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Abstract

Effects of substituents on cyclopentadienyl group for homopolymerization of ethylene, 1-hexene, and for ethylene/1-hexene copolymeriza-
tion using a series afonbridged (cyclopentadienyl)(ketimide)titanium complexes of the type T&p ,(N=C'Bu,) [Cp’ = Cp (1), ‘BuCsH,
(2), CsMes (Cp*, 3), and indenyl 4)] have been explored in the presence of methylaluminoxane (MAO) cocatalyst. Compi&swwed
the similar catalytic activities for ethylene polymerization although the activity isas somewhat low, whereas the activity for 1-hexene
polymerization increased in the order 4 > 2 > 3. These complexes showed significant activities for ethylene/1-hexene copolymerization
affording high molecular weight poly(ethylerme-1-hexene)s with unimodal molecular weight distributions, and the activity increased in the
order:4>1 > 2, 3. Thergry values in the polymerization b§~3 at 40°C were 0.35-0.52 which clearly indicate that the 1-hexene incor-
poration in the copolymerization did not proceed in a random mannengaues byl-3 were 6.0-6.4 and the values were independent
upon the cyclopentadienyl fragment employed; thealues by4 at 40°C were 10.2—-10.9 which were close to thoseabga-metallocene
complex catalysts. These values were influenced by the polymerization temperature, and the 1-hexene incorpbrétiecye inefficient
at higher temperature, although the observed activities especiallydoyere highly remarkable.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction could produce new polymers that have never been prepared

by conventional Zigler—Natta catalysts, by ordinary met-

Design and synthesis of efficient transition metal com- gllocene type[1] and/or so-called ‘constrained geometry’

plex catalysts for controlled precise olefin polymerization (linked Cp-amide) type catalys{dd,e] We reported that
has attracted considerable attention in the field of cataly- nonbridged half-titanocenes containing an aryloxo ligand
sis, organometallic chemistry, and polymer chemigtr]. of the type, CHTi(OAr)X» (OAr = aryloxy group), exhib-
Nonbridged half-metallocene type group 4 transition metal ited the unique characteristifd—8]: an efficient catalyst
complexes of the type, Gd(L)X 2 (Cp' = cyclopentadienyl  for desired polymerization, especially for copolymerization
group; M =Ti, Zr, Hf; L = anionic ligand such as OAr,  of ethylene witha-olefin [4,5], styrene[6,7] and with nor-
NR2, NPRs, etc.; X = halogen, alkyl), have attracted con- borneng8] can be tuned by modifying the cyclopentadieny!
siderable attention (report concerning ethylene polymeriza- fragment. Half-titanocenes containing anilid&] or amide
tion using CpTiC4(O-4-XCsHa)-ELAICI (classical Ziegler  [18] ligand showed the similar characterisitics that the effi-
type) catalyst systenjp—20]. This is because that this type  cient catalyst for ethylene polymerization can be modified
of complex catalyst has been expected to exhibit uniqueto an efficient catalyst for syndiospecific styrene poly-
characteristics as olefin polymerization catalysts which merization only by replacing substituent on’Gp7b,18]

We believe that this should be one of the unique charac-

* Corresponding author. Tek:81 743 72 6041; fax}81 743 72 6049. teristics _Of _USing this type of complex catalyst for olefin
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By (N=C'Bup) (2), (indenyl)TiCh(N=C'Bu) (4) could also be
‘?7 Q ﬁ/ @@ isolated by the analogous procedure [by the reaction of
'BU\C//N/T"»'ég ‘Bu\C,/N/Tl;c’:g ‘Bu\C,’N/TIQé(P 'Bu\(l;,/N/TIQC':CIH CpPTiClz with Li(N=C’Bu,) in toluene], and were identified

by 'H, 13C NMR spectra and by elemental analyses.
Ethylene polymerizations byi—4 were performed in

Scheme 1. toluene at 25C in the presence of MAO white solid [pre-

pared by removing toluene and Allérom commercially

_ _ available MAO (PMAO, Tosoh Finechem Co.f} and
We have communicated recently that half-titanocenes o results are summarized ifable 1 It was revealed

con/taining ketir:wide ligand of the type, Gﬁmz(N:(_:IBW) that complexedl-3 exhibited the high catalytic activities,
[Cp’ =Cp (1), "'BuGsHa4 (2), Cp* (3)], showed high cat- 5y the activities increased at higher ethylene pressure
a]yt|c activities for gthylene polymerization regar;lless .Of (runs 2-3) and/or upon increasing Al/Ti molar ratio. The
kind of cyclopentadienyl fragment, and the catalytic activ- reqyitant polymers were linear polyethylene in all cases
ity for 1-hexene polymerization increased in the order .4 firmed by!3C NMR spectra, and possessed high molec-
> 2> 3 [21]. We have also s_howr_l _that these C(_)mplex_e_s ular weights with unimodal molecular weight distributions
also showed moderate catalytic activities for syndiospecific (PE by 1-3, My = 98.5-126x 10, My/My = 1.9-2.1
styrene polymerization, however, the observed activities o 1-7). It should be noted that the observed catalytic

were much lower than those with CRiCls under the  ,ivities by 1-3 were independent upon the substituent
same conditions. The observed effect in polymerlgatlon on Cp, although Cp analogues exhibited the highest cat-
of ethylene, 1-hexene and styrene witkl8 was quite dif-  yvtic activities for ethylene polymerization by a series of
ferent from those with half-titanocenes containing aryloxo CPTICla(L) (L = aryloxo, amide, anilide)-MAO catalyst
[4-6], anilide [17b], and :tamlde[18] ligands. tAIthough systemg4,5,17,18] In contrast, the observed catalytic ac-
syntheses of CHIX2(N=C'Bup), CpTiXa(N=C'BUz) (X jvities by the indenyl analogué were lower than those
=Cl, Me) and the reaction chemistry especially with by 1-3 under the same conditions (runs 8-9), and Mg
B(CeFs)s, [PANMeH][B(CeFs)a] have been knowr19]  \ayues for the resultant PE were low.

and we could also see that these complexes showed high  4p16 2summarizes results for 1-hexene polymerization

catalytic activities for olefin polymerizatiof20], the ob- 1,y 1 4 MAO catalyst systems under the conditions estab-
served fact that nature of anionic ancillary donor ligand |ished in the preliminary communicatidad]. It should be

plays an essential key role for both the catalytic activity and |, j:ad that the Cp analogu®) Ghowed much higher catalytic
the monomer reactivity should be important for designing activity than the Cp (3), /BuCp @) analogues, and the in-
a better catalyst precursor for precise olefin polymeriza- yony‘analogue4) also showed remarkable catalytic activ-
tion. Since we reported previously that half-litanocenes jjjos The activity as well as molecular weight for resultant
containing amide ligand incorporated 1-hexene relatively poly(1-hexene)s increased in the orders 2 > 3, and the
efficiently in et_hylene/l—hexene copolymerizé}tion Whe.f?as steric bulk on Cprather than the electronic effect thus plays
the 1-hexene incorporation was negligible if the anilide 5, ggsential role especially for exhibiting the high activity.
analogue was used insteqdl8], we thus have a strong o the contrary, it is not clear at this moment whgxhib-
interest to explore the effect of cyclopentadienyl fragment ;1. the high catalytic activity, althoughshowed relatively

for ethylene/1-hexene copolymerization using a series of |, catalytic activity for ethylene polymerization.
CpPTiCI>(N=C'Bup) [Cp' =Cp (), "BUCsH4 (2), CsMes

(Cp", 3), indenyl @), Scheme Lin the presence of MAO 2.2. Copolymerization of ethylene with 1-hexene by
cocatalyst. In this paper, we wish to introduce our explored 1-4-MAO catalyst systems

results concerning effect of cyclopentadienyl ligand in ethy-
lene, 1-hexene homopolymerization and ethylene/1-hexene
copolymerization byl-4-MAO catalyst systems.

I I I
Bu 1 Bu 2 Bu 3 ‘Bu 4

We reported previously that monomer incorporation
in ethylene/1-hexene copolymerization using a series of
half-titanocenes containing an aryloxo or amide ligand did
not proceed in a random manner, and both theandry

2. Results and discussion values were dependent upon the cyclopentadienyl fragment
used[5,18]. Moreover, these values were independent upon

2.1. Syntheses of Cp'TiCl(N=C'Bup) [Cp' = Cp (1), the polymerization temperatur®] although it has been

'BuCsHy (2), CsMes (Cp*, 3), and indenyl (4)] and known that these values were dependent upon the temper-

polymerization of ethylene, 1-hexene by 1-4-MAQO catalyst

systems

1 MAO white solid was chosen as the cocatalyst, because this MAO is

. —~t . —t quite effective to prepare poly(ethylewge-1-butene)s with narrow molec-
CpTIC|2(N C BUZ) (1) and CﬁTICIZ(N C Buz) (3) were ular weight distributions as well as with relatively high molecular weights

prepared in high yields (yield 76, 87%, respectively) ac- it our cp-aryloxy titanium and [MeSi(CsMes)(N'Bu)JTiCl, were em-
cording to the reported proceduf20a). (‘BuCsH4)TiCl» ployed as the catalyst precursor [4b].
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Table 1
Ethylene polymerization by CHiClo(N=C'Buy) [Cp’ = Cp (1), 'BuCsH4 (2), Cp* (3), indenyl @)]-MAO catalyst systents
Run cp AlTib Ethylene (atm) Polymer yield (mg) Activity(x1073) Myd (x1074) My/Mpd
1 Cp @ 10000 4 317 9.5 98.5 19
2 Cp @ 15000 4 445 13.4 96.6 1.9
3 Cp @ 15000 6 737 221 98.4 19
4 'BuCsHy4 (2) 10000 4 379 114 126 2.0
5 'BuCsHa (2) 15000 4 477 14.3 99.0 21
6 cp (3) 10000 4 443 13.3 116 2.1
7 Cp* (3) 15000 4 552 16.6 104 2.2
8 Indenyl @) 10000 4 248 7.4 55.9 2.2
9 Indenyl @) 15000 4 255 7.7 56.1 21

@ Conditions: complex 0.gmol, toluene 40 mL, MAO white solid, 40C, 10 min.

b Molar ratio of Al/Ti.

¢ Activity in kg-PE/mol-Tih.

d GPC data ino-dichlorobenzene vs. polystyrene standard.
Table 2
1-Hexene polymerization b§—4-MAQO catalyst systenfs
Run Cp (pnmol) MAO (mmol) (Al/Ti)P Activity My? (x107%) My/M,d
10 Cp1 (0.25) 2.0 (8000) 16800 61.7 1.6
11 Cp1 (0.25) 3.0 (12000) 16600 55.2 1.8
12 'BuCsHs 2 (2.5) 2.0 (800) 1310 28.5 1.7
13 'BuCsHs 2 (2.5) 3.0 (1200) 1240 29.6 1.6
14 Cp 3 (2.5) 2.0 (800) 569 13.0 1.6
15 Cp 3 (2.5) 3.0 (1200) 539 12.0 1.6
16 Indenyl4 (0.25) 2.0 (8000) 11900 28.1 1.7
17 Indenyl4 (0.25) 3.0 (12000) 12700 26.6 1.7

2 Conditions: toluene 0.5mL, 1-hexene 10 mL, MAO white solid (prepared by removing toluene and &ie ordinary MAQO), 25°C, 20 min.

b Molar ratio of Al/Ti.
¢ Activity in kg-polymer/mol-Tih.
d GPC data in THF vs. polystyrene standards.

ature if ordinary metallocene complexes were employed
as the catalyst precursfta—d,22] Moreover, we also re-
ported that 1-hexene incorporation in the copolymerization
was influenced by the nature of anionic donor liggh8].
Since effects of cyclopentadienyl fragment toward the cat-
alytic activity for ethylene, 1-hexene polymerization using
Cp-ketimide complexes were quite different from those
using Cp-aryloxy, Cp-amide and Cp-anilide complexes,
therefore, we have a strong interest to explore the copoly-
merization with1—4 in the presence of MAO.
Copolymerizations of ethylene with 1-hexene using
1-4-MAQO catalyst systems were conducted in toluene at
40°C and the results varying the Al/Ti molar ratios and the
1-hexene concentration are summarizetidhle 3 It should
be noted that botth and4 exhibited remarkable catalytic ac-
tivities for the copolymerization and the observed activities
were much higher than those for ethylene homopolymeriza-
tion [activities byl: 13.4 (run 2) versus 162 (run 21; 7.7
(run 9) versus 58.6 (run 41), 738 (run 43)]. In addition, the
activities (by1, 4) increased at higher 1-hexene concentra-
tion. The observed activities Hy4 were somewhat sensitive
to the Al/Ti molar ratios (especially i8), and the optimized
ratios depended on the cyclopentadienyl fragment em-
ployed Fig. 1). The resultant poly(ethylenes-1-hexene)s

possessed unimodal molecular weight distributions in most
cases although the distributions were rather broad when
was used at higher Al/Ti molar ratios. It is also important
to note thatM,, values for the copolymer prepared khy4
were higher than those for polyethylene [&4, values for
poly(ethyleneco-1-hexene)s versus polyethyleng, M,
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Fig. 1. Effect of aluminum cocatalyst in ethylene/1-hexene copolymeriza-
tion using 1-4-MAO catalyst systems. Conditions: complex 0.01 4)

or 0.2umol (2, 3), ethylene 4 atm, 1-hexene 2.00 mmol/mL, MAO white
solid, 40°C [1 (®): runs 22-242 ((J): runs 29-323 (@): runs 37-40,

4 (O): runs 45-47Table 3.
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Table 3
Ethylene/1-hexene copolymerization by T€I,(N=C'Buy) [Cp’ = Cp (1), 'BuCsH4 (2), Cp* (3), indenyl @)]-MAO catalyst systents
Effect of Al/Ti molar ratio and 1-hexene concentration

Run Complex fmol) MAO (mmol) 1-Hexene coné€. Polymer yield Activityd (x1073) My x 1074 Muw/Mp€
(AT x 1073)° (mmol/mL) (mg)

2 1(0.2) 3.0 (15.0) - 445 13.4 96.6 1.9
18 1(0.2) 3.0 (15.0) 1.00 1696 50.9 - -
19 1 (0.01) 1.0 (100) 1.00 264 158 162 2.4
20 1 (0.01) 2.0 (200) 1.00 328 197 154 2.2
21 1 (0.01) 3.0 (300) 1.00 270 162 111 2.1
22 1 (0.01) 1.0 (100) 2.01 451 271 140 2.9
23 1 (0.01) 2.0 (200) 2.01 472 283 163 2.4
24 1 (0.01) 3.0 (300) 2.01 425 255 121 2.3
25 2 (0.2) 1.0 (5.0) 1.00 680 20.4 142 2.3
26 2(0.2) 2.0 (10.0) 1.00 599 18.0 124 2.4
27 2 (0.2) 3.0 (15.0) 1.00 584 17.5 116 2.4
28 2(0.2) 4.0 (20.0) 1.00 584 17.5 110 2.3
29 2(0.2) 1.0 (5.0) 2.01 630 18.9 210 2.2
30 2(0.2) 2.0 (10.0) 2.01 601 18.0 155 21
31 2(0.2) 3.0 (15.0) 2.01 525 15.8 125 2.1
32 2(0.2) 4.0 (20.0) 2.01 523 15.7 106 25
33 3(0.2) 1.0 (5.0) 1.00 776 23.3 157 1.9
34 3(0.2) 2.0 (10.0) 1.00 658 19.7 89.4 1.9
35 3(0.2) 3.0 (15.0) 1.00 557 16.7 51.1 2.2
36 3(0.2) 4.0 (20.0) 1.00 450 135 50.1 21
37 3(0.2) 1.0 (5.0) 2.01 808 24.2 94.5 2.4
38 3(0.2) 2.0 (10.0) 2.01 565 17.0 51.0 2.4
39 3(0.2) 3.0 (15.0) 2.01 453 13.6 43.7 2.3
40 3(0.2) 4.0 (20.0) 2.01 421 12.6 38.1 2.3

9 4(0.2) 3.0 (15.0) - 255 7.7 56.1 2.1
41 4(0.2) 3.0 (15.0) 1.00 1952 58.6 - -
42 4 (0.01) 2.0 (200) 1.00 708 708 120 2.3
43 4 (0.01) 3.0 (300) 1.00 738 738 103 2.6
44 4 (0.01) 4.0 (400) 1.00 728 728 108 3.0
45 4 (0.01) 2.0 (200) 2.01 860 860 89.3 2.7
46 4 (0.01) 3.0 (300) 2.01 886 886 83.6 2.8
47 4 (0.01) 4.0 (400) 2.01 855 855 71.4 3.6

a Conditions: toluenet 1-hexene total 40 mL, ethylene 4 atm, 40 10 min (runs 18-41) or 6 mind( runs 42-47), MAO white solid.
b Molar ratio of Al/Ti.

¢ Initial 1-hexene concentration mmol/mL, 1-hexene 5.0 or 10.0mL (1.00 or 2.01 mmol/mL).

d Activity in kg-polymer/mol-Tih.

€ GPC data ino-dichlorobenzene vs. polystyrene standards.

=111 (run 21), 121 (run 24) versus 96.6 (run 2);My,
=103 (run 43), 83.6 (run 46) versus 56.1 (run 9)], although

the resultanM,y values decreased upon increasing the Al/Ti -
molar ratios. Since th#l,, values for the resultant copoly- =
mers were not dependent upon the Al/Ti molar ratios in g 1500
the copolymerization using half-titanocenes containing an E
aryloxo ligand, the fact is an interesting contrast of using 21200
this type of complex for the polymerization. = 900
Tables 4 and Summarize results for the copolymeriza- & 800
tion at various ethylene pressures. Although the observed g 300
catalytic activities were relatively sensitive to the Al/Ti mo- =
lar ratios, the activities increased at higher ethylene pressure E 0

(Fig. 2. As shown inFig. 2, the activity with a series of A thylone/ atm
CpPTiCl2(N=C'Buy)-MAQO catalyst system increased in the

order (ethylene 6 atm, 1-hexene 2.01 mmol/mi.y: 1 2, ethylene/1-hexene copolymerization usifg4-MAO catalyst systems.
3. TheMW values for reSU|tam_ poly(ethyleml-hexene)s Conditions: complex 0.01 1( 4) or 0.2umol (2, 3), 1-hexene
were high, and thé,, values increased at higher ethylene 2,00 mmol/mL, MAO white solid 2.0%-3) or 3.0mmol @), 40°C, 10
pressure in most case. Moreover, the observed catalytic ac{1-3) or 6 min @).

Fig. 2. Effect of ethylene pressure for the catalytic activity in
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Table 4
Ethylene/1-hexene copolymerization by 'Ti€l,(N=C'Buy) [Cp' = Cp (1), ‘BuCsH4 (2), Cp* (3)]-MAO catalyst systenfs
Effect of ethylene pressure

Run Complex MAO (mmol ) Ethylene 1-Hexene coné. Activityd x 1073 My® (x10~%) My/Mp®
(wmol) (AlTi x 1073)P (atm) (mmol/mL)
48 1(0.01) 1.0 (100) 6 1.00 268 179 2.4
49 1(0.01) 2.0 (200) 6 1.00 331 174 25
22 1(0.01) 1.0 (100) 4 2.01 271 140 2.9
50 1(0.01) 1.0 (100) 6 2.01 317 157 2.8
51 1(0.01) 1.0 (100) 8 2.01 475 204 2.1
23 1(0.01) 2.0 (200) 4 2.01 283 163 2.4
52 1(0.01) 2.0 (200) 6 2.01 342 162 2.3
53 1(0.01) 2.0 (200) 8 2.01 517 217 1.9
26 2(0.2) 2.0 (10.0) 4 1.00 18.0 124 2.4
54 2(0.2) 2.0 (10.0) 6 1.00 29.0 196 2.2
55 2(0.2) 2.0 (10.0) 8 1.00 36.3 203 1.8
27 2(0.2) 3.0 (15.0) 4 1.00 175 116 2.4
56 2(0.2) 3.0 (15.0) 6 1.00 29.6 139 2.7
57 2(0.2) 3.0 (15.0) 8 1.00 38.0 140 2.4
30 2(0.2) 2.0 (10.0) 4 2.01 18.0 155 2.1
58 2(0.2) 2.0 (10.0) 6 2.01 30.7 195 1.9
59 2(0.2) 2.0 (10.0) 8 2.01 44.3 162 2.3
31 2(0.2) 3.0 (15.0) 4 2.01 158 125 2.1
60 2(0.2) 3.0 (15.0) 6 2.01 31.7 138 2.5
61 2(0.2) 3.0 (15.0) 8 2.01 46.1 174 2.1
62 3(0.2) 2.0 (100) 6 1.00 34.9 138 1.7
63 3(0.2) 3.0 (15.0) 6 1.00 32.7 100 18
38 3(0.2) 2.0 (10.0) 4 2.01 17.0 51.0 2.4
64 3(0.2) 2.0 (10.0) 6 2.01 33.0 105 2.4
65 3(0.2) 2.0 (10.0) 8 2.01 48.9 142 2.1
39 3(0.2) 3.0 (15.0) 4 2.01 136 43.7 2.3
66 3(0.2) 3.0 (15.0) 6 2.01 29.7 107 2.0
67 3(0.2) 3.0 (15.0) 8 2.01 49.7 111 2.1

a Conditions: toluenet 1-hexene total 40 mL, MAO white solid prepared by removing toluene and 4IM&°C, 10 min.
b Molar ratio of Al/Ti.

¢ Initial 1-hexene concentration in mmol/mL.

d Activity in kg-polymer/mol-Tih.

€ GPC data ino-dichlorobenzene vs. polystyrene standards.

Table 5
Ethylene/1-hexene copolymerization by (indenyl) BiI=C'Bu,) (4)-MAO catalyst systenfs
Effect of ethylene pressure

Run Complex MAO (mmol) Ethylene 1-Hexene coné. Activityd (x1073) My® (x107%) My/Mp€
(pmol) (AT x 1073)P (atm) (mmol/mL)
43 4 (0.01) 3.0 (300) 4 1.00 738 103 2.6
68 4 (0.01) 3.0 (300) 6 1.00 828 94.9 3.2
69 4 (0.01) 3.0 (300) 8 1.00 975 116 3.0
44 4 (0.01) 4.0 (400) 4 1.00 728 108 3.0
70 4 (0.01) 4.0 (400) 6 1.00 868 100 3.2
71 4 (0.01) 4.0 (400) 8 1.00 1030 104 3.3
46 4 (0.01) 3.0 (300) 4 2.01 886 83.6 2.8
72 4 (0.01) 3.0 (300) 6 2.01 1160 93.1 3.1
73 4(0.01) 3.0 (300) 8 2.01 1270 138 2.3
47 4 (0.01) 4.0 (400) 4 2.01 855 71.4 3.6
74 4(0.01) 4.0 (400) 6 2.01 1160 79.7 3.5
75 4 (0.01) 4.0 (400) 8 2.01 1260 123 2.4

@ Conditions: toluenet 1-hexene total 40 mL, MAO white solid prepared by removing toluene and 4IM@°C, 6 min.
b Molar ratio of Al/Ti.

¢ Initial 1-hexene concentration in mmol/mL.

d Activity in kg-polymer/mol-Tih.

€ GPC data ino-dichlorobenzene vs. polystyrene standards.
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Table 6

Triad sequence distributions for poly(ethylec@i-hexene)s prepared by QfCl,(N=C'Bu,) [Cp’ = Cp (1), ‘BuCsH4 (2), Cp* (3), indenyl @)]-d-MAO
catalyst systef

Run Complex 1-Hexene 1-Hexene  Triads (%} Dyads (%Y re€ ru® rery’
conc. contenf®
(mmol/ml)  (mol%) EEE HEE+ HEH EHE HHE+4+ HHH EE EH+ HH
EEH EHH HE
21 1 1.00 25.0 38.7 294 6.9 193 5.3 0.5 53.4 435 31 6.0 0.059 0.35
26 2 1.00 24.5 38.7 295 7.2 184 4.9 1.2 53.5 429 36 6.1 0.069 042
34 3 1.00 25.8 38.8 283 7.1 185 6.7 0.6 52.9 431 40 6.0 0.075 045
43 4 1.00 19.1 544 228 3.7 145 4.3 0.3 65.8 31.7 24 10.2 0.063 0.64
Cp*iCl»(OAr) (59 0.73 24.6 40.0 29.6 58 194 46 0.6 55.1 425 24 264 011 0.29
23 1 2.01 38.7 199 285 129 218 155 1.4 34.2 56.7 91 59 0.066 0.39
30 2 2.01 395 20.3 28.0 122 211 148 3.7 34.3 54.6 111 6.2 0.082 0.51
38 3 2.01 40.1 204 26.8 128 19.7 179 2.5 33.8 54.8 115 6.1 0.085 0.52
45 4 2.01 30.8 35.7 26.7 6.8 17.7 129 0.2 49.0 443 6.7 109 0.061 0.67
Cp*iCl(OAr) (5)h 1.45 42.6 12.2 26.0 19.2 222 16.8 3.6 25.2 62.8 120 229 0.13 0.31

a Conditions, seéfable 3(toluene+ 1-hexene total 40 mL, ethylene 4 atm, 4D, 6 or 10 min).

b 1-Hexene content in mol% estimated BYC NMR spectra[23].

¢ Estimated by'3C NMR spectrg[23].

d [EE] = [EEE] + 1/2[EEH + HEE], [EH + HE] = [HEH] + [EHE] + 1/2{[EEH + HEE] + [HHE + EHH]}, [HH] = [HHH] + 1/2[HHE + EHH].
e rg = [H]o/[Elo x 2[EEJ[EH + HE], ry = [Elo/[Hlo x 2[HHJ[EH + HE] [24].

' rery = 4[EE][HH)/[EH + HE]2.

9 Ethylene 7 atm, CPTiCl,(0-2,6°Pr,CgHs) (5) [5b].

h Ethylene 5atm, comple% [5h].

tivities by 1, 4 increased upon increasing the 1-hexene con- aryloxo [5], amide [18] ligand in which monomer reac-
centration in all cases. The indenyl analogwexhibited no- tivities and monomer sequence distributions were highly
table catalytic activities (728-1270 kg-polymer/mmol-Tih) dependent upon substituent in both cyclopentadienyl and
affording high molecular weight copolymers, although aryloxy/amide ligand. Theg values by1-3 are 5.9-6.2
the molecular weight distributions were somewhat broad which are somewhat larger than linked Cp-amide titanium

(Myw/Mp = 2.4-3.6). complex like [MeSi(CsMes)(N'Bup)]TIiCl2 (6, re = 3.42)
and Cp-aryloxo titanium compleX (rg = 2.24—2.64) under

2.3. Effect of cyclopentadienyl fragment on monomer the same conditionfbb]; the ry values were 0.059—-0.085

reactivities and monomer sequence distributions which are somewhat smaller thah (ry = 0.29) and5

(re =0.11-0.13) under the same conditions. These re-

Table 6 summarizes triad sequence distributions, the sults clearly indicates that the 1-hexene incorporation by
dyads, andgry values estimated based 5fC NMR spec- Cp-ketimide complexes of the type, @iClo(N=C'Buy),
tra for poly(ethylenezo-1-hexene)s prepared under the same was not efficient as those by linked Cp-ami@?, @nd our
conditions (ethylene 4 atm, 4C, initial 1-hexene conc.  Cp-aryloxo §) titanium complexes under the same con-
1.00 or 2.01 mmol/mL)23,24] Typical 13C NMR spectra  ditions [5b]. These results also indicate that 1-hexene in-
for resultant poly(ethylenee-1-hexene)s are also shown in  corporation in the copolymerization using half-titanocenes
Fig. 3. The results by CpTiCly(0-2,6{Pr,CeH3) (5) are of the type, Cfili(L)X 2, was affected by the nature of
also shown for comparisdidb]. The resultantery values anionic donor ligand (L) employed. Although the indenyl
by 1-3 were 0.35-0.52, indicating that 1-hexene incorpora- analogue4 exhibited remarkable catalytic activities afford-
tion in the copolymerization did not proceed in a random ing high molecular weight poly(ethylerss-1-hexene)s,
manner. Since this can not be seen in the copolymerizationthe 1-hexene contents were lower than thoselby un-
with ordinary metallocene type and/or linked Cp-amide der the same conditions. Thie values are 10.2-10.9 that
complex catalyst$5,22], but can be seen with nonbridged are almost similar to those bgnsa-metallocene complex
half-titanocenes containing an aryloi®], amide[18] lig- catalystq22,25]
and, therefore, this is one of the unique characteristics seen Table 7 summarizes effect of ethylene pressure toward
in the copolymerization using half-titanocene containing the triad sequence distributions, the dyads, monomer reac-
anionic ancillary donor ligand. The:ry values estimated tivity and rery values estimated based &fC NMR spec-
by 4 were 0.64-0.67 that were larger than thoselbg. tra for poly(ethylenezo-1-hexene)q23,24] The 1-hexene

It should be noted that theg values by 1-3 were contents decreased at higher ethylene pressure, whereas
not influenced by the cyclopentadienyl fragment em- rg, ry, andrery values did not change under these poly-
ployed, and the fact is different from those observed in merization conditions. These results also suggest that the
the copolymerization by half-titanocenes containing an monomer reactivities and monomer sequence distribu-
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Fig. 3. Typical’3C NMR spectra [in 1,3,4-trichlorobenzene/benzegd@D/10; wiw) at 130C] for poly(ethyleneso-1-hexene)s prepared Hy-4-MAO
catalyst system [(a) run 23 by, (b) run 30 by2, (c) run 38 by3, (d) run 45 by4].

tions by 1-3 were not dependent upon cyclopentadienyl cially by metallocene-type catalyst, the copolymerization
fragment. proceeds in a random manner and the monomer sequences
Generally, structural features of the catalyst, in particular obey the first order Markov modg2,25] We also reported
the steric bulk of ligand, bite angle, configuration and confor- that the comonomer incorporation in the copolymerization
mation, should influence the coordination and/or insertion of using5 obeys first order Markov mod¢bb]. Sincerg and
monomers in transition metal catalyzed coordination poly- ry values byl-3 were not dependent upon the cylopentadi-
merization reactions, and this is an distinct difference from enyl fragment employed, we explored the behaviors in the
conventional radical and ionic polymerization reactif#ts. copolymerization (monomer sequences in the copolymer).
In most cases of ethylenreblefin copolymerization, espe-  Table 8summarizes the analysis results for triad sequence

Table 7

Triad sequence distributions for poly(ethylec@1-hexene)s prepared by QiCl2(N=C'Bu,) [Cp' = Cp (1), ‘BuCsH4 (2), Cp*(3), indenyl @)]-d-MAO
catalyst systefh

Effect of ethylene pressure

f

Run Complex Ethylene 1-Hexene Triads (%¥ Dyads (%Y re®  ry® rery
(atm) conten?
(Mol%) EEE HEE+ HEH EHE HHE+ HHH EE EH + HH
EEH EHH HE

23 1 4 38.7 199 285 12.9 21.8 155 1.4 342 56.7 9.1 59 0.066 0.39
52 1 6 28.9 31.8 30.3 8.9 20.9 6.9 1.1 47.0 484 4.6 6.4 0.057 0.37
53 1 8 24.1 40.7 28.8 6.4 18.9 4.4 0.8 55.1 419 3.0 6.5 0.058 0.38
30 2 4 39.5 20.3 28.0 12.2 21.1 14.8 3.7 343 546 111 6.2 0.082 051
58 2 6 30.0 320 289 9.1 19.7 9.5 0.8 46.5 48.0 5.6 6.4 0.071 0.45
38 3 4 40.1 20.4 26.8 12.8 19.7 17.9 2.5 33.8 548 115 6.1 0.085 0.52
64 3 6 31.1 30.2 2838 9.9 19.6 9.6 1.9 446 48.7 6.7 6.0 0.084 0.50
45 4 4 30.8 35.7 26.7 6.8 17.7 12.9 0.2 49.0 443 6.7 109 0.061 0.67
72 4 6 22.2 457 26.7 54 16.1 4.5 1.6 59.0 37.1 39 104 0.064 0.66
73 4 8 18.2 547 237 35 13.8 3.8 0.5 66.5 311 24 105 0.063 0.66

@ Polymerization conditions, seEables 3-5(1-hexene 10 mL, toluene 30mL, 4@, 6 or 10 min).

b 1-Hexene content in mol% estimated BYC NMR spectra[23].
¢ Estimated by!3C NMR spectrg[23].
d [EE] = [EEE] + 1/2[EEH + HEE], [EH + HE] = [HEH] + [EHE] + 1/2{[EEH + HEE] + [HHE + EHH]}, [HH] = [HHH] + 1/2[HHE + EHH].
€ re = [H]o/[E]lo x 2[EE)[EH + HE], rq = [E]o/[H]o x 2[HH)/[EH + HE] [24].
f rery = 4[EE][HH)/[EH + HE]2.
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Calculated and observed monomer sequence distirbution of poly(ethydehdiexene)s prepared y-42

Run Complex 1-Hexene  Method Dyads (%) Triad sequence distribution (%)
mol%

( ) EE EH + HE HH EEE EEH+ HEE HEH EHE HHE+ EHH HHH

5¢ 24.6 Exp. 55.1 42.5 2.4 40.0 29.6 5.8 194 4.6 0.6
Cp-Ar M1 39.7 30.7 5.9 19.1 4.3 0.2
B 44.5 27.6 4.3 13.8 8.5 1.3

21 1 25.0 Exp. 53.4 43.5 3.1 38.7 29.4 6.9 19.3 5.3 0.5
M1 37.9 30.9 6.3 19.0 5.4 0.4
B 42.4 28.1 4.6 14.0 9.3 15

23 1 38.7 Exp. 34.2 56.7 9.1 19.9 28.5 12.9 21.8 155 14
M1 18.7 31.0 12.8 215 13.8 2.2
B 24.4 29.3 8.8 14.7 17.5 5.3

26 2 24.5 Exp. 53.5 429 3.6 38.7 29.5 7.2 18.4 4.9 1.2
M1 38.2 30.6 6.1 18.4 6.2 0.5
B 42.1 28.1 4.7 14.1 9.4 1.6

34 3 25.8 Exp. 52.9 43.1 4.0 38.8 28.3 7.1 18.5 6.7 0.6
M1 37.6 30.6 6.2 18.2 6.7 0.6
B 41.3 28.3 4.9 14.2 9.7 1.7

43 4 191 Exp. 65.8 31.7 2.4 54.4 22.8 3.7 14.5 4.3 0.3
M1 53.1 25.6 3.1 13.8 4.2 0.3
B 54.4 24.4 2.7 12.2 5.5 0.6

45 4 30.8 Exp. 49.0 44.3 6.7 35.7 26.7 6.8 17.7 12.9 0.2
M1 33.7 305 6.9 17.0 10.3 1.6
B 36.0 29.2 59 14.6 11.8 2.4

a Detailed polymerization conditions, s@able 6

b Exp. = experimental value, B= calculated value from dyads based on the Bernoullian model,=Mlculated value from dyads based on the

simple first order Markov model [28].
¢ Result by CpTiCl,(0-2,64Pr,CgHz3) (5) [5b].

distributions that are estimated from the dyads based on ei-lian model, as seen in the copolymerizationdAlthough
ther the Bernoullian or the simple first order Markov motlel.
It turned out that the distributions in the copolymerization tion metal catalyzed olefin copolymerization, we would at

by 1-4-MAO system are good agreements with those by the least say that the last inserted monomer unit should give
first order Markov model rather than those by the Bernoul- a great influence to insert and/or coordinate next monomer

2 These calculations were made based on dyad distributions ac-
cording to the following assumption: (a) calculation of triad se-
quence distribution according to the simple first order Markov model,

P1(E) = Pue/(Pie + Pen), P1(H) = Pen/(Pen + Pug), Pen =1 —
Pee = [EHJ/(EE] + [EH]) = 0.5[HE + EHJ/([EE] + 0.5[HE + EH]),
Pie =1 — Puy —[HEV(EE] +[HE]) = O.S5[HE + EHJ/(HH]
+ 0.5[HE + EH]); [EE] = P2(EE) = P1(E)Pee = Pue(1 — Pen)/(Pue
+ Pen), [EH + HE] = P2(EH) + P2(HE) = P1(E)Pec + P1(H)PrE
= 2PenPre/(Pen + Prg), [HH] = P2(HH) = P1(H)Pun = Pen(l —
Pue)/(Pen + PuE); [EEE] = P3(EEE) = P1(E)PeePee = Phe(l —
Pen)(1 — Pen)/(Pue + Pen), [EEH + HEE] = P3(HEE) + P3(EEH)
= P1(H)PHePee + P1(E)PeePen = 2PenPHe(1 — Pen)/(Pen + PHE),
[HEH] = P3(HEH) = P1(H)PuePen = PrePHEPER/(PHE + Pen), [EHE]
= P3(EHE) = PhePenPen/(PHE + Pen), [HHE + EHH] = P3(HHE)
+ P3(EHH) = 2PguPre(l — Pue)/(Pen + Prg), [HHH] = P3(HHH)
= Pen(1 — Pre)(X — Pue)/(Pue + Pen). (b) Calculation of triad se-
guence distribution according to the Bernoullian mode{(E) = Pg
—1 — Py = ([EE] + 0.5[EH + HE/(EE] + [EH + HE] + [HH]);
[EE] = P2(EE) = PgPg, [EH + HE] = P2(EH) + P2(HE) = 2PgPy,
[HH] = P2(HH) = PyPy, [EEE] = P3(EEE) = PePePg, [EEH + HEE]
= P3(HEE) + P3(EEH) = PyPePg + PePePy = 2PyPePg, [HEH]
= P3(HEH) = PyPgPy, [EHE] = P3(EHE) = PPy Pg, [HHE + EHH]
= P3(HHE) + P3(EHH) = 2Py PyPg, [HHH] = P3(HHH) = P4PHPH.

this tendency is the general characteristic feature in transi-

unit by choosing favored conformation.

2.4. Effect of polymerization temperature toward monomer
reactivates and monomer segquence distributions

We reported thate andry values in the ethylene/1-hexene
copolymerization by CfTiCl,(0-2,6¢Pr,CgH3) (5) were
not affected by the polymerization temperatufb],
and this is an unigque contrast to those using ordinary
metallocene-type complex catalysg2], in which bothrg
andry values are strongly influenced by the polymerization
temperature. Since we assume that this is one of the unique
characteristics of using nonbridged half-titanocenes for the
copolymerization, we explored the temperature dependence
in the copolymerization by—4. The polymerization results
are summarized iffable 9 and Table 10summarizes ef-
fect of the temperature on the monomer reactivities and the
monomer sequence distributiof#3,24]

The catalytic activity increased at higher temperatufe if
3, and4 were employed as the catalyst, and Mg values
for resultant copolymer as well as the 1-hexene contents
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Table 9
Ethylene/1-hexene copolymerization by Ti€l,(N=C'Bu,) [Cp' = Cp (1), 'BuCsH4 (2), Cp* (3), indenyl @)]-MAO catalyst systents
Effect of temperature

Run Complex gmol) MAO (mmol) Temperature °C) Activity® (x1073) My? (x107%) My/M,¢d
(AT x 10°3)P
76 1 (0.01) 3.0 (300) 25 114 169 2.4
21 1 (0.01) 3.0 (300) 40 162 111 23
77 1 (0.01) 3.0 (300) 60 223 101 26
78 2(0.2) 2.0 (10.0) 25 17.0 202 23
26 2(0.2) 2.0 (10.0) 40 18.0 124 2.4
79 2(0.2) 2.0 (10.0) 60 14.4 102 26
80 3(0.2) 2.0 (10.0) 25 12.6 113 2.6
34 3(0.2) 2.0 (10.0) 40 19.7 89.4 1.9
81 3(0.2) 2.0 (10.0) 60 25.0 50.5 2.4
82 4 (0.01) 3.0 (300) 25 638 148 2.3
43 4 (0.01) 3.0 (300) 40 738 103 26
83 4 (0.01) 3.0 (300) 60 585 90.9 2.4

@ Reaction conditions: toluene 1-hexene total 40 mL, 1-hexene 5.0 mL (1.00 mmol/mL), MAO white solid prepared by removing toluene angl AlMe
6 (by 4) or 10min (by1-3).

b Molar ratio of Al/Ti.

¢ Activity in kg-polymer/mol-Tih.

d GPC data ino-dichlorobenzene vs. polystyrene standards.

decreased at higher temperature in all cases whévigas  seen in the copolymerization using ordinary metallocene

values for the copolymer by were not influenced by both  type complex catalystf??], but are quite different from

the polymerization temperature and the Al/Ti molar ratios those using half-titanocenes containing an aryloxo ligand

[5b]. These suggest that dominant chain transfer reactions[5]. Therg value by4 also increased at higher temperature

in the copolymerization byi—4 were different from that (re = 7.4, 10.2, 14.9 at 25, 40, 6C, respectively), and the

by 5. rery values seemed increasing. We do not have clear reason
Noteworthy is thatrg value by1-3 increased at higher  why the indenyl analogué exhibit different behavior from

temperaturerg = 4.5, 6.0, 8.4 at 25, 40, 6, respec- 1to 3, we believe, these are unique characteristics of using

tively), although thergry values were unchanged under this type of complexes as the catalysts for this copolymer-

these conditions. These are similar observation that can beization. These results clearly indicate that complexe$

Table 10
Temperature dependence toward the triad sequence distributions for poly(etbgdgsexene)s prepared by QjiClo(N=C'Buy) [Cp’ = Cp (1), 'BuCsH4
(2), Cp* (3), indenyl @)]-d-MAO catalyst systerh

Run Complex Temperature 1-Hexene Triads (%} Dyads (% re€  rg®  rery’
(°C) conten?
(Mol%) EEE HEE+ EEH HEH EHE HHE+EHH HHH EE EH+HE HH

76 1 25 26.9 345 30.7 7.9 205 5.2 1.2 499 464 38 45 0.079 0.35
21 1 40 25.0 38.7 294 6.9 19.3 5.3 0.5 53.4 435 31 6.0 0.059 0.35
77 1 60 23.0 425 28.8 57 18.1 49 0.1 56.8 40.6 25 84 0.041 0.34
78 2 25 28.4 344 291 8.0 195 7.2 1.6 49.0 458 52 44 011 049
26 2 40 24.5 38.7 295 7.2 184 49 1.2 53.5 429 36 6.1 0.069 0.42
79 2 60 24.7 414 27.8 6.2 17.8 6.7 0.2 55.3 41.2 35 8.1 0.057 0.46
80 3 25 26.2 39.1 276 7.1 186 7.5 0.1 529 432 39 51 0.086 0.44
34 3 40 25.8 38.8 283 7.1 185 6.7 0.6 529 431 40 6.0 0.075 0.45
81 3 60 25.8 39.0 28.0 7.2 17.7 7.2 0.9 53.0 425 45 75 0.07 053
82 4 25 20.1 495 25.8 4.6 15.0 5.0 Trace 62.4 35.0 26 7.4 0.070 0.52
43 4 40 19.1 544 228 3.7 145 43 0.3 65.8 31.7 24 10.2 0.063 0.64
83 4 60 16.2 585 225 2.8 125 35 0.2 69.8 28.2 20 149 0.046 0.68

@ Polymerization conditions, seEable 8(1-hexene 5mL, toluene- 1-hexene total 40 mL, ethylene 4 atm, °4D, 6 or 10 min, MAO white solid).
b 1-Hexene content in mol% estimated BC NMR spectra[23].

¢ Estimated by!3C NMR spectrg[23].

d [EE] = [EEE] + 1/2[EEH + HEE], [EH + HE] = [HEH] + [EHE] + 1/2{[EEH + HEE] + [HHE + EHH]}, [HH] = [HHH] + 1/2[HHE + EHH].
€ rg = [H]o/[Elo x 2[EEJ/[EH + HE], rqy = [E]o/[H]o x 2[HHJ/[EH + HE] [24].

f rery = 4[EE][HH)/[EH + HE]2.
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may not be suited as the catalyst for the copolymerization HPLC grade THF was used for GPC and were degassed
at higher temperature due to the inefficient 1-hexene incor- prior to use, and GPC columns (ShimPAC GPC-806, 804

poration, althoughl, 4 exhibited the remarkable catalytic
activities.

We have shown that (cyclopentadienyl)(ketimide)tita-
nium(lV) complexes of the type, CRCIl2(N=C'Buy),
exhibited remarkable catalytic activities especially for
copolymerization of ethylene with 1-hexene. Although the
1-hexene incorporations k-4 were not efficient as those
by CpTiCly(0-2,6¢Pr,CeHz3) (5), the My, values for the

and 802, 30cnmx 8.0 mmg, spherical porous gel made of
styrene/divinylbenzene copolymer, ranging froai(? to

2 x10" MW) were calibrated versus polystyrene standard
samples.

All H and13C NMR spectra were recorded on a JEOL
JNM-LA400 spectrometer (399.65MHZH). All deuter-
ated NMR solvents were stored over molecular sieves under
nitrogen atmosphere, and all chemical shifts are given in

resultant copolymers were high. Based on results shownppm and are referenced to W&. All spectra were ob-
in this paper, it was revealed that the 1-hexene incorpora-tained in the solvent indicated at 26 unless otherwise
tion in the ethylene/1-hexene copolymerization and effect noted.13C NMR spectra for polyethylene, poly(1-hexene)s,

of cyclopentadienyl fragment for the catalytic activities in

and poly(ethyleneo-1-hexene)s were recorded on a JEOL

olefin polymerizations using nonbridged half-titanocenes JNM-LA400 spectrometer (100.40 MHZ3C) with proton

of the type, CfTi(L)X2 (L = anionic ancillary ligand),
were affected by the nature of anionic ancillary ligand
employed.

3. Experimental

3.1. General procedure

All experiments were carried out under nitrogen atmo-

sphere in a Vacuum Atmospheres drybox or using standard

decoupling. The pulse interval was 5.2s, the acquisition
time was 0.8s, the pulse angle was®°9@nd the num-
ber of transients accumulated was ca. 10,000. The analy-
sis samples of polyethylene, poly(ethylecei-hexene)s
were prepared by dissolving polymers in a mixed solution
of 1,3,4-trichlorobenzene/benzeng-@0/10; w/w), and
the spectrum was measured at 180 The samples for
poly(1-hexene)s were measured in CR@Elemental analy-
ses were performed by using PE2400II Series (Perkin-Elmer
Co.).

Schlenk techniques unless otherwise specified. Anhydrous3.2. Synthesis of (‘BuCsHy)TiCl2(N=C'Buy) (2)

grade of toluene (Kanto Chemical Co., Inc.) was stored in
a Schlenk tube in the drybox in the presence of molecular

sieves. Ethylene for polymerization was of polymerization

Synthetic procedure fa was the same as that far ex-
cept that {(BuCsH4)TiCl3 (1.00g, 3.63 mmol) was used in

grade (purity >99.9%, Sumitomo Seika Co. Ltd.) and was place of CpTiC} (LIN=C'Buy 535 mg, 3.63 mmol, toluene
used as received. 1-Hexene of reagent grade (Wako Chem25mL). The resultant solid, after passing through Celite
ical Co. Ltd.) was stored in the drybox in the presence of pad and removal of toluene, was dissolved in a minimum

molecular sieves, and was used without further purification.

Toluene and AlMg in the commercially available methy-
laluminoxane [PMAO-S, 9.5wt.% (Al) toluene solution,

amount of E40 and was layered by-hexane. The solution
gave pale-red microcrystals upon standing. Yield 710 mg
(52%). 'H NMR (CDCl): 8§ 6.44 (t, 2H, J=5.2Hz,

Tosoh Finechem Co.] were taken to dryness under reduced BuCsH,), 6.40 (t, 2H, J= 5.6 Hz, 'BuCsH4), 1.39 (s,

pressure (at ca. 5@ for removing toluene, AlMg and
then heated at >10@ for 1 h for completion) in the dry-
box to give white solids. Syntheses of CpTiN=C'Buy)
(1), Cp*TiCl2(N=C'Buy) (3) were according to the previous
report[19,20]

Molecular weight and molecular weight distribution
for polyethylene and poly(ethylerm-1-hexene)s were
measured by gel
HLC-8121GPC/HT) with polystyrene gel column (TSK gel
GMHyr-H HT x 2, 30cmx 7.8 mmg¢ i.d.), ranging from
<10?to < 2.8 x 108 M,,) at 140°C usingo-dichlorobenzene
containing 0.05% (w/v) 2,6-diert-butyl-p-cresol as sol-

vent. The molecular weight was calculated by a stan-

9H, (CHg)3CCp), 1.28 (s, 18H, KC(CHg)3). 13C NMR
(CDCh): § 203.8, 148.8, 114.7, 115.6, 46.7, 31.1, 30.3.
Anal. Calcd. for GgH31CIoNTi: C, 56.68; H, 8.22; N, 3.68.
Found: C, 56.79; H, 8.50; N, 3.58.

3.3. Synthesis of (indenyl) TiClo(N=C'Buy) (4)

permeation chromatography (Tosoh Synthetic procedure fod was the same as that fdy

except that (indenyl)TiGI(1.00g, 3.75mmol) was used in
place of CpTiC} (LIN=C'Bu, 553 mg, 3.75 mmol, toluene
12 mL). The resultant solid, after passing through Celite pad
and removal of toluene, was dissolved in a minimum amount
of toluene and was layered by-hexane. Yield 818 mg

dard procedure based on the calibration with standard (59%). 'H NMR (CDCk): § 7.77, 7.61-7.68, 7.43-7.46,

polystyrene samples.
ular weight distributions for resultant polypropylene,

Molecular weights and molec-

7.36-7.39, 7.29-7.31 (m, Ind), 6.82 (t, Ind), 6.51 (d, Ind),
1.24 (s, 18H, (€I13)3C-).13C NMR (CDCk): § 206.1 (C

poly(1-hexene)s were measured by GPC (Shimadzu= N), 127.4,125.6,119.1,112.1,109.2 (Ind), 47.4 (GEH

SCL-10A with RID-10A detector) in THF (containing
0.03 wt.% 2,6-ditert-butyl-p-cresol, flow rate 1.0 mL/min).

30.1 (C(CH)3). Anal. Calcd. for GgH25CIoNTI: C, 57.78;
H, 6.73; N, 3.74. Found: C, 57.55; H, 6.79; N, 3.67.
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3.4. Ethylene polymerization, ethylene/1-hexene
copolymerization

Acknowledgements

The part of this research is supported by Grant-in-Aid

The typical reaction procedure for ethylene polymeriza- from the Ministry of Education, Science, Sports and Culture
tion (run 1, Table ) is as follows. Toluene (39 mL), and of Japan (No. 13555253). K.N. would like to express his
d-MAO solid (116 mg, 2.0 mmol) were added into the auto- heartfelt thanks to Tosoh Finechem Co. for donating MAO
clave (100 mL scale stainless steel) in the drybox, and the (PMAO-S). K.N. also thanks to Dr. H. Shirai (Asahi Kasei
reaction apparatus was then placed in an oil bath preheatedChemicals Co., Ltd.) for helpful discussion, and to Asahi
at 40°C, and was filled with ethylene (1atm). A toluene Kasei Chemicals Co., Ltd. for sordéC NMR analysis for
solution (1.0 mL) containind. (0.2pmol) was then added  poly(ethyleneeo-1-hexene)s.
into the autoclave, and the reaction apparatus was then im-
mediately pressurized to 3atm (ethylene total 4 atm). The
mixture was magnetically stirred for 10 min, ethylene re- References
mained was purged after the reaction, and the mixture was
then poured into EtOH (50 mL) containing HCI (5mL). The
resultant polymer was collected on a filter paper by fil-
tration, and was adequately washed with EtOH, and was
then dried in vacuo. Basic experimental procedure in the
ethylene/1-hexene copolymerization was the same as that in
ethylene homopolymerization except that a certain amount
of 1-hexene was added in place of toluene partially (total
amount 29 mL).

The 1-hexene contents and the monomer sequence di
tributions in the resultant poly(ethyleme-1-hexene)s were
estimated by the previous report usti§ NMR spectra of
copolymer. The calculation af: andry values are based
on dyads by the following equationdHJp and [E]o are the
initial monomer concentrations, respectively):

[1] (a) For example (Review). H.H. Brintzinger, D. Fischer, R. Mul-
haupt, B. Rieger, R.M. Waymouth, Angew. Chem. Int. Ed. Engl. 34
(1995) 1143;

(b) W. Kaminsky, Macromol. Chem. Phys. 197 (1996) 3903;
(c) W. Kaminsky, M. Arndt, Adv. Polym. Sci. 127 (1997) 143;
(d) J. Suhm, J. Heinemann, C. Wérner, P. Muller, F. Stricker, J.
Kressler, J. Okuda, R. Mulhaupt, Macromol. Symp. 129 (1998) 1,
(e) A.L. McKnight, R.M. Waymouth, Chem. Rev. 98 (1998)
2587.
s- [2] (a) G.J.P. Britovsek, V.C. Gibson, D.F. Wass, Angew. Chem. Int. Ed.
38 (1999) 429;
(b) V.C. Gibson, S.K. Spitzmesser, Chem. Rev. 103 (2003) 283.
[3] W. Skupinski, A. Wasilewski, J. Organomet. Chem. 282 (1985) 69.
[4] (@) K. Nomura, N. Naga, M. Miki, K. Yanagi, A. Imai,
Organometallics 17 (1998) 2152;
(b) K. Nomura, N. Naga, M. Miki, K. Yanagi, Macromolecules 31
(1998) 7588;
(c) K. Nomura, T. Komatsu, Y. Imanishi, J. Mol. Catal. A 152 (2000)
249.
[5] (@) K. Nomura, K. Oya, T. Komatsu, Y. Imanishi, Macromolecules
33 (2000) 3187,
(b) K. Nomura, K. Oya, Y. Imanishi, J. Mol. Catal. A 174 (2001)
127.
[6] (a) K. Nomura, T. Komatsu, Y. Imanishi, Macromolecules 33 (2000)
8122;

Hp EE
re=|—|x2| —|,
Eq EH + HE

Eo HH
rg =|—| X 2 —_—
Hyp EH + HE

The initial monomer concentranons, 'espemally for thy— (b) D.-J. Byun, A. Fudo, A. Tanaka, M. Fujiki, K. Nomura, Macro-
lene were estlmateq py using the equation quoted by Kissin,  ojecules, in press.
and ethylene solubilities in the reaction mixture (1 atm) were [7] K. Nomura, H. Okumura, T. Komatsu, N. Naga, Macromolecules 35

used as those in toluene reported previo(i24y. (2002) 5388.

[8] K. Nomura, M. Tsubota, M. Fujiki, Macromolecules 36 (2003) 3797.

[9] A. Antifiolo, F. Carrillo-Hermosilla, A. Corrochano, J.
Fernandez-Baeza, A.R. Lara-Sanchez, M. Ribeiro, M. Lanfranchi, A.
Otero, M.A. Pellinghelli, M.F. Portela, J.V. Santos, Organometallics

Typical pr re for 1-hexen lymerization w. fol- 19 (2000) 2837.
ypical procedure fo exene polymerization was as fo [10] S.A.A. Shah, H. Dorn, A. Voigt, H.W. Roesky, E. Parisini, H.-G.

lows: prescrlbed amount of MAO and 1-hexene_ (10'0 mL) Schmidt, M. Noltemeyer, Organometallics 15 (1996) 3176.

were added to a round bottom flask (25mL) in the dry- [11] S. Doherty, R.J. Errington, A.P. Jarvis, S. Collins, W. Clegg, M.R.J.
box, and the polymerization was started by the addition of Elsegood, Organometallics 17 (1998) 3408.

a toluene solution (0.5mL) containing the catalyst (0.25 [12] (a) D.W. Stephan, J.C. Stewart, F. Guérin, R.E.v.H. Spence, W. Xu,

3.5. 1-Hexene polymerization

or 2.5umol). The reaction mixture was stirred for 20 min D.G. Harrison, Organometallics 18 (1999) 1116;
(or 5, 10 min) at 25C, and the polymerization was ter-

(b) D.W. Stephan, J.C. Stewart, S.J. Brown, J.W. Swabey, Q. Wang,
EP881233 Al (1998).

minated with the addition of EtOH. The reaction product [13]J. Richter, F.T. Edelmann, M. Noltemeyer, H.-G. Schmidt, M.

was extracted with CHGlwhich was washed with HCI

Schmulinson, M.S. Eisen, J. Mol. Catal. A 130 (1998) 149.

aqueous solution and then rinsed with water. The chloro- [14] R. Vollmerhaus, P. Shao, N.J. Taylor, S. Collins, Organometallics 18

form extract was dried over N8Oy, and chloroform and

1-hexene remained was then removed in vacuo. The resul-
tant poly(1-hexene)s possessed atactic stereoregularity with

favored repeated 1,2-insertion mode.

(1999) 2731.

[15] (a) K.C. Jayaratne, L.R. Sita, J. Am. Chem. Soc. 122 (2000) 958;

(b) L.R. Sita, R. Babcock, Organometallics 17 (1998) 5228;
(c) K.C. Jayaratne, R.J. Keaton, D.A. Henningsen, L.R. Sita, J. Am.
Chem. Soc. 122 (2000) 10490;



144 K. Nomura et al./Journal of Molecular Catalysis A: Chemical 220 (2004) 133-144

(d) J. Keaton, K.C. Jayaratne, D.A. Henningsen, L.A. Koterwas, L.R. [23] 1-Hexene content (mol%) in poly(ethylene-co-1-hexene)s and triad

Sita, J. Am. Chem. Soc. 123 (2001) 6197. sequence distributions were estimated frbid NMR spectra. These
[16] W.P. Kretschmer, C. Dijkhuis, A. Meetsma, B. Hessen, J.H. Teuben, calculations were made by the following paper, J.C. Randall, IMS
Chem. Commun. (2002) 608. Rev. Macromol. Chem. Phys. C29 (2-3) (1989) 201.
[17] (a) K. Nomura, K. Fujii, Organometallics 21 (2002) 3042; [24] The calculation ofrg and ry values are based on dyads and the
(b) K. Nomura, K. Fujii, Sci. Technol. Catal. 2002 (2003) 121. initial monomer concentrations. Ethylene concentrations under the
[18] K. Nomura, K. Fujii, Macromolecules 36 (2003) 2633. reaction conditions were estimated by the equation quoted by Kissin
[19] J. McMeeking, X. Gao, R.E.v.H. Spence, S.J. Brown, D. Jerermic, (Y.V. Kissin, Isospecific Polymerization of Olefin with Heterogeneous
US Patent 6114481 (2000). Ziegler-Natta Catalysts, Springer-Verlag, NewYork, 1985, p. 3), and
[20] (@) S. Zhang, W.E. Piers, X. Gao, M. Parvez, J. Am. Chem. Soc. the ethylene solubilities in the reaction mixture (1 atm) were used as
122 (2000) 5499; those in toluene reported in the following article, A. Sahgal, H.M.
(b) S. Zhang, W.E. Piers, Organometallics 20 (2001) 2088. La, W. Hayduk, Can. J. Chem. Eng. 56 (1978) 354.
[21] K. Nomura, K. Fujita, M. Fujiki, Catal. Commun. 5 (2004) 413. [25] G. Fink, W.J. Richter, in: J. Briandrup, E.H. Immergut, E.A. Grulle
[22] J. Suhm, M.J. Schneider, R. Milhaupt, J. Mol. Catal. A 128 (1998) (Eds.), Polymer Handbook, vol. 11/329, fourth ed., John Wiley &

215. Sons Inc., 1999.



	Olefin polymerization by (cyclopentadienyl)(ketimide)titanium(IV) complexes of the type, Cp´TiCl2(NCtBu2)-methylaluminoxane (MAO) catalyst systems
	Introduction
	Results and discussion
	Syntheses of Cp´TiCl2(NCtBu2) [Cp´ = Cp (1), tBuC5H4 (2), C5Me5 (Cp*, 3), and indenyl (4)] and polymerization of ethylene, 1-hexene by 1-4-MAO catalyst systems
	Copolymerization of ethylene with 1-hexene by 1-4-MAO catalyst systems
	Effect of cyclopentadienyl fragment on monomer reactivities and monomer sequence distributions
	Effect of polymerization temperature toward monomer reactivates and monomer sequence distributions

	Experimental
	General procedure
	Synthesis of (tBuC5H4)TiCl2(NCtBu2) (2)
	Synthesis of (indenyl)TiCl2(NCtBu2) (4)
	Ethylene polymerization, ethylene/1-hexene copolymerization
	1-Hexene polymerization

	Acknowledgements
	References


