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Fluoride Reactions with Hydrotris(pyrazolyl)borate Rhenium Oxo Complexes: Re-F vs

B—F Bond Formation
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Rhenium-oxo—fluoride complexes are readily prepared using hydrotris(3,5-dimethyl-1-pyrazolyl)borate [HB-

(3,5-Mepz)~, Tp*] as a supporting ligand. For

instance, treatment of Tp*Re(O)(OH)CI with concentrated aqueous

HF cleanly forms the chlorefluoride complex Tp*Re(O)(F)CI. Related fluoraodide, fluoro-triflate, and

difluoride complexes are also described. In

contrast, a variety of reactions of analogous compounds with the

unsubstituted hydrotris(1-pyrazolyl)borate ligand [HBgpz)'p] have failed to produce fluoro complexes. Extended
refluxing of TpRe(O)4 with an excess of NaF in acetonitrile in the air gives a modest yield of an unusual rhenium
u-pyrazolyl u-oxo dimer,{[«?>-H(F)Bpz]Re(O)} 2(u-pz)y(u-O) (5) (pz = pyrazolyl). The X-ray crystal structure

of 5 shows that one pyrazolyl of each Tp ligand has been substituted for fluoride. The different reactivity of the
Tp and Tp* complexes is apparently due to the greater steric protection of the boron afforded bY ligarith

Crystallographic data fds: monoclinic; space

groufc, a = 19.103(4) Ab = 10.482(2) A,c = 14.240(3) A,

p = 114.82(3); Z = 4; R = 3.73%,R,, (observed datay 4.73%; GOF= 1.20.

Introduction

Transition metal fluoride complexes are often more difficult
to prepare than those of the other haliéiéShis report describes
efforts to prepare rheniumoxo—fluoride complexes with
hydrotris(pyrazolyl)borate (scorpionate) ligands: the parent
hydrotris(1-pyrazolyl)borate, HB(pz) (Tp), and the 3,5-
dimethyl derivative, hydrotris(3,5-dimethyl-1-pyrazolyl)borate,
HB(Mezpz)s~ (Tp*). In studies of oxidizing rhenium com-
pounds, rhenium(VII) dioxo cations of the form [TpRe{&)*

involving such rheniumroxo complexes. Cleavage of boren
pyrazolyl bonds is not uncommon in Tp chemistignd it may

be particularly problematic for fluoride because of the strength
of B—F bonds. Klai et al. have commented on the scarcity of
Tp—metak-fluoride complexes and have noted the decomposi-
tion of HB(3-Ph-pz)~ by KF.8

Experimental Section

General Considerations.All experiments were performed under

have been implicated as reactive intermediates, but have thus" inert amosphere using standard vacuum, Schlenk, and glovebox

far eluded isolatiof®:® For instance, oxygen atom transfer to
the rhenium(V) chlore-triflate complex TpRe(O)CI(OTf) by
pyridineN-oxide gives the rhenium(VI) species TpRefOl)via

the unobserved intermediate [TpRefOl] *.5¢ Given the ability

of fluoride to stabilize high oxidation state complexes, we set
out to prepare rhenium(V) ox¢fluorides that could be oxidized
to Re(VIl). Preparation of fluoride complexes containing the
Tp* ligands is straightforward, but is surprisingly problematic
with Tp ligands. In one attempt to prepare a rhenium fluoride
by reaction of a rhenium iodide complex with NaF, we instead
isolated an unusual rhenium diméftH(F)Bpz]Re(O} »(u-pz)-
(u-O) (5). Fluorination takes place at boron rather than at
rhenium, with cleavage of a boreipyrazolyl bond. The Tp
ligand had proven to be robust in almost all other reactions
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techniques, except where noted. Solvents were degassed and dried
according to standard procedufegp*Re(O),'° Tp*Re(O)(OH)CI011
and TpRe(OY'?2 were synthesized according to published procedures.
Deuterated solvents were purchased from Cambridge Isotope Labora-
tories. GDg was dried over sodium metal; GOl, and CDC} were
dried over Cakl Aqueous HF (48.5%) was purchased from Baker.
Other reagents were obtained from Aldrich and used as received unless
otherwise noted.

NMR spectra were recorded on Bruker AC-208,(*°F), DPX-200
(*H, 3C), and AM-499 {H) Fourier transform spectrometers. All spectra
were recorded at ambient temperatures unless otherwise noted. Peaks
in the *H spectra were referenced to solvent resonanéEsspectra
were referenced to neat gFOOH. Peak positions are reported in ppm
and coupling constants in Hz. IR spectra, reported below irt,avere
recorded using a Perkin-Elmer 1600 FTIR with samples prepared as
evaporated films on NaCl plates. Electron impact mass spectra (EIMS)
were performed on a Kratos Analytical mass spectrometer using a direct
probe technique. FAB-MS were obtained on a VG 70 SEQ tandem
hybrid instrument of EBgQ geometry, equipped with a standard
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saddle-field gun (lon Tech Ltd., Middlesex, U.K.) producing a beam and the brown residue was taken up in toluene and filtered. The solution
of xenon atoms at 8 keV and 1 mA. Samples were applied to the FAB was purified by column chromatography (silica gel/toluene), giving
target in dichloromethane solutions. The matrix used was a 3-nitroben- TpRe(O)k (41%) and a deep blue fraction. This fraction was recovered
zyl alcohol, and the spectra were taken in the positive ion mode. and recrystallized from methylene chloride/hexanes to give 40.4 mg
Elemental analyses were performed by Canadian Microanalytical of 5 (17% yield; 29% based on converted TpRe@D)fH NMR
Services Ltd. (CDCl): 0 8.01 (br t,dun = Jrn = 2 Hz, 2H), 7.91, 7.67, 7.62, 7.23
Tp*Re(O)(F)CI (1). Crude Tp*Re(0O)(OH)CI (110 mg, including  (each dJuy = 2 Hz, 2H), 7.17 (br tJun = Jrn = 2 Hz, 2H), 6.49,
0.190 mmol of Tp*Re(O)(OH)CI and 0.009 mmol of Tp*Re(O)CI 6.39, 6.38 (each tJus = 2 Hz, 2H).°F NMR (CDCk): 6 —84.3,
was dissolved in 10 mL of C¥€l, in a 100 mL polyethylene flask. —122.3. IR: 3119 (w), 2931 (w), 2425 (Wg-n), 1551 (w), 1488 (w),
Into this solution was added aqueous HF (48.5%, 1 mL), and the 1439 (w), 1402 (s), 1303 (m), 1210 (m), 1145 (s), 1103 (w), 1060 (s),
resulting mixture was stirred fd. h atroom temperature. The solution 965 (M, vre=0), 767 (W), 737 (w) 688 (w), 675 (w), 642 (m). FAB-
was neutralized with a saturated NaHC€blution, and the organic MS: m/z = 883 (M — 1). Anal. Calcd for GgH20B2F2N1203Re: C,
phase was separated from the mixture. The@isolution was dried 24.44; H, 2.28; N, 19.00. Found: C, 24.69; H, 2.32; N, 19.28.
over MgSQ and evaporated under reduced pressure to leave a blue  X-ray Structure Determination of {[H(F)Bpzs]Re(O)}2(u-pz):-
residue, which was purified by column chromatography on silica gel (4-0O) (5). Slow diffusion of pentane layered on a solution ®fn

with CH.Cl as the eluent. Recrystallization from hexane/Chlyielded toluene at~10°C deposited dark blue rhombohedral crystals. A crystal
Tp*Re(O)(F)CI (95 mg, 90%) as sky blue crystaid. NMR (CDCly): was glued to the tip of a glass fiber in air, and data were collected on
6 6.12, 6.06, 5.70 (each s, 1H, pz), 2.97, 2.74, 2.68, 2.62, 2.43, 2.22 an Enraf-Nonius CAD4 diffractometer (Table 1). A semiempirical
(each s, 3H, pz-Me)!%F NMR (CDCk): 6 47.55. IR: 2554 1(gy), absorption correction was applied, and the structure was solved by direct

1539, 1195, 1072, 969keq), 862, 815, 790, 687. EIMSm/z = 554 methods using the SHELXTL PC program. All non-hydrogen atoms

(M¥). Anal. Calcd for GsH2BCIFNsORe: C, 32.53; H, 4.00; N, 15.17.  were refined anisotropically, and the hydrogen atoms were placed in

Found: C, 32.34; H, 3.89; N, 14.77. calculated positions. Disorder was modeled assuming 50% occupancy
Tp*Re(O)F2 (2). A mixture of Tp*Re(O) (266 mg, 0.501 mmol), of fluorine in each of the two positions on each boron.

PhP (144 mg, 0.549 mmol), and GEI, (40 mL) was stirred for 23 h

at room temperature, yielding a greenish brown solution. The solution pagits and Discussion

was then poured into a 100 mL polyethylene flask, and aqueous HF

(48.5%, 3 mL) was added. After 10 min of stirring at room temperature,  Reduction of Tp*Re(Q)with PPh in the presence of Me

the reaction mixture was neutralized by addition of saturated aqueous gjc| gives the rhenium oxehydroxo—chloride complex Tp*Re-

NaHCG; solution. The dark blue organic layer was dried over MgSO O)(OH)CI contaminated with a small amount of Tp*Re(O)-

and evaporated under reduced pressure to leave a brown residue, whic 1,.10.11 Treatment of Tp*Re(O)(OH)CI with 48.5% aqueous

turned blue on washing with EtOH. This material was purified by . . . .
column chromatography on silica gel with @&l as the eluent. ~ HF gives marine blue Tp*Re(O)(F)CLYin 90% yield (eq 1).

Recrystallization from hexane/GHI, yielded Tp*Re(O)k (217 mg, Similar reactions with aqueous HCI, HB.I', or. HI give the
81%) as sky blue crystal¥d NMR (CDCL): 6 6.07 (s, 2H, pz), 5.68 analogous Tp*Re(O)(X)Cl compoun#sThe difluoride, Tp*Re-

(s, 1H, pz), 2.77, 2.64 (each s, 6H, pz-Me), 2.49, 2.21 (each s, 3H, (O)F (2), is prepared by reacting Tp*Re(®yith PPh for 1
pz-Me).1%F NMR (CDCh): ¢ 36.40. IR: 25544gy), 1544, 1195, 1072, day in the absence of halide, followed by the addition of 48.5%

974 (reo), 867, 815; EIMS:m/z = 538 (M"). aqueous HF under a nitrogen atmosphere (eq 2). [Tp*RE(O)

Tp*Re(O)F(OTH) (3). Tp*Re(O)F: (260 mg, 0.484 mmol) was  and its dimer { Tp*Re(O)} 2(u-O),] are reasonable intermediates
placed in a 100 mL round bottom flask, and &Hp (50 mL) was  jj this reaction, by analogy with related pyrazehdorate and
vacuum transferred in. To the blug suspension was gdde&@f Cp* chemistry!3 though to our knowledge they have not been
(96 uL, 0.53 mmol), and the resulting solution was stirred 2oh at isolated.

room temperature. Evaporation of the volatiles under reduced pressure
left blue solids, which were recrystallized from €E/pentane to afford

analytically pure Tp*Re(O)F(OTf) as sky blue crystals (300 mg, 93%).

IH NMR (CDCly): ¢ 6.12 (s, 2H, pz), 5.77 (s, 1H, pz), 2.86, 2.66, —/6_\/\&'3/0' HF (aq) —/OT(\ ICI)I/CI

2.62,2.59, 2.54, 2.25 (each s, 3H, pz-Me). IR: 2568, 1545, 1419, )O/)NV/ | OH CH,Cly N~ ,e‘F

1354, 1236, 1196, 1155, 1080, 976, 95@.(), 906, 866, 814, 790, Nl N NN

722, 690, 640, 631. EIMSn/z = 668 (M'). Anal. Calcd for GeHo- H'B\N>Oj/ H'B\NO

BF:NsOsReS: C, 28.79; H, 3.32; N, 12.59. Found: C, 29.10; H, 3.56;

N, 12.30. 1 o))

Tp*Re(O)(F)I (4). Tp*Re(O)R, (260 mg, 0.484 mmol) was placed
in a 100 mL round bottom flask with a stir bar, and &H (40 mL)

(0] (0]
was vacuum transferred in. N&OTf (96 L, 0.53 mmol) was added _@(‘R“e/’o 1. PPhg / CH,Cly —/,\?/\gé F
at room temperature, and the resulting blue solution was stirred for 30 7\ 0 oo ON" | ~F
) . . v 2. HF (aq) /4
min. Evaporation of the volatiles under reduced pressure left a blue Nl N Nl N
residue, to which was added Nal (370 mg, 2.50 mmol).CIKH(20 HfB\N O HzB‘NC)
mL) and CHCN (30 mL) were subsequently vacuum transferred into
the flask, and the resulting mixture was stirred for 3 days at room 2 )

temperature. Evaporation of the volatiles under reduced pressure left a

residue, which was taken up with toluene. The toluene-soluble products S . ) .

were purified by column chromatography (three times) on silica gel ~ One fluoride ligand ir2 can be removed with MSIOTf to
with toluene as the eluent, affording Tp*Re(O)(F)I (50 mg, 16%) as Yield Tp*Re(O)F(OTf) @; eq 3). The analogous reaction with
yellow crystals.*H NMR (CDCl): ¢ 6.16, 6.01, 5.72 (each s, 1H, 1 also selectively removes fluoride over chloride, giving the
pz), 3.19, 2.77, 2.72, 2.61, 2.45, 2.25 (each s, 3H, PE).NMR known Tp*Re(O)CI(OTf}! (eq 4). Treatment a2 with MesSil

(CDCly): 6 44.03. IR: 2554g), 1544, 1308, 1195, 1072, 974=to), gives low yields of the fluoreriodide complex Tp*Re(O)(F)I
908, 862, 815, 790, 687. EIMSm/z = 646 (M"). Anal. Calcd for

CisH2:BFINgORe: C, 27.92; H, 3.44; N, 13.02. Found: C, 28.27; H,

353 N 12.91 (13) (a) Paulo, A.; Domingos, AMargalo, J.; de Matos, A. P.; Santos, I.
e T Inorg. Chem.1995 34, 2113-2120. (b) Herrmann, W. A.; Serrano,
{[H(F)Bpz]Re(O)} 2(u-pz)(u-O) (5). TPRe(O)b (315 mg, 0.538 R.; Kusthardt, U.; Ziegler, M. L.; Guggolz, E.; Zahn, Angew. Chem.,
mmol) and NaF (502 mg, 7.21 mmol, 13.4 equiv) were refluxed in Int. Ed. Engl.1984 23, 515-518. (c) Gable, K. P.; Juliette, J. J. J.;

acetonitrile (200 mL) in air. After 19 days the solvent was removed, Li, C. B.; Nolan, S. POrganometallics1996 15, 5250-1.



Fluoride Reactions of TpRe Complexes

Table 1. Crystallographic Data for
{[H(F)Bpz]Re(O} (u-pz)(1-O) (5)

C18H20B2N1203Re; fw, 884.5
a=19.103(4) A space groufgc
b=10.482(2) A T=-90°C
c=14.240(3) A 2 =0.71073 A

p =114.82(3) Pealcd= 2.265 g cm®
1 =9.41cm? R(Fo)2 = 3.73%
V=2588.1(13) & Ru(Fo)? = 4.73%
Z=4 GOF=1.20

AR = J||Fol — [Fell/ZIFol. ® Ry = [SW(IFo| — IFcl)?Zw [FolY2

(4), which is better prepared by substitution of the triflate ligand
in 3 with Nal (eq 5).

_/—( o
Dy IN_F

Me3SiOTf Iy U F
ReZ 3 N ReZ
— F _ . _
Na‘/N r'\l 0{N ll\l OTf
H'B\Ng/ w2 NO
2 3 3)
0 J—/ 0
—/Oﬂ/ 111_ClI Me;SiOTf Q \FIKH/CI
|e‘OTf

@
—/G:K\III,F N J@/ |(|)|/F
~Rel al ~Re__
ARl ¢ [
7z CH4CN/CH,Cly NO‘/ r|\1
BN’ -\
» N>Q\]/ +BNO
3 4 (5

Dihalide complexesdl, 2, and 4 were purified by column
chromatography on silica gel followed by recrystallization. The
solubility of the fluoride complexe$ and2 is much lower than
that of other Tp*Re(O)(X)CIl complexes with X CI, Br, I.
Complex2is not soluble in hexane, benzene, or{CMN and is
only slightly soluble in CHCI, and CHC}. All of the halide
complexes are air-stable and thermally stable. The flaoro
triflate 3 is slightly air-sensitive as a solid and is more soluble
in CH,Cl, and CHC}. 'H NMR spectra ofl, 3, and4 show
three inequivalent pyrazolyl groups, whiteshows a 2:1 ratio
of pyrazolyls, consistent with it<Cs symmetry. The B-H
stretching mode appears at about 2560~trm all four
compounds, consistent with«d-coordination modé?#

In contrast to the straightforward preparations of-efaoride
complexes with the Tp* ligand, all efforts to prepare exo

fluorides with the parent Tp ligand have been unsuccessful.

While TpRe(O)C} is easily prepared from KRe©OKTp, and
aqueous HCY no fluorides are obtained from related reactions
using HF. TpRe(O)(OR)CI and TpRe(O)(QRjre converted
in high yield to TpRe(O)CGlusing aqueous HCI (analogous to

(14) (a) Akita, M.; Ohta, K.; Takahashi, Y.; Hikichi, S.; Moro-oka, Y.
Organometallics1997, 16, 4121. See also: (b) Burns, I. D.; Hill, A.
F.; White, A. J. P.; Wiliams, D. J.; Wilton-Ely, J. D. E. T.
Organometallics1998 17, 1552-1557. (c) Northcutt, T. O.; Lachi-
cotte, R. J.; Jones, W. ODrganometallics1998 17, 5148-5152.

(15) (a) Abrams, M. J.; Davison, A.; Jones, A.IBorg. Chim. Actal984
82, 125. (b) Brown, S. N.; Mayer, J. Mnorg. Chem1992 31, 4091~
4100.
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Figure 1. ORTEP drawing of the X-ray structure §fH(F)Bpz]Re-
(O} 2u-pz)o(ue-O) (5).

eq 1 above¥? but reactions of 47% aqueous HF with TpRe-
(O)(OEty, TpRe(0)(OMe) TpRe(0)(CPr), and TpRe(O)-
(OEY)CI result in decomposition of the rhenium species to
unidentified products. There is no reaction between 47% HF
and the rhenium alkyl compounds TpRe(O)(Et)Cl and TpRe-
(O)(EY)I in acetone. Similarly, no reaction was observed on
treating TpRe(O)(OEt)with benzoyl fluoride, PhC(O)F. Sub-
stitution of triflate in Tp-rhenium-triflate complexes by various
fluoride sources was not successful, though such reactions are
facile with other halides§.

Halide metathesis is readily accomplished by refluxing TpRe-
(O)Cl, and excess NaBr or Nal in acetonitrife However,
reactions of TpRe(O)Glwith NaF or AgF did not give
significant characterizable or chromatographable products. Re-
fluxing the diiodide TpRe(O} with an excess of NaF in
acetonitrile in the air for 19 days gave a pyrazolyl- and oxo-
bridged rhenium dimer, [H(F)Bpz]Re(O} 2»(u-pz)(«-O) (5),
in 17% yield (eq 6). Starting material was recovered in 41%
yield, so the yield of5 is 29% based on consumed TpReOl
Reacting TpReQlwith NaF in the absence of air did not form
5, but produced two unidentified products. Partial decomposition
was observed on refluxing pure TpRe(©h acetonitrile for
10 days.

%)

Nl

N, N:Re\l + NaF (xs)
( | CH4,CN
I

B, N
@)

5 (6)

Compound5 crystallized as long, dark blue rhombohedral
crystals, and its structure was solved by X-ray diffraction (Figure
1). Crystallographic details are presented in Table 1, and a
selection of bond distances and angles are given in Table 2.
The molecule has a rough “C” shape with pseudo- (noncrys-

(16) Brown, S. N.; Myers, A. W.; Fulton, J. R.; Mayer, J. Rrganome-
tallics 1998 17, 3364-3374.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for
{[H(F)Bpz]Re(O} (u-pz)(1-O) (5)

Re(1)-0(2) 1.654(12) Re(HO(1) 1.925(11)
Re(1)-N(4) 2.113(15) Re(HN(9) 2.115(19)
Re(1)-N(5) 2.046(15) Re(1)N(8) 2.089(14)
Re(2)-0(3) 1.687(14) Re(230(1) 1.932(12)
Re(2)-N(3) 2.102(12) Re(2)N(10) 2.126(13)
Re(2)-N(2) 2.082(14) Re(2}N(11) 2.101(12)
B(1)—N(6) 1.517(26) B(1)N(7) 1.555(24)
O(2)-Re(1)-O(1)  166.2(7) O(2Re(1)-N(4)  90.4(6)
O(1)-Re(1-N(4)  80.6(5) O(2}Re(1)-N(9)  90.2(6)
O(1)-Re(1)-N(9)  78.9(5) N(4¥-Re(1)-N(9)  87.0(7)
O(2-Re(1)-N(5)  100.7(6) O(1}Re(1}-N(5)  90.0(5)
N@4)-Re(1-N(B)  91.2(6) N(9F-Re(1)-N(5) 168.9(6)
O(2)-Re(1)-N(8)  100.2(6) O(1)}Re(1)-N(8)  88.4(5)
N(@4)-Re(1-N(8)  169.0(5) N(9y-Re(1}-N(8)  89.8(7)
N(G)-Re(1)-N(8)  90.0(6) O(3)-Re(2-O(1) 166.8(5)
Re(1;-O(1)-Re(2) 124.2(7) N(6}B(1)-N(7)  110.8(16)

tallographic)C,, symmetry. Each of the two rhenium centers
has a coordination geometry typical of rhenium(V) oxo com-
plexes!”18with short Re-O multiple bond distances and=©
Re—N(pz) angles larger than 90The triply bridged structure
of 5is unusual and leads to an acute-R&-Re bond angle of
124.2(7). O=Re—0O—Re=0 dimers are most often linear at
the bridging oxygenr/?although there are some examples of
di-u-oxo compounds with fairly acute angl&sAs expected,
the Re-O distances to the bridging oxygen, 1.925(11) and
1.932(12) A, are much longer than the multiple-bond distances
of 1.654(12) and 1.687(14) A.

The most interesting feature bBfis that one pyrazolyl group
of each Tp ligand has been replaced with fluoride, formitg
(H)(F)B(pz)~ ligands. This (or a similar reaction) is likely the
source of the bridging pyrazolyl ligands. The fluorine and
hydrogen atoms are disordered in the structure, with the fluorine
atoms either syn or anti with respect to the nearby terminal oxo
ligand. The structure was solved by placing a fluorine at half
occupancy in each of the four possible positions; for clarity,
the figure shows only one of the two possible fluorine positions
at each boron (the syn-anti isomer is drawn). The average B
bond distance irb is 1.32(3) A, consistent with the average
bond length of 1.365(5) A in B(u-pz),BF..2!

The FAB mass spectrum &fshows a cluster atVz = 883
corresponding to (M- 1)* for the dinuclear complex. The-BH
stretch in the IR spectrum occurs at 2425 ¢pabout 100 cm?

(17) (a) Rouschias, GChem. Re. 1974 74, 531-566. (b) Conner, K. A.;
Walton, R. A. Rhenium. IlComprehensie Coordination Chemistry
Wilkinson, G., Ed.; Pergamon: New York, 1987; Vol. 4, pp 125
213.

(18) (a) Nugent, W. A.; Mayer, J. MMetal-Ligand Multiple Bonds
Wiley: New York, 1988. (b) Mayer, J. Minorg. Chem.1988 27,
3899-3903. R

(19) For examples: (a) Paulo, A.; Domingos, Santos, lInorg. Chem.
1996 35, 1798-1807. (b) Pillai, M. R. A.; Barnes, C. L.; Schlemper,
E. O. Polyhedron1994 13, 701-708. (c) Backes-Dahmann, G.;
Enemark, J. Hlnorg. Chem.1987, 26, 3960-3962. (d) Bartley, S.
L.; Dunbar, K. R.; Shih, K.-Y.; Fanwick, P. E.; Walton, R. korg.
Chem.1993 32, 1341-9. (e) Casey, A. T.; Mackey, D. J.; Martin, R.
L.; White, A. H. Aust. J. Chem1972 25, 477-492. (f) Middleton,
A. R.; Masters, A. F.; Wilkinson, GJ. Chem. Soc., Dalton Trans.
1979 542-546.

(20) See, for instance, refs 17 and the following: (a) Herrmann, W. A.;
Serrano, R.; Ketherdt, U.; Guggolz, E.; Nuber, B.; Ziegler, M. L.
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lower than is typical fork3-Tp complexes such as TpRe-
(0)X(Y).5810-12 | ower v(BH) values typically indicate lower
Tp hapticity}* but the influence of the fluorine is hard to
anticipate.

The 'H NMR spectrum of5 shows nine resonances: three
triplets, four doublets, and two broadened triplets. These are
assigned to the three different types of pyrazolyl groups: three
resonances fosynB(H)F(pz)~ ligands, three slightly shifted
peaks for B(H)F(pz) ligands with the anti orientation, and
three resonances for the bridging pyrazolyild.NMR spectra
of pyrazolyls are almost invariably doublet/triplet/doublet pat-
terns, but in one of these sets there are broad triplets instead of
doublets (the coupling patterns were confirmed by a COSY
spectrum). The triplets are apparently a result of long-range
coupling to fluorine Jrn = 2 Hz) although this coupling was
not observed in th&F NMR spectrum. Thé°F NMR spectrum
shows two upfield resonances (-84.3, —122.3 in CDC},
referenced to external GEOOH), assigned as syn and anti
fluorines. The spectra can be interpreted assuming3hista
single isomer in which one fluorine is syn and the other is anti
(as drawn in Figure 1). But the NMR and X-ray data are also
consistent with5 being a roughly statistical mixture of three
isomers-syn-anti, syn-syn, and anti-anf it is assumed that
the chemical shifts of half of the molecule are not influenced
by the orientation of the distant B(H)F(pz)ligand.

The upfield 1°F signals in5 are quite distant from the
downfield peaks observed for the Tp* rhenium fluoridé@ 86—

50). The pattern of pyrazolyl triplets and doublets in fie
NMR spectrum ob is different from what is normally seen for
TpRe(0O)X(Y) compounds. Similar upfield fluorine resonances
and unusual triplet/doublet patterns were often observed in the
products of other fluorination attempts, suggesting the formation
of similar products.

Conclusions

It is straightforward to introduce fluoride ligand(s) into
rhenium-oxo complexes with hydrotris(3,5-dimethyl-1-pyra-
zolyl)borate (Tp*) ligands, and the resulting complexes are quite
stable. In contrast, we have been unable to prepare rhenium
oxo—fluoride complexes with the less sterically demanding
hydrotris(pyrazolyl)borate (Tp) ligand. Refluxing TpRe(£ghd
NaF in acetonitrile yields an unusual dinuclear derivative in
which fluoride has substituted for pyrazolyl to giv&(H)(F)B-
(pz)~ ligands. Fluorination of the boron of the Tp ligand was
unexpected, but should not be surprising given the strength of
B—F bonds. Pyrazolyl displacement reactions may be inhibited
for the Tp* compounds by the increased steric bulk of the 3,5-
dimethylpyrazolyl groups. The environment about the boron is
quite crowded when there are substituents in the 5-position.
Our results are consistent with the report by idlat al. that
HB(3-Ph-pz)~ is decomposed by fluoride but 5-methyl deriva-
tives, HB(3-R, 5-Me-pz), are more robust.
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