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Introduction 

The Study of homogeneous 5inglc.site lIansition metal dO and 
lanthanide dOfn comple)(es as catalysts for the polymerization of ethylene 

and a·olefins has been of inten� recent interest. Thest; well·defined 

initiators � as mechanistic models fOf" the lraditional Ziegler.Natta 
CatalySIS. In addition, structural variation and careful catalyst design in 
these homogeneous systems allow for control of polymer microstructure 
and molecular weighL However, one limitation of these early metal 
cltalYSIS is their incompatibility with functionallted comonomers due to 
Ihelr highly oxophillc nalure. ul1e transilion metal ealalysts aTe le$s 
oxophilic, bUI they moSt often dimeri:te or oligomerite olefin$ ralher Ihan 
form high molar mass polymcn. 

Results and Discussion 

Wc hive recently reponed I that cationic palladium and nickel 
complexes with slcrically b.llky a-diiminc: ligaJll1s polymeriu ethyleOl: and 
a-olefins to high molar mass polymcn of unique microstruCture2 (Scheme: 
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With the palladium-<ther adducts I, or the much more stable and thus 
more conveniently applicable chelate complexes 1 IS calalyst precursors, 
highly branched lmorphous polye thyltne is obtained, with brlnches of 
variable length randomly distributed Ihroughout the polymer. Variation of 
the ethylene concenntioo over a wide range has a relatively small cflec! on 
the OVCfll.ll number of branches and the polymer molecular weight. as well 
IS the catalyst Ictivity (Table I, entries I and 2). Polymeriution of 
a-olcfins results in polymers with less branches than expected for chain· 
growth by 1.2·insenion, thus a significant ponion of 2, l ·insenions 
followed by mignllion of the metal center to the temtinal carbon Dlom mUSt 
occur. 

'" 

Table I. Summary of Olefin Polymuiution Data 

CaWySl mol caL M"""""" TOF M..II �ABl'J.nch. 
,1()6 !h·l� ()(lo-3! ln� 

lb 10.4 E (2 atm) 1630 197 3.'" 102 
2 lb 10.1 E (29 aim) 1'40 496 3.od 98 
3 2, ,., E (29 atm) 640 3&l.Jd " 
4 " , .. E (29 atm) S60 82 3.>' 107 
, Ib so P (I arm) ,SO I' 4.3 213 
6 Ib lOO I·H 6SO 31 2.' .. 
7 4<lMAO 0.83 E(l atm) 2)(1().S 6SO 2.4 24 
• 4<lMAO 0.83 E (4 aim) 2xl().S 610 2.3 , 
, 4<lMAO 0.83 E(larm) "10' lOO 2.2 71 

ID 401MAO 1.7 E(l atm) S)(IOS 31 2.' 38 
II 401MAO 1.7 E (IS atm) 2)( J()6 32 2.' <, 
12 4b1MAO 1.6 E(\ atm) I)(IOS "0 1.6 48 
13 4dEtlAlO 17 I·H (10 v'l.) 2000 140 2.2 lOO 
14 4oIMAO 17 P �I atm) 3000 74 2.0 m 

lUlputwre! lr� (enlriu 7,8,11, aiId 13); 1$ � (enlria 1-6.9'11. and 14): rutl>On 
limu.: ilLS h (� 1-4). 16 b (mlt)' 5). lit (mIrie.l6...c1 \3).30 mill (cmn.,. 7-9). 
10 mm (enllies to-Il). I h (enuy I"): 101"1:01 (50-200 mL): CHICI) (enlnu 1-61. 
IOI�nc (entries 7.1"): A1:Ni. 100-1000 (cnlt)' 13: 10): -dGlCrmmc:d by OPe "I. 
poI)'II)'� 5tan<1an1s; • CH, i'OI'P'IlOOO (IrbQn &\OmS; < clllylcnc (E). propylene (PI. 
l.JIe>.me (I.H): d bimodal disuibulion. 

The isolable nickel diethyl elher complexes 3 also calltlyze lne 
polymerization of ethylene IlI1d a·olefin!, e)(hibiting much higher acuvlUcs 
than the analogous p alladium complCJIes (sce Table 1). In addition. the 
nickel catalYSIS arc more ccnveniently genera!ed in SitU by thc 
methylaluminoxane (MAO) acti va!ion of the diimine nickel dibromidc 
complexes 4 in the presence of olefins. The polyethylene produced by 
Ihest nkkc1 CllIlys!S ranges from highly linear 10 modcr.llcly bnnched, lIS 
determined by NMR SPCC!TOSCOpy. The eXlent of branchln, In the 
polyethylene prepared using the nickel· based catalysts can be: rigorously 
controlled by variation in reaction conditions (ethylene pressure and 
temperature) .nd catalY51 suvcture. At higher elhylene pressures. 
decreased branching is observed , but polymer produc\lvity and moleclllar 
weight are similar (compare entry 7 with 8, and 10 wilh I ll. AI higher 
lemperalUres. the degree of br1nching increases sigoificantly (compare 
entry 7 with 9). Increasing the slCric bulk of!he a·diimine ligand �sults In 

the formation of more highly branched polymer (compare enlT)' 7 With 12). 
The nick.el catalysts exhibit eXlTCmely high activities which are comparnble 
10 those reponed for the group IV mctalJocenc·based calalySts Tumo"cr 
frequencies of 2x l()6, corresponding to I produc\lvt\y of 100.000 kg of PE 
mol·1 of Ni h·t have been observed. The nickel complues are also hIghly 

efficient catalysts for the polymcriution of a·olefins. For eumple, 

p ropylene is polymerized by 4a + MAO al 25 GC in toluene 10 produce 
amorphous polypropylene (3000 TO/h, "&In '" 74,000). while I·huene 15 
polymeri:ted by 4c + Et2AICI It 0 GC to produce amorphous poly(l. 
he)(ene) (2000 TO/h,"&ln - 140,000). 

http://nbn-resolving.de/urn:nbn:de:bsz:352-211190


Low tempcn.run: NMR-spearoscopic studies support the mechanistic: 
rationale oullined in Scheme 2. 

Scheme 2 
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The Illkyl olefin compleil 5 was established as the catalyst restinS 
'ate_ Chain ttansfer in these systems is believed to occur from compleil 6 

vy an associative eilChange of free ethylene for the growing polymer chain. 
Tbc: measurement of ethylene (;)lchange rates in these sySlc:ms suggests that 
the rate of associative (;)lchange is reUlfded by the steric bulk of the 
a-&.imine Iigands. 

Copolymers of ethylene or «-olefins with Illkyl acrylate! and other 
functionalizc:d vinyl monomen can alsO be obtained employing the 
palbdium catalysts (Table 2 and equation I). 
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GPC analysis. using simulllneous refractive index and UV detection, 
indicD.tes that the fnctkm of acrylate comonomcr is equally distributed over 
an molecular W1:ightS of the monomodal distribution. Like the 
cOrTesponding homopolymers, the ethylene·copolymers are highly 
branched. The ester-groups :ue Incorporated predominanlly at the ends of 
branches in the mode shown in equation I (il � 0), resulting from 2,1-
insertion of acrylate into the Pd·C bond 

'able 2. SumlTlll1)' of Olefin Copolymeriution Dala , 
Cat. M"'� conc. , Comen.- TON TON � Cl lJ:..,n;I" 

�, Comon. !atmllnc�.b Ere. P Comen (il lQ-31 
2b E/MA 0.6 M 2 1.0% 7710 78 88 1.8 

2 2' E/MA 2.9 M 2 6.1% 1296 84 2, 1'.6 
3 2. E/MA BM 2 12.1 'I> '" .3 11 I.. 
4 2 .  E/MA 5.8 M • 4."" 3560 148 42 1.8 
S 2. E/MA 5.8 M • S."" 3SS i9 0.3< 
• " E/MA 5.8 M • 4.7% 364 18 10 1.8 
7 2. El/SuA 3.4 M • 0.7'1> 956 7 25 L' 
• 1 • E/FOA 0.6 M 1 0.6% 8928 54 106 3.1 
9 2. E/MYK 3.0 M • 1.3'1> 62. • 7 I.S 

10 2b P/MA 0.6 M • 1.1% 1179 13 37 1.8 
11 2b P/FOA 1.8 M 2 5.6'1> 145 9 I' I.. 

0.1 mmol Qtalyu: JOIVCIIC CH1CI1 (total �oI\IfI\C. CH,.CI1 and comonomu: 100 ml.. 
ellUY I: 60 mL); It!nperllllf"li: 3S"'C (mll)ll: 15 "C); tUt:Uon time: 11., 11 (cnuy B: 24 
11); -Iklenmned by GPC vs. poIy�ne 1WIdards::. moI-':' Iklml1ined by IH NMR 
spt(:U"OSaIp)' or !he non·YOlaUle pI"O(Iuct frxtion: Q. O.� , or vol�tilc producu wert 
formed additionallr, � el.hylcne '(E). �Icne {Pl, metIIyl8Cl)lau: (MA). /·bulyl8Cl)1I1C 
(,DuA). H:(;..cHC(O)OCHt<CfV.CFl (FOA). methyl vinyl kcwne (MVK). 

Accordin,ly, in low.tempcnlture NMR slUdies, reactin, the ether. 
complCiles 1 with methyl Icrylate (MA), 2,I-migralOry insenion IS 
observed with ca. 95 .. regioselc:ctivtiy, foUowed by ream.ngement to yield 
the sill·membered ehelate complues 2 u the final productS. "The: OYenll 
number of methyl. and ester-endcd branches pcr 1000 carbon Itoms 
(excludin, atoms of C(O)OR groups) resembles the branching of the 
com:spondin8 ethylene· or Cl·olefin-bomopolymcrs. 

Pn:xIuctiviries of the copolymeriutions are p:ltly reduced relative to 
those of homopolymeriutions. As Cilpected. the fraction of acrylate 
incorporation is directly proportional to its concenm.rion in the reaction 
5OIution (Table 2, enaies 1 - 3) and productivity falls correspondingly. 
Variation of the diimine backbone subsrituents R does nOt significantly 
effect the percentlge of acrylate incorporation in the copoIymc:r (entries 4_ 
6). Pn:xIuctivilies, however, are dependent upon the nature of R (Me> H 
.. naphthene) and follow the same trend as observed for the palladium· 
cataly:u:d ethylene homopolymerizations. 
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NMR studies and the structure of the copolymers suppon the 
mechanistic pathway for the copolymeriu.rion of ethylene and MA depicted 
in Scheme 3. During the copolymeriution, a silt-membered chelate is 
formod after insenion of MA. Funher chain-growth require.s coordination 
of ethylene by displacement of the chelating carbonyl group, and under the 
conditions of entries I • 4 in Table 2, this is the turnover linuung step. 
Therefolll, the chelate complell is the catalyst resting Slate. In accord wuh 
this proposed mechanism, raising the ethylene pressulll results in an 
increase in ethylene- and MA·turnovers (entry 4 VI. 3). 
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