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Group 4 metal derivatives are receiving increased attention
on account of their potential applications in various areas of
technology and model studies of synthetic and catalytic
chemistry.” And the molecular structures and properties of
titanium complexes of S-dikctonates are of great interest in
both experimental and theorctical respeets.”® Recently, we
have investigated the reactivities of |[CpaM| (M-=Ti, Zr)"™®
prepared from |CpaTiM| and 2n-Buli with S-diketone.
Synthesis and structural propetties ol Ti(Il)acac)s,” ¢is-
CpZr(acac);CL" Cpa(1-phenyl-1,3-butancdionato)Ti(111)
and Cpa(1.3-diphenyl-1.3-propanedionato)Ti(Il[)!' have
been reported. Catalytic study ol Cpa(1-phenyl-1,3-
butancdionato}Ti(llI) and Cpa(1.3-diphenyl-1.3-propancedi-
onate) Ti(111) and MMAQ toward polymerization of ethylene
have also been studicd.” The above synthetic studics ol
[Cp:M] (M-Ti. Zr) toward S-dikctone suggested that new
hall-metallocene group 4 B-diketonate compounds could be
prepared starting [rom CpMCls (M-Ti. Zr, 11f). We wish 1o
report the preparation and the structural characterization ol
tris(1,3-diphenyl-1.3-propancdionato) titanium(Ill) (1)
complex.

Experimental Section

To a stitred solution of |CpTiCls] (0.202 g, 0.92 mmol) in
20 ml. of THI was added a solution ot n-butyllithium (0.74
ml., 1.85 mmol, 2.5 M in hexane) under argon at -78 °C. The
mixture was stirred for 30 min. and 0.617 g (2.76 mmol) of
1.3-diphenyl-1.3-propanedione in 20 ml. of THF was added
and then the mixture was warmed 1o room temperature,
Aftter stirring for 24 h, the color of the mixture became deep
blue. Volatile materials were removed under reduced
pressure. The residue was taken up in 50 ml. of hexanes and
filtered through Celite, and the volume of the solution was
reduced to 15 ml.. Storing of the mixture at -30 °C gave a
deep blue rectangular cubes of 1 (0.414 g, 0.58 mmol, 63%).
IR (Nujol cm™) 3111 (vw), 3082 (vw), 3059 (w), 1597 (w).
1582 (w), 1528 (s). 1504 (s), 1367 {s), 1315 {s), 1231 (m),
1184 (m), 1157 (w), 1065 (w), 1022 (w), 937 {w), 822 (w),
775 (m), 718 (s), 687 {m), 621 (m). The single crystals were
grown from the concentrated hexanes solution of | by
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cooling at -30 °C.

The complex 1 s air sensitive material. The sclected deep
bluc crystal was scaled into the capillary to protect from air
during the X-ray data collection. The data for X-ray
structure  determination was collected on a Siecmens P4
diffractometer cquipped with graphite monochromated Mo
K radiation (1 — 0.71073 A) at 293 K. The unit cell
dimensions were determined on the basis of 51 reflections in
the range ol 4.71° < 6 < 12.53% The data was collected by
the @28 technique. Empirical absorption correction was
applied to the intensity data. The standard direct method was
used 1o position the heavy atoms. The remaining non-
hydrogen atoms were localed (rom the subsequent difference
Fourier synthesis. All non-hydrogen atoms were refined
anisotropically. All hydrogen atoms were calculated in the
ideal positions and were riding on their respective carbon
atoms (Biy—1.2B.). The structure was relined in a full
matrix least-squarcs caleulation on F2. All the computations
were carried out with the SHELX-97 program package.'

Results and Discussion

Addition ol 3 equiv of 1.3-diphenyl-1.3-propancdione to
the reaction mixture generated lrom [CpTiCls] and 2 equiv
of #-BuLi in TIF at -78 *C gave a bluc solution at room
temperature in 24 hr, Cooling of the concentrated hot hexane
solution extracted from dried blue residues gave very air-
sensitive blue cubes of 1 as shown in Scheme 1. The IR
spectra of both 1 show the characteristic absorption bands of
pheny! groups at 3111 ¢m™ and 3059 cm™ and the presence
of intense infiared bands between), 1528 em™ and 1504 ¢m™
in 1 suggested that the ligand is chelated through the two
keto oxygens. To confirm the structure of 1, single crystal
diffraction studies were performed. The data collection and
structure solution parameters for complex 1 are given in
Table 1. The molecular geometry and probability ellipsoids

— 3 Ti
THEF, -78 °C

[CpTiCl;] + 2 n-BuLi

Scheme 1. Synthesis pathway of the complex 1.
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Table 1. Crystallographic data of Complex 1

Nofes

Table 2. Selected bond lengths (A) and angles (degr) for Complex |

Cmpirical formula TiCisHy0,
FW (amu) T17.61
Crystal system Triclinic
Space group P-1

Radiation (Mo Ka) (A/A) 0.71073
a(A) 10.381(3)
b{A} 11.819(3)
c(A) 16.169(6)
(") 109.04(2)
B 95.82(2)
¥(*") 100.92(2)
V(A 1812.7(14)

Z 2

dcnlcd ”\’IE’- m 3) 1.315
Absorption coeflicient. g (mm ') 0.286
F{000) 746

@ range for data collection (*) 1.88 to 25.50
Retlections collected/unique 7938/6757 |R(int) = 0.0730]|
Data / restraints / parameters 675707469

Goodness-of-fit on 7* 09153
Final R indices |[ > 2011} Ri=0.0742% oR: = 0.0921°
Largest diff, peak and hole hole (¢A *y - 0.200 and -0.199

RimZ|F—IFd § TR P0Ry = |Zal P = FEF T T PP

along with the numbering schemes are shown in Figure 1,
and the selected bond lengths and angles are listed in Table
2. As illustrated in Figure 1. complex 1 is homoleptic
titanium(11[) complex with 1.3-diphenyl-1,3-propanedionate
ligands and has a distorted octahedral geometry. The known
zirconium complexes with the 1.3-diphenyl-1,3-propane-
dionate ligand are those of the tetrakis{1.3-diphenyl-1.3-
propanedionato)zirconium(IV)"* (2) and chlorotris(l,3-

Figure 1. The molecular structure of 1.
numbering scheme and 30% probability ¢llipsoids. 11 atoms have
been omitted for clarity,

showing the atom

Ti-O(2) 1.978(3) Ti-O(6) 2.015(4)
Ti-O(1) 1.988(3) TiO(3) 2.022(4)
Ti-O(4) 2.010(3) O(N-C(l) 1.269(3)
Ti-O(3) 2.013(4) 0(2)-C(3) 1.289(3)
O(1)-Ti-O(2) 84.6(1} O(2)-Ti-O(3)  172.5(2)
O(3)-Ti-O(4) 84.5(2) Of N-Ti-O(3) 92.7(2)
O(3)-Ti-O(6) 83.7(1) Of N-Ti-O(3) 88.1(2)
O(1)-Ti-O(4) 176.8(2) O 1)-Ti-O(6) 90.2(2)
O(3)-Ti-O(6) 171.3(2) O(h-Ti-0(3) 93.5(2)

diphenyl-1,3-propanedionato)zirconium{I V)" (3). The
coordination geometry around Zr metal atom is a square
antiprismatic with the eight O atoms and a capped octa-
hedron in 2 and 3. respectively.

In general, tris(S-diketonato)titanium(l1l) complexes are
prepared from the reaction of TiCl; and ammonium salt or
alkali metal salt of B-diketone and these synthetic methods
are a little complicated by comparison with this reports.'”
And previous reports were mainly localized on the studies in
elemental analysis, [R electronic spectra'” except a complex
Ti(acac): which has been characterized crystallographically.
[n recently known [Ti(acac):] complex.” the central ‘11 atom
is coordinated to the six oxygen atoms of acac ligands to
form a distorted octahedron. The average 1i-O bond length
[2.003 (3) A] in 1 is comparable to 1i-O bond length in
[Ti(ll[)Xacac)] [2.014 (5) A]. But the average 1i-O bond
length in 1 is shorter than those of B-diketonate titanocene
complexes, 2.068 (5) A in [Ti{(7>-Cp)x{acac)].’ 2.082 (2) A
in [Ti(21°-Cp)a( 1-phenyl-1.3-butanedionato)].'" and 2.077 (4)
A in [1i(n*-Cp)(1.3-diphenyl-1,3-propanedionato)].'' On
the other hand, the '1i-O bond lengths in 1 are longer than
those in d” system such as [Ti{acac)s] [1.922(2)-1.956(2) A]
with mean value of 1.940(2) A." These differences are due
to the amount of electron density on titanium metal center.
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Scheme 2. The gualitative distortion diagram for d' system from
On to Cy symmetry (from reference 4).
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Figure 2. The molecular struciure ol | showing Jahn-Teller
distortion.

The O-Ti-O angles [83.7(1)-84.6(1)"] of chelating ligand in
1 are comparable to those for other titanium f-diketonate
complexes such as [Ti(ll[)acac)s] with [83.3(2)-85.0(2)"],
[T -Cp)alacac)] with 84.3(1)° [N -Cpda( 1 -
phenyl-1,3-butanedionato)] with 82.9(1)°. [1Ti(II1}7-Cp)z-
(1.3-diphenyl-1,3-propanedionato)] with 82.6(2)".

As Pulay and coworkers had mentioned in their paper.’
Jahn-Teller distortion is expected for the partially occupied
systems in the degenerated highest occupied molecular
orbital (HOMO). The qualitative distortion diagram is shown
on Scheme 2 for the five d orbitals of the central metal atom.
For d' system, the distortions of both a- and b-direction will
be possible to stabilize the six coordinated complexes. [n b-
direction, Ds distortion will further process to C» symmetry
to split the degenerate e orbitals into a and b orbitals. We can
apply this b-direction distortion to the complex 1 which is
d’-'Ti(111) system. The important atomic positions are shown
on Figure 2 to display the distortion from octahedral
geometry. The Ti-O1 and Ti-O2 bond lengths [1.988(4) A
and 1.978(4) A. respectively] are obviously shorter than
those of the other Ti-O bonds [2.010(4)-2.022(4) A]. The
03-Ti-06 angle of 171.3(2)" is much deviated from 180.0°.
With the chelated 1,3-diphenyl-1,3-propanedionate ligands,
geometry of complex 1 is close to Cz symmetry than Oy, or
Ds.
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Supplementary Material, Crystallographic data for the
structure reported here have been deposited with the
Cambridge Crystallographic Data Center (Deposition No.
CCDC-228874). The data can be obtained free of charge via
http:/iwww.cede.cam.ac.uk./perlicatreq.cgi. (or from the
CCDC, 12 Union Road, Cambridge CB2 117, UK fax: +44
1223 336033; e-mail:deposit@cede.cam.ac.uk).
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