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To gain insight into how fluorination of the popular hydridotris(pyrazolyl)borate (Tp)
ligands modifies the properties of organometallic compounds containing metal-bound alkyls,
the novel Pt(IV) complex Tp(CF3)2PtMe3 (1; Tp(CF3)2 ) hydridotris(3,5-bis(trifluoromethyl)-
pyrazolyl)borate) was synthesized and fully characterized. X-ray crystallographic studies
were carried out on 1 and on the nonfluorinated analogue TpMe2PtMe3 (2; TpMe2 ) hydridotris-
(3,5-dimethylpyrazolyl)borate). The structural and NMR spectral data for the complexes are
compared and provide strong evidence for substantially weaker coordination of the fluorinated
Tp ligand. The Pt-N bonds are significantly longer and the Pt-CH3 bonds are slightly shorter
in the fluorinated complex. These structural features are echoed in the relative magnitudes
of the JPt-H and JPt-C coupling constants for the two complexes. The close spatial contact
between the protons of the PtIV-CH3 group and fluorines of the 3-CF3 group of the cis-
pyrazole ring results in a formal 6JH-F ) 1.8 Hz. The nature of this coupling with the possible
contribution of intramolecular hydrogen bonding is discussed.

Introduction

The fluorination of “classical” ligands is a powerful
tool for the modification of the coordination sphere of
inorganic and organometallic complexes. Both the physi-
cal and chemical properties of metal complexes can be
dramatically altered by incorporating fluorines into the
ligands. For example, the solubility properties of cata-
lysts with fluorinated ligands have led to the novel and
promising concept of fluorous phase catalysis, which
greatly facilitates the separation of catalyst from prod-
uct.1 The electronic properties of fluorinated ligands also
differ significantly from those of nonfluorinated ligands,
such that the donor ability of a ligand can be substan-
tially modified by the incorporation of fluorines. In
addition, increased thermal and oxidative stability of
some transition-metal complexes, greater compatibility
with acidic media, and other reactivity distinctly dif-
ferent from that of the nonfluorinated analogues can be
achieved.2,3

Although a variety of fluorinated ligands and their
metal complexes have been investigated, fluorination
of the popular hydridotris(pyrazolyl)borate class of
ligands,4 has only recently received attention.3,5 The

synthesis of potassium hydridotris(3,5-bis(trifluoro-
methyl)pyrazolyl)borate (KTp(CF3)2, isolated as an adduct
of dimethylacetamide, KTp(CF3)2‚DMAC) was reported in
1995 by Dias and co-workers.5a However, the use of this
ligand in transition-metal organometallic chemistry has
been limited. For example, while metal carbonyl, alkene,
alkyne, and arene complexes of this ligand have been
reported, metal alkyl complexes containing this fluori-
nated Tp ligand have been conspicuously absent.5

In this contribution, we report the synthesis and full
characterization (including an X-ray crystal structure)
of the Pt(IV) trimethyl complex of hydridotris(3,5-bis-
(trifluoromethyl)pyrazolyl)borate), Tp(CF3)2PtMe3 (1). To
properly evaluate the effect of fluorination of the “clas-
sic” TpR2 (hydridotris(3,5-dialkylpyrazolyl)borate) ligand
on the structural and spectroscopic properties of the
organometallic fragment, we have also characterized the
known nonfluorinated analogue TpMe2PtMe3 (2; TpMe2

(1) (a) Fish, R. H. Chem. Eur. J. 1999, 5, 1677. (b) Horváth, I. T.
Acc. Chem. Res. 1998, 31, 641. (c) Guillevic, M.-A.; Arif, A. A.; Horváth,
I. T.; Gladysz, J. A. Angew. Chem., Int. Ed. Engl. 1997, 36, 1612. (d)
Juliette, J. J. J.; Horváth, I. T.; Gladysz, J. A. Angew. Chem., Int. Ed.
Engl. 1997, 36, 1610. (e) Horváth, I. T.; Rábai, J. Science 1994, 266,
72.

(2) (a) Howell, J. A. S.; Fey, N.; Lovatt, J. D.; Yates, P. C.; McArdle,
P.; Cunningham, D.; Sadeh, E.; Gottlieb, H. E.; Goldschmidt, Z.;
Hursthouse, M. B.; Light, M. E. J. Chem. Soc., Dalton Trans. 1999,
3015. (b) Bennett, B. L.; Birnbaum, J.; Roddick, D. M. Polyhedron 1995,
14, 187. (c) Schnabel, R. C.; Roddick, D. M. Organometallics 1996, 15,
3550. (d) Houlis, J. F.; Roddick, D. M. J. Am. Chem. Soc. 1998, 120,
11020. (e) White, S.; Bennett, B. L.; Roddick, D. M. Organometallics
1999, 18, 2536. (f) Bennett, B. L.; Hoerter, J. M.; Houlis, J. F.; Roddick,
D. M. Organometallics 2000, 19, 615. (g) Kiplinger, J. L.; Richmond,
T. G.; Osterberg, C. E. Chem. Rev. 1994, 94, 373.

(3) Ghosh, C. K.; Hoyano, J. K.; Krentz, R.; Graham, W. A. G. J.
Am. Chem. Soc. 1989, 111, 5480.

(4) Trofimenko, S. Scorpionates: The Chemistry of Polypyrazolylbo-
rate Ligands; Imperial College Press: London, 1999.
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) hydridotris(3,5-dimethylpyrazolyl)borate)6 by X-ray
crystallography and NMR spectroscopy. A detailed
examination and comparison of the structural and
spectroscopic properties of compounds 1 and 2 are
presented.

Results and Discussion

Preparation of the Fluorinated Tp(CF3)2 Ligand
and the Pt(IV) Complexes 1 and 2. The potassium
salt of the fluorinated ligand hydridotris(3,5-bis(trifluo-
romethyl)pyrazolyl)borate (KTp(CF3)2) was prepared from
a melt of 3,5-bis(trifluoromethyl)pyrazole and KBH4 at
170 °C and isolated in 57% yield. This is a significantly
higher yield than reported in a published procedure for
the potassium salt, in which anhydrous dimethylaceta-
mide (DMAC) was used as the solvent (21% yield of
KTp(CF3)2‚DMAC).5a However, it should be noted that
high-yield syntheses (67% and 76%) of the sodium salt
NaTp(CF3)2, using either benzene or kerosene, respec-
tively, as a solvent have been previously reported.5b,j In
addition, sodium salts of other fluorinated alkyl Tp
derivatives have been prepared using a “melt” procedure
similar to that reported here for the potassium salt.5e

The Pt(IV) complexes Tp(CF3)2PtMe3 (1) and TpMe2-
PtMe3 (2)6 were synthesized by the reaction of the
Pt(IV) trimethyl triflate tetramer [PtMe3(OSO2CF3)]4

7

with KTp(CF3)2 or KTpMe2, respectively, in acetone. Com-
pound 1 was isolated by sublimation from the residue
remaining after the solvent was removed from the
reaction. X-ray quality crystals of 1 were grown by slow
evaporation from an acetone solution at room temper-
ature. Compound 2 was isolated by crystallization
directly from the reaction mixture.

Molecular Structures of 1 and 2. Although hydri-
dotris(pyrazolyl)borate ligands are very common in
organometallic chemistry,4 there are only a few ex-
amples of crystallographically characterized Pt com-
plexes of these ligands.8,9 Structures of perhaps the

simplest Pt(IV) alkyl complexes of the popular Tp and
TpMe2 ligands, TpPtMe3 (Tp ) hydridotris(pyrazolyl)-
borate) and TpMe2PtMe3 (2, TpMe2 ) hydridotris(3,5-
dimethylpyrazolyl)borate), have not yet been reported.
A recent article which included X-ray structural data
for the related tris(indazol-1-yl)borate complex [(ind)3BH]-
PtMe3

9d was limited to a comparison of the structural
data with those calculated (SCF level) for [(H2CdNNH)3-
BH]PtMe3,10 a model for TpPtMe3.

We were able to prepare X-ray quality crystals of
TpMe2PtMe3 (2) and have determined the crystal struc-
ture of this compound. The crystal data and details of
structure refinement are summarized in Table 1 with
selected interatomic distances and angles provided in
Table 2. The molecular structure of compound 2 is
shown in Figure 1. A slightly distorted octahedral
geometry is observed about Pt with N-Pt-N angles of
86.0(3) and 87.2(2)° and C-Pt-C angles of 88.3(5) and
87.8(3)°. The Pt-N distances of 2.175(6) and 2.180(9)
Å fall between the experimental values reported for the
[(ind)3BH]PtMe3 analogue (2.13-2.17 Å; average 2.14
Å)9d and the calculated value for the TpPtMe3 model
complex (2.24 Å).10 The Pt-C bond lengths of 2.065(11)
and 2.047(8) Å are also very similar to the [(ind) 3BH]-

(5) (a) Dias, H. V. R.; Lu, H.-L.; Ratcliff, R. E.; Bott, S. G. Inorg.
Chem. 1995, 34, 1975. (b) Renn, O.; Venanzi, L. M.; Marteletti, A.;
Gramlich, V. Helv. Chim. Acta 1995, 78, 993. (c) Dias, H. V. R.; Lu, H.
L. Inorg. Chem. 1995, 34, 5380. (d) Dias, H. V. R.; Jin, W. C. J. Am.
Chem. Soc. 1995, 117, 11381. (e) Dias, H. V. R.; Kim, H. J. Organo-
metallics 1996, 15, 5374. (f) Dias, H. V. R.; Jin, W. C. Inorg. Chem.
1996, 35, 3687. (g) Dias, H. V. R.; Kim, H. J.; Lu, H. L.; Rajeshwar,
K.; de Tacconi, N. R.; Derecskei-Kovacs, A.; Marynick, D. S. Organo-
metallics 1996, 15, 2994. (h) Dias, H. V. R.; Jin, W. C. Inorg. Chem.
1996, 35, 267. (i) Dias, H. V. R.; Gordon, J. D. Inorg. Chem. 1996, 35,
318. (j) Dias, H. V. R.; Jin, W.; Kim, H.-J.; Lu, H.-L. Inorg. Chem. 1996,
35, 2317. (k) Dias, H. V. R.; Lu, H. L.; Gorden, J. D.; Jin, W. C. Inorg.
Chem. 1996, 35, 2149. (l) Dias, H. V. R.; Wang, Z. Y.; Jin, W. C. Inorg.
Chem. 1997, 36, 6205. (m) Han, R. Y.; Ghosh, P.; Desrosiers, P. J.;
Trofimenko, S.; Parkin, G. J. Chem. Soc., Dalton Trans. 1997, 3713.
(n) Del Ministro, E.; Renn, O.; Rüegger, H.; Venanzi, L. M.; Burckhardt,
U.; Gramlich, V. Inorg. Chim. Acta 1995, 240, 631. (o) Gorun, S. M.;
Stibrany, R. T. U.S. Patent 5 627 164, 1997. (p) Albinati, A.; Bovens,
M.; Rüegger, H.; Venanzi, L. M. Inorg. Chem. 1997, 36, 5991 (q)
Schneider, J. L.; Carrier, S. M.; Ruggiero, C. E.; Young, V. G., Jr.;
Tolman, W. B. J. Am. Chem. Soc. 1998, 120, 11408. (r) Gorun, S. M.;
Hu, Z.; Stibrany, R. T.; Carpenter, G. Inorg. Chim. Acta 2000, 297,
383. (s) Dias, H. V. R.; Jin, W. Inorg. Chem. 2000, 39, 815.

(6) Roth, S.; Ramamoorthy, V.; Sharp, P. R. Inorg. Chem. 1990, 29,
3345.

(7) Schlecht, S.; Magull, J.; Fenske, D.; Dehnicke, K. Angew. Chem.,
Int. Ed. Engl. 1997, 36, 1994.

(8) Pt(II) complexes: (a) Wick, D. D.; Goldberg, K. I. J. Am. Chem.
Soc. 1997, 119, 10235. (b) Rice, N. C.; Oliver, J. D. Acta Crystallogr.
1978, B34, 3748. (c) Rush, P. E.; Oliver, J. D. J. Chem. Soc., Chem.
Commun. 1974, 996. (d) Oliver, J. D.; Rice, N. C. Inorg. Chem. 1976,
11, 2741. (e) Davies, B. W.; Payne, N. C. Inorg. Chem. 1974, 13, 1843.
(f) Reger, D. L.; Baxter, J. C.; Lebioda, L. Inorg. Chim. Acta 1989, 165,
201.

(9) Pt(IV) complexes: (a) O’Reilly, S. A.; White, P. S.; Templeton,
J. L. J. Am. Chem. Soc. 1996, 118, 5684. (b) Canty, A. J.; Fritsche, S.
D.; Jin, H.; Skelton, B. W.; White, A. H. J. Organomet. Chem. 1995,
490, C18. (c) Canty, A. J.; Fritsche, S. D.; Jin, H.; Patel, J.; Skelton, B.
W.; White, A. H. Organometallics 1997, 16, 2175. (d) Canty, A. J.;
Dedieu, A.; Jin, H.; Milet, A.; Skelton, B. W.; Trofimenko, S.; White,
A. H. Inorg. Chim. Acta 1999, 287, 27. (e) Wick, D. D.; Goldberg, K. I.
J. Am. Chem. Soc. 1999, 121, 11900.

(10) Canty, A. J.; Dedieu, A.; Jin, H.; Milet, A.; Richmond, M. K.
Organometallics 1996, 15, 2845.

Table 1. Crystal Data and Structure Refinement
Details for TpMe2PtMe3 (2) and Tp(CF3)2PtMe3 (1)

TpMe2PtMe3 (2) Tp(CF3)2PtMe3 (1)

formula C18H31BN6Pt C18H13BF18N6 Pt
fw 537.39 861.24
temp (K) 161(2) 161(2)
wavelength (Å) 0.710 70 0.710 70
cryst descripn colorless prism colorless prism
crystal system monoclinic monoclinic
space group P21/m (No. 11) P21/c (No. 14)
a (Å) 8.0426(3) 14.6933(2)
b (Å) 13.7242(9) 15.7491(3)
c (Å) 9.5916(5) 11.5643(2)
R (deg) 90 90
â (deg) 101.613(3) 111.3290(10)
γ (deg) 90 90
V (Å3) 1037.03(10) 2492.76(7)
Z 2 4
dcalcd (g cm-3) 1.721 2.295
µ (mm-1) 6.779 5.787
F(000) 528 1632
cryst size (mm) 0.23 × 0.03 × 0.03 0.09 × 0.09 × 0.06
θ range (deg) 2.17 e θ e 30.49 2.29 e θ e 30.50
index ranges -8 e h e 8,

-11 e k e 19,
-13 e l e 13

-20 e h e 20,
-22 e k e 19,
-16 e l e 15

no. of rflns collected/
unique

14 068/2782 59 890/7539

abs cor SCALEPACK
refinement method full-matrix least-squares on F2

no. of data/restraints/
params

2782/0/133 7539/0/400

goodness of fit on F2 1.054 0.940
R1 (I > 2σ(I)) 0.0434 0.0382
wR2a (all data) 0.1336 0.0829

a w ) 1/[σ2(Fo
2) + (aP)2], where P ) (Fo

2 + 2Fc
2)/3 and a ) 0.0798

for 2 and 0.0336 for 1.
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PtMe3 analogue (2.02-2.06 Å; average 2.06 Å)9d and the
calculated values for [(H2CdNNH)3BH]PtMe3 (2.06 Å).10

The fluorinated Tp analogue of 2, Tp(CF3)2PtMe3 (1),
has also been characterized by X-ray crystallography.
The details of data collection and crystal data are
summarized in Table 1, selected interatomic distances
and angles are provided in Table 2, and the molecular
structure of 1 is shown in Figure 2. In comparing the

structural data presented for compounds 1 and 2, it
should be noted that the octahedral geometry of 1 (with
N-Pt-N angles of 84.44(12)-89.63(13)°) is somewhat
more distorted than that of 2. The Pt-N bond lengths
are also observed to lengthen significantly on fluorina-
tion of the Tp ligand, with the mean Pt-N distance
increasing by 0.075 Å. This is similar to the 0.05 Å
increase observed by Dias et al. in comparing the Mn-N
bond lengths of TpMe2Mn(CO)3 and Tp(CF3)2Mn(CO)3.5g

These differences between the M-N bonds of Tp(CF3)2

and TpMe2 complexes are attributed to reduced donor
ability of the ligand containing the electron-withdrawing
fluorine substituents.

In contrast, with respect to the PtMe3 substructure,
the differences between complexes 1 and 2 are less
profound. The Pt-C distances are slightly shorter in 1
(average 2.03 Å) than in 2 (average 2.06 Å), but not
significantly so when the estimated standard deviations
are considered. However, as discussed below, the Pt-H
and Pt-C coupling constants observed by NMR are also
supportive of longer Pt-C bonds in 2. It is also interest-
ing to compare the Pt-C bond lengths in 1 and 2 to
those in other “N3”PtMe3 complexes in which a typical
bond length appears to be about 2.06 Å (see Table S1
in the Supporting Information).9d,11-14 However, the
average Pt-C bonds in analogous Pt(IV) trimethyl
complexes with tripodal oxygen donor ligands are in
general shorter (2.00-2.04 Å, Table S1).7,15-18 These
differences between the Pt-C bond lengths in the
nitrogen-ligated and oxygen-ligated complexes listed are

(11) Byers, P. K.; Canty, A. J.; Skelton, B. W.; White, A. H.
Organometallics 1990, 9, 826.

(12) Abel, E. W.; Heard, P. J.; Orrell, K. G.; Hursthouse, M. B.;
Malik, K. M. A. J. Chem. Soc., Dalton Trans. 1995, 3165.

(13) Atam, M.; Müller, U. J. Organomet. Chem. 1974, 71, 435.
(14) Johansson, L.; Ryan, O. B.; Romming, C.; Tilset, M. Organo-

metallics 1998, 17, 3957.
(15) Marsh, R. E.; Schaefer, W. P.; Lyon, D. K.; Labinger, J. A.;

Bercaw, J. E. Acta Crystallogr. 1992, C48, 1603.
(16) Nettle, A.; Valderrama, M.; Contreras, R.; Scotti, M.; Peters,

K.; von Schnering, H. G.; Werner, H. Polyhedron 1988, 7, 2095.
(17) (a) Steinborn, D.; Junicke, H.; Bruhn, C. Angew. Chem., Int.

Ed. Engl. 1997, 36, 2686. (b) Junicke, H.; Bruhn, C.; Ströhl, D.; Kluge,
R.; Steinborn, D. Inorg. Chem. 1998, 37, 4603.

(18) Donath, H.; Avtomonov, E. V.; Sarraje, I.; von Dahlen, K.-H.;
El-Essawi, M.; Lorberth, J.; Seo, B.-S. J. Organomet. Chem. 1998, 559,
191.

Figure 1. View of the molecular structure of 2. Heavy
atoms are shown as thermal ellipsoids (30% probability)
and hydrogen atoms as spheres of arbitrary radius.

Table 2. Selected Interatomic Distances (Å) and
Angles (deg) for TpMe2PtMe3 (2) and Tp(CF3)2PtMe3

(1)
TpMe2PtMe3 (2) Tp(CF3)2PtMe3 (1)

Bond Distances
Pt-N 2.175(6) (N1, N1A) 2.263(4) (N1)

2.180(9) (N3) 2.260(4) (N3)
2.237(3) (N5)

Pt-C 2.065(11) (C1) 2.037(5) (C1)
2.047(8) (C2, C2A) 2.033(5) (C2)

2.024(5) (C3)

Bond Angles
C-Pt-C 88.3(5) (C2-Pt-C2A) 89.1(2) (C2-Pt-C3)

87.8(3) (C2-Pt-C1) 89.4(2) (C3-Pt-C1)
88.1(2) (C2-Pt-C1)

N-Pt-N 86.0(3) (N1-Pt-N1A) 84.89(13) (N5-Pt-N3)
87.2(2) (N1-Pt-N3) 84.44(12) (N5-Pt-N1)

89.63(13) (N3-Pt-N1)

Nonbonded Distances
N- - -N 3.004(10) (N1- - -N3) 3.189(5) (N1- - -N3)

2.967(8) (N1- - -N1A) 3.025(5) (N1- - -N5)
3.036(5) (N3- - -N5)

C- - -F 3.058(7) (C1-F2)
3.018(8) (C1-F14)
3.448(7) (C1-F3)
3.100(7) (C2-F3)
2.963(6) (C2-F9)
3.232(6) (C3-F9)
3.243(6) (C3-F7)
3.042(8) (C3-F13)

Interplanar Angles for Pyrazole Planes
120.0 ({N1N2C4C5C6}/
{N1AN2AC4AC5AC6A})

112.2 ({N5N6C15C16C17}/
{N1N2C5C6C7})

120.0 ({N3N4C9C10C11}/
{N1N2C4C5C6})

126.7 ({N3N4C10C11C12}/
N1N2C5C6C7})
117.2 ({N3N4C10C11C12}/
{N5N6C15C16C17})

Figure 2. View of the molecular structure of 1. Heavy
atoms are shown as thermal ellipsoids (30% probability)
and hydrogen atoms as spheres of arbitrary radius.
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consistent with the differences in the expected trans
influences of the ligands.19 It is reasonable that the
fluorination of the nitrogen-based hydridotris(dialkyl-
pyrazolyl)borate ligand should reduce its donor ability
and so lead to a reduction in its trans influence. Thus,
the slightly shorter Pt-C bonds in complex 1 relative
to 2 are then expected.

Beyond the modification of the Pt-N and Pt-C bond
lengths, another interesting property of complex 1 can
be seen from Figure 3. The van der Waals radii of the
3-CF3 groups and the two cis CH3 groups are in contact
with each other in 1, which gives rise to some steric
congestion. This crowding may also contribute to the
longer Pt-N bonds in 1. The intramolecular close
contacts of the hydrogens of the Pt-CH3 group and the
fluorines of the CF3 group range from 2.26 to 2.83 Å
with an average of 2.63 Å. This is within the sum of
the van der Waals radii of H and F (rH + rF ) 2.5-2.7
Å).20 The heavy-atom distances (ca. 3 Å for C(methyl)-
F(trifluoromethyl)) are listed in Table 2.

Apparently, less crowding occurs in complex 2 (space-

filling plot in Figure S1 in the Supporting Information),
since CH3 groups are smaller than CF3 groups.

NMR Spectroscopic Characterization of 1 and
2. The NMR (1H, 19F, 13C, 11B) spectroscopic data for
compounds 1 and 2 are summarized in Table 3. In
agreement with the structural data, the solution NMR
data for these complexes also support that the fluori-
nated Tp(CF3)2 ligand is less strongly bound to Pt(IV) than
the TpMe2 ligand. The Pt-H coupling constant for the
methine protons of the pyrazole rings is 4JPt-H ) 3 Hz
(δ 7.59) for 1 and 4JPt-H ) 6 Hz (δ 5.82) for 2. The
significantly smaller platinum-hydrogen coupling con-
stant for the methine proton in the Tp(CF3)2 complex (1)
compared to that in the TpMe2 complex (2) is consistent
with the longer Pt-N distances (vide supra) in complex
1.

The opposite situation is observed for the platinum-
hydrogen coupling constants associated with the plati-
num-bound methyl groups. The value for 1 (2JPt-H )
75.4 Hz) is significantly larger than that observed for
the platinum-bound methyl groups in 2 (2JPt-H ) 70.0
Hz). This 75.4 Hz coupling constant observed for com-
plex 1 is one of the largest reported for a “N3”PtMe3
complex (“N3” ) sets of three nitrogen donor ligands
wherein the ligands are not necessarily identical or
chelating, 28 examples).9d,11,12,21,22,24a The 2JPt-H values
in this group range from 65.8 to 72.2 Hz (average value
of 69.2 Hz), with only two notable exceptions. For the
tetrameric Me3Pt(µ-azide), where one nitrogen donor is
shared by three platinum atoms, a 2JPt-H value of 74.1
Hz is observed,23 and 2JPt-H ) 76.3 Hz is observed for
the methyl group trans to the weak donor acetonitrile
in (diimine)(MeCN)PtMe3

+.14 The latter value is the
only one known to us that exceeds the coupling constant
observed for 1. Larger 2JPt-H values are generally
associated with more weakly bonded ligands trans to
the methyl group.24 The platinum-carbon coupling
constant for the platinum-bound methyl group in 1
(1JPt-C ) 712 Hz) is also larger than that for 2 (686 Hz).

(19) This appears to be somewhat general for PtMe3 complexes
comprising all-oxygen or all-nitrogen donor atom sets. However, in
mixed-donor-atom complexes, especially where steric bulk is present,
the situation is more complicated. For example, there is no significant
difference in Pt-C bond length trans to nitrogen (2.039 Å) and trans
to triflate (2.041 Å) in [(tmeda)(F3CSO3)PtMe3]7 (Cambridge Structural
Database, refcode ROJPAH).

(20) (a) Pauling, L. The Nature of the Chemical Bond, 3rd ed.;
Cornell University Press: Ithaca, NY, 1960. (b) Organofluorine
Chemistry; Banks, R. E., Smart, B. E., Tatlow, J. C., Eds.; Plenum:
New York, 1994; p 70.

(21) King, R. B.; Bond, A. J. Am. Chem. Soc. 1974, 96, 1338.
(22) Clark, H. C.; Ferguson, G.; Jain, V. K.; Parvez, M. J. Organomet.

Chem. 1984, 270, 356.
(23) von Dahlen, K.-H.; Lorberth, J. J. Organomet. Chem. 1974, 65,

267.
(24) (a) Kite, K.; Smith, J. A. S.; Wilkins, E. J. J. Chem. Soc. A 1966,

1744. (b) Clegg, D. E.; Hall, J. R.; Swile, G. A. J. Organomet. Chem.
1972, 38, 403. (c) For a comprehensive review, see: Appleton, T. G.;
Clark, H. C.; Manzer, L. E. Coord. Chem. Rev. 1973, 10, 335.

Table 3. NMR Data for 1 and 2a

NMR data, δ

nucleus assignment/integral TpMe2PtMe3 (2) Tp(CF3)2PtMe3 (1)
1H C-H of ligand/3 H s, 5.82 (4JPt-H ) 6 Hz) s, 7.59 (4JPt-H ) 3 Hz)
1H CH3 of ligand/18 H s, 2.38; s, 2.27
1H CH3 bound to Pt/9 H s, 1.30 (2JPt-H ) 70.0 Hz) septet, 1.58 (6JF-H ) 1.8 Hz, 2JPt-H ) 75.4 Hz)
19F 3-CF3 septet, -57.0 (6JF-H ) 1.8 Hz)
19F 5-CF3 d, -58.8 (5JF-H ) 3.4 Hz)
13C{1H},b [13C] CH3 or CF3 (ligand) s, 13.1 [q, 1JH-C ) 128 Hz];

s, 12.8 [q, 1JH-C ) 128 Hz]
q, 118.8 (1JF-C ) 271.3 Hz);

q, 119.4 (1JF-C ) 271.3 Hz)
13C{1H},b [13C] C(-CF3 or -CH3) s, 149.2; s, 143.0 q, 144.4 (2JF-C ) 41.4 Hz);

q, 141.0 (2JF-C ) 41.1 Hz)
13C{1H},b [13C] C-H s, 107.6 [d, 1JH-C ) 173 Hz] s, 110.7 [d, 1JH-C ) 187 Hz]
13C{1H},b [13C] CH3 bound to Pt s, -10.5 (1JPt-C ) 686 Hz)

[q, 1JH-C ) 131 Hz]
septet, -4.9, (5JF-C ) 3.9 Hz, 1JPt-C ) 712 Hz)

[q, 1JH-C ) 137 Hz]
11B B d, -9.89 (JB-H ) 89 Hz)b br, -5.00
a δ values are referenced to internal TMS (1H, 13C) and CFCl3 (19F, measured against external, neat F3CCOOH, reported relative to

CFCl3) and external BF3‚OEt2 (11B). The solvent is acetone-d6 for 1H and 19F NMR and CDCl3 for 13C and 11B NMR. b The 13C{1H} and
11B values for TpMe2PtMe3 are from ref 6. Values in brackets are JC-H values from an 1H-coupled experiment (this work).

Figure 3. View (PLUTON) onto the C1-C2-C3 (Pt-
methyl) plane of Tp(CF3)2PtMe3 (1).
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These data are consistent with the slightly shorter Pt-C
bond lengths in 1 and provide further support for Tp(CF3)2

being a weaker trans influence ligand than TpMe2 (vide
supra).

In contrast to the observations for the “N3”PtMe3
complexes, the Pt-Me coupling constants for “O3”PtMe3
complexes (11 examples) are generally higher, ranging
from 75.7 to 81.6 Hz with an average value of 79.6
Hz.7,15,16,17b,24a As shown in Figure 4, there is a good
correlation between the 2JPt-H coupling constants and
the crystallographically determined PtIV-C bond lengths
for a series of “D3”PtMe3 complexes (D ) donor group).
As expected, it is an inverse relation such that longer
PtIV-C bonds are associated with lower values of 2JPt-H.
Complex 1, with its fluorinated Tp(CF3)2 ligand, occupies
an intermediate position between that for nitrogen
donors which do not contain electron-withdrawing sub-
stituents and the set of oxygen donor ligands. This
nicely demonstrates an important effect of fluorination
of a Tp ligand on a late transition-metal alkyl complex.
The incorporation of electron-withdrawing groups into
the Tp ligand reduces the donor strength of the ligand
and so results in a weaker trans influence.

It is interesting to note that, in transition-metal
carbonyl complexes, fluorination also leads to an in-
crease in M-N bond length as was observed in the
PtMe3 case. However, the effect on the M-C bond
lengths of the trans carbonyl ligands is in contrast to
our observations with alkyl ligands. In a comparison of
the TpMe2 and Tp(CF3)2 complexes of Mn(CO)3,5g the M-C
bond length is observed to increase with fluorination of
the ligand. This elongation is ascribed to a decrease in
π-back-bonding to the carbonyl group when a more
electron-withdrawing ligand is present. This reduction
in the π-density available for back-donation more than
compensates for the small expected opposite effect of
the reduction in the σ-donor ability of the fluorinated
ligand. In the Pt alkyl system, however, only the σ-donor
effect is observed, since methyl groups have no π-ac-
ceptor properties.

Perhaps the most remarkable feature in the 1H and
19F NMR spectra of the Tp(CF3)2PtMe3 complex (1) is the
observed long-range coupling between fluorines on the

Tp ligand and the hydrogens of the platinum-bound
methyl groups. The 1H NMR signal for the platinum-
bound methyl groups appears as a septet rather than
as a singlet, as noted for TpMe2PtMe3 (2). The 19F NMR
signal for the 3-CF3 groups (those attached to the
carbons next to the N-Pt bonds) also appears as a
septet. These septet signals in the 1H and the 19F NMR
spectra, each with JH-F ) 1.8 Hz, are shown in Figure
5. Thus, each CH3 group bonded to Pt is coupled to six
fluorine atoms and each of the 3-CF3 groups is coupled
to six protons. The 5-CF3 groups (those attached to the
carbons next to the N-B bonds) do not couple to the
protons of the platinum-bound methyl groups and show
only a doublet (JH-F ) 3.4 Hz) in the 19F NMR due to
coupling to the hydrogen on the boron atom. This same
coupling is observed in the free ligand.5j

It is notable that, of the three 3-CF3 groups in the
molecule, only two show coupling to each Pt-CH3.
These are the two CF3 groups that are cis to each Pt-
CH3. For example, the trifluoromethyl group containing
C14 couples to the methyl group hydrogens on C1 and
C3 but not to those on C2 (Figure 2). Formally, the
observed H-F coupling of 1.8 Hz should be described
as 6JH-F. However, an H-F coupling through six bonds
is expected to be much smaller. In addition, the fact that
the CF3 group trans to the methyl group shows no
coupling to that methyl group would argue against the
concept of through-bond coupling and suggests that the
coupling takes place through space. This suggestion is
strongly supported by the X-ray structure discussed
above, which exhibits H-F distances within the sum
of the van der Waals radii (Figure 3). The complex
appears symmetrical in solution at ambient tempera-
ture; all three methyl and all three 3-CF3 groups are
equivalent in the NMR spectra. This implies that both
the methyl groups and the trifluoromethyl groups are
free to rotate on the time scale of the NMR measure-
ments.

Nature of the C-H- - -F-C Interactions. Long-
range hydrogen-fluorine couplings (LRHF) were first
observed almost 40 years ago.25,26 Couplings over 6 or
more bonds, however, are still relatively rare.26,27 A
variety of long-range couplings for F- - -X (X ) Ag,5j P,5j

Tl,5m H-(B)5j,h) have been observed in metal complexes
of fluorinated hydridotris(pyrazolyl)borate ligands, but
examples of LRHF couplings involving atoms on the Tp
ligand and those contained in other ligands attached to
the metal are uncommon. One previous example of such
coupling was reported in the characterization of plati-
num(II) fluoroolefin complexes of hydridotris(pyrazolyl)-
borate, in which long-range JF-H values of 2-3 Hz were
observed.8b,28 The coupling occurs between the fluorines
on the olefin and the 3-H of the Tp pyrazolyl rings, and
a through-space mechanism was proposed. The LRHF

(25) Davis, D. R.; Lutz, R. P.; Roberts, J. D. J. Am. Chem. Soc. 1961,
83, 246.

(26) Cross, A. D.; Landis, P. W. J. Am. Chem. Soc. 1962, 84, 1736.
(27) (a) Filler, R.; Choe, E. W. J. Am. Chem. Soc. 1969, 91, 1862.

(b) Yamamoto, G.; Oki, M. J. Org. Chem. 1984, 49, 1913. (c) Lyga, J.
W.; Henrie, R. N., II; Meier, G. A.; Creekmore, R. W.; Patera, R. M.
Magn. Reson. Chem. 1993, 31, 323. (d) Jones, C. R.; Parlow, J. J.;
Schnur, D. M. J. Heterocycl. Chem. 1996, 33, 1835. (e) Mele, A.;
Vergani, B.; Viani, F.; Meille, S. V.; Farina, A.; Bravo, P. Eur. J. Org.
Chem. 1999, 187.

(28) (a) Clark, H. C.; Manzer, L. E. J. Chem. Soc., Chem. Commun.
1973, 870. (b) Clark, H. C.; Manzer, L. E. Inorg. Chem. 1974, 13, 1996.

Figure 4. Data and regression line for the correlation
between 2JPt-H(methyl) and rPt-C for various “D3”PtMe3
complexes. “D3” denotes a set of the same donor atoms
(oxygen or nitrogen), but the ligands are not necessarily
identical or chelating. Data for 1 and 2 are from this work,
and the other data can be found in ref 7, 9d, 11-16, 17b,
18, and 24a.
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coupling that is observed in 1 (JF-H ) 1.8 Hz) occurs
between the 3-CF3 fluorines on the Tp(CF3)2 and the
hydrogens of the platinum-bound methyl groups. This
is the first example of a formal 6JF-H(-C) in complexes
involving this class of ligands.

A through-space mechanism is most commonly pro-
posed for LRHF coupling.29 Although bond orientation
effects are important for LRHF,27b,30 Myhre has shown
an empirical correlation between interatomic distance
and JH-F.29b Using our observed coupling constant of
1.8 Hz, Myhre’s correlation would predict an F- - -C
nonbonded distance of ∼2.8 Å. This agrees quite well
with the ca. 3 Å distances that were observed for
F- - -C close contacts in the crystal structure of 1. Long-
range carbon-fluorine coupling has also been observed
in conjunction with LRHF coupling.31 In our system, a
formal 5JC-F ) 3.9 Hz was found between the fluorines
of the 3-CF3 groups and the carbons of the platinum-
bound methyls. A proposal that carbon-centered orbitals
can act to mediate LRHF coupling is supported by the
observation of a strong carbon-fluorine coupling inter-
action.30,32 The empirical relation for the relative mag-
nitude of the coupling constants (5JPt-C ≈ 2 × 6JPt-H)
also holds in our case.31

The fact that in complex 1 the hydrogen atoms of the
platinum-bound methyl groups are in such close prox-
imity to the fluorine atoms of the Tp(CF3)2 ligand raises
the question whether a solely van der Waals interaction
or a stronger interaction, such as hydrogen bonding, is
involved. Discussions of the significance of hydrogen

bonding to organic fluorine (X-H- - -F-C interactions
where X ) O, N, C) have recently appeared in the
literature.33-35 While in a few cases there appears to
be some evidence for hydrogen bonding to organic
fluorine, a general opinion appears to be that “organic
fluorine hardly ever accepts hydrogen bonds.”35 The less
polarized C-H moiety is expected to be an even poorer
hydrogen bond donor than O-H or N-H toward a C-F
group. This expectation is supported by statistics on
nonbonded contacts in X-ray structures and ab initio
calculations.36 The calculated interaction energy of only
0.85 kJ/mol for an H3CF- - -HCH3 model system is more
consistent with a van der Waals interaction than
a hydrogen bond.36 However, evidence for weak
CH- - -FC interactions both in solution and in the solid
state have been reported.27e,37

Recently, evidence for CH- - -FC interaction energies
on the order of 2.2 kJ/mol were obtained via microwave
spectra for the CH2F2 dimer in the gas phase.38 An
interesting aspect of this report was the blue shift of
the C-H stretching frequency.39 Red shifts are typically
observed for O-H bonds in which the hydrogen acts as
a hydrogen bond donor. However, calculations have
shown that this blue shift along with the strengthening
of the C-H bond is expected in the case of a Csp3-H

(29) (a) Servis, K. L.; Jerome, F. R. J. Am. Chem. Soc. 1971, 93,
1535. (b) Myhre, P. C.; Edmonds, J. W.; Kruger, J. D. J. Am. Chem.
Soc. 1966, 88, 2459. (c) Abushanab, E. J. Am. Chem. Soc. 1971, 93,
6532.

(30) Wasylishen, R. E.; Barfield, M. J. Am. Chem. Soc. 1975, 97,
4545.

(31) Jerome, F. R.; Servis, K. L. J. Am. Chem. Soc. 1972, 94, 5896.
(32) For a modern description of the coupling mechanism, see:

Mallory, F. B.; Mallory, W. C. Coupling Through Space in Organic
Chemistry. In Encyclopedia of Nuclear Magnetic Resonance; Wiley:
New York, 1996.

(33) (a) Pham, M.; Gdaniec, M.; Polonski, T. J. Org. Chem. 1998,
63, 3731. (b) Murray-Rust, P.; Stallings, W. C.; Monti, C. T.; Preston,
R. K.; Glusker, J. P. J. Am. Chem. Soc. 1983, 105, 3206.

(34) (a) Plenio, H.; Diodone, R. Chem. Ber. 1997, 130, 633. (b) Plenio,
H. Chem. Rev. 1997, 97, 3363.

(35) Dunitz, J. D.; Taylor, R. Chem. Eur. J. 1997, 3, 89.
(36) Howard, J. A. K.; Hoy, V. J.; O’Hagan, D.; Smith, G. T.

Tetrahedron 1996, 52, 12613.
(37) (a) Shimoni, L.; Glusker, J. P. Struct. Chem. 1994, 5, 383. (b)

Teff, D. J.; Huffmann, J. C.; Caulton, K. G. Inorg. Chem. 1997, 36,
4372.

(38) Caminati, W.; Melandri, S.; Moreschini, P.; Favero, P. G. Angew.
Chem. 1999, 111, 3105; Angew. Chem., Int. Ed. 1999, 38, 2924.

(39) Similar observations for systems with C-H as hydrogen bond
donor: (a) Hobza, P.; Spirko, V.; Havlas, Z.; Buchhold, K.; Reimann,
B.; Barth, H.-D.; Brutschy, B. Chem. Phys. Lett. 1999, 299, 180. (b)
Hobza, P.; Spirko, V.; Selzle, H. L.; Schlag, E. W. J. Phys. Chem. A
1998, 102, 2501.

Figure 5. NMR spectra of Tp(CF3)2PtMe3 (1) in acetone-d6. The CH3-Pt region is shown (1H, 200 MHz) along with the CF3
region (insert: 19F, 188.3 MHz) for the CF3 group on the C next to the N-Pt bond. The spatial relation of the coupling
groups is also shown.
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group acting as a hydrogen bond donor.40 It is then
interesting to note that the three infrared bands as-
sociated with the CH3 units in complex 1 (3016, 2944
(νC-H), 2842 (2δCH3) cm-1) appear at higher wavenum-
bers than observed in other PtIVMe3 complexes, as
shown in Figure 6.7,12,16,21,23,24b,41,42 Values reported for
the two νC-H bands can serve as indicators of the
relative C-H bond strengths. Electronic inductive ef-
fects of the ligands trans to methyl appear to be
relatively small, as can be seen from the homologous
series [{PtXMe3}2(µ-pyridazine)] or {PtXMe3}4, where
νC-H shows only small (and not apparently systematic)
variations (3 and 14 cm-1, respectively) on going from
X ) Cl to X ) I.41,42 While a direct comparison with νC-H
for complex 2 is difficult due to the ambiguity in the
assignments caused by the methyl groups of the TpMe2,
data have been collected for the analogous complex
containing the nonmethylated ligand Tp (Tp ) tris-
(pyrazolyl)borate); in appropriate agreement with the
literature,21 the values of 2951 and 2896 cm-1 were
measured for νC-H. 2δCH3 was observed at 2818 cm-1.
Thus, the high vibrational frequencies νC-H observed for
1 are likely due to the close contact with the trifluoro-
methyl groups. Additional evidence for slightly stronger
C-H bonds in the Pt-CH3 group of Tp(CF3)2PtMe3 (1)
compared to TpMe2PtMe3 (2) is obtained from the larger
1JH-C coupling constant (Table 3). In general, the value
of 1JH-C, as measured for a variety of platinum(II)-

bound methyl groups, appears to be fairly insensitive
to the nature of the other ligands on platinum.43,44 These
observations regarding C-H bond strengthening (blue-
shifting of νC-H and larger 1JH-C) may be an indication
of a weak hydrogen-bonding interaction between the
Pt-CH3 groups and the 3-CF3 moieties.

Conclusions

Examination of the structural and spectroscopic fea-
tures of the Pt(IV) complex TpMe2PtMe3(2) and its
fluorinated analogue Tp(CF3)2PtMe3 (1) has allowed a
direct evaluation of the effects of TpMe2 fluorination on
a late-metal alkyl complex. It is clear from both the
X-ray and the NMR data for compounds 1 and 2 that
the fluorination of the classical TpMe2 ligand leads to
significantly weaker Pt-N bonds. This appears to result
from both the inductive effect of the fluorines and steric
crowding. A bond strengthening effect for the Pt-C
bonds, a consequence of the weakening of the nitrogen
donor in the trans position, is also indicated. In addition,
evidence for very close nonbonded H- - -F contacts
between the Pt-CH3 and the 3-CF3 groups of the
pyrazolyls in both the solid state and solution structures
is provided by the X-ray data and the observed coupling
between the nuclei in the NMR spectra. These interac-
tions may be simple van der Waals interactions or
possibly weak hydrogen-bonding interactions.

Experimental Section

General Procedures. Unless otherwise indicated, all
chemicals were used as received (Aldrich). Reactions were
carried out under inert conditions using high-vacuum/Schlenk
or drybox techniques. Solvents were dried (acetone over
anhydrous CaSO4, benzene over Na/benzophenone) and vacuum-
transferred into the vessel or NMR tube used. NMR spectra
were acquired on a Bruker AC200, DPX 300, or DRX 400WB
instrument, and the data are referenced as stated in Table 3.
IR spectra were recorded on a Mattson Polaris FT-IR spec-
trophotometer. Melting points were measured using a digital
melting point apparatus (Electrothermal Eng. Ltd.). 3,5-Bis-
(trifluoromethyl)pyrazole was prepared by a literature method45

or purchased from Aldrich. [PtMe3(OSO2CF3)]4 was prepared
by a literature method.7

Synthesis of KTp(CF3)2 (Potassium Hydridotris(3,5-bis-
(trifluoromethyl)pyrazolyl)borate). 3,5-Bis(trifluorometh-
yl)pyrazole (3,5-(CF3)2Pz-H; 1.00 g, 4.9 mmol) and KBH4 (66
mg, 1.2 mmol) were finely ground with a spatula under N2 in
a 25 mL Schlenk tube. The mixture was heated in an oil bath
with stirring under an N2 atmosphere. For safety, the use of
a commercially available heat-stable silicone oil is recom-
mended. The mixture melted at 100 °C. The temperature was
increased to 140 °C over a period of 10 min. Many gas bubbles
(hydrogen) emerged from the melt; the evolution of gas was

(40) Gu, Y.; Kar, T.; Scheiner, S. J. Am. Chem. Soc. 1999, 121, 9411.
(41) Clegg, D. E.; Hall, J. R. J. Organomet. Chem. 1970, 22, 491.
(42) Abel, E. W.; Heard, P. J.; Orrell, K. G.; Hursthouse, M. B.;

Malik, K. M. A. Polyhedron 1994, 13, 2501.

(43) Large 1JH-C values (137-139 Hz) for PtII-bonded methyl groups
have also been reported by Roddick et al. in complexes containing
perfluoroethyl substituents on chelating bis-phosphine ligands.2f Ex-
amination of the X-ray structures (atomic coordinates from the
Cambridge Structural Database) of these complexes (dfepe)PtMe(Me,
OTf)2b show several Pt-C- - -F close contacts between 3.17 and 3.35
Å. Thus, although the high 1JH-C values were rationalized in terms of
inductive effects transmitted through bonds, there may be a through-
space influence of the perfluoroalkyl substituents on the C-H bonding
of the platinum-bound methyl group.

(44) (a) Clark, H. C.; Manzer, L. E.; Ward, J. E. H. Can. J. Chem.
1974, 52, 1165. (b) Chisholm, M. H.; Clark, H. C.; Manzer, L. E.;
Stothers, J. B.; Ward, J. E. H. J. Am. Chem. Soc. 1973, 95, 8574.

(45) Claire, P. P. K.; Coe, P. L.; Jones, C. J.; McCleverty, J. A. J.
Fluorine Chem. 1991, 51, 283.

Figure 6. Histograms (counts vs wavenumber/cm-1) for
IR data on C-H frequencies in fac-trimethylplatinum(IV)
compounds. The three bands associated with the CH3
groups are: (a) ν1(C-H), (b) ν2(C-H), and (c) 2δ(CH3). The
available literature covers a wide variety of compounds,
including halide, oxygen, and nitrogen donors in trans
positions and monomeric, dimeric, and tetrameric com-
pounds. The single, significantly blue-shifted value for each
band belongs to complex 1. Data are from this work (1;
reproduction of literature data for TpPtMe3

21) and from refs
7, 12, 16, 21, 23, 24b, 41, and 42.
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almost complete within 10 min. The temperature was then
raised to 170 °C over a 15 min period and was held at 170 °C
for 1 h 45 min. Throughout the heating process, 3,5-(CF3)2-
Pz-H sublimed and condensed at the cooler parts of the
Schlenk tube. This material was melted back into the mixture
using a heat gun. The completeness of the reaction and the
purity of the products were determined by 1H NMR (acetone-
d6): δ 7.26 (unreacted 3,5-(CF3)2Pz-H); 6.98 (KTp(CF3)2 ) K[HB-
(3,5-(CF3)2Pz)3]); 6.79 (intermediate, K[H2B(3,5-(CF3)2Pz)2].
After the reaction time given above, no K[H2B(3,5-(CF3)2Pz)2]
remained. The excess 3,5-(CF3)2Pz-H was removed by sublima-
tion (0.05 Torr, 90 °C, 1 h). KTp(CF3)2 remained in the Schlenk
tube. Yield: 459 mg, 57% based on KBH4. Anal. Calcd for
K[C15H4BF18N6]‚H2O: C, 26.57; H, 0.89; N, 12.39. Found: C,
26.65; H, 0.52; N, 12.34. IR (KBr): 3162 (νC-H), 2605 (νB-H)
cm-1. The product can be used directly for the preparation of
the platinum complex. If side products are formed (observed
when the commercial 3,5-(CF3)2Pz-H from Aldrich was used),
the product can be obtained in pure form by recrystallization
from diethyl ether, followed by washing the white crystals with
a minimum amount of dry toluene and drying under vacuum
for 3 h.

Synthesis of Tp(CF3)2PtMe3 (1; Tp(CF3)2 ) Hydridotris-
(3,5-bis(trifluoromethyl)pyrazolyl)borate). The compounds
[PtMe3(OSO2CF3)]4 (164 mg, 0.105 mmol) and KTp(CF3)2 (277
mg, 0.420 mmol) were dissolved in dry acetone in a sublimation
apparatus. After 90 min, the acetone was removed under
vacuum. The solid residue was sublimed at 64 °C for 1 day.
The temperature was then raised to 90 °C, and the sublimation
was continued for 2 days more. Total yield: 253 mg (70%).
Anal. Calcd for C18H13BF18N6Pt: C, 25.10; H, 1.52; N, 9.76.
Found: C, 25.34; H, 1.51; N, 9.60. Mp: 165-170 °C. IR
(KBr): 3168 (νC-H of pyrazole), 3016, 2944 (νC-H methyl), 2842
(2δC-H methyl), 2651 (νB-H) cm-1. 1H, 19F, 13C, and 11B NMR
data are reported in Table 3.

Synthesis of TpMe2PtMe3 (2; TpMe2 ) Hydridotris(3,5-
bis(trimethyl)pyrazolyl)borate). This complex, synthesized
previously from [Me3PtI]4,6 was prepared in situ from [PtMe3-
(OSO2CF3)]4 (2.0 mg, 1.3 µmol) and KTpMe2 (1.7 mg, 5.0 µmol)
in acetone-d6 (0.2 mL) at ambient temperature. A 1H NMR
spectrum taken after 30 min indicated that the reaction had
reached completion. The NMR spectroscopic data (Table 3) are
in good agreement with those reported in the literature (1H
NMR (CDCl3): δ 5.73 (3H, s, 4-Hpz); 2.34, 2.28 (each 9H, s,
3,5-Me2pz); 1.32 (9H, 2JPt-H ) 70 Hz, Pt-Me)).6 In addition to
the published data, the 4JPt-H coupling of the pyrazole C-H
(6 Hz) was resolved (Table 3).

X-ray Crystal Structure Analyses of 1 and 2. Crystals
of 1 were grown from a solution in acetone (2.5 mg/mL) at
ambient temperature by means of slow evaporation over a
period of 2 weeks. Crystals of 2 were obtained from the reaction
mixture at -20 °C over a period of 2 weeks. Data were collected
with a Nonius Kappa CCD diffractometer with æ-scans and
20 s exposures per frame for 1. For 2, a combination of æ- and
ω-scans was used with 15 s exposures. The crystal-to-detector

distance was 27 mm for both samples. Except for the treatment
of the methyl hydrogen atoms, data for both structures were
analyzed by the same methods. Data were reduced using
DENZO.46 The data were corrected by scaling and averaging
using the program SCALEPACK.46 The structure solution was
carried out by direct methods using SIR92.47 All non-hydrogen
atoms were refined anisotropically by full-matrix least squares.
For 2, all hydrogen atoms were placed with ideal geometry
and were refined with a riding model. Fixed isotropic displace-
ment parameters were given such that they were 1.1 times
the Ueq value of their parent atom and 1.5 times the Ueq value
for for methyl hydrogens. Hydrogen atoms in 1 were treated
in the same way except for methyl hydrogens, where the
H-C-Pt-N torsion angles were refined, which adds an extra
parameter per methyl group. SHELXL-97 was used for
the refinement.48 Plots were generated using ORTEP49 and
PLUTON.50 Crystallographic data are summarized in Table
1, interatomic distances and angles are given in Table 2, and
drawings are provided in Figures 1 and 2.
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