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A new synthetic route based on bis(3,5-dimethylpyrazol-1-
yl)acetic acid (Hbdmpza) (1) has afforded the alcohol 2,2-
bis(3,5-dimethylpyrazol-1-yl)ethanol (Hbdmpze) in good
yield. This alcohol and the related lithium compound
[{Li(bdmpza)(H,0)},] are excellent precursors for introducing
these scorpionate ligands into transition metal complexes.
For example, the lithium compound and Hbdmpze (the latter
after prior addition of nBulLi) react with a solution of MCls
(M = Nb, Ta) in THF to give, after stirring for 12 h at -70 °C,
a solution from which the complexes [MCly(k*-bdmpzx)] (x =
a, M =Nb 2, Ta 3; x =e, M = Nb 4, Ta 5) have been isolated.
When solutions of 2-5 in THF were stirred at ca. 20 °C for
48 h, the oxo complexes [MCl,(O)(x*-bdmpzx)] (x = a, M =

Nb 6, Ta 7; x = e, M = Nb 8, Ta 9) were isolated. The struc-
tures of these complexes have been determined by spectro-
scopic methods and the X-ray crystal structure of 8 has been
established. Finally, a new class of heteroscorpionate-metal
complexes containing an alkoxide ligand has been prepared.
Direct reaction of the complexes [MCl,(k*-bdmpza)] (M = Nb
2, Ta 3) with several alcohols gave the complexes [MCls(k3-
bdmpza)(OR)] (M = Nb, R = Me 10, Et 11, iPr 12, {Bu 13; M =
Ta, R = Me 14, Et 15, iPr 16, tBu 17) after the appropriate
workup.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

Several classes of poly(pyrazol-1-yl)borato niobium com-
plexes containing halide, alkoxide, alkyl, imido, oxo, or al-
kyne ancillary ligands have been prepared.[!] We have re-
ported the preparation of several complexes of the type
TpNb(Cl),(RC=CR") or Tp*Nb(O)(CI)(OR) [Tp = hydri-
dotris(pyrazol-1-yl)borate and Tp* = hydridotris(3,5-di-
methylpyrazol-1-yl)borate],”” and have recently examined
the synthesis of new “heteroscorpionate” ligands!® that in-
corporate pyrazole rings. The target compounds are related
to the tris(pyrazol-1-yl)methane system,*! where one pyra-
zole group is replaced by a carboxylate, dithiocarboxylate
or ethoxide group; i.e. bis(3,5-dimethylpyrazol-1-yl)acetate
(bdmpza), bis(3,5-dimethylpyrazol-1-yl)dithioacetate
(bdmpzdta) and 2,2-bis(3,5-dimethylpyrazol-1-yl)ethoxide
(bdmpze). The aim is to provide a small degree of steric
hindrance and considerable coordinative flexibility in the
ligand. These compounds are excellent reagents for the in-
troduction of scorpionate ligands into niobium complexes
and a series of alkyne-containing niobium(ii) complexes
has been isolated and characterized.l®) More recently, we
extended the range of complexes to include group 4 met-
als.[®
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In continuing such research we have further studied the
synthesis of heteroscorpionate-containing niobium(v) and
tantalum(v) species, where any compounds have been re-
ported in the literature. We describe here the synthesis and
characterization of new classes of heteroscorpionate-ni-
obium and -tantalum complexes containing halide, oxo and
alkoxide ancillary ligands.

Results and Discussion

The alcohol 2,2-bis(3,5-dimethylpyrazol-1-yl)ethanol
(Hbdmpze) was obtained by reduction of the lithium com-
pound [{Li(bdmpza)(H,O)}4] with a 2.0 m solution of
(CH;),S-BHj; (borane-methyl sulfide complex) in THF at
reflux in a 1:1 molar ratio (Scheme 1).5] However, to in-
crease the low yield (46%) of this method we proposed a
new route based on the use of bis(3,5-dimethylpyrazol-1-
ylacetic acid (Hbdmpza) (1), which was also synthesized
and characterized in this work. The lithium compound
[{Li(bdmpza)(H,0)}4] reacted at room temperature in a 1:1
molar ratio (Scheme 1) with hydrochloric acid to give,
after appropriate workup, the acid 1 (97% yield). Reduction
of this acid with a 2.0 M solution of (CHj3),S-BHj3
gave the alcohol 2,2-bis(3,5-dimethylpyrazol-1-yl)ethanol
(Hbdmpze) in 84% yield (Scheme 1). The mass spectrum
(FAB) of 1 indicates a mononuclear formulation (Exp.
Sect.). The IR spectrum shows two strong bands at 1578
and 1414 cm~!, which are assigned to v,(CO,”) and
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Scheme 1. Summary of reactions leading to compound 1. Reagents
and conditions: (1) (CH3),S‘BH;3, THE, reflux, 12 h under an at-
mosphere of dry nitrogen, yield 46%; (i) HCl, THF, 1 h, 20 °C,
yield 97%,; (iii) (CH3),S‘BH3, THE, reflux, 12 h under an atmos-
phere of dry nitrogen, yield 84%.

v(CO, "), respectively. The '"H NMR spectrum shows a set
of resonances for H*, Me® and Me?, indicating that both
pyrazole rings are equivalent in solution. In addition, all
the resonances are shifted to lower fields than those for the
lithium compound [{Li(bdmpza)(H,O)}4]. The '3C{'H}
NMR spectra exhibit the corresponding signals for CH, C3,
C4, C3, Me?, Me® and CO,~ (Exp. Sect.).
[{Li(bdmpza)(H,0)}4] and (Hbdmpze) were used in the
complexation of some niobium and tantalum fragments,
initially with MCls (M = Nb, Ta). Thus,
[{Li(bdmpza)(H,O)}4] and (Hbdmpze) (the latter with
prior addition of nBuLi) reacted with a solution of MCls
(Scheme 2) in THF to give, after stirring for 12 h at —70
°C, a solution from which the complexes [MCly(ic3-
bdmpzx)] (x =a, M = Nb 2, Ta3; x =¢,M = Nb 4, Ta
5) were isolated as red, (2) yellow (3, 4) and white (5) solids
after the appropriate workup. When solutions of 2—5 in
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Scheme 2. Syntheses of complexes [MCly(i>-bdmpzx)] (2—5) and
[MCL,(0)(x*-bdmpzx)] (6—9)
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THF were stirred at ca. 20 °C for 48 h, the oxo complexes
[MCL(O)(x3-bdmpzx)] (x = a, M = Nb 6, Ta 7; x = e,
M = Nb 8, Ta 9) were isolated as white solids after the
appropriate workup (Scheme 2). Although rigorously anhy-
drous experimental conditions were used, hydrolysis still oc-
curred.

The complexes were characterised spectroscopically. The
mass spectra of 2—9 indicate a mononuclear formulation
(Exp. Sect.). The ir spectra of 2—3 and 6—7 show two
strong bands at ca. 1750 and 1500 cm ™!, which are assigned
to v.(CO,7) and vy(CO,7), respectively. In the lithium
compound [{Li(bdmpza)(H>O)}4], Avass [Vas(CO7) —
vs(CO,7)]is 180 cm ™!, and the carboxylate forms a coordi-
nating bridge between two lithium atoms. IR spectroscopy
is a good indicator of the bonding mode of carboxylate
ligands:[7! bonding through the two oxygen atoms (chelate
mode) leads to a decrease in Av,,, in comparison to the
absorptions of a bridge mode, and bonding through the sin-
gle oxygen atom leads to an increase in Av,g_, again in com-
parison to a bridging mode. The AV, (ca. 235 cm™ ") for
these compounds accords with an O-coordination (mono-
dentate) mode. The IR spectra of 4, 5, 8 and 9 contain a
strong band at ca. 570 cm ! that is assigned to v(M—O0).
Complexes 2—9 show other bands of interest at ca. 420 and
315 cm ™!, which are assigned to v(M—Cl) of the terminal
group for a mononuclear disposition, with a seven-coordi-
nate model or octahedral environment for each niobium
atom. The 'H and 3C{'H} NMR spectra of 2—5 show a
single set of resonances for the pyrazole rings, indicating
that the pyrazoles are equivalent. These data confirm a
seven-coordinate model (Scheme 2), with 13-NNO coordi-
nation for the bdmpza or bdmpze.

The 'H NMR spectra of 6—9 exhibit two resonances for
each H*, Me? and Me? pyrazole protons, indicating that the
two pyrazole rings are non-equivalent (Exp. Sect.). These
results are consistent with a proposed octahedral dispo-
sition in which the two pyrazole rings are located in cis and
trans positions with respect to the oxo ligand (Scheme 2).
Homonuclear NOE (nuclear Overhauser enhancement) dif-
ference spectroscopy confirmed these assignments for each
pyrazole ring. In addition, the '*C{'H} NMR spectra of
complexes 6—9 exhibit two resonances for the different
pyrazole carbon atoms C3, C* C5, Me?, Me® which have
been assigned on the basis of 'H—!'*C HETCOR corre-
lation experiments (Exp. Sect.). The chiral centre of the me-
tal atom in these complexes was confirmed by the presence
in solution of the two enantiomers upon addition of the
chiral shift reagent (R)-(—)-(9-anthryl)-2,2,2-trifluoro-
ethanol. This process gave rise to two signals for each proton
in the 'H NMR spectra, resulting from the two dia-
stereoisomers of the corresponding two enantiomers (Fig-
ure 1).

The molecular structure of complex 8 was determined by
X-ray diffraction. It crystallizes in the orthorhombic space
group Pbca with eight molecules per unit cell, and consists
of a monomeric unit with a heteroscorpionate ligand
bonded to the niobium atom through the two nitrogen
atoms and the oxygen from the alkoxide group (Figure 2).
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Figure 1. "H. NMR spectra in the region of the Me group of the
complex [NbCl,(O)(13-bdmpza)] (6); *with chiral shift reagent

Figure 2. ORTEP drawing of the complex [NbCl,(O)(i3-bdmpze)]
®)

In addition, the niobium centre is coordinated to two chlo-
ride atoms and one oxygen, rendering the niobium atom a
chiral centre. In the solid state, due to the centrosymmetric
space group, both enantiomers are present and one,
0OC—6—43(C), is depicted in Figure 2.

This complex has a pseudooctahedral geometry with an
equatorial plane defined by the N1, N3, O1 and CII atoms
and two apical positions defined by O2 and CI2. The major
distortion appears in the O2—Nbl—CI2 angle [157.7(2)°,
Table 1]. The Nbl—N3 bond length [2.263(6) A] is as expect
for an Nb pyrazolyl complex”! but the elongated Nb1—N1
[2.456(5) A] indicates that Ol exerts a strong trans influ-

262 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Table 1. Bond lengths (A) and angles (°) for 8

Nb(1)—O(1) 1.796(5)  O(1)=Nb(1)—0(2) 99.9(2)
Nb(1)-0(2) 1.903(5)  O(1)-Nb(1)=N(3) 96.7(2)
Nb(1)-N(3) 2263(6)  O(2)—Nb(1)—N(3) 79.2(2)
Nb()—CI(1)  2.337(2)  O(1)-Nb(1)—CI(1) 97.4(2)
Nb()-Cl2)  24122)  OQ2)—-Nb(1)—Cl(1) 96.2(2)
Nb(1)—N(1) 2456(5)  N(3)—Nb(1)-Cl(1) 165.7(1)
0(2)—C(12) 1.402(8)  O(1)-Nb(1)—Cl(2) 98.1(2)
0(2)—Nb(1)-Cl(2) 157.7(2)
N(3)—Nb(1)—Cl(2) 85.7(1)
CI(1)~Nb(1)—Cl(2) 94.49(8)
O(1)—Nb(1)—N(1) 172.2(2)
0(2)—Nb(1)—N(1) 78.7(2)
N(3)—Nb(1)—N(1) 75.5(2)
CI(1)~Nb(1)~N(1) 90.3(1)
Cl1(2)—Nb(1)~N(1) 81.8(1)
C(12)-0(2)—Nb(l)  136.0(4)

ence. The Nbl1—01 [1.796(5) A] is as expected for a
double bond.®

To extend the range of alkoxide-containing niobium and
tantalum species we prepared a new class of heteroscor-
pionate-metal complex, which contains an alkoxide ancil-
lary ligand. Direct reaction of complexes [MCly(x3-
bdmpza)] (M = Nb 2, Ta 3) with several alcohols
(Scheme 3) gave, after appropriate workup, the complexes
[MCls(k3-bdmpza)(OR)] (M = Nb, R = Me 10, Et 11, iPr
12, Bu 13; M = Ta, R = Me 14, Et 15, iPr 16, tBu 17),
which were isolated as yellow solids. The mass spectra of
complexes 10—17 indicate a mononuclear formulation
(Exp. Sect.). In the IR spectra AV, is ca. 225 cm ™!, which
accords with coordination by a single oxygen. Three strong
bands are also observed at ca. 550, 370 and 300 cm ™!, and
the first of these was assigned to v(M—OR) and the latter
two to v(M—CI). The '"H NMR spectra of these complexes
exhibit a single set of resonances for H*, Me* and Me”,
indicating that the pyrazole rings are equivalent. These re-
sults are consistent with the proposed seven-coordinate dis-
position in which the alkoxide and chloride ligands bisect
the plane of the scorpionate ligand (Figure 3). In addition,
the 3C{'H} NMR spectra show the corresponding signals
for C3, C*, C°, Me? and Me® and the different carbon atoms
of the corresponding alkoxide ligand (Exp. Sect.).

+HOR, ~HCI
12 h, 20°C
M=Nb, R =Me 10, Et 11, /Pr 12, /Bu 13
M=Ta, R = Me 14, Et 15, iPr 16, /Bu 17

[MCl,(<*-bdmpza)]
M=Nb2,Ta3

[MCls(&*-bdmpza)(OR)]

Scheme 3. Synthesis of complexes [MCl;(ic*-bdmpza)(OR)] 10—17

Conclusion

A new synthetic route has provided the alcohol 2,2-
bis(3,5-dimethylpyrazol-1-yl)ethanol (Hbdmpze) in good
yield. Both this alcohol and the related lithium compound
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Figure 3. Proposed structure for complexes 10—17

[{Li(bdmpza)(H,O)}4] are excellent precursors for introduc-
ing these scorpionate ligands into transition metal com-
plexes, as confirmed by the preparation of different ni-
obium and tantalum complexes. New classes of heteroscor-
pionte-niobium(v) and tantalum(v) complexes, containing
halide, oxo and alkoxide ancillary ligands have also been
isolated.

Experimental Section

All reactions were performed using standard Schlenk-tube tech-
niques under an atmosphere of dry nitrogen. Solvents were distilled
from appropriate drying agents and degassed before use. Microana-
lyses were carried out with a Perkin—Elmer 2400 CHN analyser.
Mass spectra were recorded on a VG Autospec instrument using
the FAB technique and 3-nitrobenzyl alcohol as matrix. Infrared
spectra were recorded in the region 4000—200 cm~! using a
Perkin—Elmer 883 spectrophotometer. 'H and '*C NMR spectra
were registered on a Varian Unity FT-300 and 200 spectrometers
referenced to the residual deuterated solvent. The NOE difference
spectra were recorded with the acquisition parameters: spectrum
width 5000 Hz, acquisition time 3.27 s, pulse width 90°, relaxation
delay 4 s, irradiation power 5—10 dB, number of scans 120.
Two-dimensional NMR spectra were acquired using standard
VARIANT-FT software and processed using an IPC-Sun com-
puter.

The complexes NbCls and TaCls were purchased from Aldrich. The
compounds [{Li(bdmpza)(H,0)}4] and Hbdmpze were prepared as
reported previously.!>!

Preparations

Hbdmpza (1): A 10% solution of HCI (4.50 mL, 11.02 mmol) in
water was added to [Li(bdmpza)(H>O)}4] (3.00 g, 11.02 mmol) dis-
solved in dry THF (30 mL) in a Schlenk tube (250 mL), and the
resultant reaction mixture was stirred for 1 h at room temperature.
The mixture was then separated and the organic layer dried with
MgSO, and subsequently concentrated to afford the white solid 1,
which was washed with hexane and crystallized from a mixture of
THF/hexane. Yield 97%. C,HcN,4O, (248.3): caled. C 58.05, H
6.49, N 22.56; found C 58.12, H 6.65, N 22.31. '"H NMR (CDCl;,
297 K): 8 = 6.89 (s, 1 H, CH), 5.91 (s, 2 H, H%), 2.15 (s, 6 H, M¢&?),
2.30 (s, 6 H, Me®) ppm. 3C{'H} NMR (CDCls): § = 69.3 (CH),
149.6, 142.6 (C? or C%), 106.9 (C*), 13.5 (Me?), 11.1 (Me®), 168.2
(CO;,7) ppm. IR (Nujol): v = 1562 v(C=N), 1578 v,(CO,7), 1414
vs(CO,7) cm™!. Mass spectrum (m/z assignment, % intensity): 248
[Hbdmpza]™, 100.

INbCly(x*-bdmpza)] (2): An  equimolar  quantity  of
[{Li(bdmpza)(H,0)}4] (1.01 g, 0.92 mmol) was added dropwise to
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a THF (100 mL) solution of NbCls (1.00 g, 3.70 mmol). The result-
ant solution was then stirred for 12 h at —70 °C, and the solvent
then removed under vacuum to give a solid that was extracted with
CH,Cl,. The solvent was then removed to give a red solid. Yield
92%. C1,H5CILN4NDbO, (482.0): caled. C 29.90, H 3.13, N 11.66;
found C 30.02, H 3.13, N 11.72. 'H NMR (CDCl;, 297 K), § =
6.85 (s, 1 H, CH), 6.18 (s, 2 H, H*), 2.55 (s, 6 H, Me?), 2.70 (s, 6
H, Me®) ppm. BC{'H} NMR (CDCl;): § = 72.1 (CH), 149.2, 142.3
(C3 or C9), 106.5 (C%), 12.1 (Mé?), 11.6 (Me®), 168.3 (CO, ™) ppm.
IR (Nujol): ¥ = 1575 v(C=N), 1760 v,(CO,7), 1525 v{(CO,"),
429, 304 v(Nb—Cl) cm™!. Mass spectrum (m/z assignment, %
intensity): 446 [M — Cl], 100.

[TaCly(x3-bdmpza)] (3): The synthetic procedure was the same as
for complex 2, wusing TaCls (1.00g, 2.79 mmol) and
[{Li(bdmpza)(H,O)}4] (0.76 g, 0.70 mmol). The solution was
stirred for 12 h at —70 °C, and the solvent was then removed under
vacuum and the solid extracted with CH,Cl,. The latter solvent was
then removed to give a yellow solid. Yield 91%. C;,H,sCI;N40,Ta
(570.0): caled. C 25.31, H 2.61, N 9.82; found C 25.34, H 2.65, N
9.86. '"H NMR (CDCls, 297 K): 6 = 7.83 (s, 1 H, CH), 6.01 (s, 2
H, H%), 2.33 (s, 6 H, Mé&%), 2.42 (s, 6 H, Me®) ppm. 3C{'H} NMR
(CDCl,): 8 = 73.4 (CH), 148.7, 141.2 (C3 or C?), 105.8 (C%), 12.3
(Me?), 11.1 (Me®), 168.7 (CO,™) ppm. IR (Nujol): ¥ = 1572 v(C=
N), 1712 v,(CO57), 1498 v(CO, ™), 405, 315 v(Ta—Cl) cm™'. Mass
spectrum (m/z assignment, % intensity): 534 [M — Cl], 100.

[INbCly(x3-bdmpze)] (4): A 1.6 M solution of nBuLi in hexane
(2.3 mL, 3.70 mmol) was added to a cooled (=70 °C) solution of
Hbdmpze (0.87 g, 3.70 mmol) in dry THF (100 mL). After 30 min
a solution of NbCl;s (1.00 g, 3.70 mmol) in THF (50 mL) was added
and the reaction mixture was stirred for 12 h at —70 °C. The so
obtained product was then extracted into CH,Cl, (50 mL) and the
solvent removed under vacuum to give a yellow solid. This solid
was then crystallised from a mixture of THF/hexane. Yield 90%.
C,H;CIN,NDO (468.0): caled. C 30.73, H 3.63, N 11.91; found
C 30.83, H 3.92, N 12.12. '"H NMR (CDCls, 297 K): § = 7.29 (t,
3Jyu = 54 Hz, 1 H, CH), 4.50 (d, 3Jyu = 5.4 Hz, 2 H, CH,0),
6.04 (s, 2 H, H%, 2.17 (s, 6 H, Me?), 2.36 (s, 6 H, Me®) ppm.
BC{'H} NMR (CDCls): § = 71.7 (CH), 62.8 (CH,0), 149.1, 141.1
(C3 or C%), 108.4 (C*, 12.4 (Me?), 11.2 (Me®) ppm. IR (Nujol):
vV = 1574 v(C=N), 585 v(Nb—0), 425, 325 v(Nb—Cl) cm~!. Mass
spectrum (m/z assignment, % intensity): 432 [M — Cl], 100.

[TaCly(x3-bdmpze)] (5): The synthetic procedure was the same as
for complex 4, using TaCls (1.00 g, 2.79 mmol), Hbdmpze (0.65 g,
2.79 mmol) and nBuLi (1.7 mL, 2.79 mmol), to give 5 as a white
solid (85% yield). C;,H;,Cl4N4OTa (556.1): caled. C 25.92, H 3.18,
N 10.08; found C 25.92, H 3.22, N 10.12. '"H NMR (CDCl;,
297K): & = 7.59 (t, 3Jyu = 44Hz, 1 H, CH), 4.55 (d, 3Jypu =
4.4 Hz, 2 H, CH,0), 6.06 (s, 2 H, H*), 2.14 (s, 6 H, Me?), 2.38 (s,
6 H, Me®) ppm. *C{'H} NMR (CDCl;): § = 71.3 (CH), 63.1
(CH,0), 149.3, 141.8 (C? or C?), 106.1 (C*), 12.3 (Mé€?), 11.2 (Me)
ppm. IR (Nujol): ¥ = 1570 v(C=N), 564 v(Ta—O0), 409, 312
v(Ta—Cl) cm~!. Mass spectrum (m/z assignment, % intensity): 520
M — (1, 100.

INbCl(O)(x3-bdmpza)] (6): A THF (100 mL) solution of
[NbCly(x*-bdmpza)] (2) (0.50 g, 1.03 mmol) was stirred for 48 h at
20 °C. The solvent was then removed under vacuum to give a white
solid, which was crystallised from a mixture of THF/hexane. Yield
92%. C,H;sCILN,NbO; (427.1): caled. C 33.72, H 3.51, N 13.13;
found C 33.72, H 3.51, N 13.13. 'H NMR (CDCl;, 297 K): § =
6.74 (s, 1 H, CH), 6.18, 6.04 (s, 2 H, H* or H*), 2.70, 2.55 (s, 6 H,
Me? or Me*'), 2.54, 2.49 (s, 6 H, Me® or Me®') ppm. 3C{'H} NMR
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(CDCl): 8 = 66.3 (CH), 156.1, 154.9, 143.0, 141.3 (C? or C¥, C3
or C¥), 108.9, 108.7 (C* or C¥), 11.3, 10.8 (Me* or Me¥), 15.3,
14.4 (Me® or Me>'), 162.3 (CO, ") ppm. IR (Nujol): v = 1579 v(C=
N), 1761 v,(CO,7), 1525 v(CO,7), 926 v(Nb=0), 429, 324
v(Nb—CI) cm~!. Mass spectrum (m/z assignment, % intensity): 426
[M], 100.

[TaCly(O)(x3-bdmpza)] (7): The synthetic procedure was the same
as for complex 6, using [TaCl,(i>-bdmpza)] 3 (0.50 g, 0.88 mmol).
The solvent was removed under vacuum to give a white solid, which
was crystallised from a mixture of THF/hexane. Yield 85%.
C1,H5CLN4O3Ta (515.1): caled. C 27.92, H 2.92, N 10.81; found
C 27.93, H 2.97, N 10.83. 'TH NMR (CDCl;, 297 K): § = 6.61 (s,
1 H, CH), 6.23, 6.08 (s, 2 H, H* or H*), 2.76, 2.57 (s, 6 H, Me? or
Me?), 2.54, 2.49 (s, 6 H, Me® or Me*) ppm. 3C{'H} NMR
(CDCl,): 8 = 66.5 (CH), 157.0, 155.5, 143.3, 141.3 (C? or C¥, C3
or C¥), 109.4, 109.2 (C* or C*), 11.4, 10.9 (Me* or Me¥), 15.7,
14.6 (Me® or Me*'), 161.1 (CO, ™) ppm. IR (Nujol): ¥ = 1569 v(C=
N), 1712 v,(CO,7), 1488 v(CO,7), 897 v(Ta=0), 405, 315
v(Ta—Cl) ecm™~!. Mass spectrum (m/z assignment, % intensity): 514
[M], 100.

[NbCl,(O)(x3-bdmpze)] (8): The synthetic procedure was the same
as for complex 6, using [NbCly(x3-bdmpze)] (4) (0.50 g,
1.07 mmol). The product was extracted into CH,Cl, and the sol-
vent was then removed under vacuum to give a white solid that
was crystallised from a mixture of THF/hexane. Yield 87%.
C,H7CI,N4NbO, (413.1): caled. C 34.82, H 4.11, N 13.51; found
C 34.84, H 4.14, N 13.53. 'H NMR (CDCls, 297 K): § = X 6.42,
A 491, B 4.72 (ABX, Jap = 12.2, 3Jpxx = 1.2, 3Jgx = 2.4 Hz, 3
H, CHCH,0), 6.09, 5.97 (s, 2 H, H* or H*), 2.65, 2.55 (s, 6 H,
Me? or Me?'), 2.48, 2.44 (s, 6 H, Me’ or Me®') ppm. *C{'H} NMR
(CDCly): 6 = 72.6 (CH), 65.8 (CH,0), 153.8, 153.1, 142.8, 141.8
(C3 or C¥, C3 or C¥), 108.1, 108.0 (C* or C*), 11.5, 11.0 (Me? or
Me?), 15.2, 14.5 (Me® or Me*) ppm. IR (Nujol): ¥ = 1574 v(C=
N), 570 v(Nb—0), 930 v(Nb=0), 421, 325 v(Nb—Cl) cm!. Mass
spectrum (m/z assignment, % intensity): 412 [M], 100.

[TaCl,(O)(x3-bdmpze)] (9): The synthetic procedure was the same
as for complex 6, using [TaCly(ic3-bdmpze)] (5) (0.50 g, 0.89 mmol).
The product was extracted into CH,Cl, and the solvent was then
removed under vacuum to give a white solid, which was crystallised
from a mixture of THF/hexane. Yield 83%. C,,H;;Cl,N4O,Ta
(501.1): caled. C 28.72, H 3.41, N 11.11; found C 28.77, H 3.42, N
11.13. 'TH NMR (CDCls, 297 K): 8 = X 7.19, A 4.57, B 4.50 (ABX,
Jap = 22.4, 3Jax = 3Jgx = 4.3 Hz, 3 H, CHCH-0), 6.06, 5.97 (s,
2 H, H* or H¥), 2.49, 2.34 (s, 6 H, Me® or Me?'), 2.49, 2.13 (s, 6
H, Me’ or Me*) ppm. BC{'H} NMR (CDCl,): § = 72.1 (CH),
63.1 (CH,0), 147.9, 144.8, 144.7, 143.5 (C? or C¥, C° or C?),
107.9, 106.0 (C* or C*), 11.0, 10.9 (Me® or Me?*), 12.6, 10.9 (Me®
or Me*) ppm. IR (Nujol): ¥ = 1570 v(C=N), 550 v(Ta—0), 899
v(Ta=0), 399, 316 v(Ta—Cl) cm~!. Mass spectrum (m/z assign-
ment, % intensity): 465 [M], 100.

[NbCl3(x3-bdmpza)(OMe)] (10): A MeOH (100 mL) solution of
[NbCly(x3*-bdmpza)] (2) (0.5 g, 1.03 mmol) was stirred for 12 h at
20 °C. The solvent was then removed under vacuum and the solid
extracted into toluene. The toluene was then removed to give a
yellow solid. Yield 81%. C;3HgCIsN4NbO; (477.6): caled. C 32.78,
H 3.64, N 11.77; found C 32.94, H 3.81, N 11.92. '"H NMR
(CDCl3, 297 K): 8 = 8.08 (s, 1 H, CH), 6.02 (s, 2 H, H%), 2.34 (s,
6 H, Me?), 2.46 (s, 6 H, Me®), 3.91 (s, 3 H, OMe) ppm. *C{'H}
NMR (CDCly): § = 69.9 (CH), 148.0, 145.4 (C3 or C3), 108.4 (C*),
12.3 (Me?), 12.0 (Me®), 162.8 (CO, "), 54.2 (OMe) ppm. IR (Nujol):
v = 1574 v(C=N), 1751 v, (CO,7), 1515 v((CO,7), 579
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v(Nb—OMe), 385, 305 v(Nb—CIl) cm~!. Mass spectrum (m/z as-
signment, % intensity): 442 [M — Cl], 100.

[NbCl5(k3-bdmpza)(OEt)] (11): A solution of [NbCl,(k*-bdmpza)]
(2) (0.5 g, 1.03 mmol) in EtOH (100 mL) was stirred for 12 h at 20
°C, and the solvent was then removed under vacuum and the solid
extracted with toluene. The toluene was then removed to give a
yellow solid. Yield 80%. C;4H»oCI;N4NbO; (491.6): caled. C 34.32,
H 3.81, N 11.44; found C 34.35, H 3.82, N 11.46. 'H NMR
(CDCls, 297 K): & = 7.89 (s, 1 H, CH), 5.99 (s, 2 H, H%), 2.31 (s,
6 H, Me’), 2.41 (s, 6 H, Med), 436 (q, 3Juu = 7.0Hz, 2 H,
OCH,CH3), 1.30, (t, 3Jyuy = 7.0Hz, 3 H, OCH,CH;) ppm.
BC{'H} NMR (CDCl5): § = 70.4 (CH), 147.9, 144.9 (C? or C%),
108.2 (C*), 12.5 (Me?), 11.9 (Me?), 162.7 (CO, ™), 63.8 (OCH,CHj;),
13.8 (OCH,CH;) ppm. IR (Nujol): v = 1573 v(C=N), 1710
Vas(CO,7), 1480 v((CO,7), 561 v(Nb—OEt), 374, 306 v(Nb—Cl)
cm~!. Mass spectrum (m/z assignment, % intensity): 456 [M —
Cl], 100.

[NbCl3(x3-bdmpza)(OiPr)] (12): A solution of [NbCl,(13-bdmpza)]
(2) (0.5 g, 1.03 mmol) in iPrOH (100 mL) was stirred for 12 h at 20
°C. The solvent was then removed under vacuum and the solid
extracted with toluene; the toluene was then removed to give a
yellow solid. Yield 75%. C;sH,ClsN4NbOs3 (505.6): caled. C 35.77,
H 4.25, N 11.17; found C 35.63, H 4.35, N 11.23. 'H NMR
(CDCls, 297 K): & = 7.56 (s, 1 H, CH), 5.94 (s, 2 H, H*), 2.27 (s,
6 H, Me%), 2.33 (s, 6 H, Me®), 5.19 [m, 3Jyuy = 7.0Hz, 1 H,
OCH(CHj3),), 1.28 [d, 3Jyy = 7.0Hz, 6 H, OCH(CHj;),] ppm.
I3C{'H} NMR (CDCl5): § = 71.0 (CH), 147.9, 144.2 (C? or C>),
1082 (CH, 12.6 (Me®, 11.7 (Me’), 162.6 (CO,), 72.1
[OCH(CH3),], 21.4 [OCH(CH3),] ppm. IR (Nujol): ¥ = 1569
V(C=N), 1680 v,(CO,7), 1464 v{(CO,7), 552 v(Nb—OiPr), 368,
298 v(Nb—CI) cm~'. Mass spectrum (m/z assignment, % intensity):
470 [M — C1j, 100.

[NbCl3(x3-bdmpza)(OBu)] (13): A solution of [NbCl,(x*-bdmpza)]
(2) (0.5 g, 1.03 mmol) in BuOH (100 mL) was stirred for 12 h at
20 °C. The solvent was then removed under vacuum and the solid
extracted with toluene; the toluene was then removed to give a
yellow solid. Yield 90%. C;sH»,CIsN,NbO; (519.7): caled. C 37.04,
H 4.42, N 10.82; found C 37.17, H 4.54, N 10.94. '"H NMR
(CDCl3, 297 K): 8 = 7.63 (s, 1 H, CH), 6.01 (s, 2 H, H%), 2.30 (s,
6 H, Me3), 2.42 (s, 6 H, Me>), 1.57 [s, 9 H, OC(Me);] ppm. 3C{'H}
NMR (CDCls): § = 70.3 (CH), 147.8, 144.9 (C? or C?), 108.3 (C*),
124 (Mé?), 11.8 (Me®), 162.4 (CO,7), 29.3 [OC(CHs)s], 24.9
[OC(CH3);3] ppm. IR (Nujol): ¥ = 1564 v(C=N), 1652 v,((CO,"),
1442 v(CO, ™), 543 v(Nb—O¢Bu), 358, 295 v(Nb—Cl) cm~!. Mass
spectrum (m/z assignment, % intensity): 484 [M — ClI], 100.

[TaCls(x3-bdmpza)(OMe)] (14): A solution of [TaCly(k>-bdmpza)]
(3) (0.5 g, 0.88 mmol) in MeOH (100 mL) was stirred for 12 h at
20 °C. The solvent was then removed under vacuum and the solid
extracted with toluene that was then removed to give a yellow solid.
Yield 82%. C13H;sCl3N4O3Ta (565.6): caled. C 27.62, H 3.03, N
9.92; found C 27.74, H 3.06, N 9.85. 'H NMR (CDCl;, 297 K):
5 = 7.86 (s, 1 H, CH), 6.01 (s, 2 H, H*), 2.31 (s, 6 H, Me?), 2.42
(s, 6 H, Me), 3.90 (s, 3 H, OMe) ppm. 3C{'H} NMR (CDCl;):
8 = 70.5 (CH), 148.3, 145.1 (C3 or C), 108.4 (C*), 12.5 (Me?), 11.9
(Me®), 163.2 (CO, ™), 54.2 (OMe) ppm. IR (Nujol): ¥ = 1570 v(C=
N), 1710 v,(CO,7), 1503 v(CO,7), 554 v(Ta—OMe), 365, 301
v(Ta—Cl) cm~!. Mass spectrum (m/z assignment, % intensity): 530
[M - (1], 100.

[TaCl3(x3-bdmpza)(OEt)] (15): A solution of [TaCly(x*-bdmpza)]
(3) (0.5 g, 0.88 mmol) in EtOH (100 mL) was stirred for 12 h at 20
°C. The solvent was then removed under vacuum and the solid
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extracted with toluene that was then removed to give a yellow solid.
Yield 87%. C14H20Cl3N4O3Ta (579.6): caled. C 29.03, H 3.21, N
9.70; found C 29.05, H 3.22, N 9.73. '"H NMR (CDCl;, 297 K):
5 = 7.82 (s, 1 H, CH), 6.00 (s, 2 H, H*), 2.30 (s, 6 H, Me?), 2.42
(s, 6 H, Me®), 4.35 (q, 3Juu = 7.0 Hz, 2 H, OCH,CHj3), 1.30 (t,
3Juu = 7.0Hz, 3 H, OCH,CH;) ppm. *C{'H} NMR (CDCl,):
8 = 71.0 (CH), 148.0, 144.9 (C? or C?), 108.2 (C*), 12.5 (Me%), 11.9
(Me?), 162.7 (CO,7), 63.8 (OCH,CH3), 13.8 (OCH,CH;) ppm. IR
(Nujol): ¥ = 1563 v(C=N), 1680 v,(CO,7), 1468 v,(CO,"), 541
v(Ta—OEt), 354, 298 v(Ta—Cl) cm™~!. Mass spectrum (m/z assign-
ment, % intensity): 544 [M — Cl], 100.

[TaCls(x3-bdmpza)(OiPr)] (16): A solution of [TaCl(k*-bdmpza)]
3) (0.5 g, 0.88 mol) in iPrOH (100 mL) was stirred for 12 h at 20
°C. The solvent was then removed under vacuum and the solid
extracted with toluene that was subsequently removed to give a
yellow solid. Yield 68%. C;sH»,CI3N4O5Ta (593.7): caled. C 30.46,
H 3.53, N 9.42; found C 30.62, H 3.66, N 9.65. '"H NMR (CDCl;,
297 K): 8 = 7.77 (s, 1 H, CH), 5.98 (s, 2 H, H*), 2.30 (s, 6 H, M¢&?),
240 (s, 6 H, Me®), 5.18 [m, *Jypy = 7.0 Hz, 1 H, OCH(CH,),],
1.28 [d, 3Jyyu = 7.0 Hz, 6 H, OCH(CHj3),] ppm. *C{'H} NMR
(CDCly): 8 = 70.6 (CH), 147.8, 144.7 (C? or C%), 108.1 (C%), 12.5
Me?), 11.8 (Med), 162.3 (CO,7), 72.3 [OCH(CH;),], 21.4
[OCH(CHj;),;] ppm. IR (Nujol): v = 1568 v(C=N), 1658
Vas(CO57), 1455 v(CO,7), 539 w(Ta—OiPr), 345, 294 v(Ta—Cl)
cm~!. Mass spectrum (m/z assignment, % intensity): 558 [M —
Cl], 100.

[TaCl3(x3-bdmpza)(OrBu)] (17): A solution of [TaCly(x*-bdmpza)]
(3) (0.5 g, 0.88 mmol) in tBuOH (100 mL) was stirred for 12 h at
20 °C. The solvent was then removed under vacuum and the solid
extracted with toluene that was subsequently removed to give a
yellow solid. Yield 91%. C;sH»4Cl3N405Ta (607.7): caled. C 31.61,
H 3.82, N 9.22; found C 31.63, H 3.86, N 9.26. '"H NMR (CDCl;,
297 K): 6 = 7.80 (s, 1 H, CH), 6.00 (s, 2 H, H*), 2.31 (s, 6 H, Mé?),
241 (s, 6 H, Me®), 1.55 [s, 9 H, OC(Me);] ppm. '*C{'H} NMR
(CDCl5): 8 = 70.3 (CH), 147.5, 144.3 (C3 or C°), 108.2 (C%, 12.5
(Meé?), 11.7 (Me’), 163.1 (CO,7), 30.1 [OC(CHj)i], 26.3
[OC(CHj3);3] ppm. IR (Nujol): ¥ = 1573 v(C=N), 1643 v,(CO,"),
1438 v{(CO57), 529 v(Ta—O7Bu), 334, 289 v(Ta—Cl) cm~'. Mass
spectrum (m/z assignment, % intensity): 572 [M — CI], 100.

Crystal Data for 8: Single crystals suitable for X-ray diffraction
were obtained by slow evaporation of the solvent from a solution
of 8 in dichloromethane. The crystals were mounted on fine glass
fibres with epoxy cement. The diffractions were measured on a
four-circle diffractometer (Nonius-MACH3) at 200 K using graph-
ite-monochromated Mo-K,, radiation (A = 0.71073 A) and a ®/26
scan. Two standard diffractions were monitored every hour and
showed no significant intensity variation. The lattice parameters
were refined by least-squares fitting from 25 automatically centred
diffractions. An empirical absorption correction was made. The
structure was solved by direct methods!” yielding the positions of
all non-hydrogen atoms. Refinement on F? was carried out by full-
matrix least-squares techniques.'”? All non-hydrogen atoms were
refined with anisotropic thermal parameters. The hydrogen atoms
were included in calculated positions and were refined isotropically
(Table 2). CCDC-208238 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge at www.ccdc.cam.ac.uk/conts/retrieving.html [or from
the Cambridge Crystallographic Data Centre, 12 Union Road,
Cambridge CB2 1EZ, UK, Fax: (internat.) + 44-1223/336-033;
E-mail: deposit@ccdc.cam.ac.uk].
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Table 2. Crystal data and structure refinement for 8

Empirical formula C,H7CLLN4NbO,

Molecular weight 413.11
Temperature 200(2) K,
Wavelength 0.71073 A
Crystal system orthorhombic
Space group Pbca

Unit cell dimensions i
a = 13.106(1) A
b =16463(3) A
¢ = 14.650(2) A

Volume 3160.8(8) A3
z 8

Density (calculated) 1.736 g/lcm?
Absorption coefficient 11.08 cm™!
F(000) 1664

0.3 X 0.2 X 0.2 mm?
0=h=17,0= k =21,0=/ =19

Crystal size
Index ranges

Reflections collected 3787

Independent reflections 3787 [R(int) = 0.0000]
Data/restraints/parameters 3787/0/191
Goodness-of-fit on F2 1.045

Final R indices [/ > 2o(])]
R indices (all data)
Extinction coefficient
Largest diff. peak and hole

Rl = 0.0758, wR2 = 0.1973
R1 = 0.0931, wR2 = 0.2062
0.0001(2) ]

3.711 and —2.442 e-A—3
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