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Fig. 1 Selected examples of Ti-based catalysts employed in olefin polymerization.
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BT A R 258 SRR R R S B0 45, S99 )8
(5T SUR N BEAT R UE Schlenk $4F 86 KT 2
WFEHPEm. B, IECkE. THF SEF1E
FVEAL G 1) 4A 5 TR AU N WD BRK, T
BT NG = IR — R, EA
AR, B 2R R A FE s R R 28 A
TR S R IR U N
RS TRz, B,

EKTC A W B A% 3k BR % ("H-NMR 1 13C-
NMR)H Bruker-400 MHz 5% Bruker-600 MHz 1% fil%
LR PSSO E , AR E AT (CDCLy) F T
A (acetone-dg). ZEA PN s A 7R 22 3 4
A (DSC200 F3 B 15, A 5 B 5~10 mg,
T THRJE I N 30~160 °C, A& BRI+
Rk . BEMRI T8 K0 T2 &R
W12 15 3% 0,38 A (PL-GPC 220 B W75, #F i B
5~10 mg, DL 124-= & EME A, £ E
150 °C. ¥ii% 1.00 mL/min 4t . 338 B fAcdd A
FAH H iR 1PC-NMR (Bruker Avance-400)I 1
) T v it 3 | I 7 o
120 °C, FAH1000 7%, FhigHS A4 2~5 s.
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1.3.1 EAY)Til (AR

7 50 mL F-4 ) Schlenk o7, n A - 7
FEECAA L1 (0.3 g, 1 mmol), N, & %3 Ja AT
%) CH,Cl, (20 mL); 53 B —-> 50 mL ] Schlenk
T -78 CCHMIRIR [ A8, N, B 3 XN
A T8 5 f) CH,CL, (10 mL) #1 TiCl, (1.5 mmol,
0.2 mL). TR 2 i 1) T A 4 I 4 1 W o 1 26
TiCl, ¥ ¥ 1Y Schlenk i H, PRFFIKER 1 h )5,
KHAH, BRFHEREEIRN 12 h, KR
&, BEAEBREER, A& Fhya ki EL 5,
13 2 ¥ 6ok K Til, UCE N 89.5%. 'TH-NMR

(400 MHz, acetone-dg, 0): 8.29~8.25 (m, 1H, ArH),
8.20 (d, J=7.4 Hz, 2H, ArH), 8.17 (s, 1H, OH),
7.67~7.60 (m, 2H, ArH), 7.58~7.53 (m, 2H, ArH),
7.05 (d, J=8.1 Hz, 2H, ArH), 5.64 (s, 1H, CH), 4.06
(t, J=6.8 Hz, 2H, CH,), 3.03 (s, 2H, CH,), 2.17 (s,
3H, CH;)."*C-NMR (101 MHz, acetone-dg, ): 163.58
(s, —C—NH), 131.72 (s), 130.62 (s), 129.64 (s),
128.98 (s), 128.34 (s), 128.13 (s), 127.01 (s), 115.31
(s), 68.42 (s, —C=CH), 46.58 (s, CH,), 43.69
(s, CH,), 14.30 (s, —S—CHs;). FTIR (KBr, cm™):
3144, 2582, 2162, 2028, 1979, 1595, 1501, 1482,
1293, 1174, 846, 689, 637, 621, 602, 590, 567, 552.
CsH sC3NO,STi TG &R 7 b1, 1 EH: C, 46.33;
H, 3.89; N, 3.00%. SL4ff: C, 46.52; H, 3.93; N,
2.85%.
1.3.2 FAEY T2 16 K

JiEF Til, 3 20T AR R T2, RN
89.6%. 'H-NMR (400 MHz, acetone-dg, 0): 8.27~
8.18 (m, 3H, ArH), 8.17 (s, 1H, OH), 7.72~7.59
(m, 2H, ArH), 7.56 (q, J=7.4 Hz, 2H, ArH), 7.07~
6.98 (m, 2H, ArH), 5.65 (s, 1H, CH), 4.03 (t, J=6.8
Hz, 2H, CH,), 3.05 (d, J=6.9 Hz, 2H, CH,), 2.18 (s,
3H, CH;). BC-NMR (101 MHz, acetone-dg, J):
197.40 (s, —C=0), 163.68 (s, —C—NH), 153.50
(s), 133.40 (s), 131.73 (s), 129.01 (s), 128.73 (s),
128.35 (s), 116.10 (s), 66.92 (s, —C=CH), 46.74
(s, CH,), 38.94 (s, CH,), 14.52 (s, —S—CHj).
FTIR (KBr, cm™): 3182, 2362, 2154, 2028, 1599,
1218, 1168, 837, 640, 624, 599, 582. C,sH,5sCsNO,
STiJCE T, 1T51H: C,46.33;H,3.89; N, 3.00%.
SEIME: C, 46.25; H, 3.98; N, 3.11%.
133 MWAEYTI3HE K

JriETE Til, 13 2R AR R T3, A
92.3 %. 'H-NMR (400 MHz, acetone-ds, 6): 8.09
(d, J=7.1 Hz, 2H, ArH), 7.66 (d, J=3.9 Hz, 1H,
ArH), 7.53 (dd, J=12.8, 7.2 Hz, 3H, ArH), 7.38~
7.33 (m, 2H, ArH), 7.32 (s, 1H, OH), 7.10 (t, J=
7.5 Hz, 1H, ArH), 6.91 (t, J=7.3 Hz, 1H, ArH), 6.83
(d, J=8.6 Hz, 2H, ArH), 6.60 (d, J=5.5 Hz, 1H, ArH),
5.64 (s, 1H, CH), 2.58 (s, 3H, CH;). BC-NMR
(101 MHz, acetone-ds, J): 197.34 (s, —C=0),
163.59 (s, —C—NH), 153.47 (s), 134.91 (s), 133.42
(s), 132.98 (s), 131.73 (s), 131.21 (s), 129.02 (s),
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128.76 (s), 128.63 (s), 128.36 (s), 128.21 (s), 128.02
(s), 126.55 (s), 125.86 (s), 116.06 (s), 115.69 (s),
54.11 (s, —C=CH), 15.01 (s, —S—CH;). FTIR
(KBr, cm™): 3223, 1594, 1214, 753, 627, 584, 565.
CypHsCuNO,STi TR 7047, THHAE: C,51.34; H,
3.53;N, 2.72%. K4 {H: C,51.43; H, 3.60; N, 2.94%.
134 WAV T4 G

595 E Til, 3 EIRE 4Gk K Tid, RN
91.2 %. 'H-NMR (400 MHz, acetone-d, 6): 8.23~
8.19 (m, 2H, ArH), 7.93~7.87 (m, 3H, ArH), 7.61
(d, J=3.8 Hz, 2H, ArH), 7.49 (s, 1H, OH), 7.42 (dd,
J=8.1, 4.4 Hz, 1H, ArH), 7.07~6.98 (m, 2H, ArH),
6.94 (d, J=8.7 Hz, 3H, ArH), 5.64 (s, 1H, CH), 2.58
(s, 3H, CH;). *C-NMR (101 MHz, acetone-dg, 0):
197.34 (s, —C=0), 161.72 (s, —C—NH), 153.47
(s), 134.90 (s), 133.42 (s), 133.07 (s), 131.74 (s),
131.23 (s), 131.10 (s), 130.62 (s), 129.59 (s), 129.01
(s), 128.75 (s), 128.62 (s), 128.36 (s), 128.21,
128.14 (s), 128.04 (s), 126.54 (s), 125.80 (s), 123.74
(s), 123.50 (s), 115.02 (s), 54.10 (s, —C=CH),
15.00 (s, —S—CH;). FTIR (KBr, cm™): 1586,
1279, 1169, (s)841, 756, 697, 625, 609, 593, 572
CyoHsC3NO,STi L& 401, THEAE: C, 51.34; H,
3.53; N, 2.72%. SE5G{H: C,51.46; H, 3.40; N, 2.62%
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Scheme 1 Synthesis of f-ketiminato ligands and corresponding titanium catalysts Til-Ti4.
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Fig. 4 Comparative 3C-NMR spectra of ligand L4 and

complex Ti4.
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Fig. 5 Single-crystal X-ray diffraction structure of ligand L2.

Fig. 6 Single-crystal X-ray diffraction structure of ligand L3.
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Table 1 Ethylene polymerization catalyzed by Til-Ti5/MAO 2.

Entry Cat. Temp. (°C) P (MPa) Yield (g) Activity ® T (°C) M, © PDI ¢
1 Ti4 30 0.1 0.1313 1.97 134.1 19.95 2.65
2 Ti4 40 0.1 0.1790 2.69 132.9 27.27 2.94
3 Ti4 50 0.1 0.5604 8.41 1343 9.44 3.06
4 Ti4 60 0.1 0.4575 6.86 1324 15.38 431
5 Ti4 70 0.1 0.3861 5.79 131.6 3.95 2.08
6 Ti4 80 0.1 0.2796 4.19 132.6 3.02 2.13
7 Til 50 0.1 0.0754 1.13 136.6 33.85 1.78
8 Ti2 50 0.1 0.2294 3.44 1359 23.01 1.77
9 Ti3 50 0.1 0.1866 2.80 1334 31.91 2.03
10 Ti5 50 0.1 0.2023 3.03 132.6 7.66 1.26

114 Til 50 1.0 0.7005 10.50 134.9 51.28 1.75
124 Ti2 50 1.0 0.8742 13.11 136.0 31.17 4.87
134 Ti3 50 1.0 0.7585 11.38 135.6 52.23 3.78
144 Ti4 50 1.0 0.9145 13.72 135.8 26.63 2.90
154 Ti5 50 1.0 0.5366 8.05 136.3 22.85 1.95
164 Til 100 1.0 0.0164 0.25 134.9 - -
174 Ti2 100 1.0 0.2959 4.44 131.1 - -
184 Ti3 100 1.0 0.0076 0.11 133.7 - -
194 Ti4 100 1.0 0.8176 12.26 136.1 23.06 3.76
204 Ti5 100 1.0 0.0306 0.46 135.6 - -
214 Ti4 120 1.0 0.5811 8.72 1359 18.17 2.26

@ Polymerization conditions: [Ti catalyst]=4 pmol, [Chlorobenzene] =30 mL, Al/Ti=1500/1, time=10 min; ® Activity unit:
10° grmol™"'-h7!; ¢ 10* g/mol, determined by GPC in 1,2,4-trichlorobenzene at 150 °C; ¢ [Chlorobenzene]=80 mL.
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Fig. 7 Catalytic activity of Til-Ti5 complexes for ethylene
polymerization at 1 MPa ethylene pressure.
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Table 2  Ethylene/a-olefin copolymerization catalyzed by Til-Ti4/MAO 2.

Entry Cat. Comonomer Yield (g) Activity ® T, (°C) M, ¢ PDI¢ Incorp ¢ (%)
1 Til Co6 0.0896 1.34 116.8 32.42 1.71 9.8
2 Ti2 C6 0.2365 3.55 113.6 9.88 2.02 12.7
3 Ti3 Cé6 0.7434 11.15 92.8 25.93 1.76 30.4
4 Ti4 C6 0.8756 13.13 93.6 8.24 2.05 23.2
5 Til C8 0.2268 3.40 114.0 - - 12.3
6 Ti2 C8 0.4295 6.44 72.4 - - 17.5
7 Ti3 C8 1.0022 15.03 58.4 - - 27.5
8 Ti4 C8 1.4056 21.08 61.5 - - 21.0

2 Polymerization conditions: [Ti catalyst]=4 pmol, [Chlorobenzene]=30 mL, Al/Ti=1500/1, time=10 min, [Comonomer]=12 mmol;

b Activity: 10° g'mol™!-h71; ¢ 10* g/mol, determined by GPC in 1,2,4-trichlorobenzene at 150 °C; ¢ Calculated using high-temperature
3C-NMR.
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Fig. 8 High-temperature '*C-NMR spectra of polymer
obtained from copolymerization of ethylene and 1-hexene
catalyzed by Til-Ti4/MAO.
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Fig. 9 Comparison of ethylene (co)polymerization catalyzed
by Til-Ti4/MAO.
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Fig. 10 Potential energy curves of ethylene polymerization
catalyzed by Ti4/MAO. (As shown in the figure, the optimized
molecular structure is Ti4, with the energy unit: kcal/mol.)
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Research Article

Synthesis of a Kind of Novel #-Ketoimine Titanium Complex Isomers and
Their Catalytic Performance for Ethylene Polymerization

Die Wang', Ming Zhou!, Lu Lei?, Zhe Li', Wang-jun Tang', Guang-yong Xie!", Lin Li'*
(!School of Chemistry and Material Science, South-Central Minzu University, Wuhan 430074)
(?College of Chemistry and Environment Engineering, Baise University, Baise 533000)

Abstract Two pairs of asymmetric S-ketoimine isomers containing a hydroxyl group and the corresponding
tridentate titanium complex isomers Til/Ti2 and Ti3/Ti4 were synthesized, and the isomeric ligands and
complexes were confirmed by FTIR, '"H-NMR, '*C-NMR, elemental analysis, and single-crystal X-ray diffraction
(XRD) characterization. Under the action of the cocatalyst MAO, both pairs of titanium complex isomers exhibited
high activity for ethylene polymerization and copolymerization with a-olefins. Furthermore, the ethylene
(co)polymerization activities of complexes Ti2 and Ti4 with the side arm near the phenyl group were significantly
higher than those of the corresponding isomers Til and Ti3 with the side arm near the hydroxyphenyl group. For
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ethylene polymerization, the activity of complex Ti4 with the methioaniline side arm was the highest, which was
three times that of its isomer Ti3 and more than twice that of the similar structural complex Ti2 with the
methioethylamine side arm and the control titanium complex TiS without the hydroxyl group. Moreover, Ti4
showed extremely high thermal stability, which can maintain extremely high activity above 10° g-moly~!-h™! at
an ethylene pressure of 1.0 MPa and a high temperature of 100 °C, and still had high activity at 120 °C. In the
copolymerization of ethylene and a-olefins (1-hexene and 1-octene), the copolymerization activity and insertion
rate of the comonomer catalyzed by the complexes Ti3 and Ti4 containing methylaniline side arms were
significantly higher than those catalyzed by Til and Ti2 with methioethylamine side arms, with a copolymerization
activity of over 10° g'moly;"!-h~!. Ti4 exhibited the highest copolymerization activity, whereas the comonomer
insertion rate obtained using Ti3 was the highest. The structure optimization of the f-ketoimine titanium complex
isomers was calculated using density functional theory (DFT), and the results were consistent with the trend of
the ethylene (co)polymerization activity and the thermal stability of the complexes. The complex Ti4 only
required overcoming a relatively small activation energy barrier to complete chain growth, exhibiting the highest
catalytic activity and strongest thermal stability.
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