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Nickel Complexes Bearing Amine-I mine Bidentate Ligand - Syntheses,

Structure, and Reactivity for Olefin Polymerization

Abstract
The synthesis of ¢ -amino aldeimines Et,NCMe,CH=N(2,6-'Pr,CsH3) (3a), (c-C4Hg)NC
Me,CH=NPh (3b), RNCMe,CH=N(2,6-Me,C¢H3) (R = c-C4Hg 3¢’ c-CsHo 3d), as well as the
nickel complexes Ni[Et,NCMe,C- H=N(2,6-'Pr,C¢H3)]Br; (4a), NifRNCMe,CH=N(2,6-Me,CcH
3)]Br, (R = ¢c-C4Hg 4c > ¢-CsH o 4d) has been succeeded. Their structures were mainly determi
ned by spectroscopy or elemental analysis. The complex 4d was characterized by X-ray crysta
llographic analysis. It shows that the nickel complex has distorted tetrahedral configuration.
The catalytic reactions of ethylene or norbornene polymerization using the newly synthesized
nickel complexes are studied. All catalyts show high activity toward studied olefin polymerization.
Comparing the data of the catalytic ethylene polymerization for complex 4¢ with those of its isomer
complex 4a, the former is found to results in higher activity as well as the larger molecular weight
of the PE products with the narrower dispersity. On the contrary, 4C shows lower activity in the
reactions of norbornene polymerization than 4a. For the cyclic amine derivatives, 4C of
five-membered amino group shows better catalytic activity toward ethylene polymerization than 4d
of six-membered amino group. But 4d gives better perfomance for norbornene polymerization
than 4c. Such results indicate that the processes of ethylene and norbornene polymerization might
have different rate-determining steps. These study confirms that the design of ligand and catalyst
are crucial with respect to the control of the catalytic olefin polymerization and the properties of the

polymeric products.
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L8PS 2-5-2-F LT [FE(BrCMea CHO) (1)
()70 10 mL 1.4-= SRR B4 720 S 6 mL S 7 - 0 AR S
AR T 1P o T 76%

@)
2500
+ Brp e Br, =(2)
@)

(b)3V 6.41 mL 2-' FEL [R50 - 1| éf‘z{:t ] T A S
SRR SR T f"li?ﬁ"lrﬁ P BRIV R VE R RN SRS
SR B T - % 89% -

o 0 Me 0 .
[ j Me /2 LS > (/ =(3)
Et,O
o Me 2 Br H

%Pl NMR g7

THNMR (CDCl3) : 69.35 (s, 1H, CHO), 1.78 (s, 6H, CH3)

2-A 2-7 CHLH-2-PIEL FE(EtNCMepCHO) (2a)

JFf 11.93g BrCMepCHO (1)]')"4TRERIHA] » S URf ™ A Ryt "e4l
oo I IR 6 PR o E 2 P e R IR SR ig(?““J’ FIRE e
& SR 86% o

Me (@) 0 Me 0]
Me 0~25"C Me
+ 2Et)yNH ——» + Et,NH,Br =L (4)
Br H =0 Et,N H

%P NMR 857
THNMR (CDCI3) : §9.39 (s, IH, CHO), 2.50 (q, J,, = 7.1 Hz, 4H, NCH,CH), 1.07
(s. 6H, CH,), 1.02 (t,J,, = 7.1 Hz, 6H, NCH,CH)



2-B,C 23 FLIF-2-F' 1T F(c-(CHo) ANCMeyCHO) (2b)

] 587 g BrCMe;CHO (D)I'] e EERIRA] > e lFife M A8 10 Py =il
(pyrolidine) » k™ J8HHF 6 [ [ - &% % 537t SV gt RN ig\(ﬁ‘?ﬂ  IFYEF ke
P Sk 89% -

Me (0]
Me 0~250C
+ 2 NH ————> H + (C-CH2)4NHzBI’
Et,0 N
Br H .
7 (9)

AP NMR &8
1H NMR (CDCl3) : 69.50 (s, 1H, CHO), 2.63, 1.76 (m, m, 4H, 4H, c-C4HgN)
6H, CHg)

2-D 2-BUS L -2-P1ELT [E(c-(CH)5NCMeyCHO) (2d)

) 5029 BrCMe;CHO (I} "4 [RERIEM] » e Y ™ M [y i B pop e
(piperidine) » BT 2 /1 [ - B 2 {1 RO SENRD - JRARS #W'J » BHR T
IR SR 79% -

Me
Me e) o

Me
Me o 259C
H + (c-CH5)sNH,Br
ar H EtZO N
7 (6)
AP NMR &8

14 NMR (CDCl3) © 6940 (s, 1H, CHO), 2.37, 1.53, 1.43 (m, m, m, 4H, 4H, 2H,
c-CgH1gN), 1.02 (s, 6H, CH3)

3-A EtoNCMeyCN(2,6-ProCgH3) (3a)

)R 9.71 g EtpNCMepCHO (2a) 12 ] » 1 2,6-= B[ [5L2 0~ Wiyl
[ #lﬁ% Dean-Stark [i& 748 » I'] ?EHﬁ‘JDYﬁ- = 120°C [& sy 6 7] E\ﬂj o _FEEE
] > RS IR 100-120C Ol > I CORFRBINIRR > % 1 51% -
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(O]
/ benzene N

+ 2,6-PryCgHgNH;——> / + HxO
reflux
Et,N
EtoN i
7 (7)
EPI] NMR &
14 NMR (CDClg) : 6756 (s, 1H, CH=N), 7.10-7.03 (m, 3H, phenyl-H), 2.87 (m, J4-H
= 6.8 Hz, 2H, CH(CHg)9), 2.64 (0, J4-H = 7.2 Hz, 4H, NCH»CH3), 1.33 (s, 6H, CH3),

1.14 (d, J§-H = 6.8 Hz, 12H, CH(CHg)9), 1.05 (t, J4-H = 7.2 Hz, 6H, NCH>CH3)

3B ¢-(CH9)4NCMesCNPh (3b)

¥ 489 ¢ ¢-(CHANCMeaCHO (20)1 | !4 ] + 1 Sk » Hfitpts
I Dean-Start [ 4+ > I Pk = A50°C R 45t 6 ) [ » 1o ksl ] -
TR IETER & WIRIT 120-140°C IOl » B R ORPRETRIRBE ok ¢ 60% <

O N
/ benzene / @
+ CgHgNH, ———— + Hy0
reflux
) &
7 (8)

&P NMR 7
1H NMR (CDCl3) : 67.83 (s, 1H, CH=N), 7.35-7.00 (m, 5H, phenyl-H), 2.74, 1.77 (m,

m, 4H, 4H, c-C4HgN), 1.33 (s, 6H, CH3)

3-C c-(CH5)4NCMesCN(2,6-MesCgH3) (3c)

Jj 4.89 g C-(CH2)ANCMexCHO (20)1'J 1% il » it 2,6-~ [ LA > T
W BRI > A1 Dean-Stark [ > I3 ikl = 150CR2-sEik 6 /1 > 1
RSN T o YRR R IR 120-130°C RN - HIA R SORFRB Y > B
F £ 69% -
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(0]
/ toluene + H,0
+ 2,6- M82C6H3NH2—>
reflux
O\I
7 (9)

&P NMREEE
IH NMR (CDCl3) : §7.66 (s, 1H, CH=N), 6.99 (d, J4.H = 7.5 Hz, 2H, phenyl-H), 6.87
(t, Jy-H = 7.5 Hz, 1H, phenyl-H), 2.77, 1.77 (m, m, 4H, 4H, c-C4HgN), 1.37 (s, 6H,
CHq)
3-D  c(CH9)5NCMesCN(2,6-MeyCgHz) (3d)

K 407 g &-(CHR)ENCMeCHO (20))'J 17 ] » i 2,6-~ ['I3L %
W BRIRA R > A1 Dean-Stark [ < > [ iR 150CH2 I 6 J‘E\ﬂj‘ » F
TR T VB B WU 106-120C iy > A I SRR
£ 60% ©

N
N
] { / +(10)

%40 ) NMR &7

1H NMR (CDCl3) : 67.60 (s, 1H, CH=N), 7.00 (d, J4.H = 7.5 Hz, 2H, phenyl-H), 6.91
(t, 34y = 7.5 Hz, 1H, phenyl-H), 2.09 (s, 6H, CCH3), 2.57, 1.59, 1.46 (m, m, m, 4H,
4H, 2H, c-CsH1gN), 1.31 (s, 6H, CH3)

= e s T AR (LY A5
H AU [ (] - B ] e SR 49] P ARIFIRSAR T £ 5
Ac A1 4d -
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N ( klPQBr — /N\ Br 3 (11)
3¢ )< <
>N H | X

A [EtoNCMeyCN(2,6-ProCgHz3)INiBro (428)[9]

iz 17V 150 mg (0.486 mmol) Ni(DME)Brp » 4 7 2 & el » i T 47sl I
FERIOIREE N P TR PR 1R (146.8 pL, 0.486 mmol)iofi
B 38 A 20T W AR SR SRR > 1) RS AR, SR
A ovgH o BRI SR SZIR] - % 28% -
&Pl NMR S 9]
IH NMR (CDCl3) : 68.28 (s, 1H, CH=N), 7.13 (br, 3H, phenyl-H), 3.48,3.12 (m, 4H, J4_H
=6.5, N(CH;CHs),), 2.73 (M, 1H, Jy_4=6.8, N(2,6-C¢Ha(CH(CHs3),))), 1.12 (d, 6H, -
=6.8, N(2,6-CH3(CH2CHs)5))), 1.05 (t, 6H, Jy-p =6.5, N(CH2CHa)2)
I3C NMR (CDCl3) : 6 163.8 (CH=N), 145.8,136.0-122.5 (phenyl-C), 70.0 (C(CHs),), 46.5

(N(CH,CHa),), 29.1 (N(2,6-CoHs(CH(CH3)2))), 23.0 (N (2,6-CsHs(CH(CHs),))), 21.3
(C(CH3)2), 12.0 (N (CH2CHa)»)
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C [c-(CH2)4NCMepxCN(2,6-MesCgH3)INIBr) (40)
1§ 17V 150 mg Ni(DME)Brrp » A * 20 38 iy > v 1 258l Bt S8 o R
D IR P VST S 15 (180 uL, 0.729 mmol)ifL Sc o it 2
Eﬁ R ‘ugﬁz SR VRARAH - DA CBRISE L - STVRA 1 W
TG o TR B2V - o 69% -

8_/ ( NI\\ —>7[ N|\‘\ ;‘ (12

MS(FAB, m/z) : 381,383(M+1-Br)

UV-Visible : A 1nax=517.5 nm

EA : #rE@(ff - N, 553, C,40.99, H, 4.33
EE‘FEF%];E[ : N, 6.05, C, 41.52, H, 5.23

D [c-(CHp)5sNCMexCN(2,6-MexCgH3)INiBro (4d)

iz 17V 150mg Ni(DME)Bryp » 4 7 2 & Tlal > 7 Hr 25360 0 S AR I [
R TIRCRT F S o 0.778mmol (200 pLRSEL 3d - 21
T SR WA TS CRRER A SR T - cl[aﬁ“ﬁ“
SR> TR - B ET 60% -

; |
(0]
N
N \ wBr Z \ _.Br
+ Ni — A
§_</ [ /I\Br }\“\Br
N H C|) N 7 (13)

UV-Visible : A max=516 nm
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X-Ray :
PR S mg TR S R B SR AR S S

Eb s
S AP SRR - FRELT S 5 A58 T R IR R

Y[~ > ORTEP [Fﬂ[i/[[ 5

S

N NLBRD N(NLB?) N NLBr?) N(NLBrD Br(l)NLBr@) N()NLNE)

106.03(7) 104.51(6) 130.28(6) 130.28(6) 113.74(2) 82.41(9)
e
Br(1)-Ni Br(2)-Ni Ni-N(2) Ni-N(1)
2.3527(5) 2.3638(5) 1.997(2) 2.084(2)

S e (Ch e

1.76’5%35;3;%?' Sy

AT U 10 me [O5f 5 P20 (I iy 96 1) S0 mL P I KR £
SHEET 5.6 mLIEE 106 fOZDE 5] MAO(N * Al=1 : 480) » ¥~ [isals 5721y
AT TR SIS RR250 psi » IR S -
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e PO P e+ 1P A I~ e - % 2 53 50 e T
T TR P o SV R < i GPC I 4153 B H 53 AeIPDI ) »
NMR FETRRHA953 L 5+  TGA T S 1 BIEIR W 53 ipil (8] dc A1 4d ok
Pt 400°C =55 i - JI DSC ') i Tg EHF ﬁ'Féf%E}’(%E\T/]Jﬁ?%— °
F— 0250 psi > 25 C > Ni: Al=1 : 480 > 50mL ['I=*

——— - —

ey R e M o () et 1000.C)
4a(22 12 mol)[9] 3 2.9 515 238000  1.69 — 143
4¢(21 12 mol) 1 3.5 162.0 391400 1.6 38.5 117
4d(22 12 mol) 1 0.08 3.8 — — — 106
4d(22 1 mol) 3 0.87 13.8 95500  1.43 30.0 108

2V R £ T

v 250 mlL ISEHEC » FEAZGATH T 10 mg 5 S > 1) SO mL 1% EGIAR] -
SIS g [REYRE S FI R ISR SDIE [ MAO(NI - Al=1: 480) » F[ I > Pt iz -

U e Rl ik E

I PR e 5 o (SR 1o SRR RTE o (B de M T U
PATRRCPI% o 0] GPC 535 £17%% PDL - i TGA L)t £ 55 i 36

(] 4 F{1 4d [0 $07 400°C 73 i - I DSC ] Tg B> 4d ik 7 Te B iy i <
*.=
= [ e T
_— ISEAE , DYt PDI g
e 1 Ni: Al i Mn O
(hr) (kg/mol « hr) (Mw/Mn) (C)
4a(22 pmol) 025 1:230 331.6 — — -
4¢(21 2 mol) 1 1:480 23.1 53158 1.91 322.0
4d(22 (£ mol) 1 1:480 57.1 _ _ _

AR SN HE ST ST
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1

» JieLRLAIGH A P [~ S

Pl 798 sy 98[O P00 [ VRO S5t 5 érﬂs/uﬁ Ay o BT HH (™
3 B E 2 0T O fl%@%ﬂ?’ﬁ[%ﬁfj FET o = RIfiaet [ TR o i ™
B D IRESEO A - R ITM IFOTRIE - 1) NMR SR e 'oﬂl*%F
PO B APIEIIR > ] BB BRI o A AT LTS
(BRSBTS R
A R Rl AVSEE ) = RIRLA ] TH NMR » AR CDCl3 8L e e

L P RREASLTRE0 (O GRS - i P e 5 oY ﬁ%‘f“‘ﬁﬁwﬁ
@@%L—a {2 P dSRgh %fzf_}ﬂ“lﬁi’l “H R n*ptgpﬁ'ﬁ b F2( S ~9)1Fl &) E B
FRTRR FRAYE(0 ~T) e Eﬁ CPIREERE R da I > e T 4d I NMR > B 2] MASS
AIX-RAY 853

1K AJ'#F[J ,&g

F = @ 250psi » 25°C - catalyst - MAO=1 : 480 > 50mL ['I*
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-1 SRV P SLAI R P gL [ et

(B {7 ALOTFEE (] dc Bl Et’fﬁ?%ll[ ’ IE"H’ELF” 157 ERZERUY IV EREL - A
éfilg[n ’ |ﬁ_!| ] 4a vk ERTE I%LFEJTFV[*ELEI | T El AT (] 4c fY
u%aﬁﬁﬁﬁ’mﬂﬁ*@ﬁJ’n@%ﬁb eiﬂwI%JA%ng
V[—&EL [JQZE:L *JpAJ/ 8™ LI el 5 o I%BI/TTVFEELE A ) Z/]:I_‘\ u%j[ PRI [QEE{*J » b
Jﬁg}f‘,ﬁe{g_}p s v&;ﬁrjjv]_kﬁlﬂj T ADKEJE“IHL ﬂP if' [EgeE A ’%"Wwﬂjﬁj‘ FIRE
EHFTL @EP ORI lﬁl?‘yy—:lxghfjjy—i Elﬁj °

17



-2 T EYZBUREV P RLAI EPR IV FORL B {35 Pt

AN ST RN 4CEJ$FI[*31|%|“§W [ TRl 53 Bl 5y
Dl ST RO o RUNF RN AR EIRL [I’j‘*" € IR SARTY S AR~ Y
Sk /’ﬂfl‘ﬁ’l’jﬁl UJFHFH il %W?F[[%ﬂ[%

N Z N\
= \ ( /NI

/Ni\ | \/
A Y

2R [ P P (™

@

/L[ :[:

ES
el B Ni : Al jﬁ[\it Mn PDI 'Ol'g
(hr) (kg/mol « hr) (Mw/Mn) (C)
Al9] 0.25 1:230 209.2 — — _
4a 0.25 1:230 331.6 — — .
4c 1 1:480 231 53158 191 322.0
4ad 1 1:480 57.1 — — _

18



2- LBV P SLA ROV PO L (B

FADMTIC S T () e 0 o e () A LT ) da (%0~ BRI - 5)
SRR« [ AP [ afOTE P53 RIS T AR R R 2 GPC-
[ (] e PR Poar s 35050 BRIy [0~ RIS PO B
B SERIA R ST BRI RLRE A A PR (B O e )
AT BRALGS SFHAVAE 1 T RIS AOPRR IR O BV A D
T PR D o R S s R

/N\Nl/\/P /N\
' . Ni
227 FYRUBTY (LA FYHEY [ R [~
PR P 1 [ ] ﬂﬁlfjfﬁ'[ﬁﬁ% (] Ad P52  o5 = BVfERE [ [T (] 4d fv

AT IRICR IR o [ O FBOE R o B R O AR
S R T L IR R

S B S T ERRAT FRIRL- AL L ENCMe;CH=N(2,6- PraCeHa) (3
a) ~ (c-C4Hg)NCMe,CH=NPh (3b) - RNCMe,CH=N(2,6-Me,C¢H3) (R = ¢c-C4Hg 3¢ > ¢-
Cshio 3d) » 12741 4L T {379 NI[ELNCMe;CH=N(2,6-'PraCaHa)]Brz (42) + Ni[RNCM
&CH=N (2,6-Me&;CeH3)]Br, (R = ¢c-C4Hg 4c » ¢-CsHyo 4d) -

- . ;Q%FL‘IJ?}F[UEE%L Bé&'i\%ﬁﬁf?’if% [RGB > 1 Ni[e-CaHsNCMe;CH=N(2,6
-MezCoHa)IBra(dd) ¥ 4% 1 il - HARAERE X J il weditfi R LTS -

= TR AT MAOUIA [~ BCHL 0 S [ SRR R R O T
I « S ORI 10°~10° g/molNi « h ™ #55 % £15% 10° > PDI ffi5% 1.4 > 55
57t 100/per 1000 C S Shfo B 45 % 10*~10°g/molINi - h » 2Lt 10% -

D1 8 TR BRI 930 £ P20 » 3 S (pyrrolidine) = BU%0 (S L » S 6 JUH
AL > "R O B [ PRl 50 By - PDI R | o [ S0 4 1 T

19

—



FERE -

o IR RO O S PR piperidine U2V P JLAEHE » -+ pRp)

R B [P I A AR 5 1 [ Tl

AR AR £ 8 T TR 1 e B O e oy

«EW@ﬁ%wW@w%%%gVﬁ$wtwﬁ$w¢%é@m%@ﬁﬂ@%’%

RV Y [kgfﬁ*’g SRR (R [ "E/F‘EE E[}%FIJE‘U

i
RGBT T A EAT T R ) %Frm F,:\Tbﬁ’yr P g -,
2« BRVRBHETS S BRI R ST B P B AT [
IO D » 1) RS T SR R o S o W ERRS A -
ﬁﬁ%'f‘%@ﬂﬁmfﬁﬁ%ﬁ@%ﬁf’ DR > TR (R B B
FAHDIE < BRI SILE QP -

2R

[1]Jordan, R. F. Adv. Organomet. Chem. 1991, 32, 325.
[2]Kaminsky, W. J. Chem. Soc. Walton Trans. 1998, 1413.
[3]Brookhart, M. Wagner, M. 1. J. Am. Chem. Soc. 1996, 118, 7219
[4]Grubbs, R. H.; Chamg, S. Tetrahedron 1998, 54, 4413

[5]Seyhan Ege “Organic Chemistry-Structure and Reactivity”, 1999

[6]Gibson, Angew. Chem. Int. Ed.1999,38,428-447

[7]B. E. Douglas 57U IR 2B, T [ 5B S 55, 1996
[8]M. Brookhart, Chem, Rev, 2000, 100, 1169-1203

[OUHER)" + 7" JuiF W

20



PPM

7.56048
24051
03612

=y

2.90043
58772
58544
67
583
56067
1.33031
1.02824

7
7

p [ 88

DATE 9-B-1
SF 300.133
) Sy 2930
/EIZN 01  4899.050
SI 16384
TD 16384
C d E SW  6024.096
! HZ/PT 735
PH 5.0
RD 1.000
AQ 1.360
| 9 RG 8
NS 48
TE 297
d FW 7600
02 3200.000
b oP L P
a ¢ | LB 0.0
\ 68 00
cx 23.00
CY 11.00
}( F1 B8.000P
F2 -.000P
| ol HZ/CM 104390
| I I PPM/CM 328
Il twj SR 3373.94
|
= 3 9 Fe
i |9 ==
R A L A A A A AL A e AL s
5 0 4.5 4.0 3.5 3.0 5 B 5
7.5 6.5 6.0 5.5 5 Ao
. H 1
Ae s 3a'l NR
m|wjo|ml < |mi~|ojai~ | |o| ojm—w|ojaul~| ofm)
(O[T | |M) )| ~+| ~=|™M)|D|r ILO)| 0| MWD IN Ol No)
|~ 00| w1~ || OO/ Ul T | T|D|MiMI| M)
| Oolo;mmo| o) O NN IS N Moyl
gggggggg'JJJ EEEEEEE
e
DATE 1-8-2
SF: 200.132
SY 200.0
01  3345.480
SI 16384
a TD 16384
SW  3205.128
7 HZ/PT 3681
:j PW 2.0
RD .100
ég 5.555
. d NS 56
TE 297
FW 4100
b 02  3200.000
oP L P
a
LB 0.0
/ | GB 0.0
( ’ X 23.00
‘ CY: 10.00
\ | ﬂ F1 8.000f
il I | | F2 5011
L HZ/CM 65.254
PPM/CM  .326
SR 2345.01
o | O IO I o <7 |
™) RN | T 0|
ol O | ™ || I~ I
o o [ & L g
e T e L7 N (N SR S P B e S B ‘y‘vlvar‘wv““.“vvr—ﬁ
7.5 7.0 6.5 6.0 5.5 5.0 4A5PPM4A0 BU6\ 2310 250 hop ol qiRT Lalin

Az 4 3b'H NMR

21



w [aVS (s oi{aVi{epiin ™ culoylm) =IO T ONIMI~MD!
™ ol=@0IO <000 < olomlo
= ® SRS OBRID  DOSON oD
a © S oo |m|D INISIN BN
& ~ ~ww|wlolo E adovldey QU ||
| |
(! L] 111
P . [ TP
\ I Zb I
d N g |
// e g
f 7 a
rf
d
| f
y
|
A |
e L P
ol o o o
o ™ 0 <
)| ™) [ {te)
< © 6’ |
I
I = - s s s — ——
8.0 6. .05 g 4.0 3.0 2.0 1.0
. 1
72 2 3c'H NMR
3 g e e
s a Sy D~0 B NS BBD DD
a 0 o o0 ®@ [TelTellTe} o v O[T
¢ ~ v\ua'wimv; E ey LR e e R A R
| ) | L L
\ 1/ \ b \/ \\\i /
/" Soc
e
d_ |
a [
b d
[ c
a
I y "
|
| I
M i
I - - )}L L
W /
S o g
M gl © [0
- ‘mf‘v« 0| \cn‘
e T T b, bl
7.5 7.0 6.5 6.0 to] 4.5 4.0 3.5 3.0 2.5 2.0

A3k 3d'H NMR

22

DATE 3-10-2
SF 300.133

299.0 A
01 4899.050
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Table 1. Crystal data and structure refinement for IC9289.

Identification code
Diffractometer used
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume, Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

6 range for data collection
Limiting indices
Reflections collected
Independent reflections
Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F2

Final R indices [I>20(I)]
R indices (all data)
Extinction coefficient

Largest diff. peak and hole

ic92

89

Nonius KappaCCD

C. H _Br N_Ni

17726 22

476.
295(
0.71
Tric

Pl

93
2) K
073 A

linic

8.10100(10) A alpha =

8.68800(10) A beta =
15.2850(2) A gamma

961.77(2) A°, 2

1.64

5.16

480

7 Mg/m3

2 mm}

0.30 x 0.27 x 0.25 mm

4.11 to 27.48°

-10 s h s 10,

1998

4390

Mult

0.29

-11 s k s 11,

3

(Rint = 0.0542)
i-scan
3 and 0.220

100.4700(10)°
93.7440(10)°
113.1160(10)°

-19 s 1 s 19

Full-matrix least-squares on F2

4380 / 0 / 201

0.98

R1

Rl =

0.01

1.230 and -0.804 eA”

7
0.0345,
0.0433,

53 (14)

25

wR2 = 0.0863

wR2 = 0.0925
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Table 2. Bond lengths [A] and angles [°] for 9289.

Br (1) -Ni(1) 2.3527(5) Br(2) -Ni (1) 2.3638(5)

Ni (1) -N(2) 1.997(2) Ni(l)-N(1) 2.084(2)
N(1) -C(5) 1.492(3) N(1)-c(1) 1.499(4)
N(1)-C(8) 1.527(3) N(2)-c(9) 1.261(4)
N(2)-C(10) 1.456(3) c(1) -c(2) 1.514(S)
c(2)-C(3) 1.515(5) Cc(3)-C(4) 1.517(5)
C(4) -C(5) 1.518(4) c(e) -c(s) 1.533(4)
c(7)-c(8) 1.542(4) c(8)-c(9) 1.503(4)
C€(10)-c(15) 1.389(4) Cc(10)-Cc(11) 1.394(4)
C(11)-c(12) 1.403(5) C(11)-C(16) 1.498(5)
C(12)-c(13) 1.373(6) C(13) -C(14) 1.371(6)
C(14)-C(15) 1.393(5) C€(15) -c(17) 1.501(5)
N(2)-Ni(1)-N(1) 82.41(9) N(2)-Ni(1)-Br (1) 106.03(7)
N(1) -Ni (1) -Br(1) 130.28(6) N(2)-Ni(1) -Br(2) 116.53(7)
N(1) -Ni(1)-Br(2) 104.51(6) Br (1) -Ni(1)-Br(2) 113.74(2)
C(5)-N(1)-C(1) 108.6(2) C(5) -N(1) -C(8) 112.0(2)
C(1)-N(1)-C(8) 110.2(2) C(5)-N(1) -Ni(1) 113.9(2)
C(1) -N(1)-Ni(1) 106.7(2) Cc(8)-N(1) -Ni(1) 105.4(2)
C(9)-N(2)-Cc(10) 120.2(2) C(9) -N(2) -Ni(1) 113.4(2)
C€(10) -N(2) -Ni (1) 126.4(2) N(1) -C(1) -C(2) 112.6(2)
C(1)-C(2)-C(3) 110.8(3) c(2)-c(3)-C(4) 109.4(3)
C(3)-C(4)-C(5) 112.5(3) N(1)-C(5)-C(4) 111.4(2)
C(9)-C(8)-N(1) 106.9(2) C(9)-c(8)-C(6) 109.7(2)
N(1)-C(8)-C(6) 114.5(3) c(9)-c(e)-c(7) 104.8(2)
N(l)-C(8)-C(7) 111.8(2) c(6)-c(8)-c(7) 108.7(3)
N(2)-C(9)-C(8) 121.5(2) c(15) -c(10)-c(11) 123.5(3)
C€(15) -C(10) -N(2) 118.3(3) C(11) -c(10) -N(2) 118.2(3)
C€(10)-c(11) -c(12) 116.4(3) C€(10) -c(11) -c(16) 122.8(3)
C€(12)-Cc(11) -Cc(16) 120.9(3) €(13)-c(12)-c(11) 121.5(4)
C(14)-C(13)-C(12) 120.1(3) C(13)-C(14)-C(15) 121.4(4)
€(10) -C(15) -C(14) 117.1(3) €(10) -C(15)-C(17) 122.1(3)
C(14)-c(15)-c(17) 120.8(3)

Symmetry transformations used to generate eguivalent atoms:
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Size: 10.4220 mg TGA
Run Date: 9-Nov-02 10:37
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Sample: 1
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Nickel Complexes Bearing Amine-Imine Hybrid Bidentate Ligand

- Synthesis, Structure, and Reactivity for Olefin Polymerization

Abstract

Two derivatives of da-amino aldeimine in the form of
c-C,H,,NCMe,CH=N (2,6-Me,CsH3) (n = 4 (3¢), n = 5 (3d)) and their
nickel complexes [c-C,H,,NCMe,CH=N (2,6-Me,C¢H3)|NiBr, (n = 4 (4¢),
n = 5 (4d)) have been successfully synthesized. The structures of these
compounds have been determined by spectroscopy and X-ray
crystallography. The nickel complexes show high catalytic activity
toward polymerization of ethylene and norbornene with the assistance of
methyaluminoxanes (MAQO). Complex 4¢ shows better activity than 4d
for polyethylene formation. But opposite activity order was found for the
polynorborylene formation. It indicates that the processes of
polymerization for ethylene and for norbornene might have different

rate-determining steps.



Introduction

Polymers play important roles in modern world. Since Ziegler and Natta
discovered the olefin polymerization using heterogeneous catalysts of Ti-Al
mixtures in 1950s, scientists have been continuing to seek for new catalysts.' In
1980, Sinn and Kaminsky found that the homogeneous catalysts of Ti or Zr
activated with methyl aluminoxane (MAO) could polymerize monomers that
Ziegler-Natta catalysts could not.”> Late transition-metal catalysts used for
olefin polymerization acquired little progress until mid eighties. Grubbs and
Schrock established ring opening metathesis polymerization using
ruthenium-carbene complexes, which could catalyze the polymerization of polar
monomers.”  Brookhart found that nickel, palladium, and iron complexes
bearing o-diimine ligands with bulky substituents could effectively catalyze
ethylene polymerization.* Ligand design has become crucial to the

development of new catalysts for olefin polymerization.

Generally speaking, the ligand can provide fundamental influence in a
metal complex in three aspects: 1) stabilize the metal cation; 2) control the
coordination geometry, and 3) control the oxidation state. ~All these factors may
profoundly influence the catalytic activity and selectivity. In this study, the
nickel complexes bearing hybrid bidentate ligands containing amine-imine
functionalities are employed for olefin polymerization.Some preliminary results
have demonstrated that the aliphatic amino substituents of the nickel complexes
in the form of [RNCMe,CH=N(2,6-Me,C¢H3)]NiBr, can influence the activity of
the reactions of ethylene or norbornene polymerization. In this work, the
preparation of the nickel complexes with cyclic aliphatic amino substituents has
been done. The synthesis and characterization of two new derivatives of the
nickel catalysts as well as their reactivity towards the polymerization of ethylene

and norbornene have been studied.



Experiment

Instrumentation

1. Nuclear Magnetic Resonance Spectrometer: Bruker AC-200, AC-300

2. Mass Spectrometer: Finnigan TSQ-46C MASS ; Jeol SX-102A MASS

3. X-Ray Single Crystal Diffractometer: Dutch Enraf Nonious CAD-4 Kappa
Axis XRD(FR 586,FR590) ; Germany Siemens Smart CCD XRD

4. Elemental Analyzer: Perkin Elmer 2400

5. UV-VIS Spectrophotometer: Shimazu U-3010 Spectrophotometer

6. Gel Permeation Chromatography: ENSH INE SuperCO-150

7. Differential Scanning Analysis: Perkin Elmer Pyris 6 DSC

Synthetic Procedures of Ligands and Complexes
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Ligands 3a, 3b, 3¢, and 3d have been synthesized first by amination of
a-bromoaldehyde, then followed by condensation with aniline derivatives as
shown in Scheme I. The nickel complexes 4a, 4¢c, and 4d are formed by
substitution reactions of Ni(DME)Br, with the synthesized ligands in inert
atmosphere. The typical procedures for the ligands 3¢ and complex 4¢ are

described below.

1. BrCMe;CHO(1a)

To a petri dish, 6 mL of bromine was slowly added into 10 mL of dioxane
and mixed thoroughly to give orange solid product. In an Erlenmeyer flask, the
solid was added to 6.41 mL of 2-methylpropanal with ether as solvent. The
mixture was extracted by cold water, and the organic layer was collected. A
minute amount of anhydrous magnesium sulfate was added to remove water.

The solution was filtered and the solvent was evaporated.

2. ¢-(CH,)4NCMe,CHO(2b)

BrCMe,CHO (1a) (5.87 g) was placed in a flask with ether as solvent.
Pyrrolidine of two equivalents was added in the aliquot of a few drops at a time
with use of the ice bath. The solution was then stirred for 6 hours at room
temperature. Two layers of solution were resulted. The upper one was

collected; and the solvent was evaporated.
3. ¢-(CHp)4NCMeyCN(2,6-MeyCeH3) (3¢)

2,6-dimethylaniline (6.0 mL) was mixed with (c-C4HgN)CMe,CHO (2b)
(6.84 g) with toluene as solvent. The solution was refluxed along with a few
drops of sulfuric acid in a Dean-Stark set-up for 6 hours. The solvent was
removed by distillation under reduced pressure. The product was collected
between 120°C and 130°C.

4. [e-(CH)4NCMeyCN(2,6-MeyCgH3)INiBry (4¢)

Into a Shlenck reactor, was placed Ni(DME)Bry (150 mg, 0.486mmol) in a dry

box. Ligand 3¢ of 1.5 equivalents in dried dichloromethane was added, and the
reaction solution was stir for 2 hours. The purple solution was filtered and

concentrated. Purple solid product was precipitated from diethyl ether.



The purification and identification of the ligands and complexes

The ligands were purified via distillation under reduced pressure. The
resulting products were mainly identified by '"H NMR. The nickel complexes
are hygroscopic. Precaution for predrying the ligand before the synthesis of the
inorganic complexes is necessary. The paramagetic nickel complexes are

identified with MS, elemental analysis and/or X-ray crystallography.

Reactions of Polymerization

The nickel complexes activated with the co-catalyst, methyl aluminoxanes
(MAO), were used to catalyze the polymerization of ethylene and norbornene in

toluene at 25 °C under nitrogen atmosphere. The characterizations of the

polymers were done by GPC, TGA, DSC, and/or NMR.

1. The polymerization of ethylene

In the dry box, 10 mg of nickel catalyst and 50 mL toluene were
transferred into a Parr autoclave, followed with 5.6 mL of 10% MAO (Ni : Al=
1 : 480). The reactor was locked and taken out of the dry box. Ethylene was

filled to the pressure of 250 psi and kept constant.  The solution was stirred with
a magnetic bar for 1 hour. The pressure was released. Methanol and
hydrochloric acid were used to deactivate MAO. The organic layer was

collected. Acetone was added to precipitate the product.
2. The polymerization of norbornene

In the dry box, 10 mg of nickel catalyst and 5 g of norbornene in 50 mL
toluene were placed into a flask, followed with 5.6 mL of 10% MAO (Ni : Al=

1 : 480). The reaction solution was stirred at 25 ‘C for 1 hour. Methanol and

hydrochloric acid were added to quench the reaction. White precipitate was

collected.



Results and Discussion

Yield
3a-51% 3b-50% 3¢-69% 3d-60%
4a-28% 4¢-69% 4d-73%

The Data of Characterization

1. "H NMR (CDCl;) data for ligands :

3a— 06 7.56 (s, 1H, CH=N), 7.10-7.03 (m, 3H, phenyl-H), 2.87 (m, J.y = 6.8 Hz,
2H, CH(CHs;),), 2.64 (q, Jy.n = 7.2 Hz, 4H, NCH,CH3), 1.33 (s, 6H, CHs),
1.14 (d, Jy.y = 6.8 Hz, 12H, CH(CHs),), 1.05 (t, Jyu = 7.2 Hz, 6H,
NCH,CH)

3b— 06 7.83 (s, 1H, CH=N), 7.35-7.00 (m, 5H, phenyl-H), 2.74, 1.77 (m, m, 4H,
4H, c-C4HgN), 1.33 (s, 6H, CH;)

3¢— 087.66 (s, 1H, CH=N), 6.99 (d, J;.u = 7.5 Hz, 2H, phenyl-H), 6.87 (t, Jy.y =
7.5 Hz, 1H, phenyl-H), 2.77, 1.77 (m, m, 4H, 4H, c- C,HgN), 1.37 (s, 6H,
CH;)

3d— 87.60 (s, 1H, CH=N), 7.00 (d, Jy.y = 7.5 Hz, 2H, phenyl-H), 6.91 (t, Jj.y =
7.5 Hz, 1H, phenyl-H), 2.09 (s, 6H, CCH;), 2.57,1.59, 1.46 (m, m, m, 4H,
4H, 2H, C- C5H10N), 1.31 (S, 6H, CH3)

2. Complexes

42— 'H NMR (CDCL) : & 8.28 (s, 1H, CH=N), 7.13 (br, 3H, phenyl-H),
3.48,3.12 (m, 4H, Jyy = 6.5, NCH,CH3), 2.73 (m, 1H, Juy = 6.8,
CH(CHs),), 1.12 (d, 6H, Ji.y = 6.8, CH(CHs),), 1.05 (t, 6H, Jyy = 6.5,
N(CH,CHjs),)

PC NMR (CDCl5) : & 163.8 (CH=N), 145.8, 136.0-122.5 (phenyl-C), 70.0

(C(CH3),), 46.5 (N(CH,CHj3),), 29.1 (CH(CHs),), 23.0 (CH(CHj3),), 21.3
(C(CHs),), 12.0 (N (CH,CH3),)



4c— MS(FAB, m/z) : 381,383(M+1-Br)
UV-Visible : A= 517.5 nm
EA : Found : N, 5.53, C, 40.99, H, 4.33
Calcd: N, 6.05, C, 41.52, H, 5.23
4d— UV-Visible : A,,x=516 nm

X-Ray : The configuration of the complex is approximately tetrahedral.

The ligand chelates with nickel in bidentate mode and forms a five-member
ring. Selected bond angles and lengths along with the ORTEP are shown

below.

Bond angles (degree)

N(2)-Ni-Br(1) N(1)-Ni-Br(2) N(2)-Ni-Br(2) N(1)-Ni-Br(1) Br(1)-Ni-Br(2) N(1)-Ni-N(2)

106.03(7)  104.51(6)  130.28(6)  130.28(6) 113.74(2) 82.41(9)

Bond lengths (A)

Br(1)-Ni Br(2)-Ni Ni-N(2) Ni-N(1)

2.3527(5) 2.3638(5) 1.997(2) 2.084(2)




Data for polymerization

Table 1 ethylene polymerization

Catalyst Reaction Yield Activity M PDI T, Branches
(umol)  time(h)  (g) (kg/molNishr) " (My/M,) (C) (per 10’ C)
4a (22) 3 2.9 51.5 238000 1.69 — 143

4c (21) 1 3.5 162.0 391400 1.26 38.5 117
4d (22) 1 0.08 3.8 — — — 106

4d (22) 3 0.87 13.8 95500 1.43 30.0 108

Table 2 norbornene polymerization

Catalyst Reaction . Activity PDI T,

. Ni : Al . M, .
(umol) time (h) (kg/mol Ni<hr) MM, (C)
4a (22) 0.25 1:230 331.6 * — -
4c¢ (21) 1 1 :480 23.1 53200 1.91 322.0%*
4d (22) 1 1 :480 57.1 * — ok

*  The products are insoluble in toluene. The GPC data are not available.

**  The T, does not appear below 350 C.

Ligand Effect on Polymerizations of Ethylene and Norbornene

The amino substituent is acyclic in 4a, but cyclic in 4¢c. The data of
ethylene polymerization show that 4¢ gives better activity and the products of
higher molecular weight; lower value of PDI and less branches than does 4a.

On the other hand, 4d with six-member amino ring shows poorer activity
and gives the products of lower molecular weight than does 4¢ with five-member
amino ring. 4c¢ results in smaller value of PDI value. It suggests that the less
steric and less free pyrrolidinyl substituent of 4c, might be favored for ethylene

polymerization.



The measurements for the molecular weight of polynorbornenes are not
feasible owing to the poor solubility of PN in toluene. Despite of the limited
data in Table 2, complex 4¢ results in lower activity than either 4a or 4d, in
contrast to the results of ethylene polymerization. Besides, complex 4a with
two ethyl substituents shows better activity than both complexes containing
cyclic amino group. One could conclude that the more steric and more free

amino substituents may be favored for norbornene polymerization.

Such results might be explained by the different rate-determining step in

the polymerization reactions of ethylene and norbornene.

Ethylene is a small weakly coordinating ligand. The steric effect of the
amino substituent may hinder the rate-determining coordination of ethylene. In
comparison with ethylene, norbornene is a strong bulky ligand. Its coordination
to the metal is less interfered by ligand difference. Instead, the insertion of
norbornene could be further accelerated in 4a and 4d than in 4c¢, because the

steric stress may be released when the coordination number decreases.

Conclusions

1.The amine-imine bidentate lignads, EtzNCMezCHZN(2,6-iPr2C6H3) (3a),
(c-C4Hg)NCMe,CH=NPh (3b), RNCMe,CH=N(2,6-Me,C¢H3) (R = ¢-C4H;g 3¢,
c-CsHo 3d), and its nickel complexes, Ni[EtzNCMezCHZNQ,6-iPr2C6H3)]Br2
(4a), Ni[RNCMe,CH=N (2,6-Me,CsH;)|Br; (R = c-C4Hg 4¢, c-CsH;( 4d) have

been synthesized and fully characterized.

2.The single-crystal X-ray crystallographic analysis shows that 4d has distorted
tetrahedral structure. The bidentate ligand chelates with nickel and forms a

five-member metallocyclic ring.
3.The nickel complexes activated by MAO exhibit high catalytic activity towards
polymerization of ethylene and norbornene. For the former reactions, the

activity reaches 10° g/mol Ni-h. The average molecular weight of PE is 109,
and the PDI value is 1.4. There are over 100 branches per 10° C. For the

reactions of norbornene polymerization, the activity is about 104~10° g/mol
Ni-h. The average molecular weight of PN is about 104,

9



4.The less steric and less free amino substituent of the ligand appears to be
favored for ethylene polymerization, but disfavored for norbornene

polymerization.

5.The results suggest that the rate-determining step in the polymerization of

ethylene might be different from the polymerization of norbornene.

6.The design of ligand and catalyst is crucial with respect to the control of the

catalytic olefin polymerization and the properties of the polymeric products.
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Table 1. Crystal data and structure refinement for IC9289.

Identification code ic9289

Diffractometer used Nonius KappaCCD

Empirical formula C17H263r2N2Ni

Formula weight 476.93

Temperature 295(2) K

Wavelength 0.71073 A

Crystal system Triclinic

Space group Pl

Unit cell dimensions a = 8.10100(10) A alpha = 100.4700(10)0

= 8.68800(10) A beta = 93.7440(10)°

c = 15.2850(2) A gamma = 113.1160(10)°

Volume, Z 961.77(2) 4°, 2

Density (calculated) 1.647 Mg/m3

Absorption coefficient 5.162 mm_l

F(000) 480

Crystal size 0.30 x 0.27 x 0.25 mm

6 range for data collection 4.11 to 27.48°

Limiting indices -10 s h s 10, -11 s k s 11, -19 = 1 s 19

Reflections collected 19983

Independent reflections 4390 (Rint = 0.0542)

Absorption correction Multi-scan

Max. and min. transmission 0.293 and 0.220

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 4380 / 0 / 201

Goodness-of-fit on F2 0.987

Final R indices [I>20(I)] Rl = 0.0345, wR2 = 0.0863
R indices (all data) Rl = 0.0433, wR2 = 0.0925
Extinction coefficient 0.0153(14)

Largest diff. peak and hole 1.230 and -0.804 eA >
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Table 2. Bond lengths [A] and angles [°] for 9289.

Br(l) -Ni(1)
Ni (1) -N(2)
N(1) -C(5)
N(1)-C(8)
N(2)-Cc(10)
c(2)-c(3)
C(4)-c(5)
c(7)-c(8)
C€(10) -C(15)
c(11)-c(12)
c(12)-C(13)
C(14)-C(15)

N(2)-Ni(1)-N(1)
N(1)-Ni(1)-Br(1)
N(1)-Ni (1) -Br(2)
C(5)-N(1)-c(1)
C(1)-N(1)-c(8)
C(1)-N(1)-Ni(1)
c(9)-N(2)-c(10)
€(10) -N(2) -Ni (1)
c(1)-c(2)-c(3)
c(3)-C(4)-c(5)
c(9)-c(8)-N(1)
N(1l)-C(B)-C(6)
N(1)-c(B)-C(7)
N(2)-C(9)-c(8)
C(15)-C(10) -N(2)
Cc(10) -C(11) -C(12)
Cc(12)-c(11) -C(16)
C(14)-C(13)-C(12)
C(10) -C(15) -C(14)
C(14) -C(15) -c(17)

2.3527(5)
1.997(2)
1.492(3)
1.527(3)
1.456(3)
1.515(5)
1.518(4)
1.542(4)
1.389(4)
1.403(5)
1.373(6)
1.393(5)

82.41(9)
130.28(6)
104.51(6)
108.6(2)
110.2(2)
106.7(2)
120.2(2)
126.4(2)
110.8(3)
112.5(3)
106.9(2)
114.5(3)
111.8(2)
121.5(2)
118.3(3)
116.4(3)
120.9(3)
120.1(3)
117.1(3)
120.8(3)

Br(2)-Ni(1)
Ni (1) -N(1)
N(1)-C(1)
N(2)-C(9)
C(1)-C(2)
C(3)-C(4)
c(6)-c(8)
c(8)-c(9)
C(10) -C(11)
C(11)-c(16)
C(13)-Cc(14)
c(15)-C(17)

N(2)-Ni(1)-Br(1)
N(2)-Ni(1)-Bxr(2)
Br (1) -Ni (1) -Br(2)
C(5)-N(1)-C(8)
C(5)-N(1)-Ni(1)
C(8)-N(1)-Ni(1)
C(9)-N(2)-Ni(1)
N(1)-C(1)-C(2)
c(2)-Cc(3)-C(4)
N(1)-c(5)-C(4)
c(9)-Cc(8)-C(6)
c(9)-c(8)-C(7)
c(e)-Cc(8)-C(7)
C€(15)-c(10)-C(11)
C(11) -c(10) -N(2)
C€(10)-C(11) -C(16)
c(13)-c(12)-C(11)
C(13)-C(14)-C(15)
€(10) -c(15) -C(17)

2.
2.
.499(4)
-261(4)
.514(5)
«517(5)
.533(4)
.503(4)
.394(4)
-498(5)
.371(6)
.501(5)

O R

3638(5)
084 (2)

106.03(7)
116.53(7)
113.74(2)
112.0(2)
113.9(2)
105.4(2)
113.4(2)
112.6(2)
109.4(3)
111.4(2)
109.7(2)
104.8(2)
108.7(3)
123.5(3)
118.2(3)
122.8(3)
121.5(4)
121.4(4)
122.1(3)

Symmetry transformations used to generate equivalent atoms:



GPC data for PE using complex 4¢

F§ % 44F® . COMPLEX-4C-PE-1HR. CHR

TD. FE%4HE: JTC-GPC-IVAN.GSD N
VESSUEERERT: 10-24-2002 18:42:39 '\ B
FOZHI: 2002-10-24 FRZKMER: 19:01:47 Nik
YIFri : 4.967 £ 6.077 438 YIRS 0.200 S8 / Br
el i malRERe] . 6.623 43 it = 51482 N
Q 1R%: 1.000 A {R%: 1.000 K {Z%: 1.0000000
1Rl ; ;
Mn ( BP¥95rrafE ) = 391377
Mw ( FRPESFRE ) = 494389
Mz ( Z 953 fhfdﬁ ) = 598988
Mv ( BERFRAE ) = 494389
1.V ( SR ) = 494389
Dispersity fl H'ELAE Solvent peak
Mw/Mn= 1.26320 Mz/Mn = 1.53047 Mv/Mn = 1.26320
—— [ haR L $
1’3‘ i
20 i“ L
-1 “ ‘ -
i g8
}‘ 4
[ |
(|
I |
| I
i
| .
0 1{;;“1‘ l B
1 LN |
S
& y l N .
N -4
220 : o
.
I L,
T I
0 S 10
Minutes
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GPC data for PN using complex 4c

Fi% 4,58 . COMPLEX-4C-PN-1HR.CHR
STD. H§%4%: JTC-GPC-IVAN.GSD

TES EVEERERS . 10-23-2002 20:03:08

FIZH: 2002-10-23 FIZemER . 20:20:55
Yl 5.377 B 7.380 4pdE YIFYHERS: 0.200 438

W o RERT . 6.333 435 /rf& = 89049
Q 1A% 1.000 A {28 1.000 K {Z8: 1.0000000
1Rl
Mn ( BUP¥5rFEfE ) = 53158
Mw ( FERPHFEfE ) = 101324
Mz ( Z B¥5rFefE ) = 173621
My ( FHERH5rFafE ) = 101324

1.V ( [EG%5E ) = 101324
Dispersity fl HELb(E
Mw/Mn= 1.90609 Mz/Mn = 3.26613 Mv/Mn = 1.90609

Solvent peak
[ i MR
SRR $
25 \1
- l\ “
4 f " -8
204 [
4 A [ |
e |
1)‘ ,.‘l | ‘
154 {f \ | I!
] Mz R
i T
1 |/ » - f “ L
10 Va !
= . - - ~" @ :‘
= ST ' TR -._,,2 e
h) ~_ ® , ) »
. ] | r
0 0 I
. "‘ -
: oo
-54 ‘ ! -
i ' : l
0 5 10
Minutes
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GPC data for PE using complex 4d

R %428 : COMPLEX-4D-PE-3HR.CHR
STD. KEZ44%H: JTC-GPC-IVAN.GSD
B EEERERS - 09-25-2002 19:20:40

FIZH1: 2002-09-25 FRZEmER: 19:35:13
Ui : 4.967 B 7.450 435 YR 0.200 43
Wl fe el - 1,333 438 531 = 1000000000 N
Q (A% 1.000 A f#B: 1.000 K {8 1.0000000 Z N
7493 TRl J e
Mo ( W95 1R ) = 95523 N
Mw ( FCRZSE9ST-RE ) = 137528
Mz ( Z ¥95rF5&fii ) = 205811
My ( BHEEZRE94>T-8UE ) = 137528
LV ( [ERE ) = 137528
Dispersity Fl HEELA
Mw/Mn= 1.43973  Mz/Mn = 2.15456  Mv/Mn = 1.43973
e L5 e Solvent peak
S

; !

20 15 i!‘ 1

| | L

‘*" ‘1‘ ‘! :i L
Me | N
5 ( ‘\ 4
E / \

o I ¥
Z : ‘

N 307

— 4
, =
bl H i
-204 g 4
Vo 14 |
-2
] £
L
T T
0 10
Minutes
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PPM

7.16198

A

PE '"H NMR for complex 4¢

|w C
J :
|J {
M| /';
c/3 "))l|||| / ‘)ll
I !
Branches= AL
o Y
a2+ b+c/3 — N e
\ AN h ;
= (k]
[ S = e

5.0 4.5 4.0 L jk] 3.0 2.5 2.0 1.5 1.0

PPM

PE "H NMR for complex 4d
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DATE 25-9-2
SF 300.133
SY 289.0
01 4899.050
SI 16384

TD 16384

W 6024.096
HZ/PT .735
PW 5.0
RD 1.000
AG 1.360
RG 64
NS 97

TE 297
FW 7600
o2 3200.000
0P EB3L PO
LB 0.0
GB 0.0
CX 23.00
cy 10.00
F1 7.7011
F2 L0011
HZ/CM 100.48B9
PPM/CM .335
SR 3381.04

Te) <| o » -
o ~| ooy (=] o
. g g3d 8 5
a -l e (\J‘ o Al
& ~ S y
C 1
i ‘
CHs3 DATE 4-11-2
/ \ / l \ gF 299380‘133
Y .
CH, CH 01  4899.050
\ /m \ /p SI 16384
7D 16384
W 6024.096
Hz/PT  .735
PN 5.0
RD 1.000
AQ 1.360
a b RG 32
a NS 116
TE 297
FW 7600
02  3200.000
b DP  63L PO
c/3 LB 0.0
//’ GB 0.0
Branches= 1- e pr g
F1 8.000f
a/2+ bt+c/3 \ | F2 L001f
HZ/CM 104330
A PPM/CM  .348
o L___ SR 3381.77
o |7 Nv) i
| ouf jof 0|
0| (0| O |O|
w,owh’ <
Sl
T = T T T T - T —
5.0 4.0 3.0 2.0 1



Sample: 3 N2 File: C:\TA\Data\TGA\911105.03

Size: 10.4220 mg TGA
Run Date: 9-Nov-02 10:37
Comment: 10 °C/Min N2 40 CC/Min
120 3
456.30°C i
° 0
153.75 C 2573 AJPC ’Il
100+ 90.00% | 1
[
I
F -
Jd o
| ©
B 1
| lI. I =
2 150.52°C i 2
= 0.1632%/°C =
£ 60 ol b
S j 8
] el
/ |
40+ Y i
._._r"'/_h"-m // l‘
———— P e e b LN e T eI P A RS R R e e T L0
20
0 T T T T T -1
0 100 200 300 400 500 600
Temperature (°C) Universal V2.6D TA Instruments
PE TGA for complex 4¢
Sample: 2 N2 File: C:\TA\Data\TGA\911105.02
bl TGA
Size: 53510 mg G Run Date: 8-Nov-02 17:26
Comment: 10 “C/Min N2 40 CC/Min
120 25
r?‘,’
|
=20
100 I\
446.56°C 'r \
2.208%/°C | ',
I —_—
i .
80 i F18 2
[ =
[ o
9 145.65°C ll 1 g
= - 0.1866%/°C ] ih 10
2 234.27°C | g
= 0.2274%/°C ‘L =
I
| I
40 - 11 - 0.5 |
[ 1 ks
.rf
\\ }+‘.‘.____.._.—-“'ﬂ+‘_"“ /
N\ 7 N /
ol - TTmmmm—e— ~ e L 0.0
0 T T T T T T T 0.5
0 100 200 300 400 500 600
Tempefature (ec) Universal V26D TA Instruments
PN TGA for complex 4¢
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Sample: 1 N2
Size: 9.4530 mg

Comment: 10°C/Min N2 40 CC/Min

File: C:\TA\Data\TGA\911105.01
TGA

Run Date: 8-Nov-02 16:14

120 25
*
< f H
|
f II 20
| -2
100 1
|
|
t _—
| 455.33°C o
80 | 2.353%/°C 15 3
| 5
—_— | =
g 120.33°C 1 g
< T h :
& 60 0.05537%/°C ; l [ e
'g / |1 g
g I | =;
I | |
[ | |
40 h | 05 |
/ ' I
/ ' -
s |
s 11
204 ———————- e —————— —" e - 0.0
0 T T T T T 0.5
0 100 200 300 400 500 600
Temperature (°C) Universal V2,60 TA Instruments
PE TGA for complex 4d
Sample:4 N2 File: C\TA\Data\TGA\911105.04
Size: 1.89790 mg TGA

Comment: 10

°C/Min N2 40 CC/Min

Run Date: 9-Nov-02 13:24

120 3
100
442 67°C L,
' | 2:669%/°C .
| g
1 2
o Ao =
o) 237.50°C no L}
-t 90.00% rr 2
S 60 - : L4 >
2 . é
Ir L I
! |
40~ / :
!
h N pl N o —
204
0 T T T T T T T T T -1
0 100 200 300 400 500 600
Temperature (°C) Universal V2.6D TA Instruments
PN TGA for complex 4d
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Filenama: C:\Program Files\Pyr.. \COM-4C-PE-1HR-1.d6d
Cperator ID: CYL

Sample ID: com-4c-PE-1HR-1

Sample Weight: 22 800 mg

Comment:

na
3652 4 i

36 -

£

Delta Cp = 1.604e-002 Jig*°C e |

4

Tg: Half Cp Extrapolated = 38.535 °C

e Onset = 37.440°C

Heat Flow Endo Up (mW) —— ———
5]

N

Temperature (°C)

2002111121 T 06:58:58

1} Heat from -40.00°C to 200.00°C at 20.00°Cimin 3) Heat from -40.00°C to 200.00°C at 20.00°Clmin

2) Ceel fram 200.00°C to -40.00°C at 20.00°C/min
PE DSC for complex 4¢

| Flerama: CiProgram Fles Py COM-aC-2H - 1HR -2 089 B |
| Ciperar (D C¥L |
| Sampie i Com=Sc-FN-1HR |

Sample Weight 15500 mg
Camement: |

nEx -

Deita Cp = 8 6356002 Wg™ C

Tg. Half Cp Extrapolated = 322024 "C

o ]

Hizat Flom Ends Lip {1} ———

B

2258 - ; —— i E— : e ——
A =0 ] HE na bk} 330 340 W Ak
Temperabure ("

OO T DB
[} it frem 250.00°C 10 350 00°C st 20.00"Cimin T Conel by AR OO 18 TR0 (0PTE 290 DT . 1

PN DSC for complex 4¢
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| Filename: C:\Frogram Files Pyr._. COM-4D-PE-1HR-1.d6d
Operator 1D CYL
| sampie 1D: com-4d-PE-1HR-1

Sample Weight: 24.200 mg
Comment: e

s

Delta Cp = 4.063e-002 Jig*C

Heat Flow Endo Up (mW)

=

30 - ——
r
/' Onset=28434°C

pna

Tg: Half Cp Extrapolated = 30.053 *C

20 40 B0 B0
Temperature ("C)

[} Heat from -#0.00°C 1o 200.00°C at 20.00°C/min

PE DSC for complex 4d
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