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A reinvestigation of the reaction of Ir(CO)Cl(PPh3)2, 1 with HSnPh3 has revealed that the oxidative-
addition product Ir(CO)Cl(PPh3)2(H)(SnPh3), 2 has the H and SnPh3 ligands in cis-related coordination
sites. Compound 2 reacts with a second equivalent of HSnPh3 by a Cl for H ligand exchange to yield the
new compound H2Ir(CO)(SnPh3)(PPh3)2, 3. Compound 3 contains two cis- related hydride ligands. Under
an atmosphere of CO, 1 reacts with HSnPh3 to replace the Cl ligand with SnPh3 and one of the PPh3

ligands with a CO ligand and also adds a second equivalent of CO to yield the 5-coordinate complex
Ir(CO)3(SnPh3)(PPh3), 4. Compound 4 reacts with HSnPh3 by loss of CO and oxidative addition of the Sn-H
bond to yield the 6-coordinate complex HIr(CO)2(SnPh3)2(PPh3), 5 that contains two trans-positioned
SnPh3 ligands.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

In recent years we have been investigating the synthesis of
polynuclear transition metal complexes containing phenyl-
substituted tin ligands from reactions of metal carbonyl complexes
with phenylstannanes, e.g. eqs. (1)e(3) [1e5].
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Recent studies have shown that clusters such as these can serve
as precursors to catalysts that exhibit improved selectivity for
certain types of hydrogenation reactions [5e8]. Because all of the
metal atoms in reactions (1)e(3) have 18 electron configurations,
these reactions occur by a combination of CO elimination and
oxidative addition of the SneH bond to the transition metal atoms.
Cleavage of phenyl groups from the tin atom often leads to the
formation of benzene by combination with a hydride ligand and
simultaneous formation of a bridging SnPh2 ligand from the
remainder of the tin ligand, eqs. (1) and (3). Reactions of tertiary
stannanes with unsaturated metal complexes frequently involve
only the oxidation addition step of the SnH bond to the metal atom,
e.g. eq. (4) [9]. One of the classic examples is the reaction of Vaska’s
compound [10]

Ir(CO)Cl(PPh3)2, 1 with HSnPh3. This reaction was first reported
by Lappert et al. in 1968, eq. (5) [11]. Most oxidative addition
reactions to 1 proceed to give cis addition products, but on the basis
of spectroscopic data and comparisons to related compounds,
Lappert et al. proposed a structure for the product Ir(CO)
Cl(PPh3)2(H)(SnPh3), 2 that had the H and SnPh3 ligands in trans-
coordination sites, as shown for the structure A, eq. (5).

Because of the fundamental importance of the Sn-H oxidative-
addition reaction to our work, we have reinvestigated the reaction
of 1with HSnPh3.We have found that the reaction of 1with HSnPh3

is richer than originally reported and the stereochemistry A that
was originally-proposed for the structure of 2, is, in fact, incorrect.
The results of our study of these reactions are described in this
report.
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2. Experimental section

General Data - All reactionswere performed either under nitrogen
or under a carbonmonoxide atmosphere as specified below by using
standard Schlenk techniques. Reagent grade solvents were dried by
the standard procedures and were freshly distilled under nitrogen
prior to use. Infrared spectra were recorded on a Thermo-Nicolet
Avatar 360 FT-IR spectrophotometer. 1H NMR spectra were recor-
ded on Mercury 300 spectrometer operating at 300.1 MHz and
Mercury 400 spectrometer operating at 399.9 MHz 31P{1H} NMR
were recorded on a Varian Mercury 500 spectrometer operating at
202.486 MHz. Mass spectral (MS) measurements performed by
a using direct-exposure probe using electron impact (EI) or electro-
spray (ES) ionizations were made on a VG 70S instrument. Product
separations were performed by TLC in the open air on Analtech 0.25
or 0.5 mm silica gel 60 Å F254 glass plates. Ir(CO)Cl(PPh3)2, 1 was
purchased from STREM and was used without further purification.
HSnPh3, Ph3SnCl and LiAlD4 were purchased from Aldrich and were
used without further purification.

2.1. Synthesis of HIrCl(CO)(SnPh3)(PPh3)2, 2

A 50.0 mg amount 1 (0.062 mmol) was dissolved in 30 mL of
CH2Cl2 in a 100 mL three-neck flask to form a yellow solution. The
reaction flask was evacuated and refilled with nitrogen. 23.0 mg of
HSnPh3 (0.065 mmol) was then added to the flask. The solution
immediately turned fromyellow to colorless. The solution allowed to
stir for 15 min at room temperature and was then concentrated by
purging with nitrogen. Colorless crystals formed when the concen-
trated reaction solution was cooled to �20 �C. 40 mg of colorless
crystals of 2 (52% yield) were collected. Spectral data for HIrCl(-
CO)(SnPh3)(PPh3)2, 2: IR (cm�1 in CH2Cl2): 2014(w, nIr�H), 2004(m,
nCO). 1H NMR (in CDCl3): d ¼ 6.96e7.37 (m, 45H, Ph), d ¼ �8.12 (dd,
hydride, 2JP1�Hcis ¼ 14.71 Hz, 2JP2�Htrans ¼ 146.15 Hz). Mass Spec-
trum: EI-MS showed the parent ion at m/z 1105 (MþeCO).

2.2. Synthesis of H2Ir(CO)(SnPh3)(PPh3)2, 3

A 30.0 mg amount 1 (0.038 mmol) was dissolved in 15 mL of
CH2Cl2 in a 100 mL three-neck flask. The flask was then evacuated
and refilled with nitrogen, then 68.0 mg HSnPh3 (0.194 mmol) was
added to the solution. The solution immediately turned fromyellow
to colorless. After stirring for 7 h, the solvent was removed in vacuo.
The residue was washed with hexane twice and then redissolved in
CH2Cl2 to form a suspension. After separated by filtration, the
solutionwas concentrated to 1mL. Then 10mL hexanewas added to
this solution as precipitant. The mixture was allowed to stay
at �20 �C for 30 min to make sure the precipitation was complete.
The white precipitate was collected by filtration and washed with
hexane again to yield 15.3mg (37% yield) of H2Ir(CO)(SnPh3)(PPh3)2,
3. Side products of this reaction are O¼PPh3 (3.2mg; 18%) and SnPh4
(2.6mg; 8%). Spectral data for 3: IR (cm�1 in CH2Cl2): 2071(m, nIr�H),
1965(m, nCO). 1H NMR (in CD2Cl2): d ¼ 6.85e7.22 (m, 45H,
Ph), �11.42 (ddd, hydride, 2JP2�H1 ¼ 16.40 Hz, 2JP1�H1 ¼ 99.98 Hz,
1JH2�H1¼4.40 Hz) and�10.430 (ddd, hydride, 2JP�H1¼19.20 Hz and
14.80Hz, 1JH1�H2 ¼ 4.80 Hz). 31P NMR (in CDCl3): d ¼ 7.36 (d, P2,
2JP2�P1 ¼ 9.9 Hz, 2JP2�119Sn ¼ 1162 Hz, 2JP2�117Sn ¼ 1120 Hz); 4.11
(d, P1, 2JP2�P1 ¼ 9.9 Hz, 2JP2�119Sn ¼ 2JP2�117Sn ¼ 89 Hz) Mass Spec-
trum: EI-MS showed the parent ion at m/z ¼ 1096.

2.3. Synthesis of D2Ir(CO)(SnPh3)(PPh3)2, 3-d2

A 88.0 mg amount of Ph3SnCl (0.228 mmol) was dissolved in
30 mL of ethyl ether in a 250 mL three-neck flask. To this solution,
15 mg LiAlD4 (0.357 mmol) was added and stirred for 20 h under
N2. The solvent was then removed in vacuo. The product was
collected by sublimation by heating the residue to 170 �C at 0.3 mm
Hg for 2h. 46.6 mg DSnPh3 was collected by sublimation onto a cold
finger. This procedure is similar to that used by Wittig who used
triphenyltin bromide [12]. A 30.0mg amount of 1 (0.038mmol) was
dissolved in 20 mL of CH2Cl2 in a 100 mL three-neck flask. The flask
was evacuated and refilled with nitrogen, then 46.0 mg DSnPh3
(0.131 mmol) was added, and the solution was stirred for 20 h. The
solvent was then removed in vacuo, the products were separated by
TLC by using 4:1 hexane-methylene chloride solvent mixture to
yield 0.8 mg (2% yield) of 3-d2. Spectral data for 3-d2: IR nCO (cm�1

in CH2Cl2): 1996(m).

2.4. Synthesis of Ir(CO)3(SnPh3)(PPh3), 4 and
HIr(CO)2(SnPh3)2(PPh3), 5

A 25.0 mg amount of 1 (0.032 mmol) was dissolved in 20 mL of
CH2Cl2 in a 100 mL three-neck flask. The flask was evacuated and
refilled with nitrogen. 28.0 mg HSnPh3 (0.080 mmol) was added to
the flask and then CO gas was slowly purged through the solution
for 20 h. After the solvent was removed in vacuo, the products were
separated by TLC by using 4:1 hexane-methylene chloride solvent
mixture toyield in orderof elution: 9.3mgof Ir(CO)3(SnPh3)(PPh3) 4
(12% yield) and 2.5 mg of 5 (6.5% yield). Spectral data for 4: IR nCO
(cm�1 in CH2Cl2): 1965(s), 2028(vw). 1H NMR (in CDCl3):
d ¼ 7.23e7.64 (m, 30H, Ph). Mass Spectrum: ES-MS showed the
parent ion at m/z 889 (M þ H). Spectral data for 5: IR nCO (cm�1 in
CH2Cl2): 1963(m), 2005(s), 2058(vw). 1H NMR (in CDCl3):
d¼ 6.91e7.48 (m, 45H, Ph), d¼�10.97 (d, hydride, 2JP-H¼ 89.73 Hz).
Mass Spectrum: EI-MS showed the parent ion Mþ at m/z 1212.
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2.4.1. Conversion from 4 to 5
A 16 mg amount of 4 (0.018 mmol) was dissolved in 15 mL of

CH2Cl2 in a 100 mL three-neck flask under a nitrogen atmosphere.
To this solution, 7.0 mg of HSnPh3 (0.020 mmol) was added and
stirred for 12 h. The solvent was then removed in vacuo, the
products were separated by TLC by using 4:1 hexane-methylene
chloride solvent mixture to yield 17.3 mg (78% yield) of 5.

2.4.2. Conversion from 2 to 3
A 21.8 mg amount of 2 (0.019 mmol) was dissolved in 15 mL of

CH2Cl2 in a 100 mL three-neck flask under a nitrogen atmosphere.
To this solution, 35.0 mg of HSnPh3 (0.100 mmol) was added and
stirred for 3 h to yield 10.6 mg (51% yield) of 3.
3. Crystallographic analyses

Colorless single crystals of 2 suitable for x-ray diffraction anal-
ysis were obtained by slow evaporation of solvent from the reaction
solutions in methylene chloride/hexane solvent mixtures by cool-
ing to �20 �C. Colorless single crystals 3, 4 and 5 suitable for x-ray
diffraction analyses were obtained by slow evaporation of solvent
from solutions in methylene chloride/hexane solvent mixtures at
room temperature. Each data crystal was glued onto the end of
a thin glass fiber. X-ray intensity measurements were performed by
using a Bruker SMARTAPEXCCD-based diffractometer using Mo Ka
radiation (l¼ 0.71073 Å). The raw data frameswere integratedwith
the SAINT þ program by using a narrow-frame integration algo-
rithm [13]. Corrections for Lorentz and polarization effects were
also applied with SAINTþ. An empirical absorption correction
based on the multiple measurement of equivalent reflections was
applied by using the program SADABS [13]. All structures were
solved by a combination of direct methods and difference Fourier
syntheses, and refined on F2 by full-matrix least-squares by using
the SHELXTL software package [14]. All non-hydrogen atoms were
refined with anisotropic thermal parameters. All hydrogen atoms
on the ligands were placed in geometrically idealized positions and
included as standard riding atoms during the least-squares
refinements. Crystal data, data collection parameters, and results
of the analyses are listed in Table 1.
Table 1
Crystallographic data for compounds 2 - 5.

Compound 2 3

Empirical formula IrSnP2ClC55H46O . CH2Cl2 IrSnP
Formula weight 1216.12 1096.
Crystal system Trigonal Triclin
Lattice parameters
a (Å) 12.7726(2) 10.48
b (Å) 12.7726(2) 12.65
c (Å) 26.6872(6) 18.20
a (deg) 90.00 78.20
b (deg) 90.00 84.82
g (deg) 120.00 87.99
V (Å3) 3770.44(12) 2353.
Space group P32 P�1
Z value 3 2
rcalc (g/cm3) 1.607 1.548
m (Mo Ka) (mm�1) 3.403 3.461
Temperature (K) 294(2) 294(2
2Qmax (�) 52.74 50.06
No. Obs. (I > 2s(I)) 10254 8310
No. Parameters 607 545
Goodness of fit GOFa 1.097 1.073
Max. shift in cycle 0.002 0.002
Residualsa: R1; wR2 0.0278, 0.0549 0.027
Absorption Correction, Max/min Multi-scan 1.000/0.621 Multi
Largest peak in Final Diff. Map (e�/Å3) 1.000 2.923

a R ¼ Shkl(rrFobsr-rFcalcrr)/ShklrFobsr; Rw ¼ [Shklw(rFobsr-rFcalcr)2/ShklwFobs2]1/2, w ¼ 1/s
Compound 2 crystallized in the trigonal crystal system. The
space group P32 was used to begin the structure solution and
refinement. In the final stages of the refinement it was found that
the crystal was a twin. The twin law, 0 1 0/1 0 0/0 0 -1, was
established which was combined with an inversion operator to
generate four domains. The two domains corresponding to space
group P32 constitute a volume fraction of 0.640(5). The crystal of
2 contains one independent formula equivalent of the complex and
one formula equivalent of CH2Cl2 from the crystallization solvent in
the asymmetric unit. Compound 3 crystallized in the triclinic
crystal system. The space group P1 was assumed and confirmed by
the successful solution and refinement of the structure. Compound
4 crystallized in the monoclinic crystal system. The space group
P21/c was established by the systematic absences in the data and
confirmed by the successful solution and refinement of the struc-
ture. Compound 5 crystallized in themonoclinic crystal system. The
space group and setting P21/n was established by the systematic
absences in the data and confirmed by the successful solution and
refinement of the structure. The hydrido ligand in the analysis of
compound 2 was located and refined with the restraint,
IreH ¼ 1.80 Å. The hydrido ligands in the analysis of compound
3 were both located in credible positions in difference Fourier
syntheses. Only H(1) could be refined to convergence. The second
one H(2) was included as a fixed contribution in the final refine-
ments. The hydrido ligand in 5 was located in a difference Fourier
synthesis and was subsequently refined to convergence.
4. Results and discussion

HIrCl(CO)(SnPh3)(PPh3)2, 2 was obtained in 52% yield from the
reaction of 1 with HSnPh3 at room temperature. As mentioned
above, this compound was reported initially in 1968 [11]. Our IR
spectra of 2 are similar to that which was reported then. However,
unlike the previous study we have performed a complete single-
crystal X-ray diffraction analysis of the compound in order to
determine its molecular structure. An ORTEP diagram of the
molecular structure of 2 is shown in Fig. 1. The structure has a dis-
torted octahedral arrangement of the six ligands. However, the
stereochemistry B differs from that proposed by Lappert structure
4 5

2C55H47O IrSnPC39H30O3 IrSn2PC56H46O2

76 888.49 1211.48
ic Monoclinic Monoclinic

16(3) 14.963(4) 11.9977(7)
26(4) 12.218(3) 12.6738(7)
48(6) 19.909(5) 32.5152(18)
0(1) 90.00 90.00
7(1) 108.045(5) 97.094(1)
8(1) 90.00 90.00
33(13) 3460.6(14) 4906.3(5)

P21/c P21/n
4 4
1.705 1.640
4.645 3.788

) 294(2) 294(2)
50.06 50.06
6117 8667
406 563
1.062 1.089
0.001 0.001

9, 0.0648 0.0312, 0.0802 0.0446, 0.0771
-scan 1.000/0.866 Multi-scan 1.000/0.632 Multi-scan 1.000/0.831

0.825 0.615

2(Fobs); GOF ¼ [Shklw(rFobsr-rFcalcr)2/(ndataenvari)]1/2.



Fig. 2. ORTEPdiagramof themolecular structure of compound3 showing30%probability
thermal ellipsoids. The hydrogen atoms on the phenyl rings are omitted for clarity.
Selected interatomic bond distances (Å) and angles (B) are as follow: Ir(1) -
Sn(1)¼ 2.6259(3), Ir(1) - P(1)¼ 2.3567(10), Ir(1)eP(2)¼ 2.3290(10), Ir(1)eC(1)¼ 1.914(5),
Ir(1)eH(1) ¼ 1.38(6), Ir(1) - H(2) ¼ 1.69; C(1)eIr(1)eP(2) ¼ 100.40(14), C(1)eIr(1)e
P(1)¼ 92.21(14), P(2)eIr(1)eP(1)¼ 104.99(4), C(1)eIr(1)eSn(1)¼ 98.28(14), P(2)eIr(1)e
Sn(1) ¼ 147.52(3), P(1)eIr(1)eSn(1) ¼ 100.57(3).

Fig. 1. ORTEP diagram of the molecular structure of compound 2 showing 30% prob-
ability thermal ellipsoids. The hydrogen atoms on the phenyl rings are omitted for
clarity. Selected interatomic bond distances (Å) and angles (�) are as follow: Ir(1) -
Sn(1) ¼ 2.6455(6), Ir(1) - P(1) ¼ 2.4022(18), Ir(1)eP(2) ¼ 2.4525(19), Ir(1)e
C(1) ¼ 1.865(10), Ir(1)eCl(1) ¼ 2.4185(18), Ir(1)eH(1) ¼ 1.806(10); P(1)eIr(1) -
Cl(1) ¼ 86.64(6), C(1)eIr(1)eP(2) ¼ 89.6(2), C(1)eIr(1)eCl(1) ¼ 170.4(2), P(1)eIr(1)e
P(2) ¼ 102.91(6), Cl(1)eIr(1)eP(2) ¼ 97.42(6), C(1)eIr(1)eSn(1) ¼ 90.4(2), P(1)eIr(1)e
Sn(1) ¼ 150.67(4), Cl(1)eIr(1)eSn(1) ¼ 81.46(5), P(2)eIr(1)eSn(1) ¼ 105.13(4), P(1)e
Ir(1)eH(1) ¼ 89(3), P(2)eIr(1)eH(1) ¼ 164(3).

Fig. 3. ORTEP diagram of the molecular structure of compound 4 showing 30%
probability thermal ellipsoids. The hydrogen atoms on the phenyl rings are omitted for
clarity. Selected interatomic bond distances (Å) and angles (B) are as follow: Ir(1) -
Sn(1) ¼ 2.6629(7),, Ir(1) - P(1) ¼ 2.3522(13), Ir(1)eC(1) ¼ 1.913(6), Ir(1)e
C(3) ¼ 1.921(6), Ir(1)eC(2) ¼ 1.921(8); P(1)eIr(1)eSn(1) ¼ 173.80(3).
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A in that the two PPh3 ligands in 2 occupy cis related sites and the
SnPh3 and H ligands also occupy cis related sites.

The P(1)eIr(1) e P(2) angle is 102.91(6)�. The CO and Cl ligands
are trans related, C(1)eIr(1)eCl(1) ¼ 170.4(2)�. The SnPh3 ligand is
significantly displaced away from the phosphine P(2) toward the
hydride ligand H(1), P(2)eIr(1)eSn(1) ¼ 105.13(4)�, P(1)eIr(1)e
Fig. 4. ORTEP diagram of the molecular structure of compound 5 showing 30%
probability thermal ellipsoids. The hydrogen atoms on the phenyl rings are omitted for
clarity. Selected interatomic bond distances (Å) and angles (B) are as follow: Ir(1)-
Sn(1) ¼ 2.6649(5), Ir(1)-Sn(2) ¼ 2.6744(6), Ir(1)eP(1) ¼ 2.3805 (18), Ir(1)e
C(1) ¼ 1.874(8), Ir(1)eC(2) ¼ 1.905(9), Ir(1)eH(1) ¼ 1.27(5); Sn(1)eIr(1)e
Sn(2) ¼ 153.76(2), P(1)eIr(1)eSn(1) ¼ 102.76(5), P(1)eIr(1)eSn(2) ¼ 101.70(5), C(1)e
Ir(1)eC(2) ¼ 174.9(3).
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Sn(1)¼ 150.68(4)�. This distortion is probably of a steric origin. The
IreSn bond distance, Ir(1) - Sn(1) ¼ 2.6455(6) Å, is slightly longer
than the IreSn distance, 2.6216(5) Å, that we observed in the less-
crowded 5-coordinate complex Ir(COD)(CO)2SnPh3, 6 [15]. The
hydride ligand was located in a difference Fourier synthesis and
refined by using the restraint, IreH ¼ 1.80 Å. The hydride exhibits
the characteristic high-field resonance shift in the 1H NMR spec-
trum, d ¼ �8.12 with suitable couplings to the cis and trans related
phosphine ligands, 2JP1�Hcis ¼ 14.71 Hz, 2JP2�Htrans ¼ 146.15 Hz.

When compound 1 was allowed to react with 5 equivalents of
HSnPh3, the new compound H2Ir(CO)(SnPh3)(PPh3)2, 3 was
obtained in 37% yield. Compound 3 was also obtained in 51% yield
from a reaction of 2 with HSnPh3 at room temperature. An ORTEP
diagram of the molecular structure of 3 is shown in Fig. 2.
Compound 3 differs from 2 in that the Cl ligand has been replaced
by a hydride ligand. We and others have shown that HSnPh3 will
react with certain metal halide complexes including those of
iridium to substitute the halide ligandwith a SnPh3 ligand [15]. Like
2, compound 3 also has a distorted octahedral arrangement of its
six ligands. As in 2, the two PPh3 ligands are cis-related, P(2)eIr(1)e
P(1) ¼ 104.99(4)�. There are two cis-related hydride ligands with
appropriate couplings to each other and to the phosphine ligands,
d ¼ �11.42 (ddd, hydride, 2JP2�H1 ¼ 16.40 Hz, 2JP1�H1 ¼ 99.98 Hz,
1JH2�H1¼4.40 Hz) and�10.430 (ddd, hydride, 2JP�H1¼19.20 Hz and
14.80Hz, 1JH1�H2 ¼ 4.80 Hz). The SnPh3 ligand lies cis to the two
hydride ligands cis to one PPh3 ligand, P(1)eIr(1)e
Sn(1) ¼ 100.57(3)�, and approximately trans to the other, P(2)e
Ir(1)eSn(1) ¼ 147.52(3)�. The IreSn bond distance is slightly
shorter than that in 2, Ir(1) - Sn(1) ¼ 2.6259(3) Å. The IR spectrum
exhibits two absorptions in the CO stretching region, 2071 cm�1,
1965 cm�1. The absorption at 2071 cm�1 is due to the hydride
ligands. This was confirmed by synthesizing the dideuteride
compound 3-d2. 3-d2 shows only the CO absorption at 1996 cm�1.
The difference in the position of the CO absorption between 3 and
3-d2 is due to the effects of coupling of the hydride vibration to the
CO vibration in 3 [16].

When compound 1 was allowed to react with HSnPh3 under an
atmosphere of CO, two new compounds Ir(CO)3(SnPh3)(PPh3),
4 and HIr(CO)2(SnPh3)2(PPh3), 5 were formed in low yields. Both
products were characterized by IR, 1H NMR, mass spec and single
crystal X-ray diffraction analyses. An ORTEP diagram of the
molecular structure of 4 is shown in Fig. 3. Compound 4 has
a trigonal bipyramidal structure with three terminal carbonyl
ligands in the equatorial plane and one PPh3 ligand and one SnPh3
ligand in the axial sites, P(1)eIr(1)eSn(1) ¼ 173.80(3)�. The IreSn
bond distance, Ir(1) - Sn(1) ¼ 2.6629(7) Å, is slightly longer than
those in 2, 3, 6 and those in the anion [Ir(CO)3(SnPh3)2]�,
IreSn ¼ 2.6284(4) Å and 2.6289(4) Å [17], but is very similar to the
IreSn distance, 2.6610(3) Å, found for the similar compound
Ir(CO)3(SnPh3)[P(cyclo-C6H11)]3 [18].

An ORTEP diagram of the molecular structure of 5 is shown in
Fig. 4. Compound 5 contains six ligands: two SnPh3, one PPh3, two
CO ligands and one hydride arranged in an octahedral-like
geometry. The two SnPh3 ligands are trans to one another, but
are displaced toward the hydride ligand, Sn(1)eIr(1)e
Sn(2) ¼ 153.76(2)�. The Ir - Sn distances, Ir(1) - Sn(1) ¼ 2.6649(5)
Å, Ir(1) - Sn(2) ¼ 2.6744(6) Å are similar to that in 4. The hydride
ligand was located and refined in the analysis and lies trans to the
PPh3 ligand, d ¼ �10.97 (2JP-H ¼ 89.73 Hz). The refined Ir(1)eH(1)
distance 1.27(5) Å is a little shorter than expected, but the stan-
dard deviation is large due to the low scattering power of
hydrogen relative to that of iridium. The CO ligands lie trans to one
another, C(1)eIr(1)eC(2) ¼ 174.9(3)�. Compound 4 can be con-
verted to 5 in 78% yield by a reaction with HSnPh3 that is
accompanied with a loss of CO.

5. Summary

The reactions and products reported here are shown in Scheme 1.
If was found that the reaction of 1 with HSnPh3 yields the oxidative
addition product 2which has a cis stereochemistry of the SnPh3 and
H ligands on the iridium atom. Compound 2 reacts with a second
equivalent of HSnPh3 by a Cl for H exchange to yield the product
3 that contains two cis-related hydride ligands.

Under an atmosphere of CO, compound 1 reacts with HSnPh3 to
replace the Cl ligand with SnPh3 and one of the PPh3 ligands with
a CO ligand and also adds a second equivalent of CO to yield the
5-coordinate 18 electron iridium (I) complex 4. The mechanism of
the formation of 4 was not established in this work. Compound 4
reacts with HSnPh3 by loss of CO and oxidative addition of the Sn-H
bond to yield the 6-coordinate 18 electron iridium (III) complex 5
that contains two trans-positioned SnPh3 ligands.
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Appendix A. Supplementary Material

CCDC 812194e812197 contain the supplementary crystallo-
graphic data for compounds 2e5. These data can be obtained free of
charge from the Cambridge Crystallographic Data Centre via www.
ccdc.cam.ac.uk/data_request/cif.
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