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The compound [Felr;(CO),,] ™ can be obtained by degradation of [Felr,(CO),;]*>” under a carbon
monoxide atmosphere as well as by reduction of an equimolar mixture of [Fe(CO),] and

{Ir,(CO),,] in alcoholic NaOH under 1 atm (101 325 Pa) of carbon monoxide. The salt

[N(PPh,),] [Felr;(CO),,] (1) crystallizes in the monoclinic space group P2,/c with unit-cell
dimensions a = 14.968(2), b = 19.892(2), ¢ = 16.610(2) A, B = 96.10(2)°, and Z = 4. The
moleculat structure of the anion consists of a tetrahedron of metal atoms surrounded by twelve
carbonyi groups: nine are terminally bound whereas three are bridging the edges of the Felr, basal
face. Average bond distances are Ir—ir 2.696, Ir-Fe 2.682, Ir-CO, 1.889, Fe-CO, 1.729, I—CO,,
2.154, and Fe-CO, 1.887 A (b = bridging, t = terminal). The dianion [Fe,Ir,(C0O),,]>~ (2) was
obtained by several different ways, the most selective being the condensation of [Fe,(CO),] with
[Ir(CO),] . The salt [NEt,],[Fe,lr,(CO),,] (2) crystallizes in the monoclinic space group P2, with
a=9.072(5), b =19.910(5), ¢ = 10.094(3) A, B = 91.92(3)°, and Z = 2. The molecular structure of
the dianion is based on a tetrahedral cluster of metal atoms and consists of an apical Ir(CO), group
co-ordinated by three metal-metal bonds to a basal Fe,lr(CO), fragment containing two Fe(CQO),
units and one 1r(CO), group linked to each other by a metal-metal bond and bridging carbonyl
groups. Selected distances are: Ir-Ir 2.734(1), Fe-Fe 2.5681(2), and averages Ir—Fe 2.683, Ir-CO,
1.863, Fe-CO, 1.722, Ir-CO,, 2.142, and Fe-CO,, 1.947 A. The salt [PPh,],[Fe,Ir,(CO),,] reacts
with [Au(PPh;)CI] to give [PPh,][Fe,lr,(CO) .{i,-Au(PPh;)}] (3) which crystallizes in the
monoclinic space group P2,/c with a = 10.990(3), b = 13.693(2), ¢ = 35.883(3) A, B = 97.39(2)°,
and Z = 4. The metal framework of the anion is a trigonal bipyramid with the Au(PPh;) moiety in
one of the apical positions, the other being occupied by a Fe(CO), group. Each edge of the
equatorial triangle, formed by one iron and two iridium atoms, is spanned by a bridging carbony!l
ligand, and two terminal CO groups are attached to each metal of this triangle. Selected bond
distances are: Ir-Ir 2.758(1), and averages Ir-Fe 2.710, Ir-Au 2.786, Fe-Au 2.806(1), Ir-CO, 1.845,

Fe-CO, 1.776, I—CO, 2.113, and Fe-CO, 1.996 A.

Recently we reported the preparation, reactivity, and solid-state
structures of two pentanuclear clusters, [N(PPh;),],[Felr,-
(CO),5] and [PPh,][Fe,Ir;(CO),,].! In that paper we also
reported the existence of other mixed-metal carbonyl clusters,
namely [Felr;(CO),,]™ (1) and a brown derivative with no
definitive formulation. Anion (1) is obtained when the penta-
nuclear carbonyl cluster [Felr,(CO);s]*>~ is kept under a
carbon monoxide atmosphere and was tentatively formulated
on the basis of elemental analysis and ir. data. The brown
complex was prepared by redox condensation of several metal
carbonyl complexes of Fe and Ir and all attempts to obtain

+ Bis(triphenylphosphine)iminium  1,2;1,4;2,4-tri-p-carbonyl-1,1,2.2 -
3,3,3,4,4-nonacarbonyl-tetrahedro-1,2,3-tri-iridium-4-ferrate, bis(tetra-
ethylammonium) 1,3;1,4;2,4-tri-p-carbonyl-1,1,2,2,2,3,3,4,4-nona-
carbonyl-tetrahedro-1,2-di-iridium = 3,4-diferrate, and tetraphenyl-
phosphonium  1,2,3-p;-bis(triphenylphosphine)aurio-1,2;1,3;2,3-tri-p-
carbonyl-1,1,2,2,3,3,4,4 4-nonacarbonyl-tetrahedro-1,2-di-iridium-3,4-
diferrate.

Supplementary data available: see Instructions for Authors, J. Chem.
Soc., Dalton Trans., 1990, Issue 1, pp. Xix—xxXii.

single crystals of good quality for X-ray analysis of this species,
in combination with different counter cations, failed.! However,
several analytical data suggested the formulation [Fe,lr,-
(CO),, 1%

We have now extended the study on mixed Fe~Ir carbonyl
clusters and in this paper we describe the syntheses and the
chemical characterization of [Felr;(CO),,]~ (1), [Fe,lr,-
(CO);,1%7 (2), [Fe,lry(CO),»{ps~Au(PPh3)}]~ (3), [Fe,Ir,H-
(CO)y2]1~ (4), and [FezIr(CO),3]1~ (5). The solid-state
structures of [N(PPh;),][Felr;(CO),,], [NEt,],[Fe,Ir,-
(CO)y,], and [PPh J[Fe,lr,(CO);,{pns-Au(PPh;)}] are also
reported.

Results and Discussion

Preparation of [Felry(CO),,]~ (1)~—The pentanuciear
cluster [Felr,(CO),s]*" is easily obtained by reduction, under
a carbon monoxide atmosphere, of a suspension of [Fe(CO);]
and [Ir,(CO);,] in alcoholic NaOH. By following the reaction
course using ir. spectroscopy it is possible to detect, at the
beginning, the formation of the anionic derivatives [Ir,H-
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Figure 1. Infrared spectra of (a) [N(PPh;),][Felr;(CO),,] (1) in thf solution, (b) [N(PPh,),],[Fe,Ir,(CO),,] (2) in MeCN solution, and (c)

[PPh,][Fe,Ir,(CO),,{ps-Au(PPh;)}] (3) in thf solution

(CO)y,] and [FeH(CO),]~ which condense together to pro-
duce [Felr,(CO),5]*> ", and after 6 h the reaction is complete.!
In solution [Felr,(CO);5]*>~ is not very stable either under a
nitrogen or a carbon monoxide atmosphere. When [Felr,-
(CO),51?>~ is not -isolated from the reaction medium, the
transformation of the dianion into [Felry(CO),,]~ and [Ir-
(CO),] ™ is complete after about 5 d. The degradation of the
dianion in tetrahydrofuran (thf) solution, at room temperature
and under 1 atm of carbon monoxide, is very selective, pro-
ducing the yellow tetranuclear compound [Felr;(CO),,]1™ (1)
and the mononuclear species [Ir(CO),]~ according to the
stoicheiometry (1). This reaction is complete after 4 d and it is

[Felr(CO); 51~ + CO—
[Felry(CO)217 + [Ir(CO) ]~ (D)

slow enough to allow the recovery of [Felr,(CO);s]?~ in good
yield by crystallization.! The monoanion [Felr;(CO);,]” is
also obtained as a by-product when [Felr, (CO),5]>" is left
under nitrogen, but in this case the major product is
[Felr,(CO);3]>".2 The structurally related compound
[Ir;Ru(CO),,]" has also been obtained by decomposition of
[Ir,Ru(CO),5s]*>  in the absence of CO, by subjecting the
mixed-metal carbonyl cluster to a vacuum.® In principle the
direct synthesis of (1) is more straightforward, but the presence
of Na,COj, produced during the reduction process, the excess of
NaOH, and, probably, unreacted metal carbonyls makes the
isolation of (1) quite difficult and, therefore, the intermediate
isolation of [Felr,(CO),5]*>~ is more advisable. The degrad-
ation is not reversible, and an equimolar mixture of
[Felr;(CO),,]~ and [Ir(CO),}~, at room temperature under
nitrogen, does not regenerate any trace of [Felr,(CO),s]>".
Although in this fragmentation several different effects are
probably involved (e.g. separation of the negative charges,
release of the stereochemical hindrance, redistribution of carbon
monoxide ligands on different metals with different co-
ordination modes) the most relevant thermodynamic changes
are the formation of only one metal-CO bond and the loss of
three Ir-Ir bonds. The overall balance confirms the hypothesis
that these metal-metal interactions in the pentanuclear cluster
are very weak, as inferred from their length in the solid-state
structure.** The salts of [Felr;(CO),,]~ with different bulky

cations are well soluble in thf, MeOH, CH,Cl,, and acetone,
sparingly soluble in 2-propanol; they can be crystallized from
their thf solutions by layering cyclohexane. Complex (1) is
indefinitely stable either under nitrogen or under carbon
monoxide; in the solid state, as its [N(PPh;),]™ salt, it is also
stable for a few days in the air. Although the solid-state
structure and the chemical properties of [Felr;(CO),,] are
very similar to those of the already reported [Ir;Ru(C0O),,]",?
the i.r. spectrum, shown in Figure 1(a), is markedly different
showing absorption bands in the CO stretching region at
2023vs, 1997vs, 1987 (sh), 1979m, 1939w, 1824m, and
1 808m cm™! (thf solution) recalling that of other homonuclear
anionic Ir, clusters with the same C, symmetry.’

In thf solution compound (1) does not react with [Au-
(PPh;)CI] and cannot be protonated by addition of H,SO,.
Instead, all attempts to prepare the neutral derivative [Felr,H-
(CO),,] under stronger protonating conditions, starting from a
CH,Cl, solution of [Felr;(CO),,]” and using CF;CO,H,
failed because impure [Ir,(CO),,] was obtained.

Preparation of [Fe,lry,(CO),,12 ™ (2) and [Fe,Ir,(CO),,{ps-
Au(PPh3)}]™ (3).—The dianion [Fe,Ir,(CO),,]*~ (2) has been
obtained by several synthetic routes, essentially redox condens-
ation. Compound (2) can be prepared by treating a highly
reduced carbonyl anion of iron with complexes of It' or Ir°, but
its formation is so favoured that it can be synthesized also by
reversing the oxidation states of the starting materials. Thus the
best way to produce (2) is the reaction of [Fe,(CO)y] with
[1Ir(CO),] " in refluxing acetone according to equation (2). A

[Fey(CO)o] + 2[Ir(CO)]~ —

[Fe,Ir,(CO); 1%~ + 5CO  (2)

small excess of [Fe,(CO),] is required to drive the reaction to
completion.

A different method to prepare [Fe,lIr,(CO),,]?> is the
reaction between a large excess of [NEt,]J[FeH(CO),] and
[N(PPh;),][1r(CO),Cl,]. At room temperature, in thf solution,
the reaction is quite slow and the stoicheiometry approaches
fairly well to equation (3). After 72 h of reaction, in solution are
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Figure 2. ORTEP drawing of the anion [Felr;(CO),,]~ (1)

Table 1. Selected distances (A) and angles (°) in the monoanion
[Felr;(CO),,] ™ (1) with estimated standard deviations (e.s.d.s) on the
last figure in parentheses

M-M M-CO,-M

Ir(1)-Ir(2) 2.676(1) Ir(1)-C(10)-Ir(2) 79.1(4)

Ir(1)-Ir(3) 2.700(1) Ir(1)-C(11)-Fe 81.4(4)

Ir(1)-Fe 2.673(1) Ir(2)-C(12)-Fe 81.5(4)

r(2)-1r(3) 2.711(1)

Tr(2)-Fe 2.691(1) M-C-O,

Ir(3)-Fe 2.681(1) Ir(1)-C(10)-O(10) 143.2(8)
) Ir(1)-C(11)-O(11) 131.2(8)

M-CO** Ir(2)-C(10)-O(10) 137.6(8)

-CO, 1.889 Ir(2)-C(12)-0(12) 131.5(9)

Fe-CO, 1.729 Fe-C(11)-O(11) 147.4(8)

1-CO, 2.154 Fe-C(12)-0(12) 147.0(9)

Fe-CO, 1.887

C-0,

Feponded 1.161

Iryonged 1.132

Cc-0, 1.175

“b = Bridging, t = terminal. ® Average values.

5[FeH(CO),]™ + 2[Ir(CO),ClL, ]~ —
[Fe,Ir,(CO); ;17 + [FesH(CO), (1™ +
2H, + CO + 4C1- (3)

present [Fe;H(CO), ], some unreacted starting material, and
unidentified by-products; in addition a large amount of the
insoluble salt [N(PPh;),],[Fe,Ir,(CO),,] is obtained. On
the contrary, in refluxing acetone the reaction is much faster
(about 8 h) and almost quantitative with respect to [Ir(CO),-
Cl,]~. However, a different pathway is followed and a brown
compound, with properties very similar to those of [Fe,lr,-
(CO),,]?, is obtained. The nature of this cluster is presently
under investigation, but the chemical properties and the ir.
spectrum suggest the formulation [Fe;IrH(CO);,]* . The ir.
spectrum, shown in Figure 1(b), of [N(PPh;), ][ Fe,Ir,(CO);, 1,
in MeCN solution, shows bands in the terminal CO stretching
region at 2 019w, 1 974s, 1 984vs, and 1 887m cm™! and in the
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bridging CO stretching region at 1 777m and 1 736m cm™, in
keeping with the solid-state structure (see below).

The dianion can be also obtained by refluxing a mixture of
[NEt,]J[FeH(CO),] and [Ir,(CO);,] in MeCN, in the molar
ratio 4:1. After about 16 h all the starting materials have reacted
and impure [Fe,Ir,(CO);,]*" is formed. This type of prepar-
ation, although not selective, is very useful since tetra-alkyl-
ammonium salts of the cluster can be obtained, whereas
[1r(CO),]" or [Ir(CO),Cl,] " are easily available only as salts of
very bulky cations, such as [PPh,}* or [N(PPh;),]". The
reaction of Na,[Fe(CO),] and [Ir,(CO),,] was also tested in
order to obtain the sodium salt of (2), but this condensation
seems to be much less reproducible, and mixtures of products
are always obtained. Nevertheless [Fe,Ir,(CO),,]*>~ was fre-
quently isolated among the clusters obtained. A large number of
different crystals of (2) with different cations such as [NMe,-
(CH,Ph)]*,[PPh,]",[AsPh,]",[NMe,]*, and [N(PPh,),]*
was unsuccessfully tested for X-ray analysis and in all cases the
solid-state structures of these derivatives were affected by
disorder. Eventually the salt containing the [NEt,]* cation
gave crystals of reasonably good quality for data collection and
some structural information was obtained (see below). Complex
(2) 1s only moderately soluble in MeOH, thf, and CH,Cl,, very
well soluble in MeCN and acetone. The dianion is also stable
under a carbon monoxide atmosphere, and, after 24 h of
standing in solution at 1 atm CO, no traces of decomposition
were detected. Anion (2) can easily be protonated by H;PO, in
acetone, yielding quantitatively the monohydridic derivative
[Fe,Ir,H(CO),,]" (4). The ir. spectrum of [Fe,Ir,H(CO),,]~
is almost identical in pattern to that of the parent dianion but
the absorption bands are shifted to higher wavenumbers [v-
(CO), thf solution, at 2 060w, 2 028s, 2 008vs, 1 998vs, 1 981s,
1943m, 1 837m, 1 816m, and 1 794w cm™']. The salts of complex
(4) with different bulky cations are also much more soluble than
the corresponding salts of the dianion in thf and CH,Cl,. The
'H nm.r. spectrum of [Fe,Ir,H(CO),,]” shows, at room
temperature, a sharp singlet at 8 —21.2. However, on decreasing
the temperature the signal broadens and, at 213 K, two signals
appear at 6 —21.7 and at —19.8. At 180 K the two signals
integrate with a 2.5:1 ratio, suggesting the presence of two
different isomers. The value of § 21.16, calculated from the
chemical shifts of the low-temperature spectrum, is in good
agreement with the experimental value of & —21.2 obtained at
room temperature. The i.r. spectrum of (4) and the well known
isolobality ® of the [Au(PPh,)]" cation with H* (see below)
indirectly suggest face-bridging co-ordination of the hydrido
ligand in one of the isomers of [Fe,Ir,H(CO),,] ", but it is
difficult to predict the composition of this face. In the other
isomer, the hydride can be either bridging a different face or,
more probably, edge bridges between one metal of the basal
plane and the apical atom. Both locations are very common in
tetrahedral hydrido carbonyl clusters.” The existence of dif-
ferent isomers was detected in a series of similar hydrido
carbonyl clusters, where the position of the hydrides could be
determined by n.m.r. spectroscopy without uncertainty from the
'"H-'93Rh coupling.® The dihydride [Fe,Ir,H,(CO),,] deriv-
ative can probably be obtained by adding an excess of CF;CO,-
H [v(CO) 2 115vw, 2 088m, 2 056s, 2 011m, and 1 978mw, cm?,
toluene solution]; however this compound could not be well
characterized since it is not very stable.

The adduct [Fe,Ir,(CO)y,{ps-Au(PPhy)}]~ (3) was also
prepared. Treatment of an acetone solution of the [PPh,]* salt
of the dianion (2) with the stoicheiometric amount of [Au-
(PPh;)CI], at room temperature, resulted in an instantaneous
colour change from red to brown; i.r. spectroscopy showed the
complete disappearance of the starting material; no CO evolu-
tion was observed. The i.r. spectrum, shown in Figure 1(c), of the
pentanuclear cluster, in thf solution, shows many bands in the
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Figure 3. ORTEP drawing of the dianion [Fe,Ir,(CO),,1>~ (2)

Table 2. Selected distances (A) and angles (°) in the dianion
[Fe,Ir,(CO),,]%" (2) with e.s.d.s on the last figure in parentheses

M-M M-CO-M

Ir(1)-Tr(2) 2.734(1) Ir(2)-C(6)-Fe(1) 81.3(5)

Ir(1)-Fe(1) 2.706(1) 1r(2)-C(7)-Fe(2) 81.6(5)

Ir(1)-Fe(2) 2.693(2) Fe(1)-C(10)-Fe(2) 82.5(6)

Ir(2)-Fe(1) 2.685(1)

Ir(2)-Fe(2) 2.647(2) M-C-O,

Fe(1)-Fe(2) 2.381(2) 1r(2)-C(6)-O(6) 134(1)
) 1r(2)-C(7)-O(7) 134(1)

M-CO** Fe(1)-C(6)-O(6) 145(1)

1r-CO, 1.863 Fe(1)-C(10)-O(10) 139(1)

Fe-CO, 1722 Fe(2)-C(7)-O(7) 144(1)

r-CO, 2.142 Fe(2)-C(10)-0(10) 139(1)

Fe CO, 1.947

c-0,

Feyone 1.142

ooy 1.147

c-o, 1.183

“b = Bridging, t = terminal. * Average values.

CO stretching region at 2032m, 1990s, 1977vs, 1964vs,
1945m, 1 921w, 1 824w, and 1 809w cm™'.

The preparation of [Fe,Ir,(CO),,]>~ was also attempted
from [Fe;(CO),,] and [Ir(CO),]~ according to the formal
equation (4). At first a deep red solution was observed which

2[Fe3(CO)y,] + 6[Ir(CO)]™ —
3[Fe,Ir,(CO),,]3 + 12CO  (4)

slowly evolved to a final red-brown solution from which only
complex (2) can be isolated. Reaction of [Fe;(CO),,] and
[Ir(CO),]  in a 1:1 molar ratio gives a red solution which is
stable after 30 min with i.r. bands in the v(CO) stretching region
at 2020s, 1990vs, 1959m, 1820w, and 1805w cm™ (thf
solution). The same product was also obtained from the
reaction of [Ir(CO),]~ with an excess of [Fe(CO)s] at 60 °C in
thf. Any attempt to isolate the red complex failed since, by
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precipitation, it is always transformed into the much less soluble
[Fe,Ir,(CO),,]*~. However, the stoicheiometry (4) and the
reproducibility of the i.r. spectrum with a pattern that cannot be
explained in terms of a mixture of known homometallic car-
bonyl clusters of iron or iridium strongly suggests the formu-
lation [Fe;Ir(CO);3]”, analogous to the already reported
[CoFe;(CO),5]™ ? and [CoRu,(CO),,] .10

Crystal Structure of [N(PPh;),][Felr3(CO),,] (1)—The
solid state structure of complex (1), determined by X-ray
single-crystal diffraction techniques, consists of a packing of
discrete cations and anions in the molar ratio 1:1 with normal
van der Waals contacts between atoms of different ionic frag-
ments. Compound (1) is isomorphous and isostructural with the
related salt of [Rulr;(CO),,]~.> A molecular plot of the anion
[Felr;(u-CO)3(CO)o]~ (1) is represented in Figure 2, together
with the atom labelling scheme; selected bond distances and
angles are listed in Table 1.

The metal skeleton of [Felr;(CO),,]™ consists of a tetra-
hedral arrangement of metal atoms surrounded by twelve
carbonyl groups. Following the nomenclature usually adopted
for tetrahedral metal clusters, which adopt the overall stereo-
chemistry of [Co,(CO),,] and [Rh,(CO),,],'" three carbonyl
ligands bridge the edges of the basal face formed by one iron and
two iridium atoms; all these metals carry one axial and one
radial terminal carbon monoxide group, the remaining three
carbonyl groups being bonded to the apical Ir(3). The carbonyl
group C(10) is symmetrical whereas the two bridging ligands
linking Fe and Ir are markedly asymmetric with short distances
towards the Fe atom (average Ir—C 2.20, Fe—C 1.89 A). This
shortening may be a consequence of the distribution of the
charge in the cluster: a simple electron counting suggests a
formal iron(—1) atom. Thus, a higher tendency to back
donation should reduce the M—C bond and elongate the
corresponding C-O distances, as observed also for the terminal
carbonyl groups. In addition the ¢® metal can be considered, in
this compound, as electron deficient and, therefore, more ligand
demanding. The same feature has been observed in [Rulr;-
(CO);,]" and explained in the same terms.> All the terminal
carbon monoxide groups are almost linear, with M—C-O angles
ranging from 175 to 178°.

Within the metal framework, the Ir-Ir bond distances range
from 2.676(1) to 2.711(1) A with a mean of 2.696 A which
compares very well with the means of 2.693 and 2.715 A found
in [Ir,(CO);,1'? and [Rulry(CO),,]",> respectively. The
Fe-Ir interactions are in the range 2.673(1)—2.691(1) A with a
mean of 2.682 A. The metal-metal distances in compound (1)
can be compared also with those found in [Fe,lIr;(CO),,] .}
which possesses 72 cluster valence electrons (c.v.es) (Fe-Ir
2.648, Ir-Ir 2.708 A) but they are much shorter than the
corresponding values found in the elongated trigonal bipyramid
[Felr,(CO),s]~ which possesses 76 c.v.e.s (Fe-Ir 2.943, Ir-Ir
2.849 A).!

Crystal Structure of [NEt,],[Fe,Ir,(CO);,] (2)—Crystals
of (2) contain discrete molecules of the bulky cations [NEt,]™*
and of the anion [Fe,Ir,(CO),,]1? in the ratio 2: 1. An ORTEP
drawing of the anion is reported in Figure 3 which also gives the
atom numbering scheme. Selected bond distances and angles
are in Table 2.

The tetrahedral metal framework of the cluster, in the solid
state, is slightly affected by disorder. The disorder model
consists of two tetrahedra with relative occupancy factors of ca.
0.9 and 0.1 with one common vertex, Ir(1), and the opposite face,
formed by atoms Ir(2), Fe(l), and Fe(2), rotated by ca. 60°.
Nevertheless the carbonyl groups of the moiety with the higher
occupancy factor are defined and their stereochemistry well
established, resembling that of [Felr;(CO),,] . Such a different
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Figure 4. ORTEP drawing of the anion [Fe,Ir,(CO),,{ps-
Au(PPhy)}1™ (3)

orientation of the metal cage within an almost perfectly sym-
metrical icosahedral distribution of the ligands is very common
in this kind of compound.!! Within the tetrahedron with
occupancy factor of about 0.9 a certain degree of substitutional
disorder is observed concerning the Ir(2) and Fe(1) positions so
that the iron position is partially occupied by iridium and vice
versa (see Experimental Section). The refined occupancy factors
are in agreement with the postulated ‘Fe,Ir,’ cluster. As a result,
an ambiguous pattern of M—-M and M—C-O distances arises,
and probably a detailed discusston of the molecular parameters
of this structure would be meaningless.

Nine carbonyl ligands are linearly bonded to the metals, three
to the apical iridium and two to each metal of the basal triangle,
with M—C-O angles in the range 173-—177°. The Ir-Ir distance
2.734 A is marginally longer than that found in compounds (1),
[Ir,(CO),,1,}* and [Rulr;(CO),,]",* while the average Fe-Ir
distance of 2.683 A compares very well with the average found
in derivative (1). Examination of the structures of the tetra-
hedral clusters [Felr;(CO),,]  and [Fe,Ir,(CO),,]1?>~, which
contain twelve carbonyl ligands with pseudo Cj, type structure,
reveals an icosahedral envelope of ligands. On the contrary, in
[Ir,(CO),,], with T, symmetry,'? all the ligands are terminally
bonded and define a cubo-octahedral polyhedron. However, the
type of environment in (1) and (2) is also present in most
substituted Ir, clusters,” and represents the best way to pack
twelve ligands. '3

Crystal Structure of [PPh,][Fe,Ir,(CO),,{13-Au(PPh3)}]
(3).—The crystal structure of (3) consists of [PPh,]™ cations
and [Fe,Ir,(CO),,{ps-Au(PPh;)}]~ anions with normal Van
der Waals contact distances between the cations and the anions.
An ORTEP view of the [Fe,Ir,(CO)o(n-CO)3{p3-Au(PPh;)}] ™
anion is presented in Figure 4 together with the atom number-
ing scheme. Selected bond distances and angles are listed in
Table 3.

The polymetallic core is best described as a trigonal-bi-
pyramidal array of metal atoms. The Ir,Fe basal triangle is
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Table 3. Selected distances (A) and angles (°) in the anion
[Fe,Ir,(CO),,{p;-Au(PPh;)}]~ (3) with es.d.s on the last figure in
parentheses

M-M M-CO“
Ir(1)-Ir(2) 2.758(1) 1r-CO, 1.845
Ir(1)-Fe(1) 2.686(1) Fe-CO, 1.776
Ir(1)-Fe(2) 2.735(1) Ir-CO, 2.113
Ir(1)-Au 2.797(1) Fe-CO, 1.996
Ir(2)-Fe(1) 2672(1)
1r(2)-Fe(2) 2.776(1) c-0,
Ir(2)-Au 2.829(1) Fepnsns 1146
FC(I)—FC(Z} 2645(1) Ir,, ded 1.350
Fe(2)-Au 2.806(1) onde

C-0, 1166
M-M-M
Ir(1)-Au-Fe(2) 58.44(1) M-CO,-M
Ir(1)-Au-Ir(2) 58.70(1) 1r(1)-C(10)-Fe(2) 82.2(3)
Ir(2)-Au-Fe(2) 59.02(1) 1r(1)-C(11)-Ir(2) 83.2(3)
Ir(1)-Fe(1)-Fe(2)  61.74(2) Fe(2)-C(12)-r(2) 84.2(3)
Ir(1)-Fe(D-Ir2)  61.96(2)
Ir(2)-Fe(1)-Fe2)  6294(2) M-C,-O
Au-Tr(1)-Fe(2) 60.90(1) Ir(1)-C(10)-0(10)  133.2(6)
Au-Fe(2)-Ir(1) 60.62(1) I(1)-C(11)-O(11)  135.2(6)
Au-Fe(2)-Ir(2) 60.91(1) I(2)-C(11)-0O(11)  141.6(6)
Au-Ir2)-Fe(2) 60.07(1) Ir(2)-C(12-0(12)  135.6(8)
ﬁu*ir%*{rgg g?g;ﬁ; Fe(2)-C(10)-O(10)  144.6(6)

U-—-1T( 1 )—1T1 .

e St Fe(2-C(12)-0(12)  140.2(8)
Fe(1)-Fe(2)-Tr(1)  59.87(2)
Fe(1)-Fe(2)-Ir(2)  59.01(2)
Fe()-Tr(2)-Fe(2)  58.05(2)
Fe(D-Ir2-Ir(1)  59.26(2)
Fe(1)-Ir(1)-Ir2)  58.78(2)

?b = Bridging, t = terminal. ® Average values.

capped on one side by a Fe atom and on the other by a
Au(PPh;) moiety. The apical iron atom bears three terminal
CO ligands while the three metals of the equatorial plane bear
two terminal and one edge-bridging carbonyl group. The most
remarkable change between the structures of [Fe,Ir,(CO),,]*~
and [Fe,Ir,(CO),,{Au(PPh;)}]™ is that in compound (2) the
apical atom is iridium while in compound (3) it is iron. A
possible explanation of this interchange arises from the tend-
ency to maximize the metal-metal interactions between heavier
elements and from the well known fluxionality of the carbon
monoxide groups which in (3) arrange to leave room for the
bulky Au(PPhj) group.!*!% As a result, in (3) is present an
isomeric form of complex (2) with an unchanged metal cage
rotated within an unchanged ligand envelop. The PPh; ligand is
bound to gold with a Au—P(1) distance of 2.279(2) A equal to
the value of 2.279(8) A found in [Au(PPh;)Me] ' where the Au'
is sp hybridized; also in compound (3) we can consider the lobe
of the sp hybrid pointing towards the centre of the Ir,Fe
triangle. The geometry around the gold atom indicates the
sp hybridization {P-Au—midpoint [Ir(1)-Ir(2)-Fe(2) triangle]
173°}. With regard to the three bridging carbonyls only C(10)
is markedly asymmetric with a short distance toward Fe(2)
[Tr(1)-C(10) 2.20(1), Fe(2)-C(10) 1.95(1) A]; the M—C distances
of the other p-CO ligands are: Ir(2)-C(12) 2.10(1), Fe(2)-C(12)
2.04(1); Tr(1)-C(11) 2.13(1); and Ir(2)-C(11) 2.02 A. No sig-
nificant deviation from linearity has been found for the terminal
CO groups with the M—C-O angles ranging from 172 to 178°.In
the equatorial triangle two positions, denoted Ir(2) and Fe(2),
are affected by positional disorder (see Experimental Section) to
such an extent that the molecular parameters of the portion
‘Fe,Ir,’ cannot be discussed in detail. However, the M—Au edges
are in the range 2.797(1)-2.829(1) A, with an average separation
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of 2.813 A which is in good agreement with the sum of metallic
radii.!” The shortest M~M bonds are the unbridged Fe(1)-M
distances (average 2.679 A); the average M—M bond distance in
the equatorial plane is 2.756 A.

A simple electron counting shows that, if we consider
[Au(PPh,)]" as a ligand and therefore acting as a one-electron
donor to the tetrahedral cluster (isolobal analogy),® compound
(3) is electron precise possessing 60 c.v.e.s, whereas considering
the gold atom as a part of the whole cluster there are 72 c.v.e.s in
agreement with electron-counting rules which predict this value
for a trigonal bipyramid.'®

Experimental
All reactions were carried out under an atmosphere of nitrogen
or carbon monoxide with Schlenk-tube and vacuum-line
techniques.!® Solvents were purified and dried by distillation
under a nitrogen atmosphere from the following solvent/drier
combinations: thf/sodium diphenylketyl; methanol/Mg;
CH,Cl,/P,05; Pr'OH/AI(OPr).3

Infrared spectra were recorded on a Perkin-Elmer 781 grating
spectrophotometer using calcium fluoride cells previously
purged with nitrogen or carbon monoxide. N.m.r. spectra were
recorded on a Bruker AC 200 spectrometer and are reported
downfield of the internal standard SiMe,. Fast atom bombard-
ment mass spectra (fa.b. ms.) were recorded on a V.G.
7070EQ mass spectrometer equipped with an H.F. magnet and
a standard f.a.b. source with xenon gas at 8 keV (1.28 x 10713 1])
(3-nitrobenzyl alcohol with 10% tetrahydrothiophene 1,1-
dioxide). The isotopic patterns were simulated for all
compounds and are in excellent agreement with the
experimental spectra.

The compounds [Ir,(CO),,],2° [N(PPh;),][Ir(C0O),Cl,],2!
[Fe,(CO)l22  [Au(PPhy)C1],2*  [N(PPhy),][Ir(CO),],2
[NE,J[FeH(CO),1,>*  [N(PPhy),],[Felr,(CO),;],"  and
Na,[Fe(CO),]?° were prepared as described.

Preparations—[N(PPh;),][Felr;(CO),,] (1). (¢) The com-
pounds [Ir,(CO),,] (0.839 g, 0.76 mmol) and [Fe(CO);] 0.114
cm?, 0.84 mmol) were suspended in MeOH (30 cm?). The vessel
was evacuated and filled with carbon monoxide. To this sus-
pension NaOH (1.14 g, 28.5 mmol) was added and the mixture
stirred, at room temperature, for 6 h during which time the
colour of the solution changed from canary-yellow to orange-
yellow and the i.r. spectrum showed complete transformation of
the starting materials into [Felr,(CO),s]* . The solution was
stirred for 5 d whereupon complete transformation of the
pentanuclear cluster into [Felr;(CO),,]" and [Ir(CO),]™ oc-
curred. The solution was filtered and the residue washed with
MeOH (2 x 5cm?®) and [N(PPh;),]Cl (0.96 g, 1.67 mmol) was
added to the filtrate. The MeOH was removed under vacuum
and the residue dissolved in thf (50 cm?). This solution was
filtered and treated with 2-propanol (50 cm?®) and the solvent
was removed in vacuo. When the volume of the solution was
about 40 cm?® an ivory precipitate, mainly [N(PPh,),][lr-
(CO),], was formed which was collected by filtration, washed
with 2-propanol (2 x 5cm?®), and vacuum dried (0.309 g). The 2-
propanol-thf mother-liquor was reduced in volume in vacuo
and when the volume was about 20 cm?® an orange precipitate
was formed which was collected by filtration, washed with 2-
propanol (2 x 5 cm?), and dried in vacuo, [N(PPh;),][Felr,-
(CO),,], yield 0.607 g (53%) (Found: C, 38.1; H, 2.0; N, 0.9. Calc.
for C,gH;oFelr;NO,P,: C, 38.2; H, 2.0; N, 0.9%).

(b) The salt [N(PPh,),],[Felr,(CO),5]-2C,HzO (0.735 g,
0.298 mmol) was dissolved in thf (15 cm?) and the Schlenk tube
was evacuated and refilled with carbon monoxide. The solution
was stirred, at room temperature, for 4 d whereupon complete
transformation into [Ir(CO),]  and [Felr4(CO),,]™ occurred.
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Anion (1) was isolated as described above, [N(PPh;),][Ir-
(CO),](0.123 g); [N(PPh,), [ Felr,(CO), .1, yield 0.274 g (61%)
fa.b. ms. (negative ions): m/z (°°Fe, '*°Ir) 971 [M — N-
(PPh;),] and 971 — 28x [Felr;(CO),, ]~ (x = 1-—7).

[N(PPh;),],[Fe,Ir,(CO),,] (2). (¢) In a Schlenk tube,
equipped with a cold finger, were placed [Fe,(CO),] (0.030 g,
0.08 mmol), [N(PPh,),][Ir(CO),] (0.098 g, 0.10 mmol), and
acetone (10 cm?). The mixture was refluxed for 3 h and checked
by i.r. spectroscopy which showed some unreacted [Ir(CO),]".
Small portions of [Fe,(CO),] were added until all the
[1Ir(CO),]  had reacted. The solvent was evacuated, the brown
solid washed with MeOH (10 cm?), and the residue dissolved
with acetone (4 cm?) and crystallized by layering of 2-propanol
(15 cm?). Yield 0.071 g (64%) (Found: C, 50.3; H, 3.1; N, 1.3.
Calc. for Cq HgoFe,Ir,N,0,,P,: C, 52.8; H, 3.2; N, 1.5%).
F.ab. ms. (negative ions): m/z (°°Fe, '°%Ir) 1372 [M —
N(PPh;),], 834 [M — 2N(PPh;),], and 834 — 28x [Fe,lr,-
(CO)y> ] (x =1-10).

(b) In a round-bottomed flask (100 cm?®) were placed [PPh,]-
[Ir(CO),Cl1,] (0.21 g, 0.32 mmol), [NEt,J[FeH(CO),] (0.29 g,
0.97 mmol), and thf (20 cm?®). The mixture was stirred at room
temperature for 5 d. The solvent was then removed in vacuo, and
the dark residue suspended in MeOH (15 cm?). Solid [PPh,]Br
(0.2 g) was added and the mixture stirred for 3 h. The micro-
crystalline solid was collected by filtration, washed with MeOH
(2 x 5 ¢cm?), and crystallized from acetone-2-propanol. Yield
0.216 g (90%).

(¢) In a Schlenk tube, equipped with a cold finger, we placed
[Ir,(CO),,] (0.27 g, 0.24 mmol), [NEt,][FeH(CO),] (0.29 g,
0.97 mmol), and MeCN (10 cm?). The mixture was refluxed for
16 h then the solvent was removed in vacuo. The brown residue
was suspended in MeOH (20 cm?) and solid [NEt,]Cl (0.3 g)
added. The suspension was stirred for 2 h, and the
microcrystalline precipitate collected by filtration, washed with
MeOH (3 x 5 cm®), and dried. The crude product was
dissolved in acetone (6 cm?®) and crystallized by layering of 2-
propanol (15 cm?®). Yield 0.285 g (54%) (Found: C, 30.6; H, 3.5;
Fe, 11.4; Ir, 34.0; N, 2.4. Calc. for C,3H  Fe,Ir,N,O,,: C, 30.8;
H, 3.7; Fe, 10.2; Ir, 35.2; N, 2.6%,).

[PPh,][Fe,Ir,(CO);,{ns-Au(PPhs)}] (3). The salt [PPh,],
[Fe,Ir,(CO),,] (0.216 g, 0.143 mmol) was dissolved in acetone
(10 em?). Solid [Au(PPh;)CI] (0.078 g, 0.16 mmol) was added
and the solution immediately changed colour. After 1 h of
stirring the solvent was evacuated and the crude residue sus-
pended in 2-propanol. The mixture was stirred for 1 h, and the
colourless solvent is collected by syringe. The dark solid was
dried in vacuo and crystallized from thf-cyclohexane. Yield
0.216 g (93%) (Found: C, 40.4; H, 2.1. Calc. for Cs,H;5AuFe,-
Ir,0,P,: C, 39.8; H, 2.2%). F.a.b. m.s. (negative ions): m/z
(°%Fe, '93Ir, '®7Au) 1291 [M — PPh,] and 1291 — 28x
[Fe,Ir,(CO),,_Au(PPhy)]™ (x = 1—38).

Collection and Reduction of the X-Ray Data for Complexes
(1)—(3).—The crystal data for compounds (1)—(3) are sum-
marized in Table 4 together with some experimental details.
Crystals of the three compounds were mounted in an arbitrary
orientation on a glass fibre which was then fixed into an
aluminium pin and mounted onto a goniometer head. Diffrac-
tion data were collected on an Enraf-Nonius CAD4 automated
diffractometer, controlled by a PDP 11/73 computer, using Mo-
K, radiation (A = 0.710 73 A) with a graphite crystal mono-
chromator in the incident beam. The Enraf~Nonius program
SEARCH was employed to obtain 25 accurately centred reflec-
tions which were then used in the program INDEX to obtain an
orientation matrix for data collection and to provide cell
dimensions.?” A periodic remeasurement of three standard
reflections revealed a crystal decay, on X-ray exposure, which
was evaluated as about 159 for (1), 7%, for (2), and 10% for (3)
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Table 4. Summary of crystal data and intensity collection parameters for compounds (1)—(3)“*

Compound [N(PPh;),][Felr;(CO),,]
Formula C,sH;oFelr;NO, ,P,
M 1507.17

Space group P2,/c

ajA 14.968(2)

bjA 19.892(2)

c/A 16.610(2)

B/° 96.10(2)

U/A? 4917(2)

Z 4

D /g cm™ 2,036

Hw(Mo-K )/em™! 84.75

w-scan width/® 1.20 + 0.35tan6
Measured reflections 8 649

Unique observed reflections 5065

[1 > 3o(])]

Final R, R’® 0.032, 0.040

No. of variables 419

Min. transmission factor 0.65

Es.d.* 1.115

[NEt,],[Fe,Ir,(CO)y,]

CisHaoFe I, N0y Cs4Hy5AuFe,Ir,04,P,
1092.73 1630.88

P2, P2,/c

9.072(5) 10.990(3)
19.910(5) 13.693(2)
10.094(3) 35.883(3)
91.92(3) 97.39(2)
1822(2) 5355(3)

2 4

1.991 2023

80.90 83.06

1.20 + 0.35tan0 1.80 + 0.35tan®
3291 9571

2602 6 666

0.033, 0.040 0.031, 0.040

336 538

0.63 0.56

1.392 1.404

[PPh,][Fe,Ir,(CO) 5 {ns-Au(PPhy)}]

2 Details common to all three compounds: monoclinic; scan mode, ®, 0 range 3——25° octants in reciprocal space explored, +4, +k, +L R =

[Z(F, — k|F,)/ZF,], R = [Ew(F, — KIF)*/ZwF,2]*. °[Zw(F, — k|F.))*/(N, — N,)]¥ where N, = number of observations and N, =
number of variables.

Table 5. Fractional atomic co-ordinates for complex (1) with e.s.d.s in parentheses

Atom X y z Atom X y z
Ir(1) 0.144 71(3) 0.029 81(2) —0.036 21(2) C(114) 0.489 0(8) —0.091 9(6) —0.306 0(7)
Ir(2) 0.217 94(3) 0.142 01(2) 0.030 80(3) C(115) 0.404 2(8) —0.097 8(6) —0.279 2(7)
Ir(3) 0.309 97(3) 0.024 53(2) 0.046 38(2) C(116) 0.328 8(7) —0.082 9(5) —0.333 5(6)
Fe 0.284 59(8) 0.086 23(6) —0.097 76(7) C(121) 0.147 0(6) —0.039 0(5) —0.430 3(6)
P(1) 0.244 3(2) —0.046 1(1) —0.484 0(1) C(122) 0.142 0(8) 0.013 8(6) —0.374 3(7)
P(2) 0.261 9(2) —0.174 8(1) —0.567 3(1) C(123) 0.068 9(8) 0.016 2(6) —0.330 1(7)
o(1) —0.014 4(5) 0.076 2(4) —0.150 3(5) C(124) 0.003 4(9) —0.028 7(6) —0.340 2(8)
0(2) 0.093 5(5) —0.114 8(3) —0.014 5(5) C(125) 0.003 1(9) —0.078 1(7) —0.398 3(8)
O(3) 0.090 1(6) 0.250 0(5) —0.0353(8) C(126) 0.076 4(8) —0.082 8(6) —0.443 9(7)
O4) 0.296 3(7) 0.207 0(5) 0.186 1(6) C(131) 0.262 7(6) 0.033 4(4) —0.530 4(5)
o) 0.214 2(7) 0.158 4(5) —0.242 3(6) C(132) 0.237 0(6) 0.043 0(4) —0.611 8(6)
0O(6) 0.457 3(5) 0.053 7(5) —0.149 5(5) C(133) 0.244 9(7) 0.103 7(5) —0.649 0(6)
(0]¢))] 0.350 3(6) —0.112 1(4) —0.022 6(5) C(134) 0.279 5(8) 0.157 6(6) —0.603 2(8)
O(8) 0.252 5(7) —0.022 4(5) 0.205 8(5) C(135) 0.309 3(8) 0.149 4(6) —0.523 0(7)
0©9) 0.486 5(5) 0.095 7(4) 0.097 9%(5) C(136) 0.299 5(7) 0.087 7(5) —0.486 6(6)
O(10) 0.077 2(5) 0.074 8(4) 0.125 4(4) C(211) 0.364 8(6) —0.174 6(4) —0.613 3(5)
O(11) 0.228 3(5) —0.042 6(4) —0.176 7(4) C(212) 0416 6(7) —0.232 4(5) —0.620 0(6)
0O(12) 0.389 1(5) 0.203 4(3) —0.032 8(5) C(213) 0.494 7(7) —0.229 2(6) —0.6537(7)
N 0.228 9(5) —0.100 5(4) —0.553 2(4) C(214) 0.525 6(8) —0.171 3(6) —0.683 8(7)
C(1) 0.042 8(7) 0.057 7(5) —0.105 8(6) C(215) 0.475 4(8) —0.113 2(6) —0.678 8(7)
C(2) 0.109 3(6) —0.059 7(5) —0.022 9(6) C(216) 0.394 8(7) —0.114 9(5) —0.644 9(6)
C(3) 0.138 6(8) 0.210 4(6) —0.010 8(9) C(221) 0.175 4(6) —0.2153(4) —0.635 4(6)
C4) 0.266 2(7) 0.183 6(5) 0.125 5(7) C(222) 0.183 9(7) —0.282 2(5) —0.655 8(6)
C(5) 0.241 6(7) 0.130 3(5) —0.183 9(7) C(223) 0.114 6(8) —0.312 2(6) —0.705 1(7)
C(6) 0.387 9(7) 0.066 4(5) —0.127 1(6) C(224) 0.040 7(9) —0.276 7(7) —0.733 2(8)
C(7) 0.337 4(7) —0.061 3(5) 0.003 7(6) C(225) 0.031 5(9) —0.210 3(7) —0.714 6(8)
C(8) 0.271 5(7) —0.004 0(5) 0.146 7(6) C(226) 0.102 6(8) —0.178 9(6) —0.6657(7)
C©) 0.421 4(7) 0.067 3(5) 0.076 9(6) C(231) 0.279 9(6) —0.226 2(5) —0.477 6(6)
C(10) 0.118 1(6) 0.078 8(5) 0.070 2(6) C(232) 0.364 6(8) —0.233 5(6) —0.438 4(7)
C(11) 0.228 7(6) 0.004 9(5) —0.132 9(6) C(233) 0.376 0(9) —0.271 5(7) —0.364 6(9)
C(12) 0.332 4(7) 0.162 2(5) —0.040 0(7) C(234) 0.305(1) —0.298 8(7) —0.339 8(9)
C(111) 0.339 5(6) —0.061 7(4) —0.410 5(5) C(235) 0.222 5(9) —0.291 8(7) —0.372 8(8)
C(112) 0.425 4(7) —0.054 3(5) —0.4327(6) C(236) 0.207 1(8) —0.253 9(6) —0.447 0(7)
C(113) 0.499 4(7) —0.071 6(5) —0.382 1(7)

on F, at the end of data collection. Lorentz, polarization, decay,
and absorption corrections were applied, the latter performed
with the empirical method described in ref. 28.

Solution and Refinement of the Structures—The structures
were solved by the heavy-atom method: a three-dimensional

Patterson map was used to locate the metal core and Fourier
difference syntheses followed by successive least-squares refine-
ments were used to locate the other non-hydrogen atoms. The
refinement was carried out by full-matrix least-squares, with
anisotropic thermal parameters for all the atoms of the anions
and was continued until the largest shift in any parameter was
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Table 6. Fractional atomic co-ordinates for complex (2) with e.s.d.s in parentheses

Atom x ¥y z Atom x ¥ z
Ir(1) 0.322 18(6) 0.001 41(4) 0.156 77(6) C(5) —0.038(2) 0.147 9(9) 0.240(2)
Ir(2) 0.109 14(6) 0.097 0 0.187 80(6) C(6) —0.007(2) 0.030 1(8) 0.055(1)
1r(3) 0.070 7(6) —0.014 8(3) 0.345 1(5) C(7) 0.237(2) 0.112 5(7) 0.367(1)
Fe(l) 0.040 0(2) —0.034 22(8) 0.199 8(1) C(8) —0.139(1) —0.028 3(8) 0.260(1)
Fe(2) 0.194 1(2) 0.020 19(9) 0.390 8(2) C©) 0.046(2) —0.107 2(8) 0.114(1)
Fe(3) 0.346(2) 0.026 5(7) 0.278(1) C(10) 0.135(1) —0.072 8(7) 0.360(1)
Fe(4) 0.173 4(9) —0.030 8(5) 0.097 2(8) cQ1) 0.077(2) 0.030 5(8) 0.522(1)
o) 0.298(2) —0.014 6(9) —0.142(1) C(12) 0.355(2) 0.000 4(8) 0.483(1)
0(2) 0.566(1) 0.108 1(9) 0.200(1) C(111) 0.699(2) —0.080 6(8) —0.216(1)
0Q3) 0.462(1) —0.127 3(7) 0.248(2) C(112) 0.674(2) -0.088(1) —0.066(2)
O4) 0.239(1) 0.198 4(6) 0.015(1) C(121) 0.873(2) —0.177 0(8) —0.240(1)
O(5) —0.137(1) 0.182 8(7) 0.280(1) C(122) 1.011(2) —0.134(1) ~0.255(2)
O(6) —0.071(1) 0.037 6(6) . —0.047() C(131) 0.746(1) —0.126 7(8) —0.439(1)
Oo(7) 0.301(1) 0.159 6(5) 0.415(1) C(132) 0.778(2) —0.183 5(9) —0.527(2)
O(8) —0.257(1) —0.034 2(7) 0.294(1) C(141) 0.612(2) —0.198 1(8) —0.274(1)
09) 0.041(2) —0.1597(7) 0.063(1) C(142) 0.461(2) —0.176(1) —0.320(2)
0O(10) 0.147(1) —0.125 4(6) 0.413(1) C(211) 0.770(2) 0.223(1) 0.699(2)
O(11) 0.007(1) 0.036 1(8) 0.614(1) C(212) 0.934(2) 0.202(1) 0.744(2)
O(12) 0.452(1) —0.0137(7) 0.548(1) C(221) 0.668(2) 0.163(1) 0.900(2)
N() 0.736(1) —0.146 4(6) —0.293(1) C(222) 0.646(2) 0.229(1) 0.978(2)
N(2) 0.664(1) 0.172 2(6) 0.745(1) C(231) 0.509(2) 0.197(1) 0.701(2)
C(1) 0.300(2) —0.009 3(9) —0.034(2) C(232) 0.385(2) 0.155(1) 0.732(2)
C) 0.477(2) 0.066 7(9) 0.192(2) C(241) 0.686(2) 0.105(1) 0.638(2)
C(3) 0.404(2) —0.078 0(9) 0.214(1) C(242) 0.692(2) 0.105(1) 0.539(2)
C(4) 0.187(1) 0.159 9(7) 0.078(1)

The atoms labelled Ir(3), Fe(3), and Fe(4) have occupancy factors of ca. 0.1 (see text).

Table 7. Fractional atomic co-ordinates for complex (3) with e.s.d.s in parentheses

Atom X y z Atom X y z

Au 0.140 72(3) 0.409 45(2) 0.655 05(1) C(121) —0.05547) 0.470 3(6) 0.718 0(2)
Ir(1) 0.133 70(3) 0.344 79(2) 0.580 87(1) C(122) —0.073 7(8) 0.478 6(7) 0.7550(2)
Ir(2) 0.343 49(3) 0.31299(3) 0.630 35(1) C(123) —0.182 6(9) 0.452 3(9) 0.766 4(3)
Fe(1) 0.2579(1) 0.17591(8) 0.580 79(3) C(124) —0.275 %8) 0.416 3(8) 0.741 5(3)
Fe(2) 0.129 76(5) 0.21003(4) 0.636 96(1) C(125) —0.258 9(8) 0.405 5(7) 0.703 9(3)
P(1) 0.082 6(2) 0.512 (1) 0.699 52(5) C(126) —0.148 1(8) 0.432 4(7) 0.692 5(3)
PQ2) 0.435 6(2) 0.277 2(2) 0.406 86(6) C(131) 0.040 5(7) 0.634 0(5) 0.682 8(2)
[0]4))] —0.007 1(7) 0.533 2(5) 0.5724(2) C(132) —0.034 0(8) 0.692 5(6) 0.700 9(3)
0OQ) 0.089 6(6) © 0.306 2(6) 0.498 5(2) C(133) —~0.067 4(8) 0.784 4(6) 0.687 3(3)
0Q@3) 0.451 9(7) 0.470 7(6) 0.680 6(2) C(134) —0.025(1) 0.818 4(7) 0.655 7(3)
O(4) 0.582 3(6) 0.224 6(5) 0.620 8(2) C(135) 0.051(1) 0.761 0(8) 0.637 6(3)
o5 0.416 1(7) 0.213 3(6) 0.5229(2) C(136) 0.084 7(8) 0.670 0(6) 0.650 7(3)
O(6) 0.398 0(7) 0.011 3(5) 0.615 3(2) C(211) 0.573 7(7) 0.243 9(6) 0.436 5(2)
Oo(7) 0.074 5(6) 0.060 6(5) 0.533 4(2) C(212) 0.671 3(9) 0.312 3(7) 0.440 6(3)
O(8) 0.106 7(8) 0.000 4(5) 0.631 5(2) C(213) 0.781(1) 0.286 6(8) 0.463 1(3)
0% 0.003 5(8) 0.223 8(6) 0.703 8(2) C(214) 0.790(1) 0.199 2(8) 0.480 4(3)
0O(10) —0.107 1(5) 0.229 2(5) 0.586 7(2) C(215) 0.698(1) 0.1327(8) 0.476 9(3)
O(11) 0.369 8(5) 0.446 3(5) 0.564 8(2) C(216) 0.585 5(9) 0.157 5(7) 0.454 6(3)
0(12) 0.346 8(7) 0.171 7(5) 0.696 3(2) C(221) 0.464 2(7) 0.282 9(6) 0.358 7(2)
C(D) 0.046 0(7) 0.464 0(6) 0.578 0(2) C(222) 0.3657(8) 0.305 9(6) 0.331 1(2)
C(2) 0.107 6(8) 0.318 6(7) 0.529 3(2) C(223) 0.387 0(9) 0.314 4(7) 0.294 1(3)
C(@3) 0.403 6(8) 0.410 1(7) 0.662 0(3) C(224) 0.502 0(9) 0.299 0(7) 0.284 4(3)
C4) 0.486 5(8) 0.256 1(6) 0.6231(2) C(225) 0.597 2(9) 0274 2(7) 0.311 3(3)
C(5) 0.352 2(8) 0.200 3(7) 0.546 02) C(226) 0.579 4(8) 0.267 1(7) 0.347 8(3)
C(6) 0.345 5(8) 0.075 6(7) 0.601 1(2) C(231) 0.324 (7) 0.182 9(6) 0.410 8(2)
C(7 0.142 7(8) 0.108 0(6) 0.551 2(2) C(232) 0.235 4(8) 0.194 0(6) 0.4353(3)
C(8) 0.121 5(8) 0.083 1(6) 0.632 4(3) C(233) 0.161 8(9) 0.112 9(7) 0.441 3(3)
C(9) 0.052 0(8) 0.224 4(7) 0.677 6(3) C(234) 0.178 0(9) 0.025 5(7) 0.423 8(3)
C(10) —0.005 4(8) 0.245 7(6) 0.598 5(3) C(235) 0.262 5(9) 0.016 1(7) 0.398 9(3)
C(11) 0.317 1(7) 0.396 8(6) 0.583 5(2) C(236) 0.334 2(8) 0.096 8(6) 0.392 8(3)
C(12) 0.296 6(9) 0.208 8(7) 0.669 1(2) C(241) 0.383 9(7) 0.394 8(5) 0.421 7(2)
C(111) 0.199 0(6) 0.526 9(5) 0.739 9(2) C(242) 0.384 6(8) 0.410 7(6) 0.459 9(2)
C(112) 0.273 3(8) 0.447 3(6) 0.751 6(2) C(243) 0.342 7(9) 0.498 9(7) 0472 4(3)
C(113) 0.362 0(9) 0.456 4(7) 0.782 2(3) C(244) 0.306 6(8) 0.570 9(7) 0.447 3(3)
C(114) 0.377 4(8) 0.544 4(7) 0.801 8(2) C(245) 0.307 8(8) 0.557 1(7) 0.410 1(3)
C(115) 0.303 1(9) 0.620 2(7) 0.790 7(3) C(246) 0.347 8(8) 0.468 5(6) 0.396 7(2)
C(116) 0.215 7(8) 0.613 2(6) 0.759 8(2)
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less than 0.3c. All the hydrogen atoms were introduced in the
models at calculated positions but not refined. The function mini-
mized was Tw(F, — k|F,|)%. Individual weights were w = 1/c2-
(Fo) where G(Fo) = G(Foz)/ZFoa G(Foz) - [62(1) + (PDz]é/LP
and p the ‘ignorance factor’ was equal to 0.04 for the three
compounds. Scattering factors and anomalous dispersion cor-
rections were taken from ref. 29.

The positional parameters for compounds (1)—(3) are listed
in Tables 5—7. For (2) the occupancy factors for the atoms Ir(2)
and Fe(1) involved in substitutional disorder are 0.83 and 1.23.
This corresponds to the metal distributions Feq (,Ir, g5 for
Ir(2) and Feg gglrg 1, for Fe(1). For compound (3) the atoms
labelled as Ir(2) and Fe(2) showed, in the first stages of the
refinement, anomalous thermal parameters. Their occupancy
factors refined to final values of 0.75 and 1.75, respectively,
which afford the metal distributions Fe, ¢,Irg 35 for the Fe(2)
site and Fe, 35Ir, ¢, for the Ir(2) site.

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