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Abstract

A series of pyrazolyl compounds with 2,6-pyridinedicarbonyl link&R pz(CO)},py, R=R ='Bu (L1); R=R =Me (L2); R=R =H (L3),
R=H, R =Me (L4) has been prepared from the reaction of 2,6-pyridinedicarbonyl chloride with the appropriate pyrazole and a mild base.
LigandsL1-L3 reacted with Pd(NCMegXI, to form mononuclear complexes while the reaction vlithproduced an intractable product.
Complexesl and?2 were tested for their catalytic activities for the polymerization of ethylene after activation with methylaluminoxane
(MAO). Active polymerization catalysts were formed in situ with MAO and that catalyzed the polymerization of ethylene to high-density
linear polyethylene. The effects of co-catalyst concentration and temperature are reported. The optimum co-catalyst to catalyst ratio is 3000:1
and catalyst activity decreases above@@ue to catalyst deactivation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Whereas electronic factors affect the rate of propagation
(kp), steric factors affect the rate of chain transfeg)( The
The last decade has seen a tremendous surge in the devebalance between these two competing factors therefore deter-
opment of late transition metal catalyzed olefin polymeriza- mine the microstructure and molecular weight of polymers
tion chemistry. Two recent reviews on this subject demon- produced with these nitrogen ligand catalysts. Catalysts with

strate the extent of research activities in this ajea]. sterically encumbering substituents produce high molecu-
Much of the focus has been on nitrogen donor complexeslar weight polymers, implying thakp is greater tharkc
that incorporatex-diimine [3] or bipyridine[4] ligands pre- [6]. For catalysts containing-diimine ligands this observa-

cisely because their cationic metal complexes, which are thetion is generally true. However, we have recently discovered
active catalysts in the polymerization reaction, are highly that pyrazole nickel and palladium complexes and pyrazolyl
electrophilic. These nitrogen donor catalysts exhibit high palladium complexes, without bulky axial ligands, produce
catalytic activities due to their electrophilic nature. Akey dis- high molecular weight polyethyler&]. The high molecular
covery for thea-diimine ligand catalysts is the recognition weight polyethylene produced with pyrazole based catalysts
that bulky substituents on the ligand blocks apical coordina- therefore suggest, is much greater thaky in the pyrazole

tion sites and prevenfs-hydrogen elimination that normally  based ethylene polymerization reactions, because the cationic
leads to the formation of oligomefS]. Thus, a combination  nickel and palladium species that catalyze the reactions are
of electronic and steric factors defines the polymerization more electrophilic than catalysts containiagdiimine lig-

reaction. ands. This is especially true for catalysts with pyrazolyl
ligands.
* Corresponding author. Tel.: +27 219593053; fax: +27 219593055. Our approach to producing catalysts with enhanced elec-

E-mail address: jdarkwa@uwc.ac.za (J. Darkwa). trophilic metal centres is based on using linkers for pyrazolyl
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units that have electron-withdrawing functional groups. This crystallography fol.3. *H NMR spectra oL.1 andL2 show
approach first used benzenedicarbonyl linkgkd and pro-  two singlets associated with the tertiarybutyl or methyl pro-
duced nitrogen donor ligands that had the right donor proper- tons in positions 3 and 5 of the pyrazolyl ring, a singlet for
ties to form bimetallic pyrazolyl complexes. The formation the proton in position 4 of the pyrazolyl ringi.{ andL2), a
of bimetallic complexes is a sign that the donor behaviour singlet for the methyl group at position 3 and two doublets at
of these ligands is only strong enough to stabilize the metal positions 4 and 5 of the pyrazolyl ring f&3 and two dou-
centres, with the support of bridging chlorides. There are a plets and a triplet for the pyrazolyl protonslid. In addition,
number of questions that arise from these findings. One of 3| the ligands L.1-1.4) show multiplets (7.69—7.84 ppm)
them is the effect a heterocyclic linker that has a potential for pyridinyl protons [.1-L4). Infrared spectra of.1-L4
donor atom would have on the structures and the chemistryhave the characteristic carbonyl stretching frequencies in the
of pyrazolyl complexes with such linkers. This reportanswers 1680—1716 cm? range.
this question. Complexesl-3 were prepared by the reaction of lig-
ands L1-L3 with PdACb(NCMe), in moderate yields of
58-63% Gcheme L However, no reaction was observed

2. Results and discussion betweerl.1 and PdCIMe(COD) during attempts to synthesize
PdCIMe(L1) (1). This is consistent with our earlier findings
2.1. Synthesis of ligands and complexes that bis(pyrazolylcarbonyl)benzene ligands do not react with

PdCIMe(COD)7b]. The reaction of.4 with PACL(NCMe),

CompoundsL1-L4 were synthesized from the reac- gave an intractable product and was not pursued further. With
tion of 2,6-pyridinedicarbonyl dichloride with 3,5-ditertiary-  the exception ol, which is a crystalline orange solid, all the
butylpyrazole, 3,5-dimethylpyrazole, 3-methylpyrazole and other complexes were isolated as pinkish-orange powders;
pyrazole respectively; using the procedure recently reportedinsoluble in common organic solvents. CompEeis, how-
by us[7b] (Scheme L Analytically pure compounds were ever, soluble in dimethylsulfoxide (DMSO) but compl®is
obtained after purification by chromatography on silica gel insoluble in DMSO. Because of the insoluble nature of com-
in 40—70% vyield. plexes2 and3 in common organic solvents, the proposed

Compound4.1-1.4 are very stable in air and can be stored structures of these compounds are mainly deduced from the
at room temperature for a long period of time. These com- elemental analysis, which suggests that it has one palladium
pounds L.1-L4) were characterized by mutlinuclear NMR  and ond_4 ligand, indicating comple® has a structure sim-
and IR spectroscopy, as well as by microanalysis and X-ray ilar to complex1.

| Yo L
OH Cl \ N\/ R
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R=R ='Bu(L1) R=R' = Me (L2)
R=H,R=Me (L3)R=R'=H (L4)

PdCI,(NCMe),
—_—

R=R'='Bu(1); R=R'=Me (2) .
R=H,R'=Me (3)

Scheme 1.
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The 'H NMR spectrum for compleA is characteristic
of the bonding mode of the bis(pyrazolylcarbonyl)pyridinyl

Table 2
Bond lengthsA) and angles<) for L3 and1

95

ligands. Instead of one singlet associated with pyrazolyl back- 13
Bond lengths

bone proton, there are two singlets (6.21 and 6.38 ppm) for the
pyrazolyl backbone protons with equal intensity. In addition,
there are four different peaks for the tertiarybutyl protons at
positions 3 and 5 of the pyrazole ring. The infrared spectrum
of 1 shows two carbonyl groups at 1727 and 1712 énThis
spectroscopic data suggests that the palladium metal is coor-
dinated to only one of the two pyrazolyl unitslifi, leaving

the other pyrazolyl unit uncoordinated. Single crystal X-ray
crystallography later confirmed this. Thid NMR spectrum

for complex2 in DMSO has a similar pattern as that bf
hence2 should have the same structurelas 1

2.2. Molecular structures of L3 and 1

Single crystals ofL3 were obtained from a solution of
L3 in a 1:2 mixture of CHCIl, and hexane at15°C, and

crystals ofl were obtained by a slow evaporation of &,

solution ofl at room temperature. The crystal data, together
with the data collection and structure refinement parameters
are presented ifable 1and selected bond lengths and bond

angles are presented Tlable 2 Molecular structures di.3

andl1 are shown irFigs. 1 and 2espectively. The structure of
L3 has a two-fold symmetry((z). Even though.3 was pre-
pared from 3-MepzH its structure has the methyl substituents
in position 5 of the pyrazolyl units. Dynamic equilibrium
between 3- and 5-MepzH is well establisijéd,c] and these
tautomers allowk.3 to adopt the least sterically hindered iso-
meric form during its synthesis which results in the structur
of L3 being identical to that of 1,3-bis(3-methylpyrazolyl-1-

carbonyl)benzenfg’b]. In spite of the different linker ii.3,

its bond parameters are quite similar and comparable to pyra-

Table 1

Crystal data and structure refinementEdand1

L3 1
Empirical formula GsH13N502 029H410|2N502Pd
Formula weight 295.30 668.97
Temperature (K) 100(2) 100(2)
Wavelength Z\) 0.71073 0.71073
Crystal system Monoclinic Monoclinic
Space group C2lc P2i/n
a(®) 14.864(3) 9.2796(9)
b (A) 14.399(2) 14.9316(12)
c(A) 6.8726(12) 22.369(2)
o () 90.00 90.00
B () 103.613(3) 90.574(3)
y (°) 90.00 90.00
Vv (A3) 1429.5(4) 3099.2(5)
z 4 4
D¢ (Mgm~—3) 1.372 1.434
u(Mo Ka) (mm1) 0.096 0.805
Crystal size (mm) 0.5% 0.42x 0.36 0.40x 0.30x 0.20
Absorption correction Multiscan Empirical
Tmax/Tmin 0.9662/0.9508 1.00/0.54
R(F) (%) [I>20(1)] 3.76 4.79

O(1)—C(5) 1.2140(15) N(:)}C(2) 1.3226(16)
N(1)—N(2) 1.3812(14) N(2yC(4) 1.3781(16)
N(2)—C(5) 1.3922(17) N(3)C(6) 1.3392(14)
C(1C(2) 1.4945(18) C(5)C(6) 1.5067(16)
Bond angles
C(4y-N(2)—C(5) 125.50(10)  N(ErN(2—C(5) 121.88(10)
N(1}-C(2)-C(1) 120.42(11) C(3)YC(2y-C(1) 127.94(12)
O(1)-C(5)—N(2) 120.49(11) O(BHC(5-C(6) 121.70(11)
N(2—C(5)—C(6) 117.81(10)  N(3)}C(6)-C(7) 124.16(11)
N(3)—C(6)—C(5) 113.38(11) C(AC(6)-C(5) 122.20(11)
Bond lengths
Pd—N(1) 2.062(4) N(3)XC(17) 1.350(6)
Pd—N(3) 2.032(4) N(3)C(13) 1.358(6)
Pd—CI(1) 2.2861(13) N(4rN(5) 1.388(5)
Pd—CI(2) 2.2581(12) N(4yC(18) 1.397(6)
N(1)—N(2) 1.396(5) C(12rC(13) 1.509(6)
N(1)—C(12) 1.412(6) C(1AHC(18) 1.527(6)
Bond angles
N(3)—Pd—N(1) 83.87(15) C(5-N(1)y—Pd 135.6(3)
N(3)—Pd—Cl(2) 92.20(10)  N(2rN(1)—Pd 112.2(3)
N(1y-Pd—ClI(1) 175.76(11) CAANRB)—Pd 126.1(3)
N(3)—Pd—Cl(1) 173.11(10) C(13)N(3)—Pd  115.0(3)
N(1y-Pd—CI(1) 93.05(11) N(IL)N(2)—C(12) 118.7(4)
Cl(2y—Pd—CI(1) 90.69(5) N(3)-C(13)-C(12) 121.7(4)

zolylligands with benzene linkers. For example theN\dis-
tances in 1,3-bis(3,5- dltert butylpyrazolylcarbonyl)benzene

e (2.387(3) and 1. 385(3)) are similar to N-N distances in

L3 (1. 3812(14)A) Therefore, the different linkers in the two
types of pyrazolyl ligands do not have any significant effect
on their bond parameters.

In contrast to the bimetallic structures of bis(pyrazolyl-1-
carbonyl)benzene palladium chloride complefds, 1 has
a mononuclear structure, with two terminal chloride ligands
(CI(l) and CI(2)) and two nitrogen atoms (N(3) and N(1)) of
the pyridine ring and pyrazolyl unit bonded to the palladium
in a distorted square planar geometry. The@thistances in
1(2.286(134) and (2.258(12)\) fall within the usual ranges
of terminal Pd-Cl bonds. For example, in dichloro[{4/R)-
7,8,8-trimethyl-2-(pyridin-2-ylmethyl-4,5,6,7-tetrahydro-
4,7-methano-B-indazole)]palladium(ll), the two terminal
Pd-CI bond distances measured 2.289(2) and 2.2834(2)
[8]. The two Pd&N(pz) (2.062(4)&) and Pd-N(py)
(2.032(4)A) in 1 are also similar to the distances found
in dichloro[(4S,7R)-7,8,8-trimethyl-2-(pyridin-2-ylmethyl-
4,5,6,7-tetrahydro-4,7-methanéf2ndazole)]palladium(ll)
(Pd-N(pz) (2.035(50) and Pd-N(py) (2.023(5A) [8];
but slightly shorter than the average -fpz) distance
of 2.11A calculated for 59 PdN(pz) distances reported
to the Cambridge Structural Database (CY8), though
the difference is not statistically significant. Bond angles
about the Pd centre ih differ by at least 1.2 from those
of dichloro[(4S,7R)-7,8,8-trimethyl-2-(pyridin-2-ylmethyl-
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Fig. 1. Molecular structure of 2,6-bis(3-methylpyrazolylcarbonyl)pyriding)(

4,5,6,7-tetrahydro-4,7-methanéf2ndazole)]palladium(ll) points determined by DSC were in the range 134138
due to the steric effect of the uncoordinated pyrazolyl unitin These data identified the polymers isolated as linear, with no
1. Overall there is not much difference in bond parameters branching. Typically ethylene polymerization late transition
caused by the presence of the carbonyl groupk wersus metal catalysts with nitrogen donors form branched polymers
the methylene group in dichloro[§47R)-7,8,8-trimethyl- [4a,6,10] with the exception of pyrazole and pyrazolyl ligand
2-(pyridin-2-ylmethyl-4,5,6,7-tetrahydro-4,7-methand-2 nickel and palladium catalysfgb,c]. A critical feature in the

indazole)]palladium(ll). formation of linear polymers is that the rate of chain transfer
(ket) is much slower than the rate of chain propagatigy).(
2.3. Ethylene polymerization The polymers isolated have molecular weights ranging

from 4 x 10° (Table 3 entry 10) to 2x 10f (Table 3 entry

Ethylene polymerization reactions were performed using 1). These results are comparable to high molecular weights
complexesl and?2, with methylaluminoxane (MAO) as a  of polyethylene produced bw-diimine Ni(ll) (3 x 10°),
co-catalyst. Because of the poor solubility compiewas Pd(Il) (1x 10°) [3a], pyridylimine Pd(ll) (1x 10°) [11]
not used in the polymerization experiments. The polymer- and tris(pyrazolylcarbonyl)Pd(1l) (& 10P) [7b] catalyst sys-
ization data are irTable 3 Complex1 formed the most  tems. Unimodal polymer molecular weight distribution from
active catalyst. High temperatutel and'3C NMR spectra gel permeation chromatography (GPC) indicates there is
of the polyethylene isolated from these reactions have chem-only one kind of active catalyst species in the polymeriza-
ical shifts of 1.28 and 30.00 ppm, respectively, and melting tion reactions. Details of how changes in polymerization

Fig. 2. Molecular structure of 2,6-bis(3,5-ditert-butylpyrazolylcarbonyl)pyridine palladium dichlat)de (
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Table 3

Ethylene polymerization data withand2 as catalysfs

Catalyst Entry Al:Pd ratio Temperatured) TON (kg PE/mol Pd h) TmP (°C) Mp© (10°) MyIMy,
1 1 1000:1 25 228.9 137.20 5.21 3.89
1 2 2000:1 25 691.1 137.25 4.84 3.50
1 3 3000:1 25 844.8 137.65 4.67 3.50
1 4 4000:1 25 803.3 137.52 4.74 3.90
1 5 3000:1 30 135.7 137.58 3.72 3.47
1 6 3000:1 40 714.3 136.80 2.97 3.51
1 7 3000:1 45 662.0 137.41 3.02 3.13
1 8 3000:1 50 507.1 136.45 2.60 3.57
1 9 3000:1 60 529.1 136.13 2.30 3.23
1 10 3000:1 70 484.4 134.04 1.38 3.03
2 11 3000:1 25 24.5 138.58 3.75 3.89

a polymerization conditions: [Pd] =4.4810-6M (1), 5.99x 10-6 mmol 2); MAO as co-catalyst; 150 mL toluene; 5 atm ethylene pressure; 3 h.
b Determined by differential scanning calorimetry (DSC).
¢ Molecular weight data was determined by GPC vs. polystyrene standards“at.145

conditions affect the polymerization reaction are discussed centre. As such optimum activation of the catalyst is not

below.

2.3.1. Effect of catalysts on polymerization

Our catalysis studies with ethylene were mainly focuse
on 1. The results inTable 3show thatl is by far a better
catalyst thar2. Complex1 has a moderate catalytic activ-
ity (TON =844 kg PE/mol Pd h) and gave a high molecular
weight polymer (1.6< 10°). Complex2 (Table 3 shows a
much lower catalytic activity compared fo The presence

of carbonyl groups in the ligands was expected to affect the

electrophilicity of the complex to give faster monomer inser-
tion, which in turn should lead to high catalytic activities. The
results obtained with catalysisand2 show lower activity
than the pyrazolyl catalysts, [P@,5/BupzCO}(p.-Cl)2Cl5]
(TON =1099 kg PE/mol Pd {yb] and [Pd(3,5Buzpz)Cl>]
(TON =1006 kg PE/mol Pd Hya], reported by Darkwa and
co-workers. The lower catalytic activities of cataly$tand

2 compared to the two catalysts, [F8,5¢/BupzCO}(j-
Cl)2Cly] and [Pd(3,5Bupz)Cly] [7a,b], could be due to a
lower electrophilicity displayed by catalystsand2.

2.3.2. Effect of co-catalyst to catalyst molar ratio
(Al:Pd) on polymerization
To examine of co-catalyst to catalyst ratio in the poly-

reached until the Al:Pd ratio becomes 3000:1. The forma-
tion of Al-pyrazolyl adducts when MAQO is used to activate
is not unexpected as formation of Al-nitrogen adducts with

d nitrogen containing ligands is well documen{é&]. Exam-

ples of pyrazolyl-Al compounds have also been reported
in the literature [Al(1,3,5-Mgpz)] [13] and [TGAIJ[AICI 4]

(Tp" = hydrotris(3,5-dimethylpyrazolyl)borat§}4]. There-
fore, the possibility of MAO's catalytic activity reduction due
to its binding to uncoordinated pyrazolyl moieties cannot be
ruled out.

2.3.3. Effect of temperature on polymerization

The effect of temperature on ethylene polymerization
was investigated using catalyst(Table 3 entries 5-10).
An initial increase in catalyst activity was observed in
increasing temperature from 30 to4D (135 kg PE/mol Pd h
(30°C) to 714kgPE/molPdh (40C)), but the catalytic
activity decreased as temperature increased with activity of
484 kg PE/molPdh at 7@C. Such decrease in activity as
temperature rises is associated with decomposition of the cat-
alyst. Similar temperature effects on catalytic activity have
been reported when the binuclear pyridylimine palladium(ll)
[1], diimine nickel(ll) [10a] and CpZrCl; [15] were used
to catalyze the polymerization of ethylene with MAO as

merization, several experiments in which the co-catalyst a co-catalyst. The molecular weights of polyethylene pro-

to catalyst (Al:Pd) molar ratio was varied from 1000:1 to
4000:1 were carried oufT@ble 3 entries 1-4) usind as

the catalyst. Catalytic activity increased with increase in
the Al:Pd ratio, with the highest activity obtained at 3000:1
molar ratio of Al:Pd (entry 3) (844 kg PE/mol Pd h) and there-

duced byl are strongly dependent on temperattirahle 3;

the higher the temperature the lower the molecular weight
of polyethylene produced. Increasing reaction temperature
enhances chain transfer, leading to shorter polymer chains
and hence lower molecular masses. The polymer polydis-

after decreased with increasing Al:Pd ratio. We observed persity indices were found to be in the range 3.03 and 3.90,
a similar trend for ethylene polymerization catalyzed indicating no significant influence of temperature on poly-
by [P (3,5/BupzCO}(w-Cl)2Cl»] [7b]. Even though co-  mer molecular weight distribution as temperature was varied.
catalyst/catalyst ratio in MAO activated catalyst system is Although the polymer polydispersity indices found are high
usually high, the ratio used here is higher than usual. It compared to polymers obtained from other single-site late
is possible that the larger concentration of MAO needed transition metal catalysts, there is no evidence to suggest that
to effectively activatel is due to MAO reacting with both  our catalysts are multi-site. GPC traces show only one peak,
the uncoordinated pyrazolyl unit ih and the palladium  typical of a unimodal distribution characteristic of single-site
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catalysts and therefore our catalysts can only be considerectarboxylic acid and thionyl chloride, in toluene (60 mL)

to be single-site in spite of the slightly higher than usual poly-
dispersity indices.

3. Conclusions

In spite of the potential of the pyridine linker pyrazolyl lig-
ands to be tridentate, they form monometallic complexes with
one uncoordinated pyrazolyl unit. The two complexes inves-
tigated ( and2) can be activated with MAO to form active
catalysts for the polymerization of ethylene to form high-
density linear polyethylene, however their catalytic activities

was added 3,5-ditert-butylpyrazole (1.00 g, 5.67 mmol), fol-
lowed by EgN (3mL). The reaction mixture was refluxed
for 24h. The salt, BN-HCI, gradually formed and was
removed by filtration and the filtrate evaporated to give a
white solid. A pure product was obtained after chromatog-
raphy using silica gel and Ci€lo:ether (8:1) as eluent.
Yield=1.01g, 73%. GoH41Ns502 (491.67): calcd. C 70.84,

H 8.41, N 14.24; found C 69.95, H 8.91, N 13.6'H
NMR (CDClg): § 7.68-7.82 (m, 3H, py); 6.18 (s, 2H, 4-pz);
1.49 (s, 18H, 5Bu); 1.17 (s, 18H, 3Bu). 13C {*H} NMR
(CDClg): § 166.2, 163.6, 158.0, 153.4, 134.6, 125.7, 106.5,
33.2,32.3,29.6, 29.5. IR (nujol mully(C=0) = 1716 cnr?,

are lower than the benzene linker analogues. The best catv(C=N)= 1564 cnr?.

alyst was found to bd, the most soluble catalyst in the
polymerization solvent; as such the solubility of the cata-
lysts could be a factor in the activity trend observed for

Compoundd.2, L3 andL4 were synthesised using the
same procedure as describedKdr.

these catalysts. Catalytic activities were also found to be 4, » Synthesis of

sensitive to the co-catalyst to catalyst ratio as well as tem- 2,6-bis(3,5-dimethylpyrazolyl-1-carbonyl)pyridine(L2)
perature. The best co-catalyst to catalyst ration is 3000:1 and Compound L2 was prepared from the reaction of

above 40C catalyst decomposition lowers activity. Poly-
merization temperature strongly affects polymer molecular
weight, with lower molecular weight polymers produced
as temperature increased from 25 to°@) this trend is
normal.

4. Experimental
4.1. Materials and instrumentation

All reactions were performed under a dry nitrogen atmo-

3,5-dimethylpyrazole (1.00g, 10.40mmol) and 2,6-
pyridinedicarbonyl  dichloride (1.06g, 5.20 mmol).
Yield=0.999g, 59%. &7H41N50, (323.35):; calcd. C
63.15, H 5.30, N 21.66; found C 62.51, H 5.06, N 21.39.
NMR (CDClg): § 7.88-7.98 (m, 3H, py); 6.05 (s, 2H, 4-pz);
2.65 (s, 6H, 5-Me); 2.20 (s, 6H, 3-Me}°C {*H} NMR
(CDCl3): 6§ 165.9, 153.2,151.9, 145.2, 136.2, 126.5, 111.7,
97.4,14.2,13.7,11.8. IR (nujol mul)(C=0) =1709 cnr?,
»(C=N)=1583cn1?.

4.2.3. Synthesis of

sphere using standard Schlenk techniques. Dichloromethane6-0is(3-methylpyrazolyl-1-carbonyl)pyridine (L3)

(CH2Cl,) was dried by distilling over diphosphorous pentox-
ide (P0Os) and stored over molecular sieves. Toluene, diethyl
ether (EzO) and tetrahydrofuran (THF) were dried by distill-

ing over sodium/benzophenone and stored over dry molecular

sieves, while thionyl chloride was obtained from Merck and

distilled before use. 3,5-Ditertbutylpyrazole was prepared by

a literature procedurgl6], while 2,6-pyridinedicarboxylic
acid, pyrazole, 3-methylpyrazole and 3,5-dimethylpyrazole
were obtained from Aldrich and used as received. The NMR
spectra were recorded on a Gemini 2000 instrumbtat
200 MHz,13C at 50.3 MHz). The chemical shifts are reported
in d (ppm) and referenced to residual protons &€ NMR

signals of deuterated chloroform as internal standard. Ele-

Compound L3 was prepared from the reaction of
3-methylpyrazole (0.64g, 0.63mL, 7.82mmol) and
2,6-pyridinedicarbonyl dichloride (0.80g, 3.92 mmol).
Yield=0.65g, 56%. @sH13Ns502 (295.30): calcd. C 61.01,

H 4.44, N 23.72; found C 60.31, H 4.24, N 23.44 NMR
(CDClz): 6 8.79 (d, 2H, 5-pz); 8.34 (d, 2H, py); 8.13 (t, 1H,
py); 6.35 (d, 2H, 4-pz); 2.39 (s, 6H, 3-Mé)®’C {IH} NMR
(CDCl3): 6 167.9, 162.3, 155.4, 149.5, 149.1, 143.4, 138.4,
138.2, 138.1, 133.9, 133.6, 132.6, 129.2, 128.7, 127.6,
127.2, 111.3, 110.9, 104.9, 13.9, 11.6. IR (nujol mull):
»(C=0)=1712cnrl, y(C=N)=1554cn L,

4.2.4. Synthesis of

mental analysis was performed in-house on a Carlo Erba NA 2,6-bis(pyrazolyl-1-carbonyl)pyridine (L4)

analyzer in the department of chemistry, University of the
Western Cape.

4.2. Synthesis of ligands and complexes

4.2.1. Synthesis of 2,6-bis(3,5-ditert-butylpyrazolyl-
1-carbonyl)pyridine (L1)

To a solution of 2,6-pyridinedicarbonyl dichloride (0.57 g,
2.83mmol), obtained from the reaction of 2,6-pyridinedi-

CompoundL4 was prepared from the reaction of pyra-
zole (0.53 g, 7.82 mmol) and 2,6-pyridinedicarbonyl dichlo-
ride (0.80g, 3.92mmol). Yield=0.41g, 41%324E41N50>
(295.55): calcd. C 52.82, H 4.43, N 23.70; found C 52.56, H
4.61, N 18.901H NMR (CDCl): § 8.79 (d, 2H, 5-pz); 8.34
(d, 2H, py); 8.17 (t, 1H, py); 7.85 (d, 2H, 3-pz); 6.54 (t, 2H,
4-pz).13C {*H} NMR (CDCl): § 162.7, 149.6, 145.4, 137.9,
132.4, 128.8, 110.1. IR (nujol mull)(C=0)=1710cn1?,
v(C=N)=1569 cn71.
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4.2.5. Synthesis of {2,6-bis(3,5-ditert-butylpyrazolyl-1-
carbonyl)pyridine }palladium(Il) dichloride (1)

To a yellow solution of PdGI(CHsCN), (0.254,
0.95mmol) in CHCI, (40mL), was added a solu-
tion of 2,6-bis(3,5-ditert-butylpyrazolyl-1-carbonyl)pyridine
(0.47 g, 0.95 mmol) in CkCl> (20 mL). The solution gradu-

ally turned orange-red and after stirring for 48 h, the solvent
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continuously supplied to maintain a constant pressure dur-
ing the polymerization reaction. After the set reaction time,
excess ethylene was vented and the polymerization quenched
by adding ethanol. The polymer was filtered, washed with
2 M HCl followed by ethanol and dried in an oven overnight
at 50°C under vacuum.

NMR spectra of polyethylene were recorded in 1,2,4-

was evaporated to give an orange residue. Recrystalliza-trichlorobenzene/benzenkg-at 115°C. The number-average

tion from CHCl, at room temperature or Gi&l,:ether
(2:1) at —15°C gave analytically pure product as orange
crystals suitable for X-ray analysis. Yield=0.30g, 62%.
C29H41CloN502Pd (1/4)CHCI, (689.71): calcd. C 50.46,
H 5.98, N 10.15; found C 50.97, H 5.81, N 10.6AH NMR
(CDCl3): 6 8.02—8.18 (m, 3H, py); 6.36 (s, 1H, 4-pz); 6.19 (s,
1H, 4-pz); 1.77 (s, 9H, BBu); 1.57 (s, 9H, 3Bu); 1.47 (s,
9H, 5/Bu); 1.18 (s, 9H, 3Bu). 13C {*H} NMR (CDCl):

(My) and weight-averageé\,,) molecular weights and poly-
dispersity indices¥w/Mp) of the polymers were determined
by high temperature gel permeation chromatography (GPC)
(1,2,4-trichlorobenzene, 14&, rate = 1.000 mL/min) at the
Group Technologies Research and Development laboratory
of SASOL polymers (South Africa) and the Institute of Poly-
mer Science at the University of Stellenbosch (South Africa).
Thermal analyses were performed on a Universal V2.3H TA

8§ 175.2, 164.9, 162.8, 162.4, 160.8, 158.5, 156.9, 151.4, instrument at the University of Botswana and on a Perkin-
138.5,131.0,127.6,109.9,107.6, 33.9, 33.3, 32.4, 30.0, 29.5 EImer PC Series 7 system at the University of Cape Town

29.3, 29.2. IR (nujol mull)y(C=0)=1727 and 1712 cn,
v(C=N)=1557 cn7L.

Complexe= and3 were prepared in a similar manner as
described fod.

4.2.6. Synthesis of {2,6-bis(3,5-dimethylpyrazolyl-1-
carbonyl)pyridine}palladium(1l) dichloride (2)

Complex 2 was prepared from 2,6-bis(3,5-dimethyl-
pyrazolyl-1-carbonyl)pyridinel(2) (0.47 g, 0.95 mmol) and
PdCL(CH3CN), (0.25g, 0.95mmol). Yield=0.37 g, 51%.
C17H17CI2Ns0O2Pd (500.66): caled. C 50.46, H 5.98, N
10.15; found C 50.97, H5.81, N 10.0°H NMR (DMSO): §
8.19 (m, 3H, py); 5.97 (s, 1H, pz); 5.91 (s, 1H, 4-pz); 2.36 (s,
3H, 5-Me); 2.18 (s, 9H, 3-Me); 2.17 (s, 9H, 5-Me); 2.08 (s,
3H, 3-Me). IR (nujol mull):»(C=0) = 1719 and 1723 cnt,
v(C=N)=1576cnrl,

4.2.7. Synthesis of {2,6-bis(3-methylpyrazolyl-1-
carbonyl)pyridine}palladium(Il) dichloride (3)
Complex3 was prepared from 2,6-bis(3-methylpyrazolyl-

1-carbonyl)pyridine ¥L3) (0.50g, 1.69mmol) and
PdChL(CH3CN), (0.44g, 1.69mmol). Yield=0.39g,
499%. C15H13C|2N502Pd.1/2C|'iC|2 (515.07): calcd.

C 33.16, H 2.41, N 12.89; found C 33.61, H 2.12, N
12.34. IR (nujol mull): v(C=0)=1723 and 1734cnt,
v(C=N)=1546 cn7L.

4.2.8. General procedure for ethylene polymerization

(South Africa).

4.3. X-ray crystallography

Crystal evaluation and data collection o8 and1 were
performed on a Bruker CCD-1000 diffractometer with Mo
Ka (A= 0.71073&) radiation and the diffractometer to crys-
tal distance of 4.9 cm. The initial cell constants were obtained
from three series ab scans at different starting angles. The
reflections were successfully indexed by an automated index-
ing routine built in the SMART program. The absorption
correction was based on fitting a function to the empirical
transmission surface as sampled by multiple equivalent mea-
surement§l7]. The structures were solved by direct methods
and refined by least-squares techniques using SHELXTL
program[18]. All non-hydrogen atoms were refined with
anisotropic displacement coefficients. All hydrogen atoms
were included in the structure factor calculation at ideal-
ized positions and were allowed to ride on the neighbouring
atoms with relative isotropic displacement coefficients. Addi-
tional crystallographic data for the structures are deposited
with the Cambridge Crystallographic Data Centre as sup-
plementary publication numbers CCDC-2502a83) and
CCDC-1780961). The data can be obtained free of charge
on application to CCDC, Cambridge, UK (Fax: +44 1223
336033; e-maildeposit@ccdc.cam.asjuk
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