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B A A% Ishihaa'"™ B L EE CpTiCl, &
B B4R EAE (MAO) B il 4k FRE (K Z 46 K £ 1Bl L
BELK, KRS FISUR™ Y IRE K Z i
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1.1 CpTi(dbm},CIL,  H1& K

LA ¥R 4E 2 {3 F Schlenk {X 3% 75 @ 4 | S {%
PEHAIT,.RAANERNS S TRIN SR
AR B = (CpTiCL) . X PR B &
(dbm)B MK ET HE (LB , ERKE R
2.5 mol/L) BB Acros R4, KB HIEME
A ORERER(MAO) W EEB(E MAO 7.5x
107> mol) 1 2% B Alhemarle 722 A 4 7=, ¥ J¥ 4
10 wt% .
1.1.0 a5 RIE REWK C.HEER
EA-1108 BT E /il e, i ¥ B AREXE
B8 5E . 7E Bruker DMX300 B REL IR U LRI E B
EPH" C-NMR i#, 5 A B i Z# %, 'H-NMR
HEWIEE RN CDCL . LI HERES I AE, MR
E30K.ESYRREIHAKBRESET TE.
RZBaFEEYTRGA MM, REREE
fo il # (GPC) M &, ¥ #8 2 PL-GPC200 ( &
Polymer Laboratories 4= /™ ). B Z # M5 &5 Al @
MAHERFBEHE(DSOWE, (X B Perkin-
Elmer DSC-2C # 4 4, N, S &, 7 8 # F
10 K/min.
1.1.2 (ZEHBRYRE)(FAR_K/E) -
K[ CpTi(dbm)CL, ] I & B 3 mmol K K
FiHE(dbm) ANA 30 mL T35 Z B H B R .0C
TRHAETH2(.2ml, 2.5mol/L), L HIEEH
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éﬁﬁ,gﬁﬁﬂ 2h, 8 E ﬁ}[‘ﬁi& , Epﬂg:%ﬁa Table1 Polymerization of styrene using the CpTi(dbm) yCl; x/MAO
BB [ (CsH, 0 LN Z B sysien’

WAL 3 ol CpTICL, B I 4y, hge vy G A0 Swey T

1 CpTidbm) Cl, 4.25 95.1 270.58

BOCEIM 2h BHEER .S, AT FTIRGAENK 2 CpTi{dbm),Cl 3.67 97.2 271,04
3 CpTiCly 2.65 9.3 270.45

FEASmL, MAFHBNIES 5 S mL, 38, BEH
10ml CIRBERIK, B 0.53 s BRAAKREYI1:
CpTi(C,sH,,0,)CL,, P8} 86 wi% . LE 7T #: C
SEW{H 59.39 (FRE{H 59.0); H 3.85(3.90); Ti
14.19(14.60) ."H-NMR (6 ):4.1('H, —CH— £
¥%);6.89 (5H, CH,, ¥.#);7.49 ~ 7.55(10H,
CoHs , B 8g).
1.1.3 Z(ZEHPBERE)(FRZEE)RL
£k [CpTi(dbm),CLIEIHI & 4% 3 mmol B CpTiCl,
HiomL FEEBKEREHE OC, AALRST
HA(C,H, 0L ARM,. BFRENKRLA, TR
PP Ah 22, 10 mL P AWK, BT ER
HRHEEASmL, T, B0.7 ¢ BUBESY 2:
CpTi(C,sH,, 0,),CLT=FE R 75 wt% . JLE f+H7: C
70.58(70.66); H 4.60(4.54);Ti 14.11(14.39).
'"H-NMR(&): 4.08(2H, —CH— %1 ¥ );6.87(5H,
C,H,, 5 ¥);7.48 ~7.57(20H, CH,,£¥).
1.2 XZHRERE

HI00 mLEAWARNEEBEAN, SEH
S, BN R R B R -MAO- LA - 2 K,
R —BEE. SFIERNE, EASRZE. BA
LEhMEIERN EREMETR R e
Wb, M KK Z . K LR ,60C
THETH4hLKEREBRESGY FHRERLRE
ZESSIAGPC M DSC M FB A4 TFRAGR
HA ARRMEREMERZERAED .
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2.1 AEHEAANER

RZI1FIHT CpTi(dbm) ,CL, /MAO L& &
HALEZHRAEANERE. AL 1 TLAESR 3
FhAEE A B REE E M E RIE S ELIT R
CpTi(dbm) Cl1, > CpTi(dbm),Cl > CpTiCl1, . HEHA
AT dm B CLE. BEEMTEEPLBETFE
B, SO0 23 () Ao BELAE PR IOk, DA T 396 m A 4L T HE R
R ERAEGIBRTHAEN I AFTRAE. HE
A~ dbm LA Cl SRS MEBENREAEN
BN, PR ELHBEA, R —1 dbm B
— ™ Cl#K, AEEAFRTRE.

"Polymerization condition: concention of titanium complexes 1.5 x 10~ %

mol; AUTi meolar ratio 500; polymerization temperature 603

polymerization time 1.0 h; styrene 10 mL; toluene 10 mL
b Activity; gPS/mol Ti*h
© 8Y = syndiotactictty
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2.2 CpTi{dbm) C1,/MAO #{ & &,
HESITAMER

MER2LED HERENF S LETE
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PMEXEH TR KERA . BEAS, —F
HEALNEBR.2REHEPLERE; 7 —F
H, GRS HMELAREEPOTERT
RiEEPC,FIERMEN TR, X RGN
EBARSEFEFANTIERAERARM BEERSRMA
EWAR, BEUHENS FEEZH TR, X KN
FEEREAFE, f-HIHBEER M, AT FEE
EUSTRTR.ESYS»TRSHBEEWOCLT
BHRRE R GFEELHEHST L, XERHB T
EZMMAO D FERGYHITREMTE L E £
BERAY . SREMMEARER.CHR BERE
RENOCLLER  EEYWHFFEIHERE,
ZXUEEREARSE . FEEERSM TR
BAMERERESY, FEEABER.LBR
B—{f.

Table 2  Effect of polymerization temperature on the CpTi( dbm) ClL/

MAOQ system"
Polymerization
Abx 1070 SY(%)T M, MM, T.(T)
temperature{ °C )
25 11.85 91.7 13.2 1617 270.12
40 10.70 98.7 6.39 11.62 271.04
60 5.31 95.1 8.27 3.86 270.45
80 1.96 85.6 5.18 3.87  262.52
100 1.79 61.1 2.80 5.49 254.01

*Polymerization condition; concention of tilanium complexes 1.5 x 10°*
mol; AUTi molar ratio 500; polymerization time 30 min. ; styrene 10
mL; toluene 16 mL
b Activity: gPS/mol Ti-h
* SY = syndiotacticity
2.3 CpTi(dbm)CL/MAO LA % , BE N GE
aSfTAmER

M3 AT LUE R, (1) B8 & 5 B ) B9 5, 4
HAMEEEHER, FRETREH# T 2 ~



510 SR EE_EAEMAO LR ERTEZRARES 669

3min f5, MAEKTE, FERREE BEHE
e G Ao e b Ok, R EUAEAL IS R R
{85 53 — i . B A S R I T 3 0, B 40 38 4 Rl
BOoRBELFEEAEETER. (QRSYHMEM
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Table 3 Effect of polymerization time on the CpTi(dbm) Cl,/MAQ
system”
Polymerization time (min) A" x 107*  SY(% )¢ T.(TC)
10 12.01 99.1 271.91
20 11.20 98.8 270.80
30 19.70 98.7 271.04
60 6.56 95.6 269.9%6
120 3.12 93.5 268.20

*Polymerization condition: concention of titanium complexes 1.5 x 10~*
mol; ALU/Ti molar ratio 500; polymerization temperature 60°C; styrene
10 mL; toluene 10 mL

b Activity: gPSfmol Ti*h

* 8Y = syndiotacticity
2.4 AUTi /R i3} CpTi{dbm)C1,/MAO £
n¥3:05 A )

MFEFATER,(DAUT EREE S0 UT,
FEYERE ALTY BE R e (9 3% Jin i 2 3 1 i, X T BB

A AL/T BERH R, AR LMER B K TI(NV )ik
F Ti( )BT EG AUT BE/R HRTE 500 UL EL,AUTI
BERH MM EENERED IR ERE
ik & &, AT BE/R H7E 500 LA &, B3 MAO
WEE K, B A R E R R R, e
U ERMEN AUT BRI A EREHER
AEE. QRSN EANEREE AUT BRI
WMTAER FRE. XRBLEE AUT BRILE
3 E TR P ORERXTREE L. GF
AEAAK HREBES HBAEXEXREAR
AUT BE/REEFEE A, AR E AW, B
SRR .

Table 4 Effect of Al/Ti ration on the activity for CpTi(dbm}C1,/MACQ

system®

AU/Ti{ molar ratio} A x10°* SY(%)" TalC)
200 7.61 96.8 270.9
500 10.7 98.7 271.04
800 10.01 97.3 271.32
1000 9.70 92.8 27010
1500 9.53 93.1 270.22

*Polymerization condition: concention of titanium complexes 1.5 x 1077
mol; polymerization time 30 min: styrene 10 mL; toluene 10 mL

b Activity: gPS/mol Ti-h

" 5Y = syndiotacticity

Table 5 Assignment of ' C-NMR spectra of polystyrene and syndiotacticity

Sample Charscteristic Assignment Chemical shift Syndiotacticity (% ) Polymel.'l-z.allon
Triads Tetrads Hexads R SY condition
mr T 4663
™mm mmr 45.60 Al/Ti = 500
1 145.8 o 45.08 91.0 95.1 T=60T
m rermm 43.97 1= 30 min
n 41.72 ¥ =10mL
mm 41.50
mr et 46.60 Al/Ti = 500
mm rrmumr 45_57 T=40C
2 145.8 e 45.04 98.08 98.7 £ = 30 min
mm rrrmm 43.91 V=10 mL
m 42.53
™ 41.67
mm 41.44
mr romrr 46.43 Al/T = 500
rmm rmmmr 45.39 T=40C
3 146.1 nr 44.87 91.20 895.6 t = 60 min
mm T 43.75
™ 42.36
I 41.50
mm 4] .28
rmr o 46.61 Al/Ti = 500
4 145.8 mm mmT 45.59 98.45 98.8 T=40T
r 45.08 t = 20 min
™m Frrmm 43.97
™ 42.30
a3 41.70

Cat: CpTi(dbm)Cl,; R: calculated syndiotacticity by > C-NMR:SY: calculated syndintacticity by the boiling butanone-insoluble
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Fig. 1 The possible structure of sPS
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Fig. 2 "C-NMR spectra of polystyrene
a) Sample 1; b) Sample 2; ¢} Sample 3; d) Sample 4

WEEE 4 NP HE, B rrer, oorrm, rrome
mmrr. H [omrm ] s [momr ] < [ oomrr [ 58F 2:2:1 . 554 b
OHBEREBH AN EILHMS mr, mm,
rrrmm Fl rrmmr, B R WAR R, [ rrrmm | 2 [ comme | 2% F
1:1.

MEMEAER ~dHBNREYIEER
2EREEMEBIH 4 AN PITTHIE R mor, o,
ERs RAERRNERTAERER, m
[rrmm Ml [omme ] Z AT 1 B, ZREYE
M RE A R G E T A, Hp LIgE W 2 0 & B33%
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SYNTHESIS OF A TITANIUM COMPLEX
CONTAINING S-DIKETONE LIGAND AND ITS CATALYSIS FOR
SYNDIOTATIC POLYMERIZATION OF STYRENE

XU Xuexiang, SUN Min, YU Peng , JING Zhenhua
{ Research Institute of Peirolium Processing . Beijing 100083)

Absiract Syndiotactic polystyrene { sPS) is a new class of thermoplastics and is unusual among polystyrenes for its
propetrties. Since Ishihara reported on the titanium complexes with mono-cyclopentadienyl ligand for production of
sPS,a lot of catalysis for styrene syndiotactic polymerization has been reported in the literature. A series of half-
melallocene complexes have been reported in our studies, these catalysis have high siability and activity for olefin
polymerization with low molar ratio of aluminium/titanium and produce polymers with different chain microstructures
In the paper, synthesis of half-metallocene complexes [ CpTi{dbm)Cl, ] and [ CpTi{dbm),Cl] containing 3-diketone
ligand are discribed. It is proved by the experiments that [ CpTi{dbm)Cl, ] is active for styrene polymerization at
40°C with MAOQ activation,and exhibits higher activity than CpTiCl, . Giving the polymers with high syndiotacticity .
For the [ CpTi(dbm)ClL, ]/MAO system, the activity is “up and down” type with increase in the A/Ti molar ratio,
and up to the highest when the AU/Ti molar ratio is abouwt 500, 10.7 x 10° gPS/molTi: h or so; also the active
decreases when the polymerization time is too high.The polymers prepared by [ CpTi{dbm)Cl,] were extracted with
boiling n-butanone and characterized by “C-NMR.

Key words [-Diketone, Half-metallocene, Titanium complexes, Styrene syndiotactic polymerization, Catalysis



