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IR E 2 9 B HE AL R R AL 1,608 R R AR
5 LR - T3 £ B TR A, 2
AL 1,6-58 0% 5 24 35 B 1AL A5 3 5 2k 3y
BYRRAY

YHTH LE IS BB BB AT O &L R
I 4k S R - S AL IR R S R AR 2 )
PR —E BB R R AN ERRREA T
b A 4 B T . EL R A R IR 4 R
A AR 3L 58 U B A 1 BFIEAR A B 6, Horh B 4R
B E SR R 1,5-C - HEAW
P D 3 O IR T UL B A R R T
/N IR 45 2 B R B R R b R T W T LA s Ak
Al 1,5-C %5 1-C IR A, 318 T F ik
(9T 0 2011 4F FRATHE T B
PR LB 1,5-C A 1,6-H8 IR TS
T 5 B3R A ML PERE, & T — & 51
2R VLA T B 5 A )R 2 e A v
Wt ey A R b, AR Sk gk
T B AL R L SR IR AL RS 5 2 LB
ErHVERE , HE— B BE 20 T B A 4 1 A0 L 58 XU
ZE RN A TR L A T R S A B S

1 SLWES

EHIERNHE I RERIE
TEFEFH, ) 50 mL [ % B8 A W 1
BEFE 710 mg (19 pmol) % i B & ¥
(C4Me,SiMe, ) Sc(CH,C,H,NMe,-0),, 1 A — &
AP OR (BUER) B, e T A 2 mL B 2R
(B 2K ) W f# /9 18 mg (19 wmol) [ Ph,C ]
[B(CFs), ] g i et s At S g 5 K S niy i %25
BT MM D) |, B ZUHE T R AR
14 7 2t = B XU DR i A B RS B0, By A
KA K BCERE R T2, A D
Pt 26 1k SN, o 2% 1k 1 S0 VB R = R s 90T
VE MR AW H B T S A 60 °C Y ELAS
HEAS B TR 2 24 h g BUR FRE S AT
1.2 EHENEEZHEHLESGERE
HEFERE EE M 50 mL B OB P A
WG 3k o i AR RPN A 2 mL g

1.1

ARV BB OROR T B4, TE 25 C K
B B4 S Schlenk I MG I, B #5 S
J& 5 1.01 x 10°Pa (9 2,4 8 A R RI AR &, B 2
min f5, ¥ EFE KBS P XESY
(CsMe,SiMe, ) Sc(CH,C,H,NMe,-0), (10 mg, 19
wmol) [ Ph,C][B(C.F,),] (10 mg,19 pmol) i)
FHOR VW 4 mL 2o v 59 28 PRl v A RN R L3
min f5 , B BB o A 2D T Bk SR
Lk 1 BRI K i R R DTTE R A W
FES R T4 5, A 60 °C B B 28 MEAF v 1 1k 24
24 h J5 B R AR ST AT
1.3 BEAFYHRI

BAYH 4 FH JEOL JNM-EX 300 #% f 4t
PEAY ('H-NMR, 300 MHz;"” C-NMR, 75 MHz) jlj
LA E AR AR 11,2, 2-0 2 e R AR
WU R Y 4y 5 (M) F oy 7= 5046 (M, /
M,) HBEREE % @35 (L (TOSOH HLC-8220) il 5E ,
PO BRI AR, I 40 °C L, i 0. 35 mL/min,
B A b ht . RSB0 UG/ LM R o
iAo 5 A A ER e IR A 2 0% 6% (X (TOSOH
HLC-8121) M 7 , 4F — SR A, il EE 145 C |
WK 1.0 mL/min, B L MG A FE. RE YW
BB Hh 7 22 34 i YL (SIT DSC6220 ) I 7 , &
Je LA 303 K/min [ FH i 3 R B 30 C FHl &
200 C BRI &, SR 5 LL 293 K/min F [ I
FEEWZE -50 C, P 293 K/min (1) T+ i 5 T
% 200 CREZE 30 C.

2 #HR5ITR

2.1 EHEWNEHREEHHAR
2,101 RGBSR A S B XU 5 A A 5

HEHE T PR iR & (C Me, SiMe, ) -
Sc(CH,C,H,NMe,-0),/[ Ph,C][B(CF,), ]k
1,5-C "B R I, A AR X JA 1 1k AR
BYEER R RS RS TR L

R EER 1,5-C 0 R G 05w i A
HEGWE N O CHf, BEWHMEAN 1.3 kg of
"h BRI RE Y A
MRS RS YRGS 2] 25 Cwb, RAE
PRI E] 30. 9 kg of polymer (mol of Se) ™' h™',
IF BAS 2 58 42 Al ¥ B & A AR, 3436 180
(MCPN) FLITIRFI 3- 2 M H VO W7 Y (VTM) S5 4
RICH MG R G, Ba P MCPN 55 VIM fE
IR R 83717, RG Wy 1 5 (M,) 16000, 735

polymer (mol of Sc¢) ~
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Table 1  Polymerization of 1,5-hexadiene under different conditions with (C5Me,SiMe; ) Sc(CH,C H,NMe,-0),/[ PhyC][B(CsF5), "

N [SeVPh;CIB(CeFs)]
V : g n
VIM  MCPN
HD Temperature Time Yield Composition® ( % ) M, d
Run Solvent Activity” M,/M, !
(mol L™1) (¢) (min) (%) MCPN VIM x10 73
1 1.5 PhCH, 0 300 16 1.3 Cross-linked polymer n.d. ' n.d.
2 1.5 PhCH, 25 80 98 30.9 83 17 16 2.56
3 1.5 PhCH, 50 45 98 53.8 83 17 13 3.97
4 0.5 PhCH, 25 720 32 1.1 96 4 17 2.03
5 3.0 PhCH; 25 35 93 65.6 81 19 16 4.31
6 1.5 PhCl 25 10 95 234.0 84 16 42 4.82
7¢ 1.5 PhCH, 25 45 77 42.3 82 18 6 1.70

* Conditions; ( C5Me,SiMe, ) Sc(CH,CyH,NMe,-0), (19 pumol), [PhyCJ[B(CeFs), ] (19 pmol), 1,5-hexadiene (HD) (9.5 mmol) ;

" Given in kg of polymer (mol of S¢) ~' h~'; Determined by 'H-NMR ;" Determined by GPC in THF at 40 °C against polystyrene standard ;

“Al('Bu), (95 umol) ;r n.d. =not determined

BT (M, /M) 2. 5638 3 i HE 4k 52 2850 C
it B A 1E MR 4E S8 11 (53. 8 kg of polymer (mol of
Se) " hTh) AR IR A Y A A AR AL R K (R
FWI > TR e (M, =13000) , 53 8 53 A 22 58
(M,/M, =3.97). S50 XU B AL 54 i 3 43
() 46 A 231 A B0 AL P 25 B R 04 D B11R &5 1 5
JC, RN BY I35 N -3 ) B S S B

TR AR (A D). 7R s ik R
W B ERT 1,5-C R A W Al w0, R
R BEARAR L XU 705 N AL B0 S R A
AT 03 ¥[8 A4 A S, R4 14 73 1 [ 4 A e &7
BT AR AW B 30 SR TR FT L AR v 2R
B B SN B I, SRS T
i A N o T T

AR
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Fig. 1 Polymerization process of non-conjugated «,w-dienes
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TR (96% ) H = I A 5 G I AU 1.1
kg of polymer (mol of S¢) ~' h ™' ;3 1,5-C — 4%
M BES) 1.5 mol L', 4 7% M 449 i 51 30. 9 kg
of polymer (mol of S¢) ~' h™" [FIBf B4 W h VIM
HY & B3N E 17% , G W) oy B A BROE
(M,/M,=2.56) ;% 1,5-C "} AN ZE 3 mol
LY R A 06 4R M 4% in #) 65.6 kg of polymer
(mol of Sc) ~" h™", I3 B4 W) 1 45K 1 A R K 2B
e AH R o 7 B A AR (M /M, =4.31), 3%
J PR7E T BRI B 0o A, SR AR i 2 B
SR INTC I B R R R A S EORE B B

I V) o 2R 0

TE PR 2% 0 S 2R R R R B AR T R x
1,5-C Z 8 A W52 . 5250 45 2R 3% B R 0
1,5-C IR E MR ek A K, B2 RE
A BT . B B A P iEfe 1,5-2 =
15 B A )06 M B 36 234.0 kg of polymer ( mol of
Se) T h T UM A AF T BRI 8 £, )
FE A PR Sk S8R A B P e A A A A R b e J B
TEHWAL A PR TS e A A
1,5-C 20 5 00 1 vhoe 0 BE A7 48 AL AR [R) 25 4
AAREBER BB REY T ERE (M, =
42000) H J& 7y 1 & 0 A B9 (M, /M, =4.82).
B i PR A R AR, S 2SS B
ITC T K i R B, Jay 70 ok A B B B NS 1 )
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m1,5-0 WEBEAWATIA AL('Bu),, %
T B BAR IR A X R A B . AL Bu), A
KSR P A EHB B RN, BA
Yy 535 R RFEAR (M, =6000) , 73 5 53 A 72
E(M, /M, =1.70) BE USRI K. 11
AR A AL('Bu) , #2585 T 1,5-0 4 1Y
BAWM, FEF R AL('Bu), 5B R B E
TE Y 7K |48 45 2% B I8 DA T A 40 AR RE T I
.
2.1.2  JESLEERU 450 X R A 1Y 52

MR TR G FMEX R s 1,5-2 =
I A B LA b FRATHE— 2 B 5T R B
AL 1,4-18 0 1,5-C 20 . 1,6-58 0% 1,7
T AL, 9-%% Tl AP R L B XU R A B M fE
TEAIR A 4R T4 2.

HURHAL S A S DIRIE TR 1,48 IR R
G ELTFEAE MATEME, RS 12 h (U RR 21
REY. M Lemib A 6 MR 1,5-0
T RAR R TR AT, 1,50
RA Y0 R PR A 1% A= UL R 2. 1,5-0
TR A B A W R MCPN/
VTM W BE/R & & Lok 83/17 ki it B R & h

FeA/ A -MCPN 1 1 %6 0 86/14.1,5-C0 M &
B -7 CRA DB ARIRET,). =
T F AR R op B B AL 1,6-B8 4 R A il
15 PEH 26.6 kg of polymer (mol of Sc¢) ~' h™', 3k
&AW H FE-1,3-30 & 3k (MCHX) 75 7T ¥ fl 2,
I He-1, 20 3 B (ECPN) 7T B 45 44 B 50 (Y A M
KRG, R AW 0 RE IR Ak 15 Fn 205 L & 3.
B L,6-P8 I BAWmigita " Rawh
/M -MCHX (9 b % 14/86, J =0/ -
ECPN [ b4k 66/34.1,6-B8 MR G 40 F &
IR (M /M, =1.99) A8 73 7 #ARME (M, =
4000) "1, 6B IR AW T, N 52 CLom T
L5S-C B EWN T, % sifE L & A A\ Ak
R 1,7 R AR, BETEED BT
(5.6 kg of polymer (mol of S¢) "' h™") K18 & A
P E-1,3-3F Pide (MCHP) £ BR AR HE O M 45
FHIC (HEB) (I IR G W, B A W i g
PRk A S ULE 4. B 1,7 ZE R AW Ais
FHEEY R, B A MCHP/HEB (1 B /K & B
Hehy 57/43.1,7-3 G B AW T8 47 C
F15-CmEBEWWN T, i 1,9-% =
1R A RIS E BRI NSRS,

Table 2 Polymerization of non-conjugated a,w-dienes with ( C5Me,SiMe; ) Sc(CH,C¢H,NMe,-0),/[ PhyCJ[B(C Fs) 1"

Run Monomer Time (h)  Yield (%) Activity®  Compositivon® (vy)  Mix 107 MJM,S  TS(°C)

1 AN 12 Trace — — — — —

2 ONNF 15 100 27.4 * M 16 2.56 7
(17/83)

3 PSS 15 83 26.6 * I, 4 1.99 52
91/9)

4 NSNS 3.7 37 5.6 A 7 2.60 47

S

(57/43)

5 ONNNNNF 1.5 56 25.9 Cross-linked polymer ndf n.d. n.d.

* Conditions: (Cs5Me,SiMe, ) Sc(CH,CyH,NMe,-0), (19 pmol), [Phy;C][B(CF5),] (19 wmol), monomer (9.5 mmol),

T =25 °C, toluene (6 mL) ;" Given in kg of polymer (mol of S¢) ~'h =" ;° Determined by ' H-NMR or > C-NMR, ‘ Determined by

GPC in THF at 40 °C against polystyrene standard;° Determined by DSC; "n. d. =not determined

B UM AR A [ 6 i R 4 Al L B U R
SEE AR U] AR LB RS BE K R E TR
EERIDRIN IV E S i K SPAR TIPA O /3 R U3

/R 1 WO 5/t g o e 85 AN L
T rp SR A B BT Se—C RN IR HE, X I
BB 1,4-08 T RS PR AR, YR g
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Fig. 2 '"H- (left) and *C- (right) NMR spectra of a 1,5-hexadiene homopolymer
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Fig. 3 '"H- (left) and"C- (right) NMR spectra of a 1,6-heptadiene homopolymer
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Fig. 4 'H- (left) and *C- (right) NMR spectra of a 1,7-octadiene homopolymer
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JC(1,5-C IR A VIM 4544y W T 3 & 4 -
ot 0 R SR T HE ) 5 24 AR e B U B T
By 8 W, 735 A XUREE IR B AR T, 1 ) 4 AR
HARR T TN, L 1,79 — 47> 1
ANRE AR IRLIE HCER AR S5 4 BT, B B 45 A
PTG I B 43% 5 24 1 350 XU Bk i B0
JNZE 10 mF, XCHE B R, 1, 9-%8 M 7 ¥ ] 4
VOISR STvoTy N R i B BN A £ 4 U

TR A SN BT R R A A R U Y R A
Yy, 1 26 B 5 W vh i 3 TR ODURE 3 1 0 K BE A T
PEAR AT BT AN SR W 4 A A
2.2 FHEWESZHLEREGHHAR

TEBETE T 55 HUME A AR JE HE 00U 1 2R 5 2Rt
b FRATHE 2 5 T O B AL R IS B XU
IR B IR G PR RE , TRANAS R L3R 3.

Table 3  Copolymerization of non-conjugated a,w-dienes with ethylene with ( C;Me,SiMe; ) Sc(CH,C¢H,NMe,-0),/[ PhyC][B(CsF5), "

Run Monomer Yield (2)  Activity® Composition® (x/y/z) MSAx10° MJM,S T,°(C)
=

1 NN 0.706 743 A 3 AR 74 2.61 102
(64/27/9)

2 PN N 0.345 363 i g 46 2.61 98
(69/22/9)

3 AV EN 0.193 203 & T 43 1.96 92
(96/4)

4 A~ 0395 415 e Z 27 1.96 98
(89/11)

* Conditions: (C;Me,SiMe;)Sc(CH,C¢H,NMe,-0), (19 wmol), [Phy;C][B(C¢Fs),] (19 pmol), Monomer (9.5 mmol), T =

25 °C, Toluene (6 mL), Pﬂlhylé-llt-,(]‘ 01 x10°Pa), ¢ (3 min) ; ” Given in kg of polymer (mol of S¢) ~'h~"'; © Determined by 'H-

NMR or *C-NMR;  Determined by GPC in o-dichlorobenzene at 145 °C against polystyrene standard; ¢ Determined by DSC

I 1.01 x 10°Pa [ Z 45 JE /1 F , 8% 4l
AP AEAL 1,5-C0 20 1,658 0 (1,79 06
M1,9-% 55 O ML R A R 58 v it
BW.1,5-C 205 O L R a0 3% o & ik 743
kg of polymer (mol of S¢) ""h™',1,5-C% /B WL
HC B MCPN F1 VIM 2 Fl 45 ¥ 230 50, 2 B/
MCPN/VTM 3 Fift 45 44 B 5T & 1 b Ry 64/27/9 ,
A -MCPN 9 b % Ry 87/13. 20 1,5-0
T/ IR RYT C BRI R (W E 5) ]
BTS00 T - 20 SR R R LR Y TG R £
e B LR Y SR Y A R 2k B OMCPN 4%
B MCPN-Z #5 3% 45 7 5 Ffl VIM 2544 T, 1, 6-
B 5 4 W 3t B PR (363 kg of polymer
(mol of S¢) "h ™" )HEF 1,5-00 —4,1,6-P5 " &
JE B 7S 76 ¥+ MCHX F1 1 70 2/ ECPN 2 Ffi 45 44 5.
JC, 2/ MCHX/ECPN 3 Fii 25 Ky 906 & Bt L%
69/22/9, % & i A -MCHX i Hb % h 13/87, &
A C-ECPN (1 LL 3K 64/36.1,6-5F — I/ 4

IR C R IR (WL 6) ML,
6-BE - £ M S B O W R 1 TE L £ ik B 3tk
By, LR Y w6 BE Br  MCHX B Bt
MCHX-Z % % 4 J¥ 1 fl ECPN 4544 38 5C. 1,5-0
T 1,6-B8 T S O e B PR AL g R A
KRRAA.

1,7-9% 206 5 O L R M 203 kg of
polymer (mol of Se¢) ~"h ™', 1,7-3¢ 4 AVAIE B &
HWUHE HEB 2544 80T, 3R Yy vh £ 4% /HEB 714 Fif
SR I R RN 96/4. 1,7 IR/ LRI R
WIS C R IR I I (IR 7)) W 1,7
- ORI T W) Dy WK TR 2 ik BEL SR
HRY b4 & R SR BoR HEB- 246 % 42 )7 1.
1,9-% "5 oL B R 415 kg of polymer
(mol of Sc) ~'h™",1,9-%% Z & A A 1t 4 XUk
DEB 2544 5150, £ %/ DEB W F 45 449 5150 % & b
Ry 89/11.1,9-3 — I/ LB C Biwg
HPRIEE (W 8) K, 1,9-28 -2t Ry
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PRI 2 i BEL R Y, LR Y g R
LN B M DEB-2 M i 2 )7 9. 1,7 — MG Fl
1,9-%8 =i 5 £ 0 S B, 2 Fi R 3 50 00U 1 %
A B9 AR, T Ak 4 U 45 48 BT

7 17
/4\2/(Q{41i\/\/\/

6

75 70 45 40 35 30 25 20
o

50 145 140 115 110
Fig. 5 " C-NMR spectrum of poly(1,5-hexadiene-co-ethylene )

16,
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Fig. 6 '?C-NMR spectrum of poly(1,6-heptadiene-co-ethylene )

AR I WU 5 L6 IR W 3 1 1 R 4
KUY RERYHAARSN S 78 (M, =
27000 ~ 74000 ) , 43 ¥ f 43 A 35 hy B A5 (1) SR 0
M,/M FE1.96 ~2.61 Z[a], BB IE B T8 N 35—
ALY AL O S BOE M rbG. AR SEHEUE
CHILRPAE 100 CLEALAH — DR (T,) Wik
B R Y b A R IR B

R XUE 5 S0 S R a5 R R, AR S b
XU ) S L HE S e S S0 A I PR R R
PE A AR LY DR BE R IS In 5 26 e 4
BC AL RE JT KA, L9 TH 25 S B AL R A DRI L R0

. 3
e Sd
3
l Sal!
2
i i $ N
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9

/\3/ 3
2
1
o R

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
s

Fig. 8 '*C-NMR spectrum of poly(1,9-decadiene-co-ethylene )

PEFEAR , 23R b AR L B WU & 1 FE A, AR 24 XL
W PRAGTE CFRAR 45 ) 5.5 14 32 95 Pt i A

3 i
O 2K % R b BL( C,Me,SiMe, ) Sc-

(CH,C,H,NMe,-0), F1[ Ph,C] [ B(CF,), ] #H i
B B A IR R T DAL 1,5-C0 20 1,65
T LT T 1,9-%8 Tl 4 Rb AR LB XU Y
RELRHOHmIRE BT —RINGEHFEDN
REW. BAFA AR I 00U 257 % 2. A 15 1
Py 1 VLGS AR A R . A A 3 i B
BIRd bR 1,9- % MR AN EHREESY
Ab H g AR S XU 5 5 34 R] AR AT R Y BR 0 e
RBEW.1,5-C W REG I TR 3-2 46 &
PUNY FH BL G5 M BT, 1,6-B8 I B A 52 LB
WS TCH M AT G o, 1,7 /H RS
B T FR 45 48 5 o0 TR B A Y B O 0 5 A R
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Cyclopolymerization of Non-conjugated «, w-Dienes

and Copolymerization with Ethylene by Scandium Complex

Fang Guo” , Rui Meng, Zheng-hai Shi, Rui Tan
( State Key Laboratory of Fine Chemicals, Department of Polymer Science and Engineering , School of Chemical Engineering ,
Dalian University of Technology, Dalian 116024 )

Abstract The cyclopolymerization of non-conjugated a, w-dienes such as 1,4-pentadiene, 1,5-hexadiene,
1,6-heptadiene, 1,7-octadiene and 1, 9-decadiene and their copolymerization with ethylene by scandium
complex [ (C,Me,SiMe, ) Sc(CH,C,H,NMe,-0),/[ Ph,C][B(C,F,),]] have been examined. Polymerization
conditions and the structure of non-conjugated o, w-dienes have an important influence on the catalytic activity
and selectivity , polymer products molecular weight and molecular weight distribution. Except for 1,9-decadiene
homopolymer which is an insoluble cross-linked polymer, the homopolymerization of 1, 5-hexadiene, 1, 6-
heptadiene, and 1, 7-octadiene has been achieved to affords soluble cyclopolymers materials. Under the
optimum conditions, the homopolymerization of 1,5-hexadiene affords cyclopolymers containing methylene-1,3-
cyclopentane ( MCPN, 83% ) units and 3-vinyltetramethylene ( VIM, 17% ) units. In the case of 1, 6-
heptadiene homopolymerization, a soluble cyclopolyolefin containing both six-member ring methylene-1, 3-
cyclohexane (MCHX,91% ) units and five-member ring ethylene-1,2-cyclopentane ( ECPN,9% ) units is
obtained. However, the homopolymerization of 1,7-octadiene afford a homopolymer containing seven-member
ring methylene-1, 3-cycloheptane ( MCHP,57% ) units and non-cyclic pendent double bond units ( HEB,
43% ). By use of this scandium catalyst, the copolymerization of non-conjugated o, w-dienes such as 1,5-
hexadiene, 1 ,6-heptadiene, 1,7-octadiene and 1,9-decadiene with ethylene (1.01 x 10° Pa) has also been
achieved to afford relatively high molecular weight novel cyclocopolymer materials that contain polyethylene
units , cyclic structure units or non-cyclic pendent double bond units. In the same copolymerization conditions,
1,5-hexadiene and 1,6-heptadiene polymerization form cyclic structure units, while the 1, 7-octadiene and
1,9-decadiene polymerization form non-cyclic pendent double bond units. The incorporation of 1,5-hexadiene
or 1 ,6-heptadiene in the corresponding copolymer is higher than that of 1,7-octadiene or 1,9-decadiene.

Keywords Scandium, Non-conjugated Dienes, Ethylene, Polymerization

# Corresponding author; Fang Guo,E-mail ; guofang@ dlut. edu. cn



