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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 bord&!® Although, we could not
observe the signal corresponding te-B in the 'H NMR
spectrum, the!*F-NMR spectrum of the deuteriated analog,
[DB(3,5-(CFs)2Pz)]Ag(thf), displayed only a singlet for 5-GF
suggesting that the splitting is indeed a result of s{sEpin
coupling due to a B-H proton.

The treatment of [HB(3,5-(GJ.Pz)]Ag(thf) (1) with InCl
in thf at—78 °C followed by slow warming to room temperature

There has been considerable interest in the study of low valent g tg the precipitation of AgCI. After overnight stirring, the

indium compound$. However, most of the structurally well-
characterized neutral In(l) systems are limited to their cyclo-

solvent was removed, and the residue was extracted into toluene.
Filtration, followed by removal of the solvent from the filtrate

pentadienyl compounds. Depending on the substituents on theyielded [HB(3,5-(CR)-Pz)}]In (2) as a colorless solid in 78%
cyclopentadienyl ring system, they display different degrees of yield (eq 1)!4 A notable change was observed in #86-NMR

aggregation ranging from polymers, hexamers to dimers, in the
solid state?2 Recently, we and others reported the synthesis
of monomeric, indium(l) compounds using sterically demanding
tris(pyrazolyl)borate ligands, [HB(&rt-BuPz}]~ and [HB(3-
PhPz)]~.34 The stability of these compounds was mainly
attributed to the steric effects of theert-butyl or phenyl
substituents on the tris(pyrazolyl)borate ligarfd.Use of the
sterically less demanding methylated ligand [HB(3,5-§H
Pz)]~ with In(l) resulted in slow disproportionation leading to
an In(lll) product® Here, we show an alternative approach in
which a polyfluorinated tris(pyrazolyl)borate ligaffiiB(3,5-
(CRs)2Pz)]~ (which is sterically somewhat similar but electroni-
cally very different from the methylated analog, [HB(3,5-
(CH3),Pz)x]7),”® has been utilized to obtain an In(l) compotfnd.
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Compoundl, [HB(3,5-(CR),Pz)]Ag(thf) (1) was prepared
in good yield from [HB(3,5-(CE)2Pzx]Na and AgOTf in
tetrahydrofurart® Interestingly, [HB(3,5-(CB)2Pz)x]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@E&Y or
[HB(3,5-(CHs),Pz)%]Ag has been synthesized in aqueous solu-
tion and isolated as a solid, free of any coordinated solfent.
The presence of thf it was clearly evident from the elemental
analysis andH and3C NMR spectroscopic data. TR# NMR
spectrum ofl shows two signals as expected for thes@Foups

on the 3- and 5-positions of the pyrazole ring. One of the peaks
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spectrum. The 3-GFresonance i2 (0 —58.42) appeared at a
significantly higher chemical shift value relative tb (6
—61.16)15

The structures ot 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 ari§les.
Compoundl crystallizes as well-separated molecules with
pseudotetrahedral geometry about the silver atom. TheMg
distances of 2.381(4), 2.344(4), and 2.365(5) A are slightly
longer than the AgO distance (2.234(4) A). Structurally
characterized complexes of Ag(l) with oxygen donors are

(10) Synthesis of: AgOTf (0.463 g, 1.8 mmol) was treated with HB(3,5-
(CRs)2PzlNa (1.16 g, 1.8 mmol) in thf at room temperature. The
mixture was stirred overnight, and the solvent was removed under
reduced pressure. The residue was extracted into hexane and filtered
through Celite, and the hexane was removed from the filtrate to obtain
1 as a white solid: 92% vyield: mp 60 °C dec;'H NMR (CgDe,
TMS) 6 1.43 (m, 4 H, thf), 3.58 (m, 4 H, thf), 6.34 (s, 3 H, PF
NMR (CgDg, external reference CFglo —58.45 (d,J = 2.9 Hz),
—61.16 (s);*3C{*H} NMR (CeDs, TMS) 6 25.84 (s,CH,), 68.15 (s,
CHy), 106.81 (s,CH), 119.83 (q,CFs, 1J = 270.5 Hz), 120.86 (q,
CFs, 1J = 269.4 Hz), 140.73 (qCCFs, 2J = 44.3 Hz), 143.73 (q,
CCF;, 4] = 38.1 Hz); IR, cm?, 2612 (BH). Anal. Calcd for
CigH12N6AgOB: C, 28.49; H, 1.51; N, 10.49. Found: C, 28.69; H,
1.23; N, 10.18.

(11) Bruce, M. I.; Walsh, J. DAust. J. Chem1979 32, 2753.

(12) See, for other examples involving long range coupling to fluorine:
Emsley, J. W.; Phillips, L.; Wray, VFluorine Coupling Constants
Pergamon Press: New York, 1977.

(13) Hilton, J.; Sutcliffe, L. H. InProgress in NMR Spectroscagmsley,

J. W., Feeney, J., Sutcliffe, L. H., Eds.; Pergamon Press: New York,

1975; Vol. 10; pp 2#39.

Analytical data foR: turns opaque at 85C, IH NMR (C¢Ds, TMS)

0 6.16 (s, &); 1°F NMR (GsDe, external reference CFglo —58.42

(s), —58.50 (d,J = 3.5 Hz); 13C{*H} NMR (C¢Dg, TMS) 6 107.09

(s,CH), 119.49 (g}J = 271 Hz,CF3), 120.87 (q}J = 271 Hz,CF3),

140.83 (q,2) = 39 Hz, CCFs), 143.91 (g,2) = 39 Hz, CCRy); IR,

cm~1, 2636 (BH); MSm/z736. Anal. Calcd for GsH4BINF1gNs: C,

24.48; H, 0.55; N, 11.42. Found: C, 24.68; H, 0.86; N, 11.04. A minor

byproduct, InCy(thf),, resulting from the disproportionation of InCl

was also observed in some of the runs. See Supporting Information
for the X-ray structural data for this molecule.

A similar pattern was observed for the closely related [HB(3,5}cF

PzpISntOTf™ (*%F NMR: 6 —59.31 (s),—59.76 (d)): Dias, H. V.

R.; Jin, W. Unpublished data.

Crystal data forl: monoclinic C2/c, with a = 16.236(2) A,b =

21.658(2) A,c = 17.180(2) A5 = 114.710(6)V = 5488.4(11) A,

Z = 8, andD¢qc = 1.939 g cm®. Data were collected on a Siemens

P4 diffractometer af = 193 K with Mo Ko (1 = 0.710 73 A)

radiation usingw scan technique up to6.x = 45°. Of the 4317

reflections measured, 359®& (= 3.10%) were uniqueR = 3.84%,

Ry = 4.22% for 2785 reflections with > 40(F), and 439 parameters.

Crystal data for2: monoclinic P2;/m with a = 8.203(1) A,b =

15.155(2) A,c = 9.256(1) A, = 100.427(5)V = 1131.6(3) &, Z

= 2, andD¢qc = 2.160 g cm?3. Data were collected on a Siemens P4

diffractometer afl = 193 K with Mo Ka. (A = 0.710 73 A) radiation

usingf—26 scan technique up taRax= 45°. Of the 2152 reflections

measured, 154 = 1.25%) were uniqueR = 3.06%,R, = 3.06%

for 1470 reflections with= > 40(F), and 202 parameters.
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Figure 1. Molecular structure of compountl (ellipsoids are shown

at the 30% probability level; H atoms are omitted for clarity). Selected
bond lengths (A) and angles (deg): AQ 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); N12Ag—N22 81.0(1), N12Ag—N32
80.2(1), N22-Ag—N32 82.2(2), N12Ag—0 131.7(1), N22Ag—0O
134.6(2), N32-Ag—0 127.4(2).

rarel”18and to the best of our knowledge, they have not been
reported in the poly(pyrazolyl)borate famity. However, the
Ag—O distance can be compared with that in the BaAg-
[OC(CFRa)3]5(thf)s (2.209(12) A), [Ag(12-crown-4)[AsF¢] (av-
erage 2.57 A) or [BAgCIx(CsFs)4OEL]~ (2.299(10) A)20-22
The Ag—N separation irl is within the corresponding values
zbserved for PIB(PzLAgP(4-MeGHj)s (2.194(4), 2.411(4)

).23

Compound2 crystallizes in theP2;/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 betwee
In atoms of neighboring molecules. TheN bond distances
of 2 (2.600(3), 2.600(3), 2.533(5) A) are longer than the
corresponding distances in [HB(3-Phgiz) (2.430 (4) A)4 The
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Notes

Figure 2. Molecular structure of compour@ (ellipsoids are shown

at the 30% probability level; H atoms are omitted for clarity). Selected
bond lengths (A) and angles (deg):—N12 2.600(3), Ir-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), N12In—N12A 71.8(1), N22In—
N12A 71.4(1).

N—In—N angles of2 (average 71.3 are smaller compared to
those in [HB(3-PhPg)in (78.2(2F). Similar trends are observed
betweer? and1 where the metatN bond lengths are relatively
longer and the Nmetal-N angles are significantly smaller in
2. The closest intra- and intermolecular -4 distances fo@
are 3.157 and 3.250 A, respectively.

The CF; groups are often considered sterically equivalent or
only slightly larger than the Cigroups’ Therefore, the
stability of [HB(3,5-(CF)2Pz)]In relative to [HB(3,5-(CH).-
Pz)]In can be attributed mainly to the electronic effects of the
fluorinated ligand. The isolation & suggests that the [HB-
(3,5-(CR)2Pz)]~ ligand is particularly suitable for the stabiliza-
tion of low valent metal speciés. Furthermore, the indium
center in2 is not overly protected by the ligand as in [HB(3-

'}ert-BuPz)g]In. This feature is desirable for the study of

chemistry at the indium center. We are currently studying the
chemistry of2 and the use of in the synthesis of various other
low valent metal species.
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