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Abstract

[1,8-C,oH(NR),ITICl, (3; R=SiMe,, Si'BuMe,, Si'Pr;) complexes have been prepared from dilithio salts [1,8-
CoH(NR),]Li, (2) and TiCl, in diethyl ether in moderate yields (60—63%). These complexes showed significant catalytic
activities for ethylene polymerization and for ethylene/1-hexene copolymerization in the presence of methylaluminoxane
(MAO), methyl isobutyl aluminoxane (MMAO), Al'Bu,— or AlEt,—Ph;CB(CF), as a cocatalyst. The catalytic activities
performed in heptane (cocatalyst MMAQ) were higher than those carried out in toluene (cocatalyst MAO): 709 kg-PE /mol-
Ti - h could be attained for ethylene polymerization by using [1,8-C,oH(NSi'BuMe,),ITiCl,—-MMAO catalyst system.

© 1998 Elsevier Science B.V.
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Group 4 metal complexes that contain biden-
tate bislamide) ligand are promising systems for
application in olefin polymerization catalysis
because of their relationship to the well-studied
metallocene analogues, 2 hybrid * half-metallo-
cene’ complexes such as(C,R,SIR,NRIMX,, 3
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! Present address: Research Laboratory of Resources Utiliza-
tion, Tokyo Ingtitute of Technology, 4259 Nagatsuta, Midori-ku,
Y okohama 226, Japan.

2 For example, see Refs. [1,2].

® For example, see Refs. [3-12].

_bis(amide) complexes of the type
(R,N),MX, * or chelate bis(amide)
complexes > © and others. © Severa reports

concerning catalytic akene polymerization us-
ing Ti and Zr complexes that contain various
amide ligands are known. However, low cat-

“ For example (recent reports) in (R,N),MX, chemistry, see
Refs. [13-17].

® Examples for chelate group 4B biamide) complexes, see
Refs. [18-31].

® Examples for chelate tridentate bis(amide) complexes, see
Refs. [32-34].

" For example, see Refs. [35-38].
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Scheme 1.

alytic activities were observed in most catalyst
systems. & One of our ongoing projects (particu-
larly in the last 2 years) is the preparation of
various 14e and 12e titanium and zirconium
complexes containing chelate bisamide) lig-
ands, not only because of the relative ease in
preparing these complexes but also because of
their potential use as olefin polymerization cata-
lysts. 234567 |n this paper, we present the syn-
theses of [1,8-C,;yH«NR),ITICl, (3: R=
SiMe,, Si'BuMe,, Si'Pry), and the catalytic
alkene polymerization in the presence of cocata-
lysts.

1,8-,,H«(NHR), (1la—c) can be synthesized
by the sequence of steps shown in Scheme
1. ® ¥ THF was chosen as an effective solvent

8 Examples for catalytic ethylene polymerization using group 4
metal complexes containing bis(amide) ligands in the presence of
cocatalyst were as follows: (a)
[{Me;SIN(CH ,CH ,NSiMe,),}ZrCH, Phl™  [PhCH,B(C4F5)5]™
complex (330 kg-PE /mol-Zr - h, Mn 52200, Mw /Mn = 4.4, 25°C,
7. 1 bar, 10 min) [32]. (b) [Ti(Me;SINCH,CH,NSIMe;)Cl,]-
MAO catalyst (35 kg-PE/mol-Ti-bar-h, Al/Ti =100, 50°C)
[29]. (©) [{(Me;S),N}Zr(CH,SiMe,NSiMey)]* B(CgFs),]™
complex (34.0 kg-PE /mol-Zr - bar - h, Mn 414000, Mw /Mn = 8.4,
25-C, 7.1 bar) [16]. (d) [Zr(CH,Ph),{(CsH3)5-2,2'-
(NCH,CgH4Bu-4),-6,6-Me,}-MAO catalyst (13 kg-PE,/mol-Zr
-bar-h, 10 ba, Al/Zr=3130) [18]. (& {[((‘Bu-dg)N-o-
CeH,),0lZrMe}[MeB(CgF5);] complex (104 kg-PE/mol-Zr-h,
1-2atm, 22°C, 2 min), and {[(('Bu-dg)N-o-
CeH,),0lZrMe(PhNMe),}[B(C4Fs5),Jcomplex (810 kg-PE/mol-
Zr-h, 1-2 atm, 22°C, 2 min) [31].

° Related synthesis, see Ref. [19].

19 (@) Synthesis of 1,8-C;oH¢(NHSI'Pr,), (1a): A solution of
1,8-naphthalenediaming(1,8-C,oHg(NH ), 5.00 g, 31.6 mmol) in
tetrahydrofuran (100 ml) was cooled to —78°C, and nBuLi (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 severa 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 concen-
trated 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%. Further crops
might increase the yields. *H NMR (C¢Dg): 6 1.16 (d, J =7 Hz,
36H, SICH(CH,),), 1.32-1.43 (m, 6H, SICHMe,), 5.08 (s, 2H,
NH), 6.88 (dd, J=1 and 7 Hz, 2H, C;oHg), 7.23 (t, J=8 Hz,
2H, CyoHg), 7.33 (dd, J=1 and 8 Hz, CyHg). *C NMR
(C¢Dg): & 13.4, 188, 1139, 1205, 125.9, 138.2, 145.1. (b)
Synthesis of 1,8-C,oH4(NLiSi'Pry), (2a): To a cold (—78°C)
solution of 1,8-C,oHg(NHSI'Pr;), (1a, 9.95 g, 21.13 mmol) in
hexane (100 ml) was added nBuLi (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 concen-
trated 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(CHj3),), 1.3-1.4 (m, 6H, SSCHMe,), 651 (dd, J=1 and
8 Hz, 2H, C;Hy), 6.66 (dd, J=1 and 8 Hz, C,Hg), 6.81 (¢,
J =8 Hz, 2H, C,gHg). (c) Synthesis of [1,8-
C1oHg(NSI'Pr,),ITiCl, (3a): TiCl, (20 g, 10.54 mmol) was
added drop wisely to a chilled diethyl ether (—25°C, 60 ml)
solution over 30 min. To the cold ether solution (—25°C) contain-
ing yellow suspension of TiCl (ether),,, 1,8-C;oHs(NLiSi'Pry),
(2a, 5.09 g, 10.54 mmol) was added in severa 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 was placed in the freezer (—25°C)
for several days. Deep brown microcrystals were collected which
were washed quickly with cold toluene, and dried in vacuo. First
crop 3.42 g. The concentrated (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 (C4Dg): & 1.08 (d, J=8 Hz, 36H,
SICH(CHj3),), 1.66 (m, 6H, SCHMe,), 6.93 (dd, J=1 and 8
Hz, 2H, C1oHg), 7.13 (t, J=8 Hz, 2H, C;oHg), 7.29 (dd, J=1
and 8 Hz, C,yHg). *C NMR (C4Dy): & 14.8, 19.1, 1185, 125.2,
126.3, 1359, 147.2. Anal. Calcd. for C,gH 4N,Cl,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.
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to complete the reaction of chlorosilane with
bidlithium amide, which were prepared by the
treatment of 1,8-naphthalenediamine with n-
butyllithium. The desired products (1a—c) can
be isolated by recrystalization in hexane at
—25°C. * The corresponding dilithio salts [1,8-
C,oH&(NR),]Li, (2a—c) can dso be prepared
through the reaction of la—c with nBuLi in
high yields, and isolated as a white-pale yellow
solid from the chilled hexane solution due to
their extremely low solubility. ** The reaction
of 2a—c with TiCl, in diethyl ether (—25°C)
gave the titled big(silylamide) complexes, [1,8-
C,oH&(NR),ITiCl, (3a—c), in relatively high
yields as deep brown-purple microcrystals after
the purification procedures. =

It was found that the *H and *C NMR
spectra of these complexes were very similar to
those of la—c and 2a—c, and were thus anao-

10 (continued) () 1 8-C, H4(NHSI'BuMe,), (1b): Yield 65%."'H
NMR (C¢Dg): & 0.23 (s, 12H, Si(CHy),Bu), 0.99 (s, 18H,
SiMe,C(CH,),), 5.27 (s, 2H, NH), 6.88 (dd, J=1 and 8 Hz,
2H, CyoHyg), 7.22 (t, J=8 Hz, 2H, CyoHg), 7.35 (dd, J=1 and
8 Hz, 2H, C1oHg). *C NMR (C¢Dg): 8 —3.0, 19.5, 38.0, 116.4,
1221, 1222, 1257, 1380, 144.8. (8) 1,8-C; H4(NHSIMe,),
(10): Yield 80%. "H NMR (C¢Dg): & 0.19 (s, 18H, Si Me;), 5.39
(s, 2H, NH), 6.72 (dd, J=1 and 7 Hz, 2H, CyyHg), 7.20 (1,
J=8Hz, 2H, CyoHg), 7.34 (dd, J=1and 8 Hz, 2H, C;oHy). ()
1,8-C1oHg(NLiSI'BuMe,), (2b): Yield 96%. "H NMR (THF-dy):
d 0.20 (s,12H, Si'BU(CH ),), 1.04 (s, 18H, Si'BU(CH,),), 6.45
(dd, J=1and 8 Hz, 2H, Cyy Hy), 6.63 (d, J =7 Hz, 2H, C;, Hp),
6.81 (t, J=8 Hz, 2H, C;oHy). (@) 1,8-C;oH¢(NLiSIMe;), (20):
Yield 87%. 1H NMR (THF-dg): 8 0.17 (s, 18H, SiMe,), 6.34
(dd, J=1and 7 Hz, 2H, C;, H), 6.47 (dd, J=1 and 8 Hz, 2H,
CioHg), 669 (t, J=8 Hz, 2H, CypoHg). (W [1,8
CoHe(NSI'BuMe,),ITiCl, (3b): Yield 61% (1st crop). *H NMR
(CgDg): 8 037 (s, 12H, SI'Bu(CH,),), 097 (s, 18H,
Si'BU(CH,),), 6.80 (dd, J=1 and 8 Hz, 2H, C,oHy), 7.13 (,
J=8Hz, 2H, CyuHg), 7.26 (dd, J=1 and 8 Hz, 2H, C;oHg).
B3C NMR (C4Dg): 6 —0.5, 21, 29, 117.6, 125.6, 125.9, 136.4,
147.7. MS, calcd. for C,,H45Cl,N,Si,Ti, 503.5. Found (M ™),
502.0. Anal. Caled.: C, 52.48; H, 7.21; N, 5.57. Found: C, 52.40;
H, 7.54; N, 541 (i) [18-C;oH(NSiMey),ITiCl, (30): Yield
60%. "H NMR (C4Dg): 8 0.60 (s, 18H, Si Me,), 6.66 (dd, J=1
and 8 Hz, 2H, C,o Hg), 7.15 (t, J =8 Hz, C;oHg), 7.37 (dd, J=1
and 8 Hz, 2H, C;oHg). *C NMR (C4Dg): 6 1.9, 110.9, 125.4,
126.8, 137.7, 1485. MS calcd. for CygH,,CoN,Si,Ti, 419.3.
Found (M ™), 417.8.

" See (a), (d) and (&) of .

2 see (b), (f) and (g) of .

" see (0), (h) and (i) of .

gous to the titled complexes, strongly support-
ing the formation of [1,8-C,,H(NR),]TiCl, as
asoleisolated product. * In addition, 3b and 3c
could be determined by mass spectroscopy as
M~ fragment, ** and the results for elemental
analysis of 3a and 3b were also satisfactory.
Other characterization studies and the reaction
chemistry derived from 3a—c are in progress.

It is important to note that these complexes
showed significant catalytic activities for poly-
merization of ethylene in the presence of meth-
ylaluminoxane (MAO), methyl isobutyl alumi-
noxane (MMAO), AIlEt,— or Al'Bu,—
Ph,CB(C4Fy), (Table 1). *°* Noteworthy, the
catalytic activities performed in heptane
(cocatalyst: MMAO) were higher than those
performed in toluene (cocatalyst: MAQO). The
reason of these results is not clear at this mo-
ment, probably due to the cocatalyst or due to
the coordination of toluene to the catalytically-
active species as was previously speculated [28].
It turned out that [1,8-C,oH 4(NSi'
BuMe,),]TiCl, (3b) showed the highest cata-
lytic activity among these complexes: the catea-
lytic activity of 709 kg-PE/mol-Ti - h (2.53 X

14 Other peaks corresponding to the impurities were not ob-
served. Characterization by X-ray crystallography is in progress.

5 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.

% The catalytic polymerizations of ethylene were performed by
using a 1 litter scae autoclave. Typical reaction procedure (Table
1, run 10) is as follows: Heptane (300 ml) was added into the
autoclave filled with nitrogen, and the reaction apparatus was then
introduced ethylene to 4 kgf /cm?. The premixed toluene solution
of [1,8-C;oH¢(NSi'BuMe,),ITiCl, 3b (17.5 wmol) with MMAO
(5.8 wt.% (Al) in hexene, 17.5 mmol) was introduced into the
autoclave under pressurized conditions. The reaction mixture was
stirred for 1 h at 4 kgf /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 precipi-
tate was adequately washed with ethanol and then dried in vacuo
for severa hours. Molecular weight 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.
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Table 1
Ethylene polymerization with [1,8-C,,H(NR),ITiCl, in the presence of various cocatalysts
Run  Cat. (umol)  Cocatalyst Solvent Polymer yield (g)  Activity? Mw x10*  Mw/Mn
Al (Al /Ti®) Borate®
1 3c(4.8) MAO (1000) - toluene 0.35 72.9 97.4 6.4
2 3c(143) MAO (1000) - toluene® 0.92 64.3
3 3c(9.D MMAO (1000) - heptane 1.50 165 36.5 19.3
4 3c(145) AlEt, (500) Ph,CB(C4Fs)  toluene 0.90 62.1
5  3c(95) AI(i-Bu); (450)  Ph,CB(CsF;)  toluene 0.95 100
6 3a(10.4) MAO (1000) - toluene 0.40 385 55.8 10.5
7 3a(17.0) MMAO (1000) - heptane 0.71 41.8 28.3 5.6
8 3a(30.0) Al(i-Bu); (5000  Ph;CB(CgFs)  toluene 0.17 57
9 3b (21.8) MAO (1000) - toluene 1.62 74.3 39.8 4.8
10 3b (17.5) MMAO (1000) - heptane 12.4 709 214 54
11 3b (4.4) MMAO (1000) - heptaned 1.10 250 116 43
12 3b (9.9 Al(i-Bu); (500)  Ph;CB(CgFs)  toluene 0.75 75.8

Reaction conditions: toluene or heptane 300 ml, 1 litter-scale autoclave, ethylene 4 kg/cm?, 60°C, 1 h. MAO: 9.5 wt.% (Al) in toluene,

MMAO: 5.8 wt.% (Al) in hexane.
®Activity: kg-PE /(mol-Ti - h).

®Molar ratio of Al /Ti.

“Molar ratio of Ph,CB(CgF5)4,/Ti = 1.0.
4Temperature 40°C.

10* turnovers/h) could be achieved with 3b in
the presence of MMAO (run 10, C,, 4 kg/cm?,
60°C). The polymerization in the presence of
1-hexene (10 ml) under the same conditions of
run 10 gave ethylene/1-hexene copolymer (600
kg-PE /mol-Ti - h, SCB (Side Chain Branching)
32.4 /1000 carbons, Tm 121.4°C, Mn = 7.35 X
10, Mw/Mn = 4.8).

It was revealed that the molecular weight
distributions (Mw/Mn) of the resultant poly-
mers were relatively broad (Mw/Mn=4.3—
19.3, Table 1). These results were very similar
to those reported by the previous catalysts such
as [Me;SiN(CH ,CH,NSiMe,),ZrCH ,Ph]*
[PhCH ,B(C4F5);]1~(Mn 52200, Mw /Mn = 4.4)
[32], [(Me;Si),NZr(CH,SiMe,NSiMe,)]"
B(C4Fs),]~ complex (Mn 414000, Mw/Mn =
8.4) [16], or other catayst using N-O type
group 4 metal complexes containing quinolino-
lato or pyridine-alkoxide ligands [35-37]. The
reason of the broad Mw/Mn vaues 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. We believe
at this moment that this would be due to the

scission of titanium—nitrogen bond, not only
because it depends upon the kind of N-sub-
stituent, but also because the relatively narrow
Mw /Mn value was observed at the initial stage
of the polymerization using the similar bis
(alkylamide) complex-MMAOQO catalyst
system. ’

We are currently studying the effects of vari-
ous cocatalyst under the various reaction condi-
tions including the synthesis of other N-sub-
stituted bis(amide) complexes: these results will
be introduced in the near future.
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