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The coordination chemistry of titanium(lV) complexes of amine bis(phenolate) ligands was investigated by
synthesizing various types of complexes and analyzing them specroscopically and structurally. Steric effects of
tridentate [ONO]- and tetradentate [ONNO]-type ligands were studied by reacting the ligand precursors with
titanium tetra(isopropoxide). [ONNO]-type ligands featuring an amine donor located on a pendant arm led to
octahedral bis(isopropoxide) complexes, regardless of the steric bulk around the metal. Several such complexes
having varying steric crowding were thus synthesized. On the other hand, steric effects were found to play a
major role in determining the complex constitution when [ONO]-type ligands, featuring no side donor, were
involved. Relatively sterically undemanding ligands led to octahedral bis(homoleptic) complexes, whereas increased
steric bulk resulted in the formation of pentacoordinate bis(isopropoxide) complexes. These pentacoordinate
complexes readily lead to bis(heteroleptic) complexes by reaction with nonsterically demanding [ONO]- and
[ONNO]-type ligand precursors. In the latter case the sidearm nitrogen remains uncoordinated to the metal. The
bis(isopropoxide) complexes of the [ONNO]-type ligands may also lead to bis(heteroleptic) complexes, however,
these reactions are much slower.

Introduction the metal, as substantial bulk may, on one hand, hinder the

Titanium complexes of alkoxide and aryloxide ligands exhibit approach of an incoming olefin and, on the other hand,
a rich coordination chemistry and reactivity and find applications decelerate term'“a“‘?” processes. ) _ _
in various fieldst Especially, the recent interest in the develop- ~ We have recently introduced the versatile amine bis(pheno-
ment of nonmetallocene complexes for the polymerization of late) family of ligands to group IV transition metdls? Various
a-olefing has created a new range of chelating dialkdigands
for group IV transition metals. The suitable complexes for this  (4) (a) Okuda, J.; Fokken, S.; Kleinhenn, T.; Spaniol, TEBX. J. Inorg.
purpose are ones of the LMXype, where L is a dianionic ggggl-fosofl ,\%ﬁlle- (g) 53m(‘)II'_‘.;ar'?cl)lrj’r?étAa%Orﬁgngﬁo’S}ZZ '\2"133”‘2&)'5-?
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appear mostly as either mononuclear or as dinuclear species  Organometallics1996 15, 2672. (d) Okuda, J.; Fokken, S.; Kang,

through bridging of an electron lone pdifrequently, the 2;};\%—agﬂézzﬁgsvéeog’r‘eeggogl.gf’k% ar 943, (€) Beokon, ¥. N .
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: At o J. G.Inorg. Chem 1991, 30, 5009.
formed. Furthermore, the olefin polymerization reactivity of a (5) (a) Fokken, S.: Spaniol. T. P.. Kang, H.-C.: Massa, W.: Okuda, J,

possible catalyst may strongly depend on the crowding around Organometallics1996 15, 5069. (b) van der Linden, A.; Schaverien,
C. J.; Neijpoom, N.; Ganter, C.; Orpen, A. &.Am. Chem. Sod995
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122 10706. (b) Tjaden, E. B.; Swenson, D. C.; Jordan, R. F.; Petersen, W. Organometallics200Q 19, 344. (c) Thorn, M. G.; Etheridge, Z.

J. L. Organometallics1995 14, 371. (c) Fokken, S.; Spaniol, T. P.; C.; Fanwick, P. E.; Rothwell, I. Rl. Organomet. Chenml999 591,

Okuda, J.; Sernetz, F. G.; Mulhaupt, Rrganometallics1997, 16, 148. (d) Nomura, K.; Naga, N.; Miki, M.; Yanagi, K.; Imai, A.

4240. (d) Matilainen, L.; Klinga, M.; Leskala, M. Chem. Soc., Dalton Organometallics1998 17, 2152.

trans.1996 219. (e) Shao, P.; Gendron, R. A. L.; Berg, D. J.; Bushnell,  (7) Tshuva, E. Y.; Versano, M.; Goldberg, I.; Kol, M.; Weitman, H.;

G. W. Organometallic200Q 19, 5009. (f) Gielens, E. E. C. G.; Dijkstra, Goldschmidt, ZInorg. Chem. Commuri999 2, 371.

T. W.; Berno, P.; Meetsma, A.; Hessen, B.; Teuben, J.JH. (8) Tshuva, E. Y.; Goldberg, I.; Kol, M.; Weitman, H.; Goldschmidt, Z.

Organomet. Cherml999 591, 88. (g) Bei, X.; Swenson, D. C.; Jordan, Chem. Commur200Q 379.

R. F.Organometallics1997, 16, 3282. (h) Thorn, M. G.; Etheridge, (9) Tshuva, E. Y.; Goldberg, I.; Kol, M.; Goldschmidt, Faorg. Chem.

Z. C.; Fanwick, P. E.; Rothwell, I. ®Drganometallics1998 17, 3636. Commun 200Q 3, 610.

10.1021/ic010210s CCC: $20.00 © 2001 American Chemical Society
Published on Web 07/12/2001



4264 Inorganic Chemistry, Vol. 40, No. 17, 2001 Tshuva et al.

Scheme 1 2H,.* A solution of 2,4-ditert-butylphenol (50 g, 24.2 mmolN,N-
R R R dimethylethylenediamine (1.8 mL 16.4 mmol), and 36% aqueous
"\\ OH A "\\ OHH s n formaldehyde (2.5 mL, 33.6 mmol) in methanol (10 mL) was stirred
R'NH; + 2HCHO + 2 O/ — | _ I / at RT for 3 days. The mixture was cooled in the freezer overnight,

filtered, and washed thoroughly with ice cold methanol to give the
bis-adduct as a colorless powder (3.7 g, 58% yield), which could be
further purified by recrystallization from methanol. Mp 13G. *H
complex structures and polymerization reactivities were de- NMR (CDCly): 6 7.18 (d,J = 2.0 Hz, 2H), 6.90 (dJ = 2.0 Hz, 2H),

scribed, demonstrating several differences between [ONO]- and3.60 (s, 4H, ®), 2.59 (m, 4H, G1,), 2.31 (s, 6H N(El3),), 1.38 (s,
[ONNOQ]J-type ligands, the additional nitrogen donor in the latter 18H, C((Hz)s), 1.26 (s, 18H, C(E3)s). 3C NMR (CDCk): 6 153.3,
being located on a pendant arm. These two types of the aminel40.1, 136.0, 124.8, 123.3, 121.6, 56.6(Ak), 56.9 CH>), 49.0 CH>),
bis(phenolate) ligands are synthesized in a similar manner44-8 (NCHz)2), 35.0 C(CHg)3), 34.0 C(CHy)s), 31.7 (CLHy)), 29.5

(Scheme 1). In the present study,
tendency of a variety of titanium complexes, derived from amine

bis(phenolate) ligand precursors and titanium tetra(isopro-
poxide), as a function of steric effects and presence of an extras,

donor arm.

Experimental Section

General Data. Starting materials for ligand precursor synthesis
(1H>—6H_) were purchased from Aldrich Inc. and used as received.

All experiments requiring a dry atmosphere were performed under a
nitrogen atmosphere in a drybox. Ether and pentane were distilled from
Na/benzophenone. Anhydrous heptane was purchased from Aldrich Inc.

and used without further purification. All solvents were stored in the
drybox. Titanium isopropoxide was purchased from Aldrich Inc. and

used as received. Mass spectra were determined with a VG M-250 g

spectrometer. NMR data were recorded using ARX-500, AVANCE
400, AMX-360, or AC-200 MHz Bruker spectrometers. NMR solvents
were sparged with argon and stored o#eA molecular sieves. NMR

diffusion experiments were performed on the 400 MHz spectrometer

at 25°C, employing the pulse gradient spiacho sequence (PGSE),
and using the parameters published previotisiquimolar solutions
of the compounds to be analyze2+Ti-(OiPr), + 5-Ti-(OiPr), and
5-Ti-(OiPr) ; + 5-Ti-4) were dissolved img-benzene, and the relative

diffusion was measured based on at least two signals of each compoun

measured in triplicate. The correlation coefficients of each cuRye (

were greater than 0.9999. The X-ray diffraction measurements were

carried out on a Nonius Kappa CCD diffractometer using Mo

=0.7107 A) radiation. The analyzed crystals were embedded within a
drop of viscous oil and freeze cooled to ca. 115 K. The structures were
solved by a combination of direct methods and Fourier techniques using

the SIR-92 and DIRDIF-96 softwafé and were refined by full-matrix
least-squares with SHELXL-9%?.Several structures contain partially

disordered solvent, which affects to some extent the precision of the
structure determination. Elemental analyses were performed in the

microanalytical laboratory of the Hebrew University of Jerusalem.
1H,. A solution of 3,4-dimethylphenol (50 mmolN,N-dimethyl-

ethylenediamine (25 mmol), and 36% aqueous formaldehyde (50 mmol)

was stirred in refluxing methanol for 6 h. The mixture was cooled to

room temperature and added to ice water. The solid was filtered, washed

with water, and recrystallized from ethyl acetate to givé, in 61%
yield. Mp 178-179 °C. *H NMR (CDCL): ¢ 6.75 (s, 2H), 6.66 (s,
2H), 3.55 (s, 4H, @), 2.57 (m, 4H, &), 2.30 (s, 6H, El3), 2.15 (s,
6H, CH3), 2.12 (s, 6H, El3). 13C NMR (CDCL): o 154.6, 137.5, 131.1,
126.6, 119.5, 118.1, 56.2CH,), 55.3 (AICH,), 49.0 CH,), 44.9
(N(CHs),), 19.6 CHs), 18.62 CH3). MS (CI): m/z 357 [MH", 97],
223 [(M — CHArO)*, 100]. Anal. Calcd for GH3N2O2: C, 74.12;
H, 9.05; N, 7.86. Found: C, 73.94; H, 9.03; N, 7.67.

(10) Stejskal, E. O.; Tanner, J. E. Chem. Physl965 42, 288.

(11) Gafni, A.; Cohen, YJ. Org. Chem1997, 62, 120.

(12) (a) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, M.;
Giacovazzo, C.; Guagliardi, A.; Polidori, G. SIR-92. Appl. Crys-
tallogr. 1994 27, 435. (b) Beurskens, P. T.; Beurskens, G.; Bosman,
W. P.; de Gelder, R.; Garcia-Granda, S.; Gould, R. O.; Israel, R.; Smits,
J. M. M. DIRDIF-96. Crystallography Laboratory, University of
Nijmegen, The Netherlands, 1996.

(13) Sheldrick, G. M. SHELXL-97. Program for the Refinement of Crystal
Structures from Diffraction Data, University of Goettingen, Germany,
1997.

we describe the formation (C(CHs)3). Anal. Calcd for GHsN-O;: C, 77.81; H, 10.75; N, 5.34.

Found: C, 78.08; H, 10.80; N, 5.15.

3H,. A solution of 2,4-dimethylphenol (3.66 g, 30.0 mmad,N-
dimethylethylenediamine (1.65 mL, 15.0 mmol), and 36% aqueous
rmaldehyde (3.5 mL, 42.0 mmol) in methanol (10 mL) was stirred
and refluxed for 24 h. The mixture was cooled, and the product was
filtered and washed with ice cold methanol to give the colorless product
(4.5 g, 84%). Mp 174C (from methanol)H NMR (CDCl): ¢ 6.84
(s, 2H), 6.67 (s, 2H), 3.58 (s, 4H,HB), 2.58 (m, 4H, Ei,), 2.33 (s,
6H, N(CH3)2) 2.19 (s, 12H, El3). 13C NMR (CDCk): 6 152.6, 131.2,
128.3,127.5,125.4,121.6, 56.4, @), 56.0 CH>), 49.0 CH»), 44.9
(N(CHg)z) 20.4 (CH3), 16.1 CH3) Anal. Calcd for G2H32N202: C,
74.12; H, 9.05; N, 7.86. Found: C, 74.05; H, 9.16; N, 7.83.

4H,. A solution of 3,4-dimethylphenol (50 mmol), 1-aminopropane
(25 mmol), and 36% aqueous formaldehyde (50 mmol) was stirred in
refluxing methanol for 6 h. The mixture was cooled to room temperature
and added to ice water. The solid was filtered, washed with water, and
recrystallized from ethyl acetate to giv¥él, in 50% yield. Mp 186~
181°C. *H NMR (CDCl): ¢ 6.80 (s, 2H), 6.60 (s, 2H), 3.64 (s, 4H,
CHy), 2.48 (m, 2H, ®l,), 2.15 (s, 6H, El3), 2.14 (s, 6H, E3), 1.63
(m, 2H, tHy), 0.86 (t,J = 7.3 Hz, 3H, G13). 3C NMR (CDCL): ¢
155.7, 137.1, 132.0, 127.1, 121.2, 117.6, 5%°814), 55.2 (AICH,),
19.9 (CH,), 19.6 CHs), 18.7 (CH3), 12.0 CHs). MS (CI): m/z 328
[MH™, 100]. Anal. Calcd For @H2NO,: C, 77.02; H, 8.93; N, 4.28.

c]:Ound: C, 76.92; H, 8.90; N, 4.04.

5H,. A mixture of 2,4-ditert-butylphenol (5.0 g, 24.2 mmol),
1-aminopropane (1.0 mL, 12.1 mmol), and 36% aqueous formaldehyde
(4.0 mL, 48.0 mmol) in methanol (10 mL) was stirred and refluxed
for 24 h. The mixture was cooled in the freezer overnight, and the
supernatant solution was decanted. The residue was triturated with ice
cold methanol, filtered, and washed thoroughly with cold methanol to
give the bis-adduct as a colorless powder (2.7 g, 45%), which could
be further purified by recrystallization from ethanol. Mp 138. H
NMR (CDCl): 6 7.23 (s, 2H), 6.92 (s, 2H), 3.68 (s, 4HHg), 2.51
(m, 2H, CHy), 1.40 (s, 18H, C(El3)3), 1.28 (s, 18H, C(El3)3), 0.88 (t,
J=7.5Hz, 3H, G3). °C NMR (CDCk): ¢ 152.4, 141.5, 136.0, 125.0,
123.4,121.7,57.2 (ABHy), 55.5 CHy), 34.8 C(CHs)3), 34.2 C(CHs)3),
31.6 (CCH3)3), 29.7 (CCH3)3), 19.4 CHz), 11.7 CH:;) Anal. Calcd
for CagHsaNO2: C, 79.95; H, 10.77; N, 2.83. Found: C, 80.04; H, 11.01;
N, 3.03.

6H>. A solution of 2,4-dimethylphenol (5.0 g, 41.0 mmol), 1-ami-
nopropane (1.65 mL, 20.0 mmol), and 36% aqueous formaldehyde (4.1
mL, 49.2 mmol) in methanol (10 mL) was stirred and refluxed for 24
h. The mixture was cooled, and the supernatant solution was decanted.
The remaining oil was triturated with cold methanol, filtered, and
washed with ice cold methanol to give the colorless product (0.86 g,
13%), which could be further purified by recrystallization from ethanol.
Mp 117°C. *H NMR (CDCl): 6 6.86 (s, 2H), 6.71 (s, 2H), 3.68 (s,
4H, ArCHy), 2.49 (m, 2H, ®ly), 2.21 (s, 12H, El3), 1.59 (m, 2H,
CHy), 0.86 (t,J = 7.0 Hz, (H3). 13C NMR (CDCk): ¢ 151.9, 113.0,
128.5,124.6, 121.4, 56.0 (BH,), 55.0 CH>), 20.4 CHs3), 15.9 CHs),
19.8 CH,), 11.7 CHj3). Anal. Calcd for GiH2oNO.: C, 77.02; H, 8.93;
N, 4.28. Found: C, 77.15; H, 9.02; N, 4.35.

1-Ti-(OiPr) 2. A solution of 1H, (0.40 mmol) in ether (5 mL) was
added to a solution of titanium tetra(isopropoxide) (0.40 mmol) in ether

(14) (a) Hirotsu, M.; Kojima, M.; Yoshikawa, YBull. Chem. Soc. Jpn
1997, 70, 649. (b) Hinshaw, C. J.; Peng, G.; Singh, R.; Spence, J. T ;
Enemark, J. H.; Bruck, M.; Kristovszki, J.; Merbs, S. L.; Ortega, R.
B.; Wexler, P. A.lnorg. Chem 1989 28, 4483.
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Table 1. Crystal Data and Structure Refinement Parameterd der3a
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la 6a 5-6-a 5-1-a
formula Q3H44N204Ti C42H54N204Ti ‘2C5D5 C54H73N204Ti ‘3/2QH10 C55H31N304Ti ‘CGDG
fw 520.55 854.99 975.30 974.24
temp (K) 120 110 110 110
cryst syst monoclinic triclinic triclinic monoclinic
space group P2,/c P-1 P—-1 P2,/n
A A 0.71070 0.71070 0.71070 0.71070
a(A) 10.802(1) 12.7240(2) 13.2250(4) 14.7090(4)
b (A) 23.345(1) 13.3090(2) 15.1930(4) 26.2440(6)
c(A) 11.384(1) 14.9440(3) 16.3810(6) 15.1640(5)
o (deg) 76.0060(7) 85.406(1)

S (deg) 102.90(1) 88.5410(7) 79.847(2) 97.9150(9)
x (deg) 77.743(1) 66.808(2)

V(A3), z 2798.3(4), 4 2398.70(7), 2 2977.8(2), 2 5797.9(3), 4
p (g cnr3) 1.236 1.184 1.088 1.116

w (mm2) 0.340 0.224 0.188 0.193

ref mesd 8448 11173 10000 14459

ref indepd 7207 7761 6877 5569

R1 (1 > 20(1)) 0.056 0.062 0.060 0.084

wWR2 (I > 20(1)) 0.161 0.152 0.149 0.182

R1 (all data) 0.067 0.010 0.099 0.173

wR2 (all data) 0.171 0.137 0.173 0.231

GOF () 1.000 1.005 0.935 0.959
residual density (e A3) 0.979/-0.680 1.217+0.552 0.6300.512 0.571+0.388

(5 mL) at room temperature under a nitrogen atmosphere. The color 1H, and 0.20 mmol of titanium tetra(isopropoxidéii NMR (CsDs):

changed immediately from colorless to yellow. The reaction mixture

5 6.94 (s, 2H), 6.81 (s, 2H), 6.50 (s, 2H), 6.44 (s, 2H), 4.72)(e:

was stirred for 2 h, and the volatiles were removed under reduced 13.3 Hz, 2H, AX system 1), 4.67 (d,= 12.8 Hz, 2H, AX system 2),

pressure to givé-Ti-(OiPr) » quantitatively as a yellow solid. Crystal
data are shown in Table 34 NMR (C¢Dg): 0 6.75 (s, 2H), 6.67 (s,
2H), 5.33 (heptJ = 6.1 Hz, 1H, G), 5.02 (heptd = 6.1 Hz, 1H,
CH), 4.56 (d,J = 13.1 Hz, 2H, ArCHy), 2.86 (d,J = 13.1 Hz, 2H,
ArCHy), 2.17 (m, 2H, ®1,), 2.14 (s, 6H, El3), 2.08 (s, 6H, El3), 2.06
(s, 6H, Hs), 1.60 (m, 2H, E,), 1.56 (d,J = 6.1 Hz, 6H, C13), 1.29
(d, J = 6.1 Hz, 6H, GH3). 13C NMR (CsDe): 0 161.7, 137.7, 130.9,
124.8,122.6, 118.4, 77.8H), 77.2 CH), 64.8 (AICH,), 58.7 CH),
50.8 (CH2), 48.7 (NCHa)2), 26.5 CHs), 26.4 (CHs), 19.8CH3), 18.9
(CH3). HRMS (EI, m/2) Calcd for GgHaaNO4Ti (MT), 520.27806;
found, 520.27781. Anal. Calcd for,H4N,O4Ti: C, 64.61; H, 8.52;
N, 5.38. Found: C, 65.16; H, 8.59; N, 5.28.

2-Ti-(OiPr) 2. The complex2-Ti-(OiPr) , was synthesized quantita-
tively as a yellow solid, in analogy t-Ti-(OiPr) ,, by reacting 0.40
mmol of 2H, and 0.40 mmol of titanium tetra(isopropoxidé&i NMR
(CéDg): 0 7.57 (d,J = 2.4 Hz, 2H), 7.05 (dJ = 2.4 Hz, 2H), 5.22
(hept,J = 6.0 Hz, 1H, ), 4.81 (heptJ = 6.0 Hz, 1H, C), 4.23 (d,
J=13.2 Hz, 2H, ArtH,), 3.10 (d,J = 13.2 Hz, 2H, ArCH,), 2.26 (m,
2H, CHy), 2.07 (s, 6H, N(®l3)2), 1.81 (m, 2H, &i,), 1.75 (s, 18H,
C(CH3)3), 1.49 (d,J = 6.1 Hz, 6H, GH3), 1.42 (s, 18H, C(El3)3), 0.97
(d, J = 6.1 Hz, 6H, GH3). 13C NMR (CsDe): 0 161.2, 138.9, 135.2,
128.3, 124.6, 124.0, 77.8H), 65.2 (AICH,), 58.4 CH,), 52.4 CH,),
49.8 (N(CHs)2), 35.6 (C(CHs)3), 34.3 C(CHs)s), 32.1 (CCHa)3), 31.0
(C(CHs)3), 27.2 CH3), 26.3 CHs). HRMS (El, m/z) Calcd for
CuoHesN204Ti (MT), 688.46546; found, 688.46586. Anal. Calcd for
CuoHeaN204Ti: C, 69.74; H, 9.95; N, 4.07. Found: C, 69.94; H, 9.74;
N, 3.65.

3-Ti-(OiPr) 2. The complex3-Ti-(OiPr) ; was synthesized quantita-
tively as a yellow solid, in analogy t-Ti-(OiPr) ,, by reacting 0.40
mmol of 3H, and 0.40 mmol of titanium tetra(isopropoxid&ji NMR
(CsDg): 6 6.95 (brs, 2H), 6.68 (brs, 2H), 5.27 (hept= 6.1 Hz, 1H,
CH), 4.89 (heptJd = 6.1 Hz, 1H, &), 4.50 (d,J = 13.0 Hz, 2H,
ArCH,), 2.89 (d,J = 13.0 Hz, 2H, Ar®,), 2.36 (s, 6H, El3), 2.27 (s,
6H, CH3), 2.17 (t,J = 6.0 Hz, 2H, ®&,), 1.98 (s, 6H, El3), 1.60 (t,J
= 5.6 Hz, 2H, G2) 1.51 (d,J = 6.1 Hz, 6H, G3), 1.23 (d,J = 6.1
Hz, 6H, CHs). °C NMR (GsDg): 6 160.5, 132.6, 128.8, 126.5, 125.3,
124.9, 77.9 CH), 65.9 (ACH;), 59.3 CH,), 51.8 CH,), 48.9
(N(CHg),), 27.3 CH3), 27.1 CH3), 21.5 CHg), 17.65 CH3). HRMS
(El, m/2) Calcd for GgH44N2O4Ti (MT), 520.27806; found, 520.27899.
Anal. Calcd for GgHaaN2O4Ti: C, 64.61; H, 8.52; N, 5.38. Found: C,
65.01; H, 8.72; N, 5.35.

4-Ti-4. The complex4-Ti-4 was synthesized quantitatively as an
orange solid, in analogy t&-Ti-(OiPr),, by reacting 0.40 mmol of

3.54 (d,J = 12.8 Hz, 2H, AX system 2), 3.45 (d,= 13.3 Hz, 2H,
AX system 1), 3.06 (m, 4H, B,), 2.16 (s, 6H, El3), 2.08 (s, 6H,
CHs), 2.00 (s, 6H, ®l3), 1.96 (s, 6H, El3), 1.41 (m, 4H, Gi,), 0.36
(t, J = 7.2 Hz, 6H, GH3). 13C NMR (CsDg): 0 142.0, 141.3, 138.0,
137.9, 130.8, 130.7, 126.9, 126.8, 122.2, 121.9, 117.9, 117.4, 59.7
(ArCHy), 59.4 (AICH,), 53.0 CH), 20.4 CHa), 19.7 CHa), 14.2 CHy),
12.0 @H3) HRMS (El,I'TVZ) Calcd for Q2H54N204Ti (MJr), 69835631,
found, 698.35621. Anal. Calcd fors@1s.N.O4Ti: C, 72.19; H, 7.79;
N, 4.01. Found: C, 72.07; H, 8.02; N, 3.70.

5-Ti-(OiPr) 2. The complexs-Ti-(OiPr) ; was synthesized quantita-
tively as a yellow solid, in analogy ta-Ti-(OiPr) ,, by reacting 0.40
mmol of 5H, and 0.40 mmol of titanium tetra(isopropoxid&jl NMR
(CeDe): 0 7.47 (d,J = 2.4 Hz, 2H), 6.93 (dJ = 2.2 Hz, 2H), 5.15 (m,
2H, CH), 3.83 (d,J = 13.4 Hz, 2H, ArG,), 3.61 (d,J = 13.4 Hz, 2H,
ArCHy), 2.73 (m, 2H, ®1,), 1.67 (s, 18H, C(E3)3), 1.49 (d,J=6.0
Hz, 6H, (Hs), 1.37 (s, 18H, C(Bl3)3), 1.29 (d,J = 5.9 Hz, 6H, ¢3),
1.6-1.2 (m, 2H, Gp), 0.42 (t,J = 7.2 Hz, 3H, Gi3). *C NMR
(CeDg): 0 159.9, 141.3, 135.6, 124.7, 124.5, 123.3, 7TH), 78.7
(CH), 56.5 (AICH), 54.7 CH>), 35.3 (C(CHs)3), 34.4 C(CHzs)s), 32.0
(C(CHs3)3), 30.0 (CCHag)s), 26.9 (CH3), 26.5 CH3), 13.7 CH,), 11.7
(CHa3). HRMS (EI,mV2) calcd. for GoHesNO4Ti (M), 659.43931; found,
659.43933. Anal. Calcd for4gHesNO4Ti: C, 70.99; H, 9.93; N, 2.12.
Found: C, 70.59; H, 9.55; N, 2.05.

6-Ti-6. The complex6-Ti-6 was synthesized quantitatively as an
orange solid, in analogy ta-Ti-(OiPr) ,, by reacting 0.40 mmol of
6H, and 0.20 mmol of titanium tetra(isopropoxide). Crystal data are
shown in Table 1'H NMR (CsDg): 6 6.89 (s, 2H), 6.87 (s, 2H), 6.85
(s, 2H), 6.80 (s, 2H), 4.87 (d, = 13.3 Hz, 2H, ArG,), 4.73 (d,J =
12.6 Hz, 2H, ArCH,), 3.46 (d,J = 12.6 Hz, 2H, ArCH,), 3.41 (dJ =
13.3 Hz, 2H, ArQH,), 3.02 (m, 4H, G,), 2.67 (s, 6H, El3), 2.22 (s,
6H, CHs), 2.20 (s, 6H, El3), 1.76 (s, 6H, El3), 1.29 (M, 4H, Eiy),
0.39 (t,J = 7.2 Hz, 6H, G3). 13C NMR (C¢D¢): 0 161.2, 160.4, 131.9,
131.6, 127.4, 127.0, 126.9, 123.4, 123.2, 122.8, 122.7, 59@HAr
58.6 (ArCH,), 51.5 CHy), 20.9 CHs), 17.4 CHs), 16.9 CHs), 15.5
(CH3), 13.3 CHz), 11.2 CH:;) HRMS (E|,I’YVZ) Calcd for Q2H54N204-
Ti (M*), 698.35631; found, 698.35614. Anal. Calcd foptssN,O4-
Ti: C, 72.19; H, 7.74; N, 4.01. Found: C, 72.45; H, 8.18; N, 3.98.

5-Ti-4. A solution of 4H, (0.40 mmol) in ether (5 mL) was added
to a solution of5-Ti-(OiPr) 2 (0.40 mmol Ti) in ether (5 mL) at room
temperature under a nitrogen atmosphere. The color changed im-
mediately from yellow to dark yellow and then to orange. The reaction
mixture was stirred for 2 h, and the volatiles were removed under
reduced pressure to giieTi-4 quantitatively as an orange solitH
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NMR (CeDg): 0 7.52 (s, 2H), 7.49 (s, 2H), 7.17 (s, 2H), 7.13 (s, 2H),
6.91 (s, 2H), 6.90 (s, 2H), 6.63 (s, 2H), 6.40 (s, 2H), 5.19(=,12.3
Hz, 2H, ArCH,), 5.03 (d,J = 13.2 Hz, 1H, ArG), 4.91 (d,J = 12.9
Hz, 1H, ArCH,), 3.60 (d,J = 13.4 Hz, 2H, Ar¢,), 3.50 (d,J = 12.9
Hz, 1H, ArCHy), 3.49 (d,J = 12.8 Hz, 1H, ArG,), 3.37 (d,J = 13.0
Hz, 2H, ArCH,), 3.20 (t,J = 11.7 Hz, 1H, &,), 3.03 (t,J = 12.2 Hz,
1H, CH,), 2.89 (t,J = 8.1 Hz, 2H, G4,), 2.13 (s, 3H, El3), 2.07 (s,
3H, CH3), 2.00 (s, 3H, E13), 1.93 (s, 3H, El3), 1.51 (s, 9H, C(€Ely)s3),
1.45 (s, 9H, C(E®l3)3), 1.39 (s, 9H, C(Ela)3), 1.27 (s, 9H, C(Ela)s),
1.61-1.31 (m, 4H), 0.57 (t) = 7.3 Hz, 3H, G3), 0.25 (t,J = 7.3 Hz,
3H, CHs). °C NMR (CsDg): 6 163.1, 163.0, 162.2, 161.8, 141.1, 140.7,
138.5, 137.8, 137.4, 135.6, 135.4, 131.0, 130.7, 127.1, 126.7, 125.5,
125.4,125.1,124.6, 124.5,121.8,121.7, 118.0, 116.5, €H?)(59.4
(CHy), 58.9 CH,), 52.8 CH,), 50.2 CH,), 35.6 C(CHs)s), 35.1
(C(CHg)s), 32.7 (CCHs)s), 31.5 (CCHa)s), 20.5 CH3), 20.3 CHy),
19.8 CHa), 12.4 CH3), 11.8 CH3). MS (El): m/z 866.6 [M', 25],
731.5 [(M — CHzArO)+, lOO] Anal. Calcd for @H73N204Ti'C5H10:
C, 75.45; H, 9.66; N, 2.97. Found: C, 75.50; H, 10.18; N, 3.07.

5-Ti-6. The complex5-Ti-6 was synthesized quantitatively as an
orange solid, in analogy t6-Ti-4, by reacting 0.40 mmol o6H, and
0.40 mmol of5-Ti-(OiPr) ,. Crystal data are shown in Table'H NMR
(CsDg): 6 7.51 (d,J = 2.2 Hz, 1H), 7.46 (dJ = 2.2 Hz, 1H), 7.17 (d,
J=2.2 Hz, 1H), 7.13 (dJ = 2.2 Hz, 1H), 6.88 (s, 1H), 6.82 (s, 2H),
6.74 (s, 1H), 5.07 (m, 4H, 18,), 3.50 (m, 8H, &), 2.93 (m, 4H,
CHy), 2.25 (s, 3H, El3), 2.22 (s, 3H, El3), 2.19 (s, 3H, El3), 1.84 (s,
3H, CH3), 1.50 (s, 9H, C(E€l3)s3), 1.46 (s, 9H, C(El3)3), 1.36 (s, 9H,
C(CH3)3), 1.22 (s, 9H, C(El3)3), 0.58 (t,d = 7.2 Hz, 3H, G3), 0.40
(t, 3 = 7.0 Hz, 3H, G3). 13C NMR (CsDg): 6 161.5, 161.2, 160.9,
160.7, 140.3, 139.8, 134.9, 134.3, 131.9, 131.4, 128.8, 127.3, 127.2,
127.0, 124.8, 124.6, 124.3, 123.9, 123.8, 123.4, 123.3, 123.0, 122.9,
122.3, 61.1 CHy), 60.2 CH,), 58.7 CH,), 58.6 (CH.), 52.2 CH,),
50.4 CH,), 34.9 C(CHs)s), 34.4 (C(CHs)s), 34.3 C(CHg)s), 32.0
(C(CHz)s), 31.9 (CCHs)3), 30.6 (CCH3)s), 30.5 (CLH3)s), 20.8 CH),
18.0 CH3), 17.0 CHs), 13.6 CHy), 13.2 CHy), 11.8 CH3), 11.2 CH>).
HRMS (EIl, m/z) Calcd for GaH7eN,O4Ti (M*), 866.54411; found,
866.54137. Anal. Calcd for4H7zgN,O4Ti: C, 74.80; H, 9.07; N, 3.23.
Found: C, 74.99; H, 9.31; N, 3.32.

5-Ti-1. The complex5-Ti-1 was synthesized quantitatively as an
orange solid, in analogy t6-Ti-4, by reacting 0.40 mmol ofH; and
0.40 mmol of5-Ti-(OiPr) ,. Crystal data are shown in Table'H NMR
(CéDeg): 0 7.51 (s, 1H), 7.49 (s, 1H), 7.16 (s, 1H), 7.12 (s, 1H), 6.96
(s, 1H), 6.93 (s, 1H), 6.60 (s, 1H), 6.40 (s, 1H), 5.13Xe; 11.8, 2H,
CHy), 5.00 (d,J = 11.9, 2H, ®&,), 3.90 (d,J = 12.6, 1H, C¢1,), 3.66
(d, J =124, 1H, ¢y, 3.48 (d,J = 12.2, 1H, @¢4), 3.39 (m, 2H,
CHy), 3.21 (m, 1H, ®&1y), 2.89 (m, 2H, ®1,), 2.59 (m, 1H, &), 2.36
(m, 1H, tH,), 2.15 (s, 3H, Ei3), 2.10 (s, 3H, El3), 2.01 (s, 3H, Ey),
1.97 (s, 6H, N(El3)), 1.94 (s, 3H, Ei3), 1.51 (s, 9H, C(Els)s), 1.45
(S, 9H, C(QH3)3), 1.39 (s, 9H, C(El3)3), 1.31 (s, 9H, C(El3)3), 0.25
(t, 3= 7.0 Hz, 3H, Gd3), 1.5-1.2 (M, 2H, G>). 23C NMR (CsDe): 0
162.4, 162.2, 161.5, 161.2, 140.3, 140.0, 137.7, 137.0, 134.9, 126.2,
125.8, 124.8, 124.6, 124.3, 123.8, 121.2, 121.1, 117.2, 115.9, 60.9
(CHy), 59.2 CHy), 58.7 CH,), 51.9 CH,), 49.6 CH,), 47.5 CH,),
46.3 (N(CCHz3),) 34.9 (C(CHzs)s), 34.4 C(CHs)s), 32.0 (CCH3)s), 30.7
(C(CHs3)3), 30.6 (CCH3)3), 19.8 CH3), 19.5 CH3), 19.0 CH3), 13.8
(CHy), 11.1 CH3). MS (El): m/z 895.3 [M*, 50], 564.2 [100]. Anal.
Calcd for GsHgiN3O4Ti-CsHi2: C, 74.42; H, 9.68; N, 4.33. Found:
C, 74.73; H, 10.16; N, 4.37.

5-Ti-3. The complex5-Ti-3 was synthesized in 90% yield as an
orange solid, in analogy t6-Ti-4, by reacting 0.40 mmol 08H, and
0.40 mmol of5-Ti-(OiPr) 2. *H NMR (CeDg): 6 7.51 (s, 1H), 7.49 (s,
1H), 7.46 (s, 1H), 7.17 (s, 1H), 7.12 (s, 1H), 6.88 (s, 1H), 6.82 (s, 1H),
6.74 (s, 1H), 5.08 (m, 4H, i8,), 3.87 (d,J = 13.2 Hz, 1H, ®&,), 3.62
(d, = 13.1 Hz, 1H, ®,), 3.50 (d,J = 12.7 Hz, 1H, G,), 3.36 (m,
2H, CHy), 3.13 (m, 1H, ®&,), 2.91 (m, 2H, &1,), 2.63 (m, 1H, &),
2.35 (m, 1H, ®,), 2.24 (s, 3H, El3), 2.21 (s, 3H, Ei3), 2.18 (s, 3H,
CHs), 1.97 (s, 6H, Gi3), 1.82 (s, 3H, Ei3), 1.49 (s, 9H, C(Ely)3),
1.45 (s, 9H, C(®l3)3), 1.35 (s, 9H, C(El3)3), 1.26 (s, 9H, C(El3)3),
1.5-1.0 (m, 2H, G4y, 0.40 (t,J = 6.9 Hz, 3H, Gi3). 3C NMR
(CeéDg): 0161.4,161.2,160.8, 140.3, 139.8, 134.9, 134.5, 131.8, 131.3,
128.8, 128.6, 127.0, 126.8, 124.8, 124.5, 124.2, 123.8, 123.7, 123.3,
123.2,122.9, 122.5, 61.TCH,), 60.3 CH,), 59.4 CH,), 59.1 CH,),
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51.8 CH2), 50.4 CHy), 47.5 CH>), 46.2 CH3), 34.9 C(CHy)s), 34.4
(C(CHa)). 343 C(CHy)), 32.0 (CCHA).), 31.9 (CCHa)), 30.6
(C(CHs)s), 30.0 (CCH3)3), 20.8 CHs), 20.7 CH3), 18.0 CHa), 17.0
(CH3), 13.6 CH,), 11.2 CHs). MS (El): m/z 895.4 [M*, 10], 703.3
[100]. Anal. Calcd for GsHsiNsO4Ti: C, 73.72; H, 9.11; N, 4.69.
Found: C, 73.48; H, 9.38; N, 4.62.

Results and Discussion

The ligands studied are shown in Scheme 2. The [ONOJ-
type ligands are derived from l-aminopropane, whereas the
[ONNO]-type ligands are derived froid,N-dimethylethylene-
diamine. Three ligands of each type are introduced, featuring
different substituents on the aromatic rings. Upon binding to
the metal, only the group located ortho to the oxygen donor is
expected to have any steric influence. The least sterically
demanding ligands, derived from 3,4-dimethylphenol, have only
hydrogen substituents in the ortho position to the hydroxyl
groups (L and4). The ligands having the bulkiest substituents,
namelyt-Bu groups 2 and5), are derived from 2,4-diert-
butylphenol. Two additional ligands3(and 6), derived from
2,4-dimethylphenol, feature the intermediate size methyl sub-
stituents.

[ONNOQ]-Type Ligands. We previously found thatlH,
(Scheme 2) reacts cleanly with 1 equiv of Ti(OiPat room
temperature, yielding the bis(isopropoxide) comple&xTi-
(OiPr) ; quantitatively as a yellow crystalline solid (Schemé€ 3).
Reacting1H, with 0.5 equiv of Ti(OiPr) does not lead to a
bis(homoleptic) complex, but instead tb-Ti-(OiPr), ac-
companied by unreacted frded,.52 The 1-Ti-(OiPr) ; is quite
stable to hydrolysis, and it does not show any signs of
decomposition after several days in air.

The™H NMR spectrum ofL-Ti-(OiPr) , is consistent with a
single stereoisomer featuring symmetry related aromatic rings,
two different isopropoxide groups, and one AX spin system for
the two benzylic methylene groups. This points to a rigid chelate
of Cs symmetry on the NMR time scale, with the phenolate
groups in a trans geometry, as shown in Scheme 3.

Single crystals ofL.-Ti-(OiPr) , suitable for X-ray diffraction
were grown from pentane at35 °C. The X-ray structure of
1-Ti-(OiPr) , supported the spectroscopic data. A molecular
model is shown in Figure 1 (Table 2).

The structure features a mononuclear titanium complex having
a slightly distorted octahedral geometry, in which the sidearm
nitrogen is bound to the metal, and forces a cis configuration
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These [ONNO]-type ligands do not lead to bis(homoleptic)
complexes, regardless of the steric bulk surrounding the titanium
atom. Thus a series of structurally related titanium bis-
(isopropoxide) complexes having varying degree of crowding
around the metal were synthesized. In potentially reactive
catalysts, the crowding around the metal is of great significance

Figure 1. ORTEP drawing of the molecular structurelofi-(OiPr) ,. as it may influence the monomer appro&ch.

(50% p_robability ellipsoids). The H atoms and disorder were omitted [ONO]-Type Ligands. The [ONOJ-type ligand precursdiH,

for clarity. Key atoms are labeled. (Scheme 2), was previously found to react very cleanly with

Table 2. Selected Bond Distances (A) and Angles (Deg) for 0.5 equiv of Ti(QiPr) at room-temperature, giving the bis-

1-Ti-(OiPr) 2 (homoleptic) complex4-Ti-4 quantitatively as an orange
Ti—02 1.909(5)  TEN7 2.317(2) crystalline solid (Scheme 4). . .
Ti—-03 1.901(1) T-04 1.838(1) ~ The spectral data @f-Ti-4 indicated the formation of a single
Ti—N6 2.383(2) Ti-0O5 1.808(1) isomer, out of several possible ones. The two amine bis-
02-Ti—03 164.30(6) N6-Ti—N7 75.58(6) (phenolate) ligands are symmetry related, however, the two
04-Ti—05 104.98(7) halves of each ligand are different, judging from the appearance

of two different phenolate groups, yet there is only one type of
between the two isopropoxide groups, required for potential propyl unit. This complex is also quite rigid on the NMR time
a-olefin polymerization catalyst$. The phenolate groups of the  scale, judging from the two AX systems, withJacoupling of
tetradentate ligand fold back toward the pendant (dimethylami- ca. 13 Hz for the eight benzylic methylene hydrogens.

no)ethyl arm, with an angle of ca. 3detween the two planes While the exact geometry of-Ti-4 cannot be determined

of the aromatic rings, thus leaving a relatively open cleft for ynequivocally by the spectroscopic data alone, its rigidity and
the equatorial isopropoxide group. The relatively shotPOt apparent;, symmetry are consistent with a strong coordination

Ti bond lengths (1.80 and 1.84 A) and the widéREY-O—Ti of both nitrogens lone pairs to the metal, thus completing an
angles (135 and 18pare consistent withr-donation to the  gctahedral geometry around the titanium atom. Changing the
metal. The small difference between the two coordinativerN molar ratio of the reactants to 1:1 does not lead to a complex

bond lengths (2.38 versus 2.32 A) may indicate a weaker binding of the form LigTi(OiPr}, but instead to4-Ti-4 accompanied
of the sidearm nitrogen to the metal. The inequivalency of the py unreacted Ti(OiPg) This may be explained by the tendency
two benzylic methylene hydrogens is also apparent from the of the titanium to adopt an octahedral geometry. Since an extra
structure, one being approximately parallel to the aromatic ring sidearm donor is lacking, the metal compensates for its electron
and the other being perpendicular to it. This may explain the geficiency by binding to two tridentate ligands leading to an
1.70 ppm difference in chemical shifts. octahedral complex. Furthermore, the steric demands of this
To evaluate the effect of steric bulk on the complex ligand are low, namely the substituents ortho to the phenolate
constitution and reveal whether it will affect binding of the side oxygens are hydrogen atoms.

nitrogen to the metal, the ligand precur@bt, (Scheme 2) was To evaluate the effect of steric bulk in a tridentate ligand,
also synthesized. The precur@bi, reacted cleanly with 1 equiv  the bulky [ONO]-type ligand featuring-Bu groups at the
of Ti(OiPr),, yielding the bis(isopropoxide) comple2-Ti- ortho positions to the active sité)(was also investigated.
(GiPr) 2 quantitatively as a yellow crystalline solid. The complex The precursobH, was found to react cleanly with 1 equiv of
2-Ti-(OiPr) 2 has similar spectroscopic featuresltdi-(OiPr) ,, Ti(QiPr),, yielding the bis(isopropoxide) compléxTi-(OiPr) ,

indicating similar symmetry. The sidearm nitrogen is proposed quantitatively, as a yellow crystalline solid. ReactBig, with

to be bound to the titanium in this complex as well (evidence 0.5 equiv of Ti(OiPr) did not lead to a bis(homoleptic) complex,

for this binding is given in the last section). but instead, to5-Ti-(OiPr), accompanied by unreacted free
Intermediate size substituents at the ortho positions to the 5H2.52 The steric bulk thus prohibits two ligands featuring ortho

binding site were also investigated. The tetradentate ligand t-Bu substituents from approaching each other to form a bis-

precursoBH; (Scheme 2), featuring methyl substituents at these (homoleptic) complex, thus yielding a pentacoordinate rather

positions, was reacted with Ti(OiRr)in analogy tolH, and than an octahedral complex.

2H,, 3H, led to a bis(isopropoxide) compled-Ti-(OiPr)» The spectroscopic features®fTi-(OiPr) , are similar to those

guantitatively, as a yellow crystalline solid, having spectroscopic of 1-Ti-(OiPr),-3-Ti-(OiPr) 2, implying a Cs symmetrical

features similar to the ones obtained for the previous LigTi- complex with two identical phenolate groups and two different

(OiPr), type complexes. isopropoxide units. To gain information regarding the molecu-
larity of 5-Ti-(OiPr) , we studied its diffusion ims-benzene by
(15) Male, N. A. H.; Thornton-Pett, M.: Bochmann, M. Chem. Soc., NMR.1911Since the diffusion coefficient is proportional to the

Dalton Trans.1997, 2487. effective size of the molecule, we measured the diffusion of
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Table 3. Selected Bond Distances (A) and Angles (Deg) 66Fi-6

Ti—02 1.899(2) T+O5 1.866(2)
Ti—03 1.898(2) Ti-N6 2.266(2)
Ti—04 1.877(2) T+N7 2.272(2)
02-Ti—03 167.46(7) 02Ti—05 93.39(7)
04-Ti—05 165.84(7) N6-Ti—N7 172.25(7)
Scheme 6
r
JORB S
5-Ti{OiPr), + 4H, —~ Bu T fBu
o] o
t-Bu o7 tBu
5-Ti-4

Figure 2. ORTEP drawing of the molecular structure6fli-6 (50% . ) o
probability ellipsoids). The H atoms and crystallization solvent were & trans geometry, as was obtained in the [ONNO]Ti(QiBpe

omitted for clarity. Key atoms are labeled. complexes. We propose th&{Ti-4 exhibits a similar structure.
However, changing the molar ratio to 1:1 betwesty, and
Scheme 5 Ti(OiPr), led to an inseparable mixture of two compounds. The

0.5 equiv Ti(OPr) minor compound (corresponding to ca. 25% of the ligand) is
the homoleptic compleX-Ti-6 and the major compound is
consistent with the bis(isopropoxide) compléxTi-(OiPr) o,
according to'H NMR (Scheme 5).
6-Ti-{0iPr), 75% The intermediate size of the methyl groups, therefore, enables
the formation of both types of products, with the molar ratio of
6H, the reactants being the crucial fact®it is thus plausible that
5-Ti-(OiPr) ; in comparison to that a2-Ti-(OiPr) ,. These two the substituents bulk i®-Ti-(OiPr) , decelerates the binding
compounds featured almost identical difussion coefficients of the second ligand to the metal.

6-Ti-6

Pr 1 equiv Ti(OIiPr)4

(0.5814 0.009x 10°° cn? sect for 5-Ti-(QiPr) , and 0.574 Bis(heteroleptic) ComplexesThe intermediate size substit-
+ 0.009x 1075 cn? sec’! for 2-Ti-(OiPr) ), implying that they uents enable formation of a bis(homoleptic) complex, which
have very similar molecular weights and thaTi-(OiPr) , does cannot be obtained from two ligands having bulki®&u groups.

not form a dinuclear complex in solution, which would have To estimate the maximum crowding that the titanium center
allowed completion of an octahedral geométifhis conclusion may withstand, we reacted the pentacoordinate confpi€ix
was further supported by a lower diffusion coefficient (0.491 (OiPr),, consisting of a sterically demanding ligand, with 1
+ 0.003 x 107° cn? sec’!) measured for the heavier complex equiv of the sterically undemanding tridentate ligand precursor
5-Ti-4 (see next section). The large steric interactionS-ifi- 4H, (Scheme 2). The color changed immediately from yellow
(OiPr), probably prohibit the approach of two monomeric to orange, resulting in formation of the bis(heteroleptic) complex
pentacoordinate units required for formation of a dimeric 5-Ti-4 quantitatively (Scheme 6).
structure. The increase of steric bulk is therefore an alternative The 'H NMR spectrum of5-Ti-4 features four different
approach for obtaining a mononuclear bis(isopropoxide) LigTi- aromatic rings and eight different benzylic methylene hydrogens,
(OiPr), type complex. which appear as four AX spin systems. The complex therefore
Since replacing hydrogen atoms witlBu groups prevented  has aC; symmetry. These data are consistent with those obtained
formation of a bis(homoleptic) complex, we were interested in for 4-Ti-4 and 6-Ti-6, indicating that the two rings of each
revealing whether methyl substituents are bulky enough to causeligand are not symmetry related.
a similar effect. In contrary to previous observations, when It therefore seems that, whenever steric conditions allow, an
reacting the ligand precurséH, (Scheme 2) with Ti(OiPg) octahedral complex of the Ligi is preferred over the penta-
the molar ratio of the reactants was found to play a role in coordinate LigTi(OiPr) complex.

determining the reaction product types. To find out whether additional crowding around the titanium
The precurso6H, reacted cleanly with 0.5 equiv of Ti(OiRr)  was possible, we reacted the pentacoordinate compi@ix
at room temperature to give the bis(homoleptic) complai-6 (OiPr), with 1 equiv of the tridentate ligand precurs6H;

guantitatively, as an orange crystalline solid (Scheme 5). The (Scheme 2). The color change from yellow to orange was
spectroscopic features 6fTi-6 are similar to those obtained observed only after a few minutes, yielding the bis(heteroleptic)
for the bis(homoleptic) comple#-Ti-4, namely two different complex5-Ti-6 quantitatively.
phenolate groups and one type of propyl unit, indicating a similar ~ The spectroscopic data 6fTi-6 are similar to those dB-Ti-
symmetry. It therefore seems, that under these conditions, the4, indicating aC; symmetrical complex. The X-ray structure
steric interactions between the methyl groups are not sufficient of 5-Ti-6 supported this notion (Figure 3, Table 4).
to prevent the formation of the homoleptic complex. The structure features a distorted octahedral complex having
Single crystals 06-Ti-6 were obtained from slow evaporation an analogous binding mode to the one obtainedsfdii-6. A
of ds-benzene at room temperature, and the X-ray structure of relatively short distance of 2.5 A between one of thBu
6-Ti-6 is shown in Figure 2 (Table 3). hydrogens ob and one of the methyl hydrogens@fn 5-Ti-6
The structure features a slightly distorted octahedral complex may explain the reluctance & to form a bis(homoleptic)
having a mer geometry, i.e., the two phenolate oxygens are incomplex.
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N7

Figure 3. ORTEP drawing of the molecular structuresfTi-6 (50%
probability ellipsoids). The H atoms and crystallization solvent were
omitted for clarity. Key atoms are labeled.

Figure 4. ORTEP drawing of the molecular structuresfTi-1 (50%

Table 4. Selected Bond Distances (A) and Angles (Deg) 3eFi-6 probability ellipsoids). The H atoms and crystallization solvent were
Ti—02 1.881(2) T+0O5 1.913(2) omitted for clarity. Key atoms are labeled.
Ti—03 1.880(2 Ti-N6 2.298(2
Ti—04 1.9048 TN7 2-2488 Table 5. Selected Bond Distances (A) and Angles (Deg)3sFi-1
02-Ti—-03 165.90(9) 03Ti—-04 93.80(9) Ti—-02 1.893(3) T+05 1.885(3)
04-Ti—05 166.12(9) N6-Ti—N7 173.90(9) Ti—03 1.907(3) Ti-N6 2.308(4)
~04 1.865(3) T-N8 2.253(3)

Finally, we wanted to investigate whether we could obtain ~ 02-Ti—03 165.2(1) 03 Ti—04 89.5(1)

04-Ti—05 165.3(1) N6-Ti—N8 170.7(1)

bis(heteroleptic) complexes containing one [ONNO]-type ligand.

In such complexes, the sidearm nitrogen may either bind to the gcheme 7

titanium, leading to a heptacoordinate metal cefter,remain

uncoordinated. As the extra donor arm was shown to play a o.pr
R R .. . L t-Bu

crucial role in reactivity?? it is valuable to estimate how easy T'\

it is to detach it from the metal. As described in the previous O;Q

section, [ONNOJTi type bis(homoleptic) complexes were not

obtained at room temperature even when the suitable molar ratio ,

of the reactants was employed. However, reacting the penta- -Tl -(0iPr);

coordinate comple%-Ti-(OiPr) ,, with the sterically undemand- 5-Ti-{OiPr)2

ing tetradentate ligand precursdH, at room temperature

resulted in an immediate color change from yellow to orange, 1H, 5H,

yielding the bis(heteroleptic) [ONO]TI[ONNO] type complex -2 iPrOH -2 iProH

5-Ti-1 quantitatively. The'H NMR spectrum of5-Ti-1 has gMez

|Pr

similar features to those &-Ti-4 and5-Ti-6, indicating aCy

symmetrical complex.

Single crystals 0b-Ti-1 were obtained by slow evaporation :@CN/Di
of ds-benzene, and the X-ray structureseTi-1 (Figure 4, Table
5) indicated that the side donor arm is not coordinated to the -Bu T -Bu
metal, thus a heptacoordinate titanium complex is not formed. [

Interestingly, the alternative route towaBdTi-1, namely
reacting 1-Ti-(OiPr) , with 5H,, did not proceed at room
temperature, even after 24 h. Only by conducting the reaction
at 110°C in toluene in a sealed flaskrf@ h could5-Ti-1 be
obtained in 95% yield (Scheme 7). Thus the kinetic barrier arises
from detaching the donor from the metal, despite its location
on a side arnt’

Similar results were obtained when employing the more
sterically demanding ligand precursgii,. The bis(heteroleptic)

t-Bu t-Bu
5-Ti-1

complex5-Ti-3 was synthesized in two ways: a) by reacting
5-Ti-(OiPr) , with 3H, at room temperature, in which the color
change from yellow to orange occurred within a few minutes,
and b) by reactin@®-Ti(OiPr) , with 5H, at 110°C for 2 h.

Conclusions
(16) Fay, R. CCoord. Chem. Re 1996 154, 99.

(17) The substantial difference in reaction rates is a strong indication of  \We synthesized several types of amine bis(phenolate) titanium

the binding of the side donor to the metal. The reactio®-f-(OiPr) » complexes, cleanly in quantitative yields, having different steric
with 4H, proceeds to an appreciable extent only after heating the . . .
reaction mixture to 116C for 1 h. This indicates that the side donor  crowding around the metal. The [ONNO]-type ligands bind to

in 2-Ti-(OiPr) , is indeed bound to the metal. the metal in a tetradentate fashion, leading to octahedral bis-



4270 Inorganic Chemistry, Vol. 40, No. 17, 2001 Tshuva et al.

(isopropoxide) complexes regardless of the steric bulk of the complexes indicates that the sidearm donor is strongly bound
aromatic ring substituents. Thus, a series of three such com-to the metal.

plexes having different steric hindrance was synthesized. On
the other hand, in the [ONO]-type ligand family, steric interac-
tions play a major role in determining the constitution of the
resulting complexes. Small substituents lead to bis(homoleptic)
complexes having an octahedral geometry. Increasing the bulk
of the substituents leads to deceleration or even prevention of
the corresponding octahedral complex formation. The resulting
pentacoordinate complexes may be used as convenient startin% Supporting Information Available: - Tables of atomic coordinates,
materials for the preparation of bis(heteroleptic) complexes of Pond distances and angles tiTi-(OiPr) 2, 6-Ti-6, 5-Ti-6, and5-Ti-1
[ONOJ- and [ONNOJ-type ligands; in the latter case, the side This material is available free of charge via the Internet at http:
amine donor is not coordinated to the metal. The slow formation /Ipubs.acs.org.

of bis(heteroleptic) complexes from [ONNO]-Ti(OiRrlype 1C010210S
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