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Reaction of 3,4-dimethylphospholylthallium (Tl-1) with [Cp MCl2]2 (M = Rh, Ir) leads to the formation of
the dimeric species [(Cp*M)2(Me2C4H2P)3]+ 2 and 3 with bridging l-g1:g1-phospholyl ligands. The phos-
phametallocenium sandwich complexes [Cp*M(Me2C4(SiMe3)2P)]+ 7 (M = Rh) and 8 (M = Ir) could be
obtained from the reaction of [Cp*MCl2]2 and the 2,5-bis(trimethylsilyl)-1-trimethylstannylphosphole
6, with the bulky trimethylsilyl groups preventing the phosphole from g1- and enforcing a g5-coordina-
tion. The structures of phospharhodocenium cation 7 and a byproduct 9 containing a phosphairidoceni-
um moiety could be determined by X-ray diffraction.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

Since the discovery of the first phophaferrocene by Mathey [1]
in 1977, phosphametallocenes in general have been thoroughly
investigated. However, the greatest wealth of results was obtained
with phosphaferrocenes [2], including – among others – applica-
tions as chiral ligands in homogeneous catalysis [3]. Phosphamet-
allocenes of other central metals have received less attention.
Synthetic protocols for the preparation of phosphaferrocenes with
a great variety of substitution patterns and functional groups are
available, which cannot be extended to the synthesis of phospha-
metallocenes with other metals in many cases. For example, the
limitations are due to redox processes when phospholide anions
of electropositive metals are employed which frequently reduce
noble metal salts to the elemental form. Other problems may arise
from the different coordination modes phospholyl ligands can
adopt: instead of forming the desired g5-complexes, the formation
of complexes with g1-P coordination is frequently observed lead-
ing to dimeric species featuring the phospholyl system in a
l-g1:g1-P bridging mode. Strategies to overcome these problems
include the use of more covalently bound phospholyl transfer re-
agents with p-block elements, which have drastically diminished
reducing power and steric protection by incorporating sterically
demanding groups in 2- and 5-position of the phospholyl ring, thus
preventing g1-P and enforcing a g5-coordination. In that context,
the 2,5-di(tbutyl)phospholyl unit has proven to be of high syn-
thetic value. The lithium salt [4] allowed the preparation of sand-
wich compounds with Ru [4], Co [5] and Ni [6], while the more
covalent and less reducing 2,20,5,50-tetrakis(tbutyl)diphospha-
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plumbocene [7] was successfully employed to obtain phosphamet-
allocenes with Co [8,9] Rh [8] and Ir [8]. Nonamethyl-
phospharhodocenium and -iridocenium cations were also
prepared by the nucleophilic degradation of the respective triple-
decker complexes [Cp*M-l-g5:g5-PC4Me4-FeCp*]2+ in acetone
[10]. As ligands to transition metal fragments, phosphaferrocenes
as well as the homologous phospharuthenocenes are considered
to be quite poor r-donors with considerable p-acceptor character,
thus resembling phosphites P(OR)3 much more closely than the
ubiquitous phosphines PR3 [2a]. Within a research program aimed
at the tuning of the donor/acceptor characteristics of phosphamet-
allocenes, we became interested in cationic phosphametallocene
derivatives as these might behave as even stronger acceptor li-
gands when coordinated to metal fragments. In this contribution,
we describe the preparation of cationic phospharhodocenium
and iridocenium complexes with the sterically demanding 2,5-
bis(trimethylsilyl)-3,4-dimethylphospholyl ligand.

2. Results and discussion

First synthetic attempts were made using 3,4-dimethylphos-
pholylthallium (Tl-1), which was obtained following the procedure
described by Nief for the parent thalliumphospholide without
methyl substituents [11]. Addition of TlOEt to a THF solution of
3,4-dimethylphospholide as its Li salt (Li-1) caused the immediate
precipitation of the Tl-1 as a pale yellow solid in 82% yield, which
was purified by sublimation in high vacuum. While in a test reac-
tion treatment of Tl-1 with (CO)5MnBr gave a 67% yield of the de-
sired g5-complex 3,4-dimethylphosphacymanthrene, the reaction
with the dimeric complexes [Cp*MCl2]2 (M = Rh, Ir) gave not the
phosphametallocenium complexes, but instead lead to the forma-
tion of the dimeric species 2 and 3, whose structures were deduced
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from the spectroscopic and analytical data (Scheme 1). The out-
come of this reaction was not completely unexpected, as related
dimeric complexes with ruthenium [12] and nickel [13] with
bridging phospholyl ligands have been described before. The mass
spectra (MALDI and FAB) of complexes 2 and 3 feature molecular
ion peaks for the cationic [(Cp*M)2(Me2C4H2P)3]+ fragments, the
31P NMR resonances at �86.5 (Rh) and �166.2 ppm (Ir) are in
the range expected for bridging phospholes and the resonance of
the Rh complex appears as a triplet with 1JP–Rh = 84 Hz due to the
coupling with the two Rh atoms. In the related bis-phosphido
bridged complex [Cp*RhCl-(l-PMe2)]2 a coupling constant of
1JP–Rh = 95.3 Hz was observed [14].

Obviously, steric protection of the phosphole was mandatory in
order to achieve the desired g5-coordination. However, as we were
interested to test the phosphametallocenium complexes for their
potential towards metal coordination, we decided not to use the
2,5-di(tbutyl)phospholyl ligand but the related 2,5-bis(trimethyl-
silyl)-3,4-dimethylphospholyl system 5 (Scheme 2). This ligand
provides suitable steric protection to achieve the desired coordina-
tion mode but once the g5 complex has been formed the Me3Si
groups may hopefully be removed and replaced by a proton in or-
der to reduce the steric congestion around the P atom and thus to
allow for the g1 coordination of an additional metal fragment to
the P atom. Furthermore, the Me3Si group could also be converted
into another functional group such as trifluoroacetyl [12] which
can be subsequently converted into a donor function, thus leading
to a potentially bidentate ligand. Thus the anion 5 was prepared
according to the literature via the Cp2Zr-mediated coupling of
trimethylsilylpropine, treatment of the zirkonacycle with PBr3

and cleaving the P–Br bond of the bromophosphole 4 by elemental
lithium [15].

The formation of the phosholide anion 5 can easily be moni-
tored by 31P NMR spectroscopy [d (4) = 78 ppm, d (5) = 141 ppm].
As stannylphospholes have proven to be valuable phospholyl
transfer reagents without causing redox problems [16], we turned
our attention to the trimethylstannyl derivative 6 which could be
obtained as a pale yellow solid in 91% yield by treatment of the
lithium phospholide 5 with Me3SnCl (Scheme 2). The P–Sn linkage
is apparent from the 31P NMR spectrum which shows a signal at
�15.2 ppm with tin satellites due to the 1J coupling with the iso-
topes 117Sn (591 Hz) and 119Sn (566 Hz) in almost equal intensities
as expected from their natural abundances. Accordingly, the 119Sn
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NMR spectrum features a doublet at 18.3 ppm with 1J(P–
Sn) = 594 Hz. Both values are comparable to those observed for
other stannyl phospholes [16]. Interestingly, attempts to convert
the phospholide 5 into the corresponding phosphaplumbocene
derivative by treatment with PbCl2 was not successful leading to
a non isolable species, which decomposed quite rapidly.

Finally, reaction of the tin compound 6 with the dimeric Rh and
Ir complexes [Cp*MCl2]2 in dichloromethane at low temperature
proceeded smoothly to give the desired cationic g5-phospholyl
complexes 7 (M = Rh, 84%) and 8 (M = Ir, 75%), respectively
(Scheme 3). The 31P NMR spectra show resonances at 58.5 (7)
and 19.5 ppm (8) which are shifted considerably towards lower
field as compared to the analogous di-tbutyl [8] and tetramethyl
[10] complexes. The value of the coupling constant 1J(P–Rh) =
24 Hz is in the same range as for the other two examples men-
tioned. Recrystallisation from acetone and diethylether furnished
crystals of 7 as the Me3SnCl�2 salt suitable for X-ray diffraction. If
the crude product is purified by column chromatography on silica,
Me3SnCl can be first eluted with dichloromethane where after 7-Cl
is eluted with dichloromethane/methanol (10:1). The cation 7 fea-
tures the typical characteristics of a sandwich type structure with al-
most coplanar g5-coordinated rings (Fig. 1). The deviation of the
phospholyl ring from planarity is small (max. deviation from mean
plane: 0.014 Å for C1; angle between mean planes through C1, C2,
C3, C4 and C1, P, C4: 2.0�), as is the angle between the least-squares
planes for the C4P and the Cp*–C5 (2.8�). The distances of the ring
centroids ct1 and ct2 from Rh are almost identical (1.8144 Å (ct1),
1.8116 Å (ct2)). The most severe deviations from ideality concern
the bulky Me3Si groups: due to their steric interference with the
C5Me5 ring, the vectors C1–Si2 and C4–Si1 are tilted out of the
phospholyl ring plane away from the Rh atom by 5.6� (Si1) and
6.7� (Si2), respectively. Overall, the observed geometrical parameters
are close to the respective values observed for related structures, for
example [Cp*M(2,5-tBu2C4H2P)]BPh4 (M = Co, Rh) [8], [Cp*Ru(2,5-
tBu2C4H2P)] [4] and [Cp*Fe-5] [15a]. While the deviations for the
structures with Rh and Ru are very small, the sandwich complexes
for the first row elements Fe and Co feature significantly shorter
M-centroid distances leading to bigger tilt angles for the ring
C–SiMe3 (Co: 10.6�) and C–tBu (Fe: 9.9�) vectors.

Interestingly, attempts to obtain crystals of the Ir complex 8
from dichloromethane/ether failed and instead a byproduct 9 crys-
tallized, whose formation is unclear. The amount of this byproduct
is small, as there were no signals observed for it in the NMR spectra
of the crude product. However, we suppose that the byproduct is
Li+
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Fig. 1. Molecular structure of cation 7 in the solid state. The Me3SnCl�2 anion is om-
itted for clarity. Selected bond lengths (Å) and angles (�): Rh(1)–P(1) 2.3845(9), Rh(1)–
C(1) 2.226(4), Rh(1)–C(2) 2.199(3), Rh(1)–C(3) 2.198(3), Rh(1)–C(4) 2.229(3), P(1)–C(1)
1.776(4), P(1)–C(4) 1.777(4), Si(1)–C(4) 1.877(3), Si(2)–C(1) 1.896(4), C(1)–C(2) 1.41-
0(5), C(2)–C(3) 1.424(5), C(3)–C(4) 1.428(5); C(1)–P(1)–C(4) 91.81(16), C(2)–C(1)–P(1)
110.8(3), C(2)–C(1)–Si(2) 128.1(3), P(1)–C(1)–Si(2) 120.21(19), C(1)–C(2)–C(3) 113.8-
(3), C(1)–C(2)–C(5) 123.9(3), C(3)–C(2)–C(5) 122.2(3), C(2)–C(3)–C(4) 112.9(3), C(3)–
C(4)–P(1) 110.5(2), C(3)–C(4)–Si(1) 130.0(3), P(1)–C(4)–Si(1) 118.91(19).
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formed during the reaction, because attempts to convert the phos-
phairidocenium complex 8 into 9 were unsuccessful. The molecu-
lar structure of complex 9 is depicted in Fig. 2 together with
selected geometrical data.

The structure consists of two subunits, a phosphairidocenium
sandwich unit and a Cp*IrCl2 half-sandwich unit. The Ir coordina-
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Fig. 2. Molecular structure of cation 9 in the solid state. The Me3SnCl�2 anion, all H-
atoms and the solvating ether molecule are omitted for clarity. Selected bond lengths
(Å) and angles (�): Ir(1)–C(2) 2.190(13), Ir(1)–C(4) 2.192(13), Ir(1)–C(3) 2.212(13),
Ir(1)–C(1) 2.221(14), Ir(1)–P(1) 2.408(4), Ir(2)–P(2) 2.334(3), Ir(2)–Cl(1) 2.368(4), I-
r(2)–Cl(2) 2.418(4), P(1)–C(4) 1.762(15), P(1)–C(1) 1.789(14), P(2)–C(20) 1.798(15),
P(2)–C(17) 1.818(14), P(2)–C(1) 1.842(13), C(1)–C(2) 1.451(17), C(2)–C(3) 1.43(2),
C(3)–C(4) 1.40(2), C(17)–C(18) 1.37(2), C(18)–C(19) 1.49(2), C(19)–C(20) 1.33(2); C-
(4)–P(1)–C(1) 87.7(7), C(20)–P(2)–C(17) 93.7(7), C(1)–P(2)–Ir(2) 119.2(4), P(2)–Ir(2)–
Cl(1) 85.40(13), P(2)–Ir(2)–Cl(2) 92.16(12), Cl(1)–Ir(2)–Cl(2) 90.98(17).
tion sphere of the latter is completed by P-coordination of a bridg-
ing phosphole, which is also P-bound to the a-carbon atom of the
g5-phospholyl ring (Scheme 4). To the best of our knowledge,
compound 9 is the first example of a structurally characterized
g5-phospholyl iridium complex. The structural features of the
phosphairidocenium unit resemble those of the phospharhodoce-
nium complex 7 very closely: the distances of the Ir atom to the
centroids of the phospholyl (1.8104 Å) and Cp* rings (1.8085 Å),
the distances and angles within the phospholyl ring and the devi-
ation of the two g5 rings from coplanarity (175.5�) are almost iden-
tical to the related values in complex 7. The most pronounced
deviation from ideality again concerns the arrangement of the exo-
cyclic C1–P2 bond, which forms an angle of 11.1� with the C4P
plane. The phosphole ring containing P2 shows the typical bond
localization with long P–C and C18–C19 bonds while the formal
double bonds (C17–C18 and C19–C20) are short. In contrast, the
bond lengths equilibration in the phospholyl ring around P1
reflects its aromatic character. For the Cp*Ir half-sandwich unit,
the distance centroid(Cp*)–Ir2 (1.8253 Å) is again almost identical
to the related distance within the phosphairidocenium unit.

First attempts to remove the Me3Si groups in the a-positions
turned out to be difficult and resulted in product mixtures. We
are working on that problem currently in our laboratory.

3. Experimental

3.1. General

All reactions were carried out under an atmosphere of dry nitro-
gen by means of conventional Schlenk techniques. Solvents were
dried and purified by standard methods. Alumina was heated at
200 �C for 12 h, cooled to room temperature under high vacuum,
deactivated with 5% water and stored under nitrogen. NMR spectra
were recorded on a Bruker Avance DRX 500 and a Bruker Avance
DRX 200 spectrometer. 1H and 13C{1H} spectra are referenced to
the residual solvent signal and 31P{1H} spectra to external H3PO4

(85%). Mass spectra were recorded on a Finnigan MAT 8200 (FAB,
EI). Elemental analyses were performed by the Institute of Pharma-
ceutical Chemistry at the Heinrich-Heine-Universität Düsseldorf
on a Perkin–Elmer elemental analyser 2400 Series II CHN. 3,4-Di-
methyl-1-phenylphosphol [17] and 2,5-bis(trimethylsilyl)-3,4-di-
methyl-1-bromophosphole 4 [15f] were prepared according to
published procedures.

3.2. Synthesis of thallium-3,4-dimethylphospholide (Tl-1)

To a solution of 3,4-dimethyl-1-phenylphosphole (1.09 g,
5.47 mmol) in 50 mL THF lithium pieces were added in excess.
After 3 h at room temperature the reduction of the phosphole is
completed. The excess lithium was removed and tert-butylchloride
(0.63 mL, 5.74 mmol) was added. The reaction mixture was heated
to reflux for 15 min and then cooled down to �35 �C. Thalliume-
thanolate (0.39 mL, 5.5 mmol) was added dropwise by syringe
and a yellow solid precipitated which was separated by filtration,
washed with acetone and dried under high vacuum. The crude
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product was obtained in yields of 82% and it was purified by sub-
limation. 1H NMR (200 MHz, DMSO-d6): d = 2.20 (s, 6H, CH3), 6.31
(d, 2JP–H = 39,1 Hz, 2H, Ca-H). 31P{1H} NMR (81 MHz, DMSO):
d = 54.2 (s). 13C{1H} NMR (126 MHz, DMSO-d6): d = 16.7 (s, CH3),
130.2 (d, 1JP–C = 41.2 Hz, Ca), 134.9 (d, 2JP–C = 5.5 Hz, Cb). MS (EI,
70 eV): m/z (fragment, Irel) = 316 (M+, 28%); 205/203 (Tl+, 100%/
45%). Anal. Calc. for C6H8PTl: C, 22.84; H, 2.56. Found: C, 22.87;
H, 2.31%.

3.3. Synthesis of [(l2-3,4-dimethylphospholyl)3(Ircp*)2]+Cl� (3)

A mixture of Tl-1 (0.36 g, 1.15 mmol) and [Cp*Ir*Cl2]2 (0.43 g,
0.55 mmol) in 50 mL THF was refluxed for 1 h. The beige solid
was removed by filtration (Celite) and washed with THF until the
washing solution was colorless. The solvent was removed under
high vacuum and the crude product was purified by chromatogra-
phy on alumina with methanol. Compound 3 was obtained as a
yellow solid after removal of solvent in vacuum. (0.35 g, 30%). 1H
NMR (200 MHz, CDCl3): d = 1,52 (q, 4JP–H = 1.8 Hz, 30H, cp*), 2.35
(s (br), 18H, Cb-CH3), 6.15–6.36 (m, 6H, Ca-H). 31P{1H} NMR
(81 MHz, CDCl3): d = �166.2 (s). 13C{1H} NMR (126 MHz, CDCl3):
d = 8.6 (s, Cp*-CH3), 17.3 (m, Cb-CH3), 94.5 (s, cp*-C), 122.,5 (s
(br), Ca), 151.4 (m, Cb-CH3). MS (MALDI): m/z (fragment, Irel):
988 ((M�Cl)+, 100%). Anal. Calc. for C38H54P3Ir2Cl: C, 44.59; H,
5.32. Found: C, 42.04; H, 5.07%.

3.4. [(l2-3,4-Dimethylphospholyl)3(Rhcp*)2]+Cl� (2)

Prepared as described above for 3. 1H NMR (200 MHz, CDCl3):
d = 1.41 (q, 4JP–H = 2,5 Hz, 30H, cp*), 2.61 (s (br), 18H, Cb-CH3),
6.25–6.5 (m, 6H, Ca-H). 31P{1H} NMR (81 MHz, CDCl3): d = �86,5
(t, 1JRh–P = 84.4 Hz). MS, m/z (fragment, Irel), FAB: 809 ((M�Cl)+,
75%); MALDI: 809 ((M�Cl)+, 69%).

3.5. Synthesis of 2,5-bis(trimethylsilyl)-3,4-dimethyl-1-
(trimethylstannyl)-phosphole (6)

To a solution of 2,5-bis(trimethylsilyl)-1-bromo-3,4-dimethyl-
phosphole (4) (0.263 g, 0.74 mmol) in 15 mL THF was added an ex-
cess of elemental lithium and the mixture was stirred for 4 h at
room temperature when the reduction of the phosphole was com-
pleted. The excess lithium was removed, 150 mg of trimethyltin-
chloride was added and the mixture was stirred for half an hour
at room temperature. The solvent was removed under high vac-
uum and the crude product was taken up in hexane (ultrasound
sonication) and the solid was removed by filtration over celite.
The hexane was removed under high vacuum to give a pale yellow
solid (290 mg, 91%). 1H NMR (200 MHz, CDCl3): d = 0.09 (d, 4JP–H =
1.5 Hz, 2JSn–H = 49.4/52.0 Hz, 9H, Sn–CH3), 0.29 (d, 4JP–H = 0.8 Hz,
5JSn–H = 5.5/7.3 Hz, 18H, Si–CH3), 2.30 (d, 4JP–H = 1.3 Hz, 5JSn–H =
17.1/19.6 Hz, 6H (C–CH3)). 31P{1H} NMR (81 MHz, CDCl3): d =
�15.2 (s, 1 JP–Sn = 591 Hz (119Sn), 566 Hz (117Sn)) 13C{1H} NMR
(126 MHz, CDCl3): d = �6.2 (d, 2JP–C = 4.6 Hz, 1JSn–C = 296/310 Hz,
Sn–CH3), 0.7 (d, 3JP–C = 4.6 Hz, Si–CH3), 18.1 (d, 3JP–C = 4.6 Hz C–
CH3), 145.2 (d, 1JP–C = 44.0 Hz, Ca), 157.0 (d, 2JP–C = 2.7 Hz, Cb-
CH3). 119Sn{1H} NMR (186 MHz, CDCl3): d = 18.3 (d, 1JP–Sn =
594 Hz). MS (EI, 70 eV): m/z (fragment, Irel) = 147 (SnC2H3 100%),
149 (SnC2H5, 82%), 165 (SnC3H9, 68%).

3.6. Synthesis of 2,5-bis(trimethylsilyl)-3,4-dimethylphospholyl-
pentamethyl-cyclopentadienylrhodocenium/iridocenium cations (7/8)

To a solution of trimethyltinphosphole 6 (Rh: 268 mg,
0.62 mmol; Ir: 141 mg, 0.33 mmol) in 12 mL CH2Cl2 at �78 �C
was added slowly a solution of [Cp*RhCl2]2 (194 mg, 0.31 mmol)/
[Cp*IrCl2]2 (127 mg, 0.16 mmol) in 15/10 mL CH2Cl2. The mixture
was stirred for 10 min at �78 �C and then allowed to warm to
room temperature while stirring was continued for 4 h. The solvent
was removed in high vacuum and the crude product was purified
by chromatography on silica. Byproducts were first eluted with
CH2Cl2 and the product was obtained with CH2Cl2/CH3OH (10:1).
Removal of solvents yielded the chloride salts 7-Cl (275 mg, 84%)
and 8-Cl (152 mg, 75%) as orange powders.

Alternatively, cation 7 can also be isolated as Me3SnCl�2 -salt
from the crude product prior to chromatography by precipitation
from acetone solution with ether. 7-Me3SnCl2 was obtained as an or-
ange powder (298 mg, 66%).

3.7. 7 [Me3SnCl2]

1H NMR (200 MHz, CDCl3): d = 0.31 (d, 4JP–H = 1 Hz, 18H,
Si–CH3), 0.79 (s, 2JSn–H = 65.0/68.0 Hz, 9H, Sn–CH3), 2.07 (s, 15H,
Cp*-CH3), 2.11 (s, 6H, Cb-CH3). 31P{1H} NMR (81 MHz, CDCl3):
d = 59.5 (d, 1JRh–P = 24.0 Hz). 13C{1H} NMR (126 MHz, CDCl3):
d = 0.8 (d, 3JP–C = 5.5 Hz, Si–CH3), 5.9 (s, 1JSn–C = 486/509 Hz, Sn–
CH3), 10.9 (s, CH3 der cp*), 13.4 (s, Cb-CH3), 102.9 (d, 1JRh–C =
7.3 Hz, C-CH3 der cp*), 114.6 (dd, 1JP–C = 85.2 Hz, 1JRh–C = 8.2 Hz,
Ca), 118.8 (t, 2JP–C = 1JRh–C = 5 Hz, Cb). Anal. Calc. for C25H48PSi2-
RhSnCl2: C, 41.23; H, 6.64. Found: C, 41.46; H, 6.69%.

3.8. 7 Cl

1H NMR (200 MHz, CDCl3): d = 0.33 (d, 4JP–H = 1.0 Hz, 18H, Si–
CH3), 2.13 (s, 15H, Cp*-CH3), 2.19 (s, 6H, Cb-CH3). 31P{1H} NMR
(81 MHz, CDCl3): d = 58.5 (d, 1JRh–P = 24.0 Hz). MS (FAB): m/z (frag-
ment, Irel) = 493 (7+, 100%).

3.9. 8 Cl

1H NMR (200 MHz, CDCl3): d = 0.30 (d, 4JP–H = 1.0 Hz, 18H, Si–
CH3), 2.17 (s, 6H, Cb-CH3), 2.18 (s, 6H, Cp*-CH3). 31P{1H} NMR
(81 MHz, CDCl3): d = 19.5 (s). 13C{1H} NMR (126 MHz, CDCl3):
d = 0.7 (d, 3JP–C = 5.5 Hz, Si–CH3), 10.6 (s, Cp*-CH3), 12.9 (s, Cb-
CH3), 96.8 (s, Cp*-C-CH3), 102.1 (d, 1JP–C = 84.3 Hz, Ca), 111.6 (d,
2JP–C = 5.5 Hz, Cb). MS (FAB): m/z (fragment, Irel) = 583 (8+, 100%).

3.10. Crystal data for 7 [Me3SnCl2]

C25H48Cl2PRhSi2Sn, M = 728.30 g/mol, orthorhombic, Pbca, a =
14.6643(10) Å, b = 20.1655(11) Å, c = 22.8381(13) Å, V = 6753.5(7)
Å3, Z = 8, D (calcd) = 1.433 Mg/m3, l = 1.517 mm�1, F(000) =
2960, crystal size 0.60 � 0.58 � 0.18 mm3, T = 293 K, Mo Ka
(k = 0.71073 Å), 1.93� < h < 25.00�, total of 84249 reflections, 5939
independent reflections [R(int) = 0.1037], completeness to
h = 25.00�: 99.9%, full-matrix least-squares refinement on F2,
5939 data, 305 parameters, goodness-of-fit on F2 = 1.007,
R1 = 0.037, wR2 = 0.091 [I > 2r(I)], R1 = 0.045, wR2 = 0.092 (all data).
Largest difference peak and hole: 1.22/�0.94 e Å�3 (near Rh).

3.11. Crystal data for 9[Me3SnCl2] � Et2O

C42H72Cl4Ir2OP2SiSn, M = 1327.92 g/mol, triclinic, P�1, a =
11.5275(8) Å, b = 13.4145(10) Å, c = 16.3871(13) Å, a = 96.883(10)�,
b = 90.278(9)�, c = 90.607(9)�, V = 2515.6(3) Å3, Z = 2, D (calcd) =
1.753 Mg/m3, l = 6.099 mm�1, F(000) = 1296, crystal size
0.35 � 0.20 � 0.05 mm3, T = 291 K, Mo Ka (k = 0.71073 Å),
1.86� < h < 25.00�, total of 33067 reflections, 8344 independent
reflections [R(int) = 0.131], completeness to h = 25.00�: 94.2%,
full-matrix least-squares refinement on F2, 8344 data, 460 param-
eters, goodness-of-fit on F2 = 1.135, R1 = 0.065, wR2 = 0.152
[I > 2r(I)], R1 = 0.084, wR2 = 0.155 (all data). Largest difference peak
and hole: 2.45/�0.95 e Å�3 (near Ir).
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4. Crystal structure determinations

Crystals of compounds 7[Me3SnCl2] and 9[Me3SnCl2] � Et2O suit-
able for X-ray study were investigated with a Stoe Imaging Plate
Diffraction System using graphite-monochromatized Mo Ka radia-
tion (k = 0.71073 Å). Unit cell parameters were determined by
least-squares refinements on the positions of 8000 reflections in
the range 6.55� < h < 22.25� and 5.5� < h < 21.8�, respectively. For
7[Me3SnCl2] space group Pbca was uniquely determined. In the
case 9[Me3SnCl2] � Et2O the anorthic lattice was consistent with
space groups types P1 and P�1, but the latter proved to be the cor-
rect one in the course of structure refinements. Lp corrections were
applied to all the intensity data. Due to the irregular shapes of the
crystals semiempirical absorption corrections had to be applied in
both cases (Tmin. = 0.37, Tmax. = 0.87 and Tmin. = 0.31, Tmax. = 0.79,
respectively). The structures were solved by direct methods [18]
and the positions of all but the hydrogen atoms of the methyl
groups of the dichlorotrimethylstannate ions and the diethyl ether
solvent molecule were found via DF-syntheses. Refinements by
full-matrix least-squares calculations [19] on F2 converged to the
indicators above. Anisotropic displacement parameters were re-
fined for all atoms heavier than hydrogen with the exception of C
and O atoms of the diethyl ether. Idealized bond lengths and angles
were used for the CH3, CH2 and CH groups; the riding model was
applied for their H atoms. In addition, the H atoms of the CH3

groups were allowed to rotate around the neighbouring C–C bonds.
Isotropic displacement parameters of the H atoms were kept equal
to 150%, 130% and 120% of the equivalent isotropic displacement
parameters of the parent primary, secondary and ‘‘aromatic” car-
bon atoms, respectively. In the case of 9[Me3SnCl2] � Et2O the com-
plete Et2O molecule was treated as a rigid group with idealized
bond lengths and angles assuming the all-trans conformation and
a common isotropic displacement parameter for C and O atoms.

Supplementary material

CCDC 684387 and 684388 contain the supplementary crystallo-
graphic data for this paper. 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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