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Neutral trans-Dioxorhenium(V) Complexes with the Anionic Tetrakis(pyrazolyl)borate
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Reduction of [Re@{73-B(pz)s}] (1) with PPh in the presence of mono- or bidentatelonor ligands (pyridines,
imidazoles, or diphosphines) is a very convenient method for the synthesis of the neutral dioxorhenium(V)
complexes: trans-[ReOx{ 7%-B(pz)} (L)2] (L = py (3), 4-Mepy @), 4-NMexpy (5), 1-Melmz @)) and trans-
[ReOA1%-B(pz)s} (P P)] (P P = dmpe {7), dppe B)). In the presence of pyridine or dimethylphosphinoethane,
the analogous [RefDn3-HB(pz)s}] is also reduced by PRHo trans[ReOf 7?-HB(pz)s} (py)2] (9) and trans
[ReOf n?-HB(pz)s} (dmpe)] @0), respectively. In contrast, the reaction of [R€1Y)4]Cl with K[B(pz)4] leads to

a mixture of species from which were identified the neutral mono-oxo complexes fR&00)(«-O)B(pz)} -
(pz)(pzHY] (12) and [Req (%-N,0)(u-O)B(pz)} Cl(py)] (12). Complexes8—12 were characterized by different
techniques, namely, IRH/P{*H} NMR spectroscopies and X-ray crystallographic analy5jslQ, and 11).
Compoundb crystallizes from dichlorometharmmehexane as orange crystals containing 3 molecules of solvated
CH,Cl, (crystal data: triclinic space groupl, with cell parameters = 10.907(2) A,b = 11.113(1) Ac =
16.922(2) Ao = 97.91(1Y, f = 102.37(1), y = 94.21(1}, V= 1973(1) B, Z = 2). CompoundLO crystallizes

from dichloromethan@‘hexane as yellowish crystals containing one molecule of pzH (crystal data: orthorhombic
space grouPnma with cell parametera = 18.422(2) Ab = 11.850(1) Ac = 11.434(1) Ao =B =y = 9C°,

V = 2496.1(4) B, Z = 4). CompoundL1 crystallizes from dichlorometharmehexane in the monoclinic space
group P2y/n, with cell parameters = 10.890(1) Ab = 15.162(1) A,c = 14.137(2) A8 = 102.07(1}, V =
2282.6(4) B,z = 4.

Introduction above. We have shoWithat reduction ofL with PPh leads to
There has been a renewed interest in the nature and chemicalhe dimer [ReQ¢-O){77*-B(pz)}]2 (2). To get a better insight
behavior of organorhenium oxides because of their potential of the chemical behavior df, we decided to study its reduction
relevance to many catalytic oxidation processes and to oxygenwith PPh in the presence of neutrab-donor substrates
atom transfer between substratésThe chemistry developed  (pyridines, imidazoles, and diphosphines).
for (MesCs)ReQ; and (Me)ReQ is clearly an example of this In this work, we describe the synthesis and characterization
interest, and some of the results found for these organometallicof the neutratrans[ReOx 72-B(pz)} (L)2] (L = pyridine @),
oxides are clearly an indication of the importance of the 4-methylpyridine 4), 4-(dimethylamino)pyridineX), 1-meth-
electronic and coordinative saturation of the metal cehtér. ylimidazole 6)) and trans[ReOz{nZ-B(pz)zl}(PﬁP)] PP=
In previous work we have described several rhenium oxo dimethylphosphinoethane7)( diphenylphosphinoethane)j,
complexes stabilized by tetrakis(pyrazolyl)borate, particularly which have been obtained by reduction of [R€65-B(pz)s}]
the trioxide [ReQ{#3-B(pz)}] (1) which can be considered an  with PPh in the presence of the respective neutral substrates.
inorganic congener of the organometallic oxides mentioned To compare the behavior of the ligands [B@z)and [HB(pz)] ~,
we also studied the reduction of [Re@3-HB(pz)s}]° with

(1) (@ Roma, C. C.; Kihn, F. E.; Herrmann W. AChem. Re. 1997 PPh in the presence of py or dmpe and the complexes isolated,
97, 3197. (b) Rorfia, C. C. InEncyclopedia of Inorganic Chemisry trans[ReO 2—HB( 2%} (Ey)] (9) and trans[ReOx 2_HB-
King, R. B., Eds.; Wiley & Sons: New York, 1994; Vol. 6, p 3437. U PZ)s (PY)2 . NS{ReLnn
(2) Herrmann W. A.; Ktin, F. E.Acc. Chem. Re€997, 30, 169. (pz)s} (dmpe)] @0), are also described in this report. The
(3) Herrmann, W. AJ. Organomet. Cherio86 300, 111. synthesis and characterization of [Rg®N,0)(u-O)B(pz)}-

4) H , W. A.; Herdtweck, E.; Floel, M.; Kulpe, J.; Kusthardt, U.;
e o s ooa g ot M- Kulpe, J. Kusthardt, Us; 57) 07y (11) and [ReQ (72N, O)(u-O)B(pz)} Cl(py)] (12,

(5) (a) Herrmann, W. A.; Serrano, R.; Kusthardt, U.; Guggolz, E.; Nuber, which were obtained when we tried to prepare dioxo complexes
5\}; ileglﬁr,bM-J- Ogginolgﬂethhgnieiafﬁa Zgg}v?ﬁg- Ffb& F:elf][manhn, by reacting [Re@(py)4]Cl with the potassium salt of the tetrakis-
. A Felixoerger, J. K.; Kuchler, J. G.; Rer ecK,L.Naturforscn.
199Q 458, 876. (pyrazolyl)borate, are also presented.
(6) (a) Takacs, J.; Kiprof, P.; Ried, J.; Herrmann, W Gkganometallics Compounds3—10 are rare examples of neutrdtans-

199Q 9, 783. (b) Herrmann, W. A.; Roesky, P. W.; Wang, M.; Scherer, 4; ; ; ;
W, Organometallics1994 13, 4531, dioxorhenium(V) complexes and have been obtained by a quite

(7) Herrmann, W. AJ. Organomet. Chen1995 500, 149. unusual synthetic process. For Re(V), as well as for other

(8) Domingos, A.; Maralo, J.; Paulo, A.; Pires de Matos, A.; Santos, I.  transition metals with & electronic configuration, the trans

© gg&?d Cp\h_egolnﬁ%gsz 21'1|\£/1l.aa10 1 Pires de Matos. A+ Santos. |, &rrangement of the ©Re=0 unit is by far the most common
Inorg. Chem 1995 34 2113. o ' and stablé!'2 However, even being the most common, most

(10) Degnan, I. A.; Behm, J.; Cook, M. R.; Herrmann, W.lAorg. Chem of the describedransdioxo Re(V) complexes are chargé&d,

(11) %2)9 ]l;/li3nog’]ozslsgl. M. P.J. Organomet. Cheml979 179, C29. (b) and to the best of our knowledgeans[ReOy(CH,CMes)(pY)s]
Jorgensen, K. A.; Hoffmann, R. Am. Chem. S0d986 108 1867. andtrans[ReQzI(PMezPh)g] are the only known examples of
(c) Veldkamp, A.; Frenking, GJ. Am. Chem. S0d994 116, 4937. neutraltrans-dioxo complexed?
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Experimental Section giving a yellow-orange microcrystalline product formulated3a®5
General ProceduresThe reactions were carried out under a nitrogen Mg, 0.74 mmol, yield= 74%).

atmosphere using standard Schlenk techniques or dry gloveboxes. Anal. Calcd for GoH2.BN1gOoRe: C, 40.3; H, 3.4; N, 21.4. Found:
Solvents were dried, degassed, and distilled prior to use according toC, 40.4; H, 3.4; N, 21.6. UVVis (CH,Cl,), Ama{nM) (€, L mol~t cmY):
described procedures. The compounds [Re®B(pz)}] (1),2 [ReO- 416 (0.9x 10°), 301 (3.0x 10°%), 246 (1.1x 10%. 'H NMR (300
(u-OXn*B(pz)}]2 (2),° [ReOs >-HB(pz)}],"* and [ReQ(py)dCI* MHz, CDCl, 25°C, 6 (ppm)): 6.23 (2H, tr3J = 1.5 Hz, H(4),p2),
were prepared as described previously. Pyridine and 4-methylpyridine .28 (2H, tr,3) = 2.3 Hz, H(4),p2), 6.76 (2H, d, H(3/5)3] = 1.8 Hz,
were distilled and kept ovet A molecular sieves several days prior to p2), 7.10 (2H, br, H(3/5)p2), 7.25 (2H, br, H(3/5)p2), 7.35 (4H, m,

use. Triphenylphosphine was recrystallized from ethanol before use.33 = 6.4 Hz, m-py), 7.66 (2H, m3J = 7.6 Hz, p-py), 7.73 (2H, br,
The other chemicals were used as purchased. H(3/5), p2), 9.28 (4H, d 2] = 5.7 Hz,0-py).

'H and®'P{'H} NMR spectra were recorded on a Varian Unity 300 s : 2
) - A . . ynthesis oftrans-[ReOx{ 7?-B(pz)4} (4-Mepy),] (4). 4 was prepared
MTZ spectrometerfH clhe_mlcal shifts werhe Ire_flerencedd\!\l(sl;h tne rgsndlual and purified as described above SiStarting with 100 mg (0.19 mmol)
solvent resonance relative to tetramethyisilane, and™fehemica of 1, 90 mg (0.14 mmol, yielé= 70%) of4 was obtained as a yellow-
shifts were measured with external 85%P, solution as reference. : } )
) I . orange microcrystalline solid.
CDCl; was dried and distilled prior to use. IR spectra were recorded ) ] ] )
as KBr pellets on a Perkin-Elmer 577 spectrometer. The IR spectra of _ Anal- Caled for GiHaeBN1O.Re: C, 42.2; H, 3.8; N, 20.5. Found:
C,41.8;H, 3.7; N, 20.1. UVvis (CHCLp), Zma{nm) (€, L mol~t cm™):

all the compounds show bands for the tetrakis(pyrazolyl)boizte ( h
8)? and for the hydrotris(pyrazolyl)borate (and 10),25 which are 409 (1.3x 10°), 340 (9.4x 10°), 257 (1.6 x 10%). *H NMR (300

relatively constant. In these spectra were also observed the bands dudMHz, CDCh, 25°C, 6 (ppm)): 2.53 (6H, s, €ls), 6.23 (2H, tr,°] =

to the respective coligand<10). Absorption electronic spectrawere 1.7 Hz, H(4),p2), 6.27 (2H, tr,°] = 2.4 Hz, H(4),p2), 6.75 (2H, d,

performed on a Cary 2390 Varian spectrophotometer. Carbon, hydrogen,H(3/5), ® = 2.4 Hz,p2), 7.12-7.17 (2+ 4H, m, H(3/5)pz, m-py),

and nitrogen analyses were performed on a Perkin-Elmer automatic 7-21 (2H, br, H(3/5)p2), 7.73 (2H, d*J = 1.5 Hz, H(3/5).,p2), 9.09

analyzer. The FTICR mass spectra were obtained with an Extrel FTMS (4H, d, %) = 6.3 Hz, 0-py).

2001-DT as previously describ&d-AB mass spectra were performed Synthesis oftrans-[ReOx{7?-B(pz)a} (4-NMezpy)2] (5). To a sus-

on a Carlo Erba Instruments Auto/HRGC/Trio 2000 MS spectrometer. pension ofL (100 mg, 0.19 mmol) in 15 mL of THF was added 4-NiMe
Synthesis oftrans-[ReOA{ 72-B(pz)4} (py)-] (3)- To a suspension of py (~0.38 mmol), followed by dropwise addition of 50 mg (0.19 mmol)

1 (200 mg, 0.19 mmol) in 15 mL of THF was added an excess of of PPhdissolved in 10 mL of THF. After the addition was completed,

pyridine (&80 mg,~1 mmol), followed by dropwise addition of 50  the mixture was stirred for 1 h. The crude product obtained after

mg (0.19 mmol) of PPhdissolved in 10 mL of THF. Immediatly, a  evaporation of the solvent was purified by recrystallization from

yellow-orange solution appeared. After the addition was completed, dichloromethan@thexane, yielding an orange crystalline solid formu-

the mixture was stirred fol h atroom temperature, and the solution  |ated as5 (90 mg, 0.12 mmol, yield= 62%).

was evaporated to dryness, yielding a yellow-orange solid. This solid

was washed with diethyl ether, to remove=-BPh, and vacuum-dried,

(12) (a) Demachy, I.; Jean, Wew J. Chem1995 19, 763. (b) Demachy,
I.; Jean, Y.Inorg. Chem 1996 35, 5027.

(13) (a) Murmann, R. K.; Schlemper, E. @org. Chem 1971, 10, 352.
(b) Calvo, C.; Krishnamachari, N.; Lock, C. J.L.Cryst. Mol. Struct
1971 1, 161. (c) Glowiak, T.; Lis, T.; Jezowska-Trzebiatowska, B.
Bull. Acad. Pol. Sci. Ser. Sci. Chim972 20, 957. (d) Lock, C. J. L.;
Turner, G Acta Crystallogr1978 B34, 923. (e) Johnson, J. W.; Brody,
J. F.; Ansell, G. B.; Zentz, Slnorg. Chem 1984 23, 2415. (f)
Edwards, P. G.; Skapski, A. C.; Slawin, A. M. Z.; Wilkinson, G.
Polyhedron1984 3, 1083. (g) Fackler, P. H.; Lindsay, M. J.; Clarke,
M. J.; Kastner, M. Elnorg. Chim. Actal985 109 39. (h) Blake, A.
J.; Greig, J. A.; Schroder, M. Chem. Soc., Dalton Trans988 2645.

(i) Luna, S. A.; Bolzati, C.; Duatti, A.; Zucchini, G. L.; Bandoli, G.;
Refosco, F.Inorg. Chem 1992 31, 2595. (j) Lebuis, A. M.;
Beauchamp, A. LCan. J. Chem1993 71, 2060. () Wang, Yu-Pey;
Che, Chi-Ming; Wong, K.-Y.; Peng, S.-Mnorg. Chem 1993 32,
5827. (m) Belanger, S.; Beauchamp, A.lborg. Chem 1996 35,
7836. (n) Reddy, V. S.; Berning, D. E.; Katti, K. V.; Barnes, C. L.;
Volkert, W. A.; Ketring, A. R.Inorg. Chem 1996 35, 1753. (0)
Bolzati, C.; Tisato, F.; Refosco, F.; Bandoli, G.; Dolmella,lAorg.
Chem 1996 35, 6221. (p) Berning, D. E.; Katti, K. V.; Barbour, L.
J.; Volkert, W. A.Inorg. Chem 1998 37, 334.

(14) (a) Schmid, S.; Sthée, J.Z. Kristallogr. 1991, 196, 243. (b) Shiang,
C.; Hoffman, D. M.; Wierda, D. AOrganometallics1996 15, 1023.

(15) Ram, M. S.; Hupp, J. Tinorg. Chem 1991, 30, 130.

(16) Fair, C. K.MOLEN Enraf-Nonius: Delft, The Netherlands, 1990.
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Structure University of Gdtingen: Germany, 1986.

(18) Sheldrick, G. MSHELXL-93: Program for the Refinement of Crystal
Structure University of Gdtingen: Germany, 1993.

(19) Johnson, C. K. ORTEP I, Report ORNL-5138; Oak Ridge National

Laboratory: Oak Ridge, TN, 1976.
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M. Fernanda N. N.; Pombeiro, Anorg. Chem 1994 33, 4729.
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(22) (a) Abrams, M. J.; Davison, A.; Jones, A.IBorg. Chim. Actal984
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Anal. Calcd for GgH3zBN1,O.Re: C, 42.1; H, 4.3; N, 22.7. Found:
C,41.1;H, 4.2; N, 22.0. UMvVis (CHCLp), zma{nm) (€, L mol~t cm™):
418 (0.7x 10°), 320 (1.3x 10%), 260 (2.4x 10%).2H NMR (300 MHz,
CDCl;, 25 °C, 6 (ppm)): 3.03 (12H, s, NCHjg), 6.20 (2H, tr,3) =
1.8 Hz, H(4),p2), 6.25 (2H, tr3J = 2.1 Hz, H(4),p2), 6.44 (4H, d3J
= 7.5 Hz,mpy), 6.74 (2H, d, H(3/5)%] = 2.1 Hz,p2), 7.20 (2H, d,
3) = 2.4 Hz, H(3/5),p2), 7.23 (2H, br, H(3/5)p2), 7.71 (2H, d2J =
1.5 Hz, H(3/5),p2), 8.70 (4H, d,3J = 7.2 Hz,0-py).

Synthesis oftrans-[ReOA{ n?-B(pz)s} (1-Melmz),] (6). Compound
6 was prepared and purified as described above3fand4. Starting
with 100 mg of1, an orange microcrystalline solid formulated &s
(90 mg, 0.14 mmol, yield= 70%) was obtained.

Anal. Calcd for GoH24BN1:0.Re: C, 36.3; H, 3.7; N, 25.4. Found:
C, 36.3; H, 3.5; N, 24.7. UV Vis (CH,Cly), Ama{nm) (€, L mol~t cm™):
415 (1.4x 10°), 250 (2.4x 107, 224 (3.1x 10%). 'H NMR (300
MHz, CDCk, 25°C, 6 (ppm)): 3.68 (6H, s, N-CH3), 6.18 (2H, tr2J
= 1.8 Hz, H(4),p2), 6.25 (2H, tr,3) = 2.1 Hz, H(4),p2), 6.73 (2H, d,
H(3/5),3) = 2.4 Hz,p2), 6.87 (2H, tr3] = 1.2 Hz, H(4/5), 1-Melmz),
7.20 (2H, d2J = 2.1 Hz, H(3/5),p2), 7.30 (2H, d.3J = 1.8 Hz, H(3/
5), p2), 7.55 (2H, tr3) = 1.2 Hz, H(4/5), 1-Melmz), 7.69 (2H, &) =
1.2 Hz, H(3/5),p2), 7.94 (2H, br, H(3), 1-Melmz).

Synthesis oftrans-[ReOx{ 7%-B(pz)s} (dmpe)] (7). To a suspension
of 1 (0.19 mmol) in THF was added dropwise a solution of dmpe (30
mg, 0.2 mmol) and PRR50 mg, 0.19 mmol) in THF. The reaction,
which occurred almost immediately, gave, after stirring for 1 h, a pale
yellow solution. The removal of the solvent under vacuum, followed
by washing with diethyl ether of the residue, gave compour(@5
mg, 0.15 mmol), as a pale yellow microcrystalline solid in ap-
proximately 75% vyield.

Anal. Calcd for GgH2BNgO.P.Re: C, 33.4; H, 4.3; N, 17.3.
Found: C, 33.6; H, 4.3; N, 17.0. UWis (CH,Cl,), Ama{nm) (€, L
mol1 cm™%): 352 (0.3x 10%), 274 (4.8x 10%), 226 (2.1x 10%. *H
NMR (300 MHz, CDC}, 25°C, 6 (ppm)): 1.73 (12H, d?Jp-y = 9.6
Hz, P-CHa), 1.96 (4H, d2Jp 4 = 12.3 Hz, P-CHy), 6.13 (2H, tr,3J
= 1.5 Hz, H(4),p2), 6.39 (2H, tr,2J = 2.4 Hz, H(4),p2), 6.67 (2H, d,
H(3/5), 3] = 2.4 Hz,p2), 7.16 (2H, d 3] = 2.4 Hz, H(3/5),p2), 7.65
(2H, br, H(3/5),p2), 7.97 (2H, br, H(3/5)p2). 3P NMR (CDCk, 25
°C, 0 (ppm)): 7.99.



trans-Dioxorhenium(V) Complexes

Synthesis oftrans-[ReOx{ 7?-B(pz)4} (dppe)] (8). This compound
was prepared as described above TorAnalytically pure8 can be
isolated as a pale yellow microcrystalline solid. Yield: 120 mg (0.16
mmol, 83%).

Anal. Calcd for GgH3sBNgO.P,Re: C, 50.9; H, 4.0; N, 12.5.
Found: C, 50.7; H, 3.7; N, 12.9. UWis (CHCI,), Ama{nm) (€, L
mol~t cm™): 366 (1.0x 10°), 308 (3.7 x 1(%), 225 (2.7x 10%.H
NMR (300 MHz, CDC}, 25°C, 6 (ppm)): 2.67 (4H, d2Jp_y = 13.5
Hz, P-CH,), 6.08 (2H, tr,3) = 1.8 Hz, H(4),p2), 6.16 (2H, tr3) =
1.5 Hz, H(4),p2), 6.74 (2H, d, H(3/5)3] = 2.1 Hz,p2), 7.16 (2H, d,

3] = 2.4 Hz, H(3/5),p2), 7.34-7.43 (12H, mm+p-Ph), 7.60 (2H, d,
3] = 1.8 Hz, H(3/5),p2), 7.65-7.75 (2+8H, H(3/5)-pz,m + o-Ph).
3P NMR (CDCE, 25°C, 6 (ppm)):13.67.

Synthesis oftrans-[ReOx{ 7?-HB(pz)s} (py)2] (9). To a suspension
of [ReOs{73-HB(pz)}] in CH:Cl, (50 mg, 0.11 mmol) was added an
excess of pyridine£80 mg,~1 mmol) and 38 mg (0.12 mmol of
PPh) of a polymer-supported triphenylphosphine (2@®0 mesh, 3
mmol of PPR/g). The resulting suspension was stirred at room

Inorganic Chemistry, Vol. 37, No. 26, 1998809

Table 1. Crystallographic Data fo§, 10, and11

5 10 11
formula GeH3z:BN1:ORe CisHoeBNgO2P,  CigHo0BN12
3CH,Cl, RepzH O.Re
mol wt 996.42 649.45 633.47
cryst syst triclinic orthorhombic monoclinic
space group P1 Pnma Ri/n
a A 10.907(2) 18.422(2) 10.890(1)
b, A 11.113(1) 11.850(1) 15.162(1)
c, A 16.922(2) 11.434(1) 14.137(2)
a, deg 97.91(1) 90 90
B, deg 102.37(1) 90 102.07(1)
y, deg 94.21(1) 90 90
v, A3 1973(1) 2496.1(4) 2282.6(4)
A 2 4 4
Pealo g CNT3 1.677 1.728 1.843
R3¢ 0.0388 (0.0311)  0.0405 (0.0290) 0.0728 (0.0505)
WRPC 0.0787 (0.0721)  0.0673 (0.0594) 0.1802 (0.1274)

2Ry = 3 |IFol = [FlllYIFol. "WRe = [ (W(Fo* = F&))/ 3 (W(Fo))I] %

temperature for 2 days. After this time, the polymeric material was \y = 1/[¢%F2) + (aP)? + bP], whereP = (F,2 + 2 F)/3. ¢ The values
separated from the clear yellow-orange supernatant by filtration through in parentheses were calculated for data with 2a(1) only.

a G3 frit. Removal of dichloromethane under vacuum, followed by
washing withn-hexane, gives compour8ias a yellow-orange micro-

El (+): 634 (28) (M), 566 (50) (M— pzH), 498 (100) (M— 2pzH),

crystalline solid. Good elemental analysis could not be obtained because; 3¢ (50) (M— 2pzH — pz).

of the instability of9 when pyridine is not present. Its characterization
has been made by IR aftti NMR spectroscopies.

IR (cm™): 2455 w @(B—H)), 805 vs, br ¢(0O=Re=0)). 'H NMR
(300 MHz, CDC}, 25°C, 6 (ppm)): 6.31 (1H, tr3J = 1.5 Hz, H(4),
p2), 6.15 (2H, tr3) = 2.4 Hz, H(4),p2), 7.83 (1H, d3J = 1.8 Hz,p2),
7.80 (1H, d3J = 1.5 Hz,p2), 7.21 (2H, d3J = 2.1 Hz,p2), 7.11 (2H,

d, 3J = 1.8 Hz,p2), 9.42 (4H, d,2) = 7.5 Hz, 0-py), 7.64 (2H, m,
p-py), 7.40 (4H, m3J = 6.9 Hz, mpy).

Synthesis oftrans-[ReO{ #?-HB(pz)s} (dmpe)] (10). To a suspen-
sion of [ReQ{#n*-HB(pz)}] (86 mg, 0.19 mmol) in THF was added
dropwise a solution of dmpe (30 mg, 0.2 mmol) and PO mg,
0.19 mmol) in THF. The reaction, which occurred almost immediately,
gave after stirring for 1 h, an orange-yellow solution from which was
recovered a microcrystalline orange solid (80 mg, 0.14 mmol, yield
71%).

IR (cm™): 2426 m ¢(B—H)), 793 s {(O=Re=0)).'H NMR (300
MHz, CDC, 25 °C, 6 (ppm)): 6.31 (1H, tr3J = 1.8 Hz, H(4),p2),
6.25 (2H, tr,3) = 2.1 Hz, H(4),p2), 7.88 (1H, d3J = 2.1 Hz,p2), 7.86
(2H, br,p2), 7.83 (1H, brp2), 7.17 (2H, br,p2), 1.99-2.06 (2+ 2H,

m, P—CHz), 1.86 (6H, d,.]pr =9.0 Hz, P—CH3), 1.75 (GH, d,]pr =
9.9 Hz, P-CHj). 3P NMR (300 MHz, CDC}, 25°C, 6 (ppm)): 6.06.

Syntheses of [Re@(n?-N,0)(u-0)B(pz)s} (pz)(pzH),] (11) and
[ReO{ (17%-N,0)(u-0)B(pz)s} Cl(py)2] (12). To a solution of [Re@py)4]-

Cl (420 mg, 0.8 mmol) in CkCl, was added K[B(pz} (250 mg, 0.8

Compound 12.Anal. Calcd for GgH1BCINgO,Re: C, 36.6; H, 3.1;
N, 18.0. Found: C, 36.9; H, 3.3; N, 18.4. IR (chx 3104 w, 2956 m,
1609 m, 1500 m, 1452 s, 1404 m, 1384 s, 1289 s, 1215 s, 1088 s,
1063 m, 1028 s, 927 9/(Re=0)), 914 s, 831 s, 809 s, 762 s, 757 s,
692 s, 622 m, 503 m, 341 nr(Re—Cl)). *H NMR (300 MHz, CDC},
25°C, 6 (ppm)): 5.98 (2H, tr2J = 1.8 Hz, H(4),uncoord p2, 6.50
(1H, tr,3) = 2.4 Hz, H(4),coord p3, 7.13 (2H, d3J = 2.4 Hz,uncoord
p2), 7.31 (2H,uncoord pz, 7.32 (4H, mm-py), 7.34 (1H, br,coord
p2), 7.61 (2H, mp-py), 7.71 (1H, d3J = 2.1 Hz,coord p3, 8.47 (4H,
m, 0-py). FAB mass spectrunm{z referenced to the species with-
Re,3°Cl, and!B; relative abundance in parentheses): 624 (100) (M),
557 (50) (M— pz), 478 (100) (M— pz — py), 399 (50) (M— pz —
2py).

X-ray Crystallographic Analysis. X-ray data were collected from
orange crystals db (0.50 x 0.42 x 0.36 mm) andL0 (0.40 x 0.32 x
0.22 mm) and from a violet crystal dfl (0.40 x 0.27 x 0.08 mm).
All these crystals were obtained by recrystallization from dichlo-
romethanei-hexane and mounted in thin-walled glass capillaries within
a nitrogen-filled glovebox. A crystal & was mounted in the presence
of the mother liquor to avoid crystal decomposition, probably due to
loss of solvent trapped in the lattice.

Data were collected at room temperature on an Enraf-Nonius CAD-4
diffractometer with graphite-monochromatized Ma Kadiation, using
an w—26 scan mode. Unit cell dimensions were obtained by least-

mmol) suspended in the same solvent. After overnight reaction, a yellow g4 ares refinement of the setting angles of 25 reflections with 7.5
green solution was obtained as well as a small amount of an insoluble 5y < 29 @ for 5. 16.6 < 26 < 29.7 for 10. and 16.2< 26 < 31.9
white solid. After centrifugation, the solution was concentrated and ¢5, 11 The crystal data are summarized in Table 1. The data were
transferred to a chromatography column charged with silica gel. Elution .qrrecteds for Lorentz-polarization effects, for linear decay, and also

with THF/CH,Cl, (10:90) gave a violet fraction, which was evaporated
to dryness, yielding a solid formulated &% Another fraction (blue)
was recovered using as eluent THFACH (30:70). After workup of

for absorption ¥ scans). The heavy atom positions were located by
Patterson methods using SHELXS-B6The remaining atoms were
located by successive least-squares refinemenk€ asing SHELXL-

this fraction, a blue microcrystalline solid was obtained and formulated g318The structural analysis &reveals three CHCl, solvent molecules

as 12. Compoundsll and 12 were obtained with approximately 10
and 5% vyield, respectively.

Compound 11.Anal. Calcd for GgH20BN12O-Re: C, 34.1; H, 3.2;
N, 26.5. Found: C, 33.8; H, 3.3; N, 25.9. IR (cHt 3406 m, br,
3119 m, 2960 w, 2920 w, 2848 w, 2510 m, b(N—H)), 1500 s, 1408

per asymmetric unit and, fdi0, one pyrazole crystallization molecule

per asymmetric unit. All the non-hydrogen atoms were refined
anisotropically. The contributions of the hydrogen atoms were included
in calculated positions, constrained to ride on their carbon atoms with
group Uis, values assigned. The final difference Fourier syntheses

S, 1387 s, 1345 m, 1290 s, 1262 s, 1214 s, 1184 w, 1152 s, 1095 S gyealed electron densities betwes®.96 and—0.71 e A3 for 5, +0.58

1067 s, 1028 s, 934 ¢(Re=0)), 813 s, 757 s, 669 w, 622 m, 498 m;
UV—vis (CH:Cly), Ama{nm): 520, 250, 225!H NMR (300 MHz,
CDClg, 25°C, 6 (ppm)): 5.94 (2H, tr3J = 2.4 Hz, H(4),uncoord py,
6.27 (2H, br, H(4)pzH), 6.37 (1H, tr,3J = 2.1 Hz,p2), 6.46 (1H, tr,

8 = 2.1 Hz,p2), 6.92 (2H, d3J = 2.2 Hz,uncoord p2, 7.10 (2H, br,
pzH), 7.15 (1H, défJ = 2.1, 0.6 Hz), 7.54 (2H, d&J = 0.6, 1.5 Hz,
uncoord py, 7.59 (1H, dd2J = 2.1, 0.6 Hz), 7.68 (1H, ddfJ = 2.1,
0.6 Hz), 7.75 (2H, dBJ = 2.4, 0.6 Hz,pzH), 7.98 (1H, dd3] = 2.1,
0.6 Hz), 18.61 (2H, br, g4). FTICR mass spectrunm{z referenced
to the species with®’Re and'!B; relative abundance in parentheses):

and—1.19 e A3 for 10, and 2.47 and-2.79 e A3 for 11, near the
rhenium atom. Atomic scattering factors and anomalous dispersion
terms were as in SHELXL-9% The drawings were made with
ORTEPII}® and all of the calculations were performed on a 3000 Dec
o computer (Table 1).
Results and Discussion

Syntheses of the Complexe#\s can be seen in Scheme 1,
the reduction of [Regf#3-B(pz)s}] (1) by PPh in the presence
of different o-donor ligands allows the preparation wéns
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(7), dppe 8)) in very high yield.

As we described previoushy] is reduced by PPhyielding
[ReOu-O)X13-B(pz)a}]2 (2) in 60% vyield (Scheme 1). The Q
possibility of reacting the dime? with the neutral substrates N =N U o]
mentioned above, in order to prep&e8, was also evaluated.

[ReOu-O) 17°-B(pz)} ]2 reacts with 4-(dimethylamino)pyridine

) . S . o 0
almost immediatly under stoichiometric conditions, but the @
reaction with pyridine needs an excess of the substrate and is NN, H L OR
complete only after 2 h. Whil@ reacts fast with dmpe giving ON/'Te\OR 1
7 almost quantitatively, for dppe, the dimer conversion is not N/\ N
total, even after 4 days at room temperature. So, the use of dimer B~
2 is not an alternative to prepare thdsans-dioxo complexes N/ N@
because the kinetics of the cleavage2d$ strongly dependent O/

N

on the nucleophilicity of the substrates and the overall yield in
complexes3—8 is lower, compared to the method based in the
direct reduction ofl. Re complexes with the analogous [HB(§z)?% 25 We tried to
Compounds$3—8 are yellow or yellow-orange solids that are  see whether it was possible to stabilize dioxo complexes with
very soluble in halogenated hydrocarbon solvents, low to {7?HB(pz)s}, and we found thatrans[ReOy{#>HB(pz)s} -
moderately soluble in THF and toluene, and almost insoluble (py);] (9) andtrans[ReO{ 7?-HB(pz)s} (dmpe)] @0) are formed
in n-hexane. Compoundsand8 are thermally stable in solution, by reducing [Re@{#3-HB(pz)s}] with PPh in the presence of
but3—6 slowly decompose if the corresponding nitrogen-donor py or dmpe. However9 and 10 are more unstable than the
ligands are not present. This thermal instability makes it possible analogues with the tetrakis(pyrazolyl)borate. Compoighd
to prepare7 and8 by refluxing 3 in toluene in the presence of decomposes readily, even at room temperature, yielding [ReO-
equimolar amounts of dmpe or dppe, respectively. Another (u-O)Yr3-HB(pz)}]2° (see Experimental Section). Compound
interesting point is that and8 can be kept in alcoholic solutions 10 decomposes partially in solution with liberation of pzH, as
for several days, without any detectable decomposition. Com- shown by the X-ray structural analysis (vide infra).

(R=Me,Et)

pounds3—6 react readily with methanol or ethanol, yielding, Compounds3—10 represent rare examples of neutrains

almost quantitatively, the alkoxides [R€GF-B(pz)s} (OR)] (R dioxo Re(V) complexes, and to the best of our knowledges

= Me, Et) (eq 1 [ReOG,(CH,CMes)(py)s] and trans[ReGul(PMeyPh)] are the
These results and others previously descfélare clearly only examples previously describ&UAll of the other known

determined by the coordination versatility of the [B@@z)(1° transdioxo Re(V) complexes are charged, either anionically

= 52 ligand. So far, this versatility had not been observed for as [ReQ(CN)4°~ and [ReQ(PO)]~ (PO= (o-hydroxophenyl)-
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Scheme 2
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diphenylphosphine) or cationically as [Rg0)4]™ (L = pyri-
dine, substituted pyridines, imidazole, substituted imidazoles,
7-azaindole, (hydroxymethyl)phosphines, and cyclam) and
[ReOy(L-L),]" (L-L = ethylenodiamine}?

Attempts to prepargans[ReO{ ?-B(pz)} (py).] from trans
[ReOx(py)4]Cl and K[B(pz)] were made, but without success.
[ReOx(py)4]Cl reacts rather slowly with K[B(pz), yielding a
yellow-green mixture, after overnight reaction. From this
reaction mixture only the compounds [RE@?*-N,O)(u-O)B-
(pz)s} (pz)(pzHY] (11) and [ReQ (#*N,O)(u-0)B(pz)s} Cl(py)2]

(12) (Scheme 2) could be recovered, after purification by
chromatography, although in a very low yield. Compoutds
and12 are air stable, at least for short periods, but in solution,
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band appears in the IR spectrumidf centered at 2500 cr.
This value is very low and can be explained by theH--N
interaction found in the solid state and apparently maintained
in solution (see X-ray antH NMR). Similar effects have been
observed in other complexes with pyrazole and pyrazolide
ligands?”

The IH NMR spectra of thé¢rans-dioxo complexes present
a 2:2 3—8) or a 2:1 @ and10) pattern for the protons of the
pyrazolyl rings, which is indicative of the magnetic equivalence
of the two coordinated rings. I8—6 and9, the resonances due
to the coligands appear in the usual range, and the pattern
obtained indicates that in these compounds the two neutral
nitrogen-donor ligands are magnetically equivalent. Fo08,
and 10, only one resonance was observed in #e NMR
spectra, which is consistent with the magnetic equivalence of
the phosphorus atoms in each complex and with the equatorial
coordination of the diphosphine ligands. An interesting feature
of the 'TH NMR spectra of complexe3—8 is the presence of
two doublets of equal intensity which are abnormally highfield
shifted and which are due to H(3/5) protons of the uncoordinated
pyrazolyl rings. As we mentioned previouglythis is clearly
an indication that irB—8 the tetrakis(pyrazolyl)borate presents
a n?-coordination mode.

The'H NMR spectrum ofL1 presents two sets of resonances
of intensity 2:1 for the protons of they3-OB(pz)] ligand and
only one set of resonances of intensity 2 for the protons of the
pzH ligands. This pattern indicates magnetic equivalence of the
noncoordinated pyrazolyl rings of thegFOB(pz)] and also

12 decomposes more easily. Both compounds are soluble inmagnetic equivalence of the two coordinated pzH ligands. This
polar solvents and moderately soluble in toluene. The modifica- equivalence does not agree with the structure found in the solid
tion of the poly(pyrazolyl)borate arises from a nucleophilic state (vide infra), but can be explained assuming that in solution
attack to the boron atom, but it is not clear if this attack has there is free rotation of the noncoordinated pyrazolyl rings

been done by one of the oxo ligands or by some residual wateraround the B-N bond and also free rotation of the pzH and

coming from the starting materiadans[ReQy(py)4CI.1°
Spectroscopic Data.IR spectra of3—8 show the bands
characteristic of tetrakis(pyrazolyl)borate, but the antisymmetric
stretching bands;a{O=Re=0), which would be expected in
the range 758850 cnt,1314were not clearly assigned because
of the complexity of the [B(pz]~ ligand. For compound®
and10, the bands,{O—=Re=0) are easily assigned at 805 and
793 cn1l, respectively. These values compare with the frequen-
cies reported fortrans[ReO,(CH,.CMes)(py)s] (vadO=Re=
0): 800 cntl) andtrans[ReQul(PMePh)] (va{O=Re=0):
785 cnmr)4and are in the range wherg{O=Re=0) normally
appears in the cationicrans-dioxo complexes previously
described? In the IR spectra 08 and10, thev(B—H) stretching
bands appear at 2455 and 2426 @émrespectively. These

pz ligands around the ReN bond. These processes are fast
on the '™ NMR time scale and account for the magnetic
equivalence mentioned above and also for the presence of only
one broad resonance of intensity 2 due to the pmton, which
appears at a very low field (18.6 ppm). Fidtthere is no X-ray
structural analysis, but the spectroscopic data (IR, MS spectra,
andH NMR) suggest for this complex a structure analogous
to 11 and also an identical solution behavior (a 2:1 pattern for
the protons of §>-OB(pz)] and magnetic equivalence of the
pyridine ligands).

X-ray Crystallographic Studies. The complexes rans-
[ReOA ?-B(pz)s} (4-NMezpy)2]-3CH,Cl; (5) andtrans{ReO,-
{n?-HB(pz)s} (dmpe)}pzH (10) are monomeric with approxi-
mately octahedral coordination geometries. ORTEP views of

frequencies are red shifted compared with the values describedthe structures are shown in Figures 1 and 2, and selected bond

in the literature for other rhenium compounds witf?-HB-
(pz)]~ (2482-2532 ¢cn1?).10.22-25 Only a small number of Re
complexes with §2-HB(pz)]~ are described in this work, but
the red shift of thes(B—H) seems to agree with previous results
which pointed out the utility of these values as indicators of
the hapticity of hydrotris(pyrazolyl)boraté%in the IR spectra

of 11and12, the presence of strongRe=0) absorption bands
is the most significative feature (at 934 chfor 11and at 927
cm! for 12). A medium and very broad(N—H) stretching

(26) Akita, M.; Ohta, K.; Takahashi, Y.; Hikichi, S.; Moro-oka, Y.
Organometallics1997, 16, 4121.

(27) (a) Sullivan, B. P.; Slamon, D. J.; Meyer, T. J.; Peedimadrg. Chem.
1979 16, 3369. (b) Carmona, D.; Oro, L. A.; Lamata M. P.; Elguero,
J.; Apreda, M. C.; Foces-Foces, C.; Cano, FArdgew Chem., Int.
Ed. Engl. 1986 25, 1114. (c) Khan, M. M. T.; Roy, P. S.;
Venkatasubramanian K.; Khan, N. Hhorg. Chim. Actal99Q 176,
49.

distances and angles are listed in Tables 2 and 3, respectively.

The Re-O(1) and the ReO(2) bond distances (1.761(3),
1.756(3) A in5; 1.752(5), 1.773(5) A ill0) are comparable to
those found in neutral and catiorti@ns-dioxo complexed314
The O-Re—0 bond angles (173.1(2and 176.3(2) for 5 and
10, respectively) are comparable to the-Re—0O bond angle
of 174.5 found in trans[ReOy(py)4]Cl but are smaller and
larger than the values of 17180° and 165.9 found in the
cationic complexes antlans[ReO,(CH,CMes)(py)s], respec-
tively.1314 There is a slight difference between the two axial
Re=0 bond distances it0, probably because of the presence
of an interaction between the-NH of the solvated pzH and
the O(2) oxo group. The presence of this interaction is indicated
by the short distance N(pzH)O(2) (2.846 A).

The poly(pyrazolyl)borate ligands are bidentate with average
Re—N bond lengths of 2.111(4) and 2.191(3) A andRe—N
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Figure 1. ORTEP view oftrans[ReOy 2-B(pz):} (4-NMepy)] (5).
Vibrational ellipsoids are drawn at the 50% probability level.

Figure 2. ORTEP view oftrans[ReOy{#*HB(pz)} (dmpe)] (0).
Vibrational ellipsoids are drawn at the 50% probability level.

bond angles of 88.5(2)and 84.6(2) for 5 and 10, respectively.
The longer Re-N bond lengths and the smaller¥{Re—N bond
angles observed ih0, compared with those i, are certainly

Paulo et al.

Table 2. Selected Bond Lengths and Angles for

Distances (A)

Re—0O(1) 1.761(3) Re-0O(2) 1.756(3)
Re—N(1) 2.118(4) Re-N(2) 2.104(4)
Re—N(5) 2.173(4) Re-N(6) 2.174(4)
Angles (deg)
0O(1)-Re-0(2) 173.1(2) O(1yRe—N(1) 91.1(2)
0(2)-Re—-N(1) 93.7(2) O(1)Re—-N(2) 94.0(2)
0(2)-Re—-N(2) 91.1(2) N(1)-Re—N(2) 88.5(2)
O(1)-Re—N(5) 87.3(2) 0O(2)-Re—N(5) 87.9(2)
N(1)—Re—N(5) 178.2(2) N(2)Re—N(5) 90.9(2)
O(1)-Re—N(6) 87.8(2) O(2)-Re—N(6) 87.0(2)
N(2)—Re—N(6) 177.6(2) N(1)-Re—N(6) 93.2(2)
N(5)—Re—N(6) 87.5(2)
Table 3. Selected Bond Lengths and Angles o
Distances (A)
Re—-0(1) 1.752(5) ReO(2) 1.773(5)
Re—N(1) 2.191(4) Re-P(1) 2.401(1)
B—N(11) 1.563(7) B-N(21) 1.511(11)
Angles (deg)
0O(1)-Re-0(2) 176.3(2) O(1yRe—N(1) 90.8(2)
0O(2)-Re—-N(1) 92.0(2) N(1)>Re—N(1)* 84.6(2f
O(1)-Re-P(1) 90.4(1) O(2yRe—-P(1) 86.8(1)
N(1)—Re—P(1) 96.7(1) N(1)=Re-P(1) 178.3(1)
P(1y-Re-P(1)* 81.91(7)

aThe equivalent atoms were generated by the symmetry transforma-
tionx, -y + 1/2,z

[B(pz)4] ligand is bidentaté! The steric effect of the two oxo
ligands certainly accounts for this increase in the-Renitrogen
bond lengths with the consequent decrease of thérd-N
bond angle. Fob, the dihedral angle between the planes of the
two coordinated pyrazolyl groups is 36.8{3While for the two
noncoordinated groups the dihedral angle is 79°3(2)

X-ray structures of several complexes with the moiety “Re-
(OX n3-[HB(pz)3]}” have been described, but to the best of our
knowledge,10is the first example of a rhenium complex with
[7%-HB(pz)g] structurally characterized. The mean-R¢ bond
distance in10 (2.191(4) A) is slightly longer than the values
found for the equatorial ReN bond distances in oxo complexes
with [#3-HB(pz)] (2.06—2.17 A)22-25

In 5, the Re-N bond distances in the pyridine ligands are
equal (2.173(4) and 2.174(4) A) and are comparable to those
observed in [Reg@py)sCl (average 2.147(12) A) and in [ReO
(4-Mepy)]ReQ, (average 2.14(2) AR These values are smaller
than the Re-N distance for the py trans to the neopentyl group
in the complexrans[ReO,(CH,CMes)(py)s], which was found
to be 2.348(11) A% So, apparently the trans influence of the
alkyl group is much greater than that of the bidentate poly-
(pyrazolyl) borate ligand.

For 10, there is a crystallographic plane containing the Re,
0(1), O(2), and B(1) atoms and the noncoordinated pyrazolyl
ring (N2). The phosphine ligand is chelated to the Re atom
forming a five-membered Re@; planar ring. In this complex,
the Re-P distance and the--Re—P bond angle are 2.401(1)
A and 81.91(7), respectively. These values are shorter and
larger than the corresponding values foundtrians[ReO,-

{ (HOH,C),PCGsH4P(CH:OH)5} 5] * (average ReP 2.459(1) A;
80.2(1)) and intrans[ReOy{ (HOH,C),PCH.CH,P(CHOH),} 5]
(average ReP 2.477(2) A; 80.5(F), probably because of the
less steric crowding around the Re atomlid) in comparison
with these two Re (V) complexes in which two phosphine units

due to a larger steric crowding around the Re center imposedare coordinated to the metal centér.

by the bidentate phosphine. For compgxthese values are

X-ray crystals otrans{ReQ{ #*B(pz)} (dmpe)}CH,Cl, (7)

respectively longer and smaller than the corresponding valueswere obtained, but of low quality. The best crystal measured
in previously reported Re(V) monoxo complexes in which the did not provide a good quality data set for accurate bond
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C2
C1

Figure 3. ORTEP view of trans[ReQ1{#?*B(pz)}(dmpe)] @).

Vibrational ellipsoids are drawn at the 30% probability level.
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Table 4. Selected Bond Lengths and Angles fot
Distances (A)

Re-0(1) 1.691(8) Re-0O(2) 1.907(7)
Re—N(1) 2.060(9) Re-N(2) 2.106(8)
Re—N(3) 2.144(8) Re-N(4) 2.146(9)
0O(2-B 1.419(14) N(41)B 1.58(2)
N(51)-B 1.534(13) N(61)B 1.538(13)
Angles (deg)
O(1)-Re-0(2) 163.3(3) O(1yRe-N(1) 102.6(4)
0O(2)-Re—N(1) 94.0(3) O(1yRe—N(2) 92.5(3)
0O(2)-Re—-N(2) 88.8(3) N(1)-Re—N(2) 93.5(3)
O(1)-Re—-N(3) 89.8(3) O(2yRe—N(3) 88.0(3)
N(1)—Re—N(3) 89.3(3) N(2)-Re—N(3) 175.8(3)
O(1)-Re—N(4) 87.1(3) O(2)-Re—N(4) 76.3(3)
N(1)—Re—N(4) 170.0(3) N(2)-Re—N(4) 88.5(3)
N(3)—Re—N(4) 88.1(3) B-O(2)-Re 126.6(6)

0(2)-B—N(51) 112.3(9)  O(2)B—N(61) 111.5(8)
N(51)-B—N(61)  109.0(8)  O(2)B—N(41) 104.4(8)
N(51)-B—N(41)  109.2(8)  N(61)}B—N(41)  110.4(9)

(pyrazoly)borate, the oxo ligand, and the pyrazolate nitrogen
atom lie in the equatorial plane, the N(2) and N(3) atoms of
the two pyrazole ligands being in the axial positions. The-Re
O(1) bond distance of 1.691(8) A is in the range normally found
for mono-oxo Re(V) complexes!

In the modified poly(pyrazolyl)borate, the R& bond
distance is 2.146(9) A. This value is larger than the correspond-
ing values found in other Re(V) complexes in which the
[B(pz)4] ~ ligand is bidentate (average values of 2.092Aput
is comparable to the values found in other complexes where
this ligand is tridentate (average values of 222029 A)® The
bond distances and angles of the coordinated pyrazolyl ring do
not present any significant difference from those of the
noncoordinated, but the-BN bond distance for the coordinated
pyrazolyl ring is slightly longer (1.58(2) A) than the corre-
sponding distances for the noncoordinated pyrazolyl rings (1.53-
(1) Aand 1.54(1) A). The dihedral angle between the planes of
the two noncoordinated pyrazolyl groups is 80.2(#yhile the
coordinated ring makes dihedral angles of 64.8(4) and 76.7(4)
with the planes of the other two. The two pyrazole ligands make
a dihedral angle of 61.6(4) The pyrazolate ligand makes
dihedral angles of 17.1(4) and 77.94ith the N(2) and N(3)
pyrazole rings, respectively. Within the molecule there are two
short N--N distances (N(21)-N(11), 2.626 A, and N(31)-
N(6), 2.786 A), which proves the existence of two hydrogen
bonds: one between a pyrazole and the pyrazolate and the other
one between the pyrazole ligand and a noncoordinated pyrazolyl
ring of the modified poly(pyrazolyl)borate.

Concluding Remarks. The reduction of [Re&f73-B(pz)}]

(1) with PPh in the presence of neutral mono or bidentate
substrates giverans[ReO{r2-B(pz)s} (L),] or trans[ReO;-
{n?-B(pz)s} (L—L)7] in high yield. This is a new and convenient

Figure 4. ORTEP view of [Re@(5%N,0)(u-0)B(pz)} (pz)(pzH)] synthetic method to enter into the chemistry of neutrahs
(11). Vibrational ellipsoids are drawn at the 50% probability level. dioxo complexes. The X-ray structural analysigrahs[ReO,-
{72-B(pz)s} (4-NMezpy),] confirmed an octahedral geometry for

distances and angles, but the connectivity of the atoms wasthis family of compounds, withy?-B(pz), and the neutral

determined unambiguously (Figure 23). substrates in the equatorial position. As in previous reported
Compound11 (Figure 4; Table 4) is monomeric with an  Work, because of the nature of this ligand, th¢ NMR

approximately octahedral coordination geometry. The Re atom, Spectroscopy proved to be a powerful technique to evaluate the

the oxygen and the nitrogen atoms of the modified poly- coordination mode of the tetrakis(pyrazolyl)borate.
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(28) Compound crystallizes from dichloromethanehexane as yellowish
crystals containing one molecule of solvatedsCH in the tetragonal . . . . L
space grougy/a, with cell parameters = b = 19.413(1) A,c = . Supporting Information Available: X-ray crystallographlc files
32.193(5) AV = 12133(2) B, Z = 16, peaic = 1.599 g cn3. The in CIF format for the structures &, 7, 10, and11 are available on the
refinement of the structure by full-matrix least-squares methods on Internet only. Access information is given on any current masthead
F2was based on 5317 unique reflection8( = 50°). The refinement page.
of 304 parameters and 4532 observed reflections Witk 4o(Fo),

converged to R= 0.0756 and wR= 0.1896. 1C980422Y



