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Abstract 

The polyhydride complex [(Ph,P),Ir(~-H)JAg(~-H),Ir(Ph~P),]+ has been prepared and characterized as the \rifluorosulfonate 
salt. It crystallizes in the triclinic Pi space group with z = 1; a = 10.100(4), b = 14.940(4), c = 15.309(5) A, (Y = 116.53(4), 
B = 94.55(4), y = 108.43(4)” and V = 2643 A3. The structure consists of a cluster with a linear Ir-Ag-Ir array. The hydride ligands 
were not located but from the arrangement of the heavy atoms their most probable positions bridging the Ir-Ag interactions were 
obtained by potential energy methods. 
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1. Introduction 

The mononuclear iridium hydride fuc-[(Ph,P),IrH,l 
reacts with silver ions in a 2: 1 ratio forming the 
trinuclear complex [(Ph,P),Ir(p-H)3Ag(cL-H),- 
Ir(Ph,P),]+, 1. The mer isomer reacts with Ag+, but 
with the same 1r:Ag ratio the product of the reaction 
is not complex 1. A new compound formed which 
could not be characterized, but which transformed to 1 
over a few hours [l]. 

In solution, 1 is highly fluxional on the NMR time 
scale, and single resonances were observed for the six 
equivalent phosphorus and six equivalent hydride lig- 
ands. However, the IR spectra on solid samples sug- 
gested the presence of two types of hydride. An ab- 
sorption 
terminal 
cm-’ to 
observed 
drides, 

band at 2100 cm-’ is considered due to 
hydrides, and two bands at 1970 and 1900 
bridging hydrides [l]. Similar features were 
in the IR spectra of other trinuclear polyhy- 
[(Me,PhP),HIr(p-H),Ag(p-H),IrH(Me,- _. .~,~~. ~~I~ 

PhP),]+ and [(Me,PhP),HIr(p-H),Cu@-H),IrH(Me,- 
PhP),]+, 2, [21 and [(triphos)HRh(p-H),Ag(p-H)2Rh- 
H(triphos)]+, 3, and [(triphos)HRh(~-H),Cu(~-H)2Rh- 
H(triphos)]+, 4, where triphos is the tridentate phos- 
phine CH,C{Ph,CH,P], [3]. The crystal structure 
analyses of 2, 3 and 4 did not allow the localization of 
the hydrides, but the heavy atoms arrangements, though 
different in 2 compared to 3 and 4, were compatible 
with the presence of both terminal and bridging hy- 

TABLE 1. Crystallographic data 

Formula 
Mol. wt. 

a (A) 

b Cli, 

c 4) 
a (“I 

p (“) 
y (“) 

v (‘2) 

Z 
Crystal system 

Space group 
Density calcd. (g cmm3) 
Crystal dimensions (mm”) 
Radiation 

graphite-monochromated 

MO Kcr 
Absorption coefficient (cm-‘) 
Scan mode 
Scan range V) 
Scan speed 

Background counts 
Intensity control standard 

20 angle (“) 
Total no. of observations 
No. of unique data with Z 2 3a(Z) 
Data/parameters 
No. parameters refined 
R 

R W 

2221.1 

14.100(4) 

14.940(4) 

15.309(5) 
116.53(4) 
94.55(4) 
108.43(4) 

2643 
1 
Triclinic 

pi 
1.395 
0.45 x 0.30 x 0.60 

A = 0.71069 w 
28.43 
o-scan 
1.0 
variable according the 

intensity 
0.5 scan time at kO.8” 
3 of every 100 reflections 

measured 
3-56 
18540 
9677 
16 
595 
0.069 
0.079 
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TABLE 2. Final atomic coordinates with their eds values in paren- 
theses 

x Y z 

AG 
IR 

P(l) 
P(2) 
P(3) 
C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(lO) 
C(11) 
C(l2) 
cc131 
C(l4) 
C(15) 
C(l6) 
C(l7) 
C(l8) 
C(l9) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(26) 
C(27) 
C(28) 
C(29) 
C(30) 
C(31) 
Cc321 
cc331 
cc341 
C(35) 
C(36) 
C(37) 
C(38) 
C(39) 
C(40) 
C(41) 
C(42) 
C(43) 
C(44) 
C(45) 
C(46) 
C(47) 
C(48) 
C(49) 
C(50) 
C(51) 
C(52) 
C(53) 

0.0000 

0.13479(3) 
0.0807(2) 
0.2933(2) 
0.1705(2) 
0.1747(8) 
0.167(l) 
0.243(l) 
0.323(l) 
0.332(l) 
0.2604(9) 
0.0161(8) 
0.040(l) 

-0.008(l) 
-0.080(Z) 
-0.107(l) 
- 0.0530(9) 
- 0.0237(7) 
- 0.0380) 
-0.116(l) 
-0.1810) 
- 0.1690) 
-0.0910) 

0.3032(8) 
0.231(l) 
0.234(l) 
0.314(2) 
0.324(l) 
0.381(l) 
0.4208(7) 
0.509(l) 
0.604(l) 
0.527(l) 
0.6110) 
0.4295(9) 
0.3101(9) 
0.363(l) 
0.375(2) 
0.338(2) 
0.289(2) 
0.272(l) 
0.0534(8) 
0.0430) 

-0.050(l) 
-0.1280) 
-0.117(l) 
- 0.0270) 

0.2373(9) 
0.314(l) 
0.3700) 
0.348(l) 
0.273(2) 
0.217(l) 
0.2490(8) 
0.339(l) 
0.396(l) 
0.367(l) 
0.276(l) 

0.0000 
0.21095(3) 
0.3215(2) 
0.2234(2) 
0.2955(2) 
0.4251(9) 
0.4320) 
0.514(2) 
0.5910) 
0.589(l) 
0.507(l) 
0.3990) 
0.510(l) 
0.5670) 
0.514(2) 
0.406(2) 
0.3470) 
0.2448(9) 
0.1440) 
0.091(l) 
0.1360) 
0.239(l) 
0.292(l) 
0.251(l) 
0.1760) 
0.190(2) 
0.281(2) 
0.355(2) 
0.3400) 
0.321 l(9) 
0.298(l) 
0.381(2) 
0.504(l) 
0.481(2) 
0.423(l) 
0.0930) 
0.065(2) 

- 0.038(2) 
- 0.105(2) 
- 0.0770) 

0.0200) 
0.274(l) 
0.358(l) 
0.335(l) 
0.234(2) 
0.151(l) 
0.172(l) 
0.2366(9) 
0.206(l) 
0.165(l) 
0.156(l) 
0.187(2) 
0.227(l) 
0.4423(9) 
0.482(l) 
0.592(l) 
0.6660) 
0.626(l) 

0.0000 

0.10801(3) 
0.0608(2) 
0.0637(2) 
0.2860(2) 
0.0429(9) 

-0.043(l) 
- 0.051(2) 

0.027(2) 
0.118(l) 
0.125(l) 
0.1471(8) 
0.179(l) 
0.246(l) 
0.281(l) 
0.2500) 
0.180(l) 

- 0.0582(8) 
- 0.1345(9) 
-0.224(l) 
-0.238(l) 
-0.161(l) 
-0.072(l) 
- 0.0412(8) 
- 0.1348(9) 
-0.216(l) 
-0.2080) 
-0.118(l) 
- 0.0350) 

0.1540(8) 
0.151(l) 
0.219(2) 
0.294(l) 
0.289(l) 
0.226(l) 
0.010(l) 

- 0.064(2) 
- 0.099(2) 
-0.058(S) 

0.010(2) 
0.046(l) 
0.3328(8) 
0.4177(9) 
0.448(l) 
0.398(l) 
0.317(l) 
0.284(l) 
0.3409(8) 
0.3020) 
0.343(l) 
0.426(l) 
0.466(l) 
0.425(l) 
0.3708(8) 
0.444(l) 
0.5030) 
0.489(l) 
0.418(l) 

TABLE 2. (continued) 

x Y i! 

C(54) 0.2172(9) 0.5170) 0.3601(9) 

C(55) 0.3790) 0.9843(9) 0.574(l) 
S 0.476(2) 1.104(2) 0.663(2) 

F(1) 0.288(2) 0.980(2) 0.546(2) 

F(2) 0.378(5) 0.917(5) 0.620(5) 

F(3) 0.399(S) 0.970(6) 0.483(5) 

O(l) 0.477(4) 1.197(3) 0.646(4) 

O(2) 0.473(4) 1.145(4) 0.758(3) 

O(3) 0.571(4) 1.101(6) 0.662(5) 

drides. The X-ray analysis of 1 was undertaken and 
features similar to those observed in the other trinu- 
clear polyhydrides were expected, although in this case 
the IR band in the terminal hydride region was quite 
weak. 

2. Experimental details 

2.1. Synthesis and characterisation of [(Ph, PI3 Ir(p- 
Hj3 Ag(p-H)Jr@‘h, P),I[CF$O,l 

A solution of 26 mg (0.1 mmol) AgCF,SO, in 2 ml 
THF was added to a solution of 186 mg (0.2 mmol) 
fat-[(PhsP)sIrHJ in 5 ml CH,Cl, at room tempera- 
ture. The mixture was stirred and slightly warmed for 5 
min and then filtered. Hexane was added until devel- 
opment of slight turbidity. The mixture was kept at 
-20°C. After 12 h small, colourless crystals appeared, 
which were filtered off and washed with pentane. 

Anal. calcd. for C,,,H,,AgF,Ir,O,P,S (2215.09): C, 
59.10, H 4.10. Found: C, 58.76, H, 4.33%. 31P{1H1 
NMR (CD&l,, 0°C): 3.35 ppm (d, *J(Ag, P) = 24.5 
Hz). ‘H (CD,CI,, 0°C): 6.7-7.9 ppm (m, arom.), - 11.3 
ppm (m, hydrides). lJ(io7Ag, H) = 52 Hz, ‘J(‘09Ag, H) 
= 59 Hz). IR: 2100, 1970, 1900 cm-‘. 

The crystals used for the X-ray analysis were recrys- 
tallized by slow evaporation of a solution of the com- 
plex in ethanol. 

2.2. Collection and reduction of X-ray intensity data 
The X-ray analysis was undertaken on colourless 

crystals, which were found to be triclinic, space group 
Pi. A prismatic crystal of ca. 0.45 x 0.30 X 0.60 mm 
was sealed in a glass capillary with its mother liquor 
and used for the collection of data. The unit-cell di- 
mensions were determined by a least-squares refine- 
ment of the setting angles of 15 high-angle reflections 
(20 > 28 < 26”) carefully centred. The intensities were 
collected on a Nicolet R3 computer-controlled diffrac- 
tometer using graphite-monochromatized MO K~z radi- 
ation in the o-scan mode at variable scan rate. Three 
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standards were measured every 100 reflections and 
were found to remain constant. All the reflections were 
processed to yield values of Z and a(Z) [4]; in the 
estimation of a(Z) the uncertainty factor p = 0.013 was 
calculated from the variance of the standard reflections 
[5]. Corrections for Lorentz and polarization were ap- 
plied. An empirical absorption correction [6] was ap- 
plied using scan data of three reflections at x angles of 
88.2”. The minimum normalized transmission factors 
were in the range 0.66-0.70. Only the independent 
reflections which met the conditions Z > 3&Z) were 
used in the subsequent calculations. In Table 1 the 
crystallographic data are summarized. 

2.3. Solution and refinement of the structure 
The structure was solved by the heavy atom method 

and refined by full-matrix least-squares procedures with 
the minimized function Cw( I F, I - I F, I 12, where 
w = l/a2(F,*). After convergence of the isotropic re- 
finement at R = 0.098, the hydrogen atoms were intro- 
duced into calculated positions and refined riding on 
the corresponding carbon atoms. All the non-hydrogen 
atoms were allowed to vibrate anisotropically. All the 

hydrogen atoms were given the isotropic thermal fac- 
tors of the parent carbon atoms, which were not re- 
fined. A Fourier difference map at this point revealed 
a few weak peaks which could be interpreted as due to 
the disordered half molecule per asymmetric unit of 
[CF,SOJ. The final cycles of refinements, which in- 
clude the [CF,SO,]- group with 0.5 occupancy, con- 
verged at R = 0.069 and R, = 0.070. All calculations 
were performed on a Data General Eclipse MV800011 
computer using local programs. Scattering factors and 
anomalous dispersion terms were taken from the Znter- 
national Tables for X-Ray Crystallography [7]. Final 
atomic parameters of the non-hydrogen atoms are given 
in Table 2. Full lists of bond lengths and angles, 
hydrogen atom coordinates and thermal parameters 
have been deposited with the Cambridge Crystallo- 
graphic Data Centre. The authors will also supply 
these and lists of structure factors. 

3. Results and discussion 

The crystal structure of [(PPh,),Ir(p-H),Ag&- 
H),Ir(PPh,),I[CF,SO,l, consists of the packing 

probability. 
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of discrete ions with no short intermolecular contacts. 
Figure 1 shows a view of the cationic complex and a 
selection of bond lengths and angles are presented in 
Table 3. In the Pi space group the Ag atom lies at the 
centre of symmetry and therefore only half of the 
molecule is symmetry-independent. 

The structure consists of a linear trimetallic chain in 
which the triphosphines adopt a staggered rotational 
conformation. The two pseudo C, axes of the Ir(PPh,), 
units are coincident with the Ir-Ir direction, so that 
the whole trimetallic complex possesses an approxi- 
mately C, axis, which, with the addition of the crystal- 
lographic centre of symmetry, results in an overall Cji 
symmetry (Fig. 2). 

Although the hydride ligands were not located, the 
iridium atoms can be considered octahedrally coordi- 
nated in a fat configuration by the hydrides and by the 
phosphorus atoms of the triphosphines. 

The coordination around the Ag atom can be as- 
sumed to be distorted octahedral. Because of the over- 
all C,, symmetry, the Ir-Ag-Ir angle is 180” and the 
P-Ir-Ag angles can be considered to be equivalent 
[108.2(l), 111.3(l), 117.3(l)“]. Therefore the six hydride 
ligands truns to the P atoms can be expected to lie 
equally close to the Ag atom. 

In order to verify this assumption, all the hydride 
ligands were assumed to bridge the Ir-Ag interactions 
and their probable positions at potential energy mini- 
ma were located and optimized by the use of the 
HYDEX computer program [8]. All the hydrides were 

Pl 

Fig. 2. View down the Ir-Ag-Ir direction of complex 1. The H atoms 
are at calculated positions with theoretical isotropic thermal parame- 

ters. 

TABLE 3. Selected bond lengths (& and angles (“) with their eds 
values in parentheses 

AG-IR 
IR-P(1) 

IR-P(2) 
IR-P(3) 

P(l)-C(1) 
P(lkC(7) 
P(l)-cc131 
P(2)-C(19) 

P(2)-C(25) 
P(2)-C(31) 

P(3)-C(37) 
P(3)-C(43) 
P(3)-C(49) 

P(l)-IR-AG 
P(2)-IR-AG 
P(3)-IR-AG 
P(2)-IR-P(1) 
P(3)-IR-P(1) 
P(3)-IR-P(2) 

C(l)-P(l)-IR 
C(7)-P(l)-IR 
C(13)-P(l)-IR 

C(7)-P(l)-C(1) 
C(lS)-P(l)-C(1) 

C(13)-P(l)-C(7) 
(X19)-P(2)-IR 

C(25)-P(2)-IR 
C(31)-P(2)-IR 

C(25)-PWC(19) 
C(31)-P(2)-C(19) 
C(31)-P(2)-C(25) 
C(37)-P(3)-IR 

C(43)-P(3)-IR 
C(49)-P(3)-IR 
C(43)-P(3)-C(37) 
C(49)-P(3)-C(37) 
C(49)-P(3)-C(43) 

2.709(l) 

2.369(2) 
2.362(3) 
2.362(4) 
1.830) 

l.@(l) 
1.85(2) 

1.840) 
1 M(2) 

1.85(2) 
1.840) 
1.850) 

l%(2) 
111.30) 
108.2(l) 
117.3(l) 
104.3(l) 
107.00) 
107.80) 
120.2(3) 
114.9(4) 
114.4(5) 

102.6(7) 
102.7(6) 

99.1(6) 
113.5(4) 
123.2(4) 
113.2(5) 
101.2(7) 
100.6(7) 
102.2(7) 

113.5(6) 
114.0(6) 
123.1(4) 
99.8(5) 

102.7(7) 

100.5(7) 

accommodated in the octahedral coordination spheres 
of the three metals with appropriate distortions to 
describe a double bioctahedral confacial geometry (Fig. 
3(a)). The differences in the P-Ir-Ag angles, in partic- 
ular P(2)-Ir-Ag [117.3(l)“], did not sensibly affect the 
positions of the hydrides. The hydride ligands were 
then assumed to be terminally bonded to the Ir atoms 
and in semibridging contacts around the Ag atom. 
Their probable positions found by HYDEX are depicted 
in Fig. 3(b). In both limiting cases, all the six hydride 
ligands were found to fit equally well the symmetrical 
arrangement of the heavy atoms. 

A rather different stereochemistry is present in the 
analogous Ir/Cu complex [(Me,PhP),HIr&-H),Cu(F- 
H),IrH(Me,PhP),]+, 2, [2]. The two phosphines as- 
sume an eclipsed rotational conformation and their 
pseudo-axes are bent with respect to the Ir-Cu-Ir 
direction, so that the six P-Ir-Cu angles are no longer 
equivalent: two of them are smaller and four are big- 
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ger. Because of the four bigger angles, the hydrides 
trms to the P atoms lie closer to the Cu atom and yield 
a distorted tetrahedral arrangement around it (the 
hydride positions in Fig. 4(a) were obtained by HYDEX). 

In the Rh complexes 3 and 4 the P-Rh-M angles 
are also of two kinds, so that only four hydride ligands 
appear to interact with the central atom. However the 
P atoms of the tridentate phosphines, triphos, are 
almost staggered and their axes are bent towards the 

(a) 

Rh-M-Rh axis, which in turn is not linear. The hy- 
dride ligands tram to the P atoms are arranged around 
the central atom (Ag in 3 and Cu in 4) like the F atoms 
in SF,, with two atoms at 180” and the other two on an 
approximately normal plane (the hydride positions in 
Fig. 4(b) were obtained by HYDEX). 

The Ir-Ag distance is 2.7090) A, significantly 
shorter than the few other Ir-Ag distances known, and 
can be considered indicative of metal-metal bonding. 

(b) 

P2' 

P2 

Fig. 3. Inner coordination sphere of 1; (a) the H atoms are bridging the Ir-Ag interactions at calculated positions and (b) the H atoms 
terminal on the Ir atom at calculated positions. 

are 
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in 3 and Rh-Cu-Rh = 168” in 41. In three of the 
complexes bridging and terminal hydride ligands are 
detected by IR spectroscopy and indicated by the ar- 
rangement of the heavy atoms, which suggests an SF,- 
type of coordination for the central atom in 3 and 4 
and a distorted tetrahedral arrangement for 2. In 1 the 
presence of terminal hydride ligands suggested by IR 
spectroscopy is not confirmed by the structural data 
and the central Ag atom seems surrounded by six 
hydrides in an unusual octahedral arrangement. 

In these four complexes the only common feature is 
the short Rh-M and Ir-M distances. Strong direct 
metal-metal interactions are postulated in addition to 
those present in the H-bridge interactions, A metal- 
metal bond can be considered the main feature of 
these linear clusters, while the steric differences be- 
tween the phosphine and packing forces can cause the 
other differences observed. 
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