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0000000000000 D0000D00000D00000D00O00O0D0O0O0OoOOOoan
0000000000000 00000000D000000

Oooooo

0000000000000 0000D00000D000000000000000000
0000000000000 O000C0O0O000OO0OODOoOo

ooooo

0oo0o0oo

oool

Ooo0o0oo

Schlenk D00 D0DO0 (250 ML)DOD O DODOOD (20 nl)D OO OO DO 1.860 g (20 mmol)D OO
00 ,0-0-tert-00000000000004.687 g (20 mmol)D 00000 OO0OO
0000000000000 0000D00000D000000000000000000
0000000000000 000000(5.882 ¢,95%)0'HNMR OOO0DOO0OCODODOO

00000000000 NMR (CDCly, ppm, 200 ):8 1.32 (s, C(CHg)s, 9H), 1.47(s
, C(CH;)s0 9H), 7.18-7.30(m, Ar, 4H), 7.36-7.46(m, Ar, 3H),8.63 (s, CH, 1H)O O
000O0(.718 g, 2 mmo)J 000 O0O0O0O0OO0OOOSchlenk0OOOODOOt,0020m
L000000D0-000000000000000000000O00O0gastight syringel
OO0OnBuULi(DODOODO1.6M, 1.26 nL)J0O0O0ODO0O00OCOODO0O0O0OOODO0OO0OOOOO
0000000000000 0000000Schlenk0OOODODOOOt,0 (15 mL)0O
0000 nl)DO0O0i01,(1.0 nmol, 0.1898 g)0 00O O0D0-0000000000
0000000000000 O000OD0O0O0OO0ODO0OOO0O0ONDOoOO0O0OoDooooan
0000000000000 O000O0D0O0O00O0D0O0ODO0DO0O0ONDOoOOONO0OoDooooan
Celite0 00 D0ODDODODDOODDDDOOODODONDOODDODOOODODOOODODOOOO
0000000 /00000000000000000000000000O0(0.672 g,
2) 0 0 0000000000000 00000000O0000,-0000000000
0, -00000000000%Y NMR(CgDg):8 1.15 (S, C(CHs)s), 1.20(s, C(CHs)s),
1.42(s, C(CHs)3), 1.60(s, C(CHs)s), 1.83(s,C(CH;3)3), 6.52-6.89(m, Ar), 6.90-7.15
(n, Ar), 7.43(s, Ar), 7.48-7.76(n, Ar)0 000000000000 0):00000 as
16.2388(13) O, b=16.7857(13)0 , ¢=18.0213(14)0 , o =B =y =90° ,0 =4912.2(7)0 °
, 000p2, 2, 2, ; Z=40 0 0 =891.870 Cs,He,CI,N,0,Ti0 0 O O O (calc.)=1.206 g/c
m®;R(F)=0.0330 O O R, (F)=0.083(10 20 (1))O

oooooo

ooo0oo

0Oo0oo0o00o

SchlenkD O DO DO250ml0 0000000020 nlO0 OO0 ,0-0-tert-00000000
000 O0[2.3434 g (10 mmol)]O0 O -tert-0 0 0 00 O O [1.4924 g (10 mmol)]O0 0 O O
0000000000000 O000O0OO0O00D0OOO0O00D0OOODO0DOoOODO0OoooOooan
0000000000000 00000O0(2.81g, 77%)00 O O *H NMR(CDCl;):8 1.35(s,
C(CH3)3), 1.37(s, C(CHz)s), 1.48(s, C(CHz);), 7.20-7.25(m, Ar), 7.40-7.47(m, Ar
), 8.65(s, CH)YOO O ODOSchlenk 000000 C0CODOD0O0OO1.462 g (4 mmol)d OO

O0Oo0Oo0ooo
OoOoo0oo0oogao

9

ocoooooooD20ml000CODO000ODO0DODDODOOOODOOODONn-DO0OO0O00O0DO (
ocooO0oO01.e M02.5nmL (4 mmo) D0 O0DO0DOO0DODOCDODOOODODDODODODODODODOO

oooO0oooooDOoOoooooOoooooDOoooooiao,(0.219mL, 2 mmol)0 O O OO
(5mL) 0000000 @mM))DO0OOCO0CDOOSchlenk 0 O0O0O0ODODODOO0OODOOOO
goooboooboboobobooboboobooboboobobooboboDbDao
OCOoOO0OO0O0OO0OO0OD0OO0OOdCeliteb00O0ODODODODODODODDODODODODDODODODODDODDODOODOGO

00/0000000000000000000O00000O0000O00O0(1.28g, 70%)0
0000000000000 O0D00O0ODO0O0OO0D,-000000000000, -00
000000000 NMR (CDCI;):8 1.11 (s, C(CHsz)s), 1.23(s, C (CHs)s), 1.26-1
.30(m, C (CHz);), C, 0000 DO), 1.34 (s, C(CHs)s), 6.95-7.10(m, Ar), 7.12-7.20(
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m, Ar, C,00O000),
0Oo0oo0o00o
Oooooo
0oo0o0oo

SchlenkD D 0D DO250ml0 0000000 (0 nl)0O,0-0-tert-000000000
00002.3434g (10 nmo)0 00O O0O0O00CO0O0O00CODO0.099 g (10 mmol)I O OO
0000000000000 0000D00000D0000000000000
oooooo

0000000000000 00000(2.659,84%)000000000000°Y NMRO
(CDCI3):8 1.31 (s, C(CHs)s), 1.32-1.40(m, Cy), 1.44(s, C(CHs;)s), 1.50-1.90 (nm,
Cy), 3.20(m, Cy), 7.15(d, Ar), 7.37(d, Ar), 8.38(s, CH)O O O O O SchlenkO O OO
00D0O00001.262g (A mmol)D 0000000000 M) D00ODO0O00ODOO0
0000000 n-000000002.5nL (4mmol)D0(DO000C1.6W)00000
0000000000000 0000O0000O0D00O00O0O00O00O0O0O0OooOoO
-000000i01,(0.219 nL, 2 mmol)D 0000 (15 ml)DDOD O OO OO (4mL)0 O

7.34(s, Ar), 7.40(d, Ar), 8.04(s,CH)O

OSchlenk DO OOOOOOODODO

goooooboboooooooao

ooboboobooboboghnb
ODO0OO0OO0OD0D0O CeliteDOO0OO
Ob0Dbo00ooobov/00000000O

u
0
0
ugbooboboooobooboobad
O
g

O Oooo

0OO00D0O0D0O000O00(0.60g, 79%)

O

000000000000 O0DO0OD0DO0, -00000000000, 000
OO"H NMR (CDC15):3 1.11-1.20 (m, Cy), 1.30 (s, C (CHz)s), 1.43-1.
m, Cy), 3.90(m, Cy), 7.12 (d, Ar), 7.14 (d,Ar, C,00000), 7.42 (d, Ar,
c,0oooQg), 7.53 (d, Ar, c,00000), 7.58 (d,Ar), 8.12(s, CH), 8.54 (s, CH
,c,0o0o0oo).

DOooOooao

Do0oo0ao

DOooOooaOo

Schlenk0 O DO (250 mL) DD D OODOD (20 mL)DDO ,0-0-tert-00000000000
00 [1.492 g (6.36 mmol)]0 0 -0 000000 O([0.708 g (6.36 mmol)]0 000 OO
0000000000000 O0D0O00O0O0D0O0OD0O0OO0O0O0O0O0OD0OO0-000000000
D0000D0DD000DO000D0O000D(1.74 g, 83%)0 000 'H NMR (CDC15):3 1.31
(s, C(CH3)3), 1.47(s, C(CHz)3), 7.12-7.27(m, Ar), 7.46(d, Ar), 8.69 (s,CH)O '°F
NMR (CDC1;): & -6.11 (s)D D OO OSchlenk 00 O0O0O0O0D0OODO0ODOO0.8583 g(2.6
2mmol) D0 0O00DDO0O0O0ODDO(N)D0DDODODODOOND-00O000000nN-00
DO0000 (0D0DO0001.6 M)O01.64 nl (2.62 mmol)D 00 O0O0D0OD0O0OODOOD
0000000000000 D0O0O00D0O0O0O0DD0DO0OO0DO0-00000i01,(0.143 nL,

U_II:II:II:II:IIZII:II:IIZII:II:II:I
MO OoOoOooOooooogooogoo
O~ oOoooogogdg
O O0Oo0ooooao
OOoo0oo0oo0ooao
OoOoo0ooooaoo

O

1.31 mmol)D 00005 ML) D000 O00O0O0(nL)DO0C0O0D0O0O0O0OOSchlenkd O
0000000000000 O0000O000O0D0O0O00O0O0O0O00O0DO0DO0O0ODOOooOaOn
000000000000 O00O000O00O0O00OCelite 0000000000 DO0OO00O
0000000000000 D0O0O00O0/000000000000000000000
0DO0D00O0(.388g, 39%)0 0000000000000 00O000O00OO00O00, 000
000000000, -00000000000YH NMR (CDC15):8 1.20 (s, C (CHs)g
00, 00000), 1.26(s, C(CHz)3), 1.29(s, C(CHz)s), 6.91(m, Ar), 7.08(d, Ar),
7.30-7.46(m, Ar), 7.43(d, Ar), 8.10(s,CH), 8.34 (s, CH, ¢, 0000 O )0 " FNMR (
CDCly): & 7.22(d), 10.06 (d)O

Dooooao

0Do000

0Dooooao
Schlenk 00 DODOO00OO,0-00000000001.7436 g (13.5 mmol)Od O ,0 -0 -ter
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t-00000000000001.5824 g (6.75 mmol)D0000O00O0O00O0O00O00O0OO
0000000000000 O00O00O000O0D0O0O00-000000000000000

000000000000 O0000(1.78g, 76%)0 00000 YH NMR(CDCI;):8 1.33 (s
C (CHs)3). 1.45 (s, C(CHs3)s), 6.94-7.05(m, Ar), 7.06-7.14 (m, Ar), 7.18 (d, Ar

), 7.47(d, Ar), 8.84 (s,CH). '9FNMR(00013):6 9.14(t)0 00O O O Schlenk O OO DO
00000000 0O0O0.9584 g (2. 77 mmol)D 0O O0DODDODOOOODO20mMLOO0O0O00ODOO
0Ooo0Do0o0ooooDoo0ooooOn-0000DO0OO@M@OOODO11.6M)01.64 mL (2.62 mmol)
00000000000 ooDo0o0oo0oo0Do0Do0Do0oooDoDoDoDoo0oDo0Do0o0oo0DoDoDoDoOooao
OooDoooooiao1,(0.152 mL, 1.39 mmol) DO DO OO (5 ML) DO D OOODO4 mL)
O0D0OD0O0OO0O0OD0OO0OOSchlenk D0 O0O0ODODODODODDODODDODODOODODODODODDODDODDODOODOGO
0000000 oDoDoOoO0o00o0oo0o0Do0DoDoDOo0oU00O0O0o0o0DoDDOoOOoOD0DO0OOaOadCcelite
ooooooooDOoooooODoODo0Do0oooDOoDoDoooODoODOoDOoo/0000DDODOODODOO
D0D000D0O000DO00(0.72 g, 64%)00 0 O 'H NMR(CDCI;)O & 1.26 (s, C(CHs)s),
1.30 (s, C(CH3);), 6.43 (m, Ar), 6.87 (t, Ar), 6.95 (m, Ar), 7.15 (d, Ar), 7.51
(d, Ar), 8.19 (s,CH). "°FNMR (CDC1,):3 13.78 (s), 16.81(s)O
O00o0ogao
ooooaod
OoDo0oo0ooo
ocooooooo-0,0,0-000000000O0OODODODOODODODO0DOO ,O0,0-00
0ooDo0o0oo0ooDoDo0ooooODOoD0oo0ooDoDoDooooODoDoDooooDOoOL,000000schl
enk O OODO0O0O0DODDDODOS ML) DO ,0-0-tert-0 0000000000 0O0OZ1.386 ¢
(5. 91 mmo) 00 0O0DODOODOOODO-0,0,0-00000000000O011.15¢g (5.91
mmol) D DO ODODODO0DOOODDODODODODODODODODODODODODODDODDODOODODOOOO,
00000000000 ooDo0oo0o0oo0Do0D00d0yg 00000000000 OoDOoDODOOOoao
000000000000 00D0O000C(1.42 g, 66%)000000O0000000"H NMR

(CDC1,):3 1.31 (s, C(CH3)3), 1.45 (s, C (CH3)s), 6.72-6.80 (m, Ar), 7.16 (d, Ar
), 7.47 (d, Ar), 8.81 (s, CH), 13.17 (s,0H)O "?FNMR (CDCl;):3 12.63 (t), 8.72 (
mMOOODODOSchlenk 00000000000 O0O0O0.8144 g (2.24 nmol)D 00000 O
D00020ml00000000000000000000n-000000001.40 mL (
2.24mmol)0 (00 O00D01.6M) 0000000000 D0DONOCOOOOOOODOCOOOO
000000000000 O000000000i01,(0.123 nL, 1.12 nmol)D0 000 O (1
5 ) 0000000 @n)0000O0O00O00OSchlenk 000000000000
0000000000000 O0O0O00O0O0O0O0D0DO0O0DO0OO0O0OO0O0O0OONO0DOODOOoOoOaOn
D000O0O0O0O00O0O00OCelite00 0000000000000 O0O0OO0O0OO0OOOOO
000/00000000000000000O00O0000O(0.756g, 80%)0 0 O O*H NMR
(CDC1,):8 1.29 (s, C(CHz)s). 1.30 (s, C (CHs)s), 6.21 (m, Ar), 6.65 (m,Ar), 7.
14 (d, Ar), 7.56 (d, Ar), 8.15 (s,CH)O *°F NMR(CDC1,):8 58.18 (s), 59.78 (s), 6

2.63(p)0O

0oo0o0oo

oooooo

Ooo0o0oo

0000000000000 0000D0000O0D00O0OO0D0D0,O00000000000
0000000000000 000O0D0O0O00O0O0O0D-00000000000000
000 (2.29 g, 10 mmol)D 0000 O0O000C0DO0O0(0 L) 000 ,0-0-tert-0000
00000000 (.34¢g, 100mmel) 0000000 D0OCOODOODOOODODDOOOODOO
0000000000000 D0000O0O0O00OO0O0O0O0DO0OOODO0O0DOoODO0OoOOooan
O00O00O0(2.65 g, 66.4%)0 00000000000 NMR (CDCI,, 300MHz)O & 8.79 (1
H, s, CH), 7.52(1H, d,J = 2.4 Hz, ArH), 7.18 (1H, d, J=2.4 Hz, ArH), 1.45 (9H, s

, C (CHs)s), 1.30 (9H,s, C(CHs)s), '"°FNMR (CDCl;, 400MHz):& -19.82 (2F, q, J=15
Hz), -26.51 (1F, t, J= 21Hz), -30.16 (2F,m)O0 '"*CNMR (CDCl,, 100MHz):3 166.2, 154
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.9, 153.9, 150.5, 136.9, 133.5, 125.1, 123.5, 122.2, 114.4, 108. 2,31. 4,30. 4,2
7. 7,25. 6400000000000 (0.858 g, 2.15 mmol)J 000000 OO (20mL)0
O0000D0O000DO000D0DOO0OnNBuLi(l.34mL, OO DOOO1.6 M, 2.15 mmol)O O
000000000000 0O0D0O00O00O0O0D0O0OO0O0O0O0O0ODODOO0O0OODODOn
D0000D0DO000DO00@@emML)DO0O0D0DO0O0@4nL)D00E01,(0.204 g, 1.07 mmol)
000000000000 0O0D0O00D00O0O0DO0OO0O0OO0O0O0DODOOO0OODODOn
0000000000000 O0D0O00O000O0D0O00O000O0DO0O00O00O0&0i00Cceli
te pluyd000O00DO0O0O0DD0OODDOODODODODODOOOODOOOODODOOOO/C0
000000000000 0O0D0O00O0000D0O00O0000000 (0.702 g, 71%00)
O'H NMR (CDCl,, 400MHz) & 8.20 (2H, s, CH), 7.66 (2H, d, J=2.4Hz, ArH), 7.20 (
2H, d, J=2.4Hz, ArH), 1.32 (18H, s, C(CHz)s), 1.30 (18H, s, C(CHz)s), “>C NMR (C
DC1,, 100MHz)® 198.7, 174.0, 160.9, 144.9, 138.2, 134.4, 130.0, 129.2, 128.4, 1
25.5, 123.6, 35.5, 34.7, 31.3, 29.50
DOooOooao
D00O00(MOO0ODO0D0O0):0000, a=16.2248(7) O b0 23.7332(10)0 , ¢=24.9966(
11)0, a =p =y =90° , 0 =9625.4(7) O0°, 00O DO Pbca; z=8, O 0 =993.68 , C,,H,,Cl
,F1oN,0,Tid CeHgO O O (calc.)=1.371g/cm® ; R(F)=0.0470 Rw(F)=0.114 (10 20 (1))O
DOooOooao
0DO0ooo0o0ao
DOooOooaOo
Schlenk 0 000ODO00,0-00000000000.9259 g (7-17mmol)0 00 ,0 -0 -te
rt-0 00000000000 01.6806 g (7.17 mmol)D0C0O0O0DOOD0O0O0OO0DOOD
000000000000 O0O0D0O00O00O0O0D0O00O00O0O0D0O0OD0O0O0O0O0D0ODOn
0000000000000 D0O0O00D0O0(1.99 g, 80%)00 00 O00H NMRO (CDCI,):
3 1.31 (s, C(CHz)3), 1.46 (s, C(CH;)3), 6.68-6.730 m, Ar), 6.79-6.82 (m, Ar), 7.
22 (d,Ar), 7.48 (d,Ar), 8.60 (s, CH), 13.14 (s, OH)O "°FNMR(CDCl;):-23.40 (t)O
OD0O0OSchlenk DDD0O00DDO0O00DDOOD1.1386 g (3.29 mmol) D0 O DOOODODODO
DO020n00000000000000O00O000O0ON-0000000 (COODOO1.6
MO 2.06 mL (3.29 mmol) 0000 O0D0D0OO0O0DODOOOODOODDOOODOODODO
000000000000 000O00O00i01,(0.181 mL, 1. 65 mmol)J OO0 O (15 m
HOODO0DO00@M)DO0O0D0DO0OD0O00O00Schlenk 000O0O0D0O0D0O00O0O00OOD
000000000000 O0O0D0O00O00O0O0DO00O00O0DO0DO0O0DONoOoOooDoOoOaon
DO0O0O0O0D0ODO0OD0ODOCelited0O00O0O0DOD0DOOOODODOOOODODODOOO
00/0000000000000000O00000O0O0DO0C(0.74 ¢, 55%)00000000
000000000000 O0O0D0O00O0D0, -000000000000, -0000000
0DO00O00YH NMR (CDCI53):8 1.26 (s, C(CHz)3), 1.29 (s, C(CH3);), c,0 000 O),
1.30 (s, C(CH3);, C,0O00D0DO), 1.36 (s, C (CHy)z), 6.29 (m,Ar), 6.42(m, Ar),
6.53(m, Ar), 6.64-6.69 (m, Ar, C,00000), 6.73-6. 77(m, Ar, C,00O000), 7
11 (d, Ar), 7.15 (m, Ar, C,00000), 7.53 (d, Ar), 7.62 (d, Ar, ¢, 000 O
0), 7.68 (d, Ar, c,000D00O0), 7. 99 (s, CH, c1 0O0O00ODO), 8.03 (s, CH, C, O
O0O00), 8.08(s,CH)O "?F NMR (CDClz): 6 22.94 (s), 23.96(s), 24.99(t)D
DOooOooao
Do0oo0ao
DOooOooaOo
Schlenk 00 O0DDO250ML00 000000020 mlO0DO03-tert-0000000000D0O
001.7823 g (10 mmol)J 0 O0O0O0C0DOO0DO0.93 ¢ (L0mmol)D0O0DOODOOO0ODODOO
000000000000 O0O0D0O00O00O0O0D0O00O00O0O0D0O0OD0O0O0O0O0D0ODOn
O0000D0D000DO000D0DO00(2.23g, 88%)0 000" H NMR(CDC15):8 1.45 (s, C
(CH3)3), 6.80 (t, Ar), 7.12(m, Ar), 7.40(m, Ar), 8.60 (s, CH)O O O O O Schlenk
00000000000 101.013 g (4mmol)0 0000000000020 mlOO0ODOO
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DO0O0O0O00O02.5mL (4 mmol)D (0 OO0 OO1.6M

yooooooooobooooboooooooooobOOoOoooDbDOoOoDooDbODDbOOOOo

00000000 i01,(0.219 mL, 2 mmol) DD OO0 O @5GML) 00000004 mL)ODO
O0O0O0O0OO0O0O0OSchlenk ODODODOOODODODODDODODDODODOODODODODODODDODOOODOGO
000000000 OoOO0oDoDoODO0oo0DbODOo0o0DO0o0oDOoDOoOo0DDOoO0oDbDOoO0OD0O0ganDCcCelited O
oooooDoooDooboooDoooDooDoooDoooDooDoooDoo/000O0O00D0O0O0
oooDoooooDoooooODoDooooe.oe80, 78) D0 DOOC0ODDODODOODODOO
gooboobuodobgyg0obbobbbobobuouob gy -ODboobOoUobooo 'Y NMR(CDC1

3):0 1.34 (s, C (CHz)3;), 6.74-6. 84(m, Ar), 6.98-7.30(m, Ar), 7.40-7.43(m, Ar),
7.54-7.63 (m, Ar), 7.91(s, CH, C, O OODQoOO), 8.04 (s, CH, c;,0O00ODO), 8.06
(s, CH)O

Oo0Do0oo0ooo

aooao

0000000000000 D0O0O0O0
000000000000 O0000

0000000000000 D0O0O0O0
st(0O000)

gboboobobobooboobooooobooboaodanb

Oo0oooooDbDOoOO0oOO0oO0oO0oooo0n0: 6 oz Lab-Cre

0000000 O0OD0OO0O0O0oO0DODO0OO0O0OD0DODO0OO0OO Andrews Glass)O OO

ocooOOooooOEomTorr)ODDODOOOCROO D) OODODODODODD ODODOOODODGO
ocooOooo@somb) OO ooDOoooooOOooooOoDoDOoOooDooDOoOoooaO
ocooODoooooOO0oooooObOO0oOooboDO0oOoDOooOOb0OO0O0OO0OO0ODDOO0OO0ODaO4opsi)O
oooooooooooOoOogoooooobooobooUogoooooooooesmL)cooo
cooooooooooooooooooboOoOooooDOooooooOoooooDooooao
cooooooooooooboooooobboooobobobooooobooooboDbDOooooaoD
ocoooooooDOoOooooDOooooooDOoooooDoooooDoooo

ocooO0ooo
cooooooooo-0o0ooobo-ocO0OOO0O0OD(@M@OODD-0-0D00D0OH)YDODOOO
OCooO0oo0ooooDO0O0ooooODOoO0oOoooDoDOoOoooDOO0 oz Lab-Crest OO DO O O (And
rews Glass) D OO ODDOOODOOm Torr)DODOOO (2000)0000000O0O0O00OO0
Oooo@smmol) DOO0O0oODOD@SOMmML) D0 0O0DODOOOOOO0OODODODODDDOOO
OCoo0DO0oO0ooooDOoO0ooooODOoO0oOoooDO0oOo@Eoops) DO DODODOOODOOOO
ocooODOoooC.10mmo)DOOCO0DO(GML) DO ODOODOODOOODODDODODODODDODODOOOGO
ooooooooooooogoooooobooobooUogG-mL)y oooobboboobooo
ocooOO0OdOO0OpsiDO0D0OO0OO0OO0ODODODDODO0OOOODOODODODDODDODODOODDODOODODDODODOO
ocooooooo/0cD00(@@mL, 1000% HCHODODODDOODODODODDODODOODDODDOOOGO
coooooooOooooooogoooo/0cODbO000ooDbDO0oOoooDoDOoOooooDOO
ocoooooooOOoooobooooobooboooooo0Ooo

Oooooo
coopoooooogooooo-0cO0o0goooobDboooooo@oDoDoo-0-00O000)-
ocooo-0co0oo-0ooobO0oOooobO0O0O0o:-0b0O0O0O0O0DODDbODO0DO0OO0DDbODDOOoOno
6 oz Lab-Crest O OO OO (Andrews GlassO OO O OOOODODO20mi ton)d 00O DO(
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cly syndiospecitic polymerization of propylene. Syndiotactic polypropylene with defects of the type rmr having [rrrr] content greater
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3 and/or poly(alpha-olefin-co-propylene) are obtained. Certain of the catalysts provide living polymerization. Living olefin polymers
and olefin lerminated ol gomers and polymers are also products.
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BIS(SALICYLALDIMINATO)TITANIUM COMPLEX CATALYSTS,
HIGHLY SYNDIOTACTIC POLYPROPYLENE BY A CHAIN-END
CONTROI MECHANISM, BLOCK COPOLYMERS CONTAINING THIS

The invention was made at least ju part with United States Government support under
National Science Foundation related grant CCMR (Cornell Center for Materials Research)
Grant Number DMR 0079992, The United States Government has certain rights in the

nvention.

Technical Field
1

This invention is directed to bis(salicylaldiminato)titanium complex catalysts, and

highly syndiotactic polypropylene makable therewith by a chain-end control mechanism, and
block copolymers containing the syndiotactic polypropylene and poly(ethylene-co-propylene)
and/or poly(alpha-olefin-co-propylene), as well as to living olefin polymers and to olefin
terminated oligomets and polymers and to methods of making syndiotactic polypropylene,

block copolymers and olefin-terminated oligomers and polymers from propylene.

Backeround of the Invention

The kind of polypropylene in general use, for example, for packaging and contamner
fnctionality, is isotactic polypropylene. Tt is typically described as having the methyl groups
attached to the tertiary carbon atoms of successive monomeric units on the same side of a
bypothetical plane ﬁuough the main chain of the polymer. Isotactic polypropylene lacks
clarity and thus is not usefisl in cases where this is important,

Another kind of polypropylene is syndiotactic polypropylene. It may be described as
having the methyl groups attached to the tertiary carbon of successive monomeric units on
alternate sides of a hypothetical plane through the main chain of the polymer. Syndiotactic
polypropylene is clear, that is it does not have the lack of clarity characteristic of isotactic
polypropylene.

There are two types of syndiotactic polypropylene. One of these types is referred to as
being made by a chain-end control mechanism and contains defects of the rmr type. NMR
analysis for this kind of structure is shown in Zambelli, et al., Macromolecules, 13, 267-270

JP 2005-503417 A 2005.2.3
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2
(1980). The most syndiospecific polypropylene of this type made before this mvention has
[xrer] pentad content of 0.63 (described in Pellecchia, C., et al., Macromol. Rapid Commum.
17, 333-338 (1996)) which limits the usage since the lower the [xru] pentad content, the lower
the melting point. For example, a container made from polypropylene with [rrz] pentad
content of 0.63 will melt on contact with boiling water and thus is unuseful for containers for

hot liquids. We turn now to the other type of syndiotactic polypropyleve. It is referred to as

being made by a site-control mechanism and as containing defects of the rmmr type. This type
of polypropylene is described in European Patent Application Publication 0351391 A2
(published January 17, 1990). Highly syndiotactic polypropylene (frrrr} = 0.97) has been
made by a site-control mechanism. See Ewen, J. A., et al,, J. Am. Chem. Soc., 110, 6255-
6256 (1988), Herzog, T. A, et al,, J. Am. Chem. Soc. 118, 11988-11989 (1996), and
Veghini, D., et al., J. Am. Chem. Soc. 121, 564-573 (1999). This kind of syndiotactic
polypropylene has not yet been commercialized apparently because of processing and/or

economic factors.

Summary of the Invention
1t has been discovered herein that highly syndiospecific polypropylene can be made by

Taldiminata )t 1,

a chain-control mechanism by utilizing certain bis(salic; p
compounds as catalysts as well as block copolymers containing block(s) of the syndiotactic
polypropylene and block(s) of poly(ethylene-co-propylene) and/ox poly(alpha-olefin-co-
propylene) and that living polymerization can be obtained and that certain of'the catalysts are

useful in the production of olefin terminated polymers and oligomers from propylene.

The invention herein in one embodiment, d d the first embodiment, is directed to a

bis(salicylaldiminato)titanium complex having the structure:

Fa

th{‘ .':
R‘\ o

N,

b N
TR

/re1vR P 6]
0

Rz
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where R is selected from the group consisting of halogen. atoms, C,~C,, branched or straight
chain alkcyl groups, C;-C; branched or straight chain alkoxide groups, and C,-C,branched or
straight chain amido groups, R, is phenyl substituted with C,-C;branched or straight chain
alkyl group or electron withdrawing atoin or group at the 2-position and optionally substituted
with C,-C; branched or straight chain alkyl groups or electron withdrawing atom or group at
one or more of the 3-, 4-, 5- and 6-positions, or is C,-C,, branched, cyclic or straight chain
alkyl group, and R, and R; are the same or different and are selected from the group consisting
of C,-C;tertiary alkyl groups; or cationic form thereof. The complexes are useful as catalysts
for polymerization of olefins and are especially useful for polymerization of propylene.

The invention herein in another embodiment, denoted the second embodiment, is
directed to syndiotactic polypropylene having M, ranging from 10,000 to 500,000 and defects
of the type rmr and [rrnr] pentad content greater than 0.70. The syndiotactic polypropylene is
usefil, for example, for packagiug and container functionality.

The invention herein in another embodiment, denoted the third embodiment, is directed
to syndiotactic poly(C,-Cs-alpha olefins) having a M, ranging from 10,000 to 500,000 and
M,/M, ranging from 1.0 to 2.0. These syndiotactic polyolefins are useful for films and sheets
because of their flexibility and transparency.

The invention herein in another embodiment, denoted the fourth embodiment, is
directed to a method of preparing syndiotactic polypropylene having M, ranging from 10,000
to 500,000 and defects of the type rmr and [rrir] pentad content greater than 0.50 comprising
polymerizing propylene dissolved in an aprotic solvent in the presence of a catalytically

effective amount of a complex having the structure:

R
Ay s

R
Logy ]
N, I N
VSRR TN
RYIYR Ry
0

R - R
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4~
where R is selected from the group consisting of halogen atoms, C,-C,, brauched or straight
chain alkyl groups, C;-C,branched or straight chain alkoxide groups, and C,-Cbranched or
straight chain amido groups, R, is phenyl optionally substituted with one to five C,-Cy
branched or straight chain alkyl groups or one to five electron withdrawing atoms or groups,
or is C,~C,, branched, cyclic or straight chain alkyl group, and R, and R, are the same or
different and are selected from the group consisting of H ox C,-C;brauched or straight chain
alkyl group, and an activating effective amount of compound that converts titanium of the
complex to cationic form. The syndiotactic polypropylene product has packaging and
container functionality.

The invention herein in still another embodiment, denoted the fifth embodiment, is
directed to olefin terminated polymers and oligomers of propylene having the structure:

uy

where n ranges from 1 to 750. These compounds are usefisl, for example, to add as so-called
“macromonomers’ to other polymerizations and can be incorporated about as well as hexene.

The invention in another embodiment denoted the sixth embodiment is directed to a
method of preparing polymers and oligomers of propylene having the structure (II) where 1
ranges from 1 to 750 comprising polymerizing propylene in an aprotic solvent in the presence
of a catalytically effective amount of complex having the structure (I) where R is selected from
the group consisting of halogen atoms, C,-C,,branched or straight chain alky! groups, C;-Cq
branched or straight chain alkoxide groups, and C,-C;branched or straight chain amido
groups, R, is pheny! optionally substituted at one or more of the 3-, 4-, and 5-positions but not
at the 2- and 6-positions, the optional substitution at one or more of the 3-, 4- and 5-positions
being with C,-C¢branched or straight chain alkyl group or electron withdrawing atom or
group, and R, and R, are the same or different and are selected from the group consisting of
H and C,-C; branched or straight chain alkyl groups and an activating effective amouui of

JP 2005-503417 A 2005.2.3
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.

comapound that converts titanium of the complex to cationic form, and quenching the reaction
when olefin-terminated polymer or oligomer of desired number of monomer units is formed.

The invention herein in still another embodiment, denoted the seventh embodiment, is

directed to block copolyrmer having M,, ranging from 10,000 to 500,000 comprising at least
one block of syndiotactic polypropylene and at least one block of poly(ethylene/propylene)
where the ethylene content ranges from I to 100% by weight, containing a volume fraction of
syndiotactic polypropylene ranging from 0.20 to 0.99. Species include block copolymer
consisting essentially of one block of syndiotactic polypropylene and one block of
poly(ethylene-co-propylene), block copolymer consisting essentially of a block of syndiotactic
polypropylene followed by a block of poly(ethylene-co-propylene) followed by a block of
syndiotactic polypropylene, and block copolymer consisting essentially of a block of
syndiotactic polypropylene followed by a block of poly(ethylene-co-propylene) followed by a
block of syndiotactic polypropylene followed by a block of poly(ethylene-co-propylene)
followed by a block of Syndiotactic polypropylene.

The invention in still another embodiment, denoted the eighth embodiment is directed
to block copolymer having M,, ranging from 10,000 to 500,000 couprising at least one block

of syndiotactic pokypropylene and at least one block of’ ‘poly(alpha-olefin/propylene), e.g.,
poly(C,-Cy alpha-olefin/propylene), e.g., poly(1-butene/propylene) where the alpha-olefin
content (not propylene) ranges from 1 to 100% by weight, containing a volume fraction of
syndiotactic polypropylene ranging from 0.20 to 0.99.

Chain-end control and defects of the type rmr as referred to herein are described in
Coates, G. W., Chem. Rev. 100, 1223-1252 (2000).

The [rr1r] pentad contents described herein are measured as described in Resconi, L.,
et al., Chem. Rev. 100, 1253-1345 (2000).

The term “electron withdrawing atom or group” is used herein to mean ator or group
where the connecting atom of the atom or group is more electronegative than hydrogen.

The term “M,,” is used herein to mean weight average molecular weight, and the term
“M,.” is used herein to mean number average molecular weight and these are determined using
gel permeation chromatography (GPC) in 1, 2, 4-trichlorobenzene at 140°C versus
polystyrene standards, unless otherwise stated.

JP 2005-503417 A 2005.2.3
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-6-
Detailed Description
We turn now to the first embodiment of the invention which is directed to a

bis(salicylaldiminato)titanium complex having the structure:

s

Rg.
fiy ;Q o

N, LN
v 'g"ﬂ e,

R P

‘where R is selected from the group consisting of halogen atoms, C,-C,, branched or straight
chain alkyl groups, C,-C; branched or straight chain alkoxide groups and C;-C, brauched or
straight chain amide gﬁmps, R, is phenyl substituted with C,~C; branched or straight chain
alkyl group or electron withdrawing group at the 2-position and optionally substituted with
C,-C; branched or straight chain alkyl group or electron withdxawingbatom or group at one or
more of the 3-, 4-, 5- and 6-positions, or is C,-C,, branched, cyclic or straight chaiu afkyl
group, and R, and R, are the same or different and are selected from the group consisting of
CCq tertiary alkyl groups; or cationic form thereof.

R js desctibed in conjunction with formula (I) as being selected from the group
cousisting of halogen atoms, C,-C,, branched or straight chain alicyl groups and C,-C,
branched or straight chain alkoxide groups and C,-C, branched or straight chain amido
groups. The halogen atoms include, for example, chlorine, flaotine and bromine atoms. The
C,-C; branched or straight chain alkyl groups include, for example t-butyl groups. In the
compounds synthesized in the working examples, R is a chlorine atom.

R, is desciibed in conjunction with formula (I) as being phenyl substituted with C,-C,
branched or straight chain alkyl group or electron withdrawing atom or group at the 2-
position and optionally substituted with C,~C, branched or straight chain alkyl group or
electron withdrawing atom ot group at one or more of the 3-, 4~, 5- and 6~positions, or is Cy-
C,, branched, cyclic or straight chain alkyl group. The C,-C, branched or straight chaip alkyl

groups include, for example, t-butyl. The electron withdrawing groups include, for example,

JP 2005-503417 A 2005.2.3
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A
fluorine atoms, nitro groups, trifluoromethyl groups, cyanide groups, and aldehyde groups. In
Example X hereinafier, compounds of the formula (T) with R, being phenyl substituted at
least at the 2-position with fluoro were found to catalyze living polymerization of propylene as
shown by M,/M, in the range of 1.0 to 1.35, and compounds of the formula (I) with R; being
phenyl substituted with fluoro at least at the 2- and 6-positions were found to catalyze
polymerization of propylene to give syndiotactic polypropylene with M,/M,, in the range of 1.0
t0 1.35 and defects of the type rmr and [rr1r] pentad content greater than 0.70. In Example X,
compound of the fornula (I) with R, being phenyl substituted with fluoro at the 2-, 3-, 4-, 5-
and 6-positions, was found to catalyze polymerization of propylene to give syndiotactic
polypropylene with M, /M, in the range of 1.0 to 1.35, i.e, fiving polymerization, and defects
of the type rowr and [rrrx] pentad content of at least 0.95.

R, and R, are described in conjunction with formula (I) as being the same or different
and as beiog selected from the group consisting of C,-C; tertiary alkyl groups. R, and Ry
being C,-C; tertiary alksrl group was found to be advantageous in respect to catalyzing
polymerization of propylene to give syndiotactic polypropylene compared to where one of R,
and R, is H in providing higher activity and higher M, as indicated by a comparison of results
for A and H in Table 1l of Example X hereinafter.

In several cases represented herein, the complexes have C-2 symmetxy, ie., both Rs
are the same, both R,s are the same, both R,s are the same, and both Rys are the same.

Cationic form of the complex is referred to. This is the form active to catalyze
polymerization. As indicated later, the complex can be converted to cationic form by co-
catalyst that converts titanium of the complex to cationic form, e.g., when R is chlorine, an
aliminum-containing co-catalyst can be used to pull off both chlorines and convert one to
methyl or where R is alkyl, the co-catalyst [Ph, C] [B(C, F;),] can be used to abstract one
alleyl.

Complexes of the formula (T) synthesized in the working examples have the structural
formula:

JP 2005-503417 A 2005.2.3
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N, LN (T

where R, R, and R, are defined as in Table I below:

Lable X

Complex R, R, Ry
A Ph ‘Bu ‘Bu
B (4-'Bu)Ph ‘Bu Bu
(¢} CHy, 'Bu ‘Bu
D (@-F)Ph By  'Bu
E (2,6-F,)Ph ‘Bu ‘Bu
E (2,4,6-F)Ph Ba Bu
G (2.3.4,5,6-F,)Ph Bu ‘Bu
H (3,5-F,Ph Bu Bu
I Ph ‘Bu H

In Table 1, °C¢ H;, means cyclohexyl

Complexes D, E, F and G of Table I are embraced by the first embodiment of the
invention herein and complexes A, B, C, H and I are not embraced by the first embodiment of
the invention herein.

The complexes of the formula (I) can be synthesized by reaction of 3-R;, 5-Ry-
salicylaldehyds, e.g., 3,5-di-teri-butylsalicylaldehyde where R; and Ry are to be t-butyl and 3-
tert-butylsalicylaldehyde where R, is to be t-butyl and Ry is to be F, with aniline or substituted
aniline or cyclohexylamine where the subéﬁments provide the substituents on phenyl of Ry,
e.g., 2-fluoroaniline where R is to be 2-fluorophenyl, to obtain a ligand, and reacting the
Tigand with Ti(R),, e.g., Ti(Cl), where R is to be Cl, in the presence of n-butyllithinm and then
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isolating by crystallization. Where three or more fluorine substituents are on aniline reactant,
the aniline reactant needs to be activated by forming the N-sulfinyl derivative of the
fluoroaniline which is then reacted with the 3-R,, 5—1{;—sa1icylaldch§;de, e.g., N-sulfinyl-2,4,6-
trifluoroaniline is used to obtain R, which is 2,4,6-triftuorophenyl. The N-sulfinyl derivative is
formed by refluxing the fluoroaniline with thionyl chloride. Specific reactions are set forth in
working examples [, IT, IIT, IV, V, VI, VII, VIII and IX, later herein. *

In the above description of the first embodiment of the invention, compounds of the
formula (1) are said to catalyze living polymerization of propyiene. This means that the more
of the monomer that is present, the longer the polymer obtained. The polymerization
continnes in this fashion until reactant is used up or the reaction is quenched by knocking the
metal of the catalyst from the end of the polymer. The obtaining of living polymerization is
shown by a low M,/M,, e.g., M,/M, ranging from 1.0 to 1.35. Living polymerization
provides syndiotactic polypropylene without olefin end group.

We turmn now to the second embodiment of the invention, which is directed to
syndiotactic polypropylene having M_, ranging from 10,000 to 500,000 and defects of the type
rmr and [rrir] pentad content greater than 0.70. The polymer is made by a chain-end control
mechanism since defects of the type rmr are recited. In one subgroup, the syndiotactic
polypropylene has [rrrr] pentad content of at least 0.95. In another subgroup which can be
overlapping with the first subgroup, M,/M, ranges from 1.05 to 1.35 and in products made in
working examples ranges from 1.06 to 1.34. The syndiotactic poMropylme of this
embodiment is made by the method of the fourth embodiment described below except that
complex D of Table 1 is excluded as the catalyst. Details of synthesis are presented in
working Example X which is set forth later. It is noted that some publications refer to [r]
instead of frrrr] pentad content; [] to the fourth power gives [rirr] pentad content for chain-
end coutrol statistics. Synthesis of the syndiotactic polypropylene of this embodiment can be
cartied out by the method of the fourth embodiment herein as described in conjunction with
catalysis by complexes providing [rnr} pentad content greater than 0.70.

We tum now to the third embodiment, which is directed to syndiotactic poly(C,-Cs-
alpha-olefins) having a M,, ranging from 10,000 to 500,000 and M,/M, ranging from 1.0 to
2.0, e.g., 1.0 to 1.5. The polymers are made by a chain-end control mechanism when dgfects
of the type rmr ate present. The alpha-olefins which are polymerized to prepare the

JP 2005-503417 A 2005.2.3
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syadiotastic poly(C,-Cg-alpha-olefins) of this smbodiment inclnde, for example, 1-butene, 1-
pentene, 1-hexene, and 4-methyl-1-pentene. These polymers can be prepared by polymerizing
the alpha-~olefin in an aprotic solvent, e.g., toluene or hexanes, in the presence of catalytically
effective amount of complex of formula (I) where R is chlotine, R, is phenyl substituted with
finozo at least at the 2- and 6-positions and R, and R, are t-butyl and an activating effective
amount of compound that converts titanium of the complex to cationic form as described in.
conjunction with the fourth embodiment, preferably an alnminum-containing compound that
converts titanium of the complex to cationjc form. The polymerization is appropriately carried
out at 0°C. Alumi ining activator compounds include, for example, methyl
aluninoxane (MAO) and polymethyl aluminoxane (PMAO) (which is more soluble than

methyl aluminoxane jn. the aprotic solvent and thus more readily stays in solution). The
amount of complex of formula (I) ranges from 0.2 to 20 maol per 1,000 ml of solution of
olefin on an olefin saturated solution basis. The aluminum-containing compound activator is
used in a [AIY[Ti] (the.Ti being the Ti in the complex of formula (T)) ratio ranging from 10 to
1,000.

‘We tum now to the fourth embodiment of the invention, which is directed to a method
of preparing syndiotactic polypropylene haviag a M,, ranging from 10,000 to 500,000 and
defects of the type rmr and [1r1r] pentad content greater than 0.50 comprising polymerizing
propylene dissolved in an aprotic solvent (preferably as a saturated solntion) in the presence of

a catalytically effective amount of complex:

No, LN )]
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where R is selected from the group consisting of halogen atoms, C,-C,,branched or straight
chain alkyl groups, C)-C,branched or straight chain alkoxide groups, and C,-C; branched or
straight chain amido groups, R, is phenyl optionally substituted with one to five C,-C;
branched or straight chain alkyl groups or one to five electron withdrawing atoms or groups,
or is C;-C,, branched, cyclic or straight chain alkyl group, and R, and R, are the same or
different and are selected from the group consisting of H or C,-C¢branched or straight chain
alkyl groups, and an activating effective amount of compound that converts titanjium of the

complex to cationic form. The aprotic solvent can be, for orh and is

preferably toluene. The complex can be prepared as described above and is used in an amouut
from 0.2 to 20 mmol per 1,000 ml of solution of olefin (on an olefin saturated solution basis).
The compound that converts titanium of the complex to cationic form is, for example, an
afuminum-containing compound. When the complex used is one where both Rs are chlorine,
the aluminuni-containing compound functions by pulling both chlorines from the complex and
converting one to methﬁll. Another compound that couverts titanium of the complex to
cationic form is [P, C} [B(C; F;)],; when complex is used where both Rs are alkyl, this co-
catalyst abstracts one alkyl. A class of compounds that converts titanium of the complex to
cationic form are clays. An aluminum-containing compound for use to convert titanium of the
complex to cationic form preferably is methyl aluminoxane (MAQ), very preferably
polymethyl alurinoxane (PMAQO) which is available from Akzo Nobel. The amount of

ontaining compound used ranges from 10 to 1,000 on a [AI}/[Ti] basis. Reaction
temperature can range, for example, from -20 to 100°C and is preferably 0°C and reaction
times can 1ange, e.g., from 1 hour to 50 hours. Syndiotactic polypropylene with [rrix] pentad
content greater than 0,70 is obtained using complex of formula (1) as described above in
conjunction with this embodiment, except for complex D of Table I Syndiotactic
polypropylene with M, /M, in the range of 1.0 to 1.35 and living polymerization are obtained
using complex of formula (¥) as described above in conjunction with this embodiment where
R, is phenyl substituted at least at the 2-position with fluorine. The reaction can be carried
out, for example, at 01 to 300 psi and is carried out at 40 psi at 0°C in Example X hereinafter.
In living or other polymerization, the polymerization can be ended when desired by knocking
the metal of the catalyst off the end of the product, e.g., by quenching by injection of

JP 2005-503417 A 2005.2.3
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methanol/HCI (10% by volume HCI) in amount of from 1 to 10 volume percent of the
polymerization solution.
‘We tumn now to the fifth embodiment of the invention, which is directed to olefin

terminated polymers and oligomers of propylene having the structure:

I io'n2 @

where n ranges from 1 to 750. In the formula (IT), n is the number of propylene waits in the
polymer or oligomer except for the olefin terminating end groups. Specific examples of this
embodiment have the formala (), wheren =1, 2, 3, 4, 10, 20, 50 or 100. These polymers
and oligomers are prepared by a method comprising polymerizing propylene in a method
which does not give living polymerization, e.g., in the method of the sixth embodiment of the
invention described below.

We turn now to the sixth embodiment of the invention which is directed to a method of
preparing polymers and oligomers of propylene having the structure (IT) where n ranges from
1 to 750 comprising polymerizing propylene in an aprotic solvent, preferably as a saturated
solution, in the presence of a catalytically effective amount of complex having the structure (I)
where R is selected from the group consisting of halogen atoms, C;-C,, branched or straight
chain alkyl groups, C,-C, branched or straight chain alkoxide groups, and C,-C;branched or
straight chain amido groups, R, is phenyl optionally substituted at one or more of the 3-, 4,
and 5-positions but not at the 2- and 6-positions, the optional substitution at one or more of
the 3-, 4- and 5-positions being with. C,-C,branched or straight chain alkyl group ox electron
withdrawing atom or group, and R, and R, are the same or different and are selected from the
group consisting of H and C,-C; branched o straight chain alkyl groups and an activating
effective amount of compound that converts titaniuwm of the complex to cationic form, and
quenching the reaction when olefin-terminated polymer or oligomer of desired number of

monomer wnits is formed.

JP 2005-503417 A 2005.2.3
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The aprotic solvent can be, for example, toluene or hexanes and preferably is toluene.
The complex and syathesis thereof is described above. Suitable complexes for use in this
embodiment include complexes A, H and T of Table I above. The amount of said complex
which is a catalytically effective amount ranges fiom 0.2 to 20 mumol per 1,000 m! of solution
of propylene (on a propylene saturated solution basis). The compound that converts titanium
of the complex to cationic form is the same as that described above fn conjunction with the
fourth embodiment of the invention herein. When the compound that converts titanium of the
complex to cationic form is an alminum-containing comples, it is preferably MAO, very
preferably PMAO, used in an activating effective amount, for example, from 10 to 1,000 on a
[AVTi] basis. Reaction temperature can range, for example, from -20 to 100°C and preferably
is 0°C, and reaction time can range, for example, from 1 hour to 50 hours. The reaction is
quenched when desired amount of polymer is formed, e.g., by weighing solids in a sample and
extrapolating to the whole reaction.

We turn now to the seventh embodiment of the invention, which. is directed to block
copolymer having M,, ranging from 10,000 to 500,000 comprising at least one block of
syndiotactic polypropylene and one block of poly(ethylene/propylene) where the ethylene
content ranges from 1 to 100% by weight, containing a volume fraction of syndiotactic
polypropylene ranging from 0.20 to 0.99. The syndiotactic polypropylene is sometimes
denoted SPP hereinafter. The poly(ethylene/propylene) is polyethylene, sometimes denoted
PE hereinafier, when the ethylene content of the poly(ethylene/propylene) is 100% and
otherwise is poly(ethylene»co—propylenc), sometimes denoted EP hereinafter. In general, the
block polymers can be made by the methods for making syndiotactic polypropylene described
hereinbefore but with tial addition of s. The blocks of syndiotactic

q

polypropylene preferably have [rrir] pentad content greater than 0.70.

In one species of the seventh embodiment, there is provided a block copolymer having
M,, ranging from 10,000 to 500,000 consisting essentially of one block of syndiotactic
polypropylene and one block of poly(ethylene-co-propylene) where the volume fraction of
syndiotactic polypropylene ranges from 0.20 to 0.99. This block copolymer may be referred
10 as a diblock. This block copolymer can be made as follows: The method for fourth
embodiment is used initially where the complex used as catalyst is one that gives living
polymerization, e.g., complexes B, C, D, E, F and G in Table 1. In the reaction, the aprotic

JP 2005-503417 A 2005.2.3
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solvent is preferably saturated with propylene gas under a pressure ranging from 1 to 200,
e.g., 40 psi. After the initial reaction whereby syndiotactic polypropylene is produced,
ethylene at au overpressure of 1 to 10 psi compared to residual propylene pressure, is
introduced and reaction proceeds to add a block of poly(ethylene-co-propylene). Afier a
desired diblock is obtained, the reaction may be quenched, e.g., by injection of methanol/10
volume percent HCL, and product is recovered by precipitation and purification. Diblock of
this type is made in Example X hereafter and is the 16th entry in Table H of Example X. The
volume fraction of SPP in the diblock obtained in Example X was 0.26.

In a second species of the seventh embodiment, there is provided a block copolymer
having a M, ranging from 10,000 to 500,000 consisting essentially of a block of syndiotactic
polypropylene followed by a block of poly(ethylene-co-propylene) followed by a block of
syndiotactic polypropylene, where the volume fraction of syndiotactic polypropylene ranges
from. 0.20 te 0.99. This block copolymer may be referred to as a triblock. This block
copolymer can be madé the same as the diblock as described in the paragraph directly above,
except that after the desired amount of formation of block of poly(cthylene-co-propylene), the
ethylene feed is discontinued and the reaction consumes residual ethylene whereupon there is
reversion to polymetization of propylene for the final block. Triblock of this type is made in
Example X in three runs as indicated by the seventeenth, eighteenth and nineteenth entries in
Table I of Example X. The volume fraction of SPP in the triblock of the scventeenth entry of
Table I was 0.81 which gives a stiff characteristic. The volume fractions of SPP in the
triblocks of the eighteenth and nineteenth entries of Table Il were respectively 0.31 aud 0.30
which provides an elastomeric regime since the EP block dominates.

In a third species of the seventh embodiment, there is provided a block copolymer
having a M,, ranging from 10,000 to 500,000 consisting essentially of a block of syndiotactic
polypropylene followed by a block of poly(ethylene-co-propylene) followed by a block of
syndiotactic polypropylene followed by a block of poly(ethylene-co-propylene) followed by a
block of syndiotactic polypropylene, where the volume fraction of syndiotactic polypropylene
tanges from 0.20 to 0.99. This block copolymer may be referred to as a pentablock. This
block copolymer can be made the same as the triblock as described in the paragraph directly
above, except that the propylene polymerization is interrupted twice by the addition of
ethylene.

JP 2005-503417 A 2005.2.3
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The block copolymers containing polyethylene block(s) can be made the same as the
block copolymers containing block(s) of poly(ethylene-co-propylene) as described above,
except for the ethylene being introduced at higher pressure if propylene is present, e.g., 200
psi, so PE blocks are formed instead of EP blocks. Alternatively, the propylene can be
allowed to be consumed and the ethylene introduced at low pressure, e.g., 5 psi, Structures
made in this way include SPP-EP-PE triblock, SPP-EP-PE-EP-SPP pentablock, PE-EP-SPP-
EP-PE pentablock, and PE-EP-PE triblock.

‘We tumn now to the eighth embodiment of the invention herein which is directed to
block copolymer haviog M, ranging from 10,000 to 500,000 comprising at least one block of
syndiotactic polypropylene and at least one block of poly(aipha-olefin/propylene), e.g.,
poly(C-C; alpha-olefin/propylene), e.g., poly(1-butene/propylene), where the alpha-olefin
content (not propylene) ranges from 1 to 100% by weight, containing a volume fraction of
syndiotactic polypropylene ranging from 0.20 to 0.99. The teumn alpha-olefin is used in the
description of this embc.sdiment to mean alpha-olefin different from propylene and is prefexably
C,~C-alpha-olefin and includes 1-butene, 1-pentene, 1-hexene, and 4-methyl-1-pentene. In
general, the block copolyners can be made by the methods for making syndiotactic

polypropylene described hereinbefore but with tial addition of monomers, ie.,

analogous to the way block copolymers of SPP and EP are made.
The invention is illustrated in and/or syntheses of catalysts for use in preparing

embodiments of the invention are illustrated in the following working examples.

EXAMPLE I
SYNTHESIS OF COMPLEX A

To a 250 mL Schlenk tube, 20 mL of methanol, 1,860 g (20 mmol) aniline and 4.687 g
(20 mmol) 3,5-di-tert-butylsalicylaldehyde were introduced, and then heated up to reflux for
8 h. Upon reducing the solvent volume and cooling down afforded a bright brown crystals of
Ligand A, which was isolated and dried under vacuum (5.882 g, 95%). "H-NMR spectrum.
showed, that it was the desired product. "H NMR (CDCly, ppm, 20°C): 8 1.32 (s, C(CH,),,
9H), 1.47 (s, C(CHL), 9H), 7.18 - 7.30 (v, Ar, 4H), 7.36 - 7.46 (1, Ar, 3H), 8.63 (s, CH,
1HD). Ligand A (0.718 g, 2 mmol) was dissolved in 20 mL Et,0 in a pre-dried Schlenk tube
under nitrogen. At -60°C, the ligand solution was treated dropwise by nBuli (1.26 mL, 1.6 M
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in hexanes) via gas-tight syringe. After the temperature naturally rose to room temperature,
the stirring was continued for another 4 h. TiCl, (1.0 mmol, 0.1898 g) in 15 mL Et,0 and 4
wl toluene ju another Schienk tube was cooled down to -60°C under nitrogen, into which the
fithium salt solution of the ligand was dropwise cannulated in. After completion of the
addition, stirring was continued while naturally increasing to room temperature. The reaction
‘was further stirred for another 16 h before it was filtered throngh Celite under nitrogen. The
volatile was removed under vacuum, obtaining a deep rted fine powder, which was purified via
recrystallization in benzene/hexanes at -20°C, affording red plate crystals of complex A (0.672
2, 92%). In solution, two diastereomers were present, with a C,-symmetric species
predominating over a C,~ ric isomer. "H NMR (C¢Dy): 6.1.15 (s, C(CHL),), 1.20 (s,
C(CH,),), 1.42 (s, C(CH,),), 1.60 (s, C(CH,),), 1.83 (s, C(CH,),), 6.52 - 6.89 (m, Ar), 6.90
7.15 (m, Ar), 7.43 (s, Ar), 7.48 - 7.76 (m, Ar). Crystal data (solid state structure):
orthorhomibic, 2 = 16.2388(13) A, b = 16.7857(13) A, ¢ = 18.0213(14) A, & =P =y=90°, V =
4912.2(7) A%, space group p2,2,2,; Z = 4, formula weight = 891.87 for C;,H,CLN,0,Ti, and
density (cale.) = 1.206 g/om®; R(F) = 0.033 and R, (F) = 0.083 (1> 20 (1))

EXAMPLE I
SYNTHESIS OF COMPLEX B

To a 250-mL Schienk tube were added 20 mL of methanol, 2.3434 g (10 mmol) of
3,5-di-teri-butylsalioylaldehyde, and 1.4924 g (10 mmol) of 4-tert-butylaniline. The solution
'was heated under reflux for 10 hours, followed by reduction of the solvent volume under
vacuum. Crystallization at -20°C afforded pale yellow crystals of Ligand B (2.81 g, 77%). 'H
NMR (CDCL): & 1.35 (s, C(CH,)s), 1.37 (s, C(CH,)s), 1.48 (s, C(CH,),), 7.20-7.25 (m, Az),
7.40-7.47 (m, Ar), 8.65 (s, CH). In a Schlenk tube under nitrogen, 1.462 g (4 mmol) of
Ligand B was dissolved in 20 mL of diethyl ether. The solution was cooled to -60°C and 2.5
mL (4 mmol) of n-butyllithium (1.6 M in hexaue) was added dropwise via gastight syringe.
Afier warming to room temperature, stirring was continued for 4 hours. This solution was
added dropwise via cannula to a second Schlenk tube containing a solution of TiCl, (0.219
ml, 2 mmol) in ether (15 nil) and toluene (4 mL) at -60°C. The reaction mixture was stirted
at room temperature for 16 hours and the solvent was removed under vacuum. Residues were

redisolved in methylene chloride and filtered through Celite. The solvent was removed once
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again, and the crude product was recrystallized in benzene/hexanes at -20°C. Red-brown
crystals of Complex B were obtained (1.28 g, 70%). In solution, two diastereomers were
present, with a C,~symmetric species predominating over a C,-symmetric isomer. "H NMR
(CDCL): & 1.11 (s, C(CH,),), 1.23 (5, C(CH;);), 1.26-1.30 (m, C(CH,);), C; isomer), 1.34 (s,
C(CH,),), 6.95-7.10 (m, Ar), 7.12-7.20 (m, Ar, C, isomer), 7.34 (s, Ar), 7.40 (d, A1), 8.04 (s,
CH).

EXAMPLE 1
SYNTHESIS OF COMPLEX C
To a 250-mL Schlenk tube were added 20 mL of methanol, 2.3434 g (10 mmol) of
3,5-di-tert-butylsalicylaldehyde, and 0.099 g (10 mmol) of cyclohexylamine. The solution was
heated under reflux for 10 hours, followed by reduction of the solvent volume under vacuum.
Crystallization at -20°C afforded bright yellow crystals of Ligand C (2.65 g, 84%). '"H NMR.
(CDCL): 3 1.31 (s, C(CH,),), 1.32-1.40 (m, Cy), 1.44 (s, C(CHL),), 1.50-1.90 (m, Cy), 3.20
(m, Cy), 7.15 (4, Ar), 7.37 (d, Ar), 8.38 (s, CH). In a Schienk tube under nitrogen, 1.262 g (4
mmol) of Ligand C was dissolved in 20 mL of diethyl ether, The solution was cooled to -
60°C and 2.5 mL (4 mmol) of n-butyllithinm (1.6 M in hexane) was added dropwise via
gastight syringe. After warming to room temperature, stirring was continued for 4 hours.
This solution was added dropwise via cannula to a second Schlenk tube contaming a solution
of TiCl, (0.219 mL, 2 mmol) in ether (15 mL) and toluene (4 mL) at -60°C. The reaction
mixture was stitred at room temperature for 16 hours and the solvent was removed under
vacunm. Residues were redisolved in methylene chloride and filtered through Celite. The
solvent was removed once again, and the crude product was recrystallized in methylene
chloride/hexanes at -20°C. Red-brown crystals of Complex C were obtained (0.60 g, 79%).
In solution, two diastereomers were present, with a C,-symmetric species predominating over
a C-symmetric isomer. 'H NMR (CDCL): & 1.11-1.20 (m, Cy), 1.30 (s, C(CH,),), 1.43-1.54
(m, Cy), 3.90 (m, Cy), 7.12 (d, Ax), 7.14 (d, Az, C1 isomer), 7.42 (d, Ar, C, isomer), 7.53 (d,
Ar, C, isomer), 7.58 (d, Ar), 8.12 (s, CH), 8.54 (s, CH, C, isomer).
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EXAMPLE IV
SYNTHESIS OF COMPLEX D

To a 250-mlL Schlenk tube were added 20 mL. of methanol, 1.492 g (6.36 mmol) of
3,5-di-tert-butylsalicylaldehyde, and 0.708 g (6.36 mumol) of 2-fluoroaniline. The solution was
heated under reflux for 10 houss, followed by reduction of the solvent volume under vacuum,
Crystallization at ~20°C afforded orange crystals of Ligand D (1.74 g, 83%). "H NMR
(CDCLY: & 1.31 (s, C(CH,),), 1.47 (s, C(CHy),), 7.12-7.27 (m, Ar), 7.46 (d, Ar), 8.69 (s,
CH). FNMR (CDCL): 8 -6.11 (s). In a Schlenk tube under nitrogen, 0.8583 g (2.62 mmol)
of Ligand D was dissolved in 20 mL of diethyl ether. The solution was cooled to -60°C and
1.64 mL (2.62 mmol) of n-butyllithium (1.6 M in hexane) was added dropwise via gastight
syringe. After warming to room temperature, stirring was continued for 4 hours. This
solution was added dropwise via cannula to a second Schlenk tube containing a solution of
TiCl, (0.143 mL, 1.31 mmol) in ether (15 mlL) and toluene (4 mL) at -60°C. The reaction
mixture was stirred at toom temperature for 16 hours and the solvent was removed under
vacuum, Residues were redisotved in methylene chloride and filtered through Celite. The
solvent was removed once again, and the crude product was recrystallized in tolnene/hexanes

at -20°C. Red-brown crystals of Complex D were obtained (0.388 g, 39%). In solution, two

d

diastereomers were present, with a C,-s; tric species pr ing over a C-symmeric
isomer. "H NMR (CDCL): & 1.20 (s, C(CH,),, C, isomer), 1.26 (s, C(CH,),), 1.29 (s,
C(CH,)y), 6.91 (m, Ar), 7.08 (d, Ar), 7.30-7.46 (m, Ar), 7.43 (4, Ar), 8.10 (s, CH), 8.34 (s,

CH, C, isomer). "°F NMR (CDCL): & 7.22 (d), 10.06 (d).

EXAMPLE V
SYNTHESIS OF COMPLEX E
To a Schlenk tube were added 1.7436 g (13.5 mmol) of 2,6-difluoroaviline, 1.5824 g
(6.75 mmol) of 3,5-di-tert-butylsalicylaldehyde, and 4 A molecular sieves. The solution was
heated at 120°C for 18 hours. Crystallization from methanol at -20°C produced Ligand E as
a yellow crystalline solid (1.78 g, 76%). "H NMR (CDCL): 6 1.33 (s, C(CHa)s), 1.45 (s,
C(CH,),), 6.94-7.05 (m, Ar), 7.06-7.14 (m, A1), 7.18 (d, Ar), 7.47 (d, A1), 8.84 (s, CH). “F
NMR (CDCL): & 9.14 (t). In a Schlenk tube under nitrogen, 0.9584 g (2.77 mmol) of Ligand
E was dissolved in 20 mL of diethyl ether. The solution was cooled to -60°C and 1.64 mL
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(2.62 mumol) of n-butyllithium (1.6 M in hexane) was added dropwise via gastight syringe.
After warming to room temperature, stirting was continued for 4 hours. This solution was
added dropwise via cannula to a second Schienk tube containing a solution of TiCl, (0.152
L, 1.39 mmol) in ether (15 mL) and toluene (4 mL) at -60°C. The reaction mixture was
stitred at room temperature for 16 hours and the solvent was removed nnder vacumm.
Residues were redisolved in methylene chloride and filiered through Celite. The solvent was
removed once again, and the crude product was rectystallized in toluene/hexanes. Red-brown
crystals of Complex E were obtained (0.72 g, 64%). "HNMR (CDCL): & 1.26 (s, C(CH),),
1.30 (3, C(CH,),), 6.43 (m, Ar), 6.87 (t, Ar), 6.95 (m, Ar), 7.15 (d, Ar), 7.51 (4, Ar), 8.19 (s,
CH). "F'NMR (CDCL): 8 13.78 (s), 16.81 (s).

EXAMPLE VI
SYNTHESIS OF COMPLEX F
N-sulfinyl-2,4,6-trifluoroaniline was prepared by refluxing 2,4,6-trifluoroaniline in
thionyl chloride. Excess SOC, was removed by distillation. To a Schlenk tube were added
25 mL of benzene, 1.386 g (5.91 mmol) 3,5-di-tert-butylsalicylaldehyde, and 1.15 g (5.91
mmol) of N-sulfinyl-2,4,6-trifluoroaniline. This mixture was refluxed under nitrogen for 10
hours, The sulfinyl becomes SO, and the driving force for the reaction is 8O, Removal of
the solvent and recrystallization in methanol produced Ligand ¥ as a yellow crystalline sotid
(1.42 g, 66%). FINMR (CDCL): & 1.31 (s, C(CH,);), 1.45 (s, C(CH,),), 6.72-6.80 (m, Av),
7.16 (d, Ar), 7.47 (d, Ax), 8.81 (s, CH), 13.17 (s, OH). “F NMR (CDCL): &-12.63 (t), 8.72
(m). In a Schienk tube under nitrogen, 0.8144 g (2.24 mmol) of Ligand F was dissolved in 20
L of diethyl ether. The solution was cooled to -60°C and 1.40 mL (2.24 mmol) of
n-butyllithivm (1.6 M in hexane) was added dropwise via gastight syringe. After warming to
room temperature, stirring was continued for 4 hours. This solution was added dropwise via
cannula to a second Schlenk tube containing a solution of TiCl, (0.123 mL, 1.12 mmol) in
ether (15 ml.) and toluene (4 mL) at -60°C. The reaction mixture was stirred at room
temperature for 16 hours and the solvent was removed under vacuum. Residues were
redisolved in methylene chloride and filtered through Celite. The solvent was removed once
again, and the crude product was recrystailized in toluene/hexanes. Red-brown crystals of
Complex T were obtained (0.756 g, 80%). '"HNMR (CDCL): & 1.29 (s, C(CIL),), 1.30 (s,

JP 2005-503417 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(42)

WO 03/025025 PCT/US01/27794

-20-

C(CHy),), 6.21 (m, Ar), 6.65 (m, Ar), 7.14 (4, A1), 7.56 (4, Ar), 8.15 (s, CH). “F NMR
(CDCL): 6 58.18 (s), 59.78 (s), 62.63 (p).

EXAMPLE VI
SYNTHESIS OF COMPLEX G

N-sulfinylpentafiuoroaniline was synthesized by refluxing pentafiuoroaniline in excess
SOCL, N-sulfinylpentafluoroaniline (2.29 g, 10 mmol) was then added to
3,5-di-tert-butylsalicylaldehyde (2.34 g, 10 mmol) in 20 mL dry benzene under nitrogen, and
this solution was heated to reflux for 12 h. Removal of solvent under vacuum gave a yellow
solid that was crystallized from methanol at -20°C, providing ligand G as a yellow crystalline
solid (2.65 g, 66.4%). "H NMR (CDCl,, 300 MHZ) & 8.79 (1H, s, CH), 7.52 (18, d, I = 2.4
Hz, AtH), 7.18 (1H, d, J = 2.4 Hz, ArH), 1.45 (9H, s, C(CH,)y), 1.30 (9H, s, C(CH,)y), "°F
NMR (CDCl,, 400 MHz):  -19.82 (2F, q, J = 15 Hz), -26.51 (IF, t, J = 21 Hz), -30.16 (2F,
m). BC NMR (CDCL, 100 MHz): § 166.2, 154.9, 153.9, 150.5, 136.9, 133.5, 125.1, 123.5,
122.2, 114.4, 108.2, 31.4, 30.4, 27.7, 25.64. To a stirred solution of ligand G (0.858 g, 2.15
mmol) in diethyl ether (20 mL) at -60°C was added nBuli (1.34 mL, 1.6 M in hexanes, 2.15
mmol) dropwise using a gas-tight syringe. This solution was allowed to slowly warm to room
temperature and stirred for an additional 4 h. This solution was then added dropwise via
cannula to a solution of TiCl, (0.204 g, 1.07 mmol) in diethyl ether (16 mL) and toluene (4
mL) at -78°C. The resulting solution was allowed to warz naturally to room temperature and
stirred an additional 16 h. After removal of solvent, the residue was taken up in toluene and
the precipitated LiCl was removed by filtration over a Celite plug. Removal of solvent in
vacuo gave a deep red powder that was crystallized from a mixture of toluene/hexane to give
the desired complex G as a deep red crystalline solid (0.702 g, 71% yield). "H NMR (CDCl,
400 MHz) 5 8.20 (2 H, s, CH), 7.66 (2H, d, ] = 2.4Hz, AH), 7.20 (2H, d, T = 2.4Hz, AtH),
1.32 (18 H, s, C(CHy),), 1.30 (18 1, 5, C(CH,),), *C NMR (CDCl, 100 MHz) 5 198.7,
174.0, 160.9, 144.9, 138.2, 134.4, 130.0, 129.2, 128.4, 125.5, 123.6, 35.5, 34.7, 31.3, 29.5.
Crysial data (solid state structure): orthorhombic, a = 16.2248(7) A b = 23.7332(10) A, ¢ =
24.9966(11) A, e =P =1y =90°, V =9625.4(7) A%, space group Pbca; Z = 8, formula weight
=993.68 for C,,H,,CLF,N,0,Ti*C;H,, and density (calc.) = 1.371 g/em®; R(F) = 0,047 and
R, (¥) = 0.114 (I>20(1)).
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EXAMPLE VHI
SYNTHESIS OF COMPLEX H

To a Schlenk tube were added 0.9259 g (7.17 mumol) of 3,5-difluoroaniline, 1.6806 g
(7.17 mmol) of 3,5-di-tert-butylsalicylaldehyde, and 4 A molecular sieves. The solution was
heated at 120°C for 18 hours. Crystallization from methanol at -20°C produced Ligand H as
a brown crystalline solid (1.9 g, 80%). "HNMR (CDCL): & 1.31(s, C(CH,)s), 1.46 (s,
C(CH,),), 6.68-6.73 (m, Ar), 6.79-6.82 (1, Ax), 7.22 (d, Ar), 7.48 (d, Av), 8.60 (s, CH),
13.14 (s, OH). F NMR (CDCL): &-23.40 (t). In a Schlenk tube under nitrogen, 1.1386 g
(3.29 umol) of Ligand ¥ was dissolved in 20 mL of diethyl ether. The solution was cooled to
-60°C and 2.06 mL (3.29 mmol) of n-butyllithium (1.6 M in hexane) was added dropwise via
gastight syringe. After warming to room temperature, stiiting was continued for 4 hours.

This solution was added dropwise via la to a second Schlenk tube containing a solution
of TiCl, (0.181 mL, 1.65 mmol) in ether (15 ml) and toluene (4 mL) at -60°C. The reaction
mixture was stirred at room temperature for 16 hours and the solvent was removed under
vacuum. Residues were redisolved in methylene chloride and filtered through Celite. The
solvent was removed once again, and the crude product was recrystallized in toluene/hexanes.
Red-brown crystals of Complex H were obtained (0.74 g, 55%). In solution, two
diastereomers were present, with a C;-symmetric species predominating over a C,-symmetric
isomer. "H NMR (CDCL): & 1.26 (s, C(CHL),), 1.29 (s, C(CH),), C, isomer), 130 (s,
C(CH,),, C, isomer), 1.36 (s, C(CHL),), 6.29 (w, A1), 6.42 (m, Ar), 6.53 (m, Ar), 6.64-6.69
(m, Az, C, isomer), 6.73-6.77 (m, A, C, isomer), 7.11 (d, Ar), 7.15 (m, Ar, C, jsomer), 7.53
(d, Ar), 7.62 (d, Ar, C, isomer), 7.68 (d, Ar, C, isomer), 7.99 (s, CH, C, isomer), 8.03 (s, CH,
C, isomer), 8.08 (s, CH). ""FNMR (CDCL): 22.94 (s),23.96 (s), 24.99 (t).

EXAMPLE IX
SYNTHESIS OF COMPLEX 1
To a 250-mL Schlenk tube were added 20 mL of methanol, 1.7823 g (10 mmo}) of
3-tert-butylsalicylaldehyde, and 0.93 g (10 mumol) of auiline. The solution was heated under
reflux for 10 hours, followed by reduction of the solvent volume under vacuym.
Crystallization at -20°C afforded orange-yellow orystals of Ligand 1(2.23 g, 88%). 'H NMR
(CDCL):  1.45 (s, C(CH,),), 6.80 (t, Ar), 7.12 (m, Ax), 7.40 (m, Ar), 8.60 (s, CH). Ina
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Schlenk tube under nitrogen, 1.013 g (4 mmol) of Ligand I'was dissolved in 20 mL of diethyl
ether. The solution was cooled to -60°C and 2.5 mL (4 mmol) of n-butyllithinm (1.6 M in
hexane) was added dropwise via gastight syringe. After warming to room temperature,
stirring was continued for 4 hours. This solution was added dropwise via cannula to a second
Schlenk tube containing a solution of TiCl, (0.219 mL, 2 mmol) in ether (15 mi) and toluene
(4 ml.) at -60°C. The reaction mixture was stirred at room temperature for 16 hours and the
solvent was removed under vacuum. Residues were redisolved in methylene chloride and
filtered through Celite. The solvent was removed once again, and the crude product was
recrystallized in benzene/hexanes at -20°C. Red-brown crystals of Complex I were obtained
(1.08 g, 78%). In solution, two diastereomers were present, with a C,-symmetric species
predominating over a C;-s tric isomer. 'H NMR (CDCL): & 1.34 (s, C(CH,),), 6.74-6.84
{m, Ar), 6.98-7.30 (m, Ar), 7.40-7.43 (m, Ar), 7.54-7.63 (m, A1), 7.91 (s, CH, C, isomer),
8.04 (s, CH, C, isomer), 8.06 (s, CH).

EXAMPLE X

PREPARATION OF SYNDIOTACTIC POLYPROPYLENE
AND OF BLOCK COPOLYMERS CONTAINING
SYNDIOTACTIC POLYPROPYLENE BLOCKS

The following general procedure was used for preparation of syndiotactic
polypropylene: A 6 oz Lab-Crest® pressure reaction vessel (Andrews Glass) equipped with a
magnetic stir bar was first conditioned uader dynamic vacyum (20 mTorr) and high
temperature (200°C) and then charged with a desired amouvnt of PMAO and toluene (150
mL). The reactor was the equilibrated at 0°C in an ice bath. At this point, the reactor
atmosphere was exchanged with propylene gas three times, and then the solution was
saturated with propylene under pressure (40 psi). The required amount of the titaninm catalyst
was dissolved in toluene (8 mL) at RT under nitrogen, and the solution was added to the
reactor via gas-tight syringe to initiate the polymerization. After the desired period of time, the
reactor was vented. The polymer was precipitated in copious methanol/HC], filtered, washed
with methanol, and then dried in vacuo to constant weight.

The following procedure was used for preparation of syndio-propylene-block-
poly(ethylene-co-propylene): A 6 oz Lab-Crest® pressure reaction vessel (Andrews Glass)

equipped with a magnetic stir bar was first conditioned under dynamic vacuum (20 mTorr)
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and high temperature (200°C) and then charged with PMAO (15 mmol) and toluene (150
mlL). The reactor was cooled to 0°C, and the atmosphere was exchanged with propylene gas
three times, and then saturated with propylene under pressure (40 psi). A solution of titaninm
complex (0.10 mmol) in toluene (6 mL) was then added to the reactor via gas-tight syringe to
initiate the polymerization. Afier the initial propylene polymerization, a 5-mL sample was
removed via gas-tight syringe, and ethylene at 5 psi overpressure was introduced into the
reactor. After 1 hour of additional polymerization time, the reaction was quenched by injection
of methano/HC1 (2 mlL, 10% vol HCI). After venting the reactor, the polymer was
precipitated in copious methanol/HC, filtered, washed with methanol, and thep dried in vacuo
to constant weight.

The following general procedure was used for preparation of syndio-polypropylene-
block-poly(ethylene-co-propylene)-block-syndio-propylene: A 6 oz Lab-Crest® pressure
reaction vessel (Andrews Glass) equipped with a magnetic stir bar was first conditioned under
dynamic vacuum (20 mTorr) and high temperature (200°C) and then charged with PMAO (15
mmol) and toluene (150 mL). The reactor was cooled to 0°C, and the atmosphere was
exchanged with propylene gas three times, and then saturated with propylene under pressure
(40 psi). A solution of titanium complex (0.10 mmol) in toluene (6 mL) was then added to the
reactor via gas-tight syringe to initiate the polymerization. After the initial propylene
polymerization, a 5-mL sample was removed via gas-tight syringe, and ethylene at 5 psi
overpressure was introduced into the reactor. After the reaction times as stated in Table II
hereinafter of additional polymerization time, a sample was removed for analysis and the
ethylene source was shut off. The reaction quickly consumed the residual ethylene and
reverted to propylene polymerization for the desired amount of time. Then the reaction was
quenched by injection of methanol/HCl (2 mL, 10% vol HCI). After venting the reactor, the
polymer was precipitated in copious methanol 10% HCY, filtered, washed with methanol, and
then dried in vacno to constant weight.

Other reaction conditions and results ate given in Table IT below and in the footnotes
thereto. Jn Table I, “rxn” means reaction, P means propylene, and E meaus ethylene. The
MAO used was PMAO.
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TABLE II"
Complex Rxntime T, Monomer Yield Activity” M, M,/M,°  [roo]
) (&) (€3]
A 24 0 P 420 175 9,910 2.14 0.78
B 24 0 P 3.62 151 16,943 1.44 0.87
c 24 0 P 370 1.54 8,850 1.59 0.73
D 24 0 P 038 0.16 3,010 1.07 0.52
E 24 0 P 0.56 023 15,487 1.06 0.83
F 24 0 P 248  1.03 40,208 1.08 0.95
G 025 0 P 0.49  19.6 11,100 1.09 0.96
G 050 0 P 0.97 194 24,500 1.08 0.96
G 15 0 P 179 119 44,700 111 0.96
G 3.1 0 P 384 124 75,800 1.08 0.96
G 52 0 P 534 103 95,900 111 0.96
G 66 0 P 142 215 307,700 134 0.96
G 24 20 P 7.43  3.09 102,500°  1.13° 096
H 24 0 P 234 975 13,584 1.91 0.81
I 24 0 P 3.00 125 5,000 2.59 0.79
G 20/10° 0 P/E 1.2 NA 38,400/ 111/ 096
1451006 1128
G 20/033 ¢ P/E/P NA NA 30,900 / 107/  0.96
/2.0 44,200/ 1.08/
70,300° 1.08
G 20/1L0 0 P/E/P NA NA 38,000/ 1.06/ 096
/2.0 169,000/  1.09/
189,000 113
G 20/050 0 P/E/P NA ©NA 36,000/ 111/ 096"
/3.0¢ 217,000/ 111/
260,000 118

®General conditions: Complex (0.1 mmol) in toluene (6 ml) added to a propylene
saturated (40 psi) MAO solution (150 ml toluene; [Al]/[Ti} = 150).

¥ kg PP/(mol Ti « h).

® Determined by GPC in 1,2,4-trichlorobenzene at 140°C versus polystyrene standards.
¢ 0.04 mmol Ti and 6 mmol MAQ in 150 mL toluene.

° GPC versus PP standards.

£ After reaction with propylene (40 psi) for 2 houss, a 1-10 psi overpressure of ethylene

was added for 1 hour.
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¢ Data for the initial polypropylene block and the final poly(propylene)-block-
poly(ethylene-co-propylene) diblock polymer.

' After reaction with propylene (40 psi) for 2 hours, a 1-10 psi overpressure of
ethylene was added for 20 minutes; once ethylene flow was terminated the ethylene was
consumed and the reaction was allowed to return to propylene homopolymerization for 2
hours.

i Data for the initial polypropylene block, the
poly(propylene)-block-poly(ethylene-co-propylene) diblock polymwer, and the final
poly(propylene)-block-poly(ethylene-co-propylene)-block-poly(propylene) triblock polymer.

I After reaction with propylene (40 psi) for 2 hours, a 1-10 psi overpressure of ethylene
was added for 1 hour; once ethylene flow was terminated the ethylene was consumed and the
reaction was allowed to retum to propylene homopolymerization for 2 hours.

¥ After reaction with propylene (30 psi) for 2 hours, a 1-10 psi overpressure of
ethylene was added for'30 minutes; once ethylene flow was terminated the ethylene was
consumed and the reaction was allowed to retum to propylene homopolymerization for 3
hours.

! All of these polymers have elastomeric properties except in the first triblock run (run
17 in Table IY), the polypropylene blocks give a stiff characteristic.

In Table IT, the first 15 entries represent preparation of syndiotactic polypropylene, the
sixteenth entry represents preparation of SPP-EP diblock and the seventeenth, eighteenth and
nineteenth entries represent preparation of SPP-EP-SPP triblock. The entries in Table JI
where complexes A, H and T were used provide olefin terminated product. The product for
the entry for Complex H has the formula (I) where n = 323,

SPP-EP-SPP-EP-SPP pentablock is formed when the procedure of footnote k to Table
11 is modified to propylene homopolymerization for the third block to 2 howss whereupon a 5
psi overpressure of ethylene is added for 30 minutes whereupon ethylene flow is teyminated
and reaction is allowed to return to propylene homopolymerization for 2 hours.

Poly(propylene)-block-poly( 1-butene-co-propylene) diblock polymer is formed when
the procedure for note f'to Table II, is modified to substitute an overpressure of 1-butene for 1

hour for the overpressure of ethylene.
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EXAMPLE X1

The following procedure is used for the preparation of syndiotactic poly(1-butene). A
6 0z Lab-Crest® pressure vessel (Andrews Glass) equipped with a magnetic stir bar is first
conditioned under dynamic vacuum and high temperature and then charged with 15 mmol
PMAQ and toluene (150 ml). The reactor is equilibrated at 0°C in an ice bath. At this point,
10 ml of 1-butene is added. Then 0.1 mmol complex G is dissolved in toluene (8 ml) at RT
under nitrogen, and the solution is added to the reactor via gas-tight syringe to initiate the
polymerization. After 12 hours, the reactor is vented. The polymer is precipitated in copious
methanol/HCL, filtered, washed with methanol and dried in vacuo to constant weight. The

poly(1-butene) product has M, of about 60,000, M,/M, of about 1.15 and.[rrrr] of about 0.95.

Variations
Many variation will be obvious to those skilled in the art. Therefore, the invention is
defined by the claims.

JP 2005-503417 A 2005.2.3



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(49)

WO 03/025025 PCT/US01/27794
27-

WHAT IS CLAIMED IS:
1. Bis(salicylaldiminato)titanivm complex having the structure:

Ra
Ra

. R1\ (') ),
N, L N T
/R'TI"R Ay ®
(o}

R
A

where R is selected from the group consisting of balogen atoms, C,-C,,branched or straight
chain atkyl groups, C;-C;branched or straight chain alkoxide group and C,-C,branched or
straight chain amido groups, R, is phenyl substituted with C,-Csbranched or straight chain
alkyl group or electron withdrawing atom or group at the 2-position and optionally substituted
with C;-C, branched or straight chain alkyl group or electron withdrawing atom or group at
one or more of the 3-, 4, 5- and 6-positions, or is C,~C,, branched, cyclic or straight chain
alkyl group, and R, and R, are the sawe or different and are selected from the group consisting
of C,-Ctertiary alkyl groups; or cationic form thereof.

2. The complex of Claim 1 where both Rs are the same, both Rys are the same,
both R,s are the same, and both Rgs are the same.

3. The complex of Claim 1 where each R is a chlorine atom.

4. The complex of Claim 3, wherein each R, is phenyl substituted with one or
more electron withdrawing atoms which are fluorine atoms.

5. The complex of Claim 4 where each R, is phenyl which is substituted at least at
the 2-position and the 6-position with fluorine.

6. The complex of Claim 5 where each R, is substituted at the 2-, 3-, 4-, 5~ and 6-
positions with fluorine.

7. Syndiotactic polypropylene having M,, ranging from 10,000 to 500,000 and
defects of the type rmr and [rrrr] pentad content greater than 0.70. ,
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8. The syndiotactic polypropylene of Claim 7 having M,/M, ranging fiom 1.05 to
1.35.

9. The syndiotactic polypropylene of Claim 8 having [rrir] pentad content of at
least 0.95

10. The syndiotactic polypropylene of Claim 7 having [rirr] pentad content of at
least 0.95.

1. Syndiotactic paly(CCe-alpha olefin) having a M ranging from 10,000 to
500,000 and M, /M, rauging from 1.0 to 2.0.

12. A method of preparing syndiotactic polypropylene having M,, ranging from
10,000 to 500,000 and defects of the type rmr and [rrrr] pentad content greater than 0.50
comprising polymerizing propylene dissolved in an aprotic solvent in the presence of a

catalytically effective amount of a complex having the structure:

Rz

o
N, LN
f vt~y R

RI YR M

O @

Rz
Rs -

where R is selected from the group consisting of halogen atoms, C,;-C;, branched or straight
chain alkyl groups, C,-C, branched or straight chain alkoxide growups, and C,-C;branched ox
straight chain amido groups, R, is phenyl or cyclohexyl optionally substituted with one to five
C,-C, branched or straight chain alkyl groups or one to five electron withdrawing atoms or
groups, or is C)-C,, branched, cyclic or straight chain allyl group, and R, and R, are the same
or different and are selected from the group consisting of H or C,-C, branched or straight
chain alkyl groups and an activating effective amount of compound that converts titanium of

the complex to cationic form.
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13.  The method of Claim 12 where the compound that converts titanium of the
complex to cationic form is an aluminum-containing compound.

14. Olefin terminated polymers and oligomers of propylene having the structure:

m

where 1 ranges from 1 to 750.

15, A method of preparing polymers and oligomers of propylene having the
structure (1) where n ranges from 1 to 750, comprising pelymerizing propylene in an aprotic
solvent in the presence of a catalytically effective amount of complex having the structure (1)
where R is selected from the group consisting of halogen atoms, C;-Cy,branched or straight
chain alkyl groups, C,-C;branched or straight chain alkoxide groups, and C,-C;branched or
straight chain amido groups, R, is phenyl optionally substituted at one or more of the 3-, 4-,
and 5-positions but not at the 2 and 6-positions, the optional substitution at one or more of the
3-, 4-, and 5-positions being with C,~C,branched or straight chain alkyl group or electron
withdrawing atom or group, and R, and R are the same or different and are selected from the
group consisting of H and C,-C,branched or straight chain alkyl groups and an activating
effective amount of compound that converts titanium of the complex to cationic form.

i6. Block copolymer having M, ranging from 10,000 to 500,000 comprising at
least one block of syndiotactic polypropylene and at Jeast one block of
poly(ethylene/propylene) where the ethylene content ranges from 1 to 100% by weight,
containing a volume fraction of syndiotactic polypropylene ranging from 0.20 to 0.99.

17.  The block copolymer of Claim 16 where the at least one block of syndiotactic
polypropylene has [rrrr] pentad content greater than 0.70.

18.  The block copolymer of Claim 17 where the at least one block of syndiotactic
polypropylene has [rree] pentad content of at least 0.95.

19.  The block copolymer of Claim 16 consisting essentially of one block of
syndiotactic polypropylene and one block of poly(ethylene-co-propylene) where the volume
fraction of syndiotactic polypropylene ranges from 0.20 to 0.99.
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20. The block copolymer of Claim 16 consisting essentially of a block of
syndiotactic polypropylene followed by a block of poly(ethylene-co-propylene) followed by a
block of syndiotactic polypropylene, where the volume fraction of syndiotactic polypropylene
ranges from 0.20 to 0.99.

21. The block copolymer of Claim 16 consisting essentially of a block of
syndiotactic polypropylene followed by a block of poly(ethylene-co-propylene) followed by a
block of syndiotactic polypropylene followed by a block of poly(ethylene-co-propylene)
followed by a block of syndiotactic polypropylene, where the volume fraction of syndiotactic
polypropylene ranges from 0.20 to 0.99.

22.  Block copolymer having M., ranging from 10,000 to 500,000 comprising at
Ieast one block of syndiotactic polypropylene and at least one block of poly(1-
butene/propylene) where the 1-butene content ranges from 1 to 100% by weight, containing a

volume fraction of syndiotactic polypropylene ranging from 0.20 to 0.99.
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