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Abstract 

The molecular structures of Ru,(CO),(L), (L = PMe,(CH,Ph), PMe,Ph, 
AsMe,Ph, PPh(OMe),, P(OEt), and P(OCH,CF,),) and Os,(CO),(PPh,), have 
been determined by single-crystal X-ray diffraction methods. The tertiary phos- 
phine, amine or phosphite ligands occupy equatorial sites, one per metal atom, so 
arranged that each is as far from the other two as possible_ The unit cell of the 
PPh(OMe), complex is unusual in containing four conformationally distinct mole- 
cules, two of which contain disordered Ru, cores. Metal-metal and metal-ligand 
separations are similar to those found in M,(CO),, and mono- or disubstituted 
complexes, respectively. Considerable distortion towards OS symmetry is found, 
with M-M-CO angles approaching those calculated for semi-bridging CO groups in 
the case of the P(OEt), complex. Crystal data: Ru,(CO),(PMe,Ph),, orthorhombic, 
P2,2,2,, u 21.343(2), b 14.752(4), c 12.170(2) A, U 3832(l) A3, 2 = 4, N, (number 
of ‘observed’ data with I > 3a(I)) = 3601, R = 0.040, R' = 0.!48; Ru,(CO),- 
(AsMe,Ph),, triclinic, Pl, a 19.113(4), b 15.375(4), c 13.756(3) A, (Y 89.36(2), #I 
85.97(2), y 77.61(2) O, U 3939(2) A3, Z= 4, N, = 8823, R=0.046, R'=O.O47; 

* For Part LVI (B), see ref. 2. 
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Ru,(CO),{PMe,(CH,Ph)},, trigonal, P3, a 12.766(10), c 15.583(9) A, U 2202(2) 
A3, Z=2, N,= 1966; R=0.093, R’= 
Pi, a 23.23(l), b 20.87(l), 

0.117; Ru,(CO),{PPh(OMe),},, triclinic, 
c 20.73(l) A, (Y 98.21(4), fl 111.07(3), y 111.95(4)“, U 

8237(7) A3, Z = 8, N, = 16532, R = 0.041, R’ = 0.039; Ru,(CO),{P(OEt),},, tri- 
clinic, Pi, a 18.170(6), b 13.016(6), c 10.035(3) A, CY 68.83(3), fl 80.42(3), y 
78.10(4) O, U 2154(l) A3, Z = 2, N,, = 4318, R = 0.051, R’ = 0.061; 
Ru,(CO),{P(OCH,CF~),},, triclinic, Pi, a 21.036(2), b 13.146(l), c 9.376(2) A, (Y 
82.68(l), /3 88.40(l), y 85.59(l)“, U 2564(l) A3, Z= 2, N, = 3966, R =0.066, 
R’ = 0.068; Os,(CO),(PPh,),, trichnic, Pi, a 18.207(5), b 17.911(6), c 12.928(3) A, 
(Y 94.13(2), fi 98.98(2), y 110.56(2) O, U 3862(2) A3, Z = 2, N, = 3216, R = 0.092, 
R’ = 0.084. 

Mmhxtion 

This is the third of four papers describing X-ray studies of a series of group 
15-ligand-substituted derivatives of the trinuclear ruthenium and osmium cluster 
carbonyls M,(CO),, (M = Ru or OS), carried out in order to determine the effects 
of increasing degrees of substitution on the stereochemistry of the system [1,2]. The 
molecular structures of the seven title complexes are reported below: they are 
designated according to the ligand/metal convention established in Part A [l] (see 
Scheme 1 in that paper). 

Results and discussion 

The trisubstituted complexes M,(CO),(L), are obtained in only moderate yields 
by the electron transfer-catalysed reactions described previously [3]; they are also 
formed in thermal reactions between M3(C0)i2 and the group 15 ligand carried out 
in refluxing hydrocarbon (cycloalkane, arene) or tetrahydrofuran solvents. Of the 
compounds studied, 3k-Ru and 31-Ru are new: they were character&d by elemental 
microanalysis and from their IR v(C0) and mass spectra, and finally by the X-ray 
studies. As has been reported before [4,5], the reaction between Ru3(CO)i2 and 
AsPh, gives only Ru3(CO)io(AsPh3),; however, a derivative containing three 
tertiary amine ligands, 3f-Ru, has been obtained [3] and its structure is reported 
here. X-Ray quality crystals of Ru,(CO),(PPh,), could not be prepared, but those 
of the osmium analogue 3b-0s were satisfactory, so that this complex could also be 
included in this study. 

General structural considerations 
Common to ah structures are the triangular M, cores, and three group 15 Iigands 

bonded one to each metal in equatorial sites, such that each one is as far away from 
the other two as possible. Plots of the molecular structures are shown in Fig. la-k, 
while Table 1 summarises important bond lengths found for these compounds and 
Ru,(CO),(PMe,),, the only other trisubstituted complex to be described hitherto 
[6]. Although all have incipient three-fold symmetry, in only one case (3g-Ru) does 
the molecule have perfect three-fold symmetry, crystahographically imposed. 

Of note is the disorder found in complexes 3i-Ru (molecules 1 and 4, see below) 
and 3k-Ru, which is of the now familiar type involving occupancy of two metal 
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co la-Ru la-OS 

PPh3 3e-OS 

PMeZPh 3c-Ru 

AsMczPh 3f-Ru 

PMe$C X2 Ph I 3g-Ru 

PMe3 3h-Ru 

PPh(OMeJ2 3i-Ru 

P(OE113 3k-Ru 

P(OCHZCF3 I3 31-Ru 

atom sites within an invariant peripheral atom polyhedron constructed from the 0 
atoms of the CO groups, and the P atoms of the group 15 ligands. Occupancy 
factors are 75/25 for 3k-Ru. 

Another point of interest is found in the unusually large unit cell of 3i-Ru, which 
contains four molecules in the asymmetric unit; two of these are disordered in the 
manner described above with occupancy factors 5.4/94.6 (molecule 1) and 17.4/82.6 
(molecule 4). With 222 non-hydrogen atoms (including the minor Ru, components), 
the asymmetric unit may be the largest organometallic structure studied to date. The 
four molecules differ only in the orientations of the substituents on the phosphorus 
atoms. 

Metal-metal separations 
Only in the case of 3g-Ru are all three M-M !eparations identical. In the other 

complexes, differences range betw? 0.01-0.03 A (3-15~). With the exception of 
3i-Ru, where they are ca. 0.03 A longer, the average Ru-Ru separations are 
essentially identical withOthose found in Ru,(CO),~ [7]; in the AsMe,Ph complex 
3f-Ru, they are ca. 0.01 A shorter. The average OS-OS separation in 3b-0s is 0.033 
A longer than that in 0s3(CO),, [8]. 

The M-P and M-As distances are similar to those found in the mono- and 
di-substituted complexes containing the corresponding ligands, increasing with 
increasing cone angle, and merit no additional comment. 



(bl 

(dl 

Fig. 1. Molecular projections of the seven complexes whose structures are recorded in the present study. 
20% probability amplitude thermal ellipsoids are shown for the non-hydrogen atoms, together with 
labelling. Hydrogen atoms have arbitrary radii of 0.1 A. (a) Ru,(CO),(PMe,Ph)s (h-Ru); @) 
Ru,(CO),(AsMe,Ph) (3f-Ru), molecule 1; (c) 3f-Ru, molecule 2; (d) Ru,(CO),{PMe,(CH,Ph))3 
(3g-Ru); (e) Ru,(CO),{PPh(OMe),), (3i-Ru), molecule 1; (f) 3i-Ru, molecule 2; (g) 3i-Ru, molecule 3; 
(h) 3i-Ru, molecule 4; (i) Ru,(CO),(P(OEt),}, (fk-Ru); (j) Rus(CO),{P(OCH,CF,)s}s (31-Ru); (k) 

Os,(CO)s(PPh,), (3b-W. 
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(il 

Fig. 1 (continued). 

Metal-carbonyl distances 

lkl 

In all cases, the M-CO,, distances are longer than the M-CO,, separations; the 
values for 3h-0s appear to be anomalous and imprecise and are not considered 
further. 
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Table 2 

Torsion angles (“) in M,(CO),(L), complexes 0 

L M Torsion angle ( o ) ’ 

C(l)-M(l)-M(2)-C(2) C(2)-M(2)-M(3)-C(3) C(3)-M(3)-M(l)-C(1) 

PPh, OS 14.2, 21.0 14.2, 26.4 19.5, 25.4 

PMe, Ph RU 25.2, 36.3 27.4, 31.2 24.3, 33.6 

AsMe, Ph RUC 22.8, 28.4 25.8, 29.7 23.1, 29.1 

22.5, 26.8 24.1,28.7 23.0, 28.1 

PMe, (CH, Ph) Ru 21.7, 33.2 

PMe, Ru d 21.0, 28.7 19.5, 31.4 20.8, 30.7 

PPh(OMe) z Rue (16.4, 32.6) (15.6, 32.6) (17.4, 33.1) 

18.5, 36.1 14.5, 34.1 17.1, 35.2 

14.0, 29.6 14.3, 31.8 14.9, 29.4 

(21.5,33.4) (25.1, 32.6) (21.7, 33.3) 

P(OEt) 3 Ru (34.4,40.7) (32.8, 39.6) (32.6,40.4) 

P(OCH,CF,), Ru 23.6, 26.5 26.0, 28.0 23.9, 28.4 

Q Values in parentheses are for disordered species. b Two values given, for C( nU)-M( n)-M( n + l)-C( n 

+ lU), C( n D)-M( n )-M( n + l)-C( n + lD), respectively. ’ Values for two independent molecules given. 

d Ref. 6. e Values for four independent molecules given. 

Torsion angles 
Although the M-M separations are not significantly lengthened, the introduction 

of the three group 15 ligands results in a considerable distortion of the M,L,, 
molecule from the Q,, symmetry found for the parent carbonyls, towards the 
energetically more favourable O3 symmetry. This is achieved by a twisting of the 
ML, moieties about the M-M vectors, as shown by the torsion angles about these 
bonds (Table 2). In aN cases, the torsion angle C(nU)-M(n)-M(n + l)-C(n + 1U) 
is smaller than C(nD)-M(n)-M(n + l)-C(n + 1D); for the PMe,Ph and 
PPh(OMe), complexes, the differences range from 1.4 to 19.6 O. 

Although the observed twisting results in a relief of steric interaction, there is no 
obvious correlation between torsion angle and ligand cone angle. However, in the 
four independent molecules of 3i-Ru, the consistent differences between the two 
torsion angles is remarkable, persisting with the disordered molecules. We interpret 
these results in terms of an unsymmetrical ligand disposition; in these projections, 
the phenyl group is always below the Ru, plane. Similar situations are found with 
3g-Ru, where the molecule has imposed three-fold symmetry, and with 3k-Ru and 
3LRu, in which the ligands are oriented pseudo-symmetrically. In all cases, the 
disposition of the phosphine substituent is such that one lies below the plane, while 
the other two lie above it (see Fig. 1). 

In his description of a surface force-field applied to metal carbonyl cluster 
structures, Lauher [9] points out that the Q,, structure is less stable than the O3 
structure, and that the axial CO groups in the latter are approximately semi-bridg- 
ing, with M-M-CO angles of 73.5 O. In the present study, the corresponding angles 
found for the axial CO groups range from 73.7 to 84.4” (av.); not surprisingly, the 
M-C-O angles in the complex 3k-Ru with the smallest M-M-CO angles are also 
the smallest, and range between 165.1-169.8(8)“. Similarly, the Ru-C-O,, angles 
are all ca. 167”. In contrast, the other six complexes have Ru-C-O,, ca. 173O and 
Ru-C-O,, between 176-178”. 
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Conclusions 
The major conclusions from this study of seven trisubstituted ruthenium and 

osmium carbonyl complexes, M,(CO),(L),, are as follows: 
(i) The three group 15 ligands are each attached to a separate metal atom, 

occupying an equatorial position as far removed from each other as possible; 
(ii) The average Ru-Ru separations are similar to those found in [Ru,(CO),,], 

with the exceptions of 3f-Ru (which are shorter) and 3i-Ru (longer); 
(iii) The Ru-P(As) distances are similar to those found in analogous mono- and 

di-substituted complexes, and for P, increase with increasing cone angle; 
(iu) The M-CO,, bonds are longer than the M-CO,, bonds; M-C-O,, are ca. 

173”, M-C-O,, are ca. 177 O; the P(OEt), complex 3k-Ru is an exception, one set 
of M-M-CO,, angles being consistent with the presence of semi-bridging CO 
groups; 

(u) Introduction of the group 15 ligands results in a change towards Q symme- 
try, relieving the steric pressures from the larger ligands by twisting of the ML, 
units about the M-M vector. 

Experimental 

General reaction conditions and instrumentation have been described in Part A 
[l]. Complexes 3b-0s [l], 3e-Ru and 3f-Ru [3], 3i-Ru and 31-Ru [l] were prepared by 
the cited methods; 3g-Ru and 3k-Ru were obtained as follows. 

Reaction between Ru,(CO),, and PMe,(CH, Ph) 
The reagent Na[Ph,CO] (0.1 ml of a 0.025.M solution in tetrahydrofuran) was 

added to a mixture of Ru,(CO),, (100 mg, 0.16 mmol) and PMq(CH,Ph) (112 mg, 
0.74 mmol) in the same solvent (20 ml). Gas was evolved, and the mixture became 
deep orange. After 16 h the solvent was removed under reduced pressure. Column 
chromatography of the residue gave an orange band (CH,Cl, eluant) which was 
crystallised (CHCl,/hexane) to give orange crystalline Ru,(CO),(PMe,(CH,Ph)}, 
(3g-Ru) (72 mg, 44%). This was characterised by IR (cyclohexane) v(C0) 2045w, 
1975vs, 1941m cm-’ (lit. [lo] 2043w, 2017w, 1973s, 1937m cm-‘); ‘H NMR 
(CDCl,) 6 7.3-7.7 (m, 5H, Ph), 3.27 (d, J 8 Hz, 2H, CH,), 1.39 (d, J 8 Hz, 6H, 
CH,); and FAB-MS (Found, M 1013; calcd (Ru, = 305) 1013). 

Reaction between Ru,(CO),, and P(OEt), 
To a refluxing solution of RuJCO),, (100 mg, 0.16 mmol) and P(OEt), (181 mg, 

1.09 mmol) in tetrahydrofuran (30 ml) was added Na[Ph,CO] (1 ml of a 0.025 M 
solution in tetrahydrofuran). After 80 min the solution was cooled and the solvent 
removed under reduced pressure. The residue was subjected to preparative TLC 
(petroleum spirit/CH,Cl,, 4/l). An orange band (R, 0.53) was collected and the 
recovered solid crystallized from MeOH to give orange plates of Ru,(CO),- 
{P(OEt),}, (3k-Ru) (25 mg, 15%), m.p. 71-72°C. (Found: C, 30.77; H, 4.30%; M 
(FAB-MS) 1055; C,,H,,0,,P3Ru, talc: C, 30.79; H, 4.30%; M, 1055). IR v(C0) 
(cyclohexane) 2053vw, 1985~s 1959sh, 1930sh, 1917sh cm-‘. ‘H NMR: S (CDCl,) 
4.00 (pent, 2H, CH,); 1.29 (t, 3H, CH,). The next band (purple, R, 0.44) was 
removed quickly and the recovered solid recrystallised (petroleum spirit/CH,Cl,) 
to give deep purple crystalline Ru3(C0)8{P(OEt)3}4 (4k-Ru) (30 mg, 16%) m.p. 

(Continued on p. 217) 
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Table 3 

Non-hydrogen atom coordinates for complex 3e-Ru 

Atom X Y x 

Wl) 

W2) 
Ru(3) 

0.95823(3) 
0.87889(3) 
0.82522(3) 

0.13124(4) 
0.15591(4) 
0.13475(4) 

0.10108(5) 
-0.08504(5) 
0.12911(5) 

Ligandl 
P(l) 
WOl) 
WO2) 
WO3) 
c(lO4) 
c(lO5) 
Cw6) 
WO7) 
C(108) 

Ligand 2 
P(2) 
C(201) 
C(202) 
C(203) 
C(204) 
c(205) 
c(206) 
c(207) 
C(208) 

Ligand 3 
P(3) 
c(301) 
c(302) 
C(303) 
C(304) 
C(305) 
C(306) 
C(307) 
C(308) 

Carbonyl groups 

CUU) 

WU) 

C(lW 

WW 

CW 

ow 

CVJ) 

OWJ) 

CW3 

WD) 

~(23) 
o(23) 
c(3U) 
o(3U) 
C(3W 
o(3D) 
c(31) 
o(31) 

0.9988(l) 
1.0836(4) 
1.1198(4) 
1,.1839(4) 
1.2122(6) 
1.1785(5) 
1.1147(5) 
0.9796(5) 
0.9788(5) 

0.9433(l) 
0.9009(4) 
0.8589(4) 
0.8221(5) 
0.8278(5) 
0.8657(6) 
0.9039(6) 
0.9853(5) 
1.0056(5) 

0.7198(l) 
0.6929(4) 
0.6767(4) 
0.6561(5) 
0.6549(5) 
0.6694(5) 
O-6895(4) 
0.6929(5) 
0.6656(5) 

0.9676(4) 
0.9773(3) 
0.9371(4) 
0.9309(4) 
1.0334(4) 
1.0782(3) 
0.8583(5) 
O&%1(4) 
0.9111(4) 
0.9297(3) 
0.8072(4) 
0.7658(3) 
0X460(4) 
0.8527(3) 
0.8099(4) 
0.7970(3) 
0.8195(4) 
0.8169(3) 

0.1390(2) 
0.1368(5) 
0.2132(6) 
0.2086(6) 
0.1283(7) 
0.0515(g) 
0.056q7) 
0.0502(g) 
0.2389(7) 

0.2026(2) 
0.2553(6) 
0.2054(7) 
0.2440(7) 
0.3320(9) 
0.3861(g) 
0.3485(g) 
0.1138(9) 
0.2833(10) 

0.1743(2) 
0.2486(6) 
0.2101(7) 
0.2607(g) 
0.3502(9) 
0.3948(7) 
0.3407(7) 
0.2297(10) 
0.0788(g) 

0.2592(5) 
0.3356(4) 
0.0078(5) 

-0X%82(4) 
0.1091(6) 
0.0947(6) 
0.2811(6) 
0.3561(4) 
0.0345(6) 

-0.0366(5) 
0.1268(6) 
0.1029(4) 
0.2558(5) 
0.3264(4) 
0.019q5) 

-0.0520(4) 
0.0891(6) 
0.0585(S) 

0.2793(2) 
0.2801(6) 
0.2946(7) 
0.2930(g) 
0.2781(9) 
0.2640(14) 
0.2651(13) 
0.3767(9) 
0.3585(g) 

-0.2290(2) 
-0.3391(7) 
-0.4003(7) 
-0.482q7) 
-0.505q9) 
-0.4499(10) 
-0.3657(10) 
-0.3021(9) 
-0.1993((9) 

0.1118(2) 
0.2223(6) 
0.3201(7) 
0.4073(g) 
0.3996(9) 
0.3021(11) 
0.2110(9) 

-0.0106(8) 
0.1186(10) 

0.0849(7) 
0.0767(6) 
0.1257(9) 
0.1441(7) 
0.0281(g) 

-0.0207(g) 
-0.058q7) 
-0.0538(7) 
-0.0945(7) 
-0.1156(6) 
-0.1669(6) 
-0.2171(5) 
0.1759(7) 
0.2108(6) 
0.0631(7) 
0.0303(6) 
0.2724(6) 
0.3576(5) 



Table 4 

Non-hydrogen atom coordinates for complex 3f-Ru 

Atom Molecule1 Molecule 2 

X Y z x Y z 

- 0.00255(4) 0.17035(6) 0.13925(4) 0.42075(5) 0.32942(6) 
0.37733(5) 
0.39470(6) 

Ml) 0.86097(4) 

Ru(2) 0.72439(4) 

Ru(3) 0.75534(4) 

Arsine ligandl 
As(l) 0.94759(5) 
c(ll) 0.9111(6) 
C(l2) 1.0087(6) 
C(131) 1.0185(S) 
~(132) 1.071q6) 
c(l33) 1.1238(7). 
c(134) 1.1212(6) 
c(l35) 1.0698(7) 
c(l36) 1.0170(6) 

Arsine Iigand2 
AS(~) 0.73251(6) 
C(21) 0.7883(6) 
c(22) 0.7714(9) 
C(231) 0.6413(6) 
C(232) 0.6009(7) 
c(233) 0.5336(9) 
c(234) 0.5123(7) 
C(235) 0.5499(9) 
c(236) 0.6169(a) 

Amine ligand 3 

AS(~) 0.63938(5) 

C(31) 0.5596(6) 

c(32) 0.5935(6) 

c(331) 0.6429(5) 

c(332) 0.6699(6) 
C(333) 0.6757(6) 
C(334) 0.6539(6) 
C(335) 0.6293(S) 
C(336) 0.6221(7) 

Carbonyl groups 

c(lU) 0.8180(5) 
O(lU) 0.7981(4) 
C(lW 0.8972(5) 
O(lW 0.9248(4) 
c(12) 0.9131(5) 
W2) 0.9453(4) 
C(2U) 0.6736(5) 
O(2U) 0.6376(4) 
Cc20 0.7825(5) 
0(2W 0.8111(5) 
~(23) 0.64Oq5) 
o(23) 0.5894(4) 
C(3U) 0.7452(5) 
o(3U) 0.7334(4) 
C(3W 0.7631(6) 
0(3D) 0.7668(4) 
c(31) 0.8113(5) 
O(31) 0.8462(4) 

0.09982(4) 
- 0.08893(4) 

0.124866) 
0.10599(6) 

0.27190(4) 
0.24929(4) 

0.45926(4) 
0.28245(4) 

-0.13166(6) 
-0.2201(7) 
-0.2055(7) 
-0.1035(5) 
-0.0633(7) 
-0.0402(8) 
-0.0547(7) 
-0.0908(S) 
-0.1151(7) 

0.22567(7) 
0.3047(9) 
0.1245(g) 
0.3040(6) 
0.2617(8) 
0.3151(9) 
0.4128(9) 
0.4560(8) 
0.4035(7) 

0.05518(5) 
0.0937(6) 

-0.0049(6) 
-0.0166(5) 
-0.069q6) 
-0.1196(6) 
-0.1194(7) 
-0.0679(7) 
-0.0167(7) 

0.33398(6) 
0.2273(6) 
0.2892(g) 
0.4011(6) 
0.4699(7) 
0.5210(7) 
0.5061(8) 
0.4393(9) 
0.3868(8) 

0.2765q7) 
0.1976(S) 
0.3785(g) 
0.1965(6) 
0.2396(8) 
0.1823(g) 
0.0859(S) 
0.0436(S) 
0.0981(8) 

0.2442q6) 
0.3143(6) 
0.2500(9) 
0.3271(6) 
0.3417(7) 
0.4034(8) 
0.4434(9) 
0.4321(9) 
0.3719(8) 

0.19054(9) 
0.1140(11) 
0.3151(11) 
0.2069(9) 
0.1337(12) 
0.1358(18) 
0.2230(18) 
0.3012(14) 
0.2951(11) 

0.25988(6) 
0.2021(8) 
0.2211(S) 
0.3498(5) 
0.3913(6) 
0.4575(7) 
0.4800(7) 
0.4408(8) 
0.3751(7) 

0.60899(6) 
0.7084(7) 
0.6337(10) 
0.6478(6) 
0.6431(7) 
0.6660(g) 
0.6961(8) 
0.7012(9) 
0.6779(7) 

0.30943(g) 
0.3832(12) 
0.1842(11) 
0.2913(7) 
0.3717(9) 
0.3621(13) 
0.2765(14) 
0.1952(12) 
0.2045(9) 

-0.12625(6) 
-0.0772(7) 
-0.0982(7) 
-0.2528(5) 
-0.2942(6) 
-0.3833(7) 
-0.4333(6) 
-0.3951(7) 
-0.3028(7) 

0.08728(7) 
0.1811(B) 

-0.0335(7) 
0.1039(6) 
0.1863(8) 
0.2025(9) 
0.1317(8) 
0.0479(8) 
0.0338(8) 

0.36861(5) 
0.4479(6) 
0.4094(7) 
0.3693(5) 
0.3657(10) 
0.3595(10) 
0.3544(g) 
0.3596(11) 
0.3660(11) 

0.18996(6) 
0.2075(8) 
0.1890(8) 
0.0655(6) 
0.0348(8) 

-0.0495(8) 
-0.1052(7) 
-0.0792(8) 
0.0080(8) 

0.41338(8) 
0.3257(10) 
0.5371(9) 
0.3923(7) 
0.3002(9) 
0.2823(10) 
0.3558(10) 
O&58(10) 
O&39(9) 

O.OlSq6) 
0.0308(5) 

-0.028q6) 
-0.0452(5) 
0.0857(6) 
0.1391(5) 
0.0758(6) 
0.0681(5) 
0.1209(6) 
0.1410(5) 
0.1249(6) 
0.1385(5) 

-0.1074(5) 
-0.1249(4) 
-0.0552(6) 
-0.0409(5) 
-0.203q6) 
-0.2722(4) 

0.3008(7) 
0.3811(6) 
0.0375(7) 

-0.0383(6) 
0.1819(9) 
0.1909(S) 
0.2434(7) 
0.3119(5) 
0.0094(S) 

-0.0589(6) 
0.0613(8) 
0.0172(7) 
0.2432(6) 
0.3236(5) 

-0.0278(7) 
-0.1095(5) 
0.0802(7) 
0.0618(6) 

0.1806(5) 
0.2OOQ(4) 
0.1040(5) 
0.0767(4) 
0.0837(6) 
0.0533(4) 
0.3228(5) 
0.3561(4) 
0.2137(6) 
0.1839(5) 
0.3565(6) 
0.4068(4) 
0.2610(5) 
0.2716(4) 
0.239q6) 
0.2339(5) 
0.1980(5) 
0.1650(4) 

0.42Oq6) 
0.4233(5) 
0.4135(6) 
0.4096(6) 
0.5345(7) 
0.6071(5) 
0.4099(6) 
0.3853(5) 
0.5065(6) 
0.5419(5) 
O&W(6) 
0.4329(5) 
0.2559(6) 
0.2334(5) 
0.3206(6) 
0.3349(5) 
0.1928(6) 
0.1416(5) 

0.1976(7) 
0.1177(5) 
0.462q7) 
0.5391(5) 
0.3148(8) 
0.3066(S) 
0.2572(7) 
0.188q5) 
0.4927(7) 
0.5608(6) 
0.4429(7) 
0.4855(6) 
0.2580(7) 
0.1771(5) 
0.5293(7) 
0.6108(5) 
0.4224(7) 
0.443q6) 

216 
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Table 5 

Non-hydrogen atomcoordmates for complex3g-Ru 

Atom x Y 2 

Ru 
C(U) 
WJ) 
C(D) 
O(D) 
c(l2) 
o(l2) 

&O) 
c(l) 
c(2) 
c(3) 
c(4) 
c(5) 
c(6) 
c(7) 
c(8) 

0.42946(9) 
0.459(l) 
0.4785(g) 
0.367(l) 
0.3418(10) 
0.591(l) 
0.6896(9) 
0.4135(3) 
0.556(l) 
0.61q2) 
0.58q2) 
0.639(2) 
0.731(2) 
0.767(2) 
0.709(2) 
0.357(l) 
0.320(l) 

0.61567(9) 
0.660(l) 
0.6793(8) 
0.558(l) 
0.5221(10) 
0.696(l) 
0.7457(10) 
0.4310(3) 
0.437(l) 
0.501(2) 
0.443(2) 
0.508(2) 
0.623(2) 
0.699(2) 
0.635(2) 
0.322(l) 
0.353(l) 

0.66734(6) 
0.787q8) 
0.8577(5) 
0.5547(9) 
O&365(6) 
0.6342(9) 
0.611q7) 
0.6996(2) 
0.7248(S) 
0.804(l) 
0.888(l) 
0.962(l) 
0.953(l) 
0.881(l) 
0.808(l) 
0.615(l) 
0.790(l) 

130-132°C. (Found: C, 32.69; H, 5.04%; M (FAB-MS), 1193. C,,H,O,,P,Ru, 
talc: C, 32.35; H, 5.07%; M, 1193). IR v(C0) (cyclohexane): 2036w, 1985sh, 
1972vs, 1939sh, 1920sh cm-‘. ’ H NMR: G(CDC1,) 3.98 (m, 2H, CH,); 1.27 (td, J 
7, lHz, 3H, CH,). 

Crystallography. Data sets were obtained with four-circle diffractometers, and 
application of absorption corrections and the refinements were carried out as 
described in Part A [l]. The molecular plots and atom numbering follow a similar 
scheme; the group 15 ligands always occupy the sites of CO(13), CO(21) and 
CO(32), with M(3) being the apex of the M, triangle vertical in the page. Metal 
atom sites of minor occupancy are primed. The non-hydrogen atom coordinates for 
the seven complexes are listed in Tables 3-9; full details of the core geometries are 
given in Tables 10-16. Other data, including non-hydrogen atom thermal parame- 
ters, hydrogen atom parameters and phosphorus (or arsenic) ligand geometries, are 
deposited. 

Crystal data 
3e-Ru: Ru,(CO),(PMe,Ph), = C,,H,,O,P,Ru,, M = 969.8, orthorhombic, space 

group P2,2,2, (O,“, No. 19), a 21.343(2), b 14.752(4), c 12.170(2) A, U 3832(l) A3, 
0, (2 = 4) 1.68 g cme3. F(OO0) = 1920. ~1 Mo 12.5 cm-‘. Specimen: 0.24 x 0.17 x 0.45 
mm. A*. Inm,max = 1.29, 1.69. 2t9,, 60 O, N = 5538, N, (number of observed data with 
I > 3a(I)) = 3601, R = 0.040, R’ = 0.048 (n = 3) (preferred chirahty). 

3f-Ru: Ru,(CO),(AsMe,Ph), = C33H33As30,Ru3, M = 1101.6, triclinic, space 
group Pi (C/, No. 2), a 19.113(4), b 15.375(4), c 13.756(3) A, a 89.36(2), /I 85.97(2), 
y 77.61(2)O, U 3939(2) A3, Q,, 1.86(l), 0, (Z = 4) 1.86 g cmp3. F(OO0) = 2136. p,, 
35.5 cm-‘. Specimen: 0.11 X 0.13 X 0.36 mm. AL,,, = 1.41, 1.62. 28,,, 50”, 
N = 13993, N, = 8823, R = 0.046, R’ = 0.047 (n = 7). 

(Continued on p. 222) 
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Table 6 

Non-hydrogen atom coordinates for complex 3i-Ru (molecules l-4) 

Atom x Y z 

Molecule 1. Ru populations: 0.944(2)0.940(2),0.939(2) 

RW) 
Rut9 
Ru(3) 

LigandI 
P(1) 
O(ll) 
c(l1) 
O(l2) 
c(l2) 
Cull) 
Cw2) 
Wl3) 
c(ll4) 
c(ll5) 
C(116) 

Ligand2 
P(2) 
O(21) 
c(21) 
O(22) 
c(22) 
c(211) 
c(212) 
c(213) 
C(214) 
c(215) 
C(216) 

Zigand 3 
P(3) 
o(31) 
C(31) 
o(32) 
~(32) 
C(311) 
C(312) 
c(313) 
C(314) 
C(315) 
c(316) 

Carbonyl groups 
COW 
WV 
CW) 
WW 
CU2) 
o(w 
CWJ) 
WU) 
CW’) 
WW 
~(23) 
o(23) 

0.23576(3) 
0.17260(3) 
0.29936(3) 

0.2878(l) 
0.2291(3) 
0.2476(6) 
0.3256(3) 
0.2929(7) 
0.3554(4) 
0.338q4) 
0.388q5) 
0.4551(5) 
0.4725(4) 
0.4240(4) 

0.0694(l) 
0.0202(3) 

-0.0508(4) 
0.0207(3) 

-0.0016(5) 
0.0736(3) 
0.0776(4) 
0.0867(5) 
0.0961(4) 
0.0928(5) 
0.0815(4) 

0.3279(l) 
0.2717(3) 
0.2175(7) 
0.3685(3) 
0.4002(7) 
0.3851(4) 
0.4499(5) 
0.4965(5) 
0.4775(6) 
0.4149(7) 
0.3677(5) 

0.1644(4) 
0.1236(3) 
0.3163(4) 
0.3641(3) 
0.1840(4) 
0.1550(3) 
0.1241(4) 
0.0908(3) 
0.2191(3) 
0.2422(3) 
0.1817(4) 
0.1849(4) 

1.01648(3) 
0.89386(3) 
0.92261(3) 

1.0900(l) 
1.1032(3) 
1.1525(7) 
1.0690(3) 
1.0049(6) 
1.1807(4) 
1.2309(5) 
1.3028(5) 
1.3243(5) 
1.2760(5) 
1.2041(5) 

0.8829(l) 
0.8898(3) 
0.8732(6) 
0.8086(3) 
0.738q4) 
0.9447(4) 
1.0117(4) 
1.0620(4) 
1.0474(5) 
0.9829(5) 
0.9307(4) 

0.8299(l) 
0.7478(3) 
0.7096(6) 
0.8283(3) 
0.7798(7) 
0.8348(4) 
0.8922(5) 
0.8996(6) 
0.8489(g) 
0.7925(10) 
0.7844(g) 

0.9489(4) 
0.9140(4) 
1.0752(4) 
1.116q3) 
1.0663(4) 
1.0975(4) 
0.8236(4) 
0.7779(3) 
0.9781(4) 
1.0246(3) 
0.8248(4) 
0.7838(3) 

0.36829(3) 
0.23741(3) 
0.35800(3) 

0.4860(l) 
0.5013(3) 
0.5713(6) 
0.5544(3) 
0.5658(5) 
0.5125(4) 
0.4853(4) 
0.5058(5) 
0.5535(6) 
0.5810(5) 
0.5609(4) 

0.1559(l) 
0.1913(3) 
0.1456(6) 
0.088q2) 
0.0974(5) 
0.1029(4) 
0.1302(4) 
0.0926(5) 
0.0323(5) 
0.0056(4) 
0.0411(4) 

0.3409(l) 
0.2941(3) 
0.3103(g) 
0.4205(3) 
0.4339(6) 
0.2998(4) 
0.3303(4) 
0.3021(5) 
0.2408(6) 
0.2099(g) 
0.2370(6) 

0.3868(4) 
0.4030(4) 
0.3579(4) 
0.3554(3) 
0.3318(4) 
0.3122(3) 
0.2741(4) 
0.2892(3) 
0.2149(4) 
0.1935(3) 
0.1754(4) 
0.1370(3) 



219 

Table 6 (continued) 

Atom x Y 2 

Carbonyl groups (continued) 
c(3w 0.2478(4) 0.8741(4) 
o(3U) 0.2217(3) 0.8427(3) 
C(3D) 0.3346(4) 0.9592(4) 
D(3D) 0.3606(3) 0.9802(3) 
C(31) 0.3830(4) 0.9848(4) 
o(31) 0.43343) 1.0209(3) 

Disordered Ru populations: 0.057(2),0.052(2), 0.053(2) 

Ru(12) 
Ru(23) 
Ru(31) 

Molecule 2 

0.1703(6) 0.9445(6) 
0.2517(6) 0.8673(6) 
0.2949(5) 0.9890(6) 

Rut11 0.22698(3) 
Ru(2) 0.16312(3) 
Ru(3) 0.28358(3) 

0.51107(3) 
0.38831(3) 
0.41005(3) 

Ligand I 

P(l) 
Wl) 
C(l1) 
W2) 
C(l2) 
C(111) 
C(112) 
C(113) 
c(l14) 
C(115) 
C(116) 

Ligand 2 
P(2) 
o(21) 
C(21) 
o(22) 
c(22) 
c(211) 
C(212) 
c(213) 
C(214) 
c(215) 
C(216) 

Ligand 3 

P(3) 
O(31) 
C(31) 
o(32) 
C(32) 
c(311) 
C(312) 
C(313) 
C(314) 

c(315) 
c(3W 

0.2792(l) 0.5916(l) 
0.3130(3) 0.5726(3) 
0.2785(6) 0.5100(5) 
0.223q3) 0.6130(3) 
0.2439(6) 0.6704(6) 
0.3521(4) 0.6779(4) 
0.4188(4) 0.7002(4) 
0.4713(4) 0.7685(5) 
0.4581(5) 0.8137(5) 
0.3937(5) 0.7928(5) 
0.3407(4) 0.7247(4) 

0.0598(l) 
0.0005(3) 
-0.072q5) 
0.0252(3) 
0.0079(6) 
0.052q4) 
0.0360(4) 
0.0297(5) 
0.0358(6) 
0.0535(6) 
0.0618(6) 

0.3120(l) 
0.2564(3) 
0.1914(5) 
0.3382(3) 
0.3606(6) 
0.3794(4) 
0.4446(4) 
0.4971(4) 
0.4857(5) 
0.4227(7) 
0.3694(6) 

O.W4) 
0.4374(3) 
0.2936(4) 
0.2574(3) 
0.4458(4) 
0.4947(3) 

0.271q6) 
0.2833(6) 
O&46(6) 

0.3759(l) 
0.2945(3) 
0.2705(7) 
0.4249(4) 
0.4325(7) 
0.3901(4) 
0.3304(5) 
0.3363(6) 
0.3997(6) 
0.4594(7) 
0.4535(6) 

0.3168(l) 
0.2366(3) 
0.1985(5) 
0.3070(3) 
0.2527(6) 
0.3257(4) 
0.3816(5) 
0.3906(5) 
0.3478(7) 
0.2903(11) 
0.2763(S) 

0.84838(3) 
0.71843(3) 
0.84541(3) 

0.9630(l) 

1.0346(3) 
1.0496(5) 
0.9741(3) 
1.0396(7) 
0.9865(4) 
1.0390(4) 
1.0558(5) 
1.0205(6) 
0.9666(6) 
0.9499(5) 

0.6367(l) 
0.6147(3) 
0.5688(6) 
0.6547(3) 
0.7119(6) 
0.5512(4) 
0.4946(4) 
0.4282(5) 
0.4159(5) 
O&62(6) 
0.5387(6) 

0.8373(l) 
0.7827(3) 
0.7807(6) 
0.9155(3) 
0.9302(6) 
0.8104(4) 
0.8499(5) 
0.8300(5) 
0.7711(6) 
0.7374(9) 
0.7530(7) 

continued 
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Table6(contimxd) 

Atom x Y * 

Carbonyfgroups 
c(lU) 
o(lU) 
CUDI 
WD) 
C(12) 
o(l2) 
c(2U) 
W2U) 
C(2W 
O(2W 
C(23) 
o(23) 
C(3U) 
W3U) 
Cc30 
O(3W 
C(31) 
o(31) 

0.1529(4) 
0.1105(3) 
0.3098(4) 
0.3604(3) 
0.1826(4) 
0.1590(3) 
0.1133(4) 
0.0788(3) 
0.2109(4) 
0.2355(3) 
0.1671(4) 
0.1696(3) 
0.2305(4) 
0.2023(3) 
0.3181(4) 
0.3434(3) 
0.3671(4) 
0.4187(3) 

Molecule 3 

Ul) 
W2) 
W3) 

LigandI 
P(1) 
Wl) 
Wl) 
O(l2) 
c(12) 
C&l) 
Wl2) 
c(ll3) 
C(114) 
fwl5) 
C(116) 

Ligand2 
P(2) 
O(21) 
C(21) 
o(22) 
c(22) 
C(211) 
c(212) 
C(213) 
C(214) 
C(215) 
C(216) 

Ligand3 
P(3) 
o(31) 
C(31) 
o(32) 
~(32) 
C(311) 

0.82905(3) 
0.70486(3) 
0.75713(3) 

0.9303(l) 
0.9659(3) 
0.9832(5) 
0.9902(2) 
1.0616(5) 
0.9293(4) 
0.9144(4) 
0.9084(4) 
0.9172(5) 
0.9325(5) 
0.9375(5) 

0.6795(l) 
0.6386(3) 
0.612q6) 
0.7375(3) 
0.7946(5) 
0.6235(4) 
0.5555(4) 
0.5109(5) 
0.5343(5) 
0.6009(6) 
0.6473(5) 

0.7007(l) 
0.6641(3) 
0.7009(6) 
0.7561(3) 
0.7375(5) 
0.629q4) 

0.4508(4) 
0.4215(3) 
0.5604(4) 
0.5974(3) 
0.5620(4) 
0.5948(3) 
0.3226(4) 
0.2802(3) 
0.4688(4) 
0.5132(3) 
0.3175(4) 
0.2763(3) 
0.365q4) 
0.3359(3) 
0.4373(4) 
0.4507(3) 
0.4750(4) 
0.5156(3) 

0.56015(3) 
0.55801(3) 
0.62502(3) 

0.5880(l) 
0.6555(3) 
0.7289(4) 
0.6017(3) 
0.628q6) 
0.5192(4) 
0.5188(4) 
O&13(5) 
0.4070(5) 
0.4046(5) 
0.4615(5) 

0.5136(l) 
0.5527(3) 
0.5361(6) 
0.5213(3) 
0.5881(6) 
0.4169(4) 
0.3878(5) 
0.3135(5) 
0.2701(5) 
0.2953(5) 
0.3707(5) 

0.6879(l) 
0.7209(3) 
0.7692(5) 
0.7573(3) 
0.8071(5) 
0.6442(4) 

0.8680(4) 
0.8844(3) 
0.8378(4) 
0.8358(3) 
0.8Olq4) 
0.7719(3) 
0.7580(4) 
0.7747(3) 
0.6914(4) 
0.6689(3) 
0.6544(3) 
0.6154(3) 
0.8946(4) 
0.9252(3) 
0.7768(4) 
0.7391(3) 
0.9290(4) 
0.9780(3) 

0.73277(3) 
0.63010(3) 
0.78398(3) 

0.8303(l) 
0.9034(3) 
0.9029(5) 
0.8055(3) 
0.8567(6) 
0.8746(4) 
0.9331(4) 
0.9614(4) 
0.9330(5) 
0.8743(5) 
0.8443(4) 

0.5109(l) 
O&69(2) 
0.3882(5) 
0.4844(3) 
0.5036(6) 
O&22(4) 
0.4499(4) 
0.4129(5) 
0.3923(5) 
O&54(6) 
0.4412(5) 

0.8059(l) 
0.7481(3) 
0.7185(6) 
0X776(3) 
0.9082(6) 
0.8264(3) 
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Table 6 (continued) 

Atom X Y z 

Ligand3(continued) 
~(312) 
C(313) 
C(314) 
c(315) 
c(316) 

Carbonyl groups 

c(lU) 
wu) 
CGW 
WD) 
C(12) 
W2) 
C(2U) 
O(2U) 
C(2D) 
0(2D) 
C(23) 
o(23) 
C(3U) 
O(3U) 
C(3D) 
0(3D) 
C(31) 
O(31) 

0.6423(4) 
0.5885(5) 
0.5223(5) 
0.5076(4) 
0.5609(4) 

0.8767(4) 
0.9106(3) 
0.7796(3) 
0.7552(3) 
0.8353(4) 
0.8394(3) 
0.7548(4) 
0.7793(3) 
0.6716(4) 
0.6465(3) 
0.6201(4) 
0.5674(3) 
0.8246(4) 
0.8632(3) 
0.6785(4) 
0.6315(3) 
0.8078(4) 
0.8369(3) 

0.6324(5) 
0.6011(5) 
0.5801(5) 
0.5915(5) 
0.6237(4) 

0.6440(4) 
0.6922(3) 
0.4873(3) 
0.4418(3) 
0.4949(4) 
0.4530(3) 
0.6542(4) 
0.7099(3) 
0.4608(4) 
0.3997(3) 
0.5602(4) 
0.5598(4) 
0.7136(4) 
0.7686(3) 
0.5350(4) 
0.4847(3) 
0.6583(4) 
0.6449(3) 

0.8913(4) 
0.9094(5) 
0.861q5) 
0.7959(5) 
0.7780(4) 

0.7088(4) 
0.6968(3) 
0.767q4) 
0.7886(3) 
0.6668(4) 
0.6287(3) 
0.6289(4) 
0.6213(3) 
0.6341(4) 
0.6282(3) 
0.6088(4) 
0.5969(3) 
0.7840(4) 
0.7886(3) 
0.7652(4) 
0.7587(3) 
0.8834(4) 
0.9435(3) 

Molecule 4. Ru populations: 0.821(2),0.826(2),0.83q2) 

Wl) 
Rut2) 
Ru(3) 

Ligand I 

P(l) 
Wl) 
C(11) 
W2) 
c(12) 
C(111) 
C(112) 
C(113) 
C(114) 
C(115) 
C(116) 

Ligand 2 

P(2) 
o(21) 
C(21) 
W22) 
c(22) 
c(211) 
c(212) 
~(213) 
cx214) 
c(215) 
c(216) 

0x097(4) 
0.28462(4) 
0.24473(3) 

0.0611(l) 
0.0017(3) 
-0.0698(5) 
0.0236(3) 
0.0027(5) 
0.0557(5) 
0.0827(6) 
0.0802(6) 
0.0516(6) 
0.0227(5) 
0.025q5) 

0.2859(l) 
0.2221(3) 
0.1572(5) 
0.3122(3) 
0.3222(6) 
0.3459(4) 
0.4169(4) 
O&53(4) 
O&35(5) 
0.3733(5) 
0.3252(4) 

-0.08599(4) 
-0.10158(4) 
-0.02177(4) 

-0.0761(l) 
-0.1522(3) 
-0.1652(6) 
-0.0641(2) 
-0.1126(6) 
-0.0079(5) 
0.0043(6) 
0.0555(7) 
0.0978(7) 
0.0878(6) 
0.0348(5) 

-0.1882(l) 
-0.2463(3) 
-0.2938(5) 
-0.2348(3) 
-0.2941(5) 
-0.1548(4) 
-0.1231(4) 
-0.0949(5) 
-0.096q5) 
-0.1273(5) 
-0.1560(4) 

0.73485(4) 
0.80540(3) 
0.89081(4) 

0.6954(l) 

0.6314(3) 
0.5929(6) 
0.7435(3) 
0.7802(5) 
0.6522(5) 
0.6046(6) 
0.5692(7) 
0.5885(9) 
0.6332(9) 
0.6673(6) 

0.7234(l) 
0.6504(3) 
0.6495(6) 
0.7702(3) 
0.7401(6) 
0.6854(4) 
0.7315(4) 
0.7061(5) 
0.6355(5) 
0.5887(5) 
0.6145(4) 

continued 
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Table6(continued) 

Atom X Y z 

Ligand3 
P(3) 
o(31) 
C(31) 
o(32) 
~(32) 
c(311) 
c(312) 
C(313) 
C(314) 
C(315) 
C(316) 

Carbonylgrotlps 
C(lU) 
O(lU) 
C(lD) 
WD) 
c(l2) 
o(l2) 
C(2U) 
o(2U) 
C(2D) 
0(2D) 
c(23) 
o(23) 
C(3U) 
o(3U) 
C(3D) 
0(3D) 
C(31) 
O(31) 

0.3139(l) 
0.2712(3) 
0.2432(7) 
0.3618(3) 
0.4109(6) 
0.3709(4) 
0.3682(5) 
0.4160(6) 
O&55(6) 
O&94(7) 
0.4221(7) 

0.1143(5) 
0.0829(3) 
0.2146(4) 
0.2401(3) 
0.1560(5) 
0.1522(4) 
0.2412(4) 
0.219q3) 
0.3157(4) 
0.3442(3) 
0.3766(4) 
0.4329(3) 
0.1689(5) 
0.126q3) 
0.3217(4) 
0.3653(3) 
0.2053(4) 
0.1851(4) 

-0.0090(1) 
-0.0411(3) 
-0.1129(7) 
-0.0461(4) 
-0.0412(7) 
0.0814(5) 
0.1030(6) 
0.1713(7) 
0.2167(6) 
0.196q8) 
0.1274(7) 

-0.1801(5) 
-0.2372(3) 
0.0169(4) 
0.0718(3) 

-0.1221(5) 
-0.1389(4) 
-0.1726(4) 
-0.2199(3) 
-0.0328(4) 
0.0087(3) 

-0.0682(4) 
-0.0486(3) 
-0.1048(5) 
-0.1498(3) 
0.0480(4) 
0.0980(3) 
0.0414(5) 
0.081q3) 

1.0096(l) 
1.0525(3) 
1.0502(6) 
1.0180(3) 
1.0867(6) 
1.0747(4) 
1.1389(5) 
1.1875(6) 
1.1743(6) 
1.1139(6) 
1.0642(5) 

0.7439(4) 
0.7442(3) 
0.7469(4) 
0.7429(3) 
0.6412(4) 
0.5852(3) 
0.8468(5) 
0.8669(3) 
0.758q4) 
0.7375(3) 
0.8811(4) 
0.9172(3) 
0.8881(5) 
0.893q4) 
0.8835(4) 
0.8851(3) 
0.9033(5) 
0.9123(3) 

Disordered Ru populations: 0.172(2),0.171(2), 0.176(2) 

Ru(12) 0.2278(2) -0.1220(2) 0.7286(2) 
Ru(23) 0.2936(2) -0.0608(2) 0.8844(2) 
Ru(31) 0.1752(2) -0.0444(2) 0.7973(2) 

3g-Ru: Ru,(CO),{PMe,(CH,Ph))3 = C,,H,,O,P,Ru,. y = 1011.8, trigonal, 
space group P? (C$, No. 147), a 12.803(10), c 15.657(9) A, U 2202(2) A3, 0, 
(Z = 2) 1.53 g cmp3. F(OO0) = 1008. pMO 10.9 cm-‘. Specimen: 0.45 X 0.35 X 0.22 

mm. A*- INIl,IIUlX 1.25, = 1.37. 2&,_ 60 O, N = = R = 4361, N, 2445; 0.066, R’ = 0.094 
(n = 2) (preferred chirality). 

3i-Ru: Ru3(CO),{PPh(OMe),}, = C,,H,,O,,P,Ru,, M = 1065.8, triclinic, space 
@OUp Pi (Ci’, NO. 2), a 23.23(l), b 20.87(l), c 20.73(l) A, a 98.21(4), ,d 111.07(3), y 
111.95(4)“, U 8237(7) A3, 0, (Z = 8) 1.72 g cmp3. F(OO0) = 4224. pMo 11.8 cm-‘. 
Specimen: 0.24 X 0.25 X0.22 mm. A*min,max= 1.22, 1.33. 2$,,,, 50”, N = 28977, 
N, = 16532, R = 0.041, R’ = 0.039 (n = 3). 

(Conhued on p. 234) 
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Table 7 

Non-hydrogen atom coordinates for complex 3k-Ru 

Atom X Y z 

Ru(1) a 
Ru(2) a 
Ru(3) a 

Ligand I 

P(l) 
o(111) 
C(111) 
C(112) 
o(l21) 
C(121) 
C(122) 
W31) 
C(131) 
C(132) 

Ligand2 
P(2) 
o(211) 
C(211) 
C(212) 
o(221) 
C(221) 
C(222) 
o(231) 
C(231) 
C(232) 

Ligand3 
P(3) 
O(311) 
C(311) 
C(312) 
0(321) 
~(321) 
c(322) 
O(331) 
C(331) 
C(332) 

Carbonyl groups 

CUU) 
WU) 
CW’) 
WD) 
CW) 
OW) 
CWJ) 
ww 
WW 
WW 
~(23) 
o(23) 
C(3U) 
o(3U) 

0.80090(5) 
0.77522(5) 
0.69016(5) 

0.7747(2) 
0.8370(6) 
0.868(2) 
0.924(l) 
0.7739(7) 
0.809(l) 
0.819(l) 
0.7013(5) 
0.657(l) 
0.596(l) 

0.8367(2) 
0.9134(5) 
0.9373(8) 
0.9864(8) 
0.7863(6) 
0.784(2) 
0.748(2) 
0.8513(5) 
0.8971(8) 
0.8842(9) 

0.5999(2) 
0.5612(6) 
0.575(l) 
0.556(l) 
0.5272(5) 
O&2(1) 
0.416(l) 
0.6184(7) 
0.602(l) 
0.613(l) 

0.7421(6) 
0.7072(4) 
0.8425(6) 
0.8784(4) 
0.8928(6) 
0.9482(4) 
0.6745(7) 
0.6223(4) 
0.8712(6) 
0.9270(4) 
0.7527(6) 
0.7512(4) 
0.6261(6) 
0.5808(4) 

0.80253(6) 
0.59192(6) 
0.79394(6) 

0.9834(2) 
1.0548(7) 
1.159(2) 
1.136(3) 
0.9961(7) 
0.955(l) 
1.013(l) 
1.0588(8) 
1.138(l) 
1.2Oq2) 

0.4712(2) 
O&49(6) 
0.349(l) 
0.245(l) 
0.3852(9) 
0.309(2) 
0.265(2) 
0.5071(7) 
0.4801(13) 
0.4877(12) 

0.7256(2) 
0.8123(8) 
0.861(2) 
0.954(l) 
0.7085(10) 
0.694(2) 
0.675(2) 
0.6243(7) 
0.579(2) 
0.520(2) 

0.7437(9) 
0.7250(5) 
0.8569(7) 
0.887q6) 
0.7533(8) 
0.7430(7) 
0.547q8) 
0.5831(6) 
0.6181(7) 
0.6157(5) 
0.4903(8) 
0.4189(6) 
0.8270(7) 
0.8460(6) 

0.62474(8) 

0.83441(8) 
0.86434(9) 

0.4750(3) 
O&66(9) 
0.367(2) 
O/409(4) 
0.3171(9) 
0.215(2) 
0.080(l) 
0.4897(3) 
0.420(2) 
0.458(2) 

0.7182(3) 
0.7652(8) 
0.894(Z) 
0.914(2) 
0.7504(13) 
0.735(3) 
0.697(3) 
0.5636(8) 
O&28(21) 
0.3272(13) 

1.0473(3) 
1.1187(10) 
1.185(2) 
1.220(2) 
0.9974(10) 
1.037(2) 
0.965(2) 
1.1733(9) 
1.298(2) 
1.418(2) 

0.5278(10) 
0.4566(7) 
0.7483(9) 
0.8000(7) 
0.5300(9) 
O&73(8) 
0.7832(11) 
0.7461(8) 
0.862qlO) 
0.9006(8) 
1.0173(10) 
1.1171(8) 
0.7084(12) 
0.6356(8) 

continued 
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Table7(continued) 

Atom X Y 

C(3W 0.7626(6) 0.7396(S) 
0(3D) 0.7982(4) 0.7300(6) 
c(31) 0.6777(6) 0.9509(S) 
o(31) 0.6629(4) 1.0341(5) 

Fractionalrufheniums 
Ru(12)" 0.8188(l) 0.6669(2) 
Ru(23)" 0.7091(l) 0.6569(2) 
Ru(31)" 0.7319(l) 0.8673(2) 

u Populations: Ru(l,2,3), 0.75,; Ru(12,23, 31), l-0.75,. 

t 

1.007qlo) 
1.0927(7) 
0.8359(10) 
0.8459(S) 

0.6748(3) 
0.9152(3) 
0.7056(3) 

Table 8 

Non-hydrogen atom coordinates for complex 31-Ru 

Atom x Y z 

RW) 0.18326(5) 0.06145(10) 0.38228(12) 
Ru(2) 0.28250(6) 

Ru(3) 0.27330(5) 

Ligandl 
P(l) 
Wll) 
C(111) 
c(112) 
F(lll) 
F(112) 
F(113) 
W21) 
c(121) 
c(l22) 
F(121) 
F(122) 
F(123) 
o(l31) 
c(l31) 
~(132) 
F(131) 
F(132) 
F(133) 

0.1315(2) 
0.1773(5) 
0.1554(9) 
0.209(l) 
0.2444(7) 
0.1911(S) 
0.2465(S) 
0.0844(5) 
0.0201(S) 

-0.0081(9) 
-0.0053(9) 
0.0170(S) 

-0.068q7) 
0.0857(5) 
0.0974(7) 
0.0362(S) 

-0.0078(5) 
0.0115(5) 
0.0450(5) 

Ligand2 
P(2) 
o(211) 
c(211) 
C(212) 
F(211) 
F(212) 
F(213) 
o(221) 
C(221) 
c(222) 
F(221) 
F(222) 
F(223) 
0(231) 
C(231) 

0.2664(2) 
0.2593(5) 
0.2457(10) 
0.2320(9) 
0.277q6) 
0.1841(6) 
0.2166(6) 
0.2040(5) 
0.1950(9) 
0.132(l) 
0.1223(7) 
0.0904(7) 
0.1254(9) 
0.3157(5) 
0.3804(S) 

0.1883(3) 
0.2642(S) 
0.348(l) 
0.402(2) 
0.436(l) 
0.478(l) 
0.341(l) 
0.2707(S) 
0.260(2) 
0.362(2) 
0.430(l) 
0.368(2) 
0.344(2) 
0.1625(S) 
0.081(l) 
0.035(l) 
0.097(l) 
O.Owl) 

-0.046(l) 

-0.2041(3) 
-0.2027(S) 
-0.290(l) 
-0.255(l) 
-0.211(l) 
-0.183(l) 
-0.331(l) 
-0.2611(9) 
-0.323(2) 
-0.361(2) 
-0.408(l) 
-0.285(l) 
-0.419(l) 
-0.3003(S) 
-0.297(2) 

0.24018(12) 
0.20080(13) 

0.4877(4) 
0.5409(11) 
0.609(2) 
0.652(2) 
0.541(2) 
0.721(2) 
0.737(2) 
0.399(l) 
0.377(2) 
0.301(3) 
0.363(3) 
0.176(2) 
0.284(2) 
0.626(l) 
0.733(2) 
0.776(2) 
0.821(l) 
0.660(l) 
0.871(l) 

0.3623(4) 
0.5327(10) 
0.631(2) 
0.770(2) 
0.821(l) 
0.764(l) 
0.865(l) 
0.3401(10) 
0.231(2) 
0.247(2) 
0.134(2) 
0.237(2) 
0.353(2) 
0.349(l) 
0.347(3) 



225 

Table8(contirmed) 

Atom X Y z 

c(232) 0.408(l) 
F(231) 0.4704(7) 
F(232) 0.3914(9) 
F(233) 0.3975(10) 

Ligand3 
P(3) 
o(311) 
C(311) 
~(312) 
F(311) 
F(312) 
F(313) 
0(321) 
~(321) 
~(322) 
F(321) 
F(322) 
F(323) 
o(331) 
c(331) 
c(332) 
F(331) 
F(332) 
F(333) 

0.3660(2) 
0.4220(5) 
0.486(l) 
0.5147(8) 
0.5757(6) 
0.5201(8) 
0.4929(9) 
0.3992(6) 
0.3961(10) 
0.4460) 
0.4902(6) 
0.4528(7) 
0.4858(8) 
0.3724(6) 
0.349(l) 
0.374(l) 
0.4363(8) 
0.3636(9) 
0.3579(9) 

Carbonylgroups 
c(lU) 
o(lU) 
C(lW 
WD) 
W2) 
W2) 
c(2U) 
O(2U) 
C(2W 
O(2W 
q23) 
o(23) 
c(3U) 
O(3U) 
C(3W 
O(3D) 
cX31) 
o(31) 

0.2419(6) 
0.2702(5) 
0.1344(6) 
0.1021(5) 
0.1361(7) 
0.106q5) 
0.3481(7) 
0.3903(5) 
0.2108(7) 
0.1748(6) 
0.3435(7) 
0.3792(5) 
0.3078(7) 
0.3293(5) 
0.2412(7) 
0.2239(5) 
0.2323(9) 
0.2033(7) 

-0.397(3) 
-0.402(l) 
-0.465(l) 
-0.437(2) 

0.2071(4) 
0.203(l) 
0.214(2) 
0.250(2) 
0.256(l) 
0.181(2) 
0.330(l) 
0.133(l) 
0.141(2) 
0.098(3) 
0.053(l) 
0.114(2) 
0.194(2) 
0.3105(10) 
O&2(2) 
0.477(2) 
0.481(l) 
0.492(2) 
0.573(l) 

0.031(l) 
0.0165(9) 
0.101(l) 
0.1257(9) 

-o.osql) 
-0.1199(8) 
-0.022(l) 
-O.OlSl(lO) 
-0.061(l) 
-0.0744(11) 
-0.088(1) 
-0.1138(10) 
0.187(l) 
0.2073(9) 
0.141(l) 
0.1358(11) 
0.291(l) 
0.3774(10) 

0.341(4) 
0.364(2) 
0.296(2) 
O&7(2) 

0.0894(5) 

0.199(l) 
0.161(2) 
0.269(2) 
0.246(2) 
0.38q2) 
0.311(2) 

-0.020(l) 
-0.169(2) 
-0.234(2) 
-0.171(2) 
-0.362(l) 
-0.231(2) 
-0.012(l) 
0.019(2) 

-0.067(4) 
-0.062(2) 
-0.202(2) 
-0.036(2) 

0.542(l) 
0.6415(10) 
0.208(l) 
0.1155(10) 
0.44ryl) 
0.4800(11) 
0.368(2) 
0.4385(H) 
0.113(2) 
0.0383(12) 
0.095(2) 
0.0126(12) 
0.387(l) 
0.4856(10) 
0.018(2) 

-0.0915(11) 
0.193(2) 
0.1852(16) 

Table 9 

Non-hydrogen atom coordinates for complex 3b-0s 

Atom X Y z 

OS(l) 
Os(2) 
W3) 

0.8060(l) 
0.8794(l) 
0.7867(l) 

0.7752(l) 
0.6872(l) 
0.6105(l) 

q.571q2) 
0.4513(2) 
0.6043(2) 
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Table9(continued) 

Atom x Y z 

Ligandl 
P(1) 
Cull) 
Wl2) 
c(ll3) 
c(ll4) 
C(115) 
c(ll6) 
c(l21) 
C(122) 
c(l23) 
C(124) 
c(l25) 
C(126) 
c(l31) 
c(l32) 
c(l33) 
c(l34) 
W35) 
C(136) 

Ligand2 
P(2) 
c(211) 
cx212) 
q213) 
c(214) 
c(215) 
q216) 
c(221) 
c(222) 
c(223) 
c(224) 
c(225) 
c(226) 
q231) 
c(232) 
c(233) 
c(234) 
c(235) 
c(236) 

Ligand 3 
P(3) 
C(311) 
C(312) 
C(313) 
C(314) 
C(315) 
C(316) 
C(321) 

0.7257(9) 
0.78q3) 
0.804(3) 
0X49(4) 
0.890(3) 
0.865(3) 
0X07(3) 
0.677(3) 
0.689(3) 
0.642(3) 
0.597(3) 
0.580(4) 
0.630(4) 
0.637(3) 
0.597(3) 
0.529(4) 
0.510(4) 
0.547(5) 
0.625(3) 

0.9309(8) 
1.038(3) 
1.077(3) 
1.160(4) 
1.205(4) 
1.16q4) 
1.086(3) 
0.9w3) 
0X16(3) 
0.799(3) 
0.852(3) 
0.931(4) 
0.954(3) 
0.913(3) 
0.928(3) 
0.917(3) 
0X86(3) 
0X66(3) 
OMl(3) 

0.7718(S) 
0.795(2) 
0.844(4) 
0.872(4) 
0X41(3) 
0.781(4) 
0.757(4) 
0.829(4) 

0.8218(8) 
0.887(3) 
0.85q3) 
0.904(4) 
0.995(3) 
1.020(3) 
0.965(3) 
0.880(3) 
0.901(2) 
0.935(3) 
0.968(3) 
0.940(2) 
0.900(4) 
0.748(3) 
0.682(2) 
0.619(4) 
0.635(4) 
0.969(4) 
0.767(3) 

0.7610(g) 
0.797(3) 
0.858(3) 
0.886(3) 
0.850(3) 
0.786(4) 
0.763(3) 
0.844(2) 
0X21(3) 
0.88q4) 
0.963(3) 
0.980(4) 
0.914(3) 
0.706(3) 
0.748(3) 
0.714(3) 
0.628(3) 
0.579(3) 
0.623(3) 

0.4738(8) 
0.429(2) 
0.392(4) 
0.372(4) 
0.371(3) 
0.411(4) 
0.440(4) 
0.452(3) 

0.6614(H) 
0.778(4) 
0.858(4) 
0.934(5) 
0.954(4) 
0.865(4) 
0.775(4) 
0.580(4) 
0.491(3) 
0.434(4) 
0.481(4) 
0.581(5) 
0.630(5) 
0.696(4) 
0.628(3) 
0.631(5) 
0.719(5) 
0.805(6) 
0.792(4) 

0.3175(11) 
0.345(3) 
0.429(4) 
OMl(5) 
0.406(5) 
0.337(5) 
0.301(3) 
0.28q3) 
0.259(4) 
0.245(5) 
0.253(4) 
0.269(5) 
0.285(4) 
0.186(4) 
0.112(4) 
O.OOS(4) 
-0.016(4) 
0.073(4) 
0.166(4) 

0.5909(11) 
0.483(3) 
0.482(5) 
0.417(6) 
0.310(4) 
0.284(5) 
0.394(5) 
0.693(4) 
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Table 9 (continued) 

Atom X Y z 

L.igand 3 (continued) 

c(322) 
q323) 

c(324) 

c(325) 
c(326) 
C(331) 

c(332) 
c(333) 

c(334) 
C(335) 

C(336) 

Carhnyl groups 

WV 
WU) 
C(W 
WW 
c(w 
o(w 
c(w 
o(w 
C(W 
WD) 
C(23) 
o(23) 

C(3U) 

o(3U) 
c(3D) 

0(3D) 

C(31) 

o(31) 

0.911(3) 

0.%3(3) 

0.932(3) 

0.854(3) 
0.801(3) 

0.675(3) 

0.619(3) 

0.543(3) 

0.526(4) 

0.580(3) 

0.655(4) 

0.735(3) 

0.6742) 
0.882(3) 

0.928(2) 

0.848(3) 

0.899(2) 

0.78q3) 
0.72q2) 

0.965(3) 

1.024(2) 

0.932(3) 

0.961(2) 
0.687(3) 

0.62q2) 

0.879(3) 

0.951(2) 
0.74q3) 

0.724(2) 

0.475(3) 

O&3(3) 
0.434(3) 

0.406(3) 
0.418(3) 

0.406(3) 
0.422(3) 

0.374(3) 

0.292(3) 

0.267(3) 

0.333(4) 

0.738(3) 

0.721(2) 

0.799(3) 

0.81q2) 

0.866(3) 

0.934(2) 
0.63q2) 

0.598(2) 

0.749(3) 

0.791(2) 

0.619(3) 

0.567(2) 
0.582(3) 

0.559(2) 

0.63q3) 

0.658(2) 
0.618(3) 

0.625(2) 

0.715(4) 

0.802(4) 

0.876(4) 

0.875(4) 

0.788(4) 

0.587(4) 

0.626(4) 

0.632(5) 

0.600(5) 
0.558(4) 

0.552(5) 

0.458(4) 

0.383(2) 

0.69q4) 

0.776(2) 

0.530(4) 
0.522(2) 

0.357(3) 
0.288(3) 

0.558(4) 

0.608(3) 

0.442(4) 

0.426(2) 
0.510(4) 

0.449(3) 

0.67q4) 

0.733(2) 

0.713(4) 
0.797(3) 

Table 10 

Ruthenium environments for complex 3e-Ru; in this and subsequent Tables values pertinent to P or As 

are italic&d 

N=l N=2 N=3 

Distances (A) 
Ru(N)-Ru(N + 1) 

Ru(N)-C(NU) 

Ru(N)-CQ’JD) 

Ru(NWWN + 1) 

Ru(N)-P(N) 

Angles ( “) 
Ru(N - I)-Ru(N)-Ru(N + 1) 

Ru(N - l)-Ru(N)-C(NU) 

Ru(N - l)-Ru(N)-C(ND) 
Ru(N - l)-Ru(N)-C(NN + 1) 
Ru(N - l)-Ru(N)-P(N) 

Ru(N + l)-Ru(N)-C(NU) 
Ru(N + l)-Ru(N)-C(ND) 

2.851(l) 

1.909(S) 

1.900(8) 
1.863(9) 

2.338(2) 

60.19(2) 
95.6(3) 

76.3(3) 
156.2(3) 

104.85(6) 
81.6(3) 

96.1(3) 

2.864(l) 

1.927(10) 

1.922(9) 

1.876(S) 
2.330(3) 

60.05(3) 

97.0(3) 
73.5(3) 

151.3(2) 

106.55(6) 
81.8(2) 

95.5(2) 

2.860(l) 
1.925(8) 

1.915(8) 

1.873(8) 

2.334(Z) 

59.76(2) 
94.4(3) 
77.5(2) 

155.8(3) 

1 O&03(6) 
79.9( 3) 

95.9(2) 
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Table 10 (continued) 

N=l N=2 

Ru(N + I)-Ru(N)-CJNN + 1) 98.9(3) 97.6(2) 

RW + 1)-RW)-p(N) 161.93(7) 162.21(7) 

CWJ)-Ru(N)-WD) 171.5(4) 170.1(4) 

WU)_Ru(NFW’J + 1) 92.0(4) 97.1(4) 

c(NU)-Ru(N)-P(N) 90.5(3) 88.9(3) 

WD)-RuCNWW’J + 1) 96.4(4) 92.7(4) 

WD)-RuW-Pm 89.4(3) 91.1(3) 
C(NN + I)-Ru(N)-P(N) 97.6(3) 98.6(2) 

Carbonyl distances (A) (8(C) is the deviation from the Ru, plane) 

WW-WV 1.150(10) 1.138(11) 

C(ND)-W’JD) 1.151(10) 1.150(12) 
C(NN + l)-O(NN + 1) 1.144(12) 1.131(10) 

WWU)) - 1.851 - 1.859 

WVJD)) 1.779 1.809 

WV)) - 0.432 - 0.494 

WXNN + 1)) 0.387 0.438 

Carbonyl angles ( “) 

RuO-CWJFWJ) 175.5(g) 172.7(8) 

Rum)-C(ND)-O(ND) 172.6(8) 170.5(8) 

Ru(N)-C(NN + l)-O(NN + 1) 177.1(9) 174.8(7) 

N=3 

99.7(2) 
161.94(6) 
171.9(4) 
94.2(4) 
90.9(3) 
93.4(3) 
91.2(2) 
96.4(3) 

1.135(10) 
1.154(10) 
1.133(10) 

- 1.858 
1.765 

- 0.473 
0.610 

172.6(g) 

174.2(7) 

177/l(7) 

Table 11 

Ruthenium environments for complex 3f-Ru (The two values in each entry are for molecules 1 and 2) 

N=l N=2 N=3 

Distances (A) 
Ru(N)-Ru(N + 1) 

Ru(NWWJ) 
Ru(N)-C(ND) 

RuW-W + 1) 
RW)-As(N) 

Angles ( “) 
Ru(N - 1)-Ru(N)-Ru(N + 1) 
Ru(N - l)-Ru(N)-C(NU) 
Ru(N - l)-Ru(N)-C(ND) 

Ru(N - l)-Ru(N)-C(NN + 1) 
Ru(N - l)-RI@)-As 
Ru(N + l)-Ru(N)-C(NU) 
Ru(N + l)-Ru(N)-CJND) 
Ru(N + l)-Ru(N)-C(NN + 1) 
Ru(N + l)-RI@)-As 

C(NU)-RuW-WD) 
C(NU)-Rum)-C(NN + 1) 
C(NU)-Ru(N)-As 
C(ND)-Ru(N)-C(NN + 1) 
C(ND)-Ru(N)-As 
As-Ru(N)-C(NN + 1) 

2.851(l), 2.846(l) 2.846(l), 2.848(l) 2.838(l), 2.838(l) 
1.922(g), 1.926(10) 1.912(9), 1.934(9) 1.909(9), 1.917(10) 
1.923(9), 1.915(10) 1.938(10), 1.927(10) 1.911(10), 1.932(10) 
1.862(11), 1.858(g) 1.847(10), 1.875(11) 1.876(g), 1.877(10) 
2.448(l), 2.449(l) 2.446(l), 2.445(l) 2.437(l), 2.444(l) 

60.03(3), 60.13(3) 
95.2(3), 95.2(3) 
79.3(3), 80.4(3) 

158.8(3), 159.3(4) 
99.9q4), 100.53(4) 
81.5(3), 83.7(3) 
95.8(3), 94.3(3) 

101.6(3), 101.4(4) 
157.25(4), 158.66(4) 
175.0(4), 175.6(4) 
92.0(5), 91.6(3) 
90.5(3), 89.7(3) 
92.8(5), 92.7(4) 
90.4(3), 90. S(3) 
99.9(3), 99. o(4) 

59.75(3), 59.80(3) 60.22(3), 60.08(4) 
96.1(3), 93.9(3) 93.4(2), 96.2(3) 
79.7(3), 81.1(3) 79.5(3), 78.2(3) 

155.7(3), 155.9(3) 157.3(3), 157.0(3) 
99.58(J), 100.11(4) 104.77(4), 104.67(4) 
83.0(2), 81.q3) 79.3(3), 80.9(2) 
95.8(3), 96.7(3) 96.9(3), 96.2(3) 
98.5(3), 98.6(3) 100.3(3), 100.9(3) 

156.89(4), 156.84(J) 160.78(4), 160.32(J) 
175.7(4), 175.0(5) 173.0(4), 174.4(4) 
91.3(4), 92.9(4) 94.2(4), 93.0(4) 
89.7(3), 89.7(3) 90.4(3), 89. I(3) 
93.0(4), 91.9(4) 92.3(4), 92.3(4) 
89. S(3), 90.7(3) 91.5(3), 92. I(3) 

103.6(3), 103.0(3) 96. J(3), 96.5(3) 
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Table 11 (continued) 

N=l N=2 N=3 

Carbonyl distances (A) (6(C) is the deviation from the Ru3 plane) 

C(Nrv)-WV) 1.147(12), 1.139(12) 1.148(12), 1.123(11) 

C(ND)-WD) 1.141(12), 1.15q12) 1.128(13), 1.141(12) 

C(NN + l)-O(NN + 1) 1.139(14), 1.150(12) 1.164(14), 1.143(14) 

WCWJ)) - 1.845, - 1.856 - 1.822, - 1.832 

WWD)) 1.865,1.887 1.845, 1.847 

WsO) - 0.480, - 0.405 - 0.463, - 0.515 

WOIJN + 1)) 0.370,0.347 0.100,0.106 

Carbonyl angles ( “) 
Ru(N)-C(NU)-0-NU) 174.1(9), 174.9(8) l73.q7), 174.7(10) 

Ru(N)-CWD)-WD) 173.7(9), 173.7(9) 172.9(8), 171.9(10) 

Ru(N)-C(NN + I)-O(NN + 1) 178.6(11), 175.4(10) 176.6(9), 177.3(8) 

1.153(11), 1.16qll) 
1.143(12), 1.138(12) 
1.144(10), 1.132(13) 

- 1.858, 1.854 - 
1.861,1.881 

- 0.531, 0.552 - 
0.301, 0.350 

171.7(9), 174.5(7) 
175.0(9), 173.6(S) 

177.9(8), 176.1(8) 

Table 12 

Ruthenium environments for complex 3g-Ru 

Distances (A) 
Ru-Ru’ 

Ru-c(u) 
Ru-C(D) 
Ru-C(12) 
Ru-P 

2.861(3) 

1.93(l) 
1.92(l) 
1.86(l) 
2.318(5) 

Angles ( “) 
Ru(N - l)-Ru(N)-Ru(N + 1) 
Ru(N - l)-Ru(N)-C(U) 
Ru(N - l)-Ru(N)-C(D) 
Ru(N - I)-Ru(N)-C(12) 
Ru(N - l)-Ru(N)-P 

Ru(N + l)-Ru(N)X(U) 
Ru(N + l)-RLI@+Xo) 
Ru(N + l)-Ru(N)-q12) 
Ru(N + I)-Ru(N)-P 

c(U)-RW-c(D) 
C(U)-Ru(N)-C(12) 
C(U)-Ru(N)-P 
C(D)-Ru(N)-C(12) 
C(D)-Ru(N)-P 
C(12)-RI@)-P 

am-) 
95.1(4) 
74.0(5) 

154.6(6) 
105.1(I) 

80.5(5) 
96.5(6) 
99.7(6) 

160.9(I) 

168.6(6) 
96.2(5) 
89.7(5) 
95.2(6) 
89.9(5) 
97.6(6) 

Carbonyl distances (A) (6(C) is the deviation from the Ru, plane) 

CPJwww 1.13(l) 
C(ND)-O(ND) 1.14(2) 

C(NN + l)-O(NN + 1) 1.15(2) 

6 (C(NU)) - 1.865 

6 (C(ND)) 1.755 

VP) - 0.502 

a(c(NN+l)) 0.516 

Carbonyl angles ( “) 

RW)-C(NW-COW 175(l) 

WY-WWWD) 172(l) 
Ru(N)-C(NN + l)-O(NN + 1) 178(l) 
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Table 14 

Ruthenium environments for complex 3k-Ru a 

N=l N=2 N-3 

Distances (A) 
RI&N)-Ru(N + 1) 2.863(l) 2.852(2) 
RW’+Wu) 1.97(l) 1.96(l) 
Ru@+C(ND) 1.94(l) 1*93(l) 
Ru(N)-C(NN + 1) 1.89(l) 1.872(Q) 
RWM’W) 2.291(2) 2.290(3) 

Angles (“1 
Ru(N - 1)-Rug)-Rug + 1) 59.88(4) 59.87(4) 
Ru(N - l)-RI@)-C(NU) 95.0(3) 95.9(2) 
Ru(N - I)-Rum)-C(ND) 74.1(3) 73.0(2) 
Ru(N - l)-RI@+C(NN + 1) 154.8(2) 156.9(4) 
Ru(N - 1)-Rug)-IN} 102.96(s) 1~~.4~7~ 
Ru(N + l)-Ru(N)-C(NU) 76.6(2) 75.6(3) 
Ru(N + I)-RI@)-C(ND) 97.2(Z) QS.Q(3) 
RufN f I)-Ru(N)-C(NN + I) 98_4(3) lOOh(3) 
Ru(N + l)-Rub)-P(N) ~SP.~5~9~ f57.31f7) 
C(NU)-Ru(N)-C(ND) 169.q4) 168.5(3) 
C(NU)-Ru(N)-C(NN + 1) 91.6(S) 90.4(4) 
C(NU)-RI@)-P(N) 94.4(3) 9s. 3(3) 
C(ND)-Ru(N)--C(NN + 1) 98.3(5) 98.8(4) 
C~~)-Ru~}-~N - 1) 88.4(2) 89.9(3) 
C(NN + I)-RI@)-P(N) 100.7(3) 1~.~~3~ 

Disordered core 
Distances (A) 
Rug)-Run + 1) 1.629(3) 1.602(3) 
Ru(N)-Ru(NN - 1) X631(3) 1.707(Z) 
Ru[NN i- I)-Ru(N + 1 N f 2) 2.844(31 2.849(3) 
Ru(N - 1 N)-P(N) 2.367(3) 2.385(4) 

Angles ( “1 
Ru(N - 1 N)-Ru(NN + l)- 

-Ru(N+l N+2) 60.06(Q) 60.05(9) 
Carbonyl distances (2) (6(C) is the deviation from the Ru, plane) 
~~-~U~ 1.15(l) 1.14(2f 
VW-WW 1.10(l) 1.13(l) 
C(NN + l)-CI(NN + 1) 1.11(l) 1.09(l) 

WXNUB - 1.862 - 1.830 
S(C(ND)) 1.772 1.757 

WI - 0.502 - 0.535 
WWN + 1)) 0.441 0.426 

Carbonyl angles ( “1 
Ru~)-~U)-C~U} 169.X(8) 167.2(9) 
WWegVWo(ND) 166.1(S) 166.9(Q) 
Ru(N)-C(NN + l)-O(NN + 1) 168.qlO) 166.7(7) 

2.851(l) 
1.97(l) 
1.95(l) 
1.93(l) 
2.296(3) 

60.25(S) 
96.1(3) 
74.0(3) 

152.5(3) 
~#.88(9~ 

78.5(3) 
9X3(3) 
95.1(3) 

158.79(‘9) 
170.0(4) 

90.1(4) 
95.3(3) 
98.4(5) 
87.7(3) 

f 05.2(3) 

1.680(Z) 
l&46(3) 
2.849(4) 
2.397(4} 

59.89(9) 

1.12(l) 
1.11(l) 
1.10(l) 

- 1.878 
1.805 

- 0.406 
0.432 

X69.4(9) 
165.1(Q) 
166.0(S) 

u The dihedral angle between the Ru(1,2,3) and Ru(12,23,31) planes is O.Q*. Deviations of Ru(12,23,31) 
from the Ru(1,2,3) plane are -0.088, -0.074, -0.116 A. 
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Table 15 

Ruthenium environments for complex 3LRu 

Atoms N=l N=2 N=3 

Distances (A) 
Ru(N)-Ru(N + 1) 2.855(2) 

Ru(N)-C(NU) 1.95(l) 

RuW-C(ND) 1.95(l) 

Ru(N)-C(NN + 1) 1.86(l) 

RW)-P(N) 2.242(4) 

Angles ( “) 

Ru(N - l)-Ru(N)-Ru(N + 1) 60.21(4) 

Ru(N - l)-Ru(N)-C(NU) 93.3(4) 

Ru(N - l)-Ru(N)-C@JD) 78.6(5) 

Ru(N - l)-Ru(N)-C(NN + 1) 154.6(4) 

Ru(N - l)-Ru(N)-P(N) 101.9(l) 

RW + 1)-Ru(N)-mu) 81.8(4) 

Ru(N + l)-RI@+C@JD) 93.8(5) 

Ru(N + l)-Ru(N)-C(NN + 1) 96.6(4) 

Ru(N + l)-Ru(N)-P(N) 160.0(1) 

‘WWWW-C(ND) 171.9(6) 

C(NU)-Ru(N)-C(NN + 1) 93.q6) 
C(NU)-Ru(N)-P(N) 91.0(J) 

C(ND)-Ru(N)X(NN + 1) 93.9(6) 
C(ND)-Ru(N)-P(N) 90. S(5) 

C(NN + I)-Ru(N)-P(N) IO2.5(4) 

Carbony/ distances (6(C) is the deviation from Ru, plane) 

WWWW 1.11(2) 

‘WD)-O(NW 1.12(2) 

C(NN+l)-O(NN+l) 1.16(2) 

6 SXNU)) - 1.91 

WWD)) 1.87 

S(P) - 0.37 

WWN+1)) 0.38 

Carbonyl angles ( “) 

Ru(N)-C(NU)-CQWJ) 173(l) 

Ru(N)-C(ND)-O(ND) 174(l) 
Ru(N)-C(NN + l)-O(NN + 1) 178(l) 

2.863(2) 
1.9q2) 
1.97(2) 
1.93(2) 
2.242(4) 

59.88(5) 

94.0(5) 
80.1(5) 

161.0(5) 

95.9(I) 
?9.1(5) 
94.q6) 

104.4(5) 

153.7(I) 
172.9(8) 

93.1(7) 
93.7(5) 
91.3(7) 
90. S(6) 

101.3(J) 

1.13(2) 
1.09(2) 

1.13(2) 
- 1.87 

1.91 

-0.42 
0.38 

171(l) 

173(2) 
177(2) 

2.854(2) 
1.95(2) 
1.95(l) 
1.75(2) 
2.242(5) 

59.91(4) 
96.3(5) 
78.8(5) 

154.1(7) 

102.7(l) 
81.3(4) 
96.9(5) 
97.0(7) 

159.8(l) 
175.1(7) 
90.9(7) 
91. I(4) 
93.9(8) 
89.0(5) 

101.9(7) 

1.12(2) 

1.12(2) 
1.24(3) 

- 1.88 
1.85 

-0.43 

0.37 

172(l) 

172(2) 
180(l) 

Table 16 

Osmium environments for complex 3b-OS 

Distances (i) 

OS(N)-OSOIJ + 1) 

WN)-WU) 
WNWWD) 
OS(N)-UJ’JN + 1) 

@W-P(N) 

N=l N=2 

2.w4) 2.907(4) 
1.71(4) 1.85(4) 
1.85(5) 1.86(4) 

1.69(5) 1.81(6) 

2.33(2) 2.36(l) 

N=3 

2.919(4) 

l-90(5) 
1.67(5) 
1.73(6) 
2.36(1) 
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Table 16 (continued) 

N=l N=2 N=3 

Anglesto) 
Os(N - l}-OS(N)-Os(N + 1) 
Os(N - 1)-O~-~NU~ 

Os(N - l)-OS(N)-C(ND) 

Os(N - l)-OS(N)-C(NN + 1) 

Os(N - l)-OS(N)-P(N) 

os(N + l)-OS(N)-C(NU) 

Os(N + l)-OS(N)-C(ND) 

os(N + l)-OS(N)-CQW + 1) 

OS@ + 1wwwYN) 

C(NW-OsWWWD) 
C(NU)-OS(N)-C(NN + 1) 

C(NU)-OS(N)-PW) 
C(ND)-OS(N)-C(NN + 1) 

C(ND)-OS(N)-P(N) 

C(NN + 1)-~~-P~ 

59.91(9) 

89(2) 

82(21 

156(2) 
111.2(4) 

79(2) 

95(2) 

97(2) 
i68.6(3] 
171(2) 

93(2) 
94t2) 

94(2) 

900 

9w 

60.31(9) 

91(2f 

79(2) 
151(2) 

109.4(4) 

830) 

92(2) 

96(2) 
166.9(4) 

170(2) 
103(2) 

89(I) 

86(2) 
94f.22) 

Carbonyl distances (A) (6(C) is the d’eviation from the OS, plane) 
C(NWO(NU) 1.29(6) 1.23(5) 
WW-WW 1.20(5) 1.13(5) 

CfNN + I)-O(NN + 1) 1.27(S) 1.23(7) 

W(NW - 1.67 - 1.83 

WV+JD)I 1.80 1.80 

S(P) - 0.29 -0.35 

S(C(NN+ 1)) 0.21 0.56 

CarbonyZ angles ( “) 
wwww-WV) 165(5) 175(4) 

WV-c(NDWtND) 176(5) 168(4) 

OS(N)-CJNN t l)-O(HN f 1) 161(4) 172(4) 

59.79(9) 

94c2) 
8q2) 

15q21 
109.3(4) 

85(2) 

96f2f 

91121 
167.2(4) 

173(3) 

92~2) 
9W.2) 

96(3) 

89t.21 

f@w) 

1.21(6) 

1.32(6) 

1.22(7) 

-1.88 
1.61 

- 0.28 

0.27 

17W) 
175(4) 

171(5) 

Abnormal features. The unit cell is unusually large with four molecules in the 
asymmetric unit. Nevertheless the quality of the data permitted meaningful refine- 
ment of anisotropic thermal parameters for all non-hydrogen atoms, and also 
populations for the disordered Ru, cores of molecules 1 and 4; for the latter no 
ligand disorder could be deconvoluted and it has been modelled as being contained 
by the thermal motion envelope. The usual caveat about associated geometry 
applies. 

3k-Ru: Ru~(C~)~{P~~Et)~}~ = C,H,OIsP,Ru,, M 7 1053.8, triclinic, space 
group Pi {C!, No. 21, a l&170(6), b 13.016(6), c 10.035(3) A, a 68.83(3), /I 80.42(3), 
y 78.10(4)“, U 2154(l) A3, 0, (2 = 2) 1.62 g cmm3. F(OO0) = 1056. pMo 11.3 cm-‘. 
Specimen: 0.37 X 0.10 x 0.40 mm. A*min,max = 1.12, 1.50. 2&m 50 O, N = 6700, N, = 
4318, R = 0.051, R’ = 0.061 (n = 6). 

Abnormal features. The ruthenium triangular core is disordered over two sets of 
sites; populations were refined independently, and constrained at the mean of the 
values for the major component, that of the minor component summing to unity. 
Ligand disorder was not resolvable and was modelled in terms of containment by a 
single set of thermal envelopes, a fact which should be taken into account in 
considering the credibility and usefulness of metal-ligand distances. 
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3LRu: Ru,(CO),{P(OCH,CF,),}, = C,,H,sF2,0,sP,Ru,, M = 1539.5, triclinic, 
space group Pi (C/, No. 2), u 21.036(2), b 13.146(l), c 9.376(2) A, (Y 82.68(l), p 
88.40(l), y 85.59(l)“, U 2564(l) A3, 0, (Z = 2) 1.99 g cme3. F(OO0) = 1488. pMO 
10.7 cm-‘. Specimen: 0.08 X 0.23 X 0.17 mm. A*_,_ = 1.09, 1.20. 28_ 50”, 
N = 9169, N,, = 3966, R = 0.066, R’ = 0.068 (n = 3). 

3h-OS: Os,(CO),(PPh,), = C,,H,O,Os,P,, M = 1609.6, triclinic, space group 
Pi (Ci’, No. 2), a 18.207(5), b 17.911(6), c 12.928(3) A, (Y 94.13(2), p 98.98(2), y 

110.56(2)“, U 3862(2) A3, 0, (Z = 2) 1.38 g cmp3. F(OO0) = 1536. pM,, 48.2 cm-‘. 
Specimen: 0.03 X 0.08 X 0.20 mm. A*. 
3216, R = 0.092, R’ = 0.084 (n = 2)._‘_ 

= 1.14, 1.51. 2e,, 40“, N=7251, N,= 

Abnormal features. Weak and limited data would not support refinement of 
anisotropic thermal parameters other than those of the osmium. Ui, were refined 
for all other non-hydrogen atoms; (x, y, z, Uiso)H were calculated for hydrogen 
atoms and included constrained in the refinement. 
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