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There has been considerable interest in the study of low valent
indium compounds.1 However, most of the structurally well-
characterized neutral In(I) systems are limited to their cyclo-
pentadienyl compounds. Depending on the substituents on the
cyclopentadienyl ring system, they display different degrees of
aggregation ranging from polymers, hexamers to dimers, in the
solid state.1,2 Recently, we and others reported the synthesis
of monomeric, indium(I) compounds using sterically demanding
tris(pyrazolyl)borate ligands, [HB(3-tert-BuPz)3]- and [HB(3-
PhPz)3]-.3,4 The stability of these compounds was mainly
attributed to the steric effects of thetert-butyl or phenyl
substituents on the tris(pyrazolyl)borate ligand.3,4 Use of the
sterically less demanding methylated ligand [HB(3,5-(CH3)2-
Pz)3]- with In(I) resulted in slow disproportionation leading to
an In(III) product.5 Here, we show an alternative approach in
which a polyfluorinated tris(pyrazolyl)borate ligand,6 [HB(3,5-
(CF3)2Pz)3]- (which is sterically somewhat similar but electroni-
cally very different from the methylated analog, [HB(3,5-
(CH3)2Pz)3]-),7,8 has been utilized to obtain an In(I) compound.9

Compound1, [HB(3,5-(CF3)2Pz)3]Ag(thf) (1) was prepared
in good yield from [HB(3,5-(CF3)2Pz)3]Na and AgOTf in
tetrahydrofuran.10 Interestingly, [HB(3,5-(CF3)2Pz)3]Ag was
isolated as the thf adduct. This tendency to form adducts with
neutral oxygen donors has not been observed in the correspond-
ing non-fluorinated analogs. For example, [HB(Pz)3]Ag or
[HB(3,5-(CH3)2Pz)3]Ag has been synthesized in aqueous solu-
tion and isolated as a solid, free of any coordinated solvent.11

The presence of thf in1was clearly evident from the elemental
analysis and1H and13C NMR spectroscopic data. The19F NMR
spectrum of1 shows two signals as expected for the CF3 groups
on the 3- and 5-positions of the pyrazole ring. One of the peaks

corresponding to the trifluoromethyl groups on the pyrazole ring
5-position appears as a doublet. We believe this is due to long
range coupling to the H on boron.12,13 Although, we could not
observe the signal corresponding to B-H in the 1H NMR
spectrum, the19F-NMR spectrum of the deuteriated analog,
[DB(3,5-(CF3)2Pz)3]Ag(thf), displayed only a singlet for 5-CF3,
suggesting that the splitting is indeed a result of spin-spin
coupling due to a B-H proton.
The treatment of [HB(3,5-(CF3)2Pz)3]Ag(thf) (1) with InCl

in thf at-78°C followed by slow warming to room temperature
led to the precipitation of AgCl. After overnight stirring, the
solvent was removed, and the residue was extracted into toluene.
Filtration, followed by removal of the solvent from the filtrate
yielded [HB(3,5-(CF3)2Pz)3]In (2) as a colorless solid in 78%
yield (eq 1).14 A notable change was observed in the19F-NMR
spectrum. The 3-CF3 resonance in2 (δ -58.42) appeared at a
significantly higher chemical shift value relative to1 (δ
-61.16).15

The structures of1 and2 were confirmed by X-ray crystal-
lography. Figures 1 and 2 illustrate their ORTEP diagrams
along with some of the important bond distances and angles.16

Compound1 crystallizes as well-separated molecules with
pseudotetrahedral geometry about the silver atom. The Ag-N
distances of 2.381(4), 2.344(4), and 2.365(5) Å are slightly
longer than the Ag-O distance (2.234(4) Å). Structurally
characterized complexes of Ag(I) with oxygen donors are
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rare,17,18and to the best of our knowledge, they have not been
reported in the poly(pyrazolyl)borate family.19 However, the
Ag-O distance can be compared with that in the BaAg-
[OC(CF3)3]3(thf)4 (2.209(12) Å), [Ag(12-crown-4)2][AsF6] (av-
erage 2.57 Å) or [Pt2AgCl2(C6F5)4OEt2]- (2.299(10) Å).20-22

The Ag-N separation in1 is within the corresponding values
observed for Ph2B(Pz)2AgP(4-MeC6H4)3 (2.194(4), 2.411(4)
Å).23

Compound2 crystallizes in theP21/m space group with a
crystallographically imposed plane of symmetry containing one
of the pyrazole rings, B and In. The indium center adopts a
pyramidal geometry and there are no close interactions between
In atoms of neighboring molecules. The In-N bond distances
of 2 (2.600(3), 2.600(3), 2.533(5) Å) are longer than the
corresponding distances in [HB(3-PhPz)3]In (2.430 (4) Å).4 The

N-In-N angles of2 (average 71.3°) are smaller compared to
those in [HB(3-PhPz)3]In (78.2(2)°). Similar trends are observed
between2 and1where the metal-N bond lengths are relatively
longer and the N-metal-N angles are significantly smaller in
2. The closest intra- and intermolecular In‚‚‚F distances for2
are 3.157 and 3.250 Å, respectively.
The CF3 groups are often considered sterically equivalent or

only slightly larger than the CH3 groups.7 Therefore, the
stability of [HB(3,5-(CF3)2Pz)3]In relative to [HB(3,5-(CH3)2-
Pz)3]In can be attributed mainly to the electronic effects of the
fluorinated ligand. The isolation of2 suggests that the [HB-
(3,5-(CF3)2Pz)3]- ligand is particularly suitable for the stabiliza-
tion of low valent metal species.9 Furthermore, the indium
center in2 is not overly protected by the ligand as in [HB(3-
tert-BuPz)3]In. This feature is desirable for the study of
chemistry at the indium center. We are currently studying the
chemistry of2 and the use of1 in the synthesis of various other
low valent metal species.
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Figure 1. Molecular structure of compound1 (ellipsoids are shown
at the 30% probability level; H atoms are omitted for clarity). Selected
bond lengths (Å) and angles (deg): Ag-O 2.234(4), Ag-N12 2.381(4),
Ag-N22 2.344(4), Ag-N32 2.365(5), B-N11 1.539(6), B-N21
1.569(8), B-N31 1.560(8); N12-Ag-N22 81.0(1), N12-Ag-N32
80.2(1), N22-Ag-N32 82.2(2), N12-Ag-O 131.7(1), N22-Ag-O
134.6(2), N32-Ag-O 127.4(2).

Figure 2. Molecular structure of compound2 (ellipsoids are shown
at the 30% probability level; H atoms are omitted for clarity). Selected
bond lengths (Å) and angles (deg): In-N12 2.600(3), In-N22 2.533(5),
In-N12A 2.600(3), B-N11 1.551(5), B-N21 1.573(7), B-N11A
1.551(5); N12-In-N22 71.4(1), N12-In-N12A 71.8(1), N22-In-
N12A 71.4(1).
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