Accepted Manuscript

Organo
metallic
hemistry

AN
el

(Ferrocenylpyrazolyl)palladium(ll) complexes: Syntheses, characterization and
rearrangement in solution

Collins Obuah, James Darkwa

PII: S0022-328X(15)30202-3
DOI: 10.1016/j.jorganchem.2015.11.003
Reference: JOM 19290

To appearin:  Journal of Organometallic Chemistry

Received Date: 8 April 2015
Revised Date: 22 October 2015
Accepted Date: 3 November 2015

Please cite this article as: C. Obuah, J. Darkwa, (Ferrocenylpyrazolyl)palladium(ll) complexes:
Syntheses, characterization and rearrangement in solution, Journal of Organometallic Chemistry (2015),
doi: 10.1016/j.jorganchem.2015.11.003.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.jorganchem.2015.11.003

CO

Polyketone



(Ferrocenylpyrazolyl)palladium(ll) complexes: Syas$les, characterization and
rearrangement in solution

Collins Obuah and James Darkwa

Department of Chemistry, University of Johannesburg, Auckland Park Kingsway Campus,
Auckland Park 2006, Johannesburg, South Africa.e-mail: jdarkwa@uj.ac.za

Abstract

Reactions oL 1-L 6 (3-ferrocenylpyrazolylel(1), 3-ferrocenyl-5-methylpyrazolyld @)
3-ferrocenylpyrazolyl-methylenepyridineL ) and 3-ferrocenyl-5-methylpyrazolylmethylene-
pyridine (L4), 3-ferrocenylpyrazolylethylamineL6) and 3-ferrocenyl-5-methylpyrazolylethyl-
amine (6)) with [PdCI(Me)(cod)] formed the mononuclear cdexes [PdCI(Me)*-L1),] (1),
[PACI(Me) (kL 2);] (2), [PACI(Me)E*-L3)] (3), [PACI(Me)E>*-L4)] (4), [PACI(Me)K*-L5)] (5)
and [PdCI(Me)(*-L6)] (6). Reactions ofl-6 with the halide abstractor, Na[BAr (Ar = 3,5-
(CR).CeHs), led to the formation of the salts, [PdMe(NCMe&)(1),][BArs (7),
[PdMe(NCMe)K*-L2),][BArs (8), [PdMe(NCMe)¢*-L3)]|[BAry (9), [PdMe(NCMe)k’-
L4)][BArs (10), [PdMe(NCMe)-L5)][BArs (11), [PdMe(NCMe)k*-L6)][BArs (12)
respectively. However, whedor 4 was reacted with of Na[BAfrand a slight excess of methyl
acrylate, the products were surprisingly the hisflid)palladium complexes [Rd(L 3)][BAr 4]-
(13) and [Pdé*-L4),][BAr.]» (14) instead of the expected acylpalladium chelate ptexes

([(#*-L)Pd{(CH,),C(O)OMe}][BATr ).

Complexesl-6, activated with Na[BA4], and pre-activated complex@sl2 at 10 bar of

ethylene and 30 bar of carbon monoxide producegkptiines, albeit with low activitycq. 1.00



g.mmol*Pd.h"); with the active catalysts rearranging to maimis(pyrazolyl)palladium

complexes similar td3 and14.

Keywords: Ferrocenylprazolyl, palladium complexesthylene, carbon monoxide,
copolymerization

Introduction

Nitrogen-donor palladium complexes have been ugéehsively in catalysis partly due
to their electrophilic metal centres which enalblent to form relatively strong Pd-H and Pd-C
bonds. Palladium also allows easy access to 0 @noixielation states in which the palladium
centre initiate reactions, such as oxidative-addijtiransmetallation and reductive-elimination

processes [1].

Since the seminal work by Brookhart and co-work@js nitrogen-donor palladium
complexes as catalysts have received consideratanstian because these catalysts are very
active in the production of polyolefins and arestaht to polar monomers. In particular the use
of a-diimine ligands to prepare nickel and palladiuntabsts have dominated this area of
research [3]. One unique advantageoafiimine ligands is their ability to form air ancedt
stable cationic chelating acylpalladium complexesem @-diimine)palladium chloromethyl
complexes are reacted with methylacrylate and NaBxr = 3,5-(Ck).CsH3) [4]. This reaction
produces the cationic species, [(N*N)Pd{{4€(0)OMe}]", which is essentially the active
catalysts when these chelating acylpalladium corgsleare used in the polymerisation of

ethylene [5]. In this form the oxophilicity of thgalladium centre is reduced; enabling such



cationic species to catalyse the copolymerisatioatioylene with a variety of polar-functional

olefins.

Despite the attributes oéi{diimine)acylpalladium cationic species narrated\a) there
are instances where these cationc species decormapeseunder mild conditionga pathways
that are not completely understood; leading toftmation of palladium black [6]. Brookhart
and co-workers have suggested that increasingtéhnie ulk of thea-diimine ligand in the |-
diimine)acylpalladium cationic species could enteatigeir stability. This had led to several
modifications of thea-diimine ligand, especially the aniline part of thigand and such
modifications have also improved the catalytic \atiof (a-diimine)palladium complexes as

ethylene polymerization catalysts significantly.[7]

Despite the attributes oéi{diimine)acylpalladium cationic species narratedva) there
are instances where these cationic species decengyes under mild conditionsa pathways
that are not completely understood; leading toftimmation of palladium black [6]. Brookhart
and co-workers have suggested that increasingténie ®ulk of thea-diimine ligand in the |-
diimine)acylpalladium cationic species could enleamiceir stability. This has led to several
modifications of thex-diimine ligand, especially the aniline part of figand and resulting also
in improved catalytic activity ofof-diimine)palladium complexes as ethylene polyméiara

catalysts significantly [7].

Following the success dad-diimine ligands in producing good and relativelylde

palladium ethylene oligomerisation and polymerizatcatalysts, other bidentate nitrogen-donor



palladium catalysts with ligands, such as 1,4-datadiene, 2,2’-dipyridyl and 1,10-
phenanthroline, have been investigated as catalgstethylene reactions [8]. Similar ta-(
diimine)palladium catalysts, catalytic activity thfese nitrogen-donor palladium complexes are
influenced by the electronic property and steritklmf the nitrogen-donor ligands. So a good

balance between these two factors is crucial idyemg an active and stable catalyst.

We have used ferrocenyl units to provide steri& lomla mix of pyridine and pyrazole or
amine and pyrazole to prepare a series of (fergdpgrazolylmethylenepyridine)palladium or
(ferrocenylpyrazolylethylamine)palladium chlorormmgt complexes and attempted to use these
palladium complexes to produce (pyrazolyl)acylgdilian cation species (complex A, Figure 1)
similar to the cationic species reported by Brooklaad co-workers (Figure 1). Although we
were able to prepare acylpalladium cations with logainds, these acylpalladium complexes
were not very stable. In this report we provide saraluable insights into the decomposition that

these acylpalladium cations undergo.

Results and discussions
Syntheses and characterisation of palladium complexes 1-14

The syntheses of compound$-L 6 were performed as reported in the literature [P-11
The reaction ofL1 and L2 with [PdCIMe(cod)] were carried out in a 2:1 ratwhilst the
reactions oL 3-L6 were in a 1:1 ratio to produce complexXes (Scheme 1). All the palladium
complexes were isolated as air stable oradgan(l2) or yellow (3-6) solids. On reacting-6
with Na[BAr,4] in the presence of acetonitrile in a 1:1 moleoratomplexes/-12 could be

isolated as foamy or crispy orange solids (SchemeHdwever, on reactin@ or 4 with



Na[BAr4] and a slight excess of methylacrylate, intendegroduce the acylpalladium cationic
compound A in Figure 1, we instead isolated the [bis(3-feerodpyrazolyl-
methylenepyridine)palladium][BA} (13) and [bis(3-ferrocenyl-5-methyl-pyrazolyl-

methylenepyridine)palladium][BA} (14) salts in Scheme 3.

All new palladium complexesl{14) were characterized by NMR and IR spectroscopy,
mass spectrometry and elemental analyses; and léctes® cases by single crystal X-ray
crystallography. ThéH NMR spectra ofl-6 showed characteristics of their corresponding
ligands but with downfield shifts. Whereas th& NMR spectra of complexe®6 showed the
presence of two structural isomers for each ofeteesnpounds, th#H NMR spectra ofl and?2
did not show features that would indicate the preseof isomers (Figure S1). For examfte
NMR spectrum of comple® (Figure S2) shows peaks for the isomer as fouofspeaks in the
7.00-9.30 ppm region for the four pyridinyl protoms addition the at 6.21 ppm is assigned to
the pyrazolyl proton, the peaks at 4.40 ppm and 4m are the protons on the substituted
cyclopentadienyl ring of the ferrocenyl group ain tpeak at 4.04 ppm is assigned to the
unsubstituted cyclopentadienyl of the ferrocengugr. Lastly, methyl protons on the pyrazolyl
unit and the methyl group bonded to the palladiypear in the spectrum at 2.52 ppm and 0.61
ppm respectively. These peaks indicate the preseheemajor product while lower intensity

peaks in the spectrum are indicative of the preseha minor product.
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Figure 1: Acylpalladium chelate compounds

Further evidence of the presence of isomerd obuld be found in the low temperature
'H NMR spectrum oft (Figure S2) at -56C where the linker protons are observed. However,
these protons were not seen when the spectrumumaat room temperature. We have recently
observed linker protons in a low temperature spectifor [{2,(3,5-ditert-butylpyrazol-1-
ylhethyl}pyridine-2ylmethyleneiminemethylpalldiunBArs] [12]. The spectrum o#t has two
sets of doublets at 5.18 and 6.05 ppm and 5.45&@tippm, for the two sets of GHinkers in
each isomer. We label these two isomerdaaand4b; and based on the electron-donor ability of
the ferrocenyl moiety in the ligand, assign the enabundant isomer &&. This is the isomer
that crystallised and whose solid state structuae determined by crystallography (Figure 2).
We recently reported the synthesis and charactemsaf these ligands, including the crystal
structures ol 3 andL4 [9,10] that support our assignment4kxhibiting structural isomers

with 4a as the major isomer. Indeed the structurelain this report was found to be that



proposed in Scheme 1. Furthermore, both isomersdwmave the chloro ligand bonded to the
palladium trans to the pyridyl nitrogen as observed in a report the structure of
[(pyrazolylpyridyl)chloromethylpalladium], [13] whe the chloro group itrans to the pyridyl
nitrogen. It is worth noting that two other isoméss complexes3-12 are possible; namely the
geometrical isomer where the chloro ligand 88 or the NCMe ligand fof7-12 bonded to
palladium is eithetrans to the pyridinyl nitrogen otrans to the pyrazolyl nitrogen. We do not
see evidence of such isomers from the NMR spedttlaegse complexes. We similarly used the
'H NMR spectra of the BArsalts7-12 to establish that they also have structural isstriEne'H
NMR spectrum of9 (Figure S3) illustrates this; and based on thevabassignments fod
identify them as structural isome®a and9b and conclude that the other BAvalts would exist
as two structural isomers. To further establisht thare were nais- andtrans- geometrical
isomers present in these compounds, we performde &Kperiments on compounds4 and6.
The NOE spectra of the compounds (Figure S4-S6y gshat when the protons of the Pd-Me
units in the compounds were irradiated the speetmzain unchanged. This confirmed that the
isomers present in these compounds areisoandtrans- geometrical isomers but are structural

isomers associated with the ligands.

The IR spectra of all the complexes showed high@na stretching frequencies than the
amine in the free ligands. For example the IR spettof 5 hasv(N-H) peak at 3420 cih
whereas the(N-H) in L5 has a pealat 3340 cnmi’. The mass spectral data fb6 showed the
respective molecular ions as expected (e.g. Fi§u)e But where mass spectrometry was most

useful was in the characterisation of the Bgalts. Positive ion ESI mass spectrum was used to
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identify all the cations (e.g. Figure S8 for compl®) and negative ion ESI mass spectrum (e.g.
Figure S9) was similarly used to identify the an[BAr,]".

Elemental analyses of all the complexeks1?) the expected molecular formulae, thus
confirming their purity; and in the case 44 its structure was confirmed by single crystal X-ra

diffraction.

Attempts to synthesise [acylpalladium][BAr,] salts

In attempts to synthesise [(ferrocenylpyrazolylmytthepyridine)acylpalladium][BAd
salts (i.e complex A in Figure 1), similar to thery active Brookhart ethylene polymerisation
catalysts [¢-diimine)-acylpalladium][BAg] in Figure 1, we reacted complexds6 with
methylacrylate and Na[BA}. To our surprise we isolated [bis(pyrazolyl)pdilam][BAr,] salts
associated with the neutral compourids. Two examples of these salts 4&and 14 whose
structures were confirmed by single crystal X-raystallography (Figures 3 and 4). We also
identified two by-products of these reactions, nigmmeethylbut-3-enoate and methylbutyrate.
Complexesl3 and 14 were initially characterised by a combination’sf NMR spectroscopy,
and mass spectrometry; while the two by-productseweharacterised by GC and GC-MS
(Figures S10-S12). For example, a typical GC ofr@de product from the metyl acrylate
reaction showed two peaks with retention times8atin and 20 min (Figure S10). The MS data
associated with these peaks showed molecular ioméza= 100 (Figure S11) and 102 (Figure
S12) respectively, and the compounds were idedtiis methyl but-3-enoate and methyl
butyrate respectively. We rationalise how the fysézolyl)palladium][BA¥] salts and the two
esters were formed in Scheme 4. The reaction switts the formation of the expected

[(pyrazolyl)acylpalladium][BAj] salts, similar to the {§(diimine)acylpalladium][BAs] salts

11



recently reported by Wu and co-workers [14]; th&szathe [(pyrazolyl)acylpalladium][BAd
salts decompose to a palladium hydride speciedinally to either13 or 14 depending on the

ligand used.

Molecular structures of 4a, 13 and 14

Single crystals ofla suitable for X-ray analysis were obtained by sEvaporation of a
dichloromethane solution ofa, while crystals of13 and 14 were obtained at -4C from
saturated dichloromethane solutions of these congmuCrystallographic data for all three
compounds are in Table 1, whilst their moleculaorgetries are shown in Figures 2-4; with
selected bond lengths and angles listed in theicraptof figures for each structure. The
molecular structure ofa has a distorted square planar geometry with baomglea around the
palladium between 84.19(f6and 95.84(14) Notably the chloro and methyl ligands on the
palladium show compositional disorder that have S@¥%upancy at each position; it therefore
difficult to say with any certainty whether the tmg@tgroup is trans to a pyridinyl nitrogen or
not. The ferrocenylcyclopentadienyl rings are in eglipsed conformation, similar to the
molecular structure of its ligand [9] and has aedital angle of 0.759The Pd-Cl bond length in
4ais 2.279 A and is longer than the average Pd-@tildength of 2.516 A calculated for 1 776
compounds containing Pd-Cl bonds, but the Pd-C bemgth in4a of 2.081 A is similar to the
average bond length of 2.055 A calculated for 3&filar complexes reported in the Cambridge
structural database [15]. The Pg,X2.115 A) and Pd-}\ (2.081 A) bond lengths are similar to
other Pd-N bond lengths of 2.195 A and 2.054 A eesipely, reported in the Cambridge

structural database [15].
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The molecular structures df3 and 14 have cations that show distorted square planar
geometries about the palladium with angles betv@&eA8(18§ and 93.52(18) Both molecular
structures consist of cationic palladium specied @vo [BAr,]” counter ions. In these salts the
ferrocenylcyclopentadienyl rings show a staggerashfarmation, different from their
corresponding ligands which are eclipsed [9]. Thedmyl unit and one cyclopentadienyl ring
in 13 or 14 haven-n stacking (Figures S13 and S14 respectively). Td\R and Pd-N, bond
length for13 is 1.992(5) A and 2.037(4) A whilit is 2.001(5) A and 2.035(4) A respectively.
Interestingly only the isomers ofl3 and14 crystallised although the ligands used in prearin
13 and 14 were a mixture of isomets andb. This seems to suggest that in each @asethe

more stable isomer.
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Table 1: Crystal data and structure refinement for compleeed3and14

4a 13 14
Empirical formula Go.sH21.64Cl1.1FEeNsPd Cs1H20BFuFeNsPdh 5 CseH32BF1FeNsPh 5
Formula weight 516.58 1259.63 1212.40
Temperature/ K 100(2) 100(2) 100(2)
Wavelength/A 0.71073 1.54178 0.71073
Crystal system Monoclinic Triclinic triclinic
Space group R4c P-1 P-1
a/ A 15.286(2) 13.3530(11) 13.0582(16)
b/ A 8.7381(12) 13.7363(12) 14.0879(17)
c/ A 14.808(2) 14.4942(12) 15.0938(19)
al 90 86.401(4) 68.205(4)
B/° 101.786(4) 83.876(5) 82.925(4)
y/° 90 70.096(4) 74.290(4)
Volume (&) 1936.3(5) 2484.5(4) 2481.1(5)
z 4 2 2
Density (Mg/n?) 1.772 1.684 1.623

R indices (all data) R1 = 0.1055, wR2 = 0.0953 R; = 0.0639, wR=0.1734 R; =0.2404, wRR= 0.2520
Final R indices [I>2sigma(l)] R1 = 0.0495, wR2 9816 R =0.0561, wkR=0.1660 R=0.0942, w=0.1858
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Figure 2. Molecular structure ofla, drawn with 50% probability ellipsoids. Selected
bond lengths [A] and bond anglék [Pd1-N1, 2.115(4); Pd1-N3, 2.081; Pd1-Cl2, 2.Zj9Pd1-
Cll, 2.255(3); Pd1-C1A, 2.02(3); Pd1-C2A, 1.964(1%1-N2, 1.371(5); Cl1-Pd1-Cl2,
84.19(16); N1-Pd1-Cl1, 95.84(14); N1-Pd1-CI2, 1171F); N3-Pd1-Cl1, 175.43(16); N3-Pd1-
N1, 84.73(15); N3-Pd1-Cl2, 95.05(17); C1A-Pd1- 188,1(8); C1A-Pd1-N3, 170.2(8); C2A-

Pd1-N1, 173.7(7);C2A-Pd1-N3, 89.0(7); C2A-Pd1-C98,3(11).
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Figure 3: Molecular structure ofil3, drawn with 50% probability ellipsoids. The two
counter ions [BAf]” are omitted for clarity. Selected bond lengths #} bond angle$][ Pd1-
N2, 1.992(5); Pd1-N3, 2.037(4); N1-N2, 1.349(7);-6§14, 1.459(7); N2(#1)-Pd1-N2, 180;
N2(#1)-Pd1-N3, 93.52(18); N2-Pd1-N3, 86.48(18); #I3(Pd1-N3, 180.00(10); C19-C14-N1,
110.9(4).
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Figure 4. Molecular structure ofi4, drawn with 50% probability ellipsoids. The two
counter ions [BAf]~ are removed for clarity. Selected bond lengthk 4Ad bond angles’|f
Pd1-N2, 2.001(5); Pd1-N3, 2.035(4); N1-N2, 1.385[)-C14, 1.451(7); N2(#1)-Pd1-N2, 180;
N2(#1-Pd1-N3, 93.060(18); N2)-Pd1-N3, 86.940(18B(#)-Pd1-N3, 180.00(10); C16-C14-
N1, 110.810(4).

18



Attempts to copolymerise ethylene and carbon monoxide copolymerisation reactions

All the palladium complexe$-6 and their [BAg] salts,7-12, were investigated for their
potential to catalyse carbon monoxide and ethyleopolymerisation reaction. First, we
attempted to generate catalysissitu by reacting complexet-6 and Na[BAg] in a mixture of
CH.Cl, and NCMe in a reactor that was charged with bo#egaThe second attempts involved
using preformed cationic species12, under the same conditions used for compleésto
catalyse the carbon monoxide and ethylene copolgaten reaction. All the palladium
complexes produced small amounts of polyketonegpatiddium black, so the polyketones were
contaminated with palladium black and it took saVeurification steps to obtain clean off white
polymers. The best activities were observed witimglexes3, 4, 9 and10 and even with these
complexes activities were typically about 1.00 gefitRd.hi* at 30 bar of carbon monoxide, 10
bar of ethylene for 1 h and at 3C. However, reactions run for more than 1 h showed

increase in polymer yield; indicating that aften fhe catalysts had deactivated.

We the deactivation of the active species in tHgmerisation reactions to the instability
of the [(pyrazolyl)palladium(OCMe)] species that should react with ethylene during the
polymerisation reaction. So we run an NMR tube tieacof 11 and carbon monoxide and
monitored the reaction b4 NMR spectroscopy (Figure S15). Within 30 min vieserved the
insertion of carbon monoxide into the Pd-Me bonddieg to a palladium-acyl species.
However, after leaving the solution for 24 h muchhe palladium-acyl signal was lost and with
a week found single crystals that were confirmetbeéd3 (Table S1, Figure S13). We believe
the general instability of palladium-acyl speciesied by these palladium complexes explains

the formation of all the [bis(pyrazolyl)palladiurBr4] salts; thereby accounting for the poor
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activity of these palladium compounds as carbon orme and ethylene copolymerisation

catalysts.

The polyketones produced were characterisetHbMR and IR spectroscopy. THE
NMR spectrum (Figure S16) of these polymers whibbwed a single peak at 2.68 ppm,
assigned to the methylene protons in the polykeb@aaibone. The IR spectrum in Figure S17 is
a typical spectrum of the polyketone and showedrtberporation of the carbon monoxide in the
polymer as a sharp C=0 stretching frequency at t891 These spectral data indicate that the

polyketone produced are perfectly alternating copet .

Conclusion

It is clear that all six neutral palladium compm@exi-6 can react with methyl
acrylate and Na[BAL to form [(pyrazolyl)palladium][BAs] salts. However, the solution
stability of these salts are low and readily decosepto [bis(pyrazolyl)palladium][BA} salts.
The low activity of these neutral and palladiumtsdr carbon monoxide and ethylene
copolymerisation can be attributed to deactivatmocesses that lead to the formation of
[bis(pyrazolyl)palladium][BA%]. This suggests that in order to use compléxéss catalysts for
this and other olefin reactions, sterically morékipdigands are needed to stop the formation of

[bis(pyrazolyl)palladium][BA%] species.
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Experimental section
Materials and instruments

Syntheses of all complexes were performed undeogeh atmosphere using standard
Schlenk techniques. Diethyl ether was dried over Wigh benzophenone as indicator, while
acetonitrile was dried over CaHSodium tetrakis(3,5-trifluoromethylphenyl)boratéa[BAr,],
(Ar = 3,5-(CR).C¢Hs) was purchased from Alfa Aesar, while methyl aatgl (MA) was
purchased from Sigma Aldrich; both were used asived. Compounds [PdCIMe(cod)] [16],
was synthesised according to literature procedu@esnpoundsL1-L6 were synthesised as

reported in literature [9-11].

Infrared (IR) spectra of complexes were recorded &nuker Tensor 27 equipped with a
diamond ATR. Elemental analyses were performed dargo elementar 11l microcube CHNS
analyzer at Rhodes University. The mass spectrgmatit at the University of Stellenbosch
performed the ESI-MS spectra on a Waters APl Qualticro spectrophotometer. NMR spectra
were recorded on a Bruker 400 MHz instruméhit &t 400 MHz and®C{'H} at 100 MHz). The
chemical shifts are reported an(ppm) and referenced to the residual proton ambocasignals

7.24 ppm and 77.0 ppm respectively of CODRIMR solvent.

Synthesis of palladium complexes

Synthesis of {bis(3-ferrocenyl-1H-pyrazolyl}methylpalladium(l ) chloride (1)

A diethyl ether solution (20 mL) df1 (0.26 g, 1.02 mmol) was added to a suspension of
[PdCIMe(cod)] (0.14 g, 0.51 mmol) in diethyl eth€&O mL) while stirring. The resulting
suspension was stirred for 12 h at room temperatiter the reaction time, a light orange
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precipitate formed and this product was isolatedillhation and the solid product washed three
times with 20 mL diethyl ether and dried in aireld = 82% (0.28 g)'H NMR (CDCk, 400
MHz,): & 1.30 (s, 1H, Pd-Ck; 4.10 (s, 5Hn>-CsHs): 4.33 (s, 2Hn>-CsHa); 4.58 (s, 2Hn>-
CsHa); 6.27 (s, 1H, pz); 7.46 (s, 1H, pz); 12.22 (s, N-H). **C{*H} NMR (CDCl5) 5:1.1; 66.8;
69.4; 69.9; 72.0; 103.1; 139.3; 143.7. IR (Diama\itR, cmi‘): 33200(N-H) amine stretching
vibration. High resolution ESI-MS(m2) (%) = 660.6734 (50%) [M+1] Anal. Calcd for

Co/H2/CIFeN4Pd: C, 49.05; H, 4.12; N, 8.47%. Found: C, 49.234H41; N, 8.51%.

Complexes2-6 were prepared using the procedure describedl fand with the appropriate

reagents.

Synthesis of {bis(3-ferrocenyl-5-methylpyrazolyl}methylpalladium(l 1) chloride (2)

Compound.2 (0.23 g, 0.90 mmol) was reacted with [PdCIMe(cd@)]L2 g, 0.45 mmol)
to give an orange solid. Yield = 90% (0.28 #).NMR (CDCk, 400 MHz,):8: 1.36 (s, 1H, Pd-
CHs); 2.46 (s, 3H, Ch); 4.04 (s, SH>-CsHs):; 4.21 (s, 2Hn>-CsHa); 4.69 (s, 2H1>-CsHa);
6.02 (s, 1H, pz); 13.39 (s, 1H, N-HJC{*H} NMR (CDCl5) &: 1.1; 12.3; 66.8; 69.9; 70.0; 72.1;
103.8; 139.9; 145.1. IR (Diamond ATR, ¢n 3341 0(N-H) amine stretching vibration. High
resolution ESI-M$ (m/2) (%) = 688.3451 (50%) [M+1] Anal. Calcd for GeHs,CIF&N,Pd: C,

50.54; H, 4.53; N, 8.13%. Found: C, 50.83; H, 41948.42%.

Synthesis of {3-ferrocenylpyrazolyl-methylenepyridinemethylpalladium(l1) chloride (3a and
3b) A mixture ofL3a andL3b (0.12 g, 0.35 mmol) was reacted with [PdCIMe(cd@)D9 g,

0.35 mmol) to afford a yellow solid. Yield = 75%.18 g).'H NMR (CDCk) &: 0.61 (s, 3H, Pd-
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CHa); 1.06 (s, 3H, Pd-Chliso; 3.98 (S, SHn>-CsHs); 4.03 (s, 5Hn -CsHs)iso; 4.19 (S, 2Hn>-
CsHa); 4.29 (S, 2Hn>-CsHa); 5.52 (s, 2H, Ch); 5.72 (s, 2H, Ch)iso; 6.22 (s, 1H, pz-H); 6.42 (s,
1H, pz-H)ss, 7.43 (t, 1H,Jqy = 8.0 Hz, py); 7.54 (d, 1Hn = 10.0 Hz, pydo, 7.60 (s,1H, py);
7.80 (t, 1H,Juy = 7.6 Hz, py); 8.62 (t, 1Hlun = 5.2 Hz, py)s; 9.01 (d, 1HJun = 4.4 Hz, pydo;
9.17 (d, 1HJun = 4.8 Hz, py); 9.22 (d, 1Hly = 4.8 Hz, py)o. **C{*H} NMR (CDCl5) 5: -5.4;
9.6; 56.8; 58.1; 68.9; 69.5; 69.9; 105.5; 107.13.%2125.0; 132.0; 138.4; 191.0; 151.4; 151.5;
153.9; 154.7. IR (Diamond ATR, ¢ht 1615v(C=N). High resolution ESI-MS(m/2) (%) =
499.0390 (45%) [M+1] Anal. Calcd for GoH,oCIFeNsPd: C, 48.03; H, 4.03; N, 8.40%. Found:

C, 47.80; H, 4.10; N, 8.02%.

Synthesis of {3-ferrocenyl-5-methylpyrazolyl-methylenepyridinelmethylpalladium(l1) chloride
(4a and 4b)

A mixture of L4a andL4b (0.15 g, 0.42 mmol) was added to [PdCIMe(cod)110g,
0.42 mmol) to give a yellow solid. Yield = 72% (B.4). '"H NMR (CDCk) &: 0.81 (s, 3H, Pd-
CHz); 0.90 (s, 3H, Pd-Chliso; 2.34 (s, 3H, Ch); 2.42 (s, 3H, Ch)is; 3.98 (s, 5Hn >-CsHs); 4.04
(S, 5H,1>-CsHs)isor 4.19 (S, 2Hn>-CsHa); 4.23 (S, 2Hn>-CsHa)iso; 4.28 (S, 2Hn>-CsHa); 4.31 (s,
2H,1n>-CsHa)iso, 6.01 (s, 2H, Ch); 6.21 (s, 2H, Ch)iso; 6.13 (s, 1H, pz-H); 6.17 (s, 1H, pz+d)
7.37 (d, 1HJun = 7.6 Hz, py); 7.42 (t, 1HlLy = 7.2 Hz, py); 7.80 (t, 1Hlyy = 6.0 Hz, py); 7.84
(t, 1H, Jun = 6.0 Hz, pydo 8.90 (d, 1HIuy = 6.4 Hz, pydo, 8.95 (d, 1HIun = 5.2 Hz, pydo:
9.00 (d, 1HJun = 4.8 Hz, py)*C{*H} NMR (CDCls) &: -4.5; 9.2; 12.3; 56.5; 58.6; 69.0; 69.8;
70.2; 106.0; 107.6; 124.0; 125.8; 132.5; 138.9;.25252.0; 154.9; 155.0; 192.0. IR (Diamond
ATR, cmi®): 1608v(C=N). High resolution ESI-MS(m/2) (%) = 512.1440 (65%) [M+1] Anal.

Calcd for GiH2:,ClIFeNsPd: C, 49.06; H, 4.31; N, 8.17%. Found: C, 48.924138; N, 7.99%.
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Synthesis of {3-ferrocenylpyrazolyl-ethylaminetmethylpalladium(l 1) chloride (5a and 5b)

A mixture of L5a andL5b (0.10 g, 0.35 mmol) was added to [PdCIMe(cod)P%0g,
0.35 mmol) to give a yellow solid. Yield = 90% (@.§)'H NMR (CDCk) &: 0.71 (s, 3H, Pd-
CHs); : 0.75 (s, 3H, Pd-Chkso; 3.04 (M, 2HJun = 6.0 Hz, CH); 4.01 (s, 5Hn -CsHa); 4.11 (t,
2H, Jun = 6.0 Hz, CH); 4.21 (s, 5Hn>CsHs)iso; 4.27 (S, 2Hn>-CsHa); 4.25 (t, 2H,Jun = 6.0
Hz, CHiso, 4.34 (S, 2HN>-CsHa)iso; 4.47 (S, 2HN>-CsHa)iso; 4.68 (S, 2Hn>-CsHa); 6.28 (s, 1H,
pz-H); 6.38 (s, 1Hpz-H)so, 7.38 (S, 1H, pz-H); 7.44 (s, pz-k) “C{*H} NMR (CDCl3) &: 1.1;
1.3; 42.1; 42.5; 51.2; 52.5; 66.1, 68.5; 68.5; 70 3; 103.6; 105.7; 140.7; 141.8; 146.0; 149.5.
IR (Diamond ATR, crit): 34200(N-H) amine stretching vibration, 1650N-H) amine bending
vibration. High resolution ESI-MS(m/z2) (%) = 453.1276 (50%) [M+1] Anal Calcd for

Ci6H20CIFeNsPd: C, 42.51; H, 4.46; N, 9.30%. Found: C, 42.924133; N, 9.41%.

Synthesis of {3-ferrocenyl-5-methylpyrazolyl-ethylamine}methylpalladium(l1) chloride (6a and
6b)

A mixture of L6a andL6b (0.12 g, 0.40 mmol) was added to [PdCIMe(cod)]110g,
0.40 mmol) to give a yellow solid. Yield = 87% (6.8). '"H NMR (CDC}) &: 0.68 (s, 3H, Pd-
CHg); 0.72 (s, 3H, Pd-Chlise; 2.30 (s, 3H, Ch); 2.38 (s, 3H, Ch)ise; 3.13 (M, 4HJun = 6.0 Hz,
CHy); 4.05 (s, 5Hn® CsHs); 4.10 (S, 5H;n® CsHs)isor 4.25 (S, 2H;® CsHa); 4.30 (s, 2Hn®
CsHa)iso; 4.51 (s, 2Hn CsHa)iso; 4.57 (S, 2Hn CsHa); 6.02 (s, 1H, pz-H); 6.12 (s, 1H, pzid)
¥C{*H} NMR (CDClg) & 1.2; 1.5; 11.9; 13.5; 42.0; 42.2; 51.4; 52.0:4668.2; 68.7; 69.3;
69.6; 103.1; 105.1; 139.0; 141.5; 147.6; 150.0(DRamond ATR, crif): 3447 o(N-H) amine

stretching vibration, 1664(N-H) amine bending vibration. High resolution B88" (m/z) (%)
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= 467.0947 (50%) [M+1] Anal. Calcd for G/H.CIFeNsPd: C, 43.81; H, 4.76; N, 9.02%.

Found: C, 44.01; H, 4.56; N, 9.31%.

Synthesis of {bis(3-ferrocenyl-1H-pyrazolyl}methylpalladium(I1) tetrakis(3,5-trifluoromethyl-
phenyl)borate (7)

A CHCl, solution (20 mL) of complext (0.20 g, 0.30 mmol) was added to an
acetonitrile solution (10 mL) of Na[BA¥(0.27 g, 0.30 mmol). The resulting mixture wasrstr
at 25°C for 2 h to afford a light orange mixture, whiclasvfiltered through a filter membrane
and the filtrate evaporated yiacuo to give an oily material. The oily material wasedr under
high vacuum overnight, after which orange crispljdstmrmed. Yield = 87% (0.39 gfH NMR
(CDCls, 400 MHz,)5: 1.67 (s, 3H, Pd-C¥J; 1.91 (s, 3H, NCCH); 4.06 (s, 5Hn®-CsHs), 4.37 (s,
2H, n°-CsHy), 4.56 (s, 2Hn>-CsHa), 6.34 (s, 1H, pz); 7.47 (s, 4H, BAr 7.66 (s, 8H, BA);
7.79 (s, 1H, pz) 10.27 (s, 1H, N-HYC{*H} NMR (CDCls) &: 1.0; 1.9; 10.8; 11.2; 69.6; 69.9;
70.0; 70.2; 117.5; 123.3; 126.0; 128.9; 133.6; 13460.9; 161.4; 161.9; 162.4. IR (Diamond
ATR, cmi®): 33260(N-H) amine stretching vibration. High resolutionsitive ion ESI MSm/z
(%) = 667.67128 (65%) [M+1]. High resolution negatiion ESI-MS (vV2) (%) = 863.0638
(100%) [M]. Anal. Calcd for GHi:BF4sFeNsPd: C, 47.89; H, 2.77; N, 4.58%. Found: C,

48.01; H, 2.87; N, 4.42%.

Complexes-12 were prepared using the procedure described &od the appropriate reagents.
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Synthesis of {bis(3-ferrocenyl-5-methylpyrazolyl}methylpalladium(l1) tetrakis(3,5-trifluoro-
methylphenyl)borate (8)

Complex2 (0.17 g, 0.24 mmol) was added to acetonitrile tsmhu(10 mL) of Na[BA¥]
(0.21 g, 0.24 mmol) to give a crispy orange sofigkld = 90% (0.34 g)'H NMR (CDCk, 400
MHz,) &: 1.71 (s, 3H, Pd-C#); 1.95 (s, 3H, NCCH); 2.62 (s, 3H, Ch) 4.04 (s, 5SHpn>-CsHs),
4.38 (s, 2Hn -CsHy), 4.62 (s, 2Hp-CsHa), 6.23 (s, 1H, pz); 7.48 (s, 4H, BAr 7.68 (s, 8H,
BAr,); 13.23 (s, 1H, N-H)®*C{*H} NMR (CDCls) &: 1.04; 1.97; 8.91; 10.34; 13.78; 15.56;
68.23; 69.56; 69.98; 71.45; 71.67; 116.56; 1161224.56; 126.74; 129.12; 133.89; 135.01;
160.94; 161.43; 161.93; 162.42. IR (Diamond ATRyE 3351 o(N-H) amine stretching
vibration. High resolution positive ion ESI M&z (100%) = 695.8175 (65%) [M+1]. High
resolution negative ion ESI-MSm(z) (%) = 863.0638 (100%) [M] Anal. Calcd for

CesHaeBF24FeNsPd: C, 48.57; H, 2.98; N, 4.50%. Found: C, 48.803121; N, 4.61%.

Synthesis of {3-ferrocenylpyrazolyl-methylenepyridinelmethylpalladium(l1) tetrakis(3,5-tri-
fluoromethylphenyl)borate (9a and 9b)

Complex3 (0.12 g, 0.25 mmol) was added to acetonitrile ttmtuof Na[BAr,] (0.22 g,
0.25 mmol) to afford a foamy light orange solideMi = 97% (0.33 g)*H NMR (CDCk) &: 0.67
(s, 3H, Pd-CH); 0.89 (s, 3H, Pd-Chliso; 1.79 (s, 3H, NCChj; 1.81 (s, 3H, NCChjiso; 3.93 (s,
5H, n°-CsHs); 4.05 (S, 5Hn>CsHs)iso; 4.21 (S, 2Hn>-CsHa); 4.26 (S, 2HN>-CsHa)iso; 4.34 (s,
2H, n°-CsHy); 4.37 (s, 2Hn>-CsHa); 6.42 (s, 1H,pz-H); 6.51 (s, 1H, pz+&d) 7.32 (d, 1H Iy =
5.2 Hz, py)o 7.44 (d, 1HJun = 5.2 Hz, py); 7.51 (s, 4H, B4, 7.68 (s, 8H, BA); 7.85 (t, 1H,
Jun = 10.0 Hz, py); 8.24 (d, 1Hun = 5.2 Hz, py)o 8.43 (t, 1HJun = 5.2 Hz, py)o 8.51 (d, 1H,

Jun = 5.2 Hz, py).*c{*H} NMR (CDCls) &: 1.5; 1.8; 10.3; 10.6; 54.2; 56.2; 69.8; 69.9:070.
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70.2; 107.0; 108.0; 117.5;120.4; 121.2; 123.2; 92425.9; 126.2; 128.6; 129.1; 134.5; 134.8;
140.6; 150.0; 150.4;152.6; 153.4; 161.0; 161.5;.2:6262.5. IR (Diamond ATR, ci): 1616
v(C=N). High resolution positive ion ESI-M3n2) (%) = 506.0335 (50%) [M+1] High
resolution negative iorESI-MS Wz (%) = 863.0638 (100%) [M] Anal. Calcd for

CsaH3sBF24FeNPd: C, 47.38; H, 2.58; N, 4.09%. Found: C, 47.522181; N, 4.23%.

Synthesis of {3-ferrocenyl-5-methylpyrazolyl-methylenepyridine}methylpalladium(l 1) tetrakis-
(3,5-trifluoromethyl phenyl)borate (10a and 10b)

Complex4 (0.10 g, 0.19 mmol) was added to acetonitrile tsmhu(10 mL) of Na[BA¥]
(0.17 g, 0.19 mmol) to give a crispy orange sofiield = 95% (0.25 g)*H NMR (CDCk) &:
0.65 (s, 3H, Pd-ChJ; 0.87 (s, 3H, Pd-Chliso; 1.55 (s, 3H, NCCH); 1.76 (s, 3H, NCChiso; 2.27
(s, 3H, CH); 2.31 (s, 3H, Ch)iso, 4.02 (S, SHn>-CsHa); 4.04 (s, 5Hn>-CsHa); 4.17 (s, 2Hn-
CsHa); 4.19 (s, 2Hp-CsHa)iso; 4.28 (s, 2Hn>-CsHa); 6.18 (s, 1H, pz-H); 6.21 (s, 1H, pz3)
7.43 (d, 1HJun = 7.6 Hz, py); 7.49 (s, 4H, BAY, 7.68 (s, 8H, BAD; 7.83 (t, 1H,Jun = 7.2 Hz,
py); 8.58 (d, 1HJun = 4.8 Hz, py).*C{*H} NMR (CDCl3) &: 1.0; 1.8; 2.6; 10.9; 11.2; 52.5;
53.4; 68.6; 68.9; 69.3; 69.7; 69.8; 70.0; 70.0;.20608.3; 117.5; 120.4; 123.1; 124.8; 125.8;
125.6; 126.2;128.5;128.7; 129.1; 129.4; 134.8; 44040.6; 141.1; 150.1; 152.7; 152.9; 160.9;
161.4; 161.9; 162.4. IR (Diamond ATR, ¢jn 1609v(C=N). High resolution positive ion ESI-
MS (m2) (%) = 519.0474 (50%) [M] High resolution negative ion ESI-MSnz) (%) =
863.0638 (100%) [M] Anal. Calcd for GsHsBF.4sFeNyPd: C, 47.77; H, 2.70; N, 4.05%. Found:

C,47.91; H, 2.82; N, 4.11%.
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Synthesis of {3-ferrocenylpyrazolyl-ethylaminemethylpalladium(l1) tetrakis(3,5-trifluoro-
methylphenyl)borate (11a and 11b)

Complex5 (0.09 g, 0.21 mmol) was added to acetonitrile tsmhu(10 mL) of Na[BA¥]
(0.19 g, 0.21 mmol) to give an orange crispy sofigkld = 90% (0.25 g)*H NMR (CDCk) &:
0.75 (s, 3H, Pd-ChJ; 0.87 (s, 3H, Pd-Chliso; 1.88 (s, 3H, NCCH); 1.92 (s, 3H, NCChiso; 3.34
(M, 2H,Jun = 5.6 Hz, CH); 3.98 (s, 5HR -CsHa); 4.04 (s, 5HN>-CsHa)iso; 4.55 (t, 2HJun = 5.6
Hz, CHp); 4.57 (s, 2Hp-CsHa); 4.62 (t, 2H,Jun = 6.0 Hz, CH); 4.67 (s, 2Hn>-CsHa)iso; 4.87
(s, 2H,1m>-CsHa); 4.93 (s, 2Hn-CsHa)iso; 6.32 (s, 1Hpz-H); 6.37 (s, 1H, pz-H); 7.44 (s, 1H,
pz-H); 7.48 (s, 4H, BA); 7.52 (s, 1H, pz-H),; 7.65 (s, 8H, BA). *C{*H} NMR (CDCls) &:
1.2;1.3;9.8; 10.2; 42.6; 42.8; 51.4; 52.7; 668.9; 68.7; 70.7; 70.8; 104.0; 106.1; 140.9; 142.1,;
146.5; 149.9; 160.9; 161.4; 161.9; 162.4. IR (DiathcATR, cni’): 3428 v(N-H) amine
stretching vibration, 1658(N-H) amine bending vibration. High resolution go& ion ESI-MS
m/z (100%): 458.5231 (60%) [M+1]. High resolution nagation ESI-MS (V2) (%) = 863.0638
(100%) [M]. Anal. Calcd for GoH3sBF.4FeNyPd: C, 45.46; H, 2.67; N, 4.24%. Found: C, 45.61;

H, 2.71; N, 4.43%.

Synthesis of {3-ferrocenyl-5-methylpyrazolyl-ethylamine}methyl-palladium(l1) tetrakis(3,5-
trifluoromethylphenyl)borate (12a and 12b)

Complex6 (0.12 g, 0.26 mmol) was added to acetonitrile tsmhu(10 mL) of Na[BA¥]
(0.23 g, 0.26 mmol) to give a crispy orange sofiield = 85% (0.29 g)*H NMR (CDCk) &:
0.68 (s, 3H, Pd-C}; 0.86 (s, 3H, Pd-Chjiso, 1.87 (s, 3H, NCCh); 1.91 (s, 3H, NCChjiso, 2.34
(s, 3H, CH); 2.41 (s, 3H, Chiso; 3.17 (M, 4HJuy = 6.0 Hz, CH); 4.03 (s, 5Hn>CsHs); 4.09

(s, 5H,1n°>-CsHs)iso; 4.25 (S, 2Hn>-CsHa); 4.32 (s, 2H -CsHa)iso; 4.46 (S, 2HN-CsHa)iso, 4.61
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(s, 2Hn>-CsHa); 6.06 (s, 1H, pz-H); 6.15 (s, 1H, pzd)7.47 (s, 4H, BAY); 7.66 (s, 8H, BAJ).
13C{*H} NMR (CDCl3) &: 1.4; 1.7; 9.5; 10.1; 11.3; 13.6; 42.2; 42.3; 5BD.7; 67.0; 68.7; 68.9;
69.6; 69.8; 103.8; 105.3; 140.1; 141.9; 147.7; 85060.9; 161.4; 161.9; 162.4. IR (Diamond
ATR, cmi'): 3451 y(N-H) amine stretching vibration, 1664N-H) amine bending vibration.
High resolution positive ion ESI-MB8Vz (%): 472.7176 (50%) [M+1]. High resolution negative
ion ESI-MS (W2) (%) = 863.0638 (100%) [M] Anal. Calcd for GHs/;BF24FeN,Pd: C, 45.89;

H, 2.79; N, 4.20%. Found: C, 46.01; H, 2.86; N 1413

Synthesis of his{3-ferrocenylpyrazolyl-methylenepyridine}palladium tetrakis(3,5-trifluoro-
methylphenyl)borate (13)

To a solution of dichloromethane of compl&x0.10 g, 0.20 mmol) was added methyl
acrylate (19.80 pL, 0.22 mmol) followed by additioh Na[BAr,] (0.18 g, 0.20 mmol). The
resulting solution was allowed to stir for 5 hidiled and dried iwvacuo overnight to afford a
dark orange solid. Yield = 20% (0.10 )i NMR (CDCh) &: 3.98 (s, 5Hp°-CsHs); 4.03 (s, 5H,
n°-CsHs)iso; 4.19 (S, 2Hn>-CsHa) 4.29 (S, 2Hn -CsHa)iso; 4.43 (s, 2Hn>-CsHa) 4.48 (s, 2Hn®-
CsHa)iso; 5.53 (s, 2H, CH); 5.61 (s, 2H, Ch)iso, 6.25(s, 1H, pz-H); 6.34 (s, 1H, pz«d) 7.44 (1,
1H, Jun = 8.0 Hz, py); 7.47 (s, 4H, BAY;, 7.55 (d, 1HJun = 8.0 Hz, py)o, 7.61 (S,1H, py); 7.67
(s, 8H, BAg); 7.81 (t, 1HJup = 8.0 Hz, py); 8.66 (t, 1Hlyy = 8.0 Hz, py)o; 9.03 (d, 1H Iy =
8.0 Hz, py}o, 9.12 (d, 1HJun = 8.0 Hz, py); 9.24 (d, 1Hx = 8.0 Hz, py}o. Anal. Calcd for

Cio2Hs8B2oFasFeNsPd: C, 48.63; H, 2.32; N, 3.34%. Found: C, 48.792135; N, 3.55%.

Complex14 was prepared using the same procedure descrilbezbiiaplex13 and the

appropriate reagents.
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Synthesis of bis{3-ferrocenyl-5-methylpyrazolyl-methylenepyridine}palladium(l 1) tetrakis-(3,5-
trifluoromethyl phenyl)borate (14)

Complex4 (0.13 g, 0.25 mmol) was reacted with methyl adey@5.20 pL, 0.28 mmol)
and Na[BAg] (0.22 g, 0.25 mmol) give a dark orange solid.lie 19% (0.12 g)'H NMR
(CDCl3) 8: 2.34 (s, 3H, Ch); 2.42 (s, 3H, Ch)iss; 3.99 (S, 5Hn -CsHs); 4.04 (s, 2Hn -CsHa);
4.31 (s, 2Hn>-CsHa); 4.35 (s, 2Hn>-CsH.); 4.56 (s, 2Hp>-CsHa); 4.59 (S, 2Hn>-CsHy); 5.54
(s, 2H, CH); 5.62 (s, 2H, Ch)iso; 6.24 (s, 1H, pz-H); 6.29 (s, 1H, pz+gd)7.48 (s, 4H, BAY);
7.39 (d, 1HJun = 8.0 Hz, py); 7.44 (t, 1Hl4y = 8.0 Hz, py); 7.66 (s, 8H, BAY; 7.80 (t, 1HJux
= 8.0 Hz, py); 7.84 (t, 1Hl4n = 8.0 Hz, py}o; 8.92 (d, 1HJun = 8.0 Hz, py)o 8.96 (d, 1HJun
= 8.0 Hz, py}o: 9.10 (d, 1HJun = 8.0 Hz, py). Anal. Calcd for feiHe:B2FasFeNsPd: C, 49.04;

H, 2.45; N, 3.30%. Found: C, 49.11; H, 2.47; N,9843

Molecular structure determination by single crystal X-ray analysis

Single-crystal X-ray diffraction data fofa, 13 and 14 were collected on a Bruker
APEXII diffractometer with Mo K (A = 0.71073 A) radiation and diffractometer to cayst
distance of 4.00 cm. The initial cell matrix wadaibed from three series of scans at different
starting angles. Each series consisted of 12 fragolscted at intervals of 0.5° in a 6° range
about with an exposure time of 10 s per frame. rfEfflections were successfully indexed by an
automated indexing routine built in the APEXII prag suite. The data were collected using the
full sphere data collection routine to survey tbeiprocal space to the extent of a full sphere to a
resolution of 0.75 A. Data were harvested by ctithgc2982 frames at intervals of 0.5° scans in

o andg with exposure times of 10 s per frame [17]. A |sstul solution by the direct methods
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of SHELXS97 provided all non-hydrogen atoms frora Bamap. All non-hydrogen atoms were
refined with anisotropic displacement coefficien#dl hydrogen atoms were included in the
structure factor calculation at idealized positiamsl were allowed to ride on the neighbouring

atoms with relative isotropic displacement coeéfits [18].

Catalysis
General procedurefor ethylene reactions

To a stainless autoclave (35 mL) containing catgyscursor (10 pumol) and stirrer was
added 6 mL of the appropriate solvent under nitnogéhe autoclave was placed on an Eyela
chem-station and pressurized with ethylene to @guired pressure and maintained at this
pressure throughout the reaction. The reactionstiaed at 1200 rpm at various temperatures,
pressures and time. After the reaction, the exetfgdene was vented off and reaction quenched

with 10% HCI in methanol, and the product samptad3C.

General procedurefor copolymerisation of olefin and carbon monoxide

In a stainless steel autoclave (50 mL) containimg ¢atalyst precursor (10 pmol) and
stirrer was transferred 2.5 mL of styrene or ethgleand 1 mL of CKCl, under nitrogen
atmosphere. In the case of neutral complexes, Na]Bias added. The system was then
charged with CO. The reaction mixture was stirré¢d1200 rpm at various temperatures,
pressures, and time. After the reaction the aweakeas cooled under running tap water, the gas

was vented, and the reaction mixture was quenclitadmethanol.
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(Ferrocenylpyrazolyl)chloromethylpall adium complexes as catalysts for the
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