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Trans-(Ph~P)~(CO)ClIr (I) adds HSi& HGeCIJ 
and Me&H yielding dihydridoiridium complex 
(Ph,P)r (RJM)(CO)(H)Jr (it). Exchange reactions 
between (II), (RjM = MejGe) and silanes and stan- 
nanes favour reaction products in the order: Cl&i> 
BuSn -Me& > MejGe>Me.& ond C&Ge> MejGe. 
A possible mechunism for these exchange reactions 
is discussed. Complex (II) hydrogenates hex-2-yne 
to hex-2-ene. 

Introduction 

Neutral iridium(I) complexes such as (I) combine 
readly with silanes’,‘,” germanes4 and stannanes’*” to 
yield iridium( III) products containing iridium-hydro- 
gen and iridium-group IVb element bonds. In the 
case of trimethylgermane the reaction proceeds by 
a series of addition-elimination stages, and the ste- 
reochemistry of the product( II) MRJ= GeMex has 
been rigorously established by an X-ray crystal struc- 
ture* and by its i.r. and high field p.m.r. spectra4. 
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The analogous reactions of silanes produce octahe- 
dral adducts, (Ph~P)z(R$i)(CO)HClIr, which, under 
appropriate conditions, react with excess silane yield- 
ing dihydridoiridium complexes( I I) with M = Si and 
R=alkyl, alkoxy.‘+’ By contrast triphenylgermane 
adds to (I) with elimination of 1 mol. of triphenyl- 
phosphine and formation of a 5-coordinate complex 
(III). 
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Triorganostannanes are reported to behave differen- 
tly5: thus Ph$nH gives an octahedral adduct with 
(I) whereas MeSnH gives two isomeric octahedral 
adducts (IV) and (V) according to the ratio of 
reactants. 
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H co 

(IV) w 

The stereochemistry of (IV) and (V) was deduced 
from their i.r. spectra making the assumption that 
the phosphine ligands are trans. Although a high 
field Ir-H proton resonance was observed no cou- 
pling to the cis phosphorus atoms was reported. 

The present work is concerned with comparing 
the chemical and physical properties of this class of 
compounds, and examining the exchange reactions 
between silanes, germanes and stannanes bonded to 
iridium. 

Results and Discussion 

Oxidative additions of RIM-H compounds to (I) 
are highly sensitive to steric effects and electronega- 
tive substituents. For example, whereas Pr’JGeH 
and (o-tolylhGeH are unreactive, HSiClJ and HGeCL 
combine rapidly forming complexes of type (II). Tri- 
methylsilane has not previously been studied and we 
find that it combines only slowly with (I) to give 
the dihydridoiridimn complex(I1). In our hands the 
addition of trialkylstannanes to (I) has proved 
more complex and temperamental than originally 
suggested. Using accurately equimolar ratios of (I) 
and MeSnH in benzene under the conditions repor- 
ted by Lappert and Travers’ gave only unreacted ma- 
terial although benzene solutions contained an in- 
frared band at 2080 cm-‘, ascribable to v(Ir-H). 
However with 2 mols. of Me$nH a white complex 
was isolated analysing as (IV) or (V), but its high 
field p.m.r. spectrum which, on the basis of either 
of these structures should have been a I: 2: 1 triplet, 
was far more complex. Between 19 and 21.5~ 14 
lines of varying intensity were observed, three pairs 
were indicative. of cis-H-Ir-H coupling in dihydrido- 
iridium compounds [*J(H), 4-5 Hz]. It therefore 
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appears that stannyliridium compounds such as (IV) 
isomerise and decompose to dihydridoiridium pro- 
ducts when in solution. This behaviour is similar 
to that reported by Chalk2 for the decomposition of 
(PhJP)z[(EtO)$i](CO)HClIr in dichloromethane. Ex- 
periments in which a large excess of MeBnH was 
used invariably gave complex high field p.m.r. spec- 
tra and in one case decomposition to ‘ridium was 
observed. 

Oxidative addition of tri-n-butylstannane to (I) is 
also complex. Preparative scale reactions yielded 
yellow viscous oils having complex high field p.m.r. 
spectra centred on 20.7~ but this reaction, examined 
in an n.m.r. tube, gave the high field p.m.r. spectrum 
shown in Fig. 1. Although not unambiguous this 

l- _L 
19 T 20-r 

Figure 1. High field ‘H nmr spectrum from reaction: 
(1) +Bu”&IH. 

spectrum could be derived from structure (VI) or 
(VII) in which the two Ir-H hydrogen atoms are mu- 
tually frans, and the coupling *J(H-P) of 25 Hz is 
typical of the grouping H-Ir-(P-&s). 

Ph,P.,, .T, ,.* SnBu, Ph,P._. 

Ph,P4bC0 

,y ,,,, SnBu, 

OC4r\,,, 
H H ’ 
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The reason (I) gives dihydrido complexes (II) in 
reactions with silanes and germanes rather than mo- 
nohydrides may be due to successive addition-elimi- 
nation reactions’ although it has been suggested that 
the Ir-Cl is directly reduced by R3MH.S If the latter 
suggestion were correct we would expect the 5-coor- 
dinate complex (PhJP)(CO)(Ph3Ge)HClIr to be redu- 
ced by trimethylgermane, but no reaction takes place 
in refluxing benzene. 

The difficulty in preparing the trimethylstannyl 
derivative of (II) led us to examine exchange reac- 
tions of the type: 

(PhlP)I(MelGe)(CO)(H)Ilr+ RJMH~ 
(PhJP),(R,M)(CO)(H)21r + Me,GeH 

Whereas trimethybilane does not undergo this reac- 
tion trichlorosilane and trichlorogermane react readily. 
Similarly trimethylstannane and tri-n-butylstannane 
will displace Me,GeH. The high field part of the 
p.m.r. spectrum of (II) where RjM = MeJSn is shown 
in Figure 2. 

Figure 2. High field ‘H nmr spectrum of (Ph,PL(McSn)- 
(CO)(H)Jr at 100 MHz. 

The position of equilibrium in these reactions ap- 
pears to favour the products in the order Cl$i > BUJ- 
Sn - MeSn > MeJGe > MeSi and ClJGe > Me,Ge, and 
in all cases the stereochemistry remains unaltered. A 
factor contributing to this t( stability order n could be 
the low solubility of the trichlorosilyi and trichloro- 
germyl comple xes, but it is agreement with that 
found for platinum complexes of the type (diphos)- 
PtCl(MMel)’ though a different mechanism seems 
likely. For platinum addition - elimination reactions 
occur e.g. 

--Ye;G?H 
(diphos)PtCI(GeMe,) + Me,SnH+(diphos) 

4x\ 
SnMe, 

5- 
(diphos)PtCI(SnMe,) + Me,GeH 

These iridium complexes are already B-coordinate 
and we favour a mechanism involving reversible dis- 
sociation of trimethylgermane from (II) followed by a 
reversible oxidative addition stage. This view is ba- 
sed on a study of the reaction of (II) with trimethyldeu- 
terostannane in which MejGeH and MesGeD are for- 
med and both Ir-H protons in the product are equally 
deuterated. 

Ph3p\ /” 
(II)= /IF\ + Me,GeH 

Ph,PI 

Me,SnD 

‘co 

Ph,P,_; , SnMe, 
Ph3P\ iHCD) 

/+D G ph,p/‘r\CO 
+ MeBnH( D) 

Ph,P 
co 
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Table I. Infrared Spectra. 

Complex 

(Ph,P),(Me,Si)(CO)(H)zIr 
(Ph,P)AMe,Ge)(CO)(H)&’ 
(PbP)AMe,Sn)(CO)(H)zIr 
(Ph,P),(Cl,Si)(CO)(H),!r 
(Ph,P)ACl,Ge)(CO)(H)IIr 

v(C”-0) v(Ir-H) cm-’ v(CzO) v(Ir-H) cm-’ 
(KBr) (cyclohexane) 

2085(sh), 2070, 1966 2094, 2082, 1978 
2123(sh), 2071, 1956 2114(sh), 2076, 1969 
2112(sh), 2084, 1975 2098(sh), 2063, 1974 
215o(sh), 2128, 2018 2148, 2128, 20180 
2084(sh), 2065, 2055 2082, 2058, 205l(sh) a 

v(M-Cl) cm-’ 
(CSI) 

524, 508, 493 
388, 370, 364. 

a nujol mull; b in C&L 

Table II. ‘H n.m.r. data (in CsD,)* 

Complex 

(PhaP)r(Me$i)(CO)(H)tlr 

(Ph,P)AMe,Ge)(CO)(H)& 
(PhrP)z(Me$n)(CO)(H)zIr 

(PhjP)ABuSn)(CO)(H)Ilr 

~b&;oul, 
3 

9.37 

9.20 
9.44 

7 

19.36 
20.39 

19.50 20.50 
20.06 
21.04 
19.43 
19.65 

Iridium Hydrides 
J [ H-P,,.,,,] J[H-P,i,] JW-HI 

116 24, 16 3.6 
20 3.6 

117 19,15 :*: 
116 :; 15 417 

18’ 4.7 
25 

* T values relative to internal TMS; coupling constants in Hz. 

Since both H-Ir-P and H-Ir-H couplings are obser- 
ved in the high field p.m.r. spectra these dissociation 
processes must be slow on the n.m.r. time scale. 

The ionic complex [(PhzPCHXHtPPh&Ir]Cl react- 
ed with trimethylgermane in ethanol to yield the known 
cationic dihydridese9, [(diphos)(HhIr]+ rather than an 
Ir-Ge complex. The reaction of (II), RsM=Me3Ge, 
with ethylene has previously been reported’, and 
we find that hex-2-yne behaves in the same way pro- 
ducing hex-Zene and the iridium (I) compound, 
(PhsP)r(MejGe)(CO)Ir. By contrast the trichloro- 
germyl analogue was not dehydrogenated by ethylene. 
This may have been due to its insolubility in benzene, 
though CbGe appears to stabilise the +3 oxidation 
state of iridium more effectively than MejGe. 

Infrared and p.m.r. spedra. Table I lists the assi- 
gnable stretching modes for the dihydrido complexes. 
Since the group IVb substituent is trans to phosphorus, 
changes in v(C0) and v(Ir-H) are minor throughout 
the series. The p.m.r. spectra (Table II) are also simi- 
lar with only small changes in chemical shifts and cou- 
pling constants. It is interesting that -r values for the 
Me3Mprotons do not show a progressive change from 
silicon to tin. In the trimethyltin complex the me- 
thyl protons couple to the magnetic isotopes of tin 
with among the smallest coupling constants so far re- 
ported for trimethyltin complexes, [‘J(H-‘r9Sn), 45.2 
Hz, *J(H-“‘Sn), 42.1 Hz]. 

Experlmental 

All experiments were carried out under nitrogen, 

(7) A. F. Clemmit and P. Glockling, 1. Chem. Sm., (A), II, 
1164, (1971). 

(8) I. F. Harrod and C. A. Smith, I. Am. Chem. SW., 92. 2699 
(1970). 

(9) L. Vaska and D. L. Catone, J. Am. Chcm. Sot.. 88, 5324, 
(1966). 

(10) R. C. Taylor, I. F. Young, and C. Wilkinson, Inorg. Chem., 
5, 20 (1966). 

solvents being dried and deoxygenated. Reaction pro- 
ducts such as RsGeH, RSiCl were identified by their 
i.r., ‘H n.m.r., mass spectra or vapour phase chroma- 
tography. 

Dihydrido (carbonyl) trimethylsilylbis (triphenyl- 
phosphine) iridium (III). 

Trimethylsilane (0.5 ml.) and benzene (8 ml.) were 
condensed onto frans-(Ph~Ph(CO)ClIr (512 mg) in an 
evacuated tube equipped with a break-seal and re- 
fluxed for 12 days, during this time the original yel- 
low solution became colourless. Removal of benzene 
and crystallisation of the residue from cyclohexane 
yielded the complex. (420 mg., 79%) m.p. 136-138’ 
(Found: C, 59.69; H, 4.71. CwHaIrOPrSi requires 
C, 58.59; H, 5.00%). The mother liquors contained 
MesSiCl together with unreacted MeaSiH. 

Dihydrido (carbonyl) trichlorosilylbis (triphenyl- 
phosphine) iridium (III). Trichlorosilane (2 ml.) and 
benzene (20 ml.) were condensed onto iruns (PhjPh- 
(CO)ClIr (1.2 g.). At room temperature a grey solu- 
tion formed and on standing overnight an off-white 
solid precipitated. At 40’ the solution turned pale 
yellow and small white crystals formed. Work up of 
the reaction volatiles gave Sic&. Recrystallisation 
from a large volume of benzene gave the complex. 
(630 mg., 47%). identified by i.r. comparison with 
material prepared by an exchange reaction (Table I). 

Reacfion of (I) with trimethylstannune. Trimethyl- 
stannane (29 cc.at S.T.P.) was condensed onto trans- 
(PhJP)i(CO)CIIr (505 mg.) and benzene (10 ml.) in 
an evacuated flask, (2: 1 molar ratio). The solution 
was stirred and quickly became almost colourless. The 
volatiles were removed and the product recrystallised 
from benzene, yielding unreacted material and white 
crystals of (PhjP)i(MeSn)(CO)HClIr. (128 mg., 
21%). v(Ir-H) v(C-0) 2104, 1986 cm-‘. v(Ir-Cl) 
294 cm-r. (Found: C, 50.32; H, 4.10; Cl, 3.73. Cm 
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H&lIrOP2Sn requires C, 50.84; H, 4.24: Cl, 3,76%). 

Reaction of (I) with tributylstannane - a. Com- 
plex (I) (41 mg.) was placed in a ‘H n.m.r. tube fitted 
with a 10 ml. glass bulb. Tributylstannane (0.05 
ml.) and deuterobenzene (0.6 ml.) were added, degas- 
sed and the tube sealed under vacum. On warming 
to room temperature the original yellow solution be- 
came colourless, some bubbling occurring. The ‘H 
n.m.r. spectrum was recorded immediately. (Figure 
1). b. In a similar experiment in a break-seal tube, 
(I) (600 mg.), Bu3SnH (1.5 ml.) and benzene (8 ml.) 
were heated at 50” for 8 weeks. The solution lighte- 
ned in colour but work up gave a viscous yellow li- 
quid which could not be crystallised. 

Dihydrido (carbonyl) trimethylstannylbis (triphe- 
nylphosphine) iridium (III). Trimethylstannane (1 
ml.) and benzene (5 ml.) were condensed orto (Ph3P)z- 
(Me3Ge)(CO)(H)zIr (496 mg.) in an evacuated tube 
equipped with a break-seal, and maintained at 30” 
for 4 weeks. Me3GeH was identified in the volati- 
les. The residue was crystallised from cyclohexane 
to give the white crystalline complex. (378 mg., 72%) 
m.p. 146-147”. (Found: C, 52.41; H, 4.48. &H4,- 
IrOPzSn requires C, 52.75; H, 4.51%). 

Reaction of ( Ph3P)2( Me3Ge)( CO)( H)ttr with trichlo- 
silane. Pure HSiC13 (1 ml.) was condensed onto (PhJP)z 
(MejGe)(CO)(HhIr (645 mg.) and benzene (5 ml.) as 
previously described. A white crystalline precipitate 
formed almost immediately; recrystallisation from ben- 
zene gave the complex, (Ph3P)z(Cl$i)(Co)(H>,Ir (420 
mg., 64%), m.p. 284-286”. (Found: C, 49.58; H, 
3.54; Cl, 12.14; C3,HuSiIrOPz requires C, 50.41; H, 
3.63; Cl, 12.09%). 

Trimethylgermane was detected in the volatiles. 

Reaction of (Ph3P)2(Me3Ge) (CO)(H)Jr with tri- 
chlorogermane. Trichlorogermane (0.5 ml.) and ben- 
zene (5 ml.) were condensed onto (PhJP)z(Me3Ge)(CO)- 
(HhIr (230 mg.). On heating overnight at 5O”C, 
white crystals formed. Recrystallisation from a lar- 
ge volume of benzene gave (Ph3P)2(C13Ge)(CO)(H)zIr 
(180 mg., 73%). MexGeH was identified in the vo- 
latiles. 

Reaction of (Ph~P)t(Me&z)(CO)(H),lr with trichlo- 
rosifane. Trichlorosilane (0.5 ml.), benzene (3 ml.) 
and (Ph,Ph(Me,Sn)(CO)(H),Ir (45 mg.) were kept at 
30” for 4 hours when white crystals of (Ph3P)z(CLSi)- 
(CO)(HhIr formed (26 mg., 64%), identified by i.r. 

comparison. M&nH was identified in the volatiles. 

Reaction of (PhJP)?( MesGe)( CO)(H)21 r and tribe- 
tylstannane. Tributylstannane (1 ml.) and benzene 
(5 ml.) were added to (Ph3P)2(Me3Ge)(CO)(H)2Ir (506 
mg.) in an evacuated break-seal tube. After 6 days 
at 70’ the volatiles were removed, MesGeH being i- 
dentified, leaving a syrupy yellow liquid containg un- 
reacted stannane, not all of which could be removed. 
It proved impossible to crystallise th= product. 

Reaction between (PhJP)z(Me3Ge)(CO)(H)Jr and 
trimethyldeuterostannane. Trimethyldeuterostannane (1 
ml.) and benzene (3 ml.) were condensed onto (Ph3P)2- 
(Me3Ge)(CO)(H)2Ir (296 mg.) and maintained at 30” 
for 2 days. The volatiles were removed leaving a 
white crystalline solid identified by i.r. and ‘H n.m.r. 
spectroscopy as partially deuterated (PhjP)2(MeBn)- 
(CO)(H)2Ir. (Found: C, 52.46; H, 4.54. &H& 
OP$n requires C, 52.75; H, 4.51%). Proton inte- 
gration corresponded to: Ph(30): Me(g): IrH(0.65 
and examination of the high field resonances sho- 
wed that both lr-H protons had been equally deute- 
rated. Trimethyl-germane and-deuterogermane were 
identified in the volatiles. 

Reaction of bis (bis- 1,2-diphenylphosphinoethane) i- 
ridium (I) chloride and trimethylgermane. Trimetyl- 
germane (1 ml.) was condensed onto the chelate iri- 
dium complex (637 mg.) and ethanol (6 ml.) and left 
at room temperature for 6 weeks. The solution li- 
ghtened from its original orange colour and removal 
of volatiles gave a light brown solid. This was dissol- 
ved in ethanol and an ethanolic solution of sodium 
tetraphenylborate added giving an immediate floccu- 
lent white precipitate of [ (diphos)2(HkIr(III)]BPh,, 
m.p. 218” identified by its i.r. spectrum. 

(v(Ir-H) 2088 and 2060 cm-’ (nujol); 2092, 2078 
(sh) and 2063 (sh) cm-’ (CsI). (Found: C, 69.14; 
H, 5.60; C76H70BIrP4 requires C, 69.67; H, 5.35%). 

Reaction bef ween (PhjP)XMejGe)( CO)( H)zGe and 
hex-2-yne. Hex-2-yne (1 ml.) was condensed onto 
the complex (182 mg.) in a break-seal tube. After 
1 week at room temperature, an off-white solid had 
settled out. This was identified as (Ph,P)2(Me3Ge)- 
(CO)Ir and hex-2-ene was detected in the liquid phase. 
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