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Synthesis, Characterization, and Ethylene Polymerization of Group
IV Metal Complexes with Mono-Cp and Tridentate Aryloxide or
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Half-sandwich titanium and zirconium complexes with tridentate dianionic aryloxide or arylsulfide
ligands [R-2f (2-XCgH4)N=CH} CsH.OJ]>~ ([XNOR]>", R=H, X = O (L1); R = 4-Me-6-BU (R'), X =
O (L2); R=H, X = S (L3); R = 4-Me-6-Bu (R'), X = S (L4)) have been prepared. Reactions of
CpMCl; (M = Ti, Zr) with sodium salts of the aryloxide or arylsulfide ligandslL4) afford CpTi-
[XNORICI[R =H,X=0 (1); R=4-Me-6-BU (R), X =0 (2); R=H, X =S (3); R = 4-Me-6-BU
(R), X =S (4)] and CpZr[ONCCI [R = H (5)], respectively. Complexes—5 were characterized by
IR and'H NMR spectra and elemental analyses, and their molecular structures have been determined by
X-ray diffraction methods. The coordination properties of these complexes have been investigated in the
solid state and compared to related systems. When activated by excess methylaluminoxane (MAO), these
complexes can be used as catalysts for ethylene polymerization and exhibited moderate activities. The
activities of arylsulfide complexe3and4 are higher than those of their analogues, aryloxide complexes
1 and2, and zirconium comple® is much more active than titanium complexies4.

Introduction 10 years! These salicylaldiminato ligands are obtained by easy
synthetic routes, and hence their steric and electronic properties
Since the discovery of homogeneous Ziegldatta catalysis  can be readily tuned, via substitution of the aromatic ring or
by group IV metallocenes in 198@Gonsiderable effort has been  modification of the imino nitrogen substitutent. However, despite
devoted to catalyst modification in order to improve olefin extensive investigation of group IV metal complexes of sali-
polymerization activity and control polymer properties such as cylaldiminato ligands and their utilities in olefin polymerization
stereoregularity, co-monomer incorporation, and microstruéture. chemistry, few monocyclopentadienyl salicylaldiminato group
Despite the ongoing research on metallocene catalysts, the searchv metal derivatives of the type Od[ON]X3-n (M = Ti, Zr;
for alternatives to the metallocene catalysts that can produceCp = substituted or unsubstituted cyclopentadienyl ring=L
polymers with novel properties has been one of the major goals bidentate monoanionic salicylaldiminato ligand;=X anionic
of transition metal coordination chemistry over the last two donor ligand) have been reported.
decades. Monocyclopentadienyl dichloro group IV metal complexes
A number of groups have explored the use of catalysts with CPM[ON]CI containing a bidentate monoanionic salicylaldi-
one cyclopentadienyl and a second, non-Cp ligand with an Minato ligand have been reported. When activated by MAO,
oxygen and/or nitrogen donor in recent years. Monoanionic they are active for the polymerization of ethylene, but give
salicylaldimines are among the most versatile non-Cp ligands Multimodal molecular weight distributions consistent with

to have emerged in olefin polymerization catalysis over the past Multiple active sites. The most active systems were demonstrated
to be effective for the copolymerization of 1-hexene and

ethylene. In the absence of ethylene, 1-hexene is oligomefized.
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Group IV Metal Complexes

Scheme 1. Synthetic Routes to Complexes of the Type
CpM[XNOR|CI, 1-5
XH O OH OH
NH, R! XH P R!
+H FtOH N 1.NaH
2. CpMCly
Rl

2

L1 R'=H, R’=H, X=0
L2 R!'='Bu, R?=Me, X=0
L3 R'=H, R’=H, X=S
L4 R'='Bu, R?=Me, X=§

X/]\i{\o Ry
N\O
R,

monochloro and monoalkyl group IV metal complexes
CpZr[ONNO]CI (JONNO] = [C¢Hs-1,2{ N=CH(3,5'Bu,CsH2-
2-O)},]) containing tetradentate dianionic salicylaldiminato

R'=H, R?>=H, X=0, M=Ti
R!'="Bu, R®>=Me, X=0, M=Ti
R'=H, R?>=H, X=S, M=Ti
R'=Bu, R>=Me, X=S, M=Ti
R'=H, R’=H, X=0, M=Zr

L7 I N S

ligands have been developed. The zirconium complexes are
catalyst precursors for the polymerization of ethylene when

activated with MAO under mild conditior?s. Half-sandwich
monochloro titanium and zirconium complexes CpM[ONO]CI
([ONO] = [2-{(2-OCsHz)N=CH}CsH30]; M = Ti, Zr)%ad
containing tridentate dianionic salicylaldiminato ligands, derived
from condensation ad-aminophenol and salicyaldehyde, have

Organometallics, Vol. 26, No. 16, 200043

Figure 1. ORTEP drawing of the molecular structure of
CpTi[ONCH]ICI (1). The hydrogen atoms are omitted for clarity.

ch2

cl18)

been recently reported, exhibiting moderate activities for the Figure 2. ORTEP drawing of the molecular structure of

polymerization of ethylene. However these complexes contain- cpTi{ONOR]CI (2). The hydrogen atoms are omitted for clarity.
ing a bulkyortho-substituent have not been reported, and there

is no crystal structure data reported for this species. Recently,the presence of NEE Attempts to apply the method to the
much attention has been paid to sulfur-containing ligands and preparation of half-sandwich titanium aryloxide or arylsulfide
several reports on their use as catalysts for olefin polymeriza- complexes gave thick red oils that would not produce pure
tion® but few arylsulfide complexes have been reported for products. TheH NMR spectrum showed the product to be a
olefin polymerizatiorf. Herein, we describe the synthesis, X-ray mixture. Now we present here an alternative synthetic route in
crystallographic characterization, and ethylene polymerization go0d yields for these half-sandwich group IV complexes

chemistry of five monocyclopentadienyl monochloro titanium
and zirconium complexes CpM[XNQCI ([XNOFR]
[R-2-{(2-XCgH4)N=CH} CgH,O]; M = Ti, Zr; R=H, R (4-
Me-6-BU); X = O, S) containing tridentate dianionic aryloxide
or arylsulfide ligands derived from condensation of salicyalde-
hyde with aminophenols or aminothiophenols.

Results and Discussion

Synthesis and Characterization of Half-Sandwich Tita-
nium and Zirconium Aryloxide or Arylsulfide Complexes.
The salicylaldimine derivativels1 —L4 were prepared in good

consisting in the reaction of CpMglith disodium salts of
ligands, obtained by deprotonation in the presence of NaH. This
synthetic procedure was more accurate and convenient than that
using dilithium salts of ligand¥

The complexes are fully characterized ¥y NMR and IR
spectra and elemental analysis (see Experimental Section). The
IH NMR spectra of Ti complexes, 2, and3 show the CH=N
protons, which are shifted downfield approximately 0-2450
ppm relative to free ligands. However, the €N proton in Ti
thiolato complex4 is shifted upfield approximately 0.20 ppm
relative to free ligand. The chemical shift difference for the
CH=N proton in Zr complex5 and free ligand is only

yields by condensation reactions of the corresponding salicy- —0.03 ppm.

aldehyde witho-aminophenol op-aminothiophenol in boiling

The solid-state structures a&f 2, 3, and4 were determined

ethanol. Previous papers described the synthesis of complexesgy single-crystal X-ray diffraction studies. Their solid-state

1 and3 by reactions of CgIiCl, or CpTiCk with L1 or L3 in

(6) (@) Wang, C.; Ma, Z.; Sun, X. L.; Gao, Y. H.; Guo, Y.; Tang, Y.;
Shi, L. P.Organometallic006 25, 3259. (b) Wang, C.; Sun, X. L.; Guo,
Y. H.; Gao, Y.; Liu, B.; Ma, Z.; Xia, W.; Shi, L. P.; Tang, YMacromol
Rapid Commun2005 26, 1609. (c) Oakes, D. C. H.; Kimberley, B. S;
Gibson, V. C.; Jones, D. J.; White, A. J. P.; Williams, DChem Commun
2004 2174. (d) Capacchione, C.; Proto, A.; Ebeling, H.VINaupt, R.;
Moller, K.; Spaniol, T. P.; Okuda, J. Am Chem Soc 2003 125, 4964.

(7) Watanabe, T.; Katayama, H.; Imai, A. Jifokai Tokkyo Koho JP
95-13553 19950131, 1996.

structures are quite similar and will be discussed first (Figures

1-4). Selected structural parameters, along with those for related
CpTiYCI; derivatives (Y= OAr, SAr), are collected in Table

1. If the centroid of the cyclopentadienyl ring is considered as

a single coordination site, these complexes all adopt five-

(8) (a) Dey, K.; Bandyopadhyay, D.; Nandi, K. &ynth React Inorg.
Met-Org. Chem 1992 22, 1111. (b) Alyea, E. C.; Malek, A.; Merrell, P.
H. J. Coord Chem 1974 4, 55. (c) Alyea, E. C.; Malek, Alnorg. Nucl.
Chem Lett. 1977, 13, 587.
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The solid-state structure of zirconium compléxs deter-
mined by single-crystal X-ray diffraction studies. Selected
structural parameters are collected in Table 2. If the centroid
of the cyclopentadienyl ring is considered as a single coordina-
tion site, the complex adopts a six-coordinate, distorted octa-
hedral structure in which the equatorial positions are occupied
by the two oxygen atoms of the chelating aryloxide ligand, an
additional oxygen atom of THF, and the chlorine atom. The
cyclopentadienyl group is coordinated on the axial position, and
the nitrogen atom occupies another axial position. TheQ@r
(2.028(4), 2.048(4) A), Z#N (2.439(8) A), and Z+Cl (2.4994-
(17) A) bond distances in zirconium complBxre longer than
those in its analogous titanium complgéxrespectively. These
results are to be expected when the atomic radii of the two metal
atoms are considered. The-ZX bond distance (2.439(8) A) is
slightly longer than that of FI zirconium catalysts (2.355
Figure 3. ORTEP drawing of the molecular structure of 2.38 A)#Pwhich indicates less donating ability of imino nitrogen
CpTi[SNOTCI (3). The hydrogen atoms are omitted for clarity. atom to the metal center.

Ethylene Polymerization. The prepared complexes were
briefly investigated in ethylene polymerization. Titanium and
zirconium complexes CpM[XNE]CI 1-5 were activated with
MAO. The results are summarized in Table 3.

Titanium complexed—4 show moderate activities for the
polymerization of ethylene. The activity of arylsulfide complexes
3 and 4 is higher than that of their analogues aryloxide
complexesl and 2, possibly reflecting the higher rate of
alkylation by MAO in3 and4/MAO systems. In tha—4/MAO
systems, no discoloration of the orange-red reaction mixture
was observed over 60 min and ethylene consumption continued
over this period, suggesting that the active species are quite
stable under these conditions. The activity of complexasd
4, having a bulkytert-butyl group, is somewhat higher than
Figure 4. ORTEP drawing of the molecular structure of that of corresponding complexdsand3. It can be seen from
CpTIi[SNCRICI (4). The hydrogen atoms are omitted for clarity. the results in Table 3 th&MAO gave the highest activity at
70°C, and increasing the temperature of polymerization led to
a decrease in the molecular weight of the polymer. Zirconium
complex5 is much more active than titanium complexies4.

coordinate, distorted square-pyramidal structures in which the
equatorial positions are occupied by the two oxygen atoms or
one sulfur atom and one oxygen atom of the chelating dianionic
aryloxide and arylsulfide ligands, the nitrogen atom, and the
chlorine atom. The cyclopentadienyl group is coordinated on

the axial position. _ _ A series of monocyclopentadienyl monochloro titanium and
In the monochloro titanium aryloxides and arylsulfideslof  zjrconium complexes of tridentate dianionic aryloxide or
2, 3, and4, the Ti-X (X = O, S) bond distances are longer ry|sylfide ligands [XNG]>~ have been prepared. The routes
than those in the related dichloro titanium aryloxides and employed proved to be effective with both aryloxide ligands
arylsulfide CpTi(2,6PrCeH;0)Ch,° CpTi[2-Bu-6-(2,4,6-  and arylsulfide ligands. The coordination properties of these
MesCeHoN=CH)CsH3O]Cl>,*> and CpTi(4-Me@HaS)Chre-  complexes have been investigated compared to related systems.
spectively. The TN bond distances (2.171(2p.185(5) A) The Ti—S—C bond angle is significantly smaller than the
in 2, 3, and4 are shorter than il (2.317(9) A) and CpTi[2-  Tj_0—c bond angles. The FiS—Ar angles lie within a small
Bul-6-(2,4,6-MeCeHN=CH)CeHsO]Cl,™ (2.268(4) A), indica-  1ange, while the TrO—Ar angles cover a much wider range.
tive of significant coordination of an imino nitrogen atom 0 A |onger Zr—N bond distance is observed in the zirconium
the metal center in the solid state. A somewhat shortelCTi  comples Cpzr[ON®ICI, indicative of less donating ability of
bond distance is observed4r(2.317(9) A), possibly reflecting  the imino nitrogen atom to the metal center. When activated
the lower electron density at the metal center. In these titanium by excess methylaluminoxane (MAO), these complexes can be
aryloxides , 2) and arylsulfides, 4) shown in Table 1,the  ,5ed as catalysts for ethylene polymerization. The activities of
Ti—S—C bond angle is significantly smaller than the-0—C arylsulfide complexes CpTi[SNECI are higher than those of
bond ang_les. The Iargest—TS—_C bond angle obgerved inthese  ipeir analogues, aryloxide complexes CpTi[ONOI, and
systems is 100.25(12]3), while the smallest FFO—C angle  zjrconium complex CpzZr[ONEICI is much more active than
is 121.40(16) (CpTi(2,6:Pr,CeH3O)Cl?). In addition, the Ti- titanium complexes CpTi[XNEICI. The activity of titanium

S—Ar angles lie within a small range (98.7¢2)00.25(12)), complexes CpTi[XN®]Cl increases as the R group is replaced
while the Ti-O—Ar angles cover a much wider range (ap- from H to 4-Me-6-B

proximately (121.40(16)173.0(3Y)).

Conclusions

(9) Nomura, K.; Naga, N.; Miki, M.; Yanagi, K.; Imai, AOrganome- Experlmental Section

tallics 1998 17, 2152. . . . '
(10) Fenwick, A. E.; Fanwick, P. E.; Rothwell, I. Rrganometallics General Considerations.All the operations were carried out

2003 22, 535. under pure nitrogen atmosphere using standard Schlenk techniques.
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Table 1. Summary of Crystallographic Data for 1-4 and Related Complexes CpTiYC] (Y = OAr, SAr)

\ e

“--.\_\

02 R,
X1
Na
R,
complex TEX1 Ti—02 Ti—N Ti—Cl Ti—Cp Ti—X1-C Ti—02-C X1-Ti—02

CpTi(O-2,61PrCeH3)Cl? 1.760(4) 2.262(av) 173.0(3)
CpTi[2-Bu-6-(2,4,6-MeCs-  1.875(3) 2.268(4)  2.347(av) 136.5(2)
H2N=CH)CGH301C|210
CpTi(SGHsMe-4)Ch1t 2.2924(5) 2.245(av) 2.014 99.60(5)
CpTi[ONOH|CI (1) 1.893(5) 1.876(5) 2.317(9)  2.320(2) 2.0298  127.0(5) 131.3(5) 134.7(2)
CpTI[ONCR]CI (2) 1.9103(17)  1.8805(18)  2.171(2)  2.3514(10)  2.0547  121.40(16)  136.27(16) 129.51(8)
CpTI[SNTICI (3) 2.4014(12)  1.862(2) 2.197(3)  2.3419(11) 2.0435  100.25(12)  137.4(2) 126.21(9)
CpTI[SNCRICI (4) 2.448(2) 1.866(4) 2.185(5)  2.185(5) 2.0889 98.7(2) 144.7(4) 130.34(14)

Table 2. Selected Bond Distances (A) and Bond Angles (deg)
for CpZr[ONO H]CI (5)

Table 3. Results of Ethylene Polymerizatioh

Zr(1)-0(1) 2.028(4) O(1yZr(1)-0(2)  149.25(17)
Zr(1)-0(2) 2.048(4) O(2rZr(1)-0(3)  83.00(14)
Zr(1)-0(3) 2.312(4) O(1yzr(1)-N(1)  81.8(2)
Zr(1)-N(1) 2.439(8) O(Fzr(1)-N(1)  68.4(2)
Zr(1)—Cl(1) 2.4994(17) O(3)zr(1)-N(1)  76.37(18)
Zr(1)-C(18) 2.512(6) o(zr(l)-Cl(1)  92.89(13)
Zr(1)—Cp 2.263 N(L)}Zr(1)-CI(1)  79.67(16)
Zr(1)-01-C(1)  129.5(4) O(1yzr(1)-C(18)  124.7(2)
Zr(1)-02—-C(13)  134.7(4) O(2zr(1)-C(18)  86.0(2)

Tetrahydrofuran (THF), hexane, and toluene were distilled from

sodium-benzophenone. Commercial reagents, namely, NaH (60%),

CpTiCls, CpZrCk, methylaluminoxane (MAO), and salicyaldehyde

Figure 5. ORTEP drawing of the molecular structure of
CpZr[ONOTCI (5). The hydrogen atoms are omitted for clarity.

temp time M,¢
entry catalyst (°C) (min)  activit (1074
1 CpTi[ONO]CI (1) 70 60 31 53
2 CpTi[ONCRICI (2) 70 60 50 51
3 CpTi[SNOICI @) 25 60 7.1 49
4 CpTi[SNO]CI B) 50 60 37 61
5 CpTi[SNO]CI B) 70 60 61 31
6 CpTi[SNO]CI 3) 90 60 43 11
7 CpTi[SNO]CI 3) 70 30 15 9
8 CpTi[SNC]CI (4) 70 60 77 27
9 CpZr[ONOICI ) 70 60 150 10

aConditions: [M]=10umol, Al/M = 1500, toluene= 50 mL, ethylene
pressure= 1 atm.PActivity in kgPE-mol M~1-h~1, °M, was measured by
the Ubbelohde calibrated viscosimeter technique.

with o-aminophenol om-aminothiophenol were purchased from
ACROS Co. 34ert-Butyl)-5-methylsalicyaldehyde was prepared
according to the literaturé.

1H (500 MHz) NMR measurements were obtained on a Bruker
AC500 spectrometer in CDglsolution. IR (KBr) spectra were
recorded on a Nicolet FT-IR spectrophotometer. Elemental analyses
for C and H were carried out on an Elementar 11l Vario El analyzer.

[ONOHH, (L1). A mixture of salicylaldehyde (5 mL,
0.0478 mol) and 30 mL of ethanol was heated to°80 and then
a solution ofo-aminophenol (5.21 g, 0.0478 mol) in 20 mL of
ethanol was dropwise added. The reaction mixture was refluxed
for 2 h and cooled to room temperature. The product was
recrystallized from ethanol to afford fine dark red needles in 85%
(8.66 g) yield.*H NMR (CDCls, 500 MHz): ¢ 12.29 (s, 1H, OH),
8.69 (s, 1H, CH=N), 7.45-6.98 (m, 8H, Ar-H), 5.81 (s, 1H, OH).

[ONORTH; (L2). Using the same procedure as for the synthesis
of L1, L2 (0.91 g) was obtained as red crystals by the reaction of

(11) Kasumov, V. T.; Tas, E.; Yakar, Y.; Koeksal, F.; KoeseogluZR.
Naturforsch Teil. B: Chem Sci 2002 57, 495.
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Table 4. Summary of Crystallographic Data for 1, 2, 3, 4, and 5

Zhang et al.

1 2 3 4 5C4HgO
formula Q3H14C|N02Ti C23H24C|N02Ti C13H14C|NOSTi C23H24C|NOSTi 022H22C|NO3ZI'
fw 359.68 429.81 375.71 445.84 475.10
T, K 298(2) 293(2) 293(2) 293(2) 293(2)
cryst syst triclinic monoclinic tetragonal orthorhombic monoclinic
space group P1 P2(1)n 14 Pna2(1) P2(1)in
a, 10.1760(19) 12.360(3) 21.043(4) 22.415(11) 8.572(3)

b, A 10.457(2) 12.831(3) 21.043(4) 13.398(6) 14.639(4)

c, A 15.517(3) 13.710(4) 7.488(2) 7.215(4) 15.940(5)

o, deg 107.959(3) 90 90 90 90

f, deg 94.315(3) 105.316(4) 90 90 93.075(5)

y, deg 94.627(3) 90 90 90 90

volume, A3 1557.0(5) 2097.1(10) 3315.6(13) 2166.9(18) 1997.2(10)

z 2 6 8 2

Dcale Mg/m?® 1.165 1.537 1.505 0.683 1.320

absorp coeff, mmt 0.387 0.824 0.805 0.314 0.689

F(000) 570 978 1536 464 808

cryst size, mm 0.0 0.05x 0.05 0.04x 0.05x 0.08 0.15x 0.10x 0.08 0.06x 0.08x 0.10 0.05x 0.10x 0.15

26 range, deg 2.7850.02 3.94-54.26 2.74-52.00 3.54-55.02 3.78-50.02

no. of reflns collected/unique 6567/5410 10 386/4577 7656/3214 10 204/3768 8310/3523
[Rint = 0.0505] [Rint = 0.0359] [Rint = 0.0316] [Rint = 0.1033] [Rint = 0.0463]

no. of data/restraints/params 5410/11/415 4577/0/257 3214/0/208 3768/1/257 3523/3/253

goodness of fit orfF? 0.655 0.913 0.957 0.805 0.869

final Rindices | >20(1)]2 R1=0.0567 R1=0.0482 R1=0.0419 R1=0.0539 R1=0.0502
wR2=0.0950 wR2=0.1020 wR2= 0.0787 wR2= 0.0855 wWR2=0.1147

Igst diff peak and hole, e/

0.578 and-0.278

0.403 and-0.242

AR1= 3 |IFol — IFcll/3|Fol; WR2 = [FW(IFo?| — [F)TwIF??M2

3-(tert-butyl)-5-methylsalicyaldehyde (0.783 g, 4.08 mmol) and
o-aminophenol (0.448 g, 4.08 mmol) in a yield of 79%. NMR
(CDCl;, 500 MHz): 6 12.69 (s, 1H, OH), 8.64 (s, 1H, G¢N),
7.26-7.03 (m, 6H, Ar-H), 5.95 (s, 1H, OH), 2.33 (s, 3H, GH

1.45 (s, 9H, C(Ch)s).

[SNOH]H, (L3). Using the same procedure as for the synthesis
of L1, L3 (3.29 g) was obtained as red crystals by the reaction of
salicyaldehyde (2.39 mL, 22.8 mmol) anéhminothiophenol (2.85
g, 22.8 mmol) in a yield of 63%H NMR (CDCls, 500 MHz): 6
12.90 (s, 1H, SH), 8.83 (s, 1H, G#N), 7.25-6.50 (m, 8H, Ar-

H), 4.61 (s, 1H, OH).

[SNORH, (L4). Using the same procedure as for the synthesis
of L1, L4 (1.09 g) was obtained as red crystals by the reaction of
3-(tert-butyl)-5-methylsalicyaldehyde (1.40 g, 7.3 mmol) and
o-aminothiophenol (0.914 g, 7.3 mmol) in a yield of 50944.NMR
(CDCl;, 500 MHz): ¢ 13.18 (s, 1H, SH), 9.20 (s, 1H, GFN),
7.03-6.56 (m, 6H, Ar-H), 2.35 (s, 3H, CH), 1.43 (s, 9H,

C(CHg)a).

CpTi[ONO™]CI (1). To a stirred suspension of NaH (0.048 g,
2.0 mmol) in 10 mL of THF was addddl (0.129 g, 0.606 mmol)
dropwise at—78 °C. Stirring was maintained fo2 h atroom
temperature. The mixture was filtered. The filtrate was cooled to
—78°C and added dropwise to a solution of CpEi@.133 g 0.606
mmol) in 15 mL of toluene. The resulting suspension was warmed (0.130 g, 0.610 mmol), and CpZr{(0.160 g, 0.610 mmol).
to room temperature and kept stirring over night, and the solvent Workup affordedb (0.125 g) as orange crystals in a yield of 51%.
was removed under vacuum. The residue was extracted in 20 mLH NMR (500 Hz, CDC4, ppm): 6 8.67 (s, 1H, N=CH), 7.47
of toluene to remove NaCl salt. Removal of volatiles under vacuum 6.78 (m, 8H, Ar-H), 6.18 (s, 5H, Cp-H), 3.75 (t, 4H, CH—0O—
left a dark red powder. Recrystallization of the product from toluene/ CH,), 1.85 (m, 4H, CH—CH,). IR (KBr): » 1609, 1585, 1550,

hexane afforded (0.163 g, 75%) as dark red crystalsl NMR
(500 Hz, CDC4, ppm): 6 9.19 (s, 1H, N=CH), 7.78-6.99 (m,
8H, Ph-H), 6.21 (s, 5H, Cp-H). IR (KBr):» 1603, 1582, 1535,
1439, 1372, 1299, 1146, 1026, 850, 745 ¢émAnal. Calcd for
Ci1gH140oNTICI: C, 60.11; H, 3.93; N, 3.89. Found: C, 60.29; H,

0.298 and-0.204

0.514 and-0.306

1.364 ane-0.743

IR (KBr): v 1607, 1588, 1540, 1439, 1399, 1375, 1309, 1150, 1025,
859, 751 cm?. Anal. Calcd for GsH»4CINO,Ti: C, 64.27; H, 5.63;
N, 3.26. Found: C, 64.30; H, 5.66; N, 3.21.

CpTi[SNO"]CI (3). This complex was prepared as described
above forl, starting from NaH (0.053 g, 2.2mmol)3 (0.218 g,
0.951 mmol), and CpTiGl0.209 g, 0.951 mmol). Workup afforded
3(0.246 g) as dark red crystals in a yield of 69%d. NMR (500
Hz, CDCk, ppm): 6 9.067 (s, 1H, N=CH), 7.798-7.198 (m, 8H,
Ph—H), 6.195 (s, 5H, CpH). IR (KBr) v: 1604, 1543, 1439, 1372,
1295, 1149, 1025, 851, 735 cf Anal. Calcd for GgHis
CINOSTi: C, 57.54; H, 3.76; N, 3.73. Found: C, 57.59; H, 3.79;

N, 3.71.

CpTi[SNORCI (4). This complex was prepared as described
above forl, starting from NaH (0.048 g, 2.0 mmob4 (0.227 g,
0.760 mmol), and CpTiGl0.167 g, 0.760 mmol). Workup afforded
4 (0.206 g) as dark red crystals in a yield of 61%d. NMR (500
Hz, CDCk, ppm): 6 9.00 (s, 1H, N=CH), 7.66-7.24 (m, 6H, Ph-

H), 6.15 (s, 5H, Cp-H), 2.44 (s, 3H, CH), 1.49 (s, 9H, C(Ch)3).

IR (KBr): v 1610, 1540, 1439, 1401, 1380, 1311, 1159, 1020, 859
cm™L, Anal. Calcd for GsH,4CINOSTI: C, 61.96; H, 5.43; N, 3.14.
Found: C, 61.97; H, 5.46; N, 3.15.

CpZr[ONO H]CI-C4HgO (5). This complex was prepared as
described above fdt, starting from NaH (0.048 g, 2.0 mmol),L

1481, 1455, 1396, 1302, 1261, 1173, 1121, 1040, 1011, 848, 753
cmL. Anal. Calcd for G,H2,CINOsZr: C, 55.61; H, 4.67; N,2.95.
Found: C, 55.51; H, 4.71; N, 3.01.
Single-Crystal X-ray Structure Determination of Complexes
1-5. For complexe4—5, a single crystal suitable for X-ray analysis

4.01; N, 3.81.

CpTi[ONOR]CI (2). This complex was prepared as described
above forl, starting from NaH (0.048 g, 2.0 mmol)2 (0.219 g,
0.77 mmol), and CpTiGI(0.170 g, 0.77 mmol). Workup afforded
2 (0.215 g) as dark red crystals in a yield of 65%. NMR (500
Hz, CDCk, ppm): 6 9.13 (s, 1H, N=CH), 7.68-6.95 (m, 6H, Pk
H), 6.17 (s, 5H, CpH), 2.43 (s, 3H, CH), 1.51 (s, 9H, C(Ch)s).

was sealed into a glass capillary, and the intensity data of the single
crystal were collected on the CCD-Bruker Smart APEX system.
All determinations of the unit cell and intensity data were performed
with graphite-monochromated ModKradiation ¢ = 0.71073 A).

All data were collected at room temperature using @scan
technique. These structures were solved by direct methods, using
Fourier techniques, and refined BAby a full-matrix least-squares
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method. All the non-hydrogen atoms were refined anisotropically,  Acknowledgment. Financial support by the National Science

and all the hydrogen atoms were included but not refined. Foundation of China for Distinguished Young Scholars

Crystallographic data are summarized in Table 3. (20421303, 20531020), by the National Basic Research Program
Ethylene Polymerization. A 100 mL flask was equipped with  of China (2005CB623800), and by Shanghai Science and

an ethylene inlet, a magnetic stirrer, and a vacuum line. The flask Technology Committee (05JC14003, 05DZ22313) is gratefully
was filled with 50 mL of freshly distilled solvent, MAO (10 wt % acknowledged.

in toluene, 9 mL) was added, and the flask was placed in a bath at
the desired polymerization temperature for 10 min. The polymer-

catalyst precursor (0.010 mmol) with a syringe. The polymerization o 15 This material is available free of charge via the Internet
was carried out for the desired time and then quenched with 3% at http://pubs.acs.org.

HCI in ethanol (250 mL). The precipitated polymer was filtered
and then dried overnight in a vacuum oven at°g80 OM700338Y



