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B RS YN R AT, B AR E
THREA T, Wi )e fAr kA E 10 mL, FeAN T
BEULRE, IR, ANAERMAESOCTFIRES
FLRE B ERY.
L4 Z2AFIR A SR

ity H Ay SR T AR ) 64 RS S AR P 6
R A, K S5.0 g REDm N4 H REHT 08
P, £ 60C ks Eam AT T4 h, AW LT
b 150 mL, 3E 4 1 h Jg , 2@ AT i e HCL A4k
6 h. 422k BB, BIN LEE P ILIE, R G AN AR
HHESOCTREREE,FRBAATAIALAR
B FHR A

A AFRILAGFARAE L & RN
BB LA, 1.5 g LR BT 8] 6 A m N
SR REEETF 6 IRAP ,  60C ihis B A S T4
4 h, lNFHR60mL, £ 110CHBsEHIE1h 5,
AN 0.15 ¢ & f.4h45 20 mL DMF 783% , 5% 24 h
J& BIN LB UL ROR R Rk Ao TR S ik,
BNAZHAESOCTRERE, FRHEANE
R 0 F AR R

E R EFHLIR A 04 A A 0.2500 ¢ 5 K
Hy & R A 69 S AL P MmN AT R AT 6 AR
P, £ 60°C i B A T4 4 h, lmANFREJER
Htg 2 4R (CuBr) F= 1,1,1-= (4t M ALK
L) meR, ARAE®R3 R, mA S mL
ZWR, ENOCH s 281 h 5, 2R B
R ¥4y PMDETA 7] & R . B %) 37 2 Bt 1) &
BINAA 10 wi% %85 69 TBE AR R B R K A= T
BEobk , IANA TR AESOC TR EE E,/75
ZAHWEREIR AN

2 ZR54%
21 R TH AR R R AT B G AL
B

AT EARAGE TG = TH AR
(DVB) &, 1,2-=-(4-Z M % ¥ %) T (DVPE)
AR, RAVABFE LA S EFIE Gk
%y rac-Me,Si (2-Me4-Ph-Ind ) ,ZrCl, 184k 7, A%
A G MR T XA EACA 09 B A4 A



LA s RO R R R R LS R AL E A R Is i MR R S S F e sm 89

B ik B R MERA B EBMK(< 30C) F, 4
) B-F e B-H sk ik RN, TR G =T
KB RAEBRERR S, EX D, BANATR K= F R
4a69 MAO 4E A BB AL A, k38 @ = F 248 64
AR R . BB, XA A R AR IEAL R T hs &
KR BHG R TR R

A1 RO AR ESR,2-=-(4- T A
¥ ) T A4k 54 R BT, rac-Me, Si (2-Me-4-Ph-
Ind),ZxCl, fE 4 5 5 R & BB 09 25 R AR F T
A, EEARAAES TR, FRINRE W
MNBA N F IR, ERASEWIE A
AF R R &, B R A B R R R A

(A% 1,2-4N) P, 84T 53 =T A
F & DVPE W& 2,1-77 RGN fn 35 B o) F M F S R
R, AR A Zr—H B bt , EHER . A
W HTEILFRZAAER A, M B A 4
FImNZ 633G B RV, R T RAMet £
T Z L AR R R DVPE X A48 4545 1. 1
AP X Al ~ A3 foiX s Bl B2, R AR A
LAFARIE LT, DVPE 4 4 4% 26 8 7 PR 13 B &
M0 4 2 P b = Tl FROR O A A A BT
HAFEG ), X £ 5% DVPE & Ja) 4 fRL L 3 = Tk
HER RGP R A LA RS0 T HAE
WL EIE R T T0% , 4ok 1 7.

Table 1  Comparison of the experiment results in the rac-Me, Si[ 2-Me-4-Ph ( Ind ), ] ZrCl, catalyzed polymerization of propylene with DVB or

DVPE as chain transfer agent”

Run Trans. agent(mol/L) H, (Pa) Catal. activity” M, x10~* PDI(M /M) T,(C) [ mmmm]°( %)
Control 1 0 0 13. 00 18.8 3.6 158. 1
Control 2 0. 035 0 ~0
Al1/DVB 0. 035 0.03 x10° 3.24 8.77 2.9 146. 5
A2/DVB 0. 035 0.08 x10° 4.00 7.64 3.0 146. 6
A3/DVB 0. 035 0.12 x10° 7.08 8.76 2.9 148.5 90. 2
A4/DVB 0. 070 0.12x10° 4.24 4. 80 2.5 141.0 87.7
A5/DVB 0. 127 0.12 x10° 2.28 2.74 2.0 134. 4 84.9
B1/DVPE 0. 025 0.03 x 10° 4.48 3.41 1.9 148.8/154.7
B2/DVPE 0. 025 0.08 x 10° 5.88 3.16 1.8 148.8/155.0 78.8
B3/DVPE 0. 085 0.12 x10° 0.44 1.13 1.8 137.8/144.6 70. 1
B4/DVPE 0. 085 0.35 x10° 1. 00 1. 36 1.7 136.8/143. 8

* Conditions: 50 mL of toluene, propylene (4 x 10° Pa) , total pressure (5 x 10° Pa), [Zr] =4.0 x 10 ™% mol/L, [ MAO]/[ Zr] =3000,

temperature =30°C , time = 15 min; ” Catalyst activity = 10° g of PP/(mol Zr - h); © Isotacticity ([ mmmm]) was determined by '* C-NMR

spectroscopy.
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Fig. 1 '"H-NMR spectra of styryl-capped iPP obtained with

DVB as chain transfer agent
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Fig. 2 '"H-NMR spectra of styryl-capped iPP obtained with

DVPE as chain transfer agent
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Fig. 5 'H-NMR spectra of sPS homopolymer (a), the chloroform soluble polymer (sPS-g-iPP graft

copolymer) (b) and styryl-capped iPP homopolymer (c)
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Fig. 6 "H-NMR spectrum of the chloroform unsoluble polymer (unreacted styryd-capped iPP)
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Fig. 7 DSC curves of sPS-g-iPP graft copolymer

a) The second heating scans; b) The first cooling scans 20 K/min
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Table 2 DSC Derived thermal data of homopolymers and graft copolymer*

sPS homopolymer or sPS main chain

iPP homopolymer or ;PP side chain

flun T,(C) AH()/g) X (%) T,(C) T (C) Arcc) T,(C) AH(Vg) X(%) T.(C) AT(C)
sPS 258.3 28.6 53.8 94.0 222.9 35.4

sPS-g-iPP 225.8 17.1 32.1 66.0 140. 4 85.4 128.5 17.0 8.1 93.3 35.2
iPP 144.8/150.7  88.1 42.2 115. 1 —

* Graft copolymer: the molecular weight of iPP side chain =1. 10 x 10*( calculated by' H-NMR) ; the weight content of iPP side chain = 10. 6% ;

the graft denisity (n1000) =1. 11
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Fig. 9 'H-NMR spectra of iPP-t-Cl polymer (a) and iPP-t-N; polymer (b)
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Fig. 10 '"H-NMR spectra of the click reaction products at different reaction times (0 min, 20 min, 40 min, 1 h, 2 h, 5 h)
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SYNTHESIS OF STYRYL-CAPPED ISOTACTIC POLYPROPYLENES AND
THEIR APPLICATION IN SYNTHESIS OF POLYPROPYLENES
WITH TOPOLOGICAL STRUCTURE

HUANG Huahua, DONG Jinyong

(Key Laboratory of Engineering Plastics, Joint Laboratory of Polymer Science and Materials, Institute of Chemistry,

Chinese Academy of Sciences, Beijing 100190)

Abstract This paper demonstrates the successful synthesis of reactive isotacticpolypropylene terminated with
styryl groups. The styryl group was introduced into the iPP chain end via chain transfer reaction to 1,4-
divinylbenzene or 1,2-bis (4-vinylphenyl ) ethane, during metallocene-catalyzed propylene polymerization by
rac-Me,Si[ 2-Me-4-Ph(Ind) ],ZrCl,/MAO complex in the presence of hydrogen. Although hydrogen does not
influence the polymer molecular weight, it greatly affects the catalyst activity. The PP molecular weight is
strongly dependent on the concentration of chain transfer agent. The isotacticity ( mmmm ) of iPP
macromonomers is quite high ( = 70% ). The polymerization mechanism was also studied by using deuterium
as labelled molecule of hydrogen in combination with "C-NMR technique, and it is clear that the existent
double enchainment of chain transfer agent is because the styryl-capped polymer chain would spontaneously
insert into Zr—H species with the unique 1,2-manner. The reactive iPP obtained was used as building block,
and two kinds of topological structural polymers were synthesized. Styryl-capped iPP was copolymerized with
styrene using CpTiCl,/MAO complex to produce sPS-g-iPP copolymer. Crude copolymer was subjected to
extraction with chloroform which resulted in pure graft copolymer free of styryl-capped iPP. DSC results show
that?  ,X,,and T, of sPS main chains and iPP side chains are all lower than those of the sPS and PP
homopolymers, separately. The appearance of extremely large supercoolings in sPS main chains is attributed to
crystallization starting from homogeneous nuclei in isolated microdomains of graft copolymers which are
generated by phase segregation. In addition, the terminal styryl groups of iPP were effectively transformed to
azido groups through chlorination and substitutional reaction, and azido-capped (PP was obtained. Then, the
click reaction between azido-capped iPP and trialkyne-containing couple agent was conducted in the presence
of CuBr/PMDETA. '"H-NMR results indicated that the click reaction was fast and highly efficient, and star
isopolypropylene was synthesized.

Keywords Olefin coordination polymerization, Chain transfer reaction, Reactive isopolypropylene, Graft

copolymer, Star isopolypropylene





