CHEMISTRY LETTERS, pp. 2167-2170, 1990. © 1990 The Chemical Society of Japan

Facile Synthesis of Group 4-6 Transition Metal Phenoxides and X-Ray Structures
of TiC12[0-2,6-(CH3)2C6H3]2(THF)2 and NbCl3[O-2,6-(CH3)2C6H3]2(THF)

Nobuko KANEHISA, Yasushi KAL* Nobutami KASAI, Hajime YASUDA,*
Yuushou NAKAYAMA," Kazuo TAKEL" and Akira NAKAMURA#*"
Department of Applied Chemistry, Faculty of Engineering, Osaka University, Suita 565
"Department of Applied Chemistry, Faculty of Engineering, Hiroshima University,
Higashi-Hiroshima 724
"Department of Macromolecular Science, Faculty of Science, Osaka University,
Toyonaka 560

Reactions of Group 4-6 metal halides with 2,6-dimethylphenoxy-
(trimethyl)silane in THF afford pure compounds of type MX;[O-2,6-
(CH3),CeH3], (THF),, (M=Ti, Zr, Hf with 1=3, m=1, n=2 or 1=2, m=2, n=2; M=Nb,
1=4, m=1, n=1 or 1=3, m=2, n=1; M=W, I=5, m=1, n=0 or 1=4, m=2, n=0) in >75%
yields. Geometries of TiCl,[O-2,6-(CH3),C¢H3],(THF), and NbCl;5[0O-2,6-(CHj3),-
C¢H3],(THF) were determined by the X-Ray diffraction method.

The use of bulky aryloxy or alkoxy metal compounds of Group 4-6 as an alternative of cyclopentadienyl
compounds, MX,Cp and MX,Cp,, is of current interest in organometallic chemistry.1-3) We wish to report
herein a facile method for synthesis of a new series of pure mono- and bis-(phenoxy)metal halides® and
their structures.

The 1:1 reaction of TiCl4(THF), with 2,6-dimethylphenoxy(trimethyl)silane in THF at 60 °C for 2 h
was found to afford a pure sample of a new compound, TiCl3[0O-2,6-(CH3),C4H3]1(THF), (1) in 90% yield
releasing Me;SiCl as monitored by NMR spectra.  After the usual work-up, the resulting product was
purified by recrystallization from THF/hexane to give red crystals of 1 in 79% yield (mp 122 °C).
Analogously, the corresponding zirconium and hafnium derivatives, MCl3[0-2,6-(CH,),CcH3](THF), [2,
M=Zr, mp 142 °C(dec) and 3, M=Hf, mp 161 °C(dec)], were first obtained in high purity by refluxing the
1:1 mixture in THF for 6 h, and these were isolated as colorless crystals in 55-65% yields. Bis(phenoxy)
derivatives, MCI,[0O-2,6-(CH;3),CgH3],(THF),, were also available by refluxing a mixture of the
corresponding metal halides and CgH3(CH3),0-Si(CH3)3 (1:2.5 ratio) in THF for 10 h. Recrystallization of
the product from THF/hexane gave a titanium compound (4, mp 85 °C) as dark-red crystals, a zirconium
derivative [5, mp 153 °C(dec)] and a hafnium derivative (6, 170 °C) as colorless crystals in ca. 75% yield.
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All the products are analytically pure as identified by elemental analysis, NMR and mass spectroscopic
studies. Thus, the present method is found to be superior to the conventional methods (i.e. reaction with
a substituted bulky phenoxysodium® or reaction of bulky phenols in the presence of an amine®) with

respect to the easiness in handling, purity of both mono- and bis-(phenoxy)metal compounds and yield.

MC‘[,'*‘ n Me3Si—O _____» MC|3<O‘©> or MCl2<O‘©>2
Me35|Cl

_ 1, M=Ti 4, M=Ti
n=1, 2 2, M=2r 5, M=Zr
3, M=Hf 6, M=Hf

The present method is also useful for the synthesis of Group 5 niobium and Group 6 tungusten
phenoxides. The 1:1 and 1:2 reactions of anhydrous NbClg with 2,6-dimethylphenoxy(trimethyl)silane in
toluene at 80 °C for 2-6 h followed by the addition of 20 equimol of THF gave NbCl,[O-2,6-(CH;3),Ce-
H3)(THF) (7) and NbCl5[0-2,6-(CH3),C4H3],(THF) (8), respectively in quantitative yield. Direct addition
of NbCls to THF must be avoided since cationic ring opening polymerization of THF occurs promptly.
Recrystallization of the products from THF/hexane provides 7 (mp 143 °C) and 8 (mp 178 °C) as red
crystals in 82% and 75%, respectively. In essentially the same manner, both WCls[O-2,6-(CH3),CgHs] (9,
mp 151 °C) and WCl4[0-2,6-(CH3),CsH3], (10, mp 166 °C) were successfully prepared as dark-blue

NbCls + n Me3s. o@ ‘-"l‘f_"i'. NbCl, (o@) or NbCl;;(O@)
n=1

crystals.

, —Me3S|Cl THF
WClg + n Me3Si-O toluene wcns<o ) or wcnl,( ),
—ME3SIC1
n=1,2

In order to elucidate the exact geometries of TiCly[O-2,6-(CH3),CgH3]1,(THF), (4) and NbCl;5[0O-2,6-
(CH3),C¢H3],(THF) (8) the X-ray structure analyses have been proceeded on these complexes.”)  The
ORTEP views in Fig. 1 show the comparative molecular structures of 4 and 8 together with the partial
atomic labelings. In both complexes, the central metal atoms Ti and Nb have six-coordinated geometries
with two phenoxy groups in cis positions. As the chlorine atoms occupy frans positions in both complexes,
two THF ligands of the complex 4 are in cis. Selected bond distances and angles for 4 and 8 are listed in
Table 1. Two CI-M-Cl (M=Ti,Nb) angles show the slight deformations of two chloride ligands from the
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exact trans position. Central metal atoms lie on the basal plane defined by O(1), 0(2), 0(@3), O(4) atoms
for 4, and by O(1), O(2), O(3), CI(3) for 8, respectively, because the sum of bond angles around the metal

atoms in basal planes is exactly 360° in both complexes. O(phenoxy)-M-O(phenoxy) angles are much larger

Fig. 1. Molecular structures of TiCl,[0-2,6-(CH3),C¢H3]5(THF), (4)
and NbCl;3[0-2,6-(CH3),CgH;3],(THF) (8).

Table 1. Selected bond distances (A) and angles (deg) for 4 and 8

4 8

Ti - CI(1) 2.374(7) Nb - Ci(1) 2.366(3)
Ti - CI(2) 2.347(7) Nb - CI(2) 2.391(3)
Ti - O(1) 1.788(11) Nb - CI(3) 2.388(3)
Ti - O(2) 1.789(10) Nb - O(1) 1.829(6)
Ti - O(3) 2.201(11) Nb - O(2) 1.854(6)
Ti - O(4) 2.195(11) Nb - O(3) 2.194(6)
CI1) - Ti - Ci(2) 165.0(3) CI(1) - Nb - CI(2) 168.8(1)
CI1) - Ti - O(1)  93.3(4) C1) - Nb - CI(3)  88.7(1)
CI1) - Ti - O2)  95.9(4) CI(1) - Nb - O(1)  95.002)
CI(1) - Ti - O(3)  83.9(3) CI(1) - Nb - O2)  92.5(2)
CI1) - Ti - O@4)  83.503) CI(1) - Nb - O(3)  84.5(2)
Cl2) - Ti - O(1)  95.8(4) Cl(2) - Nb - CI(3)  86.4(1)
Cl2) - Ti - O2)  94.4(4) Cl2) - Nb - O(1)  95.2(2)
Cl2) - Ti - O(3)  85.5(3) Cl2) - Nb - O(2)  90.8(2)
Cl2) - Ti - O(d)  84.4(3) Cl2) - Nb - O(3)  85.002)
o) -Ti-0Q2)  99.2(5) CI(3) - Nb - O(1)  92.7(2)
o) -Ti-0@3) 171.8(5 CI(3) - Nb - O(2) 170.8(2)
O(1) -Ti-0@  91505) CI3) - Nb - O(3)  84.7(2)
0Q2) -Ti-0@3) 88.7(4) O() -Nb-0@2) 96.3(3)
0Q2) -Ti-O0@ 169.3(5) O(1) -Nb-0@3) 177.4(3)

0@3) - Ti- O04) 80.6(4) O(2) - Nb-0O@B) 86.3(2)
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than the right angle in both complexes while the O(THF)-Ti-O(THF) or O(THF)-Nb-CI(3) angles are smaller
than 90°. These aspects are also found in other six coordinated Ti complex with bis-phenoxy groups in cis
position, Ti[0-2,6—(i—Pr)2C6H3]2(bipy)2.3) The Ti-O(phenoxy) distances [1.788(11) and 1.789(10)A] in 4 are
comparable with those of the bis—(2,6—di—isopropy1phenoxy) analogue.®) The Nb-O(phenoxy) distances in 8
[1.829(6) and 1.854(6)A] are significantly longer than those in the above Ti complexes. The longer Nb-
O(2) distance as compared with Nb-O(1) is the result of stronger frans influence of Cl atom than THF
ligand. Ti- and Nb-O(THF) distances in 4 and 8 are similar to each other.
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