
J. CHEM. SOC. DALTON TRANS. 1988 1131 

Chemistry of Polynuclear Metal Complexes with Bridging Carbene or Carbyne 
Ligands. Part 71 .I Synthesis of Tungsten-Iridium Complexes. Crystal Structures 
of [ W21 r ( p3- R C, R )  CI (CO),( q-C5 H 5 )  .]-CH .C12 and [ W21r( p-CR) ( p3-CR) CI (CO 14- 
( Y I - C ~ H ~ ) ~ ]  (R  = C,H,Me-4) * 

John C. Jeffery, Miguel A. Ruiz, and F. Gordon A. Stone 
Department of Inorganic Chemistry, The University, Bristol BS8 I JS 

In tetrahydrofuran at room temperature, the complexes [W(zCR) (CO)?(q-C,H,)] (R = C,H,Me-4) and 
[lrCl(CO) (q-C8H,,),] (C8H,, = cyclo-octene) afford a chromatographically separable mixture of five 
cluster compounds [W,Ir(p3- RC,R)CI (CO),(q-C,H,),] (1 ), [W,lr(p-CR) (p,-CR)Cl(CO),(q-C,H,),] 
(2, 3, and 4, isomers), and [W,lr,(p,-RC,R) (p-CO),(CO),(q-C,H,),] (5). The reaction between 
[W(=CR) (CO),(q-C5H5)] and [IrCI(CO),( NH,C,H,Me-4)] yields a similar mixture except that (2) is 
absent, and a possible reason for this is discussed. The molecular structures of compounds (1) and 
(2) have been established by single-crystal X-ray diffraction studies. That of (1 ) consists of a 
triangle of metal atoms [W-W 2.666(1), W-lr 2.821 (1) and 2.798(1) A] with the W-W bond 
weakly semi-bridged by a CO ligand [W-C-0 169.1 (9)”]. The alkyne RC,R adopts a p3(q2-I)  
bonding mode, transversely bridging a W-lr bond, and tilted so that one of the ligated carbon 
atoms triply bridges the metal triangle [p,-C-lr 2.05(1), p3-C-W 2.24(1) and 2.28(1) A]. The 
tungsten and iridium atoms of the W-lr bond transversely bridged by the alkyne are, respectively, 
co-ordinated by CI and C,H,, and by two  CO groups. The other tungsten atom, carrying the semi- 
bridging CO ligand, is ligated by a CO and a C,H, group. Compound (2) also has a triangular core 
[W-W 2.951 (1 ), W-lr 2.867( 1 ) and 2.698( 1 ) A]. One of the p-tolylmethylidyne ligands caps the 
metal triangle [p3-C-W 2.04(2) and 2.07(2), p3-C--Ir 2.1 9(2) A] while the other bridges the shorter 
W-lr edge [p-C-W 1.90, p-C-lr 2.06(2) A]. The tungsten atom of this edge carries a CO group 
and a C,H, moiety. The other tungsten atom is ligated by CI, CO, and C,H, groups. Two CO ligands 
are co-ordinated to  the iridium. The molecular structures of the isomers of ( Z ) ,  compounds (3) and 
(4), have been assigned from consideration of their n.m.r. spectra (’H and 13C-{1H}) and by 
comparison with those of complex (2) and a PPh, derivative [W,lr(p-CR)(p3-CR)CI(CO),(PPh,)(q- 
C,H,),] of (4) shown to  contain an Ir(C0) (PPh,). group. Like ( Z ) ,  complexes (3) and (4) have p- 
CR, p3-CR, and terminal W-CI groups. However, in (3) the p-CR ligand bridges a W-W bond and 
there is an Ir(CO), group present, whereas (4) is structurally very similar t o  (2) differing only in the 
site of the terminal CI atom and a CO group. The spectroscopic data (Lr. and ‘H and ‘13C-{‘H) 
n.m.r.) for the tetranuclear cluster (5) are discussed and its structure can be assigned on the basis 
of an earlier synthesis. 

As a consequence of the ligating properties of their carbon- 
metal triple bonds, the tungsten compounds [W(=CR)(CO), L] 
{R = C,H,Me-4 or Me, L = q-C5H5 or HB(pz), [hydrotris- 
(pyrazol-1-y1)borate); R = C,H,Me-4, L = q-C,Me,) and the 
related molybdenum species [Mo(=CR)(CO),L] [R = C,H,- 
Me-4, L = q-C5H5; R = C,H,Me-4 or Me, L = HB(pz),] are 
versatile reagents for preparing complexes with metal-metal 
bonds bridged by alkylidyne groups. ’-‘ The mononuclear 
tungsten and molybdenum compounds combine with co- 
ordinatively unsaturated metal-ligand fragments, derived from 
suitable precursors, to yield di-, tri-, or tetra-nuclear metal 
compounds, depending on the reagents employed. 

Although this method for preparing polynuclear ‘mixed- 
metal’ complexes has been used extensively, only five species 
containing iridium have been reported. These are [WIr(p 
C C , H , M ~ - ~ ) ( ~ C ~ C ) ( C O ) ~ ( ~ - C ~ H ~ ) ]  (acac = acetylacetonate), 

[MIr(p-CC,H,Me-4)(CO),(q-CSH5)(q5-CgH7)] [M = Mo or 
W, C9H7 = indenyl], [WIr(p-CC,H,Me-4)(C~)3(q-csMe5)- 
(q5-C9H7)], and [ W R h I r ( ~ , - C C 6 H 4 M e - 4 ) ( ~ - ~ ~ ) ( ~ ~ ) , ( q -  
C5H5)(q5-C9H7),].’ In this paper we describe further examples 
of ‘mixed-metal’ compounds containing tungsten and iridium, 
obtained from reactions between [w(~C6H4Me-4)(Co),(q- 

or [IrCl(CO),(NH,C,H,Me-4)]. It was anticipated that the 
iridium reagents would act as sources of the co-ordinatively 
unsaturated fragments IrCl(C0) and IrCl(CO),, respectively, 
and that these species would readily combine with the C=W 
bond of the alkylidynetungsten compound. Moreover, since 
the iridium fragments contain only two or three ligands, it 
was expected that they would add more than one molecule of 
the tungsten complex in order to relieve the co-ordinative 
unsaturation at the iridium centres. 

CSHS)] and [IrC1(CO)(?l-C8H,4)2] (q-C~H14 = CyClO-OCtene) 

* 1,1,2,2-Tetracarbonyl-3-chloro-2,3-di(~-cyclopentadienyl)-p~-[bis~- 
tolylacety1ene)-C1 (Ir’ W2W3)C2(Ir1 W3)]-triangulo-iridium- 
ditungsten4ichloromethane (1/1) and 1,1,2,3-tetracarbonyl-3-chloro- 
2,3-di(q-cyclopen tadieny1)- 1,2-p-p- tolylmethylidyne-p3-p- tolylmethyl- 
idyne-triangulo- I -iridium-2,3-ditungsten. 
Supplrnenrary data available: see Instructions for Authors, J. Chem. Soc., 
Dalton Truns., 1988, Issue 1 ,  pp. xvii-xx. 

Results and Discussion 
Essentially the same complex mixture of tungsten-iridium 
complexes is obtained by treating [ W(=CR)(CO), (q-C , H ,)I 
(R = C,H,Me-4) in tetrahydrofuran (thf) with either [IrCI- 
(Co)(q-c8H14)2] or [IrC1(CO),(NH2C,H,Me-4)]. The reac- 
tions were carried out at room temperature, and although they 
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Table 1. Analytical a and physical data for the tungsten-iridium complexes 

Compound 
Yield 

Colour (%) 

87 

Analysis (%) - 
3(CO) '/Cm-' C H 

1 996vs, 1 941s, 1 90lvw(br), 1 823w(br) 
"2 041vs, 1 991s, 1 927m, 1 902m(br) 
2 052vs, 1 993s, 1 976s, 1 920w(br) 
2 033vs, 1 977s, 1 964s (sh), 1 881m 

32.9 (33.0) 2.3 (2.3) 
34.2 (34.5) 2.4 (2.3) 
34.3 (34.5) 2.4 (2.3) 
33.4 (33.0) 2.6 (2.3) 

"2 060vs, 2 033vs, 2 006w, 1 989w, 30.5 (31.1) 1.9 (1.8) 

'1 955m, 1941s, 1867m 43.8 (44.2) 3.2 (3.1) 
1 962vw, 1 814111, 1 766m 

" Calculated values are given in parentheses. ' R = C,H4Me-4. ' In CH2C12, unless otherwise stated. ' Crystallised with a molecule of CH2C12. ' In thf. 

Table 2. Hydrogen-1 and carbon-13 n.m.r. data" for the complexes 

Compd. 'H(S)b 1 3C(S) ' 
(1) 2.16 (s, 3 H, Me-4),2.25 (s, 3 H, Me-4),5.21 (s, 5 H, C,H,), 235.6, 216.2 (WCO), d206.2 (p3-CR), 199.2, 190.2 (IrCO), 143.4, 141.3 

5.61 (S, 5 H, CSH,), 6.78-7.26 (m, 8 H, C6H4) [c'(c,H,)], 138.2, 135.7, 133.0, 131.6, 129.1, 128.9 (C6H4), '128.6 
(p-CR), 128.4, 128.1 (C,H4), 102.8, 93.1 (CSHS), 21.5, 21.1 (Me-4) 

(2) 

(3) 

2.34 (s, 3 H, Me-4), 2.44 (s, 3 H, Me-4), 5.22 (s, 5 H, C,H,), 

C,H4), 7.80 (br, 1 H, C6H4) 
2.31 (s, 3 H, Me-4L2.55 (s, 3 H, Me-4h5.18 (s, 5 H, C,H,), 

2.36 (s, 3 H, Me-4), 2.49 (s, 3 H, Me-4), 5.39 (s, 5 H, C,H,), 

339.7 (p-CR), 267.0 (p3-CR), 241.6,235.6 (WCO), 190.4, 181.1 (IrCO), 

126.0 (C,H,), 99.3, 98.7 (C,H,), 21.7, 21.4 (Me-4) 
370.7 [p-CR, J(WC) 1271, 253.7 (p3-CR), 220.5 (WCO), 175.0, 174.2, 

128.1, 122.6 (C,H4), 101.5, 98.2 (C,H,), 21.4, 20.7 (Me-4) 
349.3 (p-CR), 275.1 (p3-CR), 220.1,3.15.0 (WCO), 190.6, 181.6 (IrCO), 

5.25 (S, 5 H, CSH,), 6.30 (br, 1 H, C&4), 7.1-7.3 (m, 6 H, 165.6, 153.6 [C'(C,H,)], 140.7, 134.5, 130.8, 128.9, 128.4, 127.4, 126.4, 

5.72 (s, 5 H, C,H,), 6.89-7.38 (m br, 8 H, C,H4) 172.3 (IrCO), 163.3, 159.9 [c'(C&)], 136.4, 136.1, 130.4, 128.7, 128.5, 

(4) 
5.78 (s, 5 H, C,H,), 7.05-7.75 (m br, 8 H, C,H4) 167.2, 154.0 [C'(c&4)], 141.0, 134.5, 132.3, 128.8, 128.2, 127.2, 126.5, 

122.4 (C,H4), 104.0, 93.7 (CSH,), 21.7, 20.9 (Me-4) 
(5 )  

(6) 

2.28 (s, 3 H, Me-4), 4.80 (s, 5 H, C,H,), 6.90, 7.09 [(AB),, 
4 H, C6H4, J(AB) 91 
2.20(s, 3 H, Me-4),2.34(~,3 H, Me-4), 5.30(s,5 H,C,H,), 
5.60 (s, 5 H, C,H,), 6.50 (br, 1 H, C&), 7.03 (br, 1 H, 

'224.7 (WCO), 174.4, 174.3 (IrCO), 151.0 [C'(C,H,)], 137.3, 129.6, 
127.5 (C6H4), 110.0 (p4-C2R2), 96.9 (C,H,), 20.9 (Me-4) 

'345.0 [d, p-CR, J(PC) 63, 272.6 [d, p3-CR, J(PC) 201, 220.8, 217.1 
(WCO), 185.4 [d, IrCO, J(PC) 151, 167.9 [C'(C,H4)], 156.5 [d, 

20.8 (Me-4) 
C6H4), 7.1G7.35 (m, 17 H, C,H,, Ph) C1(C,H4), J (Pc)  71, 136.3-121.0 (C6H4, Ph), 104.8,92.6 (C,H,), 21.1, 

" Chemical shifts (6) in p.p.m., coupling constants in Hz. Measured in CDCl, at room temperature. ' Hydrogen-1 decoupled, measured in CD2C12- 
CH2C12 at -60 "C unless otherwise stated. Chemical shifts are positive to high frequency of SiMe,. ' Tentative assignment. Measured at room 
temperature. 

Table 3. Selected internuclear distances (A) and angles (") for [W21r{p3-C2(C,H,Me-4)2]C~(~~)4(~-~sHs)2]~~~2~~2 (1) with estimated standard 
deviations in parentheses 

Ir-W( 1) 2.821(1) Ir-W(2) 2.798(1) Ir-C(3) 1.87(1) Ir-C(4) 1.88(1) 
Ir-C(30) 2.15( 1) Ir-C(40) 2.05( 1) W( 1 )-W(2) 2.666( 1) W( 1) - - - C( 1) 2.55(1) 
W( 1)-c1 2.3 79( 3) W( 1 )-C( 30) 2.00( 1) W( 1)-C(40) 2.24( 1) W(2)-C( 1) 1.95(1) 

1.98( 1) W(2)-C(40) 2.28( 1) C(1)-0(1) 1.1 5( 2) C(2)-0(2) 1.15(2) 
1.46( 1) 

WG9-W) 
C(3)-0(3) 

2.35( 1)-2.38( 1) 
1.14(2) C(4)-0(4) 1.14( 2) C(30)-c(40) 

W(1)-C(cp) range W(2)-C(cp) * range 2.31( 1)-2.34( 1) 

W( l)-Ir-W(2) 
W (2)-Ir-C(4) 
C(3)-Ir-C( 30) 
C(3)-Ir-C(40) 
Ir-W( l)-Cl 
CI-W( l)-C(30) 
c(30)-w( 1)-c(40) 
Ir-W(2)-C(2) 

Ir-C( 3)-O( 3) 
C( l)-W(2)-C(40) 

* CP = q-CSH, 

56.6(1) 
128.9(4) 
119.6(5) 
106.6( 5 )  
138.0( 1) 
96.1(3) 
39.7(4) 
69.0(3) 

110.4(4) 
176(1) 

W( 1)-Ir-C(3) 
C( 3)-Ir-C(4) 
C(4)-Ir-C( 30) 
C(4)-Ir-C(40) 
W(2)-W( l)-Cl 
Ir-W (1)-C(40) 
Ir-W(2)-W( 1) 
W( l)-W(2)-C(2) 
C(2)-W(2)-C(40) 
I r-C( 4)-O( 4) 

158.3(4) 
92.8(6) 

119.1(5) 
157.3(5) 
104.3(1) 
46.0(2) 
62.1( 1) 
89.1(5) 

113.0(4) 
176( 1) 

W(2)-Ir-C( 3) 
W( 1)-Ir-C(30) 
W ( 1 )-Ir-C(40) 
C(30)-Ir-C(40) 
Ir-W( 1 )-C(30) 
W(2)-W( 1)-c(40) 
Ir-W(2)-C( 1) 
Ir-W(2)-C(40) 
W(2)-C(l)-O(l) 
C( 3 1 )-C( 30)-C(40) 

1 14.1(4) 
44.9(3) 
5 1.8(3) 
40.4(4) 
49.5( 3) 
54.6(2) 

123.1(3) 
46.2(2) 

169.1(9) 
134( 1) 

W( 1)-Ir-C(4) 
W(2)-Ir-C( 30) 
W (2)-I r-C( 40) 
Ir-W( 1)-W(2) 
W(2)-W( 1)-c(30) 
Cl-W( 1)-c(40) 
W(1 )-Wm-C( 1) 
W( 1)-w(2)-c(40) 
W(2)-C( 2)-O( 2) 
C( 30)-c(40)-c(41) 

108.1(4) 
8 5.3( 2) 

61.2( 1) 
92.0(3) 
92.6(3) 
64.7(3) 
53.1 (2) 

172( 1) 
117.4(8) 

53.4(3) 

proceeded slowly under these conditions thermal decomposition 
of sDme of the products was thereby avoided. Hence elevated 
temperatures in the syntheses were not employed. The tungsten- 
iridium complexes formed could be separated readily by column 
chromatography. 

In a typical reaction, two equivalents of [W(=CR)(CO),- 
(q-C5H5)] and one equivalent of [IrCI(CO)(q-C,H 14)2] were 
stirred in thf for ca. 40 h, after which period i.r. measure- 

ments revealed that product formation had ceased. Following 
chromatography, the compounds [W,Ir(p3-RC2R)CI(CO),- 

3, and 4, isomers), and [W,Ir,(p4-RC,R)(p-CO),(CO),- 
(q-C5H5),] (5)  were isolated. Data for these species are given 
in Table 1, and although no one product was formed in high 
yield the overall yield of the mixture was ca. 40%. 

The formulations of the complexes (1)-(5) were established 

(q-cs H 5 ) 2 ]  (1 1, [W~~r(~-CR)(CL~-CR)CI(CO),(.rl-C,H,),I (2, 
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Figure 1. Molecular structure of [W21r{p3-C2(C,H,Me-4),}Cl(CO),- 
(~-C,H,),]CH,CI, (1) showing the atom numbering scheme 

by a combination of X-ray diffraction and spectroscopic studies. 
The n.m.r. data (Table 2) were especially informative, but 
discussion is deferred until the results of X-ray diffraction 
studies on compounds (1) and (2) have been described. Crystals 
of (2) were only obtained after great difficulty, and suitable 
single crystals of (3) and (4) for X-ray diffraction work could 
not be obtained. Nevertheless, the formulations for these two 
products are firmly based on microanalytical and spectroscopic 
data, as is that of (5). 

The results of the X-ray diffraction study on compound (1) 
are summarised in Table 3, and the molecular structure is shown 

in Figure 1. The compound is a trimetal species, the core of the 
molecule consisting of a triangle of metal atoms [W-W 2.666( l), 
W(1)-Ir 2.821(1), W(2)-Ir 2.798(1) A]. The triangle is bridged 
by an alkyne ligand C,(C6H,Me-4), which adopts the bonding 
mode defined by the descriptor p3(q2-L).8 While the alkyne 
bridges the W(1)-Ir bond [W( 1)-C(30) 2.00(1), W(l)-C(40) 
2.24( 1), Ir-C(30) 2.15( l), Ir-C(40) 2.05( 1) A], the atom C(40) 
is also within bonding distance [2.28(1) A] of W(2). Similar 
bonding of the alkyne to a metal triangle occurs in the complex 
[W,Fe(p3-RC,R)(CO),(rl-C,H,),I, a product of the reaction 
between [w(~C6H,Me-4)(Co),(rl-C,H,>I and [Fe,(CO),].9 
Formation of (1) evidently involves a coupling of two alkylidyne 
groups to give the alkyne, a common feature of reactions of 
[W(=CR)(CO),(q-C,H,)],2 as demonstrated also in the 
formation of [W,Fe(p,-RC,R)(CO),(q-C~H~),]. 

The W(l)-W(2) bond in (1) is weakly semi-bridged by a 
CO group [W(2)-C(1)-0(1) 169.1(9)", W(2)-C(1) 1.95(1), 
W( 1) C( 1) 2.55( 1) A]. The atom W(2) also carries a second 
CO ligand which deviates from linearity [W(2)-C(2)-0(2) 
172(1)"]. The iridium atom is co-ordinated by two terminal CO 
groups [Ir-C-0 176(1)']. As expected, the tungsten atoms are 
each ligated by a C,H, group, and in addition W(l) is bonded 
to a chlorine atom [W(l)-Cl 2.379(3) A], which has migrated 
from iridium to tungsten during the reaction. 

Compound (1) has 44 valence electrons and hence is elec- 
tronically unsaturated for a trimetal compound, which would 
possess 48 valence electrons if three metal-metal single bonds 
were present and if each metal centre had an 18-electron valence 
shell. The unsaturation in (1) is probably delocalised within the 
cluster, but in the structural formula the species has been 
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depicted with a W=W and a W=Ir bond in order to maintain an 
1 %electron formalism at each metal centre. Interestingly, the 
W(l)-W(2) bond [2.666(1) A] is significantly shorter than that 
C2.73 1( 1) A] in [W,Fe(p3-RC,R)(CO),(q-C5H5)2] which is 
also unsaturated (46 valence electrons).' In the 48-valence- 
electron cluster [W,Fe(p3-MeC,C,H,Me-4)(cO)7(q- 
C,H,),] lo  the W-W separation [2.949(1) A] is significantly 
greater than that in (1). These data suggest a degree of tungsten- 
tungsten multiple bonding in the latter complex. Moreover, the 
W(l)-Cl separation in (1) [2.379(3) A] is appreciably shorter 
than that found [2.505(4) A] for the terminal W-Cl group in the 
compound [WRU(~-C~)(~-CM~)C~(CO)~(PP~~)~(~-C,H,)]. ' ' 
This may indicate the presence of a degree of C 1 2  W 
bonding in (1) so as to relieve the electronic unsaturation of the 
cluster. 

The spectroscopic data for compound (1) are in agreement 
with the results of the X-ray diffraction study. In the i.r. 
spectrum (Table 1) there are four bands in the CO stretching 
region, and that at 1823 cm-' may be assigned to the semi- 
bridging ligand C( 1)0( 1). The spectrum also shows a strong 
band at 297 cm-' which may be attributed to the W-Cl 
group. The 'H n.m.r. spectrum (Table 2) shows the expected 
resonances for two Me-4 and two C,H, groups in different 

Figure 2. Molecular structure of [W,Ir(p-CC,H4Me-4)(~,- 
CC,H4Me-4)C1(C0)4(q-C5H5)z] (2) showing the atom numbering 
scheme 

environments. Correspondingly, in the 'C-( 'H} n.m.r. 
spectrum of (1) there are two Me-4 and two C,H, resonances. 
The C,H, moieties give rise to ten resonances between 6 143.4 
and 128.1 p.p.m., a pattern suggesting that there is restricted 
rotation about one of the p-C-C,H, bonds at the temperature 
of the measurement ( - 60 "C). Two chemically distinct C,H4 
groups with free rotation about the p-C-C,H, bonds would 
give rise to eight resonances, and if both p-C-C,H, bonds were 
restricted in rotation there would be twelve signals. Peaks at 6 
206.2 and 128.6 p.p.m. are tentatively assigned to the ligated p-C 
nuclei. The signals at 6 235.6 and 216.2 p.p.m. are due to the 
W(CO), group, and those at 6 199.2 and 190.2 p.p.m. to the 
Ir(CO), fragment, these assignments being based on chemical 
shift data reported previ~usly.~ 

Selected parameters obtained from the X-ray diffraction 
study of compound (2) are listed in Table 4, and the structure 
is shown in Figure 2. A triangle of metal atoms [W(l)-W(2) 
2.951(1), W(l)-Ir 2.867(1), W(2)-Ir 2.698(1) A] is capped by a 
p -  to1 ylmet hylid yne grou [ W ( 1)-C(20) 2.04( 2), W(2)-C( 20) 
2.07(2), Ir-C(20) 2.19(2) 11. Another p-tolylmethylidyne ligand 
bridges the W(2)-Ir edge of the triangle [W(2)-C(lO) 1.90(2), 
Ir-C( 10) 2.06(2) A]. The W( 1) atom carries a terminal C1 ligand 
[W(l)-Cl 2.450(7) A], a CO group deviating slightly from 
linearity [W(l)-C(1)-O(1) 174(2)"], and a C,H, moiety. A 
C,H, fragment and a CO ligand [W(2)-C(2)-0(2) 169(2)O] are 
co-ordinated to W(2). The two CO groups are essentially 
linearly bonded to the iridium atom. 

Several aspects of the structure of (2) deserve comment. The 
presence in the molecule of alkylidyne ligands which both edge- 
and triply-bridged a closed metal triangle is of interest, since 
until recently such species were rare. The first examples of 
trimetal clusters with this structural feature were the ditungsten- 
rhenium compounds [W2Re(p-Br)(p-L)(p-CR)(p3-CR)(CO),- 
(q-CsHs)2] (L = CO or 0, R = C,H,Me-4),'2 but sub- 
sequently the ditungsten-osmium complexes [W,Os(p-CR)- 
( ~ ~ - C R > ( C O ) S ( ~ - C , H S ) ~ ~ ,  [W20s(p-H>(p-CR)(C~-CR)H- 
(CO)4(q-C5Hs)2] (R = C,H,Me-4) were described.', Recently 
tetranuclear cluster compounds [W 3Ru(p-CR),(p3-CR)(p-CO)- 
(p3-q-CO)(CO)2(q-CsHs)3] (R = Ph or C,H,Me-4) with a 
tungsten-spiked W,Ru core have been reported, with the W,Ru 
triangle capped and edge-bridged by alkylidyne groups., 

Compound (2) has 46 valence electrons, and is therefore less 
unsaturated than compound (1). In accord with this property, 
the W-W separation in (2) [2.951(1) A] is appreciably longer 
than that in (1) [2.666(1) A]. Moreover, the W-Cl distances in 
the two species [(l) 2.379(3), (2) 2.450(7) A] follow the same 

Table 4. Selected internuclear distances (A) and angles (") for [ W ~ I r ( p - C C 6 H 4 M e - 4 ) ( p 3 - ~ ~ 6 ~ ~ M e - 4 ) ~ ~ ( ~ ~ ) 4 ( ~ - ~ 5 ~ ~ ) z ]  (2) with estimated 
standard deviations in parentheses 

W( 1)-W(2) 2.951( 1) W( 1)-Ir 2.867( 1) W( l)-C1 2.450(7) W( 1 )-C( 1) 1.98(3) 
W( 1 )-C( 20) 2.04(2) W (2)-I r 2.698( 1) W(2)-C(2) 2.20(2) W(2)-C( 10) 1.90(2) 
w (2)-C( 20) 2.07(2) Ir-C(3) 1.88(3) I r-C(4) 1.87(3) Ir-C( 10) 2.06( 2) 
Ir-C(20) 2.19(2) C( 1 )-O( 1 1 1.1(3) C(2)-0(2) 1.1(3) C(3)-0(3) 1.2(3) 
C(4)-0(4) 1.1(3) W( 1)-C(cp) range 2.27(2)-2.42(2) W(2)-C(cp) range 2.36(2)-2.37(2) 

W(2)-W( 1)-Ir 55.2(1) 
Ir-W ( 1 )-C( 1) 95.2(7) 
CI-W( 1)-C(20) 9 1.2(6) 
Ir- W (2)-C( 2) 97.8(6) 

W(1)-Ir-W(2) 64.0(1) 
W(2)-Ir-C(4) 134.2(7) 
C( 3)-Ir-C( 10) 9 1.6(9) 
C(3)-Ir-C(20) 167( 1) 

W( l)-W(2)-C(20) 43.5(6) 

W(2)-C(2)-0(2) 169(2) 
W(2)-C(IO)-C(ll) 142(1) 
W(2)-C( 20)-Ir 7 8.7( 6) 

W( 2)-W( 1 FCl  
CI-W( 1)-C( 1) 
C( 1)-W( 1)-C(20) 
W( l)-W(2)-C( 10) 
Ir-W( 2)-C(20) 
W( 1)-Ir-C(3) 
C (3)-I r-C (4) 
C(4)-Ir-C( 10) 
C(4)-I r-C (20) 
Ir-C( 3)-0(3) 
Ir-C(l0)-C(l1) 
W( l)-C(20)-C(21) 

83.2(2) 
93.1(7) 
76.0(8) 

100.9( 6) 
52.7(5) 

122(1) 
93U) 

167(1) 
85.8(9) 

175(2) 
132(1) 
139( 1) 

Ir-W( 1)-C1 
W(2)-W( 1 )-C(20) 
W( l)-W(2)-1r 
Ir-W(2)-C( 10) 
C( 2)-W( 2)-C(20) 
W( 2)-Ir-C( 3) 
W(1)-Ir-C(l0) 
W( 1)-Ir-C(20) 
C( lO)-Ir-C(20) 
Ir-C(4)-0(4) 
W(l)-C(20)-W(2) 
W( 2)-C( 20)-c (2 1 ) 

135.7(2) 

60.8( 1) 
49.6(6) 

114.7(8) 
132.5(8) 
99.6(7) 
45.0(5) 
92.6(8) 

92.1(8) 

44.4( 5 )  

176(3) 

122(1) 

W(2)-W( 1)-C( 1) 
Ir-W( 1)-C(20) 
W(1)-W(2)-C(2) 
C(a-W(2)-C(10) 
C( 1 0)-w (2)-C( 20) 
W( 1)-Ir-C(4) 
W(2)-Ir-C( 10) 
W( 2)-Ir-C( 20) 
W( 1)-C( 1)-O( 1) 
W(2)-C( 10)-Ir 
W( 1)-C(20)-Ir 
Ir-C( 20)-C( 2 1 ) 

119.9(7) 
49.6(6) 
71.3(6) 

10 1.6( 8) 
88.5(9) 
44.5(6) 
48.6(5) 

85.9(9) 
85.4(6) 

85U) 

174(2) 

120( 1) 
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trend. As with (l), the structural formula of (2) has been 
depicted with a W=Ir bond, but this is merely a formalism to 
assign an 18-electron configuration at the two metal centres 
involved. Hence in (2), as in (l), it should be assumed that the 
electron deficiency is associated with the cluster as a whole, and 
not with particular metal centres. 

Having established the structure of (2), the spectroscopic data 
can be readily interpreted. The i.r. spectrum shows (Table 1) 
four terminal CO stretching bands. There is also an absorption 
at 281 cm-* assignable to a W-CI stretch. The n.m.r. data 
(Table 2) are in agreement with the structure established by 
X-ray diffraction. The 'H spectrum shows resonances due to 
two Me-4 and two C,H5 groups in different environments. The 
13C-{1H} n.m.r. spectrum has resonances due to the ligated 
alkylidyne carbon nuclei at 6 339.7 and 267.0 p.p.m. The 
chemical shift of the former is in the range expected for an 
afkyfidyne figand edge-bridging a metal-metal bond, and the 
latter in the range anticipated for a triply bridging alkylidyne 
group. In general, p-C resonances occur in the range 300-400 
p.p.m., and p3-C signals in the range 2%-300 p.p.m., 
depending on the metal atoms 

In the "C-( 'H} n.m.r. spectrum of (2), resonances for CO 
ligands occur at 6 241.6 and 235.6 p.p.m., W(CO), and at 190.4 
and 18 1 .I p.p.rn., Ir(C0). The non-equivalent C6H4 fragments 
give rise to ten peaks in the range 165.6-126.0 p.p.m. Thus as 
with compound (1) (see above) there is restricted rotation about 
one of the p-C-C,H, bonds. As expected, the 13C-{1H) n.rn.r. 
spectrum of (2) also shows two C,H, and two Me-4 peaks 
(Table 2). 

The formulation proposed for complex (3) is based on micro- 
analysis, and the spectroscopic data. The 13C-( 'H) n.m.r. 
spectrum (Table 2) was especially informative in the CO ligand 
region showing one resonance for the WCO group (6 220.5 
p.p.m.) and three peaks for the Ir(CO), moiety (6 175.0, 174.2, 
and 172.3 p.p.m.). This contrasts with the spectra of (2) and (4), 
both of which show two IrCO signals. The spectrum of (3) also 
reveals characteristic resonances for the p-CR (6 370.7 p.p.m.) 
and p3-CR (6 253.7 p.p.m.) ligands. Interestingly, the resonance 
at 6 370.7 p.p.m. is more deshielded than the corresponding 
signals in the spectra of (2) (6 339.7 p.p.m.) and (4) (349.3 
p.p.m.), but is close to that observed for the bridging p-tolyl- 
methylidyne carbon nucleus in the structurally related com- 

which the p-CR group also bridges a formally unsaturated 
W=W bond. 

As expected, both the 'H and 13C-(1H) n.m.r. spectra of 
complex (3) show peaks for two non-equivalent C,H, and two 
non-equivalent Me-4 groups. In the i.r. spectrum (Table 1) there 
are four bands due to terminal CO ligands. A strong absorption 
at 309 cm-' can be assigned to a W-Cl stretch, but the assign- 
ment is not unequivocal since there are other bands (weak) in 
this region. However, these are probably due to the organic 
groups present in the molecule. 

Compound (3) readily decomposes on refluxing in thf. It 
had been thought that either complex (2) or (3) on heating 
might have afforded (1) via coupling of the alkylidyne 
ligands,'O,l '9' but this property was not observed. Solutions of 
(2) in CH,C12 at room temperature react reversibly with CO to 
give a product with v,,,.(CO) at 2 056m, 2 003vs, 1 940w, and 
1880w br cm-' (in CH,Cl,). However, this species was not 
isolated, and if the CO-saturated solutions of (2) are allowed to 
remain at room temperature for several days a slow conversion 
occurs to give compound (4), in >80% yield. This result may 
explain why compound (2) is not formed in the reaction between 
[W(=CR)(CO),(q-C,H,)] and [IrCl(CO),(NH2C,H,Me-4)] 
but is formed in the reaction between the p-tolylmethylidyne 
tungsten compound and [I~CI(CO)(T&H~,),]. The latter is 
less rich in CO groups than [IrC1(CO),(NH2C,H,Me-4)], and 

pound [W2Re(~-Br>(~ .L-CR)(~3-CR)(~ -c0 ) (CO) , - c sHs)21  in 

so CO released from the latter could promote the isomerisation. 
Moreover, once compound (4) is formed it does not react with 
CO even though it is formally unsaturated. 

Compound (4) remains unchanged on refluxing in thf, and 
is also unaffected by U.V. irradiation, there being no evidence 
for conversion into (1) or other species. Complex (4) is 
characterised by the data given in Tables 1 and 2, and has been 
depicted with a W=Ir bond to emphasise the unsaturation of the 
cluster (46 valence electrons). The structure is very similar to 
that of (2), differing only in site exchange of the Cl and a CO 
group. The spectroscopic data are in agreement with the 
proposed structure. In particular, the ',C-( 'H) n.m.r. spectrum 
(Table 2) shows resonances for p-CR (6 349.3), p3-CR (6 275.1), 
W(C0) (6 220.1 and 215.0), and Ir(C0) (6 190.6 and 181.6 
p.p.m.) fragments. The appearance of ten resonances for the 
C,H, groups indicates that for one of these moieties there must 
be restricted rotation about one of the p-C-C,H, bonds as 
occurs also with compounds (1) and (2). The observation of nine 
rather than ten signals for the C,H, groups in (3) evidently 
results from some overlap of peaks. 

Evidence for the structure of (4) is further provided by the 
spectroscopic properties of its PPh, derivative [W,Ir(p-CR)- 
(p3-CR)CI(CO),(PPh,)(q-C5Hs)2] (6), data for which are given 
in Tables 1 and 2. In contrast with the 13C-{ 'H) n.m.r. spectrum 
of (4), which shows four CO resonances for the four non- 
equivalent carbonyl ligands on the tungsten and iridium 
centres, the spectrum of (6) shows three CO peaks. Moreover, 
on the basis of their chemical shifts these may be assigned to a 
W(CO), and a Ir(CO)(PPh,) group, respectively. The 31P-(1H) 
n.m.r. spectrum of (6) (in CDCl,, at room temperature) showed 
a singlet resonance at 6 29.3 p.p.m., [relative to 85% H,PO, 
(external)], and the absence of 31P-183W satellite peaks 
establishes that the PPh, group ligates the Ir and not a W atom. 
The 31P-('H) resonance for a W(PPh,) group is characterised 
by J(WP) values of ca. 200 H z . ' ~  

The presence of the PPh, group in compound (6)  results in 
31P-p-CR coupling in the 13C-(1H} n.m.r. spectrum. Thus the 
resonance (6 345.0 p.p.m.) for the ligating carbon nucleus of the 
p-tolylmethylidyne group edge-bridging the metal triangle 
appears as a doublet [J(PC) 6 Hz]. This observation strongly 
supports a formulation for (6), and by implication for (4) also, in 
which the p-CR group bridges a W-Ir bond rather than the 
W-W bond. 

The tetranuclear metal compound [W21r,(p4-RC2R)(p- 
CO),(CO),(T~-C~H~),] (5) also formed in the reactions between 

[IrC1(C0),(NH,C6H4Me-4)] has been reported previously,' 
having been prepared by refluxing mixtures of the cluster 
compound [W21r2(CO)l o(q-C,H,),] with RC=CR in dichloro- 
methane. Compound (9, and the analogue obtained from 
[W,Ir2(CO),,(q-C,H5)2] and PhCzCPh," have a 'butterfly' 
core of metal atoms with a p4-alkyne bridge. Two of the 
tungsten-iridium bonds are bridged by CO groups. The i.r. 
spectrum of (5) in the carbonyl stretching region shows seven 
bands (Table 1) two of which (1 814 and 1 766 cm-') are in the 
bridging region. Another species structurally similar to (5)  is the 
tetracobalt cluster [CO~(~~-HC,H)(~ -CO)~(CO)~] ,  prepared 
by treating [CO,(CO),~] with HC=CH.l6 

The mechanisms by which the various compounds (1)-(5) 
are formed are evidently complex, and the different pathways 
are not evident at the present time. However, on the basis of 
the earlier work, leading to the synthesis of the dimetal 
tungsten-iridium compounds listed in the Introduction, it 
seems very likely that dimetal species are produced initially in 
the synthesis of (1)--(5). Depending on the iridium reagent 
used, these intermediates might be the dimetallacyclopropene 

~ ~ ( ~ ~ ) ( ~ ~ ) ~ ( ~ - ~ ~ ~ ~ ) ~  and [IrCI(CO)(?l-C,Hi4),1 or 

complexes [(q-C,H5)(OC)2W(p-CR)IrCl(CO)2] or [(q-C5H5)- 
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(oC),W(p-CR)irC1(Co)(q-c8H~,)]. Loss of the cyclo-octene 
ligand from the latter via its displacement by a molecule of 
[W(=CR)(CO),(q-C,H,)] would readily provide a route to 
one or other of the trimetal compounds (1)-(4), after release 
of a CO group at some stage. Similarly, [(q-C5H5)(OC),- 
W(p-CR)IrCl(CO),] could also combine with additional 
[W(=CR)(CO),(q-C,H,)], and with release of CO afford (l), 
(3), or (4). As mentioned earlier, the absence of (2) in syntheses 
when the reagent [IrC1(CO),(NH,C6H,Me-4)] is used is under- 
standable since the former would release additional carbon 
monoxide, which facilitates isomerisation of (2) into (4). 

- 

Experimental 
Light petroleum refers to that fraction of b.p. 40--60°C. 
Experiments were carried out using Schlenk-tube techniques, 
under a dry oxygen-free atmosphere. The i.r. spectra were 
measured with Nicolet 10-MX and 5Z-DX spectrophotometers, 
and n.m.r. spectra with JNM FX 90Q, GX 270, and GX 400 
instruments. Florisil used for column chromatography was 
Aldrich 100-200 mesh. The compounds [W(=cC6H4Me-4)- 
(CO),(q-C5H5)],' ' [IrC1(CO),(NH,C6H4Me-4)],' and 
[IrCl(CO)(q-C,H,,),] l 9  were prepared by methods previously 
described. Analytical and other data for the new compounds are 
listed in Table 1. 

Reaction between [w(=cC6H,Me-4)(Co),(q-c5H5)] and 
[IrCI(CO)(q-C,H,,),].-A mixture of [W(ECC6H4Me-4)- 
(C0),(q-C5H5)] (0.41 g, 1 mmol) and [IrCl(C0)(q-C8H,,),] 
(0.24 g, 0.50 mmol) was stirred in thf (40 cm3) at room 
temperature for ca. 40 h, affording a dark brown-green solution. 
Solvent was removed in uacuo, and the residue was extracted 
with thf-light petroleum (15 x 5 cm3, 1:9) and the extracts 
chromatographed (2 x 40 cm column) at -40 "C. Elution with 
the same solvent mixture separated four fractions which were 
orange, purple, orange, and grey-green in colour. Removal of 
solvent in uacuo from the first fraction yielded only a trace 
of unidentified material. The purple eluate afforded black 
microcrystals [ W Ir f p -C , (C, H,Me-4) , } C1( CO),( q - 
C,H,),] (1) (0.076 g), the third eluate gave red microcrjsstals 

(2) (0.04 g), and the grey-green fraction gave green microcrystals 

(3) (0.065 8). Further elution of the chromatography column 
with thf-light petroleum, increasing the proportion of thf to 1 :4 
and finally to 1 : 1, led, respectively, to the recovery of two green 
fractions. Removal of solvent in uacuo from the first eluate 
afforded dark green microcrystals of [W,Ir(p-CC,H,Me-4)(p3- 
CC6H4Me-4)C1(C0),(q-C5H5),] (4) (0.082 g), and from the 
second eluate green microcrystals of [W,Ir,(p4-C,(C6H4Me- 
4)2)(p-CO),(CO)6(q-C~H5)2] (5)  (0.014 g) were isolated. 
Crystals of (5)  may be obtained from CH,Cl,-light petroleum 
(1:4). 

of 

Of [W2Ir(p-CC6H4Me-4)(p3-~~6~4Me-4)~~(~~)4(q-~5~5)z] 

Of [W,~r(p-CC6H,Me-4)(p3-~~6~4Me-4)~~(~~)4(q-~5~5)~] 

Reaction between [W(=CC6H,Me-4)(Co),(q-c5H5)] and 
[IrC1(CO),(NH,C6H4Me-4)].-A mixture of [W(=CC,H,- 
Me-4)(CO),(q-C,H5)] (0.24 g, 0.60 mmol) and [IrCl(CO),- 
(NH,C6H,Me-4)] (0.12 g, 0.30 mmol) was stirred in thf (30 
cm3) for ca. 60 h at room temperature. Solvent was removed 
in uacuo, and the residue extracted with thf-light petroleum 
(10 x 5 cm3, 1 : 9). The extracts were chromatographed (2 x 40 
cm column) at -40 "C. Elution with thf-light petroleum (1 : 9) 
removed in sequence pink, orange, brown, and purple bands. 
The first three eluates each afforded less than 15 mg of product, 
and the purple fraction, after removal of solvent, gave 20 mg of 
a mixture of compound (1) and an unidentified species with 
v,,,.(CO) at 2 021s, 1 972vs, 1 946w, and 1 820w br cm-' (in thf). 
The pink eluate yielded ca. 15 mg of a red powder with v,,,,(CO) 

Table 5. Atomic positional parameters (fractional co-ordinates x lo4), 
for complex (1) with estimated standard deviations in parentheses 

X 

1899(1) 
1 326(1) 

434( 1) 
-318(8) 
-832(6) 
-21 l(9) 
- 686(7) 
2 492( 10) 
2 808(9) 
1 732(9) 
1 676(10) 
1668(2) 

696( 10) 
117(10) 
724( 10) 

1 705(10) 
1681(11) 
- 364( 12) 
- 920( 10) 
- 339( 10) 

625( 11) 
593( 14) 

2 684(7) 
3 752(7) 
4 435(8) 
5 430(9) 
5 788(10) 
5 084(9) 
4 078(9) 
6 824(11) 
2 138(7) 
2 709(8) 
2 717(11) 
3 258( 12) 
3 755(10) 
3 764(12) 
3 238(9) 
4 311(12) 
3 785(40) 
3 746(8) 
3 076(9) 

Y 
9 044( 1) 
7 064( 1) 
7 634(1) 
6 582(10) 
5 917(7) 
8 826(10) 
9 462(7) 
9 974(11) 

10 542(8) 
10 170(10) 
10 817(8) 
5 170(2) 
6 410(10) 
7 317(11) 
8 230(11) 
7 899(12) 
6 791(13) 
8 649(12) 
7 683(14) 
6 796( 12) 
7 201(13) 
8 327(13) 
7 580(8) 
7 488(8) 
8 315(10) 
8 237(1 I )  
7 323(10) 
6 454( 1 1) 
6 555(lO) 
7 224( 12) 
7 485(8) 
6 964(9) 
5 854( 10) 

6 045(11) 
7 157(13) 
7 618(10) 
5 548( 16) 
3 513(24) 
4 627(8) 

5 442(11) 

2 439(7) 

z 

1 124(1) 
581(1) 

1883(1) 
1439(6) 
1 284(4) 
1453(6) 
1233(5) 
1681(7) 
2 046(6) 

507(7) 
lOl(6) 
660( 1 ) 

- 376(6) 
- 123(6) 
- 193(5) 
- 529(6) 
- 65 1 (6) 
2 859(7) 
2 832(6) 
2 925(6) 
3 006(6) 
2 969(6) 

709( 5 )  
363(5) 
365(6) 
- 6(7) 

- 409( 7) 
- 384(7) 
- 18(7) 
- 842( 10) 
1434(5) 
1957(5) 
2 070(7) 
2 532(8) 
2 921(7) 
2 807(7) 
2 336(6) 
3 462(8) 
8 685(25) 
8 549(6) 
8 514(7) 

at 2 049w, 2 004m, 1986m, 1 950w, 1 926vs, and 1841w cm-' 
(in light petroleum). Further elution of the column with thf- 
light petroleum ( 1  : 4) led to grey-green and green eluates which, 
after removal of solvent in uacuo, gave green microcrystals of 
(3) (0.03 g) and green microcrystals of (4) (0.05 g). Final elution 
with thf-light petroleum (1 : 1) afforded green microcrystals of 
compound (5 )  (0.008 g). 

Reaction between Compound (4) and PPh3.-A mixture of 
complex (4) (0.084 g, 0.080 mmol) and PPh, (0.026 g, 0.10 
mmol) was stirred in thf (15 cm3) at room temperature for 20 
min, affording a dark brown solution. Solvent was removed in 
uacuo, and the residue was suspended in thf-light petroleum 
( 3  x 10 cm', 1 :4) and chromatographed (1.5 x 15 cm column) 
at ca. 10°C. Elution with the same solvent mixture removed 
traces of unidentified material. Elution with thf-light petroleum 
(3: I )  gave a brown eluate which after removal of solvent in 
uucuo afforded black microcrystals of [W,Ir(p-CC,H,Me-4)- 
(~3-CC6H4Me-4)C1(C0)3(pph 3)(qmC g H  5121 (6) (0.089 g). 

Crystal Structure Determination of Complex (I).-Crystals of 
complex (1)  were grown from CH,Cl,-light petroleum as dark 
red prisms. Diffracted intensities were collected at 293 K on a 
Nicolet P2, diffractometer from a crystal of dimensions ca. 
0.45 x 0.44 x 0.30 mm. Of the 6 123 unique data collected 
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Table 6. Atomic positional parameters (fractional co-ordinates x lo4) 
for complex (2), with estimated standard deviations in parentheses 

X 

285(1) 
1806(1) 
2 465( 1) 
- 677(6) 

569(2 1) 
712(19) 
531(21) 

2 727(27) 
2 847(22) 
2 649(24) 
2 802(22) 
2 606(20) 
3 096( 13) 
2 590 
2 950 
3 817 
4 324 
3 964 
4 144(29) 
1 786(18) 
2 454( 12) 
1878 
2 459 
3 617 
4 194 
3 612 
4 149(25) 

-87(18) 

- 363( 18) 
- 245 
-1040 
- 1 649 
-1  230 
1 840(18) 
1117 
1759 
2 879 
2 929 

Y 
7 440(1) 
8 686(1) 
8 093(1) 
7 160(5) 
5 940(20) 
5 112(14) 
9 579(18) 

10 205( 15) 
8 837(19) 
9 244( 16) 
6 810(20) 
6 066( 16) 
9 423(16) 

10 490(8) 
11 357 
12 353 
12 482 
11 615 
10 619 
13 584(23) 
7 203(14) 
6 308(9) 
5 507 
4 684 
4 661 
5 462 
6 285 
3 7 15(20) 
7 311(17) 
8 387 
8 655 
7 746 
6 915 
9 694( 11) 
8 841 
7 916 
8 197 
9 296 

z 
3 984(1) 
2 955(1) 
4 269( I )  
2 876(4) 

4 247(10) 
3 349( 11) 
3 508(10) 
5 127(14) 
5 691(9) 
4 722( 12) 
5 009(9) 
3 634(11) 
3 770(8) 
3 489 
3 650 
4 092 
4 373 
4 212 
4 303(16) 
3 391(10) 
3 004(7) 
2 694 
2 334 
2 284 
2 594 
2 954 
1891(13) 
5 204(12) 
5 039 
4 547 
4 408 
4 814 
1 867(11) 
1788 
1 769 
1836 
1 896 

4 lll(12) 

(a-28 scans, 28 d 50°), 4 697 had I 3 2.5o(I), and only these 
were used in the structure solution and refinement. The data 
were corrected for Lorentz, polarisation, and X-ray absorption 
effects, the latter by an empirical method based on azimuthal 
scan data.20 

Crystal data. C31H26C131r04W2, M = 1 128.8, monoclinic, 
a = 13.443(3), b = 12.261(2), c = 19.534(2) A, p = 77.76(1)", 
U = 3 146.6(9) A3, Z = 4, D, = 2.38 gcm-j, F(OO0) = 2 080, 
space group P 2 , / c ,  Mo-K, X-radiation (graphite mono- 
chromator, 

The structure was solved by conventional heavy-atom 
methods, and difference Fourier syntheses were used to locate 
all non-hydrogen atoms, which were refined with anisotropic 
thermal parameters. Aromatic hydrogen atoms were included in 
calculated positions (C-H 0.96 A) with fixed isotropic thermal 
parameters m. 1.2 Uequiv. of the parent carbon atom. Refine- 
ment by blocked-cascade least squares, with a weighting scheme 
of the form M---' = [02(F)  + 0.00041F)2], led to R = 0.041 
(R' = 0.041 ). The final electron-density difference synthesis 
showed no peaks 3 1.4 or 6 - 1.4 e k3. 

= 0.710 69 A), p(Mo-K,) = 119.5 cm-'. 

Crystal Structure Determination of Complex (2).-Crystals of 
(2) were plate-like and of poor quality even after several 
attempts to grow suitable specimens form various proportions 
of CH ,CI,-light petroleum and other solvents. Moreover, the 
majority of the crystals examined were not single. That used for 

data collection may have had a small misaligned sub-crystal 
present, since a number of weak intensities were observed at low 
angle, which could not be reconciled with the main lattice. The 
structural analysis, whilst qualitatively correct, must therefore 
be treated with some caution. Diffracted intensities were 
collected at 293 K from a crystal of dimensions ca. 
0.62 x 0.55 x 0.15 mm. Of the 4 072 unique data obtained 
(Wyckoff o scans, 28 < 45"), 2 584 had I >, 2.5o(I), and only 
these were used in the structure solution and refinement. The 
data were corrected for Lorentz, polarisation, and X-ray 
absorption effects, the latter by an empirical method based on 
azimuthal scan data.20 

Crystal data. C,oH24ClIr04W2, M = 1043.9, monoclinic, 

U = 2 804(3) A3, Z = 4, D, = 2.47 g ~ m - ~ ,  F(000) = 1 912, 
space group P2,/c, p(Mo-K,) = 132.1 cm-'. 

The structure was solved as for compound (1). Aromatic rings 
were included as rigid isotropic groups [C-C(toly1) 1.395 and 
C-C(cyclopentadieny1) 1.42 A] and hydrogen atoms were not 
included in the refinement. All remaining atoms were refined 
with anisotropic thermal parameters, Final R = 0.063 (R' = 
0.063) with w-' = [ 0 2 ( F )  + 0.0011F12]. The comparatively 
poor level of refinement and large residuals (ca. 1.9 e k3) reflect 
poor crystal quality and large X-ray absorption effects. 

For both structure determinations, all calculations were 
carried out with an 'Eclipse' Data General computer, using 
the SHELXTL system of programs.20 Scattering factors and 
corrections for anomalous dispersion are from ref. 21. Atomic 
co-ordinates for compounds (1) and (2) are given in Table 5 and 
6, respectively. 

Additional material available from the Cambridge Crystallo- 
graphic Data Centre comprises H-atom co-ordinates, thermal 
parameters, and remaining bond lengths and angles. 

u = 12.102(7), b = 12.870(8), c = 18.101(5) A, p = 83.97(4)", 

Acknowledgements 
We thank the S.E.R.C. for support (Grant D 18899). 

References 
1 Part 70, J. C. Jeffery, M. J. Parrott, U. Pyell, and F. G. A. Stone, 

preceding paper. 
2 F. G. A. Stone, Pure Appl. Chem., 1986, 58, 529; ACS Symp. Ser., 

1983, 221, 383. 
3 M. Green, J. A. K. Howard, A. P. James, C. M. Nunn, and F. G. A. 

Stone, J. Chem SOC., Dalton Trans., 1986, 187; M. Green, J. A. K. 
Howard, A. P. James, A. N. de M. Jelfs, C. M. Nunn, and F. G. A. 
Stone, ibid., p. 1697; M. D. Bermudez, E. Delgado, G. P. Elliott, N. H. 
Tran-Huy, F. Mayor-Real, F. G.  A. Stone, and M. J .  Winter, ibid., 
1987,1235; S. H. F. Becke, M. D. Bermudez, N. H. Tran-Huy, J. A. K. 
Howard, 0. Johnson, and F. G. A. Stone, ibid., 1987, 1229. 

4 E. Delgado, L. J. Farrugia, J. Hein, J. C .  Jeffery, A. L. Ratermann, and 
F. G. A. Stone, J. Chem. SOC., Dalton Trans., 1987, 1191. 

5 M. E. Garcia, J. C. Jeffery, P. Sherwood, and F. G. A. Stone, J.  Chem. 
Sue., Dalton Trans., 1987, 1209. 

6 L. J. Farrugia, J. C .  Jeffery, C. Marsden, P. Sherwood, and F. G. A. 
Stone, J. Chem. SOC., Dalton Trans., 1987, 51. 

7 J. A. Abad, L. W. Bateman, J. C. Jeffery, K. A. Mead, H. Kazay, 
F. G. A. Stone, and P. Woodward, J. Chem. Soc., Dalton Trans., 1983, 
2075; J. A. Abad, E. Delgado, M. E. Garcia, M. J. Grosse-Ophoff, I. J. 
Hart, J. C. Jeffery, M. S. Simmons, and F. G. A. Stone, ibid., 1987,41. 

8 M. G. Thomas, E. L. Muetterties, R. 0 .  Day, and V. W .  Day, J. Am. 
Chem. Soc., 1976,98,4645. 

9 L. Busetto, J. C. Jeffery, R. M. Mills, F. G.  A. Stone, M. J. Went, and 
P. Woodward, J.  Chem. SOC., Dalton Trans., 1983, 101. 

10 E. Delgado, J. C. Jeffery, and F. G. A. Stone, J. Chem. Soc., Dalton 
Trans., 1986, 2105. 

11 J. A. K. Howard, J. C. V. Laurie, 0. Johnson, and F. G. A. Stone, 
J. Chem. SOC., Dalton Trans., 1985, 2017. 

12 G.  A. Carriedo, J. C. Jeffery, and F. G. A. Stone, J.  Chem. Soc., Dalton 
Trans., 1984, 1597. 

http://dx.doi.org/10.1039/DT9880001131


1138 

13 Y. Chi and J. R. Shapley, Organometallics, 1985, 4, 1900. 
14 J. C. Jeffery, A. G. Orpen, F. G. A. Stone, and M. J. Went, J. Cherrc. 

SOC., Dalton Trans., 1986, 173. 
15 J. R. Shapley, C. H. McAteer, M. R. Churchill, and L. V. Blondi, 

Organometallics, 1984, 3, 1595. 
16 G. Gervasio, R. Rossetti, and P. Stanghellini, Organometallics, 1985, 

4, 1612. 
17 E. 0. Fischer, T. Selmayr, F. R. Kreissl, and U. Schubert, Chem. Ber., 

1977, 110, 2574; E. 0. Fischer, T. L. Lindner, G. Huttner, P. 
Friedrich, F. R. Kreissl, and J. 0. Besenhard, ibid., p. 3397. 

J.  CHEM. SOC. DALTON TRANS. 1988 

18 U. Klabunde, Znorg. Synth., 1974, 15, 82. 
19 B. L. Shaw and E. Singleton, J. Chem. Soc. A ,  1967, 1683. 
20 G. M. Sheldrick, SHELXTL programs for use with a Nicolet X-ray 

2 1 ‘International Tables for X-Ray Crystallography,’ Kynoch Press, 
System, Cambridge, 1976; updated Gottingen, 1981. 

Birmingham, 1974, vol. 4. 

Received 6th May 1987; Paper 71791 

http://dx.doi.org/10.1039/DT9880001131

