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ABSTRACT: [1,8-C10Hs(NR),]TiCl; [R = SiiPr; (3a), Si'tBuMe, (3b), SiMes (3c)] complexes have been
prepared from dilithio salts [1,8-C10Hs(NR),]Li> (2) and TiCl, in diethyl ether in moderate yields (60—
63%). These complexes could be identified by 'H and °C NMR, mass spectroscopy, and elemental analysis.
It turned out that these complexes exhibited high catalytic activities for ethylene homopolymerization
and for ethylene/1-hexene copolymerization in the presence of methylaluminoxane (MAO), methyl isobutyl
aluminoxane (MMAO), or Al'Bus— or AlEt;—Ph3CB(CsFs), as a cocatalyst. The effect of cocatalyst as
well as solvent is very important for high activity, and it turned out that the catalytic activities performed
in heptane (cocat. MMAO) were higher than those carried out in toluene (cocat. MAO). The catalytic
ethylene/1-butene copolymerizations by the 3b—MMAO, (TBP)TiCl,—MAO [TBP = 2,2'-thiobis(4-methyl-
6-tert-butylphenolato)], or [Me,Si(CsMe,)(N'Bu)]TiCl,—Al'Bus/PhsCB(CsFs), catalyst system were also
explored under the various conditions, and it was found that the 1-butene contents and the triad sequence
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distributions of the resultant copolymer were highly dependent upon the catalyst used.

Introduction

Group 4 metal complexes that contain bidentate bis-
(amide) ligand are promising systems for application in
olefin polymerization catalysis because of their relation-
ship to the well-studied metallocene analogues,! hybrid
“half-metallocene” complexes such as (CsR4SiR;NR)-
MX3,2 bis(amide) complexes of the type (R2N)2MX5,2 or
chelate bis(amide) complexes,*> and others.6” Several
reports concerning catalytic alkene polymerization using
Ti and Zr complexes containing various amide ligands
were known; however low catalytic activities were
observed in most catalyst systems.8

One of our ongoing projects is to prepare various 14e
and 12e titanium and zirconium complexes containing
chelate bis(amide) ligands, not only because the prepa-
rations of these complexes are relatively easy and
efficient but also because of their potential possibility
as olefin polymerization catalysts.1~7 We believe that
these studies should be very important for designing a
highly efficient catalyst complex with/without a cyclo-
pentadienyl group® and for understanding the scope and
the limitation of these types of catalyst system for olefin
polymerization.

We have recently reported as a preliminary com-
munication that [1,8-C10Hs(NR)2] TiCl, complexes [R =
SiiPr; (3a), Si'tBuMe; (3b), SiMez (3c)] showed remark-
able catalytic activities for ethylene polymerization and
for ethylene/1-hexene polymerization in the presence of
cocatalysts such as methylaluminoxane (MAQO), meth-
ylisobutylaluminoxane (MMAO), and Al'Bus— or AlEt;—
Ph3CB(CsFs)4.1° The effect of cocatalyst as well as
solvent was found to be important for high activity in
these catalyst systems. In this paper, we would like to
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present more detailed results for olefin polymerization
catalyzed by the [1,8-C1oHs(NR)2] TiCl,—cocatalyst sys-
tem, including the results explored for ethylene/1-butene
copolymerization under various conditions. We would
also like to present the detailed synthetic procedure for
titanium(lV) complexes that contain bis(silylamide)
ligand of the type [1,8-C10Hs(NR)2]?~, including identi-
fication by various methods. Furthermore, we would
also like to present the detailed results for the catalytic
copolymerizations of ethylene with 1-butene by 3b, by
the five-coordinated (TBP)TICl, [4, TBP = 2,2'-thiobis-
(4-methyl-6-tert-butyl-phenolato)],%2¢ or by [Me,Si(Cs-
Me,)(N'BU)]TiCl,2?b (5) as catalysts presented by treat-
ment with cocatalysts.

Results and Discussion

1. Synthesis of [1,8-C1oHs(NR)2]TiX, Complexes.
1,8-C1oHs(NHR), (1a—c) could be synthesized by the
sequence of steps shown in Scheme 1.1° This is an
improved method for preparing N,N’-bis(silylamino)-o-
diaminobenzene reported by Aoyagi et al.,** and THF
was chosen as an effective solvent to complete the
reaction of chlorosilane with dilithium amide, which was
prepared by the treatment of 1,8-naphthalenediamine
with n-butyllithium. The desired products (1a—c) could
be isolated by recrystallization in hexane at —25 °C. The
corresponding dilithio salts [1,8-C10Hs(NR)2]Li2 (2a—C)
could also be prepared by the reaction of 1a—c with
"BuLi in high yields, and isolated as a white—pale
yellow solid from chilled hexane solution due to their
extremely low solubility. The reaction of 2a—c with
TiCly in diethyl ether (=25 °C) gave the titled bis-
(silylamide) complexes, [1,8-C10Hs(NR)2] TiCl, (3a—c), in
relatively high yields (60—63%) as deep brown—purple
microcrystals after the purification procedures.

It was revealed that H and 3C NMR spectra of these
complexes were very similar to those for both 1a—c and
2a—c and were thus analogous to the titled complexes,
strongly supporting the formation of [1,8-C1oHg(NR)2]-
TiCl; as a sole isolated product. In addition, 3b and 3c
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Scheme 1
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Table 1. Polymerization of Ethylene with the 5.0
[1,8-C10He(NR)2]TiCl,—MMAO Catalyst System?@
cat. polymer 40—
run (amt, umol) cocat. yield (g) activity? 107*My° Mw/My°
1 3a(17.0)0 MMAO 0.71 41.8 28.3 5.64 S 30l
2 3b (17.5) MMAO 124 709 21.4 5.4¢ =
3 3c(9.1) MMAO 1.50 165 36.5 19.3¢ =
a Reaction conditions: heptane 300 mL, ethylene 4 kg/cm?, 60 = 20—
°C, 1 h, MMAO (methyl isobutyl aluminoxane, 5.8 wt % (Al) in
hexane), Al/Ti (molar ratio) = 1000. ? Polymerization activity: kg 10—
of polymer/(mol of Ti-h). ¢GPC data in o-dichlorobenzene vs
polystyrene standard. @ Three M,, peaks were observed on the GPC ) |
trace. ¢ A bimodal peak was observed on the GPC trace. 0.0 I | | -
0.0 1.0 2.0 3.0 4.0 5.0 6.0
Ay (log)

could be determined by mass spectroscopy as the M~
fragment, and the results for elemental analysis of 3a
and 3b were also satisfactory. The reaction chemistry
derived from these complexes is under study.

2. Catalytic Ethylene Polymerization with [1,8-
C10H6(NR)2]TIiCl;, in the Presence of Cocatalyst.
3a—c showed high catalytic activities for ethylene
polymerization in the presence of cocatalysts such as
MAO (methylaluminoxane), MMAO (methylisobutyl-
aluminoxane), or AlEt;— or Al'Buz—Ph3CB(CeFs)4, and
the catalytic activities performed in heptane (cocata-
lyst: MMAO) were higher than those performed in
toluene (cocatalyst: MAO).1° The observed catalytic
activity among the dichloride complexes increased in the
order (cocatalyst MMAO): 3b > 3c > 3a (Table 1), and
the catalytic activity of 709 kg of PE/(mol of Ti-h) (2.53
x 10* turnovers/h) could be achieved (run 2, C,' 4 kg/
cm?, 60 °C). Polymerization in the presence of 1-hexene
(10 mL) under the same conditions of run 2 gave
ethylene/1-hexene copolymer (600 kg of polymer/(mol of
Ti-h), SCB (side chain branching) 32.4/1000 carbons, T,
121.4 °C, M = 7.35 x 10% My/M, = 4.8).

As shown in Figure 1, three M,, peaks were observed
on the GPC trace for the polymer prepared by 3c
(cocatalyst MMAO, run 3), whereas bimodal peaks were
observed for those prepared by both 3a and 3b (cocata-
lyst MMAO, run 1 and 2, respectively). In addition, the
weight fraction ratio of lower/higher M,, peaks was
dependent upon the catalyst used. It seems likely that
the activity order (3b > 3a > 3c) is due to the stability
of the active species, especially the stability of the

Figure 1. GPC traces of polyethylene prepared by the 3a—
c—MMADO catalyst (runs 1-3 in Table 1): (a) R = Si'Pr; (3a);
(b) R = SitBuMe; (3b); (c) R = SiMes (3c).

N-trialkylsilyl bond, in the solution under these reaction
conditions.

The effects of both cocatalyst and solvent are an
important factor in order for this reaction to proceed at
significant rates, because the polymerization activity by
3b performed with MMAO in heptane was higher than
that performed with MMAO or MAO in toluene (Table
2). The reason is, however, not clear at this moment,
probably due to the cocatalyst or due to the coordination
of toluene to the catalytically active species, as was
previously speculated by [NAr(CH)sNAr]TiCl, (Ar =
2,6-IPr,CgH3) catalyst system.4k

It was revealed that the molecular weight distribu-
tions (Mw/Mp,) of the resultant polymers were relatively
broad (Mw/M, = 3.0—19.3, Tables 1 and 2). These
results were very similar to those reported for the
previous catalysts!! such as [{ Me3SiN(CH,CH,NSiMes),} -
ZrCH,Ph]*[PhCH,B(CsFs)3]~ (M, 52 200, M,/M,, = 4.4) 52
[{ (Me3Si)2N} Zr(CH,SiMe;NSiMes)|H{ B(CsFs)4]~ complex
(My, 414 000, M,,/M,, = 8.4),3d or another catalyst usmg
N—O type group 4 metal complexes containing quino-
linolato or pyridine—alkoxide ligands’2—¢ or the bis-
(alkylamidinate) ligand.”® The reason for the broad M.,/
M, values in the present catalytic reactions might be
due to the fact that titanium—nitrogen bonds were
broken during the reaction or due to the formation of
several catalytically active species. In fact, a narrow
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Table 2. Polymerization of Ethylene with the 3b—Cocatalyst System?@

cat. polymer
run (amt, umol) cocat. Al/TiP solvent yield (g) activity® 10-*My¢ Muw/Mpd
2 3b (17.5) MMAO 1000 heptane 12.4 709 21.4 5.4¢
4 3b (17.5) MMAO 1000 heptane 1.68 2880 12.1 1.8
5 3b (21.4) MMAO 1000 toluene 4.10 192 38.6 3.0
6 3b (21.8) MAOf 1000 toluene 1.62 74.3 39.8 4.8¢
7 3b (9.9) Al(Bu)4/BY 500 toluene 0.75 75.8

a Reaction conditions: toluene or heptane 300 mL, ethylene 4 kg/cm?, 60 °C, 1 h. b Molar ratio of Al/Ti. ¢ Polymerization activity: kg
of polymer/(mol of Ti-h). ¢ GPC data in o-dichlorobenzene vs polystyrene standard. ¢ Bimodal peak was observed on GPC trace. f MAO:
methylaluminoxane (9.5 wt % (Al) in toluene). 9 B = Ph3CB(CgFs)s, PhsCB(CsFs)4/Ti = 1.0.

Table 3. Copolymerization of Ethylene with 1-Butene with the [1,8-C1oHs(NSitBuMe;),]TiCl,—MMAO System?2

ethylene

run cat. pressure amt of polymer 1-butenec
no. (amt, umol) cocat. solvent  (kg/cm?)  1-butene (g) vyield(g) activity® (molconcn %) 107*Mp¢  Mu/Mpd

8 3b (10.9) MMAO® heptane 6 50 114 1050 18.6 3.3 5.7

9 3b(11.1) MMAO:  heptane 6 20 10.0 900 12.1 2.7 6.4
10 3b(10.7) MMAO®  heptane 2 50 3.3 310 41.1 0.7 46
11 3b (7.7) MMAOQO® heptane 2 20 2.4 310 21.1 1.7 4.0
12 4 (0.42) MAQ® toluene 6 50 3.6 8560 6.7 32.2 4.0
13 4(2.7) MAQ® toluene 2 50 8.0 2960 9.0 4.1 2.2
14 5(1.4) Al'Bus/Bf  toluene 6 10 17.4 12400 31.3 7.0 2.2

a Reaction conditions: toluene or heptane 200 mL, 70 °C, 1 h. 3b: [1,8-C1oHs(NSi'BuMey)]TiCl,. 4: (TBP)TiCly, TBP = 2,2'-thiobis(4-
methyl-6-tert-butylphenolato), 5: [Me,Si(CsMes)(NBU)]TiCl,. ® Polymerization activity: kg of polymer/(mol of Ti-h). ¢ 1-Butene in copolymer
(mol %). 9 GPC data in o-dichlorobenzene vs polystyrene standard. ¢ Al/Ti (molar ratio) = 1000. f B = Ph3CB(C¢Fs)s, molar ratio of

Ph3CB(C6F5)4/A|iBU3/Ti = 1.0/500/1.0.

Chart 1
‘ S
Bu'Me,Si—N N- SiMe,'Bu | (o) L (¢}
\ 1_‘ \T/
a’ a '
Cl Cl
3b 4
Me\s \T \Cl
T i~q
|
'Bu
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Mw/Mp, value (1.8) was observed, if the polymerization
by 3b (under the same conditions as run 2) was
terminated at 2 min (run 4, Table 2). We thus believe
at this moment that the broad M,/M, value would be
due to the scission of the titanium—nitrogen bond by
cocatalyst, which gives another catalytically active
species under these reaction conditions.1?

3. Catalytic Copolymerization of Ethylene and
1-Butene with [1,8-C1oHs(NSi'BuMe;),] TiCl,—MMAO
System. Copolymerization of ethylene and 1-butene
with 3b was conducted at 70 °C under the same
conditions of which 3b showed higher activity for
ethylene polymerization (MMAO in heptane). The
copolymerizations were also explored with (TBP)TiCl,
[4, TBP = 2,2'-thiobis(4-methyl-6-tert-butyl-phenolato)]—
MAQB®2.¢ or with the [Me;Si(CsMe4)(NBU)]TiCl, (5)%°—
Al'Bus/Ph3CB(CeFs), catalyst system (Chart 1) in tolu-
ene for references. The contents of 1-butene in the
copolymer prepared by these catalyst systems were
determined by 3C NMR spectra,’® and these results are
summarized in Table 3.

H ! b

S WUM M M, W ’ L. A L ._J -
[ I I I I I [ I |
45 40 35 30 25 20 15 10 5
&/ppm
Figure 2. 3C NMR spectrum of poly(ethylene-co-1-butene)

prepared by the 3b—MMAO catalyst (run 9, Table 3). Peaks
which are ascribed to the chain end are indicated with I.

The 13C NMR spectrum of poly(ethylene-co-1-butene)
prepared by 3b (run 9) is shown in Figure 2. If the
insertion of 1-butene proceeds in a regioselective man-
ner (1,2-insertion or 2,1-insertion), Sgs and Sy, (S =
secondary carbon) in the BEB sequence and Sys, Sgps,
and S,, in the BEEB sequence (B = 1-butene, E =
ethylene) between the two ethyl side chains can be
composed as shown in Chart 2a. On the other hand,
Sap, Sas, and Sg, can be formed as shown in Chart 2b, if
one of the 1-butene in the BEB sequence is inserted in
a different manner (1,2-insertion and 2,1-insertion).
These chemical shifts for the carbon species can be
calculated from the Lindeman and Adams relationship4
and are summarized in Table 4. It is to be noted that
calculated chemical shifts of the carbons derived from
regioselective insertion of 1-butene (Chart 2a) are in
good agreement with those observed. In addition, the
resonances from Sy, Sas, and Sg, could not be detected
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Table 4. 13C NMR Assignments of Methylene Carbons in
Ethylene/1-Butene Copolymer

carbon species® calcd 6 (ppm) obsd 6 (ppm)

(@) Sps 25.08 24.71
Say 34.47 34.16-34.66
Saw 34.22
Spo 27.52 27.36
S,, 30.46 30.92

(b) Sus 31.78
Suw 34.22
S, 27.77

a2 Shown in Chart 2.

in the 13C NMR of poly(ethylene-co-1-butene) by 3b
(Figure 2). It is thus clear that the 1-butene insertion
in the ethylene/1-butene polymerization with 3b pro-
ceeds with the same regioselectivity.

The resonances (at 14.1, 22.7, 22.9, and 32.2 ppm)
assignable to chain end structures are found in Figure
2. Five types of chain end structures with isolated
1-butene can be assumed, as shown in Chart 3.1314
Parts a and c of Chart 3 show the chain end structures
of B—E— insertion and E—B— insertion with 2,1-
inserted 1-butene, respectively, whereas parts b and d
of Chart 3 show the chain end structures of E—-B—
insertion and E—E-B— or B—B— insertion with 1,2-
inserted 1-butene, respectively. The resonances corre-
sponding to the chain end structures shown in Chart
3a,b could not be found, and this result suggests that
1,2-insertion of 1-butene proceeds predominantly in this
catalysis (3b—MMAO). Two kinds of methylene carbons
at 22.7 and 22.9 ppm (next to the chain end methyl
carbons) were observed, and the chain end structure
shown in Chart 3d,e can thus be considered. The chain

Macromolecules, Vol. 31, No. 23, 1998

Chart 3
(a) C 109

C 296
P C—C—C—C
34.6 19.1 ppm Calculated
(b) C 114
C 269

269 11.4ppm Calculated

(c) C 114
C 272

P~ C—C—C—C—C
36.7 202 144ppm Calculated

(d C 114
C 272
P~ oAaANANC—C—C—C—C—C

300 229 I1.4ppm Calculated

(e) C

|
|
PWC—C%C—C%C—C—C—C
n

324 227 139ppm
322 229 142ppm

Calculated
Observed

end structure of Chart 3d can also be explained by
B—B— insertion or E-E—B— insertion at the initial
propagation step.

Table 5 summarizes the monomer sequence distribu-
tions of obtained poly(ethylene-co-1-butene) determined
by 13C NMR spectroscopy.’® The degree of the incor-
poration of 1-butene decreased in the following order:
5 > 3b > 4 (ethylene of 6.0 kg/cm?, Tables 3 and 5).
1-Butene contents for the resultant copolymers by 3b
were between 12.1 and 41.4 mol % and turned out that
the ng, ng, and re-rg values by 3b were almost the same
as that by 5, which showed the highest activity among
these catalysts. The values of rerg (re and rg are
monomer reactive ratios of ethylene and 1-butene,
respectively) by 3b are almost 1, and these results
indicate that the copolymerization proceeds in a random
manner. It also turned out that the 4—MAO system
showed higher activities than the 3b—MMAO system
under the same conditions, and the activity by the
4—MAO system is highly dependent upon ethylene
pressure. It seems difficult to prepare the copolymer
containing high 1-butene content due to the especially
high reactivity of 4 to ethylene.’®

The difference observed here is probably due to the
structure or due to the electronic nature of the catalyti-
cally active species. This information is, we believe,
very important to understand or to design the better
catalyst complex for obtaining the desired copolymer.
The next step of our project is to observe a precised
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Table 5. Monomer Sequence Distribution of Ethylene/1-Butene Copolymers Prepared by the
[1,8-C1oHs(NSitBuMey),] TiCl,—MMAO Catalyst System?2

triad sequence distributions®(%)

1-butene
run no. cat. EEE EEB + BEE BEB EBE BBE + EBB BBB concn® (mol %) ng ngd re-rg®
8 3b 61.8 16.0 3.6 13.0 4.2 14 18.6 7.0 1.2 1.37
9 3b 73.0 13.0 1.9 9.7 2.4 12.1 10.5 11 1.02
10 3b 31.3 18.4 8.9 22.2 10.5 8.7 41.4 3.2 1.5 1.09
11 3b 57.6 17.1 4.2 13.1 4.9 3.2 21.1 6.2 1.4 1.85
12 4 84.2 8.8 6.7 6.7 21.2 1.0
13 4 77.0 13.2 0.8 8.3 0.7 9.0 12.3 1.0
14 5 36.7 26.2 5.8 16.8 11.9 2.6 31.3 3.6 1.4 0.98

a Detailed reaction conditions, see Table 3. ? Calculated based on 13C NMR spectra.’® ¢ Average sequence length ng = [EEE + (EEB
+ BEE) + BEB]/[BEB + (EEB + BEE)/2]. 9 Average sequence length ng = [BBB + (EBB + BBE) + EBE)/[EBE + (EBB + BBE)/2]. ¢ re'rg
= 4[EE][BB]/[EB]?, [EE] = [EEE] + [EEB + BEE]/2, [EB] = [EEB + BEE]/2 + [BEB] + [EBE] + [BBE + EBB]/2, [BB] = [BBB] + [BBE

+ EBBJ/2.

relationship between the structure and the microanaly-
sis datas including the effect of substituents in various
ligands, cocatalysts, reaction temperature, and others.

Experimental Section

General Procedure. All experiments were carried out
under a nitrogen atmosphere in a Vacuum Atmospheres
drybox or using standard Schlenk techniques unless otherwise
specified. All chemicals used were reagent grade and were
purified by the standard purification procedures. Tetrahy-
drofuran, diethyl ether, hexane, and dichloromethane were
purchased from Kanto Chemical Co., Ltd. as anhydrous grade
and stored in the presence of molecular sieves. Toluene for
synthesis of various complexes was purchased as the same
grade and stored over sodium/potassium alloy. All deuterated
NMR solvents were stored over molecular sieves in a drybox.
(TBP)TICl; (4, TBP = 2,2'-thiobis(4-methyl-6-tert-butylpheno-
lato)) was prepared by the published method,® and [Me,Si-
(CsMey)(N'BU)]TICl; (5) was purchased from Kanto Chemical
Co., Ltd.

All *H and *3C NMR spectra were recorded on a JEOL JNM-
EX270 spectrometer (270.2 MHz, *H). All chemical shifts are
given in ppm and are referenced to tetramethylsilane. Obvious
multiplicities and routine coupling constants are usually not
listed. All spectra were obtained in the solvent indicated at
25 °C unless otherwise noted. All **C NMR spectra for the
ethylene/1-butene copolymer were performed by using a
Bruker AM-400 spectrometer (100.614 MHz, 3C: invgate
method, o-dichlorobenzene-ds) or a Bruker AC 250 spectrom-
eter at 135 °C.

All the mass spectra (negative) were recorded by using a
JEOL JMS-700 double focusing mass spectrometer equipped
with a frit—Cl interface. The sample solutions in dehydrated
toluene were introduced into the ion source of the mass
spectrometer at the rate of 2—5 uL/min. Microanalyses (C,
H, N) were performed on a Perkin-Elmer PE2400 microana-
lyzer.

1,8-C1oHs(NHSIPr3), (1a). A solution of 1,8-naphthalene-
diamine (1,8-C1oHs(NH3)2, 5.00 g, 31.6 mmol) in tetrahydro-
furan (100 mL) was cooled to —78 °C, and "BulL.i (39.7 mL, 1.6
M solution in hexane, 63.5 mmol) was then added in several
portions over 30 min. The stirred reaction mixture was
warmed slowly to room temperature and was stirred for 6 h.
The reaction mixture was then cooled to —78 °C, and 'Pr;SiCl
(12.49 g, 64.8 mmol) was added slowly in several portions by
using a hypodermic syringe over 30 min. The mixture was
warmed slowly to room temperature and was stirred for 12 h.
The solution was then warmed to 50 °C and stirred for an
additional 2 h to complete the reaction. After the above
procedures, the reaction mixture was taken to dryness under
vacuum, and the resultant solid was extracted with hexane
(200 mL). The hexane extract was concentrated to ca. 60 mL
and was dissolved completely by heating. The chilled (=25
°C) hexane solution gave white—purple microcrystals of the
titled compound (12.56 g), which were washed quickly with
chilled hexane and dried in vacuo. Yield: 84%. 'H NMR
(CeDe): 0 1.16 (d, J = 7 Hz, 36H, SiCH(CHs),), 1.32—1.43 (m,

6H, SiCHMey,), 5.08 (s, 2H, NH), 6.88 (dd, J = 1 and 7 Hz, 2H,
CioHe), 7.23 (t, 3 = 8 Hz, 2H, CyoHs), 7.33 (dd, J = 1 and 8 Hz,
2H, C10Hs). 3C NMR (CeDe): 6 13.4, 18.8, 113.9, 120.5, 125.9,
138.2, 145.1.

1,8-C1oHes(NLiSi'Pr3), (2a). To a cold (—78 °C) solution of
1,8-C1o0Hs(NHSI'Pr3); (1a, 9.95 g, 21.13 mmol) in hexane (100
mL) was added "BuLi (27.1 mL, 1.6 M solution in hexane,
43.32 mmol) slowly in several portions over 30 min. The
reaction mixture was warmed slowly to room temperature and
was stirred overnight (=10 h). The reaction mixture was
concentrated to 50 mL and was then cooled to —25 °C. White—
pale yellow solids were collected from the chilled solution,
which were washed quickly with cold hexane, and dried in
vacuo. Yield: 10.2 g (>99%). 'H NMR (THF-dg): 6 1.17 (d, J
= 7 Hz, 36H, SiCH(CHs),), 1.3—1.4 (m, 6H, SiCHMe,), 6.51
(dd, 3 =1 and 8 Hz, 2H, CyoHs), 6.66 (dd, J = 1 and 8 Hz, 2H,
CioHs), 6.81 (t, 3 = 8 Hz, 2H, CyoHe).

[1,8-C10Hs(NSi'Pr3):]TiCl; (3a). TiCls (2.0 g, 10.54 mmol)
was added dropwise to a chilled diethyl ether (—25 °C, 60 mL)
solution over 30 min. To the cold ether solution (—25 °C)
containing a yellow suspension of TiCls(ether),, 1,8-CioHse-
(NLiSi'Prs),; (2a, 5.09 g, 10.54 mmol) was added in several
portions over 30 min. The stirred reaction mixture was
warmed slowly to room temperature and was stirred overnight
(>10 h). The reaction mixture was then dried in vacuo, and
the resultant solid was extracted with toluene (ca. 80 mL). The
toluene extract was concentrated to ca. 50 mL and then placed
in the freezer (—25 °C) for several days. Deep brown micro-
crystals were collected, which were washed quickly with cold
toluene and dried in vacuo. First crop: 3.42 g. The concen-
trated (to ca. 20 mL) mother liquor placed in the freezer (—25
°C) gave another crop (460 mg). Total yield: 3.88 g (63%). *H
NMR (CsDs): 6 1.08 (d, J = 8 Hz, 36H, SiCH(CH3),), 1.66 (m,
6H, SiCHMe,), 6.93 (dd, J = 1 and 8 Hz, 2H, CioHs), 7.13 (t,
J = 8 Hz, 2H, CyoHs), 7.29 (dd, J = 1 and 8 Hz, 2H, CioHe).
13C NMR (CgDg): 6 14.8,19.1, 118.5, 125.2, 126.3, 135.9, 147.2.
Anal. Calcd for CosHasN2Cl,Si,Ti: C, 57.23; H, 8.23; N, 4.77.
Found (1): C,57.02; H, 8.50; N, 4.70. Found (2): C, 57.54; H,
8.68; N, 4.76.

1,8-CloHe(NHSiiBUMEZ)2 (1b), 1,8-010H6(NLiSitBUM62)2
(2b). Synthesis of 1b was the same as that for 1a except that
1,8-naphthalenediamine (1,8-C10Hs(NH>)2, 4.00 g, 25.3 mmol),
THF (60 mL), "BuL.i (31.7 mL, 1.6 M solution in hexane, 50.7
mmol), and '‘BuMe,SiCl (7.66 g, 50.8 mmol) in place of 'Pr;SiCl
were used. The mixture after adding '‘BuMe,SiCl was stirred
at room temperature for 12 h and was then stirred at 50 °C
for additional 3 h. After the above procedures, the reaction
mixture was taken to dryness under vacuum, and the resultant
solid was then extracted with hexane (200 mL). The hexane
extract was concentrated to ca. 30 mL and was dissolved
completely upon heating. The chilled (—25 °C) hexane solution
gave white—pale purple microcrystals containing the titled
compound. The above solids were dissolved in hot hexane (30
mL) and then placed in the freezer. The chilled solution gave
white—pale purple microcrystals, which were pure by *H NMR
(6.40 g), which were then washed quickly with chilled hexane
and dried in vacuo. Yield: 65%. H NMR (CeDs): 6 0.23 (s,
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12H, Si(CHs),'Bu), 0.99 (s, 18H, SiMe,C(CHs)3), 5.27 (s, 2H,
NH), 6.88 (dd, J = 1 and 8 Hz, 2H, CyoHs), 7.22 (t, J = 8 Hz,
2H, CyoHe), 7.35 (dd, J = 1 and 8 Hz, 2H, CioHg). °C NMR
(CsDg): 0 —3.0, 19.5, 38.0, 116.4, 122.1, 122.2, 125.7, 138.0,
144.8.

To a cold (=78 °C) solution of 1,8-C10Hs(NHSIi*BuMey), (1b,
10.00 g, 25.79 mmol) in hexane (100 mL) was added "BulL.i
(32.3 mL, 1.6 M solution in hexane, 51.70 mmol) slowly in
several portions over 30 min. The reaction mixture was
warmed slowly to room temperature and was stirred overnight
(>10 h). The reaction mixture was concentrated to 50 mL and
was then cooled to —25 °C. White—pale yellow solids were
collected from the chilled solution, washed quickly with cold
hexane, and dried in vacuo. Yield: 96%. 'H NMR (THF-ds):
0 0.20 (s, 12H, SitBu(CHs),), 1.04 (s, 18H, SitBu(CHa)y), 6.45
(dd, 3 =1and 8 Hz, 2H, CyoHe), 6.63 (d, I =7 Hz, 2H, CyoHe),
6.81 (t, J =8 Hz, 2H, CloHe).

[1,8-C10He(NSitBuMe;) ] TiCl, (3b). TiCl, (1.11 g, 5.80
mmol) was added dropwise to a chilled ether (—25 °C, 50 mL)
solution over 30 min. To the cold ether solution (=25 °C)
containing yellow suspension of TiCls(ether),, 1,8-CioHe-
(NLiSi‘BuMey); (2b, 2.36 g, 5.92 mmol) was added in several
portions over 30 min. The stirred reaction mixture was
warmed slowly to room temperature and was stirred overnight
(>10 h). The reaction mixture was then filtered through a
Celite pad, which was washed with additional ether (ca. 20
mL). The combined filtrate and wash were dried in vacuo,
and the resultant deep brown solids were dissolved in a
minimum amount of ether, and then the solution was placed
in the freezer (—25 °C) for several days. Deep brown needles
were collected, which were washed quickly with cold hexane
and dried in vacuo. First crop: 1.82 g (yield 61%). It is also
possible to obtain 3b by the same isolation/purification pro-
cedure in 3a. 'H NMR (CgsDg): 6 0.37 (s, 12H, Si'Bu(CHzs)y),
0.97 (s, 18H, Si‘Bu(CHs).), 6.80 (dd, 3 = 1 and 8 Hz, 2H, C1oHs),
7.13 (t, 3 = 8 Hz, 2H, CyHe), 7.26 (dd, 3 = 1 and 8 Hz, 2H,
CioHs). 3C NMR (C¢Dg): 6 —0.5, 21, 29, 117.6, 125.6, 125.9,
136.4, 147.7. MS: calcd for CzH36Cl2N,Si;Ti, 503.5; found
(M7), 502.0. Anal. Calcd: C,52.48; H, 7.21; N, 5.57. Found:
C, 52.40; H, 7.54; N, 5.41.

1,8-C10H5(NHSiM63)2 (1C), 1,8-C10H6(NLiSiM€‘3)2 (ZC)
Synthesis of 1¢c was the same as that in 1a except that 1,8-
naphthalenediamine (1,8-CioHs(NH),, 4.00 g, 25.3 mmol),
"BuLi (31.7 mL, 50.7 mmol), and Me3SiCl (5.52 g, 50.8 mmol)
in place of 'Pr3SiCl were used. After the reaction procedures,
the mixture was taken to dryness under vacuum and was
extracted with hexane (100 mL). The extract was taken under
reduced pressure to remove hexane, and then the flask was
placed in the freezer (—25 °C) for ca. 1 week. The resultant
solid was almost pure by *H NMR and enough for preparing
the lithium salt. Yield: 6.12 g (80%). *H NMR (CsDs): 0 0.19
(s, 18H, Si(CHs3)3), 5.39 (br s, 2H, N-H), 6.72 (dd, J = 1, 7 Hz,
2H, CioHs), 7.20 (t, 3 = 8 Hz, 2H, CyoHg¢), 7.34 (dd, 3 =1, 8
HZ, 2H, CloHs).

To acold (=78 °C) solution of 1,8-C10Hs(NHSiMes3), (1c, 2.20
g, 7.28 mmol) in hexane (100 mL) was added "BuLi (9.12 mL,
1.6 M solution in hexane, 14.59 mmol) slowly in several
portions over 30 min. The stirred reaction mixture was
warmed slowly to room temperature and was stirred overnight
(>10h). The reaction mixture was concentrated to 50 mL and
then cooled to —25 °C. White—pale yellow solids were collected
from the chilled solution, which were washed quickly with cold
hexane and dried in vacuo. Yield: 2.0 g (87%). *H NMR (THF-
dg): 6 0.17 (s, 18H, SiMes), 6.34 (dd, J = 1 and 7 Hz, 2H,
CioHe), 6.47 (dd, 3 = 1 and 8 Hz, 2H, CyoHs), 6.69 (t, J = 8 Hz,
2H, CyoHe).

[1,8-C1oHs(NSiMe3),] TiCl; (3c). The titled compound, 3c,
was prepared by a procedure similar to that for 3b. TiCl, (600
mg, 3.16 mmol) was added dropwise to chilled diethyl ether
(=25 °C, 30 mL) over 30 min. To the cold ether solution (—25
°C) containing a yellow suspension of TiCls(ether),, 1,8-CioHe-
(NLiSiMes); (2c, 994 mg, 3.16 mmol) was added in several
portions over 10 min. The stirred reaction mixture was
warmed slowly to room temperature and was stirred overnight
(=10 h). The reaction mixture was then filtered through Celite
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pad, which was washed with addtional ether (ca. 20 mL). To
the resultant ether solution was added dichloromethane, and
the mixture was dried in vacuo. The resultant deep brown
solids were dissolved in a minimum amount of ether and then
placed in the freezer (—25 °C) for several days. Deep brown
needles were collected which were washed quickly with cold
hexane and dried in vacuo. Firstcrop: 798 mg. Yield: 60%.
H NMR (C¢Dg): 0 0.60 (s, 18H, SiMes), 6.66 (dd, J =1 and 8
Hz, 2H, CyoHg), 7.15 (t, J = 8 Hz, 2H, CyoHg), 7.37 (dd, J =1
and 8 Hz, 2H, CioHs). *C NMR (CsDg): 6 1.9, 110.9, 125.4,
126.8, 137.7, 148.5. MS: calcd for Ci6H24CIoN,Si,Ti, 419.3;
found (M™), 417.8.

Polymerization of Ethylene. The catalytic polymeriza-
tions of ethylene were performed by using a 1 L scale
autoclave. A typical reaction procedure (Table 1, run 10) is
as follows: Heptane (300 mL) was added into the autoclave
filled with nitrogen, and to the reaction apparatus was then
introduced ethylene to 4 kg/cm? The premixed toluene
solution of [1,8-C1oHg(NSi'BuMe,),] TiCl (3b) (17.5 umol) with
MMAO (5.8 wt % (Al) in hexene, 17.5 mmol) was introduced
into the autoclave under pressurized conditions. In the case
of the polymerization with Ph;CB(CsFs)4, the borate in toluene
solution was added soon after the addition of complex. The
reaction mixture was stirred for 1 h at 4 kg/cm? (60 °C), and
the polymerization was terminated with the addition of
ethanol (15 mL). The solution was then poured into ethanol
(200 mL), and the resultant white precipitate was adequately
washed with ethanol and then dried in vacuo for several hours.
Molecular weights and the molecular weight distributions of
the resultant polymers were measured at 145 °C by means of
gel-permeation chromatography (Waters 150 CV) using o-
dichlorobenzene as solvent and the calibration with standard
polystyrene samples.

Copolymerization of Ethylene with 1-Butene and
Ethylene with 1-Hexene. The catalytic copolymerization of
ethylene/1-hexene was carried out in the same manner as that
of ethylene polymerization except that 1-hexene was added
before introducing ethylene. The catalytic copolymerization
of ethylene/1-butene was carried out in the same manner as
that of ethylene except that a 400 mL scale autoclave was used
in place of the 1 L scale autoclave and 1-butene was introduced
before introducing ethylene (reaction temperature 70 °C).
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