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Crystals of [ Ir,Br( CO) 1 J (PPh,) are orthorhom bit, space group P2 12 ,2 1, with 
(z 13.276(3), b l&347(4), c 16.041(4) 3. The structure has been elucidated by 
the analysis of 2876 observed intensities recorded on an automatic diffractome- 
ter, and refined by the least-squares method to R = 0.043. The anion contains a 
tetrahedral cluster of iridium atoms (mean Ir-Ir 2.710 a). The carbonyl 
arrangement differs from that of the parent Ir,(CO),,, and is similar to that 
known for Co,(CO) 12 and Rh,( CO) 12, with one terminal CO group in the basal 
M,(C0)9 moiety replaced by the bromide ligand; two of the bridging CO groups 
become markedly asymmetric. 

Introduction 

Reactions of Ir4(CO) 12 with various nucleophiles leading to monosubstituted 
anionic species have recently been studied [1] _ The reaction with a large excess 
of (PPh,)Br produces a yellow-orange compound of formula [Ir,Br(CO) 1 J- 
(PPh,). We have carried out an X-ray structural analysis of this species in order 
to elucidate the stereochemistry of these new compounds, which was expected, 
on the basis of the IR spectra, to be similar to that of M,(CO),, species (M = 
Co, Rh) [ 21. A brief account of this study has appeared previously [ 11. 

Experimental 

Crystal data. C&HzoO,,PBrIr,, mol. wt. 1505.2, orthorhombic, (L 13.276(3), 
b l&347(4), c 16.041(4) & U 3907.2 A3, D, 2.53(2) (by flotation), D, 2.56 g 
cmm3 for 2 = 4, F( 000) = 3424. Space group P212121 (No. 19) from systematic 

0022-328X/8O/OOOO+IOOO/$O2_25, @ 1980, Elsevier Sequoia S.A. 
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absences (hO0: h = 2n + 1; OkO: k = 2n + 1; 001: I = 2n + 1). &lo-K, radiation 
(h 0.7107 A); p(h!lo-IT,) 156.0 cm-‘. 

Intensity measurements. A crystal of dimensions 0.34 X 0.39 X 0.43 mm. 
was mounted on the automatic BASIC diffractcmeter * and 4018 intensities, 
corresponding to the +h, +k, +l o&ant in the 29 range 7-50”) were collected 
using graphite-monochromatized Mo-K, radiation and the w-scan technique, 
with a total scan width of 1.0” and a scan speed of 0.05” /sec. The background 
was measured on both sides of each reflection for half of the peak-scanning 
time. One standard intensity was measured at periodic intervals and no decay 
was detected. Integrated intensities were reduced to Fe values by correction for 
Lorentz, polarization, and absorption effects, the transmission factors being in 
the range 0.035-0.074 [3]. 2876 reflections were significantly above back- 
ground (o(l)/1 < 0.40) and were used in the structure determination and refine- 
ment_ 

Determination and refinement of the structure. The structure was solved by 
deconvolution of the Patterson map and, after a preliminary refinement of the 
iridium atoms parameters, a difference-Fourier synthesis showed the locations 
of all the non-hydrogen atoms. The refinement was carried out by the least- 
squares method in the block-diagonal approximation. The phenyl groups of the 
cation were treated as rigid bodies (D,, symmetry, C-C 1.392 A) with individ- 
ual carbon temperature factors. The hydrogen atoms were introduced in the 
computation of the structure factors but not refined (C-H 1.08 _&, tempera- 
ture factors equal to those of the corresponding carbon atom). Anisotropic 
thermal factors were assigned to the phosphorous atom and to all the anion 
atoms. During the refinements the anomalous dispersion was taken into 
account for iridium, bromine and phosphorus [4] and the absolute configura- 
tion was determined. This, however, is not chemically relevant because the 
anion has an idealized C, symmetry. The observations were weighted according 
to the formula w = l/(A + BF, + CF:), where in final cycles, A, B and C had 
values 133.1, -1.86 and 8.1 X 10m3 respectively and were chosen on the basis 
of an analysis of Cv.f(F, - k IF, I)*_ Atomic scattering factors were taken from 
ref. 5 for all the non-hydrogen atoms and from ref. 6 for hydrogen. The final 
values of the reliability indices were R = 0.043 and R, = 0.052. The final dif- 
ference-Fourier synthesis was flat except for some residual peaks not exceeding 
0.8 e/A3 near to the metal atoms. The results of the refinement are reported in 
Table 1. The final hat of observed and calculated structure factor moduli can be 
obtained by application to the authors. 

AZ the computations were carried out on a UNIVAC 1108 computer with 
local programs. 

Discussion 

The structure consists of discrete [Ir,Br( CO) 1 ,] - anions and PPh,’ cations in 
the ratio l/l, as shown in Fig. 1 (packing down the a axis). 

* Basic stands for LLBa~i~ Siemens ControIled” diffractometer. It was assembed by Prof. P.L. BelIon 
with a Siemens-Hoppe four circle goniometer and a 16 K Helwlet and Packard computer. P=~JY 

programmed in the Basic language. 
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TABLE 2 

BOND DISTANCES AND ANGLES WITHIN [Ir4Br(CO)I~I(PPh4) 
-____ __- ___- 

Distances <A) Angles (deg.) 
_._ ..~~__._. _.-~..._--_ 

Ir(1 )-Ir(2) 2.678(l) . 
Ir(l)-k(3) 2.704<1) 
It(l)-Ir(4) 2.706(l) 
k(2)-II(~) 2.735(l) 
k(2)-Ir(4) 2.745(l) 
k(3)-Ir<4) 2-695(l) 
Ir(2)-Br 2.576(3) 
Ir<l)-C<l) l-90(3) 

Ir(lbC(2) l-88(3) 
Ir(lFC(3) l-85(3) 
Ir(2)-C(4) l-83(3) 

Ir(3F-C<5) l-87(3) 

Ir(3)-C(6) l-92(3) 

Ir(4FC(7) 1.95(3) 
Ir(4)-C<8) 1.91(3) 

Ir(2)-WN 1.95(2) 

Ir(Q)-JXS Z-21(2) 
Ir(2)-C(lo) 2.02(3) 

Ir(3)-C<lO) 2.19(3) 
Ir(3)-C(ll) 2.07(3) 

Ir(4+C(ll) 2.15(3) 

C(l)--o(l) l-12(4) 

C(21--0(2) 1.18(4) 

C(3)-0<3) l-15(4) 

C(4eO(4) 1.16(4) 

C(5)-0(5) l-13(4) 

C(6+0(6) 1.15(4) 

c(7ko(7) 1.06(4) 

C(8)-O(8) 1.12(4) 

C(9k-o(9) 1.21(3) 
c(10)-0(10) 1.18(3) 
c(ll)-o(11) 1.10(3) 
P-CTUl) l-78(2) 
P-CT(21) l-79(2) 
P-CT(31) 1.80(2) 
P-CT(41) l-80(2) 

Ir(lk-c(1)-o(l) 
Ir(lFC(2)-o(2) 
Ir(l)-C(3kO(3) 

Ir(2)-C(4)-O(4) 
Ir(3)-C(5)-O(5) 
Ir(3&C<6kO(6) 
Ir(4+C(ihO(7) 

Ir(4bC(8)-0(8) 
Ir(D-C(9)-4(9) 
Ir(4hC(9)-CX9) 
Ir(2b-C(10bO~10) 

Ir<3)-C<10bO(10) 

Ir(3F-C(11k--O(11) 
Ir(4k-C<11FO<11) 

Ir<2F-C(9)--Ir(4) 

Ir(2)-C<lO)-k(3) 

Ir<3bC<fl)-Ir(4) 
Ir(l)-Ir<2)-Br 

Ir<B)-Ir(2)-Br 
k(4)-1x(2)-Br 

Ir-Ir<l)--C(cis) 
Ir-k(l)-C(trans) 
11(l)--Ir-C(cis) 

Ir:l)-Ir<3.4FC<trm.s) 

C-Ir<l FC 

Br-Ir(2bCX4) 

C(5b--Ir(3)--C(6) 

C(7)--Ir(4)-C(8) 

a hIean value. 

liS(2) 
175(2) 
177(3) 

173(3) 
iii(3) 
172(3) 
177(3) 

175(3) 
14X2) 
132<2) 

144(2) 

134(2) 

144(2) 
136(2) 

82(l) 

81(l) 
79(l) 

158.4(l) 

101.9(l) 
101.6(l) 

9ia 

154" 
101'7 
161= 
loo= 

100(l) 

99(l) 
97(l) 

The structure of the anion is depicted in Fig. 2. It contains a tetrahedral clus- 
ter bearing eight terminal and three edge-bridging carbony groups; the bromine 
atom is terminally bonded to the basal Ir(2) atom. The ligand stereochemistry 
is of the type present in Co4(CO) Q [ 2a] and in Rh,( CO) 12 [ 2b], where a bani- 
nal CO group (nearly trans with respect to the apical metal atom) in the basal 
M,(p-CO),(CO), moiety, is substituted by the bromide ligand. The overall 
idealized symmetry of the anion is C, . The more interesting bond parameters 
are reported in Table 2. 

In the classes of compounds Ir,(CO) 12-nLn and [Lr,(CO) ,,-,X,1”- a stereo- 
chemistry derived from that of M,(CO) 12 (&I = Co, Rh) is preferred with substi- 
tuent ligands having poorer n-acceptor ability than CO, such as L = PPh, (n = 1, 
2, 3) [ 7,8], LL = 1,2-bis(dimethylarsino)benzene (diars) [ 91, and X = Cl, Br, I, 
CN, SCN (n = 1) [l] and X = H (n = 2) [lo]. With ligands as L = CN(t-Bu) (n = 
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Fig. 1. Projection of the cell content down the D axis. 

1, 2) [ 111, having a n-acceptor ability more similar to that of a carbonyl group, 
a stereochemistry like that of the parent IrJCO) 12 [ 121 is present. This behav- 
iour may be rationalized taking into account (i) the supposed higher n-acidity 
of the bridging with respect to the terminal carbonyls (inferred from the lower- 
ing of the CO stretching frequencies and from the lengthening of the C-O 
bond distances) and, especially, (ii) the fact that bridging carbonyls can transfer 
charge from one metal to another by becoming asymmetric [ 11. 

The Ir-Ir distances have an overall mean value, 2.710 ,%, similar to the corre- 
sponding mean values in IrJCO)LZ (2-693 fl) [12b] and in Ir,(CO),_,,(PPh,),_, 
(2.73 A) [S]. However the two carbonyl-bridged edges involving Ir(2) are sig- 
nificantly longer (mean 2.740 A-) than the remaining ones (mean 2.696 A). The 
presence of bridging carbonyls has either an insignificant or a moderate shorten- 
ing effect on the metal-metal bond lengths [ 13 ] . We suggest that a shortening 
of the bridged metal-metal bond can be related to the o-donor ability of the 
carbonyl groups and a lengthening to their n-acceptor ability, and the two 
opposing factors determine the actual metal-metal bond distance. This is illus- 
trated in Scheme 1. 
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In our compound the presence of a o- and n-donor bromide ligand causes a 
large r-back-donation from Ir(2) toward the bridging carbonyl groups and this 
gives rise to a lengthening of the subtended Ir-Ir bonds. The species Rh,(CO)s- 
[P(OPh),], [14] shows an analogous behaviour, while the anion [Co,I(CO),,]- 
[ 151, where the iodide ligand substitutes an apical carbonyl group and, there- 
fore, the bridging CO groups are not involved in charge delocalization, shows 
exactly the opposite behatiour. 

The Ir-Br bond length, 2.576(3) A, is somewhat longer than the sum of the 
covalent radii (ca. 2.50 A), but similar to that found, e.g., in Ir,Br,(CO),- 
(PPh3)2(C1&S4) (mean value 2.549(2) A) [16]. 

The Ir-C(terminal) bonds range from l-83(3) to l-95(3) A (mean value 
1.89 Ai) and no significant differences are observed between the basal and the 
apical ones. The C-O(terminal) bonds are normal (mean value 1.13 8) and, as 
expected, shorter than the C-O(bridging) bonds (mean value 1.16 A). Two of 
the three edge bridging CO groups, bound to Ir(2), the metal bearing the 
bromide ligand, are markedly asymmetric. They show Ir( 2)-C bonds (mean 
1.98 A) significantly shorter than the Ir(3,4)-C bonds (mean 2.20 A). The 
third CO bridge shows only a very small, though significant, asymmetry (Ir-C 
2.07 and 2.15 A). Asymmetric CO bridges have been found in many polynu- 
clear carbonyl compounds such as, for instance, in [IrJCO) &IJ*- [ 101, 
CRh,(CO),,]*- 1171, and in many others. The effect can be ascribed principally 
to charge equalization (see also above) and has been discussed in detail previ- 
ously [l]. 

The P-C bond lengths (mean 1.79 .&) in the cation are, within the limits of 
errors, in close agreement with the literature data. The coordination around the 
phosphorus atom shows normal C-P-C angles, in the range 107.4(9)- 
110.6( 9)“. 
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