1798 Inorg. Chem.1996, 35, 1798-1807

Coordination of Tetrakis(pyrazolyl)borate in Rhenium Complexes Containing the
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The complex [Re®@y3-B(pz)} (OMe)] (1) reacts with potentially bidentate protic substrates yielding several
monomeric and dimeric oxorhenium compounds in which the tetrakis(pyrazolyl)borate presents different
coordination modes: [ReO(ac&gf-B(pz)}(OMe)] (3), [ReO(acad)y?-B(pz)s}]2(w-O) (4), [Re %-B(pz)} -
(quinolin-8-olate)(OMe)] §), [ReQ[#*B(pz)} (OMe)(pz*)(pz*H)] (pz* = pz (6) or 3,5-Mepz (7)), [Req(n*
B(pz)a} (u-pz*)]2(u-O) (pz* = pz (9) or 3,5-Mepz (10)), [ReO(HNCHCH:NH){77°-B(pz)}] (14), and [ReOf+
nitrophenyle-diaminate]3-B(pz)}] (15). Using the analogous alkoxide [REGF-B(pz)}(OEt)] (2), the
compound [Re@r?-B(pz)} (OEL)(pz)(pzH)] B) has also been obtained. Compourlsand 5 react with
trimethylsilyl chloride providing the monochlorides [ReO(ada@)B(pz)s} Cl] (12) and [Re@#?-B(pz)s} (quinolin-
8-olate)Cl] (L3), respectively. Compoundd 10, and 14 were also prepared by reacting [Re@&DK B(pz)s} 12

(12) with the respective substrates. The new compowe$0 and 12—15 were characterized by elemental
analysis and IR andH NMR spectroscopies. Compoun8s4, and9 have also been characterized by X-ray
crystallography. Compoundsand4 both crystallize in the monoclinic space groBpi/c, with a = 7.862(1) A,

b =14.152(2) A,c = 19.975(3) A, = 91.79(1}, V = 2221(1) B, and Z= 4 (3) anda = 13.547(2) Ab =
9.959(1) A,c = 15.878(2) A8 = 102.00(13, V = 2095(1) B andZ = 2 (4). Compound crystallizes in the
monoclinic space group2;, with cell parameterss = 11.086(2) A,b = 15.269(1) A,c = 12.133(1) A8 =
93.51(1y, V = 2050(1) B and Z= 2.

Introduction B(pz)} (OMe),] (1) with potentially monoanionic and dianionic
The tetrakis(pyrazolyl)borate ligand usually coordinates to bid_ent_ate substrates WhiCh aII(_)weq the synthesis and charac-
transition metals in a tridentate way, although some examples.terlza.tlon of monomeric and dimeric |_rhen|um(V) complexes,
are known where it acts as bi dentat’e or bis-bideritate in WhI.Ch 'ghe tetrakis(pyrazolyl)borate ligand presents different
We have recently init . T ’ . coordination modes: [ReO(acégf-B(pz)} (OMe)] (3), [ReO-
y |n|t|ated an |nVest|gat|0n |nto the SyntheSIS (acaC{ 772-B(p2)4}]2(,u-0) (4) [Req nZ'B(pZ)4} (quin0|in-8-0|a-
and characterization of tetrakis(pyrazolyl)borate rhenium com- te)(OMe)] 6), [ReQ{ 7%B(pz)s} (OMe)(pz*)(pz*H)] (pz* = pz

pounds, and we found for the complexes previously described, 6) or 3.5-M 2 * * —
. ) . ,5-Mepz (7)), [Re -B(pz -pz -0) (pz* =
either by X-ray crystallographic analysis and/or #y NMR |(oz) ©) or 3,5-I\F/)IQ}g7z))(1[0)),%ZO(I(-IpN)é}I-(h%EzI\?I]j)({{A#-?BEEZM}]
spectroscopy, a tridentate coordination mode for the poly- (14), and [ReOfn-nitrophenyle-diaminate]73-B(pz)}] (15).

(pyrazolyl)borate ligand=®> Some of the complexes previously The analo 3 C
: gous [Ref@>-B(pz)s} (OELY] (2), which is also very
synthesized were of the type [RE)-B(pz)} (OR)] and two reactive, was only evaluated in reactions with pzH leading to

of these alkoxides, [Re@3-B(pz)4}_ (OMep] (1) and [Reqné- [ReO{#?-B(pz)} (OEt)(pz)(pzH)] 8). We will also report the
B(pz)s} (OEt)] (2), are unstable in §o|ut|on giving the dimer synthesis of the monochlorides [ReO(aéa@)B(pz)} Cl] (12)
[ReO(u-O){B(pz);}]z (1).° The h'gh. reactivity of these. and [ReO(quinolin-8-olat€¢);2-B(pz)} Cl] (13), prepared by
alkoxides can be u_sed for the synthesis of s_everal OXOrhenIumreacting trimethylsilyl chloride witt3 and5, respectively. The
compounds. In this work we report reactions of [Re® use of thelH NMR spectroscopy to evaluate the denticity of
the tetrakis(pyrazolyl)borate will be also discussed.
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Synthesis and Characterization of ReO(acacjn?-B(pz)s} (OMe)]- Table 1. Crystallographic Data for [ReO(acdegf-B(pz)} (OMe)]
(3) and [ReO(acac)n?-B(pz)s}]12(u-O) (4). Acetylacetone (40 mg, (3), [ReO(acad)n®B(pz)}]2(u-O) (4), and
0.40 mmol) was added to a blue solution1of200 mg, 0.36 mmol) in [ReO[#?-B(pz)} (u-pz)l(u-O) (9)

toluene, and the mixture heated under reflux for 2 h. The dark red &) ) ©)

solution obtained was taken to dryness in vacuo, and the red oil was

chromatographed on silica gel using as solvent Frtgxane (2:1). It formula GaH2:BNsOsRe  GoaHagBoN16O7Re, 8%"3?%2'_'}‘28

h_as beer} possible to collect a pink-red solid formulate@ and a mol wt 611.45 1176.82 311327.672 2

violet solid formulated ag (3, 120mg, 0.20 mmol, 55% yieldt, 22 space group P2i/c P2./c P2,

mg, 0.04 mmol, 10% vyield). Data fd® follow. Anal. Calcd for a, 7.862(1) 13.547(2) 11.086(2)

CisH22BNgOsRe: C, 35.3; H, 3.6; N, 18.8. Found: C, 35.6; H, 3.7; b, A 14.152(2) 9.959(1) 15.269(1)

N, 18.4. IR (KBr,v (cm™): 1560 s, 1520 sy(C=0O)+ »(C=C)), ¢ A 19.975(3) 15.878(2) 12.133(1)

955s ((Re=0)). Data for4 follow. Anal. Calcd for GsHzgB2N1cO+- B, deg 91.79(1) 102.00(1) 93.51(1)

Rex C, 34.7; H, 3.2; N, 19.0. Found: C, 35.8; H, 3.0; N, 17.9. IR \z/ A3 2221(1) 22095(1) 22050(1)

(KBr, v (cm1)): 1550 s, 1520 sy(C=0) + »(C=C)), 970 w ¢- 3

(Re=0)), 720's ¢ (Re-O—Re). o Zfaé%g—gm 551 Sha 65
Synthesis and Characterization off ReO{#»?-B(pz)a} (quinolin-8- decaycor  1.00001,1.00861 1.00001, 1.01991

olate)(OMe)] (5). At room temperature, 8-hydroxyquinoline (47 mg, factors

0.19mmol), dissolved in the minimum volume of &, was added transm coeff 0.85320.9992  0.770%0.9987 0.72580.9997

slowly to a solution ofl (100 mg, 0.18 mmol) in CkCl,. After this Ri? 0.0357 0.0565 0.0299

mixture was stirred for 2 h, a brown solution was obtained. This WR;P 0.0782 0.1103 0.0741

solution was taken to dryness in vacuo and the resulting green-brown  aR, = 5||F,| — |Fd||[/3|Fo|. PWRz = [T (W(Fo2 — FAAIT (W(FAI] Y2
oil obtained was washed several times withexane. After drying, w = 1/[02(Fs2) + (xP)2 + yP], whereP = (Max(F.2,0) + 2F2)/3. The
the green-brown microcrystalline solid obtained was formulatefl as  values ofR,and wR are those with >20(1) only.

(90 mg, 0.14 mmol, yieldx75%). Anal. Calcd for GH,;BNgOsRe:

C,40.2;H, 3.1, N, 19.2. Found: C, 40.8; H, 3.0; N, 19.1. IR (KBr, Synthesis and Characterization of ReO(acac]#n>B(pz)s} Cl] (12)

v (cm™Y): 9675 ¢(Re=0)). o and [ReO{r?-B(pz)s} (quinolin-8-olate)Cl] (13). Trimethylsilyl chlo-
Synthesis and Characterization of[ReO{#*B(pz)s} (OR)(pz)- ride was added, in 50% excess, to THF solutions3adr 5. The
(pzH)] (R = Me (6), R=Et(8)). To a blue solution of [Re(B(pz)}- resulting mixtures were stirred at room temperature for 24 h. Removal

(OR)] (R=Me (1) or Et ()) (100 mg, 0.18 mmol) in CkCl, was of the solvent and stirring of the solids obtained withexane yielded
added pyrazole (25 mg, 0.37 mmol). The reaction mixtures reacted the blue microcrystalline compouri® and the dark green compound
for 1 h, at room temperature, and after workup, as referred t&for 13 respectively. These compounds are obtained in almost quantitative

reddish microcrystalline solids were isolated and formulate@ (@90 yields. Data for12 follow. Anal. Calcd for G/H1BNsOsCIRe: C,
mg, 0.15 mmol, 85% vyield) ané (95 mg, 0.14 mmol, 80% vyield),  33.1: H, 3.1; N, 18.2. Found: C, 33.3; H, 2.6; N, 17.9. IR (KBr,
respectively. Data fob follow. Anal. Calcd for GoH2:BN120.Re: cml): 1550-1500 br.s ¢(C=0) + »(C=C)), 990s {(Re=0)), 320

C,35.2,H, 34N, 26.0. Found: C, 34.0; H, 3.6; N, 25.6. IR (KBr, ((Re—Cl)). Data for 13 follow. Anal. Calcd for GiHigBNgO.-
v (cm™): 960 s ¢(Re=0)). UV—vis (CHLCly) (Amafnm)): 485 (m). CIRe: C,38.1; H, 2.7; N, 18.1. Found: C, 38.9; H, 2.7; N, 18.2. IR
Data for 8 follow. Anal. Calcd for GoH24BN1,0:Re: C, 36.3; H, (KBr, v (cm™Y): 976 s ¢(Re=0)), 314 m ¢(Re—Cl)).

3.6; N, 25.4. Found: C 36.2; 'I' 3/'12; N, 25:4' IR (KBr{cm™)): Synthesis and Characterization of[ReO(HNCH,CH,NH){n*-
963s ¥(Re=0)). UVvis (CHCL) (Analnm)): 478 (m). B(pz)s}] (14) and [Re(O)(Mm-nitrophenyl-o-diaminate){ °-B(pz)a}]
Synthesis of ReO{y*-B(pz)s} (OMe)(3,5-Me:pz)(3,5-MepzH)] (7). (15). To a blue solution of [Re€B(pz):} (OMe)] (1) (100 mg, 0.18
This compound has been synthesized according to the procedure abo"?nmol) in CHCl, was added ethylenediamine’15 mg, 0.25 mmol)
described fo6. Starting with 100 mg (0.18 mmol) of [RE®(pz)} - or mnitrophenyleo-diamine (30 mg, 0.2 mmol) and the mixtures stirred

(OMe}] (1) and using 35 mg (0.36 mmol) of 3,5-MezH, we obtained,  for 6o min, at room temperature. Compoutd precipitates and is
after workup, a reddish microcrystalline solid that, on the basi$iof  geparated by centrifugation as a pale yellow-brown solid (70 mg, 0.13
NMR (see Table 2),_IR, and absor_ptlon electronic spectrc_)scoples, W€ mmol, yield 72%). Compounds is obtained as a dark red brown
formulated as7. This compound is very unstable, and it was not icrocrystalline solid, by recrystallization from toluendlexane (90
possible to obtain accurate elemental analysis (see discussion). IR (KBr,mg’ 0.14 mmol, 80% yield). Data fat4 follow. Anal. Calcd for
v(em™): 968 s ¢(Re=0)). UV-vis (CHCL) (zma(nm)): 505 (M). ¢, 4, BN,ORe: C, 31.2; H, 3.8; N, 24.7. Found: C, 29.6; H, 3.8;
Synthesis and Characterization o ReQ{#*B(pz)a} (u-pz*)]a(u- N, 24.0. IR (KBr, cnt): 3500-2800 s (br) ¢(N—H)), 920 m ¢-
0) (pz* = pz (9), pz* = 3,5-Me;pz (10)). Method 1. Compounds$ (Re=0)). Data for15follow. Anal. Calcd for GgHiBN1OsRe: C,
(50 mg, 0.077 mmol) o7 (50 mg, 0.070 mmol) slowly decompose in  34.2: H, 2.7; N, 24.4. Found: C, 36.0; H, 3.8; N, 24.4. IR (KBr,
dichloromethan&*hexane yielding compoun@sand10, respectively. v (cmY): 3335 m ¢(N—H)), 942 s ¢(Re=0)).
Compound is recovered from the dichloromethandifexane solution
by chromatography on silica gel, using as eluent Ti-éxane (2:1)
(15 mg, 0.027 mmol, 35% yield) and compoubd precipitates as a
blue microcrystalline solid from the dichloromethambééxane solution,
being separated by centrifugation (20 mg, 0.034 mmol, 50% vyield).
Method 2. To a suspension df1 (200 mg, 0.40 mmol of Re) in
CH.CI, was added pyrazole or 3,5-dimethylpyrazole in the 1:1 molar
ratio. After this was allowed to react for 2 h, dark green mixtures
were obtained. Compounfl is isolated from the mixture by the
chromatographic process described in method 1 (70 mg, 0.13 mmol of
Re, 30% vyield). The separation &6 from the reaction mixture was
done by washing the solid obtained, after evaporation of@# with
CH3CN, wherel0is almost insoluble (80 mg, 0.14 mmol of Re, 30%
yield). Data for9 follow. Anal. Calcd for GoH3oB2N20OsRex: C,
32.4; H, 2.7; N, 25.2%. Found C, 33.6; H, 2.6; N, 24.6%. IR (KBr,
v (cm™b): 967 m ¢(Re=0)), 637 s ¢(Re—0O—Re)). UV—vis (CH,-
Cly) (Ama{nm)): 583 (m). Data forlO follow. Anal. Calcd for:
CasH3sBoN2oOsRe: C, 34.9; H, 3.3; N, 24.0%. Found: C, 33.4; H,
3.2;N, 22.6%. IR (KBry (cm™)): 968m ((Re=0)), 639s ¢(Re-O-
Re)). UV—vis (CH,Clp) (Ama{nm)): 617 (m). (6) Fair, C. K. MOLEN. Enraf-Nonius, Delft, The Netherlands, 1990.

X-ray Crystallographic Analysis. X-ray data were collected from
a pink-red crystal of3, obtained by recrystallization from toluene/
hexane, from a blue-violet crystal of, obtained by diffusion of
n-hexane into a saturated solution of the compound in toluene, and
from a blue crystal 0B, obtained by slow diffusion ofi-hexane into
a saturated solution of the compound in dichloromethane. The crystals
were mounted in thin-walled glass capillaries in an argon filled
glovebox.

Data were collected at room temperature on an Enraf-Nonius CAD-4
diffractometer with graphite-monochromatized Mo Kadiation ¢ =
0.710 69 A), using am—26 scan mode. Unit cell dimensions were
obtained by least-squares refinement of the setting angles of 25
reflections with 24< 26 < 32° for 3, 15 < 20 < 28° for 4, and 21<
260 < 34 for 9. Details of the crystal data and data collection and
refinement are given in Table 1. Data were corretfed Lorentz—
polarization effects, for linear decay (no decay was observe@®)for
and for absorption by empirical corrections basedyoscans. The
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structures were solved by Patterson metAeasl subsequent Fourier
difference techniquéek.The structures were refined by full-matrix least-
squares methods based Eh# All non-hydrogen atoms were refined

anisotropically and the contributions of the hydrogen atoms were
included in calculated positions, constrained to ride on their carbon

atoms with groupUiso values assigned. The structural analysi®of
revealed a solvent molecule in the lattice, £, disordered. The

solvent atoms were refined isotropically, and the contribution of the

Re(V) complexes, where the [B(p¥) is coordinated in a
tridentate way. In particular,11 reacts almost guantitatively
with alcohols, yielding compounds of the type [Ref>
B(pz)s} (OR)] (R=Me, Et,'Pr, Ph). We also noted that when
R = Me (1) or Et @) the alkoxides are unstable in solvents
other than the respective alcohols and quite reactive.

As can be seen in Scheme 1, [R&0pz)} (OMe),] (1) reacts

hydrogen atoms associated with it was ignored. Refinement of the wth potentially bidentate monoanionic protic substrates (acetyl-

other enantiomer indicated that this final choice was the correct on
as was also confirmed by the Flack parameter.
factors and anomalous dispersion terms were as in SHELX$.-93.

Results and Discussion

Syntheses of ComplexesWe have previously shown [ReO-
(u-OXB(pz)}]2 (11 to be an excellent starting material for

(7) Sheldrick, G. M. SHELXS-86: Program for the Solution of Crystal
Structure. University of Gibingen, Germany1986

(8) Sheldrick, G. M. SHELXL-93: Program for Crystal Structure Refine-
ment. University of Gtingen, Germany, 1993.

Atomic scattering

€. acetone, 8-hydroxyquinoline, pyrazole, and 3,5-dimethylpyra-

zole) yielding, in moderate to high yield (585%), the
compounds3 and5—7, where the [B(pz]~ acts as a bidentate
ligand. Compoun@ can also be easily obtained by reactihg
with pyrazole.

The formation of compound8 and 5—8 takes place with
release of alcohol and with the breaking of the-R&bond
transto the oxo-oxygen in compounds [REG-B(pz)} (OMe),]

(1) and [Re@#3-B(pz)} (OELY] (2). In fact, the X-ray structural
analysis that has been undertaken for complexes of Re(V) with
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Scheme 2
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tridentate poly(pyrazolyl)borates has shown that the threeNRe
bond lengths are not equivalent and, due tottheseffect, the
Re—N bondtransto the oxo ligand is the longe$f:%11 The
labilization effect on the ReN bondtransto the oxygen oxo,
the strong donor character of the (OMe&roup, and the use of
potentially monoanionic bidentate protic substrates justifies
certainly the stabilization of the neutral six-coordinated com-
pounds3, 5-8.

When3 or 5 react with an excess of trimethylsilyl chloride,

the alkoxide group in these compounds is easily replaced by

the chloride, the [B(pz}~ remains bidentate, and compounds

12 and 13 are obtained in almost quantitative yield.
Compound3 is obtained in a relatively low yield (55%), and

one of the reasons can be the formation of the ditéuring

the reflux. Several oxo-bridged binuclear rhenium compounds

containing the linear backbone=Re—O—Re=0 have been

Inorganic Chemistry, Vol. 35, No. 7, 1994801

poses in CDQl yielding the blue microcrystalline dimetO,
with release of 3,5-Mg@zH and MeOH. To prevent this
decompositorY has to be maintained in the presence of excess
of 3,5-MepzH. When this is not the cad® precipitates as a
blue microcrystalline solid from a reddish solutionfoih CH,-
Cly/n-hexane, and is separated by centrifugation (50% isolated
yield). Another synthetic method to prepdt@is by reacting
the dimerl1 with stoichiometric amounts of 3,5-MgzH, but
in this case the compound is isolated in 30% yield. We have
evidence thatOis not the main product of this reaction, but an
extraction with acetonitrile allows its separation from the
reaction mixture.

As far as we have observe@land10 are the only compounds
with {#2-B(pz)s} which can be obtained frorhl. Reactions
of 11 with some of the other potentially monoanionic protic
substrates have also been studied but the species formed are
different from the ones obtained usidg?

The formation of compound$and10is difficult to explain,
as we did not identify all the species formed in these reactions.
However, in spite of other side reactions, the formatiord of
and10will be understandable assuming the following processes:

2[ReO{n2-B(pz)4}(OMe)(pz*)(pz*H)]

(60r7)

+Hy0| - 2pz*H
-2 MeOH

[ReO{n2-B(pz)4}(1-pz*)]2(1-O)

(9 or 10)

described, and their formation has been explained considering

the hydrolysis of Re(V) oxocomplexé.In our synthetic work

all the reagents and solvents were dried before use and the reflux

+2pz*H | - HpO

was done under argon. However, the presence of some residual

humidity during the reflux can possibly justify the formation
of the side product (10% yield). The formation oft during
the chromatographic process is excluded, as #HeNMR
spectrum of the reaction mixture before chromatographic
purification indicated already the presence of compoutaisd
4 in about the same ratio.

Compound is stable in the solid state but slowly decomposes
in CH.Cl,/n-hexane solution, providing the dim@r This dimer
9 can also be synthesized by reactihy with pyrazole in
dichloromethane. In both cases, compo@nid obtained in a
relatively low yield, approximately 3635%, as other species
are formed. By chromatography on silica gglcan be easily

separated from the other products that we were not able to

characterize. The blue compou@ds eluted with THF/hexane

[ReO(1-0){n3-B(pz)4}12

(11

As can be seen in Scheme 2, whereacts with potentially
dianionic protic substrates, as ethylenediaminerasmikrophen-
yl-o-diamine, the two methoxide groups are replaced by the
dianionic ligands and the tetrakis(pyrazolyl)borate remains
tridentate, leading to compoundl4 and15. So far, in reactions
with these type of substrates compouhi$ not an alternative
to 115

Characterization of the Complexes. All the compounds,
exceptl4,are soluble in chloroform, dichloromethane, aromatic

(2:1) and the other species are eluted with THF. On the basishydrocarbon solvents and slightly soluble in aliphatic ones.

of the IR as well as on the very complicatdd NMR we only
can say that these green species contain pz and [B(pahd

Compoundl4 is only slightly soluble in polar solvents.
Compounds8—10and12—15 present in the infrared spectra

that they must be oxocomplexes of Re, as shown by the presencdl® bands characteristic of the tetrakis(pyrazolyl)botatehe

of strong stretching bands at 991 and 957 ¢nwhich can be
easily assigned to(Re=0).#> Compound?, probably due to
stereochemical reasons, is much more unstable@legther in

the solid state or in solution, and satisfactory analytical data

were never obtained!H NMR studies showed that decom-

(9) Degnan, I. A;; Behm, J.; Cook, M. R.; Herrmann, W.lAorg. Chem
1991, 30, 2165.
(10) Brown, S. N.; Mayer, J. Minorg. Chem 1992 31, 4091.
(11) Tisato, F.; Bolzati, C.; Duatti, A.; Bandoli, G.; Refosco, IRorg.
Chem 1993 32, 2042.

bands due to the co-ligandsand stretching bands in the ranges
920-990 and 637720 cnt! which can be assigned to
v(Re=0) andv(Re—O—Re), respectively. 52121516

(12) (a) Tisato, F.; Refosco, F.; Mazzi, U.; Bandoli, G.; Dolmellajrfarg.
Chim. Actal989 164, 127. (b) Tisato, F.; Mazzi, U.; Bandoli, G.;
Cros, G.; Darbieu, M. H.; Coulais, Y.; Guiraud, B. Chem. Soc.
Dalton Trans 1991, 1301.

(13) Paulo, A.; Santos, |. Unpublished results.

(14) Nakamoto, K. B.nfrared Spectra of Inorganic and Coordination
CompoundsWiley Interscience, John Wiley & Sons: New York,
1970.
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Table 2. *H NMR Data for Complexes Containing the Unit “[Ré@F-B(pz)} 4" 2

Paulo et al.

[B(pz)a]™
H(4) H(3)/H(5)
complex coordinated free free coordinated other ligands
3 6.60 (2H,t3J=2.4) 6.23(1H,dd3J=1.7,33=24) 7.63 (1H,d3J=1.2) 8.43 (2H,dd3]=2.4,7=0.9) 5.69 (1H, s, CH)
6.14 (1H,dd31=1.5,30=2.4) 7.59 (1H,d3)=0.9) 7.48(2H,dd3)=2.7,J=0.9) 2.96 (3H, s, OCH)
6.76 (1H, d3) = 1.8) 2.31(6H, s, Ch
6.55 (1H, d3J = 1.8)
4 6.65 (2H,t3)=2.4) 6.27 (1H,t3=2.0) 7.85(1H,d3J=15) 7.89(2H,dd¥)=2.4,41J=0.8) 5.51(1H,s, CH)
5.99 (1H,t3)=2.0) 7.45 (1H, br, m) 7.45 (2H, br, m) 2.13 (6H, s, §H
6.77 (1H,d3)=2.1)
6.23 (1H,d3)=2.4)
5 6.76 (1H, br, m) 9.27 (1H, br, s) 8.57 (1H,9,= 5.4, arom)
6.27 (1H, br, t) 7.81 (1H, br, s) 8.12 (1H, = 9.0, arom)
6.17 (1H, br, m) 7.59-7.63 (1H, br, m) 7.597.63 (1H, br, m, arom)
7.58 (1H, br, d) 7.50 (1H, 8J = 8.1, arom)
7.41 (1H, d3) = 2.7) 7.22 (1H, d3J= 8.1, arom)
6.76 (1H, br, m) 6.66 (1H, ) = 8.1, arom)
6.56 (1H, d,3) = 2.1) 3.96 (3H, s, OCH
6.38 (1H, d,3J = 2.4)
gbc  6.41 (2H,tr3)=2.1) 6.28 (1H,t3)=1.5) 7.77 (2+ 2 + 1H, br) 15.47 (1H, s, NH)
6.18 (1H, 131 =1.5) 7.65 (2+ 1H, br) 6.52 (2H, t3 = 2.4, H(4)-pz)
7.39 (2H, br) 2.97 (3H, s, OCH)l
6.84 (1H, br)
6.82 (1H, br)
7 6.44 (2H, br) 6.29 (1H, br) 7.85 (1H, br) 7.53 (2H, br) 11.7 (1H, s, NH)
6.16 (1H, br) 7.57 (1H, br) 7.39 (2H, br) 5.92 (2H, s, H(4)-3, 58
6.89 (1H, br) 3.14 (3H, s, OCHl
6.84 (1H, br) 2.45 (6H, s, Cyl
2.17 (6H, s, CH)
gb 6.40 (2H, br) 6.28 (1H, br) 7.81 (1H, br) 14.77 (1H, s, NH)
6.16 (1H, br) 7.76 (2+ 1H, br) 6.50 (2H, br, H(4)-pz)
7.69 (2H, br) 3.30 (2H, s, OCH
7.39 (2H, d3) = 2.4) 0.54 (3H, CH)
6.84 (2H, br)
Qe 6.41 (2H, br) 6.21 (1H, br) 7.64 (2H, br) 6.41 (1H, br, H(4)-pz)
6.17 (1H, br) 7.51 (2H, br)
7.44 (2H, br)
7.41 (2H, br)
6.68 (1H, br)
6.55 (1H, br)
10 6.38 (2H,t3)=2.0) 6.24 (1H,t3=1.7) 7.75 (1H, br) 7.42 (2H, &J = 2.5) 6.05 (1H, s, H(4)-3, 5-Mpz)
6.18 (1H, br) 7.56 (1H,fI=1.1) 7.23 (2H, d3J=2.6) 2.29 (6H, s, Ch
6.85 (1H,d3=2.2)
6.58 (1H, d3J=2.0)
12 6.76 (1H, br) 6.28 (1H, br) 9.26 (1HJ) = 0.9) 5.92 (1H, s, CH)
6.57 (1H, br) 6.18 (1H, br) 7.82 (1H, br) 3.03(3H,s, §H
7.62 (1+ 1H, br) 2.00 (3H,s,Ch
7.53 (1H,d31=1.2)
7.41 (1H, br)
6.79 (1H, br)
6.57 (1H, br, m)
13ce 6.79 (1H, br) 9.48 (1H, 3J = 2.1) 8.75 (1H, d3) = 4.2, arom)
6.31 (1H, br) 7.84 (1H, br) 8.32 (1H, &) = 7.8, arom)
6.29 (1H, tr3) = 2.4) 7.67 (1H, br) 7.737.69 (1H, m, arom)
6.24 (1H, br) 7.65 (1H, 3 = 1.8) 7.55 (2H, tr3J = 8.0, arom)

7.51 (1H, d3) = 1.8)
6.82 (1H, br)
6.63 (1H, br d)
6.54 (1H, d3 = 1.8)

7.41 (1H, d3J=8.1, arom)
6.79 (1H, br, arom)

aFor all compounds the spectra were obtained at 298 K; All the spectra were run in; CREl are given as chemical shifi{relative integral,
multiplicity, coupling constand in Hz); Abbreviations: s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; arom, aron®dti¢3) and H(5) of
pyrazole occasionnally overlap with those of[B(fz)and are not possible to assigrzor these complexes we did not assign any of the H(3) and
H(5) resonances.For these complexes we did not assign any of the H(4) resonahesasionnally one proton of the [B(pk) ligand overlaps
two protons of the quinolin-8-olate ligand.

Thev(Re=0) stretching bands are within the accepted range in this work, as well as others previously descridédihdicate
for six-coordinated oxorhenium(V), and the results described that the values found do not seem to be significantly affected

(15) (a) Herrmann, W. A.; Serrano, R.; Kusthardt, U.; Ziegler, M. L.;
Guggolz, E; Zahn, TAngew. Chem., Int. Ed. Endl984 23, 515. (b)
Herrmann, W. A.; Serrano, R.; Kusthardt, U.; Guggolz, E; Nuber, B.;
Ziegler, M. L. J. Organomet. Chenl985 287, 329. (c) Herrmann,
W. A. J. Organomet. Chen1986 300, 111. (d) Herrmann, W. A,;
Floel, M.; Kulpe, J.; Felixberger, J. K.; Herdtweck, E.Organomet.
Chem 1988 355 297. (e) Herrmann, W. A.; Marz, D. W.; Herdtweck,

E. J. Organometallic Chen99Q 394, 285.

by the denticity of the [B(pz]~, as long as the co-ligands
compensate the electron density at the metal atom (compare:
965 cn1?, 1; 967 cn1?, 5, 960 cnm?, 2; 955 cn?, 3). However,
independently of the denticity of the [B(pk), there are some

29, 787.

(16) (a) Pomp, C.; Wieghardt, Rolyhedron1988 7, 2537. (b) Bohm, G.,
Wieghardt, K; Nuber, B.; Weiss, Angew. Chem., Int. Ed. Endl99Q
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Table 3. *H NMR Data for Complexes Containing the Unit “[Ré@-B(pz)} 4" 2
[B(pz)s~
H(4) H(3)/H(5)
complex trans to O transto L free trans to Offree transto L other ligands

14 5.91 (1H,t3J=2.1) 6.39 (2H,t3J=2.1) 6.63 (1H,t3J=1.8) 8.03 (1H,d3J=2.4) 8.22(2H,d3J=2.1) 10.5 (2H, br, NH)
7.93(1H,d3)=1.2) 7.54(2H3J=2.4)  4.36(2H, m, CH

7.54 (1H, d31 = 2.4) 4.17 (2H, m, Ch)
7.32 (1H, d3J=1.8)
15¢ 593 (1H,t3)=2.4) 6.45-6.43 (t-1H, m) 6.66 (1H, t3J=2.4) 8.13 (1H, dd3J = 2.4,43 = 0.6) 10.61 (1H, s, NH)
8.09 (1H, d3J = 2.1) 10.49 (1H, s, NH)
8.07 (1H, dd3) = 2.4,43 = 0.6) 7.73 (1H, dd3) =
8.7, = 2.4, arom)
8.02 (1H, d31 = 2.7) 7.65-7.62 (1H,
m, arom)
7.95 (1H, d3] = 1.8) 6.70 (1H, d3J = 8.4)

7.65-7.62 (1H, m)
7.57 (1H, dd3J = 1.8,41 = 0.6)
7.13 (1H, dd3) = 2.3,4 = 0.6)

a All the spectra were run in CDgIData are given as chemical shiéigrelative integral, multiplicity, coupling constadin Hz); Abbreviations:
s, singlet; d, doublet; t, triplet; m, multiplet; br, broad; arom, arom&t@ccasionnally one proton of the [B(pk) ligand overlaps one proton of
the diaminate® For complex15 we did not assign any of the H(3) and H(5) resonances.

compounds which present(Re=0) stretching frequencies Table 2 presents thtH NMR data for the monomeric and
significantly shifted to lower Av(Re=0) = 45 cnt?, 14; 23 dimeric complexes, in which the [B(p#) is acting as bidentate.
cm~, 15) or to higher Av(Re=0) = 25 cnt?, 12, 10 cnt?, As can be seen, f@—10, 12, and13 one set of resonances

13) energies than that for the corresponding compduynehich of relative intensities 2:1:13( 4, 6—10) or 1:1:1:1 6, 12, 13)
is found at 965 cm'> These differences, which indicate was found for the H(4) protons of the [B(pk), and they appear
different rhenium-oxygen bond orders, are certainly due to the jn the range 5.996.79 ppm, as normally observed for other
replacement of (OMe) groups by strong electron-donating or oxocompounds of Re(V) previously reported. For 3, 4, 7,
electron-attracting ligands, such as ethylenediaminate andand 10 the H(3) and H(5) protons of the two coordinated
chloride, respectively. pyrazolyl rings, which are magnetically equivalent, are assigned
We do not have solid state structures for compoub#s due to their intensities and multiplicities and they appear in the
15, to see whether the differences in th@&e=0) frequencies range 7.23-8.43 ppm. For5, 12 and 13 the H(3) and H(5)
have some correspondence in the rhenixygen bond  protons are easily identified but, due to the symmetry of the
distances. However, X-.ray structural analysis that has been donecomplexes, we can not assign the protons of the coordinated
for Re(V) compounds with poly(pyrazolyl)boratés?-*toreven  and uncoordinated pyrazolyl rings. The area of the H(3) and
with the analogous pentamethylcyclopentadiefyidicate that  jor H(5) protons, in6, 8, and9, is not easily assigned due to
all the Re-oxo distances compare well, and all of them are in the occasional overlapping with some resonances of the co-
the typical range for rhenium oxygen triple boridsNeverthe- ligands (pz and pzH) (Table 2).
less, for some of these complexes significative differences have o interesting feature of all these spectra is that two of the

been found in the/(Re=0O) stretching fg(?(lqlugnmes, indicating  resonances of intensity one, which are due to H(3) and/or H(5)
different rhenium oxygen bond ordet§> 1115 protons, are anormally shifted to high field, appearing between
As referred by a recent studj the geometrical factors do g 53 and 6.89 ppm, and this is quite different from what we
not seem adequate to explain the bond order of the rhenium j,caned for other compounds of this family where the [B{pz)
oxygen bonds, which are better explained by electronic factors. ¢ rginates in a tridentate way (Table 3 and refs 4 and 5). These
The infrared spectroscopy, as well # NMR, seem to be  esonances are from the noncoordinated pyrazolyl rings and are
good probes to evaluate the electron density at the metal atomyq; from the same ring, as indicated the irradiation of the two

and consequently the rhenitroxygen bond ordet?. H(4) protons which appear at 6.23 and at 6.14 ppm3fand
For the monomeric compounds thRe=0) stretching bands 5 6 27 and 5.99 ppm fot (Table 2).

are very strong, but in the dimerg 9, and 10 they present
weak or medium intensities. The frequency of i{Re—0—
Re) stretching band decreases when we go from condp(é20
cm™1) to complex9 (636 cntl) and this agrees with the X-ray
crystallographic analysis, which has shown thé a dinuclear
complex with an almost linear ©Re—O—Re=0 backbone
(O0=Re—0, 175.6; Re—O—Re, 180) and9 s a triple bridged

As an example, Figure 1 presents #€ NMR spectra of
two compounds structurally characterized where the ligand
tetrakis(pyrazolyl)borate acts either as tridentate or as bidentate.
As can be seen, the pattern for the [B@hz)s of the type 2:1:1
in both complexes, but the range where the H(3)/H(5) protons
appear is quite different. The spectrum presented in Figure 1
dinuclear compound with a bent=€Re—O—Re=0 backbone ?)Afc:nrgpgr?s .?_;g?evge" with the spectra described for compounds
(O0=Re—0, 165.3; Re—O—Re, 125.4). The infrared spectrum . ) .
of 10 ressembles that & which, together with théH NMR The solid state structures 8f4, and9 can be used to explain
data, suggests analogous structures for these two compounddh® abnormal shielding observed for the H(3)/H(5) protons of

For 14and15a strongy(N—H) band in the 35082800 cnr! the noncoordinated rings in the compounds where the ligand is
regiort4 was observed, but fd, 7, and8 no stretching band bidentate. In fact, X-ray structural analysis indicated that these

appears in this range, as would be expected frontthNMR rings are almost perpendicular, and if we assume that this
spectra obtained for these complexes (see Table 2). relative position is roughly maintained in solution, it is possible
(17) Mayer, J. M.Inorg. Chem 1988 27, 3899. (19) Reger, D.; Mason, S. S.; Rheingold, A. L.; Ostrander, Rinbrg.

(18) Herrmann, W. A.; Kiprof, P.; Rypdal, K.; Tremmel, J.; Blom, R; Chem 1994 33, 1803.

Alberto, R.; Behm, J.; Albach, R. W; Bock, H.; Solouki, B.; Mink, J.;  (20) Reger, D.; Mason, S. S.; Reger, L. B; Rheingold, A. L.; Ostrander, R.
Lichtenberger, D.; Gruhn, El. Am. Chem. S0d 991, 113 6527. L. Inorg. Chem 1994 33, 1811.
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2H3)/H(5) 7
1H3)/M(S)

2H(3)/H(S)
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THE)/H(S
THB)/H(S) /HE)

Paulo et al.

However, the chemical shift of the resonance due to the
protons of the methoxide group, which férappears at low
field (3.96 ppm) compared with 2.96 ppm in compoB)dhe

THEH(E) \ 1H(9) TH(4) frequency of the stretching bangRe=0), which is higher in

5 than in3, and the solid state structures known for oxocom-
plexes of rhenium and technetium which indicate that the oxygen
of the quinolin-8-olate normally coordinates to the meétahs

T T T T

80 7.5 7.0 65 ppm to the oxo-oxygen lead us to assume structure I5{&+22 In
13, we expect to have the quinolin-8-olate coordinated & in
2ZHGYH(S) 2HVH(S) ~2H) b and the chloride ligand in the equatorial position.

In the *H NMR spectra of6, 7, and8 only one resonance
which integrates for two protons is observed for the H(4) protons
of the co-ligands pz and pzH, and8, and of the 3,5-Mgpz
and 3,5-MepzH in7. In these spectra is also clear the presence
of one resonance integrating for one proton due to the N-H of
the pzH, in6 and8, and of the 3,5-MgozH in 7. The splitting
of the H(3)/H(5) protons of the co-ligands pz and pzH is not
clear due to the overlapping of these resonances with other of
the [B(pz)]~, but in the spectrum of two resonances, which
integrate six protons each, appear at 2.17 and at 2.45 ppm clearly

TH(3)/H(S)

8.0 75 7.0 6.5 6.0
ppm

Figure 1. *H NMR spectra of oxorhenium (V) compounds (expanded

E:Béfé))“{];]fgzsg:)d}(]az [ReO(acap)™B(pz)} (OMe)]; (b) [ReO(OCH- indicating the magnetic equivalence of 3,54deand 3,5-Mg-
' pzH.

that the aromatic rings currents cause the protons to be shielded The magnetic equivalence of the coligands pz and pz18, in
when compared to similar groups in complexes where the ligand @d 8 and 3,5-Mepz and 3,5-MgpzH in 7, as well as the

is tridentate. Analogous effects, in compounds with the ligands downfield shift of the N-H protons, lead us to consider that
[B(pz)s~ and [HB(3,5-Mepz)]~, have also been recently there is an mteractlon between thls proton and the two mtroggn
referred by Regeet al1920 atoms of the equatorial pyrazol ligands, which are not coordi-

As can be seen in Table 2, typical resonances arising from Nated to the metal center:
the alkyl chain of the alcoholate group coordinated to the metal
center can be easily identified in thigl NMR spectra of
compounds3, 5, 6, 7, and8; for the acac ligand two resonances
of relative intensities 1:6 are observed in #iftNMR spectra
of 3 and4, but in the spectrum df2 there are three resonances
one integrating for one proton and other two integrating for three
protons each, due to the methin and to the methyl protons of o
the acac ligand. The pattern obtained 3oand4 agrees with As we referred to earlier, in the IR spectra of compouids
the structures found in the solid state, and the pattern observed’: @1d8 no stretching band clearly assignablev{l—H) was
for 12 clearly indicates that in this complex the acac ligand is observed, and this can be explained assuming that the interaction
twisted with one of the oxygen atoms coordinateshsto the above referred would decrease the frequency ofuihe-H)
Re=0 (Scheme 1). stret_chlng band and this coqu_I be masked by the weak to

For 5 and13 six resonances of equal intensity appear for the Medium bands of the [B(pd)", which normally appear between
protons of the quinolin-8-olate; these resonances, although3100 and 3132 cri. Although the magnetic equivalence in
appearing in the area of the H(3) and H(5) protons of the solutlor_1 of the two pyrazolyl ligands co_uld be explained by_a
[B(pz)4 -, are clearly differentiate due to their multiplicities and dynamic process, this would not explain the non observation
coupling constants (see Table 2). The nature of the quinolin- Of the stretching band(N-H) in the IR, which has been done
8-olate ligand does not allow the use of th¢ NMR of the in KBr. In iridium complexes with pyrazole ligands a strong
[B(pz)~ to conclude if the bidentate O, N donor ligand hydrogen bond between two N_ atoms has been previously
occupies two equatorial positions or if it occupies one equatorial 00served by'H NMR and confirmed by X-ray structural
and one axial. FoB, three types of structures can be assumed: analysis:*2*

These results indicate that whérand 2 react with pzH or
3,5-MepzH these potentially monoanionic bidentate protic
substrates do not coordinate to the Re center as the acac and
quinolin-8-olate ligands; instead, they coordinate as neutral
monodentate and anionic monodentate ligands and this is
probably due to geometrical reasons, in particular the bite of
the pyrazole ligands which is not adequate to promote the
octahedral geometry normally adopted by these neutral oxo
complexes containing the fragment RO=Re.

o
\ /N\lLle/Pz

JB\N/ \Pz*,-"H
N |

OMe

o N o
Il
\B/ N ge— OMe \B/ N \l‘l'e __OMe
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(21) Mazzi, U.; Refosco, F.; Tisato, F.; Bandoli, G.; Nicolini, M.Chem.
Soc., Dalton Trans1986 1623.
(22) Wilcox, B. E.; Heeg, M. J.; Deutsch, Faorg. Chem1984 23, 2962.
(23) Carmona, D.; Oro, L. A.; Lamata, M. P.; Jimeno, M. L.; Elguero, J.;
OMe Belguesi, A.; Lux, PInorg. Chem 1994 33, 2196.

(24) Carmona, D.; Oro, L. A.; Lamata, M. P.; Elguero, J.; Apreda, M. C.;

(III) Foces-Foces, C.; Cano, F. Angew Chem Int. Ed. Engl.1986 25,
1114.
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C40

Cc20

Figure 2. ORTEP drawing of [ReO(acae)>B(pz)} (OMe)].

c42
Figure 3. ORTEP drawing of [ReO(aca@)*B(pz)}]2(u-0).

For 10we do not have a solid state structure, buttHé&NMR
compares with the one obtained fyindicating analogous solid
state structures.

Solid State Structures of [ReO(acadn®B(pz)s} (OMe)] (3)
and [ReO(acac]n?-B(pz)s}]2(u-O) (4). Ortep views of the

Inorganic Chemistry, Vol. 35, No. 7, 1994805

Table 4. Selected Bond Lengths (A) and Bond Angles (deg) for
[ReO(acad)y*B(pz)} (OMe)] (3)

Re-0(1) 1.681(5) 0(2)C(2) 1.291(8)
Re-0(2) 2.082(5) O(4yC(4) 1.280(8)
Re-0(3) 1.896(5) C(2)C(20) 1.501(9)
Re-0(4) 2.094(5) c(2yC(s) 1.363(11)
Re—N(1) 2.072(5) C(4)-C(40) 1.497(10)
Re-N(2) 2.064(5) C(4)-C(5) 1.399(10)
0(3)-C(3) 1.396(8)
B—Na 1.53(1) c-ce 1.37(1)
N—Na 1.37(2) N-C2 1.33(1)
O(1)-Re-0O(3)  171.1(2)  O(3yRe-N(2) 89.3(2)
O(1)-Re-0(2) 89.1(2)  O(2)Re-0O(4) 90.9(2)
O(1)-Re-0(4) 905(2) O(2FRe-N(1)  175.0(2)
O(1)-Re—-N(1) 95.9(2)  O(2)Re-N(2) 87.8(2)
O(1)-Re-N(2) 96.8(2)  O(4FRe-N(1) 88.6(2)
0(3)-Re-0(2) 84.6(2) O(4YRe-N(2)  172.5(2)
O(3)-Re-0(4) 83.3(2)  N(1}Re-N(2) 92.0(2)
O(3)-Re-N(1) 90.4(2) ReO(3)-C(3)  143.1(5)
N—B—N2 110(1)

@ Mean value for the pyrazolyl rings.

Table 5. Selected Bond Lengths (A) and Bond Angles (deg) for
[ReO(acad)r*-B(pz)s}]2(1-O) (4)

Re—0(1) 1.910(1) 0(3)C(3) 1.32(2)
Re—-0(2) 1.663(10) o(4yC(4) 1.28(2)
Re-0(3) 2.053(10) C(3YC(30) 1.45(2)
Re—0(4) 2.057(10) C(3¥C(5) 1.38(3)
Re—N(1) 2.080(11) C(4)C(40) 1.49(2)
Re-N(2) 2.049(12) C(4yC(5) 1.36(3)
B—Na 1.53(3) c-ca 1.35(3)
N—Na 1.36(1) N-C2 1.34(2)
O(1)-Re-0(2)  175.6(4)  O(2rRe-N(2) 94.8(5)
O(1)-Re-0(3) 86.1(3)  O(3)Re-0(4) 92.1(4)
O(1)-Re-0(4) 85.6(3)  O(3yRe-N(1) 88.1(4)
O(1)-Re—-N(1) 88.9(3)  O(3FRe-N(2)  174.1(4)
O(1)-Re-N(2) 88.1(3)  O(4rRe-N(1)  174.4(4)
0(2)-Re-0(3) 91.1(5)  O(4yRe-N(2) 87.9(4)
0(2)-Re-0(4) 91.2(4)  N(1}Re-N(2) 91.3(4)
0(2)-Re-N(1) 943(5)  Re-O(1)-Re 180
N—B—Na 110(1)

aMean value for the pyrazolyl rings.

Re(V) complexes: 1.682(5), 1.693(7), and 1.69(2) A in [ReO-
{173-B(pz)s} (OPhY], [ReO{73-B(pz)} (SPh}], and [ReO(OCH
CH,0){7%-B(pz)4}], respectively*>®

molecular structures are shown in Figures 2 and 3 and selected |, 3the Re-O(3) bond distance and the R&(3)—C(3) bond
bond distances and bond angles are listed in Tables 4 and 5ang|e of the methoxide group are 1.896(5) A and 143°1(5)

The crystal structure & consists of discrete molecular units,
with no short intermolecular contacts. The structuredaf
dimeric and consists of two “[ReO(acégf-B(pz)}]” moieties

respectively. The structure & is similar in terms of the
[O=MV—ORJ]" core to the structures of the compounds
[ReOLy(OEt)] and [TcOL(OMe)] (L (o-aminophenyl)-

bridged by an oxygen atom lying on a centre of symmetry and diphenylphosphine® though with the axial angles<€Re—O(EY)

imposing a strictly linear ReO—Re bridge. In both compounds

and O=Tc—O(Me) (160.8(3) and 158.3(3) significantly

the coordination geometries around the rhenium atom are gitterent from the angle 171.1(2jound in3, probably due to
approximately octahedral with the oxygen atoms occupying the ihe |ess distorted octahedral geometry observed here. The Re

axial sites, the bidentate [B(p) and acac ligands lying in
the equatorial plane, with the metal atoms lying 0.11 A and

0.10 A out of the mean equatorial plane toward the axial oxo-

oxygen group.
The Re=0 bond lengths, 1.681(5) A i@ and 1.663(10) A

in 4 are in the range of MO bond lengths in monomeric Re(V)

and Tc(V) complexes and in dimeric with=eM—O—M=0

unitsP~11.152529 and are comparable to the values found in

previously structural determinations of similar monomeric oxo

(25) Thomas, R. W.; Estes, G. W.; Elder, R. C.; Deutschl. Am. Chem.
Soc 1979 101, 4581.

(26) Pillai, M. R. A.; John, C. S.; Lo, J. M.; Schlemper, E. O.; Troutner,
D. E. Inorg. Chem.199Q 29, 1850.

O(3) bond distance is significantly shorter than 2.004(7) and
1.999(8) A observed for the R&(Et) and Te-O(Me) bond
distances, indicating a stronger R®(Me) bond but is com-
parable to the corresponding value of 1.890(2) A in [Re©Cl

(27) Pillai, M. R. A.; Barnes, C. L.; Schlemper, E. Bolyhedron1994
13, 701.

(28) Tisato, F.; Refosco, F.; Mazzi, U.; Bandoli, G.; Nicolini, Morg.

Chim. Actal989 157, 227.

Pietzsch, H. J.; Spies, H.; Leibntz, P.; Reck, G.; Beger, J.; Jacobi, R.

Polyhedron1993 12, 187.

(30) Tisato, F.; Refosco, F.; Bandoli, G.; Bolzati, C.; Dolmella, A.; Moresco,
A.; Nicolini, M. J. Chem. Soc., Dalton Tran$993 605.

(31) Abram, S.; Abram, U.; Schulz-Lang, E.; Stte, J.Acta Crystallogr
1995 C51, 1078.

(29)
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(O'Pr)(PPh)2].3 In this compound the ReO bond length of
1.698(2) A, and the nearly linear<€Re—0 unit (174.25(9))
are in the range of the values found3n

The dimeric structure of has a quasi linear©&Re—O—Re=0
group (0=Re—0 angle, 175.6(4), which is comparable to the
structure of RgOsCly(MezpzHu-Me,CO (O=Re—0 angles of
172.5(3), 173.5(3) Re—O—Re angle, 177.7(4).3? The ter-
minal and the bridging ReO bond lengths, 1.663(10) and
1.910(1) A respectively, compare well with the corresponding
mean values of 1.690 and 1.93 A in ReCly(MepzH)-Me,-
CO32 These values are also in good agreement with those found
for other dimeric Re(V) and Tc(V) complexes containing the
O=M—0O—M=0 unit (1.671.72 A for terminal M=O and
1.90-1.94 A for bridging M—O bond lengths}2.26-29.32-34

In both compounds the [B(pd) ligand acts in a bidentate
manner, with similar ReN bond lengths and NRe—N bond
angles (average values of 2.07(1) A and 919(4Yhese values

Paulo et al.

Figure 4. ORTEP drawing of [Re©;?-B(pz)s} (u-pz)l(u-0).

are respectively, shorter and greater than the correspondingTable 6. Selected Bond Lengths (A) and Bond Angles (deg) for
values found in the three previously reported Re(V) complexes [ReX#*B(pz):} (u-p2)l(u-O) (9)

in which the [B(pz)]~ ligand is tridentate (2.162.29 A and
76—90°).47% The bond distances and angles of the coordinated
pyrazolyls do not present any significant difference from those
of the noncoordinated, and compare well to the values found
in previously reported Re(V) complex#s.

In the acac ligand, the mean R® bond distances are 2.09(1)
and 2.06(1) A, and the ©®Re—0 angles are 90.9(2) and 92.1-
(4)° for compounds3 and4, respectively. In both compounds
the dimensions of the acac ligand are normal. The ligand is
not rigorously planar but slightly distorted, as shown by the
angles of 4.2and 3.3 made by the G Re—0 planes with the
acac plane ir8 and 4, respectively, probably to minimize the
nonbonded contacts within the molecule. There is steric
crowding on the coordination sphere of the two compounds,
which manifests in short ligardligand contacts (less than the
respective sums of Van de Waals radii). There are no short
intermolecular contacts ia.

Solid State Structure of [Red B(pz)4} (u-pz)]2(1-O) (9).

The crystal structure consists of two independent “R&Pz)}”
units triple bridged by an oxygen atom and two pyrazolyl rings.

The characteristic feature of this structure is the presence of an ge(1)-0(3)-Re(2)

O=Re—0O—Re=0 group, with a quite bent Re(zD(3)—Re(2)
bridging unit (angle of 125.4(3), certainly due to the steric
requirements of the two bridging pyrazolyl rings. The angles
O(1)-Re(1)-0O(3) and O(2yxRe(2)-0O(3) are 164.6(2) and
166.1(3), respectively. The coordination geometries at the Re
atoms are distorted octahedral, as can be seen in the values
the angles around the rhenium atoms. The Re atoms are 0.1
and 0.18 A out the mean equatorial planes toward the axial oxo
oxygen atoms.

An ORTEP view of the structure is shown in Figure 4, and
selected bond distances and angles are presented in Table 6.
The structure shows roughly two planes of symmetry,
perpendicular to each other: one containing the O(3), C(12),
C(22) atoms; the other passing through the Re(1), Re(2), O(1),
0(2), O(3), B(1), and B(2) atoms and the two pyrazolyl rings

N(5) and N(9). The ReO bond lengths average 1.686 (6) A
and the bridging ReO bond lengths, 1.930(5) and 1.923(5)
A, average 1.926 (5) A. These are comparable to the values
observed irB and4, and are in the range of the values found in
the dimeric oxo-bridged structures of Re(V) and Tc(V)
complexeg226-29.32-34 The [B(pz)]~ ligand acts in a bidentate
manner, as also observeddand4 and in other poly(pyrazolyl)-

(32) Backes-Dahmann, G.; Enemark, J.labrg. Chem.1987,26, 3960.
(33) Lock, C. J. L.; Turner, GCan. J. Chem1978 56, 179.
(34) Pearson, C.; Beauchamp, A.Acta Crystallogr 1994 C50, 42.

gaverage 2.08(1) A), and are identical to the averageMRbond

Re(1)-0(1) 1.680(6) Re(20(2) 1.693(6)
Re(1)-0(3) 1.930(5) Re(2}O(3) 1.923(5)
Re(1)-N(1) 2.125(6) Re(2N(11) 2.138(6)
Re(1)-N(2) 2.128(7) Re(2¥N(21) 2.113(7)
Re(1)-N(3) 2.077(6) Re(2¥N(7) 2.095(6)
Re(1)-N(4) 2.085(7) Re(2¥N(8) 2.073(6)
B—Na 1.53(2) c-ce 1.37(2)
N—Na 1.36(1) N-C2 1.34(2)
O(1)-Re(1)-O(3) 164.6(2) O(Re(2)-0(3)  166.1(3)
O(1)-Re(1)-N(1)  88.7(3) O(2}Re(2)-N(11)  89.3(3)
O(1)-Re(1-N(2)  90.6(3) O(2}Re(2)-N(21)  90.7(3)
O(1)-Re(1)-N(3)  100.4(3) O(2)Re(2)-N(7) 99.4(3)
O(1)-Re(1)-N(4)  100.9(3) O(2)Re(2)-N(8)  100.0(3)
O(3)-Re(1)-N(1)  79.6(2) O(3)Re(2)-N(11)  79.9(2)
O(3)-Re(1-N(2)  78.9(2) O(3}Re(2)-N(21)  79.9(2)
O(3)-Re(1)-N(3)  91.0(2) O(3)-Re(2)-N(7) 89.7(2)
O(3)-Re(1)-N(4)  89.4(2) O(3)Re(2)-N(8) 90.2(2)
N(1)-Re(1-N(2)  86.5(3) N(11}Re(2-N(21) 85.1(3)
N(1)-Re(1-N(3) 170.6(2) N(11}Re(2-N(7)  92.2(3)
N(1)-Re(1-N(4)  91.4(3) N(11}Re(2-N(8)  169.6(2)
N(2)-Re(1-N(3)  91.0(3) N(21}Re(2-N(7)  169.5(2)
N(2)-Re(1-N(4) 168.3(3) N(21}Re(2-N(8)  90.0(3)
N(3)-Re(1-N(4)  89.2(3) N(7)>-Re(2)-N(8) 90.9(3)
125.4(3)
N—B—Na 109(2)

aMean value for the pyrazolyl rings.

borate complexe$!®20 The Re-N bond lengths of the
oordinated pyrazolyls of the [B(pg) ligands are quite similar

engths in3 and4. These are shorter than the average-Re
bond lengths of the two bridging pyrazolyl rings (average
2.13(1) A). The N-Re—N bond angles in [B(pz)~ ligands
(average 90.1(8) are similar to the corresponding angles3in
and4. In a geometric arrangement similar to that foundin
and4, the noncoordinated pyrazolyl ring farthest from the metal,
on each ligand, bisects the planes of the two coordinated rings,
and is almost perpendicular to the other noncoordinated ring
(dihedral angles of 85.8 and 88.in 9; 83.2 in 3; 89.2 in 4).
Several dinuclear Re(V) compounds containing thex{ire
0),]¢" unit, either planar or puckered, have been crystallo-
graphically characterize®:'63> The short Re-Re distances
(range: 2.42.7 A), the acute ReO—Re angles and the obtuse
O—Re—-0 angles have been interpreted as indicative of metal
metal bonding®35> Apparently [(Cp*}Re0x(u-0)]-2H,0 is
the only Re(V) compound containing this type of unit, where

(35) Bthm, G.; Wieghardt, K.; Nuber, B.; Weiss, lhorg. Chem 1991,
30, 3464.



Tetrakis(pyrazolyl)borateRe Complexes

no Re-Re bond was found (ReRe distance, 3.142(1) A;
Re—O—Re angle, 106.6(2) 0=Re—0 angle, 73.4(1)}* The
Re(1)--Re(2) distance of 3.425 A found §is a clear indication

of no interaction. This larger distance, when compared to
[(Cp*)2Re04(u-0),]-2H,0, is certainly due to the two pyra-
zolate groups in the triple bridged compl@ex This is also the
reason why larger ReO—Re and O-Re—N angles were found.
So far,9 is the first triple-bridged Re(V) complex structurally
characterized, and the nature of the [Bgpz)igand, especially

its coordination versatility, seems to be crucial in its stabilization.

Concluding Remarks
The poly(pyrazolyl)borates, namely [HB(gk) and [B(pz)] ~,

are compared to cyclopentadienyl and substituted cyclopenta-

dienyl ligands and have been largely used in coordination
chemistry. One interesting feature of both type of ligands is

Inorganic Chemistry, Vol. 35, No. 7, 1994807

mononuclear and dinuclear Re compounds where the tetrakis-
(pyrazolyl)borate ligand coordinates in a bidentate way. By
usingl and choosing properly the protic substrate the denticity
of the [B(pz)]~ can be modulated: reactions with potentially
monoanionic protic substrates lead to complexes where the
[B(pz)4~ is bidentate and reactions with potentially dianionic
protic substrates lead to complexes where the [B]pzis
tridentate. As in previous reported work, tHél NMR
spectroscopy proved again to be a powerful technique to
evaluate the coordination geometry around the metal center as
well as the denticity of the poly(pyrazolyl)borate ligand, and
this is due to the nature of these ligands.
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that they may undergo hapticity changes. However, as far as Supporting Information Available: Tables of complete crystal-

we know, in all the Re(V) oxo complexes with these ligands
they present their maximum hapticityy® for cyclopentadi-
enyls® and#?® for poly(pyrazolyl)borated-59-11

We have shown that [R@3-B(pz)}(OMe)] (1) is a
versatile compound for the synthesis of monomeric and dimeric
complexes of Re(V), including the first structurally characterized

lographic data, final coordinates, equivalent thermal parameters,

calculated hydrogen atom positions, anisotropic thermal parameters,
complete bond distances and angles, and equations of mean-least-
squares planes (29 pages). Ordering information is given on any current
masthead page.
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