru-Ru separation at 2.981 A [Ru(l)-P(3) 
2.36, Ru(2)-C(33 1) 2.12 A], while Ru( l)-Ru(3) carries 
a p-PPh, group [Ru(1,3)-P(2) 2.33, 2.33 A]; the third 
Ru-Ru vector is bridged by CO(23). The Ru, triangle 
is capped by a PPh(C, H+) ligand [Ru( 1 )-C( 112) 2.13; 
Ru(2,3)-P(1) 2.34, 2.33 A]. Coordination is completed 
by two terminal CO groups on each ruthenium atom. 

cc) Ru,(p-PPhC, H4 PPhCH, )(CO),(PPh,) (6). A 
plot of a molecule of 6 is shown in Fig. 3 and salient 

Table 2 
Significant bond lengths (A) and angles (deg) for Ru&/.q 
PPh(C,H,)}( CL-PPh,CH,X p-PPh,X /~-CoxcO), (4) a 

Bond lengths 
Ru(1 )-Ru(2) 
Ru(l )-Ru(3) 
Ru(2)-Ru(3) 
Ru(l)-P(2) 
Ru(l)-P(3) 
Ru@-P( 1) 
Ru(3)-P(l) 
Ru(3)-P(2) 
Ru(l)-C(Il2) 
R&2-C(23) 
R&2-Cc33 I ) 
Ru(3)-Cc231 
P(l)-C(ll1) 
P(3)-C(331) 

2.943(6), 3.019(6) 
2.912(5), 2.913(6) 
2.74461, 2.722(6) 
2.33(2), 2.33(l) 
2.36(2), 2.36(2) 
2.32(l), 2.36(l) 
2.33(2), 2.33(l) 
2.35(2), 2.30(l) 
2.13(3), 2.13(3) 
2.02(5), 2.24(6) 
2.21(5), 2.03(4) 
2.12(5), 1.97(6) 
I .75(4), I .77(4) 
1.76(6), 1.75(4) 

Average 
2.981 
2.913 
2.733 
2.33 
2.36 
2.34 
2.33 
2.33 
2.13 
2.13 
2.12 
2.05 
1.76 
1.76 

Bond ungles 
Ru(l)-P(3)-C(331) 
Ru(2)-Cc33 I )-P(3) 
Ru(l)-C(ll2)-C(lll) 
P(l)-c(I1l)-c(l12) 

112(2), 107(2) 110 
92(2), 102(2) 97 
119(2), 121(2) 120 
I 13(2), 117(3) 115 

a Two values for each entry are for molecules 1 and 2. 

bond distances and angles, together with those of 7, are 
listed in Table 3. The PPhC6H,PPhCH, ligand bridges 
the two ruthenium atoms via P(2) [Ru(l,2)-P(2) 
2.339(5), 2.362(4) Al and the P(l)-C( 1) fragment 
[Ru( 1 >-PC 1) 2.370(5), Ru(2)-C( 1) 2.25(2) WI. The PPh i 
ligand is attached to Ru(2) [Ru(2)-P(3) 2.346(4) ,&I 
approximately trans to the Ru-Ru bond [Ru(l)-Ru(2)- 
P(3) 162.8(l)“]. Neglecting the Ru-Ru bond, the two 
rutheniums have nearly trigonal bipyramidal geome- 
tries; there are no significant differences between simi- 
lar parameters in the structures of 6 and 7. 

3. Discussion 

The major feature of interest in the present work is 
the formation of the tetranuclear complex 3 as the major 
product. The ligands present in 3 are formally formed 
by loss of benzene from the dppm and PPh, combina- 
tion. The benzoyl phosphine can be formed by insertion 
of CO in a metallated phenyl-Ru bond, as found for the 
benzyne ligand in Ru,( P&~HJ( p-PPh,),(CO), re- 
ported earlier [5]. Metallation of PPh, to give the 
PPh,(C,H,) ligand is a common reaction in mononu- 
clear metal-PPh, complexes, but is not so common in 
clusters. Further interaction of the C,H, ring by q2-co- 
ordination to Ru(2) appears to result from the close 
approach of this ring to the metal atom, which is forced 
by the CL,-coordination of the acyl group to the Ru, 
face. Formally, the dppm ligand has been cleaved at the 
P-CH, bond to give a PPh,CH, ligand, which bridges 
one Ru-Ru edge, and a PPh, group. Under the reaction 
conditions, this has further dephenylated (probably by 
elimination of benzene formed by combination of the 
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Important bond lengths and angles in Ru,( p-PPhC6H,PPhCH,XCO&_JPPh,), [n = l(6), o(7) [7d]] 

Bond lengths 
Ru( l)-Ru(2) 
Ru(l)-P(l) 
Rut1 )-P(2) 
R&-P(2) 
Ru(2)-P(3) 
Ru(2)-C( I> 
Ru(l)-C(ll) 
Ru( I I--C( 12) 

L=CO 

2.81 lo(7) 
2.356(l) 
2.332(l) 
2.343(l) 

2.232(6) 
1.916(6) 
1.907(6) 

L = PPh, 

2.834(2) 
2.370(S) 
2.339(5) 
2.362(4) 
2.346(4) 
2.25(2) 
1.91(2) 
1.92(2) 

Ru(l)-C(13) 
Ru@-C(21) 
Ru@-C(22) 
RuWC(23) 
P(l)-C(1) 
P(l)-C(lO1) 
P(2)-c(lo2) 

L=CO 

1.937(6) 
1.921(5) 
1.899(5) 
1.917(7) 
1.786(4) 
1.827(4) 
1.815(4) 

L=PPh, 

1.88(2) 
1.85t2) 
1.89(2) 

1.76(l) 
1.78(l) 
1.81(2) 

Bond angles 
Ru(2)-Ru(l)-P(1) 
Ru(l)-Ru(2)-C(1) 
Ru(l)-P(l)-C(1) 

72.52(4) 
80.0(l) 

103.5(2) 

71.9(l) 
79.1(3) 

103.8(6) 

Ru(1 )-P(2)-Ru(2) 

Ru(2)-C(l)-P(l) 

73.92(3) 74.2(l) 

99.4(2) 99.6(7) 

Ph group with the H from the metallated PPh, ligand, 
through the intermediacy of an undetected cluster hy- 
dride) to give the p4-PPh ligand found capping one side 
of the Ru, rectangle. The latter has been formed by 
disproportionation of the original Ru, cluster, formally 
again by incorporation of a ruthenium carbonyl frag- 
ment liberated during the formation of the binuclear 
complexes 6 and 7. 

The structural diversity of the ligands present in 4 is 
remarkable, although each has been found previously in 
other complexes formed by pyrolysis of ruthenium car- 
bony1 clusters containing PPh, or dppm. The simplest 
way to account for the formation of this compound is by 

oxidative addition of an or& C-H group of one of the 
P-phenyl groups of the PPh, ligand across an Ru-Ru 
bond [as found with Os,(CO),,(PPh,), [5a]] to give 
,LL-H and p-PPh,C,H, ligands, followed by elimination 
of benzene, formed by combination of the cluster-bound 
H atom with one of the Ph groups of the PPh,C,H, 
ligand. The resulting phosphido group is found bridging 
Ru(2)-Ru(3). Alteration of the dppm ligand occurs by 
oxidative addition of a P-CH, bond across the cluster, 
to give PPh, and PPh,CH, ligands. While this is not a 
common route for dppm, which usually prefers to add a 
phenyl C-H bond and then to eliminate benzene, evi- 
dently this process is blocked by the PPh, ligand in the 

Table 4 
Crystal data and refinement details for 3, 4 and 6 

Compound 3 4 6 
Formula CtiH,,%P,Ru, C44H3107P3R~3 CaH3,W’3R% 
Mw 1225.0 1067.9 910.8 
Crystal system Orthorhombic Orthorhombic Triclinic 
Space group Pbca (No. 61) Pca2, (No. 29) Pi(No. 2) 

a (A) 21.060(19) 22.112(7) 18.890(9) 

b (A) 30.115(14) 12.847(9) 10.93(l) 

c <.A> 15.107(8) 29.378(12) 10.520(5) 
(Y (deg) 66.29(5) 
P (deg) 83.3x3) 
y (deg) 78.88(3) 

v (As?) 9581 8346 1950 
2 8 8 2 
0, (g cme3) 1.70 1.70 1.55 
F(OO0) 4800 4224 912 
Crystal size (mm3) 0.57 x 0.07 x 0.18 0.24 x 0.11 X 0.06 0.08 x 0.37 x 0.10 
A * (mm, max) 1.10, 1.21 1.07, 1.15 1.07, 1.11 
p km-‘) 13.9 12.4 9.4 
W,,, (deg) 55 45 50 
N 10007 5199 6824 
N, 2722 2114 3998 
R 0.075 0.074 0.075 
R, 0.078 0.07 1 0.08 1 
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Non-hydrogen positional and isotropic displacement parameters (3) 

Ru(l) 
Ru(2) 
Ru(3) 
Ru(4) 
cc1 1) 
Otll) 
C(l2) 
o(12) 
C(21) 
o(21) 
C(22) 
o(22) 
C(31) 
o(31) 
C(32) 
o(32) 
C(41) 
o(41) 
C(42) 
o(42) 
C(1) 
P(l) 
C(ll1) 
cc1 12) 
C(I 13) 
cc1 14) 
cc1 15) 
Cc1 16) 
C(121) 
C(122) 
C(123) 
C(124) 
C(125) 
C(126) 
P(2) 
cc21 I) 
C(212) 
C(213) 
C(214) 
cc21 5) 
C(216) 
P(3) 
cc31 1) 
C(312) 
C(3121) 
o(3121) 
cc3131 
C(314) 
C(3 15) 
C(316) 
Cc32 I) 
C(322) 
C(323) 
C(324) 
C(325) 
Cc3261 
C(331) 
Cc3321 
C(333) 
C(334) 
C(335) 
Cc3361 

0.27507(9) 
0.3657(l) 

0.3648( I) 
0.4601 l(9) 
0.325(2) 
0.2959(9) 
0.329( 1) 
0.3128(9) 
0.206(l) 
0.1623(9) 
0.237(l) 
0.214(l) 
0.326(l) 
0.301(l) 
0.436(l) 
0.4758(9) 
0.497(l) 
0.521(l) 
0.526( 1) 
0.567( 1) 
0.515(l) 
0.4641(4) 
0.489(l) 
0.451(l) 
0.471(2) 
0.5242) 
0.566(2) 
0.548(2) 
0.478(l) 
0.464(l) 
0.471(2) 
0.499(2) 
0.514(2) 
0.505(2) 
0.3536(3) 
0.338(l) 
0.286(l) 
0.272(2) 
0.307(2) 
0.356(2) 
0.370(l) 
0.2497(3) 
0.330(l) 
0.375(l) 
0.361(l) 
0.4050(8) 
0.431(l) 
0.439( I) 
0.395( 1) 
0.340(l) 
0.201(l) 
0.182(l) 
0.146(2) 
0.127(2) 
0.146(2) 
0.183(l) 
0.216(l) 
0.252(l) 
0.226(2) 
0.163(2) 
0.132(2) 
0.157(l) 

0.39084(6) 
0.39436(7) 

0.35621(6) 

0.36428(6) 
0.303(l) 
0.2729(6) 
0.3840(9) 
0.3991(6) 
0.3524(8) 
0.3312(6) 
0.414(l) 
0.4316(7) 
0.365(l) 
0.3438(7) 
0.4050(8) 
0.4120(6) 
0.313(l) 
0.28 I3(7) 
0.3945(9) 
0.4124(7) 
0.3698(8) 
0.3400(2) 
0.2819(8) 
0.250(l) 
0.206( 1) 
0.195(l) 
0.224(l) 
0.271(l) 
0.3577(9) 
0.401 l(9) 
0.415(l) 
0.387(l) 
0.346(l) 
0.329(l) 
0.3371(2) 
0.2780(9) 
0.2693(9) 
0.222(l) 
0.191(l) 
0.199(l) 
0.246(l) 
0.4487(2) 
0.4651(7) 
0.4616(7) 
0.4253(7) 
0.4150(5) 
0.4879(8) 
0.5159(9) 
0.5188(g) 
0.4937(9) 
0.447(l) 
0.4855(9) 
0.484(l) 
0.442(l) 
0.405(l) 
0.404(l) 
0.49748) 
0.5347(9) 
0.571(l) 
0.566(l) 
0.528(l) 
0.4941(9) 

0.7559(2) 
0.6213(2) 
0.7503(2) 

0.87842) 

0.91 l(2) 
0.923( I) 
0.982(2) 
I.044 I) 
0.7400) 
0.732( I) 
0.855(Z) 
0.915(2) 
0.525(Z) 
0.470(l) 
0.5450) 
0.497( I) 
0.712(2) 
0.686( 1) 
0.69% 2) 
0.661(l) 
0.869(2) 
0.9386(5) 
0.939(2) 
0.973(2) 
0.97%2) 
0.946(3) 
0.91 l(2) 
0.909(2) 
1.052(2) 
I .074(2) 
1.166t2) 
I .227(2) 
1.205(3) 
1.116(2) 
0.7243(4) 
0.699(2) 
0.646( 2) 
0.631(2) 
0.676(2) 
0.730(2) 
0.740(2) 
0.6623(5) 
0.630(2) 
0.694(2) 
0.757(2) 
0.815(l) 
0.691(2) 
0.622(2) 
0.555(2) 
0.55 l(2) 
0.568(2) 
0.524(2) 
0.447(2) 
0.413(2) 
0.453(2) 
0.533(2) 
0.723(2) 
0.732(2) 
0.7842) 
0.81’)(2) 
0.806(2) 
0.754(2) 

0.0363(8) 
0.0345(7) 
0.0363(8) 
0.0363(7) 
0.08( I ) 
0.068(6) 
0.054(9) 
0.065(6) 
0.050(7) 
0.070(6) 
0.057(9) 
0.077(7) 
0.059(Y) 
0.081(7) 
0.038(7) 
0.057(6) 
0.07(l) 
0.077(7) 
0.058(8) 
0.083(7) 
0.043(7) 
0.040(3) 
0.040(7) 
0.059(9) 
0.07(l) 
0.10(l) 
0.0% 1) 
0.07( I ) 
0.048(X) 
0.062(9) 
0.09f 1) 
0.0% I ) 
0.09( I ) 
0.07( I ) 
0.0342) 
0.050(8) 
0.055(S) 
0.09(l) 
0.07( I) 
0.08(I) 
0.070(9) 
0.038(3) 
0.035(7) 
0.027(6) 
0.038(6) 
0.036(4) 
0.042(7) 
0.066(9) 
0.049(8) 
0.050(8) 
0.058(9) 
0.062(9) 
0.07(l) 
0.08( I) 
0.08( I) 
0.063(9) 
0.042(7) 
0.061(9) 
0.08( I) 
0.08( I) 
0.08(l) 
0.062(8) 
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Non-hydrogen positional and isotropic displacement parameters (4) 

Atom X Y 2 q, K 

Ru(ll> 0.6918(2) 
Ru(12) 0.57 12(2) 
Ru(13) 0.6232(2) 
C(lll) 0.71 l(2) 
o(ll1) 0.736(2) 
C(112) 0.761(3) 
o(112) 0.810(l) 
C(121) 0.596(3) 
o(121) 0.612(2) 
C(122) 0.490(2) 
o(122) 0.439(2) 
C(l23) 0.5642) 
Otl23) 0.5342) 
C(131) 0.670(2) 
o(131) 0.696t2) 
C(132) 0.598(3) 
o(l32) 0.572(3) 
Hll) 0.5636(6) 
C(1111) 0.596(2) 
C(l112) 0.655(2) 
C(l113) 0.687(l) 
C(l114) 0.661(2) 
C(l115) O&02(2) 
C(lll6) 0.570(l) 
C(l121) 0.489(l) 
C(1122) 0.438(2) 
C(1123) 0.383(2) 
C(1124) 0.377(l) 
C(1125) 0.427(2) 
C(1126) O/483(2) 
P(l2) 0.7125(6) 
C(1211) 0.779(l) 
C(l212) 0.8242) 
C(1213) 0.876(2) 
C(1214) 0.882(l) 
C(1215) 0.837(2) 
C(1216) 0.785(2) 
C(1221) 0.718(6) 
C(1222) 0.7744) 
C(1223) 0.782(2) 
C(l224) 0.734(6) 
C(1225) 0.677(4) 
C(l226) O&69(3) 
Hl3) 0.6476(6) 
C(1311) 0.671(4) 
C(l312) 0.729(3) 
C(1313) 0.747(l) 
C(1314) 0.707(4) 
C(l315) 0.649(3) 
C(1316) 0.630(2) 
C(1321) 0.6642) 
C(1322) 0.631(l) 
C(1323) 0.648(2) 
C(1324) 0.698(2) 
C(1325) 0.731(l) 
C(1326) 0.714(2) 
C(1331) 0.568(2) 
Ru(21) 0.4481(2) 
Ru(22) 0.3213(2) 
Ru(23) 0.3749(2) 
C(211) 0.472(2) 
o(211) 0.487(l) 

0.5150(3) 
0.4256(3) 
0.5439(3) 
0.395(4) 
0.313(3) 
0.540(4) 
0.536(2) 
0.286(S) 
0.194(3) 
0.389(4) 
0.369(3) 
0.415(4) 
0.378(4) 
0.468(4) 
0.422(3) 
0.628(5) 
0.661(5) 
0.605(l) 
0.682(3) 
0.652(2) 
0.708(3) 
0.7943) 
0.825(2) 
0.769(4) 
0.661(3) 
0.6342) 
0.682(3) 
0.756(3) 
0.783(2) 
0.736(4) 
0.628(l) 
0.602(4) 
0.533(3) 
0.520(3) 
0.577(3) 
0.646(3) 
0.659(3) 
0.758(3) 
0.793(8) 
0.90(l) 
0.966(3) 
0.932(8) 
0.83(l) 
0.428(l) 
0.297(3) 
0.267(5) 
0.163(7) 
0.090(3) 
0.120(5) 
0.2247) 
0.491(3) 
0.575(4) 
0.623(2) 
0.586(3) 
0.502(4) 
0.4542) 
0.427(4) 
1.0019(3) 
1.0813(3) 
0.9610(3) 
1.127(3) 
1.185(2) 

0.5(-j * 
O&36(2) 
0.4163(2) 
0.469(2) 
0.453(l) 
0.526(2) 
0.548( 1) 
0.480(2) 
0.475(l) 
0.490(2) 
0.490(l) 
0.415(2) 
0.386(2) 
0.380(2) 
0.352( 1) 
0.375(2) 
0.338(2) 
0.4760(7) 
0.5185(9) 
0.530(l) 
0.563(l) 
0.5841(8) 
0.57249) 
0.540(l) 
O/%3(1) 
0.490(l) 
0.481(l) 
0.447(l) 
0.4203(9) 
0.429(l) 
0.4399(5) 
0.406(l) 
0.420(l) 
0.393(l) 
0.352(l) 
0.339(l) 
0.366(l) 
0.451(l) 
0.466(l) 
0.479(l) 
0.476(l) 
0.461(l) 
0.448(l) 
0.5623(5) 
0.575(l) 
0.563( 1) 
0.568(l) 
0.586(l) 
0.599(l) 
0.594(l) 
0.619(l) 
0.635( 1) 
0.67ti 1) 
0.7008(9) 
0.6841) 
0.643(l) 
0.559(2) 
0.7195(l) 
0.7353(2) 
0.8000(2) 
0.753( 1 I 
0.776(l) 

0.050(2) 
0.042(2) 
0.045(2) 
0.05(2) 
O.lo(2) 
0.09(2) 
0.06( 1) 
O.lo(2) 
0.07( 1 I 
0.08(2) 
0.10(l) 
0.07(2) 
0.13(2) 
0.07(2) 
0.09( 1) 
0.1 l(3) 
0.20(3) 
0.069(7) 
0.01(l) 
0.06(2) 
0.03(l) 
0.06(2) 
0.03( 1 I 
0.04(2) 
0.05(2) 
0.03( 1) 
0.07(2) 
0.07(2) 
O.ll(3) 
0.07(2) 
0.0547) 
0.04(2) 
0.10(2) 
0.1 l(3) 
0.08(2) 
0.05(2) 
0.09(2) 
0.1 l(3) 
0.15(3) 
0.17(4) 
O.lo(2) 
0.08(2) 
0.09(2) 
0.050(6) 
0.05(2) 
0.04(2) 
0.05(Z) 
0.09(2) 
0.12(3) 
0.06(2) 
o.oq21 
0.12(3) 
0.07(2) 
O.lo(2) 
0.08(2) 
0.12(3) 
0.08(Z) 
0.031(l) 
0.04d2) 
0.044(2) 
0.02(1 I 
0.034(9) 
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Table 6 (continued) 

cc2121 0.5242) 
ot212) 0.570(2) 
C(221) 0.348(2) 
O(221) 0.348(2) 
cc2221 0.240(2) 
o(222) 0.189(2) 
C(223) 0.308(3) 
o(223) 0.277(2) 
Cc23 I) 0.422(2) 
O(231) 0.445(2) 
Cc2321 0.353(2) 
O(232) 0.3441) 
P(21) 0.3 149(5) 
C(2111) 0.3542) 
cc21 12) 0.41 l(2) 
cc21 13) 0.44% 1) 
C(2114) 0.420(2) 
cc21 15) 0.363(2) 
C(2116) 0.329(l) 
C(2121) 0.246(l) 
C(2122) 0.199(2) 
Cc21 23) 0.144(2) 
C(2124) 0.134(l) 
Cc21 25) 0.180(2) 
C(2126) 0.236( 1) 
H22) 0.4639(6) 
C(2211) 0.528(l) 
C(2212) 0.576(2) 
C(2213) 0.623(l) 
cc22 14) 0.621(l) 
C(2215) 0.572(2) 
C(2216) 0.526( 1) 
C(2221) 0.464(6) 
C(2222) 0.519(4) 
Cc22231 0.521(3) 
C(2224) 0.470(6) 
C(2225) 0.415(3) 
Cc22261 0.412(3) 
P(23) 0.4054(6) 
C(23 11) 0.428(4) 
Cc23 12) 0.485(3) 
C(2313) OSOo(2) 
C(23 14) 0.457(4) 
C(2315) 0.400(3) 
C(2316) 0.385(2) 
C(2321) 0.428(2) 
C(2322) 0.391(l) 
Cc23231 0.408(2) 
C(2324) 0.460(2) 
C(2325) 0.497(l) 
C(2326) 0.481(2) 
C(2331) 0.327(2) 

* Defines origin. 

x Y .Y cJeq ii2 
0.9844) 0.691(l) 0.04(2) 
0.971(3) 
1.219(3) 
1.311(3) 
I.1 13(4) 
I. 129(3) 
I .059(4) 
l.l17(3) 
1.047(5) 
I .091(3) 
0.872(4) 
0.810(3) 
0.8982(9) 
0.832(3) 
0.870(2) 
0.823(3) 
0.738(3) 
0.701(2) 
0.748(3) 
0X29(3) 
0.848(2) 
0.797(3) 
0.729(3) 
0.7lOi2) 
0.760(3) 
0.883(l) 
0.899(3) 
0.963(3) 
0.982(2) 
0.937(3) 
0.873(3) 
0.854(2) 
0.738(2) 
0.690(9) 
0.58(l) 
0.521(2) 
0.569(9) 
0.68( 1) 
I .096( 1) 
1.235(2) 
1.271(6) 
1.376(7) 
1.446(2) 
1.410(6) 
I .304(7) 
I .050(3) 
0.980(3) 
0.950(3) 
0.989(3) 
I .058(3) 
I .089(3) 
I .095(3) 

0.67% I) 
0.746(l) 
0.754 I) 
0.731(2) 
0.720( 1) 
0.81OQ) 
0.833(I) 
0.8430) 
0.867(l) 
0.846(2) 
0.874(l) 
0.7410(4) 
0.696%9) 
0.686(l) 
0.651(l) 
0.626%9) 
0.638(l) 
0.673( I) 
0.747( 1) 
0.715(l) 
0.720(l) 
0.756( I) 
0.7879(9) 
0.7X3( I) 
0.7783(5) 
0.816(l) 
0.8040(9) 
0.835(l) 
0.879( 1) 
0.891(l) 
0.860(l) 
0.770( 1) 
0.758( 1) 
0.7525(9) 
0.759(X9) 
0.77 13(9) 
0.7768(9) 
0.6585(5) 
0.658(l) 
0.671(l) 
0.666( 1) 
0.649( I ) 
0.6359(9) 
0.640(l) 
0.6018(9) 
0.578(l) 
0.5341) 
0.5136(9) 
0.53X( 1) 
0.582(l) 
0.667( 1) 

0.08(l) 
0.03(l) 
0.08( I ) 
0.07(2) 
0. I2(2) 
0.09(2) 
0.09( I ) 
0.10(2) 
0.09(I) 
O.OS(2) 
o.oti I ) 
0.028(5) 
0.08(2) 
0.02( I ) 
0.06(2) 
0.07(2) 
0.09(2) 
0.03t I ) 
0.06(2) 
0.05(2) 
0.08(2) 
0.07(2) 
0.05(Z) 
0.09(2) 
0.03X(6) 
0.07(2) 
0.08(2) 
0.03( I) 
0.06(Z) 
0.1 l(3) 
0.09(2) 
0.06( 2) 
0.05(2) 
0.03( I ) 
0.04(l) 
0.04(2) 
0.06i2) 
0.05 l(6) 
0.05(2) 
0.03( I ) 
0.09(2) 
0.05(2) 
0.070) 
0.07(2) 
0.05t2) 
0.09(2) 
0.09(2) 
0.09(2) 
0.1X( 4) 
0. I2(3) 
0.02(l) 

present case. The PPh,CH, ligand is also found in 
complexes 6 and 7 (see above). 

The PPh(C6H,) ligand is relatively uncommon and 
recent examples occur in the tetranuclear clusters 
RhRu,( /-L-H){ p-PPh(C,H,)]( p-CO>(CO>,(PPh,), ]lOl 

and Ru,( p-H){ p,-PPh(C,H,)]( CL-PPh,)(CO),, [I 11. In 
the former, however, the P-C6H, part of the ligand 
interacts further with the Rh atom by an T’( P, 2C)- 
mode; in the latter, the phosphorus atom of this ligand 
exhibits an unusual five-coordination. 
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Clearly, the mild conditions employed in the present 
reactions can lead to a variety of interesting complexes 
formed by facile modification of the tertiary phosphine 
ligands - further examples will no doubt emerge as 
additional studies are carried out. 

4. Experimental 

General reaction conditions were similar to those 
reported in an earlier paper [9b]. The complex Ru,( CL- 

Table 7 
Non-hydrogen positional and isotropic displacement parameters (6) 

Atom x Y Z u,, .A= 

h(l) 
Rut2) 
all) 
Gill) 
C(12) 
o(l2) 
C(13) 
o(13) 
C(21) 
o(21) 
C(22) 
o(22) 
C(l) 
P(l) 
C(l11) 
C(ll2) 
C(ll3) 
C(114) 
C(l15) 
C(116) 
C(lOl) 
C(102) 
C(103) 
C(104) 
C(105) 
C(lO6) 
P(2) 
cc21 1) 
C(212) 
C(213) 
C(214) 
C(215) 
C(216) 
P(3) 
C(31l) 
C(312) 
C(313) 
C(3 14) 
C(315) 
Ct316) 
C(321) 
C(322) 
Ct323) 
C(324) 
C(325) 
C(326) 
C(331) 
C(332) 
C(333) 
C(334) 
C(335) 
C(336) 

0.15657(7) 
0.28740(6) 
0.200(l) 
0.2298(8) 
0.130(l) 
0.1146(8) 
0.063( 1) 
0.0058(7) 
0.3462(9) 
0.3818(7) 
0.2702(8) 
0.2591(6) 
0.2996(7) 
0.2091(2) 
0.2001(9) 
0.2570(9) 
0.252(l) 
0.186(l) 
0.129(l) 
0.134(l) 
0.1749(7) 
0.1525(7) 
0.1291(8) 
0.1237(9) 
0.1468(9) 
0.1703(8) 
0.1723(2) 
0.1253(8) 
0.0524(9) 
0.018(l) 
0.056( 1) 
0.128(l) 
0.1642(9) 
0.381 l(2) 
0.4722(7) 
0.5324(8) 
0.5977(9) 
0.6075(8) 
0.5487(9) 
0.4827(7) 
0.3848(8) 
0.3609(9) 
0.360(l) 
0.389(l) 
0.413(l) 
0.4130(9) 
0.3831(8) 
0.3239(8) 
0.326(l) 
0.383(l) 
0.442(l) 
0.4436(9) 

1.2327(l) 
1.0495(l) 
1.389(2) 
1.479(l) 
1.221(2) 
1.211(l) _ 
1.301(2) 
1.348(2) 
1.173(2) 
1.255(l) 
1.006(l) 
0.984(l) _ 
1.122(l) 
1.1893(4) 
1.312(2) 
1.326(2) 
1.410(2) 
1.476(2) 
l/%2(2) 
1.383(2) 
1.049(l) 
0.959(2) 
0.840(2) 
0.815(2) 
0.904(2) 
1.020(2) 
0.9969(4) 
0.889(2) 
0.914(2) 
0.832(3) 
0.730(3) 
0.697(2) 
0.781(2) 
0.8660(4) 
0.909(l) 
0.848(2) 
0.886(2) 
0.990(2) 
1.051(2) 
1.013(2) 
0.741(l) 
0.619(2) 
0.53Of2) 
0.556(2) 
0.677(2) 
0.769(2) 
0.755(l) 
0.758(l) 
0.665(2) 
0.566(2) 
0.565(2) 
0.657(2) 

0.2073(l) 
0.2271(l) 
O.l04(2) 
0.039( 1) 
0.042(2) 

~0.055(1) 
0.258(2) 
0.283(2) 
0.117(2) 
0.047(l) 
0.078(2) 
0.015(l) 
0.395(l) 
0.4182(4) 
0.500(2) 
0.556(2) 
0.629(2) 
0.649(2) 
0.5943) 
0.516(2) 
0.551(2) 
0.505(2) 
0.604(2) 
0.744(2) 
0.789(2) 
0.694(2) 
0.3226(4) 
0.279(2) 
0.269(2) 
0.232(3) 
0.205(3) 
0.219(2) 
0.255(2) 
0.3110(4) 
0.282(l) 
0.228(2) 
0.215(2) 
0.251(2) 
0.308(2) 
0.320(2) 
0.233(2) 
0.307(2) 
0.246(2) 
0.115(2) 
0.037(2) 
0.094(2) 
0.493(l) 
0.583(2) 
0.715(2) 
0.769(2) 
0.681(2) 
0.549(2) 

0.0445(6) 
0.0335(5) 
0.058(S) 
0.092(8) 
0.064(9) 
0.101(8) 
0.080) 
0.13(l) 
0.050(8) 
0.075(7) 
0.043(7) 
0.067(6) 
0.041(7) 
0.043(2) 
0.049(8) 
0.0649) 
0.08(l) 
0.09( 1) 
0.110) 
0.09(l) 
0.040(7) 
0.045(7) 
0.054((s) 
0.063(9) 
0.063(9) 
0.051(S) 
0.041(2) 
0.048(7) 
0.09(1 I 
0.12(2) 
0.1 l(2) 
0.09( 1 I 
0.07( 1) 
0.035(2) 
0.037(6) 
0.052(S) 
0.061(9) 
0.057(9) 
0.054((s) 
0.048(8) 
0.043(7) 
0.055(S) 
0.08( 1) 
0.08(l) 
0.08(l) 
0.052(8) 
0.041(7) 
0.043(7) 
0.062(9) 
0.066(9) 
0.067(9) 
0.055(S) 
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dppm)(CO),(PPh,) was made as described elsewhere 
]7d]. 

4.1. Pyrolysis of Ru,( CL-dppmNCO),(PPh, ) 

A solution of Ru,( p-dppm)(CO),(PPh,) (150 mg, 
0.125 mmol) in toluene (10 ml) was heated at reflux 
point for 1.5 h. After cooling the solvent was removed 
in vacua, the residue dissolved in CH,Cl, (2 ml) and 
separated by thin layer chromatography (silica gel; ace- 
tone/hexane 3 : 7) into six coloured bands and a base- 
line. 

The product from band 1 (R, 0.60) was recrys- 
tallised (CH2C1,/MeOH) to give pale yellow crystals 
of Ru,( p-PPhC,H4PPhCH2)(CO>, (7) (8 mg, 9.4%), 
identified by an X-ray study and by comparison with an 
authentic sample [4]. IR (cyclohexane): v(C0) 2069s 
2053w, 2036~s 2007~s 1988m, 1982m, 1972m, 
196O(sh) cm- ’ . 

The second red band (R, 0.50) gave dark red crystals 
of 4 (10 mg, 8%). IR (cyclohexane): Y(CO) 2053~s 
2027s 2001vs, 1989m, 1983vw, 1919w, 1916~ cm-‘. 
‘H NMR: G(CDC1,) 0.89 (m, lH, CH,), 5.72 (m, lH, 
CH,), 6.19-8.06 (m, 29H, 5Ph +C,H,). FAB MS 
(m/z>: 1069, M+; 1041-873, [M-&O]+ (n = I-7); 
796-642, [M-7CO-nPh]+ (n = l-3). 

Band 3 (R, 0.45) gave yellow crystals (from C,H,) 
of Ru,( p-PPhC6H,PPhCH,)(CO),(PPh3) (6) (12 mg, 
11%). IR (CH,Cl,): v(C0) 2046~s 1986~s 1957m 
(br), 1932~ (br) cm-‘. FAB MS (m/z>: 912, M’; 
828-772, [M-nCO]+ (n = 3-5) (most intense peak for 
n = 5). Further crystallisation afforded Ru,{ Pi- 
PPhCH 2 PPh(C,H ,)}(CO), (5) as orange crystals, iden- 
tified form its IR v(C0) spectrum. 

A dark orange band (R, 0.41) was recrystallised 
from CH,Cl, to give orange crystals of Ru & E_L~- 
PPh)( pd-PPh&H4CO)( /..-PPh,CH,)(CO), (3) (67 
mg, 41%). IR (cyclohexane): v(C0) 2042w, 2026~s 
2014(sh), 20OOm, 1991m, 1976m, 1968w, 196Ovw, 
1951~ cm-‘. FAB MS (m/z>: 1226, M+; 1198-974, 
[M-nCO]+ (n = l-9); 897-743, [M-9CO-nPh]+ (n 
= i-3). 

Two other minor bands were not identified. 

4.2. Crystullography 

Unique data sets were measured at ca. 295 K within 
the specified 20,,,,, limits using an Enraf-Nonius CAD4 
diffractometer (2 e/0 scan mode; monochromatic MO 
K (Y radiation, A = 0.71073 A); N independent reflec- 
tions were obtained, N, with I > 3cr(I) being consid- 
ered ‘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, Uis,)n were included 
constrained at estimated values. Conventional residuals 

R,R’ on I F 1 are quoted, statistical weights derivative of 
(T ‘(I) = (T *( Idiff) + 0.0004a 4( Zdiff) being used. Com- 
putation used the XTAL 3.0 program system [12] imple- 
mented by Hall; neutral atom complex scattering factors 
were employed. Pertinent results are given in the figures 
and tables. Tables of H-atom coordinates and thermal 
parameters and complete lists of bond lengths and an- 
gles have been deposited at the Cambridge Crystallo- 
graphic Data Centre. 

4.3. Abnormal feutures / variations in procedure 

All three determinations recorded in this paper are, 
for various reasons, inferior, serving only to establish 
non-hydrogen atom stereochemistries and confirming 
stoichiometry at that level. The only dimensions with 
any useful degree of precision are those associated with 
the heavy atoms. Specifically: for 3, data were very 
weak: 0(3 121) was assigned as such from chemical 
considerations. Anisotropic thermal parameter forms 
were refined for Ru and P only. For 4, data were very 
weak and limited in extent, refinement problems being 
compounded by pseudosymmetry. Ru and P only were 
refined with anisotropic thermal parameter forms, phenyl 
rings being treated as rigid bodies. The chirality of the 
asymmetric unit was assigned by a ratio test. For 6, 
specimens were compound/twinned aggregates with 
wide line widths. 
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