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Abstract 

A reinvestigation of the reaction between CX(COZMe), and RuH(PPh,),(q- 
C,H,) and some related complexes is reported. Initial cis addition is followed by 
conversion into the tram isomer. In the case of the bis-(PPh,) complex, isomerisa- 
tion is followed by chelation of the ester CO group with concomitant displacement 
of one PPh, ligand. The resulting chelate complex reacts with CO or CNBu’ to give 
the (Z)-RuC(CO,Me)=CH(CO,Me) complexes; the (E)-isomer of the carbonyl 
complex is obtained by addition of C,(CO,Me), to RuH(CO)(PPh,)(n-C,H,). The 
‘H and 13C NMR spectra are not a reliable guide to assignment of the stereochem- 
istry of the vinyl group. Other products isolated from the initial reaction are the 
bis-insertion product Ru{C(CO,LMe)=C(CO,Me)C(CO,Me)=CH(CO~Me)}- 
(PPh,)(n-C,Hg) and the l/2 PPh3/C2(C02Me), adduct. The molecular structures 
of Ru{(Z)-C(CO,Me)=CH(CO,Me)}(CO)(PPh,)(q-C,H,) . OSEtOH, Ru{(E)- 
C(CO,Me)=CH(CO,Me)}(dppe)(q-C,H,) and Ru{C(CO,Me)=C(CO,Me)C(CO,- 
%$%H(CO,Me)}(PPh,)(q-CSH5) have been determined. The cis isomer is mono- 
clinic, space group P2,, with a 9.328(8), b 17.385(10), c 10.356(7) A, j3 101.78(3)” 

* For Part XXVII, see ref. 17. 
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structure determination (see below). Compound 7 was identified as the yellow l/2 
adduct of PPh, with Cz(COZMe), by comparison with an authentic sample pre- 
pared as described by Johnson and Tebby [4]; presumably it is formed by combina- 
tion of PPh, displaced in the formation of 4 or 5 with unreacted C,(CO,Me)z. 
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summarised in Tables 1 and 2. These can be interpreted readily in conjunction with 
the X-ray structural determinations which we have carried out on complexes 11 and 
12a. 

Molecular structure of Ru{(E)-C(C0,Me)=CH(C02Me)}(dppe)(q-C,H,) (II) 
A molecule of 11 is shown in Fig. 1, from which it is clear that the vinyl ligand 

carries the two CO,Me groups in a mutually cis configuration. The ruthenium atom 
coordination is distorted octahedral (angles P(l)-Ru-P(2) 85.1(l), P(l)-Ru-C(32) 
93.3(4), P(2)-Ru-C(32) 92.2(5)“). The Ru-C(sp’) distance (Ru-C 2.07(l) A) is 
within experimental error the same as that found in the tram complex 12a (see 
below). The ruthenium is also bonded to the two phosphorus atoms of the chelating 
dppe ligand (Ru-P 2.271(4), 2.249(4) A) and the n-CgH5 group (Ru-C(cp) 
2.21-2.28(l), av. 2.25 A). The two longest Ru-C(cp) vectors are approximately tram 
to the shorter of the two Ru-P vectors. 

Molecular structure of Ru{(Z)-C(C0, Me)=CH(CO, Me)}(CO)(PPhJ(q-C5Hs) (12a) 
A molecule of 12a is shown in Fig. 2. In this case, the vinyl group has mutually 

tram CO,Me groups, as expected from the mode of preparation. Coordi.nation of 
the ruthenium atom to the vinyl group (Ru-C 2.080(8) A), a CO ligand (Ru-C 
1.847(7) A), the PPh, ligand (Ru-P 2.310(2) A) and the q-C,H, group (Ku-C(cp) 
2.250-2.264(7), av. 2.258 A) is unexceptional; as found in similar complexes, the 
ruthenium coordination is distorted octahedral (P(l)-Ru-C(24) 85.0(2), 
P(l)-Ru-C(25) 94.7(2), C(24)-Ru-C(25) 93.1(3) o ). Compared with 11 above, the 
C, ring is more symmetrically bonded to the metal atom. 

In both complexes, the C(CO,Me)=CH(CO,Me) groups show no significant 

(Continued on p. 66) 

Table 1 

‘H NMR spectra (CDCl,) of some MLL’{C(C0,Me)=CH(C0,Me))(vC,H5) complexes 

MLL’ Configu- Chemical shifts (ppm) u 
ration CO, Me CH= C,H, PPh Other 

Ru(PPh,), (3) cis 3.2%,3.96s 4.55s 4.15s 7.22m 

Os(PPh,), (8) cis 3.2%,3.95s 4.15t 4.30s 7.20m 

(1.0) 
Wdppm) (10) cis 3.15s.3.25~ 5.00s 4.80s 7.35m PCH, 3.80m 

(-) 
Ru(dppe) (11) cis 3.19~,3.52s 4.29s 4.44s 7.29m PCH, 2.73m 

(-) EtOH 1.18t.3.64q 
Ru(CO)(PPh,) (12a) tram 2.88~,3.66s 6.60d 4.98s 7.25m 

(2.0) 
Ru(CO)(PPh 3) (12b) cis 3.55s,3.57s 5.33d 4.98s 7.37m 

(1.0) 
Ru(CNBu’)(PPh,) (13) cis 3.55s,3.5& 5.60d 4.80s 7.43m 

(2.0) 
Ru(PPh 3 ) (4) tram 3.21~,3.49s 6.20d 4.41s 7.36m 

(chelate) (2.5) 
Os(PPh, ) (9) tranS 3.3os,3.45s 5.90d 4.65s 7.35m 

(chelate) (1.0) 

“J(HP) (Hz) in parentheses. 
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Fig. 1. A molecule of Ru{(E)-C(CO,Me)=CH(CO,Me)}(dppe)($,H,) (ll), showing atom numbering 
scheme. 
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differences from those found in related moleculea such :\s Pcl j ( L‘ )-C’c(‘l)lM~)=-C.H-- _._~__. ._ 
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67 

PtH{(Z)-C(CO,Me)=CH(CO,Me)}(PBu”Ru’,), (17) [8] or [N(PPh,),][Pt{(E)-C- 
(CO,Et)=CCl(CO,Pr’)}Cl,(CO)] (18) [9] (Table 3). 

The structure determinations unequivocally establish the configurations of the 
vinyl ligands in complexes 11, 12a and 12b. Furthermore, since both carbonylation 
of 3 and the reaction between RuH(CO)(PPh,)(&H,) and C,(CO,Me), afforded 
12b, it is likely that cis addition of the metal hydride to the alkyne occurs, as has 
been found previously. The ‘H NMR spectra are entirely consistent with these 
structures. In the cis isomer, the vinyl CH resonance would be expected at higher 
field than in the tram isomer because of the shielding effect of metal electron 
density: the observed values are 5.33 and 6.60, respectively. The magnitude of the 
J(HP) coupling is also helpful, having values of 2 and 1 Hz in 12a and 12b, 
respectively; the tram coupling in other compounds containing the PC=CH moiety 
is usually twice the cis coupling [lo]. 

We find that chemical shifts of the Ob1e resonances differ by only ca. 0.02 ppm 
in the cis isomer, compared with ca. 0.8 ppm in the trans isomer; this is consistent 
with the CO,Me groups being in more similar environments in the former. There is 
also observed a separation of the OMe resonances of ca. 0.3 ppm in the chelate 
complex 4. 

The i3C NMR spectra of the isomeric complexes also show differences in the 
CO,Me resonances which can be related to the observed geometrical isomerism. In 
the cis isomer 12b, both groups are accidentally equivalent, with the OMe and CO 
resonances at 50.5 and 179.6 ppm, respectively, whereas in the trans isomer 12a, two 
sets of resonances are found, at 49.9 and 50.2, and 178.25 and 178.4 ppm, 
respectively. Other resonances are readily assigned to C,H, (88.0 and 8’7.5 ppm, 
respectively), CH (162.3 and 168.7) Ru-C (176.6 and 172.7) and Ru-CO carbons 
(204.7 and 205.0). The metal-bonded carbons show 11-13 (Ru-C) or 21 Hz 
(Ru-CO) coupling to phosphorus. 

It is evident that the effects of differing geometry of the vinyl ligand on the NMR 
spectra are subtle, and of limited use in assigning the stereochemistry unless both 
isomers are available for study. However, on the basis of the above results we have 
been able to assign the structures of the various complexes encountered in this work 
with some confidence. 

The isomerisation reaction 

We have previously suggested that the initial cis adduct might transform into the 
tram isomer by virtue of a partial withdrawal of electron density from the C=C 
double bond on to the P-ester carbonyl group (Scheme 1, route A) [l]. The reduction 
in C=C bond order would allow rotation of the CH(CO,Me) group about this bond, 
a possible driving force being the extra stability derived from chelation of the ester 
carbonyl group. 

The isomerisation proceeds slowly on heating, but the reaction is accelerated by 
addition of iodomethane to the solution of complex 3. In this way, the displaced 
PPh, ligand is removed as [PMePh,]I, which separates from the solution. The 
primary role of the iodomethane, however, is to alkylate the P-carbon, generating a 
carbene intermediate (Scheme 1, route B). Carbenes containing electron-withdraw- 
ing substituents are relatively unstable, and we would expect that rotation and 
displacement of the PPh, would be accompanied by rapid transfer of the methyl 
group from the P-carbon to the PPh, ligand. 
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Hydrogenation of 3 in tetrahydrofuran solution under mild conditions afforded a 
moderate yield of a white complex identified as RuH,(PPh,)(q-CsH5) (20) by 
comparison of its IR and ‘H NMR spectra with those previously reported [13]. 

d C(17) 
Fig. 3. A molecule of ku{C(CO,Me)=C(CO,Me)C(CO,Me)kH(CO,Me)}(PPh 
atom numbering scheme. 
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Experimental 

General conditions. All reactions were carried out under nitrogen except those 
involving CO or H,; no special precautions were taken to exclude air during 
work-up, since most complexes proved to be stable in air as solids, and for short 
times in solution. Pressure reactions were carried out in a small stainless steel 
laboratory autoclave (Carl Roth, Karlsruhe) of internal volume 100 ml, equipped 
with an internal glass liner. 

Instruments. Perkin-Elmer 683 double-beam spectrometer, NaCl optics (IR); 
Bruker WP80 spectrometer (‘H NMR at 80 MHz, 13C NMR at 20.1 MHz); 
GEC-Kratos MS3074 mass spectrometer (mass spectra at 70 eV ionising energy, 4 
kV accelerating potential). 

FAB mass spectra were obtained on a VG ZAB 2HF instrument equipped with a 
FAB source. Argon was used as the exciting gas, with source pressures typically 
lop6 mbar; the FAB gun voltage was 7.5 kV, current 1 mA. The ion accelerating 
potential was 8 kV. The matrix was 3-nitrobenzyl alcohol. The complexes were 
made up as ca. 0.5 M solutions in acetone or dichloromethane; a drop was added to 
a drop of matrix and the mixture was applied to the FAB probe tip. 

Starting materials. The literature method was used to prepare RuH(L),( n-CsHs) 
(L = PPh,, L, = (CO)(PPh,), dppm, dppe) and OsH(PPh,),(q-C,H,) [14]. Solvents 
were extensively dried and distilled (dme and thf from sodium/benzophenone) 
before use. 

Chromatography. For column chromatography, the packing was Florisil or 
silica. Preparative TLC was on 20 x 20 cm plates coated with Kieselgel 60 GF,,, 
(Merck, Darmstadt). 

Reaction between RuH(PPh,),(q-C,H,) and C,(C0,Me,j2 
A solution of RuH(PPh,),(q-C,H,) (502 mg, 0.73 mmol) and C,(CO,Me), 

(0.25 ml, 2.03 mmol) in benzene (50 ml) was heated (oil bath at 82-86 o C) for 45 
min. Evaporation of the cooled solution gave a red oil, which was chromatographed 
(Florisil). After washing out of the excess of alkyne with light petroleum, elution 
with l/10 acetone/light petroleum gave an orange band containing I&{C(CO,- 
Me)=CHC(O)OMe}(PPh,)(n-C,H,) (4) (26 mg, 6%) (from diethyl ether/light pet- 
roleum; identified by melting point and IR spectrum). Further elution with l/4 
acetone/light petroleum gave a yellow fraction containing Ru{C(CO,Me)=CH- 
(CO,Me)}(PPh,),(q-C,H,) (3) (308 mg, 51%) (from diethyl ether/light petroleum; 
identified by melting point and IR spectrum). A second yellow band was eluted 
with l/3 acetone/light petroleum, and crystallisation from diethyl ether,/pentane 
gave Ru{C(CO,Me)=C(CO,Me)C(CO,Me~CH(CO,Me)}(PPh3),(q-C,H,:) (5) (106 
mg, 20%); m.p. 180-181’C (Found: C, 58.81; H, 4.64; M (mass spectrometry) 714; 
C,,H,,O,PRu calcd.: C, 58.90; H, 4.66%, M 714). IR (Nujol): v(C0) 1716~s 
1699s; v(C=C) 1585~; other bands at 1310m, 1250(sh), 1212s 1192m, 1150m, 
1140m, 1093m, 1012w, 895w, 785w, 758~: 745w, 697m cm-‘. ‘H NMR: 6 (CDCl,) 
2.22 (d, J(HP) 16 Hz, lH, =CH), 3.13 (s, 3H, OMe), 3.60 (s, 6H, 2 X OMe), 3.80 (s, 
3H, OMe); 4.89 (s, 5H, C,H,); 7.2-7.4 (m, 15H, Ph). FAB mass spectrum: 714, 

[Ml+, 29; 682, [M - MeOH]+, 12; 655, [M - CO,Me]+, 15; 429, 
[Ru(PPh,)(C,H,)]+, 100; 262, [PPh,]+, 31; 167, [Ru(C,H,)]+, 18. Continued elu- 
tion with the same solvent afforded a yellow fraction, further purified by TLC (silica 



gel; l/l acetone/light petroleum) to give 7 <60 nig. 12% ) ( R, 0.36: from 
CHzCI ,/light petroleum), n1.p. 24X--24’3 * c‘ (lit. [4] _!4%251)” (‘1 (Forliirl: .It (mass 
spectrwletry) 546: C’:,,H,,O,P calcd. M 546). 
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(iv) Ru((E)-C(C0, Me)=CH(CO,Me),l(dppm)(q-C, Hj) (10). A mixture of 
RuH(dppm)(q-C,H,) (240 mg, 0.35 mmol) and excess C,(CO,Me), (120 mg, 0.84 
mmol) was heated in refluxing diethyl ether (60 ml) for 48 h. Cooling afforded 
yellow crystals of Ru{C(CO,Me)=CH(CO,Me)}(dppm)( n-C,H,) (10) (.113 mg, 
32%) m.p. 86-90°C (dec.) (Found: C, 59.79; H, 4.86; M (mass spectrometry) 694; 
C,,H,,O,P,Ru calcd.: C, 62.25; H, 4.90%, M 694). IR (Nujol): v(C=O) 1725m, 
1705s; Y(C=C) 1529m; v(C-0) 1146s; other bands at 1318w, 1244w, 1201m, 
1120(sh), llOOm, 1071(sh), 1027w, 999w, 832w, 786w, 737w, 723s 699s cm-‘. 

(v) Ru{(E)-C(CO,Me)=CH(CO,Me)}(&pe)(q-C5H5) (11). This complex was 
prepared from RuH(dppe)(q-C,H,) (300 mg, 0.53 mmol) and C,(CO,Me), (150 
mg, 1.06 mmol) in refluxing diethyl ether (60 ml) for 15 h. The yellow crystals which 
separated on cooling were recrystallised (CHCl,/EtOH) to give the hemi-ethanol 
solvate (223 mg, 69%), m.p. 170-174°C (dec.) (Found: C, 61.73; H, 5.36, llil (mass 
spectrometry) 708; C,,H,,O,P,Ru. 0.5C,H,O calcd.: C, 62.38; H, 5.34%, M 708). 
IR (Nujol): v(C=O) 1695s(br), v(C=C) 1531s v(C-0) 1192s 1142s; other bands at 
3060m, 1585w, 1573w, 1482m, 1432s 1321s 1160(sh), 1107(sh), 1095m, 1072w, 
1029m, lOOOm, 958w, 935w, 915w, 868w, 857m, 831m, 802m, 782m, 744s 709(sh), 
697s 665s 658(sh), 641m, 628m, 617m cm-‘. 

(vi) Ru{(Z)-C(C0,Me)=CH(C02Me)}(CO)(PPh,)(q-C5H5) (12a). A red solu- 
tion of Ru{C(CO,Me)=CHC(O)OMe}(PPh,)(n-C,H,) (4) (254 mg, 0.44 mmol) in 
thf (20 ml) was carbonylated in a small autoclave (12.5 atm, lOO”C, 2 h). The 
resulting yellow solution was evaporated to dryness and separation on preparative 
TLC plates (silica, l/l light petroleum/ether) revealed a mixture of six bands. The 
major yellow band (Rr 0.52) was isolated and crystallisation from ether/light 
petroleum afforded light yellow crystals of Ru{( Z)-C(CO,Me)=CH(CO,Me)}- 
(CO)(PPh,)(q-C,H,) (12a) (173 mg, 66%), m.p. 128-130°C. (Found: C, 60.17; H, 
4.65; C,,H,,O,PRu calcd.: C, 60.00; H, 4.50%). IR (Nujol): v(RuC0) 1954vs(br), 
v(C0) 1718s 1700s v(CC) 1556s cm-‘; other bands at 154Ow, 1482~. 144Ow, 
1396(sh), 1355w, 1322m, 1208s 1188s 1162~s 1096s 1092s 1020m, 1014s lOOOm, 
995(sh), 862w, 845m, 835w, 825w, 814m, 798w, 762m, 752m, 724w, 703m, 694m, 
668~ cm-‘. 

(vii) Ru{(E)-C(CO,Me)=CH(CO,Me)}(CO)(PPh,)(q-C,H,) (126). (a) A solu- 
tion of Ru{C(CO,Me)=CH(CO,Me)}(PPh,),(n-CgH5) (3) (300 mg, 0.36 mmol) in 
a mixture of MeOH and CH,Cl, (l/5, 60 ml) was carbonylated in an autoclave (40 
atm, llO”C, 21 h) giving a pale yellow solution which was evaporated to dryness. 
Separation by preparative TLC (silica, l/l light petroleum/acetone) revealed a 
complex mixture of seven bands of which only the major yellow band ( Rf 0.6) was 
isolated. Crystallisation (ether/light petroleum) gave yellow microcrystals of 
Ru{( E)-C(C0,Me)=CH(C0,Me)}(CO)(PPh3)(~-C,H5) (12b) (140 mg, 65%) m.p. 
1655168oC. IR (Nujol): v(RuC0) 1940vs(br), v(C0) 1708s 1690s; Y(CC) 1557s 
cm-‘; other bands at 1482(sh), 1441(sh), 1438s 1325s 1212s 1191m, 1167(sh), 
1154~s llOO(sh), 1095m, 1074w, 1023m. 1009m, lOOO(sh), 96Ow, 87Ow, 855(sh), 
849m, 841m, 832w, 81Ow, 750m, 725w, 710(sh), 7OOw, 661~ cm-‘. 

(b) Dropwise addition of C,(CO,Me), (330 mg, 2.3 mmol) to a stirred solution 
of RuH(CO)(PPh,)(n-C,H,) (450 mg, 0.75 mmol) in dme (30 ml) caused an instant 
colour change from bright yellow to red. After heating a reflux point for 3 h, 
evaporation, purification of the resultant oil by preparative TLC (diethyl ether/light 
petroleum 9/l) and crystallisation of the yellow product (diethyl ether/n-hexane) 
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(methanol), dried and identified (IR, NMR) as RuCl(PPh,),(q-C,H,) (330 mg, 
76%). 

(ii) With dihydrogen. A solution of Ru{( E)-C(CO,Me)=CH(CO,Me)}- 
(PPh,),(&,H,) (300 mg, 0.36 mmol) in thf (20 ml) was hydrogenated in an 

Table 6 

Non-hydrogen atom coordinates For Ru(C(CO,MewH(CO,Me)}(dppe)(q-C,H,).0.5EtOH (11) (Ru 
x 105, others X104) 

Atom 
- 

Ru(l) 
P(l) 
P(2) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(1) 
C(8) 
C(9) 
C(10) 
C(11) 
C(12) 
C(7) 
C(l4) 
C(15) 
C(16) 
C(17) 
C(18) 
C(13) 
C(20) 
C(21) 
C(22) 
~(23) 
C(24) 
C(19) 
~(25) 
C(26) 
~(27) 
C(28) 
~(29) 
C(30) 
C(31) 
~(32) 
C(33) 
C(34) 
C(35) 
C(36) 
C(37) 
O(l) 
O(2) 
O(3) 
O(4) 

x 

1082qlO) 
3119(4) 
2225(4) 
3822(8) 
4681(8) 
603q8) 
6530(8) 
5671(8) 
4318(8) 
2527(9) 
2227(9) 
2206(9) 
24849) 
278q9) 
2805(9) 
1691(9) 
2727(9) 
3618(9) 
3492(9) 
2465(9) 
1565(9) 
1606(9) 
852(9) 

- 190(9) 
- 477(9) 

277(9) 
1319(9) 
412q15) 
4320(12) 

- 1285(9) 
- 919(9) 
- 493(9) 
- 595(9) 

- 108q9) 
1885(14) 
3289(17) 
3898(18) 
889(17) 

- 981(21) 
5861(21) 

-4403) 
886(15) 

5162(12) 
3171(15) 

Y 

25000(-) 
?115(3) 
1421(2) 
3936(5) 

4442(5) 
4684(5) 
4421(5) 
3916(5) 
3673(5) 
3650(5) 
4214(5) 
4988(5) 
5198(5) 
4635(S) 
3861(5) 

-. 171(5) 
-- 736(5) 
-- 645(5) 

12(5) 
576(5) 
485(5) 

1246(5) 
942(5) 
366(5) 

94(5) 
397(5) 
973(5) 

1620(10) 
2430(11) 
2440(5) 
3233(5) 
3390(5) 
2695(5) 
2108(5) 
2393(12) 
2091(11) 
2097(12) 
2694(10) 
2551(18) 
1801(17) 
2133(11) 
3357(9) 
1837(10) 
2279(11) 

z 

8502(9) 
506(4) 

414(3) 
289q8) 
377q8) 
3550(8) 
2445(8) 
1565(8) 
1789(8) 

- 2117(8) 
- 309q8) 
- 2744(8) 
- 1416(8) 

- 439(8) 
- 789(8) 
3196(8) 
3075(8) 
2163(8) 
1373(8) 
1495(8) 
2406(8) 

- 2337(8) 
- 3531(8) 
- 3536(8) 
- 2348(8) 
- 115q8) 
- 1149(8) 

184(14) 
- 124(12) 

955(8) 
938(8) 

- 275(8) 
-1008(S) 

- 248(8) 
2859(11) 
3474(14) 
4957(16) 
3673(14) 
4735(19) 
6642(21) 
3919(11) 
3977(11) 
5226(11) 
5751(13) 
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technique. No significant decomposition of any of the crystals occurred during their 
respective data collections. Routine corrections were made for Lorentz and polariza- 
tion effects [15] and for absorption. Relevant crystal data are summarized in Table 
5. 

Table 8 

Non-hydrogen atom coordinates for RU{C(CO,M~)=C(CO,M~)C(CO,M~)=CH(CO,M~))(PP~,)(TJ- 

C,H,) (5) (Ru x 105, others x 104) 

Atom x I’ z 

RU 47059(3) 8679(5) 20579(2) 

P 

O(1) 

O(2) 

O(3) 

O(4) 

O(5) 

O(6) 

O(7) 

O(8) 

C(1) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

C(10) 

C(l1) 

C(12) 

C(13) 

C(l4) 

C(15) 

C(l6) 

C(17) 

C(18) 

C(19) 

C(20) 

C(21) 

C(22) 

~(23) 

~(24) 

C(25) 

C(26) 

C(27) 

C(28) 

~(29) 

C(30) 

C(31) 

C(32) 

C(33) 

C(34) 

C(35) 

5993(l) 

4560(3) 

5622(2) 

4076(4) 

4414(3) 
3056(3) 

3741(2) 

4440(3) 
5709(3) 

3733(4) 

3497(4) 

3928(4) 

4420(4) 

4308(4) 

4805(3) 

4551(3) 

4419(4) 

5059(3) 

4959(4) 

5832(5) 

4342(4) 

4121(7) 

3659(4) 

3046(4) 

5001(4) 

5770(5) 

6711(2) 

6679(2) 

7210(2) 

7774(2) 

7807(2) 

7275(2) 

5783(2) 

6015(2) 

6761(2) 

7275(2) 

7043(2) 

6297(2) 

6578(3) 

6757(3) 

6623(3) 

6309(3) 

6131(3) 

6265(3) 

188(2) 

234(6) 

1669(5) 

5752(6) 

4245(6) 

3491(7) 

5120(5) 

3127(6) 

3392(6) 

408(9) 

155(8) 

- 1092(g) 

- 1570(8) 

-- 672(9) 

1843(7) 

3288(7) 

3319(7) 

3142(7) 

1171(g) 

1027(10) 

4526(9) 

5454(13) 

3945(7) 

5779(9) 

3220(7) 

3332(11) 

1716(4) 

2842(4) 

4033(4) 

4097(4) 

2971(4) 

1780(4) 

- 1967(5) 

-2885(S) 

- 2804(5) 

- 1805(5) 

-- 887(5) 

- 968(5) 

- 2515(5) 

- 3410(5) 

- 2841(5) 

- 1377(5) 

- 482(5) 

- 1051(5) 

2638(l) 

3774(2) 

4201(2) 

2786(3) 

3733(3) 

1423(3) 

1122(2) 

568(3) 

1177(3) 

1025(4) 

1568(4) 

1987(4) 

1714(4) 

1106(4) 

2987(3) 

2761(3) 

1996(3) 

1858(3) 

3685(3) 

4899(3) 

3090(4) 

4016(6) 

1488(3) 

598(4) 

1122(4) 

519(5) 

2921(2) 

3380(2) 

3608(2) 

3376(2) 

2918(2) 

2690(2) 

3528(2) 

4132(2) 

4657(2) 

4579(2) 

3975(2) 

3450(2) 

2290(2) 

1835(2) 

1170(2) 

961(2) 

1417(2) 

2082(2) 
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Table 9 (continued) 

Bond distances (A) 

Ru(l)-C(6) 
Ru(l)-C(7) 
Ru(l)-C(8) 
Ru(l)-C(9) 

P(l)-C(18) 
P(l)-C(29) 
P(l)-C(35) 

C(6)-C(7) 
C(6)-C(10) 
C(7)-C(8) 
C(7)-C(12) 
C(8)-C(9) 
C(8)-C(14) 
C(9)-C(16) 

2.060(6) 
2.663(6) 
2.189(6) 
2.194(6) 

1.833(4) 
1.839(4) 
1.835(4) 

1.36(l) 
1.48(l) 
1.52(l) 
1.43(l) 
1.42(l) 
1.50(l) 
1.50(l) 

Bond angles (deg) 

Ru(l)-C(6)-C(7) 
Ru(l)-C(6)-C(l0) 
C(6)-C(7)-C(8) 
C(6)-C(7)-C(12) 
C(7)-C(8)-C(9) 
C(7)-C(8)-C(14) 
C(8)-C(9)-C(16) 

100.4(4) 
132.2(5) 
104.7(5) 
131.6(6) 
117.7(6) 
114.4(6) 
122.3(6) 

The structures were solved by normal heavy-atom methods and each refined by a 
full-matrix least-squares procedure based on F [15]. Phenyl atoms were refined as 
hexagonal rigid groups with individual isotropic thermal parameters in all three 
structures, in 11 and 12a the cp rings were refined as pentagonal rigid groups, and 
the remaining non-hydrogen atoms were refined anisotropically. Hydrogen atoms 
were included in the models at their calculated positions. A weighting scheme, 
w = k/[a’(F) + gF2], was included for each model and the refinements continued 
until convergence. Final refinement details are listed in Table 5. 

The absolute configuration of 11 could not be determined as there were no 
significant differences in the Friedel pairs included in the data set. 

Scattering factors for neutral Ru (corrected for f’ and f”) were from ref. 16 and 
values for the remaining atoms were those incorporated in SHELX [15]. 

Fractional atomic coordinates for non-hydrogen atoms are listed in Tables 6-8 
and the numbering schemes used are shown in Fig. l-3. Selected interatomic bond 
distances and angles are given in Table 9. Full lists of thermal parameters, hydrogen 
atom parameters, bond lengths and angles, and of the observed and calculated 
structure factors are available on request from the authors. 
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