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Summary 

The reactions of dihydrogen (80°C 20 bar, 2 h) with a series of tertiary 
phosphine and phosphite ‘complexes Ru,(CO),,_,,(L),, (L = PMe,, PPh,, PPh 
(OMe), or P(OMe),; n = l-3) and with complexes containing dppm, dppe, dpam 
and PPh,(C,H,CH=CH,-2) have been studied. Complexes containing monodentate 
ligands gave tetranuclear complexes Ru,(p-H),(CO),,_,,(L),, (n = O-3, but not 4) 
whereas complexes with bidentate ligands showed varying behaviour. Thus Ru3(p- 
dppm)(CO),, gave Ru,(p-H),(p3-PPhCH,PPh,)(CO),, further hydrogenation of 
which afforded Ru,OJ-H),(~~-PP~)(CO)&PM~P~,). Ru,(p-dppe)(CO),, gave a 
mixture of Ru,(p-H)(p,-PPhCH,CHIPPh,)(CO), and Ru,(p-H),(p-dppe)(CO),, 
as the major products, and Ru3(&,P-CHL=CHC6H4PPhZ)(C0)r0 gave a mixture 
of Ru,(p-H),(CO),,_,,{PPh,(C,H,Et-2)},, (n = 0 and 1). Pyrolysis of Ru~(,IA- 

H),(p-dppm)(C% afforded Ru,(ZJ-H),(~~-PP~CH~PP~~)(~-CO),(CO),. The 
molecular structures of Ru~(~-H)~(~~-PP~)(CO),(PM~P~,), Ru,(p-H),(p- 

dppm)(C% and Ru,(p-H),(I_~~-PPhCH,PPh,)(p-CO),(CO), have been de- 
termined: 2286, 4930 and 6393 data (I > 2Sa(Z)) were refined to R and R, values 
of 0.032 and 0.037, 0.026 and 0.035, and 0.043 and 0.053, respectively. Hydrogena- 
tion of Os,(p-dppm)(CO),, gave Os,(p-H),(p-dppm)(CO),, whose structure was 
also determined: 3367 data with Z > 2Sa( I) were refined to R 0.044, R, 0.052. 

* For Part L. sw ref. 42. 
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nuclear complexes without P-C bond cleavage, whereas bidentate ligands undergo 
ready cleavage of aryl groups to give phosphido and phosphinidene ligands. In 
addition, the X-ray structures of four complexes isolated during this work, Ru,(p- 
H),(pL-PPh)(CO)a(PMePh,), Ru,(~-H)3(~L-PPhCH,PPhz)(CO),0, Ru,(p- 
H),(p-dppm)(CO),, and Os,(p-H),(p-dppm)(C0),, are described. Some of this 
work has been reported in a preliminary communication [9] *; some independent 
studies by other groups are referenced in this account. 

Results 

Complexes containing monodentate ligands 
Solutions of the complexes Ru,(CO),~_~,,(L),, (L = PMe,, PPh,. PPh(OMe)2, 

P(OMe),; n = 1-3 in each case) in cyclohexane solution were hydrogenated (20 atm, 
80°C 2 h), and the products were separated by preparative thin layer chromatogra- 
phy (TLC). The yellow complexes so formed were readily identified as the tetra- 
nuclear derivatives Ru,(p-H),(CO),,_,,(L),z, as detailed in Table 1 and in the 
Experimental section. Where these complexes were new. they were also made and 
characterised by appropriate reactions between Ru,(p-H),(CO),, and L. 

In all cases, mixtures of complexes were obtained; the percentage yields quoted 
in Table 1 relate to isolated, pure material. In four cases, amounts of the trinuclear 
precursors were recovered. However, we had no evidence of the formation of any 
complexes containing modified ligands, for example, by P-C or P-O bond cleavage, 
except possibly in the case of the P(OMe), complexes, where the reaction mixtures 
were found to contain other complexes in trace amounts only; these were not 
investigated further. 

Interpretation of these results is complicated by the following features: 
(i) disproportionation of mixtures of Ru,(C0)i2 [13] or Ru,(CO),,{P(OMe),} 
with Ru,(CO),{P(OMe),), gives Ru,(C0)i2~ ,,{P(OMe),),, (n = l-3) on heating; 
(ii) under the same conditions; disproportionation of mixtures of Ru,(p- 
H)4(C0)12_,r(L),1 also occurs; 
(iii) exchange of CO between Fe,(CO),, and Ru,(CO),~. but not apparently of one 
metal for another occurs [13], although both Fe,Ru(CO),, (P(OMe), } and 
FeRu2(CO),,{P(OMe),}z are formed by heating a mixture of Fe,(C0)i2 and 
Ru,(CO),{P(OMe),},, suggesting that the tertiary phosphite does not migrate from 
ruthenium to iron [13]; 
(iv) disproportionation of mixtures of Ru,(C0)i2 and OS,(CO),~ to give 
Ru,,OS,_,~(CO),, occurs on heating [14]: 
(v) direct, reversible substitution of 2H for CO is well-established for several metal 
cluster complexes, and although we have not observed the reaction 

Ru,(CO),,-,1(L),, + H, ” Ru3Hz(CO)i, -,,(L),, + CO 

it is reasonable to consider that reactions of this type are among the first to occur 
under hydrogenation conditions. The extent to which similar substitution of L by 
H,, and also by CO, might occur under these conditions could not be determined. 

* Unfortunatelv this cornrnunication was processed and publibhcd a> n full paper. 
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Fig. 1. A molecule of Ru,(p-H)l(p,-PPh)(CO),(PMePh,) (3). showing atom numbering scheme 

warranted, as there are no significant differences in the major structural parameters 
of 3 and of previously studied examples (Table 2). 

Formation of 3 occurs by addition of 2H to the cluster and to the bridging 
methylene of the p,-PPhCH,PPh, ligand in the precursor 2 to give a PMePh, 
ligand; the resulting cleavage of the P-C bond generates a phenyl-phosphinidene 
ligand which caps the Ru, core. Similar complexes have been obtained from 
Ru,(CO),, and primary phosphines [17,18] and by pyrolysis of Fe,( p-H)(p3- 
PRCH2PR,)(CO), (R = Me, Pr’, CH,Ph) [15]. 

Hydrogenation of Ru,(CO),,(dppe) (4) afforded two complexes, Ru,( p-H)( pX- 
PPhCH,CH,PPh2)(CO), (5) and Ru,(p-H),(CO),,,(dppe) (6) in 34 and 23% 
yields, respectively. The Ru, complex thus shows behaviour common to derivatives 
containing both mono- and bi-dentate tertiary phosphines, which may be related to 
the weaker attachment of the ligand containing a four-atom P-C-CP backbone. It 
is known that ready isomerisation of Ru,(p-H),(CO),,,(dppe) (6a) (containing a 
chelating dppe ligand) to Ru,(~-H)4(~-dppe)(CO),,, (6b) (in which the dppe 
bridges a metal-metal bond) occurs [19,20]; under hydrogen, presumably Hz adds 
to the vacant coordination site left by dissociation of one arm of the bidentate 
ligand in the first step towards formation of the tetranuclear complex. 

In agreement with this, hydrogenation of {Ru,(CO),,}~(~-dppe) (7) [21] affords 
Ru,(p-H),(C0)r2 (39%) and Ru,(p-H)4(CO),,,(dppe) (37%) as the major products, 
accompanied by smaller amounts of { Ru 4( p-H),(CO), , ) 2( p-dppe) (8) and Ru j( 1_1- 
H)(p.3-PPhCHzCHzPPh,)(CO), (5). The bis-trinuclear complex thus behaves quite 
similarly to other complexes containing monodentate tertiary phosphines. 
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OS&.-W,(CWw of which Os,(p-H),(CO),(PPh,) has been structurally char- 
acterised previously [26]. We have determined the molecular structure of 12 (Fig. 2); 
however, the result is not significantly different from the earlier, independent, 
determination [25] and merits no further discussion. The shortest OssOs bond 
(2.681(l) A) is bridged by both hydrogens and the dppm ligand. 

(ii) Tetranuclear ruthenium complexes 
Several tertiary phosphine and phosphite derivatives of Ru,(p-H),(CO),, were 
prepared independently in the course of identifying these complexes among the 
products of hydrogenation of complexes Ru 3(CO) 17 ,I (L),z. These complexes ex- 
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Fig. 2. A molede of Os,(ll-H),(~-dppm)(CO), (12). showing atom numbering scheme. Significant 

bond distances: OS(~)-OS(~) 2.681(l), Os(l)FOs(3) 2.X15(1), OS(?)-OS(~) 2.823(l). OS(~)-p(1) 2.316(5). 

O@kp(2) 2.34Y(5). p(l)-C(Y) 1.X39(21). P(2)-C(9) 1.X29(20) A. Angles: OS(~)-OS(~)-OS(~) 61,5(l). 

OS(~)-Os(l)kOs(3) 61.8(l), Os(l)FOs(3)kOs(2) 56.X(l), O.\(2)-OS(~)-P(1) 93.5(l). OS(~)-0$2)-p(2) 

95.5(l). Os(l)Fp(l)-C(9) 109.1(7). OS(~)-P(2)-C(9) lOY.7(7). P(l)K(9)pP(Z) 113.9(9)“. 

to be magnetically inequivalent; for 13 a complex signal at 6 3.80 was the AB 
portion of an ABX, system (where X, are the two phosphorus nuclei) while for 14 
an AB quartet at 13 3.37 (J(AB) 12 Hz) was observed. 

It has been shown that there are two isomers of Ru,(p-H),(CO),,(dppe) [19,20]; 
complex 6a in which the tertiary phosphine chelates one of the ruthenium atoms, 
and complex 6b in which the dppe ligand bridges the Ru(l)-Ru(2) vector. Similar 
alternatives can be proposed for complexes 13 and 14, therefore an X-ray diffraction 
study was performed on complex 13. 

The crystal is composed of discrete molecules with no unusually short intermolec- 
ular contacts shorter than Van der Waals separations. The molecular structure of 13, 
which is shown in Fig. 3 (see also Table 3), is based upon a distorted tetrahedral 
Ru, core with the dppm ligand spanning the hydride-bridged Ru(l)-Ru(2) vector 
(2.987(l) A) in a similar manner to 6b [19]. Each of the phosphorus atoms is 
attached to the cluster via normal 2e-donor bonds (Ru(l)-P(1) 2.360(l), Ru(2)-P(2) 
2.337(l) A). The ten CO ligands are all in terminal positions and are distributed two 
to each of the dppm-bridged Ru atoms and three each to the other two metal atoms. 
The Ru-Ru distances fall into two groups, four long hydride-bridged vectors (mean 
2.960(l) A) and two shorter unbridged Ru-Ru bonds (mean 2.777(l) A). The four 
hydride ligands, which were located and refined in the X-ray study. are arranged 
such that the Ru,(p-H), core has configuration A with idealized C, symmetry. This 
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(A) (8) 

PR2 

CC) 

(D) 

Consideration of possible mechanisms of elimination of alkane or arene from 
complexes of the types described above and elsewhere suggests that such processes 
might proceed more readily if the hydrogen atom(s) were already attached to the 
cluster core. Following this, hydrido-cluster complexes might be expected to exhibit 
similar reactions on simple pyrolysis, and indeed this reaction of Os,( p-H)( p 
SPh)(CO),, has been described [30]. However, similar studies have not yet been 
reported for complexes such as 13. 

Simple heating of Ru,(~-H)4(CO),,(dppm) (13) in refluxing cyclohexane for 1 h 
gave a 76% yield of orange Ru,(p-H),(pL,-PPhCH,PPh,)(CO),, (15). Subsequently 
we learned that others have prepared this complex by a similar route [31]. The IR 
v(C0) spectrum contains five medium to strong v(C0) bands between 2075-1980 
cm-‘, together with weak bands at 1898 and 1843 cm-‘. The presence of the latter 
suggested the presence of bridging carbonyl groups. In the ‘H NMR spectrum, two 
high-field signals at 6 - 18.0 and - 19.7, of relative intensity l/2 suggested that 15 
had a structure such as that illustrated, which was confirmed by the X-ray study. 

The unit cell contains two independent molecules which do not differ apprecia- 
bly. Figure 4 illustrates molecule A and the relevant atom numbering system; an 
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illustration of molecule B and its numbering system is included III the a~pplem~~~- 
tary material. The following discussion refers to molecule A. In tk near-l\, tctra- 
he&-al Ku, core. there are tuo <hart (KU(~)-~ KU(~) 2.756(l). Ku(?) Ru(3) Z.764( 1) 
A. one medium (Ru(2)- Ru(4) 2.844(l) A) and three long Ru Ru sqxxltions 
(Ru(l)mRu(2) 2.988(l). Ru(l)-mRu(3) 2.990(I). Ru( I) Ru(4~ Z.c)7:(! ) A: we also 
Table 4). The longer Rum Ku separationx indicate the location\ c)f tk (hrcc hydride 
ligands: an approximate mirror plane passes through Ru( I ). KLI(.:) and th< mid-point 
of Ru(2)-Ru(4). so that tno of the hydride ligands CKX.XI~~ eqtiiv;lltbnt p.>Gtit>n~, and 
the third is in a unique paition. which is consistent with the ‘II Nhlli hpectr-urn. 
The dephenylated phosphidn-pho.\ptiin~ ligand htridrx the Ru( I )Ru(l)Ru(4) I‘:~ce. 
the PPh group bridging the Ru(:!)Ru(4) edge (Ku(21 P(2) Z.305(?). Ru(4) P(2) 
2.303(2) A). The other two ~‘dgc4 of the Ru(2)Ru(?)Ru(4) face arc bridgc~d b\ ~‘0 
groups. the Ru;C,P atom ;trra> being approximately, planar. ‘The eight ttwnin;~l CO 
groups are distributed two LO each metal atom. The cort~pleu rhu\ c~~nt;~ins another 
example of the dephenylatcd dppm ligclnd cupping in Ku ( fact: ill tliis c’asc it ha5 
been formed by pyrolysis of the hydride cluster. comhrnation i-i/‘ ;I I’-phcn! I group 
and cluster-howled hyclrogw forming henzcnc :mtl c~\ncomitantl\. a ;~-ptl~~qtliiio 
group. 

The reaction of Ku,{ I.L-T~.P-PI’~,(C~,H,(‘H=(‘H~-~)~((’O),~~ (16) 1371 \tith hydra- 
gcn (20 atm. 50°C. 2 h) proceeded readily to give RLI,(~-II)~(C~),~ ;~nd Ru,([r- 
H),(CO),,~PPh,iC,H,~t-7)} (17). together lath ‘i numba- ljf unidentified prod- 
ucts. Characterisation oi 17 rests on its spectroscopic propertrcb, supported h\ 
elemental microanalysis. The IR spectrum of 17 contained th~b characteristic zf(C(j) 
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TABLE 4 

STRUCTURAL PARAMETERS FOR Ru,(~-H)~(~~-PP~CH~PP~~)(CO),~ (15) 

Bond lengths (i) 

Ru(l)-Ru(2) 
Ru(l)-Ru(3) 
Ru(l)-Ru(4) 
Ru(2)-Ru(3) 
Ru(2)-Ru(4) 
Ru(3)-Ru(4) 

Ru(l)-P(1) 
Ru(2)-P(2) 
Ru(4)pP(2) 

Bond ungles (“) 

Ru(2)-Ru(l)pRu(3) 
Ru(2)-Ru(l)-Ru(4) 
Ru(3)-Ru(l)-Ru(4) 
Ru(l)-Ru(Z)-Ru(3) 
Ru(l)-Ru(2)-Ru(4) 
Ru(3)-Ru(2)-Ru(4) 
Ru(l)-Ru(3)-Ru(2) 
Ru(l)-Ru(3)-Ru(4) 
Ru(2)-Ru(3)-Ru(4) 

2.98X(l) 
2.990(l) 
2.977(l) 
2.756(l) 
2.844(l) 
2.764(l) 

2.349(2) 
2.305(3) 
2.303(2) 

54.9(l) 
56.9(l) 
55.2(l) 
62.6(l) 
61.3(l) 
59.1(l) 
62.5(l) 
62.2(l) 
62.0(l) 

Ru(2)-C(3) 2.13(l) 
Ru(3)-C(3) 2.12(l) 
Ru(3)-C(6) 2.14(l) 
Ru(4)-C(6) 2.10(l) 

Ru-CO(t) (a~.) 1.86 
range 1.825(15)~1.902(11) 

Ru(l)-Ru(4)-Ru(2) 61.7(l) 
Ru(l)-Ru(4)-Ru(3) 62.6(l) 
Ru(2)-Ru(4)-Ru(3) 5X.9(1) 
Ru(l)-P(l)-C(29) 109.X(3) 
Ku(Z)-P(2)-Ru(4) 76.2(l) 
Ru(2)-P(2)-C(29) 117.7(3) 
Ru(4)-P(2)-C(29) 115.X(3) 
P(l)-C(29)-P(2) 112.7(5) 

bands associated with other Ru,(p-H),(CO),,(L) complexes, such as L = PPh, [33], 
P(OMe), [34], and others reported herein. In the ‘H NMR spectrum, the presence 
of the or&o-Et fragment was shown by two resonances, a triplet at 6 0.98 and a 
multiplet at 6 2.51 of relative intensities 3/2. At high-field, a four-proton doublet at 
S - 17.29 (J(PH) 4.5 Hz) was readily assigned to the bridging hydride ligands 
coupled to phosphorus. 

The formation of 17 probably results from initial oxidative addition of hydrogen 
to the cluster followed by hydrogen transfer to the coordinated vinyl group to give 
the resultant ethyl fragment. Comparison with the results obtained with trinuclear 
complexes containing bidentate tertiary phosphines (see above) suggests that the 
fragmentation, which must precede the formation of the tetranuclear complex, 
occurs with monodentate ligand complexes only, and therefore that the reduction of 
the vinyl group to ethyl occurs on the trinuclear complex before this fragmentation. 

(OC),Ru- -Ru-P 

\\ /,I ‘co Ph2 Et 
H 

.Ru’ 
(CO)3 

(16) (17) 



Hydrogenation of complexes Ru,(CO),,~ ,,(I~),, (L == PMe,. PPh,. PPh(Ohe),. 
P(OMe),: n = I 3) under mild conditions (80°C. 20 bar. 2 h) afforded a tnixturc c~f 
tetranuclear complexes Ru,(p-H),(C0),2 ,,(L),,,. where ltt IS nc>t directi! related to 
II. Clearly these reactions at-i: complex and the presenr results do not ,111ow an\ 
detailed specularion about mechanism. However. under the conditions used. little <yt- 
no fragmentation of the cc>ordinated Group 15 ligand occurs. 

In contrast. cleavage of P i’ or Ah- C bonds occurs in similar reaction5 ot 
complexes Ru,(C0)t2 I,, (L L),! (L,- I. == dppm. dppc 0r dpam; ti = 1 or 2). with 
formation of iu,-phosphido-phosphine ligandx and elitninaIiot1 of hcnzenc. i:urthrr 
reaction of dihydrogen u ith a complex containing Ihe !J, ,-l'Ph(.'H , PPh , ligand 
resulted in fragmentation to give ,b(.;-PPh and PMePh, liganda. 1;; both cakes. 
hydrogen also adds to the metal core. Pyrolysis rjf a tetranuc~iear hvdri&~-cluster 
containing a bidentate tertiary phosphine resulted in arcne elttt-tination ,~nd f~tna- 
tion of the same phosphido-phosphil7e ligand capping an Ru ; law. 

How does P-C bond clca~age occur? After addition ol h?Jrogcn across ;t 
metal metal bond to form ;I hydride-cluster. intramolecular ~otnhinatic~n c>f a 
P-phenyl group and cluster-bonded H occur> to give arenr and a 1’ tnet,il hnd. 

Our results do not require initial ovidative addition of the I”-aryI gr<>up acrosh a 
met&metal bond. although the intermediacv of reactions of this type ih suggested 
by the variety of products obtained by simpl$ heatin g trinuclear ler\iar.\ phnsphinc- 
containing osmium clusters. in which moieties such ~5 C and D feature 141. flcn\e\~r. 
in cases where edge-bridging phenyl groups are formed. cleavage of the 1’ c‘ bond 
must still take place on hydrogenation (by H_ , or by cluster-bclunti 11 atc~mx). .tnd 
other> have already noted an instance where hydrogenation (*f ~zh .I ~~)rnpie~ 10 
merely reforms the tertiary phosphine [2Sj. 

Comparisons of the cluster chetnistr), of ruthenium and ohtnium she\+ that the 
latter are generally the more stable. and that their disproportionalic~il (foes not occur 
so readily. The formation of Os,( p-H) _( p-dppm)(CO), ( 11) bv hvdrogcnation of 9 
is paralleled by Ihe conversion of OS;(?O),~ to Osj( EL-Ii),(CO), howc\,er, <tcti\a- 
tion of the chelating bis-tcrtiar?-phoxphine in Ru 3( /.L-dppm)(l‘O)t,, appcarx t<t he 
greater than in 9. since loss of arene and preservation of the Ru i cluhter ib found on 
hydrogenation, in contrast to the reaction of Ku :(CO),, which ;rfford the tetra- 
nuclear Ku 4( p-H),(CO),, [ 11~ 

These results bear out the conclusions of several other groups concerttinp the role 
of tertiary phosphincs in modifying cluhter complexes as pc>tenti,jl clu.ster pre- 
cursors. The Group 15 ligands are not inert under mild h]vdrogenation conditions. 
so that active species may contain p-phosphido or ~L-phosptltnidene lig‘tndx. which 
in turn may facilitate some or all of the stepx in catalyttc reac‘lxijrs b\ bridge-open- 
ing and creation of vacant coordination sites [7]. 

Experimental 

Instrumentution. Perkin--Elmer 683 double-beam. NaCI optics (I R); Bruker 
WP80 (‘H NMR at 80 MHz); GEC-Kratos MS 3074 (tnasx. ,II 70 cV ionising 
energy. 8 kV accelerating potential). 

Gmwil condirions. ,411 reactions were run routine11 under nitrogen or hydrogen. 
hut no special precautions to t,xclude air were taken during M.c>rkup. Pressure 
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reactions were carried out in a laboratory autoclave (internal volume 100 ml, 
containing a glass liner) (Carl Roth, Karlsruhe). 

Sources. Ru,(CO),, [35], Os,(CO),, [36], Os,(CO),,(NCMe), [37], Ru,(p- 
H)4(C0)12 [l] and Group 5 ligand-substituted derivatives [12] were prepared by the 
cited literature methods; hydrogen was High Purity grade from CIG, Sydney; 
Group 5 ligands were commercial products, used as received from BDH, England 
(PPh,) or Strem Chemicals, Newburyport (others). 

Reactions of substituted ruthenium cluster carbonyls with hydrogen. Complexes contain- 
ing monodentate tertiary phosphines or phosphites 

Standard reaction conditions were as follows. The cluster was dissolved in 
cyclohexane in a glass liner. The glass liner was placed in a small laboratory 
autoclave and after flushing with hydrogen, the apparatus was pressurized with 
hydrogen to 20 atm. The reaction was left at 80°C for 2 h. After cooling, solvent 
was removed (rotary evaporator), and the residue was dissolved in the minimum 
amount of CH,Cl,. Separation was achieved by preparative TLC (Kieselgel GF,,, 
(type 60)) on glass plates (20 cm X 20 cm), developing with l/9 acetone/petroleum 
ether. The products were identified by comparison with authentic samples (IR 
v(C0) and TLC behaviour) and are summarised in Table 1. 

Characterisation of tetranuclear complexes 

(a) RuA--H)~(CO),, {PPh(OMe)z I. m.p. 140°C (dec.). Found: C, 25.88; H, 
1.66; P, 3.10; C,,Hi50,,PRu, calcd.: C, 25.74; H, 1.71; P, 3.49%. IR (cyclohexane): 
v(C0) 2097m, 2092w(sh), 2070~s 2060~s 2034~s 2018s(sh), 2010s 1998m, 1981m 
cm-‘. ‘H NMR: S (CDCl,) 7.5 (m, 5H, PPh), 3.6 (m, 6H, OMe), -17.6 (m, 4H, 
RuH). Mass spectrum: M+ at m/z 888 with ions formed by competitive loss of 11 
CO and 2 OMe groups. 

(b) Ru,(~-H),(CO),,{PPh(OMe)Z},. m.p. 113°C. Found: C, 30.30; H, 2.56; 
C,,H2,0,,P,Ru, calcd.: C, 30.36; H, 2.55%. IR (cyclohexane): v(CO) 2080s 
2059~s 2044ms, 2025~s 2014(sh), 2OOlvs, 1997(sh), 1987(sh), 1976m, 1972m cm-‘. 
‘H NMR: S (CDCl,) 7.5 ( m, lOH, PPh), 3.5 (m, 12H, OMe), -17.4 (m, 4H, 
RuH). Mass spectrum: M+ at m/z 1032 with ions formed by competitive loss of 
10 CO and 4 OMe groups. 

(c) Ru,(~-H),(CO),{PPh(OMe)z}_~. m.p. 115°C. Found: C, 33.71; H, 3.09; 

%H37%P3Ru4 calcd.: C, 33.85; H, 3.19%. IR (cyclohexane): Y(CO) 2066~s 
2036~s 2016s 1999s 1985m, 1978m cm- . 1 ‘H NMR: 6 (CDCl,) 7.4 (m, 15H, 
PPh), 3.5 (m, 18H, OMe), - 17.3 (m, 4H, Ru H). Mass spectrum: M+ at m/z 1167 
with ions formed by competitive loss of 9 CO and 6 OMe groups. 

Reaction between Ru,(CO),,{P(OM~)~} and RuJCO),{P(OMe),), 
An equimolar mixture of the two complexes (0.084 mmol) was heated in refluxing 

cyclohexane (25 ml) for 2.5 h, when IR spectra showed the presence of all three 
complexes Ru,(CO),,_,{P(OMe),}, (n = 1, 2 and 3). After a further 18 h heating, 
evaporation of solvent and preparative TLC (developer, l/9 acetone/petroleum 
ether) enabled isolation of Ru,(CO),,{P(OMe),} (12.5 mg, 20.2%) Ru,(CO),,{P- 
(OMe),}, (43.7 mg, 31.3%) and Ru,(CO),{P(OMe),}, (28 mg, 35.9%) all of which 
were identified from their v(C0) spectra. Several other complexes were present in 
trace amounts and not further investigated. 



(u) C/‘trcler mild c~0ttdificwt.v. The reaction between Ru ?( ~-dppm)((‘O)~~, (in 
qclohexane) and H, (80°C’. 20 atm. 2 11) was carried out as previously described [9] 
to give Ru,( ~-H)(~?-PPhC‘H3PPh, )(CO), in 677 yield. tc@ler x&it11 RL~,(,u- 
H),( p-dppm)(CO),,, (12.6%) and recovered Ku :( ~,-dppm)(C’Oj~,i (IO’; ). 

(17) L’iider mow r~igorous c~itttltrtorts. Ru q(CO),,,(dppnl) (300 mg. 0.31 mmol) \V;I 
dissolved in cyclohcxane (70 n-11) and the solution placed in th<. 1 glirs5 liner 0f 8 small 
autoclltve. Hydrogen (high purit!) was charged into the ;lLltc~cla\I^ (31 .ltnl) lllld 

mixture ~a:, heated at 80°C’ for 40 11. After cooling, wlvent \\a\: wr-nc~\ed (rot.lr! 
evaporator). and the solid rzsidut: was d~asolved in the minimum ,tmc~unt of 
CH,C12. Preparative TLC (3,‘l7 acltone/‘petrolcLInl ethcrj c ww three b3mi~: Rmd 

1 (R,. = 0.89) contained the ma_ior product. ~~ellow Ku ?( \k-H) ,( /~~-.Pl’h)i~‘O),( PM+ 
Ph:) (3) (102 mg. 45.4%). m.1’. 124OC‘. uhich ~~2s. recr?~talliwd frc)m 
C‘H,Cl ,/MeOH. Found: C‘. 38.65: H. 2.44: (‘?; H ZsjRu ,(),I’: cal~d.: C‘. 3X.72: H. 
2.41%. IR (cyclohexane): r~(C‘C)) at 2077s. 2044~s. ZOOX\~S. 1 Wc)( Sh). i cl%\-5. 1 ‘)X(h11 

cm ‘: ‘t-1 NMR: 6 (C’IXI;) 7.27 X.18 (m, 151~1, Ph). 1.14 (d. ./(PFI) 7.7 I-fc. iH. 
Me), --1X.71 (d. ./(HP) 12.Y Hz. 1H. RuHj, ~~IX.Yi (d. ./(llP) 12.0 Ifr. 11-i. RuHj. 
Rand 2 (R, = 0.83) contained Ru,(~-H)(!lI-PPhCH-,PPh, )((‘O),, (40 mg. 13.3? j. 
Rand 3 (R, = 0.72) contained KLI,(~-~I),(,v,-PI”~C’H~I’~‘~~ ~ )(C‘O),,, (i0 rnp. 1?_.9?‘). 

Complex 2 was hydrogenated (20 atm. 70°C’. 90 h) a> described for- Ku ?(jl- 
dppm)(CO),,,. Preparative T1.C afforded Ku i(p-H)L( ~c,-PPh)((‘O),(PMt~f”hl) (3) 
(56.2%), Ru,(~-FI),((L~-PP~C~~~~PP~~,~((~~)~,,, (25.29) and raxwr~d Ru :i bl-k-f)(p \- 
PPhCH?PPh, j(CO), (20%‘) x, the malor products: sis c>ther unrdrntif’iei~ c’cwlpku3 

ww-e present ;n trace smnunti onlv. 

(0) Ru ,(Coi,,,!dppel. A solution of Ru,(C’O),,,(dppc) (200 mg. 0.204 mmol) in 
cyclohexane (40 ml) was hydrogenated in an autoclave (80°C‘. 20 atm. 5 11). The 
resulting yellow solution was taken to dryness and chromatographed by preparati\c 
TLC (90/10 light petroleum,;‘Hcetc)~l~) to give 4 hands. Rand 1. ( K, =T 0. V) \iell~~. 
recrystallised from CH zc‘I z,iMrOH to giw ;tn orange powder (‘II‘ Ku ;( /I-H)( it.;- 
PPhCH,(‘H,PPhL)(CO), (5) (60 mg. 34?6), tn.p. llO_~i lS”(‘. Found: C JcJ.S3: H. 

2.30. A4 (mass spectrum) 879: Czq H,,,O,f’, Ru i calcd.: C’. 39.69: I--i. 2.30’;‘, .\I X79. 
IR (cyclohexane): z~(C‘O) 2087m. 2043s. 3016~. 2007~. ! YY5\V. 1 YYOV~. 19731T1. 

1968~ cm ‘. ‘H NMK: h‘ ((‘DC13) 7.45 (m. 15H. Ph), 4.46 (.s(br). 413. (‘H, ). 
-- 16.36 (s(br). IH. KuH). Band 4 (ii,==- 0.13). ~cllov,. recry~tailised from 

C’H,CI,,‘MeOH to gi\,c orange qstals of Ru,(~-H),(CO),o(dppc) (6) (51 mg. 
23%) identified by comparison of infrared and ! t-l WMR data with Iitcraturc \aluc~ 
[ 191. Bands 2 and 3 were obtained in tract’ amounts and \lcre not identified 

fhj {Ru f(c’O)t, 1 ,(p-dppc). A solution of {Ru ,(COj!i )J(ir-dpprj 12% ilig. 0.154 
mmol) in cyclohexane (40 ml) was hydrogenated in an sutocl:r\c (Nl”i‘. 2.0 atm. 10 
h). The resulting yelloa wlution was taken to dryness and ctlrnm~tt~,graphed h! 
preparative TLC (90,AO light petroleum~‘acetonc) to gi\ e ren hand>. Rand 1 
(R, = 0.80) yellow. Ru,(/J-H)~(CO),~ (45 mg. .19%j. Rand 2 (R, == 0.37) ~cllc:\v. 

recrystallised from Cl-I ,Cl z,,z MeOH to give an orange pnwtlcr of Ku (( /l-Ei)( ,~l:- 

PP~(‘I-I,CH,PPII~)(CO), (5) ( 11 q. 8’( ). Rand 3 ( R, = 0.32) orange. rccrvstallised 
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from CH,Cl,/MeOH to give red crystals of {Ru,(p-H),(CO),,},(p-dppe) (8) (27 
mg, lo%), m.p. 190-195°C (dec.). Found: C, 31.85; H, 1.77; C,,H,,O,,P,Ru, 
calcd.: C, 31.48; H, 1.76%. IR (cyclohexane): Y(CO) 2098m. 2072~s 2062~s 2029~s 
2014s 1996w, 1978w, 1966m cm-‘. Band 8 (R, = 0.13) orange, recrystallised from 
CH,Cl,/MeOH to give red crystals of Ru,(p-H),(CO),,(dppe) (6) (62 mg, 37%). 
Bands 1,2 and 8 were identified by comparison of their infrared Y(CO) spectra with 
those of authentic samples. Band 4-7, 9 and 10 were obtained in trace amounts and 
were not identified. 

Preparation of RuJp-H)JCO),,(dppm) (13) 

A mixture of Ru,(p-H),(CO),, (200 mg, 0.269 mmol) and dppm (110 mg, 0.286 
mmol) in thf (40 ml) was warmed to ca. 40°C to dissolve all of the cluster. A 
solution of Na[Ph,CO] in thf (ca. 0.025 mol 1-l) was added dropwise from a syringe 
until the solution darkened and the 2084 cm-’ band of Ru,(p-H),(C0)i2 was 
absent (0.5 ml). Evaporation and recrystallisation from CH,Cl,/MeOH gave red 
crystals of Ru,(p-H),(CO),,(dppm) (13) (249 mg, 86%) m.p. 150-153°C. Found: 
C, 39.01; H, 2.30; C35H,,0,0P2Ru, calcd.: C, 39.19; H, 2.44%. IR (cyclohexane): 
Y(CO) 2088w, 2076m, 2054s 2037~s 2026w, 2015s 1999w, 1985w, 1976m cm-‘. ‘H 
NMR: 6 (CDCl,) -16.72 (s, 4H, RuH). 3.80 (m, 2H, CH,), 7.20 (m, 20H, Ph). 

Preparation of Ru4(p-H)q(CO)I,(dpam) (14) 

This complex, m.p. > 150°C (dec.), was obtained in 58% yield by the 
Na[Ph,CO]-catalysed reaction between Ru,(p-H),(CO),, and dpam, carried out as 
described above for the dppm complex. Found: C, 36.47; H, 2.42; C,,H,,As,O,,Ru, 
calcd.: C, 36.22; H, 2.26%. IR (cyclohexane): Y(CO) 2077m, 2054s 203&s, 1998w, 
1987~ 1977m, 1975~ cm-‘. ‘H NMR: 6 (CDCl,) -17.00 (s, 4H, RuH), 3.37 (AB 
quarte;, J(AB) 12 Hz, 2H, CH,), 7.31 (m, 20H, Ph). 

Thermolysis of Ru4(~-H)4(CO),,(dppm) (13) 

A solution of Ru,(p-H)4(CO),,(dppm) (13) (100 mg, 0.093 mmol) was heated in 
refluxing cyclohexane (10 ml) for 1 h, after which time the reaction was adjudged 
complete (the disappearance of the v(C0) band at 2015 cm-l was monitored). 
Filtration, addition of n-heptane (5 ml), reduction in volume to ca. 5 ml (rotary 
evaporator) and cooling gave fine orange crystals of Ru,(p-H),(p3-PPhCH,PPh,)- 
(CO),, (15) (70 mg, 76%), m.p. 180-185°C (dec.). Found: C, 35.00; H, 2.00, M 
(mass spectrum) 996; C29H2001,,P2R~4 calcd.: C, 35.12; H, 2.03%, M 996. IR 
(cyclohexane): Y(CO) 2075m, 2056s 2024~s 1996m, 1981m, 1898w, 1843m cm-‘. 
‘H NMR: 6 (CDCl,) - 17.95 (s(br), lH, RuH), - 19.74 (s(br), 2H, RuH), 3.22 (t, 
J(PH) 10.5 Hz, 2H, CH,), 7.55 (m, 15H. Ph). 

Preparation of Os,(CO),,(dppm) (9) 

A mixture of Os,(CO),,(CNMe), (317 mg, 0.34 mmol), MeCN (20 ml) and 
dppm (130 mg, 0.34 mmol) in cyclohexane (100 ml) was stirred at 40°C for 4 h. 
Evaporation and preparative TLC (90/10 light petroleum/acetone) afforded one 
major band (R, = 0.30), yellow, recrystallised from CHzC1 ,/MeOH to give large 
yellow-orange crystals of Os,(CO),,(dppm) (9) (225 mg, 54%) m.p. > 165°C 
(dec.). Found: C, 34.12; H, 1.65; C,,H220,,0s,P, calcd.: C, 34.04; H, 1.78%. IR 
(cyclohexane): Y(CO) 2098m, 2033m, 2019s 2010~s. 1986m, 1968m, 1958s 1947w, 
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1922~ cm ~I. ‘H NMR: 6 (C’DCI,) 5.05 (t. ./(PH) 10.5 Hz. 2H. CH, ). 7.38 (m. 

20H. Ph). 

A solution of Os,(CO),,,(dppm) (9) (90 mg. 0.073 mmol) in toluene (30 ml) was 
hydrogenated in an autoclave (XSOC. 25 atm. 12 11). The resulting red wlution \\as 
taken to dryness and the residue recrystallised from CH,Cl,,/MeOH to give red 
plate-like crystals of Osl(~l-tl)z(IU-dppn~)((‘O), (12) (5X mg. 67Y 1. m.p. _‘S 2311°C‘. 
Found: C. 33.44; H. 1.X4, .1/ (mass spectrum) 11X1; C~,H,,C),Os,l’, caled.: C. 
33.5.5; H. 2.05%. M 1181. 1R (cyclnhexane): v(CO) 207hm. 201.3~ 199.i~~. 1974111. 
1959m cm ’ ‘H NMR: S (CDCI,) ~~ 10.31 (t. ./(PH) 10.5 HY. ,711. OsH). 4.15 (t. 
.I(PH) 10.5 Hz, 2H. <‘Hz). 7.30 (m. 2OH. Ph). 

A solution of Ru,{~-PP~~(C,I-~~CH=~H, )J(c‘O),,I (140 mg. 0.160 mmol) in 
cyclohexane (40 ml) was hydrogenated in an autoclave (20 atm. 50°C‘. 2 h). The 
resulting red solution was evaporated to drwt‘ss and separated by prepa-ativc TLC 
(X0/20 light pztroleum/acc‘tonr) to give cjght hands. Hand 1 ( K, -= 0.8-i). vclloa-. 
Ru,(p-H),(CO),, (7 mg. 6%. identified by comparison ol’ it4 1R ~((‘0) qwctrum 

CRYSTAL DATA FOR 3. 12. 13 .ANl) IS 

3 12 I3 IS 

X-i? 6 
monoclinic 

P‘, 

(C.i. No. 4) 
0 %‘(I) 
14.?J7(1) 

11.104(l) 

YO 

104.44~1 i 

‘)(I 

1547.6 

1 x0 



205 

TABLE 6 

ATOMIC COORDINATES (Ru x 105, other atoms ~10~) FOR NON-HYDROGEN ATOMS IN 

Ru~(~-H);(~,-PPh)(Co),(PMePh,) (3) ’ 

Atom 

Ru(l) 

Ru(2) 

Ru(3) 

P(l) 

P(2) 

O(l) 

O(2) 

O(3) 

O(4) 

O(5) 

O(6) 

O(7) 

O(8) 

C(l) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

WO) 

C(11) 

W2) 

W3) 

C(l4) 

C(15) 

C(16) 

C(l7) 

C(l8) 

C(l9) 

C(20) 

C(21) 

C(22) 

C(23) 

c(24) 

C(25) 

C(26) 

C(27) 

Ru(l’) 

Ru(2’) 

Ru( 3’) 

Ru( 1”) 

Ru(2”) 

Ru(3”) 

I 

- 79703(5) 

~ 82605(6) 

- 106967(5) 

- 7202(2) 

- 8998(2) 

- 11583(10) 

- 12553(10) 

~ 12525(9) 

- 8598(9) 

-5329(11) 

- 9598(15) 

~ 5170(7) 

- 9098( 8) 

- 11218(10) 

- 11893(11) 

~ 11884(9) 

- 8470(10) 

- 6422(14) 

~ 9061(15) 

- 6204(9) 

- 8619(8) 

- 9952(4) 

~ 9888(4) 

- 8813(4) 

~ 7802(4) 

~ 7866(4) 

- 8942(4) 

- 6434(6) 

- 5968(6) 

- 5618(6) 

~ 5734(6) 

- 6200(6) 

~ 6550(6) 

- 6050(4) 

- 4959(4) 

~ 3593(4) 

- 3317(4) 

- 4407(4) 

- 5773(4) 

- 8504(9) 

-X22(2) 

- 854(3) 

- llOO(3) 

- 766(2) 

- 809(3) 

- 1042(3) 

Y 

- 25000 

- 24394(7) 

~ 25156(6) 

- 3973(l) 

-1386(l) 

- 4486(6) 

- 1580(7) 

~ 2149(6) 

4468(5) 

- 1966(10) 

1441(7) 

- 1563(6) 

- 1631(6) 

- 3751(7) 

-. 1914(E) 

- 2275(g) 

3698(7) 

~ 2140(9) 

-- 1845(8) 

~~ 1908(6) 

-- 1961(6) 

27X(3) 

1232(3) 

1768(3) 

1349(3) 

395(3) 

- 141(3) 

~~ 4849(3) 

~ 4864(3) 

~~ 4032(3) 

-- 3186(3) 

-- 3171(3) 

-- 4002( 3) 

~- 5023(4) 

- 5359(4) 

-- 5132(4) 

-- 4570(4) 

~ 4234(4) 

-- 4461(4) 

~~ 4X90(73 

- 251(3) 

~ 246(4) 

- 261(3) 

- 255(3) 

- 246(4) 

~ 259(4) 

~ 13786(4) 

~ 40577(4) 

- 31694(5) 

-523(l) 

~ 2810(l) 

~ 4062(g) 

~ 5408( 9) 

- 1378(9) 

- 4959(6) 

-4178(10) 

- 6465(7) 

-572(h) 

654(6) 

- 3704(9) 

-4581(10) 

~ 2067( 10) 

- 4673(7) 

-4131(10) 

~ 5549(8) 

- 853(6) 

~ 79(6) 

- 2092(4) 

-1X39(4) 

- 2077(4) 

- 2567(4) 

-- 2819(4) 

- 2582(4) 

1801(4) 

3087(4) 

3740(4) 

3106(4) 

1819(4) 

1167(4) 

-- 2126(4) 

- 2583(4) 

~ 1988(4) 

- 934(4) 

- 477(4) 

~ 1073(4) 

- 844( 8) 

~ 233(2) 

~ 498(2) 

- 415(3) 

- 50( 2) 

- 318(3) 

~ 223(3) 

U The occupancy of each of the primed Ru-atoms (coordinates x 10’) is 2% (see text). 
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TABLE 8 

ATOMIC COORDINATES (Rux105, other atoms x 10’) FOR NON-HYDROGEN ATOMS IN 

Ru,(lL-H)4(~-dppm)(CO),o (13) 

Atom 

Wl) 
RUG!) 
Ru(3) 

Ru(4) 

P(l) 

P(2) 

001) 

O(12) 

O(21) 

O(22) 
O(31) 

o(32) 

O(33) 

O(41) 

o(42) 

O(43) 

C(11) 

C(12) 

C(21) 

C(22) 

C(31) 

C(32) 

C(33) 

C(41) 

C(42) 

C(43) 

C(1) 
C(112) 

C(113) 

C(114) 

C(115) 

C(116) 

C(111) 

C(122) 

C(123) 

C(124) 

C(125) 

C(126) 

C(121) 

C(212) 

C(213) 

C(214) 

C(215) 

C(216) 

C(211) 

C(222) 

C(223) 

C(224) 

C(225) 

C(226) 

C(221) 

x 

X1736(3) 

51231(3) 

69462(3) 

73025(3) 

X2810(9) 

5019X(9) 

X245(4) 

11249(3) 

3402(4) 

2620(3) 

6162(6) 

9X59(4) 

5769(5) 

77X7(4) 

5357(4) 

97X5(4) 

X218(4) 

100X8(4) 

4050(4) 

3541(4) 

6503(6) 

87X3(6) 

61X4(5) 

7592(4) 

60X3(5) 

8X34( 5) 

6741(3) 

9292(3) 

9439(3) 

X658(3) 

7729(3) 

75X1(3) 

X363(3) 

10121(3) 

11094(3) 

11614(3) 

11161(3) 

101X8(3) 

966X(3) 

240X(2) 

1462(2) 

1956(2) 

3396(2) 

4341(2) 

3X47(2) 

47X0(3) 

4465(3) 

3X71(3) 

3593(3) 

3908(3) 

4502(3) 

46107(3) 

51936(3) 

69542(3) 

4X4X5(3) 

24562(9) 

3130X(9) 

5723(4) 

44X4(4) 

6629(4) 

5696(3) 

X447(4) 

7425(4) 

9094(4) 

2316(3) 

651X(4) 

5767(4) 

5313(4) 

4525(4) 

6060(4) 

5517(4) 

7X83(4) 

7204(4) 

X279(4) 

324X(4) 

5895(5) 

5433(4) 

2Oi36(3) 

2512(3) 

2217(3) 

1433(3) 

943(3) 

123X(3) 

2022(3) 

21(2) 

--9X8(2) 

--X53(2) 

292(2) 

1302(2) 

1167(2) 

2964( 3) 

2636(3) 

1X46(3) 

13X4(3) 

1713(3) 

2502(3) 

3597(2) 

3319(2) 

22X9(2) 

1537(2) 

1X15(2) 

2X45(2) 

20451(2) 

27467(2) 

23720(2) 

36205(2) 

2178X(5) 

2X371(5) 

350(2) 

1X25(2) 

1519(2) 

4022(2) 

X31(2) 

1931(2) 

3164(2) 

4X55(2) 

4635(2) 

3636(2) 

99X(3) 

1909(2) 

1972(3) 

3543(3) 

1400( 3) 

2094( 3) 

2X80(2) 

4402( 2) 

4250(3) 

3627(3) 

2X95(2) 

669(2) 

- 15(2) 

~ 50(2) 

59X(2) 

12X3(2) 

131X(2) 

2397(2) 

2760(2) 

3332(2) 

3542(2) 

31X0(2) 

2607( 2) 

3733(l) 

4415(l) 

5073(l) 

5049( 1) 

436X(l) 

3710(l) 

1323(l) 

730(l) 

X85(1) 

1633(l) 

2226( 1) 

2071(l) 



R~,(~L-II)~(~~-PP~~C‘H,I’I’~~)(~I-I‘OI,(C’C)), (15) 

A tom 

Rut I) 
KU(l) 
KU(i) 
RU(4J 

KU(i) 

RWhl 

Ru(-‘j 

RU(Sl 

I? I / 
I’( 1, 

I’( 3 ) 

l’(4) 
(_‘( 2’)) 
(‘(SC)) 

C‘( 1 I 

O(II 
i’(2) 

O(2) 

C‘(3) 

O( 3, 

( (31 

(84) 
c (5) 
O(i) 

C.‘(hj 

O(6) 
(‘17) 
O( 7) 

C’(S) 

0(X1 
<‘I~“) 
O(9) 

C’( 10) 

O( IO) 

( ‘( 30) 

O(?i)) 

((il, 

O(?l, 

(‘(12) 

O(37) 

((33, 

O( -33, 

C’(741 

O( 34, 

( (35) 

(X75) 

CL%) 

O( 76) 
c-l 371 

037, 
(‘(3H) 
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TABLE 9 (continued) 

(x38) 

C(39) 

(x39) 

C(l2) 

W3) 

C(l4) 

C(l5) 

W6) 

C(ll) 

W8) 

W9) 

C(20) 

C(21) 

C(22) 

C(l7) 

c(24) 

C(25) 

C(26) 

C(27) 

C(28) 

C(23) 

C(41) 

c(42) 

C(43) 

C(44) 

C(45) 

C(40) 

C(47) 

C(48) 

C(49) 

C(50) 

C(51) 

C(46) 

C(53) 

C(54) 

C(55) 

C(56) 

C(57) 

c(52) 

925(7) 

1085(7) 

713(6) 

3X44(4) 

4211(4) 

4251(4) 

3923(4) 

3556(4) 

3517(4) 

2131(3) 

2122(3) 

2876(3) 

3637(3) 

3645(3) 

2892(3) 

1X8(5) 

~631(5) 

- 1283(5) 

~ 1116(5) 

- 298( 5) 

354(5) 

1917(3) 

1854(3) 

2591(3) 

3391(3) 

3454(3) 

2718(3) 

35X7(5) 

3978(5) 

4194( 5) 

4018(5) 

3627(5) 

3411(5) 

369(5) 

- 1183(5) 

- 1315(5) 

- 63315) 

181(5) 

313(5) 

- 135(6) 

- 2880(6) 

~ 3350(6) 

5163(3) 

5796(3) 

5804(3) 

5179(3) 

4546(3) 

4538(3) 

2503(4) 

1X29(4) 

1606(4) 

2059(4) 

2734(4) 

?_956(4) 

4931(4) 

5140(4) 

4597(4) 

3845(4) 

3636(4) 

4179(4) 

- 2654(4) 

~ 3347(4) 

- 3692(4) 

- 3343(4) 

~ 2649(4) 

- 2305(4) 

- 24(4) 

526(4) 

344(4) 

~~ 3X8(43 

~ 938(4) 

756(4) 

~ 12X1(3) 

~ 1043(3) 

.- 2X5( 3) 

236(3) 

~ l(3) 
- 760(3) 

273(10) 

2941(10) 

32X3(9) 

197X(43 

1577(4) 

439(4) 

- 300(4) 

lOl(4) 

1239(4) 

402(6) 

~ 196(6) 

~ 375(6) 

43(6) 
642(6) 

821(6) 

2135(7) 

1618(7) 

1074(7) 

1046( 7) 

1563(7) 

2107(7) 

6095(6) 

6592(6) 

7124(6) 

7160(6) 

6664( 6) 

6131(6) 

6268(5) 

7120(5) 

8278(5) 

85X4( 5) 

7732(5) 

6574(5) 

3175(7) 

3030(7) 

28Y3(7) 

29OQ(7) 

3044( 7) 

3182(7) 

2.44%. IR (cyclohexane): Y(CO) 2099m, 2071m, 2061s 2052s 2030s 2020~s 
2001(sh), 1994w, 1971w, 1964~ cm-‘. ‘H NMR: 6 (CDCl,) -17.29 (d, J(PH) 4.5 
Hz, 4H, RuH), 0.98 (t, J 7.3 Hz, 3H, CH,), 2.51 (m, 2H, CH,), 7.45 (m, 14H, Ph 
and C,H,). Bands 3-8 were obtained in trace amounts and were not identified. 

Crystallography 
Data collection. Intensity data for compounds 3, 12, 13 and 15 were measured at 

room-temperature on an Enraf-Nonius CADCF diffractometer fitted with MO-K, 
(graphite monochromator) radiation, h 0.7107 A. The o-2/38 scan technique was 
employed for 3 and 13 and the w-28 technique was used for the data collections of 
12 and 15. The net intensity values of three standard reflections were monitored 
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