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The reaction between VO(OR)s (R = 'Pr, Bu, CH,CF3) and the chelating dianionic bis(phenoxy)amine ligand [ONNOJ-
H, affords a mixture of two isomers (A and B in a ratio A:B ~ 3:1) formulated as VO(OR)[ONNQ] (1a—c) (R =
Pr (1a), 'Bu (1b), CH,CF; (1c)). Multinuclear and NOESY NMR spectroscopy experiments were able to determine
the structure in solution of the complexes. Both isomers have the symmetry-related phenolate groups in a trans
configuration, the difference arising from the different configuration of the oxo and alkoxo ligands being located
either cis (in isomer A) or trans (in isomer B) to the tripodal amino nitrogen donor atom and the (dimethylamino)-
ethyl sidearm respectively for the oxo and the alkoxo ligands. Crystals of isomer A (cis-1a) were obtained, and the
structure determination confirms the arrangement of the ligands around the vanadium center. Analogue complexes
VO(X)[ONNOQ] (X = CI (2); X = N3 (3)) were prepared by reacting equimolar amount of [ONNO]H, and VO(X)(OR)3—,
(X=Cl, R=Et,n=1; X=Ns R ="Pr, n=2) at ambient temperature. Compounds 2 and 3 were further
characterized by NMR spectroscopy experiments and X-ray structure determination. For both 2 and 3, a single
isomer is obtained, having a trans-(0,0) configuration for the phenolate groups and a trans configuration of the
oxo ligand in respect to the tripodal amino nitrogen donor atom. Finally, complex 2 could also be obtained by
chlorination of 1a or 3 using a large excess of CISiMe; in refluxing toluene.

Introduction zation of 1-hexene at ambient temperatéif@or the highly
isospecific living polymerization of 1-hexefgFurthermore,
vanadium-based catalysts in homogeneous Zieg\atta

polymerization have been known for about half a century.

The increased interest in the development of new ancillary
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guest for new-olefin polymerization catalystsParticularly,
group IV nonmetallocene complexes based on chelating (4) (a) Shafir, A.; Power, M. P.; Whitener, G. D.; Arnold,QJrganome-
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synthesi$e All vanadium precursors VO(NBg, VO(OBu)s, VO-

OH OH
N (OCH,CRs);, and VO(COPr)(Ns), were prepared as published
previously'2-15VVO(O'Pr);,, VOCls, and VO(OEt) were purchased
from Aldrich Inc. NMR solvents were sparged with argon and stored
/N\

over 4 A molecular sieves in a drybox. NMR data were recorded
[ONNOJH, using AMX-400, DPX-300, or AC-200 MHz Bruker spectrometers
and referenced internally to residual protonated-solvéht) (
resonances and are reported relative to tetramethylsilare Q
Although generally less active, their use presents a numberPPm).**F NMR (188.298 MHz) spectra were recorded on a Bruker
of interesting advantagég1) the synthesis of high molecular AC-200 spectrometer (reference LR,H). >V NMR (105.17
weight polymers with narrow polydispersity; (2) the prepara- MHz) spectra were record.ed o'n a Bruker AMX-4QO spectrometer
tion of ethylened-olefin copolymers with higha-olefin (reference VOG in CeDe: 9:1). NOESY experiments were
. e - . . performed on a 400 MHz spectrometer at room temperature.
incorporation; (3) the preparation of syndiotactic polypro-

| Th . for the | ity of th Infrared spectra were prepared as KBr pellets under argon in a
pylene. The major reason for the low activity of these systems glovebox and were recorded on a Perkin-Elmer Spectrum GX FT-

is their deactivation during the polymerization process, |r spectrometer. Infrared data are quoted in wavenumberstjcm
probably due to reduction of catalytically active vanadium gjemental analyses were performed at the Laboratoire de Chimie
species to low-valent, less active or inactive species. As partde Coordination (Toulouse, France).

of an ongoing study of vanadium chemistry with various  vo(OR)[ONNO] (1a—c) (R = iPr, 'Bu, CH,CF3). General
supporting ligand8,in particular directed toward vanadium  procedure.A solution of ligand precursor [ONNO}{0.56 mmol)
complexes for olefin polymerization, we have recently used in toluene (2 mL) was added dropwise to a solution of VO(©R)
ancillary diamido with sterically demanding protecting (R = Pr, Bu, CH,CF;) (0.56 mmol) in toluene (2 mL) at room
groups® or imido ligandd! on vanadium(lV) complexes as temperature. The reaction mixture was stirred during 2 h, and the
a way to overcome the problem of deactivation by stabiliza- volatiles were removed under vacuum.

tion of the formal oxidation state of the vanadium center. In  Complexescis-1a andtrans-1a. A mixture of cis-laandtrans-

this study, we describe the synthesis and structure of-oxo lawas obtained as a blue solid (73% yield, ratio 75:25). IR: 946
vanadium(V) complexes of a chelating dianionic [ONNO]- and 953 ¢v—o). Anal. Calcd for GsHaN20,V: C, 62.49; H, 7.76;
type bis(phenoxy)amine ligand (Figure 1), a ligand family N..83. Found: C, 62. 42, H, 7.99; N, 5.80.

that was successfully introduced by Kol et al. for group IV Cis-1a *H NMR (CeDe): 0 7.14 (s, 2H, Ar), 6.82 (s, 2H, Ar),

Figure 1. Structure of [ONNO]-type bis(phenoxy)amine ligand.

metalssa 6.23 (sept) = 5.2 Hz, 1H, G4(CHa),), 3.92 (d,J = 13.6 Hz, 1H,
CHj), 3.55 (d,J = 13.6 Hz, 1H, ®&i), 2.61 (s, 6H, Ar®lz), 2.47
Experimental Section (s, 6H, N(MHs),), 2.42 (s, 6H, ArGls), 2.12 (m, 2H, &), 2.07

, , , (M, 2H, QHy), 1.65 (d,J = 6.0 Hz, 6H, CH(G3),). 1°C NMR
General Remarks. Starting materials for ligand precursor (CeDe): 6 164.6,131.1, 127.0 (Ar), 86.ZH(CHs)y), 62.2 (AICH,)

synthesis were purchased from Aldrich Inc. or Fluka Inc. and used 56.4 (CH.). 54.2 CH.) 48.7 (NCH 257 (CHCH 211
as received. All experiments requiring a dry atmosphere were (CH3)((:172)é Cl'.|3) %VZ)NMF'{ (C(Ielgg)'?,)g)’—ﬂ.l (CHEH,),), 21.

performed using standard Schlenk line or drybox techniques under 12 1H NMR (C.Do): & 7 oH A - oH A
an atmosphere of argon. Solvents were refluxed and dried over trans-1a - (CeDe): .05 (s, 2H, An), E 6 (s, 2H, An),
appropriate drying agents under an atmosphere of argon, coIIectec15'81 (sept) = 69 Hz, 1H, G1(CHs)p), 4.19 (d,J = 13.2 Hz, 2H,
by distillation, and stored in the drybox avé A molecular sieves. CHy), 3.12 (d,J = 13.2 Hz, 2H, G1), 2.63 (s, 6H, Ari;), 2.54
The ligand [ONNO]H was prepared according to a known (S, 6H, N(QHa)o), 2.38 (s, 6H, ArGi;), 2.06 (m, 2H, Ep), 1.81
(m, 2H, Hy), 1.32 (d,J = 6.0 Hz, 6H, CH(G3),). °C NMR

(6) (a) Nakayama, Y.; Watanabe, K.; Ueyama, N.; Nakamura, A.; Harada, (CeDe): 0163.8, 131.2, 127.5 (Ar), 85.CH(CHj)z), 62.5 (AICH),
A.; Okuda, JOrganometallic200Q 19, 2498-2503. (b) Gauvin, R. 58.2 (CHy), 50.8 (NCHs),), 50.7 CH,), 25.2 (CHCH3)2), 21.0

M.; Osborn, J. A.; Kress, Drganometallic200Q 19, 2944-2946. (CH3), 17.5 CHs). 5%V NMR (CgDg): & —440

c) Mack, H.; Eisen, M. SJ. Chem Soc, Dalton Trans 1998 917— T g C o

(92)1. (d) Thorn, M. G.; Etheridge, Z. C.; Fanwick, P. E.; Rothwell, . Complexescis-1b andtrans-1b. A mixture of cis-1b andtrans

P. Organometallics1998 17, 3636-3638. (e) Bei, X.; Swenson, D.  1bwas obtained as blue solid (76% yield, ratio 73:27). Anal. Calcd
C.; Jordan, R. FOrganometallics1997, 16, 3282-3302. for CoHagN,OaV: C, 63.15: H, 7.95; N, 5.66. Found: C, 63.41;

(7) (a) Ziegler, K.; Holzkamp, E.; Breil, H.; Martin, H\ngew Chem )

1955 67, 426. (b) Natta, G.; Pino, P.; Corradini, P.; Danusso, F.; H, 8.07; N, 6.01.

1M%n§ff7fo Mazzanti, G.; Moraglio, G. Am Chem Soc 1955 77, cis-1h H NMR (CgDg): 6 7.09 (s, 2H, Ar), 6.81 (s, 2H, Ar),
(8) For recent reviews see: (a) Coates, G. W.; Hustad, P. D.; Reinartz, 3-98 (d,J = 14.0 Hz, 2H, G13), 3.54 (d,J = 14.0 Hz, 2H, G1y),

S. Angew Chem, Int. Ed. 2002 41, 2236-2257. (b) Hagen, H.; 2.55 (s, 6H, ArCl3), 2.42 (s, 6H, N(E13),), 2.41 (s, 6H, ArEs),
Boersma, J.; van Koten, @hem Soc Rev. 2002 31, 357-364. (c) 2.19 (m, 2H, ®&1y), 2.07 (m, 2H,CH,), 1.80 (s, 9H, C(El3)3). 13C

Gambarotta, SCoord Chem Rev. 2003 237, 229-243. .
(9) (a) Lorber, C.; Choukroun, R.; Donnadieu,|Borg. Chem 2003 42, NMR (C¢Dg): 0 164.4, 131.0, 127.0 (Ar), 86.05(CHy)3), 62.6

673-675. (b) Lorber, C.; Choukroun, R.; Donnadieu,|Borg. Chem (ArCHy), 56.2, 54.2 CHy), 48.7 (N(CH3)2), 31.7 (CCHag)3), 21.1,
2002 41, 4217-4226. (c) Choukroun, R.; Donnadieu, B.; Lorber, C.;  17.4 (CH3). 52V NMR (C¢Dg): 0 —523.

Pellny, P.-M.; Baumann, W.; Rosenthal, Ghem Eur. J. 200Q 6,
4505-4509. (d) Choukroun, R.; Donnadieu, B.; LorberGhem Eur.
J. 2002 8, 2700-2704. (e) Choukroun, R.; Lorber, C.; Donnadieu, (12) Choukroun, R.; Gervais, Dnorg. Chim Acta 1978 27, 163-166.
B. Organometallic2002 21, 1124-1126. (f) Wolff, F.; Choukroun, (13) Mittal, R. K.; Mehrotra, R. CZ. Anorg Allg. Chem 1964 327, 311~

R.; Lorber, C.; Donnadieu, BEur. J. Inorg. Chem 2003 628-632. 314.

(10) Lorber, C.; Donnadieu, B.; Choukroun, ®:ganometallic200Q 19, (14) Choukroun, R.; Dia, A.; Gervais, Ihorg. Chim Acta1979 34, 187—
1963-1966. 189.

(11) Lorber, C.; Donnadieu, B.; Choukroun,RChem Soc, Dalton Trans (15) Choukroun, R.; Gervais, D. Chem Soc Dalton Trans 198Q 9,
200Q 4497-4498. 1800-1802.
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[ONNO]-Type Amine Bis(phenolate) Complexes of V(V)

Table 1. Crystal Data and Structure Refinement Parameterddp@, and3

la 2 3
chem formula @5H37N204V C44H60C|2N406V2 C22H30N503V
fw 480.51 913.74 463.45
cryst system monoclinic monoclinic orthorhombic
space group P2;/c la Pna2;

a, 14.008(5) 15.035(2) 15.370(2)
b, A 13.075(5) 11.1489(6) 7.968(7)
c, A 13.863(5) 27.935(2) 18.324(2)
o, deg 90.0 90.0 90.0

p, deg 103.462(5) 105.296(8) 90.0

y, deg 90.0 90.0 90.0

Vv, A3 2469.3(16) 4516.6(7) 2244.1(6)
z 4 4 4

Dcale g €T3 1.293 1.344 1.372
u(Mo Ka)), mm2 0.434 0.582 0.475
F(000) 1024 1920 976

26 range, deg 3352.1 3.3-52.1 2.9-48.4
measd reflcns 18 908 17 555 12 304
unique reflens/R 4820/0.0303 8710/0.0624 3205/0.0890
params/restraints 297/0 535/2 287/1

final R indices [ > 20(1)]
Final R indices all data
Flack param

goodness of fit

Apmax. A)Omim e A3

R1=0.0344, wR = 0.0876
R=0.0468, wR = 0.0927

1.021
0.353,-0.319

R = 0.0485, wR = 0.1043
R =0.0775, wR =0.1186

R =0.0430, wR = 0.0972
R =0.0578, wR = 0.1044

0.51(3) —0.03(2)
0.994 0.976
0.422-0.323 0.317-0.304

trans-1h *H NMR (CgDg): 0 7.03 (s, 2H, Ar), 6.78 (s, 2H, Ar),
4.05 (d,J = 13.6 Hz, 2H, ®,), 3.20 (d,J = 13.6 Hz, 2H, ¢1y),
2.63 (s, 6H, N(E®i3),), 2.60 (s, 6H, Ar€ls), 2.38 (s, 6H, ArCis),
2.07 (m, 2H, G1y), 1.93 (M, 2H,CH,), 1.42 (s, 9H, C(€l3)3). 1°C
NMR (CgDg): 6 164.5, 130.9, 127.3 (Ar), 86.3(CHg)3), 62.2
(ArCHy,), 58.0 CH,), 51.0 (CH), 48.7 (N(CHs3),), 31.1 (CCH3)3),
21.1, 17.5 CH3). IV NMR (C¢Dg): 6 —477.

Complexescis-1c andtrans-1c. A mixture of cis-1c andtrans
1cis obtained as a dark blue solid (80% vyield, ratio 72:28). IR:
951 and 9591y—c). Anal. Calcd for G4H3FsN,04V: C, 55.39;
H, 6.20; N, 5.38. Found: C, 55.10; H, 6.28; N, 5.21.

cis-1¢c IH NMR (CgDg): 0 6.98 (s, 2H, Ar), 6.68 (s, 2H, Ar),
5.47 (9,%J4—F = 8.4 Hz, H,CR), 4.42 (d,J = 13.5 Hz, 2H, 1)),
2.87 (d,J = 13.5 Hz, 2H, 1), 2.55 (s, 6H, Ar-CH3), 2.33 (s,
6H, Ar—CHj3), 2.27 (s, 6H, N(El3)), 1.96 (m, 2H, &i,), 1.47 (m,
2H, CHy). 13C NMR (CgDg): 6 162.7, 131.5, 128.5 (Ar), 125.9 (q,
l\]Cfp = 275.1 Hz, CHCF3), 76.0 (q,Zchp =33.1 HZ,CHQCF3),
63.3 (AICH,), 58.9 (CH,), 50.7 (NCHj3)2), 49.6 CH,), 21.0, 17.2
(CHa). 33V NMR (C¢Dg): 0 —445.19F NMR (CsDg): 6 0.55 (t;
3J|-|7|: =96 HZ)

trans-1c.'™H NMR (C¢Dg): 6 7.08 (s, 2H, Ar), 6.77 (s, 2H, Ar),
5.70 (9,3J4—-F = 8.4 Hz, H,CF), 3.85 (d,J = 13.6 Hz, 2H, ¢1)),
3.45 (d,J = 13.6 Hz, 2H, ®1,), 2.53 (s, 6H, ArCl3), 2.41 (s, 6H,
N(CHs),), 2.39 (s, 6H, Ar€is), 2.01 (m, 2H, ®&i,), 1.95 (m, 2H,
CH,). 13C NMR (GiDg): ¢ 164.7,131.2, 126.8 (Ar), 125.3 (Ylc—r
= 271.2 Hz, CHCF3), 78.1 (q,%)c—F = 33.1 Hz,CH,CF), 62.4
(ArCH,), 56.3 CH), 54.6 CH,), 48.4 (NCHj3)), 21.0 CH3), 16.8
(CHa). 33V NMR (C¢Dg): 0 —477.1%F NMR (CsDg): ¢ 0.19 (t;
3JH_|: =9.0 HZ).

VO(CI)[ONNO] (2). Method 1. A solution of ligand precursor
[ONNO]JH; (200 mg, 0.56 mmol) in toluene (2 mL) was added
dropwise to a solution of VO(OEALI (108 mg, 0.56 mmol) in

6H, ArCHs), 2.51 (s, 6H, N(Eli3),), 2.49 (m, 2H, Ei,), 2.37 (s,
6H, ArCHjs), 2.07 (m, 2H, €i,). *C NMR (CDCk): ¢ 165.5, 133.7,
132.1, 129.8, 127.5, 124.3 (Ar), 63.5 @i,), 59.6 CH,), 51.2
(N(CHs3)y), 50.8 CH,), 21.02, 16.92CH3). >V NMR (C¢Dg): o
—355.

Method 2 (Starting from 1a—c or 3). A solution of 1la—c or 3
(0.80 mmol) in toluene (4 mL) was treated with 5 equiv of Me
SiCl (4 mmol) and heated at 12C in a screw cap vial during 14
h (caution closed flask heating The dark solution was filtered
off, washed with pentane, and dried to give quantitatively VO(CI)-
(ONNO) as a dark blue solid.

VO(N3)[ONNOQ] (3). A solution of ligand precursor [ONNO]-
H, (200 mg, 0.56 mmol) in THF (2 mL) was added dropwise to a
solution of VO(OPr)(Ns)2 (118 mg, 0.56 mmol) in THF (2 mL) at
room temperaturec@ution azido compounds are potent explo-
sive9. The color changed immediately from yellow to dark blue.
After 15 min, orange crystals were filtered off and dried (78%
yield). Anal. Calcd for GoH3oNsOzV: C, 57.02; H, 6.52; N, 15.11.
Found: C, 56.91; H, 6.65; N, 14.83. IR: 954y{o). *H NMR
(CD.Cly): ¢ 7.05 (s, 2H), 6.86 (s, 2H), 4.18 (d,= 13.7 Hz, 2H,
ArCHy), 3.33 (d,J = 13.7 Hz, 2H, ArG,), 2.55 (s, 6H, ArCi3),
2.47 (s, 6H, N(Gl3),), 2.44 (m, 2H, ®&i,), 2.33 (s, 6H, ArE3),
2.00 (m, 2H, C1,). 13C NMR (CD)Cly): ¢ 164.0, 133.6, 131.6,
129.0, 126.9, 124.9 (Ar), 63.6 (8H,), 60.0, 52.0 CH,), 50.8
(N(CHs3)y), 21.3, 17.2 CHa3). >V NMR (CgDg) 6 —356.

Crystal Structure Determination of 1a, 2, and 3.For the three
compounds data collection were collected at low temperaflire (
= 180 K) on a Stoe Imaging Plate Diffraction System (IPDS),
equipped with an Oxford Cryosystems Cryostream Cooler Device
and using a graphite-monochromated Ma Kadiation ¢ =
0.710 73 A) (see Table 1). Final unit cell parameters were obtained
by means of a least-squares refinement of a set of 8000 well-

toluene (2 mL) at room temperature. The color changed immediately measured reflections, and the crystal decay was monitored during

from pale yellow to dark blue. The reaction mixture was stirred

data collection by measuring 200 reflections by image; no

for 1 h, and the volatiles were removed under reduced pressure tosjgnificant fluctuation of intensities has been observed. Structures
give a dark oil. This oil was washed with pentane and dried to pave been solved by means of direct methods with the program

give a dark blue solid. Anal. Calcd for,@30CIN,O3V: C, 57.83;
H, 6.62; N, 6.13. Found: C, 57.08; H, 6.34; N, 5.89. IR: 94/
0).- tH NMR (CDCl): 6 7.07 (s, 2H), 6.89 (s, 2H), 4.44 (d,=
13.8 Hz, 2H, ArGH,), 3.31 (d,J = 13.8 Hz, 2H, ArGH,), 2.63 (s,

SIR92%6 subsequent difference Fourier maps and models were

(16) Altomare, A.; Cascarano, G.; Giacovazzo, G.; Guagliardi, A.; Burla,
M. C.; Polidori, G.; Camalli, MJ. Appl. Crystallogr. 1994 27, 435.
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refined by least-squares proceduresF8by using SHELXL-97F a OR
integrated in the package WINGX version 1%84nd empirical \|

RO \
N0, Mo,
absorption corrections were applied to the d&tall hydrogen S N 0-'._\N/
atoms have been located on difference Fourier maps and introducec rll.‘_ ||~|§._)
in the refinement as fixed contributors using a riding model with

an isotropic thermal parameter fixed at 20% higher than those of
the C sp atoms and 50% for the C $ptoms to which they were

connected; concerning the methyls groups, they were refined with
the torsion angle as free variable. For the three compounds all non-
hydrogens atoms were anisotropically refined, and in the last cycles o

cis-1a-c trans-1a-c
Figure 2. Cis and trans oxo configurations with @ansphenoxy
configuration.

of refinement weighting schemes have been used, where weights o) «©

are calculated from the following formulay = 1/[0%(F¢?) + (aP)?

+ bP], whereP = (F + 2F2)/3. For the compound2 and3 the o
absolute configuration was assigned on the basis of the refinement

of Flack’'s enantiopole paramete;?® which is the fractional A
contribution of F(—h) to the observed structure amplitude as A A
depicted in the formulaF,2 = (1 — x)F(h)2 + xF(—h)2; this N
parameter is sensitive to the polarity of the structure. This parameter a
was found close to 0 fa8 which clearly indicated the good choice \1, o A

of the enantiomer refined but was found near to 0.5Zavhich (o) OlZA o &1
indicates the possibility of the presence of racemic twin. All MM A AO JL A ULU
attempts to solve compourdn the corresponding centrosymmetric N e
space group failed; this seems to prove the presence of twin AR R R R R R RN LR RN RARRRRARRN RARR
problem. ConsequentBwas refined using the following twin law: 7.0 6.0 5.0 4.0 3.0 2.0

100, 010, 001 For all compounds the criteria for a satisfactory ~Figure 3. 400-MHz*H NMR spectrum of a mixture of isome# (O)
. . . nd B (a) of complex 1la in benzeneds. (The asterisk denotes protio
complgte angly5|s were the ratios of root-.melslm-square shift §tapdarcfimpurities in benzenek.)
deviation being less than 0.1 and no significant features in final
difference Fourier maps. For such VO(OR)[ONNO] octachedral complexes we
could expect four different isomers. First, two possible
geometries of the phenolate rings in an octahedral complex
An entry to the desired vanadium(V) amine bis(phenolate) are cis and trans configurations, leading @ and Cs
complexes was first sought via the metathesis reaction symmetry, respectively. The second possibility would be
between VOQ and the dipotassium salt of the ligand isomers of position of the oxo and alkoxo group in regard
precursor KFONNQ] (obtained by the reaction of [ONNO]-  to the [ONNQO] fragment, i.e., the oxo ligand in cis or trans
H, over excess K in THF). Attempting this reaction at low configuration from the tripodal nitrogen atom (see Figure 2
(—78°C) or ambient temperature did not lead to the desired for the isomers having a trans configuration of the phenoxy
product, and only unidentified, possibly reduced vanadium, groups).
species were obtained. Another approach was the reaction The *H NMR spectra of all complexeda—c (see
between VO(NE); and [ONNO]H. However, even under  Experimental Section) are similar and reveal the presence
forcing conditions (toluene, reflux), we did not observe the of only two isomers A andB) in a ratio major:minotA:B
metathesis reaction. We therefore reacted alkoxide starting~ 3:1 (see Figure 3 forla),?* both of them featuring
complexes VO(OR)(R = 'Pr, 'Bu, CH,CFs) directly with symmetry-related phenolate rings that exclude a cis geometry
the bisphenol ligand [ONNO]Ein toluene at room temper-  for those groups. Two signals are also observed irPte
ature. Under these conditions, the reactions proceeded\NMR spectra ofla—c compounds for the two isomers (i.e.
rapidly, the colorless solution turning dark blue, yielding the —440 and —471 ppm for 1a). In addition to the two
corresponding oxealkoxo complexes VO(OR)[ONNO]  symmetry-related phenolate rings, #&NMR spectrum of
(la—c) (R = 'Pr (1a), 'Bu (1b), CH,CF; (1¢)) as dark blue both isomers consists of an AB system for the-&H,—N
solids (Scheme 1). methylene units and a single signal for the OR group (i.e.
for complexla, one septuplet at 6.10 ppm and one doublet
Scheme 1. Synthesis of Alkoxe-[ONNO] Vanadium(V) Complexes at 1.56 ppm for the ®r ligand of isomer).
toluene, RT Addition of pyridine to complexla did not affect the'H
VO(OR)s + [ONNOHz  —————>  VO(OR)IONNO] NMR spectrum, suggesting that the sidearm Nigeup is
sufficiently tightly bound to the metal not to be displaced
by strong donors. Moreover, variable-temperature NMR
studies on these systems did not show any significant

. . _ o .
(17) Sheldrick, G. MSHELX97, Programs for Crystal Structure Analysis differences (in toluenél, from —90 to+90 °C), suggesting

(Release 97-2)nstitlt fur Anorganische Chemie: Tammanstrasse 4,
D-3400 Gdtingen, Germany, 1998 (includes SHELXS97, SHELXL97, (21) Conducting the reaction between VO(@RHd [ONNQO]H in various

Results and Discussion

R = Pr (1a), 'Bu (1b), CH,CF3 (1¢)

CIFTAB). solvents (toluene, pentane, or THF) and at low or high temperature
(18) Farrugia, L. JJ. Appl. Crystallogr. 1999 32, 837-838. did not affect the final ratio{3:1) of the two isomers of complexes
(19) Walker, N.; Stuart, DActa Crystallogr A 1983 39, 158-166. 1. At this point, it is also unclear why this ratio does not depend on
(20) Flack, H. DActa Crystallogr A 1983 39, 876-881. the steric or electronic properties of the alkoxide precursors VO{OR)
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HaC~cH-CHs

cis-1a trans-1a

Figure 4. Main observedH NMR NOESY correlations on a mixture of
laisomers (weak correlations in dashed curves). & &

that the interconversion between the two isomers is not _ . . _
possible within the temperature range studied. Altogether, g2 o el Sa T 0o tE e S i) and partal stom-
this indicates the formation of rigid, mononucle&- labeling schemes. Hydrogen atoms are omitted for clarity.
symmetrical isomer complexes in which the phenoxy groups
are in a trans configuration, with oxo and alkoxo ligands
being either in cis or in trans configuration to the tripodal N

Table 2. Selected Structural Parameters for Complexes VO(X)[ONNO]
(X = OPr (1a), Cl (2), and N (3)) (Distances in A and Angles in deg)

VO(OPr)[ONNO]  VO(CI)[ONNO]  VO(N3)[ONNO]
do(r)]?r:e?tl(\)lrl\n/l.R studies were necessary to determine the nature a9 @ ©
. . . y v-01 1.8651(13) 1.854(3) 1.848(3)
of each isomer, and in particular, with the help of NOESY ,_q> 1.9078(13) 1.841(3) 1.833(3)
experiments, we were able to determine spatial relations v—-03 1.5969(13) 1.600(3) 1.591(3)
; ; ; V—N1 2.2959(15) 2.354(4) 2.360(3)
between different groups in the moIepuIes. On Figure 4 are ¥~ ° 53773(16) 5213(4) 5228(3)
shown the most significant correlations observed for the ,_x 1.7782(13) 2.3361(14) 2.021(4)
mixture of _two isomers in compleka. 01-V—02 157.62(6) 165.91(14) 165.99(15)
The assignment of the two Me groups on the phenolate N1—-v-N2 77.68(6) 78.29(13) 78.54(12)
rings were verified by their correlations with the aromatic 03~ V=X 104-220(2) 1310-85(13) é0?’2-J7r6(15)
protons of the phenolate rings (see Figure 4). In both isomers, g[} 1?'21'7 4 149 41 158 =

the ortho-Me group was found to correlate with the Me i .
groups on the sidearm N atom (proving that this nitrogen oy NdePendent nojecle, 1 = O 09, 012, o b @)
atom is bound to the metal in solution). Most importantly, py the two planes containing the two phenolate aromatic rings#tsign
only in one isomer (isomeA) did we find a correlation refers to a folding away from the NMsidearm whereas the sign refers
between the Me groups on the sidearm N donor oth ~ © @ folding in toward the NMesidearm.
the ortho-Me group of the phenolate fragment and of the
Me group of the isopropoxide ligand (and to a less extent to
the CHg). The close spatial proximity of these groups is
only possible in the isomer in which théf ligand is located
cis to the NMeg group (i.e.cis-1a); thus, the NOESY
experiments clearly indicates that the major isoiés the
cis-lacomplex, whereas the minor isoniis thetrans-1a
complex (in which a spatial correlation between the Me : ;
groups of the sidearm NMealonor and the alkoxide is not & Wider V-0—Cpr angle (V-04-C23 = 127.06(11)) in
possible). agreement with some characterseflonation tp the metal.
Similar NOESY experiments were performed on the other  1he phenolate groups of the tetradentate ligand fold back
alkoxides complexegb—c, in which similar features were ~ away from the pendant (dimethylamino)ethyl sidearm; the
observed, allowing discrimination between the two isomers. angled between the two planes of the aromatic rings is ca.
Single crystals of one isomer &#, suitable for an X-ray +121°-_ o
structure determination, were obtained from cold pentane At this point, it clearly appears from the crystal structure
solutions, and an ORTEP drawing is shown in Figure 5, with that the two phenolate rings in compleis-1a are nonsym-
selected bond distances and angles in Table 2. The solid-metry-related (due to the helicoidal distortion of the tripodal
state structure confirms our solution-structure NMR inves- @Mino nitrogen donor that induce a dissymmetry in the ligand
tigations (i.e. a mononuclear complex with a trans config- framework; vide infra), whereas the solution structure
uration for the phenolate rings and a coordination of the detérmined by NMR spectroscopy revealed two symmetry-
Sldearm NMe t(.) the \./anad“.Jm) and re\{eals t.hat .We (22) *H NMR studies of a few crystals dfa still present features of both
crystallized the isomecis-1a with the oxo ligand in cis cis and trans isomers. As we have shown that the interconversion
configuration to the tripodal N atod3.The complex has a between the isomers is not possible, it suggests that we may have
slightly distorted octahedral geometry with a sidearm nitro- 55 ?\,tﬁgg'rﬁdvr\?"g“ﬁ;;eﬁ%sﬂsIﬁ;é?ﬁﬁ‘fg%r'%om{tfple BondsWiley-
gen V—N2 distance of 2.3773(16) A, significantly longer Interscience: New York, 1988.

than the tripodal N4V bond of 2.2959(15) A, suggesting a
weaker binding of the sidearm NMgroup to the vanadium
that might well result from a trans effect of the oxo group
reflecting its trans-labilizing ability. The vanadiunoxo
distance is in the normal range for such a bond-Q3 =
1.5669(13) AyF2 whereas the vanadiunisopropoxide
V—O0 distance is rather short (¥O4 = 1.7782(13) A) with
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Scheme 2. Synthesis of Chlore and Azido-[ONNO] Vanadium(V) [
Complexes C N2a
\>
N
-0,
VOX,(OR)3, + [ONNOJH, —— 3 o i—\N/
. 3
X=Cl,OR=OEt, n=1 O1a
X=Ng, OR=0Pr,n=2
2:X=Cl
3:X=Ng
related phenolate groups, thus proving some degree of
flexibility of the ligand?* Figure 6. ORTEP drawing of the molecular structure§howing 50%
Reacting [ONNQ]H with an equimo|ar amount of probability ellipsoids (except on C atoms for clarity) and partial atom-

VO(X)n(OR)g_n (X =ClLR=Etn=1 X=Ns R= ‘Pr, labeling schemes. Hydrogen atoms are omitted for clarity.
n = 2) in toluene (for2) or THF (for 3) at room temperature
afforded a blue solution from which dark crystals of VO-
(X)[ONNO] (X = CI (2), X = N3 (3)) were obtained upon
crystallization (Scheme 2).

The 5V NMR spectra of both complexesand3 consist
of a unique signal at-355 ppm ) and —356 ppm 8).
Moreover, thetH NMR spectra o and3 are very similar,
confirming the presence of a single isomer in which the
phenolate rings are again symmetry related and consist of
an AB system for the ArCH,—N methylene units. As for
CompoundS]'.afC’ we ConC!Ude that compl_exez a.'nd 3 Figure 7. ORTEP drawing of the molecular structure$howing 50%
possess a rigidCs-symmetrical framework in which the  propability ellipsoids (except on C atoms for clarity) and partial atom-
phenoxy groups are in a trans configuration. The solution labeling schemes. Hydrogen atoms are omitted for clarity.
structure, in particular the determination of the configuration
of the oxo and X ligands in respect to the [ONNO] ligand, shown in Figures 6 and 7, and Table 2 shows a comparison
was determined with the help of NOESY experiments and Of their structural parameters. (Compléxpresents two
by comparison with théH NMR pattern of both isomers of ~ independent molecules in the cell with very similar structural
complexesla—c. According to all theséH NMR studies, parameters; therefore, only one of these molecules will be
in solution, complexeg& and3 present the same features as described here.) The X-ray structures confirm the solution-
those oftrans-1a—c (isomerB) and then would have the structures established by the way of the NMR studies: (1)
same structural configuration (i.e. the oxo group located in Both complexes have a trans configuration for the phenolate
trans to the tripodal N donor atorf. rings and (2) coordination of the sidearm NM® the

Crystals of2 (dark blue) and (dark with hints of copper) ~ vanadium, and (3) the oxo ligand is located in trans
were obtained at room temperature from toluepentane  configuration to the tripodal N atom (the CI orsNgand
or THF solutions of2 and 3, respectively, and their solid-  being trans to the NMesidearm donor atom). Overall, the
state structure was determined. Thermal ellipsoid plots aregeometry of2 and3 is distorted octahedral, with a sidearm
nitrogen V-N distance of 2.213(4) A2) and 2.228(3) A
(24) In addition, the intensities of NOESY correlations between the proton (3), shorter than the tripodal NV bond of 2.354(4) A ?

Methylenic protons are found to be very different n e minr isomer @Nd 2:360(3) A9) by ca. 0.14 A. This stronger binding of
B trans-1a—c (that means that the distance between this aryl proton the sidearm NMggroup to the metal (as compared witis-

and the two diastereotopic ACCH,—N methylenic protons is differ- 1a) results, again, from a trans effect of the oxo group now
ent), whereas they are almost identical in the majocis-la—c, ' ’

suggesting that in solution the [ONNO] framework adopts a different 1abilizing the tripodal N amino group. The vanaditioxo
geometry in the two isomers. By comparison with a molecular model, and vanadiumX (X = CI, N3) distances are in the expected

this suggests that isom& has a solution structure very similar to _ . _
that of 2 and 3 (determined by X-ray, with the phenolate groups of range for S!JCh bonds (v¥O3 = 1.600(3) A in2, V-03=
the [ONNO] framework that fold in toward the pendant (dimethy- 1.591(3) A in3, V—CI1 = 2.3361(14) A, VVN11 = 2.021-
lamino)ethyl sidearm; vide infra). By contrast, the solution structure (4) A) 9b,f,10,12,26
of isomerA would be slightly different, still with the phenolate groups o . .
of the [ONNO] framework that fold in toward the pendant NMe Thus, interestingly, only one isomer of complexzand
sidearm but now with a smaller angle between the planes formed by 3 is formed (the trans) although we could expect (aﬂsdﬁ
the two phenolate rings. This hypothesis is further corroborated by . . .
the intensities of the correlations found between the methyl group at C) the formation of two isomers (cis and trans) when the
the ortho position to the phenoxy oxygen atom and the methyl group  [ONNOY] ligand approaches the V(DR)-n starting com-
gf the NMe sidearm that are less intense in isomethan in isomer plexes. If we exclude steric reasons (becauselaafc the

(25) As previously discussed in ref 24, there is strong evidence that the ratio between the isomers does not seem to be dependent on
structures of compoundsand 3 in solution are very close to those the OR group) it is conceivable that because oxo and alkoxo
determined in the solid state (vide infra), as revealed by the very !
different intensities of NOESY correlations observed between the
proton at theortho benzylic position and the two diastereotopic-Ar (26) Hanich, J.; Krestel, M.; Muller, U.; Denicke, K.; Rehder, B.
CH,—N methylenic protons. Naturforsch B 1984 39, 1686-1690.

7844 Inorganic Chemistry, Vol. 42, No. 24, 2003



[ONNOQO]-Type Amine Bis(phenolate) Complexes of V(V)

Scheme 3. Synthesis of Chlore[ONNO] Vanadium(V) Complex2
by Chlorination ofla—c and 3 with MesSiCl

Me3SiCl (xs)
VO(Y)[ONNQ] —_— > VO(CI)[ONNOQ]
toluene, 110°C
Y =OR (1a-c), N3 (3) 2

to flip above and under the plane defined by the vanadium
center, the tripodal N atom, and the two phenolate O atoms.

Alternatively, the chlorine derivativ, VO(CI)[ONNO],
could be prepared by reacting excess of chlorotrimethylsilane
(5 equiv) over the alkoxo- or azido- complexes—c and3,
in toluene at 110C for 14 h in a screw cap vial (Scheme
3)27

All these oxe-vanadium(V) V(O)(X)[ONNO] complexes
exhibit in thf a first chemically quasi-reversible redox step

. . . . . at—0.635,—0.748,—0.355,—0.110, and-0.154 V vs SCE
Figure 8. View along the tripodal nitrogen atom N/ axis of complexes . . .
1a, 2, and3. respectively forla—c, 2, and 3, following the electronic

property of the ligand X, that most certainly correspond to

ligands have similar propertiess{ and z-donors), the the reduction of the metal center. Full details of the
discrimination between both groups is rather difficult, electrochemistry studies of these compounds and others will
therefore leading to the formation of two isomers. By be given elsewhere.
contrast, the electronic properties of an oxo ligand and a Cl

or a N; groups are not comparable, resulting in a strong Conclusion
discrimination favoring the formation of only one type of In summary, new oxevanadium(V) complexes contain-
isomer. ing the chelating dianionic bis(phenoxy)amine [ONNO]

It is noteworthy that if we have a closer look at all the ligand have been prepared in good yields. Information on
crystal structures ofla, 2, and 3 (see also Figure 8 that their structural conformation and configuration was available
represents a view along the tripodal nitrogen atom-N1 both in solution (by NMR spectroscopy) and in the solid
axis), in complexeg and3 the [ONNO] fragment is almost  state (by X-ray determination), allowing the identification
superimposable, which is probably due to the very similar of two isomers for the alkoxo complexes VO(OR)[ONNO]
electronegativity of the chloride and azide ligand. Interest- in contrast to the single isomer obtained for complexes VO-
ingly, the arrangement of the three groups attached to the(X)[ONNO] (X = ClI, Ny).
tripodal N donor atom (the two benzylic groups and the In future articles, we will report on the synthesis of
ethylenic arm) is not helicoidal as observed in the crystal vanadium complexes with various valencies (from vanadium-
structure ofcis-1a. As a result, the phenolate groups of the (Il) to vanadium(lV)) stabilized by the same [ONNO] ligand,
[ONNO] framework now fold in toward the pendant (dim- together with their olefin homo- and copolymerization
ethylamino)ethyl sidearm; the angle between the two planesactivity.
of the aromatic rings is ca-149 (2) and —158 (3) (the
minus sign refers to a folding toward the NM&dearm, by
contrast to the folding away from the NMsidearm that
has a positive sign). In contrast ¢@s-1a, the two aromatic
rings of the bis(phenolate) framework (without the sidearm)
are symmetry-related in the solid-state structur@ ahds3,
in agreement with the structure in solution as determined
by NMR spectroscopy studies, and the [ONNO] ligand Supporting Information Available: Tables of atomic coordi-
adopts a geometry similar to that observed in titanium(lVv) nates and bond distances and angles for complgae8, and 3,
and zirconium(lV) analogue complexes! results offH NMR NOESY experiments with the main correlations

Therefore, although the [ONNO] framework was previ- observed forcis- andtrans-1a complexes, and results of electro-
ously qualif,ied as rigid in the sense that it does not chemical studies of complexds-3. This material is available free
. . . of charge via the Internet at http://pubs.acs.org.
decoordinate (in particular through the NM#onor atom as 9 PP ¢s-0rg
previously discussed), it has enough flexibility (as observed 1C034742F
in solution and in the different X-ray structures@$-lavs 2 ni : U - - o
2—3) around the tripodal amino N donor atom to accom- IS uncrear wiy siaring 1rom a mudure of two 1somers.a -« We
. e end up with a single isomer & one possible reason would be the
modate various arrangements that allows the aromatic rings intrinsic instability of the unobserved isomer.

Acknowledgment. This research was supported by the
Centre National de la Recherche Scientifigue (CNRS). The
authors thank Prof. M. Kol for helpful discussions. We thank
F. Lacassin, Dr. Y. Coppel, and S. Parfer the'H NMR
NOESY andV NMR experiments and Dr. A. Sournia-
Saquet for the electrochemical measurements.

Inorganic Chemistry, Vol. 42, No. 24, 2003 7845



