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Abstract  

The synthesis of vinylidene, trans-[(dppm)zC1M=C=C(H)(R)]PF6, and ~r-acetylide complexes, trans-[(dppm)2C1M-C~--C-R] 
(M = Ru, Os; dppm = bis(diphenylphosphino)methane, PhzPCHzPPh2; R =P-C6Hs, P-C6H4-C6H 5, p-C6H4-NO2, C6H3-2- 
(CH3)-4-NO 2, p-C6H4-CH3), and a single-crystal X-ray determination of trans-[(dppm)2ClRu-C~-C-C6H4-p-NO 2] are re- 
ported. The metal-phosphine fragment in these complexes acts as a donor and communicates with the para-substituted nitro 
acceptor group through the backbone. Such an interaction helps create a delocalized charge-transfer state from the donor to the 
acceptor. 
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1. Introduction 

Organic molecules with asymmetric 7r-electron delo- 
calization along the backbone (e.g., 1) have been shown 
to display interesting physical properties such as sec- 
ond-order non-linearity [1]. The basic requirements for 
large values of /3  in a molecule are: (i) high donor and 
acceptor abilities of the substituents at para positions 
to each other, leading to asymmetric charge distribu- 
tion; (ii) a pathway for rr-conjugated electrons; and (iii) 
an optimized rr-electron conjugation length between 
them. The interest in such molecules is heightened by 
the fact that the acentric assemblies with large values 
of bulk polarizabilities (X 2) are ideal candidates for a 
variety of materials applications. Substitution of or- 
ganic donor /accep to r  fragments in these molecules 
with appropriate organometallic fragments which intro- 
duce additional perturbations of the ~--electron cloud 
by dTr(metal)-pTr*(organic) interactions and contain 
low-lying charge transfer states, is an alternative way of 
optimizing the non-linear optical response of such sys- 
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terns. Such effects have been demonstrated recently [2] 
in organometallic complexes such as (Z)-{1-ferrocenyl- 
2-(4-nitrophenyl)ethylene} (2). The ~r-acetylide com- 
plexes of transition metals that are asymmetrically sub- 
stituted (e.g., 3) constitute another class of complexes 
which have potential for second-order non-linear op- 
tics [3]. 

Donor + Donor ¢-+ ~ NO2 LnM R 

Acceptor Acceptor-- 

I l l  12) [3i 

We report  herein the synthesis of vinylidene and 
monoacetylide complexes of ruthenium and osmium in 
which the transition metal-phosphine fragments act as 
donors, trans-[(dppm)2CIM=C=C(H)(R)]PF 6 and trans- 
[ (dppm)2CIM-C---C-R] (M = Ru, Os; dppm = 
bis(diphenylphosphino)methane, Ph 2 PCH 2 PPh 2; R = 
P-CoH 5, p -C6 H 4 -C6 H  5, p - C 6 H 4 - N O  2, C6H3-2-  
(CH3)-4-NO2, p -C6 H 4 -CH  3, and a single-crystal X-ray 
determination of the complex trans-[(dppm)2ClRu- 
C~=C-C6H4-P-NO2]. The osmium-vinylidene ana- 
logues are the first examples of such complexes. 
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2. Results and discussion 

The reactions of terminal acetylenes with Ru(II) and 
Os(II) complexes, [MXL,(CsHs)] (M = Ru, Os; X = C1, 
Br; L=PPh3,  Ph2PCH2PPh2, PhzPCH2CH2PPh 2) 
[4a,4b] have been the subject of much interest. Re- 
cently, Dixneuf et al. demonstrated that RuCle(Ph 2- 
PCH2PPh2) e reacts with a variety of terminal 
acetylenes [4c,4d]. In the presence of a halide-abstract- 
ing agent such as NaPF 6 or NHnPF6, these reactions 
give vinylidene complexes, which can then be depro, 
tonated to yield the corresponding o'-acetylide com- 
plexes. By using this method, we have synthesised a 
range of monochloro tr-acetylide complexes from 
MC12(phosphine) . and terminal acetylenes. The mono 
tr-acetylide complexes L n M - ~ - C - R  can be designed 
so that the donor metal fragment is attached at the 
para position to an electron acceptor which has an 
optimized conjugation length. The latter can generate 
a highly delocalized charge-transfer state leading to 
high second-order non-linear optical hyperpolarizabili- 
ties in organometallic-based complexes. 

The reaction of cis-[MC12(Ph2PCH2PPh2)2] (M = 
Ru, Os) with an excess of substituted terminal 
acetylenes in the presence of NaPF 6 gives trans- 
[(dppm)zC1M=C=C(H)(R)] complexes in good yields 
(Scheme 1). The vinylidene complexes are intensely 
coloured and exhibit strong IR ~'c=c bands at ca. 
1610-1640 cm-t.  When the vinylidene complexes were 
applied to a short alumina column, deprotonation gave 
the corresponding Ru(II) and Os(II) ~r-acetylide com- 
plexes almost quantitatively. The latter complexes show 
intense bands in their infrared spectra at ca. 2035-2080 
cm-1 indicative of C~-C bond formation. 

The molecular structure of trans-[Ru(dppm)zCl(- 
C:::"C-C6H4-P-NO2)  ] is shown in Fig. 1. Selected bond 
parameters are listed in Table 1. The crystal structure 
consists of discrete monomer molecules in which the 
ruthenium is octahedrally coordinated by the chelating 
bis(diphenylphosphino)methane ligands and trans ni- 
trophenylacetylene and chlorine ligands. The metal to 
phosphorus bond lengths lie in the range of 2.332(2)- 
2.379(2) .A. These distances are in good agreement with 
those in other structurally characterized ruthenium 
complexes [4,5]. The metal to carbon(acetylide) bond 

/t•-ppn2 
I=h2R M CI \1 /  
Ph2P/ I "~CI 

~...~ PPh 2 

I M  = Ru. Os) 

Ph2P~PPh 2 H 
. ~ R o \ u  / c c / 
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Scheme 1. 
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Fig. 1. Molecular structure of trans-[Ru(dppm)2Cl(-~C-C6H4- p- 
NO0]. 

length is 1.998(7) A and the acetylide C~-C bond length 
is 1.190(8) ,~. The latter are in agreement with those 
for previously characterized acetylide complexes of iron 
and ruthenium. The coordination geometry of the metal 
centre does not exhibit any large deviation from that 
expected for a regular octahedral coordination, with 
angles between cis-donor atoms ranging from 
70.18(6)-96.9(2) ° and those between trans atoms within 
the range 177.15(6)-177.90(6) ° . 

Table 1 
Selected bond lengths (,~) and angles (°) for trans-[Ru(dppm)2Cl(- 
C~-C-C6H4- p-NO2) ] 

Ru-C(1) 1.998(7) 
Ru-P(4) 2.332(2) 
Ru-P(1) 2.379(2) 
P(1)-C(12) 1.842(6) 
P(3)-C(34) 1.840(6) 
C(1)-C(2) 1.190(8) 
C(3)-C(4) 1.404(8) 
C(4)-C(5) 1.377(8) 
C(6)-C(7) 1.367(9) 
C(7)-C(8) 1.375(9) 
N-O(1) 1.220(8) 

C(1)-Ru-P(3) 82.0(2) 
P(3)-Ru-P(4) 70.98(6) 
P(3)-Ru-P(2) 108.56(6) 
C(1)-Ru-P(1) 99.6(2) 
P(4)-Ru-P(1) 110.37(6) 
C(1)-Ru-C1 177.7(2) 
P(4)-Ru-CI 93.00(6) 
P(1)-Ru-CI 79.95(6) 
C(12)-P(2)-Ru 92.9(2) 
C(34)-P(4)-Ru 93.5(2) 
C(1)-C(2)-C(3) 168.4(7) 
C(7)-C(6)-N 118.1(7) 
O(2)-N - C(6) 118.4(8) 
P(1)-C(12)-P(2) 95.3(3) 

Ru-P(3) 2.332(2) 
Ru-P(2) 2.358(2) 
Ru-CI 2.483(2) 
P(2)-C(12) 1.843(6) 
P(4)-C(34) 1.849(6) 
C(2)-C(3) 1.428(8) 
C(3)-C(8) 1.412(8) 
C(5)-C(6) 1.358(8) 
C(6)-N 1.467(9) 
N-O(2) 1.207(8) 

C(1)-R-P(4) 85.0(2) 
C(1)-Ru-P(2) 92.1(2) 
P(4)-Ru-P(2) 177.15(6) 
P(3)-Ru-P(1) 177.90(6) 
P(2)-Ru-P(1) 70.18(6) 
P(3)-Ru-CI 98.44(6) 
P(2)-Ru-CI 89.85(6) 
C(12)-P(1)-Ru 92.2(2) 
C(34)-P(3)-Ru 93.7(2) 
C(2)-C(1)-Ru 176.8(5) 
C(5)-C(6)-N 119.4(7) 
O(2)-N-O(1) 123.9(8) 
O(1)-N-C(6) 117.7(8) 
P(3)-C(34)-P(4) 94.4(3) 
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Table 2 
IR Uc_ c stretching frequencies for various acetylide ligands and 
corresponding Ru and Os complexes 

Compound IR (Vc=_ c) 
(cm 11 

H-C~-C-C6H 5 2110 
t t - C - C -  p-Co H 4-C6H 5 2109 
H-~-C-p-C6H4-NO 2 2115 
H-C=-C-C6H 3-2-CH 2 -4-NO 2 2110 
H-C~-C- p-CoH4 -CH 3 2107 
trans-[(dppm)2CIRu-C==C-C6H 5] 2080 
trans-[(dppm)2ClRu-C~-C- P-C6H a -C6H 5] 2079 
trans-[(dppm)2CIRu-~--C-p-C6H 4 -N0  2 ] 2059 
trans-[(dppm)2CIRu-C~-C-C6H3-2-(CH3)-4-N02] 2050 
trans-[(dppm)2CIRu-C~-C- P-C6H4-CH3] 2071 
trans-[ ( dppm ) 2 ClOs-C=--C-C 6 H 5 ] 2079 
trans-[(dppm)2ClOs-C=-C- P-C6H 4-C6H5] 2075 
trans-[(dppm)eClOs-C~--C- P-C6H 4 -NO2] 2055 
trans-[(dppm)2ClOs-~C-C6H3-2-(CH3)-4-NO 2] 2035 
trans'[(dppm)2ClOs-C~-C- P-C6H 4 -CH 3] 2080 

An assessment of conjugation in the metal-acetylide 
complexes may be obtained from their uc~ c stretching 
frequencies in the IR spectra. We expect conjugation 
to be enhanced in a complex containing terminal 
donor-acceptor groups. A comparison of the data pre- 
sented in Table 2 indicates that there is a significant 
downfield shift in the Uc~ c stretching frequencies for 
the complexes trans-[M(dppm)2Cl(-C=C-C6H4- p- 
N O 2 )  ] compared will those for complexes without elec- 
tron-withdrawing groups at the para positions. For the 
former complexes, the Uc_= c stretching frequencies are 
20-35 wavenumbers lower, possibly suggesting stronger 
metal-to-acetylide bonding in such complexes. The ni- 
tro group attached at the para position enhances the 
metal-to-acetylide ligand electron donation and hence 
increases conjugation along the backbone. This also 
suggests that the donor (metal) and the acceptor ( N O  2) 
groups communicate with each other through the 
acetylenic linkage. Such an interaction is expected to 
lead to higher values of the second-order non-linear 
optical molecular polarizability, /3. 

In conclusion, we have prepared a series of asym- 
metrically substituted vinylidene and ~r-acetylide com- 
plexes of ruthenium(II) and osmium(II). The latter 
represent the first known examples of Os(II) vinylidene 
and mono-~r-acetylide complexes. We are currently in- 
vestigating the detailed linear and non-linear optical 
properties of these complexes. 

3. Experimental details 

All experiments were performed under nitrogen by 
use of standard Schlenk line techniques. Solvents were 
predried and distilled from appropriate drying agents. 
Solution infrared spectra were recorded on a Perkin- 

Elmer 1710 Fourier-Transform IR spectrometer. IH 
and 31p NMR spectra were recorded on a Bruker 
AM-400 spectrometer. The 31p NMR chemical shifts 
are reported downfield from external trimethylphos- 
phite standard. Microanalyses were carried out at the 
University Chemical Laboratory (Cambridge), and the 
mass spectra were recorded on a Kratos MS60 spec- 
trometer. The metal chloride salts cis-[MCl2(dppm) 2] 
(M = Ru, Os) were prepared by published methods [6]. 
The derivatives of phenylacetylene were synthesized by 
published procedures [7]. 

3.1. Syntheses 

3.1.1. Vinylidene complexes 
The vinylidene complexes were prepared by 

a general procedure as outlined below for trans- 
[(dppm)2CIOs=C=C(HXC6H4-p-NO2)]PF 6. To the pale 
yellow solution of 20 mg (1.94× 10 .5 mol) of cis- 
[Os(dppm)2C12] in 30 ml of dichloromethane were 
added 14 mg (9.71 x 10 -5 mol) of para-nitrophenyla- 
cetylene and 6.5 mg (3.88 × 10 -5 mol) of sodium hex- 
afluorophosphate. After 4 h, the solvent was removed 
in vacuo from the deep yellow solution. The resulting 
yellow solid was washed with 3 × 30 ml of hexane and 
recrystallised from dichloromethane/hexane (1:1) 
mixture to give yellow crystals. 

3.1.2. o'-Acetylide complexes 
All ~r-acetylide complexes reported herein were pre- 

pared from the corresponding vinylidene complexes. 
The vinylidene complexes were dissolved in 
dichloromethane and applied to a short alumina col- 
umn. Elution with dichloromethane afforded the 
acetylide complexes in quantitative yield. 

[(Ph 2 PCH 2 PPh 2)2CIRu=C=C(H)(C6 H 5)]PF6: Or- 
ange solid. FAB MS: 1007 (calc., 1007; M +-  PF~-). 
Anal. Calc. for CssHsoPsC1F6Ru: C, 60.45; H, 4.37%. 
Found: C, 60.78; H, 4.39%. IR (CH2C]  21 (Pc=c)  ( c m - i ) :  
1631.31p{IH} (CDCI3, 250 MHz) 8: -155.2 (s) ppm. 

[(Ph 2PCH 2PPh 2)2C1Ru=C=C(H)(  p -C6H 4- 
C~Hs)]PFo: Yellow solid. FAB MS: 1084 (calc., 1083; 
M +-  PF6-). Anal. Calc. for C64H54PsCIF~Ru: C, 62.57; 
H, 4.43%. Found: C, 62.67; H, 4.47%. IR (CH2C12) 
(Uc= c) (cm 11: 1639. 31p{IH} (CDC13, 250 MHz) 8: 
- 155.3 (s) ppm. 

[ (Ph2PCH 2 P P h z ) 2 C 1 R u = C = C ( H ) - p - C 6 H  4- 
NO2]PF~: Orange solid. FAB MS: 1052 (calc., 1052; 
M + -  PF6). Anal. Calc. for C58H4~NO2~CIF6Ru: C, 
58.28; H, 4.19; N, 1.11%. Found: C, 58.18; H, 4.12; N, 
1.17%. IR ( C H 2 C I 2 )  (~'c=c) ( cm-l): 1640. 31p(IH} 
(CDC13, 250 MHz) 8: - 155.2 (s) ppm. 

[(Ph 2 PCH 2 PPh 2)2 CIR u=C=C=(H)-p-C  6 H 4- 
CH3]PF6: Beige solid. FAB MS: 1021 (calc., 1021; 
M + -  PF6-). Anal. Calc. for C59HszpsCIF6Ru: C, 60.75; 
H, 4.49%; Found: C, 60.79; H, 4.49%. IR (CH2C12) 
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Table 3 
Atomic coordinates (× 104) and equivalent isotropic displacement 
parameters (,~2 ×103) for trans-[Ru(dppm)aCl(-C~-C-C6H4-p- 
NO2)] 

Atom x y z Ue q a 

Ru 2140(1) 624(1) 1770(1) 33(1) 
C1 1468(1) -1229(2) 1987(1) 50(1) 
P(1) 2654(1) -766(2) 1142(1) 39(1) 
P(2) 3149(1) -240(2) 2204(1) 38(1) 
P(3) 1636(1) 1931(2) 2411(1) 37(1) 
P(4) 1175(1) 1565(2) 1332(1) 36(1) 
C(1) 2655(3) 2124(6) 1568(2) 35(2) 
C(2) 2933(3) 3050(6) 1454(2) 43(2) 
C(3) 3387(3) 4009(5) 1299(3) 42(2) 
C(4) 3723(3) 4763(6) 1700(3) 50(2) 
C(5) 4203(3) 5625(6) 1555(3) 55(2) 
C(6) 4346(3) 5749(6) 1001(3) 56(2) 
C(7) 4025(4) 5067(6) 587(3) 67(2) 
C(8) 3545(4) 4204(6) 729(3) 58(2) 
N 4875(4) 6628(7) 836(4) 85(2) 
O(1) 5102(3) 7327(6) 1196(3) 112(2) 
0(2) 5051(4) 6635(6) 352(3) 127(3) 
C(12) 3129(3) - 1549(6) 1724(2) 47(2) 
C(34) 1158(3) 2797(5) 1858(2) 37(2) 
C(lll) 3 3 0 9 ( 3 )  -397(6) 625(2) 42(2) 
C(112) 3562(3) 769(7) 588(3) 56(2) 
C(113) 4020(4) 1079(7) 175(3) 64(2) 
C(114) 4222(4) 238(8) -210(3) 63(2) 
C(115) 3 9 8 3 ( 4 )  -909(8) - 174(3) 74(2) 
C(116) 3 5 2 2 ( 4 )  -1237(7) 240(3) 64(2) 
C(121) 2145(3) - 1893(6) 752(3) 42(2) 
C(122) 2 1 6 9 ( 4 )  -3127(6) 852(3) 59(2) 
C(123) 1 7 9 7 ( 4 )  -3935(6) 515(3) 71(2) 
C(124) 1 3 8 7 ( 4 )  -3510(7) 73(3) 72(2) 
C(125) 1348 (4 )  -2305(7) -35(3) 69(2) 
C(126) 1723(3) - 1493(6) 299(3) 56(2) 
C(211) 3992(3) 481(6) 2113(2) 42(2) 
C(212) 4552(4) - 122(7) 1889(3) 63(2) 
C(213) 5175(4) 460(11) 1817(4) 94(3) 
C(214) 5258(4) 1630(10) 1976(4) 86(3) 
C(215) 4721(4) 2242(8) 2207(3) 76(2) 
C(216) 4088(3) 1665(6) 2278(3) 56(2) 
C(221) 3 2 0 3 ( 3 )  -779(6) 2935(2) 46(2) 
C(222) 3 7 0 8 ( 4 )  -396(8) 3312(3) 86(3) 
C(223) 3680(5) -719(9) 3880(3) 115(4) 
C(224) 3160(6) - 1396(8) 4059(3) 97(3) 
C(225) 2658(5) - 1824(8) 3692(3) 85(3) 
C(226) 2685(4) - 1509(6) 3125(3) 60(2) 
(2(311) 2170(3) 2986(6) 2833(3) 44(2) 
C(312) 2551(4) 2516(8) 3289(3) 70(2) 
C(313) 2984(4) 3275(11) 3622(4) 95(3) 
C(314) 3017(5) 4465(12) 3481(4) 98(4) 
C(315) 2652(4) 4948(8) 3035(4) 83(3) 
C(316) 2224(4) 4194(7) 2702(3) 61(2) 
C(321) 970(3) 1444(6) 2897(2) 35(2) 
C(322) 431(3) 2180(6) 3052(2) 49(2) 
C(323) -84(3) 1755(7) 3392(3) 59(2) 
C(324) -61(4) 589(8) 3580(3) 56(2) 
C(325) 480(4) - 150(7) 3447(3) 58(2) 
C(326) 996(3) 276(6) 3106(2) 47(2) 
C(411) 300(3) 916(5) 1294(2) 37(2) 
C(412) 150(3) 81(6) 882(3) 57(2) 
C(413) -513(4) -412(6) 813(3) 63(2) 
C(414) -1020(4) -91(7) 1171(3) 66(2) 
C(415) -880(4) 728(8) 1586(3) 69(2) 

Table 3 (continued) 

Atom x y Z Ue q a 

C(416) -218(3) 1229(7) 1652(3) 59(2) 
C(421) 1210(3) 2278(5) 642(2) 36(2) 
C(422) 654(3) 2950(5) 417(2) 45(2) 
C(423) 689(4) 3 4 6 6 ( 6 )  -112(3) 55(2) 
C(424) 1274(4) 3 3 3 6 ( 6 )  -417(3) 60(2) 
C(425) 1830(4) 2680(7) - 199(3) 60(2) 
C(426) 1799(3) 2150(6) 329(3) 46(2) 

a U~eq ) is defined as one-third of the trace of the orthogonalized Uij 
tensor. 

(Vc= c) (cm-t): 1645. 31p{1H} (CDC13, 250 MHz) 6: 
- 1 5 5 . 3  (s) ppm. 

[(Ph 2 PCH 2 PPh 2)2 C1Ru=C=C=(H)C 6 H 3-2-(CH 3)- 
4-NO2)]PF6: Orange solid. FAB MS: 1066 (calc., 1066; 
M + -  PF6). Anal. Calc. for C59H51NO2PsCIF6Ru: C, 
58.49; H, 4.24 N, 1.16%; Found: C, 58.88; H, 4.28; N, 
1.15%. IR (CH2C12) (vc= c) (cm-1): 1637. 31p{tH} 
(CDC13, 250 MHz) 6: - 155.2 (s) ppm. 

[(Ph2 PCH 2 PPh 2)2C1Ru-C--C-p-C6H 5 ]: Yellow 
solid. FAB MS: 1006 (calc., 1006). Anal. Calc. for 
C58H49P4C1Ru: C, 69.21; H, 4.90%; Found: C, 69.53; 
H, 4.81%. 3tp{1H} (CDC13, 250 MHz) 6 : - 1 4 7 . 4  (s) 
ppm. 

[(Ph2PCH2PPh2)2CIRu-~C-p-C6H4-C6Hs]: Yel- 
low solid. FAB MS: 1082 (calc., 1082). Anal. Calc. for 
C64H53P4C1Ru: C, 71.00; H, 4.93%; Found: C, 70.89; 
H, 4.93%. 31p{1H} (CDC13, 250 MHz) 6 : - 1 4 7 . 5  (s) 
ppm. 

[(Ph 2 PCH 2PPh 2)2C1Ru-C~-C-p-C6Ha-NO2]: Red 
solid. FAB MS: 1052 (calc., 1051). Anal. Calc. for 
CssHasNO2P4CIRu: C, 66.25; H, 4.60; N, 1.33%. 
Found: C, 66.80; H, 4.54; N, 1.27%. 31p{1H} (CDC13, 
250 MHz) 6: -148.0 (s) ppm. 

[(Ph2 PCH 2 PPh 2 )2CIRu-C-C-C6H 3-2-(CH s)-4- 
NO2]: Red solid. FAB MS: 1066 (calc., 1065). Anal. 
Calc. for Cs9HsoNO2P4CIRu: C, 66.51; H, 1.31%. 
Found: C, 65.91; H, 4.81%. 31p{1H} (CDC13, 250 MHz) 
6: - 147.6 (s) ppm. 

[(Ph2 PCH 2PPh2)2C1Ru-C~-C-p-C6Ha-CH 3]: Yel- 
low solid. FAB MS: 1022 (calc., 1020). Anal. Calc. for 
C59H51P4C1Ru: C, 69.44; H, 5.04%. Found: C, 69.28; 
H, 5.04%. 31p{IH} (CDCI3, 250 MHz) 6 : - 1 4 8 . 9  (s) 
ppm. 

[(Ph 2 PCH 2 PPh 2)2 CIO s = C = C -  (H)(C 6 H s)]PF6: 
Pink solid. FAB MS: 1095 (calc., 1096; M + - P F 6 )  
Anal. Calc. for C58H50PsCIF6Os: C, 56.11; H, 4.06%. 
Found: C, 56.16; H, 4.06%. IR (CH2C12) (vc= c) 
(cm-1): 1636. 31p{1H} (CDC13, 250 MHz) 6: -194.1 (s) 
ppm. 

[(Ph 2 P C H  2 PPh  2 )2 C10 s=C=C - (H)( p - C  6 H 4-  
C6Hs)]PF6: Pink solid. FAB MS: 1173 (calc., 1173; 
M ÷ -  PF6). Anal. Calc. for C64H54PsCIF6Os: C, 58.34; 
H, 4.13%. Found: C, 58.27; H, 4.26%. IR (CHzC1 z) 
(vc= C) (cm-1) :  1642. 31p{1H} (CDCI3, 250 MHz) 6: 
- 1 9 3 . 0  (s) ppm. 
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[(Ph 2 PCH 2 PPh 2 ) 2 C10 s=C=C-(H)( p-C 6 H 4-NO 2 )] 
PF6: Orange solid. FAB MS: 1142 (calc., 1142; M + -  
PF6-). Anal. Calc. for CssH49NOzPsC1F6Os: C, 54.14; 
H, 3.84%. Found: C, 54.40; H, 3.81% IR (CH2CI 2) 
(Uc= c) (cm-I): 1607. 3tp{IH} (CDCI3, 250 MHz) ~: 
- 195.2 (s) ppm. 

[(Ph 2 PCH 2 PPh 2)2CIOs=C=C-(H)-P -C 6 H 4 - C H  3 ] 
PF.: Pink solid. FAB MS: 1112 (calc., 1111; M + -  PF6-). 
Anal. Calc. for C sgHs2PsF6CIOs: C, 56.44; H, 4.17%. 
Found: C, 56.78; H, 4.19%. IR (CH2CI 2) (Uc= c) (cm-l):  
1647.31P{tH} (CDC13, 250 MHz) 3: -193.384 (s) ppm. 

[(Ph 2 PCH ? PPh 2)2C1Os=C=C-(H)(C 6 H 2-2-(CH 3)- 
4-NO2)]PF6: Orange solid. FAB MS: 1156 (calc., 1156; 
M + -  PF£-). Anal. Calc. for CsgHsINO2PsF6C1Os: C, 
54.49; H, 3.95; N, 1.08%. Found: C, 54.24; H, 4.01; N, 
1.19%. IR (CH2C12) (Uc= c) (cm-l):  1638. 31p{lH} 
(CDC13, 250 MHz) ~: - 195.1 (s) ppm. 

[(Ph2PCH2PPh2)2CIOs-C-C-p-C6Hs]: Yellow 
solid. FAB MS: 1095 (calc., 1095). Anal. Calc. for 
CsgH49P4C1Os: C, 60.65; H, 4.98%. Found: C, 63.59; 
H, 4.48%. 31p{IH} (CDC13, 250 MHz) ~: -193.3 (s) 
ppm. 

[(Ph 2 PCH 2 PPh 2)2 C1Os-C~-C-p-C 6 H 4-C6 H 5 ]: Yel- 
low-green solid. FAB MS: 1172 (calc., 1172). Anal. 
Calc. for C~4H53P4C1Os: C, 65.56; H, 4.52; P, 10.58%. 
Found: C, 61.07; H, 4.21; P, 1.22%. 31p{1H} (CDCI3, 
250 MHz) 3: - 193.2 (s) ppm. 

[(Ph 2 PCH 2 PPh 2)2CIOs-C~-C-p-C6H 4-NO2]: Pur- 
ple solid. FAB MS: 1142 (cald., 1140). Anal. Calc. for 
CssH4sNO2P4C1Os: C, 58.33; H, 4.25; P, 1.11%. Found: 
C, 61.07; H, 4.21; P, 1.22%. 3~p{~H} (CDCI3; 250 MHz) 
6: - 193.3 (s) ppm. 

[(Ph 2 PCH 2 PPh 2)2C1Os- C - C - P  -C 6 H 3 -2 -CH 3 -4- 
NOe]. Purple solid. FAB MS: 1156 (calc., 1154). Anal. 
Calc. for C59HsoNO2P4C1Os: C, 61.37; H, 4.36; N, 
1.21%. Found: C, 60.78; H, 4.39; N, 1.18%. 3~p{~H} 
(CDC13, 250 MHz) 6: - 193.3 (s) ppm. 

[(Ph 2 PCH 2 PPh 2)2CIOs-C~-C-p-C6H 4-CH 3]. Pink 
solid. FAB MS: 1112 (calc., 1110). Anal. Calc. for 
C59Hs1P4CIOs: C, 63.86; H, 4.63%. Found: C, 63.23; 
H, 4.69%. 31p{IH} (CDC13, 250 MHz) , 5 : -193 .4  (s) 
ppm. 

were determined from 30 reflections (0 = 12.02-13.41°). 
Intensity data were measured on a Nicolet P3 diffrac- 
tometer, using monochromated Mo K a  radiation and 
a o- scan mode to a maximum value for 0 of 22.54 °. 
Three standard reflections were monitored every 97 
reflections collected and showed no significant de- 
crease in standard intensity during the data collection 
time. A total of 7032 reflections were measured within 
the range of 0 < h < 2 0 ,  0 < k < l l ,  - 2 5 < / < 2 5  and 
averaged to yield 6575 unique reflections (R~,u= 
0.0227) of which 4174 were judged as significant by the 
criterion Fob ~ > 4~r(Fob~). Corrections were applied for 
Lorentz and polarisation effects. Absorption correc- 
tions were also applied by the use of semi-empirical 6 
scans (minimum and maximum transmission coeffi- 
cients of 0.070 and 0.0966, respectively). 

Structure solution was by a combination of Patter- 
son methods and Fourier techniques. Anisotropic ther- 
mal motion was assumed for all non-hydrogen atoms. 
Full matrix least-squares refinement o n  Ft2bs for 6574 
data and 614 parameters converged to R2,. = 0.0966 (all 
data), conventional R = 0.0513 (observed data). 
(A/¢r)m~ ~ = -0.001. GOF (all data) = 1.(172. The func- 
tion minimised was ~w(Fo],~-/:~,,~)2, w = 1/[2(F,~b~)+ 
(0.0293P) 2 + 0.0667P] where P = (F,~b~ + 2F~,1~)/3 and 
cr was obtained from counting statistics. A final differ- 
ence electron density Fourier synthesis revealed maxi- 
mum and minimum electron density peaks of 0.330 and 
-0.296 e A -3. Atomic coordinates for the non-hydro- 
gen atoms and their equivalent isotropic displacement 
parameters are listed in Table 3. 

Tables of hydrogen atom coordinates and thermal 
parameters, and a full list of bond lengths and angles 
have been deposited at the Cambridge Crystallographic 
Data Centre. 
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3.2. X-Ray data collection, structure solution and refine- 
ment summary for trans-{[(C6Hs)zPCH2P(C6Hs)2]2C1- 
Ru-C~--C-C6Hn-P-NO2} 

The crystals were grown by two-layer crystallisation 
from dichloromethane/hexane (1:1). Crystal data: 
C58H48P4OzNC1Ru, M = 1051.37, space grOuPoP21/c, 
a=19.149(5),  b=11.062(3), c = 2 3 . 7 1 1 ( 7 ) A ,  /3= 
92.07(2) °, V= 5020(2) ,~3, Z = 4, D c = 1.391 g c m  -3, 
F(000) = 2160,/x(Mo K a )  = 0.537 mm-~. 

A red block-shaped crystal of approximate dimen- 
sions 0.20 × 0.20 × 0.30 mm was mounted on a glass 
fibre; D 0 was not recorded, accurate lattice parameters 
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