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Abstract 

Reactions between Ir(C,Ph)(CO),(PPh,), and iron carbonyls (Fe(CO),, Fe,(CO),) have given Fe-Ir 
clusters Fe,Ir( ps-C,Ph)(CO),,(PPh,), (n =1 (8), 2) and FeIr,( frs-PhC&Ph)(CO),(PPh,), (9). The 

Rb analogue of 8 was obtained similarly. Substitution of Ir-PPh, by PEt,, and addition of PEt, to C, of 
the acetylide ligand in 8 gave zwitterionic FqIr(p,-PhC,PEt,)(CO),(PEt,) (12), which on heating was 
converted to FezIr(~&Ph)(CO),(PEt,), by migration of PEt, from C to Ir. Related complexes 

containing cluster-bonded PR, were obtained with PMe,Ph and P(OMe),. Complexes 8, 9 and 12 were 

fully characterised by X-ray crystallography. 

Introduction 

One of the largest subsets of mixed-metal clusters is that containing iron or 
ruthenium and cobalt; many of these complexes containing bridging alkyne, vinyli- 
dene or acetylide ligands are known. In contrast, little work has been reported on 
analogous complexes containing the heavier congener, iridium. Mixed Fe-Ir com- 
plexes are limited to the binuclear complexes FeIr(p-PPh,)(CO),(PPh,), (l), ob- 
tained from Li[Fe(CO),(PPh,)] and trans-IrCl(CO)(PPh,), [2], the cationic [FeIr(p- 

CF,)(~-Co)(Co),(PMe,Ph),(77-C,H,)1+ (21, from [Fe(CF,)(CO),(.rl-C,HS)lf and 
truns-IrCl(CO)(PMe,Ph), [3], and the trinuclear cluster Fe,Ir(p-CO),(CO),(q- 
C,Me,) (3) prepared from Fe,(CO),, and {IrCl(p-Cl),(q-C,Me,)}, [4]. Complex 1 

* For Part LXV, see ref. 1. 
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undergoes reversible CO addition/elimination reactions, and a series of hydrido 
complexes was obtained from its reaction with H,. More recently, the anions 
[Fe,Ir,(~-CO),(CO),12- (4), from Fe,(CO), and [Ir(CO),]-, and [FeIr,(p- 
CO),(CO),]- (S), formed by degradation of pentanuclear [FeIr,(p-CO),(CO),]*- 
(6), which in turn was obtained with [Fe,Ir,(p-CO),(CO),,]- (7) by reduction of 
Fe(CO), and Ir,(CO),, in ethanolic NaOH under CO, have been reported [5,6]. We 
have extended our studies of mono- and poly-nuclear complexes containing acetylide 

ligands to tmns-M(C,R)(CO)(PPh3), (M = Rh, Ir), and describe herein some of 
their chemistry with iron carbonyls. Some related chemistry of Fe-Rh complexes is 
also reported. 
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Results and discussion 

Reactions of Ir(C, Ph)(CO),(PPh,), with Fe,(CO), 
A mixture of Ir(C,Ph)(CO),(PPh,), and Fe,(CO), reacts readily in refluxing 

tetrahydrofuran to give a mixture of four products (Scheme 1). Initial chromato- 
graphic separation afforded pure fractions containing Fe(CO),(PPh,) and the 
trinuclear cluster F%Ir(f.+$-C,Ph)(CO),(PPh,) (8) in 33% yield. Fractional crys- 
tallisation of the band eluted last separated the di-iridium-iron cluster, FeIr,(p3-q2- 
PhC,C,Ph)(CO),(PPh,), (9) (isolated in only low yield) from Fe,Ir(~~-~2- 
C,Ph)(CO),(PPh,), (10). These three complexes were formulated by a combination 
of microanalytical and spectroscopic techniques; the molecular structures of 8 and 9 

were determined by X-ray crystallography. 

Structure of Fe, Ir(p3-q2-C, Ph)(CO),(PPh,) (8) 
The molecular structure of 8 is shown in Fig. 1 and important bond parameters 

are given in Table 1. The iridium and iron atoms adopt a triangular arrangement 

with the two iridium-iron distances being essentially equal (Ir-Fe(l) 2.701(l) and 
Ir-Fe(2) 2.693(l) A). These values are similar to the value found for the non-CO 
bridged vector in (q5-C,Me,)IrFe,(CO), (3) (Jr-Fe(2) 2.698(7) A) [4] and signifi- 
cantly shorter than the Ir-Fe bond (2.960(l) A) in0 FeIr(y;-PPh,)(CO),(PPh,), (1) 
[2]. The Fe-Fe separation in complex 8 (2.483(2) A) is shorter than the analogous 
distance in 3 as expected from the presence of a bridging acetylide group in the 
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Fig. 1. Molecular structure and crystallographic numbering scheme for Fe,Ir(p3-C,Ph)(CO),(PPh3) (8). 

former complex. The b-P(l) distance (2.351(2) A) is close to that observed in 1 
(2.349(2) A) for the terminal Ir-PPh, bond. The bridging acetylide ligand adopts 
the familiar ~~-q*- I bonding mode with the CkC and Ir-C, distances (1.29(l) and 
1.934(7) A, respectively) consistent with those found in other homo- and hetero- 
metallic p3-n*-acetylide clusters [7]. The bridging acetylide ligand is symmetrically 
arranged with respect to the two iron atoms (Fe(l)-C(9), C(10) 2.050(S), 2.133(S) A; 
Fe(2)-C(9), C(10) 2.087(7), 2.098(7) A). Coordination at the metal atoms is com- 
pleted by two carbonyl ligands on Ir (b-CO 1.894 A av.; b-C-0 176.8” av.) and 
three on each Fe (Fe-CO 1.771 A av.; Fe-C-O 177.5O av.). 

Table 1 

Significant bond distances (A) and angles ( o ) in complex 8 

Ir-Fe(l) 2.701(l) 

Fe(l)-Fe(2) 2.483(2) 

h-C(9) 1.934(7) 

Fe(2)-C(9) 2.087(7) 

Fe(2)-C(I0) 2.098(7) 

Fe(l)-Ir-Fe(2) 54.8(l) 

Fe(2)-Ir-P(1) 153.6(l) 

IrpFe(2)-Fe(l) 62.7(l) 

Fe(l)-C(9)-Fe(2) 73.7(3) 

Fe(2)-C(9)-C(lO) 72.5(5) 

Fe(l)-C(lO)-C(9) 68.5(5) 

c(9)-c(lo)-c(ll) 143.7(7) 

Ir-Fe(2) 

Ir-P(1) 

Fe(l)-C(9) 

Fe(l)-C(l0) 

C(9)-C(10) 

Fe(l)-Ir-P(1) 

Ir-Fe(l)-Fe(Z) 

Ir-C(9)-C(lO) 

Fe(l)-C(9)-C(l0) 

Fe(l)-C(lO)-Fe(Z) 

Fe(2)-C(lO)-C(9) 

2.693(l) 

2.351(2) 

2.050(S) 

2.133(8) 

1.29(l) 

104.7(l) 

62.4(l) 

152.9(6) 

75.5(5) 

71.8(Z) 

71.5(4) 
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Fig. 2. Molecular structure and crystallographic numbering scheme for FeIr,(p,-_r12-PhC$,Ph)- 
(CO),(PPh,), (9). For reasons of clarity, only ipso carbons of the phosphorus-bonded phenyl groups are 
shown. 

Complex 8 is electron-precise, and may be considered either as a substituted 48e 
triangular Fe,Ir cluster, or as a trigonal bipyramidal C,Fe,Ir system with six 
skeletal electron pairs (SEP). 

Spectroscopic data obtained for complex 8 are in accord with the crystallographi- 
tally determined structure. Its solution IR spectrum showed only seven terminal 
v(C0) bands. Resonances found at 6 174.5 and 212.1 in the 13C{ ‘H} NMR 
spectrum were assigned to carbonyl ligands on the iridium and iron atoms, respec- 
tively, by comparison with similar resonances in the related complexes FeRh(p- 
PPh,)(CO),(PEt,), [2] and Ir,(p-CO),(CO),(n4-CsH,,) [8]. Observation of only 
two CO resonances suggests that the carbonyl groups on both metals are fluxional 
at ambient temperature or are accidentally equivalent; the former is more likely. 
However, CO Iigands are not exchanged between Fe and Ir. The C, (6 165.5, s) and 
Cs (6 99.6, s) signals were in environments similar to those found for other 
p3-n*-acetylide clusters [9]. A resonance at 6 14.9 in the 31P{1H} NMR spectrum 
was assigned to PPh, (cf 6 14.0 for Ir-PPh, in the related complex, FeIr(p- 
PPh,)(CO),(PPh,), [2]). The FAB mass spectrum showed a molecular ion at m/z 

892 which fragmented by loss of the eight CO ligands. 

Structure of FeIr2(p3-~2-PhC,C,Ph)(CO),(PPh,), (9) 
The molecular structure of 9 is shown in Fig. 2; Table 2 collects significant bond 

parameters. Unfortunately, the accuracy of the determination only allowed the atom 
connectivities to be determined. The three metal atoms form a triangular arrange- 
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Table 2 

Significant bond distances (A) and angles ( ’ ) in complexes 9 and 12 D 

9 12 

k(l)-Ir(2) 2.743(4) 2.662(2) Ir-Fe(l) 

Ir(l)-Fe(l) 2.613(8) 2.642(2) k-Fe(Z) 

Ir(Z)-Fe(l) 2.627(8) 2.538(3) Fe(l)-Fe(Z) 
Ir(l)-P(1) 2.33(2) 2.371(4) k(l)-P(1) 
Ir(2)-P(2) 2.36(2) _ _ 

k(l)-C(8) 1.92(5) 2.06(2) Ir-C(10) 
Fe(l)-C(8) 2.18(5) 2.09(l) Fe(2)-C(lO) 
Ir(2)-C(9) 2.18(5) 1.86(2) Fe(l)-C(9) 
Fe(l)-C(9) 2.17(5) 2.08(2) Fe(2)-C(9) 

C(8)-C(9) 1 M(2) 1.48(l) C(9)-C(10) 
C(8)-C(12) 1.66(6) 1.53(2) C(lO)-C(l1) 
C(9)-C(l0) 1.44(7) 1.86(2) C(9)-P(2) 
C(lO)-C(l1) 1.22(7) _ _ 

C(ll)-C(18) 1.35(7) _ _ 

Ir(2)-Ir(l)-Fe(l) 58.7(2) 57.2(l) Fe(l)-Ir-Fe(2) 
Ir(l)-Ir(2)-Fe(l) 58.2(2) 61.0(l) Ir-Fe(l)-Fe(2) 
Ir(l)-Fe(l)-Ir(2) 63.1(2) 61.8(l) Ir-Fe(Z)-Fe(l) 
P(I)-Ir(l)-Ir(2) lOQ.6(4) 167.5(l) P(l)-Ir-Fe(l) 
P(l)-Ir(l)-Fe(l) 149.0(5) 110.4(l) P(l)-Ir-Fe(Z) 
Ir(l)-C(8)-Fe(l) 79(2) 79.2(5) Ir-C(lO)-Fe(Z) 
Ir(l)-C(8)-C(9) 119(4) 102.3(7) Ir-C(lO)-C(9) 
Fe(l)-C(8)-C(9) 71(3) 68.8(5) Fe(2)-C(lO)-C(9) 
Ir(Z)-C(9)-Fe(l) 74i2) 80.2(l) Fe(l)-C(9)-Fe(Z) 
Ir(2)-C(9)-C(8) lOO(4) 113.0(6) Fe(l)-C(9)-C(l0) 
Fe(l)-C(9)-C(8) 72(3) 69.6(6) Fe(Z)-C(9)-C(lO) 
Ir(2)-C(9)-C(l0) 127(3) 128.6(l) Fe(l)-C(9)-P(2) 
Fe(l)-C(9)-C(l0) 126(3) 127.7(2) Fe(2)-C(9)-P(2) 
C(B)-C(9)-C(l0) 132(S) 117.1(6) C(lO)-C(9)-P(2) 
c(9)-c(1o)-c(l1) 174(5) _ _ 

C(lO)-C(ll)-C(18) 172(6) _ 

“Although the numbering systems for the two complexes necessarily differ, entries in the same rows 
compare like parameters. 

ment in which the Ir-Fe distances (2.613(S) and 2.617(8) A) are similar to those 
found in 8 and 3. The homometallic bond distance (Ir(J)-Ir(1) 2.743(4) A) is 
comparable to the average Ir-Ir bond length (2.73 A av.) found in Ir,(y- 
CO),(CO),(q4-CsHIz) [S]. The seven CO groups are disposed two to each Ir atom 
and three to the Fe atom. The two phosphorus atoms are essentially tram to each 
other along the Ir-Ir vector and with bond lengths (Ir(l)-P(1) 2.33(2) and Ir(2)-P(2) 
2.36(2) A) similar to those found in the previously mentioned complexes. 

The most interesting feature of complex 9 is the presence of the ps-n2-1,4-diphen- 
ylbuta-1,3-diyne ligand, which is attached to the FeIr, cluster by one of the two 
C-C triple bonds (Ir(l)-C(8) 1.92(5), Ir(2)-C(9) 2.18(5), Fe-C(8) 2.18(5), Fe-C(9) 
2.17(S) A). The coordination is not symmetrical, but is best described as distorted 
pS-n2- I), presumably as a result of “freezing out” of the usual oscillatory motion of 
the alkyne ligand [lO,ll]. The coordinated C(8)-C(9) unit is longer (1.40(2) A) than 
the CS bond (C(lO)-C(ll) 1.22(7) A) found in the non-bonded half of the diyne; 
this part is essentially linear (C(9)-C(lO)-C(ll) 174(5)“), although the angle at 
C(9) is 132.4(5)O. This cluster is also an electron-precise 48e triangular system. 
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Limited spectroscopic data obtained for 9 include 31P{‘H} resonances at 6 8.5 
and - 15.2 for the non-equivalent PPh, ligands; the FAB mass spectrum contained 
a molecular ion at m/z 1362; fragmentation included stepwise loss of six CO groups 
and a C,Ph fragment. 

The third complex was formulated as F%Ir(p3-n*-C,Ph)(CO),(PPh,), (10) from 
its spectroscopic properties. The solution IR spectrum contained a six-band termi- 
nal Y(CO) pattern. The ‘H NMR spectrum contained a multiplet at S 7.1-7.7, 
assigned to the phenyl protons. Singlet resonances at S 180.1 and 243.8 in the 
13C{‘H} NMR spectrum were assigned to CO ligands attached to Ir and Fe, 
respectively. While the C, resonance was not observed, a signal at 6 80.0 was 
assigned to CD. The 31P{ ‘H} NMR was particularly informative and contained two 
resonances at 6 -8.1 and 76.4. These were assigned to Ir-PPh, and Fe-PPh,, 
respectively (cf 6 74.2 in FeIr(p-PPh2)(CO)S(PPh3), (1) [2]). The FAB mass 
spectrum contained a molecular ion at m/z 1126 which fragmented by loss of the 
CO groups. These data allowed the structure of 10 to be assigned as shown, one CO 
group on an Fe atom in 8 being replaced by PPh,. 

Reactions between Ir(C,Ph)(CO),(PPh,), and Fe(CO), afforded higher yields of 
8 (25%) and 10 (15%) when carried out in refluxing tetrahydrofuran. 

In the formation of 8, one of the PPh, ligands originally attached to iridium is 
lost, it being scavenged by excess Fe,(CO), with formation of Fe(CO),(PPh,), 
isolated in 30% yield. An alternative reaction, with 8 to form 10, also occurs to a 
small extent. It is unlikely that 10 is formed from Ir(C,Ph)(CO),(PPh,), and 
Fe(CO),(PPh,), which is known to be relatively inert to substitution [12]. 

Of more interest is the acetylide coupling reaction which occurs in the formation 
of 9. In addition to the well-known oxidative coupling of RC, by copper( the 
formation of complexes containing 1,4-diphenylbuta-1,3-diyne from phenylacetylide 
precursors has been reported in the thermolysis of Mo(C,Ph)(CO),(n-C,H,) at 
110 o C to give structurally characterised { Mo(CO),( n-C,H,)},( p-n2-PhC,C,Ph) 
[13], and in the formation of FeNi2(~3-~2-PhC2C2Ph)(CO)3(n-C,H,)2 in the reac- 
tion between Fe,(CO), and Ni(C,Ph)(PPh,)(q-C,H,) [14]. It is not possible to say 
what stage coupling occurs relative to the formation of the mixed-metal cluster. 
However, formation of binuclear iridium complexes occurs on heating several 
mononuclear systems [15]; subsequent reaction with ‘Fe(CO),’ has precedents in the 
reactions of {Ni(n-C,H,)},(p-PhC,C,Ph) with Fe,(CO), [16]. 

Preparation of Fe,Rh(p3-q2-C,Ph)(CO),(PPh,) (11) 
A suspension of Rh(C,Ph)(CO)(PPh,), and Fe,(CO), in tetrahydrofuran rapidly 

darkened to red when heated at 60 o C for a short time. Preparative TLC enabled the 
isolation of two major products, namely Fe,(CO),, and Fe2Rh(p3-n*-C2Ph)(CO)s- 
(PPh,) (11). The latter was formulated on the basis of microanalytical and spectro- 
scopic data. The IR spectrum of 11 was similar to that of complex 8. The ‘H NMR 
spectrum contained a multiplet at 6 7.32 assigned to the phenyl proton resonances. 
The phenyl carbon resonances of 11 were found between S 128-134 in the 13C{ ‘H} 
NMR spectrum. The only other signal found in this spectrum was a singlet at S 
212.1 assigned to the Fe-bonded CO groups. The 31P{1H} NMR spectrum con- 
tained a doublet at S 15.6 (J(RhP) 122 Hz); this value is comparable to that 
observed in R~Ru,(~~-PP~)(~,-CO)(CO)~(PP~,) (G(Rh-PPh,) 30.9, J(RhP) 128 
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Scheme 2 

Hz) [17]. A weak molecular ion was found at m/z 802 in the FAB mass spectrum; 
other ions formed by loss of up to eight CO groups were also present. 

Reactivity of Fe, Ir(p_?-C, Ph)(CO),(PPh,) (8) 
We have briefly explored the reactivity of 8 towards tertiary phosphines and 

phosphites (Scheme 2). 

(a) With PEt,. Treatment of a solution of 8 in THF at room temperature with a 
two-fold excess of PEt, gave three compounds: the zwitterionic complex Fe,Ir(pj- 
n2-PhC,PEts)(CO)s(PEt,) (12) and the CO- and PPh,-substitution products 
Fe,Ir(pFL-n2-C2Ph)(C0)7(PEt3)(PPh3) (13) and Fe21r(~3-n2-C2Ph)(CO)~(PEt3)2 
(14). Complexes 12, 13 and 14 were identified by the usual spectroscopic and 
microanalytical techniques and in the case of 12, by X-ray structure analysis. 

Structure of Fe, Ir(p3-q2-PhC, PEt,)(CO),(PEt,) (12) 
The molecular structure of 12 is shown in Fig. 3. Important bond parameters are 

given in Table 2, where they may be compared with related features in 9. Attack of 
PEt 3 at C, of the phenylacetylide unit in 8 has given an alkyne bonded to the Fe,Ir 
cluster in the p3-n2-)) mode, with C(9)-C(10) approximately parallel to the Fe(l)-Ir 
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8) 

Fig. 3. Molecular structure and crystallographic numbering scheme for FqIr(p,-PhC,PEt,)(CO),(PEt,) 

(12). 

vector (Fe(l)-C(9) 1.86(2), Ir(l)-C(10) 2.06(2) A). The Fe(2)-n-C, distances (both 
ca 2.08 A) lie within the normal range of such distances [7]. The P(2)-C(9) distance 
of 1X6(2) A may be compared to the value of 1.76(2) A found in Os,(p-H)(p3-q2- 
HC,PMe,Ph)(CO), [18], and to the P-C(sp2) distances of ca. 1.80 A in related 
phosphonium salts [19]. The C(9)-C(10) separation (1.48(l) A) is considerably 
longer than that found in 9. 

The spectroscopic data obtained for 12 are readily interpreted in terms of the 
solid-state structure. The IR spectrum contains four terminal v(C0) absorption% 
The ‘H NMR spectrum indicated substitution of the Ir-PPh, ligand by PEt,, as 
well as addition of PEt, to the acetylide: multiplets centered on 6 0.91 and 1.13 
were assigned to the CH, resonances of the PEt, moieties while the methylene 
groups gave multiplets centred on 6 1.43 and 1.70. The remaining multiplet at 6 7.15 
was assigned to the phenyl protons of the alkyne ligand. Two resonances were 
observed in the 3’P{ IH} NMR spectrum at, S - 10.2 and 38.3. The former signal is 
assigned to the Ir-PEt, resonance (cf. S(Ir-PEt,) - 8.5 in (dppe)Rh(p-H)31r(PEt,), 
[20]) while the latter signal is assigned to the phosphonium centre on the basis of its 
low field position [21]. The FAB mass spectrum of 12 contained a molecular ion at 
m/z 866 which fragmented by stepwise loss of the eight CO groups. The strong 
metal-free ion at m/z 219 was assigned to [PEt,C,Ph]+. 

Formal electron book-keeping puts a positive charge on P(2) and negative charge 
on Fe(l). The reaction may be considered as addition of the 2e donor ligand to the 
close C,Fe,Ir skeleton in 8 resulting in the formation of a nidu cluster with 
distorted square pyramidal geometry. 
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The minor products from the reaction of 8 with PEt, were isolated by crystallisa- 
tion after thin-layer chromatographic separation. Complexes 13 and 14 had very 
similar IR spectra containing four terminal v(C0) bands. The ‘H NMR spectrum of 
13 contained multiplets at 6 0.91 and 1.58, assigned to the methyl and methylene 
protons, respectively, of the coordinated phosphine ligands and a multiplet at 6 7.42 
assigned to the phenyl protons of the acetylide group. The 3’P{ ‘H} NMR spectrum 
of 13 contained two resonances at 6 5.8 and 22.3, the lower field resonance being 
assigned to Ir-PPh, and the higher field resonance to Ir-PEt,. A similar trend in 
3’P{ ‘H} chemical shifts were observed in complexes [FeRh(p-PPh,)(CO),(PR,)]- 
(R = Ph, Et) where assignment was aided by the observation of ‘03Rh-P coupling 
[2]. The ‘H NMR spectrum of complex 14 contained multiplets at 6 1.16 and 2.10 
which were assigned to the PEt 3 ligands and the phenyl protons resonated in the 
usual region. A singlet at 6 7.6 was observed in the 3’P{ ‘H} NMR spectrum of 14 
and was assigned to two equivalent Ir-PEt, ligands. Complexes 13 and 14 gave 
molecular ions in their FAB mass spectra at m/z 982 and 838, respectively, each 
fragmenting by successive loss of seven CO groups. 

Thermolysis of 12 (refluxing CH,Cl,) resulted in formation of 14 in 80% yield; 

this process could be followed by 3’P NMR spectroscopy. A minor product was 

Fe,Ir(jl.3-CZPh)(CO)a(PEt 3) (15) best prepared by direct carbonylation (25 atm, 
80°C 3 h) of 14. Complex 15 was identified spectroscopically, having a similar IR 
v(C0) spectrum to that of complex 8, containing six terminal Y(CO) bands. A high 
field resonance at S -12.5 in the 3’P{‘H} NMR spectrum of 17 was assigned to 

Ir-PEt,. Characterisation was supported by observation of a molecular ion at m/z 

748 in the FAB mass spectrum of 15 and ions formed by stepwise loss of eight CO 
groups. 

A “P NMR study of the reaction between 8 and PEt, suggested that the first 
product is the adduct Fe,Ir(p,-PhC,PEt,)(CO),(PPh,) [S -5 (Ir-PPh,), 40 
(C,PEt,)]; the growth of a resonance at 6 -7 (free PPh,) as the reaction proceeds 
is accompanied by a decrease in the intensity of the free PEt, resonance at 6 - 20, 
corresponding to substitution of the Ir-PPh, ligand by PEt, to give 12. Conversion 
of 12 to 14 corresponds to migration of PEt, from one vertex (C) to another (Fe) 
with concomitant loss of CO and conversion of the nido-octahedral cluster to one 
with trigonal bipyramidal geometry. 

(b) With PMe,Ph. Treatment of a solution of 8 in THF with about two 

equivalents of PMe,Ph resulted in an immediate darkening in colour. Suitable 
work-up gave Fe,Ir(p3-n2-C,Ph)(C0)7(PMe2Ph)2 (16) in 65% yield, readily identi- 
fied by the usual spectroscopic and microanalytical techniques. The solution IR 
spectrum of 16 was similar to those of complexes 13 and 14 containing only four 
terminal v(C0) bands. The multiplets at 6 1.97 and 7.68 in the ‘H NMR spectrum 
of 16 were assigned to the methyl resonances of the PMe,Ph ligands and the phenyl 
groups of PMe,Ph and C,Ph, respectively. The 3’P{ ‘H} NMR spectrum of 16 
contained a singlet at 6 16.0 which was assigned to two equivalent Ir-PMe,Ph 
resonances. The FAB mass spectrum contained a molecular ion at m/z 878 which 
fragmented by the usual sequential loss of seven CO groups. 

(c) With P(OMe),. The reaction of 8 with two equivalents of P(OMe), in THF 
at 45OC gave, after. thin-layer chromatographic separation, two major products. 
These were identified by the usual methods as Fe21r(p3-n2-C,Ph)(CO),(PPh,)- 

{P(OMe),} (17) and Fe21r(~3-~2-C2Ph)(CO),{P(OMe)3}, (18). The solution IR 
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spectra of 17 and 18 were similar to the spectra of 14 and 16 and contained only 
terminal v(C0) bands. The doublet signals at S 3.47 (J(PH) 8 Hz) and 3.65 (J(PH) 
13 Hz) in the ‘H NMR spectra of 17 and 18, respectively, were assigned to the 
methyl groups of the P(OMe), ligands. The 31P{‘H} NMR spectrum of 18 con- 
tained a singlet at S 112.2 which was assigned to two equivalent Ir-P(OMe), 
ligands. Both complexes gave molecular ions in their FAB mass spectra at m/z 988 
[17] or 850 [18], each fragmenting by stepwise loss of the seven CO groups. 

In neither of the above reactions (b) and (c) was any evidence obtained for the 
formation of the zwitterionic phosphonium isomers. 

“P NMR studies on some iron-iridium clusters 
The 3’P NMR data gathered in the course of this work proved invaluable in 

formulating the cluster complexes obtained. The presence of dissimilar metals 
allowed conclusive assignments to be made. A metal effect was observed in the 
M-PPh, resonances in which the general trend was the shift to lower field in the 
sequence Ir > Rh > Fe. The Rh resonances were easily assigned on the basis of 
observed ro3Rh coupling. Iridium-PEt, chemical shifts ranged in value from S 
- 12.5 to 7.46 while Ir-PPh, shifts were found in the range S - 8.0 to 30.6. These 
ranges show considerable overlap but the Fe-PPh, resonance of 10 was at signifi- 
cantly lower field (6 76.4). Complexes 16 and 18 had signals at S 16.0 and 112.2, 
respectively, which were assigned to Ir-PMe,Ph and Ir-P(OMe),, respectively, and 
reflected the different basicity of the coordinated phosphines. 

Conclusions 

The reactions between Ir(C,Ph)(CO),(PPh,), and iron carbonyls have afforded 
new trinuclear iron-iridium clusters by template coordination of Fe(CO), frag- 
ments to the acetylide and condensation. In one of these clusters, FeIr,(p3-n*- 
PhC2C2Ph)(CO),(PPh,)2, an oxidative coupling of two phenylacetylide moieties to 
form a 1,3-diyne has occurred. The complex Fe,Ir(p,-C,Ph)(CO),(PPh,) (8) under- 
goes nucleophilic attack at C, by PEt, and is substitutionally labile at the Ir atom 
towards relatively basic phosphines. 

Reactions of 8 with PEt 3 resulted in nucleophilic addition of the phosphine to 
the a-carbon of the acetylide ligand affording the zwitterionic complex Fe21r(p3-n*- 
PhC2PEt,)(CO),(PEt3) (12). Addition at C, competes with CO and PPh, substitu- 
tion at the Ir centre (as found at Co in the analogous Co,Fe complex [22]); no 
intermetallic migration occurs on heating, although migration from C to Ir is 
observed. We note that compared with 9, addition of PEt, to the phenylacetylide 
ligand results in its taking up the opposite configuration, i.e. with C(9) bearing the 

phenyl group being attached to iron rather than iridium. 
The reactivity of 8 may be rationalised in terms of the ready addition of 

nucleophiles to the 46e close cluster to give 48e nido species. 

Experimental 

General conditions. General experimental conditions have been described earlier 

v31. 
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C. Reactions of Fe, Ir(p3-q2-C, Ph)(CO),(PPh,) (8) with some tertiary phosphines 
and phosphites 

(a) With PEt,: (i) In THF at ambient temperature. A solution of 8 (102 mg, 
0.114 mmol) in THF (20 ml) was treated with PEt, (0.05 ml, 0.34 mmol) and stirred 
at ambient temperature for 2 h, after which time the reaction was adjudged 
complete (the disappearance of the IR v(C0) bands of 8 at 2066, 2020 and 1999 
cm-’ was monitored). Evaporation of the dark red solution to dryness and 
fractional crystallisation of the residue (CH,Cl,/MeOH) gave dark red crystals of 
Fe,Ir(~3-q2-PhC2PEt3)(C0)8(PEt3) (12) (40 mg, 41%) m.p. 195-197°C. [Found: 
C, 38.68, H, 4.06; M (mass spectrometry), 866; C,,H,,Fe,IrO,P, talc: C, 38.86; H, 
4.08%; M, 8661. IR (CH,C12): v(C0) 2038s 1985~s 1952s 1915s cm-‘. ‘H NMR: 
G(CDC1,) 0.91 (m, (H, IrP-CH,CH,); 1.13 ( m, 9H, C,P-CH,CH,); 1.43 (m, 6H, 
IrP-CH,CH,); 1.70 (m, 6H, C,P-CH,CH,); 7.15 (m, 5H, Ph). “P{‘H} NMR: 
G(CH,Cl,) - 10.2 (s, Ir-PEt,); 38.3 (s, C,-PEt,). FAB MS: 866, [Ml+, 6; 839, 
[(M-CO) + HI+, 5; 810, [M-2CO]+, 72; 782, [M-3CO]+, 100; 754, [M- 
4CO]+, 66; 726, [M - 5CO]“, 12; 698, [M - 6CO]+, 25; 770, [ A4 - 7CO]+, 27; 742, 
[M - 8CO]+, 26; 219, [PEt,C,Ph]+, 81. The supernatant was evaporated to dryness 
and the residue separated by preparative TLC (acetone/light petroleum, l/3) to 
give nine bands. Band 1 (R, 0.94, colourless) gave solid PPh,, identified by TLC 
and mixed m.p. Band 2 (R, 0.58, red-pink) was crystallised (CH,Cl,/MeOH) to 
give dark red crystals of 12 (7 mg, 7%), identified from its IR Y(CO) and FAB mass 
spectra. Band 3 (R, 0.55, red-brown) was crystallised (CH,Cl,/MeOH) to give 

dark red crystals of Fe,Ir(p3-q2-C2Ph)(C0)7(PEt3)(PPh3) (13) (12 mg, 11%) m.p. 
1944195°C. [Found: C, 47.41; H, 3.64;’ M (mass spectrometry), 982; 
C,,H,,Fe,IrO,P, talc: C, 47.72; H, 3.59%; M, 9821. IR (CH,Cl,): v(C0) 2030s 
1983vs(br), 1945(sh), 1932m cm-‘. ‘H NMR: G(CDC1,) 0.91 (m, 9H, PCH,CH,); 
1.58 (m, 6H, PCH,CH,); 7.42 (m, 20H, Ph). 31P{‘H} NMR: G(CH,Cl,) 5.8 (s, 
Ir-PEt,); 22.3 (s, Ir-PPh,). FAB MS: 982, [Ml+, 6; 954, [M - CO]+; 3, 898, 
[M - 3CO]+, 100; 870, [M - 4CO]+, 4; 842, [M - 5CO]+, 6; 814, [M - 6CO]+, 90; 
786, [M - 7CO]+, 11; 758, [M- 8CO]+, 7. Band 4 ( Rs 0.49, brown-red) was 
crystallised (CH,Cl,/MeOH) to give dark-red crystals of Fe, Ir( p 3-q2- 
C,Ph)(CO),(PEt,), (14) (8 mg, 8%), m.p. > 150°C (dec.). [Found: C, 38.67; H, 
4.17; M (mass spectrometry), 838; C,,H,,Fe,IrO,P, talc: C, 38.72; H, 4.21%; M, 
8381. IR (CH,Cl,): v(C0) 2027s 1978vs(br), 1939(sh), 1922m cm-‘. ‘H NMR: 
G(CDC1,) 1.16 (m, 18H, PCH,CH,); 2.10 ( m, 12H, PCH,CH,); 7.50 (m, 5H, Ph). 
31P{1H} NMR: G(CH,Cl,) 7.6 (s, Ir-PEt,). FAB MS: 838, [Ml+, 22; 810, 

[M-CO]+, 45; 782, [M-2CO]+, 40; 754, [M-3CO]+, 30; 726, [M-4CO]+, 
100; 698, [M - 5CO]‘, 31; 670, [M - 6CO]+, 35; 642, [M - 7CO]‘, 81. The 
remaining bands contained trace amounts and were not identified. 

(ii) In CHICI at ambient temperature. A solution of 8 (40 mg, 0.045 mmol) in 
CH,Cl, (5 ml) was treated with PEt, (0.9 ml of ca 0.1 mol 1-l solution in CH,Cl,, 
0.09 mmol) and the resulting dark red solution was stirred for 59 h. Evaporation 
and preparative TLC (acetone/light petroleum, l/4) afforded eight bands. Bands 1 
and 2 (R f ‘S 0.42 and 0.36) gave 13 (6 mg, 14%) and 14 (11 mg, 29%) respectively. 

(iii) In CH,Cf, at 0°C. A solution of 8 (30 mg, 0.034 mmol) in CH,Cl, (5 ml) 
at 0” C was treated with PEt, (0.75 ml of ca 0.1 mol 1-l solution in CHJl,, 0.075 
mmol) and stirred for 9 h to give a dark red solution from which 13 (R f 0.60; 15 
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mg, 45%) and 14 (R, 0.54; 3 mg, 11%) were obtained (preparative TLC; 
acetone/light petroleum l/4). 

(iv) In CH,CI, at 0°C under CO. A solution of 8 (26 mg, 0.029 mmol) in 
CH,Cl, (20 ml) saturated with CO was treated with PEt, (0.65 ml of ca 0.1 mol 1-i 
solution in CH,Cl,, 0.065 mmol) and stirred under a CO atmosphere for 1 h. The 
solution was warmed to ambient temperature and stirred for 48 h. Evaporation and 
preparative TLC (acetone/light petroleum, l/3) gave two bands (R, 0.55 and 0.41), 
containing 12 (18 mg, 69%) and 13 (6 mg, 21%), respectively. Bands 1 and 2 were 
identified by comparison of their IR Y(CO) and FAB mass spectra with those of 
authentic samples. 

(v) In CH,CI, with one equivalent of PEt,. A solution of 8 (60 mg, 0.067 mmol) 
in CH,Cl, (10 ml) was treated with PEt, (0.01 ml, 0.068 mmol) and stirred for 2 h. 
Evaporation and preparative TLC (acetone/light petroleum, l/4) gave three bands. 
Band 1 (R, 0.67, red) was crystallised (CH,Cl,/MeOH) to give dark-red crystals of 
8 (35 mg, 58%). Band 2 (R, 0.53, red) was further separated by preparative TLC 
(CH,Cl,/acetone/cyclohexane, 40/15/65) to give three bands. Band 2a (R, 0.79, 
brown-red) gave solid 13 (11 mg, 17%). Band 2b (R, 0.72, red) gave solid 12 (12 mg, 
20%). Band 2c (R, 0.66, red) gave solid 14 (2 mg, 4%). Bands 2a, 2b and 2c were 
identified by comparison of their 31P{1H} NMR and IR v(C0) spectra with those 
of authentic samples. 

(b) With PMe,Ph: A solution of 8 (50 mg, 0.056 mmol) in THF (20 ml) was 
treated with PMe,Ph (0.12 ml of ca 1 mol 1-i solution in THF, 0.12 mmol). An 
immediate darkening in colour to deep red was observed. After 40 min the solution 
was evaporated to dryness and the residue chromatographed (Florisil, 1 x 10 cm). 
Elution with light petroleum removed PMe,Ph. Further elution with acetone/light 
petroleum (l/4), removal of the solvent in vacua and crystallisation 
(CH,Cl,/heptane) afforded dark red crystals of Fe,Ir(p3-n2-C2Ph)(C0),(PMe2Ph)2 
(16) (32 mg, 65%) m.p. 185-186 o C. [Found: C, 42.16; H, 3.12; M (mass spectrome- 
try), 878. C,,H,,Fe,IrO,P, talc: C, 42.43; H, 3.10%; M, 8781. IR (CH,Cl,): v(C0) 
2032m,_ 1985s(br), 1948(sh), 1930~ cm-‘. ‘H NMR: G(CDC1,) 1.97 (m, 12H, 
PCH,); 7.68 (m, 15H, Ph). “P{‘H} NMR: S(CH,Cl,) 16.0 (Ir-PMe,Ph). FAB 
MS: 878, [Ml+, 8; 850, [M- CO]+, 8; 794, [M- 3CO]+, 100; 738, [M- 5CO]+, 
74; 710, [M- 6CO]+, 53; 682, [M- 7CO]+, 21. 

(c) With P(OMe),: A solution of 8 (50 mg, 0.056 mmol) in THF (20 ml) was 
treated with P(OMe), (0.80 ml of 0.113 mol 1-i solution in THF, 0.09 mmol) and 
stirred at ambient temperature for 2 h. The solution was heated at 45 o C and stirred 
for a further 17 h, during which time the colour changed from red-brown to orange. 
Evaporation and preparative TLC (acetone/light petroleum, l/4) gave five bands 
of which two major bands were isolated. Band 1 (R, 0.5, red) gave red crystals 
(Et,O/light petroleum) of Fe,Ir(~3-~2-C2Ph)(CO),(PPh3){P(OMe),} (17) (6 mg, 
11%) m.p. 197-199°C. [Found: C, 43.12; H, 3.05; A4 (mass spectrometry), 998; 
C,,H2,Fe21rOl,P2 talc: C, 43.79; H, 2.96%; M, 9881. IR (cyclohexane): Y(CO) 
2044s 1999~s 1965w, 1950m cm -l. ‘H NMR: S(CDC1,) 3.47 [d, J(PH) 8 Hz, 9H, 
POCH,]; 7.41 (m, 20H, Ph). FAB MS: 988, [Ml+, 3; 960, [M - CO]+, 4; 904, 
[M- 3CO]+, 94; 845, [M- SCO]‘, 26; 820, [M-6CO]+, 100; 792, [M- 7CO]+, 
10. Band 2 (R, 0.45, orange) gave orange crystals (Et,O/light petroleum) of 
Fe21r(~3-~2-C2Ph)(CO),{P(OMe)3}2 (18) (34 mg, 72%), m.p. 203-205°C. [Found: 
C, 29.58; H, 2.76; M (mass spectrometry), 850; C2,H2,Fe21rO13P2 talc: C, 29.70; H, 
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2.73%, M, 8501. IR (cyclohexane): v(C0) 2048m, 2006(sh), 1998s 1964w, 1949 
cm-‘. ‘H NMR: G(CDC1,) 3.65 [d, J(PH) 13 Hz, 18H, POCH,]; 7.55 (m, 5H, Ph). 
31P{‘H} NMR: S(CH,CI,) 112.2 [s, Ir-P(OMe),]. FAB MS: 850, [Ml+, 6; 822, 
[M-CO]+, 18; 794, [M-2CO]+, 19; 766, [M- 3CO]+, 6; 748 [M-4CO]+, 54; 
720, [M- 5CO]+, 100; 692, [M- 6CO]+, 63; 651, [M- 7CO]+, 18. 

D. Pyrolysis of Fe, Ir(p~-$-PhCz PEt,)(CO),(PEt,) (12) 
A solution of 12 (20 mg, 0.013 mmol) in CH,Cl, (20 ml) was heated at reflux 

point for 8 h while being purged with nitrogen. Evaporation and preparative TLC 
afforded four bands. Band 1 (R, 0.88, orange) gave solid Fe,Ir(p3-v2- 

C,Ph)(CO),(PEt,) (15) (2 mg, 12%), identified from its IR v(C0) and FAB mass 
spectra (below). Band 2 (R,, 0.78, red) was not identified. IR (CH,Cl,): v(C0) 
2029s 1983vs(br), 1942(sh), 1931~ cm-‘. Band 3 (R, 0.71, red) gave dark red 

crystals (CH,Cl,/MeOH) of 14 (15 mg, SO%), identified from its IR v(C0) and 
FAB mass spectra. 

E. Carbonylation of Fe, Ir(p,-q’-C, Ph)(CO),(PEtJz (14) 
A solution of 14 (20 mg, 0.023 mmol) in cyclohexane (20 ml) was carbonylated in 

an autoclave (25 atm, 80” C, 3 h) and the resulting brown-orange solution was 
filtered, evaporated to dryness and the residue separated by preparative TLC 

Table 3 

Crystal data and refinement details for complexes 8, 9 and 12 

8 9 12 

Formula 
Mol. wt. 

Crystal system 

Space group 
0 

u. A 

h, A 

(‘, A 
0 

a, 

P. o 
0 

Y. 

v, A’ 
Z 

DC, g cm-j 

WOO) 
p. cm-’ 

Transmission factors (max./min.) 
B limits, o 

No. of data collected 

No. of unique data 

No. of unique reflections 

used with I 2 2.50( I ) 
R 
k 

R 
R W 

C,, H,, Fe, IrO, P 

891.4 

monoclinic 

P2,/n 
12.441(3) 

14.538(2) 

l&236(5) 

90 

96.40(2) 

90 

3211.7 

4 

1.806 

1728 

49.74 

0.259; 0.101 

1.0-22.5 

6158 

4290 

3826 1687 2678 
0.056 0.089 0.056 
1 .o 0.233 1 .o 
0.007 0.079 0.007 
0.063 0.092 0.055 

C,,H,FeIr20,P, 

1363.1 

monoclinic 

p2,/c 

13.592(S) 

20.858(13) 

19.609(14) 

90 

100.72(5) 

90 

5462.2 

4 

1.658 

2640 

51.81 

0.452; 0.229 

1.0-20.0 

6199 

5078 

865.4 

triclinic 

pi 
10.518(S) 

10.648(5) 

14.547(5) 

98.23(3) 

93.00(3) 

97.85(4) 

1593.0 

‘ 

1.804 

852 

51.60 

0.530; 0.223 

1.0-22.5 
4473 

4171 
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(acetone/light petroleum, l/4) to give six bands. Only the major band (R, 0.58, 
orange) was isolated and gave solid Fe,Ir(~~-~2-C2Ph)(CO),(PEt,) (15) (8 mg, 47%), 
m.p. > 150” C (dec.). IR (CH,Cl,): u(C0) 2064s, 2024vs, 1994s, 1963m, 1950m, 

Table 4 

Fractional atomic coordinates (X10’ for Fe, Ir; ~10~ for remaining atoms) for Fe,Ir(ps- 

C,WC%(PI’h,) (8) 

Atom x Y z 

Ir 

Fe(l) 

Fe(2) 

P(1) 

C(1) 

o(l) 

C(2) 

o(2) 

C(3) 

O(3) 

C(4) 

O(4) 

C(5) 

o(5) 

C(6) 

o(6) 

C(7) 

o(7) 

C(8) 

o(8) 

C(9) 

C(l0) 

C(l1) 

C(l2) 

C(l3) 

C(l4) 

C(l5) 

C(l6) 

W7) 

c(l8) 

c(l9) 

C(20) 

c(21) 

C(22) 

c(23) 

~(24) 

~(25) 

C(26) 

c(27) 

C(28) 

~(29) 

C(30) 

C(31) 

~(32) 

C(33) 

C(34) 

17478(2) 

27198(9) 

19586(9) 

2385(2) 

1281(7) 

979(5) 

361(7) 

- 488(5) 

3663(7) 

4295(7) 

3155(8) 

3466(8) 

1547(7) 

747(6) 

1743(6) 

1585(6) 

6Oq7) 
- 286(5) 

2185(8) 

2307(7) 

3044(6) 

3590(6) 
4682(4) 

4836(4) 

5878(4) 

6767(4) 

6614(4) 

5572(4) 

2052(3) 

2834(3) 

2578(3) 

1538(3) 

755(3) 

1012(3) 

3841(5) 

4320(5) 

5444(5) 
6088(5) 

5609(5) 

4485(5) 

1863(5) 

1794(5) 

1503(5) 

1281(5) 

1350(5) 

1641(5) 

15643(2) 

19751(7) 

4048(7) 
2683(l) 

665(6) 

90(5) 
2098(6) 

2394(5) 

2875(6) 

3430(5) 

1841(6) 

1757(6) 

2584(6) 

2980(5) 

- 652(6) 

- 1353(5) 

694(6) 

854(5) 

-44(6) 
- 322(6) 

1075(5) 

760(5) 

502(4) 

- 91(4) 

- 272(4) 

139(4) 

732(4) 

913(4) 

2430(4) 

2516(4) 

2304(4) 

2005(4) 

1919(4) 

2132(4) 

2831(3) 

3700(3) 

3782(3) 

2996(3) 

2127(3) 

2045(3) 

3847(4) 

4173(4) 

5086(4) 

5672(4) 

5346(4) 

4433(4) 

- 3648(2) 

- 15761(6) 

- 14916(6) 

509(l) 

284(5) 
627(4) 

- 567(5) 

- 719(4) 

- 1295(5) 

- 1139(5) 

- 2470(5) 

- 3026(4) 

- 1883(5) 

- 2120(4) 

- 1048(6) 

- 752(6) 

- 1801(5) 

- 2038(4) 

- 2358(6) 

- 2931(4) 

- 714(4) 

- 1223(5) 

- 1387(3) 

- 1968(3) 

- 2143(3) 

- 1738(3) 

- 1157(3) 

-981(3) 

1433(3) 

2039(3) 

2745(3) 

2845(3) 

2239(3) 

1533(3) 

613(5) 

638(5) 

748(5) 

832(5) 

807(5) 

697(5) 

336(3) 

- 388(3) 

- 541(3) 

29(3) 
752(3) 

905(3) 
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Table 5 

Fractional atomic coordinates (X 104) for FeIr,(a,-PhC,C,PhXCO),(PPh~)* (9) 

Atom x Y z 

Ml) 6368(2) 1595(l) 

1r;2j 

Fe 

P(1) 

P(2) 

C(1) 

O(l) 

C(2) 

O(2) 

C(3) 

O(3) 

C(4) 

o(4) 

C(5) 

O(5) 

C(6) 

O(6) 

C(7) 

O(7) 

C(8) 

C(9) 

C(l0) 

C(l1) 
C(12) 

C(13) 

C(14) 

C(l5) 

C(16) 

C(l7) 

C(l8) 

C(l9) 

C(20) 

C(21) 

C(22) 

~(23) 

c(24) 

C(25) 

C(26) 

C(27) 

C(28) 

~(29) 

C(30) 

C(31) 

C(32) 

C(33) 

C(34) 
C(35) 

C(36) 

C(37) 

C(38) 

C(39) 

C(40) 

C(41) 

7171(3) 

6695(9) 

6972(15) 

7984(15) 

5979(47) 

5583(38) 

5062(23) 

4379(46) 

7600(53) 

8067(37) 

5896(23) 

5230(43) 

6238(50) 

5813(45) 

7236(52) 

7770(38) 

5685(34) 

4859(25) 

7603(40) 

8111(41) 

9075(47) 

9851(45) 

8163(37) 

8635(37) 

9158(37) 

9209(37) 

8737(37) 

8214(37) 

10735(73) 

11417(73) 

12321(73) 

12543(73) 

11860(73) 

10956(73) 

8244(29) 

8460(29) 

9432(29) 

10188(29) 

9972(29) 

9000(29) 

6240( 36) 

5873(36) 

5300(36) 

5094(36) 

5461(36) 

6034(36) 

6990(31) 

6105(31) 

6129(31) 

7040(31) 

7925(31) 

7901(31) 

2724(l) 

2557(4) 

882(S) 

3723(S) 

966(21) 

625(24) 

1705(36) 

1851(29) 

2415(31) 

2371(22) 

2952(33) 

3187(26) 

2104(27) 

1894(27) 

3137(26) 

3426(24) 

3084(23) 

3324(16) 

1757(20) 

2331(20) 

2565(27) 

2774(26) 

1368(16) 

1632(16) 

1238(16) 

579(16) 

315(16) 

709(16) 

2920(38) 

3320(38) 

3477(38) 

3234(38) 

2825(38) 

2678(38) 

873(19) 

917(19) 

1025(19) 

1189(19) 

1244(19) 

1136(19) 

832(18) 

1390(18) 

1351(18) 

754(18) 

197(18) 

236(18) 

33(27) 

- 278(27) 

- 914(27) 

- 1241(27) 

-931(27) 

- 294(27) 

3831(l) 

3471(l) 

4698(4) 

3090(9) 

3485(S) 

4429(26) 

4784(24) 

3293(30) 

3016(30) 

2663(21) 

2202(22) 

2953(29) 

2645(27) 

5335(26) 

5762(28) 

5313(27) 

5757(24) 

4381(28) 

4164(16) 

4458(26) 

4396(25) 

4729(26) 

5065(26) 

5162(25) 

5791(25) 

6309(25) 

6198(25) 

5568(25) 

5050(25) 

5475(31) 

5232(31) 

5663(31) 

6338(31) 

658q31) 

6149(31) 

2917(16) 

2252(16) 

2143(16) 

2700(16) 

3365(16) 

3474(16) 

2219(24) 

1868(24) 

1200(24) 

884(24) 

1235(24) 

1902(24) 

3348(25) 

3418(25) 

3638(25) 

3790(25) 

3721(25) 

3500(25) 
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Table 5 (continued) 

Atom x 

c(42) 7387(35) 

C(43) 7073(35) 

C(44) 6702(35) 

C(45) 6645(35) 

C(46) 6959(35) 

C(47) 7331(35) 

C(48) 8032(25) 

C(49) 8945(25) 

C(50) 8969(25) 

C(51) 8081(25) 

c(52) 7168(25) 

C(53) 7144(25) 

C(54) 9290(32) 

C(55) 9796(32) 

C(56) 10753(32) 

C(57) 11205(32) 

C(58) 10700(32) 

C(59) 9742(32) 

Y z 

4265(16) 2789(22) 
4018(16) 2123(22) 
4428(16) 1574(22) 
5086(16) 1690(22) 
5333(16) 2356(22) 
4922(16) 2906(22) 
4213(22) 4282(23) 
4346(22) 4715(23) 
4717(22) 5310(23) 
4955(22) 5471(23) 
4822(22) 5037(23) 
4451(22) 4443(23) 
3673(15) 3317(21) 
3088(15) 3359(21) 
3055(15) 3200(21) 
3606(15) 2999(21) 
4191(15) 2958(21) 
4225(15) 3117(21) 

1934(sh) cm-‘. 3’ P{‘H} NMR: G(CH,Cl,) -12.5 (s, Ir-PEt,). FAB MS: 748, 
[Ml+, 28; 720, [M - CO], 62; 692, [M - 2CO]+, 16; 664, [M - 3CO]+, 100; 636, 
[M- 4CO]+, 78; 608, [M- 5CO]+, 13; 580, [M- 6CO]+, 24; 552, [M- 7CO]+, 
31; 524, [M - WO], 9. 

Crystallography 
Intensity data for 8, 9 and 12 were measured at room temperature on an 

Enraf-Nonius CAD4F diffractometer fitted with graphite-monochromated MO-K, 
radiation, X = 0.7107 A, employing the w : 28 scan technique. Monitoring of three 
standard reflections during each data collection indicated that for 9 and 12, 
decreases of 25 and 10% respectively, in the net intensities of these standards had 
occurred; these data sets were scaled assuming a linear decrease in intensities. 
Corrections were applied for Lorentz and polarisation effects and for absorption 
with the use of an analytical procedure [27]. Crystal data for each compound are 
summarised in Table 3. 

The structure of 8 was solved by interpretation of the Patterson synthesis while 
structure solutions for 9 and 12 were achieved by employing direct methods [27]. 
Each structure was refined by a full-matrix least-squares procedure based on F [27]. 
Phenyl rings were refined as hexagonal rigid groups with individual isotropic 
thermal parameters. For the refinements of 8 and 12 the remaining non-hydrogen 
atoms were refined with anisotropic thermal parameters except for C(9) in 12. 
Attempts to refine C(9) anisotropically resulted in non-positive definite values and 
hence this atom was fixed in a position located from a difference map and refined 
isotropically. In 9 only the Fe, Ir and P atoms were refined anisotropically with the 
remaining atoms refined with isotropic thermal parameters. The positions of many 
cluster-bound carbon atoms in 9 were poorly defined and hence were refined with 
constrained bond distances such that Ir-C(1,2,3,4), Fe-C(5,6,7) and C(8)-C(9) were 
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Table 6 

Fractional atomic coordinates (X lo5 for Ir; X104 for remaining atoms) for Fe,Ir(p,- 

PbC,PEt,)(CO),(PEt~) (12) 

Atom X Y z 

Ir 

Fe(l) 

Fe(2) 

P(1) 

P(2) 

C(1) 

O(1) 

C(2) 

O(2) 

C(3) 

O(3) 

C(4) 

O(4) 

C(5) 

O(5) 

C(6) 

O(6) 

C(7) 

O(7) 

C(8) 

O(8) 

C(9) 

WO) 
C(11) 

C(l2) 

C(l3) 

C(l4) 

C(l5) 

W6) 

C(17) 

C(l8) 

C(19) 

C(20) 

C(21) 

C(22) 

~(23) 

~(24) 

c(25) 

C(26) 

c(27) 

C(28) 

20972(6) 

3041(2) 

3159(2) 

1385(4) 

6137(4) 

2402(17) 

2718(14) 

287(17) 

- 73q12) 

1451(18) 

463(14) 

3425(17) 

3649(15) 

3593(17) 

3770(14) 

2987( 15) 

2776(14) 

1640(16) 

635(12) 

3978(15) 

4437(13) 

4379(14) 

3981(34) 

4805(10) 

5105(10) 

5818(10) 

6230(10) 

5929(10) 

5216(10) 

2395(18) 

1852(20) 

- 155(17) 

- 202(21) 

1049(22) 

36(23) 

658q19) 

6295(23) 

647418) 

7879(16) 

7330(17) 

7413(22) 

16795(5) 

4006( 2) 

3542(2) 

- 197(4) 

3961(4) 

897(18) 

469(13) 

1837(15) 

1930(14) 

4343(17) 

4566(15) 

3543(16) 

3304(14) 

5662(16) 

677q12) 

2870(17) 

2416(14) 

4026(16) 

4396(13) 

5042(19) 

5990(12) 

3383(13) 

2114(13) 

1147(9) 

187(9) 

- 737(9) 

- 701(9) 

260(9) 

118q9) 

- 798(16) 

- 1983(18) 

- 170(20) 

839(25) 

- 1653(15) 

- 1612(20) 

3619(21) 

2299(22) 

5662(16) 

625q18) 

3371(18) 

3877(19) 

19124(5) 

1577(2) 

3240(2) 

255q3) 

2224(3) 

765(15) 

12(10) 

1645(12) 

1484(10) 

1273(14) 

1055(12) 

429(12) 

- 333(10) 

169q14) 

1769(12) 

4259(15) 

4911(11) 

3168(13) 

3224( 10) 

3847(14) 

4247(9) 

2167(11) 

2446(11) 

2758(5) 

2082(5) 

2338(5) 

3270(5) 

3946( 5) 

3690(5) 

34oq14) 

3771(18) 

306q15) 

3853(17) 

1675(13) 

877(15) 

1021(15) 

561(17) 

2466( 17) 

2413(19) 

2907(15) 

3953(13) 

1.90(2), 1.77(2) and 1.40(2) A, respectively. Hydrogen atoms were included in the 
models of 8 and 12 at their calculated positions and a weighting scheme of the form 
w = k/[ a’( F) + g( F)2] was introduced for each refinement. Final refinement de- 
tails are listed in Table 3. 

Neutral atomic scattering factors for Fe and Ir (corrected for f’ and f”) were 
from ref. 28 and those for the remaining atoms were as incorporated in the SHELX 76 
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programme. Fractional atomic coordinates are listed in Tables 4-6 and the number- 
ing schemes employed are shown in Figures 1-3, which were drawn with PLUTO [29]. 
Listings of thermal parameters, hydrogen atom parameters, all bond distances and 
angles and tables of observed and calculated structure factors are available from the 
authors (ERTT). 
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