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Graphical abstract: synopsis

A series of chiral and achiral nickel (1) complexes were synthesized. The molecular
structures of ligand 2c, complexes 3a, 3b, and 3d were determined by X-ray
crystallography. Chiral bulky complex 3c shows highly catalytic activity for the

polymerization of ethylene and styrene, and produced branched polyethylene and
syndiotactic-rich polystyrene.
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{Big[N,N’-(2-alkyl-6-secphenethylphenyl)imino]-1,2-dimethylethane} dibromonickel
complexes bearing chiral secphenethyl groups: synthesis, characterization and their application
in catalytic polymerization for ethylene and styrene

Jianchao Yuan Yangiong Mu, Jie Zhao, Weibing Xu, Jingjing Chand Zhenghua Zhang
Key Laboratory of Eco-Environment-Related Polymeatstials of Ministry of Education; Key LaboratorfyRolymer Materials

of Gansu Province, College of Chemistry and Chehtiogineering, Northwest Normal University, Lanzhit®0070, China
ABSTRACT
A series of new chiral and achiral nickel ({0)) cdexes,
{bis[N,N’-(2-methyl-6secphenethylphenyl)imino]-1,2-dimethylethane}dibrondtel rac-(RR/S$3a,
{bis[N,N’-(4-isopropyl-2secphenethylphenyl)imino]-1,2-dimethylethane}dibronicel
rac-(RSR¥3b,
{bis[N,N’-(2-methyl-4,6-di§ecphenethyl)phenyl)imino]-1,2-dimethylethane}dibronickel
rac-(RSR¥3c, and
{bis[N,N’-(2,6-diisopropyl-4-f-methylphenyl)phenyl)imino]-1,2-dimethylethane}dimonickel 3d,
were synthesized and characterized. The molecuteuctsres of the representative ligand
rac-(RSR¥2c, complexrac-(RR/S$3a, complexrac-( RSR¥3b, and complexdd were determined
by X-ray crystallography. Complex 3e
{bis[N,N-(2,6-dimethylphenyl)imino]-1,2-dimethylethane}diimonickel was also synthesized for
comparison. These complexes, activated by dietlnyladum chloride (DEAC) were tested in the
polymerization of ethylene and styrene under midhditions. Complexac-(RSR¥3c bearing one
ortho-methyl group and two chiral bulksecphenethyl groups in thertho- andpara-aryl position of

the ligand, activated by diethylaluminum chlorideEAC) shows highly catalytic activity for the

: Corresponding author. Tel.: +86-931-7971539; #86-931-7971261.
E-mail addressjianchaoyuan@nwnu.edu.cn (J. Yuan).



polymerization of ethylene [5.56 x 4§ PE/(mol Ni.h.bar)] and produced branched poletie (75
methyl, 9 ethyl, 5 propyl and 19 butyl or longeaiches/1000 C at 40°C). Interestingly, complex
rac-(RSR$-3c also displays highly catalytic activity (3.62 x1@ polystyrene/(mol Ni-h)) for styrene
polymerization, and could produce syndiotactic-niiystyrene (stereo-triad distributions: rr, 66;2%
mr, 18.8%; mm, 15.0%; stereo-diad distribution§%.,6%; m, 24.4% at 70 °C). The achiral cataBgst
gave nearly atactic polystyrene (stereo-triad ibstions: rr, 37.0%; mr, 32.7%; mm, 30.3%;
stereo-diad distributions: r, 53.4%; m, 46.6% atC)

Key words Chiral a-diimine ligand; nickel (II) complex; crystal stiure; branched polyethylene;

syndiotactic polystyrene

1. Introduction

The development of well-defined Ni(ll)/Pd(ll) catats containing a bulkg-diimine ligand for the
polymerization of ethylene andolefins has been the subject of intense recedydti+13]. In contrast
to metallocene catalysts based on early transitietals [14—17], Ni(ll) and Pd(ll) catalysts discoze
by Brookhart and coworkers could produce branchelgethylene with different concentration and
individual length of branches, exclusively from tiilnylene monomer and accommodated even polar
monomers [1-13]. However, they generally produceorahmous, atactic polymers [11]. Recently,
Geoffrey W. Coates and co-workers proposed a newBrart type catalyst for olefin polymerization,
which bears a new class of chiral anilines andrth&iorporation ino-diimine Ni(ll) catalysts that
exhibit stereoselectivity im-olefins polymerization [18,19]. However, the effeckortho and para

chiral substituents of the ligand on the catalizhavior ofa-diimine-Ni(ll) complexes and the



properties of the resulting polymers, especiallyttnstereoselectivity of the resulting polystyrehas

never been studied.

Recently, we have reported the “Chain Walking Pagyization” of ethylene using chiral [10-22] or

achiral [23-25] a-diimine Ni(ll) complexes. In this work, we firsteport the synthesis and

characterization of a series of new chiral nickemplexes of the type [NiBfAr-DAB)] (Ar-DAB =

N,N’-diaryl-1,4-diaza-1,3-butadiene) bearing bulky ahisecphenethyl groups in differenaryl

position of the ligand, in order to study the imfhce of chiral groups, steric effects and polynatign

temperature on the catalyst activity, microstruetwof polyethylene and, in particular, on the

stereoregular structure of polystyrene.

2. Results and discussion

2.1. Synthesis and characterization of ligands Za& complexe3a-e

Scheme 1

The general synthetic route to four nickel (Il) qiexes3a-e is shown in Schemé& Reaction of the

anilines with styrene at elevated temperature f0§0n the presence of GEO;H catalyst resulted in

the correspondingecphenethylanilinesac-la-1c (Schemel). Reaction of the aniline with iodine at

room temperature in the presence of NaH®OH,O resulted in 4-iodo-2,6-diisopropylaniline. The

Suzuki coupling reaction of 4-iodo-2,6-diisopropyilane andp-methylphenyboronic acid catalyzed by

Pd(OAc) in PEG-400 led to the desired amine 2,6-diisoplrdpgp-methyl)anilineld (Schemel). The

a-diimine ligands 2a-e) were finally obtained by acid catalyzed condeinsabf the amines and



2,3-butanedione. The ligand8afc) were characterized b{4-NMR and **C-NMR and were found
elementally pure.

The reaction of equimolar amounts of NiEME) and thea-diimine ligand2a-e in CH,Cl, led to
the displacement of 1,2-dimethoxyethane and affbrie catalyst precurs@a-e as a moderately
air-stable deep red microcrystalline solid in albmmpsantitative yields. Elemental analysis of liga
complex3a, complex3c, andcomplex3d fits the molecular structure obtained by the X-sayctural
studies (see below).

Figurel
Figure2
Figure3
Figure4

2.2. X-ray crystallographic studies

Single crystals of ligandac-(RSR%2c, complexrac-(RR/S$3a, complexrac-(RSR¥3b, and
complex3d for X-ray diffraction were obtained at -30 °C byutble layering a CFCl, solution of the
ligand and complexes witlithexane.

The molecular structures of liganaic-(RSR$2c¢, complexrac-(RR/S$3a, complexrac-(RSR$3b,
and complex3d were determined, their corresponding diagrams laogvs in Figured-4, and selected
bond distances and angles are summarized in Fige4eIhe X-ray structure of representative chiral
ligand rac-(RSR$2c exhibits trans-conformation about the central Cabdof the ligand backbone.
Bond lengths and angles are within the expectederdor o-diimines; for example, the bond distances

for the C24=N1 double bond and the central C24—-G2dgle bond are 1.262 (5) and 1.478 (8), which



are very close to the values for other structuraharacterized free-diimines [26]. Both C24 and
C11 possess essentially rather planar geometfyctspracter), as shown by the C24-N1-C11 angles
122.1 (4)°, which is very close to 120°.

The structures of complexeac-(RR/S$3a and 3d have pseudo-tetrahedral geometry about the
nickel center, showinga pseudds, molecular symmetry forac-(RR/S$3a, and a pseud@s,
molecular symmetry fo3d. The X-ray structures of ligandsc-(RR/S%2a and 2d (similar as
representative ligandac-(RSR%2c) and their complexegac-(RR/S$3a and 3d exhibit trans- and
cis-conformation about the central C—C bond ofttaekbone, respectively. In the solid state, thetmos
interesting feature of ligandac-(RR/S$2a and2d are the conformation of the substituents attached
to N1 and Nla (or N2). These groups are rotateditab80° from the position they must occupy to
chelate metal Ni. The rotation has been confirmgdtie crystal structure of their complexes
rac-(RR/S$3a and3d. Their imino C=N bonds have typical double bondrelcter with C=N bond
lengths of 1.279 (3) and 1.279 (12) A fac-(RR/S$3a and3d, respectively. Both aryl rings bonded
to the iminic nitrogens of the-diimine lie nearly perpendicular to the plane fedrby the nickel and
coordinated nitrogen atoms (torsion angles fac-(RR/S$3a: C2-C1-N1-Nil, 93.9 (3)%;
C6-C1-N1-Nil, —84.1 (3)°; torsion angles 3ok C2-C1-N1-Nil, -76.9 (13)°; C6—C1-N1-Nil, 99.5
(12)°). The chiral phenethyl, methyl or isopropybgps in the 2,6-position of the aniline fragmeints
rac-(RR/S$3a and 3d point toward each other above and below the plmes shielding the apical
positions of the Ni(ll) center. The axial sites ftre metal center are almost blocked by the
ortho-secphenethyl methyl or isopropyl substituents, whidgh play a critical role in maintaining high
activity and obtaining high-molecular-weight polymmeat elevated temperatures. Their structures are

similar to those reported in the literature forestkimilar [NiBr(a-diimine)] compounds characterized



by X-ray diffraction, {bisN,N’-4-bromo-2,6-dimethylphenyl]iminoJacenaphthene}ditmonickel [27]
and {bisN,N-(2,4,6-trimethylphenyl)imino]Jacenaphthene}dibrormekel [28]. In fact, the Ni-N bond
distances in complexeac-(RR/S$3a and3d (Ni1-N1, 2.0090 A forac-(RR/S$3a; Nil-N1, 2.012

A for 3d) are similar to those determined for these compsu@.026 and 2.021 A, respectively), as
well as the Ni-Br bond distances (2.3569 A for ctewpac-(RR/S$3a, 2.329 A for complexdd vs.
2.3229 and 2.323 A, respectively) and the N-Ni-Bgles (116.13° for complerac-(RR/S$-3a,
113.2° for comple8d vs. 113.32 and 114 4respectively).

Interestingly, the structure of compleac-(RSR$3b has pseudo-hexahedral geometry about each
nickel center, showingseudoE,, molecular symmetry. Compleac-(RSR$3b contains two normal
a-diimine nickel complexes, its two nickel atoms a&ennected via two bromine bridges, and each
nickel atom is surrounded by I4,N’-(4-isopropyl-2secphenethylphenyl)imino]-1,2-dimethylethane
ligand and three bromides, showing pseudo-hexahegrametry about each nickel center. The
geometry of the five-coordinate complex can be dieed as two distorted hexahedron, with the plane
composed by the three atoms N1, N2 and Brla (or N2a and Brl) as the basal plane and the Br1,

Br2 (or Brla, Br2a) atoms occupying the apical poss.

2.3. Polymerization of ethylene with nickel comp&Sa-e

The fivea-diimine nickel (II) complexe8a-¢, activated by DEAC, were tested as catalyst pssrar
for the polymerization of ethylene, under the same@ction conditions. The results of the
polymerization experiments are shown in TalhleNoteworthy is the fact that blank experiments

carried out with DEAC alone, under similar condisg showed its inability to polymerize ethylene on



its own.
Tablel

At 20 °C, the activity of complexrac-(RR/S$3a increases slightly with the increase of [AI]/[Ni]
ratio (runs 1-3), the maximum around [AlJ/[Ni] rati600 (run 3), and then the activity decreases
slightly with the increase of [Al]/[Ni] ratio (run8-5). For a ratio [AlJ/[Ni] 600, an increase ineth
polymerization temperature in the range 0-60 °Crekeses slightly the activity of the precatalyst
rac-(RR/S$3a (runs 6, 7, 3, 8 and 9). The performances of tlekehiprecatalysts are significantly
affected by theortho- and para-position substituents on the aryl rings of thealiimine Ni(ll)
complexes (Tabld). Complexrac-(RSR%3c, bearing onertho-methyl group and two bulky chiral
secphenethyl groups in thertho- andpara-aryl positions of the ligand, displays the highestalytic
activity, 5.56 x 18 g PE/(mol Ni-h-bar), and produces one of highdlemar weights (run 15, Mw =
22.1 x 10 g/mol, 0 °C, [Al)/[Ni] = 600) among our five comgtes. Complex3d, bearing two
ortho-isopropyl groups and one bulky methylphenyl graughe para-aryl positions of the ligand, also
displays high catalytic activity (the highest aitgivrun 21, 3.53 x 10g PE/(mol Ni-h-bar), Mw = 19.7
x 10" g/mol).

Complexrac-(RR/S%3a (bearing aortho-position methyl group and one bulky chisgephenethyl
group in theortho-aryl positions of the ligand), exhibits slightlgwer catalytic activity [the highest
activity: run 3, 2.91 x 10g PE/(mol Ni-h-bar)] due to the absencepafa-position bulky group.
Complex 3e (bearing twoortho-position methyl groups), shows the lowest catalyttivity [the
highest activity: run 26, 1.36 x 4 PE/(mol Ni-h-bar)] among our five complexes thuthe absence
of bothortho-position ancpara-position bulky groups.

Interesting, new chiral hexahedral kigfiimine Ni(ll)] complexrac-(RSR$3b also exhibits high



activity toward ethylene polymerization [run 10ethighest activity: 1.89 x £@ PE/(mol Ni-h-bar);
M,: 12.4 x 10 g/mol] under low ethylene pressure, which is corapke to that of catalyst precursor
3e under the same experimental conditions. These dighities may indicate that the active species
operating in the case of our precatalgat-(RSR$3b ([NiBr,(Ar-DAB)],) is the same as that admitted
for the corresponding species [NjBxr-DAB)] [10]. The bis-diimine nickel(Il)] used in the present
work may be involved in an equilibrium where twafmine bridges of [NiBxAr-DAB)], dissociate,
giving rise to two complexes [NiBAr-DAB)] (Scheme2). The [NiBr(Ar-DAB)] precatalyst can then
follow the classical polymerization mechanism prinfard by Brookhart and co-workers [10].

Scheme 2

These results indicate that the rate of chain mafan is greatly promoted by the bulky

ortho-secphenethyl groups of the ligand’s aryl rings andngdficantly affected by the bulky
para-secphenethyl groups of the ligand’'s aryl ringad-(RR/S$3a]. As a result, the following
activity trend can be summarized for our substityieecatalysts under low ethylene pressure (0.2 bar
in the range 0-60 °Gc>3d>3a>3b~3e.

Figure5

Figure 6

The type and amount of branches formed in the petigation of ethylene promoted by typical

a-diimine nickel precatalysts depend on reactiorapaaters such as the reaction temperature, ethylene
pressure and ligand structure [10]. Generally, letliylene pressure and high polymerization
temperature favor the Chain-Walking, and affordhhlgranched polyethylenes [10]. However, the
effect of ligand structure on polyethylene branghsimuch more complicated.

As shown in Tabld and Figureb, complexrac-(RSR$3c bearing onertho-methyl group and two



bulky chiral seecphenethyl groups in thertho- and para-aryl positions of the ligand, generated
polyethylene with the highest degrees of branchifige total branching degrees of the polymer
samples prepared wittac-(RSR$3c/DEAC (runs 16, 18 and 19, branching degree: 9016,0 and
126.7 branches/1000 C at 20, 40 and 60 °C, respégtiare significantly higher than those observed
for rac-(RR/S$3a/DEAC (runs 3, 8 and 9, branching degree: 83.5% @nd 108.2 branches/1000 C at
20, 40 and 60 °C, respectivelypc-(RSR$3b/DEAC (runs 11, 13 and 14, branching degree: 71.8,
81.3 and 95.4 branches/1000 C at 20, 40 and 60eXpectively),3d/DEAC (runs 21, 23 and 24,
branching degree: 82.3, 94.5 and 103.5 branche®/T@&t 20, 40 and 60 °C, respectively), and
3e/DEAC systems (runs 26, 28 and 29, branching de@@€&, 80.6 and 91.2 branches/1000 C at 20,
40 and 60 °C, respectively). Also the total branghilegrees of the polymer samples prepared with
rac-(RSR¥3c/DEAC are higher than those observed for similacptalyst/DEAC systems such as
{bis[N,N’-(4-tert-butyl-diphenylsilyl-2,6-diisoprogphenyl)iminoJacenaphthene}dibromonickel (45
branches/1000 C, at 20 °C) [10] or precatalystMAO systems such as
{bis[N,N’-(2,6-diisopropylphenyl)imino]-1,2-dimethgthane}dibromonickel (30, 67, 80 and 90
branches/1000 C, at 25, 50, 65 and 8CC, respectively) [10], and
{bis[N,N’-(2,6-diisopropylphenyl)imino]acenaphthé&ébromonickel (65 branches/1000 C, at 25)
[10], although the reaction conditions are not #lyathe same as in the present work. The total
branching degree of the polymer sample obtaineth @ét bearing twoortho-methyl groups is the
lowest among our five nickel complexes.

The **C NMR spectrum of the polyethylene prepared wita tatalystrac-(RSR$3c/DEAC at
40 °C is shown in Figuré. The number of branches was calculated accordiniget literature [30], and

it was found that the polyethylene with 107 brars¢h@00 carbons (73 methyl, 9 ethyl, 4 propyl and 21



butyl or longer branches/1000 C) was obtained &Cl(run 16 in Tabld). This result was consistent

with that calculated frorH NMR.

2.4. Polymerization of styrene with nickel compéSad

Table2

Polymerizations of styrene with complexas-(RR/S$3a, rac-(RSR$3b rac-(RSR$3c and3d in
combination with DEAC were carried out at 30-90 &@d the results are summarized in TéblEor a
ratio [AI[/[Ni] 600, the activity of the complexeimcreases slightly with the increase of temperature
(30-70), the maximum around 70 °C, and then théviactdecreases slightly with the increase of
temperature (70-90). The molecular weight decresiggsficantly with the increase of polymerization
temperature (70-90). The rate of chain propagasosignificantly promoted by the bulkyrtho and
para-secphenethyl of the ligand’s aryl rings (the highestivity: rac-(RR/S$-3a run 3: 2.14 x10g
PSt/(mol Ni-h);rac-(RSR$3b run 7: 0.96 x10g PSt/(mol Ni-h)rac-(RSR$3c run 11: 3.62 x10g
PSt/(mol Ni-h):3d run 16: 3.04 x10y PSt/(mol Ni-h)).

The aromaticipso carbon spectra of the polystyrenes obtained wdttalgstsrac-(RSR$3c and
3d/DEAC were analyzed in term of triads (TaBland Figure7). The three main peaks, at 144.7-145.4,
145.5-145.9 and 146.0-146.4 ppm, are assigned ridiaactic (rr), heterotactic (mr) and isotactic
triads (mm), respectively [31-34]. As in Tallleand Figure7, chiral catalystac-(RSR$3c bearing
one ortho-methyl group and two bulky chiradecphenethyl groups in thertho- and para-aryl
positions of the ligand, generated polystyrene vtk highest degrees of stereoregularity. The

stereoregularity degrees of the polymer sample gregb with rac-(RSR$3c/DEAC (stereo-triad

10



distributions run 11: rr, 66.2%; mr, 18.8%; mm,d%,; stereo-diad distributions: r, 75.6%; m, 24.4% a

70 °C) are significantly higher than those observied rac-(RR/S$3a/DEAC (stereo-triad

distributions run 3: rr, 49.9%; mr, 25.3%; mm, 24;8tereo-diad distributions: r, 62.6%; m, 37.4% at

70 °C), rac-(RSR$3b/DEAC (stereo-triad distributions run 7: rr, 46.2%y, 26.8%; mm, 27.0%;

stereo-diad distributions: r, 59.6%; m, 40.4% afC) and3d/DEAC (stereo-triad distributions run 15:

rr, 37.0%; mr, 32.7%; mm, 30.3%; stereo-diad disttions: r, 53.4%; m, 46.6% at 70 °C). The achiral

catalyst3d gave nearly atactic polystyrene at 70 °C. An &gdnd bearing chiral bulkgecphenethyl

groups in theortho and/or para-aryl position may better control the stereoselectof monomer

insertion, which should afford a highly syndiotagtolystyrene.

An decrease of the reaction temperature has a rimifloence on the sequence distribution (Table

runs 1 and 3, performed withc-(RR/S$3a/DEAC at 30 and 70 °C, respectively) as a sligbtéase

of the syndiotactic content is observed (at 30U &, stereo-triad distributions: rr, 51.2%; mr,624;

mm, 24.2%; stereo-diad distributions: r, 63.5%36.5%).

Figure7

3. Conclusions

A series of newn-diimine ligands containingeephenethyl or naphthyl groups and their Ni(ll)

complexes have been prepared and characterizeahdsga-e were modified in an attempt to change

chiral environment, steric effects and the eledtralensity of the metal center, eventually to iny@ro

the activity in the polymerization of ethylene/stye and control the microstructure of polyethylene,

particular, the stereoregularity structure of pbjgesne. The results obtained show that the chiral

11



complexrac-(RSR%-3c produces highly active catalyst system for theyp@rization of ethylene and
highly branched polyethylene due to its butkyho andpara-secphenethyl groups of the ligand’s aryl
rings. Interestingly,rac-(RSR¥$3c/DEAC catalyst system could produce high steredesijy of
syndiotactic polystyrene at 70 °C due to its chipalky secphenethyl groups in thertho- and

para-aryl position.

4. Experimental

4.1. General Considerations

All operations were carried out unden ldtmosphere using standard Schlenk techniques sunles
otherwise noted. Methylene chloride amdichlorobenzene were predried with 4 A moleculaves
and distilled from Caklunder dry nitrogen. Toluene, diethyl ether, an2tdimethoxyethane (DME)
were distilled from sodium/benzophenone undep Btmosphere. Anhydrous NiBr(99%),
4-methylphenylboronic acid (97%), trifluoromethanmiésnic acid (99 %), Pd(OAg) and
diethylaluminum chloride (DEAC, 0.9 M solution inoltene) were obtained from Acros.
2,3-Butanedione (98%), 2-methylaniline (98%), 4pispylaniline (98%), 2,6-diisopropylaniline (98%)
and styrene (98%) were purchased from Alfa Aessed without further purification. NiBiDME)
was synthesized according to the literature [35].

NMR spectra were recorded at 40®{) and 100 {°C) MHz, respectively, on a Varian Mercury
plus-400 instrument TMS as internal standard. FTsfiectra were recorded on a Digilab Merlin FTS

3000 FTIR Spectrophotometer in KBr pellets. The enalar weights and molecular weight

12



distributions  (Mw/Mn) of the polymers were detereih by Gel Permeation

Chromatography/Size-Exclusion Chromatography (GEC)Svia a Waters Alliance GPCV2000
chromatograph, using 1,2,4-trichlorobenzene amglag a flow rate of 1.0 ml/min and operated & 14
°C. The elemental content of samples was deternigezlemental analyzer (Vaiio-EL106, Germany).
The single-crystal structure was determined on ak&r APEX-II CCD diffractometer with MoK

radiation f = 0.71073 A) a» scan mode.

4.2. Synthesis of 2-methyl-6-sec-phenethylpheriyladia

CFR;SGOsH (0.06 g, 0.40 mmol), 2-methylaniline (0.21 g,@m@mol), styrene (0.31 g, 3.00 mmol) and
xylene (1 ml) were placed in a 10 ml Schlenk flasid allowed to stir at 160 °C for 5 h. Volatile
materials were removed and the residue was putifiedhromatography on silica gel with petroleum
ether/ethyl acetate (v/v = 50:1) to give 2-methydegphenethylaniline (0.30 g, 71% yieldd NMR
(400 MHz, CDC}): 6 7.21-7.39 (m, 6H, gsCHCH; and aniline ring), 7.07 (d,= 7.0 Hz, 1H, aniline
ring), 6.86 (d,J = 7.5 Hz, 1H, aniline ring), 4.18 (d,= 7.0 Hz, 1H, GHsCHCH3), 3.71 (br, s, 2H,
—NH,), 2.20 (s, 3H, —8;of aniline), 1.68 (dJ = 7.1 Hz, 3H, @sCHCH,). **C NMR (100 MHz,
CDCly): 4 145.56 (aniline carbon connected with )HL41.71 (phenethyl ring carbon connected with
ethyl), 129.40 (aniline carbon connected with mBthy28.67 (phenyl carbon), 128.60 (aniline carhon)
127.41 (phenyl carbon), 126.29 (phenyl carbon),.125aniline carbon), 122.80 (aniline carbon),
118.30 (aniline carbon connected with phenethy®)08 (GHsCHCHS,), 21.97 (GHsCHCH3), 17.38

(—CHj5 of aniline).

13



4.3. Synthesis of 4-isopropyl-2-sec-phenethylamilin

Using the same procedure as for the synthesia,dfb was obtained as light yellow oil (0.38 g, 79%
yield). '"H NMR (400 MHz, CDCY)): 6 7.17-7.32 (m, 6H, gHsCHCH; and aniline ring), 6.98 (d,= 7.2
Hz, 1H, aniline ring), 6.60 (d}, = 7.4 Hz, 1H, aniline ring), 4.10 (4,= 7.2 Hz, 1H, @HsCHCH,), 3.23
(br, s, 2H, —MH,), 2.89 (m, 1H, —BI(CHjy),), 1.65 (d,J = 7.2 Hz, 3H, HsCHCH3), 1.28 (d,J = 6.9 Hz,
6H, —CH(TH3),). **C NMR (100 MHz, CDGJ): & 146.08 (aniline carbon connected with })IHL42.34
(phenethyl ring carbon connected with ethyl), 189&niline carbon connected with isopropyl), 130.04
(aniline carbon), 128.99 (phenyl carbon), 127.6Befy! carbon), 126.46 (phenyl carbon), 125.60
(aniline carbon), 124.93 (aniline carbon conneatéth phenethyl), 116.60 (aniline carbon), 40.69

(CsHsCHCHsy), 33.72 (-€H(CHsy), of aniline), 24.57 (—CHEHs), of aniline), 22.09 (gHsCHCH5).

4.4. Synthesis of 2-methyl-4,6-di-sec-phenethyldhsiiine 1c

CFR;SGOsH (0.06 g, 0.40 mmol), 2-methylaniline (0.21 g,@m@mol), styrene (0.62 g, 6.00 mmol) and
xylene (1 ml) were placed in a 10 ml Schlenk flasid allowed to stir at 160 °C for 12 h. Volatile
materials were removed and the residue was putifiedhromatography on silica gel with petroleum
ether/ethyl acetate (v/v = 50:1) to give 2-methyd-di-secphenethylaniline (0.46 g, 73% vyieldH
NMR (400 MHz, CDC}): 6 7.29-7.57 (m, 11H, £iIsCHCH; and aniline ring), 7.11 (s, 1H, aniline
ring), 4.25-4.41 (m, 2H, £isCHCH,), 3.65 (br, s, 2H, —N,), 2.29 (s, 3H, —8;o0f aniline), 1.78-1.96
(m, 6H, GHsCHCH,). *C NMR (100 MHz, CDGJ): 8 147.18 para-phenethyl ring carbon connected

with ethyl), 145.61¢rtho-phenethyl ring carbon connected with ethyl), 1Z0.(niline carbon
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connected with NB, 135.63 (anilinepara-carbon connected with methyl), 130.35 (anilineboar
connected with methyl), 128.5@dra-phenethyl ring carbon), 128.18rtho-phenethyl ring carbon),
127.64 (aniline carbon), 127.3pafra-phenethyl ring carbon), 127.28rtho-phenethyl ring carbon),
126.15 para-phenethyl ring carbon), 125.60rtho-phenethyl ring carbon), 124.29 (aniline carbon),
122.44 (anilineortho-carbon connected with methyl), 44.136IgCHCH,), 40.38 (GHsCHCH,),

22.20 (GHsCHCH3), 21.95 (GHsCHCHS), 17.74 (€H; of aniline).

4.5. Synthesis of 4-iodo-2,6-diisopropylaniline

NaHCG;(0.43 g, 4.30 mmol), 2,6-diisopropylaniline (0.502082 mmol) and,l(0.72 g, 2.84 mmol)
were placed in a 10 ml flask and allowed to stirdd h, in the presence of 2.56 g@d The mixture
was extracted three times with 15 ml diethyl etfide combined organic phase was dried over MgSO
filtered, and the solvent was removed. The residas purified by chromatography on silica gel with
petroleum ether/ethyl acetate (v/v = 10:1) to giviedo-2,6-diisopropylaniline (0.51g, 60% yieldH
NMR (400 MHz, CDC})): & 7.15 (s, 2H, aniline ring), 3.57 (br, s, 2H,H}, 2.87-3.09 (m, 2H,
—CH(CHs),), 1.24 (d,J = 7.1 Hz, 12H, —CH(85),). *C NMR (100 MHz, CDG)): & 138.45 (aniline
carbon connected with Njj 135.21 (aniline carbon connected with isopropy82.79 (aniline carbon

near ), 112.17 (aniline carbon connected witl28.25 (-€H(CHa),), 21.91 (—CHCHs>),).

4.6. Synthesis of 2,6-diisopropyl-4-(4-methyl)plteemiine 1d

Pd(OAc) (0.01 g, 0.04 mmol), 2,6-diisopropylamine (0.913g00 mmol), KCO; (0.55 g, 4.00
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mmol) and 4-methylphenyboronic acid (0.45 g, 3.3tiaf) were placed in a 50 ml flask and allowed to
stir at 25 °C for 24 h, in the presence of 10 mGPED0. The mixture was extracted three times wih 1
ml diethyl ether. The combined organic phase wasddover MgSQ filtered, and the solvent was
removed. The residue was purified by chromatographgilica gel with petroleum ether/ethyl acetate
(viv = 20:1) to give 2,6-diisopropyl-4-(4-methyl)@myaniline (0.42 g, 52% yieldH NMR (400 MHz,
CDCly): 8 7.44 (d,J = 7.5 Hz, 2H, —gH,H,CH,), 7.24 (s, 2H, aniline ring), 7.20 (d,= 8.4 Hz, 2H,
—C¢H2H,CHz), 3.70 (br, s, 1H, —N§j, 2.91-3.01 (m, 2H, -8(CHj),), 2.36 (s, 3H, —6H,CH3), 1.31 (d,

J = 6.8 Hz, 12H, —CH(H),). °C NMR (100 MHz, CDGJ): 5 139.65 (aniline ring carbon connected
with NH,), 139.59 (methylphenyl ring carbon connected Withy), 135.76 (methylphenyl ring carbon
connected with aniline), 132.83 (aniline ring carbmonnected with isopropyl), 131.58 (aniline ring
carbon connected with methylphenyl), 129.37 (methghyl ring carbon), 126.67 (methylphenyl ring

carbon), 121.76 (aniline ring carbon), 28.2CK{CHy),), 22.61 (—CHCH>),), 21.13 (—GH4CH>).

4.7. Synthesis of bis[N,N’-(2-methyl-6-sec-pheriptignyl)imino]-1,2-dimethyletharza

4-Methylbenzenesulfonic acid (17 mg, 0.10 mmol) wadded to a stirred solution of
2,3-butanedione (0.09 g, 1.00 mmol) and 2-methgeéphenethylphenylaniline (0.44g, 2.10 mmol)
in toluene (20 ml). The mixture was refluxed for H,6and then the solvent was removed. The residue
was purified by chromatography on silica gel witttrpleum ether/ethyl ester (v/v = 20:1) to give a
light yellow powder. Yield: 0.35 g (74 %fH NMR (400 MHz, CDCJ): § 7.18-7.35 (m, 12H,
Ce¢HsCHCH; and aniline ring), 7.04 (dl = 7.5 Hz, 2H, aniline ring), 6.67 (d,= 7.0 Hz, 2H, aniline

ring), 4.11 (q,J = 7.0 Hz, 2H, @HsCHCHy), 2.21 (s, 6H, —8; of aniline), 1.53 (dJJ = 7.1 Hz, 6H,
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CsHsCHCH3), 1.19 (s, 6H, —~N=C(85)C(CH3)=N-). *C NMR (100 MHz, CDGCJ): 5 168.65 C=N),
148.02 (aniline carbon connected with N), 146.9Be(ylethyl ring carbon connected with ethyl),
133.05 (aniline carbon connected with phenyleth{®8.97 (aniline carbon connected with methyl),
128.52 (phenylethyl ring carbon), 127.54 (phenyleting carbon), 126.74 (aniline carbon), 125.67
(aniline carbon), 124.28 (aniline carbon), 123 giefnylethyl ring carbon), 40.93 &sCHCH,), 22.87
(CsHsCHCH3), 17.98 (€€H5 of aniline), 15.55 (-N=QEH3)C(CH3)=N-). Anal. Calc. for G4Hz¢N,: C,

86.40; H, 7.68; N, 5.93. Found: C, 86.52; H, 71845.72.

4.8. Synthesis of bis[N,N'-(2-sec-phenethylphergbgropyl)imino]-1,2-dimethyletharizh

Using the same procedure as for the synthes?a,dfb was obtained as light yellow powder (0.44 g,
83% vyield)."H NMR (400 MHz, CDC}) § 7.16-7.34 (m, 12H, g1sCHCH; and aniline ring), 7.04 (d,
= 6.1 Hz, 2H, aniline ring), 6.92 (d,= 7.1 Hz, 2H, aniline ring), 4.20 (4= 7.1 Hz, 2H, GHsCHCHy),
3.89 (m, 2H, —EI(CHa),), 1.70 (d,J = 7.2 Hz, 6H, @HsCHCH,), 1.47 (d,J = 7.2 Hz, 12H,
—CH(CH5),), 1.15 (s, 6H, —N=C(83)C(CHs)=N-). *C NMR (100 MHz, CDGJ)): & 169.25 C=N),
146.00 (aniline carbon connected with NIH144.82 (phenethyl ring carbon connected withylgth
143.41 (aniline carbon connected with isopropyB2.43 (aniline carbon connected with phenethyl),
128.38 (aniline carbon), 128.31 (phenyl carbon)7.12 (phenyl carbon), 127.38 (phenyl carbon),
125.82 (aniline carbon), 123.25 (aniline carbor®),06 (GHsCHCHy), 33.73 (-€H(CHz), of aniline),
24.23 (—CHCHs), of aniline), 22.22 (gHsCHCHs), 16.65 (—N=CCH3)C(CH3)=N-). Anal. Calc. for

CsgHaaNS: C, 86.31; H, 8.39; N, 5.30. Found: C, 86.40; 218N, 5.12.
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4.9. Synthesis of bis[N,N’-(2-(2-methyl-4,6-di-gptenethylphenyl)imino]-1,2-dimethyletha?e

Using the same procedure as for the synthes?a,dfc was obtained as yellow powder (0.52 g, 76%
yield). '"H NMR (400 MHz, CDCY)): 6 7.09-7.34 (m, 20H, §4sCHCH), 6.98 (s, 2H, aniline ring), 6.92
(s, 2H, aniline ring), 4.20 (§,= 7.1 Hz, 2H, HsCHCHs,), 3.87 (q,J = 7.1 Hz, 2H, @HsCHCH,), 1.96
(s, 6H, —G1; of aniline), 1.70 (dJ = 7.2 Hz, 6H, HsCHCH3), 1.47 (d,J = 7.2 Hz, 6H, @HsCHCHS),
1.15 (s, 6H, —N=C(8;)C(CH3)=N-). **C NMR (100 MHz, CDGCJ)) & 168.64 C=N), 147.04
(phenylethyl ring carbon connected with ethyl), B&(phenylethyl ring carbon connected with ethyl),
145.86 (aniline carbon connected with N), 140.#ilitee carbon connected with phenylethyl), 132.64
(aniline carbon connected with phenylethyl), 128(BAenylethyl ring carbon), 128.24 (phenylethyl
ring carbon), 127.58 (phenylethyl ring carbon), 527 (phenylethyl ring carbon), 127.41 (aniline
carbon connected with methyl), 125.83 (aniline oartmear methyl), 125.60 (aniline carbon near
phenethyl), 123.94 (phenylethyl ring carbon), 1R3(Fhenylethyl ring carbon), 44.42 4&CHCHy),
40.85 (GHsCHCHjz), 22.65 (GHsCHCHz), 22.00 (GHsCHCHSs), 18.01 (€Hj of aniline), 15.57
(=N=C(CH3)C(CH3)=N-). Anal. Calc. for GHs,N,: C,88.19; H, 7.70; N, 4.11. Found: C, 88.23; H,
7.61; N, 4.35. Single crystals of ligarft suitable for X-ray analysis were obtained at -80 BBy

dissolving the ligand in Cil,, following by slow layering of the resulting sdlut with n-hexane.

4.10. Synthesis of bis[N,N’-(2,6-diisopropyl-4-(#thyl)phenylphenyl)imino]-1,2-dimethyletha2e

Using the same procedure as for the synthes?a,dfd was obtained as orange powder (0.49 g, 84%

yield). '"H NMR (400 MHz, CDCJ): & 7.51 (m, 4H, —gH,H,CHz), 7.36 (s, 4H, aniline ring), 7.25 (m,
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4H, —-GH,H,CHs), 2.74-2.76 (m, 4H, —B(CH),), 2.40 (s, 6H, —gH.CHs), 2.12 (s, 6H,
—N=C(CH3)C(CH3)=N-), 1.23 (m, 24H, —CH(8,),). **C NMR (100 MHz, CDGJ): & 168.51 C=N),
145.52 (aniline ring carbon connected with )HL39.21 (methylphenyl ring carbon connected with
CH,), 136.67 (methylphenyl ring carbon connected witfline), 136.48 (aniline ring carbon connected
with methylphenyl), 135.55 (aniline ring carbon nented with isopropyl), 129.50 (methylphenyl ring
carbon), 126.91 (methylphenyl ring carbon), 121.9@niline ring carbon), 28.81 GH(CHs,),), 23.19
(~CH(CH3),), 22.86 (—CHCH3),), 21.21 (—@H4CHa), 16.86 (—N=CCH3)C(CHs)=N-). Anal. Calc. for

C4HsoNs: C, 86.25; H, 8.96; N, 4.79. Found: C, 86.37; H68N, 4.61.

4.11. Synthesis of bis[N,N’-(2,6-dimethylphenyBioji1,2-dimethylethange

Bis[N,N’-(2,6-dimethylphenyl)imino]-1,2-dimethylethane was synthesized according to the

literature [36].

412, Synthesis of

{bis[N,N’-(2-methyl-6-sec-phenethylphenyl)iminoRdimethylethane}dibromonickaa

[NiBr,(DME)] (0.31 g, 1.00 mmol), the ligarzh (0.47 g, 1.00 mmol) and dichloromethane (30 ml)
were mixed in a Schlenk flask and stirred at roemperature for 16 h. The resulting suspension was
filtered. The solvent was removed under vacuumthadesidue was washed with diethyl ethek (6
ml), and then dried under vacuum at room tempegatugive catalysda as light brown micro-crystals.

Yield: 0.63 g (91%). Anal. Calc. forgHs¢Br.NiN,: C, 59.08; H, 5.25; N, 4.05. Found: C, 58.86; H,
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5.37; N, 28. FT-IR (KBr): 1628 cth(ve-y). Single crystals of comple3a suitable for X-ray analysis
were obtained at -30 °C by dissolving the complexCiH,Cl,, following by slow layering of the

resulting solution witm-hexane.

4.13. Synthesis of

{bis[N,N’-(4-isopropyl-2-sec-phenethylphenyl)imirb]2-dimethylethane}dibromonickeb

Using the same procedure as for the synthes3a,@b was obtained as brown micro-crystals. Yield:
0.69 g (92%). Anal. Calc. forsgH44Br.NiN,: C, 61.08; H, 5.93; N, 3.75. Found: C, 61.14; H& N,
3.62. FT-IR (KBr): 1624 ci (ve-n). Single crystals of comple3b suitable for X-ray analysis were
obtained at -30 °C by dissolving the complex in,CH, following by slow layering of the resulting

solution withn-hexane.

414, Synthesis of

{bis[N,N’-(2-methyl-4,6-di-sec-phenethylphenyl)iwiii,2-dimethylethane}dibromonickat

Using the same procedure as for the synthes3s,dc was obtained as brown micro-crystals. Yield:
0.79 g (88%). Anal. Calc. forsgHs,BroNiN,: C, 66.77; H, 5.83; N, 3.11. Found: C, 66.91; 6% N,

2.97. FT-IR (KBr): 1625 cih (Ve-n).

4.15. Synthesis of

{bis[N,N'-(2,6-diisopropyl-4-(4-methyl)phenylphejiylino]-1,2-dimethylethane}dibromonickad
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Using the same procedure as for the synthesds,d3d was obtained as dark brown micro-crystals.
Yield: 0.69 g (86%). Anal. Calc. for&1s:BrNiN,: C, 62.79; H, 6.52; N, 3.49. Found: C, 62.97; H,
6.38: N, 3.66. FT-IR (KBr): 1629 cMm(vc-y). Single crystals of comple3d suitable for X-ray analysis
were obtained at -30 °C by dissolving the complexCiH,Cl,, following by slow layering of the

resulting solution witm-hexane.

4.16. Synthesis of {bis[N,N’-(2,6-dimethylphenyijia}-1,2-dimethylethane}dibromonickaé

{Bis[N,N’-(2,6-dimethylphenyl)imino]-1,2-dimethyléianédibromonickel 3e was synthesized

according to the literature [36].

4.17. X-ray Structure Determinations

Single crystals of ligan@c, complex3a, complex3b and complex3d suitable for X-ray analysis
were obtained at -30 °C by dissolving the ligand aitkel complexes in CiTl,, following by slow
layering of the resulting solution withrhexane. Data collections were performed at 298(n a
Bruker SMART APEX diffractometer with a CCD areaedtdor, using graphite monochromated Ko
radiation (= 0.71073 A). The determination of crystal clasd anit cell parameters was carried out by
the SMART program package. The raw frame data wayeessed using SAINT and SADABS to yield
the reflection data file. The structures were solisg using the SHELXTL program. Refinement was

performed onF? anisotropically for all non-hydrogen atoms by th#l-fatrix least-squares method.

21



The hydrogen atoms were placed at the calculatesitigmos and were included in the structure

calculation without further refinement of the paeters. Crystal data, data collection, and refindmen

parameters are listed in Talde

Table3

4.18. Ethylene polymerization

The polymerization of ethylene was carried out ftame dried 250 ml crown capped pressure bottle

sealed with neoprene septa. After drying the pohjaza&on bottle under Natmosphere, 50 ml of dry

toluene was added to the polymerization bottle. Témulting solvent was then saturated with a

prescribed ethylene pressure. The co-catalyst (DBE#&S then added in Al/Ni or Al/Pd molar ratios in

the range of 200-1000 to the polymerization botile a syringe. At this time, the solutions were

thermostated to the desired temperature and allowedquilibrate for 15 min. Subsequently, an

o-dichlorobenzene solution of Ni or Pd catalyst wadded to the polymerization reactor. The

polymerization, conducted under a dynamic pressfresthylene (0.2 bar), was terminated by

guenching the reaction mixtures with 100 ml of a B%I-MeOH solution. The precipitated polymer

was filtered, washed with methanol and dried unéeuum at 60 °C to a constant weight.

4.19. Polymerization of styrene

The homopolymerization of styrene was carried out frame dried 250 ml Schlenk flask under dry

nitrogen in toluene at 30-90 °C. Dry toluene (25 wmohd dry styrene (5 ml) were added to the
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polymerization reactor, the co-catalyst (DEAC) when added in Al/Ni molar ratios 600 to the

polymerization bottle via a syringe. Subsequerdlyo-dichlorobenzene solution of Ni catalyst was

added to the polymerization reactor. After a giveaction time, the polymerization mixture was

terminated by quenching the reaction mixtures wiff0 ml of a 2% HCI-MeOH solution. The

precipitated polymer was filtered, washed with raethl and dried under vacuum at 50 °C to a constant

weight.
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Tablel
Ethylene polymerizations using nickel precatalyst® activated by DEAC.

TOF Mw? MwMn® Branches

Run  Complex  [Al]J/[Ni] T t Yield Activity®
(°C) (min)  (9) /1000C

1 3a 200 20 10 0.47 0.79 028 11.2 1.66 -

2 3a 400 20 10 0.88 1.49 0.53 148 1.64 -

3 3a 600 20 10 1.72 291 1.04 20.2 1.73 83.5
4 3a 800 20 10 11 1.86 0.66 15.5 1.82 -

5 3a 1000 20 10 0.95 1.60 0.57 13.2 1.87 -

6 3a 600 0 10 1.77 2.99 1.07 236 1.79 -

7 3a 600 10 10 1.76 297 1.06 21.9 1.83 -

8 3a 600 40 10 0.87 1.47 052 9.6 1.98 97.6
9 3a 600 60 10 0.44 0.74 027 6.9 174 108.2
10 3b 600 0 10 1.49 1.89 0.67 124 2.03 -
11 3b 600 20 10 1.32 1.67 0.60 10.2 1.63 71.8
12 3b 600 30 10 1.27 161 057 85 1.64 -
13 3b 600 40 10 0.92 1.16 042 46 2.03 81.3
14 3b 600 60 10 0.87 1.10 039 24 1.84 95.4
15 3c 600 0 10 249 5.56 199 221 1.78 -
16 3c 600 20 10 1.89 4.22 151 2038 171 90.6
17 3c 600 30 10 151 3.37 120 187 1.87 -
18 3c 600 40 10 1.37 3.06 109 155 1.93 110.0
19 3c 600 60 10 15 3.35 120 123 1.85 126.7
20 3d 600 0 10 1.07 2.15 0.77 203 174 -
21 3d 600 20 10 1.76 3.53 126 19.7 1.92 82.3
22 3d 600 30 10 1.57 3.15 113 125 2.05 -
23 3d 600 40 10 1.47 2.95 105 89 1.87 94.8
24 3d 600 60 10 0.93 1.87 067 74 1.84 103.5
25 3e 600 0 10 112 1.13 040 10.6 174 -
26 3e 600 20 10 1.35 1.36 049 178 1.83 69.7
27 3e 600 30 10 1.02 1.03 037 86 1.92 -
28 3e 600 40 10 0.52 0.53 019 4.2 1.87 80.6
29 3e 600 60 10 0.34 0.34 012 31 1.79 91.2

#Polymerization conditions and definitions: n(3a2.96 umol, n(3b) = 3.95umol, n(3c) = 2.241mol, n(3d) = 2.241mo, n(3e) =
4.95 umol; ethylene relative pressure = 0.2 bar, ethyl@ineolute pressure=1.2 bar; t = polymerization tisoévent = toluene
(50ml); T = polymerization temperatuféctivity in 10°g PE/(mol Ni-h-bar)°Turnover frequency in fnol Ethylene/(mol
Ni- h-bar) *Mw in 10*g/mol, determined by GP€Estimated byH NMR [29].

1
§ I CH,4
Branches 1000C =—=————x1000

ICH2 +ICH3+ICH

2



Table2

Polymerization results for styrene usiBegd/DEAC catalytic system3.

Entry Precatalyst T (°C) Yield (g) Activity® M  Mw/Mn® Triad fractions¢9¢ Diad fractiong%)°

C

n r mr mm r m

1 3a 30 0.55 1.10 22.5 2.04 51.2 246 242 635 .536
2 3a 50 0.92 1.84 19.8 1.89 - - - - -
3 3a 70 1.07 2.14 13.7 1.96 499 253 248 62.6 .4 37
4 3a 90 1.02 2.04 11.7 1.83 - - - - =
5 3b 30 0.21 0.42 13.6 1.97

6 3b 50 0.35 0.70 11.4 2.25

7 3b 70 0.48 0.96 9.7 1.88 46.2 26.8 27.0 59.6 4 40.
8 3b 90 0.33 0.66 7.2 1.76

9 3c 30 1.32 2.64 23.9 1.98 - - - = -
10 3c 50 1.75 3.50 20.2 2.07 - - - - -
11 3c 70 181 3.62 17.4 2.03 66.2 188 15.0 75.6 442
12 3c 90 1.72 3.44 14.3 1.87 - - - - -
13 3d 30 0.75 1.50 21.7 211 8 - - - -
14 3d 50 1.48 2.96 17.6 1.95 S - - - -
15 3d 70 1.52 3.04 12.2 1.94 37.0 327 303 53.4 6.64
16 3d 90 15 3.00 10.4 1.88 - - - - -

& Polymerization conditions: n(3a) = n(3c) = n(3d) gmol, Al/Ni = 600 mol/mol; 5 ml styrene; solvent eltiene (25 ml); T =
polymerization temperature; polymerization time.® Activity in 10°g PSt/(mol Ni-h)°Mn in 10°g/mol, determined by GP€.
Observed if°C NMR spectra of quaternary carbon resonance, foonto high field in the spectra (147-144 ppm) [31-34F.

Calculated from: (m) = (mm) + 0.5 (mr).



Table3

Crystal data and structure refinements of ligadadcomplex3a, complex3b andcomplex3d.

Complex 2c 3a 3b 3d
Empirical Formula CsoHsoN>2 CasH36BroNoNi CagHaaBroNoNi CuoHsBroNoNi
Formula mass 680.94 691.18 747.27 803.39
Temperature (K) 296 293 297 293
Wavelength (A) 0.71073 1.54180 0.71070 1.54180

Crystal size (mrf)
Crystal system
Space group
a(h)

b (&)

c(®

v (&%)

z

Density (calcd.) (mg/cr

Absorption coefficient (mmh)

F(000)

Theta range for data collec. (°)

Limiting indices

Reflections collected

Independent reflections

Rint

Final R indices [I > 8(1)]

R indices (all data)

Goodness of fit onF

Max. and min. transmission

0.25x0.23x0.21

Monoclinic
C2/c

27.51 (2)

6.599 (5)

25.42 (3)

3962 (6)

4

1.142

0.07

1464

6=23.0-19.8

h=-32-33

k=-7-7

| = -30-20

1771

3664

0.064

R1 = 0.0950

WR> = 0.2106

R1=0.1819

WR> = 0.2487

1.03

0.986 and 0.984

Largest diff. peak and hole (%A 0.43 and -0.25

0.37x0.36x0.28
Triclinic

P1

8.8596 (5)
13.0208 (10)
14.7853 (10)
1651.3 (2)

2

1.390

3.85

704
0=4.2-70.6
h=-10-7

k =-15-15
|=-18-18
5497

6271

0.030
R1=0.0406
WR; =0.1307
Ri1=0.0446
WR; =0.1375
1.00

1.000 and 0.631
0.65 and -0.83

0.31x0.28x0.14
Monoclinic
P21/n

10.8184 (7)
30.893 (3)
11.035 (1)
3643.9 (5)

4

1.360

2.75

1532
6=35-214
h=-13-7

k =-38-34
|=-12-13
3566

7181

0.074
R1=0.0760
WR> = 0.1018
R1=0.1677
WR> = 0.1352
1.06

1.000 and 0.865
0.64 and —0.47

0.28%0.27x0.06
Monoclinic
P21/n

14.769 (2)
15.1418 (17)
18.075 (3)
3952.3 (10)

4

1.350

3.29

1664
0=4.2-54.8
h=-18-14
k=-18-18
|=-22-21
2910

7527

0.102
R1=0.1142
WR; = 0.3226
R;=0.1933
WR; = 0.4295
1.10

1.000 and 0.163
1.44 and -1.34




Figures

Scheme 1. Syntheses ofi-diimine ligands2a-e (*; chiral carbon) and their correspondiogdiimine nickel (I1)
dibromide complexe3a-e.

Fig. 1. Molecular structure of liganchc-(RSRS)-2c. Hydrogen atoms have been omitted for claritye&teld
bond lengths (A) and angles (deg) for ligaad-(RSRS)-2c: C24—-C24a, 1.478 (8); C24-C25, 1.500 (6); N1-C11,
1.422 (5); N1-C24, 1.262 (5); N1-C11-C12, 119.2)}-C11-C10, 119.5 (4); C11-N1-C24, 122.1 (4).
Fig. 2. Molecular structure of compleac-(RR/SS)-3a. Hydrogen atoms have been omitted for claritye&eld
bond lengths (A) and angles (deg) for compiaoc(RR/SS)-3a: Ni1-N1, 2.0090 (18); Ni1-N2, 2.0052 (19);
Ni1-Br2, 2.3569 (5); Ni1-Br3, 2.3273 (6); N1-C1431 (3); N1-C16, 1.279 (3); N1-Ni1-N2, 80.74 (8);
N1-Nil-Br2, 116.13 (6); N2—Ni1—-Br2, 116.13 (6); NNi+—Br3, 107.84 (6); N2—-Ni1-Br3, 117.35 (6);
Br2—Ni1l-Br3, 122.81 (2). Selected torsion anglegjdC2-C1-N1-Nil, 93.9 (3); C6—-C1-N1-Nil, -84.1 (3
Fig. 3. Molecular structure of complerac-(RSRS)-3b. Hydrogen atoms have been omitted for claritye&eld
bond lengths (A) and angles (deg) for compiax(RSRS)-3b: Ni1-N1, 2.001 (5); Ni1-N2, 2.073 (5); Ni1-Br1,
2.4831 (11); Ni1-Br2, 2.4313 (11); Nil-Brila, 2.5316); Nila—Brl, 2.5316 (11); N1-C6, 1.441 (8); I<1:8,
1.281 (7); N1-Ni1-N2, 79.2 (2); N1-Ni1-Brl1, 1108%); N2-Ni1l-Brl, 90.00 (15); N1-Ni1-Br2, 95.62 15
N2-Ni1-Br2, 92.11 (15); Br1—Ni1-Br2, 153.33 (5);Mi1-Brla, 102.30 (17); N2-Ni1-Brla, 174.53 (15);
Br2—Ni1-Brla,92.96 (4); Br1-Ni1-Brla, 84.54 (4)le®ted torsion angles (deg): C1-C6—N1-Nil, 90.7 (7)
C5-C6-N1-Nil, -84.0 (7).

Fig. 4. Molecular structure of compledd. Hydrogen atoms have been omitted for claritye&eld bond lengths
(A) and angles (deg) for compl&d: Ni1-N1, 2.012 (8); Ni1-N2, 2.007 (8); Ni1-Br1329 (3); Ni1-Br2,
2.337 (3); N1-C1, 1.469 (12); N1-C38, 1.279 (12):Ni1-N2, 80.4 (3); N1-Ni1l-Br1, 113.2 (3); N2—-Ni1~B
125.8 (3); N1-Ni1-Br2, 109.6 (3); N2—-Ni1l-Br2, 9¢3); Br1-Ni1-Br2, 121.23 (9). Selected torsion asgl
(deg): C2—C1-N1-Ni1, —-76.9 (13); C6—C1-N1-Nil, 9@.5).

Scheme 2. Possible dissociative equilibrium involvimge-(RSRS)-3b and initiation of the polymerization of
ethylene.

Fig. 5. '"H NMR (400 MHz, CDCY/1,2,4-trichlorobenzene, v/v=1:3) spectra of thiyethylenes catalyzed by
3a-e/DEAC at 40 °C (Table 1: run 8, run 13, run 18, &8 and run 28) cls: integrated intensity between
0.8-1.0 ppm; dyo + Icy: integrated intensity between 1.0-1.5 ppm.

Fig. 6. °C NMR (CDCl/o-dichlorobenzene, v/v=1:3) spectrum of polyethyleatalyzed by
rac-(RSRS)-3c/DEAC at 40 °C (Table 1, Run 16). Note on labdly: By is a branch of lengti carbonsx is the
carbon being discussed, and the methyl at the etietdranch is numbered 1. Thus, the second cdrbonthe
end of a butyl branch is 2BxBy, refers to branches of lenggtand longer. The methylenes in the backbone are
labeled with Greek letters which determine howffam a branch point methine each methylene denotes
the first methylene next to the methine. Thig,. refers to methylenesfrom a branch of length 1 or longer.
Fig. 7. ®C NMR (CDC}) spectra of the polystyrenes catalyzed3ayd/DEAC at 70 °C.
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Scheme 1. Syntheses dfi-diimine ligands2a-e (*: chiral carbon) and their correspondiagdiimine nickel (I1) dibromide complexe3a-e.

Fig. 1. Molecular structure of ligantac-(RSRS)-2c. Hydrogen atoms have been omitted for claritye&eld bond lengths (A) and angles
(deg) for ligandrac-(RSRS)-2c: C24—-C24a, 1.478 (8); C24-C25, 1.500 (6); N1-A1422 (5); N1-C24, 1.262 (5); N1-C11-C12, 119.2 (4)
N1-C11-C10, 119.5 (4); C11-N1-C24, 122.1 (4).

Fig. 2. Molecular structure of complenac-(RR/SS)-3a. Hydrogen atoms have been omitted for claritye&eld bond lengths (A) and angles



(deg) for complexac-(RR/SS)-3a: Ni1-N1, 2.0090 (18); Ni1-N2, 2.0052 (19): Nil-B&23569 (5); Nil-Br3, 2.3273 (6); N1-C1, 1.451; (3)
N1-C16, 1.279 (3); N1-Nil-N2, 80.74 (8); N1-Nil-Bi26.13 (6); N2-Ni1l-Br2, 116.13 (6); N1-Nil-Br3)7184 (6); N2—Ni1-Br3,
117.35 (6); Br2—Ni1-Br3, 122.81 (2). Selected mmnsingles (deg): C2-C1-N1-Nil, 93.9 (3); C6~C1-N1-~84.1 (3).

Fig. 3. Molecular structure of complenac-(RSRS)-3b. Hydrogen atoms have been omitted for claritye@ed bond lengths (A) and angles
(deg) for complexac-(RSRS)-3b: Ni1l-N1, 2.001 (5); Ni1-N2, 2.073 (5); Ni1-Br14831 (11); Ni1l-Br2, 2.4313 (11); Ni1l-Brla, 2.5316
(11); Nila—Br1, 2.5316 (11); N1-C6, 1.441 (8); N1:8C1.281 (7); N1-Ni1-N2, 79.2 (2); N1-Ni1-Brl, 18® (15); N2—Ni1-Br1, 90.00
(15); N1-Ni1-Br2, 95.62 (15); N2—Ni1-Br2, 92.11 J1Br1-Ni1-Br2, 153.33 (5); N1-Nil-Brla, 102.30 1N2—Nil-Brla, 174.53 (15);
Br2—Ni1—-Brla,92.96 (4); Br1-Nil-Brla, 84.54 (4)le8¢ed torsion angles (deg): C1-C6—N1—Nil, 90.7 €B-C6—N1-Nil, —84.0 (7).

Fig. 4. Molecular structure of comple3d. Hydrogen atoms have been omitted for claritye&ed bond lengths (A) and angles (deg) for
complex3d: Ni1-N1, 2.012 (8); Nil-N2, 2.007 (8); Ni1-Br1,329 (3); Ni1-Br2, 2.337 (3); N1-C1, 1.469 (12); \IB8, 1.279 (12);
N1-Ni1-N2, 80.4 (3); N1-Ni1-Brl, 113.2 (3); N2-NBr, 125.8 (3); N1-Ni1-Br2, 109.6 (3); N2—Ni1-Br29.1 (3); Br1-Nil-Br2,
121.23 (9). Selected torsion angles (deg): C2—CHN\ll, -76.9 (13); C6—C1-N1-Ni1, 99.5 (11).
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Scheme 2. Possible dissociative equilibrium involvimge-(RSRS)-3b and initiation of the polymerization of ethylene.



Complex 3a run 8: Complex 3b run 13: Complex 3¢ run 18: Complex 3d run 23: Complex 3e run 28:
97.6 branches/10000 C 81.3 branches/10000 C 110.0 branches/10000 C 94.8 branches/10000 C  80.6 branches/10000 C
Ve e s 7 e

I
[
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Fig. 5. '"H NMR (400 MHz, CDCJ1,2,4-trichlorobenzene, v/v=1:3) spectra of thiygitylenes catalyzed t8a-e /DEAC at 40 °C (Table 1:
run 8, run 13, run 18, run 23, and run 28)qlintegrated intensity between 0.8-1.0 ppemz H lcw: integrated intensity between 1.0-1.5
ppm.

Complex 3c run 16:
73 methyl branches/1000 C
9 ethyl branches/1000 C
BB 4 propyl branches/1000 C
21 butyl or longer branches/1000 C

40 36 32 28 24 20 16 12 ppm

Fig. 6. ®C NMR (CDCl/o-dichlorobenzene, viv=1:3) spectrum of polyethyleatalyzed byac-(RSRS)-3c/DEAC at 40 °C (Table 1, Run
16). Note on labelsBy: By is a branch of lengtly carbonsyx is the carbon being discussed, and the methyleaetid of the branch is
numbered 1. Thus, the second carbon from the eadoatyl branch is 2B xBy. refers to branches of lenggtand longer. The methylenes
in the backbone are labeled with Greek letters wiietermine how far from a branch point methineneaethylene isy denotes the first

methylene next to the methine. ThyB,. refers to methylenesfrom a branch of length 1 or longer.
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Fig. 7. *C NMR (CDCEk) spectra of the polystyrenes catalyzeBayd/DEAC at 70 °C.



Highlights

- Chiral nickel complexes are active in the ethgland styrene polymerization
- High catalytic activities are obtained when dygdfuminum chloride is a cocatalyst
- The chiral bulkysec-phenethyl group at the ligand’s aryl ring influesahe activity and ¥

- The chiral group has a great impact on steredaegtructure of polystyrene



Fig. S1. *H spectrum of ligand 2a.
Fig. S2. *H spectrum of ligand 2b.
Fig. S3. *H spectrum of ligand 2c.
Fig. S4. *H spectrum of ligand 2d.
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Fig. S1. *H spectrum of ligand 2a.
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Fig. S3. *H spectrum of ligand 2c.
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Fig. S4. H spectrum of ligand 2d.




