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=E: oyt v Zvidd JIXE AZAS I chloride th4! aryloxy 717} X188 dinuclear halftitanocene [(n’-
cyclopentadienyl) (aryloxy) TiCLL[(CHy).] (n=3, n=6, n=9)F T3t o|5Y FFE4S AT Chloride T4l ]
29 aryloxy” | 2,6-diisopropylphenoxy S AH&3HtE SA4E 3 £72] dinuclear halftitanocene-2 'H NMR, ®C NMR,
HAEA, 280 FRAE B3l 729 A4S e 3 7HA SE] FREAS Hla AR A8l 25
MMAQ) EA41 stollA 2BH9 SFEELS Fdsislom, 1 43 () FHE 3 7K S5 27 g Fhoayd
B SPS(syndiotactic polystyrene)E AZsk=tl 432 FuAL, (i) 3 = FolA thejeiRt=e] dolrt 714 1 8}
E 60 7MY =2 A4S UEhilou 7P W £ SPSE SIS, (i) aryloxy® X EE FHvlrt 2%
7] A9 chloride #gtEel Hldl ¥ £

48 Hole X3A2] a37F #EEAY. o] AE-L dinuclear halftita-
nocenedl] Joixe] Fujl AL tEjEt=e] F/et 7 Elelgel A3E Sol9 AR Sl FHEAY T8
g FFE PR AYE BHAFE Hlolth

Abstract : A series of dinuclear halfsandwich titanium complexes with aryloxy substituent at titanium[(i7’-cyclopenta-
dienyl) (aryloxy) TiCL], [(CH,),J(n=3, n=6, n=9) have been successfully synthesized and their styrene polymerization
properties have been investigated. All complexes are characterized by '"H NMR, “C NMR, elemental analysis, and mass
spectrometry. In order to examine the catalytic properties of the dinuclear complexes styrene polymerization has beer
conducted in the presence of MMAQO. It was found that (i) all the prepared complexes were very effective catalyst for the
production of SPS (syndiotactic polystyrene), (ii) the complex with the longest bridge between the two active sites exhibited
greatest catalytic activity among the three catalysts, but produced SPS with the smallest molecular weight, (iii) the activities of
dinuclear halftitanocens with aryloxy substitution at titanium metal were greater than those of the chloride substituted
compounds. These results indicate that not only the nature of the bridge between the two active sites but also the property of
substituents at the metal exert a significant influence on the polymerization behaviors of the dinuclear halftitanocene.

Keywords : metallocene, half-titanocene, dinuclear, styrene polymerization, syndiotactic polystyrene.
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G2AS o] 83 AEARY Az A 200431 wl- wWEA GAStS
o1t o}F gkAd Ao FxAlo] T Tl ol2r|de o B
2 o] Fasta, E3] N2 725 S PdE XS /R
g2Ale] Az} oo gt FHPATE 3] N&HoE FHRS T
3 Qioh MERAl Sule O ol wel AzsEs 1RA) FRE
Al FEET YATFRAe] e EZEh7e 7 719 cyclopenta-
dienyl F+=A417}F the]gJzi=ol 93] 4% ansa-metallocenel 2]3) 41
T Az g Yokt mgRA FRVIse] 8440 P & g
TEHAE Kaminsky -2 Exxon ZW2 ¢ Z bentmetallocene
Znfu} DowollAl 703} constrained geometry catalyst(CGC)ell 2]l
FEgAle] Fe 24 F e ASE BuFQITE” ¥HA syndio-
tactic polystyrene(SPS)< 79| cyclopentadienylS 7}<1 half-me-
tallocene®ll 93| A Tt A ZHTE2 o)= Wg=ZAlY] A7)& A&
Ql Tz} FHEE GFAY W71E YAF T2 APEE S
o] FAH F9ollA HRAsE Azl oa whakA|e] wj9j e}t A
dolse] FEHA FAHoE HPofof a17] vlEolth HZ
HgzA Sl sk S0 e wet oS o Fx2E
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Aol B & x3lu= Zlolgke Holth ®kef o]2|3 x37}
Sk owdt 5453 YRisel oM E dEAlE w9 =
ol o] Y= A} Z 2HE EAo= AxE 4 Ju=
ojtk. o2 |k} UEAA Y MZE AR T Eok=
FHo] oS FE AUE golsiAl Atk T =R} et
Sl Al2s'lle ol2fdt JidEs =% $& dvt 2 Aotk fehe
gl FFdA Az EHAHQ Dowd] CGC Zwi7F & 719
cyclopentadienyl®} &+ 719] heteroatome] THE|EIZI=Z JAH F=
2 7HA 3 k= A3 SPS Alxol &3 9] half-metallocene?) 3+
702l cyclopentadienyls 7FA3L Jth= g AAAA T 719 cydo-
pentadienyl®} 3+ 72| heteroatom2 7}7 half-metallocenes A %3}
o aHARI FFHA AxZFm) S A=t FETE ARE B
T3P J= tEAQ] SPS A% £l CpTiCLe F4aU4
32 2 6-diisopropylhenoxy”| 2 X $AIZ) BHE-S Azt o]
9] FHEHEAHE ZARINY. AryloxyE 717 halftitanocene> SPS
Az B 34 dgdy duswd 9 ~EHe ITH EAE
Holu} aryloxy7F X18=7] 2] CpTiCl, Erbkes @A st 545
eI ol fdatial X3 aryloxy 135<%] 2,6-diisopropylphen-
oxy”19] HE53 1717 JAF Aol 71918 AR sjAHrt 2,6-
Diisopropylphenoxy”| & 4tag 7= £37} vl¢- & F2& 7HA
I oA Helgd A4S Bl Z2FEtA w1 CGCot AR T
ZF 7HA =i o] AdrA Fu] E4% CGCok fAksH 2
T AT ololt]oi7t AAR o} HolHy] wwo 2 Aaig]rh
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Scheme 1. Synthetic route of catalyst.

e Fue] EAAS CGCoe 2l &2 T8 2=dAe &
uje] Baf7} e the o)A 9t halfmetallocene S 24 og#l ¥
AAE Axshe FujA2=de] Jdolghs HE Fo] HrlEn
ot

H AFAeAE A 2 B F N WEEAle] AZE9 dinu-
clear metallocene®] |22} o]&59] THEL S olslsh= AT& =
3] FR5k] ¢t}*® 1 AF} dinuclear metallocenedl A+ F WER
Ae QA 7= Y=Y Zolrt ¢l 43S e A
< WA }E 3] HZoll= Tobin Marks7} dinuclear constrained
geometry catalysts(DCGO)o A F 7] Fol& §A4S 717l g4 3}
grEo] olgae] FF3olA YREE <l mononuclear CGCOll BIE| T
22 o] FAFAE FEFA A F JS Rugoe
A GEEIEE 71 gele] Wgg2ale] A2 E4E 7 )
Su|E2A EH Y-S Bg bf JopAE

B 3= dinuclear metallocene®d -9} = F-212] ofo|tjo]E =
35} heteroatom*| #HA| & 717 A2 dinuclear half-titanocene
AAstar ole] 2B g FFFA AXRE FHOE F3
ZIAES] A MR RuEA g FF o A AL QoF
Aotk B AzEL thg|do)7t th2al 2,6-diisopropylphenoxy
7} dinculear half-titanocenes /33t o2 2 T
A& ZABF K Scheme 1). ¥ A5 53l halftitanoceneol] )
0)42] heteroatom®] X|2kAl] &3}e} o]a3} & IHdinucleation effect)
7t A& ojd FEFE HXEXE ol3lEl] $3) A=A
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AlQF 3 B2AE wE AR B3 A AAE AR Sl
Al FRER O, BT il IS Aok SRHEEL glove box
oA Baste] ARESITE AEell AR8-E -8l THE, ether, hexane,
toluene> sodium/benzophenone FollA SFate] ARESIH, WY
ASZ | Ex CalLE ARSI 731321, 1,3-dibromopropane,
1,6-dibromohexane, 1,9-dibromonane2 P,0s2 S-F%F & ARSI T}
Sodium cyclopentadienylide(2M solution in THF, Aldrich Co. USA),
-BuLi (2.5M solution in hexane, Aldrich Co. USA), trimethyltin chlo-
ride(Aldrich Co. USA), titanium(IV) chloride(Aldrich Co. USA)&= &
Zo] HA §lo] ARSSHATE S =4¥ 2 2E modified
methyl aluminoxane(type4, 4.1 wt% Al in toluene, Albemarle Co. USA)E
A5 o ~E]#l(Aldrich Co. US.A)& NaOHZE AAI5t] ARE-
3FAtE 4 ell= IR(Jasco FT/IR-5300), NMR(Burker DPX-300 FT-
NMR), DSC(Perkin Elmer Pyris 6), Mass Spectrometry(Jeol JMS-700
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Mstation)2} EA(EA1108 FISONS Instrument, Italy)S AH&-3}93 T},

[Cp—(CH2)s—Cpl[TiCls],2| €. Dilithium 1,6-dicyclopentadienylhexane
2.5 g, 11.1 mmol)/ether(50 mL)E 0 C F&oll B 11 trimethyltin
chloride(22.4 mmol)/ether(20 mL)S Z7}5bH A AA3] o=z
St} 6417 WESAIZl F LiCIE celitedtoll A oJFsle] AlAsEL
743t stol A ethers AASHA =X AH| ] distannylated 1,6-di-
cyclopentadienylhexane®] 80% <£(4.78 g)= LoiZth T tri-
methyltin 3}3E/toluene £ 0 C S8l B11 TiCl(19.5 mL,
19.3 mmol)E 3| Hrigich WHESA] S glo] PHH =
e B F Jor 255 o2 &Y F 4ARE ANt A
22 TAE celitedtol| 4] o Fste] A AZCE EtherE 743k kol A
A AL hexanes F7He & AFH =Tk 1A7F 39%2]
&2 doJZITH1.80 g, 39%).

"H NMR (300 MHz, CDCl3) § 6.92 (t, 4H, CsH,), 6.82 (t, 4H, CsHy),
2.84 (t, 4H, CH,), 1.67 (m, 4H, CH,), 1.42 (m, 4H, CH,). *C NMR
(300 MHz, CDCl;,-35 C) 6 145.3, 124.0, 123.5, 32.2, 29.9, 29.3.

[Cp—(CH2)s-CpI[TiCl]o[0-2,6-ProCsHalz, 42] EHA.

WH(1);[Cp- (CH)s-Cp][TiCly]x(1.34 g, 2.8 mmol)E CH,CLO =°]
I 25 C Fgol| 913, HO-2,6-Pr,CsHs(5.6 mmol)S 3 7}3i}.
A A3 Ao SEHA 10ART WREAIZ] ¥ CHCLE 2 stol
AASA =] Ao} vA7F EFE Edo] Aok

&7]o|| hexanes FH7}et] & Ht-g wElste] 30 CollAl A2
Ak A 4e] 314 BAEE 0.74 g(35%)°] Lozt

1 (2);[Cp-(CH,)s-Cp][TiCli]o(1.34 g, 2.8 mmol)Z etheroll o)1l
25 C F8ol 131, LiO-2,6-Pr,CHs(5.6 mmol)S F713c} A
A8] Ao ®2 SEWA 10A1ZF BEEAIZ] F ethers T Stol
AASHE =] dxe} uAVE EFHE FHo] dojzith

o7]ol hexanes F7Istd H& REE Eldte] -30 CollA 2
Ak A 4] 14 WA= 0.8g(38%)°] Aot

IR (KBr, Cm™) 3099, 2962, 2926, 2866, 1460, 1429, 1327, 1251,
1197, 916, 833, 750.; 'H NMR(300 MHz, CDCls) 87.0~7.1(m, 6H,
CeHs), 6.5(t, 4H, CsH,), 6.4(t, 4H, CsHy), 3.19(m, 4H, (CH;),CH-),
2.88(t, 4H, CH,), 1.98 (m, 2H, CH,), 1.21(d, 24H, J=6.8 Hz,
(CH;),CH-).;*C NMR(300 MHz, CDCl;, -35 C) 8163.7, 140.1, 137.7,
124.2, 123.2, 120.4, 120.3, 30.2, 26.8, 23.3.; Anal. Found: C, 58.2; H,
6.3. CyHyO,CLTi,. Calc.: C, 57.8; H, 6.2%.; EI/MS: m/z=762
(IM+]).

[Cp-(CH2)s-CpIITiClo],[0-2,6-'PraCeHals, 521 4. [Cp-(CH,)e
Cpl[TiClL][0-2,6-Pr,CsHi],, 59 FA L 71&ZA o2 33E 49 5
g3t AHE Bl A=Ak o, ¥REE{Cp{(CH,)s-Cp][TiCL], thalel
[Cp(CHy)sCp|[TiCLi, 5 AR&-ETE Whg Fo] 8-& 40% T

IR(KBr, Cm™) 3065, 2962, 2928, 2864, 1460, 1429, 1251, 1195, 914,
827, 750.; '"H NMR(300 MHz, CDCl;) & 7.0~7.1(m, 6H, CsH3), 6.5(t,
4H, CsHy), 6.4(t, 4H, CsH,), 3.22(m, 4H, (CH;),CH-), 2.81(t, 4H, CH,),
1.61(m, 4H, CH,), 1.31(m, 4H, CH,), 1.21(d, 24H, J = 6.8 Hz,
(CH;),CH-).; *C NMR (75.46 MHz, CDCl;, -25 C) & 163.7, 141.7,
124.1, 123.1, 120.5, 120.4, 30.8, 30.0, 26.9, 23,3.; Anal. Found: C,
59.7; H, 6.7. C4Hs0,CLTi,. Calc.: C, 60.2; H, 6.8%.; EI/MS: m/z=
804([M+]).

[Cp-(CHo)e-Cp][TiClolo[0-2,6-"PraCsHalz, 621 M. [Cp{(CH,)s-

EZ0H, A3048 A1ZE, 20063

A AR mAE - olE

R

foi

Cp][TiCL),[0-2,6-Pr,CeHs),, 62] T8 7| EX o2 33t 49 &5
g3t #He T3 Azt o, RESE[Cp-(CH,):-Cp][TiCly], T4
o] [Cp{CH,)-Cp][TiCL,E AFE3ITE WS- 2] 482 40%S T

IR (KBr, CmY) 3061, 2962, 2926, 2856, 1460, 1431, 1327, 1253,
1199, 912, 823, 752.; '"H NMR (300 MHz, CDCI3) § 7.0-7.1 (m, 6H,
CeHy), 6.5 (t, 4H, CsH,), 6.4 (t, 4H, CsH.), 3.23 (m, 4H, (CH5),CH-),
2.79 (t, 4H, CH,), 1.6 (m, 4H, CH,), 1.27 (br 10H, CH.,), 1.22(d, 24H,
J = 6.8 Hz, (CH;),CH-).; ®C NMR (75.46 MHz, CDCl;, -25 C)
5163.6, 141.9, 137.6, 124.0, 123.1, 120.6, 120.4, 30.9, 30.2, 29.4, 29.2,
26.8, 23.2.; Anal. Found: C, 61.0; H, 7.0. C4sHgO,CLTi,. Calc.: C,
61.7; H, 7.3%.; EI/MS: m/z= 846([M+]).
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6719 FAE 7R SUEHo] ¥h-E Bl F+ 719 diisopropylphe-
noxy®l 4719 F4E VI SFERE WIS BAFe 2
Z7°]th 'H NMR¥} “C NMR ~HEHLS AA4H 3gEe] +
ZE ZUske el w9 f83tth B8R 2,6-diisopropylphenoxy
9] X841 E 712 dinuclear halftitanocene®] =431 NMR ~HEH
2 cyclopentadienyl(Cp), polymethylene bridge, 2,6-diisopropylphenoxy
9] 3 FEo=E FAH Ut o] FolA 7P Fa7 AL Cpol
ZABIE 47N 4749] chemical shift o]tk 4= Cp FAES T
7N triplet® 2 6.49} 6.5 ppmolA YER=H, o) aryloxy717} X
3k5]7) Ao| 313HEol M8 04 ppm A= downfield shiftd 2 S Z= A
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Table 1. Results of Styrene Polymerization Using Dinuclear
Half-Titanocene

T b . oo Iy My
©) [St]” [AL}/[Ti] Activity ©) ST (<107
25 1.32 2000 493 2708 953 231 2.1

25 1.32 4000 734 270.1 938 21.6 2.0

Catalyst M,/ M,

2 40 1.32 2000 51.8 2684 914 150 1.7
40 1.32 4000 90.3 266.7 93.7 13.3 1.9
25 1.32 2000 228 2729 950 249 2.6
4 25 1.32 4000 36.1 2704 96.7 275 2.5
40 1.32 2000 48.1 269.7 909 220 2.8
40 1.32 4000 69.8 2650 87.8 265 2.5
25 1.32 2000 554 2693 970 214 2.1
5 25 1.32 4000 795 2719 942 173 1.7
40 1.32 2000 80.7 2683 97.1 14.3 2.4
40 1.32 4000 112.0 269.0 958 144 2.2
25 1.32 2000 57.3 2679 939 177 1.9
6 25 1.32 4000 915 2696 915 195 19

40 1.32 2000 1024 2674 944 14.0 23

40 1.32 4000 148.1 268.7 946 14.7 1.9
Polymerization condition : [Ti] =0.83 X 10° mol/L, Time = 1 h, Solvent = Toluene.
37, = Polymerization temperature. *[St] = Styrene concentration(mol/L). “Activity =
Kg-Polymer/mol of [Ti].h.atm. °S. I. = Syndiotactic index.

WA NMR ~ZE-Fe] thgh zASE HojEes A3 Fiol| EA
3HATh

FEE5M1t SPS S4. Aryloxy 7171 X13% dinuclear half-titano-
cene 462 ZFEAL L FAEH] 3] =0 MMAOES AM83+
o 2~EA 2ge AXNEPYL 1 ZAFHE Table 10] VERASITH
Aryloxy”]9] XBEANE A7) fl8l 2|3k=7] 2] SR 6 me-
thylene bridged dinuclear half-titanocene, 2,2] &= &40l 4-3)3}
I} THREE 25 T 40 CTE ARSI, [All/[Ti] ¥]E&-S 2000
3} 4000°] A Th.

Zuo] BEAE 2ARHE 7P Aol dubAEll e &
o] F3HEAE nlwEhs Aotk Zule] BALS Table 10 YEht
nie} o] FgzA Ful 43 ArAH YA HsE ulg
sl HHdsh] WEolth. AgAnE uig o g B ATolA A}
28 205y FAI Zu] T2 AAS A Aurat FY
T exol A o] AL 4 <5 <69 MR FIEFS S S Q)
o} 24 FEL% 40 T [Al)/ [Ti] BlE 4,0000014 Zdjo] =
g FAL 69.8(4) < 112.005) < 148.1(6)2 Z713ta gloH, o]y

3 Age Firde) Wslis ¥rstn dny WA B2
o &0l 4, 5, 62 Ful7xe] WA FALTH HolH e FA

t=9] dojolt}. &, dinuclear metallocene 4, 5, 62 half titanocene
o] 370, 671, 979 CH,E 2% FX& 7N J3, T84
g EzI=Y do|rt Ao wet Frlste SR JEy:
L e Fue] Szl we YEhE S FREAL Y Aol
ol Al Fuje] o]l T ERIE Hole] ApoloA Z]lH
o= olE & Utk tEERt=Y do|7} dojXH Fujo &
o] Frkehe a4 EEvEd fElEis=E K oE TR

ox W rlr & orle
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A7 Bt 7Y ol#dt avh= Axpt BE% 54 7R
G S TUAA Fule] E4E oAl He AL

Qlth =t Ao zE= gElEtse dolrt FolAH F &4
e A7t 7MHEA A ZAA HX e FEFo] AAA ok F &
4ol AAFsA HW Bt & 430 AR AMZeA YAA

o2 R ¥ & QA ek olejE el BAA 98 T4
Al wFEol WAl ojgdle] B HTske] el S8
AR osH AR FUSEEE Holme] Zujo] FHBHS
StolA] e Zlolh, Wl ¥ B44E Adshe tieleikise) 2
o7} ol T BYHe| A7k oA AzelAl plxE YA
9l el ofs 3t kR oz Zu) Byel RHH aavt

ARFAA] Elo] E4do] 7hAEkA] ¢Al Htt

] F27F A4l v F ¥R E= aryloxy] X|&kaTto]
o &2 AFoA FEE A SuEL BT FAE aryloxyE A
3LA1Z] dinuclear metallocene®] 22 aryloxy?| X|3+& 37} ZujEA4
o] M= VIS AR A2 & ATy Fa% 54 F9 sk
olt}, =¥-gle] Aol 23k aryloxy?l X@aIE= Zujo] A}
TEHEE BT T FoE =gyith 2 Zu) 12 aryloxy
7} A& A &3 6719 methylene TH]S 712 dinuclear halftita-
nocene®|™, Zmjl 5= Zu) 10 EA5H= & M G4} aryloxy
2 X3 Svjoltt. wEbA olF F vl FHEAES vugtd
dinuclear half:titanocene®| 412} aryloxy X|$&7Z 23 5= & A
oltth. EMiEAEAH ZHAA aryloxy’t X18kd ZFvj7t 4225 C)F
FollAE 10% 1L 40 T FFAAE 30% 1 718t ©]
Z& aryloxy 15°] Paol ¥lsl HAZAEZA T 27] WE o2 &4
Aok XA 9] AR 5y} et ol EAS 7R E44
of AT AFE SEHe HHSAZE 5 U] dEol

STz} I SERAE TR S VRt vEE
Al FgelA Aol YA = 9% =102 2F9< MMAO
Fob T2 Eo0lth B AdoA vehd 43 2E5we] ke
BAE B 2509 ofo] F71ErE &40l S8 ol

2 IWHAR] Aotk 2Fve T3 Ao WERAle] 43

3 A FA WY BEES AASRE 715 T
o} wehA WAl dlo] 2EFu] MMAOY| o] wolxd F
FAZE Wi ARSI Fule] Eal7F AdEe &t A, ol
A= 9ESA Woll @430 5 FAAAFLEZHN AAAA &%
7l 714t F3e=rt S71ehH SAle] ulie) ulelEl oA
9] o5 &xUt wWekd AAHQ W& Er) Frlste] Sl &
R 1=

Y¥kH © 2 halftitanoceneol] ]3] AFH =& F2|2=E]22 nchal
o] JATFERES YeERATE on] Bl uie} Zo] B AFAelA
A% B 71x] E7F2 dinuclear half-titanoceneol] 2]3] HAH =
g2EAE wiEdT2E JeRIth ¥RFA<Q1 halftitanocene
dinulear halftitanocene®] Z}o]3-2 &4 ZHAAX = FARSIHL
U A E SPSe] YAITFAEA-S dinuclear halftitanocene®] T 9k
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