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The reaction of ScCls(THF); or YCls in a 1:1 molar ratio under reflux for 8 h with [{ Li(bdmpza)(H,0)} 4] [odmpza
= bis(3,5-dimethylpyrazol-1-yl)acetate], [{ Li(bdmpzdta)(H.O)}4] [bdmpzdta = bis(3,5-dimethylpyrazol-1-yl)dithio-
acetate], and (Hbdmpze) [bdmpze = 2,2-his(3,5-dimethylpyrazol-1-yl)ethoxide] affords the corresponding complexes
[MCly(x3-bdmpzx)(THF)] (x =a, M = Sc (1), Y (2); x = dta, M = Sc (3), Y (4); x =e, M = Sc (5), Y (6)).
However, when the reaction was carried out for 1 h under reflux between ScCls(THF); and [{ Li(bdmpzdta)(H,0)} 4],
a new anionic complex [Li(THF)4][ScCls(k3-bdmpzdta)] (7) was obtained. Reaction of [{Li(bdmpza)(H,0)} 4] with
YCls in a 2:1 molar ratio under reflux for 8 h gave the complex [YCl(k®-bdmpza),] (8). The same reaction, but with
the lithium compound [{ Li(bdmpzdta)(H,0)} 4], led to the formation of an anionic complex [Li(THF)4][Y Cls(«3-bdmpzdta)]
(9). The X-ray crystal structures of 7 and 9 were established. Finally, the addition of 1 equiv of [{Li(bdmpza)-
(H20)}4] or [{Li(bdmpzdta)(H,0)} 4] to a solution of YCls in THF under reflux, followed by the addition of 1 equiv
of 1,10-phenanthroline, resulted in the formation of the corresponding complexes [YCly(x3-bdmpzx)(phen)] (x = a
(10), x = dta (11)). These complexes are the first examples of group 3 metals stabilized by heteroscorpionate
ligands. In addition, we have explored the reactivity of some of these complexes with alcohols and amides. For
example, the direct reaction of [YCly(«3-bdmpza)(THF)] (2) with several alcohols gave the alkoxide complexes
[YCl(x*-bdmpza)(OR)] (R = Et (12), iPr (13)). Finally, the reaction between [ScCly(x*-bdmpzdta)(THF)] (3) or [Li-
(THF)4][ScCls(«3-bdmpzdta)] (7) and LiN(SiMes),*Et,0 in 1:1 and 1:2 molar ratios gave rise to the complexes
[ScCl(k3-bdmpzdta){ N(SiMes),} ] (14) and [Sc(k3-bdmpzdta){ N(SiMes),} 2] (15), respectively.

Introduction homoleptic compounds of the type s\ (M = Sc, VY, La,
Ce—Lu).* A large number of heteroleptic Tp complexes have
also been reported, most of which are eight-coordinate and
are of the type TgM(L) (L = bidentate ligand)or (Tp)-
MX(solv) (X = halide, solv= neutral coordinating solvert).
Dihalide hydrotris(pyrazolyl)borate complexes, TpMX

(solv) or TpMX,(L),%¢ have also been described. Further-

Scorpionates such as poly(pyrazolyl)borates are attractive
ancillary ligands for the stabilization of the group 3 metals
and lanthanide complexésThese ligands have several
characteristics that are similar to those of cyclopentadienyl
systems,and their unique properties provide advantages that
make them especially attractive for the synthesis of lan-
thanide or group 3 metal complex&$he first examples of
hydrotris(pyrazolyl)borate derivatives for these elements were *)
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Sc and Y with NNO and NNS Heteroscorpionate Ligands

more, the alkyl derivatives TpMRR = Ph, CHSiMe;) are

scans 256, using standard VARIANT-FT software. Two-dimen-

known and were found to be active ethylene polymerization sional NMR spectra were acquired using standard VARIAN-FT

catalysts

We have previously reported the synthesis of new “het-
eroscorpionate” ligands based on bis(pyrazol-1-yl)methane
that contain two pyrazole rings and a carboxylate, dithio-
carboxylate, or methoxide group, namely bis(3,5-dimeth-
ylpyrazol-1-yl)acetate (bdmpza), bis(3,5-dimethylpyrazol-1-
yl)dithioacetate (bdmpzdta), and 2,2-bis(3,5-dimethylpyrazol-
1-yl)ethoxide (bdmpze). More recently we developed the
synthesis of the first hybrid scorpionate/cyclopentadienyl

software and processed using an IPC-Sun computer.
The anhydrous scandium and yttrium trichlorides were used as
received. The complexe$lfi(bdmpza)(HO)} 4], [bdmpza= bis-
(3,5-dimethylpyrazol-1-yl)acetate]{ [i(bdmpzdta)(HO)} 4], and
[bdmpzdta= bis(3,5-dimethylpyrazol-1-yl)dithioacetate] and the
compound (Hbdmpze) [bdmpze 2,2-bis(3,5-dimethylpyrazol-1-
yl)ethoxide] were prepared as reported previod&hyp2ab
Preparations. Synthesis of [ScGlk3-bdmpza)(THF)] (1). To
a THF (100 mL) solution of [ScG(THF);] (0.50 g, 1.36 mmol)
was added an equimolar quantity ¢L[(bdmpza)(HO)}4] (0.37

ligand1® These tridentante ligands can coordinate to a wide g, 0.34 mmol). The reaction mixture was stirred&h under reflux.

variety of elements, e.g. from early to late transition metals.

The solvent was removed under vacuum and the solid extracted

Thus, we have reported heteroscorpionate Comp]exes conWwith CH,Cl,. A white solid was obtained after removal of the

taining group 4 and 5 metalsHowever, heteroscorpionate
lanthanide complexes have not been reported to date in th

literature. For this reason we became interested in extending
the scope of this chemistry to include the preparation of new
heteroscorpionate complexes of the group 3 metals. We

e

solvent, and this was crystallized from a mixture of THiexane.
Yield: 70%. Anal. Calcd for GH»3:CI.N4OsSc: C, 44.1; H, 5.3;
N, 12.8. Found: C, 44.2; H, 5.5; N, 12.84 NMR (300 MHz,
CDCl3, 297 K): 0 6.73 (s, 1 H, CH), 5.81 (s, 2 H,% 2.06 (s, 6
H, Med), 2.20 (s, 6 H, M#&), 3.85 (m, 4 H, THF), 1.95 (m, 4 H,
THF). 13C{*H} NMR (CDCl): ¢ 73.3 (CH), 146.3, 140.6 &),

describe here the synthesis and characterization of new;og 2 (@), 13.4 (Mé), 11.3 (M&), 69.4 (THF), 26.4 (THF), 177.6

classes of neutral and anionic scandium and yttrium com-

(COy). IR (Nujol): 15751(C=N), 1638v.{CO;"), 1377v{(CO;"),

plexes containing heteroscorpionate ligands along with halide 343 v(Sc-Cl) cm™. MS [FAB (m/z [assignment], % intensity)]:

and phenanthroline as ancillary ligands. Thesget com-

328 [M — THF — CI], 100.

plexes constitute the first examples of this class of compound Synthesis of [YCh(x3-bdmpza)(THF)] (2). The synthetic pro-
with a heteroscorpionate ligand. We also explored the cedure was the same as for complexusing YCE (0.50 g, 2.56

reactivity of some of these complexes with alcohols and
amides to give new alkoxide and amide complexes.

Experimental Section

All reactions were performed using standard Schlenk-tube

mmol) and { Li(bdmpza)(HO)}4] (0.71 g, 0.64 mmol) to give
as a white solid. Yield: 95%. Anal. Calcd for,§H,3CI.N4O3Y:
C,40.1;H,4.8; N, 11.7. Found: C, 40.5; H, 4.9; N, 114 NMR
(300 MHz, CDC4, 297 K): 6 6.75 (s, 1 H, CH), 5.84 (s, 2 H,%
2.01 (s, 6 H, M&), 2.19 (s, 6 H, M&), 3.45 (m, 4 H, THF), 1.87
(m, 4 H, THF).23C{*H} NMR (CDCl): ¢ 73.8 (CH), 146.8, 141.2

techniques under an atmosphere of dry nitrogen. Solvents were(C3°9), 106.7 (C), 13.9 (Mé), 11.9 (Mé), 71.4 (THF), 25.4 (THF),
distilled from appropriate drying agents and degassed before use.173.1 (CQ"). IR (Nujol): 1545v»(C=N), 1668v,{CO,"), 1403

Microanalyses were carried out with a Perkin-Elmer 2400 CHN

v(COy7), 275 v(Y—CI) cm™1. MS [FAB (m/z [assignment], %

analyzer. Mass spectra were recorded on a VG Autospec instrumenintensity)]: 372 [M— THF — Cl], 100.

using the FAB technique and nitrobenzyl alcohol as matrix. Infrared
spectra were obtained in the region 46@WM0 cnt? using a Perkin-
Elmer 883 spectrophotometetd and 13C NMR spectra were
recorded on Varian Unity FT-300 and Varian Inova FT-500

Synthesis of [ScCi(k3-bdmpzdta)(THF)] (3). The synthetic
procedure was the same as for complgexusing [ScCi(THF)]
(0.50 g, 1.36 mmol) and{[Li(bdmpzdta)(HO)},] (0.41 g, 0.34
mmol) to give3 as a red solid. Yield: 85%. Anal. Calcd fordEl s

spectrometers and referenced to the residual deuterated solvent. Th€I,N,0S,Sc: C, 41.1; H, 4.9; N, 11.9. Found: C, 41.5; H, 5.1; N,

NOE difference spectra were recorded with the following acquisi-
tion parameters: spectrum width 5000 Hz; acquisition time 3.27
s; pulse width 98 relaxation delay 4 s; irradiation power-30

11.7."H NMR (300 MHz, CDC}, 297 K): 6 7.53 (s, 1 H, CH),
6.02 (s, 2 H, M), 2.74 (s, 6 H, M&), 2.38 (s, 6 H, M8, 3.91 (m,
4 H, THF), 1.95 (m, 4 H, THF)13C{1H} NMR (CDCL): ¢ 80.5

dB; number of scans 120. The NOESY-1D spectra were recorded (CH), 153.7, 141.7 (&), 108.0 (C), 15.4 (Mé), 11.4 (Mé), 71.0

with the acquisition parameters irradiation &M@ s and number of
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For group 5 metal complexes see for example: (a) Otero, A;
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Diez-Barra, E.; Lara-Sachez, A.; Ferhadez-Lopez, M.; Lanfranchi,
M.; Pellinghelli, M. A.J. Chem. Soc., Dalton Tran$999 3537. (b)
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A.; Sanchez-Barba, L.; Rodguez, A. M.Eur. J. Inorg. Chem2004
260. For group 4 metal complexes, see for example: (c) Otero, A.;
Fernaadez-Baeza, J.; Artolo, A.; Carrillo-Hermosilla, F.; Tejeda,
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I. Inorg. Chem.2004 43, 1350.
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(THF), 25.6 (THF), 234.2 (CS). IR (Nujol): 1585 (C=N), 1078
1dCS7), 812 v(CS7), 346 v(Sc-Cl) cm™L. MS [FAB (m/z
[assignment], % intensity)]: 359 [M- THF — CI], 100.
Synthesis of [YCh(k3-bdmpzdta)(THF)] (4). The synthetic
procedure was the same as for complensing YCk (0.50 g, 2.56
mmol) and { Li(bdmpzdta)(HO)} 4] (0.78 g, 0.64 mmol) to givéd
as a red solid. Yield: 85%. Anal. Calcd forE,3CIbN,OSY: C,
37.6; H, 4.5; N, 10.9. Found: C, 37.8; H, 4.7; N, 10t6. NMR
(300 MHz, CDCH, 297 K): 6 7.56 (s, 1 H, CH), 5.94 (s, 2 H,®
2.57 (s, 6 H, Mé), 2.41 (s, 6 H, M®), 3.81 (m, 4 H, THF), 1.95
(m, 4 H, THF).=3C{*H} NMR (CDCly): 6 67.9 (CH), 145.4, 141.8

(12) (a) Otero, A.; Fermadez-Baeza, J.; Aritalo, A.; Carrillo-Hermosilla,
F.; Tejeda, J.; Lara-®&hez, A.; Sachez-Barba, L.; Fefmalez-Lpez,
M.; Rodrfguez, A. M.; Lgpez-Solera, Ilnorg. Chem2002 41, 5193.
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M. J. Chem. Soc., Dalton Trang00Q 2367.
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(C®09),108.1 (C), 15.4 (M€), 11.4 (M), 71.4 (THF), 25.3 (THF),
233.8 (C%). IR (Nujol): 1531 (C=N), 1058 v,{CS,"), 886
v{(CS), 272 v(Y—CI) cm 1. MS [FAB (m/z [assignment], %
intensity)]: 404 [M— THF — CI], 100.

Synthesis of [ScCi(k3-bdmpze)(THF)] (5). To a cooled 70
°C) solution of Hbdmpze (0.63 g, 2.72 mmol) in dry THF (100
mL) was added a 1.6 M solution of Bl in hexane (1.70 mL,
2.72 mmol). After 30 min, a solution of [Sc&THF)s] (1.50 g,
2.72 mmol) in THF (100 mL) was added and the reaction mixture
stirred fa 8 h under reflux. The solvent was removed under vacuum,
and the solid was extracted with @El,. A white solid was obtained
after removal of the solvent, and this was crystallized from a mixture
of THF—hexane. Yield: 65%. Anal. Calcd for;6H,5CI,N4O,Sc:

C, 45.6; H,5.9; N, 13.3. Found: C, 45.8; H, 6.0; N, 138NMR
(300 MHz, CDC}, 297 K): 6 6.27 (t, 1 H,3Jyy = 6.6 Hz, CH),
5.79 (s, 2 H, M), 4.23 (d, 2 H;3Jyy = 6.6 Hz, CHO), 2.06 (s, 6
H, Med), 2.22 (s, 6 H, M), 3.84 (m, 4 H, THF), 1.87 (m, 4 H,
THF). 33C{*H} NMR (CDCly): ¢ 71.0 (CH), 148.1, 141.3 @®9),
106.4 (C), 61.9 (CHO), 14.2 (Mé), 11.4 (Mé), 69.5 (THF), 25.7
(THF). IR (Nujol): 1545v(C=N), 575 v(Sc-0), 331v(Sc-Cl)
cm 1. MS [FAB (m/z [assignment], % intensity)]: 313 [M- THF
— Clj, 100.

Synthesis of [YCh(k3-bdmpze)(THF)] (6). The synthetic
procedure was the same as for com@exsing Hbdmpze (1.20 g,
5.12 mmol), BuLi (3.2 mL, 5.12 mmol), and YGI(1.00 g, 5.12
mmol) to give6 as a white solid. Yield: 70%. Anal. Calcd for
Ci6H2:CIbN4OLY: C, 41.3; H, 5.4; N, 12.0. Found: C, 41.5; H,
5.4; N, 11.82H NMR (CDCl;, 297 K): 6 6.30 (t, 1 H,3Jy = 6.8
Hz, CH), 5.78 (s, 2 H, ¥, 4.21 (d, 2 H.2Juy = 6.8 Hz, CHO),
2.05 (s, 6 H, M), 2.22 (s, 6 H, M#), 3.94 (m, 4 H, THF), 1.95
(m, 4 H, THF).13C{*H} NMR (300 MHz, CDC}): ¢ 70.9 (CH),
147.0, 140.3 (&), 106.2 (), 62.2 (CHO), 14.1 (Mé), 11.4
(Med), 69.4 (THF), 25.1 (THF). IR (Nujol): 1513(C=N), 563
v(Y—=0), 288 v(Y—Cl) cmt. MS [FAB (m/z [assignment], %
intensity)]: 358 [M— THF — CIJ, 100.

Synthesis of [Li(THF)4][ScCls(k3-bdmpzdta)] (7). To a THF
(200 mL) solution of [ScG(THF)3] (1.00 g, 2.72 mmol) was added
an equimolar quantity of{Li(bdmpzdta)(HO)}4] (0.83 g, 0.68
mmol). The reaction mixture was stirredrfb h under reflux. The

Otero et al.

v(C=N), 1670v,{CO,"), 1430v{CO;,"), 280v(Y—CIl) cm 1. MS
[FAB (m/z [assignment], % intensity)]: 583 [M- CI], 100.

Synthesis of [Li(THF)4][YCI 3(k3-bdmpzdta)] (9). To a THF
(100 mL) suspension of [YG] (0.50 g, 2.56 mmol) was added a
suspension of[Li(lbdmpzdta)(HO)} 4] (1.56 g, 1.28 mmol) in THF
(50 mL). The reaction mixture was stirredrf8 h under reflux.
The solvent was removed under vacuum and the solid extracted
with CH,Cl,. The solution was evaporated to dryness to yield a
mixture of 9 and starting lithium compound as an orange solid.
Compound9 was isolated by crystallization from cold THF.
Yield: 58%. Anal. Calcd for GgH47ClsLiN 404S,Y: C, 43.6; H,
6.1; N, 7.2. Found: C, 43.8; H, 6.3; N, 734 NMR (500 MHz,
CDCls, 297 K): 6 7.70 (s, 1 H, CH), 6.10, 6.04 (s, 2 H,*#),
2.85, 2.47 (s, 6 H, M&®), 2.51, 2.49 (s, 6 H, M&), 4.59 (m, 16
H, THF), 2.20 (m, 16 H, THF)}3C{1H} NMR (CDCl): 6 75.9
(CH), 154.8, 152.5, 142.3, 141.4 {&'3), 107.2, 106.1 (&%),
14.9, 14.1 (Mé3), 11.5, 11.3 (Meé?%), 75.7 (THF), 25.4 (THF),
255.9 (C%). IR (Nujol): 1575 v(C=N), 1025 v,{CS;"), 750
v(CS7), 275v(Y—Cl) cm™1.

Synthesis of [YCh(k3-bdmpza)(phen)] (10).To a THF (100
mL) suspension of [YG] (0.50 g, 2.56 mmol) was added a solution
of [{Li(bdmpza)(HO)}4] (0.71 g, 0.64 mmol) in THF (50 mL).
The reaction mixture was stirred, and a solution of 1,10-phenan-
throline (0.46 g, 2.56 mmol) in THF (10 mL) was added. The
mixture was stirred fio8 h under reflux, and the resulting precipitate
was separated by filtration, washed with THF, and dried under
vacuum. The white solid was extracted with &Hp (3 x 200 mL).
Removal of the solvent afforded compoud®, and this was
crystallized from THF. Yield: 55%. Anal. Calcd for ,gH,3-
CILbNgO,Y: C, 49.1; H, 3.9; N, 14.3. Found: C, 49.2; H, 4.1; N,
14.1.'H NMR (500 MHz, CDC}, 297 K): 0 6.67 (s, 1 H, CH),
5.79 (s, 2 H, M), 2.16 (s, 6 H, M@), 2.04 (s, 6 H, M#), 9.86 (d,

2 H, H-phen), 8.55 (d, 2 HJpy = 7.3 Hz, H-phen), 8.01 (s, 2 H,
H4-phen), 7.79 (m, 2 H, Aphen).13C{*H} NMR (CDCl): 6 73.2
(CH), 146.1, 140.9 (&), 105.9 (©), 13.3 (Mé), 11.1 (M€é), 171.4
(CO;), 150.3 (C-phen), 145.0 (&3tphen), 138.0 (&3tphen),
128.6 (CG-phen), 126.7 (&phen), 123.7 (Ephen). IR (Nujol):
1575, 14950(C=N), 1706 v,{CO,"), 1450v{(CO,"), 280 v(Y —
Cl) cm™1. MS [FAB (m/z [assignment], % intensity)]: 552 [M-

solvent was removed under vacuum and the solid extracted with Cl], 100.

CH,Cl,. The solution was evaporated to dryness to yield a mixture
of 3and7 as a red solid. Compourtiwvas isolated by crystallization
from cold THF. Yield: 35%. Anal. Calcd for £gH47Cl3LiN 40,S,-
Sc: C, 46.3; H, 6.5; N, 7.7. Found: C, 46.5; H, 6.6; N, 713.
NMR (500 MHz, CDC}, 297 K): 6 7.53 (s, 1 H, CH), 6.05, 6.04
(s, 2 H, H#), 2.76, 2.47 (s, 6 H, M&), 2.49 (s, 6 H, M&5), 4.50
(m, 16 H, THF), 2.12 (m, 16 H, THF}3C{*H} NMR (CDCk): 6
80.5 (CH), 154.0, 152.5, 142.8, 142.4{C2>5), 108.2, 108.1 (&%),
15.0, 14.3 (Mé3), 11.6, 11.4 (MeS), 74.7 (THF), 25.6 (THF),
233.9 (C%). IR (Nujol): 1586 »(C=N), 1039 v,{CS;"), 798
1(CS), 344v(Sc-Cl) cm™.

Synthesis of [YCl3-bdmpza),] (8). To a THF (100 mL)
suspension of [YG] (0.50 g, 2.56 mmol) was added a solution of
[{Li(bdmpza)(HO)} 4] (1.39 g, 1.28 mmol) in THF (50 mL). The
reaction mixture was stirred f@ h under reflux. The solvent was
removed under vacuum and the solid extracted with,ClH A
white solid was obtained after removal of the solvent, and this was
crystallized from a mixture of THFhexane. Yield: 60%. Anal.
Calcd for Q4H30C|N804Y: C, 46.6; H, 4.8; N, 18.1. Found: C,
46.8; H, 4.9; N, 18.0'H NMR (500 MHz, CDC}, 297 K): ¢ 6.57
(s,2H,CH),5.78(s,4H,1,2.23 (s, 12 H, M8, 2.05 (s, 12 H,
Med). 13C{*H} NMR (CDCly): 6 74.1 (CH), 146.6, 141.1 &9,
106.5 (@), 14.2 (Mé), 12.3 (Mé), 170.3 (CQ"). IR (Nujol): 1536
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Synthesis of [YCh(k3-bdmpzdta)(phen)] (11). Compoundll
was prepared as described idrusing [YCk] (0.50 g, 2.56 mmol),
[{Li(bdmpzdta)(HO)} 4] (0.78 g, 0.64 mmol), and 1,10-phenan-
throline (0.46 g, 2.56 mmol). The final product was isolated as an
orange solid. Yield: 56%. Anal. Calcd for H,3CIoNgS,Y: C,
46.5; H, 3.7; N, 13.6. Found: C, 46.7; H, 3.9; N, 13'8.NMR
(500 MHz, CDC}, 297 K): 6 7.56 (s, 1 H, CH), 6.19 (s, 2 H, %
2.78 (s, 6 H, M8&), 2.49 (s, 6 H, M), 9.75 (d, 2 H, H-phen), 8.43
(d, 2 H,Jun = 7.0 Hz, H-phen), 8.10 (s, 2 H, f4phen), 7.68 (m,

2 H, H?-phen).13C{1H} NMR (CDCl): ¢ 75.9 (CH), 150.2, 143.9
(CB0r9), 107.9 (C), 15.3 (Mé), 11.5 (Mé), 245.3 (C$), 153.3
(C'-phen), 146.0 (@3tphen), 139.0 (@3atphen), 128.4 (Ephen),
125.7 (C-phen), 122.3 (&phen). IR (Nujol): 1545, 1476(C=
N), 1059v,{CS; ), 806 v{(CS ), 260v(Y—Cl) cm™. MS [FAB
(m/z [assignment], % intensity)]: 584 [M- Cl], 100.

Synthesis of [YCl(3-bdmpza)(OEt)] (12). A solution of [YCl,-
(«k3-bdmpza)(THF)] 2) (1.00 g, 2.45 mmol) in EtOH (100 mL)
was stirred for 12 h under reflux. The solvent was removed in a
vacuum, and the product was extracted with toluene to give a white
solid after removal of the solvent. Yield: 65%. Anal. Calcd for
C14H20CIN4O5Y: C, 40.3; H, 4.8; N, 13.4. Found: C, 40.5; H, 4.9;
N, 13.7.1H NMR (500 MHz, CDC}, 297 K): 6 6.84 (s, 1 H, CH),
5.77 (s, 2 H, M), 2.12 (s, 6 H, M@), 2.04 (s, 6 H, M#), 4.12 (q,



Sc and Y with NNO and NNS Heteroscorpionate Ligands

2 H, 3y = 6.8 Hz, QCH,CHy), 1.23 (t, 3 H,3J4y = 6.8 Hz, Table 1. Crystallographic Data, Collection, and Refinement Parameters
OCH,CHs). 13C{1H} NMR (CDCly): 6 73.2 (CH), 147.6, 141.6  for 7and9
(C31), 107.5 (CG), 13.5 (Mé), 10.9 (Mé), 164.8 (CQ), 62.7 param 7 9
(OCH,CH), 14.0 (OCHCHj). IR (Nujol): 15631(C=N), 1690 empirical formula GHACNSSe,  CuthChNSY,
vadCOy7), 1435v(CO,7), 673v(Y —OEL), 265v(Y —Cl) cm™1. MS CigH2:Li04 CieH32LiO4
[FAB (mz [assignment], % intensity)]: 382 [M- Cl], 100. fw 726.07 770.02
; , ) temp (K) 230(2) 200(2)
Synthesis of [YCI(3-bdmpza)(OPr)] (13). A solution of [YCl,- wavelength (A) 0.710 73 0.710 73
(x3-bdmpza)(THF)] 2) (1.00 g, 2.45 mmol) irnPrOH (100 mL) cryst system triclinic triclinic
was stirred for 12 h under reflux. The solvent was removed in a Spj’z\ce group Pl P1
vacuum and the product extrac_ted with toluene to give a white solid E‘E Ag ?'36.3‘115%) 227 82(72()3)
after removal of the solvent. Yield: 75%. Anal. Calcd foys8,,- c(A) 15.496(7) 15.528(3)
CIN4O3Y: C, 41.8; H, 5.1; N, 13.0. Found: C, 41.9; H, 5.2; N, g((geg)) 71-6524; 71-9223;
1 . eg 86.50(4 86.56(3
13.2.H NMR (500 MHz, CDC}, 297 K): 6 6.87 (s, 1 H, CH), o) 56.98(3) By a0t
5.85 (s, 2 H, M), 2.12 (s, 6 H, M&), 2.10 (s, 6 H, M), 5.24 [m, V(A 1818(1) 1832.7(7)
1 H, 334 = 6.3 Hz, QCH(CH3)2], 1.29 [d, 6 H,3J4 = 6.3 Hz, z 2 2
OCH(CHs),]. B8C{*H} NMR (CDCl): o 73.4 (CH), 148.2, 141.4 d(calcd) (g/crﬁl) 1.327 1.395
(C39), 107.3 (@), 13.4 (Mé), 10.9 (Mé), 164.3 (CQ"), 70.7 g‘(’go‘g)‘;e”(c’“) > 00
[OCH(CHg)z], 21.5 [OCHECH)7]. IR (Nujol): 1580v(C=N), 1710 cryst size (crf) 0.3x 0.2x 0.2 0.4x 0.3 0.2
1adCO,7), 1495v(CO,7), 689 v(Y—O'Pr), 250v(Y—Cl) cm™L. Gr?gge)fordata collen  2.15-27.97 2.12-27.96
. . . . eg
MS [FAB (.m/z [assignment], % mtensny)J. 396 [M- Cl], 100. index ranges 12<h<12 12<h<12
Synthesis of [ScClg3-bdmpzdta){ N(SiMez);}] (14). To a -16< k=17 -16=< k=17
cooled (70 °C) solution of [ScCJ(«k3-bdmpzdta)(THF)] 8) (0.50 ; ed 09§6|05 20 OQSZI_IZOS 20
H 3 reficns colic
9, 1.06 mmol) or [LI(THR)I[SCCl(*-bdmpzdta)] 7) (0.76 g, 1.06 indpndnt reflcns 8740 [R(int- 0.0901] 8799 [R(int)= 0.0600]
mmol) in THF (50 mL) was added a 1.0 M solution of [LiN- max and min transmn 0.7971 and 0.4036 0.8505 and 0.5233
(SiMeg)7] in Et,0 (1.06 mL, 1.06 mmol). The reaction mixture was  data/restraints/params 8740/15/381 8799/0/385
stirred fa 6 h atroom temperature. The solvent was removed in a goodness-offit o2 0.946 1182
. . final R indices [ > 20(1)] R1=0.0841, R1=10.0735,
vacuum and the product extracted with hexane to give a yellow WR2=0.1764 WR2=0.1737
solid after removal of the solvent. Yield: 60%. Anal. Calcd for largest diff peak and 0.534 and-0.368 0.513 and-0.547
CigH33CINsS,ScSh: C, 41.5; H, 6.4; N, 13.5. Found: C, 41.7; H, hole (eA~9)

6.5; N, 13.21H NMR (500 MHz, CDC}, 297 K): 6 7.57 (s, 1 H,
CH), 6.03 (s, 1 H, H), 5.92 (s, 1 H, M), 2.66 (s, 3 H, M&), 2.52, tion effects, and a semiempirical absorption correctiprs¢ans)
2.50 (s, 6 H, M&5), 1.95 (s, 3 H, M&, —0.10 [s, 18 H, N(SiMg),]. was madé? The structures were solved by direct methods using
13C{H} NMR (CDCl): o 80.2 (CH), 153.1, 152.8, 141.8, 141.4 the SHELXS computer prograf, completed by subsequent
(C330155) 107.9 (C), 107.6 (&), 14.5 (M&), 13.2 (M&), 11.6, difference Fourier syntheses, and refined by full-matrix least-squares
11.5 (Mé3), 237.1 (CS), 2.5 [N(SiMe)J]. IR (Nujol): 1580 procedures (SHELXL97 on F2. All non-hydrogen atoms were
»(C=N), 10507,{CS,), 815v{CS,"), 3501(Sc—Cl) cm%. MS refined with anisotropic thermal parameters. The hydrogen atoms
[FAB (m/z [assignment], % intensity)]: 360 [M- N(SiMes)], 100. were placed using a *riding model” and included in the refinement
Synthesis of [Sct3-bdmpzdta){ N(SiMes)s} 5] (15). To a cooled at calculated positions. The crystal @fdlffracted payﬂcularly
(—70°C) solution of [ScCl(x®-bdmpzdta)(THF)] 8) (0.50 g, 1.06 poorly. The THF groups of the L.|(THE):at|0n, comprising atoms
mmol) or [Li(THF)4][ScCly(«x3-bdmpzdta)] 7) (0.76 g, 1.06 mmol) C30-C33 and C56-C53, were disordered over two sites, and due
in THF (50 mL) was added a 1.0 M solution of [LiN(SiMg] in to the low data-to-parameter ratio “rigid bond” restraints were
Et,O (2.12 mL, 2.12 mmol). The reaction mixture was stirred for applied to these molecules.
6 h at room temperature. The solvent was removed in a vacuum
and the product extracted with hexane to give an orange solid after
remqval of the solvent. Yield: 55%. Anal. Calcd fop851NeS,- The reagentd{Li(bdmpza)(HO)} 412 [odmpza= bis(3,5-
lSCSh: C,44.6;H, 7.9; N, 13.1. F(.)und: C,44.8; H, 8.1; N, 13.0. dimethylpyrazol-l-yl)acetate]{ [_i(bdmpzdta)(l-jO)}4]1Za[bd-
ZHHN'\£|4R) (20500'\?326’; CHDCI\:/iIZ’é)29272K7). (2 765I—(|) (:/i é '_(') 1C?H[)S 5:'3%7|_(|5' mpzdta= bis(3,5-dimethylpyrazol-1-yl)dithioacetate], and
N(SiMes)s]. 1°C{1H) NMR (CDCl): & 79.5 (CH), 152.5, 141.4  \[ipdmpze}® [odmpze= 2,2-bis(3,5-dimethylpyrazol-1- yI)-
(C), 106.1 (@), 14.4 (M&), 11.0 (M&), 240.1 (CS), 1.3 ethoxide] (see Flgure 1) were gsed in the complexation of a
[N(SiMes);]. IR (Nujol): 1535 #(C=N), 1045 1,{CS,”), 798 number of scandmm and ytt.rlum precursors. These com-
1(CS") cm L. MS [FAB (m/z [assignment], % intensity)]: 486  Pounds (the latter with the prior addition @uLi) reacted
[M — N(SiMey),], 100. with solutions of ScG(THF); or YCl; (Scheme 1) on stirring
X-ray Crystallographic Structure Determination. Single for 8 h under reflux in a 1:1 molar ratio in THF to give a
crystals of a red block of and orange prism dd were placed in solution from which the complexes [M&43-bdmpzx)(THF)]
a cooled nitrogen gas stream at 230 and 200 K, respectively, ina(x = a, M= Sc (1), Y (2); x = dta, M= Sc @), Y (4); x
NONIUS-MACH3 diffractometer equipped with a graphite-mono- = e, M = Sc ), Y (6)) were isolated as whitel( 2, 5, 6)
chromated Mo K radiation sourcel(= 0.710 73 A). The crystal
data, data collection, structural solution, and refinement parameters(13) North, A. C. T.; Phillips, D. C.; Mathews, F. ®cta Crystallogr.,
for both compounds are summarized _in Table 1. Ir_lten'sity data were 14 ﬁcetl.dﬁigﬁg 2’3]23; Crystallogr, Sect. 4990 46, 467
g?;lr?g;erg rlé?;ggtifn?/ﬁ’oﬁiispeée;?;qgg .mliznfaglgve\l/telzgnngfsit;vr? of (15) Sheldrick, G. M.Program for the Refinement of Crystal Structures

! - k from Diffraction Data University of Gdtingen: Gdtingen, Germany,
crystal deterioration. Data were corrected for Lorentz and polariza- 1997.

Results and Discussion
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bdmpze

Figure 1. Heteroscorpionate ligands used in the synthesis of scandium
and yttrium complexes.

Scheme 1.  Synthesis of [MGi(x*>-bdmpzx)(THF)] (—6) and
[Li(THF) 4][ScCl3(x3-bdmpzdta)] )

ScCl3(THF);  1/4 [{Li(bdmpzx)(H,0)}4]
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or or Lt | Cl
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or red @, 4) solids after the appropriate workup. However,
when the reactions were carried out fb h under reflux,
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Scheme 2. Synthesis of [YCl3-bdmpza)] (8) and
[Li(THF) 4][YCl 5(«3-bdmpzdta)] 9)

x—a

BTN H ¥ N/Y\N \/ H
w ‘ @
Cl
Me Me H
th THF ®)
8 h, Reflux

1/2 [{Li(bdmpzx)(H20)}4]
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Scheme 3. Synthesis of [YCi(x3-bdmpzx)(phen)] 10, 11)
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Me/s\@( /\ 1513
4
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5 Cl Cl 2

Me
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+
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H
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ligand. However, new complexes were obtained when the
same reactions witH Li(bdmpzx)(HO)} 4] were performed
with YCls. Thus, reaction of {[Li(lbdmpza)(HO)}4] with
YCl3 (Scheme 2) in a 2:1 molar ratiof® h under reflux
gave the complex [YCk-bdmpza)] (8) as a white solid.
On the other hand, the same reaction but wiffi{
(bdmpzdta)(HO)} 4] resulted in the formation of a new
anionic complex [Li(THR)[YCI 3(«*-bdmpzdta)] §) (similar

to the scandium compleR) together with the starting lithium
compound. Compoun@was isolated by crystallization from
cold THF (Scheme 2). The transformation of comp#eto
complex4 takes place when on heating under reflux for 24
h. The stabilization of the anionic speciésand 9, where

the same complexes were isolated together with startingthe chloride ligand is not displaced by the dithioacetate unit

material-except for the reaction between SgCHF); and

[{Li(bdmpzdta)(HO)} 4], where a mixture of the complex
[ScCh(k3-bdmpzdta)(THF)] 8) and a new anionic complex
[Li(THF) 4][ScCls(k3-bdmpzdta)] ) was obtained in a 3:2

of the heteroscorpionate ligand, may be apparently related
with the presence of a soft sulfur donor. The increase in the
coordination number for Y ii8 with respect to the behavior

observed for the Sc complexes can be explained in terms of

molar ratio. These complexes were separated by theirthe larger atomic size of the Y atom.

different solubility in cold THF, and could be isolated as

a red solid in up to 35% yield from the reaction mixture.
Finally, when the THF solution of this mixture of complexes
3 and 7 was heated under reflux for 8 h, only compl&x
was obtained after the appropriate workup procedure,
indicating that a transformation of compl&xo complex3
takes place.

When the reactions between the lithium compourds [
(bdmpzx)(HO)} 4] or the alcohol (Hbdmpze) and the com-
plex ScCH(THF); were carried out fio8 h under reflux but
in a 2:1 molar ratio, the same complexes [S¢Ebdmpzx)-
(THF)] 1, 3, and5 were obtained (as when the reactions
were carried out in a 1:1 molar ratio) together with starting

5340 Inorganic Chemistry, Vol. 44, No. 15, 2005

To confirm this ability of yttrium complexes to expand
their coordination number beyond six, 1 equiv ¢fLi
(bdmpza)(HO)} 4] or [{ Li(odmpzdta)(HO)} 4] was added to
a solution of YC} in THF under reflux followed by the
addition of 1 equiv of 1,10-phenanthroline. This resulted in
the formation of the corresponding [Y4-bdmpzx)(phen)]

(x = a (10), x = dta (L1)) complexes, which precipitated
from THF as white and orange solids, respectively (Scheme
3). The same reactions with scandium trichloride led to
complexes1, 3, and 5, but the coordination of 1,10-
phenanthroline does not take place.

The different complexes were characterized spectroscopi-
cally. The mass spectra of these complexes indicate a
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Figure 2. ORTEP view of [ScG(x*-bdmpzdta)] (7). Ellipsoids are at  Figure 3. ORTEP view of complex 9). Ellipsoids are at the 30%
the 30% probability level, and hydrogen atoms have been omitted for clarity. probability level, and hydrogen atoms have been omitted for clarity.

mononuclear formulation (see Experimental Section). The probab|y due to the constraints imposed by the Che|ating
IR spectra ofl, 2, 8, and10 show two strong bands at ca. Jigand. This substantial distortion is manifested in the bent
1690 and 1430 crt, which are assigned te.{CO,") and  axis defined by N+ metal-ClI1, with values for this angle
v(CO,7), respectively. The value afvas s (ca. 260 cm?) of 162.4(2) and 158.5(1)for complexes7 and 9, respec-
for these compounds is consistent with an O-coordination tively. The metal atoms are displaced from the equatorial
(monodentate) modé.The IR spectra 08, 4,7, 9, and11l  plane defined by the NAN3—Cl1—CI2 atoms by 0.254(4)
contain two strong bands at ca. 1050 and 800¢which and 0.319(2) A for complexeg and 9, respectively. The
are assigned t0.{CS") and v{(CS"), respectively. IR distance of the axial and equatorial chlorine and the distance
spectra of complexesand6 show a strong band at ca. 570 of the metat-N of pyrazole ring fall within the expected
cm ! that is assigned to(M—O). All complexesl—11show  rangel’ The C1-S1 and C2-S2 bond distances indicate the
in their IR spectra another band of interest at ca. 300'cm  existence of a delocalizated-E€—S bond in both complexes.
This band was assigned t¢M-Cl) of the terminal group.  Both crystals are stabilized by an extensive hydrogen-
The'H and™*C{H} NMR spectra ofl—6 show a single set  ponding network, the geometrical features of which are
of resonances for the pyrazole rings, indicating that the shown in Tables 3 and 4. In both complexes the chloride
pyrazoles are equivalent. These data confirm an octahedraligand CI1 is involved in an intermolecular hydrogen bond
disposition with«3-NNE coordination (E= O or S) for the to the CH methyl group of one pyrazole ring, which is
heteroscorpionate ligand with a THF ligand trans with respect supported by the NMR data (vide supra). In complethe
to the oxygen or sulfur atom of the bdmpzx ligands (see chlorine atom CI3 is involved in an asymmetrically bifurcated
Scheme 1). However, thi¢d and*C{H} NMR spectra of  hydrogen bond with H33c and H51c, corresponding to two
the anionic complexe§ and 9 exhibit two resonances for different THF molecules (Figure 4a) In Comp|®(the
each M, Me? and Mé pyrazole protons, indicating that the ~ chlorine atom CI3 is not hydrogen bonded, but CI2 is
two pyrazole rings are nonequivalent. These results areinvolved in three interactions (Figure 4b). Both complexes
consistent with a proposed octahedral disposition in which show infinite chains of [MGlx3-bdmpzdta)} running along
protons of a methyl group of a pyrazole ring would interact the a-axis, and these are linked by the Li(THEpunterion
with chloride atoms from a neighboring molecule, a situation (Figure 5). Anionic complexes of this stoichiometry consti-
leading to the nonequivalent pyrazole rings as depicted in tute the first examples of scandium and yttrium derivatives
Figure 4 (see below) for complex with scorpionate or cyclopentadienyl ancillary ligands.

This above arrangement in the solid state was corroborated The !H and $3C{H} NMR spectra of8, 10, and 11 also
by X-ray diffraction studies o and9. The Crystal structures show a Sing|e set of resonances for the pyrazo|e rings,
are shown in Figures 2 and 3 along with the atom-numbering indicating that the pyrazoles are equivalent. These results
scheme. The most important bond lengths and angles areare consistent with the proposed seven-coordinate disposition
presented in Table 2. Both complexes show an ionic complexin which a symmetric plane exists containing the carboxylate
structure. Monomeric anion complexes contain one tridentategroups of the heteroscorpionate ligands and the chloride

heteroscorpionate ligand bonded to the metal atom throughligand in complex8 (Scheme 2). In complexel) and 11
the two nitrogen atoms and the sulfur atom from #%e
bdmpzdta ligand. In addition, the metal center is coordinated (17) (a) Hajela, S.; Schaefer, W. P.; Bercaw, JJ®rganomet. Chem
to three chloride ligands in a distorted octahedral geometry, 1997 532 45. (b) Blackwell, J.; Lehr, C.; Sun, Y.; Piers, W. E;

9 9 y Pearce-Batchilder, S. D.; Zaworotko, M. J.; Young, V. Gan. J.
Chem 1997, 75, 702. (c) Boyd, C. L.; Toupance, T.; Tyrrell, B. R;;
(16) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor- Ward, B. D.; Wilson, C. R.; Cowley, A. R.; Mountford, Rrgano-

dination CompoundsWiley-VCH: New York, 1997. metallics2005 24, 309.
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Figure 4. Hydrogen-bonding network: (a) complé&x (b) complex9.

Table 2. Bond Lengths (A) and Angles (deg) f@rand9

Table 4. Hydrogen Bonds for Compourl (A, deg)

7 9 D—H-A d(D—H) d(H~A) <DHA D(D=A) symmetry
d h C11-H11b-Cll 096  2.889 141.8 3.691(6)x—1,y,z
Se(1)-Ci() 249 Y Cl) 2563(2) Cll-Hlla-Cl2 096 2901 1552 3.794(6Kx—1y,z
Sc(1)-CI(2) 2.412(3)  Y(1)>-CI(2) 2.560(2) C20-H20a~CI2  0.97 2.859 1447 3.69(1)x—1,1+vy,z
Sc(1)-CI(3) 2.396(3)  Y(1)-CI(3) 2.550(2) C30-H30a~Cl2  0.97 2927 170.8 3.888(9x—1,1+vy,z
Sc(1)-N(1) 2.310(8)  Y(1}N(1) 2.445(5) . .
Sc(1)-N(3) 2.276(8)  Y(1}N(3) 2.445(5) Symmetry operation for A.
Sc(1)-S(1) 2.674(3)  Y(13S(1) 2.809(2)
gg)):ggg i:gi%gg gg}}g% i:ggggg protons on irradiating the methyl groups of the pyrazole rings
N(2)-C(2) 1.45(1)  N(2}-C(1) 1.448(8) confirms the trans disposition represented in Scheme 3. The
N(4)—C(2 1.44(1 N(4}-C(1 1.461(7 i iti ina i i i i
c§1ng((2§ 1.548 cgliq(zg 1.544593 dlsplosmon of the phenanthroline ligand is consistent with
Angles the 'H NMR spectra. The NMR spectra of complex&d
N(3)—Sc(1)-N(1) 76.4(3) N(EFY(1)—N(1) 72.5(2) and 11 contain four resonances assigned to this ligand,
N(3)—Sc(1)-CI(3 93.4(2 N(3)}Y(1)—CI(3 94.6(1 i i i i iti i
M—sﬁ%&césﬁ 92_0223 Q&véﬁ—cé:ﬁ 92_18 whereas in other possible geometrical dispositions eight
N(3)-Sc(1)-CI(2)  164.6(2) N@EYY(1)-CI(2)  160.8(1) resonances would be obsenfd.
N(1)—Sc(1)-CI(2 93.0(2 N(1}Y(1)—CI(2 93.6(1
CI((S‘))—SCC((l))——CI((Z)) 98 18 CI((S))——Y((:L))—CI((Z)) 99.1(5()7) . Furthermore, we have prepared a} new class pf heteroscor—
N(3)fSc(1rC:(1) 90.0(2) N(3}Y(1)7C:(1) 89.8(1) pionate-metal complex which contains an alkoxide ancillary
N(1)-Sc(1)}-Cl(1)  162.4(2 N(1}Y(1)-CI(1)  158.5(1 : : : -
C|((3))—scc((1))_—(:|((1)) 100.08 CI((S))——Y((l))—CI((l)) 101.7(3()7) ligand. Direct reaction of [YGl«3-bdmpza)(THF)] 2) with .
Cl(2)-Sc(1)}-Cl(1)  97.9(1) CI(2yY(1)—CI(1)  100.30(7) several alcohols (Scheme 4) gave, after the appropriate
N(3)—Sc(1)-S(1 82.6(2 N(EHY(1)-s@ 79.9(1
Q&sﬁ%&sﬁd 79.18 NE&Y&%?SB 75.68 yvorkup, the _complexe_zs [YO&é-bdmp;a)(OR)] (R=Et (12,
CI(38)—Sc(1)}-S(1)  170.9(1) CIBYY(1)-S(1)  167.49(7) iPr (13)), which were isolated as white solids (the analogous
Cl(2)—Sc(1)y-S(1 84.5(1 CI(2¥Y(1)-Ss(1 83.83(7 ; ;
célg_sﬁﬁﬁs&% 88.28 ClggYB_SElg 89-598 scandium complexes do not react with alcohols). The mass
C(1)-S(1)-Sc(1) 108.6(3) C(S@)yY(1) 108.8(3) spectra of these complexes indicate a mononuclear formula-
C(2)-C(1)-S(2 115.7(7 C(BC(2)-S(2 115.0(5 ) -
cﬁz%-c&%—sﬁl% 117_2563 cEJ,cEzﬁ—s&g 119_98 tion. In the IR spectra thé\vss < values for ther(CO,")
S(2-C(1)-S(1) 127.1(6) S(2¥C(2-S(1) 125.1(4) vibrations are 255 and 215 cr respectively, which are in
be 3. Hvd ds for C HA d agreement with monodentate coordination of the acetate
Table 3. Hydrogen Bonds for Compourii(A, deg) moiety. Two strong bands are also observed at ca. 680 and
D—H--A  dD—H) dH~A) <DHA d(D-A)  symmetry 280 cn1'%; the first of these was assignedstfY —OR), and
Cll-Hi1B~Cl1 0.96 2.773 149.21 3.631x—1,+y,+z the latter. to V(Y—C|) The 1H NMR spectra of these
C33A-H33G-CI3 097 2767 119.10 3.348—x+1,-y+1,-z ’ - .
C51A-H51G-CI3 097 2.805 166.26 3.755x,Y,z complexes exhibit a single set of resonances fér Me?,

a Symmetry operation for A.

and Mé, indicating that the pyrazole rings are equivalent.
These results are consistent with the proposed five-coordinate

this plane contains the carboxylate or dithiocarboxylate disposition in which a symmetric plane exists that contains
fragments as well as the chloride ligands, and the planethe carboxylate group of heteroscorpionate, the alkoxide, and
bisects the 1,10-phenanthroline ligand (Scheme 3). Anotherthe chloride ligands to give a trigonal bipiramidal geometry

possible symmetric geometry f&0 and11 could be one in

(Scheme 4). In addition, tHéC{H} NMR spectra show the

which the phenanthroline ligand is in a cis position with corresponding signals for3CC?* C°, Me® and Mé and the
respect to the pyrazole rings, but the absence of a responsélifferent carbon atoms of the corresponding alkoxide ligand
in the *H NOESY-1D experiment from phenanthroline (see Experimental section).
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Figure 5. Portion of the infinite one-dimensional chain ®fshowing the hydrogen bonding.

Scheme 4. Synthesis of [YCI3-bdmpza)(OR)] 12, 13)
Me

H
H

Me W
+HOR, -HClI =N~

[YCly(x3-bdmpza)(THF)] 12, Reflux 4 ]
(2) N\ /O 298 K*

L]
Me al y \OR
(R=Et12, iPr13)

Scheme 5. Synthesis of Complexes [Sc&fbdmpzdta)N(SiMes)z}] b\

(14) and [Sc3-bdmpzdta) N(SiMes)z} 5] (15) —
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+Li[N(SiMe3),]
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ScCly( -bdmpzdta)(THF) (3) - SN(siMey),
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(15) Figure 6. 1H NMR spectra in the region of the Me group of the complex
[ScCl(3-bdmpzdta) N(SiMes)2} ] (14). Key: (x) with chiral shift reagent;
(®) impurity of 3,5-dimethylpyrazole.

1.9 18

Finally, we explored the reactivity of [Sc{t3-bdmpzdta)-
(THF)] (3) and [Li(THF)][ScCls(«k*-bdmpzdta)] 7) toward 1D spectra were also obtained in order to confirm the
LiN(SiMe3)2*E,0 in 1:1 and 1:2 molar ratios. These reac- assignments of the signals for the ¥®le®, and H groups
tions gave the complexes [Sc&Kbdmpzdta) N(SiMes)2} ] of each pyrazole ring. In this complex the metal atom is a
(14) and [Sci3-bdmpzdta) N(SiMes),} 5] (15), respectively chiral center, and we confirmed the presence in solution of
(Scheme 5) (the analogous yttrium complexes react with thethe corresponding two enantiomers by adding a chiral shift
lithium amide to produce a complex mixture of products reagent, namelyR)-(—)-(9-anthryl)-2,2,2-trifluoroethanol.
which could not be isolated). Thi#d and *3C{*H} NMR This process gave rise to two signals for each proton in the
spectra of 14 exhibit two distinct sets of pyrazol-1-yl *H NMR spectra, resulting from the two diastereoisomers
resonances, indicating the existence of two types of pyrazol- of the corresponding two enantiomers (Figure 6). However,
1-yl ring. A five-coordinate environment for this complex the'H and®*C{H} NMR spectra ofl5 show a single set of
can be proposed in which the two pyrazole rings are locatedresonances for the pyrazole rings, indicating that the pyra-
in cis and trans positions with respect to the chloride ligand zoles are equivalent. These results are consistent with the
or to the amide ligand, i.e. a square planar pyramidal proposed five-coordinate disposition in which two isomers
geometry (see Scheme 5). The phase-sensitiMdOESY- are possible-one with a square planar pyramidal geometry

Inorganic Chemistry, Vol. 44, No. 15, 2005 5343



Otero et al.

Me Me by NNO and NNS tripod ligands of different types:«¥
MeH\/\N}Q MeH\/\NM H NNE)MX3(solv)]; [(k3-NNE)MX3] ~; [(«3-NNE)MX]; [( «5-
y [ TN =S : [ c=8 NNE)MX(LL)]; [( «*NNE)MX(OR)]; [(x*NNE)MX(NRy)];
H- e/}q s/ HA A3 s‘ [(k3-NNE)M(NRy)]. In addition, the X-ray crystal structures
7 N 7 N of 7. and9 were established and anionic complexes of this
M _:— M \ . . . . .
¢ s NS Meg) (Mee3 Si>2N/ N(SiMes), stoichiometry constitute the first examples of scandium and

yttrium derivatives with scorpionate or cyclopentadienyl

b . :
@ ®) ancillary ligands.

Figure 7. Proposed structures for the two isomers of comfdlBbx
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(Figure 7a) and another with a trigonal bipyramidal geometry

(Figure 7b). In both isomers the pyrazole rings are equivalent.

However, in the first isomer the amide ligands are equivalent

whereas in the second they are different. A VT-NMR study

(297—-193 K in CD,Cl,) was carried out, and only one set Iag_l(\)/lfg)cha (Grant. bis. PAC-02-003, GC-02-010, and PAI-

of NMR signals was observed for the amide ligands in this '

complex, which is consistent with a square planar pyramidal ~ Supporting Information Available: Details of data collection,

geometry (Figure 7a). refinement, atom coordinates, anisotropic displacement parameters,
In conclusion, we have synthesized and characterized the2nd bond lengths and angles for compleXesind9 (CIF). This

first scandium and yttrium complexes containing heterosco- material is available free of charge via the Internet at http://

pionate ligands. We have reported here a large number ofPuPs-acs.org.

neutral and anionic complexes of group 3 metals stabilized 1C050525Y
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