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Treatment of the tridentate (NN’N) N-alkylaminopyrazole
ligands bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]ethylamine
(ddae), bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]isopropylamine
(ddai) and bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]tert-bu-
tylamine (ddat) with [PdCl,(CH3CN),] in a 1:1 M/L ratio in
CH,Cl, produces [PdCIl,(NN'N)]. Treatment of the corre-
sponding ligand with [PdCl,(CH3CN),] in a 1:2 M/L ratio in
the presence of AgBF, in CH,Cl,/methanol (6:1) gives
[PACI(NN'N)|(BF,). The complexes [PdCl,(NN'N)] were
again obtained when the complexes [PACI(NN’N)|(BF,) were
heated under reflux in a solution of NEt,Cl in acetonitrile,
which means that ligands ddae, ddai and ddat in complexes
1-6 are hemilabile. These Pd" complexes have been charac-

terised by elemental analyses, conductivity measurements
and IR and 'H and *C{'H} NMR spectroscopy. The 'H NMR
spectroscopic studies for compounds [PdCl,(NN'N)] give evi-
dence of K%*Ny,N,,) coordination in acetonitrile and
K3(sz,Nammo,NpZ) coordination in methanol. The X-ray
structure of the complex [PdCl(ddae)]Cl-H,O has been deter-
mined. The Pd" is coordinated to the ddae ligand by two ni-
trogen atoms of the pyrazolyl groups and one nitrogen atom
of the amine, along with one chlorine atom, in a slightly dis-
torted square-planar geometry.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2006)

Introduction

In the course of a study of pyrazole-derived ligands we
have studied and reported the synthesis and characterisa-
tion of ligands combining a pyrazolyl group with some
other functions containing O (alcohol or ether),ll S (thiol
or thioether),”! P (phosphane or phosphinite)® or N
(amine)* as donor atoms. The synthesis of pyrazolyl-
N(amine) ligands has been developed by Driessen et al.
and, so far, the study of their coordinating ability has been
mainly focused on the design of chelating systems to mimic
metalloenzymes.!

In our group, we have investigated the reactivity of bi-
(NN') and tridentate (NN'N) N-(alkylamino)pyrazole li-
gands {1-[2-(ethylamino)ethyl]-3,5-dimethylpyrazole, 1-[2-
(isopropylamino)ethyl]-3,5-dimethylpyrazole and bis[(3,5-
dimethylpyrazolyl)methyllethylamine} ~ with Rh' and
obtained the complexes [Rh,Cl,(COD),(NN")],1®]
[Rh(COD)(NN"|(BF )M and [Rh(CO),(NN'N)|(BF,), [
respectively. In a recent publication some of us have shown
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that bis[(3,5-dimethylpyrazolyl)methyljethylamine is a very
flexible ligand with x*(N,N) or k*(N,N',N) bonding modes
depending on the electronic configuration and the steric
constrains around the metal.[*l The hemilabile centre of the
ligand is the nitrogen atom of the amine function.

Recently, we have synthesised the new Pd" complexes
[PACL,(NN")],1 and [PA(NN'),](BF,4).l" {NN' = 1-[2-(ethyl-
amino)ethyl]-3,5-dimethylpyrazole, 1-[2-(isopropylamino)-
ethyl]-3,5-dimethylpyrazole and 1-[2-(terz-butylamino)-
ethyl]-3,5-dimethylpyrazole}; the NMR studies of the com-
plexes have shown the rigid conformation of the ligands
when they are complexed.

This paper extends this work to a new family of NN'N
ligands with Pd". We report the synthesis of the ligands
bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]ethylamine (ddae),
bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]isopropylamine (ddai)
and  bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]zert-butylamine
(ddat), and the study of their reactivity with Pd™. The li-
gands contain two pyrazole nitrogens and one amine nitro-
gen as potential N-donor atoms (Scheme 1).

Results and Discussion

Synthesis and Spectroscopic Properties

Although bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]ethyl-
amine (ddae) has already been described, an alternative
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pathway for its synthesis is presented here. This new method
is also useful to develop two new ligands that had not been
described previously: bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]-
isopropylamino (ddai) and bis[2-(3,5-dimethyl-1-pyrazolyl)-
ethyl]zerz-butylamino (ddat), neither of which could be syn-
thesised by the same method that was used in the literature
for ddae.

Synthesis of the three ligands consists of the treatment
of 3,5-dimethyl-1-(2-toluene-p-sulfonyloxyethyl)pyrazole!®!
with the appropriate primary amine (ddae: ethylamine;
ddai: isopropylamine; ddat: ters-butylamine) in the presence
of sodium hydroxide in water.

Each product was obtained as a yellow oil. This oil con-
sists of a mixture of the mono- and bis(pyrazolyl)alkyl-
amine ligands. The ligands were further purified by
chromatography (silica gel 60) with ethyl acetate as eluent.
The proportions of the bis(pyrazolyl)alkylamine/mono(pyr-
azolyl)alkylamine were 3:1 for ddae, 1:1 for ddai and 4:1 for
ddat.

The ligands were characterised by elemental analysis,
mass spectrometry and IR, 'H and BC{'H} NMR spec-
troscopy. The NMR signals were assigned by reference to
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the literature® and from DEPT, COSY and HMQC NMR
experiments.

Complexes [PACLL,(NN'N)] [NN'N = ddae (1), ddai (2)
and ddat (3)] were obtained by treatment of the correspond-
ing ligand with [PdCI,(CH;CN),] in a 1:1 M/L ratio in
CH,Cl,. Complexes [PACI(NN'N)|(BF,4) [NN’'N = ddae (4),
ddai (5) and ddat (6)] were obtained by reaction of the cor-
responding ligand with [PdCI,(CH3CN),] in a 1:1 M/L ratio
in the presence of AgBF, in CH,Cl,/methanol (6:1). When
complexes 4-6 were heated under reflux in a solution of
Et,NCI in CH3CN for 24 h complexes 1-3 were again ob-
tained. The elemental analyses of products 1-3 are consis-
tent with the formula [PACI,(NN'N)] and those for com-
pounds 4-6 with [PACI(NN'N)](BF,).

Depending on the solvent used, different values of con-
ductivity were found for complexes 1-3. The conductivity
values in methanol are 83-95 Q' cm?mol ! (consistent with
a 1:1 electrolyte), whereas those in acetonitrile are 78—
80 Q'cm?mol! for 1 and 2 (in agreement with the non-
electrolyte nature of the complexes) and 118 Q'cm?>mol!
for 3 (higher than for 1 and 2 due to the presence of a
mixture of neutral and cationic isomers, as seen in the
1679
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NMR section). The conductivity values for complexes 4
6 in acetonitrile and methanol are in agreement with 1:1
electrolytes. The reported values for 10 m solutions of
non-electrolyte complexes are lower than 120 Q! cm?>mol ™!
or 80 Q 'cm?mol! in acetonitrile or methanol, respec-
tively, while the range of conductivity values for 103 m
solutions of 1:1 electrolyte compounds in methanol is be-
tween 80-115 Q'cm?mol ! and in acetonitrile between 120
and 160 Q'cm?mol 1.1

The IR spectra of all complexes are similar to those of
the ligands, the most characteristic bands being those at-
tributable to the pyrazolyl group: v(C=C) and v(C=N) be-
tween 1556 and 1554 cm™" and 8(C-H),,p, between 820 and
801 cm™!. The v(B-F) band between 1060-1053 cm™! is
characteristic for 4-6.

The IR spectra of the complexes in the 500-100 cm™ re-
gion were also recorded and show a well-defined band cor-
responding to v(Pd—Cl) between 342 and 335cm™'. The
number and energy of the bands is consistent with the pres-
ence of terminal chlorine. Bands attributable to v(Pd—N)
between 460 and 426 cm™! are also present.!'!]

The '"H NMR, B3C{'H} NMR, HMQC and NOESY
spectra were recorded in CD;CN and methanol for 1-3,
and CD3;CN for 4-6, and show the signals of the ligands
(ddae, ddai, and ddat). NMR spectroscopic data are re-
ported in the Exp. Sect.

The '"H NMR spectra of 1 and 2 in acetonitrile at room
temperature show the presence of one isomer (la and 2a,
respectively), whereas the spectrum of 3 shows the presence
of two isomers (3a and 3b*) in a 1:3 ratio (Scheme 1). The
'"H NMR spectra of 1-3 in methanol at room temperature
show the presence of one isomer (1b*, 2b™ and 3b™, respec-
tively). The most significant feature for probing structural
difference is provided by the N,,CH,CH,N,pine reso-
nances: the CH, signals of the isomers 1b*-3b* are more
deshielded than those of 1a-3a. This observation suggests
that the nitrogen of the amine group is bonded to palladium
in 1b*-3b*. For isomers 1a-3a, at 298 K, the methylene
protons appear as four poorly defined broad bands. This
led us to record variable-temperature spectra for 1 in aceto-
nitrile. At higher temperatures (313 K) only one signal can
be observed for each CH, of the N,,CH,CH,N,ine chain,
whereas lowering of the temperature induces a progressive
broadening and splitting of the two signals corresponding
to each CH,. At 283 K, four well-defined bands are ob-
served at 0 = 4.95, 4.31, 3.09 and 2.72 ppm. This suggests
that at 313 K there is a fluxional process in which, with
ring-flipping, the two hydrogens of each CH, are intercon-
verted and only one signal can be observed. This process
would take place with a AG* value of about 60 kJmol!, as
deduced from the coalescence behaviour of the methylene
resonances.!?]

The '"H NMR spectra at room temperature for 4-6 com-
plexes in acetonitrile show the presence of one isomer (4b*,
5b* and 6b™, respectively).

The NMR spectra of complexes 1-3 in methanol and 4—
6 in acetonitrile were studied in detail. Treatment of the
N, CH>CH, N, ino fragment as an AA’XX' system gave a
1680
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set of coupling constants for each compound. These con-
stants are consistent with the simulated spectra for com-
pounds 1-6 obtained with the aid of the g NMR pro-
gram.l3l All these results are reported in Tables 1 and 2.
Figures 1 and 2 show the experimentally determined and
simulated spectra for 2 and 5, respectively,. HMQC spectra
were used to assign the signals of protons H-6 and H-7.
The two protons of each CH, group in a N,,CH,-
CH5,N,mino chain are diastereotopic and thus give rise to
four groups of signals, each attributable to a single hydro-
gen atom of one N,,CH,CH,Nypino chain. Each group of
signals can be assigned as a doublet of doublets of doublets
for H-6 and H-7.

Table 1. Chemical shifts [ppm] and '"H-'"H coupling constants [Hz]
for 1b*-3b™ in methanol.

Compound [1b]* [2b]* [3b]*
Jy (6a) 4.68 4.71 4.71
Jy (6b) 5.21 5.30 5.44
oy (7a) 3.26 3.22 3.19
Jy (7b) 2.87 2.96 3.30
2J(6a,6b) 15.71 15.75 15.82
2J(7a,7b) 14.22 14.47 14.89
3J(6a,7a) 3.33 3.78 3.80
3J(6b,7b) 11.19 11.03 10.54
3J(6a,7b) 2.54 2.04 1.60
3J(6b,7a) 2.25 1.84 1.25

Table 2. Chemical shifts [ppm] and 'H-'H coupling constants [Hz]
for 4b*—6b* in CD;CN.

Compound [4b]* [5b]* [6b]*
O (62) 4.54 4.55 4.58
S (6b) 5.10 5.17 5.22
on (Ta) 3.16 3.07 2.97
u (7b) 278 2.85 3.08
2J(6a,6b) 15.84 15.74 15.98
2J(7a,7b) 14.30 14.01 14.86
3J(6a,7a) 3.18 3.42 3.75
3J(6b,7b) 11.22 11.01 11.22
3J(6a,7b) 2.47 1.97 1.60
3J(6b,7a) 2.63 1.60 1.25

In the NOESY spectra of compounds 1-3 in methanol
and 4-6 in acetonitrile, it was observed that the methyl
linked to the pyrazole at 6 = 2.66 (1b*), 2.63 (2b*) 2.58
(3b™), 2.63 (4b*), 2.61 (5b*) and 2.58 ppm (6b*) shows an
NOE with the doublet of doublets of doublets at J = 4.58,
4.71,4.71, 4.54, 4.55 and 4.48 ppm (1b*—6b™, respectively),
but not with the ones at 6 = 5.21, 5.30, 5.44, 5.10, 5.17 and
5.22 ppm (1b*—6b™, respectively). This allowed us to assign
H-6a to the first set of doublet of doublets of doublets.
From the NOESY spectra it can also be observed that the
methyl groups from the ethylamino [0 = 1.65 (1b"),
1.57 ppm (4b*)], isopropylamino [6 = 1.55 (2b™), 1.47 ppm
(5b™)] and tert-butylamino [0 = 1.22 (3b*), 1.17 (6b™)] moie-
ties show NOEs with the doublet of doublets of doublets at
0 =2.87 (1b*), 2.96 (2b*), 3.30 (3b™), 2.78 (4b*), 2.85 (5b™)
and 3.08 ppm (6b*). This information allowed us to assign
H-7b to these signals. These assignments were possible
thanks to the X-ray crystal structure of (1b)CI-H,O (Fig-
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ure 3), which shows that the shortest distances are between
the methyl linked to the pyrazole at 6 = 2.66 ppm and the
doublet of doublets of doublets at 6 = 4.67 ppm (H6b--*H5a
= 2.03, Hlla-+H15a = 2.01 A) and between the methyl
group from the ethylamino group and H-7b (H10b--H9¢ =
2.09 A).

cL2 oz’
o1

Figure 3. ORTEP drawing of [PdCl(ddae)]CI-H,O, showing all
non-hydrogen atoms and the atom-numbering scheme; 50% prob-
ability amplitude displacement ellipsoids are shown.

Crystal Structure of [PdCl(ddae)]Cl-H,O

The crystal structure consists of discrete [PdCl(ddae)]*
units, chloride anions and solvent molecules (H,O) (Fig-
ure 3). The H,O and chloride ions are disordered.

The cation complex is mononuclear, and the Pd™ is coor-
dinated to the ddae ligand by its three donor atoms (two
nitrogen atoms of the pyrazolyl group and one nitrogen
atom of the amine moiety), along with one chlorine atom,
in a slightly distorted square-planar geometry. The tetrahe-
dral distortion can be observed from the bond angles and
from the mean separation (0.0045 A) of the atoms coordi-
nated to the Pd atom in relation to the mean plane that
contains these four atoms and the Pd atom. The dihedral
angle between the planes N5-Pd-N3 and NI1-Pd-N3 is
37.1(3)°. The ddae ligand acts as a tridentate chelate and
forms two six-membered rings, with a boat conformation
for Pd-N1-N2-C6-C7-N3 and a twist-boat conformation
for Pd-N5-N4-C11-C10-N3, which share an edge (Pd-
Namino)- The boat distortions in the six-membered rings are
AC(N3-C7)] = AC{(N1-N2)] = 19.4(6)° for Pd-N1-N2-
C6-C7-N3 and AC{(N3-C10)] = AC{(N5-N4)] = 52.2(6)°
for Pd-N5-N4-C11-C10-N3.

A PdN;Cl core is present in 89 complexes in the litera-
ture.l!14l Some selected bond lengths and bond angles for
this complex are listed in Table 3. The Pd-N,, bond lengths
[2.019(6) and 2.027(6) A], the Pd-N,,., bond length
[2.113(5) A] and the Pd—Cl bond length [2.2991(18) A] can
be regarded as normal compared with the distances found
1681
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in the literature. For Pd-N,,, the literature describes values
between 1.979 and 2.141 A [1a1b.1£2a-2d.2e6.15] for P
N.mino between 2.017 and 2.280 A,1161 and for Pd—Cl be-
tween 2.280 and 2.341 A [1a.1b.11.2a-2d.6,15b.15¢]

Table 3. Selected bond lengths [A] and angles [°] for [PdCl(ddac)]-
CI-H,0.

Pd-N(1) 2.019(6) Pd-N(3) 2.113(5)
Pd-N(5) 2.027(6) Pd-CI(1) 2.2991(18)
N(1)-Pd-N(5) 172.3(2) N(1)-Pd-CI(1) 90.44 (17)
N(1)-Pd-N(3) 87.3(2) N(5)-Pd-CI(1) 92.30(17)
N(5)-Pd-N(3) 90.8(2) N(3)-Pd-CI(1) 173.15(15)

The Npyrazole—Namino bite angles of the ligand are 87.3(2)°
and 90.8(2)°, respectively, and are similar to the corre-
sponding bite angles in the complexes [PACl,(NN')] [NN' =
deae, deat; 89.3(2)° and 88.16(18)°, respectively]® and
[PA(NN'),](BF,), [NN' = deat; 87.3(2)°].l"!

Conclusion

The N-alkylaminopyrazole ligands ddae, ddai, and ddat
can coordinate Pd" centres in different ways. In complexes
1-3 these ligands show didentate coordination (NN) in ace-
tonitrile and tridentate coordination (NN'N) in methanol.
Furthermore, we have demonstrated the hemilabile proper-
ties of these ligands when coordinated to Pd".

Complexes 4-6, where the ligand uses NN'N coordina-
tion, are obtained from 1-3 by treatment with AgBF,.
When complexes 4-6 are heated under reflux in a solution
of Et4NCI in CH;CN, 1-3 are obtained once again. This
could be considered as type-II1 hemilability.['”]

Experimental Section

General Details: The reactions were carried out under nitrogen
using vacuum-line and Schlenk techniques. Solvents were dried and
distilled according to standard procedures and stored under nitro-
gen. Elemental analyses (C, H, N) were carried out by the staff
of the Chemical Analyses Service of the Universitat Autonoma de
Barcelona on a Carlo Erba CHNS EA-1108 instrument. Conduc-
tivity measurements were performed at room temperature in 103 M
acetonitrile and methanol, employing a CyberScan CON 500 (Eu-
thech Instruments) conductimeter. Infrared spectra were run on a
Perkin—Elmer FT spectrophotometer, series 2000 cm™! as NaCl pel-
lets, KBr pellets or polyethylene films in the range 4000100 cm™!.
'H, 3C{'H}, DEPT, COSY, HMQC, and NOESY NMR spectra
were recorded with an NMR-FT Bruker 250 MHz spectrometer in
CDCl;, CDsCN or [D4]methanol solutions at room temperature.
All chemical-shift values (d) are given in ppm. Mass spectra were
obtained with an Esquire 3000 ion-trap mass spectrometer from
Bruker Daltonics. The complex [PACI,(CH;CN),J!'8! was synthe-
sised according to published methods. The precursor 3,5-dimethyl-
1-[2-(p-tosyloxy)ethyl]pyrazole was prepared as described in the lit-
erature.[®!

Synthesis of the Ligands Bis|[2-(3,5-dimethyl-1-pyrazolyl)ethyl]ethyl-
amine (ddae), Bis[2-(3,5-dimethyl-1-pyrazolyl)ethyllisopropylamine
(ddai) and Bis[2-(3,5-dimethyl-1-pyrazolyl)ethyl]|-zerz-butylamine
(ddat): The synthesis consists of the reaction between 3,5-dimethyl-
1-[2-(p-tosyloxy)ethyl]pyrazole (6.17 g, 21 mmol), 11 mmol of the
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appropriate primary amine (ddae: 0.88 mL of 70% ethylamine;
ddai: 0.98 mL of 97% isopropylamine; ddat: 1.18 mL of 98% tert-
butylamine), and sodium hydroxide (0.96 g, 24 mmol). The reac-
tion was carried out in 20 mL of water with continuous stirring at
reflux for 4 h. The mixture was then cooled down to room tempera-
ture and extracted three times with 6 mL of CH;Cl. The organic
phase was collected and dried overnight with anhydrous MgSO,.
The solution was filtered off and the solvent removed under vac-
uum. Each product was obtained as a yellow oil. This oil consisted
of a mixture of the mono- and bis(pyrazolylalkyl)amine ligands.
The proportions of the bis(pyrazolylalkyl)amine and the mono(pyr-
azolylalkyl)amine were 3:1 for ddae, 1:1 for ddai and 1:4 for ddat.

In order to separate the two ligands, a silica gel column with ethyl
acetate as eluent was used. The mono(pyrazolylalkyl)amine ligand
stayed on top of the column whereas the bis(pyrazolylalkyl)amine
ligand eluted. The solvent was removed under vacuum to give ddae
as a pale-yellow oil, ddai as a pale-yellow solid (m.p. 25 °C) and
ddat as a white solid (m.p. 30 °C).

ddae: Yield: 24% (0.76 g). C1sHyNs (289.5): caled. C 66.44, H
9.34, N 24.22; found C 66.01, H 9.35, N 24.50. MS (ESI): mi/z (%)
=312.2(31) [MNa*], 290.2 (100) [MH*]. IR (NaCl): ¥ = 3120 cm!
V(C-H),, 2968, 2928 v(C-H),, 1552 [V(C=C), W(C=N)],, 1462,
1424 [3(C=C), 5(C=N)],, 1092 8(C-H);, 774 5(C-H)oop. 'H NMR
(CDCls, 250 MHz): 6 = 5.66 [s, 2 H, CH(pz)], 3.77 (t, *J = 6.8 Hz,
4 H, N,,CH,CH,N), 2.75 (t, 3/ = 6.8 Hz, 4 H, N,,CH,CH,N),
2.50 (q, 3J = 7.2 Hz, 2 H, NCH,CHs), 2.12 [s, 12 H, CH,(pz)], 0.92
(t, 3 = 72Hz 3 H, NCH,CH;) ppm. 3C NMR (CDCL,
63 MHz): & = 147.7 (CCHs), 139.5 (CCHs), 105.1 [CH(pz)], 54.8
(N,,CH,CH,N), 49.1 (NCH,CHs), 47.8 (N,,CH,CH,N), 138
(CCHs), 12.5 (NCH,CH,), 11.4 (CCH;) ppm.

ddai: Yield: 23% (0.77 g). C1;HxoNs (303.5): caled. C 67.33, H 9.57,
N 23.10; found C 67.09, H 9.76, N 22.80. MS (ESI): m/z (%)
304.2 (100) [MH*], 208.1 (5) [MH* — 3,5-dmpz]. IR (KBr): v =
314em! v(C-H), 2959, 2926 vw(C-H), 1552 [W(C=C),
V(C=N)],, 1460, 1425 [5(C=C), 5(C=N)],, 1089 §(C-H), 777
8(C-H)op 'H NMR (CDCly, 250 MHz): 6 = 5.66 [s, 2 H, CH(pz)],
3.66 (t, J = 6.7 Hz, 4 H, N,,CH,CH,N), 2.78 [sp, 3J = 6.5 Hz, 1
H, NCH(CHs),], 2.70 (t, 3J = 6.7 Hz, 4 H, N,,,CH,CH,N), 2.12 [s,
12 H, CHs(pz)], 0.90 [d, 3J = 6.5 Hz, 6 H, NCH(CHS),] ppm. '*C
NMR (CDCls, 63 MHz): 6 = 147.7 (CCHs), 139.6 (CCH3), 105.0
[CH(pz)], 52.3 [NCH(CHs)], 519 (N,,CH,CH,N), 48.9
(N,,CH,CH,N), 18.6 [NCH(CHs),], 13.9 (CCH3), 11.5 (CCHj)
ppm.

ddat: Yield: 21% (0.73 g). C;sH3,Ns (317.5): caled. C 68.14, H 9.78,
N 22.08; found C 68.08, H 9.43, N 22.02. MS (ESI): m/z (%) =
340.2 (2) [MNa*], 318.3 (100) [MH"], 262.1 (76) [MH* — ¢Bu]. IR
(KBr): ¥ = 3114 cm™! v(C-H),, 2975, 2915 v(C-H),;, 1553 [V(C=C),
V(C=N)],» 1462, 1425 [3(C=C), 8(C=N)l,, 1097 3(C-H),, 776
8(C-H)oop 'H NMR (CDCls, 250 MHz): 6 = 5.66 [s, 2 H, CH(pz)].
3.61 (1, 3/ = 6.4 Hz, 4 H, N,,CH,CH,N), 2.79 (t, J = 6.4 Hz, 4
H, N,,CH,CH,N), 2.15 [s, 6 H, CHy(pz)], 2.11 [s, 6 H, CH(pz)].
1.02 [s, 9 H, C(CH3);] ppm. *C NMR (CDCls, 63 MHz): 6 = 147.7
(CCH,), 139.6 (CCH;), 105.1 [CH(pz)], 55.8 [NC(CH,)s), 52.8
(N,,CH,CH,N), 50.3 (N,,CH,CH,N), 27.4 [NC(CHj)s], 13.9
(CCHs), 11.6 (CCHs).

Synthesis of the Complexes [PdCL,(NN'N)] [NN'N = ddae (1), ddai
(2), ddat (3)]: A solution of 0.27 mmol of the corresponding ligand
(ddea: 0.078 g; ddai: 0.082 g; and ddat: 0.086 g) in 5mL of dry
CH,Cl, was added to a solution of [PdCl,(CH3CN),] (0.070 g,
0.27 mmol) in 10 mL of dry CH,Cl,. After the mixture had been
stirred for 12 h, most of the solvent was removed under vacuum.
Diethyl ether (5 mL) was then added dropwise to induce precipi-
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tation. The orange solids were filtered off, washed twice with 5 mL
of diethyl ether, and recrystallised from a dichloromethane/diethyl
ether (1:1) mixture.

Key coupling constants for 1b*-3b* in methanol are given in
Table 1.

1: Yield: 53% (0.067 g). C,6H,7CLNsPd (466.8): caled. C 41.17, H
5.79, N 15.01; found C 41.05, H 5.94, N 14.86%. Conductivity
(8.57x10 %M in acetonitrile): 78 Q 'cm?>mol '; (8.72x10 4 M in
methanol): 95 Q'cm?mol!. IR (KBr): ¥ = 3129, 3085 cm™! v(C—
H), 2965, 2915 v(C-H),,, 1554 [v(C=C), (C=N)],, 1465, 1422
[6(C=C), 8(C=N)],, 1093 §(C-H);p,, 801 §(C—H),0p; (polyethylene):
Vv = 458 cm™! v(Pd-N), 336 v(Pd-Cl). 'H NMR for isomer 1a
(CD5CN, 250 MHz): 6 = 6.12 [s, 2 H, CH(pz)], 5.02 (m, 2 H,
N,,CHHCH,N), 4.68 (m, 2 H, N,,CHHCH,N), 3.16 (m, 2 H,
N,,CH,CHHN), 2.88 (m, 2 H, N,,CH,CHHN), 2.63 [s, 6 H,
CHs;(pz)], 2.38 [s, 6 H, CHs(pz)], 2.17 (q, 2 H, CH,CHs;), 1.57 (t,
3 H, CH,CHs;) ppm; isomer 1b* ([D4]methanol, 250 MHz): ¢ =
6.16 [s, 2 H, CH(pz)], 5.21 (ddd, 2 H, N,,CHHCH,N), 4.67 (ddd,
2 H, N,,CHHCH,N), 3.26 (ddd, 2 H, N,,CH,CHHN), 2.87 (ddd,
2 H, N,,CH,CHHN), 2.66 [s, 6 H, CH;(pz)], 2.42 [s, 6 H, CH(pz)],
2.18 (q, 2 H, CH,CH3), 1.65 (t, 3 H, CH,CHj;) ppm. '3C NMR for
isomer 1a (CD,CN, 63 MHz): 6 = 153.3 (CCHs), 145.0 (CCHs),
108.8 [CH(pz)], 60.8 (NCH,CH,;), 60.6 (N,,CH,CH,N), 48.6
(N,,CH,CH,N), 14.8 (CCHj), 14.2 (NCH,CHj), 11.2 (CCHj)
ppm; isomer 1b* ([D,Jmethanol, 63 MHz): 6 = 153.5 (CCH3), 144.8
(CCH3), 108.7 [CH(pz)], 60.9 (NCH,CH3), 60.6 (N,,,CH,CH,N),
48.2 (N,,CH,CH,N), 14.2 (CCH3), 13.8 (NCH,CH3), 10.3 (CCH3)
ppm.

2: Yield: 46% (0.060 g). C;7H,0CLNsPd (480.8): caled. C 42.47,
H 6.04, N 14.57; found C 42.58, H 6.09, N 14.69. Conductivity
(6.24x10 %M in acetonitrile): 80 Q 'cm?mol'; (9.05x10*Mm in
methanol): 83 Q'cm?mol!. IR (KBr): ¥ = 3125, 3077 cm™' v(C—
H)., 2963, 2922 v(C-H),;, 1554 [v(C=C), v(C=N)],, 1468, 1424
[3(C=C), 8(C=N)],» 1093 8(C—H);,, 807 8(C—H)oop: (polyethylene):
v = 460 cm! v(Pd-N), 335 v(Pd-Cl). 'H NMR for isomer 2a
(CD;CN, 250 MHz): ¢ = 6.11 [s, 2 H, CH(pz)], 5.13 (m, 2 H,
N,,CHHCH,N), 4.60 (m, 2 H, N,,CHHCH,N), 3.15 (m, 2 H,
N,,CH,CHHN), 2.87 (m, 2 H, N,,CH,CHHN), 261 [s, 6 H,
CHy(pz)], 238 [s, 6 H, CHy(p2)], 2.27 [sp, | H, CH(CHs),], 1.47
[d, 6 H, CH(CH;),] ppm; isomer 2b* ([D4Jmethanol, 250 MHz): ¢
= 6.15[s, 2 H, CH(pz)], 5.29 (ddd, 2 H, N,,CHHCH,N), 4.70 (ddd,
2 H, N,,CHHCH,N), 3.22 (ddd, 2 H, N,,,CH,CHHN), 2.96 (ddd,
2 H, N,,,CH,CHHN), 2.63 [s, 6 H, CHy(pz)], 2.42 [s, 6 H, CHy(pz)].
2.32[sp, | H, CH(CH,),], 1.55 [d, 6 H, CH(CHs),] ppm. *C NMR
for isomer 2a (CD;CN, 63 MHz): 6 = 153.2 (CCH3), 144.9 (CCH3),
108.7 [CH(pz)]. 65.5 [NCH(CHs),], 58.3 (N,,CH,CH,N), 48.7
(N, CH,CH,N), 19.5 [NCH(CH;),], 14.6 (CCHj3), 142
(NCH,CHj3;), 11.2 (CCH;) ppm; isomer 2b* ([D4]methanol,
63 MHz): § = 153.3 (CCHs;), 144.6 (CCHs), 108.6 [CH(pz)], 65.8
[NCH(CH3),], 58.5 (N,,CH,CH,N), 48.2 (N,,CH,CH,N), 19.0
[NCH(CH,),], 14.1 (CCH3), 10.4 (CCH,) ppm.

3: Yield: 22% (0.029 g). C,gH3,CLLNsPd (494.8): caled. C 43.70,
H 6.27, N 14.16; found C 43.91, H 6.24, N 13.81. Conductivity
(1.12x 1073 ™ in acetonitrile): 118 Q'em?mol™!; (6.07x10# ™ in
methanol): 89 Q'cm?mol!. IR (KBr): ¥ = 3122, 3077 cm™' v(C—
H),. 2971, 2922 w(C-H),, 1556 [V(C=C), V(C=N)],, 1471, 1424
[6(C=C), 8(C=N)],, 1093 5(C-H);p, 802 3(C—H)oop; (polyethylene):
¥ = 457 cm™! v(Pd-N), 336 v(Pd-Cl). 'H NMR for isomer 3a
(CD5CN, 250 MHz): & = 6.01 [s, 2 H, CH(pz)], 5.15 (m, 2 H,
N,,CHHCH,N), 491 (m, 2 H, N,,CHHCH,N), 3.60 (m, 2 H,
N,.,CH,CHHN), 3.12 (m, 2 H, N,,CH,CHHN), 2.56 [s, 6 H,
CHs(pz)], 2.36 [s, 6 H, CH5(pz)], 1.15 [s, 9 H, C(CH3)3] ppm; iso-
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mer 3b*: 0 =6.07 [s, 2 H, CH(pz)], 5.32 (ddd, 2 H, N,,CHHCH,N),
4.68 (ddd, 2 H, N,,CHHCH,N), 3.17 (ddd, 2 H, N,,,CH,CHHN),
3.10 (ddd, 2 H, N,,CH,CHHN), 2.56 [s, 6 H, CH;(pz)], 2.36 [s, 6
H, CHi(pz)], 1.15 [s, 9 H, C(CH;);] ppm; isomer 3b* ([D4]meth-
anol, 250 MHz): 0 = 6.10 [s, 2 H, CH(pz)], 5.44 (ddd, 2 H,
N,,CHHCH,N), 4.71 (ddd, 2 H, N,, CHHCH,N), 3.30 (ddd, 2 H,
N,,CH,CHHN), 3.19 (ddd, 2 H, N,,CH,CHHN), 2.58 [s, 6 H,
CH;(pz)], 2.41 [s, 6 H, CHx(p2)], 1.22 [s, 9 H, C(CH3);] ppm. 13C
NMR for isomer 3a (CD;CN, 63 MHz): 6 = 152.7 (CCHs), 144.5
(CCH3), 108.5 [CH(pz)], 69.3 [NC(CH3);], 60.6 (N,,CH>,CH,N),
49.2 (N,,CH,CH,N), 19.2 [NC(CH,)], 14.3 (CCH;), 10.8 (CCH3)
ppm; isomer 3b*: 6 = 153.1 (CCH3), 144.8 (CCH3), 108.7 [CH(p2)],
69.4 [NC(CH3)3], 60.9 (N,,,CH,CH,N), 49.4 (N,,,CH,CH,N), 19.5
[NC(CH3)3], 14.5 (CCHj;), 11.0 (CCH;) ppm; isomer 3b* ([D4]-
methanol, 63 MHz): § = 153.1 (CCH;), 144.6 (CCHj3), 108.5
[CH(pz)], 69.7 [NC(CH;);], 609 (N, CH,CH;N), 49.4
(Np,CH,CH,N), 19.0 [NC(CH3)4], 14.0 (CCH3), 10.3 (CCH3) ppm.

Synthesis of the Complexes [PACI(NN' N)|(BF,) [NN'N = ddae (4),
ddai (5), ddat (6)]: AgBF, (0.052 g, 0.27 mmol) in 5 mL of meth-
anol and 0.27 mmol of the corresponding ligand (ddae: 0.078 g;
ddai: 0.082 g; ddat: 0.086 g) in S mL of dry CH,Cl, were added to
a solution of [PdCIl,(CH3CN),] (0.070 g, 0.27 mmol) in 10 mL of
dry CH,Cl,. The mixture was protected from the light and stirred
at room temp. for 1h. The yellow solution was then filtered
through a pad of Celite. The solution was stirred for 30 min and
then most of the solvent was removed under vacuum. Diethyl ether
(5 mL) was then added dropwise to induce precipitation. The yel-
low solid was filtered off, washed twice with 5 mL of diethyl ether
and dried under vacuum.

Key coupling constants for 4b*—6b*™ in CD;CN are given in
Table 2.

4: Yield: 81% (0.11 g). C,¢H,;BCIF,NsPd (517.7): caled. C 37.00,
H 5.22, N 13.52; found C 37.41, H 5.11, N 13.48. Conductivity
(7.73x10* M in acetonitrile): 156 Q'cm?>mol’; (8.01x10 %M in
methanol): 93 Q 'cm?mol!. IR (KBr): ¥ = 3132, 3078 cm ™! v(C-
H),. 2975, 2938 W(C-H),,, 1555 [V(C=C), V(C=N)],, 1466, 1422
[6(C=C), 6(C=N)],,» 1053 v(B-F), 820 6(C-H),,p; (polyethylene): ¥
= 426 cm ' v(Pd-N), 341 v(Pd—Cl). 'H NMR (CD;CN, 250 MHz):
6= 6.12 [s. 2 H, CH(pz)]. 5.10 (ddd, 2 H, N,,CHHCH,N), 4.54
(ddd, 2 H, N,,CHHCH,N), 3.16 (ddd, 2 H, N,,CH,CHHN), 2.78
(ddd, 2 H, N,,CH,CHHN), 2.63 [s, 6 H, CH(pz)]. 2.36 [s. 6 H,
CHiy(p2)], 2.14 (q, 3J = 7.2 Hz, 2 H, NCH,CHs), 1.57 (t, 3J =
7.2 Hz, 3 H, NCH,CHz) ppm. '3C NMR (CD,CN, 63 MHz): § =
153.4 (CCHy), 145.0 (CCHs), 108.8 [CH(pz)], 60.8 (NCH,CHs),
60.7 (N,,,CH,CH,N), 48.1 (N,,CH,CH,N), 14.7 (CCH;), 14.1
(NCH,CH,), 11.0 (CCHs) ppm.

5: Yield: 78% (0.11 g). C,;H,9BCIF4NsPd (531.7): caled. C 38.37,
H 5.45, N 13.16; found C 38.38, H 4.77, N 12.56. Conductivity
(7.52x10* M in acetonitrile): 154 Q'cm?mol™; (9.28x10* M in
methanol): 92 Q'cm?mol'. IR (KBr): ¥ = 3128, 3077 cm™' v(C—
H),. 2966, 2920 v(C-H),, 1555 [V(C=C), V(C=N)], 1466, 1422
[6(C=C), 3(C=N)],,, 1060 v(B-F), 809 3(C-H),,,,) ; (polyethylene):
¥ = 459cm ! v(Pd-N), 342 v(Pd-Cl). 'H NMR (CDsCN,
250 MHz): & = 6.11 [s, 2 H, CH(pz), 517 (ddd, 2 H,
N,,CHHCH,N), 4.55 (ddd, 2 H, N,,CHHCH,N), 3.07 (ddd, 2 H,
N,,CH,CHHN), 2.85 (ddd, 2 H, N,,CH,CHHN), 2.61 [s, 6 H,
CHy(p2)], 2.37 [s, 6 H, CHy(pz)], 2.28 [sp, %/ = 6.6 Hz, 1 H,
CH(CH,),], 1.47 [d, J = 6.6 Hz, 6 H, CH(CHs),] ppm. '*C NMR
(CD:CN, 63MHz): 0 = 1532 (CCHs), 1449 (CCHs), 108.7
[CH(pz)]. 65.6 [NCH(CHs),. 583 (N,,CH,CH,N), 485
(Np,.CH,CH,N), 19.4 [NCH(CHj;),], 14.6 (CCHj3), 11.0 (CCH3)
ppm.
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6: Yield: 73% (0.11 g). C,sHs BCIF,NsPd (545.7): caled. C 39.58,
H 5.68, N 12.83; found C 39.31, H 5.49, N 13.13. Conductivity
(7.73x 10 ™ in acetonitrile): 153 Q 'cm?mol !; (6.32x10 %M in
methanol): 92 Q'ecm?mol!. IR (KBr): ¥ = 3122, 3085 cm™! v(C-
H),. 2981, 2922 W(C-H),, 1555 [W(C=C), V(C=N)],, 1473, 1424
[6(C=C), 8(C=N)],» 1060 v(B-F), 809 8(C—H),,,: (polyethylene): ¥
= 458 em™! v(Pd-N), 335 v(Pd—Cl). '"H NMR (CD:CN, 250 MHz):
5= 6.09 [s, 2 H, CH(pz)]. 5.33 (ddd, 2 H, N,,CHHCH,N), 4.58
(ddd, 2 H, N,,CHHCH,N), 3.17 (ddd, 2 H, N,,,CH,CHHN), 3.07
(ddd, 2 H, N,,CH,CHHN), 2.58 [s, 6 H, CHy(pz)], 2.38 [s. 6 H,
CHs(pz)], 1.17 [s, 9 H, C(CH3);] ppm. *C NMR (CDsCN,
63 MHz): 6 = 153.1 (CCHs), 144.8 (CCH), 108.7 [CH(pz)], 69.5
[NC(CH3)s], 60.9 (N,,CH,CH,N), 49.4 (N,,CH,CH,N), 19.5
[NC(CH,)3], 14.5 (CCHs), 11.0 (CCH3) ppm.

X-ray Crystal Structure for Compound [PdCl(ddae)]CI-H,O: Crys-
tals suitable for X-ray diffraction were obtained by crystallisation
from methanol. A prismatic crystal was selected and mounted on
a Enraf-Nonius CAD4 four-circle diffractometer. Unit-cell param-
eters were determined from automatic centring of 25 reflections (12
< 6 < 21°) and refined by least-squares method. Intensities were
collected with graphite-monochromated Mo-K, radiation using the
/26 scan technique. 6425 Reflections were measured in the range
241 = 0 = 29.96°, 6085 reflections of which were non-equivalent
by symmetry [R;(on /) = 0.031]. 4431 Reflections were assumed
as observed by applying the condition 7 > 2c(/). Three reflections
were measured every two hours as orientation and intensity con-
trol; significant intensity decay was not observed. Lorentz-polarisa-
tion but no absorption corrections were made. The structure was
solved by direct methods using the SHELXS computer program,[!*]
and refined by full-matrix least-squares method with SHELX-97
(201 ysing 6425 reflections (very negative intensities were not as-
sumed). The function minimised was Xw||F,|> — |F.J*]> where @ =
[6*(D) + (0.0818P)%> + 10.1890 P!, and P = (|F,]> + 2|F?)/3. All
H-atoms were computed and refined using a riding model, with an
overall temperature factor equal to 1.2-times the equivalent tem-

Table 4. Crystallographic data for [PdCl(ddae)]CI-H,O.

Formula C,6H»ClLN;OPd
M 484.74
Temperature [K] 293(2)
Crystal System monoclinic
Space group P2,/a

a[A] 7.893(4)

b [A] 31.437(5)
c[A] 8.861(12)
a[°] 90

VAN 107.31(7)
71 90

z 4

Dy [gem ) 1.534

u [mm ] 1.153

F(000) 992

Crystal size [mm)] 0.2x%0.1x0.1
0 range [°] 2.41 to 29.96

Index range “11=h=10,0=k=44,0=[=12
Reflexions collected/unique 6425/6085 [R(int) = 0.0313]
Completeness to 6 [%)] 99.9

Absorption correction none
Data/restraints/parameters 6085/0/245
Goodness-of-fit 1.080

Final R, ®R,

R, (all data), wR,

Extinction coefficient

Residual electron density [e A 3]

0.0472, 0.1541
0.0864, 0.1898
0.0020(2)

0.858 and —0.737
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perature factor of the atom to which they are linked. The final R(F)
factor and R,(F?) values, as well as the number of parameters and
other details concerning the refinement of the crystal structure, are
gathered in Table 4.

CCDC-290469 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.
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