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ERT 6 FhE R L AEALF Cp'LnR, (THF) , (H.H#,Cp’ = C,H,,C Me,SiMe, ;R = CH,C,H,NMe, -0,

CH,SiMe; ;Ln =S¢, Y, Lusn =0 5 1), JF LALPhyC][B(C.Fy ), 1 A BIAEALT, 205, 2 s A R 25 kg % T
TR EBAIEE SLIR BB AR AT R L RO A TR R Sy TR A B S . 8 1 ' H-NMR, ¥ C-NMR,
FTIR,GPC LA K DSC %t T I A7 R AF 455 E W, Cp’ = C,Hy ,R = CH,C,H,NMe,-0,Ln =Sc,n =0 B}, 4
3 (CHy ) Sc(CH,CoH, NMe,-0) , % T M 54 1 P 3 &1, 7T 35 9600 kg-polymer/mol-Sc + b, 4 4k 71 Bl I 224
45% BT ZAHIG-1,4 G540 & BTE 96% ~98% Z Al /T A4  F8 8FE 1.3 2247 R R AR IE W B A
BRI, RATY RS, R T R TR E S A ER PR T -1 ,4 258 & 515k 8] 96% L)
s AR A T M B T BRI RRAR, TSR AW F A A AR S IR X BT 0 R e £t T 9l
R0 ;24 [ Bd] /[ Sc]BEJR H A 500 13 3000 A, 2R A S 1 min FALRBGEH] 100% BT M0 F it 2
AT PRI R ik 44,6 x 10° LRI R AW /046 DSC BRI T 2% T8 - 107 C, 4 7} [ 38
R 10 K/min B}, 75 — 63 C Hl —8 °C [l 5 ¥ H B & 119 ¥4 4% i 08 01 0 a0

REEE MR, BT, R, 4 RT S, T A

TE T B P A 1AL 5 10 B 0
P LA R 5 -1, 4 57 s BT A S T 5 10 2
. 1964 4F [ R 2 B K A 0 AL 2 BF 5% 57
P 2 K R T R ALK S A
T S 1 R S 5T 08 S, I TE RS IT R T K
SERIBRY L T &5 RN IF R QF LI T
FEMAR I 1 T [ B ST T T Toll AL A 7. 3R &
WAL 3 92 2 DA - 0 B (0 e R g B AL Eh
KAALHE £AL & WS H -2 RALA W E A
L D G e ) S B Al L T L
FREIRI B O AL PR 5 3T A B
ST REE R HEAT IR B SR IR AL IR R X R AW
[ 48Tk B e 45 T ik 43 15 B o o ) g
ARET BH T — MRS MR
(CsMey ), Sm(THF) B4 5 48 5 45 HL B £6 15 By
HEALFITESO “C AT T 5 B 4, 4058 2 51 i
MMAO I 5 4 3 #E 4% 9 , 9 1080 kg-polymer/mol-
Sm- b, I BT L, 4 55 Hy B k3

98.8% A 5r F it v M, /M, =1.82. 4 1)
[Ph,C] [ B (C.F), ] A1 AIR; ( Ali-Bu,, AlEt,,
AlMe; ) fE B AL B, 3R T 0 43 1 4t 53 A0 18 T
FEAR (1. 66 ~ 1.34) SR HLI-1,4 254 % &t bl
Z B (95.0% ~51.2% ). 2007 4F % i i 2
23l T — A PNP R g A& (4 i 4k 5 [ (PNP™) Y-
(CH,SiMe; ), (THF) |, HXF T 4G 0-1,4 254k
PEVEIR 99% 0y 7 o A o 1. 07 (B H R A 06
A, 5 194 kg-polymer/mol-Y « h. Paolucci a9
A LR TN = R | A /L A O R s o A |
MLCL, (THF) , 7E Wi L A A E R F TR G T =
I, U F B Y, B AL R O MAO i), 45 31 1Y
BT G- ,4 S54 5 & m ik 99% A6 Pk
WAt &, WAk 0.1 kg-polymer/mol-Y - h. £ 4
Mg PR 2 " M GE T —Fh NCN ) A A 4 54
[2,6-(2,6-C,H,R,N= CH),—C H, ]LnCL,(THF), , %4
Ln 25 Gd,R 4 Et i, x5 T MR Gt w, =
HEAE %M TN 162 ke-polymer/mol-Gd - h,
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MR ETEE] 40 CHF, W PETEE F] 324 kg-polymer/
mol-Gd-h, T3 R T s & M E %, 7F 2.0
ZEA BRI T & T — F PNP-I g
RIECAR I T T 0 A5 5 s i B A 09T, Y
i LR EERE Y B R T R R T -1,
4 GERY B 99% L 4y TR AT A8 B AR T
L1, 538 = 4 3R A 06 % AT ik 3] 408 kg-polymer/
mol-Y-h, i T &R AW EAA 15 kg-polymer/
mol-Y - h. Okuda &' B 5 T LA 8 JH & 7 UG T
B SN SIS S e o A = 7 o X A K
MR A, KL RI[ Y (9’ -C,H,),-(THF), ] " [B
(CeF), ] AR ERT IR I-1,4 4540 & & i
BN 92.5% , B AW MW B, b 648 ke-
polymer/mol-Y - h, [fif H 73 1 43 41 5 5% , $8 4k
3.29. Nief 25" SR B W e Ak A W0 1 M s 1 40 I
() P A4 30 2k 98 20T b O R A ) 6 B R/
BT — F 5 W B AR A A AR R O DA e B
PR R E RN AT T R A, 158 T e
-1 ,4 S5RGBT 0 i-1,4 G54 & B AE 87% ~
95% Z [b), A WEEH 70 C B, 4 A0 006 T B

A 95 kg-polymer/mol-Nd-h. 3T % F#i + 41k 7
PEAT T R G, BE S [R] I B A v 3 2 A L AR
VERENE, IT G 3T 0 o 1 L 45 HOh A 43 A 1Y
B b

ARG T 6 F B s A L A AL 1) Cp' LR, -
(THF),: (C,Hy) Sc(CH,C,H,NMe,-0), (1-Sc),
(C,H,)Lu(CH,C,H,NMe,-0),(1-Lu),(C,H,) Y-
(CH,C4H,NMe,-0), (1-Y), ( C;Me,SiMe, ) Sc,
(CH,C,H,NMe,-0),(2),(C,H,) Sc(CH,SiMe, ) ,-
(THF) (3), ( CsMe,SiMe, ) Sc ( CH,SiMe, ),-
(THF) (4) (WL 1) . sk se A R e AL R O 0
O S M B AR A RUR R G B RS
gz W T T R R A W AR
BA E . AR FIZ RV A, 25 48 H X
T SRR M SRR R A AR R R
I i Koy A A W U S5 R R L) 1-Se
AL T R AW, AWM LR B i1
VR HELL K o3 1 ik o0 A 18 RO B, I R 45
WERREGER REIRE [ Bd]/[ Sc] BRI
PR 28 X i A Ak R AL T 0 R 1 5 o R

/
= = = b S = S
>N\S'\c =N— [[\u =N— \‘(\ >N\S|\c (SE\OQ (SE-OQ
@Wb ©//N\© (j//@ ©//N\ //Si\ /S{\ //S \ /S{\
1-Sc 1-Lu 1-Y 2 3 4
Fig. 1 Various rare earth complexes with different rare earth metal, cyclopentadienyl and alkyl ligands
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1.1 ERERF

T M (Bd) , F g8 Tl AR 4 2 A&, 4l A Al
Z50F T BRI R 2 A B IS 7 TR 1 4 RO R
40 CHEMHAA; EC ke S be K H AR A
L TE DY S VK A TR B R i SR AE A
SR FAES SR e mmAEREE TTFEM T
FH 488N R 2 5 IE T 3588 (n-BuLi) , & R B A
F),2.4 mol/L IE C e ¥ W ; N, N-— H1 L 4B H1 R
JHe , Aldrich, 4l B 99% ; = WV 5 fif 56 W3 41 4
Aldrich, 1.0 mol/L 1F C k¢ i W ; AFF % — 4,
Aldrich, 45 BF 98% , 180 °C % fii 15 51| it /& ¥ 1% —
Wiy = H 3E-(2,3,4,5-P0 I 562 4-30 % R 38 ) v
#t , Aldrich, 45 97% ; = & AL 1 (ScCly) , Aldrich,
afi i 98% ; M + i Ak 0 Sz B i 4k 57 [ Ph,C ] [ B-

(CoFy) 143 33 3 STk 7 i Arm 2 2
1.2 #IEAFBHER

o 76 A ) (CLH, ) Se (CH,C,H,NMe, -
0),-(1-Sc) & T E T .

1.2.1 LiCH,C,H,NMe,-o 4 i

EFEH T F 13.500 g(100 mmol ) N, N-—H
FEAS AR A R 40 mL Z BRI PO I S E
SRIGHNA 41.7 mL(100 mmol) 1T REHR VA K , 45 ifit
PEFE RN 3 K. RN SE RS, B B 25 SR ), ik
B A28 E b e i B T 1981 12,549 ¢ 3R
¥ {4, [# & LiCH,C,H,NMe,-o0, =% 89% .

1.2.2 Sc(CH,C,H,NMe,-0), &

EFEFH PRI 1.513 ¢(10 mmol) ScCl, #;
FIMAFE 8 mL PY & kg . FRHL 4. 234 g (30
mmol ) [E A& LiCH,C,H,NMe,-o ¥ T 14 mL Y& Wk
MR i, A5 G 58 42 VA A U TR O B ScCly B 1Y ATk
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BRI, R 30 min. [ W g B R, HAS 25 Y
UK IR R A B E AR O A 28 mL HOR R i
USRI ES B AP RS 5] 4.301 ¢ LAk
& Sc¢(CH,C,H,NMe,-0),,7"% 96% .
1.2.3 (C,H,)Sc(CH,C,H,NMe,-0), 4 H

EF & 46 AR EC 0.896 ¢ (2 mmol) 1
Sc(CH,C,H,NMe,-0) & T 6 mL Y& Bk . 58
VRS WP N 0. 157 g(2. 4 mmol ) BRI
T B Ik e VS B B N T 40 C iRk
N1 he SR 5E e JE LA BR SR % B EA O I
O e AL, 8 45 9 51 0. 637 g B 8 5 1 R4k 1k
#J(C,H, ) Se (CH,C,H,NMe,-0),, /=% 84% . 'H-
NMR(C,D,,50 °C,8):1.48(s,4H,CH,) ,2.32(s,
12H,NMe, ) ,5.80(s,5H,C,H,),6.71 ~7.15(m,
8H ,aryl) . B # LA YA Wy 2\ .
1.3 T-HBES

TEF BT, 40 B PR E— 2 & 0 F i Ae R
Cp'LnR, (THF)  FIBEALFI [ Ph,C1 [ B(CF5), ],
HIA 2 mL HREf#, JF T 100 mL [B K 5
IRA 5. RO H AR e Z8 9% &5, SR 5 T 23 2
A—ETHEI T R, = RSN RS
RBE—ENEE, MEEGMTMAREY R 1%
1 2,6- 080T He-4-F B 0 S N T S R4S Ik

RGN, B BTG W W Ve OF R B,
T 40 CHEAMAE T TR EHE.
1.4 BEMHHERILE

BT M TOWL 45 4 1Y R AE R H 38 B Nicolet-
20DXB #Y 2T Ak St 3% X, %5 75 [l S 400 ~ 4000
em ™ BR324 BER 4 em T E A NI
F L FEIR AL SR E AR IR RS I 2T A R Ot T
O 45 4 1T 07 vk 2 % SCk [25]. 'H-NMR  #1
" C-NMR:} H 2 [E Bruker 22 H AVANCE 400 %1
AL SR Sy BT AL, SR AR & T R, TMS AR N
. BT 2 B A AR (T,) th 8
NETZSCH DSC204 %7K 25 47 #f & S 15 , A
PRIV ), U B U 5 L - 120 ~ 40 °C, A IR
WA 10 K/min. 53 F & (M) K53 & 5 1
(M /M) R ]I B % 35 635 L ( Waters2414 ) ]
JE , LAWY Sk R R A O A ROR S E AR AR
FE LWt 1.0 mL/min, J3K7E B R 30 C.

2 #RE5WR
2.1 BEBLEAAELT ZHBBEHHR

KA 6 Ff LR AL, 5 + e R A
2 A, B B HUREE A RN T 0 A B2 i
A, RS R A 1.

Table 1  Polymerization of butadiene by various half-sandwich rare earth catalysts®

Time Yield Efficiency®

Microstructure of PB*( % ) M. °

Run  [Ln] ' Activity” Mo/M, o T(C)
(min) (g) (%) cis-1,4 trans-1,4 1,2 x10 4

1 1-Se 1 0.54 =1620 45 96 2 2 6.0 1.32 -107
2 1-Lu 30 0.10 10 9 96 3 1 6.3 1.24 - 106
3 1-Y 30 0 0 — — — — — — —

4 2 5 0.53 318 40 85 1 14 6.8 1.21 -99
5 3 1 0.54 =1620 25 95 4 1 11.0 1. 46 -107
6 4 5 0.54 324 35 83 4 13 7.7 1.38 -99

*Conditions: [Ln] (20 wmol), [Phy;C][B(CFs), ] (20 wmol), [Bd]/[Ln] =500, Toluene (6 mL), 25 °C ; "Given in kg-polymer/mol-Ln
R 3 615/)4 W

-h; “Catalyst efficiency = M ( calculated ) /M, ( measured ) ; *Measured by FTIR; °Determined by GPC in THF at 30 °C against polystyrene

standard; "Determined by DSC

[EPie s SRRSO ey A N3 1
R AR R ECAR (CH ) I Bl 42 D72 A2 1 K,
AW PE AR, WS R /NBUF 2 Se > > Tu > > Y.
K FRG LAY 1-Se I 5516 1 5w, W AR
F 1620 kg-polymer/mol-Sc - h, i % f 1-Lu it &
Y, R W T B, {UA 10 kg-polymer/mol-
Lo-h, M 1-Y FE& W R 5 30 min A H B KRG
W, AW PERAR.

LR N M T A S W) ke B A T AL BEL 8/

(CyHy) iy 1-Sc F1 3 b T I B A0, B
BUEVEE SRR T ZEI-1,4 258 & 515k
95% LA L, 1fii >R FH 25 [6] 37 BHL %% K ( C;Me, SiMe; ) 1)
2 4 HEALT AL T PR, IR T I -1,4 45
P& e 85% A A7, Lh 25 S Tl 4k i 2 )
AL BELER /IS 14 A8 183G 05 745 S 233 T o7 BEL A8 R 1 BBA G B
B I AR RS T R T R -1, 4 4
SRR TR, BT 1, 2-45 &8 BT
(UL 2 FNE 3).
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Fig. 2 '"H-NMR spectra of polybutadiene catalyzed by
different catalysts: (A) 1-Se/[ PhyC][B(CeF5), ] and

(B) 2/[Ph;C][B(C4Fs), ]

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

Fig. 3 FTIR spectra of polybutadiene catalyzed by different
catalysts: (a) 1-S¢/[ PhyC] [ B (C¢Fs), ] and (b) 2/
[PhyC][B(C¢Fs),]

X TAEAL ] 1-Se A 3, HoA A5 A, AR
i CH,C,H,NMe,-o0 75 & CH,SiMe, )& , f L5
BV ST AR TR B P AR AL, A AL R 3 Y )
(M, (calculated) /M, ( measured) ) {U K 25% , it
MR TF AL 7 1-Sc 19 45% , F& WAL ) 1-Sce Fa &
PEdF, F 3.

AR LA RGBT R
DSC £k WL 4. AL 57 2 4 3B R T
WE —99 CAbA Bt i) 0 3 A e A 0, i Al ) 1-
Sc,1-Lu A1 3 19 3 (9 T 4, B3 10 5% A2 IR %
FEARE] 1 - 107 C, A & AE - 63 CHI -8 C
Ab 30 B TSR T U v A DA RIS il 0, 3R
HaX 3 ARG B0 09 3R T R X BR PR, S5 A
LR

SR TR T R R G WAL R
R AR 28 [ Ph,C T [ B(CF,), 1151k
JEOE I E i, RE T e EE D

2

4

1-Sc /\

LR \\f

3 A \F

-107°C —63°C \f
-8°C

-120 -100 -80 —-60 —40 20 0 20 40
Temperature (°C )

Fig. 4 DSC curves of polybutadiene catalyzed by various half-

sandwich catalysts (Table 1)

trans-1,2 5 & J8 .0 B AL I AE Sc-C 2 8] 4
ATE B PR R AR a. S A 3 s 4 S g & A
— T T AR LA [R] 7 S7E 4 )8 s e 6 1Y
K, AR 1,2 85T ks R ek a
FATE B syn-n’ -7 -0 5 3 Hh D 4A b, T 0 fid 47
A TEAR b IE 1,4 S5H R T 05 58 =
UUPESEE L RN EIRENE: PO R 9 i ¥ (R o)
anti-n’--H R E AP EK ¢, T A HfA ¢ B
-1,4 2509 8 T — 4. DFT 18 287 |3 #his
PE P EAR Y AR B S ARBUY R e <b <a. B, X F
23 [A)57 PHLAS /N B AL ) 1-Se RT3 SR, 3R 3 Fhrp
[ Py T S i 2 Al e, S 1) A T 2 AR E 1Y
TR ¢ B, SR R Z AR IN-1,48 T —
. T TR 2 A1 4, 36 M e A a T2 US|, B
e A4S (8] A7 B 52 e, S il Ak VR T 32 B IR, T
TR A a B AR A LR IR T
1,2 5k & it BT -1 ,4 &5 R R

AR AT A5 W e A 25 R) A7 BH 5 /DN B PR
BB 1-Se AL T R & 03 M oL R B
B AR A R R, BRT ZhaFia
s PR, 8 DOz o F A, RS %
RGN RAWE B [Bd] /[ Se] BEIR A H
BT T RA 05 e LA
2.2 1-S¢/[Ph,C][B(C/F;), | EHEREES
BT _HBEANERE
2.2.1 R

A3 DL G R TR ) e o VS R A 9
AT 1-Se it T MR A AR E 2.
F2ALIE N, LU R BRI R AT
—H LR R R R AT AR LT ORI T
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Scheme 1 Possible mechanism of polymerization of butadiene catalyzed by 1-Sc, 2/[ PhyC][B(CgF5), ]

1/3 Ak 550 R 238 ARG T DA H 28 G o s 7 i
(9, i 45% T 3] 29% ;M LIS O beVE A i I
EA 1 min U EI O RAEY, B4 EHR E K
% 30 min 5, 546 Rk 72% , WA E R 39 ke-
polymer/mol-Sc - h, I i 4 £k 5 F| F R ALA 4% ,
PR TE IR EGAE] 1,82, X B TRk
Ve IR 55, A B B B P S A D 7R 3R O e v

R AR T ARSI AR R B R P
S WAL B DRI A £ 7 R R AR o A e A
e AR A SR R R R AR S R P R
I — B RIPZ AR AE AT T 5 R a A
ZASET R, ok 4 R R T o
S5 J0 W I S -1, 4 S5 H 5 R 3 3R B 96%
PLE.

Table 2 Influence of solvents on polymerization results catalyzed by 1-Se/[ PhyC][B(CgF5), 1"

Time Yield Efficiency® Microstructure of PB* (% ) M.
Run Solvent ) Activity” M./M,*
(min) (g) (%) cis-1,4 trans-1,4 1,2 x10 =4
1 Toluene 1 0.54 =1620 45 96 2 2 6.0 1.32
2 Chlorobenzene 1 0.54 =1620 44 97 1 2 6.1 1.28
3 Benzene 1 0.36 1080 29 98 1 1 9.2 1.41
4 Cyclohexane 1 trace — — — — — — —
5 Cyclohexane 30 0.39 39 4 98 1 1 62.9 1.82

“Conditions ; [1-Sc] (20 pwmol), [PhyC][B(C¢F5), ] (20 pmol), [ Bd]/[1-Sc] =500, Solvent (6 mL), 25 °C; Given in kg-polymer/mol-

Sc-h; “Catalyst efficiency = M, ( calculated)/ M, ( measured) ; ‘Measured by FTIR; “Determined by GPC in THF at 30 °C against polystyrene

standard

2.2.2  RJE R

S SR AR - 15,0,25 H1 50 °C it
1-Sc it T M AWM MAE, REFIR I 3. i
3 ATLUR ) BEE B IR R AL, RS TR E
RS, SRR BE AR 2= - 15 Cif, RA T A
T35 F] 153 kg-polymer/mol-Sc - h. [ &H R & iR &
1R AT, A A 700 ) 23 R0 2R 5 W U8 285 g R AR A

MR T o FRESMALEREN A KSR
-15 CHFRT 4197 C-NMR 3% &1, & 5 v 6 =
27.4 1 129. 6 Lb b3 X F -1, 48 T —Jai il
Fax—CH, AR FR—CH I, UEIZ R T — &
KR -1 ,4 2546, A 25 SR SR B 7R A T Y IR
WEN (- 15 ~50 C) ¥yaf 142 = 0i-1,4 254, %
SR T 4.
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Table 3  Influence of polymerization temperature on polymerization results catalyzed by 1-Sc/[ Phy;C][B(C¢Fs),]*
Temperature Time Efficiency® Microstructure of PB*(mol% ) 1/ .
Run _ Yield(g)  Activity” M, /M. °
(€) (min) (%) cis-1,4 trans-1 ,4 1,2 x10 4
1 Z15 10 0.51 153 39 98 1 1 6.9 1.21
2 0 5 0. 50 300 42 98 1 1 6.5 1.27
3 25 1 0.54 =1620 45 96 2 2 6.0 1.32
4 50 1 0.54 =1620 44 96 1 3 6.2 1.39

“Conditions: [1-Sc] (20 umol), [ Phy;C][B(C¢F5),] (20 pmol), [ Bd]/[1-Sc] =500, Toluene (6 mL) ; b Given in kg-polymer/mol- Sc-h;

“Catalyst efficiency = M, ( calculated) /M, ( measured) ; *Measured by FTIR; °Determined by GPC in THF at 30 °C against polystyrene standard

Table 4 Influence of [ Bd]/[ Sc] on butadiene polymerization catalyzed by 1-Se/[ PhyCJ[B(CoFs) 1"
[Sc] Yield Efficiency® Microstructure of PB*( % ) M,*
Run [Bd]/[Sc] N Activity” ’ M. /M. °
x 107 (mol/L) (g) (%) cis-1,4 trans-1,4 1,2 x107*
1 500 2.9 0.54 =1620 45 96 2 2 6.0 1.32
2 1000 1.5 1.07 =3210 41 97 1 2 13.2 1.25
3 2000 0.7 2.16 =6480 44 97 1 2 24.6 1.28
4 3000 0.5 3.20 =9600 36 98 1 1 44. 6 1. 30

“Conditions: [1-Sc] (20 pmol), [PhyCJ[B(C¢F5),] (20 pmol), [Bd] =1.7 x 10 S mol/L, ¢t (1 min), 25 C; "Given in kg-polymer/mol-Sc

-h; “Catalyst efficiency = M, ( calculated ) /M, ( measured) ; *Measured by FTIR; “Determined by GPC in THF at 30 °C against polystyrene standard

160 140 120

100 80 60 40 20 0
o
Fig. 5 'C-NMR spectrum of polybutadiene obtained with

1-S¢/[PhyC][B(C,Fs),] at —15 C (Table 3, Run 1)

2.2.3 [Bd]/[Se] BE/R LI
AR Bd ]/ [ Se ] BE/R L Z I T IR &

12 14 16 18 20
Elution volume (mL)

Fig. 6 GPC elution traces (from RI detector) of polybutadiene
catalyzed by 1-Sc/[ PhyC] [ B(C¢F5), ] at various butadiene

addition

s, a5 R0 FR 4. R LG, [Bd]/[ Se ]
IR EE A 500 34 T3 3000, 1H s 4 4 7] v 5 0 357 A A1
(M 2.9 %10 mol/L F#AKF] 0.5 x 10 ~* mol/L) , &
AR 1T min J5  FE AL ZR IR F] 100% , 5 AT i
el 18 2wl i 9600 kg-polymer/mol-Sc-h, W] i
eIk R RAA W PE R, HAS 32 4 A 50 vk B2 (0 52 ). 3R
T SO B R R R AN A -1, 4 S R A
97% Fe A oy i A A DR ERTE 1.3 2240 81 6 A 7
KA [BA]/[Sc | BEIRILT , BT Z M50 11 Msr
AR SE R, 7 T i B[ Bd ]/ [ Se ] EE 7K B3 i 52 2k
AT R e ik 44.6 x 107,

3 &g

KA R 6 Tl 55 F A A 1k 550 R 32 4 b
L LALPh CT[B(CGFy) , ] B AL, B R 33
RHFAT T T IR RE. GRERY, SGREh.oRh
Se Lu. Y B}, HWEMEFI/NFFEHR Se> >Lu> >Y;
e A o 58 5 9% P B ST R S B P R e A K, TE AR S
[ 7 BEL/IN B0 M v, -1, 4 e 51 4y e 4
WA Bt EE i CH,SiMe, 752l CH,C H,NMe,-
o, fi# b R F2 s Ve B 4 Ak ) (G Hg ) Se-
(CH,C H,NMe,-0), 3 H & R G0 M mn-1,4
S AR BRI R G 0 e Ak R R R R L AR R R
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50 2.0 BT T R A M R ik B 50 1 9600
4ol S I kg-polymer/mol-Sc«h, Jiii-1,4 £5 4y & &= 7F 96% ~

98% Z [a] , M Ak I A I Fh 45% , 15 3 E’JH%T:

L 30r 16er W F oA 8 IR B 1.3 A A R

&0l . I rﬁ#xﬁ%T:Wﬁﬂmzﬁm%ﬁuﬁmﬁﬁ,EEﬁz&&

0 5 C o FRE R RGP, B E R G IRE FEARE
10k D/a/ q1.2 PET B, {H 475 B8 15 F 153 kg-polymer/mol-Sc + h;
. . . , , _ o [Bd]/[Sc R LM 500 3 %] 3000, T 4
500 1000 1500 2000 2500 3000 ST TR P e By 44,6 x 10°, B
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on [ Bd]/[Sc] in polymerization of butadiene catalyzed by 1-Sc/
[PhyCT[B(CeF5),]
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10 SRR HOR BRI (G, H, ) Se(CH, CoH, NMe,-0) , & M AR 7345 2R T 0% 1427

Synthesis of High cis-1,4 Polybutadiene with Narrow Molecular Weight Distribution
Catalyzed by a Half-sandwich Scandium Catalyst ( C,H,)Sc(CH,C,H,NMe,-0),

Zheng-hai Shi, Rui Meng, Fang Guo, Qiang Xu, Ting-ting Li, Yang Li*, Yu-rong Wang
( State Key Laboratory of Fine Chemicals, Department of Polymer Science and Engineering ,

School of Chemical Engineering, Dalian University of Technology, Dalian 116024 )

Abstract  Six half-sandwich rare earth catalysts Cp’ LnR, ( THF) 6 ( Cp’ = C,H,, C;Me,SiMe,; R =
CH,C,H,NMe,-0,CH,SiMe;; In = Se, Y, Lu; n =0 or 1) have been synthesized for polymerization of
butadiene activated with [ Ph,C][ B(C,F,),] in toluene. The polymerization activity, stereoselectivity , catalyst
efficiency, molecular weight and molecular weight distribution have been studied with these catalysts. The
obtained polybutadiene was characterized by 'H-NMR," C-NMR, FTIR , GPC and DSC. The results revealed
that catalyst (C,H,)Sc(CH,C,H,NMe,-0), shown the highest activity (up to 9600 kg-polymer/mol-Sc+h) ,
better catalyst efficiency (45% ), high cis-1,4 selectivity (cis-1,4 content > 96% ) and narrow molecular
weight distribution (PDI ca. 1.3). The polymerization activity was high when the polymerization was carried
out in toluene or chlorobenzene and decreased with the polymerization temperature reduction. Solvents and
polymerization temperature have no obviously effects on the structure of polybutadiene. When the [ Bd]/[ Sc ]
molar ratio ranged from 500 to 3000, the molecular weight of polybutadiene has increased linearly (up to 44. 6
x 10") with the constant low molecular weight distribution. The results indicated that the molecular weight and
molecular weight distribution of polybutadiene could be well controlled. The glass transition temperature of
polybutadiene was — 107 °C ,and there are also two distinct peaks at —63 °C and -8 °C shown in DSC curves
at a heating/cooling rate of 10 K/min, corresponding to the cold crystallization and melting behavior of
polybutadiene.

Keywords Rare earth catalyst, Scandium, High cis-1,4 polybutadiene, Butadiene
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