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Abstract 

The reactions of several square-planar IrXL2(PR3) complexes with HSnR 3 have been studied. The oxidative addition of HSnPh 3 to 
the complexes IrCI(TFB)(PR 3) (TFB = tetrafluorobenzobarrelene, PR 3 = PCy 3 (2), PiPr 3 (3), iPr2PCH2CH2OMe (4)) leads to the 
hydrido-stannyl derivatives IrC1H(SnPh3)(TFBXPR3) (PR 3 = PCy 3 (5), pipr 3 (6), ipr2PCH2CH2OMe (7)), while the reactions of 2 and 
3 with HSnnBu3 afford IrH2(Sn"Bu3)(TFB)(PR 3) (PR 3 = PCy 3 (8), pipr 3 (9)). The tetrafluorobenzobarrelene diolefin of 2-4 can be 
displaced by carbon monoxide to afford IrCI(CO)2(PR 3) (PR 3 = PCy 3 (10), PIP/" 3 (ll), iPr2PCH2CH2OMe (12)). Similarly to 2-4, 
complexes 10-12 add HSnPh 3 to give IrC1H(SnPh3)(CO)2(PR 3) (PR 3 = PCy 3 (13), p i p r  3 (14), 1Pr2PCH2CH2OMe (15)), which can also 
be prepared from 5-7 by reaction with carbon monoxide. On treatment with AgOTf, 2 and 3 give Ir(OTf)(TFB)(PR 3) (PR 3 = PCy 3 (16), 
pipr 3 (17)), which in the presence of HSnPh 3 lead to IrH(OTf)(SnPh3XTFB)(PR 3) (PR 3 = PCy 3 (18), pipr 3 (19)). 
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1. Introduction 

The stereoselective formation of vinylstannanes by 
addition of alkyl- or arylstannanes to alkynes requires 
the presence of transition metal catalysts [1-5]. In the 
search for transition-metal complexes which are cata- 
lytically active in the hydrostannation of terminal 
alkynes, we have previously reported the reactivity of 
several square-planar iridium(I) compounds towards 
stannanes. Recently, we characterized the five-coordi- 
nate complex Ir(SnPh3)(CO)3(PCY3) , which is gener- 
ated from the reaction of Ir{~ I_OC(O)CH 3}(CO) 2(PCY3) 
with HSnPh 3. The complex Ir(SnPh3)(CO)3(PCy 3) re- 
ac t s  w i t h  m o l e c u l a r  h y d r o g e n  to g i v e  
IrHz(SnPh3)(CO)2(PCy 3) and with HSnPh 3 to afford 
IrH(SnPh3)2(CO)2(PCY3), which is isolated as the mix- 
ture of both cis- and trans-bisstannyl isomers [6]. Sub- 
sequently, we observed that the reactions of the alco- 
hoxide complexes Ir(OR)(TFB)(PCy 3) (R = Me, Et, i Pr, 
P h )  a n d  the  t h i o p r o p o x i d e  c o m p o u n d  
Ir(Snpr)(TFB)(PCY3) with HSnPh 3 and HSnnBu3 lead 
to the dihydrido derivatives IrH2(SnR'3)(TFB)(PCy 3) 
(R' = Ph, n B u )  and R'3Sn(XR) (X = O, S), while the 
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alkynyl complexes Ir(C 2 Ph)L2(PCy 3) (L 2 = TFB, 2CO) 
add the same stannanes to afford the corresponding 
hydrido-alkynyl Ir(C 2 Ph)H(SnR'3)L 2(PCY3), which have 
been found to promote the tin-carbon bond formation in 
the hydrostannation of phenylacetylene [7]. Most re- 
cently, we have also observed that the oxidative addi- 
tion of  HSnPh 3 to the acetylacetonato-complex 
Ir(acac)(cyclooctene)(PCy 3) gives rise to the five-coor- 
dinate-iridium(III) compound Ir(acac)H(SnPh3)(PCy 3) 
or to the six-coordinate Ir(acac)H(SnPh3)(PCy3) 2 
derivative, when the reaction is carried out in the pres- 
ence of tricyclohexylphosphine [8]. 

As a continuation of our work in this field, we now 
report the reactivity of the square-planar iridium(I) com- 
plexes !rC1L2(PR3) ( L z = T F B ,  2CO; P R 3 = P C y  3, 
PiPr3, 1PrzPCH2CH2OMe) and Ir(OTf)(TFB)(PR 3) 
(PR 3 = PCy 3, pipr  3) towards HSnPh 3 and HSnnBu3. 

2. Results and discussion 

2.1. Reactions of  IrCI(TFB)(PR 3) (PR 3 = PCy 3, P ipr~, 
i p~  PCH2CH 20Me) with HSnPh 3 and HSnnBu3 

We have previously reported that on treatment with 
PCy 3 and P 'Pr  3, the bis(tetrafluorobenzobarrelene)iri- 
dium(I) compound IrCI(TFB) 2 (1) affords the square- 
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planar derivatives IrCI(TFB)(PR0 (PR 3 = P C y  3 (2), 
WPr 3 (3)) [9]. Similarly, the reaction of 1 with the 
etherphosphine ' P r 2 P C H 2 C H 2 O M e  leads to 
IrCl(ipr2 PCH 2CH 2OMe)(TFB) (4), which was isolated 
as an orange solid in 86% yield. The ~Tl-phosphorus 
coordination bonding mode of the phosphine ligand in 
this complex is strongly supported by the t H NMR 
spectrum in benzene-d6, which shows the resonance 
corresponding to the protons of the methoxy group as a 
singlet at 2.83ppm, a similar chemical shift to that 
previously reported for the free phosphine (6 2.96) [10]. 
In addition, at 3.87 and 1.62 ppm, the spectrum contains 
two vinylic resonances for the olefinic protons of the 
diene, in agreement with the square-planar structure 
proposed in Scheme 1. 

Treatment of orange toluene or chloroform solutions 
of 2-4 with ca. l equiv, of HSnPh 3 leads immediately to 
the formation of light yellow solutions, from which the 
hydrido-complexes 5-7 (Scheme 1) were separated as 
white solids in high yield (60-90%). The stereochem- 
istry proposed for these compounds in Scheme 1 was 
inferred from the IR, IH, 31p{1H} and 13C{1H} NMR 
spectra. The IR spectra show the u(Ir-H) band at about 
2200cm -1. The trans configuration of the hydrido and 
chloride ligands is mainly supported by the significant 
change in the frequencies of the u(Ir-H) vibrations, 
which appear at higher frequency (ca. 80cm -1) com- 
pared with that found for the related complex 
Ir(C 2 Ph)H(SnPh 3)(TFB)(PCY3) (2113 cm 4 ), where the 
hydrido ligand is disposed trans to the diene [7]. Fur- 
thermore, the u(Ir-H) frequencies of 5-7 agree well with 

I rCI(TFB)2 
1 

- TFB ~ PR 3 

F 

F ~  Ir "~ CI 
F ~ . ~ . . . . . ~  ~ pR 3 

F 
2.-4 

, HSnPh3 

F CI 

~ ~ - ~  r ~ SRPh3 

F H 
5-7 

PR3 complex 

P--~Y3 2,5 
P'Pr3 3, 6 

Pr2P(CH2)2OMe 4, 7 

Scheme 1. 

those previously reported for iridium(III) complexes 
with a trans H-Ir-C1 disposition [11]. In the ~H NMR 
spectra the hydrido ligands give rise to doublets at about 
-16.5 ppm, with satellites due to the active tin isotopes. 
With regard to the values of the P-H (between 16.2 and 
18Hz) and Sn-H (between 21 and 55Hz) coupling 
constants, there is no doubt that the hydrido ligands are 
disposed cis to both the phosphine and stannyl groups. 
The 31 p{lH} NMR spectra show singlets at -3.9 (5), 6.7 
(6) and 9.1 (7), which under off-resonance conditions 
split into doublets as a result of the P-H coupling with 
only one hydrido ligand. Near the singlets the satellites 
due to the active isotopes are also observed. The value 
of the Sn-H coupling constants, 84Hz for the three 
compounds, indicates that the phosphine ligands lie cis 
to the triphenylstannyl group. 

The presence of four different monodentate ligands 
in 5-7 produces molecules with no symmetry. In agree- 
ment with this, the 1H NMR spectra show six reso- 
nances for the diene protons, two aliphatic resonances 
between 5.79 and 4.74 and four vinylic resonances 
between 4.76 and 3.43ppm. In keeping with the 1H 
NMR spectra the 13C{1H} NMR spectra of 5 and 6 
contain four resonances for the olefinic carbon atoms of 
the dienes. In the spectrum of 5 the carbon atoms of the 
carbon-carbon double bond disposed trans to the tricy- 
clohexylphosphine ligand appear at 77.4ppm and 
63.9ppm as doublets with P-C coupling constants of 
13.9 Hz and 8.1 Hz respectively, whereas those trans to 
the stannyl group are observed as singlets at 68.7 ppm 
and 65.6ppm. In the t3C{IH} NMR spectrum of 6 the 
olefinic carbon atoms disposed trans to the triisopropy- 
lphosphine ligand appear at 77.2 ppm and 63.7 ppm, as 
doublets with P-C coupling constants of 14.2Hz and 
7.3 Hz respectively, and the olefinic carbon atoms trans 
to the stannyl group lie at 69.7ppm and 65.6ppm, as 
singlets. With the resonances corresponding to the car- 
bon atoms of the carbon-carbon double bonds disposed 
trans to the stannyl group, the satellites due to the active 
tin isotope are clearly observed. The values of the C-Sn 
coupling constants (86 and 52 Hz (5), and 85 and 50 Hz 
(6)) confirm the mutually trans disposition of the stan- 
nyl group and one olefinic bond of the diene. 

The oxidative addition of molecular hydrogen and 
Group 14 element hydrido compounds to iridium(l) 
complexes is generally viewed as a concerted cis addi- 
tion [12]. Furthermore, it has been proved that the 
addition of HSiR 3 to iridium(l) bisphosphine com- 
plexes, IrX(CO)(dppe) (X--Br ,  CN), is a diastereose- 
lective process with specific substrate orientation [13]. 
In this line, recently, 'we have observed that the oxida- 
tive addition of HSnR 3 to the alkynyl complexes 
Ir(C2Ph)L2(PCy 3) (L 2 = TFB, 2CO) is also a diastere- 
oselective process with specific substrate orientation. 
Thus, the oxidative addition of HSnPh3 to 
lr(C2Ph)(TFB)(PCy 3) takes place along the olefin-lr-P 
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axis with the tin atom on the olefinic bond (A). The 
f o r m  ed  h y d r i d o - a l k y n y l  c o m p l e x  
IrH(CzPh)(SnPh3)(TFB)(PCy 3) contains the hydrido 
ligand trans to the diene and the phosphino and stannyl 
groups are also trans disposed [7]. The formation of 5-7 
by addition of HSnPh 3 to 2-4 also seems to be a 
concerted cis addition with specific substrate orienta- 
tion. However, the stereochemistry of 5-7, with the 
hydrido and the stannyl group trans disposed to the 
chlorine and diene respectively, suggests that the addi- 
tion to 2-4 does not occur in a similar manner, approach 
of the substrate along to the olefin-Ir-P axis, but via an 
olefin-Ir-C1 orientation with the tin atom on the chlorine 
(B). 
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~ ~ l r ~  el HSnnBu3 F F ~ - ~ '  SnnBu ir ~-- 3 
PRa I ~ PR3 

F F H 
2, 3 

- CISnnBu3 

F SnnBu3 F 
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Scheme 2. 
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Complexes 2 and 3 also react with HSnnBu3 . How- 
ever, in contrast to the addition of HSnPh 3, the reac- 
tions lead to the dihydrido stannyl derivatives 
IrHz(SnnBu3)(TFB)(PR3) (PR 3 = PCy 3 (8), pipr 3 (9)). 
When the reactions are carried out in a l: l  molar ratio, 
mixtures of the starting materials and the dihydrido 
products are obtained, while the quantitative formation 
of 8 and 9 was determined by NMR spectroscopy when 
2 equiv, of HSnnBu3 were added to NMR tubes contain- 
ing toluene-d 8 solutions of 2 and 3. The formation of 8 
and 9 most probably involves the oxidative addition of 
the stannane to the starting materials to give 
IrC1H(Sn" Bu 3)(TFB)(PR 3) intermediates similar to 5-7. 
Thus the subsequent elimination of CISn n Bu 3 followed 
by the oxidative addition of a second stannane molecule 
to IrH(TFB)(PR 3) intermediates should afford 8 and 9 
(Scheme 2). A similar mechanism has been previously 
proposed for the formation of 8 starting from 
Ir(XR)(TFB)(PCy 3) (X = O, S) and HSnnBu3 [7]. 

Complex 9 was isolated as a white solid and charac- 
terized by elemental analysis and IR and 1H and 3 J p{ i H} 
NMR spectroscopies. The IR spectrum in Nujol shows a 
strong absorption at 2071 cm -1, attributable to v(Ir-H), 
in agreement with a cis arrangement for these ligands. 

In the ~H NMR spectrum in toluene-d 8 the hydrido 
ligands give rise to a doublet at -16.17 ppm, suggesting 
that they are equivalent. Near to this resonance the 
satellites due to the active tin isotopes are observed. 
With regard to the values of the P-H (21.9Hz) and 
Sn-H (82 Hz) coupling constants, there is no doubt that 
the hydrido ligands are cis disposed to both the phos- 
phine and the stannyl groups. The 3J P{~H} NMR spec- 
trum shows a singlet at 29.7 ppm, along with the satel- 
lites due to l~7Sn and 1~9Sn isotopes. In accordance with 
the trans position of the stannyl and phosphine ligands, 
the values of the P-IlVSn and P-Ilgsn coupling con- 
stants are 510Hz and 534Hz respectively. Under off- 
resonance conditions, the singlet is split into a triplet 
due to the P-H coupling with the two equivalent hydrido 
ligands. 

The disposition of ligands around the iridium center 
of 9 leaves the aliphatic CH protons of the tetrafluo- 
robenzobarrelene diene chemically inequivalent; fur- 
thermore, the protons of each carbon-carbon double 
bond are also mutually inequivalent, although both 
olefinic bonds are chemically equivalent. As would be 
expected for this arrangement, the 1H NMR spectrum of 
9 at -80 °C displays two aliphatic resonances at 5.24 and 
4.80ppm and two olefinic signals at 3.25 and 2.51 ppm. 
However, at room temperature, the spectrum contains 
only one aliphatic resonance at 4.99 ppm and only one 
olefinic resonance at 2.92 ppm, suggesting 9 has a rigid 
structure only at low temperature. At room temperature 
an intramolecular exchange process takes place which 
involves the relative positions of the diolefin atoms. A 
similar fluxional process has been previously observed 
for 8 [7] and for related dihydrido-silyl complexes [7,14]. 

2.2. Reactions o f  IrCI(CO)2(PR 3) (PR 3 = PCy 3 , p i p r  3, 
iPr 2 P C H  z CH 2 0 M e )  with HSnPh 3 

The tetrafluorobenzobarrelene diolefin of 2-4 can be 
displaced by carbon monoxide. Thus, the passage of a 
slow stream of carbon monoxide  through 
dichloromethane solutions of 2-4, affords the cis-di- 
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carbonyl compounds IrCI(CO)z(PR 3) (PR 3 = PCy 3 (10), 
PiPr 3 (11), 'Pr2PCH2CH2OMe (12)). In accordance 
with the mutually cis disposition of both carbonyl lig- 
ands, the IR spectra of these compounds show two 
v(CO) bands in the terminal carbonyl region. 

Similarly to 2-4, complexes 10-12 react with HSnPh 3 
by oxidative addition (Scheme 3). Treatment of toluene 
solutions of 10-12 with 1 equiv, of HSnPh 3 leads to the 
chloro-hydrido complexes !rCIH(SnPh3)(CO)2(PR3) 
( P R  3 = P C y  3 (13), p i p r  3 (14), 'Pr2PCH2CH2OMe (15)), 
which were isolated as white solids in high yield (about 
70%). In agreement with the mutually cis disposition of 
the two carbonyl ligands, the IR spectra of 13-15 have 
two v(CO) absorptions between 2061 and 2015cm 4. 
The ~H NMR spectra in benzene-d 6 show at about 
-7.8 ppm doublets with P-H coupling constants of about 
14.5 Hz. The satellites due to the tin isotopes are also 
observed near to these resonances. The values of the 
Sn-H coupling constants, between 28 and 46 Hz, strongly 
support the cis disposition of the triphenylstannyl groups 
and the hydrido ligands. The 31p{]H} NMR spectra 
contains singlets at 18.0 (13), 27.0 (14) and 15.4ppm 
(15) along with the corresponding tin satellites. In 
agreement with the trans disposition of the phosphine 
and stannyl ligands, the values of the Sn-P coupling 
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constants are between 990 and 945 Hz. Under off-reso- 
nance conditions, the singlets are split into doublets due 
to the P-H coupling with only one hydrido ligand. 

The stereochemistry of 13-15 suggests that the oxida- 
tive addition of HSnPh 3 to 10-12 occurs along the 
OC-Ir-P axis with the tin atom above the carbonyl 
group (C). The same approach has been proposed for 
the oxidative addition of stannanes to the alkynyl com- 
plex Ir(C 2 Ph)(CO)2(PCy3) [7]. 

H -- SnPh 3 
..", CO 

R3P ~ It j - -  CO 

CI 

Complexes 13-15 can also be obtained in high yield 
(about 80%) by reaction of 5-7 with carbon monoxide 
(Scheme 3), suggesting that in these complexes the 
disposition of the stannyl group is thermodynamically 
favored. The behavior of 5-7 towards carbon monoxide 
is similar to that of the alkynyl complex 
Ir(C 2 Ph)H(SnPh3)(TFB)(PCy3), which similarly reacts 
w i t h  c a r b o n  m o n o x i d e  to a f f o r d  
Ir(C2Ph)H(SnPh3)(CO)2(PCY3). However, there is a 
marked difference between the behavior of these mono- 
hydride compounds and the dihydrido complex 
IrH2(SnPh3)(TFB)(PCy3), which undergoes reductive 
elimination of molecular hydrogen under carbon 
monoxide, to finally afford Ir(SnPh3)(CO)3(PCY3) [7]. 
In contrast to the dihydrido-stannyl, the dihydrido silyl 
derivatives IrH2(SiPh3)(TFB)(PR 3) (PR 3 = PCy3, 
pipr 3, PPh 3) undergo reductive elimination of silane, to 
finally give Ir('q1,'r/2-CI2F4HT)(CO)2(PR3) by a subse- 
quent insertion of the hydrido ligand into one of the 
carbon-carbon double bonds of the diene [14]. 

2.3. Reactions of Ir(OTf)(TFB)(PR 3) (PR3=PCy 3, 
pipr  3) with HSnPh 3 

On treatment with AgOTf, the chloro-complexes 2 
and 3 give the square-planar  der ivat ives  
I r ( O T f ) ( T F B ) ( P R  3) ( P R  3 = PCy 3 (16), pipr 3 (17)) [91. 
The reactions of these compounds with 1 equiv, of 
HSnPh 3 in toluene at room temperature, afford color- 
less solutions from which the hydrido-stannyl com- 
plexes IrH(OTf)(SnPh3)(TFB)(PR 3) (PR 3 = PCy 3 (18), 
pipr 3 (19)) were isolated in 79% (18) and 53% (19) 
yields, as white microcrystalline solids. Complexes 18 
and 19 can also be obtained from the reactions of 5 and 
6 with AgOTf (Scheme 4), in 85% and 61% yields 
respectively. 



W. Chen et al. / Journal of Organometallic Chemistry 534 (1997) 95-103 99 

F 

F ~  //ClpR3 F ~ Ir 

F 
2,3 

- AgCI AgOTf 

F 

F ~ j OTf 
I r ~  

F ~  PR3 
F 

16, 17 

HSnPh 

F SnPh 3 

F - ~ ~  r~f OTf 

F PR 3 

18, 19 

AgOTf 
5, 6 18, 19 

- AgCI 

a result of the P-H coupling with only one hydrido 
ligand. Near to the singlets the satellites due to the 
active tin isotopes are also observed. In agreement with 
the mutually trans disposition of the phosphine and 
stannyl ligands the values of the lJVSn-P and ll9Sn-P 
coupling constants are 1162 and 1217 Hz (18) and 1133 
and 1185 (19) Hz respectively. 

The disposition of ligands around the iridium center 
for 18 and 19 suggests that, in contrast to the oxidative 
addition of HSnPh 3 to 2-4, the reactions of 16 and 17 
with HSnPh 3 take place along the olefin-Ir-P axis, with 
the tin atom above one of two olefinic bonds of the 
diene (D). As has been previously mentioned, the same 
approach has been proposed for the addition of HSnPh 3 
to the alkynyl complex Ir(C z Ph)(TFB)(PCY3) (A). 

H--SnPh 3 

I ....... ll.  
cy P . %--,, 

OTf 
D 

PR 3 complex 

PCy3 2, 16, 18 
P'Pr3 3, 17, 19 

Scheme 4. 

The monodentate coordination bonding mode of the 
trifluoromethanesulfonato anion in these compounds is 
strongly supported by their IR spectra in KBr, which 
show bands at 1342 (18) and 1324cm -1 (19), at- 
tributable to the asymmetric u(SO 3) vibration [15]. In 
addition, the spectra contain the u(Ir-H) absorptions at 
2156 (18) and 2134cm 4 (19), which are displaced by 
47 cm 4 and 66 cm 4 respectively towards low frequency 
compared with these found for the related chloro-com- 
plexes 5 (2203cm 1) and 6 (2200cm4). 

The IH and 31p{1H} NMR spectra of 18 and 19 
strongly support the stereochemistry proposed for these 
compounds in Scheme 4. The I H NMR spectra show at 
-13.20 (18) and -12.9 ppm (19) doublets along with the 
satellites due to the active tin isotopes. With regard to 
the values of the P-H and Sn-H coupling constants, 21.6 
and 19.9Hz (18) and 22.5 and 40.1 (19)Hz respec- 
tively, there is no doubt that in 18 and 19 the hydrido 
ligand is cis disposed to both the phosphine and stannyl 
groups. In addition the ~H NMR spectra contains six 
resonances between 5.77 and 3.04 ppm for the inequiva- 
lent protons of the dienes. The 31p{tH} NMR spectra 
show singlets at -8.8 (18) and 3.1ppm (19), which 
under off-resonance conditions are split into doublets as 

2.4. The addition of HSnR 3 to IrXL2(PR 3) 

From these results and those previously reported 
[6,7], several general trends can be inferred for the 
reactions of IrXL2(PR 3) with HSnR 3. Thus, we observe 
that when the L~ ligand is the tetrafluorobenzobarrelene 
diolefin, the reaction products can be the dihydrido- 
stannyl derivatives IrHz(SnPh3)(TFB)(PR 3) or the 
m o n o h y d r i d o - s t a n n y l  c o m  p l e x e s  
IrHX(SnR3)(TFB)(PR 3) depending upon the nature of 
X and HSnR 3. For X = OMe, OEt, O~Pr, OPh and 
SnPr, dihydrido-stannyl derivatives are obtained in the 
presence of HSnPh 3 and HSn"Bu 3. The same type of 
product is formed by treatment of IrCI(TFB)(PR 3) with 
HSn"Bu 3. However, the additions of HSnPh 3 to the 
above-mentioned square-planar chloro-complexes afford 
IrC1H(SnPh 3)(TFB)(PR 3). Monohydrido-stannyl com- 
pounds are also obtained from the oxidative additions of 
HSnPh 3 and HSn"Bu 3 to Ir(C2Ph)Lz(PCy 3) (L 2 = TFB, 
2CO), and from the reactions of IrCI(CO)2(PR 3) and 
Ir(OTf)(TFB)(PR 3) with HSnPh 3. A particular behavior 
shows  the cis-dicarbonyl  c o m p l e x  Ir{~/J- 
OC(O)CH3}(CO)2(PCY3), which reacts with HSnPh 3 to 
give Ir(SnPh 3)(CO)3(PCy3). 

The formation of the dihydrido-stannyl derivatives 
most probably involves the initial oxidative addition of 
the stannane to the square-planar starting material to 
afford monohydrido-stannyl intermediates, which by a 
subsequent reductive elimination of XSnR 3 give 
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IrH(TFB)(PR3). The oxidative addition of a second 
molecule of stannane to this intermediate leads to 
IrH2(SnR3)(TFB)(PR3). The same mechanism has been 
proposed to the formation of the dihydrido-silyl com- 
plexes IrH2(SiR3)L2(PR 3) from IrXL2(PR 3) and silanes 
[6,9,16]. 

In general the approach of the stannane to the 
square-planar complexes takes place along the olefin-Ir- 
P axis for the tetrafluorobenzobarrelene starting materi- 
als and along the CO-Ir-P axis for the dicarbonyl deriva- 
tives. In both cases, the hydrogen atom is cis disposed 
to the phosphorus. However, the stereochemistry of the 
complexes IrC1H(SnPh3)(TFB)(PR3), with the hydrido 
and the stannyl group trans disposed to the chlorine and 
diene respectively, suggest that the additions of HSnPh 3 
to IrCI(TFB)(PR 3) occur via an olefin-Ir-Cl orientation 
with the hydrogen atom above one of the two carbon- 
carbon double bonds of the diene. 

In conclusion, the reaction products (and their stereo- 
chemistry) from the oxidative addition of HSnR 3 to 
square-planar IrXL2(PR 3) complexes (L 2 = TFB, 2CO) 
depend upon the nature of X, L 2 and HSnR 3, and are 
independent of the phosphine ligand. 

3. Experimental details 

3.1. General considerations 

All reactions were carried out with rigorous exclu- 
sion of air by using Schlenk tube techniques. Solvents 
were dried by the usual procedures and distilled under 
argon prior to use. The starting materials IrCI(TFB) 2 
[17], IrCI(TFB)(PR 3) (PR 3 = PCy 3 and pipr 3 [9]) and 
Ir(OTf)(TFB)(PR 3) (R = PCy 3 and PiPr 3 [9]) were pre- 
pared by published methods. The NMR spectra were 
recorded on a Varian UNITY 300 or on a Bruker 300 
ARX instruments and the IR spectra on a Perkin Elmer 
783 spectrometer. C, H and S analyses were carried out 
with a Perkin Elmer 2400 CHNS/O microanalyzer. 

3.2. Preparation of IrCI(TFB)(K P- ipr 2 PCH z CH 20Me) 
(4) 

This compound was prepared from IrCI(TFB) 2 
( 102.0 mg, 0.150 mmol) and ~ Pr 2 PC H 2 CH 20Me (31 ix 1, 
0.160mmol) by a procedure similar to that published 
for 2,3 [9] (yield, 81 mg (86%)). Anal. Found: C, 39.75; 
H, 4.51. C21H27C1F4IrOP calc.: C, 40.04; H, 4.32%. IR 
(Nujol): u(IrC1) 317cm 1. IH NMR (300MHz, C6D6): 
64.87 (br, 2H, -CH), 3.87 (br, 2H, =CH), 3.18 (m, 2H, 
OCHz), 2.83 (s, 3H, OCH3), 1.85 (m, 2H, PCHCH3), 
1.62 (br, 2H, =CH), 1.52 (m, 2H, PCH2), 0.98 (dd, 6H, 
J(HH) = 7.1 Hz, J(PH) = 15.6 Hz, PCHCH3), 0.76 (dd, 
6H, J(HH) = 7.1 Hz, J(PH) = 14.3Hz, PCHCH3). 
31p{1H} NMR (121.42 MHz, C6D6): 6 20.3 (s). 

3.3. Preparation of IrCIH(SnPh~)(TFB)(PCy 3) (5) 

A solution of 2 (100.0mg, 0.136mmol) in 7ml of 
toluene was treated with HSnPh 3 (47.8 rag, 0.136 mmol). 
The orange solution became pale yellow upon addition 
of the reagent. The solvent was removed and the residue 
was treated with 5 ml of pentane to give a white micro- 
crystalline solid. The solution was decanted and the 
solid was repeatedly washed with pentane and dried in 
vacuo (yield, 125 mg (85%)). Anal. Found: C, 53.03; H, 
4.74. C4sH55C1F4IrPSn calc.: C, 53.12; H, 5.11%. IR 
(Nujol): v(IrH) 2203, v(IrC1) 320, u(SnPh) 259cm "1. 
IH NMR (300MHz, C6D6): 6 8.10-7.13 (m, 15H, Ph), 
5.79 (br, 1H, -CH), 4.92 (br, 1H, -CH), 4.64 (br, 1H, 
=CH), 4.35 (br, IH, =CH), 4.06 (br, 2H, =CH), 
2.00-0.92 (m, 33H, PCY3), -16.26 (d with tin satellites, 
1H, J (PH)= 17.4Hz, J(SnH)= 21.3Hz, Ir-H). 13C{IH} 
NMR (75.4MHz, CDC10:6 145.0 (s with tin satellites, 
J ( p - l l 7 / l l 9 S n )  = 90Hz, Cip.,. o SnPh3), 136.0 (s with tin 
satellites, J(P-lW/~19Sn) = 49Hz, SnPh3), 130.3 (s with 
tin satellites, J(P-lJ7/llgSn)= 15Hz, SnPh3), 129.0 (s 
with tin satellites, J(P-llT/119Sn)= 65 Hz, SnPh3), 77.4 
(d, J (PC)= 13.9 Hz, =CH), 68.7 (s with tin satellites, 
J(P-JlT/IJ9Sn) = 86Hz, =CH), 65.6 (s with tin satel- 
lites, J(P-lW/119Sn) = 52Hz, =CH), 63.9 (d, J(PC) = 
8.1Hz, =CH), 41.4 (s, -CH), 39.6 (s, PCy3), 37.4 (d, 
J(PC) = 26.5 Hz, PCy3), 35.4 (s, -CH), 29.8 (d, J(PC) 
= 15.6Hz, PCy3), 26.9 (s, PCy3), 26.2 (s, PCy3). 
3~P{JH} NMR (121.42MHz, C6D6): 6-3.9 (s with tin 
satellites, J(P- 117/119Sn) = 84.8 Hz; doublet in off-reso- 
nance). 

3.4. Preparation of lrClH(SnPh 3)(TFB)(P ipr 3) (6) 

This compound was prepared as described for 5, 
using 3 (83.5mg, 0.136mmol) and HSnPh 3 (47.8mg, 
0.136mmol) as starting materials. A white solid was 
obtained (yield, 115 mg (88%)). Anal. Found: C, 48.30; 
H, 4.52. C39H43C1FgIrPSn calc.: C, 48.54; H, 4.49%. 
IR (Nujol): v(IrH) 2200, v(IrCl) 320, v(SnPh) 265 cm -l. 
lH NMR (300MHz, C6D6): 6 7.70-7.24 (m, 15H, Ph), 
5.72, 5.21 (both br, 1H each, -CH), 4.76, 4.58, 4.23, 
3.97 (all br, 1H each, =CH), 2.00 (m, 3H, PCHCH3), 
1.18 (dd, 9H, J(HH) = 7.2 Hz, J(PH) = 13.8 Hz, 
PCHCH3), 1.11 (dd, 9H, J(HH)=6.9Hz,  J (PH)= 
13.8Hz, PCHCH3), -16.77 (d with tin satellites, 1H, 
J (PH)=IS .0Hz ,  J(SnH)=42.0Hz,  Ir-H). 13C{lH} 
NMR (75.4MHz, CDCI3): 6 144.1 (s with tin satellites, 
J(P-Ilv/llgsn) = 87Hz, C~r~ o SnPh3), 136.1 (s with tin 
satellites, J(P-117/119Sn) = 48 Hz, SnPh3), 130.5 (s with 
tin satellites, J(P-ll7/ll9Sn)= 14Hz, SnPh3), 129.1 (s 
with tin satellites, J(P-117/lJ9Sn) = 64Hz, SnPh3), 77.2 
(d, J (PC)= 14.2Hz, =CH), 69.7 (s with tin satellites, 
J(P-~17/IIgsn) = 85Hz, =CH), 65.6 (s with tin satel- 
lites, J(P-11v/II9Sn)= 50Hz, =CH), 63.7 (d, J (PC)= 
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7.3Hz, =CH), 41.4 (s, -CH), 35.6 (s, -CH), 27.9 (d, 
J(PC) = 28.5Hz, PCHCH3), 19.9 (s, PCHCH3). 
31p{~H} NMR (121.42 MHz, C6D6): ~ 6.7 (s with tin 
satellites, J(P- 117/1195n ) = 84.3 Hz; doublet in off-reso- 
nance). 

3.5. Preparation of IrC1H(SnPhs)(TFB)(KP- 
ipr2PCH2CH2OMe) (7) 

This compound was prepared as described for 5, 
using 4 (85.7mg, 0.136mmol) and HSnPh 3 (47.8mg, 
0.136mmol) as starting materials. A white solid was 
obtained (yield, 76mg (57%)). Anal. Found: C, 48.02; 
H, 4.51. C39H43C1F4IrOPSn calc.: C, 47.75; H, 4.42%. 
IR (Nujol): v(IrH) 2205, v(IrCl) 320, u(SnPh) 255 cm -1. 
1H NMR (300MHz, C6D6): 6 8.15-7.20 (m, 15H, Ph), 
5.63, 4.74 (both br, 1H each, -CH), 4.53, 4.29, 3.48, 
3.43 (all br, IH each, =CH), 2.92 (m, 4H, OCH 2 and 
PCH2), 2.71 (s, 3H, OCH3), 1.95 (m, 2H, PCHCH3), 
1.24 (dd, 3H, J(HH) = 6.8 Hz, J(PH) = 14.6Hz, 
PCHCH3), 0.92 (dd, 3H, J (HH)=6 .5Hz ,  J (PH)= 
16.4Hz, PCHCH3), 0.86 (dd, 3H, J (HH)=6.5Hz,  
J (PH)=  13.2Hz, PCHCH3), 0.73 (dd, 3H, J (HH)= 
6.9Hz, J (PH)= 12.7 Hz, PCHCH0,  -16.42 (d with tin 
satellites, 1H, J(PH) = 16.2Hz, J(SnH) = 55.1 Hz, Ir- 
H). 3~p{1H} NMR (121.42MHz, CrD6): 6 9.1 (s with 
tin satellites, J(p-117/119Sn ) = 84.3 Hz; doublet in off- 
resonance). 

3.6. Preparation of lrH2(Sn"Bu 3)(TFB)(P ipr 3) (9) 

This compound was prepared from 4 (83.5mg, 
0.136mmol) and HSnnBu3 (361xl, 0.136mmol) by a 
procedure similar to that published for 8 [7] (yield, 
41mg (35%)). Anal. Found: C, 45.42; H, 6.15. 
C33H56F4IrPSn calc.: C, 45.52; H, 6.48%. IR (Nujol): 
u(IrH) 2071, v(SnPh) 260cm -I. IH NMR (300MHz, 
C6D 6, 20°C): 34.99 (br, 2H, -CH), 2.92 (br, 4H, 
=CH), 1.56 (m, 3H, PCHCH3), 1.81, 1.57, 1.38 (all m, 
6H each, Sn(CH2)3), 1.05 (m, 9H, Sn(CH2)3CH3), 
0.90 (dd, 18H, J (HH)=7 .2Hz ,  J (PH)=  13.8Hz, 
PCHCH3), -16.17 (d with tin satellites, 2H, J (PH)= 
21.9 Hz, J(SnH) = 82.5 Hz, Ir-H). l H NMR (300 MHz, 
C7D8, -80°C): 6 5.24, 4.80 (both br, 1H each, -CH), 
3.25, 2.51 (both br, 2H each, =CH), the other reso- 
nances are the same as that at 20°C. 31p{1H} NMR 
(121.42MHz, C6D6): 6 29.7 (s with tin satellites, J(P- 
119Sn) = 534.4Hz, J(P-117Sn) = 510.3Hz; triplet in 
off-resonance). 

3. Z Preparation of IrCI(CO)2(PCv 3) (10) 

A solution of 2 (100.0mg, 0.136mmol) in 8ml of 
CH2C12 was stirred under CO for 10min. A change 
from orange to lemon yellow was observed. The solu- 

tion was concentrated under reduced pressure to 0.5 ml. 
Hexane was added, and the solution was cooled to 
-20 °C over 24 h, causing the precipitation of a yellow 
solid, which was decanted, washed with hexane, and 
dried in vacuo (yield, 54mg (70%)). Anal. Found: C, 
42.48; H, 6.06. C20H33CllrO2P calc.: C, 42.58; H, 
5.90%. IR (Nujol): u(CO) 2062, 1986cm -l. IR 
(CH2C12): v(CO) 2072, 1984cm -1. 3~p{1H} NMR 
(121.42 MHz, CDC13): 6 29.0 (s). 

3.8. Preparation of IrCI(CO)2(P iPr 3) (11) 

A solution of 3 (83.5mg, 0.136mmol) in 10ml of 
CH2C12 was stirred under CO for 5 rain. A change from 
orange to lemon yellow was observed. The solvent was 
removed and the residue was washed with cold hexane 
to give a pale yellow oil. IR (CH~CI2): u(CO) 2077, 
1986cm -1. 1H NMR (300MHz, CDC13): 32.76 (m, 
3H, PCHCH3), 1.36 (dd, 18H, J (HH)= 7.2Hz, J(PH) 
=14.7Hz,  PCHCH3). 31p{1H} NMR (121.42MHz, 
CDC13): 6 39.4 (s). 

3.9. Preparation of IrCI(CO)2(KP- ipr  2 PCH 2 CH 20Me) 
(12) 

This compound was prepared as described for 11, 
using 4 (85.7mg, 0.136mmol) as starting material. A 
light yellow oil was obtained. IR (CH2C12): u(CO) 
2072, 1983cm -1. IH NMR (300MHz, CDC13): 6 3.54 
(m, 2H, OCH2), 3.02 (s, 3H, OCH3), 2.19-2.07 (m, 4H, 
PCH 2 and PCHCH3), 1.05 (dd, 6H, J (HH)=  7.2Hz, 
J(PH) = 16.2Hz, PCHCH3), 0.94 (dd, 6H, J (HH)=  
7.1Hz, J (PH)=15.1Hz,  PCHCH3). 31p{1H} NMR 
(121.42MHz, CDCI3): 6 31.9 (s). 

3.10. Preparation of IrClH(SnPh 3 )(CO) 2 (PCy 3) (13) 

A solution of 10 (100mg, 0.177mmol) in 10ml of 
CH2C12 was treated with HSnPh 3 (62 mg, 0.177 mmol). 
The resulting pale yellow solution was concentrated to 
ca. 0.5 ml, and addition of hexane precipitated a white 
solid. The solution was decanted, and the solid was 
repeatedly washed with hexane and dried in vacuo 
(yield, 120mg (74%)). Anal. Found: C, 50.11; H, 5.45. 
C38 H49CllrO 2 PSn calc.: C, 49.87; H, 5.40%. IR (Nujol): 
v(IrH) 2125, u(CO) 2050, 2015cm 1. 1H NMR 
(300MHz, C6D6): 6 8.10-7.18 (m, 15H, Ph), 2.08-1.10 
(m, 33H, PCY3), -7.65 (d with tin satellites, 1H, J(PH) 
=14.5Hz,  J (SnH)=28.2Hz,  Ir-H). 31p{IH} NMR 
(121.42MHz, CrD6)" 6 18.0 (S with tin satellites, J(P- 
119Sn) = 989.1 Hz, J(P-I17Sn) = 944.5Hz; doublet in 
off-resonance). 

This complex can also be prepared from 5 (100.0 mg, 
0.090mmol) in CH2C12 under CO atmosphere for 
30 min (yield, 59 mg (70%)). 
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3.11. Preparation of IrCIH(SnPh¢)(CO)2(P iprj) (14) 

This compound was prepared as described for 13, 
using 11 (46.1 rag, 0.104mmol) and HSnPh 3 (36.4mg, 
0.104 retool) as starting materials (yield, 63 mg (76%)). 
14 can also be obtained from 6 (131 rag, 0.136mmol) 
and an atmosphere of CO (yield, 93 mg (86%)). Anal. 
Found: C, 43.91; H, 4.83. C29H37ClIrO2PSn calc.: C, 
43.82; H, 4.69%. IR (Nujol): u(IrH) 2136, u(CO) 2061, 
2020cm -t. 1H NMR (300MHz, C6D6):  6 8.00-7.03 (m, 
15H, Ph), 1.88 (m, 3H, PCHCH3), 0.72 (dd, 9H, 
J(HH) = 7.2Hz, J(PH) = 14.1 Hz, PCHCH3) , 0.68 (dd, 
9H, J(HH) = 7.2Hz, J(PH) = 14.7 Hz, PCHCH3), 
-7.96 (d with tin satellites, 1H, J (PH)= 14.1Hz, 
J(SnH)=29.1Hz,  Ir-H). 31p{IH} NMR (121.42 MHz, 
C6D6):  627.0 (s with tin satellites, J ( p - 1 1 9 S n ) =  

990.0Hz, J(P-J~VSn) = 946.6Hz; doublet in off-reso- 
nance). 

3.12. Preparation of IrCIH(SnPh3)(CO)2(KP- 
'Pr 2 PCH 2 CH 20Me) (15) 

This compound was prepared as described for 13, 
using 7 (133 mg, 0.136 mmol) and an atmosphere of CO 
as starting materials (yield, 80 mg (73%)). 15 can also 
be obtained from 12 (47.8 rag, 0.104 mmol) and HSnPh 3 
(36.4mg, 0.104mmol) (yield, 63mg (67%)). Anal. 
Found: C, 42.50; H, 4.13. C29H37ClIrO3PSn calc.: C, 
42.95; H, 4.60%. IR (Nujol): v(IrH) 2138, u(CO) 2059, 
2023 cm -~. LH NMR (300MHz, C6D6): 6 8.16-7.18 (m, 
15H, Ph), 3.30 (m, 2H, OCH2), 2.93 (s, 3H, OCH3), 
1.99-1.67 (m, 4H, PCH 2 and PCHCH3), 0.92-0.70 (m, 
12H, PCHCH3), -7.96 (d with tin satellites, 1H, J(PH) 
= 14.7Hz, J(SnH)=45.7Hz,  Ir-H). 31P{JH} NMR 
(121.42MHz, C6D6):  6 15.4 (S with tin satellites, J(P- 
I I,~/t 17Sn ) = 975.1 Hz; doublet in off-resonance). 

3. 13. Preparation of IrH( OTf)(SnPh ¢ )(TFB)(PCy 3) (18) 

To a solution of 16 (150.0rag, 0.177mmol) in 10ml 
of toluene was added HSnPh 3 (62rag, 0.177mmol). 
After stirring for l h the solvent was removed and the 
residue was treated with 5 ml of pentane to give a white 
microcrystalline solid. The solution was decanted and 
the solid was repeatedly washed with pentane and dried 
in vacuo (yield, 168 mg (79%)). Anal. Found: C, 49.20; 
H, 4.70; S, 2.75. C49H55FvIrO3PSSn calc.: C, 49.09; H, 
4.62; S, 2.67%. IR (KBr): u(IrH) 2156, ~,(SO 3) 1342, 
u(SnPh) 262cm i. l H NMR (300MHz, CDC13): 
6 7.80-6.5 (m, 15H, Ph), 5.43, 5.08 (both br, 1H each, 
-CH), 4.72, 3.83, 3.49, 3.32 (all br, 1H each, =CH), 
2.20-1.10 (m, 33H, PCy3), -13.20 (d with tin satellites, 
IH, J(PH) = 21.6Hz, J(SnH) = 19.9Hz, lr-H). 31p{lH} 
NMR (121.42 MHz, CDCI~): 6-8.8 (s with tin satellites, 
J(P-lLgSn)= 1217.4Hz, J(P-117Sn)= 1162.5Hz; dou- 
blet in off-resonance). 19F NMR (282.3MHz, CDCI3): 
6-78.6 (s). 

This complex can also be prepared from 5 (100.0 rag, 
0.092 retool) and AgOTf (23.7 mg, 0.092 mmol) as start- 
ing materials (yield, 94 mg (85%)). 

3.14. Preparation of lrH(OTf)(SnPh 3)(TFB)(P ipr 3) (19) 

This compound was prepared as described for 18, 
using 17 (75.7 rag, 0.104 retool) and HSnPh 3 (36.4mg, 
0.104mmol) (yield, 59mg (53%)). 19 can also be ob- 
tained from 6 (131mg, 0.136mmol) and AgOTf 
(35.0 rag, 0.092 mmol) as starting materials (yield, 89 mg 
(61%)). Anal. Found: C, 44.49; H, 4.21; S, 3.14. 
C40H43FTIrO3PSSn calc.: C, 44.54; H, 4.02; S, 2.97%. 
IR (KBr): v(IrH) 2134, v(SO 3) 1324, v(SnPh) 261 cm -1. 
IH NMR (300MHz, CDCI3): 6 8.00-7.1 (m, 15H, Ph), 
5.77, 5.70 (both br, 1H each, -CH), 5.09, 4.76, 3.08, 
3.04 (all br, 1H each, =CH), 1.99 (m, 3H, PCHCH3), 
0.93 (dd, 6H, J(HH) = 7.0 Hz, J(PH) = 13.2 Hz, 
PCHCH3), 0.51 (dd, 6H, J (HH)=6.9Hz,  J (PH)= 
13.7Hz, PCHCH3), -12.9 (d with tin satellites, 1H, 
J(PH) = 22.5 Hz, J(SnH) = 40.1 Hz, Ir-H). 31p{1H} 
NMR (121.42 MHz, CDC13): 8 3.1 (s with tin satellites, 
J ( P - I I g s n )  = 1184.6Hz, J ( P - I I 7 S n ) =  1132.8Hz; dou- 
blet in off resonance). 19F NMR (282.3 MHz, CDC13): 
6-78.6 (s). 
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