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Scheme 1 Design catalyst by “sidearm strategy”
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Scheme 2 Syntheses of ligand L1 and L2
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Scheme 3 Syntheses of complexes 1 — 4
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Scheme 4 Reaction between L1 and TiCl4
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Scheme 5 Synthesis of complex 5
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Scheme 6 The reaction between ligand L1 and MBn4
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Scheme 7 The rearrangement reaction of complex 8
to 9
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Table 1 Results of ethylene polymerization catalyzed by 1/MMAO ?

Al/Ti

Activity x 107

Entry (molar ratio) o (gPE/mol(Ti)-h-atm) My 107 pDI?
1 500 50 1.23 23.6 2.1
2 100 50 0.94 29.4 2.2
3 50 50 0.25 48.0 24
4 500 0 0.74 53.5 1.8
5 500 70 0.54 14.2 2.1
6 500 100 0.52 7.30 2.4
7¢ 500 50 0.14 170 ¢ Nd ¢

2 Polymerization condition: 1 (2 umol), total volume 20 mL, Pethylene =

0.1 MPa, toluene, MMAO-4, 30 min; ®* By GPC relative

to polystyrene standard; ©0.7 MPa of ethylene pressure in 2 L autoclave, 1 (23.2 umol), total volume (515 mL); 9 Measured in
decalin at 135 °C using an Ubbelohde viscometer; © Nd = not determined
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B (entryl). T “3” HEFEREEBRIIS, Se, P FEIRRE 280 °CiF, ALEYI4 (—SePh)5e4: ki,
ENBCAL B FRHMELR I, 3a, 4)iEMERES S 1M 3a(— SPh) KSR AT DLIR #F1.44 x 10° gPE/
(entries 2, 4, 6). 32185 R0 WA AR B (AL 77 1 Fh Az mol(Ti)-h-atm, X7 fE5Ti— Sefd# 55 HEK
GEME B Bt Ee3a M4 7] LUE H (entries 2 ~ il A Zy W R BB TR Bl ORUIC A A4 77 45 4
UL, ZHIES0 CRIVETEM Y, (HEMUEER AKX
Table 2 Results of ethylene polymerization catalyzed by complexes 1 — 4
o Activity x 107 b b
Entry Precat. T(°C) (@PE/mol(Ti) h-atm) Mwx 10 PDI
e
1 0-Ti"OPh 50 0.03 1.5 3.4
Cly
2a
2 \N%h 50 3.73 2.3 2.4
o8
3 80 1.44 1.4 2.5
3a
4 ‘NQ 50 2.38 5.0 3.0
O’;];iI;SCPh
5 4 80 - - -
WS
6¢ o-TiPPhy 50 1.23 23.6 2.1
Cl;
1
2 Polymerization condition: precat. (3.5 pmol), toluene (50 mL), Pethylene = 0.1 MPa, MMAO-4, Al/Ti = 500, 5 min; ® By
GPC relative to polystyrene standard; ¢ Precat. (2 umol), total volume (20 mL), Pethyiene = 0.1 MPa, MMAO-4, Al/Ti = 500
(molar ratio), 30 min
N T AP PR AR RN, FATIEFR TS AT R T L b e RN A A A (A] £
VI . B o T ORI — R B = AL ER
RCE P A M AR S, 3D T merfs 5
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Fig. 1 Molecular structures of complexes 2a and 3a
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M43 55 (entries 9, 10)[1231,

T RN T HL RN A 7 (8] RS0
WAT AR, A1 T &EPOE N E BT
(1) 8- 2 M e BRI & 9005, WEALR B, B & 45
HECEYI3H) 5> 7 a5 AR AL LA3ERISe My,

PR B TR\ AR Y, fHSerh 2R (IV) JH
1 25 (6] 58 - [ (R 4), Se IO — TifflS — Tif
Scl'BHB K, IXFE IS5 89 5 A TR AL BRI 2
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Table 3 Comparision of sidearm-modified complexes ?

Activity X 107

Ent Precat. (sid My x 10740 PDI®
iy recat. (sidearm) (PE/mol(Ti)h-atm)
Te 2a (OPh) 0.020 25 1
2 2b (2,6-MesCeHs-O) 0.002 49 33
3 2¢ (2,6-Pr2CeH3-0) 0.003 115 14.9
4 2d (2,6-CLCeH3-O) 0.023 4.0 38
5 3a (SPh) 1.73 5.0 2.0
6 3b (2.6-MexCeHs-S) 0.20 184 1.9
7 3¢ (2,6-Pr2CeHs-S) 0.06 2522 27
8 3d (2,6-CLCeHs-S) 122 7.6 1.7
9 3¢ (4-CF3CeHa-S) 1.17 7.3 1.9
10 3f (4-MeOCsHa-S) 126 5.6 2.1
1¢ 3g (SMe) 126 1.5 23
12¢ 3h (SPr) 1.10 46 2.1
134 3i (S'Bu) 0.03 11.0 2.1
14 3j (SCsHi-n) 1.42 1.7 23
154 3k (SCisHs7-n) 136 1.7 23

2 Polymerization conditions: precat. (3.5 pmol), MMAO-4, 15 min, Al/Ti = 500 (molor ratio), Pethylene = 0.1 MPa, toluene (50
mL), 50 °C; ® By GPC relative to polystyrene standard; ° Precat. (10 pmol); $ MMAO-4, Al/Ti = 1000 (molar ratio)

Table 4
complexes 3f and Sc

Molecular structure comparison between

G (5¢)

3f 5¢
Ti—O01 (A) 1.791(4) 1.827(2)
Ti—NI (A) 2.187(5) 2.148(2)
Ti—S1 (A) 2.586(2) 2.6413(10)
Ti—S—C (Pr) (°) 111.6(2) 114.32(11)

TEYERS ST RC A3, BB AR, A FRA
VI35, B-HRIENE ) = S ALK & 405 T Bt i
(7 B 2066 SR A i MR LN S). fln,
—SPr' (5c)fXESMe (5a), i b7 1% LT 1%
FEARAE (1.66 x 10° gPE/mol(Ti)-h-atm 51.68 x
10° gPE/mol(Ti)-h-atm)!?*],

Xl g B — 3P AIE ST T 6 FH 28R TE i A0 5
A I RBIEAE .

FIFH 7K A% 5 0. i R0 B- Bk 35k I e 8 BC AR 5
TiClo(THF )2 ff) SRR FER . =2 e i, AT

SEHL T A BCARFITICLy(THF ) Y “ —4Rik” N B
BRI AL RS M (R 6). xFLbas L, fEH
“C—BRIET Bl EAAENL IR RS, RN
TETERAR T HR4l 5 I &4, AT 2IM R &5
T S H o A 5 A X (entries 11512), MiTA
PRV A B- BRI 5 2 SR S R A R it
T HE. SR AR E BRI

BAEA R T AR ERAL G, W T4 SRk
SEZ R A M AEMMAO/E N H e fifk 2
5 R RCTIA,  Ud BA B B R BT B B
WRT K. M ERIER N (W0 °C)RA MK
LIRHRE RIS, v LAk B AT 2 1- T st
22 ZHS5a-BRHERE

FZER FRWEEMERNE TRASYS
FCAr, 452 Sl e &4, HosERE
IR TFRE , AR T BOR A B A 546N
AR T HAEN I Sa- IR R IR G 14T
N WA RR, BRTERED2, A1 ~53
Al LS E AL O S o I IR LR S XA
PRI 5 & P R B AL Q06 5 o- @ 1R
REREAR. BT E I AT LA 8o
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Table 5 Results of ethylene polymerization catalyzed by complex 5 ?
Activity X 107
Entry Precat. chivity X M x 1074 PDI®
(gPE/mol(Ti)h-atm)
Ph. —
=N_Cl s—
I
1 N 1.66 12.7 2.0
PH cl
Sa
Pi —
] =N_Cl s
¥
2 \ O/T“\Cl 1.68 12.6 3.1
Ph a
5c
Ph \
—N_Cl 5-"CgHy7
NV
3 o 1.72 11.1 2.6
Ph cl
5d
P-CFCeHy
=N_Cl spy
NV
4 §0/Tv"C‘ 1.46 222 2.2
P a
5h
p-CHCHy /=~
=N_Cl spp
\_11_/
5 \_o|ma 1.88 14.8 2.6
p-CH;CgH, a
5i
p-CH;0CHy — /——\
=N_Cl sF
NV
6 \_]a 1.90 29.6 2.1
p-CH;0CH, c
5j
Ph
=N_Cl spr
Me \Il‘/
7 \ o |1\Cl — - -
PH Cl
51
Pri,
Pho /T \
]_N\Q/spw
8 §O/n\0, 1.06 16.2 2.1
Ph c
Sm

2 Polymerization conditions: precat. (3 pmol), MMAO-4, 10 min, Al/Ti = 1000 (molar ratio), Pethylene= 0.1 MPa, toluene (50

mL), 30 °C; ® By GPC relative to polystyrene standard

7L B 4 N\ R U20-126. 130 bk ) SR
AT AT DLAR 2% 5 M d ok 38 in 3 S ik B i v
HARENZE. . 1-C0 AL H0.27 mol/L3E i
%5.33 mol/LI, HAHAZEMS.1 mol%FE = £41.1
mol% (F7)122. (H & 3L FAA o 28 10 K B XS
RA T RGN RN R /N H24-126],

120 = AT P A O AN A T 5 i e i HL A
SN BRI 3 N R BEE LS B R T OBk
A FISHISe, FRATEEMRI N, FFEZMET,
fid &4)3a (SPh)f14 (SePh)fEfL1-CF 5 2GR
B HHEAN 23 591930.0 mol%A114.6 mol% (F8).

R (iR SRS R . i, 3a
(SPh), 3e (p-CF3C6Ha-S)FI3f (p-MeOCsH,-S) ik
L5 1-CR LR A YR B A A s ARG
(K8, entries 1, 3, 4).

WIFRIFTIR, 1208 AL BT 3 5 A 5 i 4
EH . Bla& SMel 8 ML &5 Y(3g) ik &
155 1- 285 LR A TS L LT 42 & SPh(3a) 1245
(entries 1F12). F R0 Bk ) BUAE: M 2 (3g)
N RFEGh), WM P P2 A, BRI RE
ff13¢ (SCeH3('Pr)2)AI3i (SBu) LT AHEMEAL 2.0
H51-Z8&E ML R AU il B bk ke 5 Bk



7H PINFFINAE: T HONE AR TR S HEA AR Bt v ) S A 1025

Table 6 Results of ethylene polymerization catalyzed by in sifu generated complexes ?

Activity X 107°

Ent Precat. My x 10740 PDI®
Yy reea (gPE/mol(Ti)-h-atm)
1 SMe 2.06 207 23
2 SPr 1.98 18.9 2.1
3 SPr 0.86 386 23
4 SBu 0.08 328¢ 26°¢
5 S(CH2)7CH3 2.08 253 1.9
S
6 \@/ 1.02 39.7 1.9
_N/_\SRD S
7 o )\©/K 0.72 - -
S
8 @C' 1.04 _ _
S
F F
9 2.00 - -
F F
F
(0]
10 \@/ 0.15 225 1.8
Ph. —
=N  S"Pr
1 g; 1.60 9.8 26
(6]
Ph
Ph  —\
g —N\ S"Pr
12 h\ o TiCls 1.98 10.4 28
P

2 Polymerization conditions: toluene (50 mL); TiCla(THF)2/Ligand = 1/1 = 3 pmol/3 pmol; 1.6 mL MMAO-4 (1.9 mmol/mL);
temperature of the oil bath 30 °C; 10 min; Petylene = 0.1 MPa; ® By GPC relative to polystyrene standard; ¢ Bimodal, high

molecular weight part; 9 Pure complex (3 pmol) was used.

Ethylene Enamine Polyethylene
TiCl,(THF),
MMAO
Narrow PDI
High activity

Scheme 8 One-pot method for the screening of new
titanium catalyst

KEEXILIEAT NREIED, B & Y3 M3k
KRR
B & s thn] DU B AL S0 0 ) 5 1- T

-0 AR A )\ B i L S A 1) L5
G E T CEBIRERE . SRR,
T DS RIS M e T /K A e S JcAiT A IR ERTRE 5420,
ArRgE ARG T3, BLESRERAV) A Bl =
(] 56 (R 10)! 2L il fun, 4 1- O & 36
mmolff, AH [F 2 F 15 H Sb/MMAOAE ML 71,
LiEH1-Om L KA N444 < 10°
g/mol-h-atm, 1-C 46 AZ1%23.6 mol%, 1Miff
F3UMMAORT 45 54V 91.98 x 10° g/mol-h-atmFHl
10.5 mol% (entries 8, 13). R TWlE97 ~ 112 °C

Table 7 Results of ethylene/1-hexene copolymerization catalyzed by 1/MMAO *

Concertration Activity x 107 Content e .
Entry (1-hexene) (mol/L) (g/mol(Ti)-h-atm) (mol%) M x 107 PDI
1 0.27 0.96 5.10 3.0 2.7
2 1.06 1.36 15.2 2.2 2.4
3 2.12 1.77 21.0 4.8 1.3
4 5.33 1.87 41.1 6.2 2.9

2 Polymerization conditions: 1 (3 umol), MMAO-4, 10 min, MMAO-4, AITi = 266 (molar ratio), Pethylene =

0.1 MPa, total

volume (15 mL), 50 °C; ® Determined by '*C-NMR; ¢ By GPC relative to polystyrene standard
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Table 8 Influence of complex structure on the copolymerization of ethylene/1-hexene ?
Activity x 107° Content ©
Entry Precat. (SA) ey > omey My x 1074 PDI ¢
(g/mol(Ti)-h-atm) (mol%)
1 3a (SPh) 0.39 30.0 14.6 2.4
2 4 (SePh) 0.61 14.6 10.6 3.7
3 3e (4-CF3CgHa-S) 0.44 28.2 19.6 33
4 3f (4-MeOCsHas-S) 0.37 259 17.4 2.5

2 Polymerization conditions: precat. (7 pmol), MMAO-4, 15 min, MMAO-4, Al/Ti = 500 (molar ratio), Pethylene = 0.1 MPa,
1-hexene: (5 mL), toluene (50 mL), 50 °C; ® Determined by 3C-NMR; ¢ By GPC relative to polystyrene standard

Table 9 Influence of complex structure on the copolymerization of ethylene/1-decene ?

Entry Precat. (SA) Activity x 107 tncorp. My x 104 PDI ¢
(g/mol(Ti)-h-atm) (mol%)
1 3a (SPh) 1.33 8.5 9.1 2.6
2 3g (SMe) 2.14 9.6 6.4 1.9
3 3h (SPr) 0.56 0.5 25.4 2.8
4 3j (S-CsHi7-n) 1.57 7.6 7.0 22
5 3k (S-CisH37-n) 1.47 7.0 8.4 23
2 Polymerization conditions: precat. (7 umol), MMAO-4, 15 min, MMAO-4, Al/Ti = 500 (molar ratio), Pethylene = 0.1 MPa,
1-decene (5 mL), toluene (50 mL), 50 °C; ® Determined by '*C-NMR; ¢ By GPC relative to polystyrene standard
Table 10 Ethylene copolymerization with a-olefins catalyzed by Sb/MMAO *
Entry a-Olefin (mmol) ACthlty, X107 Incorp. My x 1074¢ PDI ¢
(g/mol(Ti)-h-atm) (mol%)
1 1-Hexene (6) 4.40 8.6 11.2 2.2
2 1-Hexene (12) 4.34 11.1 11.8 22
7 1-Hexene (24) 4.94 18.0 15.7 22
8 1-Hexene (36) 4.44 23.6 15.2 2.2
9 1-Octene (12) 3.18 10.0 18.8 2.1
10 1-Dodecene (12) 3.60 7.2 19.6 2.1
11 1-Octadecene (12) 4.04 5.5 21.4 2.1
124 1-Hexene (12) 1.76 6.5 18.3 2.1
134 1-Hexene (36) 1.98 10.5 21.5 1.8

2Toluene (50 mL), 5b (3 umol), Pethylene = 0.1 MPa, 25 °C, Al/Ti = 1000 (molar ratio), 10 min; ® Determined by *C-NMR;

¢ Determined by GPC; 931 (3 pmol)

XIRIEAL,  o-H e Bk i TR, JEERWII 43
TR AAE2.053.02 5.
23 CHESEMERINERE

LIF SR ILRYN(COC) & —RIREEK
IIRPERA R UA3-196] A 3R 5 R R IR B 2 A 2 4
VA PR o 0 LR B FRATTE R B UK
(NBE). ¥ )% (CPE)AI XA & — )7 (DCPD) 4> 4
5 IRMILRETIAT 7RO RS 1A 5120126, 131,
5 W lo-J 1R LI G SR, P A IE Tt AT 3L L

R4 N R 22 55 000 T8 ik PR (O A BT SR (R ). il -

3g (SMe) TG PE JL T &2&3h (P 1065, TimHE

B T A 9 30 A RS PR AL T = 2 (A

(1.32 x 10%~2.03 x 10° g/mol(Ti)-h-atm)!'3!],
FE3IMMAOHIEAAER R, XA —H#(DCPD)

AT DR IGRI 5 20 R AR 3SR, 0 5 A %
LR G I RN 3L k4 N\ A B B RS (R 12).
3g (—SMe)MiE P& =, 790.82 x 10° g/mol
(cat)-h-atm, j&3a (—SPh)HI8F5 %, L &43j ~ 3k
[R5 PEIS A5 R B, DCPD i N Al LLIRFFEL)
20 mol%. FLE A H-NMR F1'3C-NMR 43 #7 &
NLR A KA TDCPDH INBEXL. b4k, 3EE
W% B (1) C = CUUsE B mT AR Hh A% 4k, 54,
1E m-S 2K R (m-CPBA)E F T WU ] DL g & it
RAEFMRBL, BRI AN EMOrEE9), NE
IR RRAIR AL T — 2R mT AR i 13,
LGS (CPE) ML R & HAA R KMk
R AT-1981 0 FRATTR B A 3 S35 e 1% 1 AL.CPE
HANER OGS, CPEMEAR AL E
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Table 11 Copolymerization of ethylene with NBE catalyzed by 3/MMAO ?

Entry Precat. (SA) (;;tg(l;yl)xhlf;) I;:gpri ; M x 1074 (Tgci
1 3a (SPh) 0.23 309 6.8 66.6
2 3g (SMe) 2.03 439 25.6 109.3
3 3h (S'Pr) 0.23 313 13.7 58.1
4 3j (SCsHi7-n) 1.48 38.7 34.4 88.4
5 3k (SCigHs7-n) 132 362 262 e

2 Polymerization conditions: precat. (4 umol), 15 min, MMAO-4, Al/Ti = 500 (molar ratio), Pethylene = 0.1 MPa, total volume
(45.8 mL), 50 °C, NBE: 20 mmol; " Determined by '*C-NMR; ¢ By GPC relative to polystyrene standard; ¢ Determined by

DSC; © Not observed

Table 12 Copolymerization of ethylene with DCPD catalyzed by 3/MMAO ?

Entry Precat. (SA) (Qr:(l)‘l/(lfli)xhlz?t_r;) I(Irlr(ljc())lr‘i ; My x 1074 Ts (°C)
1 3a (SPh) 0.10 20.0 12.1 53.8
2 3g (SMe) 0.82 20.2 7.6 47.0
3 3h (S'Pr) 0.18 17.1 8.7 29.1
4 3j (SCsHi7-n) 0.57 19.7 7.2 50.8
5 3k (SCigH37-n) 0.62 20.7 7.4 49.7

2 Polymerization conditions: precat. (12 pmol), 10 min, MMAO-4, Al/Ti = 500 (molar ratio), Pethylene = 0.1 MPa, total volume
(30 mL), 50 °C, DCPD: 10 mmol; ® Determined by '3 C-NMR; ¢ By GPC relative to polystyrene standard

* m-CPBA *
Toluene, 55 °C,3 h
y o) y
Scheme 9  Epoxidation of double bonds in
ethylene/DCPD copolymer

42.2 mol%!3. EA AL BB T BRIk & i ic
EYBNEVERAC, PR Ry CPER & & ik
I RGeS i S R &) B & 2 g it
(0.14 x 10° ~ 0.23 x 10° g/mol(Ti)-h-atm), CPE[I 4

NRAETF 122 mol% ~ 14.5 mol% 2 [8] (£ 13).
BC-NMRZ 13 B L B0 v [F) I A2 AE AL I CPE
Jr BRI 2 Fh B4R 22 B () CPE-E-CPE F Bt H
E-CPE &2 & 1 v Bt * CPE /& cis-1,2- #fi A
(enchained), J&midAY, HCPERIHHAZEM S
CPE-E-CPE ;v Bt & &l =r. i, CPEMJHEA
#K5.5 mol%It, FLIEMH AL FE WL 5 B 1)
CPE; MCPE& & IN442.2 mol%Hf, CPE-E-
CPE i BN 3L W) CPE £ B i 778 . 2 (12
H13).

Table 13 Copolymerization of ethylene/CPE catalyzed by 3/MMAO *

Activity x 107 Incorp.’ e . T
Entry Precat. (SA) (e/mol(Tiy h-atm) (mol%) My x 107 PDI 0)
1 3g (SMe) 0.14 112 41 2.1
2 3h (SPr) 0.24 33 3.8 3.6 111.3
3 3j (SCsHi7-n) 0.22 13.4 2.0 2.9 104.1
4 3k (SCisHs7-n) 0.23 14.5 2.1 2.9 103.0
5 3i (S'Bu) 0.02 <1.0 5.5 2.1 124.0

2 Polymerization conditions: precat. (15 pmol), 30 min, MMAO-4, Al/Ti = 500 (molar ratio), Pethylene = 0.1 MPa, total volume
(25 mL), 50 °C, CPE: 50 mmol; ® Determined by '*C-NMR; ¢ By GPC relative to polystyrene standard

SEEYI3MLL, BCaISRens EaftfElk 2
M 5CPESL I . JLHMGERIRIREEAN ZI, 5
B8 AL AT LAY B 2 (RS ARG &

R OFEH(F14). DINBERNGI, 785444
THOLT, SbAI3IE A AH[FE ISP & 4], 22
TE AL 406 S NBEL A B NBE 1A E
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5°844.2 mol%F129.8 mol%. 1F 0% 5 HAhFR
J& UNTCPEAIDCPD 3 5 & o ] DLW %2 31 2R AL 1)

+
4

CPE: 5.5 mol%
1 1 L

m, 0=43.9

™ 5=43.4
CPE: 14.4 mol9%y| isolated CPE

CPE: 42.2 mol%

L L. A
50 45 40 35 30 25 20 15
)

Fig.2 '3C-NMR spectra of E/CPE

C Cﬁ Cpg
Cy
C C n
G 7ol
Cy m

Fig. 3 Structure of E/CPE copolymer

24 ZHSHRMBEFNERES

LS WA AR R G RN L6 E R
HLFI DRt s RIBERM . HErE. 5
FUE MR A I (A 2 1 S 1 R o B IR AR
A DA 4% 52 25 R SR Al Fi (1) &R 761000 4K
M EH T AL ) o A R R AR
5y R R S S B AR, S 8
A5 o AT 2 25 AN i RUBEE TC A7 1R BE ) (s =
K 10).

E A7 K FH (1) 32 22 5w 2 4 0@ Ak
s R ) o H P AR 55 PR RO AR AR SE IR AL TR
%[76, 78~82, 84, 85, 87~94, 96~98] , 11]] :EHZZ'%E{{E'T{A%U . H;!i
-TEFRAR ISR, TEBMEALFIRIPER T, AR
HEE(MA). G BRI S M TE(VAC) I B ik
(VE)ZE 35 Re % DA 4 N RS AL R A, (H2
H T 8547 7 (chain-walking) /A 7E, i H W i%
B AL T BT 45 31 1 3% SR o AR R A A A
T3 B B R . BT IRIE 5T 3R B A P R - T R

Table 14 Comparison of 5b with 31 in the copolymerization of ethylene/CPE (or NBE) #

Activity x 107 I .0
Entry Comonomer (mol/L) Cat. vt y.>< fieorp My x 1074¢ PDI ¢
(g/mol(Ti)-h-atm) (mol%)
1 5b 1.6 12.8 7.2 1.6
CPE (2.0)
2 31 1.0 43 10.1 1.8
3 5b 5.6 44.2 15.8 1.6
NBE (0.4)
4 31 19.4 29.8 31.3 1.7

2 Polymerization conditions: precat. (12 pmol), 30 min, MMAO-4, Al/Ti = 1000 (molar ratio), Pethylene = 0.1 MPa, toluene (50
mL), 30 °C; ® Determined by > C-NMR; ¢ By GPC relative to polystyrene standard

L CH,R L CHoR L CH,R
N Z(EG\NK N

M —_—

/ / N | -~ Ms
LT O Y FU L'/Ae m
FG

Scheme 10 Interaction between polar group and
catalytic species causing the deactivation of catalyst

AT AT DA S Ao — Il g, SEIIAHE A 7R A P
RIE# SR oM EREERE. Sk BB T il E
T, 5 U 4 e AR T 11

Ty PP NS A F AT U S R A AR, (HFR
BN R ORGP SR X — S e PR 1R
WIS, —J7 AR kR A G T o- Ml 4E,
o — J7 AR MELE SR AT 5 16 A0 3% M 1 5] B DR KR i
EAHEAZ. Rl AR MAR, BT SO
FEsRLewisliz 14, I [Cp*Si(Me)NBu'] TiCl, (Cp"

= CsMes)! OVFIFEE AL 5 B FH TR AL 205 5 A 1
Bk 3R A& kol . H P Fujita B A
bis(salicylaldeminato)-titanium complex (Ti-FI)P!
N H FEE5 5 i (dried methylalumoxane, DMAO)
A AL 05 5 45 K BURY R [ hex-5-enylacetate 1)
G, WEMETEE, R AU AE R B F
I DMAOME &L N & nf LA F|1.5 x 10* g/mol
(Ti)h-atm )35 P4 F13.20 mol% 4 N K.
BAVED TP R ILAC A D3 FIS X 2= S 2%
BT, sl 1 %8B A YA 20 S
PR SE R A g B 13w AR B DA 3a/
MMAO AT Bus ALK M JE B - 5857,
ATLL6.0 x 10° g/mol(Ti) h-atmfJ3E 13,5 mol%
PN R ELI-2845-1-12 5 LML R A, Sak
P B S S (1.01 107 g/mol(Ti)h-atm), i
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Hal PLSRAS & 46 AN (11.2 mol%), XAl RE 5%
KBCARLS B TR /158, PR T TiAV)H L Lewis
BRI RO R B,

nF £ m /\FG Cat/MMAO  « - -
FG = (CH,)g0AIR, FG
Ph
SN ‘N
o Ell,sph O,TI—SMe \ T1C13
? 3a 3e PH Sa
Activity x 1076
. 0.7 10.1
(g/mol(Ti)-h-atm)
Incorp. (mol%) 3.5 34 11.2
Scheme 11 Copolymerization of ethylene with

9-decen-1-ol pretreated with ‘BusAl

LR, LJf/9-55 M -1-Fe 3L SR v 1t AN
S N R [RDRE 32 008 1 TR 5 T O =
12). [FEFER NS5 T, & —OMell B B AL 7
EMEELE (3 x 10° g/mol(Ti)'hratm), #HAFEN
6.2 mol%; 7 VU SNt e 5 10 B ) e 77 ) 58 4 9
BiEE s S i RN Bl 15 B R AL TR R B
s M. FVRE 264 R 8 B [ONOTiC s 75 2 1 3
By e

Activityx10-¢  Incorp. My,
Ph SA | (g/mol-h-atm) (mol%) x10~*

N___SA SMe 1.5 8.8 5.6
Tic|
\ O/|\ OMe 0.3 6.2 17.7

PPh, 2.1 4.1 2.9

Scheme 12
copolymerization of E/9-decen-1-o0l

Influence of SA group on the

5 O oI e SIS AL, 308 i BH 1 B
B R G TEEANEA R, R R T R
BUT s 9-5% )i 1-W% (14 A\ 2 B B Aoz BHLA K T2

WEREAR. B, S 5a ~ St 2 45/9-38 )5 - 1 -
LA IE M HGB3 x 10° ~ 44 x 10° g/mol
(Ti)'h-atm), {H24i AR IKIRFEAIC: S5a (SMe) >
5b (SPr”) > 5¢ (SPr') (6.4 mol% ~ 3.6 mol%). Hc ik
B TR RN, B A YISER L R
TEPE(5.6 x 10° g/mol(Ti) h-atm)FIEA HIHH AN F
(4.8 mol%), Ht— LRRIRMENFIH &, Sifth O
/9-ZE 45 -1-FE L R AR IR = 2 1.3 x 10° g/mol
(Ti)h-atm, [F]FS 3 A\ A 23,3 mol%. W f&H 42
A= BRI, TS AR IH =IA 5.1
x 10° g/mol(Ti)-h-atm. FFHMx L HAKEEH N4-=
AR ORI VE A BT REAIS, CM3.3 % 10° g/mol
(Ti)h-atm!2L AHE 60T, SCHRHRTE 1) A0 7
rac-ethene bis(indenyl) zirconium dichloridef#{t
LR 19-Z3 05 -1 - AL R A v TE R BBR #)1.0 x 10°
g/mol(Zr)-h-atm, HHA%2.2 mol% (R K 13).

Ar = p- CF;C(H4 ]
p-MeCgHy /\

N SPr —N\ SPr" SPr” \ZrCI2
Tie) Tiscl /,\CI
o eic /\|\CI o’

20

p-MeCgH,y

5i 50

Activity x 1076 A
(g/mol-h-atm) 5.6 5.1 33 1.0
Incorp. (mol%) 4.8 4.1 2.7 22
Myx10-4 1.9 2.6 7.0 14.3
PDI 29 2.6 2.5 44

Scheme 13  Comparison of catalysts on the

copolymerization of E/9-decen-1-o0l

R 1 9-Z805-1-B%, 2L PT DAMEAL L
M&'ﬁw&samaﬁ%%é\ mEISH iR, 1E
5a/MMAO IAEF K, 4-1%M%-1-B20L2.8 x 10°
g/mol(Ti)h-atm [ & 1% ME AT 1.4 mol% 4 N\ 2 5K
W5 2R A (entry 1), & RERKEE B AN i3
(RIS BEAA AN B B Bus AL AL B, 7] DL B 35

Table 15 Copolymerization of ethylene/polar vinyl comonomers catalyzed by 5a/MMAO ?

AlTi ivi -6 I b
Entry FG (mmol) ' . ACthl'[}f x 10 feotp My x 1074
(molar ratio) (g/mol(Ti)-h-atm) (mol%)
14 (CH2);0H (5) 1000 2.8 1.4 4.7
2 (CH2)sOTBS(5) 1000 1.5 2.9 -
3 (CH2)3NPr2 (5) 3000 2.8 1.9 -
4 (CH2);0TBS (5) © 3000 0.9 1.8 8.9
5f (CH2)sCO:H (5) 1000 5.7 2.5 0.3
65¢ (CH2)sCO2Me (5) 1000 0.4 1.3 2.9

aPolymerization conditions: 5a (3.5 umol), 5 min, 40 °C, toluene (50 mL); ® Determined by '"H-NMR; ¢ By GPC;
4 Comonomer was pretreated with Al'Bus (6 mmol); ® TBS = tert-butyldimethylsilyl; f Comonomer was pretreated with AI'Bus

(11 mmol); & 10 min
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5 I3 TE A (entries 2 ~ 4). 47052, HIfE
M V£ B A7 tert-butyl(dec-9-enyloxy)di-methylsilane
& & T4k 2P MMAO®E (S mmol/3.5 mmol), &
SRATLLEAR1.5 x 10° g/mol(Ti) h-atm/¥] i3t Al
2.9 mol%[1#fi N % (entry 2). BbAb, £ 5L FIE A
Mot W EEM MG R AEIL RS B, L4/
10-+— B M R 1) L SR A E T L ik 5.7 > 106
g/mol(Ti) h-atm, FARHHE A ZEH2.5 mol% (entry 5).
10-+—BRIG L G 5 4 0@ i LR & i v LUK
F4 x 10° g/mol(Ti)h-atm, *EAK1J4H N % 1.3 mol%
(entry 6).

3 BEYIRINA

3.1 ZHEMMBEGRHBRESEBIERPRINA

LN 5 A AR IL ER G DA WL A R 47 3
TIE 1M 5 O IG BE B AL T —Fh o7 (vl AT ik
%, fln, 7£3a/MMAORIEH F, 5 PPhy-BX
AsPhy -3 a-li ke 5 O RS, WU (E
HiCK G ML AN e 7 2 7E 2R 0 EORE R 14)134,

WETER I, B LIRS L& 120] LA
R R A 3 + 21PN R B (S R
BI1S). % B =T R B A Do i A 750 ] DGR
KA. BRI ORI, TERMEH . JEht
F SRR, R RPEREE =T EEBIR A 5 51k

PRV R4k, 2% 534 1k (14a/14b) 1) B 48] 9
1.6/1.0, BRI S AR MEAS B B — = 4. g 1 4]
R, W IAE SN 4 R R S AR R NN
20% H O /KIE WA =T HE . FRATRIN, 4
FH 12208 =T 8 B S fi A ) B 0w DA 56 4 s
oA FHH 02K IV, 6 7 i . 25 TR g A
RIEEFIR, A12all e WAk R e,
M SEBIL P340 s B S AH 43 25 7, TR o 4 7 7=
YISk, WFFER M, 12a% /A1 PLESCRIFT 10
U TN RS 17 5 1P AN 52 5.

7 . /(J/ 3a/MMAO * *

X y
b b
Phy(As)P” Phy(As)P
12a (PE-P): 3.9 mol% PPh,
12b (PE-As1): 5.2 mol% AsPh,
12¢ (PE-As2): 0.39 mol%

Phy(As)P

Scheme 14 Preparation of PE supported by catalyst 12

Cl Cl Cl
12a

OB (20 mol%)
°° Toluene CO,Mg,

goec O Q
cone SYs
~

13 MeO,C 14a
MCOzc

CO,Me

MeO,C 14b
10 runs: 14a/14b > 40/1, Yield > 86%

Scheme 15 Cycloaddition reaction catalyzed by 12a

Table 16 Wittig reaction of aromatic aldehydes catalyzed by 12b ?
0.25 mol% Fe(TCP)Cl

R Etozcj 0.8 mol% 12b R\ COREl
0+ Il 1.3 equiv. PMHS
o 2 toluene
Entry R Yield ® (%) Entry R Yield® (%)
1 Ph 99 15 3,4-(CH3)2C¢Ha 94
2 2-NO2CsH4 95 16 1-Naphthyl 100
3 2,6-Cl2CeHs 98 17 2-Furyl 98
4 2,4-Cl2CeH3 100 18 PhCH=CH 96
5 4-CIC¢Ha 99 19 PhCH2CH2 97
6 4-BrCeH4 99 20 CsHs(CH3)CH 98
7 4-CF3CeH4 96 21 Cyclohexyl 98
8 4-NO2C¢H4 100 22 CH3(CHz)e 94
9 4-CNC¢H4 99 23 BnO(CH2)3 93
10 3-NO2CsH4 98 Me O
11 3-CIC¢Ha4 99 24 X 87°¢
Me O

12 2-CIC¢Ha 98
13 4-CH3CeHa 99 " I%OC

25 ¢ j/ 994
14 4-CH;0CsH; 97 X

Me O

2 Aldehyde (3.0 mmol), Fe(TCP)C1 (0.007 mmol), PMHS (polymethylhydrosiloxane, 3.9 mmol), ethyl diazoacetate (4.8 mmol),
12b (0.024 mmol), 110 °C, toluene (3.0 mL); ® E/Z > 99/1; ¢ 100% ee; ¢ 94% ee
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5 0 B ) e R A4 7R 12D 13 ) DL
R SR Wittig S AL, BIFFE A, A 7R B A
(0.8 mol%) it T LA e R fiE AL B (1 4 24K S
2, T HIC IR BT T AL 2w T T
1 5 AT LB AL 94% 1) 7 AR B AL O 1,2- — B I
J2(216). 12¢ (AsE0.39 mol%) A FEt ] LA
ROt I T Wittig S 82, - BIE IR T 5 TS AR S8 4n
H(F17).

Table 17 12c¢ as a recoverable and reusable catalyst for
Wittig reaction *

CO,Et
CHO Z

0.25 mol% Fe(TCP)Cl
© + EDA

0.8 mol% 12¢
—_—

1.3 equiv. PMHS
toluene

Cl Cl
Run Yield (%) E/Z Run Yield (%) E/Z
1 100 >99/1 4 96 >99/1
2 99 >99/1 5 98 >99/1
3 94 >99/1

2 Aldehyde (3.0 mmol), Fe(TCP)Cl (0.007 mmol), PMHS
(3.9 mmol), ethyl diazoacetate (4.8 mmol), 12¢ (0.8 mol%),
110 °C, toluene (3.0 mL), 20 h

R E AR E, T A AR &)
PLE— D B 220.05 mol%!!3. kA, FIH %3
A7 368 TR AR A R T IR SR BN T P T 1 A A s
AN, RIS ) — 2R i R0 5 - O 0 - . e 8
73 ) BL64% FH83% H 7 22 S B A% HE 4K (K 18). Al
I, TR ARG A 1, 2- XA
Koy 1,1,2- =BT R A 1,1,2,2- DU BUAC A5 Je 42 43t
THEAEREER.

B FHZ 7V EFRATTBR A SE 3 T (E)-Heptan-3-yl
3-(4-methoxyphenyl) acrylate ] & &3, X &R
P R T 22 A FH ) — SR IROBUER A I A R

12b (1.0 mol%)E M, SN =3 AT LLIA ]
98% (7~ = E16).
CHO
/©/ Fe(TCP)CI (0.25 mol%)
MeO 12b (1.0 mol%)

A COzR
PMHS (1.3 equiv.) /O/\/
+ _— O

Me!
N/\COZngH]7 loluen'e, 110°C,20 h :
- 98% yield; E/Z > 99/1 R
(1.8 equiv.)

Scheme 16 Synthesis of (E)-heptan-3-yl-3-(4-
methoxyphenyl) acrylate catalyzed by 12b

XUesE B, R M S AL T DAsKE
ILIIAE S N S A 4> 2, i B AR B BR . oI RIS
G RO7 BRI AR E TSR, A
RN — 5 B A T AR B A 45 10 4 10 75 3 Ak
KL
3.2 FEELTNEBS S FER CHUHMWPE)
Hl N A

UHMWPE— /245 70 TR 1.5 x 10
RoWs. S5E@EROIGHE, HEA IS
tPERE TS VERE UMK PERE, (HE B T44
R AR I 1 i 5 5 U 3 2 R0 AR 0 0 A R R,
UHMWPE ()0 T 8 E 5 R . FRATTAEWT 78 rh
RILRFH BT R R AL 28 SR B4k J5 Tl DL v
T PR ] S UHMWPEDS), Ak 751 e i 1 58 423
R REEET T2HRR. FalEA —Rr 2
SR RSP S B, A 7 T ) 4% B
UHMWPEA JIg B A SEAIK 14 540 B FO B8 4 (1) 455 th
IR, (MR RE g7 22 SR B AT
ZHIN RIS, 5 AESZEL T Tk .

4 SHOPZEAEMELT

bR TR RGBT, FRAIIEN A g
N FH 2 SHOPE B (b R ) 5 i Ui, i & ik
THEEM16 CrEE17, L) S FHEk ik
B, Bt & Y16Ni(IDATO(R)Z A FiEE 25(2.985 A)
NTFNIIDFOM a2 2 F1(3.15 A), KM
T RN 4 Jg LN 2 (M AAfEE A BAE T, 1X—
VB FAG ] B B v 18 A4 70 1R R R 32 T 2 v R
REWEME. 5T, SINLE AN
REELANEECoRERELT, ). #ln, 5%4
BRI R AAR L, 5INHRERILE, 761.0
MPaZ.ffi+ 60 °C N EE 41 hili M4 oAy JF Sk 34
£%(1.04 x 10° g/mol'h}§4:43.96 x 10° g/mol-h). [7]
FEZE T, HOEHR B OMen] LK il P it — 25 2
F147.28 x 10° g/mol-h, i FH 5 KAz FH I OPY
A DAS S miE 211 x 100 g/molh. B K4
Rl NS TR R E . i, FIA
K I B S, BIELEL.0 MPafll60 °Co&HE T,
CLIGRA 4 MBI IE B PG, X 540
[ISHOP AL 751145 BH 2 22 5.
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Table 18 Wittig reaction of ketones catalyzed by 12b #
0.25 mol% Fe(TCP)CI . \
R _R*> R: __R* 12b R R
D < =
1.3 equiv. PMHS
0 N; toluene R! R*
Entry Substrate Product Yield (%) E/Z"
Ph
1 . CJ\/COZE'{ 97 >99/1
3
o F;C CO,Et
2 = 94 ¢ 93/7
1>h)l\cr-3 Ph CH,
Ph O
3 98 ¢ 95/5
F3c)\/u\Ph
CO,Et
4 C}J 98 —
: O -
CO,Et
6 OC>_/ 95 —
o
CO,Et
) O~ -
CO,Et
8 I:>=O E>_/ 2 93¢ _
0 CO,Et
9 81f 60/40
Ph/\)l\ Ph/\/E
= ~ |
10 Y 83! 63/37
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Scheme 17 Synthesis of complexes 16, and 16/MMAO
catalyzed ethylene polymerization results
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Sidearm Approach to the Synthesis of Catalysts Used in
Olefin Polymerization

Xiu-li Sun, Yong Tang"
(State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract Catalyst design for single-site olefin polymerization is of great scientific and industrial importance,
and has attracted much attention since the pioneering work of Ziegle-Natta. “Sidearm strategy” developed in the
last decades has been used successfully for designing homogenous catalyst. By which, a “sidearm” group is
introduced to a basic unit, and the performance of the active center could be improved readily by modulate its
shape and/or the electronic properties. This review article discloses the application of sidearm strategy in olefin
polymerization catalyst design. Modification of a simple bidentate salicylaldeminate by a coordination group (OR,
SR, SeR, PPhy) induced the coordination pattern variation. Of the newly-designed salicylaldiminato titanium
trichlorides, both steric and electronic properties of the active species were proved to be readily tunable. Sidearm
effect was obviously seen. For example, hard and small oxygen as a donor atom in sidearm induced moderate
catalytic activity (10* gPE/mol(Ti)-h-atm) when it was used to polymerize ethylene in the presence of MMAO,
whereas the complexes with soft and large S, Se, and P atoms as donor atom showed much higher activity (10°
gPE/mol(Ti)-h-atm). The sidearm effect on thermostability of the complexes was also observed. In addition, the
capability of catalyzing ethylene/comonomers (a-olefin, cycloolefin) copolymerization was also sidearm
dependent. Both the activity and the incorporation of a comonomer could be improved by replacing the sidearm
from bulky —S'Prto —S"Pr. The newly designed titanium trichloride complexes was proved to have good polar
group tolerance. Consequently, w-alkenol, w-alkenoic acid, and w-alkenoic ester efc. could be incorporated into
PE backbone efficiently. By this way, PPh,— and AsPh,— were zipped on polyethylene efficiently, which was
proved to be efficient in catalytic [3 + 2] cycloaddition and Wittig reaction, separately. This is a simple way for
the preparation of readily recovered and reused PE-supported organocatalyst. The strategy was also extended to
the modification of SHOP-type catalysts, and nickel complexes bearing an alkyloxyl group as a sidearm were
synthesized. The distance between Ni and O(R) is shorter than the sum of van der Waals radii of Ni and O (2.985
A versus 3.15 A), indicating a weak interaction between O(R) and Ni atoms. Further studies showed that the
introduction of alkoxyl group improved the activity and thermostability. Based on the optimized metal complex,
heterogeneous titanium catalyst was developed and used in production of ultra-high molecular weight
polyethylene (UHMWPE), which is highly linear and readily processible.

Keywords Sidearm strategy, Metal complexes, Polyolefin catalyst, Ethylene polymerization, Polar comonomer
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