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IP R & 5€ & )5 p-StPPh, 4 IR R &, TR 1,4-poly(IP)/3,4-poly(IP) = 21,/I; (4)

p-StPPh, R BN T4 K, B 1P fiR B 1,4-113,4-
SER S B 0. R B = IR ORI N
11k 0-StPPh, 5 1P IR & W) 3 K A 10 min, 3R
0-StPPhy-IP 52 B LR W), WS 94%. SR 1P 1 H
KT 0-StPPhy, 0-StPPh, FIIIP & B HL R A J 4k 4
A R TP R B4, BAEATT(CsMe,SiMes)Sc(CH,C gy
NMey-o), {40 1P 5 & ik B 1t 8L 25519, 0-StPPh,
TP Z B LB AR, P %2 0-StPPh, A1 cis-1,4 %
PEME L 95%, 24 0-StPPh, B & 5¢ 4 Ja T i 3R
IP iR EX 1,4-F13 4-55 Ky & A Y

2 Wi AIF 9038 BH B A /N A BEL S TC A 1) B % e
(CsHs)Sc(CH,CqH NMe,-0), #E 16 1P 5 &5 & 7R &
(1) cis-1,4 3% £ PES101, AT 50K H 5% BT (CsHs)
Sc(CH,C¢H,NMe,-0), i £ 0-StPPh,. p-StPPh,.
m-StPPh, KA, KMEIPHEE, H%2 T StPPh,
B BT R A S IP 5 StPPh,
f cis-1, A EFEVEIL R G, bl & 7 AT 45
R ORI AR M R v A

1 SLIGE

1.1 SKIGER

% BT (CsMe,SiMe;)Sc(CH,C¢H NMe,-0),-
(CsHs)Sc(CH,CsHNMe,-0),l19171, 0-StPPh,+ p-StPPh,
1 m-StPPh, U SHZ SCHRHRIE 1) /71 A B TP A FH AT AN
LA 24 h )5, R AR IR R A3 K
AR TFTEMT, BT-30°CukFEH&H.
1.2 BERMNBIE

EFEMYF, &AM 15 mL Schlenk
i FRFR B (CsHs)Sc(CH,C¢H,NMe,-0), (3.8 mg,
10 umol), FFECAY 1 mL 2R &, Pt A
[PhyC][B(C¢Fs)s] (9.2 mg, 10 umol)ff) 1 mL I 4
T . FREUE B AR EC R 4 mL R 2RIE WS, Pl
TN Schlenk i, FF#E FHIUHFER, 70 °C
AR E—ER, ANEREEL IR, pikE, g
HEAY, HESHAA O TEEEE . ¥
R /L E S CHNTITN R -

%é%%%%ﬁ?ﬁﬁ%é%%ﬁé/u)

TN A AR 1 S5 & x 100%

0-StPPh,-IP JL ) v & 2544 5 0 1 2 B 40l
A AR

n(0-StPPh,) (mol%) = I,/(I;+141,+715)x100% (2)

n(IP) (mol%) = 100% — n(o-StPPh,) (mol%) (3)

Horp 1 3L R TH-NMR % B R AL 22 6 55
J = 6.17~7.98 &b 0-StPPh, [F K34 | [1) 14 il T-15
ST FNFRATIE); [~ 6 =4.90~5.24 4k 1,4-
polyIP XU b1 1 AN F{E 5 WA Lo
RiF N 6 = 4.50~4.83 kb 3,4-polylP XU I 1 2 4>
A5 S .
1.3 BEFYIRI

RE Y IALHEFEYR IS (NMR) H 5 - Bruker
400 MHz AZREFEHRACGN 2, "H-NMR LUTARE A N
WA, =i SP-NMR UUTARE R NER], =i,
REWIEY 7y T 8 (M) oy T 5 5 A (M, /M)
1 3% [ Water 2 & (] 2414 B J i 1535 (018 A
€, PAPUS R 7], iE A 1.0 mL-min™,
MRREE N30 °C, TIK IR ARRFE . RE DI
I3 MR 32 B TA 2 5] 1) TA-Q2000 75 22 41 4
EHA(DSC)MI i, i FE V6 FE-70~280 °C, FHif
RN 20 °C-min.
1.4 ELF 5 o-StPPh, B & WHIBS L 27

LR AL 7] (CsHs)Sc(CH,CsH,NMe,-0),/[Ph;C]
[B(C4Fs)4] 5 0-StPPh, (JEE /R Eb 1:2)Mk 5, 7E
FEMF, ML H A o-StPPh, (5.8 mg,
20 pmol) ¥ 0.5 mL /T FARIE W, HEEEIR T
MR FFRER S R RS R 2 FE
F, N FEHUELT(CsHs)Se(CH,CeH,NMe,-0),
(3.8 mg, 10 pmol) H1 By f 44, 77 [Ph;C] [B(CeF's)a]
(9.2 mg, 10 pmol)[1] 0.5 mL Ji AL A . F K
DY A K= R oE e Dl B N R WA & SERE kAT

2 GRS

2.1 HBESIEV_EEBEZCENERS
FRATTUR A A 0 T B F 78 2R W A B AR b
(CsMe,SiMe;)Sc(CH,C¢H,;NMe,-0), (1)1t p-StPPh,
REABAREEE, SREA1hLLI94% 1k
RIRM T HMEA=PIOERT, Run 1). 10 5%
471 (CsHs)Sc(CH,CgH,NMe,-0) (2) Bl fd 7E 70 °C fi
1k p-StPPh, KA 12 h, HERATWERGE,
Run 2). %51 17E 70 °C M 0-StPPh, 55 12 h,
TERETMAER(FR 1, Run3), A& T $S
5T 2 fE 1K o-StPPh, 58 A 20 min 3R15 5K &7
R BT 96% (£ 1, Run 4). HHK4T2 K151
0-StPPh, 5 & 7= W) 1E A HLIE 7 DU &R R . 51
fiv &R, WA LLEE RIS aR AL, Joik
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Table 1 Polymerization of StPPh, by half-sandwich scandium
complexes 2.

N’S?b :
O XY,
~ 25°C, 1 h
N — ‘1\':? Ph,P Ph,P
> PPh, C]/ N 2 PPhy| /1ppp,
70 °C, 20 min O O
Time Yield T, ¢
Run [Sc] StPPh, _ Activity b ®
(min) (%) (°C)
1¢ 1 p-StPPh, 60 94 54 105
2 2  p-StPPh, 720 0 0 -
3 1 oStPPh, 720 0 0 -
4 2 oStPPh, 20 9 185 220
5 1 m-StPPh, 720 0 0 -
6 2 m-StPPh, 720 0 0 -

2 Conditions: [Sc] (10 umol), [Ph;C][B(C4Fs),] (10 pumol),
StPPh, (2 mmol), toulene (6 mL), 70 °C. ® Given in kg of
polymer molg,!*h~!. ¢ Determined by DSC. ¢ 25 °C.

RAG A W15 B0 4y 7 &5 B . DSC K % B
0-StPPh, & = M) B A — > ik 220 °CHIBEIEAL
AR L (T,). AR ABALAE BUAREE) o-StPPh, T S
EYDEE R W BT 2R PR R A BUC Y p-StPPh, 3
EW), Ktk o-StPPh, &I T, 03 51T p-StPPh,
REW. P 2 {1k m-StPPh, R A LR
GBI 1, Runs 5, 6). HA KA FH & BCAA
(BT BT 1 AT LA p-StPPh, B R 4, (HZEANRE
AL, 0-StPPhy M1 m-StPPh, 1 5 & BA/IMPH K
BC A 1 B8 4T 2 AT LUEAL o-StPPh, 3 A, (H2
ANBEME LY, p-StPPh, M1 m-StPPh, %I 5B 4 . BT A%
L A o7 BHL AN — 2 K Jle 0 A 1 A7 B R
StPPh, [ 5R & 1 RE .

T SE 15 p,o,m-StPPh, 3 Fl 5 & H4ANBO H
faf o)A, WEE 2 Fios . p,m-StPPh, 1 C, f1 C, LK)
HLT A [E] . 0-StPPh, [ C, Al C, b 1) LA st R Y
KT p,m-StPPhy, IR IE A 7E AR A ) T4
RSB F LT BEE . LA 23 BT R BH LT RN AS
S p,o,m-StPPh, 3 Pl ELAR SR A 1 BRI F2 2E N 52,

25 A T BEAOSE . X6t F- X657 B ) p-StPPh,
PA/INAE BEL 9 S5 Bt 2 AL R, TTRE R T 2 A4
p-StPPh, I R T 5 & @ O lchz, 3 p-StPPh,
() XU Tk 5 4 @ D B SL, p-StPPh, TG
A MRS R RS PR, Rag —A
p-StPPh, [ 575 ST 1 IO, B IR TR
AT A C=CXURICAI S, Ktk p-StPPh, ]
PUFEATECAIAE A ZE A1, 5 T4 HU ) 0-StPPh,,
o-StPPh, XU 5 JF TR B A, US54
JE O ECALE AT DA HE B B R 1) C=C XU
& @A Omihr, RTINS o-StPPhy VR A
YRR S AT LAdE— R (E ). g2 5
0-StPPh, JBE /K Lt 1:2 B & 0 113" P-NMR 401 ] 1(d)
Fi 7~ . 0=—14.15 }y 0-StPPh, 1 i {5 5 & (14 1),
o-StPPh, 5 KB 2R A G, 0=—14.15 115 5 1%
T, TE0=-2.17 F15 = —14.86~-24.35 &2 {357 1)
55U, 6=-2.1715 SN o-StPPh, 5 HL %51 2 L
BB A 5 08 (18 3), 0 = —14.86~-24.35 A o-
StPPh, (K B WIS S . 0-StPPh, 1 C=C XUt 5
R FREEE, Y4BE TS ERae, Cc=
C M AL, C=C XA IEANTER T E
G, BEE T AU B, T EE 2
T B 0-StPPh, H C=C XU T A7 (11 FH20-221, 4
74701 5 0-StPPh, BE /R E 1:2 F1 1:6 Y& &4 1 31P-
NMR % B R4 /b 0-StPPh, 58K ET 1 licfir, 2
14 0-StPPh TSR AFTE T & R (B 1(b) T 1(c)). B
KA1 55— 0-StPPh, ) i JR T Bt A2 fl C=C
WA S5, BT RN R K, F—o-
StPPh, [} i )5+ 5 i JE@ OBl 5, C=C X
SRARMEFEC AL, BRI B BT 1 TEVE AL o-StPPh,
B4 . % T 18 A7 BUAR I m-StPPhy, 1 T BE C p-
StPPh, 5 & FF i J 7 e Ao 452 2 1) € =C XU i A7
BRI AL, T o-StPPh, B S 4 Bl XU I 437
FIVE R, DRIIE B P 40T 1 AN 2 2 724 Ak m-StPPh,

X /N
G

22 BERGUEAS-ZEXEREZESRKZSE
H£RE

FURHT 2 AU BEEAL o-StPPh, BB E, b A] L

Table 2 Natural bond orbital (NBO) analysis of the charge for carbon and phosphorus in StPPh,.

‘o 1 2 3 5 6 7 8 Sum P
3 o-StPPh, -0.403 -0.241 -0.052 -0.212 -0.228 -0.229 -0.224 -0.342 -1.931 0.903
: i\l: m-StPPh, -0.404 -0.231 -0.071 -0.209 -0.228 -0.219 -0.358 -0.281 -2.001 0.911
6 “PPhy  ,.StPPh, -0.404 -0.231 -0.072 -0.205 -0.215 -0.365 -0.224 -0.208 -1.924 0.903
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. 2 N 1
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) R
1 X 1
(a) o-StPPh, PPh,
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Fig. 1 3'P-NMR spectra of (a) 0-StPPh,, (b) 1 with 0-StPPh,
(molar ratio 1/6), (c) 1 with o-StPPh, (molar ratio 1/2) and

(d) 2 with o-StPPh, (molar ratio 1/2).

40 20 0

AL TP /& cis- 1,4 IEREMER A9, R —BK
FH BT 2 1AL o-StPPh, 5 IP FE R &, TEH4SE R
DLER 3. BT 2 (AL AN [ B AZI Y o-StPPh, A TP 3
EA 15 min, ¥JLL92% UL FUCRIRB R AT

RETIRETE i T KR S5 A A

AL AL 100%, $K15 0-StPPh,-IP L R4 41 %,
Lk bR A —F(F 3, Runs 2~6). AN [F 4L
0-StPPh,-IP 3t 5 41 ) "H-NMR 3 P 41 ] 2 fr o
'H-NMR 73 Hr3& BHIL SR TP 50 o0 1, 4-1% 4
P 94%. 0-StPPh, ¥ 4 21 mol% (1] o-StPPh,-1P
LY BC-NMR 1% B a1 ] 3 A7k, BC-NMR 43
Hrl95R B 0-StPPh,-1P HL 5K 4 71 47 7 0-StPPh,-1P
HERFH(IE 4. 5. 17 F118). 0-StPPh,-0-StPPh,
(V% 6)IEREFF. 3,4-polylP-cis-1,4-polylP E ¥
H| (624, 25 F126) LL K & cis-1,4-polyIP-cis-1,
4-polylP i # JF %1 (6 22 11 23). 0-StPPh,-1P 3t 5§
VIR 9=23.6 (1§ 3) A1 18.8 (U4 21)4b ) 14 2% HH
HLRY & H cis-1,4-polylP 1 3,4-polylP 45 #4
T AR v 94/6, FLIRYIHHC trans-1,4-polyIP 45
1 . 0-StPPh, & & N 10 mol% A1 21 mol% [ o-
StPPh,-IP 3t W) 7 T & 43 7 9 4.8%10* g/mol LA
J5.4x10% g/mol, 43T FRIEAE AR (M, /M,=1.32.
1.59). 0-StPPh, &% & K T-56T 46 mol %] 0-StPPh,-
1P 3 54y ml DUAR U b T DU S e = S 5
WA, AERLVEATRREI . IR ZE ek ek
DA ATATIE I, R RIZE T o-StPPhy & & K
(3L SR e B S A AR AR LA,

N T ERFURR BT 2 4K 0-StPPh, 5 IP HL R &
EFE, 7317 o-StPPhy A1 IP FE /R AIELLL Ay 1/4 1) 3

I, U R A P A B A o-StPPh, H1 5 Y 5 RUAEAF T A B] B AR LA R T RIS IR YT
REFUIARRMB T IECK, WHREESFEYAS AR, FENEE W% 4 7118 4. 0-StPPh, 5 TP 3L 5
P BY), o-StPPh, A TP $L B & 3K15 1 4614 11 4 0.5 min 2| 6 min R H H 37% LT 49%,
0-StPPh,-IP 3L W) . 0-StPPh, F1IP JL & HifKk  o-StPPh, AL HIA 82%, TP LR N 12%, 3k
Table 3 Copolymerization of 0-StPPh, with IP by (CsHs)Sc(CH,CsH,NMe,-0), 2.
|
\I\II—SC
. S !
PPhy /I\/ n PPh,

[Ph3C][B(CgFs)4]
R o—StPth/I.P b Tin.le Yield Activity Composition ¢ (mol%) M, © (x10%) MUM,e T, (C)
(molar ratio) (min) (%) 0-StPPh,  IP (cis-1,4/3,4) (g/mol)

1 0/500 1 100 2043 0 100(94/6) 5.1 1.51 -60
2 50/450 10 94 254 10 90(94/6) 4.8 1.32 -62,98
3 100/400 15 92 206 21 79(94/6) 54 1.59 -66,135
4 200/300 15 94 294 46 54(94/6) n.o. ¢ n.o -62,157
5 2507250 15 97 345 55 45(94/6) n.o. n.o -60,171
6 300/200 15 96 384 68 32(92/8) n.o. n.o -62,182

2 Conditions: [Sc] (10 umol), [Ph3C][B(C4Fs),] (10 pmol), toulene (6 mL), 70 °C. ® Molar ratio to [Sc]. ¢ Given in kg of polymer
molg,!*h7!. 4 Determined by 'H-NMR. ¢ Determined by GPC. f Determined by DSC. ¢ n.o. = not observed.
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Fig. 2 '"H-NMR spectra of 0-StPPh,-IP copolymers.
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Fig. 3 3C-NMR spectrum of an o0-StPPh,-IP copolymer with
21 mol% o-StPPh,.
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Table 4 Kinetics of copolymerization of o-StPPh, with IP
by (CsHs)Sc(CH,C4H,;NMe,-0), 2.

. ) Composition ° Conversions
Time  Yield
Run ) (mol%) (%)
(min) (%)
0-StPPh, 1P 0-StPPh, 1P
1 0.5 37 68 32 64 8
2 6 49 63 37 82 12
3 8 80 24 76 87 69
4 12 88 23 77 96 80
5 15 92 21 79 96 89

2 Conditions: [Sc] (5 umol), [Ph;C] [B(C4Fs),] (5 pmol),
toluene (3 mL), o-StPPh, (0.5 mmol), IP (2 mmol), 70 °C.
b Determined by 'H-NMR.

23 B W) 0-StPPh, 55 TP FE /R Et 68/32, F A {f:
FEARAR, AW o-StPPh, A & 5 T 1P, 31471

100 100
80 s
—_ X
S <
T 60f 5
=} =]
Z g
5] o
Z 40t £
g =
O 7
S
20
1 1 1 1 1 1 1 0
0 2 4 6 8 10 12 14

Polymerization time (min)

Fig. 4 Monomer conversions versus time in the
copolymerization of o-StPPh, and IP (IP/o-StPPh, feed ratio
4/1).

UREZH S i 0 3R B R T 2 AR 20 5 1P 3L
BE, HES 1 min b IP ALK 90%, 1A
LA 5%, K OIHS P IR VTP
BRI T A 20, M 0-StPPh, AT TP I 5
GE GO R, FEFE R T8 5 R e AL
M) C=C W ALAEH 815 o-StPPh, AL AL
e S5 T IP. 354 8 min, o-StPPh, #4L AL
82% MG 87%, 1M1 IP F2 44 3 H 12% s 3 m 3|
69%, o-StPPhy A AR AIE, 1P IRAHEMR
K B AR R o-StPPh, B AU B AR B —
EREEIG, IPARAEZH 2 E5EE T OEAAEA .
JLEA 12 min, o-StPPh, 4k 1 1 E 96%, 1P
AL ZRIG I E 80%. FALKHT 2 AL IP MR ATE AR
s A1 min, FIPYCE A F 100% (% 3,
Run 1), {HHAELIP 5 o-StPPh, LRGN, IPERE
WY BFEIL, 17 o-StPPh, B &l R L I B4
AR . LA 15 min, o-StPPh, 4L R 1 £F
96% AN FI N, TP F AL AU 80% 14 M F] 89%,
LR A G W o-StPPh, M TP AR R k. BE
& Z 1 0-StPPh, U6 A7 1E, 52 0-StPPh, (521,
IP AL R ASBEIL B 100%. B J)2#WF e R0, 78
LR G I FEH 0-StPPh, 5 1P [F] I 441k, 0-StPPh,
REERLPEE, PRAERLIZER.

AN 5] 25 B 1) 0-StPPh,-1P 31 5847 () DSC ih £k
WP 5 Fi 7w . 0-StPPh, & 1E 10 mol%~68 mol%|H]
(] 0-StPPhy-IP LM B B A 24D T, Ty #E-66~
—60 °C0 [ P I A AN B L SR ) 2H s S T e
J5H cis-1,4-polylP K Bt, T,1E98~182 °CIaFEA,
bE 5 IL KW o-StPPh, & EFIIE N i A, A
0-StPPhy-1P JC 3L SR 4% /5 41 . S i i 72 3R B B
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Fig. 5 DSC curves of 0-StPPh,-IP copolymers.

BT AT 1AL o-StPPh, T TP JE 3R A 3R 75 1128 5 4t
WY EA 96 °CI T,, 41P [¥] F & K+ 0-StPPh,,
0-StPPh, A TP 22 # 3L 3R & Jm 4k 22 A4 IR TP kB
BT BB L AL TP SR G i i M 2, TN 2R
IP i B HAT 292 °CIf 7,04, 5 b L Ml bk,

TR 5 TP 6k BURA BRI Tyy» 10 0-StPPhy-1P
TEHAL T 51 0-StPPh, ¥ 5 & 155 T 0-StPPh,-1P A2
Br4, BT ROT 5450 B B R Ty

3 Z5ie

R p, 0, m-StPPh, ¥ R & K 5 1P St
REMWOTFRY], T IREE B B A BT
R AR A7 B B H i SR A e . RAT R AL BE R Ak
LT 1 0] LAEELL p-StPPh, 3 5 &, B /M
BEL 75 TG A< 1 B T BT 2 T BAARE AL o-StPPh, 38 28 455
FR AT 2 4K 0-StPPh, 5 TP SL R A, AR T
TSR LR S P IP ) cis-1,4 1B 54
Ik 94%. SRV 5 0-StPPh,-TP JE 3L 5 7 41
FERIP B, BA—4-60 °CHIE T, F—ANF]
1E 98~182 °CIAE M i Ty, AL TAERBIIH =
HRIEIIIE A B2 2 ) B sV o S AN v R
RONHHNVEARRIVERE . 098 LB G B AT 2
(RIS 0 S FH A

TR 2 IP BB cis-1,4 BB VE ATk 92% UL |,

10

11
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Copolymerization of Diphenylphosphinestyrene and Isoprene Catalyzed by
Half-sandwich Scandium Complex

Lu Wang, Jie Ma, Fang Guo”
(State Key Laboratory of Fine Chemicals, Department of Polymer Science and Engineering,
School of Chemical Engineering, Dalian University of Technology, Dalian 116024)

Abstract The polymerization of diphenylphosphinestyrene (StPPh,) and their copolymerization with isoprene
(IP) by half- sandwich scandium complexes have been studied. The microstructure and thermal properties of the
obtained copolymers were characterized by nuclear magnetic resonance (NMR), gel permeation chromatography
(GPC) and differential scanning calorimetry (DSC) analysis. The results showed that the scandium complex
(CsH5)Sc(CH,C4H4NMe,-0), can serve as an efficient catalyst for the polymerization o-StPPh, and its
copolymerization with IP, however, this scandium complex did not show activity for the polymerization p,
m-StPPh,. The position (p, m, o-) of the diphenylphosphino group at the phenyl ring of the styrene unit
significantly influenced the polymerization activity. The homopolymerization of 0-StPPh, in toluene at 70 °C for
20 min afforded the 0-StPPh, homopolymer possessed a glass transition temperatures (7,,) at 220 °C in 96% yield.
The copolymerization of o0-StPPh, and IP with different feed ratios in toluene at 70 °C for 15 min afforded the
0-StPPh,-IP copolymers in more than 92% yield, and the conversion of two monomers were nearly 100%. The
composition of o-StPPh,-IP copolymers can be controlled by changing the feed ratio of 0-StPPh, to IP. The
analysis of kinetics of copolymerization and structures of o-StPPh,-IP copolymers showed that o-StPPh, was
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randomly copolymerized with IP at the initial stage of copolymerization, after all the o-StPPh, was consumed,
and the remaining IP was also polymerized. The obtained o-StPPh,-IP copolymers contained o-StPPh,-IP random
sequences and long cis-1,4-polyIP block (the selectivity of cis-1,4 was 94%). The o-StPPh,-IP copolymers with
different compositions possessed two 7,. The T, originating from o-StPPh,-IP random sequences increased from
98 °C to 182 °C with the increase of 0-StPPh? content in the copolymers, the T, , originating from cis-1,4-polylP
block maintained about —60 °C.

. Ao

PPh
P A [PhCIB(CeFs)]

+
Toulene, 70 °C, 15 min

PPh,

T, = 98-182 °C; T, = 60 °C
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