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Abstract

The crystal structures of [0-C;H ,(COO-i-Bu),TiCl,] - CH,Cl,, I, and [(p-Cl),( p-
p-CsH,(COOMe), }C1(Ti,],, II, which in the presence of activators are good
catalysts for olefin polymerization, have been determined by X-ray diffraction
methods and the data refined by full-matrix least-squares techniques to R = 0.049
and R =0.028 for 1511 and 1549 independent non-zero reflections for I and II,
respectively. Crystals of 1 are orthorhombic, space group P2,2,2, with 4 molecules
in a unit cell of dimensions a = 14.408(6), b = 13.717(7), ¢ = 12.486(5) A. Crystals
of II are monoclinic, space group P2,/n, with four molecules in cell with a=
8.474(5), b=13.130(7), c =9.362(7) A and B =109.12(5)°. The Ti atoms in I are
octahedrally coordinated by four chlorine atoms and two carbonyl oxygen atoms of
di-iso-butyl o-phthalate. The chelating ligand atoms and the titanium atom together
form a seven-membered ring. Compound II in crystalline state is a linear polymer
formed by the dimeric units Cl,Ti(p-Cl),TiCl; connected together by two carbonyl
oxygen atoms of p-C,H,(COOMe),.

Introduction

Polymerization studies have revealed that the interaction of aromatic esters with
the Ziegler—Natta catalyst ensures high isotacticity. The enhancement of isospecific
activity is strongly dependent on the nature of the esters although the initial activity
of the catalyst with o-, m- or p-C,H,(COOMe), is similar. However, after about
20-30 min, the activity of the catalyst with m- or p-C,;H,(COOR), declines steadily
[1). However, the activity of the catalyst with diethyl o-phthalate is constant and its
productivity is about twice as high [2-8]. To elucidate the differing behaviors of o-,
m- or p-C.H,(COOR), and the aromatic or aliphatic monoesters during the
catalytic propylene polymerization process, the reaction between di-iso-butyl o-
phthalate (DIBP) and dimethyl p-phthalate (DMPP) with TiCl, in the present
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paper was studied. Here we describe the crystal structure of [0-CgH,(COO-i-
Bu),TiCl,) - CH,Cl,, I, and [(p-Cl),{ p-p-C4H,(COOMe), }Cl(Ti, ], 11

Experimental

All reactions were carried out under N, in dried solvents with Schlenk-tube
techniques. Anhydrous TiCl, was commercial material. The DIBP and DMPP were
prepared by standard procedures by the reactions of o-phthalic acid with isobutanol
and terephthalic acid with methanol, respectively, in the presence of p-toluene-
sulfonic acid [9].

Tetrachloro(di-iso-butyl o-phthalate)titanium(1V) dichloromethane (1)

To 5 cm® of TiCl, (8.63 g; 45 mmol) was added dropwise 23.9 cm® (25.05 g; 90
mmol) of di-iso-butyl o-phthalate into 150 cm® n-hexane and stirred under N,. After
1 h the yellow precipitate was filtered off and washed with n-hexane (3 X 15 em®),
(95% yield).

Crystals suitable for the structure determination were grown by slow diffusion of
n-hexane into a solution of the [o-CH (COO-i-Bu),TiCl,] in dichloromethane.

The IR spectrum of I shows the characteristic »(C=0) bands at 1648 cm ™! (vs)
and 1615 cm™! (s) of a coordinated carbonyl group and »(Ti-Cl) at 365 cm™" (vs)
and 400 cm ! (s). The "H NMR and X-ray data reveal that the crystal is composed
of [0-C4H ,(COO0-i-Bu),TiCl,] and uncoordinated CH,Cl, molecules in a 1:1 ratio.

catena-/ {di-p-chloro-p-(dimethyl p-phthalate}hexachloro }titanium(1V)] (11I)

To 0.58 g of p-C4H,(COOMe), (3 mmol) in 100 cm’® 1,2-dichloroethane was
added dropwise 1.14 g (6 mmol) of TiCl, with stirring under N,. The post-reaction
mixture was heated under reflux up to complete dissolution of the precipitate. Then
the solution was placed in a Dewar vessel for slow cooling. After 24 h the crystalline
compound was filtered off and washed with n-hexane (3 X 5 cm’®). Yield 1.6 g; 93%.

The IR spectrum of II shows the stretching »(C=0) at 1600 cm ™' (vs,br).

X-Ray crystal structure determination

Crystal data. C,cH,Cl,O,Ti- CH(Cl,, I, M =553. 0 a = 14.408(6), b=
13.717(7), ¢ = 12.486(5) A U=2468Q2) A>, D, =149gcm™* Z=4, D,=1 488(2)
g cm™3, F(000) = 1128, space group P2,2 21, Mo-K, radiation, A = 0.71069 A,

=1024 cm™!, T= 304(1) K. CH,,ClgO,Ti,, I, M =573.6, a= 8.474(5), b=
13 130(7), ¢=9.362(7) A, B=109.12(5)°, U=984.2(12) A’, D, ,=1919 g cm™’
Z=2, D.=193503) g cm‘3, F(000) = 564 space group P2, /c, Mo-K radiation,
p=1928 cm™!, T=1303 K.

The space groups for both crystals were uniquely determined from systematic
absences in Weissenberg photographs. Suitable portions of dimensions 0.5 X 0.5 X
0.6 mm for I, and 0.5 X 0.5 X 0.5 mm for II were cut from large crystals and sealed
in capillaries. The intensity data for both crystals were recorded on a Syntex P2,
automated diffractometer with graphite-monochromatized Mo-K,, radiation. The
intensities of two standard reflections, monitored after every 50 scans, showed +5
and +4% variation for I and II, respectively. 2895 reflections up to 20 = 50° for I
and 1874 up to 28 = 52° for II were measured by 28/ scan technique from which
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Fig. 1. The molecular structure and numbering scheme of [0-CgH (COO-i-Bu),TiCl,] molecule in
tetrachloro(di-iso-butyl o-phthalate)titanium(IV) dichloromethane crystal, 1.

1511 for I and 1549 for II with I > 36(J) were used for structure determination.
Neutral atom scattering factors from ref. 10; real and imaginary components of
anomalous dispersion were included for all non-H atoms. Both structures were
solved by direct methods and refined by full-matrix least-squares methods [11]. The
H atoms were located from difference maps and refined with constraint that
d(C-H)=1.08 A. In the case of I the non-methyl H-atoms were included in
geometrically calculated positions. The function minimized was Ew( | F, | — | F |)?,
where w=1/0%(F,). The absorption corrections were applied (DIFABS [12]). The
minimum and maximum absorption corrections were 0.897 and 1.630 and 0.946 and
1.069 for I and II, respectively. The final R and R, were (0.0274 and 0.0283) and
(0.0482 and 0.0440) for I and II, respectively. (The refinement of the inverted
structure for I gave R=0.0498 and R, =0.0458). For the last cycle of the
refinement the maximal value of the A /o ratio was 0.4 for I and 0.08 for II and the
final difference maps showed a general background within —0.33 and 0.26 and
—0.26 and 0.031 e A~3 for I and II, respectively. The final atom parameters for I
are listed in Table 1 and for II in Table 2.

Results and discussion

The structure of tetrachloro(di-iso-butyl o-phthalate)titanium(IV) molecule is
depicted in Fig. 1. Selected bond lengths are listed in Table 3. Four Cl atoms and
two O atoms of the ligands carbonyl group form the distorted octahedron around
titanium atom. The molecules of di-iso-butyl o-phthalate are coordinated to titanium
atoms via the carbonyl oxygen atoms. The chelate ligand and titanium atom form a
seven-membered ring. The general structure of the complex molecule is similar to



355

that of [0-C4H,(COOEt),0MoCl;] [13] but somewhat different from that of [o-
CsH(COOE),TiCl,] [14], which has m(C,) point symmetry. This is demonstrated
by the fact, that the Cl(2) atom is in 3.290(12), 3.247(11), 3.422(11) and 3.632(11) A
distances from C(18), C(17), C(12), C(11) and correspondmg Cl atom in [o-
CsH,(COOE),TiCl,] [14], is in 3.295(5) and 3.217(5) A distances from the similar
four carbon atoms. In the titanium complex with iso-butyl o-phthalate the angles of
torsion Ti-O(1)-C(11)-C(12), Ti—O(2)-C(18)-C(17) [27.0(16)° and 21.8(15)°}] are

Table 3

Principal interatomic distances (A), bond angles (), and torsion angles ( °) for tetrachloro(di-iso-butyl
o-phthalate)titanium(IV) molecule

Ti-CI(1) 2.282(3) Ti-CI(2) 2,305(3)
Ti-CI(3) 2.238(3) Ti-Cl(4) 2.238(3)
Ti-O(1) 2.113(7) Ti-0(2) 2.093(7)
0(1)-ca1) 1.226(12) O(2)-C(18) 1.242(13)
o(3)-C(11) 1.298(12) O(4)-C(18) 1.308(13)
0(3)-C(1) 1.472(12) O@)-C(5) 1.474(12)
C(11)-C(12) 1.493(15) C(18)-C(17) 1.489(15)
Cc(12)-c(17) 1.433(16) C(14)-C(15) 1.384(19)
C(12)-C(13) 1.356(15) C(16)-C(17) 1.393(14)
C(13)-C(14) 1.388(16) C(15)-C(16) 1.386(17)
Cc)-C2) 1.501(15) C(5)-C(6) 1.540(14)
C(2)-C3) 1.539(16) C(6)-C(7) 1.491(15)
C(2)-C(4) 1.497(16) C(6)-C(8) 1.555(16)
CI(1)-Ti-CK2) 170.8(2) CI(1)-Ti—CK(3) 92.4(2)
CI(1)-Ti-Cl(4) 94.2(2) Cl(2)-Ti-CI(3) 93.42)
CI(2)-Ti-Cl(4) 91.6(2) CI(3)-Ti-Cl(4) 100.9(2)
O(1)-Ti-CI(1) 83.003) O(1)-Ti-CK2) 90.1(3)
O(1)-Ti-CI(3) 169.2(3) O(1)-Ti-Cl(4) 89.2(3)
O(2)-Ti-CK1) 87.4(3) 0(2)-Ti-Cl2) 85.5(3)
O(2)-Ti-Ck(3) 90.6(3) O(2)-Ti-Cl(4) 168.3(3)
O(1)-Ti-0(2) 79.5(3)

Ti-O(1)-C(11) 139.6(7) Ti-0(2)-C(18) 138.7(7)
C(11)-0(3)-C(1) 117.8(8) C(18)-0(4)-C(5) 118.4(8)
O(1)-C(11)-0(3) 122.0(10) O(2)-C(18)-0(4) 121.8(10)
0(1)-C(A1)-C(12) 125.7(10) O(2)-C(18)-C(1T) 127.3(10)
0(3)-C(11)-C(12) 112.3(9) O(4)-C(18)-C(17) 110.9(9)
Cca1n-C(12)-can 123.6(10) C(18)-C(17)-C(12) 122.4(10)
C(11)-C(12)-C(13) 116.4(10) C(18)-C(17)-C(16) 118.7(10)
C(13)-C(12)-C(17) 120.0(10) C(12)-C(17)-C(16) 118.6(10)
C(12)-C(13)-C(14) 120.8(11) CA7)-C16)-C(15) 120,0(10)
C(13)-C(14)-C(15) 120.1(12) C(16)-C(15)-C(14) 120.3(11)
0(3)-C(1)-C(2) 107.1¢8) O4)-C(5)-C(6) 104.5(8)
C(1)-C(2)-C(3) 111.%9) C(5)-C(6)-C(T) 112,2(10)
C(1)-C(2)-C(4) 108.7(%) C(5)-C(6)-C(8) 107.9(9)
CB)-C(D)-C(4) 113.2(10) C(N-C(6)-C(8) 112.4(10)
C(H-C()-C(1)-O(3)  —175.2(11) C(N-C(6)-C(5)-0(4) 55.4(11)
C(3)-C(2)-C(1)-0(3) 59.1(12) C(B)-C(6)-C(5)-0(4) 179.8(10)
C()-C(1)-0(3)-C(11) 166.0(12) C(6)-C(5)-O(4)—C(18) 170.2(10)
C(1)-0(3)-C(11)-0(1) 3.019) C(5)-0(4)-C(18)-0(2) —0.2(13)
O(3)-CA1)-O(1)-Ti  —154.2(15) O(4)-C(18)-0(2)-Ti  —156.0(13)

Ti-O(1)-C(11)-C(12) 27.0(16) Ti-O(2)-C(18)-C(17) 21.8(15)
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Fig. 2. View of the polymeric structure and numbering scheme of [ p-C¢H,(COOMe),- TiCl,] adduct in
crystal I

different but the bond angles Ti-O(1)~C(11) [139.6(7)°] and Ti-0(2)-C(18)
[138.7(7)°], and the bond lengths Ti—-O(1) and Ti—-O(2) [2.113(7) and 2.093(7) A]
are similar. The benzene ring is planar and CI(1) chlorine atom is the remotest atom
from the ring. The Ti-Cl(1) and Ti~Cl(2) distances of 2.282(3) and 2.305(3) A are
longer than the Ti—Cl(3) and Ti—-Cl(4) distances of 2.238(3) A, (Table 3).

The spatial structure of complexes with the o-diester suggest that the addition of
AlEt; as co-catalyst to [o-C¢H,(COO-i-Bu),TiCl,] or [0-C4H,(COOER),TiCl,]

Table 4

Principal interatomic distances (A), bond angles (°) and torsion angles for crystalline |[p-
C¢H (COOMe),TiCl,]

Ti---Tit 3.851(4) Ti-Cl(1) 2.496(3)
Ti-C1(1}) 2.498(3) Ti-Cl(2) 2223(3)
Ti-Ci(3) 2.206(3) Ti-Cl(4) 2.222(3)
Ti-O(1) 2.058(3) 0o1)-C(1) 1.243(4)
O(2)-C(1) 1.293(4) 0(2)-C(5) 1.464(4)
C(1)-C(2) 1.478(4) CQ)-C3) 1.389(4)
C(2)-C(4) 1.396(5) C(3)-C(4t) 1.386(5)
CI(1)~-Ti~CI(1') 79.1(1) CI(1)-Ti-CI(2) 88.1(1)
CI(1)-Ti-CI(3) 166.5(1) CI(1)-Ti-Cl(4) 92.6(1)
CI(1)-Ti-CI(2) 89.8(1) CI(1')-Ti-CI(3) 88.6(1)
CI(1')-Ti-Cl(4) 170.8(1) C(2)-Ti-CI(3) 97.5(1)
CI(2)-Ti~Ci(4) 94.0(1) CI(3)-Ti-Cl(4) 99.2(1)
O(1)~Ti-CI(1) 82.5(1) O(1)-Ti-C(I') 85.6(1)
O(1)-Ti~Ci(2) 170.1Q1) O(1)-Ti-CI(3) 91.1(1)
O(1)-Ti~Cl(4) 89.3(1) Ti-Cl(1)-Tit 100.9(1)
Ti—0(1)-C(1) 165.4(3) O(1)-C(1)-0(2) 122.1(3)
0(1)~C(1)-C(2) 123.1(3) C(2)-C(1)-0(2) 114.7(3)
C(1)~0(2)-C(5) 118.5(3) C(1)-C(2)-C(3) 119.73)
C(1)~C(2)-C(4) 119.9(3) C(3)-C(2)-C(4) 120.4(3)
C(2)-C(3)-C(4*) 119.7(3) C(2)-C(4)-C(3%) 119.9(3)
C(5)~0(2)-C(1)~0(1) 0.3(7) Ti-0(1)-C(1)-0(2) ~114.0013)

“ Symmetry codes: (i) 1—x, —y, —z; (i) 2—x, —y,1—z.



357

should be foliowed by replacement of the most distant Cl(1) by ethyl group.
However, the reduction of Ti** to Ti** in [0-C4H(COOE),TiCl,] should also
result in abstraction of CI(1), as indicated by the structure of Ti** compound
[(»-CD,Cl,{ 0-C;H,(COOEW), },Ti,], which was obtained by the reduction of [o-
C¢H,(COOEt),TiCl,] with aluminium in CH,Cl, [15].

Compound II in crystalline state is polymeric. This structure is depicted in Fig. 2.
The dimeric unit C1,Ti(u-Cl),TiCl, occupies the center of symmetry at (3,0,0) and
the p-C4H,(COOMe), ligand occupies the center of symmetry at (1,0,3). The
C1,Ti(p-Cl),TiCl; units are connected by carbonyl oxygens of p-CsH ,(COOMe), to
form a polymer in the [101] direction. The Ti—Cl and Ti-O bond lengths and
Cl-Ti—Cl and CI-Ti-O bond angles (see Table 4) are consistent with other Ti**
chloro-complexes containing organic esters [14,16,17].

A comparison of the structure of the polymeric [(p-Cl),(p-p-CcH,
(COOMe),Cl1(Ti,] and the dimeric [{p-m-C(H,(COOEY), },ClTi,] [17] with the
monomeric [o-C,H,(COO-i-Bu),TiCl,] and [o-C¢H,(COOE),TiCl,] compounds
permitted a partial elucidation of the fall in the catalytic activity of the catalysts
containing m- and p-C,;H,(COOR),. In all these compounds the terminal chlorine
atoms are chemically similar. We conclude from this that after addition of co-cata-
lyst the replacement of the chlorine atoms by ethyl group should proceed in a
similar fashion. For that reason at the initial catalytic activities of the compounds
discussed are similar. After some time, however, the compounds in which the
titanium atoms form either a linear polymer or the dimer with p- and m-
CsH,(COOR),, respectively, decompose to form new compounds of lower catalytic
activity.

Supplementary material available: The tables of observed and calculated struc-
ture factors for crystals I and II are available from the authors.
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