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The reaction of Ni3(dppm)3(µ3-I)2 with sodium trichlorostannate
affords the first tin-capped nickel cluster Ni3(dppm)3(µ3-I)(µ3-SnCl3)
(1). A site of coordinative unsaturation at tin can be introduced by
the reaction of 1 with Tl[PF6] yielding the stannylene-capped cluster
[Ni3(dppm)3(µ3-I)(µ3-SnCl2)]+ (2). Clusters 1 and 2 were character-
ized by 31P NMR, X-ray diffraction, and cyclic voltammetry (CV).
Clusters 1 and 2 exhibit single electron redox chemistries, [Ni3-
(dppm)3(µ3-I)(µ3-SnCl3)]0/•-, [Ni3(dppm)3(µ3-I)(µ3-SnCl2)]+/0, that
together comprise a redox equilibrium. Thus, electrochemical
reduction of 1 produces first the 49e- cluster radical anion [Ni3-
(dppm)3(µ3-I)(µ3-SnCl3)]•- which then yields the reduced form of
2, [Ni3(dppm)3(µ3-I)(µ3-SnCl2)], upon chloride dissociation.

Cationic trinuclear nickel clusters of the type [Ni3(µ3-
CNR)(µ3-I)(µ-dppm)3]+ (R ) alkyl, aryl; dppm) Ph2PCH2-
PPh2) catalyze the reduction of carbon dioxide in aprotic
solvents at potentials near-1.2 V versus SCE.1,2 Kinetic
evidence has been obtained that suggests CO2 binds to a Ni2-
(µ3-L) face of the clusters.1 Further advances in catalytic
reduction of CO2 may be realized with complexes that
contain both nucleophilic and electrophilic reactive sites.3-6

Here, we describe the preparation, structure, and redox
chemistry of the firsttriangulo-nickel clusters capped by tin.

The trichlorostannyl-capped cluster Ni3(dppm)3(µ3-I)(µ3-
SnCl3) (1) was prepared by the displacement of one capping
iodide ligand of Ni3(dppm)3(µ3-I)2

7 with SnCl3-.8 The 31P-
{1H} NMR spectrum of1 shows a singlet at-3.2 ppm that
is flanked by satellites due to coupling to the trichlorostannyl
group (JP-Sn ) 93 Hz). Cluster1 is the first tin-capped nickel
cluster. Puddephatt and co-workers have reported similar
trinuclear platinum clusters capped by SnCl3

- and SnF3-

ligands. 9 Cluster 1 is reasonably air-stable as a solid,
consistent with a 48e- count.

The corresponding dichlorostannylene cluster [Ni3(dppm)3-
(µ3-I)(µ3-SnCl2)][PF6] (2) was prepared by the reaction of1
with Tl(PF6), eq 1.10 Excess Tl(I) does not remove a second
chloride. The31P{1H} NMR spectrum of2 consists of a
singlet at +1.6 ppm with satellites arising from P-Sn
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coupling (JP-Sn ) 112 Hz). Although2 is a cationic cluster,
it too possesses a 48e- configuration because the :SnCl2

group contributes 1 more electron to the cluster count than
the SnCl3 group of1.

Crystals of Ni3(dppm)3(µ3-I)(µ3-SnCl3) (1) were grown
from a 1:1 mixture of CH2Cl2 and hexanes. Crystal data are
summarized in Table 1. Selected bond distances and angles
are compiled in Tables 2 and 3. An ORTEP drawing of1 is
presented in Figure 1. The average Ni-Ni bond length of
2.488(16) Å is within the normal range of Ni-Ni bond
distances for nickel clusters of this class.7,11,12The average
Ni-I bond length in1 is 2.656(54) Å, which is also typical
of clusters of this class. The three Cl atoms of theµ3-SnCl3
group bear a staggered conformational relationship to the
three Ni atoms, resulting in an approximately octahedral

coordination at the tin atom. The overall structure of cluster
1 appears qualitatively similar to that of the Pt cluster Pt3-
(dppm)3(µ3-SnF3)2, reported by Puddephatt and co-workers.9

The ORTEP drawing of1 (Figure 1) shows that two of the
three Ni2(dppm) five-membered (Ni-P-CH2-P-Ni) rings
are in envelope conformations with two methylene group
“flaps” folded upward toward the cappingµ3-SnCl3 group
and the third folded down. This same structural motif is
observed in Puddephatt’s platinum clusters, as well as in the
structure of the stannylene-capped cluster2, described in the
following paragraph.

Crystals of [Ni3(dppm)3(µ3-I)(µ3-SnCl2)][PF6] (2) were also
grown from a 1:1 mixture of CH2Cl2 and hexanes. Crystal
data are summarized in Table 2. Selected bond distances and
angles are compiled in Tables 2 and 3. An ORTEP drawing
of the molecular cation is presented in Figure 2. The average
Ni-Ni bond length in2 is 2.496(26) Å, and the average
Ni-I bond length is 2.617(14) Å. The SnCl2 moiety leans
noticeably toward one of the Ni-Ni edges. There is a
significant (0.2 Å) difference between one Ni-Sn bond
length (Ni(1)-Sn (2.6560(15) Å)) and the other two ((Ni-
(2)-Sn ) 2.4679(15) Å and Ni(3)-Sn ) 2.4809(16) Å)).
The average of the Ni-Sn bond lengths observed in the
trichlorostannyl-capped cluster1 (2.63(1) Å) is also longer
than the average of those in the dichlorostannylene-capped
cluster2 (2.53 Å). The Cl(1)-Sn-Cl(2) angle of2 (89.65-
(11)°) is not significantly wider than the average Cl-Sn-
Cl angle of1 (87(4)°). The dichlorostannylene-capped cluster
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Table 1. Crystal Data for [Ni3(µ3-SnCl3)(µ3-I)(dppm)3]‚3THF (1) and
w[Ni3(µ3-SnCl2)(µ3-I)(dppm)3][PF6]‚3CH2Cl2 (2)

1 2

formula C87H90Cl3INi3O3P6Sn C78H72Ni3SnP7ICl8F6

fw 1897.61 2045.60
space group P1h (No. 2) P21/n (No. 14)
a, Å 14.4869(5) 11.878(4)
b, Å 14.8724(6) 41.277(6)
c, Å 20.4779(9) 17.831(4)
R, deg 69.8506(15)
â, deg 89.1702(15) 108.06
γ, deg 78.010(3)
V, Å3 4043.8(4) 8311(7)
Z 2 4
λ, Å 0.71073 0.71073
Fcalcd, g cm-3 1.558 1.635
R1a 0.060 0.051
wR2a 0.140 0.145

a R1 ) ∑|Fo| - |Fc|/∑|Fo|. wR2 ) [∑w(Fo
2 - Fc

2)2/∑w(Fo
2)2]1/2. w )

1/[2(Fo
2)+(0.0636P)2+21.9374P] whereP ) (Fo

2+2Fc
2)/3.

Table 2. Selected Bond Distances (Å)

atom 1 atom 2 distance atom 1 atom 2 distance

[Ni3(dppm)3(µ3-I)(µ3-SnCl3)] (1)
I Ni(3) 2.6549(11) Sn Ni(3) 2.6182(12)
I Ni(2) 2.6613(11) Sn Ni(2) 2.6196(12)
I Ni(1) 2.7173(12) Sn Ni(1) 2.6371(11)
Sn Cl(1) 2.348(4) Ni(1) Ni(3) 2.4554(15)
Sn Cl(3) 2.387(3) Ni(1) Ni(2) 2.4599(15)
Sn Cl(2) 2.497(3) Ni(2) Ni(3) 2.4721(14)

[Ni3(µ3-SnCl2)(µ3-I)(dppm)3][PF6] (2)
Ni(1) Ni(2) 2.4776(19) Ni(1) Sn 2.6560(15)
Ni(1) Ni(3) 2.4849(19) Ni(2) Sn 2.4679(15)
Ni(2) Ni(3) 2.5263(19) Ni(3) Sn 2.4809(16)
Ni(1) I 2.6330(15) Sn Cl(1) 2.424(3)
Ni(2) I 2.6136(15) Sn Cl(2) 2.374(3)
Ni(3) I 2.6047(15)

Figure 1. ORTEP view of Ni3(dppm)3(µ3-I)(µ3-SnCl3) (1) showing 50%
thermal ellipsoids and atomic labeling. Phenyl rings omitted for clarity.

Table 3. Selected Bond Angles (deg)

[Ni3(dppm)3(µ3-I)(µ3-SnCl3)] (1)
Ni(3) Ni(1) Ni(2) 60.39(4) Ni(2) Ni(3) Sn 61.87(4)
Ni(1) Ni(2) Ni(3) 59.72(4) Sn Ni(1) I 113.37(4)
Ni(1) Ni(3) Ni(2) 59.89(4) Sn Ni(2) I 115.85(4)
Ni(2) Ni(1) Sn 61.74(4) Sn Ni(3) I 116.12(4)
Ni(3) Ni(1) Sn 61.76(4) Ni(2) Sn Ni(1) 55.80(3)
Ni(1) Ni(2) Sn 62.46(4) Ni(3) Sn Ni(1) 55.71(3)
Ni(3) Ni(2) Sn 61.81(4) Ni(3) Sn Ni(2) 56.33(3)
Ni(1) Ni(3) Sn 62.54(4)

[Ni3(µ3-SnCl2)(µ3-I)(dppm)3][PF6] (2)
Ni(2) Ni(1) Ni(3) 61.20(5) Ni(1) Ni(3) Sn 64.67(5)
Ni(1) Ni(2) Ni(3) 59.54(5) Ni(2) Ni(3) Sn 59.05(5)
Ni(1) Ni(3) Ni(2) 59.26(5) Ni(3) Ni(2) Sn 59.56(5)
Ni(2) Ni(1) Sn 57.34(4) Sn Ni(1) I 107.38(5)
Ni(3) Ni(1) Sn 57.59(5) Sn Ni(2) I 113.98(6)
Ni(1) Ni(2) Sn 64.96(5) Sn Ni(3) I 113.98(5)
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is the first cluster of this class that is capped by aπ-acceptor
ligand other than an axially symmetric ligand such as CO
or isocyanides.7,11 The noted asymmetries in bonding may
reflect the fact that the vacant pz orbital of the stannylene
fragment can interact with only one of the two degenerate d
π orbitals of the triangular nickel cluster. Cluster2 appears
to present the first example ofµ3-SnCl2 coordination, as no
related examples for tin have been found in the literature.

The electrochemistry of1 and2 is similar to that for the
other members of the family ofπ-acid-capped trimers [Ni3-
(dppm)3(µ3-I)(µ3-X)] + (X ) CO, CNR),7 which all display
reversible single electron reductions in the vicinity of-1.15
V versus SCE. The electrochemistry of1 in CH2Cl2 is
characterized by a single electron reduction near-650 mV
versus SCE. In the absence of excess Cl-, the cyclic
voltammetric reduction wave is decidedly irreversible, Figure
3a. Addition of (n-C4H9)4NCl causes the electrochemical

reduction of1 to appear chemically reversible. The CV wave
becomes nearly symmetrical about-665 mV versus SCE,
but the large peak-to-peak separation,∆Epp ) 160 mV, attests
to sluggish kinetics for the overall process, Figure 3b. These
data suggest that chloride dissociation is occurring from the
radical anion [Ni3(dppm)3(µ3-I)(µ3-SnCl3)]•-, formed by
electrochemical reduction of1. Upon prolonged scanning
through the CV of1 in the absence of excess chloride, the
irreversible wave near-650 mV gradually evolves into a
reversible wave centered at-600 mV. This new wave at
-600 mV is identical to that observed in the CV of pure2.
Thus, 1 and 2 are connected by chloride association/
dissociation in both their normal and reduced forms. The
chloride dissociation and redox equilibria are summarized
in Scheme 1. These studies demonstrate that a site of
coordinative unsaturation can be created on a capping ligand
of a trinculear nickel cluster. Our ongoing studies will be
devoted to the potential use of an electrophilic tin site and
nucleophilic nickel sites in the activation of amphoteric
substrates such as CO2.
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Figure 2. ORTEP drawing of [Ni3(dppm)3(µ3-I)(µ3-SnCl2)]+ (2) showing
50% probability ellipsoids. Phenyl rings are omitted for clarity.

Figure 3. Cyclic voltammogram of Ni3(dppm)3(µ3-I)(µ3-SnCl3) (1) in
acetonitrile with 0.1 M tetrabutylammonium hexafluorophosphate (TBAH)
(a) and with added tetrabutylammonium chloride (b). Potentials referred to
SCE.

Scheme 1
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