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Abstract 

Several complexes of the type M,L,,(PR&,H,X)) [MaL, = (Ru/Os)a(CO)tt or Ru&-dppmXCO)s; X = NH,, NHCOPh, 
N=fJHPh, CHO or CH=NNHAr, but not all combinations] have been prepared and their reactions studied. Predominant were 
H-migrations from the aryl substituent -X to cluster; less facile were C-C bond cleavage reactions, and P-C bond cleavages were 
not observed. Under the conditions used, the complexes Ru3(CO),,(PPh,(C6H4X-2)) were transient intermediates in the 
formation of Ru&~-H)(~-PPh2(C6H4(X-Hj-2))(C0)s,; the analogous Ru&-dppm) and Os&-dppm) complexes were more 
robust. Similar reactions were found for clusters made by reaction of Rus(CO),, and related complexes with PPh&HrC(O)Ph), in 
which H-migration from the ligand to the cluster results in formation of a phosphino-enolate system. X-ray structures are reported 
for the complexes 0ss(CO),t(PPh2(C6H4X-2)) [X = NH,, NHC(O)Ph, CHO, CH=NNHC.sHs(N02),-2,41, Ru&-dppm) 
(CO),{PPh,(C,H,X-2)) [X = NHC(O)Ph, CHOJ, Ru3(~-HXCL-PPhZ(C6H4Y-21XCO)9 [Y = NH, NC(Ph)O, N=fYhl, Ru&-HXCL- 
PPh,[C,H,NC(Ph)O-2lHp-dppmXCO),, Ru&~-HX~-dppmX~-PPhZ(C6H4NH-2)~C0)7 and Os&-HI&-PPh,(C,H,CO- 
2)XCO)s. 

Key wora!s: Ruthenium; Osmium; Carbonyl; Functional phosphines 

1. Introduction 

A multitude of derivatives of the trinuclear Group 8 
cluster carbonyls containing tertiary phosphine and 

Correspondence to: Professor M.I. Bruce. 
* For Part LXXXIX, see ref. 38. 

phosphite ligands have been made especially since a 
variety of methods of activating the parent M,(CO),, 
molecules towards substitution became available [1,2]. 
Prominent among their reactions are C-H and P-C 
bond-breaking reactions under mild conditions, which 
have been used, for example, to make complexes con- 
taining unstable molecules such as benzyne attached to 
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the cluster. However, until recently only a few cluster 
compounds containing tertiary phosphines bearing 
functional groups were known. Interest in this aspect 
has been motivated largely by: (i> the desire to combine 
the multi-site attachment and possible activation of the 
functional ligand that can be provided by a cluster with 
the chemoselectivity expected as a result of the pres- 
ence of different chemical functions within the same 
ligand, and (ii) the search for molecular systems that 
can be anchored on to a surface, such as silica, in order 
to provide hybrid catalysts [3]. The silylated ligand 
PPh,{CH,CH,Si(OEt),j has been used to attach the 
Ru, cluster to silica [4]. The reactions of the hemilabile 
ligand PPh,{CH,C(O)R} (R = Ph) with Ru,(CO),, af- 
forded not only the simple substitution products but 
also the hydrido cluster Ru&--H){p-PPh,[CH = 
C( LL: O)Ph])(CO),, which contains an unusual bridging 
phosphino-enolate ligand formed by hydride migration 
from the ligand to the cluster [51. Triruthenium com- 
plexes of the phosphinoketone are also degraded read- 
ily by halogen (Cl from CH,Cl,, or I,) to give halide- 
bridged diruthenium complexes containing chelating 
phosphino-enolate ligands [6]. In contrast, reactions of 
this ligand with Fe&CO),, result in the ready forma- 
tion of mononuclear complexes [7]. 

In an attempt to obtain the simple substitution 
complexes of several related ligands, we have studied 
their chemistry in more detail; we report below the 
synthesis of several examples of such complexes to- 
gether with their X-ray structural characterisation and 
hydrogen-migration reactions. The studies reported 
here were carried out with Ru,(CO),, (11, Os,(CO),, 
(NCMe) (2) and Ru&-dppmXCO),, (3), and we con- 
centrated mainly on 2-substituted derivatives of tri- 
phenylphosphine containing NH,, NC(O)Ph, N=CHPh, 
CHO and CH=NNHC,H,(NO,),-2,4 as functional 
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groups. Some further reactions of Ru,(CO),, and re- 
lated complexes with the phosphino-ketone PPh,(CH, 
C(O)Ph} are also reported. The reactions generally 
proceed via the formation of simple CO-substitution 
products (A) to give complexes (B), in which a hydro- 
gen atom has migrated from the functional group to 
the cluster, with concomitant formation of a bridging 
ligand (Scheme 1). Reactions of amines with M&CO),, 
have been long known, the products containing ligands 
formed by combination of the amine with a cluster- 
bound CO [8]. In the case of reactions with aldehydes 
and imines, the earlier work by the groups of Kaesz [9], 
Deeming [lo] and of Lewis and Johnson [ll] has been 
summarised in a recent paper from Vahrenkamp’s 
group [12]. 
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2. Results and discussion 

2.1. Reactions of PPh,(C,H,NH,-2) 
The reaction of this ligand with Ru&CO),, initially 

afforded a red complex, probably Ru,(CO),,(PPh,(C,- 
H,NH,-2)}, which could not be isolated, but was con- 
verted into Ru&-HX~-PPh2(C,H,NH-2))(CO), (4) 
on heating or attempted isolation. This complex was 
identified by a combination of spectroscopic and X-ray 
methods. The ‘H NMR spectrum contained a high-field 
signal at S = - 13.54, showing coupling to the 31P 
nucleus, while the FAB mass spectrum contained a 
molecular ion at m/z 834 and ions formed by loss of 
up to nine CO ligands. The structural study (see below) 
is consistent with migration of a hydrogen atom from 
the ligand to the cluster. 

The reaction between equimolar amounts of 3 and 
the ligand at room temperature overnight afforded red 
Ru,(p-dppmXCO),{PPh,(C,H,NH,-2)) (5) in high 
yield. At 3O”C, a mixture of 5 (35%) and the hydride- 
migration product Ru,(p-H@PPh,(C,H,NH-2))- 
(p-dppmXCO), (6) (37%) was obtained; pure 6 was 
formed by heating 5 in refluxing THF for 45 min. 
These complexes were identified by standard methods, 
5 and 6 being distinguished by the presence of the 
appropriate molecular ions at m/z 1218 and 1162 
respectively, in the FAJ3 mass spectra, and the signal at 
S = - 13.27 for the hydride ligand in 6. The NH, 
protons were found at S = 3.77 for 5, while the CH, 
protons of the unchanged dppm ligands in 5 and 6 
were found at S = 4.17 and S = 4.43 respectively; in the 
latter, a complex multiplet could not be resolved to 
confirm the expected ABXX’ pattern. In the 13C NMR 
spectrum of 5, all the CO groups give a singlet at 
S = 212 as a result of their fluxional behaviour; for 6, 
seven signals were found between S = 189 and 223. 
The carbon ipso to the N atom resonates at S = 147.7 

L 2.2. Reactions of PPh,{C,H,NHC(O)Ph-2) 

LL 

-I-- 4 (W2 

6 @Pm 

The reaction of the acylated aminophosphine with 3 
in CH,Cl, at room temperature gave the simple CO- 
substitution product Ru,(p-dppmXCO),{PPh,(C,H,- 
NHC(O)Ph-2)) (8) in moderate yield as dark red crys- 
tals which were suitable for a single-crystal X-ray study 
(below). Its identification followed from the FAB mass 
spectrum, which contained a molecular ion at m/z 
1322 and showed loss of up to nine CO groups. The 
13C NMR spectrum contained a singlet at S = 211.5 for 
the fluxional CO groups together with a resonance for 
the amide CO group at S = 165.2. 

in 5 and at S = 173.3 in 6, the difference being at- 
tributed to dehydrogenation of the amino group and 
the formation of the Ru-N bonds. 

Of interest here is the configuration about the N 
atom. Single-crystal molecular structure determina- 
tions carried out on 4 and 6 showed that in both cases 
the formation of the five-membered RuPCCN chelate 
ring results in the H atom bonded to N(12) being 
directed above and away from the Ru, plane. In a 
related osmium system, Os,&-NHPhXp-ClXCO),,, 
two isomers were crystallographically characterised as 
containing either the H atom or the Ph group above 
the OS, plane [13]. These were termed exe and endo 
respectively, and could also be distinguished on the 
basis of their ‘H NMR spectra, which contained the 
NH resonances at S = 3.64 and S = 5.17 respectively. 
The NH resonance of 4 was found at S = 6.08, while 
the spectrum of 6 contained two signals, at S = 4.95 
and S = 5.34, with approximate relative intensities 2 : 3. 
These signals may arise from two isomers similar to 
those found for the osmium complex, but we note that 
in the endo conformation, the C,H, group would 
experience considerable steric interaction with one of 
the Ph groups of the dppm ligand were the latter to 
retain the configuration found in the crystallographi- 
tally studied complex, which has the exe configuration 
(see below). 

Reaction between 2-diphenylphosphino-aniline and 
2 afforded the yellow-orange Os,(CO),,(PPh,(C,H,- 
NH,-211 (7) in high yield, together with a minor prod- 
uct which was not identified conclusively, but may have 
been the OS analogue of 4. Identification of 7 was 
straightforward, the expected features being present in 
the ‘H and 13C NMR spectra, and the FAB mass 
spectrum containing M+ at m/z 1156 together with 
ions formed by loss of up to 11 CO groups. The 
molecular structure of 7 is described below. We did not 
examine the thermolysis of 7, so are unable to com- 
ment on the relative stabilities of 5 and 7; it is evident, 
however, that 7 is considerably more robust than the 
Ru analogue. 
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Pyrolysis of 8 in refluxing cyclohexane for 1 h gave 
the hydrido cluster Ru&H){~-PPhr[C,H,NC(O)- 
Ph-2I](p-dppmXCO), (91, initially characterised from 
the molecular ion at m/z 1247 in the FAR mass 
spectrum, an IR v(C0) spectrum similar to that of 6 
and a high-field resonance at 6 = - 11.3. A single- 
crystal X-ray structure determination (see below) re- 
vealed that the deprotonated ligand bridges an Ru-Ru 
vector through bonds from the 0 and N atoms to the 
Ru atoms, once again showing the tendency of acyl 
groups to be involved in bridging groups on clusters. 
However, the bridging amido group is unusual in that 
most previously characterised examples of this type of 
ligand adopt a CL-n2(0,C)-O=CNR, mode of bonding. 
The only previous example of the system present in 9 
that we are aware of is provided by the major product 
formed by insertion of (tol)NCO into an OS-H bond of 
OS,+HI(CO namely 0s,(~-H){~-n2(0,N)- 
OCHN(tol)}(CO),, [14]. In this complex, the amido 
ligand occupies two coordination positions perpendicu- 
lar to the OS, plane (di-axial coordination) as found 
for 9. 

The osmium cluster carbonyl complex 10 was pre- 
pared from 2 in 67% yield as yellow needles, of which 
the IR and FAR mass spectra contained no unusual 
features. The molecular structure of 10 is described 
below. 

2.3. Reactions of PPh,(C, H,N=CHPh-2) 
The sodium benzophenone ketyl-catalysed reaction 

between Ru,(CO),, and the imino-phosphine afforded 
initially the simple CO-substitution product Rus- 
(CO),,{PPh,(C,H,N=CHPh-2)]; as in the case of the 
reaction of PPh2(C,H,NH2-21, this compound could 
not be isolated, but was readily converted into the 
hydrido cluster Ru,(p-H){p-PPh2(C6H4N=CPh- 
2)}(CO), (ll), which was obtained as red crystals in 
90% yield. This compound was characterised from its 
‘H NMR spectrum, which contained an Ru-H signal 
at 6 = - 13.95, its FAR mass spectrum, which con- 
tained a molecular ion at m/z 922 and fragment ions 
formed by loss of up to nine CO groups, and by a 

single-crystal X-ray 
low). 

structure determination (see be- 

Stirring equimolar amounts of 3 and the imino- 
phosphine in dichloromethane at room temperature 
overnight afforded Ru&-dppmXCO),{PPh,(C,H,N= 
CHPh)-2) (12) as orange crystals in 60% yield. The 
complex was characterised spectroscopically. The FAR 
mass spectrum contained a molecular ion at m/z 1306, 
from which there was loss of up to nine CO groups. 
The ‘H NMR spectrum contained resonances at S = 
4.16 and S = 8.10, assigned to the CH, and CH pro- 
tons respectively. The i3C NMR spectrum contained 
one signal, at 6 = 212.35, for the fluxional carbonyl 
groups and a resonance caused by the CH group at 
6 = 159.13. 

No hydrogen migration occurred at room tempera- 
ture, but heating of 12 in refhrxing THF for 6.5 h or in 
refluxing cyclohexane for 1 h afforded Ru3(p-HXp3- 
PPh2(C,H,N=CPh)-2](~-dppmXC0)6 (13). This com- 
plex was characterised earlier with the aid of a single- 
crystal X-ray study [15]; in contrast to the situation 
found with other complexes described above, the imino 
function bridges all three Ru atoms. The cluster- 
bonded proton was not located in the X-ray study, nor 
was there any resonance in the high-field region of the 
‘H NMR spectrum. A parent ion was present in the 
FAR mass spectrum at m/z 1221, and it underwent 
fragmentation by the loss of up to six CO groups and 
two phenyl groups. 

Ph,b,,bPh, 

(13) 

2.4. Reactions of PPh Z (C, H4 CHO-2) 
The reaction of Ru,(CO),,(NCMe) with the phos- 

phino-aldehyde in dichloromethane gave the orange 
compound Ru,&-HKP-PPh,(C,H,CO-2)](CO), (14) 
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in 39% yield. The IR v(CO) spectrum is virtually 
identical with that observed for 11. The FAR mass 
spectrum contained [M-CO]+ as the highest mass ion, 
suggesting that ready decarbonylation of this complex 
occurs under FAR conditions. Ions at m/z 819-567 
are formed by further loss of up to nine CO groups. A 
second decomposition pattern (m/z 718-5301, growing 
in intensity toward lower mass numbers, is consistent 
with the loss of two phenyl groups becoming increas- 
ingly competitive with loss of CO. The ‘H NMR spec- 
trum contained two high-field resonances for cluster- 
bound hydrides, indicating the presence of two iso- 
merit complexes; the signal at S = - 6.00 ppm is con- 
sistent with the presence of a terminal hydride in one 
(14a), while that at 6 = - 13.30 is characteristic of a 
bridging hydride in the other (14b). The two isomers 
are present in nearly equal amounts in the product 
isolated by preparative t.1.c. from the original reaction 
mixture. Repeated attempts to separate the two iso- 
mers by further preparative t.1.c. were unsuccessful, 
14a being completely transformed into 14b during this 
process. The IR v(C0) spectra for both isomers were 
identical. The i3C NMR spectrum contained eight Ru- 
CO resonances between 6 = 184.6 and 6 = 210.6, to- 
gether with a signal for the acyl carbonyl at S = 249. 
The 31P NMR signal for 14a was observed at 6 = 66.40 
and that for 14b at 6 = 62.92. 

Stirring equimolar amounts of 3 with PPh,(C,H,- 
CHO-2) in dichloromethane overnight at room temper- 
ature afforded Ru,&-dppmXCO),{PPh~~(C,H,CHO- 
2)) (15) as red crystals. The red compound Ru,&- 
H){p-PPh,(C,H,CO-2)](k-dppm)(CO), (16) was 
formed as a minor product. Complex 15 was charac- 
terised from its IR v(CO>, FAR mass and NMR spec- 
tra, elemental analysis, and X-ray crystallography (see 
below). The FAR mass spectrum contained an M+ ion 
at m/z 1230 along with fragment ions at m/z 1202- 

874, indicating the loss of up to ten CO groups (nine 
from the cluster and one from the phosphine ligand) as 
well as of one phenyl group. The ‘H NMR spectrum 
contained the CHO signal at S = 10.0 as well as two 
signals for the CH, group, at 6 = 4.20 and 6 = 4.11 
respectively. The 13C NMR spectrum contained one 
signal, at 6 = 211.6, for the fluxional cluster-bound CO 
groups, and the aldehydic signal was at 6 = 189.9 ppm. 

Heating 15 in refluxing cyclohexane resulted in H- 
migration to give the red hydrido complex Ru3& 
H){CL-PPhz(C,H,CO-2)](CL-dppmXCO), (16) in 66% 
yield. The highest mass ion in the FAR mass spectrum 
was at m/z 1147, corresponding to loss of two CO 
groups, and ions between m/z 1119-876 formed by 
loss of up to eight CO groups (seven from the cluster 
and the acyl carbonyl group) and of a phenyl group. 
The ‘H NMR spectrum contained two signals for the 
CH, group, at 6 = 4.78 and S = 4.25, together with two 
doublets of doublets at high field for the Ru-H atoms, 
indicating the presence of two isomers. The 13C NMR 
spectrum contained signals for the carbonyl groups 
between 6 = 190.1 and S = 218.2, as well as the signal 
for the acyl carbonyl at 6 = 286.4 ppm. The 31P NMR 
spectrum contained signals at S = 14.2 and 6 = 9.6 for 
the dppm ligand, and a singlet at S = 61.5 for the 
FL-PPh,(C6H,CO-2) ligand. The position of the signal 
at 6 = 61.5 is similar to that in the spectrum of 8. The 
two phosphorus nuclei of the dppm ligand do not 
couple with that in the p-PPh2(C,H,CO-2) group, but 
do couple with each other. 

The ready loss of the acyl CO group evident from 
the FAR mass spectra of these complexes suggested 
that CO elimination might also proceed thermally, to 
generate a complex containing a metallated PPh, lig- 
and, or (with a concomitant FZbond cleavage reac- 
tion) another benzyne-cluster complex. In the event, 
heating 16 in refluxing toluene for 10,hin resulted in a 
lightening of the colour of the solution, ‘from which 
orange crystals of Ru,(~-HXCL,-PPh,(C’,H,CO)}(~- 
dppmXCO), (17) were obtained in 50% yield. 

M l_L 

I-- 14 RlJ W)2 

16 Flu dwm 

19 OS Km2 

Ph,/)- bPhp 

(17) 

Prolonged heating (30 min) resulted in decomposition. 
Complex 17 was characterised by IR v(CO), FAR 
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mass, and NMR spectroscopy. The IR v(C0) 
(cyclohexane) spectrum showed six bands. The FAB 
mass spectrum was virtually identical to that of 16, 
containing a highest mass ion at m/z 1147. A high-field 
signal for a cluster-bound hydride was observed in the 
‘H NMR spectrum at S = - 14.95. A single-crystal 
X-ray study, reported elsewhere [151, showed that the 
complex contained an unusual p,-acyl ligand. 

Stirring equimolar amounts of 2 and the phos- 
phino-aldehyde in dichloromethane for 3 h afforded 
Os,(CO),i(PPh,(C,H,CHO-2)) (18) as yellow dia- 
mond-shaped plates in 91% yield. The complex was 
characterised from its IR v(CO), FAB mass and NMR 
spectra, as well as by elemental analysis and X-ray 
crystallography. (There were two phases; for one of 
them seemingly a CH,Cl, hemi-solvate, the structure 
was less precisely determined; see below.) The FAB 
mass spectrum contained a molecular ion at m/z 1168. 
Further signals clearly showed loss of up to 12 CO 
groups (11 from the cluster and one from the phos- 
phine ligand) as well as one phenyl group. 

The presence of the aldehyde group was confirmed 
by the ‘H and 13C NMR signals at S = 10.13 and 
S = 189.46 respectively; three signals for the fluxional 
carbonyl groups were observed. Complex 18 is stable 
for at least 30 min in refluxing toluene, and is only 
transformed slowly in refluxing xylene (140°C) to 
0s3(~-HX~-PPh2(C6H4CO-2)}(C0)9 (19). An alterna- 
tive route to 19, which afforded the complex in moder- 
ate yield under milder thermal conditions, was the 
reaction of 18 with Me,NO in dichloromethane/ 
acetonitrile solution. Complex 19 was characterised by 
its IR v(CO), FAB mass and NMR spectra, and a 
single-crystal X-ray study (see below). The FAB mass 
spectrum contained signals for [M-&O]+ (n = l-10) 
and an ion formed by the loss of C,H, from the 
CO-free ion. A high-field resonance at S = - 13.4 ppm 
in the ‘H NMR spectrum shows that a cluster-bound 
hydride is present in 19. The nine carbonyl groups 
were observed in the i3C NMR spectrum as separate 
signals between S = 162.4 and S = 191.7, together with 
a signal for the metal-bonded acyl carbonyl group at 
S = 271.7. The 31P NMR spectrum contained a single 
resonance at S = 35.7. FAB mass spectrometry indi- 
cated that one of the minor products from the pyrolysis 
was an OS, cluster, although complete characterisation 
of this species has not yet been achieved. 

Conversion of PPh,(C,H,CHO-2) into its 2,4-di- 
nitrophenylhydrazone was readily achieved by standard 
procedures. Reaction of the modified ligand with 
Os,(CO),,(NCMe) gave orange crystals of the expected 
MeCN-substitution product Os,(CO),,IPPh,[C,H, 
(CH=NNHC,H,(NO,),-2,4)-21) (20) in high yield. This 
product was characterised from its IR v(CO) spectrum 

and by a single-crystal X-ray study (see below). On 
heating in refluxing EtOH, it was hydrolysed in high 
yield to the parent phosphino-aldehyde complex 18. 

2.5. Reactions of PPh,{CH,C(O)Ph} 
We have briefly described the preparation of 

Ru3(CO)ll{PPh,[CH,C(0)Phl] (21) and its conversion 
into the hydrido cluster Ru,&-HXP-PPh,[CH ._r: C- 
( = O)Ph]](CO), (22) which contains a phosphino-en- 
olate ligand 151. This conversion proceeds easily in 
refluxing THF and can be reversed by carbonylation 
(20°C 1 bar, 2 h). The hydrido complex can also be 
prepared directly from the reaction of Ru,(CO),,, 
PPh,{CH,C(O)Ph} and [PPN][OAc], the latter reagent 
activating the first CO towards substitution and the 
second to generate a vacant coordination site to ac- 
commodate the bridging enolate ligand. In this regard, 
the reaction is similar to those described above for the 
OS, clusters. 

(22) 

Protonation of 22 afforded the cationic cluster 
[Ru3~~-H~~CO~1~~~-PPh2~CH2C~O~Phl]l~BF~l (23), 
readily characterised by the presence of the Ru-H 
resonance at S = - 15.2 and the CH, protons of the 
keto-phosphine as the AB part of an ABX system at 
S = 4.89 and S = 5.27. The protonation could be re- 
versed by addition of ethanolic NaOH, whereupon the 
orange-yellow 23 changed immediately to the yellow 
22. Addition of PPh,(CH,C(O)Ph] to 22, followed by 
Me,NO and HBF,, afforded the disubstituted cationic 
cluster [Ru,&-HXCO),{PPh,[CH,C(O)Phll,][BF~l 
(24) as red crystals. This complex was identified from 
its ‘H NMR spectrum, which contained a high-field 
triplet resonance at S = - 11.75 and the characteristic 
signals of the PCH,R ligands at S = 3.01 and S = 4.74. 
The single 31P resonance at S = 42.2 confirmed the 
equivalence of the two phosphine ligands. 

Thermolysis of the di- and tri-substituted clusters 
Ru,(CO),,_,{PPh,[CH,C(O)Ph]], (n = 2, 3) gave only 
Ru,(p-H){p-PPhJCH = Cc- O)Phl](CO), and 
Ru,(CO),,{PPh,[CH,C(O)Ph]], respectively. 

An Me,NO-instigated reaction between Ru&- 
H&L.,-C:BuXCO), and PPh,{CH,C(O)Ph] gave the 
mono-substituted complex Ru,(I_L-HX~~-C,‘BUXCO&- 
{PPh,[CH,C(O)Ph]} (251, conclusively identified from 
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Fig. 2. Plot of a molecule of 0s,(CO),i(PPh2[C6H4NHC(0)Ph-21) 

(10). 

1.88(2) A] are generally shorter as a result of increased 
back-bonding of electron density from the phosphine 
ligand. The axial CO groups are generally further away 

Fig. 3. Plot of a molecule of Os,(CO),,tPPh,(C,H,CHO-2)} (18). 

from the metal atoms than the remaining equatorial 
CO groups. All these features are similar to the results 
reported earlier [ 161. 

TABLE 1. Some bond parameters for complexes Os3(CO),,tPPh*(CsH4X-2)) 

X NHCOPh CHO 

(10) (18) 
CH=NNH(dnp) ’ 

(20) 

Bond lengths (A) 
OS(l)-Os(2) 
oswos(3) 
OS(~)-OS(~). 
OS(l)-P(1) 
OS-cow 
Os-CO(eq) 
C(112)-x 

Bond angles (“) 
0s(2)-0s(1)-p(1) 
os(3)-os(l)-c(ll) 
OS(~)-OS(~)-C(12) 
os(3)-os(l)-c(13) 
P(1)-os(l)-c(11) 
P(1)-oswc(12) 
P(l)-OS(l)-C(13) 
c(111)-Pw-c(121) 
c(111)-Pwc(131) 
c(121)-P(lkC(131) 

2.898(l) 
2.8770) 
2.877(2) 
2.377(3) 
1.91-1.96 
1.88-1.92 

1.40(2) (N) 

103.17(9) 
92.2(3) 
85.4(3) 
96.9(3) 
90.9(4) 
92&4) 

lOOS(4) 
103.5(5) 
105.6(6) 
102.1(6) 

Atom deviations from OS, pkme’(A~ 

6P(l) 0.189(4) 
X(13) - 0.21(2) 
X(23) - 0.13(2) 
6 C(24) 0.25(2) 

6Ct33) - 0.19(2) 
6 C(34) O.lti2) 

2.901(2) 
2.8750) 
2.875(2) 
2.353(3) 
1.88-1.92 
1.86-1.91 
1.380) (N) 

105.42(6) 
89.7(3) 
88.6(4) 
97.3(4) 
92.1(3) 
90.3(4) 
97.7(4) 

104.1(4) 
105.3(4) 
99.6(5) 

0.099(3) 
- 0.10(2) 

0.08(2) 
-0.11(2) 

0.07(2) 
0.06(2) 

2.927(l) 
2.876(l) 
2.883(l) 
2.357(3) 
1.92-1.95 
1.85-1.92 

1.44(2) (0 

108.05(7) 
86.1(4) 
93.2(4) 
95.4(4) 
90.8(4) 
89.6(4) 
96.8(4) 

101.6(5) 
108.6(6) 
97.3(6) 

0.095(4) 
0.10(3) 

- 0.06(2) 
- 0.05(2) 
-0.140) 

0.13(2) 

2.903(l) 
2.8760) 
2.8790) 
2.345(3) 
1.86-1.92 
1.86-1.94 
1.49(2) (C) 

101.39(9) 
84.0(4) 
93.2(4) 

100.6(4) 

90.0(4) 
92.9(4) 
98.2(4) 

105.3(7) 
104.6(7) 
95.9(6) 

0.260(4) 
- 0.02(2) 
- 0.09(2) 

0.17(2) 
- 0.25(2) 

0.27(2) 

a dnp = C,H&NO,),-2,4 
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Fig. 4. Plot of a molecule of 0s,(CO),i(PPhI[C,H,CH=NNHC,H,(N02)1-2,4]-2)) (20). 

3.2. Ru,(p-dppm)(CO),{PPh,(C,H,X-2)) [X = NHC- 
(O)Ph (8) and CHO (IS)] 

The structures of these two molecules are shown in 
Figs. 5 and 6, and selected bond parameters are given 
in Table 2. These appear to be the first determinations 
of molecular structures of phosphine-substituted 
derivatives of 3. Like the parent compiex, the dppm 
ligand occupies equatorial positions, as does the PR, 
ligand. The bonded Ru, triangle has two shorter Ru- 
Ru bonds [2.827(2)-2.8541(g) A] and one longer 

Fig. 5. Plot of a molecule of Ru,(~-dppmXCO)dPPh,[C,H,- 
NHC(ON’h-21) (8). 

[2.9272(g), 2.8990) A for 8 and 15 respectively], the 
latter being adjacent to the monodentate phosp@ne. In 
8, the dppm-bridged Ru-Ru bond is 2.8420) A,while 
the other two Ru-Ru vectors are 2.8270) A and 
2.927(l) A; the lengthening in the present case is 
probably the result of the steric size of the functional 
phosphine iigand, as found for other trisubstituted 
Ru,(CO),(PR,), complexes. The Ru-P distances fall 
in the range 2.316(2)-2.359(2) A, the functional phos- 
phine ligand being truns to P(1) of the dppm ligand. 
Within the Ru,PCP cycle, the angles Ru-Ru-P fall 

Fig. 6. Plot of a molecule of Ru,(CL-dppmXCO),(PPh,(C,H,CHO-2)) 
(15). 
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TABLE 2. Some bond parameters for Ru&p-dppmXCOj&PPh,- 

(C,H,X-2)) 

X 

hid ieng~hs (ii) 
Ru(lj-RuO 
R&j-Ru(3j 
Ru(2j-Ru(3) 

R&j-P(l) 
Ru(2j-P(2) 
Ru(3j-P(3) 

Ru-CObxj 
Ru-CO(eqj 

Bond angles (4, 

Ru(ij-R$Zj-Pi2j 

NHCOPh (8) CHO (15) 

2.8421(9) 2.8343(9) 
2.827(2j 2.8541(9) 
2.9272(9) 2.8990) 
2.316(2) 2.316(2j 
2.336(2) 2.327(2) 
2.340(2) 2.359(2j 
1.897-1.924(7) 1.903-1.921(6) 
1.864-1.870(6) 1.861-1.889(6) 

nr “I,=\ 
no. /O(J) “_ ““,?z\ 0 ,.wtv, 

Ru(2j-Ru(l)-P(1) 95.97(5j 

Ru(3j-Ru(2j-C(21j 118.0(3) 

Ru(2j-Ru(3j-P(3) 117.28(5) 

P63j-Ru(3j-C(31) 101.3(3j 
P(l)-Ru(lj-C(11) lOOS(3j 

P(2j-Ru(2j-C(21j 97.8(3j 

Atom deviations from Ru, plane (A) 
6P(l) - 0.309(3) 
6P(2j 0.612(3j 

6P(3j 0.479(3) 

6C(llj O.l87(9j 

gC!2ij -O.l94@j 

K(31j - 0.731(8) 

96.17(5j 
114.7(2j 
108.61(4) 
lOlsK2j 
101.6(2) 
98.2(2j 

- 0.496(2) 
0.275(2) 

0.415(3j 
O.l38(6j 
1.878(6) - O.l92(7j 

- 1.852(6j - 0.300(7j 

between S6.76(5)0 and 96.17W’, while the P(3)-Ru(3)- 
Ru(2) angle is 117.28W’ for 8 and 108.61(4)” for 15. 
These values are similar to those found for 3 [17]. 
Again the equatorial CO groups are closer to the 
respective Ru atoms than arf the axial CO groups; the 
mean bi&i~iiciZ i3 G 0.04 A. QXmpared ‘V&h 3, how= 
ever, the averfge values art considerably smaller, val- 
ues of 1.90, A and 1.94, A being found in 8 for the 
equatorial and axial Ru-C bonds respectively. This 
effect is the result of having a third strongly electron- 
donating ligand on the cluster, leading to more back- 
bonding into the Ru-CO anti-bonding orbitals and 
hence shortening of the Ru-CO bonds. The N(3121)- 
C(3121) and C(3121)-O(3121) bonds are 1.349@) A 
and 1.23ii j A, respectiveiy; both are significantiy 
shorter than single bonds, perhaps a result of some 
delocalisation of electron density in the NHCO system. 

3.3. Ru,(CL-H){~-PPh2tCgHqNH-2)}(LL)(C0), [LL = 
(CO), (4), p-dppm (6)/ 

Figures 7 and 8 show the molecular structures of 4 
and 6; some bond distances and angles are presented 
in Table 3. In these molecules, the functional phos- 
phine has been dehydrogenated to give an edge-bridg- 
ing amido ligand; the P atom is also attached to one of 
these two Ru atoms [Ru-P 2.310(2), 2.289(9)-2.299(8) 
A in 4 and 6 respectively], so that a bicyclic S/3 

RuPC,N/Ru,N system is formed. In both complexes 
the N atom bridges an Ru-Ru vector [Ru-N 2.146(6), 
2.115(5); 2.10, 2.20(2) A]. The geometry about the N 
atom in the two complexes requires the associated 
hydrogen atom to lie above the Ru, core, that is, in the 
exe position, as also suggested by its chemical shift 
(6 = 4.95). The four atoms RuW, Ru(3), NC3121 
and C(312) lie -0.001(l), -0.001(l), 0.463(6) and 
- u.36 I(l) A out of the ieast-squares piane through 
these atoms. 

Coordination of the bridging ligand splays out the 
Ru-P and Ru-CO ligands [angles P-Ru-Ru 105.4(l) 
and 102.7(2)-105.7(2)“; C-Ru-Ru 120.1(3)0 and 
114.8(9>-117(1>0 for 4 and 6 respectively]. The “axial” 
CO groups are generally nearer to the respective Ru 
atoms than are the “equatorial” CO groups, but the 

Y 

Fig. 8. Plot of a molecule of Ru&-HX~-PPh2(C,H,NH-2jjb- 

dppmXCOj, (6). 
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TABLE 3. Some bond parameters for Ru3(CL-H)(~-PPh,C,H,NH- 

2)](LLXCO), 

LL (CO)* (4) CL-dppm (6) a 

Bond lengths (A) 
RuWRu(2) 2.835(l) 

RuWRu(3) 2.768(l) 

Ru(2)-Ru(3) 2.827(l) 

Ru(l)-P(1) 
Ru(l)-P(3) 2.310(2) 

Ru(2)-P(2) 

Ru(3)-P(3) 
Ru(l)-N(312) 2.146(6) 

Ru(3)-N(312) 2.115(5) 

Ru(l)-CO(U) 1.891(9) 

RuWCO(12) 1.910(9) 

Ru(l)-CO(13) 1.970) 

Ru(2)-C0(21,23) 1.946011, 1.927(9) 

Ru(2)-CO(22) 1.907(9) 

Ru(2)-CO(24) 1.950) 
Ru(3)-CO(31) 1.869(9) 

Ru(3)-CO(32) 1.887(S) 

P(3)-C(311) 1.817(6) 

P(3)-C(321,331) 1.825(5), 1.829(4) 

Bond angles (“) 
Ru(l)-Ru(3)-P(3) 105.4(l) 

Ru(2)-Ru(3)-P(3) 165.8(l) 
Ru(3)-P(3)-C(311) 101.5(2) 
Ru(l)-N(312)-Ru(3) 81.0(2) 
Ru(l)-N(312)-C(312) 116.0(4) 
Ru(3)-N(312)-Cf312) 119.1(4) 

Ru(l)-Ru(3)-C(31) 118.9(3) 
RuO)-Ru(l)-C(11) 120.1(3) 

Ru(3)-Ru(l)-Cf12) 132.8(3) 
RuO)-Ru(l)-P(1) 

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

2.845(3)-2.859(4) 

2.763(4)-2.781(4) 
2.801(4)-2.813(4) 
2.297(9)-2.321(9) 

;.299(9)-2.316(9) 

2.289(9)-2.312(S) 
2.17(2)-2.24(2) 

2.07(2)-2.11(2) 
1.66(3)-1.91(3) 
1.80(3)-1.92(3) 

1.60(5)-1.96(2) 
1.77(4)-1.93(3) 

;.62(3)-1.8@4) 
1.80(3)-1.96(4) 

1.7X3)-1.88(3) 
1.72(3)-2.0@3) 

102.7(2)-105.7(2) 
X4.0(2)-167.3(3) 

102(l)-1040) 
79.5(7)-81.2(9) 

114(2)-126f2) 
119(2)-122(2) 
117.1(l)-121.6(S) 
114.8(9)-117(l) 

136.2(3)-137.6(2) 
115(l)-116.7(9) 

108.4(9)-113(l) 

a Range of values for three molecules. Values for displacement of P 
atoms from Rus plane: 8p(l) 1.24(l), 1.239(10), 1.32(l); aP(2) 0.19(l), 

0.25(l), 0.29(l); SP(3) 0.0301, 0.0501, 0.040). 

differences are not so marked as in the other com- 
plexes described above. 

In the Ru, triangles, the non-bridged Ru-Ru sepa- 

rations aie remarkably similar, with average values of 
cu. 2.81 A, the N-bridged Ru-Ru lengths are 2.768(l), 
2.763(4)-2.781(4) A. The location of the bridging H 
atom in the two complexes is a matter of some conjec- 
ture as neither were located in the X-ray studies. 
Normally, the presence of this ligand is revealed by a 
lengthening of the M-M vector over similar non- 
bridged systems. However, in the present cases, we are 
inclined to think that the H atom bridges the N-bridged 
Ru-Ru vector in both complexes, as suggested by the 
disposition of the CO ligands about this vector. 

In 6, the dppm ligand occupies equatorial sites on 
the associated ruthenium atoms [Ru-P 2.289(9)- 
2.321(9) A], although P(1) lies considerably above the 
Ru, plane (see Table 3). This distortion is associated 
with the bending of R&I-CO(11) [Ru(3)-Ru(l)-C(11) 
114.8(9)-117(l)“]; a larger displacement of C(31) is 
found [Ru(l)-Ru(3)-C(31) 117.1(l)-121.6(8)“]. Both of 
these are presumably the result of the p-H ligand 
spanning the Ru(l)-Ru(3) vector. There is a close 
approach of H(316) to the centre of the Ph(12) group 
of the dppm ligand [H(316) a.. C(321, 326) (est.) 2.8, 
3.0 Al. This interaction may assist in stabilising the 
observed structure and results from a twist of Ru(1) 
coordination sites (with respect to the Ru, plane) upon 
coordination of N(312); both CO(31) and CO(11) are 
approximately truns to N(312) [N(312)-Ru(l)-C(11) 
163(l), N(312)-Ru(3)-C(31) 173(l)” (av.)] which results 
in P(1) being lifted above the Ru, plane on the same 
side as N(312). 

Both complexes are unusual in that the dehydro- 
genated ligand is found bridging a vector which in- 
cludes the Ru atom to which the P atom is attached. In 
other examples, such as those formed by the well-known 
cyclometallation reactions [18], the functional group 
bridges the other two Ru atoms. Here, the observed 
stereochemistry suggests that the formation of a five- 
membered RuPC,N ring is preferred over that of the 
six-membered RuPC,NRu system which would be 
formed if the latter course were followed. 

TABLE 4. Some bond parameters for Ru&-HXP-PPhZ[C6H4NC(Ph)O-2])&-dppm)(CO), (9) 

Bond lengths (2) 
RuW-Ru(2) 
Ru(l)-Ru(3) 
Ru(2)-Ru(3) 
Ru(l)-P(1) 
Ru(2)-P(2) 

Ru(3)-P(3) 
Ru(2)-O(3121) 
Ru(3)-N(3121) 

Bond angles (“) 
Ru(l)-Ru(3)-P(3) 
Ru(2)-Ru(3)-P(3) 
Ru(3)-P(3)-C(311) 

2.854(2) Ru(l)-C0(11,12) 1.916, 1.902(6) 
2.863(2) RuWCOf13) 1.88(i) 
2.899(l) Ru(2)-C0(21j 1.821(6) 
2.31%2) Ru(2)-CO(22) 1.895(S) 
2.332(2) Ru(3)-COf31) 1.893(9) 
2.330(3) Ru(3)-CO(32) 1.847(5) 
2.157(4) C(3121)-N(3121) 1.30(l) 
2.160(4) C(3121)-O(3121) 1.27(l) 

166.83(4) Ru(3)-N(3121kc(3121) 125.4(5) 
123.28(7) N(3121)-C(3121)-Of3121) 123.5(5) 
97.7(2) Ru(2)-0(3121)--C(3121) 126.9(4) 
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3.4. Ru,(p-H)(p-dppm)ip-PPh,[C,H,NC(Ph)O- 
211 (CO), (9) 

A molecule of 9 is depicted in Fig. 9, and selected 
bond parameters are listed in Table 4. As noted above, 
the functional group of the tertiary phosphine has been 
deprotonated to give a three-atom edge-bridging group 
which is attached to the tiuster by the N and 0 atops 
[Ru(2)-O(3121) 2.157(4) A, Ru(3)-N(3121) 2.160(4) Al; 
the central carbon of the carboxamide ligand does not 
interact with the cluster. Electron delocalisation within 
the carboxamide function is indicated by the N(3121)- 
C(3121) [1.30(l) A] and C(3121)-O(3121) Il.2701 Al 
bond lengths; internal angles at atoms N, C, o(3121) 
are 125.4(5), 123.5(5) and 126.9(4>0 respectively. The 
metal-bonded hydrogen was located and refined in t,he 
X-ray study, and bridges Ru(2)-Ru(3) [2.899(l) Al, 
while the dppm-bridged RuWRu(2) 12.8542) Al and - _- ,_\ 
non-bridged Ruil j-Rui3j vectors i2.863W & are 
within the expected ranges. The dppm ligand occupies 
equatorial coordination sites [RuWP(1) 2.31901, 
Ru(2)-P(2) 2.332(2) Al. 

3.5. Ru,(p-H){p-PPhz(C6HqN=CPh-2)}(C0)9 (11) 
A molecule of 11 is depicted in Fig. 10, and selected 

bond parameters are listed in Table 5. Again, we find 
that the tertiary phosphine has been dehydrogenated 
at the functional group to give an edge-bridging ligand: 
in 11, the N=C unit bridges the Ru(l)-Ru(2) ovector 
[Ru(l)-C(40) 2.088(5) A, Ru(2)-N(12) 2.114(4) Al. We 
note that bridging by0 the CkN group increases this 
separation to 2.9200) A from the values found in 4 and 
6 (above). The atoms of the CNRu, cycle are almost 

Fig. 9. Plot of a molecule of Ru3i~--HiiCL-PPh2iC6H4NCiPiriO- 
ZIKP-dppmXCO), (9). 

a: O(6) 
b: (321) 
c: c(22j 
d: N(12) 
. . P,“fi\ CI. “,W, 

Fig. 10. Plot of a molecule of Ru&-HXP-PPhz(CaH4N=CPh- 

2)HCO), (11). 

coplanar, the maximum deviation being 0.020(6) A for 
C(40), with internal angles at N(12) and c(40) of 
112.0(l)” and 116.9(2)“ respectively; the C-N bond 
length is 1.292(6) A. The hydride ligand was not lo- 
cated in the X-ray study, but similar considerations to 
those presented for 4 and 6 suggest that the H atom 
bridges the Ru(l)-Ru(2) vector. 

3.6. 0sg(~-H)~~-PPh2(CgHqCO-2))(CO)9 09) 
The structure of a molecule of 19 is shown in Fig. 11 

and selected bond parameters are listed in Table 6. 
The triangular OS, core0 has OS-OS separations be- 
tween 2.833(2)-2.918(l) A. The deprotonated acyl lig- 
and bridges OS(~)-OS(~), O(1121) being attached to 
OS(~) [2.13(l) A] and both the acyl carbon and the 
phosphorus atom chelating OS(~) [OS(~)-P(1) 2.319(5) 

TABLE 5. Some bond parameters for Ru&-H&PPh&CsH.+- 

N=CPh-2))(CO), (11) 

Bond lengths (& Bond angles (“1 

R&j-Ru(2) 2.920(l) Ru(l)-Rd2)-P(1) 112.00) 

Ru(l)-Ru(3) 
Ru(2)-Ru(3) 
Ru(2kP(l) 

I_\ __,__\ 
RuW-NW) 

Ru(l)-C(40) 
Ru(2kCOW 
Ru(2)-CO(4) 
RuW-CO(3) 
RuW-CO(2) 
R&)-CO(l) 

Ru(3)-C0(7,9) 
Ru(3)-C0(8,6) 
P(l)-C(31) 
P(l)-c(11,21) 

N(12Kt40) 

2.8500) Ru(3)-Ru(2)-P(l) 167.4(l) 

2.833(l) Ru(2)-PWC(31) 100.4(2) 

2.333(l) Ru(2)-N(12)-C(32) 118.0(3) 

2.iiWj _ I^\ ._I.?.\ -,.n\ ..a ,I_\ 
KUW-NtILI-Lt‘lUI 115.M51 

2.088(S) RuW-C(40)-N(12) 112.0(3) 

1.867(6) 
1.880(6) 
1.914(6) 
1.948(6) 
1.929(6) 
1.935(8), 1.9CM6) 
1.951(8), 1.960(8) 
1.829(5) 
1.823(4), 1.812(4) 

1.292(6) 
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Fig. 11. Plot of a molecule of 0s,(~-HH~-PPh2(C~H4CO-2)kC0)9 
(19). 

A, OS(~)-C(1121) 2.05(2) Al. In the p-acyl group the 
C-O distance [1.29(2) A] may be somewhat longer than 
that found in the immediate precursor 18, with a 
&n;10r P u -rn h\r\nA rl ALI? Kl h in 18, p(l) Dllllllcu b6aA4-b” ““UU LI.-rv\J, I-x,. 

occupies an equatorial site, although bent up from the 
OS, plane by the geometrical requirements of the 
bicyclic OsPC,/Os,C, system. Again, axial OS-CO 
distances are approximately 0.04 8, longer than the 
equatorial OS-CO distances. The hydrogen atom, not 
located in the X-ray study, but clearly shown to be 
present by the ‘H NMR spectrum (6 = - 13.39), prob- 
ably bridges OS(~)-OS(~), as revealed both by the 
1- ~~rl~~ -*~- ~.?.I~.~ ~~ iengrnenmg 01 rms separation and by the characteristic 
splaying of the CO groups attached to the two OS 
atoms [Os(l)Os(2)C(22) 112.6(8)“, Os(2)Os(l)C(12) 
116.6(7)“]. 

Most of these complexes contain an edge-bridging 
ligand formed by the H-migration reactions. Compari- 
son of their molecular structures shows that the dihe- 
dral between the M, and M,(I.L-X) planes varies as 
follows: 111.8(5) and 68.54(5), 70.59(5), 66.15(5)0 [for 
X = NH in 4 and 6 (three molecules)], 72.5(4Y (X = 
N=CPh in 11) and 74.30(4>0 (X = CO in 19). 

4. Discussion 

This work has examined the reactions of some ter- 
.:.-.-. ,L,“-L:--- L_..-1-- c_.___*:__,, --- ..-- . ..?*I. ~~~~A*~ 
LILLY ~IIU~~IIIIICS uoanrlg lumxwndl groups wirn rurne- 
nium and osmium cluster carbonyls. With Ru,(CO),,, 
the presumed first-formed complexes of type Ru,- 
(CO),,{PPh,(C6H,XH-2)) are readily converted to the 
hydrido clusters Ru,(CL-H){CL-PPhz(C,H,X-2))(CO), 
either thermally or by the isolation procedure. In con- 
trast, but not unexpectedly 12~1, the corresponding 
complexes derived from Os,(CO),, are kinetically sta- 
ble, and examples with X = NH,, NHCOPh, CHO and 
CH=NNHC,H,(NO,),-2,4 have been isolated and fully 
characterised. On heating, the ruthenium complexes 
. . ..A..,, l...A-:.-I- ,:,_,c:,__ c_.-- *l__ 1:-_-J I_ LL- _*.._ Ull”Glgu llyulluc 1111glaLlull 110111 UK nganu LO me CIUS- 
ter with concomitant formation of a bridging phos- 
phine ligand. The behaviour of derivatives of the sub- 
stituted cluster Ru&dppmXCO),, is similar, but the 
rearrangements take place more readily. Thus, in re- 
flwring cyclohexane, the phosphino-aldehyde complex 
15 rearranges to 16 in 45 min (66%); in toluene after 
10 min, further transformation by cluster decarbonyla- 
tion and formation of a p3-acyl ligand occurs to give 
i7. In contrast, the OS, compiex i8 required heating in 
refluxing xylene for 7 h to give 19 in 84% yield; no 
evidence was obtained for the formation of a ps-acyl 
complex analogous to 17. 

TABLE 6. Some bond parameters for 0s3(~-HXCL-PPhZ(C6H4CO-2)XC0)9 (19) 

Bond lengths (A) 
n-/r\ n-/n\ “WI,-“SIL, 
OswOs(3) 
OS(~)-OS(~) 
OS(l)-P(1) 
Os(2)-00121) 
osw-c(1121) 
os(lbco(12) 
os(lbco(13) 
Os(2)-Co(22) 

Bond angles (9) 
r\“l?\ r\“,,\ TM,\ “s~D,-“L~I,-r\I, 
0s(3)-0s(1)-P(1) 
os(l)-P(1)-c(111) 
os(l)-c(1121)-C(112) 

_ ,I.“,.\ 
L.YlUIIlI 

2.857(l) 
2.833(2) 
2.319(5) 
2.13(l) 
2.05(2) 
1.98(2) 
1.82(2) 
1.87(2) 

iii i(i) 

165:6(l) 
102.6(6) 
121(l) 

,. I^\ ^^I^^\ 
USW-LWW) 

Os(2)-CO(24) 

Os(3kCo(31,32) 
Os(3)-Co(33,34) 
P(l)-C(111) 
P(l)-C(121,131) 
cx112)-c(1121) 
cx1121)-o(1121) 

__l.\ s-J..,..\ s.,..m.\ 
usu~-LIllLl~-~llLI~ 

0s(2b0(1121)-cx1121) 
oswos(2bc(22) 
0s(2)-0s(1)-cx12) 

l.YWJ 
1.90(2) 
1.83, 1.94(2) 
1.87, 1.77(4) 
1.810) 
1.83, 1.81(2) 
1.46(3) 
1.29(2) 

__^,_\ 
IZWl) 

106(l) 
112.6(8) 
111.6(7) 
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The course of these reactions is of interest. In one 
case, the first-formed product (14a) of the reaction 
between Ru,(CO),, and PPh,(C,H,CHO-2) appears 
to contain a terminal hydride ligand (S = -6.01, but 
changes readily on attempted purification to an iso- 
merit complex (14b) containing a p-H ligand (6 = 
- 13.3). This observation suggests that initial oxidative 
addition of the functional group to a single Ru centre 
occurs to give an intermediate of type (Cl, which 
readily transforms to the more commonly observed 
ntnkrt CR) f’bhmnc- 1) Tt ic nntewnrthv that the y”“..uvc \Y, \Y”“V”‘” *,. *. &” .~v.~.,..~..~J 
possibility of forming p- and ps-acyl groups apparently 
prevents the decarbonylation reactions of the type of- 
ten found with mononuclear rhodium complexes and 
aldehydes or acid chlorides, for example [19]. 

The ‘H NMR spectrum of 6 contains two NH reso- 
nances at S = 4.95 and 6 = 5.34, whereas in 4 only one 
resonance is present. By analogy with the exe and endo 
isomers of the amido cluster OS&-NHPh)(p- 
/Y\/flA\ ._.l_l_l_ l__.._ L___ ______c,J __,J :_,J:.,:A..,,,., LlnLuJi@ w111c11 uave “eel, scpa,aLcu il,lU lllulvluually 
characterised by single-crystal X-ray structure determi- 
nations [13], we might assign these two resonances 
similarly to exe and endo isomers of 6. We note, 
however, that in the case of 4, which has the exe 
configuration, the NH resonance is found considerably 
down-field (at 6 = 6.08) from both these systems, sug- 
gesting that the NMR criterion may not be a reliable 
guide to the assignment of stereochemistry of these 
systems. 

Further, we note that considerable rearrangement 
-l? rL.. ____~:_..c:__ ..,L,,, ,.l.,..c D,./3\ ,...A D../l\ 01 Lilt; CwIuIIIalIuII ayucle cl”“UL L\u\.&, allU L.U\J, 
would be necessary to accommodate the endo geome- 
try in 6. The plane of the C,H, group in endo isomer 
would be approximately perpendicular to the Ru, 
plane, resulting in an even larger movement of P(3) out 
of the Ru, plane. Some of the resulting steric conges- 
tion can be alleviated if the dppm ligand occupies axial 
coordination sites (as found in 17). At this stage, we 
believe that the endo isomer would be considerably 
iess stabie than the structuraiiy characterised e.xo iso- 
mer; however, an alternative explanation for the obser- 
vation of the two NH resonances must await further 
studies. 

While the reactions of the phosphine complexes 
proceed quite well on heating, we have also observed 
that oxidative decarbonylation of these complexes (with 
Me,NO) offers a convenient route to the hydrido clus- 
ters under mild conditions and in high yield. Evidently 
the generation of a vacant coordination site faciiitates 
the intramolecular migration of hydride. Complex 18 is 
relatively stable towards thermally promoted hydrogen 
migration, requiring heating in refluxing xylene to form 
19. However, treatment of 18 with Me,NO at room 
temperature resulted in conversion to 19 in 62% yield. 

The mechanisms of these reactions are similiar to 
those of other trinuclear complexes with phosphine 
ligands [2c,20]. However, the influence of both the 
dppm ligand and the phosphine PPh,(C,H,CHO-2) 
have to be considered. The lability of 2 towards decar- 
bonylation promotes the initial substitution. The acid- 
ity of the aldehydic hydrogen, in addition to the size of 
the resulting cyclic system, enables hydrogen migration 
to occur at low temperatures. 

The hydrido cluster Ru&HXp-dppmXp-PPh,- 
(C H NCI(PhMS2M~CO) (9). &tained hv themdvsis ,-(j--4_.- \___,1 _,,\__, 7 \-,, -, __________,L_L 
of 8, has a structure which differs from that of 6 in that 
the coordination of the deprotonated amide function is 
via the 0 and N atoms. In accord with this, the IR 
spectrum of 9 has the acyl v(C0) absorption at 1742 
cm-’ as a result of coordination and delocalisation of 
the NC0 group. It was expected that the NH group in 
8 would react faster than that in 5; this feature over- 
comes the statistical advantage provided by there being 
h.r,. u n+r\ml. . c Ur..,,P‘,PI th‘a “,+*,.-al tn.m+;.r;+w ..,QE 
IWV II a~uum iii 2. IIVW~~V’CII, u,r abcucu Irarrlrl~J n-0 

reversed to the extent that hydrogen migration in 8 
occurred only at much higher temperatures than in 5. 
The formation of a CL-q*(ZV,O)-RNC(R’>O system ap- 
pears to have only the one precedent, mentioned above; 
related ligands formed by addition of amines to clus- 
ter-bound CO ligands are found attached via p-C-0 
groups [8]. In the present example, this novel be- 
haviour probably results from the relief of steric strain 
that would be experienced by an NC(O)Ph group 
bridging via the N atom alone as found in parent 
0m;nn rL&,Q&,P I; 4111111” UcIII*cScI*\r “. 

The formation of the p,-imino and -acyl clusters 13 
and 17 respectively, offers a route towards further 
activation of these ligands. The CL,-ligand is formed by 
involvement of the C=N or C=O r-systems respec- 
tively, and while many previous CL,-imino systems have 
been described [21], relatively few examples of CL,-acyls 
are known. Previous reports have described the com- 
plexes Fe&,-O=CRXCO), [22] and the heterometallic 

n- r-r‘ A T‘(_TT /*_,\,fx?A\ /.- n TT \ system us,w~~~-u=tL~*1LuII~ILuI~~~~-L5n5/, ot- 

tained from W(C(tol>KCO),(77-C,H,) and OS&L- 
I-B2(C0)i,, WI. 

4.1. Further reactions of PPh,{CH,C(O)Ph)} 
Our initial studies of the reactions of Ru,(CO),, 

with PPh,{CH,C(O)Ph] showed the ready formation of 
the hydrido cluster 22, containing a p-phosphino-en- 
olate ligand [5]. This orange-red complex is formed 
neariy quantitativeiy on heating Ru,(COi,,iPPln,iCH,- 
C(O)Ph]} (21) in refluxing THF. Alternatively, it is 
formed readily in the presence of [PPNHOAc], which 
can successively labilise two CO ligands in Ru,(CO),,, 
allowing consecutive CO-substitution and H-migration 
reactions to give 22 in 48% yield. Reversion of 22 to 
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the precursor 21 was accomplished by its reaction with 
co. 

Protonation of the enolate complex gave the cationic 
hydrido complex 23, formed by conversion of the eno- 
late into the keto complex with retention of the hy- 
drido ligand (S = - 15.20). Addition of NaOH rapidly 
produces 22. Tlne corresponding disubstituted cationic 
complex 24 has also been obtained. In these com- 
plexes, the inequivalence of the CH, protons was 
evident in the ‘H NMR spectra, which were analysed 
on the basis of an ABX (H ‘H2P) spin system. 

It is notable that the pyrolysis of RuJCO),,_,- 
(PPh,[CH,C(O)Ph]}, (n = 2, 3) resulted in loss of 
PPh,(CH,C(O)Ph} and formation of clusters contain- 
ing one less tertiary phosphine ligand, namely 22 and 
Ru,(COj,,(PPh,[CH,C(OjPhl), respectively. 

Reactions of 22 with 4-MeC,H,NCO, RC=CR’ (R 
= H, R’ = ‘Bu; R = R’ = CO,Me) or CNC,H,Me,-2,6 
were attempted, in order to achieve C-C bond forma- 
tion with the enolato carbon [24] or insertion into the 
Ru-H bond. Although the ‘H NMR resonance of the 
hydrido ligand disappeared, no products could be iso- 
lated. 

Reactions between the keto-phosphine and Ru&- 
HXQZ2tBu) (CO), afforded only the CO-substitution 
products Ru,(~-H)(CL3-C2’BuXC0)9_,(PPh2[CH,- 
C(O)Ph]}, [n = 1 (25) and 2 (2611; no further H migra- 
tion was observed. Deprotonation of 25 with NaOH in 
ethanol, followed by reaction with AuCl(PPh,) gave 
AuRug(~3-C;Bu)(CO)s{PPh2[CH2C(0)Ph])(PPh,) 
(27). Interestingly, this contrasts with the conversion of 
23 to 22, mentioned above. However, in the absence of 
further experiments, we cannot state whether the site 
of deprotonation is the cluster or the ligand, because 
the kinetic product may not correspond to the thermo- 
dynamic product 1251. 

5. Conclusions 

This study has provided several further examples of 
cluster-induced dehydrogenation of functional groups 
attached to tertiary phosphine ligands. The reactions 
proceed by initial coordination of the tertiary phos- 
phine followed by hydrogen atom migration, possibly 
by initial oxidative addition to one metal centre. The 
resulting hydrido complexes contain bridging ligands, 
which may be induced in two cases, at least, to interact 
further with the cluster with concomitant decarbonyla- 
tion and formation of +igands. The reactions differ 
considerably from those involving related tertiary phos- 
phines containing as the functional group an alkene or 
alkyne, for which the predominant reactions involve 
P-C bond cleavage. The latter reactions are a useful 
source of phosphido-bridged clusters containing hydro- 

carbon ligands. In the reaction of PPh,(CH=CH,) with 
Ru,(CO),,, however, oxidative addition of the vinyl 
group to the Ru, cluster occurs to give Ru&-HXp3- 
a,n2,P-CH=CHPPh,XCO),{PPh,KH=CH,)l [261, 
which has some analogy with the syntheses of 13 and 
17. 

Cieariy, the extended coordination of these func- 
tional groups by multi-site attachment to metal clusters 
is likely to lead to increased reactivity (“activation”), 
which may be achieved without P-C bond cleavage. 

6. Experimental details 

Reactions were performed under dinitrogen. Sol- 
vents were distilled prior to use using standard drying 
agents. Preparative thin layer chromatography (TLC) 
was carried out on 20 x 20 cm glass plates coated with 
silica gel containing gypsum binder (13%) (Merck 60 

0.5 mm thick). The standard solvent combina- 
yz&or TLC was 3 : 1 light petroleum (b.p. 60-80”(Z)/ 
acetone. Elemental analyses were carried out by the 
Canadian Microanalytical Service, Delta, B.C., Canada 
V4G lG7, or the Service Central de Microanalyses du 
CNRS. 

6.1. Reagents 
PPh,(C,H,NH,-2) 1271, PPh,(C,H,N=CHPh-2) 

and PPh2(C6H4CHO-2) [28], PPh2{C,H,NHC(0)Ph-2) 
[29] (in the preparation of the later aqueous HCl was 
used instead of water to remove excess pyridine), 
PPh,{CH,C(O)Phl [3Ol, Ru,(CO),, [311 and Ru,@- 
dppmXCOl,, [32] were prepared as described in the 
literature. Me,NO * 2H,O (Aldrich) was dehydrated by 
sublimation (lOO°C/O.l torr). 2,4-Dinitrophenylhydra- 
zine was a commercial product. 

6.2. Instrumentation 
Adelaide: IR: Perkin-Elmer 1700X FTIR; 683 dou- 

ble beam, NaCl optics. NMR: Bruker CXP 300 or ACP 
300 (‘H NMR at 300.13 MHz, r3C NMR at 75.47 MHz, 
31P NMR at 121.49 MHz). FAB mass spectra: VG 
ZAB 2HF (FAB MS, using 3nitrobenzyl alcohol as 
matrix, exciting gas Ar, FAB gun voltage 7.5 kV, cur- 
rent 1 mA, accelerating ootential 7 kVj. Strasbourg: 
IR: Perkin-Elmer 398 or- Bruker IFS. NMR: Bruker 
WP 200 SY (‘H NMR at 200.13 MHz, 31P NMR at 
81.02 MHz). 

6.3. Preparation of PPh,{C, H,2-CH= NNHC, H3-2,4- 
(NO,),) 

PPh,(C,H,CHO-2) (58 mg, 0.2 mmol) and 2,4-di- 
nitrophenylhydrazine (40 mg, 0.2 mmol) were dissolved 
in ethanol (40 ml) and heated to refl_ll~ for 90 min. _A$_ ___ _ _______- \_ _ ____, 
orange precipitate (54 mg, 55%), m.p. 212°C was 
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formed. Anal. Found: C, 63.08; H, 4.17; N, 11.64; M, 
470. C25H19N404P calc.: C, 63.83; H, 4.07; N, 11.91%; 
M, 470. 1H NMR (CDCI3): 8 8.03-6.99 (m, 14H, Ph); 
8.22 (dd, 1H, J(PH) = 9.6, 2.0 Hz, C6H3); 8.75 (d, 1H, 
J(PH) = 4.5 Hz); 9.12 (d, 1H, J(PH) = 2.2 Hz); 11.28 (s, 
1H, CH=N). EI mass spectrum: 424 [M-NO2]+; 378 
[M-2NO2]+; 303 [M-C6H3(NO2)2]+; 288 [M- 
NHC6Ha(NO2)2]+; 182 [NHC6Ha(NO2)2]+; 167 
[C6Ha(NO2)2]+; no M + found. 

6.4. General method for Ru3(CO)9(i.~-dppm)(L) 
Ru3(/~-dppm)(CO)10 (97 mg, 0.1 mmol) and the 

ligand (0.1 mmol) were stirred in CHEC12 (25 ml) 
overnight (ca. 12-16 h) at room temperature. The 
solvent was evaporated to dryness and the complex 
purified by preparative TLC. 

6.5. General method for Os3(CO)u(L) 
Os3(CO)ll(NCMe) was made by suspending 

O83(CO)12 (200 rag, 0.22 mmol) in a mixture of CHECI 2 
(50 ml) and acetonitrile (5 ml) and stirring at room 
temperature. MeaNO (2 × 8.3 mg in 5 ml CH2C12) was 
added to the slurry. All the Os3(CO)12 dissolved after 
additiOn of the first half of the MeaNO. After comple- 
tion of the reaction (monitored by TLC) the solution 
was filtered through silica to remove excess MeaNO, 
the solvent was partially removed, 15 ml MeOH was 
added, and the remaining CH2CI 2 was removed. Fil- 
tration afforded Osa(CO)ll(NCMe) (168 mg, 83%) as a 
yellow powder. 

Os3(CO)ll(NCMe) (2 mg, 0.1 mmol) was stirred in 
CH2CI 2 (25 ml) together with the ligand (0.1 mmol) for 
2-3 h at room temperature. The solvent was evapo- 
rated to dryness and the product was purified by 
preparative TLC. 

6.6. Reactions of 2-diphenylphosphino-aniline 

6.6.1. With Ru3(CO)12 
Ru3(CO)12 (100 rag, 0.156 retool) and 2-diphenyl- 

phosphino-aniline (44 mg, 0.159 retool) were dissolved 
in tetrahydrofuran (20 ml) and sodium benzophenone 
ketyl (THF solution) added dropwise until a colour 
change was observed (4-5 drops). The solution was 
heated to 65-70 ° for 30 min. The solvent was removed 
and the residue purified by preparative TLC (light 
petroleum:acetone 4:1) to produce one major band. 
The orange band (Rf=  0.4) was recrystallised (CH 2 
CI2/MeOH) to yield red crystals of Ru~(/~-H){/z- 
PhEP(C6H4NH-2)}(CO) 9 (4) (82 mg, 63%), m.p. 187- 
189°C (dec.). Anal. Found: C, 38.69; H, 1.93; N, 1.70%; 
M, 834. C27H16NO9PRu 3 calc.: C, 38.95; H, 1.94; N, 
1.52%; M, 834. IR (cyclohexane): ~,(CO) 2082m, 2045vs, 
2015s, 2010s, 1999m, 1992m, 1982w, 1974m cm -1. 1H 

NMR (CDC13): ~ -13.54 (d, 1H, J (PH)= 8.7 Hz, 

Ru-H); 6.08 (s, 1H, NH); 7.06-7.72 (m, 14H, Ph). laC 
NMR (CDC13): 8 121.43 [d, J(CP)--44.2 Hz, CO)I; 
123.85 [d, J(CP) -- 10.9 I--Iz, C(5)]; 124.32 [d, J(CP) = 5.7 
Hz, C(3)1; 9, 128.78-129.08 (m, 12(3', 5')]; 130.25 [d, 
J(CP) = 2.3 Hz, C(4')]; 130.96 [d, J(CP) = 2.3 Hz, C(4)]; 
131.18 [d, J(CP)= 11.3 Hz, C(12)]; 132.35 [d, J(CP)= 
2.1 nz, C(4')]; 132.38 [d, J(CP)=59.3 Hz, C(1')]; 
132.93-133.10 [m, C(2', 6')]; 135.11 [d, J(CP) -- 50.1 
Hz, C(1')]; 171.65 [d, J(CP) -- 28.1 Hz, C(2)]; 183.41 (s); 
194.40 [d, J(CP) = 9.7 Hz]; 196.50 (s); 196.77 [d, J(CP) 
= 5.1 Hz]; 200.59 (s); 205.99 [d, J(CP) = 6.5 Hz]; 206.75 
(s); 213.03 (s, Ru-CO). FAB MS (m/z):  834 M÷; 
806-582 [M-nCO] + (n = 1-9). 

6.6.2. With Ru 3(lz-dppm) (CO) w 
From PPh2(C6H4NH2-2) (28 mg). The orange band 

(Rf=0.35) afforded Ru3(/~-dppm)(CO)9{PPh2(C6H 4- 
NH2-2)} (5) (111 rag, 91%) from a reaction carried out 
at 15°C. At higher temperatures the yield of 5 de- 
creased, red Rua(/z-H)(/x-dppm){/.~-PPh2(C6H4NH- 
2)}(CO) 7 (6) (R e = 0.44) also being obtained. At 30°C 
the yield of 5 was 35% whereas that of 6 was 37%. 
Recrystallisation of 5 (CH2C12/MeOH) afforded a 
bright orange powder. Anal. Found: C, 50.63; H, 3.32; 
N, 1.21%; M, 1218. C52HaaNOaP3Ru3 calc.: C, 51.25; 
H, 3.31; N, 1.15%; M, 1218. IR (cyclohexane): v(CO) 
2058w, 2032w, 1997vs, 1984vs, 1964(sh), 1943m cm -1. 
1H NMR (CDCI3): 6 3.77 (br s, 2H, NH2); 4.17 (m, 
2H, CH2); 7.56-6.57 (m, 34H, Ph). t3C NMR (CDCI3): 

212.21 (s, Ru-CO); 147.66 (d, Ph ipso to NH); 
136.87-128.26 (m, Ph); 118.05-116.17 (m, Ph); 54.42 (t, 
CH2). FAB MS: 1218 M+; 1190-966 [M-nCO] + (n = 
1-9); 874 [M-9CO-C6H4NH2] +. 

6.6.3. Formation of 6 
Ru3(/~-dppm)(CO)10 (97 mg, 0.1 mmol) and 

PPhE(C6H4NH2-2) (28 mg, 0.1 mmol) were heated in 
refluxing THF (25 ml) for 45 rain. Purification by TLC 
gave a red band (Re--0.44) containing Rua(/~-H){/z- 
PPhE(C6H4NH-2)}(/z-dppm)(CO) 7 (6) (67 rag, 56%). 
Recrystallisation (CHECHE/MeOH) afforded dark red 
crystals. Anal. Found: C, 50.03; H, 3.39; N, 1.19%; M, 
1162. C51H38NOaP3Rua.0.5CH2Cl 2 calc.: C, 50.23; H, 
3.19; N, 1.14%; M, 1162. IR (cyclohexane): v(CO) 
2032vs, 1997vs, 1984m, 1963vs, 1953w, 1939m, 1930w, 
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1903w cm -1. 1H NMR (CDCI3): B - 13.27 (d of d, 1H, 
J(PH) --- 10.8, 56.4 Hz, Ru-H);  4.43 (m, 2H, CH2); 4.95 
and 5.34 (approx. ratio 2:3, s, 1H, NH); 7.66-6.67 (m, 
34H, Phil). 13C NMR (CDC13): 8 58.84 [t, J(PC) = 24.2 
Hz, CH2]; 120.52-137.85 (m, Ph); 173.28 [d, J (PC)= 
28.7 I-Iz, Ph ipso to NH]; 189.18, 199.05, 204.29, 207.87, 
208.09, 208.31, 213.80, 223.36 (8 s, Ru-CO).  FAB MS 
(m/z): 1162 M+; 1134-966 [M-nCO] + (n -- 1-7); 890 
[M-7CO-C~H4]+; 812 [M-7CO-2Ph] +. 

6.6.4. With 053(C0)12 
From PPh2(C6H4NH2-2) (28 mg). The yellow- 

orange band (Rf=0.58)  afforded Os3(CO)ll{PPh 2- 
(C6H4NH2-2)} (99 mg, 89%) (7) as light orange crystals 
(CH2C12/MeOH). Anal. Found: C, 30.16; H, 1.40; N, 
1.24%; M, 1157. C29H16NO11OsaP calc.: C, 30.13; H, 
1.40; N, 1.21%; M, 1157. IR (CH2C12): v(CO) 2108s, 
2055vs, 2034vs, 2018vs, 1999s, 1987s, 1977s, 1953m 
cm -1. 1H NMR (CDCI3): 8 3.77 (s, 2H, NH2), 7.54- 
6.67 (m, 14H, Ph). 13C NMR (CDCI3): 8 137.43-117.18 
(m, Ph); 147.33 (s, Ph ipso to NH2); 183.46 (s, Os-CO). 
31p NMR (CDCI3): 8 -9 .39 (s). FAB MS (m/z): 1157 
M+; 1129-849 [M-nCO] + (n = 1-11); 772 [M-11CO- 
Phi +. 

An unidentified minor product (yellow, Rf = 0.37; 
1.4 mg) was also isolated. 

6. 7. Reactions of PPh2{C6H4NHC(O)Ph-2)} 

6. 7.1. With Ru 3 (Iz-dppm) (CO) w 
From PPh2{C6H4NHC(O)Ph-2} (38 mg). The or- 

ange-red band (Re= 0.28) afforded Ru3(/~-dppm) 
(CO)9{PPh2[C6H4NHC(O)Ph-2]} (8) (78 mg, 59%). Re- 
crystallization (CH2C12/MeOH) afforded dark red 
crystals. Anal. Found: C, 52.76; H, 3.15; N, 1.12%; M, 
1322. C59H42NOIoP3Ru3 calc.: C, 53.64; H, 3.20; N, 
1.06%; M, 1322. IR (cyclohexane): ~,(CO) 2056w, 
2018w, 2000vs, 1991vs, 1982vs, 1968(sh), 1950m, 1943m 
cm -1. 1H NMR (CDCI3): ~ 4.10 (t, 2H, J(PH) -- 10.3 
Hz, CH2); 6.89-7.56 (m, 34H, Ph); 8.02-8.01 (m, 1H, 
H ortho to NHR). 13C NMR (CDC13): B 54.12 [t, 
J(PC) -- 24.2 Hz, CH2]; 138.18-124.96 (m, Ph); 165.22 
(s, NCOPh); 211.49 (s, Ru-CO).  FAB MS (m/z): 1322 
M+; 1294-1070 [M-nCO] ÷ (n = 1-9); 993 [M-9CO- 
Phi +. 

6.Z2. Pyrolysis of 8 
Complex 8 (100 mg, 0.076 mmol) was heated in 

refluxing cyclohexane for 1 h. The dark red product 
(Re=0.38)  was crystallised (CH2C12/MeOH) and 
characterised as Ru3(/z-H){/.~-PPh2[C6H4NC(O)Ph- 
2]}(/~-dppm)(CO) 7 (9) (65 mg, 66%). IR (ojclohexane): 
v(CO) 2035s, 1992s, 1986m, 1968vs, 1948m, 1922w, 
1742w (sh), 1721m cm -1. 1H NMR (CDCI3): 8 - 11.30 

(m, 1H, Ru-H);  4.45 (m, H, CH2); 5.06 (m, H, CH2); 
7.58-6.12 (m, 38H, Ph); 8.07 (m, 1H, H ortho to N). 
FAB MS (m/z): 1266 M+; 1238-1070 [M-nCO] + (n 
-- 1-7); 993 [M-7CO-Ph] +. 

6. 7.3. With 0s3(C0)12 
From PPh2{C6H4NHC(O)Ph-2} (38 mg). The yellow 

band ( R ~ =  0.39) afforded Os3(CO)ll{PPh2[C 6- 
H4NHC(O)Ph-2]} (10) (83 rag, 67%). Recrystallization 
(CH2C12/MeOH) afforded yellow needles. Anal. 
Found: C, 34.45; H, 1.60; N, 1.14%; M, 1261. C36H20 
NO12Os3P calc.: C, 34.31; H, 1.60; N, 1.11%; M, 1261, 
IR (cyclohexane): v(CO) 2109m, 2068w, 2058s, 2035w, 
2021vs, 2003w, 1992m, 1981m, 1966w, 1958w cm -1. 
FAB MS (m/z): 1261 M+; 1233-953, [M-nCO] + (n -- 
1-11); 848 [M-12CO-Ph] +. 

Minor products were present in two yellow bands 
(Re = 0.41 and Rf--0.21) and an orange band (Rf = 
0.11). 

6.8. Reactions of PPh2(C6H4N=CHPh-2) 

6.8.1. With Ru3(CO)12 
Ru3(CO)12 (56 mg, 0.088 mmol) and the phosphine 

(34 rag, 0.092 mmol) were dissolved in THF (10 ml) 
and sodium benzophenone ketyl (THF solution) was 
added dropwise until a colour change was observed 
(5-6 drops). The solution was heated to 70-80°C for 15 
min. The solvent was removed and the residue purified 
by preparative TLC (light petroleum:acetone 4:1) to 
produce one major orange band (Rf = 0.5) which was 
recrystallised (1,2-dichloroethane/EtOH) to yield red 
crystals of Ru3(/~-H){/~-PPh2(C6H4N=CPh-2)}(CO) 9 
(11) (73 mg, 90%), m.p. 160-162°C (dec.). Found: C, 
44.08; H, 2.19; N, 1.52%; M +, 922. C34H20NO9PRu 3 
requires C, 44.35; H, 2.19; N, 1.52%; M, 922. IR: 
v(CO) (cyclohexane) 2081s, 2044vs, 2015vs, 2008(sh), 
1988m, 1986s, 1978m, 1967vw, 1958w cm -1. 1H NMR 
(CDCI3): 8 -13.95 [d, 1H, J(PH)--4.8 Hz, Ru-H]; 
6.35-7.76 (m, 19H, Ph). 13C NMR (CDCI3): ~ 121.22 
[d, J(CP) = 6.1 Hz]; 121.57 (s, br); 125.84 [d, J(CP) = 6.0 
Hz]; 126.84 (s); 128.21 (s); 128.78 [d, J (CP)= 10.4 Hz]; 
129.11 [d, J(CP)-- 10.6 Hz]; 130.26 (s, Ph); 130.96 [d, 
J(CP) = 51.3 Hz, C(1) or (1')]; 131.02 (s); 131.14 [d, 
J(CP) = 1.9 Hz] (Ph); 131.83 [d, J(CP) -- 46.8 Hz, C(1) 
or C(1')]; 132.33 [d, J(CP)--12.0 Hz, Phi; 132.86 [d, 
J(CP) = 37.8 Hz, C(1) or C(1')]; 133.76 [d, J(CP) = 12.9 
Hz, Phi; 148.36 Is, C(1")]; 158.79 [d, J (CP)= 23.3 Hz, 
C(2)]; 189.43 (s); 192.14 [d, J(CP) = 8.2 Hz]; 193.87 (s); 
197.98 [d, J(CP) = 5.6 Hz]; 202.29 (s); 207.48 [d, J(CP) 
--7.1 Hz]; 210.75 (s); 212.22 (s), (Ru-CO); 221.60 [d, 

J(CP) = 2.5 Hz, C=N]. FAB MS (m/z): 922 M+; 894- 
670 [M-nCO] + (n = 1-9); 592 [M-9CO-C6H6]+; 566 
[Ru 3(C 6 H 4 PPh 2 )] +; 490 [Ru 3(PPh 2)] +- 
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6.8.2. With Ru&dppm)(CO),, 
From PPhJC6H4N=CHPh-2) (37 mg). The orange 

band (R, = 0.32) afforded Ru&-dppmXCO)JPPh,- 
(C,H,N=CHPh-2)] (12) (79 mg, 60%) as orange-red 
rectangular crystals (from CH,Cl,/ hexane). Anal. 
Found: C, 54.12; H, 3.45; N, 1.13%; M, 1306. 
C,,H,,NO,P,Ru, talc.: C, 54.30; H, 3.24; N, 1.07%; 
M, 1306. IR (cyclohexane): v(CO> 2055m, 2035w, 
2020m, 1997~s 1992(sh), 198Ovs, 1963m, 1943m cm-‘. 
‘H NMR (CDCl,): 6 4.16 [t, 2H, J(PH) = 10.2 Hz, 
CH,)]; 6.99-7.46 (m, 36H, Ph); 7.62-7.69 (m, 3H, H 
ortho to N=C); 8.10 (s, lH, CH). 13C NMR (CDCl,): S 
54.22 (t, CH,); 118.54-137.04 (m, Ph); 152.65 [d, J(PC) 
= 2.8 Hz, C @so to Nl; 159.13 (s, CH); 212.35 (s, 
Ru-CO). FAB MS (m/z): 1306 M+; 1278-1054 [M- 
nCO]+ (n = l-9); 977 [M-9CO-Phi+. 

6.8.3. Pyrolysis of 12 
Complex 12 (123 mg, 0.094 mmol) was heated in 

refluxing cyclohexane (20 ml, 1 h). An orange band 
(R, = 0.21) separated by TLC afforded Ru3(~-H&- 
PPh,(C,H,N=CPh-2)]&-dppmXCO), (13) (35 mg, 
29%) as an orange powder. IR (cyclohexane): v(CO) 
2016w, 2003s 1992w, 1959vs, 1934w, 1898~ cm-‘. Anal. 
Found: C, 53.12; H, 3.52; N, 1.20%; M (unsolvated), 
1221. C,,H,,NO,P,Ru, - O.SCH,Cl, talc.: C, 53.25; H, 
3.28; N, 1.06%; M, 1262. ‘H NMR (CDCl,): 6 4.03 (m, 
2H, CH,); 6.57-7.47 (m, 39H, Ph). FAB MS (m/z): 
1221 M+; 1193-1053 [M-nCOl+ (n = l-6); 976 [M- 
6CO-Ph]+; 899 CM-6CO-2Ph]+. 

6.9. Reactions of PPh,(C,H,CHO-2) 

6.9.1. With Ru,(CO),, 
Ru,(CO),, (128 mg, 0.2 mm011 was dissolved in a 

mixture of CH,Cl, (100 ml> and MeCN (10 ml). A 
solution of Me,NO (16.5 mg, 0.22 mmol) in CH,Cl, 
(40 ml) was added dropwise to the stirred solution at 
room temperature. Stirring was continued for 2 h after 
addition of Me,NO was complete and the solution 
filtered through silica to remove excess Me,NO. The 
solvent was evaporated to dryness and the residue 
dissolved in CH,Cl, (40 ml). The phosphino-aldehyde 
(58 mg, 0.2 mmol) in CH,Cl, (10 ml) was added and 
the solution stirred for 30 min. The orange band (R, = 
0.50) afforded a mixture of isomers of Ru3(,+H){p- 

PPh,(C,H,CO-2)KCO), (14) (68 mg, 39%). Repeated 
purification by TLC afforded pure 14b. IR (cyclohe- 
xane): v(C0) 2088s, 2052vs, 2018vs, 2002s, 1982m, 
1960w cm-‘. ’ H NMR (C,D,): S -13.30 [d, lH, 
J(PH) = 5.5 Hz, Ru-H in 14bl; - 6.00 [d, lH, J(PH) = 
17.3 Hz, Ru-H in 14a], 6.7-8.0 (m, 14H, Ph). 13C 
NMR (CDCl,): 6 119.6-140.71 (m, Ph); 192.03 [d, 
J(CP) = 6.7 Hz]; 194.65 (s); 199.26 [d, J(CP) = 3.7 Hz]; 
201.99 (s); 208.45 [d, J(CP) = 3.7 Hz]; 209.29 (s); 210.55 
[d, J(CP) = 2.3 Hz] (Ru-CO); 249 (s, acyl CO>. 31P 
NMR (CDCI,): 6 66.40 (14a); 62.92 (14b). FAB MS 
(m/z): 819-567 [M-&O]+ (n = l-10). 

6.9.2. With Ru,(p-dppm)(CO),, 
From PPh,(C,H,CHO-2) (29 mg). Dark red 

Ru3&-dppmXCO)&PPh2(C6H4CHO-2)) (15) (53 mg, 
43%) (from CH,Cl,/MeOH) and red Ru3(p-HXp- 
dppmXlr.-PPh,(C,H,CO-2)](CO), (16) (23 mg, 19%) 
were obtained from bands at R, = 0.28 and R, = 0.41 
respectively. For 15: Anal. Found: C, 51.10; H, 3.28%; 
M, 1231. C,3H3,01,P3Ru3 talc.: C, 51.75; H, 3.03%; 
M, 1231. IR (cyclohexane): v(CO) 2057w, 2021w, 
2001vs, 1982vs, 1951m cm-‘. ‘H NMR (CDCl,): 6 4.11 
(m, lH, CH,); 4.20 (m, lH, CH,); 7.03-7.57 (m, 33H, 
Ph); 7.98 (m, lH, H ortho to CHO); 10.02 (s, lH, 
CHO). 13C NMR (CDCl,): S 54.35 [t, J(PC) = 21.1 Hz, 
CH,]; 128.63-138.87 (m, Ph); 189.85 (s, CHO); 211.63 
(s, Ru-CO). FAR MS (m/z>: 1231 M+; 1203-951 
[M-&O]+ (n = l-10); 874 [M-lOCO-Ph]+. 

6.9.3. Conversion of 15 to 16 
Complex 15 (178 mg, 0.145 mmol) was heated for 45 

min in refluxing cyclohexane (25 ml>. Purification by 
TLC gave a red band (R, = 0.41) containing Ru3+ 
HXP-PPh,(C,H,CO-2>)&-dppmXCO), (16) (118 mg, 
66%). When the reaction was carried out in reflmcing 
THF (25 ml> for 1 h the yield of 16 was 45%. The ‘H 
NMR of a CDCI, solution indicated the presence of 
two isomers in 1: 1 ratio, but in C,D, only one isomer 
was observed. IR (cyclohexane): v(CO) 2059w, 2035m, 
1996s, 1974vs, 1953m, 1927~ cm-‘. ‘H NMR (CDCl,): 
6 - 13.11 [d of d, lH, J(PH) = 2.8 and 5.4 Hz, Ru-H, 
isomer B]; - 12.93 [d of d, lH, J(PH) = 2.8 and 5.3 Hz, 
Ru-H, isomer A]; 4.25 (m, lH, CH,, isomer B); 4.78 
(m, 2H, CH,, isomer A); 6.99-7.61 (m, 34H, Ph). 13C 
NMR (CDCl,): 6 55.01-54.36 (m, CH,, both isomers); 
141.54-119.20 (m, Ph); 159.93 [d, J(CP) = 17 Hz, C 
ipso to CO]; 190.12 [d, J(CP) = 2.6 Hz]; 200.33 [d, 
J(CP) = 1.0 Hz]; 201.04 [d, J(CP) = 3.3 Hz]; 201.25 [d, 
J(CP) = 3.3 Hz]; 211.11 [d, J(CP) = 1.3 Hz]; 211.98 [d, 
J(CP) = 6.3 Hz]; 217.0 [d, J(CP) = 1.3 Hz]; 218.21 [d, 
J(CP) = 2.0 Hz] (Ru-CO); 286.44 (s, Ru-COR). 31P 
NMR (C,D,): 6 9.55 [d, J(PP) = 45.3 Hz, dppml; 14.18 
[d, J(PP) = 48.3 Hz, dppml]; 61.48 [s, PPh,(C,H,CO- 
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2)]. FAR MS (m/z>: M+ not observed, 1147-923 [M- 
nCO]+ (n = l-9); 874 [M-9CO-C,H,l+. 

6.9.4. Formation of Ru~(~-H){LL~-PP~~(C,H,CO- ” 
2)) (p-dppm) (CO), (17) 

Complex 16 (97 mg, 0.081 mmol) was dissolved in 
toluene (30 ml) and heated to 100°C for 10 min. 
Purification by TLC gave an orange band (R, = 0.28) 
which contained Ru&H&-PPh2(C6H4CO-2)Kp- 
dppmXCO), (17) (47 mg, 50%), obtained as orange 
crystals from CH,Cl,/MeOH. IR (cyclohexane): Y(CO) 
2022s 2007m, 1996w, 1972vs, 1957m, 1919~ cm-‘. ‘H 
NMR (CDCI,): li - 14-95 (tj 1H. Ru-l-l): 3-68 (m, lH, 7 --- --I, 
CH,); 4.34 (m, lH, CH,); 6.61-7.53 (m, 34H, Ph). 13C 
NMR (CDCl,): S 44.24 [t, J(PC) = 18.1 Hz, CH,]; 
128.10-133.39 (m, Ph); 207.18 (s); 208.98 (s), (Ru-CO). 
FAR MS (m/z): 1147 M+; further fragmentation was 
similar to that of 16. 

69.5. With Os,(CO),, 
From PPh,(C,H,CHO-2) (29 mg). The yellow band 

___A a\\ 
CR, = 0.53j afforded Os,(COi,iiPPh,(C,H,cnu-zig 
(18) (107 mg, 91%) as yellow crystals (CH,Cl,/MeOH). 
As the reaction is almost quantitative the product was 
isolated by adding MeOH followed by removal of 
CH,Cl,. Anal. Found: C, 30.79; H, 1.31%; M, 1170. 
C,,H,,O,,Os,P talc.: C, 30.85; H, 1.29%; M, 1170. IR 
(cyclohexane): v(CO) 2109s, 209Ow, 2057~s 2033~s 
2019vs, 1990s 198Os, 1954m cm-‘. ‘H NMR (CDCl,): 
6 7.56-7.05 (m, 13H, Ph); 8.16-8.12 (m, lH, H ortho 
to CHOj; 10.13 (s, lH, CHOj. “C NMR (CDCl,): S 
128.65-136.99 (m, Ph); 171.05 (s); 174.70 (s); 182.67 (s), 
(OS-CO); 189.46 [d, J(PC) = 5.7 Hz, CHO]. 31P NMR 
(CDCl,): S -3.54 (s). FAR MS (m/z): 1170 M+; 
1142-834 [M-nCO]+ (n = l-12); 757 [M-12CO-Ph]+. 

69.6. Synthesis of Os,(p-H){p-PPhz(CgHqCO-2)}- 
(CO), (19) 

6.9.6.1. By thermolysis of I8 Complex 18 (90 mg) 
was heated in refluxing xylene (20 ml) for 7 h. The 
orange band (R, = 0.41) afforded Os,(p-H&PPh,- 
(C,H,CO-2)KCO), (19) (76 mg, 84%). IR (cyclo- 
hexane): v(CO) 2093s, 2055vs, 2015~s 1999s, 1982m, 
1977m, 1960w cm- r. ‘H NMR (CDCl,): 6 - 13.39 [d, 
lH, J(PH) = 5.7 I-Ix, OS-HI; 7.62-7.30 (m, 14H, Ph). 
13C NMR (CDCl,): 6 162.42 (s); 162.80 (s); 174.W& 
T~DP\ _ 3 /; u-1. 17~ 19 (-1. 17~ n7 c..h. 177 1-3 rA J\l b, - A.” ‘UJ, 1IU.J.A \a,, II”.JI, \B,, II I.“& tu, J\TL, 
= 6.1 Hz]; 178.71 [d, J(PC) = 6.6 Hz]; 184.77 (s); 186.93 
(s); 191.65 [d, J(PC) = 5.4 I-Izl[Os-CO]; 271.68 [d, 
J(PC) = 3.1 Hz, acyl CO]. 31P NMR (CDCl,): S 35.65 
(s). FAR MS (m/z): 1114-834 [M-nCO]+ (n = l-10). 

6.9.6.2. By reaction with Me, NO Complex 18 (207 
mg, 0.177 mmol) was stirred in a mixture of CH,Cl, 
(40 ml) and MeCN (5 ml>. Me,NO (16 mg, 0.213 
mmol) in CH,Cl, (10 ml) was added and the mixture 
stirred for 2 h at room temperature. The solvent was 
evaporated after filtration through silica to remove 
excess Me,NO. The residue was dissolved in CH,Cl, 
(30 ml) and stirred for 3 h under gentle reflux. Separa- 
tion of the mixture by TLC afforded 19 (129 mg, 62%) 
and recovered 18 (46 mg, 22%). 

6.10. Preparation of OsJCO),,{PPh,[C, H,{CH= 
NNHC, H3(N02&5 4]11-2) (20) 

From PPh,{C,H,[CH=NNHC,H,(NO,),-2,4]-2) (47 
mg). The yellow band (R, = 0.49) afforded OS, 
(CO),,(PPh,[C,H,(CH=NNHC,H,(NO,),-2,4)-211 (20) 
(112 mg, 81%). Recrystallisation (CH &l JMeOH) af- 
forded orange crystals. IR (cyclohexane): v(CO) 2109w, 
2068vw, 2058s 2035m, 2022vs, 2004vw, 1993w, 1981w, 
1966vw, 1958~~ cm-‘. Anal. Found: C, 32.00; H, 1.46; 
N, 4.23%; M, 1350. C3,Hl,N,01,0s3P talc.: C, 32.05; 
Hi 1 47: N 4 15% M 1350. _ -, - . . _ ) _ . ) ..__ ,“, -.-, 

Minor products were not identified and included 
hvo bands, yellow (R, = 0.26) and orange (R, = 0.43). 

Complex 20 (19 mg, 14.1 rnmol) was heated in 
refluxing EtOH for 1 h. The yellow band (R, = 0.36) 
afforded 18 as the major product (16 mg, 84%). 

6.11. Preparation of Ru,(p-H)(CO),{PPh,CH = 
C( = O)Ph} (22) 

6.11.1. 
A solution of Ru,(CO),,IPPh,[CH,C(O)Ph]) (21) 

(78 mg, 0.085 mmol) in THF (15 ml) was refluxed for 3 
h. The solvent was evaporated under reduced pressure 
and the residue was extracted with pentane (4 x 10 
ml). This orange solution was concentrated to ca. 3 ml 
and cooled (-20°C) overnight to give orange-red crys- 
tals of Ru,&-HXP-PPh,CH = C( = O)PhKCO), (22) 
,<Cl r\rrm\ 
(08 mg, ~3~0). Anai. Found: C, 40.23; H, 2.09%; M, 
860. C,H,,O,,PRu, talc.: C, 40.50; H, 1.97%; M, 
861. IR (CHCl,): v(CO) 2093m, 2053s, 2009(sh) cm-‘. 
IR (KBr): v(C = 0) + v(C = C) 1553m cm-‘. ‘H NMR 
(CDCl,): S - 11.77 [d, lH, 2J(PH) 7.43, Ru-H]; 5.38 
(s, lH, CH); 7.38-7.76 (15H, Ph). 31P{1H} NMR 
(CDCl,): 6 44.45 (s). 

6.11.2. 
To a stirred solution of Ru,(COj,, (600 mg, 0.938 

mm011 and PPh,ICH,C(O)Phj (150 mg, 0.493 mmol) in 
THF WKI ml) was added [PPN][OAcl (39 mg, 0.065 
mmol). After being stirred for 15 min, the solvent was 
evaporated under reduced pressure. The residue was 
extracted with toluene (60 ml), and this solution was 
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TABLE 7. Crystal data and refinement details 

Compound 4 6 7 8 9 

Formula 

Mw 
Crystal system 
Space group 
a, A 
b,A 

c, A 
a, deg. 
P, deg. 
Y, deg. 
u, AJ 

Z 
Q, g cmW3 
F@OO) 
Crystal size, mm 
A* (min, max) 

p, cm-’ 
2%,, deg. 
N 
NO 
R 

RW 

832.6 
Monoclinic 
P&/n (No. 14) 
13.824(4) 
19.361(5) 
12.261(4) 

n 4ClPil r-1 
Y.JJJ~L1pA~ 

1207.7 
Monoclinic 
Cc (No. 9) 

59.43901) 

10.761(4) 

23.12204) 

115.68(2) 100.20(4) 

_-_- _ .___ 
2Y57 14353 

4 12 
1.870 1.65 
1616 7213.4 
0.03 x 0.15 x 0.18 0.08 x 0.33 x 0.16 
1.10, 1.85 1.09, 1.19 
(analytical) (Gaussian) 
15.57 11.1 
45 45 
4231 8891 
3288 5268 
0.054 0.062 
0.068 0.059 

1156.0 
Monoclinic 
/‘2,/c (No. 14) 
15.848(7) 
9.454(9) 
23.779(10) 

1 ?I;rI--rl- 
I.-‘“U”~UL~ 

1436.6 
Monoclinic 
P2,/c (No. 14) 

15.373(7) 

24.343(4) 

17.743(l) 

Pl._C-. 
V”~V’~ 

1350.0 
Monoclinic 
P&/c (No. 14) 
15.490(2) 
19.099(18) 
23.350(5) 

118.56(3) 114.86(2) 125.360) 

^_^^ c-e. -,,.. 
JILY bUL4 3034 

inferred from the chemistry; difference map artefacts were modelled as CH,Cl, 
solvent, one moiety refining 

85°C for 3 h. The solvent was evaporated and 
the residue chromatographed on silica gel. Elution 
with toluene : pentane (1: 6) gave Ru,(CO),,. Elution 
with toluene : pentane (1: 3) yielded 22 which was re- 
crystallized from pentane (385 mg, 48%). 

6.12. Preparation of [Ru3(cL-H){u-PPh,CH,C(0)Ph}- 
(CO),,llBF41 (23) 

An excess of HBF, * OEt, (0.03 ml) was added to a 
solution of Ru,&-H)(p-PPh,CH f~? C( = O)PhKCO), 
(22) (29 mg, 0.033 mm00 in CH,Cl, (10 ml). An 
immediate darkening occurred, followed by a gradual 
lightening to orange. After being stirred for 1 h, the 
solution was saturated with CO and the colour changed 
immediately from orange to yello_~. ‘pL^ _^1_.^^. __.^^ IlIt: SUlVCllL was 
removed under reduced pressure, the residue washed 
with diethyl ether (3 X 5 ml) and extracted in CH,Cl,. 
Concentration, followed by addition of hexane, led to 

precipitation of a yellow powder of [Ru&HXEL- 
PPh,[CH,C(O)Phl)(CO),,I[BF,l (23) (23 mg, 70%). 
Anal. Found: C, 36.80; H, 2.19%; M, 889. C,,H,s- 
BF,O,,PRu, talc.: C, 36.93; H, 1.84%; M, 890. IR 
(CHCl,): v(CO) 207Os, 2054s, 2009s. IR (JLBr): v(CO) 
1558m, v(BF) 1084s (br) cm-‘. ‘H NMR (CDCl,): S 
- 15.20 [d, lH, ‘J(PH) = 11.89 Hz]; 6, 4.89 and S, 
5.27 [2H, AB part of an ABX spin system; J@B) = 19.1 
Hz, J(AX) = 11.1 Hz, J(BX) = 11.4 Hz]; 7.26-8.29 
(15H, Ph). 31P(‘H}NMR (CDCl,): 6 50.73 (s). 

6.13. Reaction of [Ru,(p-H){p-PPh2iCHzC(0)Phl}- 
(CO),,I[BF,l (23) with NaOH 

An ethanolic solution of NaOH (0.017 M; 1.73 ml) 
_Y_^” .-.,.lAAA l rr _ ,..i..,:,... -4 9% /n n3n n n n3n mmr\i\ in wil> dUUG” C” a J”lUL‘“l‘ “1 1.J \“.“&” 5, “.“A” l‘UU”l, 111 
CH,Cl, (10 ml). The colour changed immediately from 
orange-yellow to orange. The IR spectrum of the solu- 

tion showed only the presence of 22. 
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10 11 15 18 18a 19 20 

1260.1 
Monoclinic 

P2,/c (No. 14) 
18.430(11) 
11.223(6) 
19.369(15) 

113.31(6) 

920.7 
Triclinic 

Pi(No. 2) 
11.198(2) 
17.822(4) 
9.477(l) 
104.940) 
99.990) 
101.38(2) 
1740 
2 
1.757 
900 
nifiunioynno “.I” I. “.l, I. V.“, 

1.236, 1.46 
(analytical) 
13.27 
45 
5056 
3959 
0.035 
0.048 

3679 
4 
2.28 
2328 
n 17 Y n 75 Y n 71 V.&S T. V. Id I. V. I1 

12.9, 96.2 
(analytical) 
115.6 
60 
8866 
5680 
0.044 
0.045 

C,~H~SOIOP~R% 
0.5CH,Cl, 
1273.5 
Monoclinic 

C2/c (No. 15) 
34.321(7) 
13.593(4) 
22.216(6) 

98.72(2) 

10245 3229 
8 4 
1.65 2.40 
5072 2136 
nisynrxYndn n7AunAQunti “.I” I. “.“d I. V.7” Y._ I. U.7” I. Y._ 

1.20, 1.39 8.2,53.5 
(Gaussian) (analytical) 
10.6 131.6 
50 60 
8824 9404 
6376 6683 
0.043 0.051 
0.045 0.056 

1169.0 
Monoclinic 

P2,/c (No. 14) 
14.788(6) 
10.538(3) 
20.827(8) 

95.83(3) 

C30H150120s3P- 

o.5CH2c1, 
1211.5 
Triclinic 

Pi(No. 2) 
15.59(l) 
11.108(8) 
10.658(3) 
73.14(4) 
71.10(5) 
78.70(6) 
1660 

i.42 
1110 
nmyni7ynm V.2” I, “.A_ I\ V.&V 

2.92, 10.5 
(analytical) 
128.0 
55 
7599 
5346 
0.083 
0.093 

1113.0 1349.1 
Monoclinic Triclinic 

P2,/c (No. 14) Pi(No 2) 
8.2142) 15.909(6) 
24.527(10) 15.511(5) 
16X6(5) 9.187(3) 

87.8X3) 
114.44(2) 83.57(3) 

62.70(3) 
2981 2001 
4 2 
2.48 2.24 
2024 1252 
nvvniayniI; nn.4-+nmvn3c “.a& I\ “.I” I\ “.I” “.“7 fi “.“J A V.&J 

5.26, 10.1 1.82, 2.31 
(analytical) (analytical) 
136.7 106.4 
50 45 
5227 7015 
4047 4759 
0.059 0.042 
0.065 0.043 

second, anisotropic thermal parameter refinement for the carbon [C(20)] was not meaningful and the isotropic form was used. 9: Core hydrogen 
U13.a) ..,.I- 1_09+,x,i onrl *‘&inn,+ onr.,.W.t ..n....L.t;#.,. frnr\rl~ll~rl “l rr.r PI \ ..,“C l.mlrl n,.“.*a..+ n* 1 nHn_ :..:t:,, . ..&A.-,..* IL. n:Fc-_--,.^ -^_ “XL_,, “_Y .“ti_LI” a,,” lrllllr”, *“,*CIII y”y”l~U”U \.II”UCll~” =D bLL2tiL2, ?vazi 1Ib1U CVLLDLLLUL LLL I SaLVz1 1111LUz.1 IeIIIIeLLIeIII. IJ. Ullle‘w1LJz U,qJ 
artefacts were modelled as solvent CH,Cl, located about a two-fold axis and with population constrained at 1 @hemi-solvate) after initial 
refinement. 18a: The crystal decomposed badly during data collection (about 30%) and data were scaled accordingly. Difference map artefacts 
were modelled as an occupied CH,Cl, solvent after initial refinement; material was limited and crystal shape awkward, so that proper 
absorption correction was difficult. Only OS, P, Cl atoms were refined with anisotropic thermal parameters, C, N, 0 having the isotropic form. 
19: A fibrous crystal contributed to a rather inferior data set; the core hydride atom is inferred from the chemistryY--- 

6.14. Preparation of [Ru,(~-H){IL-PPhz[CH,- 
C(O)Phl~,(CO),l~BF,l (24) 

TQ a stirred sn!utign gf 22 ~100 mu n 1 lh mmnl\ 

- OEt 2 (0.04 

x 5 ml>, and crystallized 
from CH,Cl,/hexane (- 20°C) to give [Ru&HK~- 
PPh,[CH,C(O)Phl},(CO),][BF,l (24) as red crystals 
(120 mg, 84%). Anal. Found: C, 46.96; H, 3.18%; M, 
1138. C~H,,BF,0,,,P2Ru, talc.: C, 47.10; H, 2.86%; 
M, 1138. IR (CH,Cl,): &CO) 2065s, 2029s, 2015s, 
1999s (br). IR (KBr): v(CO) 1606m, 1588m cm-‘. ‘H 
NMR (CDCl,): 6 - 11.75 [t, lH, ‘J(PH) = 13.83 Hz]; 
* A ?A ..,A P 2 nl rAu AD ___ -2 __ A nv _2_ “* V.,-t QllU On J.“I LYIl, A-UJ pit11 01 aI1 P.DA SJJlIl 

system, J(AB) = 18.7 Hz, &4X) = 11.5 Hz, J(BX) = 
9.4 Hz]; 6.98-8.36 (m, 30H, Ph). 31P{1H] NMR (CDCl,): 
W A7 19 (cl . ._._/ \“,. 

6.15. Reaction of Ru,(F-H){p-PPhJCH = C( = O)- 
Ph]}(CO), with PPh,{CH,C(O)Ph} 

To a solution of 22 (60 mg, 0.069 mmol) in THF (30 
ml) was added PPh,{CH,C(O)Ph) (21 mg, 0.069 mmol) 
and the reaction flask was placed at - 78°C. A solution 
of Me,NO (5 mg, 0.066 mmol> in THF (30 ml) was 
added over a period of 10 min. After all the amine 
,.“ZTIP Cnrl l.,,... ,.AAe,.l .I... ,,.,.,,:,, ,:.A _._^ __.^^ -1 “ALUCI I,a” “Gel, aLKUGu, LUG IGQLLIUII I‘IlALl.lIc was a,- 
lowed to reach ambient temperature. The solvent was 
removed under reduced pressure. The residue was 
extracted with CH,Cl, (20 ml) and the solution was 
concentrated to ca. 5 ml. Addition of pentane induced 
the precipitation of a brown powder, which was dried 
in uacuo (63 mg). ‘H NMR (CDCl,): 6 -9.96 [t, lH, 
J(PH) = 9.7 Hz]; 5.40 [d, 4H, J(PH) = 3.6 Hz]; 6.86-7.98 
(m, 30H, Ph). 31P{1H) NMR (CDCl,): 6 41.46 (s), 47.80 
/_\ 
ISJ. 
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6.16. Pyrolysis of Ru,(CO),,{PPh,[CH,C(O)Ph]), 
A solution of Ru,(CO),,{PPh,[CH,C(O)Phl}, (56 

mg, 0.047 mmol) in THF (20 ml) was refluxed for 4 h. 
The solvent was evaporated under reduced pressure 
and the residue was extracted with toluene (10 ml). 
After evaporation of the solvent, orange solid Ru& 
H)(p-PPhJCH = C( = O)Phl)(CO), was obtained (23 
mg, 57%). This complex was identified by comparison 
of its IR and ‘H NMR spectra with those of an 
authentic sample. 

6.17. Pyrolysis of Ru,(CO),~PPh,[CH2C(0)Phl), 
A solution of Ru,(CO),{PPh,[CH,C(O)Phll, (42 mg, 

0.028 mmol) in toluene (10 ml) was heated to 60°C for 

TABLE 8. Non-hydrogen positional factors (X 104) for 4 

Atom x Y z 

Ru(l) 
Ru(2) 
Ru(3) 
P(3) 
C(11) 
001) 
C(12) 
002) 
C(13) 
003) 
cx21) 
o(21) 
c(22) 
a22? 

C(23) 
o(23) 
c(24) 
(X24) 
c(31) 
o(31) 
C(32) 
o(32) 
C(311) 
C(312) 
N(312) 
C(313) 
C(314) 
cc3151 
C(316) 
C(321) 
Cc3221 
C(323) 
Cc3241 
C(325) 
C(326) 
C(331) 
Cc3321 
cc3331 
C(334) 
C(335) 
Cc3361 

2338(l) 
1981(l) 
15150) 
13870) 
1488(7) 
1008(7) 
3598(7) 
4328(5) 
2390(7) 
2410(7) 

546(9) 
- 281(6) 
2473(8) 
~-/PAlPI * I V-r,“, 
3370(7) 
4208(6) 
1510(7) 
1243(7) 

87(8) 
- 79ti6) 
1888(7) 
2145(6) 
2596(5) 
3329(5) 
3038(4) 
4341(6) 
4552(7) 
3828(7) 
2839(6) 
1452(4) 
682(4) 
673(4) 

1433(4) 
2203(4) 
2213(4) 

308(4) 
- 178(4) 
- 991(4) 

- 1319(4) 
- 834(4) 

- 21(4) 

-750(l) 
-1877(l) 
- 19720) 
-1805(l) 

- 189(5) 
167(S) 

- 538(4) 
- 410(4) 

- 444) 
383(3) 

- 1488(6) 
- 1275(5) 
- 1456(6) 
_ ~2@(6) 

- 2216(5) 
- 2403(4) 
- 2803(6) 
- 3326(4) 
- 2200(4) 
- 2307(4) 
- 2913(4) 
- 3477(3) 
- 1310(3) 
- 1283(3) 
- 1512(3) 

- 965(4) 
- 69ti4) 
- 700(4) 

- 1016(3) 
- 257ti3) 
- 3089(3) 
- 3673(3) 
- 3745(3) 
- 3232(3) 
- 2648(3) 
- 1311(2) 
- 771(2) 
- 386(2) 
- 540(2) 

- 1080(2) 
- 1466(2) 

-3252(l) 
- 48580) 
-2833(l) 
- 1035(2) 
- 4588(8) 
-5386(S) 
- 3459(8) 
- 3616(7) 
- 2076(8) 
- 1432(7) 
- 5691(8) 
- 6244(8) 
- 5932(8) 
_ 6545$) 

- 3744(7) 
- 3106(7) 
- 5504(8) 
- 5908(8) 
- 3829(8) 
- 4442(8) 
-2511(8) 
- 2302(8) 

- 170(6) 
- 665(6) 

- 1857(5) 

lo(6) 
112X8) 
1607(7) 
976(6) 

- 148(4) 
- 687(4) 

- 27(4) 
1172(4) 
1711(4) 
1051(4) 

- 919(4) 
- 1725(4) 
- 1632(4) 
- 732(4) 

75(4) 
- 19(4) 

R&l) 0.00000 
R&2) 0.00793(5) 
Ru(13) 0.02267(5) 
C(111) 0.0173(5) 
O(111) 0.0285(4) 
C(112) - 0.0035(5) 
O(112) - 0.0023(4) 
C(121) 0.0337(5) 
O(121) 0.0532(3) 
C(122) 0.0163(4) 
_I. n,.\ 
WILL) iIo243i4i 
C(123) - 0.0160(8) 
O(123) - 0.0298(4) 
C(131) 0.0519(4) 
0031) 0.0706(4) 
C(132) 0.0164(7) 
O(132) 0.0174(5) 

PUl) - 0.03380) 
C(1111) - 0.0412(5) 
C(1112) - 0.0609(6) 
G(1113) - 0.0663(6) 
C(1114) - 0.0509(6) 
C(1115) - 0.0311(6) 
C(1116) - 0.0253(5) 
C(1121) - 0.0579(5) 
C(1122) - 0.0697(6) 
C(1123) - 0.0889(6) 
C(1124) - 0.0973(6) 
C(1125) - 0.0875(6) 
C(1126) - 0.0685(5) 

C(10) - 0.0385(5) 
?!!2! _nmzn/r\ “.“IJ”\I, 
C(1211) 0.0028(S) 
C(1212) 0.0218(6) 
C(1213) 0.0329(7) 
C(1214) 0.0237(7) 
C(1215) 0.0040(6) 
C(1216) - 0.0052(5) 
C(1221) - 0.0269(5) 
C(1222) - 0.0320(6) 
C(1223) - 0.0436(6) 
C(1224) - 0.0500(7) 
CU225) - 0.0460(7) 
(X1226) - 0.0335(7) 

P(13) 0.02970) 
C(1311) 0.0020(5) 
C(1312) - 0.0146(4) 
N(1312) -0.0101(4) 
C(1313) - 0.0362(5) 
C(1314) - 0.0402(6) 
C(1315) - 0.0215(5) 
C(1316) - 0.0005(5) 
C(1321) 0.0363(5) 
C(1322) 0.0548(6) 
C(1323) 0.0560(6) 
(X1324) 0.0389(5) 
C(1325) 0.0217(7) 
C(1326) 0.0186(7) 
C(1331) 0.0520(4) 

0.6611(2) 
0.7711(2) 
0.8861(2) 
0.521(3) 
0.436(2) 
0.614(3) 
0.574(2) 
0.700(3) 
0.631(2) 
0.872(2) 
,. ,.-,,1_\ 
U.Y3uw 

0.840(5) 
0.943(2) 
0.897(2) 
0.903(2) 
1.059(4) 
1.157(3) 
0.5773(8) 
0.410(3) 
0.362(4) 
0.243(3) 

0.173(3) 
0.215(3) 
0.341(3) 
0.646(3) 
0.755(3) 
0.815(3) 
0.776(3) 
0.680(3) 
0.624(3) 
0.576(3) 
n L1 <<,Q\ “.“IJJ\“, 
0.466(3) 
0.470(3) 
0.361(4) 
0.260(4) 
0.246(3) 
0.352(3) 
0.645(3) 
0.756(3) 
0.777(3) 
0.689(4) 
0.570(4) 
0.542(4) 
0.9331(7) 
0.894(3) 
0.869(2) 
0.850(Z) 
0.862(3) 
0.867(3) 
0.890(3) 
0.895(3) 
1.095(3) 
1.153(4) 
1.294(3) 
1.345(3) 
1.296(4) 
1.163(4) 
0.857(2) 

TABLE 9. Non-hydrogen positional and isotropic displacement pa- 
rameters, 6 

Atom x Y z u 

& 

0.00000 0.0346(9) 
0.11370) 0.038(l) 
0.0177(l) 0.0400) 
0.0330) 0.05(l) 
0.048(l) 0.080(S) 

- 0.0780) 0.051(9) 
- 0.1241(9) 0.070(7) 

0.123(l) 0.06(l) 
0.1295(8) 0.056(6) 
0.178(l) 0.027(7) 
,. ^^_I_\ ^ ^^^I^\ 
U.LLU~I~ U.U~X~O 
0.095(2) 0.12(2) 
0.078(l) 0.080(8) 
0.061(l) 0.025(7) 
0.0842(9) 0.069(7) 
0.037(2) 0.10(l) 
0.051(l) 0.13(l) 
0.0167(4) 0.041(3) 

- 0.008(1) 0.032(8) 
O.OOS(2) 0.08(l) 

-0.015(l) 0.06(l) 
-0.034(l) 0.070) 
-0.044(l) 0.07(l) 
-0.029(l) 0.043(9) 
-0.022(l) 0.041(8) 
-0.003(l) 0.060) 
-0.033(l) 0.070) 
-0.084(l) 0.07(l) 
-0.111(l) 0.08(l) 
-0.079(l) 0.049(9) 

0.094(l) 0.035(8) 
n ,A-l,/,i\ n II”,,?\ u.l-rrl\+, “.“-vJ\J, 
0.171(l) 0.04(X8) 
0.212(l) 0.07(l) 
0.231(2) o.lql) 
0.205(2) 0.09(l) 
0.167(l) 0.07(l) 
0.148(l) 0.06(l) 
0.210(l) 0.041(8) 
0.226(l) 0.07(l) 
0.2760) 0.07(l) 
0.301(2) O.ll(2) 
0.287(2) 0.09(l) 
0.242(2) 0.10(l) 

- 0.0741(3) 0.037(3) 
-0.124(l) 0.035(8) 
-0.092(l) 0.032(8) 
- 0.0311(9) 0.038(6) 
-0.121(l) 0.051(9) 
-0.185(l) 0.08(l) 
-0.2130) 0.051(9) 
-0.183(l) 0.06(l) 
-0.087(l) 0.048(9) 
- 0.052(2) 0.080) 
-0.059(l) 0.06(l) 
- 0.0970) 0.046(9) 
- 0.126(2) 0.10(l) 
- 0.124(2) 0.090) 
-0.106(l) 0.024(7) 
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TABLE 9 (continued) 

Atom x y z Ueq 

C(1332) 0.0576(5) 0.732(3) - 0.095(1) 0.06(1) 
C(1333) 0.0733(5) 0.683(3) - 0.122(1) 0.047(9) 
C(1334) 0.0836(5) 0.745(3) - 0.163(1) 0.06(1) 
C(1335) 0.0766(6) 0.855(3) - 0.178(1) 0.07(1) 
C(1336) 0.0604(5) 0.910(3) - 0.149(1) 0.035(8) 
Ru(21) - 0.34890(4) - 0.3500(2) 0.6155(1) 0.0331(9) 
Ru(22) - 0.35640(5) - 0.2351(2) 0.5022(1) 0.040(1) 
Ru(23) -0.37078(5) -0.1211(2) 0.5983(1) 0.043(1) 
C(211) - 0.3658(4) - 0.488(2) 0.584(1) 0.023(7) 
O(211) - 0.3774(3) - 0.567(2) 0.5665(8) 0.058(6) 
(2(212) - 0.3473(5) - 0.401(3) 0.690(1) 0.040(8) 
O(212) - 0.3459(4) - 0.432(2) 0.7396(9) 0.069(7) 
C(221) -0.3852(4) -0.328(2) 0.492(1) 0.022(7) 
O(221) - 0.4016(3) - 0.379(2) 0.4803(9) 0.061(7) 
C(222) - 0.3676(7) - 0.149(4) 0.438(2) 0.11(2) 
0(222) - 0.3704(4) - 0.076(2) 0.397(1) 0.092(9) 
C(223) - 0.3320(4) - 0.125(2) 0.529(1) 0.026(7) 
0(223) - 0.3160(4) - 0.062(2) 0.5428(9) 0.067(7) 
C(231) - 0.3974(5) - 0.122(3) 0.566(1) 0.045(9) 
O(231) - 0.4178(4) - 0.109(2) 0.5318(9) 0.072(7) 
C(232) - 0.3676(5) 0.042(3) 0.577(1) 0.06(1) 
0(232) - 0.3626(4) 0.143(2) 0.5665(9) 0.079(8) 
P(21) - 0.3154(1) - 0.4378(7) 0.5988(3) 0.034(3) 
C(2111) -0.3094(5) -0.605(3) 0.617(1) 0.042(8) 
C(2112) -0.2882(5) -0.656(3) 0.608(1) 0.052(9) 
C(2113) -0.2853(5) -0.781(3) 0.620(1) 0.05(1) 
C(2114) -0.2979(6) -0.850(3) 0.652(1) 0.07(1) 
C(2115) -0.3186(5) -0.787(3) 0.662(1) 0.06(1) 
C(2116) -0.3218(5) -0.673(3) 0.646(1) 0.054(9) 
C(2121) - 0.2888(5) - 0.364(3) 0.640(1) 0.049(9) 
C(2122) - 0.2801(6) - 0.406(3) 0.695(2) 0.08(1) 
C(2123) - 0.2626(6) - 0.358(4) 0.731(2) 0.09(1) 
C(2124) - 0.2518(6) - 0.261(3) 0.712(2) 0.08(1) 
C(2125) -0.2603(6) -0.211(4) 0.655(1) 0.08(1) 
C(2126) - 0.2804(6) - 0.258(3) 0.618(1) 0.07(1) 
C(20) - 0.3096(5) - 0.430(3) 0.519(1) 0.046(9) 
P(22) - 0.3352(1) - 0.3899(8) 0.4677(3) 0.042(3) 
C(2211) -0.3493(6) -0.534(3) 0.449(1) 0.07(1) 
C(2212) - 0.3678(6) - 0.526(4) 0.402(2) 0.09(1) 
C(2213) - 0.3801(6) - 0.635(3) 0.382(2) 0.08(1) 
C(2214) - 0.3752(6) - 0.752(3) 0.407(1) 0.07(1) 
C(2215) - 0.3566(5) - 0.756(3) 0.449(1) 0.038(8) 
C(2216) - 0.3411(5) - 0.652(3) 0.473(1) 0.051(9) 
C(2221) - 0.3213(5) - 0.364(3) 0.404(1) 0.06(1) 
C(2222) - 0.3154(5) - 0.242(3) 0.394(1) 0.051(9) 
C(2223) - 0.3027(7) - 0.210(4) 0.350(2) 0.10(1) 
C(2224) - 0.2965(7) - 0.317(4) 0.316(2) 0.09(1) 
C(2225) - 0.3031(7) - 0.434(4) 0.326(2) 0.11(2) 
C(2226) -0.3135(5) -0.450(3) 0.374(1) 0.042(9) 
P(23) - 0.3776(2) - 0.0725(8) 0.6900(4) 0.048(4) 
C(2311) -0.3504(4) -0.103(3) 0.736(1) 0.035(8) 
C(2312) - 0.3319(5) - 0.145(3) 0.709(1) 0.036(8) 
N(2312) - 0.3377(3) - 0.159(2) 0.6456(8) 0.026(6) 
C(2313) - 0.3108(5) - 0.154(3) 0.739(1) 0.042(8) 
C(2314) - 0.3069(5) - 0.148(3) 0.796(1) 0.048(9) 
C(2315) -0.3243(5) -0.126(3) 0.828(1) 0.06(1) 
C(2316) - 0.3461(5) - 0.094(3) 0.796(1) 0.041(9) 
C(2321) -0.3818(5) 0.109(3) 0.703(1) 0.037(8) 
C(2322) - 0.4021(6) 0.139(3) 0.668(1) 0.07(1) 

TABLE 9 (continued) 

Atom x y z Ueq 

C(2323) -0.4107(7) 0.273(4) 0.660(2) 0.12(2) 
C(2324) -0.3934(6) 0.329(4) 0.696(2) 0.09(1) 
C(2325) -0.3745(6) 0.303(4) 0.737(2) 0.08(1) 
C(2326) - 0.3661(6) 0.171(3) 0.741(1) 0.06(1) 
C(2331) -0.3972(5) -0.143(3) 0.726(1) 0.047(9) 
C(2332) -0.4060(5) -0.265(3) 0.711(1) 0.048(9) 
C(2333) - 0.4233(6) - 0.321(3) 0.733(1) 0.06(1) 
C(2334) -0.4326(5) -0.262(3) 0.775(1) 0.06(1) 
C(2335) -0.4268(6) -0.141(3) 0.791(1) 0.06(1) 
C(2336) -0.4096(6) -0.090(3) 0.767(1) 0.06(1) 
Ru(31) - 0.18038(5) 0.7935(2) 0.0567(1) 0.039(1) 
Ru(32) -0.18790(5) 1.0012(2) -0.0208(1) 0.0399(9) 
Ru(33) -0.15133(5) 0.9958(2) 0.0743(1) 0.041(1) 
C(311) -0.2070(5) 0.816(3) 0.067(1) 0.037(8) 
O(311) -0.2265(4) 0.838(2) 0.0844(9) 0.067(7) 
C(312) -0.1727(6) 0.665(3) 0:114(1) 0.07(1) 
O(312) -0.1701(5) 0.587(3) 0.153(1) 0.13(1) 
C(321) - 0.2040(6) 1.065(3) 0.036(1) 0.07(1) 
O(321) - 0.2136(4) 1.116(2) 0.071(1) 0.093(9) 
C(322) - 0.1903(6) 1.152(3) - 0.067(1) 0.07(1) 
0(322) -0.1913(4) 1.229(2) -0.101(1) 0.096(9) 
C(323) -0.1652(5) 0.940(3) -0.052(1) 0.045(9) 
0(323) - 0.1511(3) 0.903(2) - 0.0806(8) 0.054(6) 
C(331) -0.1614(6) 1.143(4) 0.103(1) 0.08(1) 
0(331) -0.1650(4) 1.241(2) 0.121(1) 0.086(8) 
C(332) -0.1307(5) 1.067(3) 0.036(1) 0.049(9) 
0(332) -0.1186(4) 1.105(2) 0.007(1) 0.084(8) 
P(31) -0.1934(2) 0.6583(7) -0.0202(4) 0.048(4) 
C(3111) -0.2141(5) 0.542(3) -0.011(1) 0.05(1) 
C(3112) -0.2234(6) 0.458(3) -0.058(1) 0.08(1) 
C(3113) -0.2406(5) 0.376(3) -0.051(1) 0.05(1) 
C(3114) -0.2479(6) 0.371(3) 0.001(1) 0.08(1) 
C(3115) - 0.2397(5) 0.430(3) 0.046(1) 0.06(1) 
C(3116) - 0.2227(6) 0.527(3) 0.039(1) 0.07(1) 
C(3121) -0.1706(5) 0.561(3) -0.040(1) 0.048(9) 
C(3122) - 0.1576(6) 0.587(3) - 0.082(1) 0.06(1) 
C(3123) - 0.1398(6) 0.517(3) --  0.088(1) 0.08(1) 
C(3124) -0.1342(8) 0.415(4) -0.061(2) 0.12(2) 
C(3125) -0.1468(6) 0.377(3) -0.014(2) 0.08(1) 
C(3126) -0.1654(5) 0.453(3) -0.004(1) 0.05(1) 
C(30) - 0.2055(5) 0.733(3) - 0.090(1) 0.045(9) 
P(32) - 0.2161(1) 0.8918(8) - 0.0805(4) 0.045(3) 
C(3211) - 0.2437(5) 0.867(3) - 0.062(1) 0.036(8) 
C(3212) - 0.2528(5) 0.973(3) - 0.037(1) 0.046(9) 
C(3213) -0.2742(6) 0.962(3) -0.022(1) 0.07(1) 
C(3214) - 0.2868(7) 0.860(4) - 0.029(2) 0.12(2) 
C(3215) - 0.2781(5) 0.757(3) - 0.050(1) 0.06(1) 
C(3216) - 0.2569(5) 0.757(3) - 0.068(1) 0.047(9) 
C(3221) -0.2230(6) 0.953(3) -0.154(1) 0.06(1) 
C(3222) -0.2058(6) 0.953(3) -0.190(1) 0.07(1) 
C(3223) -0.2101(6) 0.993(3) -0.249(2) 0.08(1) 
C(3224) -0.2310(7) 1.052(4) -0.267(2) 0,09(1) 
C(3225) -0.2473(7) 1.054(4) -0.231(2) 0.10(1) 
C(3226) -0.2440(6) 1.001(3) -0.176(1) 0.07(1) 
P(33) - 0.1241(2) 0.9470(8) 0.1554(4) 0.048(4) 
C(3311) -0.1155(5) 0.794(3) 0.138(1) 0.047(9) 
C(3312) -0.1263(4) 0.750(2) 0.085(1) 0.031(8) 
N(3312) -0.1445(4) 0.815(2) 0.051(1) 0:045(7) 
C(3313) -0.1200(5) 0.632(3) 0.065(1) 0.043(9) 
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TABLE 9 (continued) 

Atom x Y z u 

($1 

C(3314) 
C(3315) 
C(3316) 
C(3321) 
C(3322) 
C(3323) 
Cc33241 
Cc33251 
C(3326) 
C(3331) 
Cc33321 
C(3333) 
C(3334) 
C(3335) 
C(3336) 
CKll) a 
Cl(12) a 

c(l) a 
Cl(21) 
Cl(22) 

C(2) 

- 0.1023(6) 
- 0.0925(6) 
- 0.0981(6) 
- 0.0999(5) 
- 0.1020(6) 
- 0.0852(7) 
- 0.0667(7) 
- 0.0639(5) 
- 0.0804(6) 
- 0.1287(5) 
-$1490(6) 
- 0.1534(6) 
- 0.1361(6) 
- 0.1149(6) 
-0.1116(6) 
- 0.1507(4) 
- 0.1281(5) 
-0.150(l) 
- 0.1%2(5) 
-0.228(l) 
- 0.213(2) 

0.563(3) 
0.615(3) 
0.728(4) 
1.052(3) 
1.170(3) 
1.252(4) 
1.229(4) 
1.125(3) 
1.026(3) 
0.923(3) 
0.887(3) 
0.860(4) 
0.874(4) 
0.909(4) 
0.935(3) 
0.257(2) 
0.480(3) 
0.389(g) 
0.455(6) 
0.631(3) 
0.54(l) 

O.lOOw 
0.152(l) 
0.168(2) 
0.162(l) 
0.189(2) 
0.189(2) 
0.169(2) 
0.140(l) 
0.141(l) 
0.229(l) 
0.239(l) 
0.298(2) 
0.343(2) 
0.333(2) 
0.2780) 
0.2799(g) 
0.251(l) 
0.253(4) 
0.2750) 
0.237(4) 
0.216(5) 

0.06(l) 
0.06(l) 
0.080) 
0.050(9) 
0.08(l) 
0.12(2) 
0.09(l) 
0.06(l) 
0.07(l) 
0.044(9) 
0.07(l) 
0.080) 
0.09(l) 
0.09(l) 
0.07(l) 
0.160) 
0.27(2) 
0.17(3) 
0.66(5) 

1.09(8) 
0.46(7) 

a Site occupancy factor = 0.66(l). 

2 h. The IR spectrum of the solution showed only the 
presence of Ru3(CO)i&PPh,[CH,C(0)Phl],. 

6.18. Reaction of Ru3(p-H){p-PPh2[CH = C( = Ok 
Ph]}(CO), (22) with CO 

CO was bubbled through a solution of 22 (18 mg, 
0.021 mmol) in pentane (20 ml) for 2 h. After evapora- 
tion of the solvent, a yellow solid was obtained. Its ‘H 
NMR spectrum showed a mixture containing Ru,- 
(CO),,{PPh,[CH,C(O)Phll (21). 

6.19. Preparation of Ru,(~.L-H)(cL~-C~~BU)(CO)~- 
{PPh,KH,C(O)Phl} (25) 

PPh,{CH,C(O)Ph) (47 mg, 0.157 mmol) was added 
to a stirred solution of Ru&L-HX~.~C~BUXCO)~ (100 
mg, 0.157 mmol) in THF (30 ml) and the reaction flask 
was placed at -78°C. A solution of Me,NO (11 mg, 
0.145 mmol) in THF (20 ml) was added over a period 
of 15 min with stirring. After all the amine oxide has 
been added, the reaction mixture was slowly allowed to 
reach ambient temperature. The solvent was evapo- 
rated under reduced pressure and the residue was 
extracted with pentane (80 ml). The yellow solution 
was concentrated to ca. 10 ml, and cooling (-20°C) 
over night gave yellow crystals of Ru&-HXpu,- 
C,‘BuXCO),(PPh,[CH,C(O)Phl] (25) (124 mg, 87%). 
Anal. Found: C, 44.94; H, 3.11%; M, 916. CS4Hz7- 
O,PRu, talc.: C, 44.67; H, 2.95%; M, 915. IR (CHCl,): 
v(C0) 2096w, 2077m, 2069s, 2052s 2014s (br). IR 
(KBr): v(C0) 1668m cm -I ‘H NMR c&D,): 6 -21.09 . 
[d, lH, 3J(PH) = 1.5 Hz]; 1.24 (s, 9H, ‘Bu); 4.01 [d, 2H, 

PCH,, 2J(PH) = 8.51; 6.94-7.76 (15H, Ph). 31P{1H} 
NMR (CDCI,): S 43.0 (s). 

6.20. Preparation of Ru,(cL-H)(cL~-C~~BU)(CO)~ 
{PPh,KH,C(O)PhI}, (26) 

PPh,{CH,C(O)Ph] (157 mg, 0.516 mmol) was added 
to a stirred solution of 25 (157 mg, 0.246 mmol) in THF 
(50 ml), and the reaction flask was placed at - 78°C. A 
solution of Me,NO (37 mg, 0.493 mmol) in THF (50 
ml) was added over a period of 10 min with stirring. 

TABLE 10. Non-hydrogen positional and isotropic displacement 
parameters, 7 

Atom x Y z u 

$1 

OS(l) 
Os(2) 
Os(3) 
C(11) 
001) 
C(12) 
002) 
C(13) 
003) 
C(21) 
O(21) 
c(22) 
o(22) 
C(23) 
O(23) 
C(24) 
O(24) 
cx31) 
o(31) 
Ct32) 
O(32) 
c(33) 
O(33) 
cc341 
O(34) 
P(l) 
C(111) 
C(112) 
N(112) 
C(113) 
C(114) 
C(115) 
C(116) 
CO211 

c(122) 
c(123) 
Cc1241 
C(125) 

c(126) 
c(131) 
c(132) 
C(133) 
C(134) 
C(135) 
C(136) 

0.28772(3) 
0.10473(4) 
0x2808(4) 
0.3244(9) 
0.3534(8) 
0.2521(9) 
0.2362(g) 
0.380(l) 
0.4299(7) 
0.1380) 
0.153(l) 
0.0890) 
0.0752(7) 
0.1240(9) 
0.1331(8) 

-0.031(l) 
- 0.1097(8) 

0.181(l) 
0.206(l) 
0.072(l) 
0.0380) 
0.0100) 

- 0.0617(9) 
0.194(l) 
0.2348(9) 
0.3813(2) 
0.4899(9) 
0.5634(9) 
0.5551(8) 
0.6409(9) 
0.6490) 
0.5830) 
0.5041(9) 
0.4256(9) 
0.3679(9) 

0.4000) 
0.492(l) 
0.550(l) 
0.5190) 
0.316X8) 
0.272(l) 
0.2180) 
0.208(l) 
0.252(l) 
0.3073(9) 

0.73691(5) 
0.59287(6) 
0.82057(6) 
0.587(2) 
0.5090) 
0.8930) 
0.992(l) 
0.8540) 
0.9290) 
0.466(2) 
0.381(l) 
0.721(l) 
0.7900) 
0.444(2) 
0.3510) 
0.579(2) 
0.567(2) 
0.69X2) 
0.6210) 
0.941(2) 
1.018(l) 
0.820(2) 
0.822(2) 
0.976(2) 
1.071(l) 
0.63243) 
0.7320) 
0.7540) 
0.692(l) 
0.836(l) 
0.894(l) 
0.870(2) 
0.786(l) 
0.4550) 
0.3530) 
0.2180) 
0.182(l) 
0.277(2) 
0.413(2) 
0.6090) 
0.722(l) 
0.706(2) 
0.578(2) 
0.465(2) 
0.4800) 

0.25173(2) 
0.20319(3) 
0.13154(2) 
0.2115(6) 
0.1900(5) 
0.2869(6) 
0.3099(5) 
0.2472(6) 
0.2399(5) 
0.1544(8) 
0.1254(7) 
0.2601(6) 
0.2939(5) 
0.2616(7) 
0.2944(5) 
0.1473(8) 
0.1125(6) 
0.0918(7) 
0.0655(6) 
0.1719(8) 
0.1924(6) 
0.0544(8) 
0.0093(6) 
0.1202(8) 
0.1161(6) 
0.35410) 
0.4058(6) 
0.3896(6) 
0.3338(5) 
0.4270(7) 
0.4827(7) 
0.5023(6) 
0.4645(6) 
0.3547(5) 
0.3109(6) 
0.3106(7) 
0.3560(7) 
0.4002(7) 
0.4010(6) 
0.4011(5) 
0.4114(6) 
0.4430(7) 
0.4615(7) 
0.4527(g) 
0.4224(6) 

0.0291(2) 
0.0401(2) 
0.0420(2) 
0.043(6) 
0.066(6) 
0.039(6) 
0.063(6) 
0.044(6) 
O.OSs(s) 
0.057(8) 
0.104(9) 
0.044(6) 
0.067(6) 
0.055(7) 
0.074(6) 
0.066(9) 
0.096(7) 
0.071(9) 
0.089(8) 
0.074(g) 
0.09X8) 
0.067(8) 
0.109(7) 
0.067(9) 
0.093(7) 
0.0290) 
0.033(5) 
0.041(6) 
0.046(5) 
0.047(7) 
0.058(7) 
0.051(7) 
0.038(6) 
0.032(5) 
0.038(6) 
0.052(7) 
0.056(S) 
0.058(7) 
0.048(6) 
0.031(5) 
0.044(6) 
0.055(7) 
0.062(8) 
0.063(9) 
0.042(6) 
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TABLE 11. Non-hydrogen positional and isotropic displacement 

parameters, 8 

Atom x Y Z u 

(2, 

R&j 0.41699(4) 

R&3) 0.42490(4) 

Cw) 0.1601(5) 

001) 0.1059(4) 

a121 0.2413(5) 

o(12) 0.2305(3) 

a131 0.2737(5) 

003) 0.2842(4) 

c(21) 0.5328(5) 

o(21) 0.6011(4) 

CW) 0.4390(5) 

o(22) 0.4582(4) 

c(u) 0.4030(5) 

o(23) 0.3993(4) 

c(31) 0.3640(5) 

o(31) 0.3247(4) 

c(32) 0.3767(5) 

o(32) 0.3525(4) 

c(33) 0.4807(5) 

o(33) 0.5181(4) 

P(l) 0.14690) 
C(111) 0.1003(5) 

Ct112) 0.1293(8) 
C(113) 0.0962(9) 

c(114) 0.0315(7) 
C(115) 0.0053(6) 
C(116) 0.0376(5) 

c(121) 0.0382(5) 

c(122) 0.0119(5) 

c(123) - 0.0670(5) 

c(124) - 0.1198(5) 

al25) - 0.0972(5) 

c(126) - 0.0193(5) 

c(O) 0.2088(5) 

P(2) 0.3155(l) 

Ct211) 0.2721(5) 

c(212) 0.33846) 

c(213) 0.3099(7) 

cx214) 0.2136(7) 
C(215) 0.1475(7) 
C(216) 0.1769(5) 
C(221) 0.3599(5) 

c(222) 0.3447(6) 
C(223) 0.3684(6) 

C(224) 0.4047(6) 

C(225) 0.4220(6) 

c(226) 0.3994(5) 

P(3) 0.5677(l) 

cy311) 0.6340(4) 

Ru(l) 0.24828(4) 0.34735(2) 0.63635(3). 0.0388(2) 
0.0340(2) 
0.0357(2) 
0.065(4) 
0.124(4) 
0.046(3) 
0.061(3) 
0.052(3) 
0.074(3) 
0.046(3) 
0.074(3) 
0.041(3) 
0.060(3) 
0.049(3) 
0.074(3) 
0.047(3) 
0.073(3) 
0.0480> 
0.075(3) 
O&47(3) 
0.064(3) 
0.0386(7) 
0.043(3) 
O.lOl(6) 
0.129(7) 
0.094(6) 
0.074(4) 
0.061(4) 
0.044(3) 
0.056(4) 
0.069(4) 
0.072(4) 
0.068(4) 
0.052(3) 
0.041(3) 
0.0359(7) 

0.040(3) 
0.058(4) 
0.083(6) 
0.085(5) 
0.091(S) 
0.066(4) 
0.041(3) 
0.058(4) 
0.072(4) 
0.066(4) 
0.066(4) 
0.056(4) 
0.0347(7) 
0.036(3) 
0.039(3) 
0.044(2) 
0.050(3) 
0.073(3) 
0.055(3) 
0.062(4) 
0.058(4) 
0.048(3) 
0.035(3) 

c(312) 0.6952(5) 
N(3121) 0.7102(4) 
cx3121) 0.7979(5) 
O(3121) 0.8715(3) 

c(313) 0.7389(5) 
C(3 14) 0.7233(6) 
C(315) 0.66246) 
C(316) 0.6180(5) 
C(321) 0.6518(4) 

0.37652(2) 0.77821(3) 
0.34310(2) 0.62273(3) 
0.33280 0.5279(5) 
0.32560 0.4607(3) 
0.4244(3) 0.6191(4) 
0.4707(2) 0.6039(3) 
0.2707(3) 0.6588(4) 
0.2240(2) 0.6698(4) 
0.3873(3) 0.8713(4) 
0.3931(2) 0.9308(3) 
0.4410(3) 0.7269(4) 
O&330(2) 0.7084(3) 
0.3058(3) 0.8184(4) 
0.2650(2) 0.8486(3) 
0.2934(3) 0.5360(4) 
0.2616(2) 0.4852(3) 
0.4080(3) 0.5564(4) 
O/+449(2) 0.5117(3) 
0.2864(3) 0.7027(4) 
0.2480(2) 0.7406(3) 
0.34904(8) 0.7027(l) 
0.2817(3) 0.7086(4) 
0.2504(4) 0.7782(5) 
0.1961(4) 0.7735(6) 
0.1747(4) 0.7005(6) 
0.2051(4) 0.6319(5) 
0.2585(3) 0.6351(4) 
0.3908(3) 0.6594(4) 
0.4181(3) 0.5845(4) 
0.4523(3) 0.5542(5) 

0.4606(3) 0.5993(6) 
0.4333(3) 0.6723(5) 
0.3977(3) 0.7018(4) 
0.3726(3) 0.8104(4) 
0.41513(7) 0.8316(l) 
O/+841(3) 0.7980(4) 
0.5247(3) 0.8082(5) 
0.5783(3) 0.7828(6) 
0.5906(3) 0.7451(5) 
0.5515(4) 0.7360(6) 
0.4978(3) 0.7634(5) 
0.4195(3) 0.9460(4) 
0.4655(3) 0.9836(4) 
0.4646(3) 1.0687(5) 
0.4188(3) 1.1135(4) 
0.3735(3) 1.0769(4) 
0.3735(3) 0.9930(4) 
0.35983(7) 0.6096(l) 
0.4179(3) 0.6717(4) 
0.4143(3) 0.7563(4) 
0.3629(2) 0.7993(3) 
0.34x(3) 0.8440(4) 
03649(2) 0.8504(3) 
0.4610(3) 0.8011(4) 
0.5115(3) 0.7622(5) 
0.5164(3) 0.6806(5) 
0.4702(3) 0.6358(4) 
0.3026(3) 0.6292(4) 

TABLE 11 (continued) 

Atom x Y Z u 
:; 

(A 1 

Cc3221 0.6144(5) 0.2504(3) 0.6048(4) 0.049(3) 

a3231 
ct3m 
c(325) 
c(326) 
C(331) 
C(332) 
C(333) 
cc3341 
cc3351 

Ct336) 
Ct341) 
Ct342) 
cx343) 
Ct344) 
cx345) 
cy346) 
ClW * 
ClU2) = 

c(lO) a 
Cl(21) b 
Cl(22) b 

Ci20) b 

0.6739(6) 
0.7717(6) 
0.8085(5) 
0.74945) 
0.5571(4) 
0.4811(5) 
0.4797(6) 
0.5516(6) 
0.6253(5) 
0.6300(5) 
0.7989(5) 
0.7302(6) 
0.7354(6) 
0X071(6) 
0.8742(6) 
0.8714(5) 
1.0162(3) 
0.8397(2) 
0.9150) 
0.0709(7) 
0.1331(8) 
0.092(2) 

0.2072(3) 
0.2151(3) 
0X64(3) 
0.3104(3) 
0.3767(3) 
0.3556(3) 
0.3606(3) 
0.3886(3) 
0.4101(3) 
0.4033(3) 
0.2874(3) 
0.2721(3) 
0.2210(3) 
0.1855(3) 
0.1997(3) 
0.2508(3) 
0.4781(2) 
0.4215(l) 
0.4731(9) 
0.1120(5) 
0.1556(5) 
0.1548(7) 

0.6100(5) 
0.6401(5) 
0.664X5) 
0.6580(4) 
0.5049(4) 
0.4353(4) 
0.3573(4) 
0.3484(4) 
0.4151(4) 
0.4939(4) 
0.8816(4) 
0.9101(5) 
0.9449(5) 
0.953X5) 
0.9261(5) 
0.8909(5) 
1.1296(3) 
1.0400(2) 
1.049(l) 
0.4289(6) 
0.4970(7) 
0.443(l) 

0.065(4) 
0.067(4) 
0.05%4) 
0.047(3) 
0.035(3) 
0.045(3) 
0.058(4~ 
0.063(4) 
0.056(4) 
0.049(3) 
0.046(3) 
O&1(4) 
O&59(4) 
0.070(4) 
0.06%4) 
0.063(4) 
0.187(3) 
0.114(2) 
0.23(l) 
0.262(9) 
0.42(l) 
0.210) 

a Site occupation = 0.855(4); b Site occupation = 0.5. 

After all the amine oxide had been added, the cold 
bath was removed and the reaction mixture was further 
stirred for 3 h. The solvent was evaporated under 
reduced pressure and the residue was chro- 
matographed on silica gel. Elution with ether : pentane 
(1: 8) gave a minor fraction of the monosubstituted 
product 25. Elution with ether:pentane (1:5) gave 
Ru3(~-HX~3-C;BuXC01,{PPh2[CH,C(0)Ph]], (26). 
Recrystallization from pentane ( - 20°C) afforded yel- 
low microcrystals (187 mg, 64%). Anal. Found: C, 
54.12; H, 3.95%; M, 1189. C,,H,O,P,Ru, talc.: C, 
53.48; H, 3.70%; M, 1191. IR (CH,Cl,): v(C0) 2061s, 
2009s, 1990s (br), 1948m. IR (KBr): Y(CO) 1675m 
cm-‘. ‘H NMR (CD,Cl,): S -20.42 [d, lH, 2J(PH> = 
11 Hz)]; 1.24 (s, 9H, ‘Bu); 4.30 (m, 4H, PCH,); 7.26- 
7.74 (m, 30H, Ph). ‘H NMR (CD,Cl,, 210 K): S 
- 20.54 (d, J = 10.84 Hz) and - 20.74 (d, J = N 10 Hz). 
31P{1H} NMR (CDCl,, 250 K): S 45.97 (s); 38.57 (s); 
32.77 (s); 23.39 (s). 

6.21. Preparation of AuRu,(~,C,‘Bu)(CO),{PPh,- 
iCH,C(O)Phl)(PPh,) (27) 

To a solution of 25 (53 mg, 0.058 mmol) in CH,Cl, 
(15 ml) was added an ethanolic solution of NaOH 
(0.017 M; 3.40 ml). After stirring for 15 min, solid 
AuCl(PPh,) (28 mg, 0.056 mm00 was added and the 
reaction mixture was stirred for 1 h. The solvent was 
evaporated under reduced pressure and the residue 
was extracted with pentane (20 ml). The solution was 
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TABLE 12. Non-hydrogen positional and isotropic displacement 
parameters, 9 

Rui2) 0.71364i4j 

Atom x 

Ru(3) 0.57049(4) 

C(11) 0.5605(5) 

001) 0.4843(4) 

C(l2) 

Ru(l) 

0.8081(5) 

0.68995(4) 

002) 0.8812(4) 

C(13) 0.6701(6) 

003) 0.6595(5) 

C(21) 0.6246(5) 

O(21) 0.5676(4) 

cc221 0.7134(5) 

O(22) 0.7071(4) 

C(31) 0.5402(5) 

O(31) 0.5223(4) 

c(32) 0.4485(5) 

o(32) 0.3712(4) 

P(l) 0.78960) 
C(111) 0.9110(5) 
C(112) 0.9420(6) 
C(113) 1.0372(7) 
C(114) 1.1017(6) 
C(115) 1.0689(6) 
Ccl 16) 0.9749(5) 
C(121) 0.7215(5) 
C(122) 0.6968(7) 

Cw3) 0.6412(7) 
C(124) 0.6066(6) 
C(125) 0.6313(9) 
CU26) 0.6859(8) 

c(O) 0.8342(5) 

P(2) 0.85700) 
C(211) 0.8811(6) 

cx212) 0.7999(6) 
C(213) 0.8125(7) 

c(214) 0.9090(9) 
C(215) 0.9916(9) 
C(216) 0.9784(7) 
C(221) 0.9873(5) 
cc2221 1.0209(5) 
C(223) 1.1215(6) 
C(224) 1.1861(7) 

c(225) 1.1566(7) 
C(226) 1.0570(6) 

P(3) 0.5012(l) 
C(311) 0.5789(5) 
C(312) 0.6787(5) 
C(3121) 0.7860(5) 
O(3121) 0.8095(3) 
N(3121) 0.7032(4) 
C(313) 0.7446(5) 
C(314) 0.7103(6) 
C(315) 0.6125(6) 
C(316) 0.5454(6) 
C(321) 0.3649(5) 

CX322) 0.2970(6) 
Cc3231 0.1935(6) 
C(324) 0.1569(6) 
C(325) 0.2235(7) 

0.31563(3) 
0.33432(3) 
0.1707(4) 

Y 

0.1434(3) 
0.2584(3) 
0.2837(2) 
0.1577(4) 
0.1281(3) 
0.2576(4) 
0.223X3) 
0.3843(4) 

0.20782(3) 

0.4222(3) 
0.2925(4) 
0.2696(3) 
0.3022(3) 
0.2882(3) 
0.12561(9) 
0.0906(3) 
0.1110(4) 
0.0878(4) 
0.0439(4) 
0.0209(4) 
0.0439(4) 
0.0442(3) 

- 0.0006(4) 
- 0.0622(4) 
-0.0784(4) 
- 0.0341(5) 

0.0269(4) 
0.1585(3) 
0.25337(9) 
0.2649(3) 
0.2553(5) 
0.2613(5) 
0.2782(5) 
0.2887(6) 
0.2812(5) 
0.2667(3) 
0.3327(4) 
0.3453(5) 
0.2901(6) 
0.2249(5) 
0.2137(4) 
0.44263(9) 
0.4551(3) 
0.4259(3) 
0.4119(3) 
0.3857(2) 
0.3935(3) 
0.4232(4) 
0.4510(5) 
0.4806(5) 
0.4842(4) 
0.4503(3) 
0.4999(4) 
0.5036(5) 
0.4600(S) 
0.4106(5) 

0.63112(3j o.o330(3j 
0.67200(3) 0.0342(3) 

z 

0.6259(4) 0.050(4~ 

u 

0.5824(3) 

:; 
(A 1 

0.072(3) 
0.7800(3) 0.040(4) 
0.8286(2) 

0.70567(3) 

0.0580) 
0.7664(4) 

0.0337(3) 

0.051(4) 
0.8038(3) 0.085(4) 
0.5581(3) 0.044(4) 
0.5087(2) 0.061(3) 
0.5725(3) 0.046(4) 
0.5326(3) 0.079(4) 
0.7320(3) 0.046(4) 
0.7686(3) 0.075(4) 
0.5903(3) 0.049(4) 
0.5370(3) 0.080(3) 
0.69458(9) 0.0362(9) 
0.7735(3) 0.040(4) 
0.8397(3) 0.053(4) 
0.897X4) 0.075(5) 
0.8923(4) 0.074(5) 
0.8264(4) 0.067(5) 
0.7675(3) 0.050(4) 
0.6504(3) 0.039(4) 
0.6841(4) 0.068(6) 
0.6536(5) 0.073(6) 
0.5870(4) 0.069(5) 
0.5537(4) 0.110(8) 
0.5837(4) 0.092(6) 
0.6414(3) 0.041(4) 
0.64926J9) 0.0370(9) 

0.5820(3) 0.046(4) 
0.5125(4) 0.069(5) 
0.4589(4) 0.085(6) 
0.4754(5) 0.107(8) 
0.5439(5) 0.126(9) 
0.5974(4) 0.079(6) 
0.7298(3) 0.042(4) 
0.7550(4) 0.066(5) 
0.8166(5) 0.093(6) 
0.8515(5) 0.100(6) 
0.8275(6) 0.137(8) 
0.7672(5) 0.092(6) 
0.67193(9) 0.0380(9) 
0.7665(3) 0.039(4) 
0.8000(S) 0.040(4) 
0.7578(3) 0.035(3) 
0.7185(2) 0.038(2) 
0.7555(2) 0.035(3) 
0.8731(3) 0.053(4) 
0.9109(4) 0.066(5) 
0.8779(4) 0.075(5) 
0.8045(4) 0.056(5) 
0.6432(3) 0.043(4) 
0.5950(4) 0.059(4) 
0.5750(4) 0.076(5) 
0.601 l(5) 0.079(6) 
0.6488(5) 0.083(6) 

TABLE 12 (continued) 

Atom x Y 2 u 

& 

c(326) 0.3267(6) 0.4047(4) 0.6687(4) 0.064(5) 
c(331) 0.5291(5) 0.5210(3) 0.6411(3) 0.042(4) 
C(332) 0.5604(6) 0.5166(4) 0.5969(4) 0.054(5) 
C(333) 0.5860(7) 0.5762(4) 0.5755(4) 0.069(6) 
cc3341 0.5779(6) 0.6412(4) 0.5972(4) 0.065(5) 
cc3351 0.5475(7) 0.6465(4) 0.641%5) 0.072(6) 
Cc3361 0.5239(6) 0.5870(4) 0.6633(4) 0.063(5) 
C(341) 0.8598(5) 0.4687(3) 0.8069(3) 0.044(4) 
Cc3421 0.9603(6) 0.4515(4) 0.86144) 0.074(5) 
C(343) 1.0281(7) 0.5025(5) 0.9087(4) 0.089(6) 
C(344) 0.9957(7) 0.5693(4) 0.9003(4) 0.078(6) 
cx345) 0.8973(7) 0.5876(4) 0.8452(5) 0.075(6) 
c(346) 0.8287(6) 0.5369(4) 0.7976(4) 0.056(4) 

Cl(l) 0.2966(4) 0.1970(3) 0.6463(2) 0.256(4) 

Cl(2) 0.1529(5) 0.1732(4) 0.5046(3) 0.322(6) 

C(O1) 0.243(l) 0.1449(8) 0.5720) 0.22(2) 

H(23) 0.611(5) 0.366(3) 0.619(3) 0.06(2) 

concentrated to ca. 10 ml and cooling (-20°C) over 
night gave yellow microcrystals of A~Rt.ts(~s-C~~Bu)- 
(CO),{PPh,[CH,C(O)Ph]}(PPh,) (27) (38 mg, 48%). 
IR (CH,CI,): v(CO) 2043w, 2017s, 1988s, 1970s. IR 
(KBr): v(C0) 1673~ cm- . 1 ‘H NMR (CDCI,): S 1.37 
(s, 9H, ‘Bu); 4.25 [d, 2H, PCH,, 2.Z(PH) = 8.1 Hz]; 
7.21-7.81 (m, 30H, aromatic). 31P(1H] NMR (CDCl,): 
S 44.3 [s, PPh,{CH,C(O)Ph]l; 60.15 (s, PPh,). Anal. 
Found: C, 45.69; H, 3.18%; M, 1374. CS2H,,Au0,P2 
Ru, talc.: C, 45.52; H, 2.99%; M, 1373. 

7. Crystallography 

Unique diffractometer data sets were measured at 
cu. 295 K (28/d scan mode; monochromatic MO-Ko 
radiation, A = 0.71073 A) yielding N independent re- 
flections; N,, of these with Z > 3a(Z) were considered 
“observed” and used in large block/full matrix least- 
squares refinements after absorption correction. 
Anisotropic thermal parameters were refined for the 
non-hydrogen atoms; (x, y, z, U&, were included 
constrained at estimated values. Conventional residuals 
R, R, on 1 FI are quoted at convergence. Statistical 
weights derivative of a2(Z) = a2(Z,,> + 0.0004U4(Z,i,f) 
were used; for 4 and 11, a weighting scheme of the 
form w=[aW+g]F]2]-i [g=O.O039 (41, 0.0033 
(ll)] was used. Neutral atom complex scattering factors 
were employed; for 4 and 11, those for Ru were from 
Ref. 33. Computation used the x~a2.6 program system 
[34] implemented by Hall, or the SHELXT~ [I%] and 
SHELXSS~ [36] programmes. For 4 and 11 P-bound 
phenyl groups were refined as hexagonal rigid groups, 
and the remaining non-H atoms were refined with 
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anisotropic thermal parameters. H atoms were in- 
cluded in each model at their calculated positions; 
cluster bound H atoms were not located. Diagrams 

TABLE 13. Non-hydrogen positional and isotropic displacement 
parameters, 10 

Atom n Y 2 u 
:; 

(A ) 

OS(l) 
osca 
Os(3) 
CW 
001) 
c(l2) 
002) 
C(l3) 
003) 
C(21) 
O(21) 
C(22) 
o(22) 
C(23) 
O(23) 
C(24) 
O(24) 
C(31) 
o(31) 
Cc321 
o(32) 
c(33) 
o(33) 
cc341 
o(34) 
P(l) 
Cull) 
c(ll2) 
N(112) 
C(1121) 
o(1121) 
C(113) 
C(114) 
C(115) 
C(116) 
C(121) 
C(122) 
C(123) 
C(124) 

Cw5) 
c(l26) 
c(l31) 
c(l32) 
C(133) 

0.28284(2) 
0.34827(3) 
0.37112(3) 
0.1888(6) 
0.1298(4) 
0.3767(8) 
0.4311(6) 
0.2554(9) 
0.2354(8) 
0.2531(7) 
0.1967(S) 
0.4428(8) 
0.4997(6) 
0.3180(9) 
0.3009(9) 
0.3978(7) 
0.4249(6) 
0.2764(7) 
0.2209(6) 
0.4642(g) 
0.5237(6) 
0.4343(9) 
0.4732(7) 
0.368(l) 
0.3583(9) 
0.223ql) 
0.2057(6) 
0.1482(6) 
0.0951(5) 
0.0401(6) 
0.036q6) 
0.1464(7) 
0.2olq8) 
0.2569(8) 
0.2594(7) 
0.2756(7) 
0.3534(8) 
0.3914(9) 
0.344(l) 
0.268(l) 
0.2338(g) 
0.1286(5) 
0.1155(6) 
0.0461(7) 

C(134) -0.0140(7) 
C(135) - 0.0026(7) 

c(l36) 0.0666(6) 
C(141) - 0.0119(7) 
C(142) - 0.0226(7) 
C(143) - 0.0717(8) 
C(144) -0.1146(8) 
C(145) - 0.1072(9) 
C(146) - 0.0562(9) 

0.2748X3) 
0.36170(4) 
0.49366J4) 
0.3611(9) 
0.4085(7) 
0.195(l) 
0.1430(9) 
0.28ql) 
0.285(l) 
0.4430) 
0.4945(9) 
0.277(l) 
0.224(l) 
0.235(l) 
0.161(l) 
0.4670) 
0.531(l) 
0.576(l) 
0.6351(8) 
0.408(l) 
0.367(l) 
0.618(l) 
0.691(l) 
0.530(l) 
0.556(l) 
0.0916(2) 
0.0066(9) 
0.0379(8) 
0.1279(7) 
0.18ql) 
0.1537(8) 

-0.026(l) 
-0.112(l) 
-0.146(l) 
- 0.0832(9) 
- 0.0148(9) 
-0.006(l) 
-0.086(l) 
-0.168(l) 
- 0.183(2) 
-0.102(l) 

0.0966(8) 
0.1766(9) 
0.179(l) 
0.103(l) 
0.021(l) 
0.0177(8) 
0.270(l) 
0.287(l) 
0.370(l) 
0.4410) 
0.425(l) 
0.343(l) 

0.38294(2) 
0.22933(2) 

0.26589(3) 
0.2152(5) 
0.2031(4) 
0.2383(7) 
0.2385(6) 
0.1258(6) 
0.0612(5) 
0.3647(6) 
0.3588(4) 
0.3948(7) 
0.406@6) 
0.4318(7) 
0.4604(6) 
0.4649(7) 
0.5142(6) 
0.247q6) 
0.2349(6) 
0.2801(9) 
0.2878(7) 
0.3268(9) 
0.361q7) 
0.1710(9) 
0.1106(6) 
0.2339(l) 
0.1483(5) 
0.0761(5) 
0.0701(4) 
0.007q5) 

- 0.0556(4) 
0.0152(5) 
0.0218(6) 
0.090X6) 
0.1541(6) 
0.3112(5) 
0.3530(7) 
0.4099(8) 
0.4275(6) 
0.384q8) 
0.3268(7) 
0.2416(4) 
0.2909(5) 
0.3004(6) 
0.2601(6) 
0.2119(5) 
0.2033(4) 
0.0179(5) 
0.0843(5) 
0.0915(6) 
0.0293(7) 

- 0.0354(7) 
- 0.042q6) 

0.0402(2) 
0.0522(2) 
0.061 l(2) 
0.050(4) 
0.066(4) 
0.071(6) 
0.113(6) 
O.OSo(7) 
0.129(7) 
0.06q5) 
0.084(4) 
O.OSq6) 
0.122(6) 
0.085(7) 
0.153(9) 
0.094(7) 
0.151(7) 
0.068(6) 
0.097(5) 
0.093(8) 
0.129(7) 
0.104(9) 
O.lSqS) 
0.11(l) 
0.151(9) 
0.0348(9) 
0.043(4) 
0.042(4) 
0.048(3) 
0.051(4) 
0.084(4) 
0.06q5) 
0.074(6) 
0.068(6) 
0.056(5) 
0.050(4) 
0.083(6) 
0.112(7) 
0.101(8) 
0.108(8) 
0.081(6) 
0.036(3) 
0.043(4) 
0.059(5) 
0.063(6) 
0.056(5) 
0.040(4) 
0.055(5) 
0.064(5) 
0.081(6) 
0.089(7) 
0.098(8) 
0.082(7) 

TABLE 14. Non-hydrogen positional factors (X 10’ for Ru, x lo4 
for other atoms) for 11 

Atom x Y z 

Ru(l) 
Ru(2) 
Ru(3) 
P(l) 
NC121 
C(l) 
O(1) 
C(2) 
O(2) 
C(3) 
O(3) 
C(4) 
o(4) 
C(5) 
O(5) 
C(6) 
O(6) 
c(7) 
o(7) 
C(8) 
O(8) 
C(9) 
O(9) 
C(ll) 
C(l2) 
C(l3) 
C(14) 
C(l5) 
C(l6) 
C(21) 
C(22) 
C(23) 
Cc241 
Cc251 
Cc261 
c(31) 
Cc321 
c(33) 
C(34) 
C(35) 
C(36) 
c(40) 
C(41) 
Cc421 
C(43) 
C(44) 
C(45) 
C(46) 

21527(4) 
29747(3) 
34377(4) 
21460) 
1013(4) 
1329(6) 

889(5) 
3607(6) 

4400(5) 
1422(5) 
974(5) 

3081(5) 
3186(5) 
4679(6) 
5719(4) 
1820(7) 
945(5) 

3387(7) 
3334(7) 
4943(7) 
5853(5) 
441q6) 
5035(5) 
2848(4) 
2728(4) 
3216(4) 
3825(4) 
3945(4) 
3457(4) 
1765(3) 
2751(3) 
2503(3) 
1270(3) 

284(3) 
532(3) 
649(5) 
238(4) 

- 844(5) 
- 1477(5) 
- 1088(5) 

- 12(5) 
652(4) 

- 684(3) 
- 1269(3) 
- 2512(3) 
- 3171(3) 
- 2587(3) 
- 1343(3) 

65531(2) 
77925(2) 
62581(3) 

8894(l) 
7297(2) 
6842(4) 
6997(3) 
6535(4) 
6552(4) 
5419(4) 
4752(3) 
7877(3) 
7921(3) 
8295(3) 
8637(3) 
6043(4) 
5910(3) 
5137(5) 
4478(3) 
6672(4) 
6888(4) 
6463(4) 
6597(4) 
9899(2) 

10582(Z) 
11342(2) 
11419(2) 
10736(2) 
9976(2) 
9044(3) 
9232(3) 
9307(3) 
9193(3) 
9005(3) 
893q3) 
856q3) 
7728(3) 
7381(4) 
7889(4) 
8715(4) 
9049(3) 
674q3) 
6383(2) 
5612(2) 
5259(2) 
5677(2) 
6449(2) 
6802(2) 

24394(4) 
53536(4) 
50316(5) 
5341(l) 
468q4) 

769(7) 
- 232(6) 
1574(7) 
982(6) 

1685(7) 
1224(6) 
7393(7) 
8632(5) 
5755(7) 
6054(7) 
5571(8) 
5966(6) 
4205(9) 
3757(9) 
4411(7) 
4144(6) 
7019(g) 
8158(6) 
6649(4) 
6234(4) 
7284(4) 
8748(4) 
9163(4) 
8113(4) 
3512(4) 
2839(4) 
1394(4) 
623(4) 

1296(4) 
2741(4) 
5801(5) 
5432(5) 
5802(7) 
6571(7) 
6905(6) 
6531(6) 
3401(6) 
2619(5) 
2598(5) 
1806(5) 
1036(5) 
1057(5) 
1848(5) 

showing the crystallographic numbering schemes were 
drawn with the ORTEP program [37] with 25% probabil- 
ity ellipsoids. Relevant crystal data and refinement 
details are collected in Table 7, and pertinent results 
are given in the figures and tables 8-19. 
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TABLE 15. Non-hydrogen positional and isotropic displacement 
parameters, 15 

Atom x Y z u 
:; 

(A 1 

Ru(l) 0.61006(l) 

fW2) 0.60867(2) 

fW3) 0.63731(2) 

cxll) 0.6209(2) 
001) 0.62660) 
C(12) 0.6567(2) 

002) 0.6838(l) 

C(13) 0.5652(2) 
003) 0.5385(l) 

cc211 0.6045(2) 

O(21) 0.6009(2) 

C(22) 0.6643(2) 

O(22) 0.6972(l) 

Cc231 0.5555(2) 

(X23) 0.5224(l) 

C(31) 0.6405(2) 

O(31) 0.6409(2) 

C(32) 0.6854(2) 
o(32) 0.7161(l) 

cc331 0.5870(2) 

O(33) 0.55810) 

P(l) 0.57156(5) 
Cflll) 0.5248(2) 
C(112) 0.4936(2) 
C(113) 0.4593(2) 
C(114) 0.4566(2) 
C(115) 0.4873(2) 
C(116) 0.5209(2) 
C(121) 0.5906(2) 
c(122) 0.6241(2) 
C(123) 0.6371(2) 
C(124) 0.6165(3) 
c(125) 0.5825(3) 
c(126) 0.5699(2) 

c(O) 0.5563(2) 

P(2) 0.59045(5) 
c(211) 0.6299(2) 
C(212) 0.6298(2) 

z;;;; 0.6599(2) 
0.6913(2) 

C(215) 0.6919(2) 
C(216) 0.6612(2) 
C(221) 0.5620(2) 
C(222) 0.5746(2) 
C(223) 0.5533(2) 
C(224) 0.5189(2) 
C(225) 0.5045(2) 
C(226) 0.5260(2) 

P(3) 0.66749(5) 
C(311) 0.7108(2) 
C(312) 0.7475(2) 
C(3121) 0.7543(2) 

CW;) 0.7871(2) 
0.7776(2) 

c(314) 0.7732(3) 
C(315) 0.7377(3) 
C(316) 0.7070(2) 
C(321) 0.6386(2) 
C(322) 0.6074(2) 
C(323) 0.5861(2) 
C(324) 0.5974(2) 

0.64459(3) 
0.82678(3) 
0.81664(3) 
0.5467(4) 
0.4896(3) 
0.62344) 
0.6033(3) 
0.6793(4) 
0.6888(3) 
0.9554(5) 
1.0317(3) 
0.8312(5) 
0.8407(4) 
0.8307(5) 
0.8369(4) 
0.7513(5) 
0.7074(4) 
0.7582(4) 
0.7257(3) 
0.8712(5) 
0.9051(4) 
0.55950) 
0.5137(4) 
0.5751(5) 
0.5400(6) 
0.4416(6) 
0.3802(6) 
0.4146(5) 
0.447Of4) 
0.4026(5) 
0.3152(6) 
0.2746(6) 
0.3161(5) 
0.4024(5) 
0.6380(4) 
0.7403(l) 
0.6889(4) 
0.5926(4) 
0.5591(5) 
0.6179(5) 
0.7131(5) 
0.7486(5) 
0.8119(4) 
0.8317(5) 
0.8898(6) 
0.9282(6) 
0.9079(7) 
0.8499f6) 
0.9679(l) 
0.9954(5) 
0.9469(5) 
0.8709(6) 
0.8410(5) 
0.9696(6) 
1.0390(6) 
1.0881(6) 
1.0649(5) 
1.0821(4) 
1.0892(5) 
1.1756(5) 
1.2562(5) 

0.67666(2) 
0.61432(2) 
0.74380(2) 
0.7363(3) 
0.7741(2) 
0.6392(3) 
0.6179(2) 
0.7145(3) 
0.7389(2) 
0.5818(3) 
0.5615(3) 
0.6148(3) 
0.6091(2) 
0.6292(3) 
0.6329(2) 
0.8180(3) 
0.8620(2) 
0.7290(3) 
0.7247(2) 
0.7520(3) 
0.7628(3) 
0.59910(7) 
0.6182(3) 
0.6234(3) 
0.6418(3) 
0.6555(3) 
0.6519(4) 
0.6332(3) 
0.5687(3) 
0.5975(3) 
0.5759(4) 
0.5239(4) 
0.4954(4) 
0.5178(3) 
0.5319(3) 
0.52402(7) 
0.4871(2) 
0.465Of3) 
0.4371(3) 
0.4303(3) 
0.4514(3) 
0.4793(3) 
0.4628(3) 
0.4090(3) 
0.3646(3) 
0.3736(3) 
0.4261(4) 
0.4707(3) 
0.775147) 
0.7394(3) 
0.7538(3) 
0.8036(4) 
0.8197(3) 
0.7215(4) 
0.6765(4) 
0.6623(4) 
0.6932(3) 
0.7614(3) 
0.7151(3) 
0.7039(3) 
0.739Of3) 

0.0361(2) 
O&438(2) 
0.0422(2) 
0.047(2) 
0.075(2) 
0.046(2) 
0.065(Z) 
0.046(2) 
0.067(2) 
0.067(3) 
0.106(3) 
0.058(3) 
0.083(2) 
0.060(3) 
0.078(2) 
0.060(3) 
0.099(3) 
0.050(2) 
0.064(2) 
0.061(3) 
0.091(2) 
0.0401(5) 
0.047(2) 
0.057(3) 
0.075(3) 
0.079(3) 
0.084(4) 
0.064(3) 
0.044(2) 
0.060(3) 
0.088(4) 
0.098(4) 
0.089(4) 
0.060(3) 
0.046(2) 
0.0410(6) 
0.042(2) 
0.055(3) 
0.068(3) 
0.069(3) 
0.065(3) 
0.050(2) 
0.048(2) 
0.062(3) 
0.078(3) 
0.083(3) 
O.lOl(4) 
0.089(4) 
0.0429(6) 
0.051(Z) 
0.067(3) 
0.084(3) 
0.134(3) 
0.093(4) 
0.114(5) 
0.103(4) 
0.071(3) 
O&45(2) 
0.062(3) 
0.074(3) 
0.077(3) 

TABLE 15 (continued) 

c(325) 0.62W2) 1.2520(5) 0.7842(3) 0.071(3) 
c(326) 
c(331) 
c(332) 
U333) 
c(334) 
Cf335) 
c(336) 
Cl(l) 
C(l) a 

0.64932) 
0.6843(2) 
0.7201(2) 
0.7308(2) 
0.7055(3) 
0.6694(3) 
0.6585(2) 
0.7190(2) 
0.7313(8) 

1.1653(5) 
0.9820(4) 

1.022Ow 
1.0335(6) 
1.0052(6) 
0.9685(5) 
0.9549(5) 
0.2887(5) 
0.276(2) 

0.7954(3) 
0.8574(3) 
0.8810(3) 
0.9431(3) 
0.9810(3) 
0.9584(3) 
0.8965(3) 
0.4664(3) 
0.5331(9) 

0.06iK3) 
0.047(2) 
O.OSs(3) 
0.086f4) 
0.091(4) 
0.081(3) 
O&2(3) 
0.314(4) 
0.170) 

a Site occupation factor = 0.5 

TABLE 16. Non-hydrogen positional and isotropic displacement 
parameters, 18 

Atom n Y f 9s 
&‘, 

0,0232(l) 
0.02840) 
0.0307(l) 
0.04of4) 
0.053(4) 
0.033(4) 
0.052(4) 
0.036(4) 
0.061(4) 

0.048(5) 
0.095(6) 
0.03M4) 
0.048(3) 
0.050(5) 
0.087(6) 
0.043(5) 
0.063(4) 
0.048(5) 
0.073(5) 
0.044(5) 
0.063(4) 
0.039(4) 
0.063(4) 
0.049(5) 
0.099(6) 
0.0249(8) 
0.041(4) 
0.042(4) 
0.055(6) 
0.053(4) 
0.068(7) 
0.090) 
0.09(l) 
0.057(6) 
0.033(4) 
0.061(6) 
0.069(7) 
0.056(6) 
0.051(5) 
0.037(4) 
0.036(4) 
0.055(5) 
0.075(7) 
0.074(7) 
0.062(6) 
0.052(S) 

OS(l) 0.25337(3) 0.65995(4) 0.36148(2) 
042) 0.42937(3) 0.75499(4) 0.41876(2) 
Os(3) 0.41960(3) 0.55732(4) 0.32259(2) 
CM) 0.2640(8) 0.789(l) 0.2957(7) 
OUl) 0.2668(6) 0.8640) 0.2575(5) 
C(12) 0.2458(8) 0.5330) 0.4282(6) 
002) 0.2356(7) 0.4566(9) O&49(5) 
cc131 0.1775(9) 0.565(l) 0.3040(6) 
003) 0.1314(8) 0.5060(9) 0.2666(5) 
C(21) 0.429(l) 0.890(l) 0.3555(7) 
O(21) 0.4370) 0.9770) 0.3218(6) 
cc221 0.4170(8) 0.622(l) 0.4l?O9(7) 
O(22) 0.4119f6) 0.5495(9) 0.5211(5) 
C(23) 0.404(l) 0.880(l) O&314(7) 
o(23) 0.3950(9) 0.9540) 0.5197(7) 
c(24) 0.5590) 0.7560) 0.4309(6) 
OW 0.6347(7) 0.7560) 0.4388(6) 
c(31) 0.429(l) 0.6860) 0.2579(8) 
O(31) 0.436Of8) 0.7550) 0.2169(6) 
Cc321 0.4059(9) 0.424(l) 0.3839(7) 
O(32) 0.3979(8) 0.3382(9) 0.4174(5) 
c(33) 0.5473(9) 0.534(l) 0.3291(6) 
O(33) 0.6225(7) 0.521(l) 0.3327(5) 
cc341 0.3760) 0.4440) 0.2560(8) 
O(34) 0.350(l) 0.3730) 0.2160(7) 
P(l) 0.1384(2) 0.7778(3) 0.4047(l) 
C(111) 0.1380) 0.9470) 0.3807(6) 
C(112) 0.106Of9) 0.9920) 0.3179(7) 
c(1121) 0.0700) 0.912(2) 0.2653(7) 
00121) 0.0635(7) 0.7980) 0.2650(5) 
C(113) 0.1160) 1.121(2) 0.3035(8) 
c(114) 0.161(2) 1.203(2) 0.3520) 
c(115) 0.187(l) 1.158(l) 0.408(l) 
C(116) 0.177(l) 1.0330) 0.4245(8) 
C(121) 0.1448(9) 0.7900) 0.4936(6) 
C(122) 0.071(l) 0.837(2) 0.5221(7) 
C(123) 0.0750) 0.844(2) 0.588%8) 
C(124) 0.1500) 0.8080) 0.6267(7) 
C(125) 0.223(l) 0.7610) 0.6004(6) 
C(126) 0.2188(9) 0.7510) 0.5327(6) 
C(131) 0.0233(8) 0.718(l) 0.3916(6) 
C(132) -0.053(l) 0.790(2) 0.3753(8) 
C(133) -0.138(l) 0.742(2) 0.3750) 
cc1341 - 0.1500) 0.617(2) 0.3903(9) 
C(135) - 0.0790) 0.542(2) O/+061(9) 
C(136) 0.009(l) 0.592(l) 0.4076(8) 
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TABLE 17. Non-hydrogen positional and isotropic displacement 

parameters, 18a 

Atom x Y z u 
:; 

(A 1 

OS(l) 0.20093(6) 

Os(2) 0.24182(7) 

043) 0.07653(6) 

cw 0.1360) 

001) 0.0910) 

C(12) 0.26Of2) 

002) 0.297(l) 

C(13) 0.135(2) 

o(13) 0.0920) 

cc211 0.186(2) 

o(21) 0.1530) 

Cf22) 0.305(2) 

of221 0.3470) 

Cc231 0.349(2) 

Of231 0.420(l) 

Cc241 0.208(2) 

Of241 0.187(l) 

C(31) 0.015(Z) 

of30 - 0.0260) 

C(32) 0.130(2) 

Of321 0.170(l) 

cc331 0.025(2) 

O(33) -0.OlOf2) 

cc341 -0.008(Z) 

o(34) -0.058(l) 

P(1) 0.3259(4) 
Cflll) 0.295(l) 
C(112) 0.278(2) 
c(1121) 0.286(2) 
Of1121) 0.295(2) 

Cf113) 0.247(2) 

Cf114) 0.241(2) 

c(115) 0.263(2) 

c(116) 0.293(2) 

cx121) 0.429(l) 

Cf122) 0.466(2) 

CX123) 0.545(2) 

CX124) 0.592(2) 

CX125) 0.560(2) 

CX126) 0.477(l) 

Cf130 0.372(l) 

c(l32) 0.315(2) 
C(133) 0.349(2) 

Ct134) 0.439f2) 

c(l35) 0.496f2) 

c(l36) 0.466(2) 

Cl(l) a 0.128(2) 
Cl(2) a - 0.054(2) 

c(O) = 0.03(2) 

0.31633(8) 
0.04326(8) 
0.15594(8) 
0.320(2) 
0.331(2) 
0.312(2) 
0.325(2) 
0.473(2) 
0.566(2) 
0.054(2) 
0.052t2) 

0.046f3) 
0.046(2) 
0.013(2) 

- 0.015(2) 
-0.119(3) 
- 0.227(2) 

0.153(2) 
0.147(2) 
0.152(3) 
0.147(2) 
O.Oll(3) 

- 0.078(2) 
0.29Of2) 
0.369(2) 
0.3871(5) 
0.546(2) 
0.657(2) 
0.653(3) 
0.752(2) 
0.775(2) 
0.782(3) 
0.676(3) 
0.559(3) 
O/+07(2) 
0.305(2) 
0.309f2) 
0.412(2) 
0.519(2) 
0.506(2) 
0.293(2) 
0.245(2) 
0.177(2) 
0.151(2) 
0.197(2) 
0.267(2) 
0.455(2) 
0.487(4) 

ON21 

0.9684(l) 
1.02210) 
1.1823(l) 
0.834(2) 
0.766(2) 
1.107(3) 
1.179(2) 
0.993(3) 
1.019(2) 
0.876(3) 
0.798(2) 
1.156(3) 
1.224(2) 
0.906(3) 
0.824(2) 
1.108(3) 
1.172(2) 
1.046(3) 
0.981(2) 
1.323(3) 
1.397(2) 
1.304(3) 
1.382(3) 
1.236(3) 
1.274(2) 
0.7803(6) 
0.677(2) 
0.723(3) 
0.862(3) 
0.878(3) 
0.648(3) 
0.523(3) 
0.471(3) 
0.546(3) 
0.813(2) 
0.910(3) 
0.933(3) 
0.870(3) 
0.774(3) 
0.747(2) 
0.654(2) 
0.61Of3) 
0.512(3) 
0.457(3) 
0.501(3) 
0.598(3) 

0.4OOf3) 
0.562(3) 
O&3(3) 

0.0325(4) 
0.0395(4) 
0.0390(4) 
0.043(6) 
0.053(4) 
0.049(6) 
0.077(6) 
0.047(6) 
0.079(6) 
0.053(7) 
0.062(5) 
0.073(9) 
0.092(7) 
0.053(7) 
0.078(6) 
0.073(9) 
0.081(6) 
0.049(6) 
0.062(5) 
0.079(9) 
0.095(7) 
0.077(9) 
O.llOf8) 

0.06Of7) 
0.075(6) 
0.033(2) 
0.039(5) 
0.047(6) 
0.074(9) 
0.116(9) 
0.057(7) 
0.067(8) 
0.079(9) 
0.062(8) 
0.037(5) 
0.049(6) 
0.06Of7) 
0.057(7) 
0.051(7) 
0.042(6) 
0.035(5) 
0.049(6) 
0.057(7) 
0.059(7) 
0.058(7) 
0.049(6) 
0.19(2) 
0.2Of2) 

0.40) 

a Site occupancy factor = 0.5 
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TABLE 18. Non-hydrogen positional and isotropic displacement 
parameters, 19 

Atom x Y z u, 
ck, 

OS(l) 
042) 
Osf3) 
cx12) 
of121 
c(13) a 
003) 
a221 
a221 
CX23) 
(X23) 
c(24) 
OCW 
c(31) 
O(31) 
C(32) 
Of321 
Ci33) 
Of331 
cc341 a 

Of341 
P(l) 
C(M) 
C(112) 
Cf1121) 
O(1121) 

Cf113) 
cx114) 
Ct115) 
c(116) 
Ct121) 
CO221 
Cw3) 
C(124) 

Cf125) 
cx126) 
c(131) 
Cf132) 
c(l33) 
Ct134) 
Cfl35) 
Ct136) 

0.25487(9) 
0.41300) 
0.2875(l) 

- 0.009f3) 
- 0.155(2) 

0X3(3) 
0.271(2) 
0.241(3) 
0.135(2) 
0.478(3) 
0.514(2) 
0.576(3) 
0.678(3) 
0.503(5) 
0.653(3) 
0.058(0 

- 0.082(2) 
0.358(3) 
0.399f3) 
0.148(4) 
0.117(4) 
0.3029(6) 
0.522(2) 
0.622(2) 
0.526(2) 
0.612(2) 
0.801(3) 
0.87Of3) 
0.770(3) 
0.595(2) 
0.332(2) 
0.481(3) 
0.49Of3) 
0.361(3) 
0.217(3) 
0.2Oof2) 
0.16Of2) 
0.194(2) 
0.089f3) 

- 0.042(3) 
- 0.075(3) 

0.023(2) 

0.38006(3) 0.72163(5) 
0.47299f3) 
0.48389(3) 
0.3802(9) 
0.3781(7) 
0.3461(8) 
0.327X7) 
0.5218f8) 
0.5520(7) 
0.4509f7) 

0.44OOf6) 
0.53148) 
0.5665(7) 
0.4576(9) 
0.4414(8) 
0.4985(9) 
0.5077(8) 
0.5565(9) 
0.6023(6) 
0.472(l) 
0.4598f8) 
0.2998(2) 
0.2788(7) 
0.324Of7) 
0.3758(7) 
0.4167(5) 
0.3159(8) 
0.2654(8) 
0.2209(8) 
0.2265(7) 
0.3077(7) 
0.2880(8) 
0.296(l) 
0.3235(9) 
0.3424f9) 
0.3363(7) 
0.2404f6) 
0.1952(7) 
0.1484(8) 
0.1454(9) 
0.1898f9) 
0.2378(8) 

0.66940(5) 
0.80674f6) 
0.6580) 
0.623(l) 
0.823(l) 
0.892(l) 
0.5940) 
0.550(l) 
0.5720) 
0.5140) 
0.719(2) 
0.747(l) 
0.887(2) 
0.940(l) 
0.708(2) 
0.654(l) 
0.837(2) 
0.8480) 
0.863(2) 
0.932(l) 
0.6597(3) 
0.741(l) 
0.788(l) 
0.763(2) 
0.7503(8) 
0.852(l) 
0.8690) 
0.828(l) 
0.7610) 
0.5550) 
0.5440) 
0.461(2) 
0.392(l) 
0.405(l) 
0.484(l) 
0.637(l) 
0.594(l) 
0.5790) 

0.6060) 
0.648(2) 
0.667(l) 

0.0364f3) 
0.0421(3) 
0.0536(4) 
0.07(l) 
0.093(9) 
0.052(5) 
0.080(S) 
0.07(l) 

0.09Of9) 
0.047(8) 
0.071(8) 
0.070) 
0.10(l) 

0.09f2) 
0.12(l) 
0.070) 
0.10(l) 
0.07(l) 
0.12(l) 
0.110) 
0.13(l) 
0.035(2) 
0.033(6) 
0.045(8) 

0.060) 
0.050(6) 
0.054(8) 
0.059(9) 
0.055(9) 
0.053(9) 
0.039(7) 
0.06(l) 
0.08(l) 
0.07(l) 
0.06(l) 

0.044f7) 
0.031(6) 
0.045(8) 
0.054(9) 
0.06(l) 
0.07(l) 
0.052t9) 

a Isotropic thermal parameters 
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TABLE 19. Non-hydrogen positional and isotropic displacement 
parameters, 20 

References 

Atom x Y z u 

(‘$1 

OS(l) 0.24825(4) 0.97455(4) 0.03161(6) 0.0316(2) 

042) 0.18364f4) 1.1287Of4) 0.24979f6) 0.0406(3) 

Gs(3) 0.11415(4) 1.16922(4) - 0.03368(6) 0.0406(3) 

C(11) 0.137(l) 0.9598(9) 0.092(l) 0.039(6) 

Gfll) 0.0711(7) 0.9459(7) 0.117(l) 0.053(5) 

C(12) 0.356(l) 0.9956(9) - 0.034(2) 0.039(6) 

002) 0.4212(7) 1.0040(7) -0.079(l) 0.060(6) 

C(13) 0.263(l) 0.910(l) - 0.149(2) 0.048(7) 

o(13) 0.2704(9) 0.8709(9) -0.254(l) 0.086(7) 

U21) 0.0971(9) 1.080(l) 0.328(l) 0.043(7) 

Of211 0.0493(8) 1.0489(8) 0.388(l) 0.063(6) 

C(22) 0.283(l) 1.1560) 0.168(2) 0.07(l) 

O(22) 0.346(l) 1.173(l) 0.131(2) 0.099(9) 

Cc231 0.245(l) 1.083(l) 0.420(2) 0.064(8) 

G(23) 0.2822(g) 1.0650) 0.5260) 0.084f7) 

C(24 0.097(l) 1.259(l) 0.304(2) 0.063(8) 

o(24) 0.0424(9) 1.3359(9) 0.337(2) 0.098(7) 

C(31) 0.007(l) 1.164(l) 0.073(l) 0.047(7) 

o(31) - 0.0615(7) 1.1670(8) 0.136(l) 0.062(6) 

c(32) 0.2200) 1.179(l) - 0.121(2) 0.064(8) 

(X32) 0.2839(8) 1.1945(9) -0.178(l) 0.083(7) 

CC331 0.044(l) 1.303(l) - 0.046(2) 0.073(9) 

G(33) 0.003(l) 1.3864(9) - 0.054(2) 0.114(8) 

C(34) 0.093(l) 1.128(l) - 0.218(2) 0.07(l) 

G(34) 0.0821(9) 1.103(l) -0.323(l) 0.109(9) 

P(l) 0.3383(2) 0.8381(3) 0.1668(4) 0.033(2) 
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