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Abstract: The tetrasubstituted polyan-
ions of platinum, palladium, and gold
[M(SnB11H11)4]x� (x� 6, M�Pd, Pt; x�
5, M�Au) have been prepared and
characterized by single-crystal X-ray
diffraction, elemental analysis, IR, Ram-
an, 11B, and 119Sn heteronuclear NMR
spectroscopy. In the case of the platinum

derivative [Bu3MeN]6[Pt(SnB11H11)4] (2)
119Sn Mˆssbauer spectroscopy has been
carried out. The isolated salts are stable

towards moisture and air and the com-
plexes 2 and 3 were treated with 1,3-
bis(diphenylphosphino)propane (dppp)
to give the respective substitution prod-
ucts [Bu3MeN]2[(dppp)M(SnB11H11)2]
(M�Pd, Pt).
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Introduction

For more than thirty years the coordination chemistry of tin
has been an active field of research.[1] Formation of bonds
between tin and transition-metals is of particular interest in
the field of heterometallic cluster synthesis as well as in
homogeneous catalysis since the [SnCl3]� ligand is a prom-
inent cocatalyst.[1±4] In recent years bis(amino)stannylene
[Me2Si(NtBu)2Sn],[5] dialkylstannylene [Sn{CH(SiMe3)2}2],[6]

and triamidostannates [MeSi{SiMe2N(4-CH3C6H4)}3Sn]� and
[H3CC(CH2NSiMe3)3Sn]�[7] have been proven to be versatile
ligands in transition-metal chemistry. We have recently
started an exploration of the coordination chemistry of a
tin-containing closo-heteroborate. The preparation of the
cluster [SnB11H11]2� is achieved easily by following a proce-
dure developed by Todd and co-workers.[8] Thus, stanna-closo-
dodecaborate can be synthesized with different counterca-
tions offering the possibility of dissolving the ligand salt either
in water or dichloromethane. By coordinating the anionic tin-
ligand with cationic electrophiles, zwitterionic molecules were
systematically constructed.[9] It turned out that the cluster
[SnB11H11]2� exhibits a strong trans influence and lability in
coordination at square-planar coordinated platinum(��) cen-
ters. Interestingly, this heteroborate activates aryl ± platinum

complexes towards isonitrile insertion and hydroformyla-
tion.[10, 11]

Homoleptic complexes with tin ligands are known for the
trichlorostannyl [Pt(SnCl3)5]3�[12] and bis(amino)stannylene
ligand [Pt{Sn(NtBu)2SiMe2}4Cl2].[5] To synthesize the first
homoleptic derivatives with stanna-closo-dodecaborate as
the ligand, the reactions with platinum, palladium and gold
halides were investigated.

Here we present the tetrasubstitution at palladium(��),
platinum(��), and gold(���) centers resulting in the isolation of
nearly square-planar coordinated polyanions.

Results and discussion

Syntheses : Four equivalents of the heteroborate 1 were
reacted at room temperature with a suspension of PtCl2 in
dichloromethane. Immediately the color of the reaction
mixture changed to orange. Evidence that the reaction had
proceeded to completion was provided by 11B NMR spectro-
scopy (Scheme 1).

The course of the reaction could easily be monitored by 11B
NMR spectroscopy: the uncoordinated heteroborate shows
resonances around ���11 and �13 ppm, whereas, due to
isochronism, the M-SnB11H11 unit exhibits a single signal at
���16 ppm for ten boron atoms (the signal for B12 could
not be detected). Yellow crystals of the platinum salt 2 were
obtained after washing with water and crystallization from
dichloromethane. From reaction with [(cod)PtCl2] (cod� 1,5-
cyclooctadiene) the tetrasubstituted product 2 was also
isolated in excellent yield. In accordance with this procedure
the homologous palladium complex 3 was synthesized in
yields around 90% starting from [(cod)PdCl2] (Scheme 2).
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The hexaanions 2 and 3 are resistant towards moisture and
air and show no reaction with further equivalents of stanna-
borate ligand 1. However, in contrast to this reaction is the
pentacoordination in [Pt(SnCl3)5]3�. The substitution of the
cyclooctadienyl ligand (Scheme 2) is surprising since the
comparable trichlorostannyl ligand shows no tendency to
displace the diolefin. The trichlorostannyl substituted olefin
complexes [N(PPh3)2][M(SnCl3)3(cod)] (M�Pd, Pt) are
known from the literature.[13] These findings might be
interpreted as a further indicator for the stronger trans-
influence of the heteroborate ligand 1 in comparison to the
trichlorostannyl ligand in the chemistry of platinum(��) and
palladium(��).

Red-orange crystals of the tetrasubstitution product [Bu3N-
H]5[Au(SnB11H11)4] (4) were obtained from the reaction of
gold(���) chloride with cluster nucleophile (Scheme 3). The
coordination chemistry of tin with gold is much less developed
and the corresponding homoleptic trichlorostannyl complex is
so far unknown.[7, 14, 15, 16]

Scheme 3. Formation of the tetrasubstituted AuIII complex 4.

Solid-state structure : Crystallization of the tetraalkylammo-
nium derivatives 2 and 3 resulted in the isolation of yellow
crystals suitable for single-crys-
tal structure analysis. The [Bu3-
MeN]6[Pt(SnB11H11)4] (2) salt
crystallizes in the triclinic space
group P1≈ under the inclusion of
two equivalents of dichlorome-
thane. The structure of the

hexaanion in the solid state is
depicted in Figure 1 and the
data of the structure solution
and refinement are listed in
Table 1. However, due to tet-
raalkylammonium disorder in
the solid state the counterca-
tions were refined without hy-
drogen atoms. The square-pla-
nar coordination around the
platinum center is nearly ideal;
the transition metal is situated
at the center of symmetry.
The interatomic separations
of Pt�Sn1 2.554(1), Pt�Sn2
2.565(1) ä, and Sn�B
2.314(8) ± 2.347(8) are in the
range of those of other stanna-
closo-dodecaborate complexes
of platinum.[9] The analogous
palladium salt crystallizes in the
same space group but the dis-

order problems are even worse and therefore a suitable
structure solution was not obtained.

Figure 1. Molecular structure of the [Pt(SnB11H11)4]6� ion of 2 in the solid
state; the hexaanion lies on a center of symmetry. Interatomic distances [ä]
and angles [�]: Pt�Sn1 2.565(1), Pt�Sn2 2.554(1); Sn1-Pt-Sn2 88.82(2), Sn1-
Pt-Sn2� 91.18(2).

To overcome the crystallographic problems of the tetraal-
kylammonium disorder we decided to change the counter-
cations from alkylammonium to potassium/crown ether. The
tetracoordinate platinum and palladium complexes were
isolated as the [Bu3NH] salts 5 and 7 and then allowed to
react with six equivalents of hydride K[HBEt3] (Scheme 4).

Crystallization was carried out after addition of crown ether
from acetonitrile or a mixture of THF and acetone. [K(18-
crown-6)]6[Pt(SnB11H11)4] (6) crystallizes with the inclusion of
four molecules of acetone and two molecules of water as pale
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Scheme 1. Synthesis of the tetrasubstituted platinum complex 2.

Scheme 2. Reaction of [(cod)MCl2] (M�Pd, Pt) with stanna-closo-dodecaborate 1 (cod� 1,5-cyclooctadiene).

Scheme 4. Exchange of the countercation [Bu3NH]� with potassium.
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yellow rods in the monoclinic space group P21/m. The
platinum atom and two tin atoms lie on the mirror plane
and the platinum center is almost square-planar coordinated
by four heteroborate ligands. The deviation of 11� from 180�
for the Sn-Pt-Sn angle can be interpreted as an indication for a
slight distortion of the square-planar coordination towards a
tetrahedral geometry. Three of the six countercations are
coordinated at the cluster sphere, each by means of three

K�H�B-bonds, whereas the other cations exhibit coordina-
tion with additional acetone or water molecules. Figure 2
shows the hexaanion and the coordinated potassium cations
without the crown ether molecules. Data for the structure
solution and refinement are listed in Table 1.

Interestingly, the hexaanions [Pt(SnB11H11)4]6� are packed
in stacks in the structures of 2 and 6 with different counter-
cations. In the case of the [Bu3MeN] cation these stacks are
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Table 1. Crystal data and structure refinement parameters for 2, 4, 6, and 10.

2 4 6 10

empirical formula C82H232B44N6Cl8Sn4Pt C60H184B44N5Sn4Au C84H216B44O42K6Sn4Pt C53H108B22N2P2Sn2Pd
formula mass 2731.83 2123.49 3278.66 1416.95
data collection
diffractometer STOE IPDS II STOE IPDS II STOE IPDS I STOE IPDS II
radiation MoK� (graphite monochromator, �� 71.073 pm)
temperature [K] 170(2) 170(2) 170(2) 170(2)
index range � 15� h� 15 � 17� h� 17 � 25� h� 25 � 22� h� 22

� 19� k� 21 � 19� k� 19 � 29� k� 29 � 25� k� 25
� 22� l� 22 � 20� l� 20 � 26� l� 26 � 25� l� 26

rotation angle range 0���� 180� ; �� 0� 0���� 180� ; �� 0� 0���� 250� 0���� 180� ; �� 0�
0���� 180� ; �� 90� 0���� 180� ; �� 90� 0���� 180� ; �� 90�

0���� 20� ; �� 135�
increment ��� 2� ��� 2� ��� 2� ��� 2�
no. of images 180 180 125 190
exposure time [min] 2 4 5 2
detector distance [mm] 120 80 60 120
2� range [�] 1.9 ± 54.8 2.9 ± 64.8 3.8 ± 56.3 1.9 ± 54.8
total data collected 43746 46235 68060 106127
unique data 13569 13023 15323 8085
observed data 8749 7858 8592 4474
Rmerg 0.0536 0.0866 0.1142 0.1490
absorption correction numerical, after crystal shape optimization[17, 18]

transmission min/max 0.6586/0.8094 0.6366/0.8072 0.7142/0.8441 0.4949/0.7655
crystallographic data[19]

crystal size [mm] 0.3� 0.3� 0.2 0.2� 0.2� 0.1 0.25� 0.25� 0.2 0.3� 0.3� 0.2
color, habit yellow, column colorless, polyhedron colorless, column yellow, polyhedron
crystal system triclinic triclinic monoclinic orthorhombic
space group P1≈(no. 2) P1≈ (no. 2) P21/m (no. 11) Pnab (no. 60)
a [pm] 1199.1(1) 1437.1(2) 1923.6(3) 1794.2(1)
b [pm] 1703.0(2) 1566.6(1) 2238.3(3) 1966.8(1)
c [pm] 1746.8(2) 1697.6(2) 2024.5(3) 2035.6(2)
� [�] 83.83(1) 116.86(2)
� [�] 89.28(1) 100.17(1) 95.61(2)
� [�] 79.67(1) 93.41(1)
volume [nm3] 3.4887(5) 3.3138(6) 8.6749(22) 7.1831(10)
Z 1 1 2 4
	calcd [gcm�3] 1.300 1.064 1.255 1.310

 [mm�1] 1.896 1.875 1.575 1.017
F(000) 1400 1078 3336 2904
structure analysis and refinement
structure determination SHELXS-97[20] and SHELXL-93[21]

no. of variables 451 461 837 373
R indexes[a] [I� 2�I]
R1 0.0567 0.0688 0.0588 0.0535
wR2 0.1431 0.1999 0.1653 0.1253
R indexes (all data)
R1 0.0858 0.1107 0.1137 0.0952
wR2 0.1509 0.2217 0.1896 0.1362
goodness of fit (Sobs) 1.105 0.960 1.107 1.127
goodness of fit (Sall) 0.931 0.960 0.932 0.897
largest difference map hole/peak [e 10�6pm�3] � 1.537/1.925 � 0.762/2.305 � 1.194/3.683 � 0.825/1.107

[a] R1 ��� �Fo� � �Fc��/� �Fo�, wR2 � [�w �Fo�2 � �Fc�2)2/�w �Fo�2)2]1�2, S2� [�w �Fo�2 � �Fc�2)2/(n� p)]1�2, with w� 1/[�2(Fo)2 � (0.0908P)2] for 2, w� 1/[�2(Fo)2 �
0.1375P)2] for 4, w� 1/[�2(Fo)2 � (0.1095P)2] for 6 and w� 1/[�2(Fo)2 � (0.0741P)2] for 10, were P� (Fo

2� 2Fc
2)/3. Fc*� kFc [1� 0.001� �Fc�2�3/sin(2�)]�1/4.
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Figure 2. Structure of 6 in the solid state. Potassium cations without
coordination at the cluster sphere and the crown ether molecules have been
omitted for clarity. The atoms Pt, Sn1, Sn2, K1, and B26 lie on a mirror
plane. Interatomic distances [ä] and angles [�]: Pt�Sn1 2.559(1), Pt�Sn2
2.563(1), Pt�Sn3 2.570(1), K1�B22 3.35(1), K1�B26 3.32(2), K2�B32
3.39(1), K2�B34 3.33(1), K2�B33 3.33(1); Sn1-Pt-Sn2 169.14(3), Sn1-Pt-
Sn3 90.14(2), Sn2-Pt-Sn3 90.85(2), Sn3-Pt-Sn3� 169.49(3).

arranged along the a axis with a Pt�Pt separation of 11.99 ä,
whereas in the structure of 6 they are arranged along the c axis
with a Pt�Pt separation of 20.25 ä.

The palladium salt 8 was crystallized with dibenzocrown
ether as the chelating ligand. Yellow crystals of this salt were
obtained from acetonitrile at 0 �C. Unfortunately these
crystals were not suitable for single-crystal structure analysis.
To study the anion packing in the solid-state and its depend-
ency on the charge of the countercation we tried to crystallize
dications with the hexaanions. The salt [py-(CH2)4-
py]3[Pt(SnB11H11)4] was obtained as a red, analytically pure
substance but due to the very low solubility even in polar
solvents like DMSO we were not able to recrystallize this salt.

Crystals of the tetracoordinate gold derivative
[Au(SnB11H11)4]5� were obtained with the [Bu3NH]� ion.
The salt crystallizes in the triclinic space group P1≈ with the
gold atom at the center of symmetry. The boron, gold, and tin
atoms of the pentaanion were refined anisotropically and the
hydrogen atoms connected to the boron atoms were placed in
calculated positions. Two cations were found in the asym-
metric unit and the respective carbon and nitrogen atoms
were refined anisotropically. Electron density peaks for the
remaining half cation were found in the difference Fourier
map but we were not able to solve the disorder of the Bu3NH
cation with respect to the in-
version center. The structure of
the pentaanion in the solid state
is depicted in Figure 3 and
the data for the structure sol-
ution and refinement are listed
in Table 1. The Au�Sn inter-
atomic separation (2.589(1),
2.601(1) ä) is only slightly
longer than that in [MeSi-
{SiMe2N(4-CH3C6H4)}3Sn�Au-
(PPh3)] (2.565(1) ä).[7b]

Figure 3. Molecular structure of the anion of 4 in the solid state; the
pentaanion lies on a center of symmetry. Interatomic distances [ä] and
angles [�]: Au�Sn1 2.601(1), Au�Sn2 2.589(1); Sn1-Au-Sn2 90.42(2), Sn1-
Au-Sn2� 89.58(2).

Spectroscopic characterization : To further characterize the
tin ±metal complexes and to obtain information about the
electronic environment of the tin atom, 119Sn NMR and 119Sn
Mˆssbauer spectroscopy were carried out on the platinum
complex 2. The 119Sn NMR and Mˆssbauer spectroscopy data
of the uncoordinated ligand 1, the platinum derivative 2 and
the methylsubstituted stannaborate [MeSnB11H11]� are listed
in Table 2.[8] The NMR spectroscopic data depend strongly on
the oxidation state of the tin atom; however, the determi-
nation of the absolute valence state from the NMR chemical
shift is very difficult.[22] Several factors contribute to the
shielding of a nucleus in a molecular environment. In the
presented series of anions [SnB11H11]2�, [Pt(SnB11H11)4]6�, and
[MeSnB11H11]� the 119Sn chemical shift rises from ���546 to
�197 ppm. These spectroscopic findings are consistent with
the formal oxidation states of the tin nucleus of SnII and SnIV

in 1 and [MeSnB11H11]� , respectively.
Most organometallic tin compounds show 119Sn Mˆssbauer

isomer shifts in the range from 0 ± 4 mms�1 relative to
CaSnO3, and the value for �-tin (2.05 mms�1) is often
regarded as the borderline between the formal oxidation
states SnII (�2.05 mms�1) and SnIV (�2.05 mms�1).[23, 24] Thus,
in the presented series [SnB11H11]2� (IS� 2.46 mms�1),
[Pt(SnB11H11)4]6� (IS� 1.66 mms�1), (Figure 4) and [MeSn-
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Table 2. 119Sn Mˆssbauer and NMR spectroscopy for 1, 2, and [Ph3MeP][MeSnB11H11].[8]

119Sn Mˆssbauer data [mms�1] 119Sn NMR chemical shift [ppm]
IS EFG

[Bu3MeN]2[SnB11H11][a] (1) 2.46 1.71 � 546
[Bu3MeN]6[Pt(SnB11H11)4] (2) 1.66 1.51 � 317 (1JPt,Sn� 14000 Hz)
[Ph3MeP][MeSnB11H11] 1.18 0.95 � 97

[a] The Mˆssbauer spectrum of 1 shows a further signal (IS� 1.74 mms�1; EFG� 2.7 mms�1) even after repeated
recrystallization of the salt 1 and in different matrices.
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B11H11]� (IS� 1.18 mms�1), the isomer shift varies from SnII to
SnIVand confirms the 119Sn NMR spectroscopic data. Since the
s orbitals are the only orbitals with appreciable electron
density at the nucleus, an decreasing IS value ([SnB11H11]2�

IS� 2.47 mms�1, [Pt(SnB11H11)4]6� IS� 1.66 mms�1) can be
interpreted as an indicator of donation of electron density
from the tin atom to the platinum center.[1a, 1b]

Figure 4. Experimental and simulated 119Sn Mˆssbauer spectrum of
[Bu3MeN]6[Pt(SnB11H11)4] (2) recorded at 78 K.

From the IR and Raman spectroscopic measurements the
Pd�Sn and Pt�Sn stretching frequencies in the square planar
coordinated hexaanions could be determined. As expected,
the values for the Pt�Sn vibration occur at lower energy
(170 cm�1) in comparison to the Pd�Sn vibration (191 cm�1).
In the case of the gold derivative 4 a resonance for the Au�Sn
vibration (159 cm�1) was observed only in the IR spectra.[1b]

As listed in Table 2, the 119Sn resonance for the platinum
derivative 2 appears at ���317 ppm with a 1J(119Sn,195Pt)
coupling constant of 14000 Hz. For square-planar tin ± plati-
num complexes the tin ± platinum coupling constant is strong-
ly dependent on the nature of the ligand trans to the tin
atom.[1b] Ligands with a weak trans influence, like chloride,
result in the observation of 1J(119Sn,195Pt) coupling constants
around 26000 ± 35300 Hz.[25] In contrast, the hydride ligand,
with a very strong trans influence, weakens the Pt�Sn bond,
and as a consequence the coupling constants are much smaller
(9000 ± 11500 Hz).[1b] In the presented example a stannabo-
rate ligand is always trans to the Pt�Sn unit and this ligand is
therefore responsible for the coupling constant of 14000 Hz,
whereas the trichlorostannyl ligand [SnCl3]� causes coupling
constants of around 19000 ± 24000 Hz. This might be inter-
preted as a further indicator for the already published
stronger trans influence of the heteroborate 1 in comparison
to the [SnCl3]� group.[9b]

Reactivity : In the case of the trichlorostannyl ligand a five-
coordinate platinum complex [Pt(SnCl3)5]3� is known from
the literature. We found no indication of a coordination
number higher than four in reactions of the hexaanions of
palladium and platinum and the pentaanion of gold with
excess stannaborate. Two of the stannaborate ligands could be
replaced upon reaction with chelating phosphines like 1,3-
bis(diphenylphosphino)propane (dppp) (Scheme 5). The syn-
thesis of the platinum complex 9 starting from the
[(dppp)PtCl2] dichloride has already been published and the
hydroformylation activity of the dianion 9 investigated.[11] The

Scheme 5. Reaction of the tetrasubstituted palladium and platinum
complexes with a chelating phosphine (dppp� 1,3-bis(diphenylphosphi-
no)propane).

dianions of the type [(dppp)M(SnB11H11)2]2� were character-
ized by NMR spectroscopy and, in the case of the so-far-
unknown palladium complex 10, by single-crystal X-ray
diffraction. Data for the X-ray crystal structure measurement
are listed in Table 1 and Figure 5 shows an Ortep plot of the

Figure 5. Molecular structure of the anion of 10 in the solid state; the
dianion lies on a twofold rotation axis. Interatomic distances [ä] and angles
[�]: Pd�Sn1 2.578(1), Pd�P1 2.313(1), P1�C1 1.830(6), C1�C2 1.535(7); P1-
Pd-Sn1� 167.61(3), P1-Pd-Sn1 91.85(4), P1-Pd-P1� 91.42(7), Sn1-Pd-Sn1�
87.49(2).

dianion of 10 in the solid state. Both the platinum and
palladium salt crystallize in the orthorhombic space group
Pbcn with nearly identical cell dimensions. The cell of the
palladium derivative is 1.7% larger than the cell of the
homologous platinum complex. The transition-metal complex
10 lies on a twofold rotation axis and, due to steric crowding
around the metal center, the square-planar configuration is
slightly distorted towards a tetrahedral arrangement (torsion
angle: P-P�-Sn-Sn�� 25�).

Conclusion

Four stanna-closo-dodecaborate clusters coordinate in a
square-planar coordination mode at the d8-transition-metal
centers PdII, PtII, and AuIII. The tin-polyborate ligand is a
strong enough nucleophile to displace the COD ligand in the
respective palladium and platinum complexes [(cod)MCl2].

Experimental Section

All manipulations were carried out under dry N2 in Schlenk glassware;
solvents were dried and purified by standard methods and were stored
under N2; NMR Bruker AC 200 (1H: 200 MHz, int. TMS; 31P{1H}: 81 MHz,
ext. 85% H3PO4; 11B{1H}: 64 MHz, ext. BF3 ¥ Et2O) NMR Bruker AC 300
(119Sn: 112 MHz, ext. SnMe4); elemental analysis: Institut f¸r Anorganische
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Chemie der Universit‰t zu Kˆln, Heraeus C,H,N,O-Rapid elemental
analyser; IR/Raman spectrometer: IFS66v/s Bruker. 119Sn Mˆssbauer
spectra were recorded by using a linear arrangement of source, absorber
and NaI(Tl) scintillation detector. Sn absorbers were cooled to 78 Kusing a
bath cryostat (MD 300, Oxford). The source Ca119mSnO3 (Wissel) was kept
at room temperature. The velocity scale is callibrated by a laser
interferometer. The experimental data were fitted to Mˆssbauer sites with
isomer shift IS and electrical field gradient EFG.

[Bu3MeN]6[Pt(SnB11H11)4] (2): [Bu3MeN]2[SnB11H11] (1) (1.20 g,
1.85 mmol) was dissolved in CH2Cl2 (20 mL ) and treated with a solution
of [(cod)PtCl2] (0.17 g, 0.45 mmol) in CH2Cl2 (20 mL) at room temper-
ature. After the mixture was stirred overnight, the solvent was evaporated
and the residue was dissolved in acetone (40 mL). Then an aqueous
saturated NaCl solution (40 mL) was slowly added. The yellow precipitate
was isolated by filtration and dried under vacuum. Yield: 1.00 g, 92%.
Recrystallization was carried out in CH2Cl2 by slow diffusion of hexane at
0 �C to give crystals of 2. 11B{1H} NMR (64 MHz, [D6]acetone, 25 �C): ��
�15,9 ppm (br; B2 ±B11), signal for B12 not detected; 119Sn NMR
(112 MHz, CD2Cl2, 25 �C): ���317 ppm (br, 1JPt,Sn� 14000 Hz); elemen-
tal analysis calcd (%) for PtSn4B44N6C78H224 (2392.18): C 39.16, H 9.44, N
3.51; found: C 38.89, H 9.36, N 3.56.

Instead of reacting a solution of [(cod)PtCl2] in CH2Cl2, a suspension of
PtCl2 in the same solvent can be used (yield: 81% of 2).

[Bu3MeN]6[Pd(SnB11H11)4] (3): Compound 1 (1.00 g, 1.54 mmol) was
dissolved in CH2Cl2 (20 mL) and treated with a solution of [(cod)PdCl2]
(0.11 g, 0.39 mmol) in CH2Cl2 (20 mL) at room temperature. After the
mixture was stirred overnight, the solvent was evaporated and the residue
was dissolved in acetone (40 mL). An aqueous saturated NaCl solution
(40 mL) was slowly added. The yellow precipitate was isolated by filtration
and dried under vacuum. Yield: 0.70 g, 78%. Recrystallization was carried
out in CH2Cl2 by slow diffusion of hexane at 0 �C to give yellow crystals of 3.
11B{1H} NMR (64 MHz, CD2Cl2, 25 �C): ���6.0 (B12), �15.1 ppm (B2 ±
B11); elemental analysis calcd (%) for PdSn4B44N6C78H224 (2303.49): C
40.67, H 9.80, N 3.65; found: C 40.68, H 10.10, N 3.80.

[Bu3NH]5[Au(SnB11H11)4] (4): AuCl3 (120 mg, 0.40 mmol) was dissolved in
CH2Cl2 (20 mL) and treated with [Bu3NH]2[SnB11H11] (0.99 g, 1.58 mmol)
at room temperature. Immediately the color of the solution turned from
yellow to red-orange. After the mixture had been stirred for several hours,
the solution was washed with water. From the CH2Cl2 phase orange crystals
of 4 were isolated by slow diffusion of hexane at room temperature. Yield:
0.59 g, 69%. 11B{1H} NMR (64 MHz, CD2Cl2, 25 �C): ���15.9 ppm (br;
B2 ±B11), signal for B12 not detected; elemental analysis calcd (%) for
AuB44Sn4N5C60H184 (2136.44): C 33.94, H 8.73, N 3.30; found: C 33.95, H
8.64, N 3.16.

[Bu3NH]6[Pt(SnB11H11)4] (5): The procedure was analogous to that for the
preparation of 2, but [Bu3NH]2[SnB11H11] (1.50 g, 2.41 mmol) and
[(cod)PtCl2] (0.23 g, 0.61 mmol) were used. Yield of 3 : 0.98 g, 69%;
elemental analysis calcd (%) for PtSn4B44N6C72H212 (2308.02): C 37.47, H
9.26, N 3.64; found: C 35.67, H 8.91, N 3.25.

[K[18]crown-6]6[Pt(SnB11H11)4] (6): Compound 5 (0.75 g, 0.33 mmol) was
dissolved in CH2Cl2 (30 mL) and treated with K[HBEt3] (2.00 mL, 1� in
THF). After the gas evolution ceased the mixture was stirred for another
hour. The precipitate was isolated by filtration, washed with hexane, and
dried under vacuum. The solid was dissolved in (CH3)2CO (30 mL) and
added to a (CH3)2CO solution of [18]crown-6 (0.60 g). Yellow crystals of 6 ¥
4(CH3)2CO ¥ 2H2O were obtained at 0 �C. Yield: 0.49 g, 45%; elemental
analysis calcd (%) for PtSn4B44K6O36C72H188 ¥ 4(CH3)2CO ¥ 2H2O (3278.73):
C 30.77, H 6.64; found: C 29.42, H 6.17.

[Bu3NH]6[Pd(SnB11H11)4] (7): The procedure was analogous to that for the
preparation of 3, but [Bu3NH]2[SnB11H11] (2.29 g, 3.69 mmol) and
[(cod)PdCl2] (0.26 g, 0.91 mmol) were used. Yield: 1.52 g, 75%. Recrystal-
lization was carried out in CH2Cl2 by slow diffusion of hexane at 0 �C to give
crystals of 7. Elemental analysis calcd (%) for PdSn4B44N6C72H212 ¥ 2CH2Cl2
(2389.19): C 37.20, H 9.11, N 3.52; found: C 36.98, H 9.47, N 3.41.

[K-dibenzo-18-crown-6]6[Pd(SnB11H11)4] (8): Compound 7 (1.52 g,
0.69 mmol)) was dissolved in CH2Cl2 (40 mL) and treated with K[HBEt3]
(4.14 mL, 1� in THF). After the gas evolution ceased the mixture was
stirred for another hour. The precipitate was isolated by filtration, washed
with hexane, and dried under vacuum. The solid was dissolved in CH3CN
(30 mL) and added to a solution of dibenzo-[18]crown-6 (1.50 g) in CH3CN

(10 mL). Yellow crystals of 8 ¥ 4CH3CN were obtained at 0 �C. Yield: 1.39 g,
55%; elemental analysis calcd (%) for PdSn4B44K6O36C120H188 ¥ 4CH3CN
(3662.43): C 41.98, H 5.50, N 1.53; found: C 41.53, H 5.96, N 1.53.

[Bu3MeN]2[(dppp)Pd(SnB11H11)2] (10): [Bu3MeN]6[Pd(SnB11H11)4] (5)
(0.35 g, 0.15 mmol) was treated with 1,3-bis(diphenylphosphino)propane
(62 mg, 0.15 mmol) in CH2Cl2 (20 mL) at room temperature for 12 h. The
color of the solution changed to orange and slow diffusion of hexane into
the CH2Cl2 layer at 5 �C resulted in the isolation of red crystals of 10 (yield:
70 mg, 36%). 1H NMR (CD2Cl2, 200 MHz, without signals for
[Bu3MeN]�): �� 2.03 (m, 2H; dppp), 2.33 (m, 4H; dppp), 7.46, 7.78 ppm
(m, 20H; Ph); 11B{1H} NMR (CD2Cl2, 64 MHz, ext. BF3Et2O): ���15.6
(s; B2 ±B11), �10.0 ppm (s; B12); 31P{1H} NMR (CD2Cl2, 81 MHz, ext.
H3PO4): �� 4.9 ppm (s, 2JP,Sn� 2356.4 Hz); elemental analysis calcd (%) for
PdSn2P2B22N2C53H108 (1298.34): C 44.92, H 7.68, N 1.98; found: C 44.13, H
7.79, N 2.30.
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