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Summary: Treatment of triarylstannyl-bis(3,4,5-trim-
ethylpyrazol-1-yl)methane, Ar3SnCH(3,4,5-Me3Pz)2 (Ar
) phenyl or p-tolyl), with W(CO)5THF results in the
oxidative addition of the tin-carbon(sp3) bond to the
tungsten(0) center to yield the heterodinuclear complexes
CH(3,4,5-Me3Pz)2(CO)3W-SnAr3, in which four-mem-
bered metallacycles are found and bis(3,4,5-trimeth-
ylpyrazol-1-yl)methide acts as a tridentate monoanionic
κ3-[N,C,N] chelating ligand.

Poly(pyrazol-1-yl)alkanes were first reported to form
transition-metal complexes by Trofimenko in 1970.1
After that, and especially after an improved synthetic
method was developed by Julia et al.,2 the coordination
chemistry of these ligands has received increasing
attention.3,4 A number of main-group5 and transition-
metal6 complexes containing poly(pyrazol-1-yl)alkanes
have been synthesized and characterized in recent
years. To advance the development of poly(pyrazol-1-
yl)alkane chemistry, some new higher yield and higher

purity synthetic methods for poly(pyrazol-1-yl)alkanes
have been explored.5b,7 In recent years, modification of
the central carbon atom by the organic functional groups
to form heteroscorpionate ligands has also been suc-
cessful. These new heteroscorpionate ligands usually
have asymmetric N2O,8 N2S,9 or N3O10 coordination
environments. Recently, replacement of the central
carbon atom by the silicon atom to form poly(pyrazol-
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1-yl)silanes has been reported.11 However, the modifica-
tion of poly(pyrazol-1-yl)alkanes by substitution of
organometallic groups on the central carbon atom is
rare.12 Such poly(pyrazol-1-yl)alkanes are expected to
have unusual reactivity, owing to the introduction of the
organometallic groups. In this paper we report the
synthesis of two new poly(pyrazol-1-yl)alkanes modified
by introduction of organotin groups on the central
carbon atom and their reaction with W(CO)5THF to
yield heterodinuclear complexes containing four-mem-
bered metallacycles, in which bis(3,4,5-trimethylpyrazol-
1-yl)methide acts as an unprecedented tridentate
monoanionic κ3-[N,C,N] chelating ligand.

The modification of bis(3,4,5-trimethylpyrazol-1-yl)-
methane by substitution of organotin groups on the
central carbon atom was readily carried out by reaction
of (bis(3,4,5-trimethylpyrazol-1-yl)methyl)lithium13 with
a triaryltin chloride as shown in eq 1. Treatment of 1a

and 1b with W(CO)5THF in refluxing THF resulted in
the oxidative addition of the Sn-Csp3 bond to the
tungsten(0) center to yield the novel four-membered
metallacyclic complexes 2,14 which were characterized
by 1H NMR spectroscopy, their IR spectra, and elemen-
tal analyses, as well as X-ray structure analyses of 2a
and 2b.

Complexes 2 are air-stable in the solid state, and even
their solutions could be manipulated in air. The proton

signal of the CH group in 1 is remarkably different from
that in 2, which appears at 6.50 ppm for 1a and 6.70
ppm for 1b, respectively, but is considerably shifted to
higher field in 2, appearing at 4.34 ppm for 2a and 2b.
The smaller electronegativity of tungsten compared with
that of tin may be responsible for this upfield shift.
Three strong ν(CO) bands in the range 1970-1840 cm-1

are observed in the IR spectrum of 2, which is consistent
with the tricarbonyltungsten species.

The structures of 2 have also been confirmed by X-ray
crystallography.15 The crystal structure of 2a (Figure
1) is similar to that of 2b (Figure 2, in the Supporting
Information). They clearly show that the triarylstannyl
groups have been transferred to the tungsten center and
that new tungsten-saturated carbon and tungsten-tin
bonds have been formed. The seven-coordinate tungsten
atom in 2a or 2b is best described as a capped octahe-
dron with the triarylstannyl groups in the capping
position. The capped face is made up of C(1), C(2), and
C(4) atoms for 2a and C(1), C(2), and C(10) atoms for
2b. The W-Sn distance is 2.7795(4) Å in 2a and 2.7845-
(15) Å in 2b, which is within the normal range for W-Sn
bonds.16 The most interesting structural feature of 2 is
that bis(3,4,5-trimethylpyrazol-1-yl)methide acts as a
tridentate, monoanionic κ3-[N,C,N] chelating ligand,
resulting in formation of two novel four-membered
metallaheterocycles. This coordination mode has not
been reported previously for poly(pyrazol-1-yl)alkane
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ligands. It is also noteworthy that in the four-membered
metallaheterocycles the angles ∠N-C-W are very close
to 90°.

The oxidative addition of a tin-phenyl carbon bond
to a tungsten(0) center to yield W-Sn bonded complexes
with a κ3-[C,N,N′] ligand has been reported,17 but there
is no prior report of tungsten complexes containing sp3-
hybridized carbon in κ3-[N,C,N] ligands.18 The present
report also exhibits a novel coordination mode for poly-
(pyrazol-1-yl)alkanes. The other interesting aspect of the
present report is that stable metallacyclic complexes
having an M-M′ bond can be formed under mild
conditions. In view of known catalytic processes involv-
ing the formation of metallacyclic fragments, and the
potential catalytic activity of heterobimetallic com-
plexes, the present results are of some interest. Fur-
thermore, the present results suggest that poly(pyrazol-
1-yl)alkanes with organometallic groups on the central
carbon may have distinctive reactivity, and modification
of the central carbon using a more extensive range of
organometallic groups is in progress.
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Figure 1. Molecular structure of 2a. The thermal el-
lipsoids are drawn at the 30% probability level. Selected
bond distances (Å) and angles (deg): W(1)-N(1) ) 2.222-
(4), W(1)-N(4) ) 2.243(4), W(1)-C(4) ) 2.326(5), W(1)-
Sn(1) ) 2.7795(4), N(3)-C(4) ) 1.462(6), N(2)-C(4) )
1.458(6); N(1)-W(1)-N(4) ) 82.00(16), C(3)-W(1)-C(4) )
155.6(2), N(1)-W(1)-C(4) ) 60.63(16), N(4)-W(1)-C(4) )
60.51(15), N(2)-C(4)-N(3) ) 109.2(4), N(2)-C(4)-W(1) )
91.1(3), N(3)-C(4)-W(1) ) 91.2(3).
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