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NMR Observations of Interligand Interference in the Molecular Motion of
Double-Stranded Dinuclear Helicates
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Double-stranded dinuclear complexes with either twisted or
parallel arrangements were obtained by reaction between
Schiff-base ligands and Pd" ions. Linear ligands mainly af-
forded twisted arrangements, while macrocyclic ligands
forced the complex to adopt parallel arrangements. In these
dinuclear complexes, one isomer could not be converted into
the other even upon prolonged heating. The NMR spectra
showed that the chemical shifts of the diastereotopic protons
can be used as an indicator to distinguish between the ar-

rangements. The NOE cross-peak characteristics of the com-
plexes with twisted arrangements are interpreted with refer-
ence to the crystal structure of a Cu'! complex as an isostruc-
tural model of the Pd" complex. Variable-temperature meas-
urements revealed the rotational interference between the
ligands of the counterpart strands, the first time that this has
been observed for helically arranged complexes.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2004)

Introduction

The spontaneous assembly of coordination compounds
is an important tool for the construction of such fascinating
architectures as a nanoscale molecule with well-defined
polyhedral shape, or an infinite coordination polymer with
a regularly arranged cavity.! ¥l Amongst the various three-
dimensional structures, the helix is an attractive one to in-
vestigate. Many studies on helically arranged complexes
have so far served as the foundation of molecular design,
synthetic strategy, thermodynamics, kinetics, stereochem-
istry, and molecular architectonics in metallo-supramolecu-
lar chemistry.’~71 Recently, helical complexes have been
studied not only as a subject in basic chemistry, but also as
a useful building block for functional materials.® 12

There have been many attempts to prepare double- or
triple-stranded helical complexes by using metal-directed
self-assembly.l'372%] For the efficient construction of helical
structures the design of the linker connecting the chelating
units is quite important, because a ligand could afford
either a homochiral complex (helicate) with twisted ar-
rangement or a heterochiral complex (meso-helicate, mesoc-
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ate, or side-by-side complex) with parallel arrangement de-
pending on the linker’s shape and symmetry (Figure 1).['3]
Since the potential advantages of the helical structures orig-
inate in their chirality, much attention has been paid to the
thermodynamics of the complexes. It is known, for example,
that in some cases the helical and nonhelical forms are in
equilibrium in solution, resulting in the racemization of the
compound.?*23 This kind of dynamic interconversion is
an inevitable result of entropy-driven molecular aggre-
gation.

Another possible process to construct the helical struc-
tures is enthalpy-driven molecular aggregation, which

Figure 1. Model drawings of double-stranded dinuclear complexes
with twisted (left) and parallel (right) arrangements
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would afford thermally stable products. However, this
method has an intrinsic difficulty in controlling the prod-
ucts because the reaction is largely kinetically controlled.
Thus, a desirable ligand should maintain a conformation
suitable for the formation of a helix during the com-
plexation. We have investigated a variety of Schiff bases
containing a 2-methylenepropane-1,3-diyl (isobutenylene)
chain as a linker, as a promising ligand that would fulfill
this requirement.”®! We have succeeded in synthesizing di-
nuclear complexes of Ti'V, Y™ Ni" and Cu'.7—2%
Among these complexes, we found that Ni'l and Cu'® spec-
ies have a helical arrangement in which the coordination
site adopts a square-planar geometry.l*’! This finding sug-
gested a possible access to an isostructural complex of Pd'.
Such complexes with diamagnetic properties could be stud-
ied by NMR techniques, leading to the understanding of
their formation mechanisms as well as their structure in
solution and thermodynamic behavior. In this article we de-
scribe the synthesis and characterization of Pd! complexes
of our Schiff-base ligands. We will highlight the difference
in NMR features between the complexes with twisted and
parallel arrangements. Those NMR results are successfully
interpreted based on a comparative study of the crystal
structures between the Pd' and Cu'' complexes. In particu-
lar, interligand interference in molecular motion is observed
for the first time for the complexes with a twisted arrange-
ment.

Results and Discussion

Characterization of the Helical and Nonhelical Complexes

The reaction of the Schiff-base ligands (H,L' to H,L?;
see Figure 2) and palladium(m) acetate afforded yellowish
orange solids. The major products show ESI-MS peaks cor-
responding to a 2:2 assembly of ligand and palladium ion.
Based on the results of our previous studies,!*®! the products
were expected to be the double-stranded dinuclear pal-
ladium complexes [Pd,L',], [Pd,L?,] and [Pd,L3,], as shown
in Figure 2. Their NMR spectra and elemental analyses
were also in agreement with the proposed structure.

The 'H NMR spectrum of [Pd,L!5] shows a split pair of
doublets at 6 = 1.87 ppm (*J = 14.2 Hz) and 2.34 ppm
(3J = 14.2 Hz), which were assigned to the benzylic methyl-
ene protons (Figure 2) of the isobutenylene linker. This AB-
type geminal coupling suggests a constraint of molecular
motion which makes the two protons diastereotopic. These
benzylic protons and the exo-methylene protons (6 =
4.75 ppm) exhibit NOE cross-peaks, among which one peak
(between 0 = 1.87 and 4.75 ppm) is significantly stronger
than the other one (between 0 = 2.34 and 4.75 ppm). These
biased cross-peaks suggested a difference in distance (dy...;)
between the benzylic proton and the exo-methylene proton.
In view of the possible rotamers of the isobutenylene
group,26¢264:3% one benzylic proton should be located in
the in-plane region (dy..q = 2.3 A) with respect to the m-
plane of the ethylene group, while the other should be lo-
cated in the out-of-plane region (dyy..;; = 3.3 A). Therefore,
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Figure 2. Chemical structures of the ligands and complexes; some
specific protons referred to in the text are denoted

we assigned the signal at 6 = 1.87 ppm to the in-plane pro-
ton, and the signal at 0 = 2.34 ppm to the out-of-plane
proton. The NMR spectra of [Pd,L?,] and [Pd,L3,] also
show similar features. The chemical shifts of the in-plane
and out-of-plane protons are summarized in Table 1.

The 'H NMR spectrum of the crude precipitate obtained
after the reaction between Pd'! and ligand L' indicates the
presence of a by-product that gives a split pair of doublets
at o = 2.02 and 2.20 ppm in the region of the benzylic meth-
ylene protons (Table 1). After purification, we were able to
obtain a by-product-rich sample and a major product-rich
sample, for which the ratio of the two components did not
change even after the sample was heated at 80 °C for several
hours. This indicates that these components are kinetically
controlled products, which are not thermally interconvert-
ible. The mass spectra recorded before and after the purifi-
cation show no significant change, suggesting that the
major product and the by-product have the same molecular
weight. This observation led to the assumption that the
major and minor components are two isomers with twisted
and parallel arrangements (see Figure 1).
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Table 1. The chemical shift/®! (in ppm) of the benzylic methylene protons, and the presumed arrangement of the complexes

Compound In-plane proton Out-of-plane proton Ao Arrangement
[Pd,L15] 1.87 (14.2) 2.34 (14.2) 0.47 twisted
[Pd,L'5] (by-product) 2.02 (14) 2.20 (14) 0.18 parallel
[Pd,L2,] 1.88 (14.1) 2.49 (14.1) 0.61 twisted
[Pd,L3,] 1.84 (14.5) 2.40 (14.4) 0.56 twisted
[Pd>L4,] 2.38 (14.1) 2.53 (14.5) 0.15 parallel
[Pd,L>] 2.32 (14.5) 2.59 (14.4) 0.27 parallel

[al Every peak appears as a doublet. The coupling constants (2/ in Hz) are given in parentheses.

To clarify the difference between the two isomers — the
twisted and parallel forms — we prepared similar dinuclear
palladium complexes with the ligands H,L* and H,L> (Fig-
ure 2) that would not allow the helical arrangement owing
to their macrocyclic structure. Figure 3 shows the crystal
structure of [Pd,L>,]. As expected, the ligand adopts a par-
allel arrangement around the two palladium atoms, to
which two nitrogen atoms and two oxygen atoms are bound
in a slightly distorted square-planar geometry with trans co-
ordination. If only electronic factors are taken into account,
the coordination geometry around the palladium(i) ion is
expected to be cis for N—O chelating ligands.?! =331 In the
present case, however, since the nitrogen atom is substituted
by an aromatic group, the geometry around the palladium
ion is defined by steric factors. Although the crystallo-
graphic symmetry of [Pd,L%,] is C;, the NMR spectra show
a Cy,-like behavior of the molecule, probably due to ther-
mal fluctuations.

The 'H NMR spectra of [Pd,L*] and [Pd,L>,] show a
split pair of doublets, which are again assigned to the
benzylic protons (Table 1). The pattern of these signals is
similar to that observed for [Pd,L'5] to [Pd,L3,], except that

Pl B ‘

Figure 3. Crystal structure of [Pd,L>,]: (a) view from the direction
perpendicular to the PdIl--Pd1* line (pseudo-C, axis); (b) view
nearly along the pseudo-C, axis; selected interatomic distances [A]
and bond angles [°]: O1—Pdl 1.995, O2*—Pdl 1.977, N1—-Pdl
2.024, N2*—Pd1 2.042, Pd1—-Pd1* 4.151; O1—-Pd1-02* 172.0,
l\llldel —N2* 172.2; the hydrogen atoms have been omitted for
clarity

4218 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

the resonances are significantly shifted downfield. Table 1
also lists the difference (Ad) of chemical shift between the
out-of-plane and in-plane protons. It should be noticed that
the Ad values (0.15 and 0.27 ppm) measured for complexes
[Pd,L*] and [Pd,L5,], respectively, are much lower than
those found for complexes [Pd,L';] to [Pd,L3)
(0.47—0.61 ppm), and are very close to the AJ value
(0.18 ppm) measured for the by-product formed along with
[Pd,L',]. These distinctive Ad values may arise from differ-
ences in the chemical environment of the benzylic methyl-
ene groups in the twisted arrangement and in the parallel
one. In other words, the Ad value can be an indicator of the
arrangement of the complexes. Based on the above results,
we presume that [Pd,L'5] to [Pd,L3,] have a twisted ar-
rangement, while [Pd,L*], [Pd,L>,], and the by-product of
[Pd,L',] have a parallel arrangement (Table 1).

NMR Features in Helical Complexes

An analysis of the crystal structures would provide help-
ful information to interpret the NMR spectra. Although
the crystal structures of [Pd,L'5] to [Pd,L*,] have not been
obtained, a comparison of the crystal structures between
palladium and copper complexes confirms the assumption
that these complexes have very similar structures. As shown
in Figure 4, the crystal structure of [Cu,L5,] is highly remi-
niscent of that described above for [Pd,L>;] (see Figure 3).
As expected, as copper is a first-row transition metal and
palladium a second-row one, the main differences are found
in the M—O and M—N distances; the other main in-
teratomic distances in the two complexes are very close. For
example, the distance between the two exo-methylene car-
bon atoms of [Pd,L5,] is 12.768 A, while that of [Cu,L5,] is
12.685 A, a difference of only 0.7%. Figure 5 shows the
crystal structure of [Cu,L?,], which demonstrates the helical
arrangement of the ligands around the two copper
atoms.I"?! In spite of the difference in arrangement, the ge-
ometry around each coordination site of [Cu,L?,] is quite
similar to that of [Cu,L5,]. From all these observations, it
is reasonable to assume that the structure of [Pd,L?,] is also
similar to that of [Cu,L?,].

The NOESY spectra of [Pd,L!5] to [Pd,L3,] show the
characteristic cross-peaks that would be expected from a
twisted arrangement. For [Pd,L?%,], for example, we ob-
served correlation peaks between the zerz-butyl protons and
the methoxy protons of the anisidine unit, and between the
benzylic protons out of the plane of the ethylene group and
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Figure 4. Crystal structure of [Cu,L>,]: (a) view from the direction
perpendicular to the Cul-+Cul* line (pseudo-C, axis); (b) view
nearly along the pseudo-C, axis; selected interatomic distances [A]
and bond angles [°]: O1—Cul 1.881, O2—Cul 1.892, N1—-Cul
2.002, N2—Cul 1.999, Cul—Cul* 4.113; O1—-Cul—-02* 161.0,
N1—-Cul—=N2 158.6; the hydrogen atoms and the solvent of crys-
tallization (CHCl;) have been omitted for clarity

(a) ‘
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Figure 5. Crystal structure of [Cu,L?]: (a) view from the direction
perpendicular to the Cul--Cul* line (pseudo-C, axis); (b) view
nearly along the pseudo-C, axis; selected interatomic distances [A]
and bond angles [°]: O1—Cul 1.880, O2—Cul 1.864, N1—Cul
1.984, N2—Cul 1.991, Cul—Cul* 3.887; O1—Cul—02 159.2,
N1—Cul—N2 161.2; the hydrogen atoms and the solvent of crys-
tallization (CH,Cl,) have been omitted for clarity; the terz-butyl
groups have also been omitted for clarity, but the four carbon
atoms to which they are attached are indicated by arrows in (b)

the aromatic protons (H, and Hy, see Figure 2) of the anisi-
dine unit. For a better understanding of these NOESY re-
sults, we analyzed the crystal structure of [Cu,L?,] as a
model of [Pd,L?]. Figure 6 shows a partial structure of
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[Cu,L?,] in which the hydrogen atoms of interest are noted.
The distances between the protons accurately account for
the cross-peaks. First, the protons of the fert-butyl groups
of the ligand are close to the methoxy group protons of the
anisidine units of its counterpart (dashed lines A in Fig-
ure 6). This type of contact occurs only when the complex
adopts a twisted arrangement. Secondly, the out-of-plane
protons of the ligand are in close proximity to the anisidine
units of its counterpart (dashed lines B and C in Figure 6).
In addition, Figure 6 clearly shows the arrangement of the
in-plane and out-of-plane benzylic protons (dashed lines D
in Figure 6), which could cause the biased NOE cross-peak
signals with the exo-methylene proton. Similarly, we were
able to explain the NOE cross-peaks of the complexes with
parallel arrangements — [Pd,L*,] and [Pd,L%,] — on the
basis of the crystal structure of [Pd,L>,] (Figure 3).
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Figure 6. The crystal structure of [Cu,L?,] as a model of [Pd,L?,];
notations A—D indicate a pair, of protons in close proximity and
their distance (in parentheses [A])

Variable-temperature NMR measurements revealed a
critical difference between the complexes with twisted and
parallel arrangements. For [Pd,L?,], the H, and H, signals
(anisidine protons denoted in Figure 2) appear as two dou-
blets at & = 6.56 and 6.29 ppm, respectively, at 323 K, indi-
cating that the anisidine ring freely rotates within the NMR
timescale. At 213 K, as indicated by dashed lines in Fig-
ure 7, the H, signal splits into two doublets at 6 = 7.13 and
0 = 6.02 ppm, while the Hy, signal splits into two doublets
at 0 = 6.67 and 5.81 ppm. The coalescence temperature is
close to 253 K for both H, and Hy. This spectral change
suggests that the four protons become chemically inequiva-
lent due to interference in the rotation of the anisidine moi-
eties. Based on the temperature dependence of the line
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Figure 7. The temperature dependence of the '"H NMR signals of the anisidine protons H, and Hy,

shape, the rotational barrier was estimated to be 47.8 kJ/mol.
A similar temperature dependence was observed for
[Pd,L',], but with a lower coalescence temperature (243 K)
and lower rotational barrier (45.4 kJ/mol). The difference
in the barrier is attributable to the terz-butyl group on the
phenolate, implying that the phenolate moiety acts as a hin-
drance to the rotating anisidine moiety. An influence due
to contact with the benzylic methylene group is ruled out
because a similar contact is also observed in the parallel
complexes, which do not show interference in the anisidine
rotation. To explain these phenomena, we need to assume
a close contact between the anisidine moiety of one ligand
and the phenolate moiety of the other, as shown in Fig-
ure 6, since the approach of these two moieties would be
impossible in a single ligand molecule. Consequently, such
an interligand steric hindrance is a phenomenon exclusively
observed for the complexes with a twisted arrangement. On
the other hand, the corresponding '"H NMR signals of the
complex with a parallel arrangement show little dependence
on temperature. For example, the signals of H, and Hy, of
[Pd,L3,] are observed as two doublets at § = 7.20 and
6.87 ppm at 298 K, and they show only a slight shift to 6 =
7.09 and 6.79 ppm, respectively, at 213 K.

Remarks on the Formation Mechanism

As described above, several characteristic NMR features
enable us to distinguish the arrangement of the dinuclear
Pd" complexes. With the ligand H,L!, we obtained two iso-
mers, namely the twisted form as a major product and the
parallel form as a by-product. These isomers could not be
interconverted, even after prolonged heating, demonstrating
their thermodynamic stability. Similarly, for the other two

4220 © 2004 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

linear ligands (H,L? and H,L?), the major product of the
reaction is the twisted isomer. By contrast, when the ligands
have mechanical constraints due to their macrocyclic struc-
tures (H,L* and H,L%), the parallel forms are the major
reaction products. These results suggest that the acyclic li-
gands prefer a conformation that can induce a twisted ar-
rangement in the dinuclear complexes. At this point it is
worth mentioning the nature of the linker unit connecting
the two chelating units in terms of symmetry. Albrecht et
al. have introduced the ‘“even-odd principle””, which ac-
counts for the relation between the arrangement and the
ligand used to actively control the formation of helicates
and meso-helicates.>*! Namely, an alkyl chain with an even
number of methylene units has C, symmetry, which favors
a helicate, whereas an alkyl chain with an odd number of
methylene units has C,, symmetry, which favors a meso-
helicate. As for the present system, the isobutenylene chain
can adopt several stable conformers with various symmetry
such as skew-skew (C, symmetry), syn-syn (C,, symmetry)
and skew-skew’ (C,; symmetry). As already remarked in the
previous paper, the isobutenylene chains have the skew-
skew form in the helical Ni'! and Cu'' complexes. Since the
helical Pd" complexes are suggested to be isostructural to
them, the chains should also adopt the skew-skew form.
As for the nonhelical complexes, Figure 3 shows that the
isobutenylene chains of [Pd,L’>,] adopt the skew-skew’
form. According to an ab initio study (MP2/6-311**G//HF/
6-311G** level of theory) of model compounds, the skew-
skew form is more stable than the skew-skew’ form by
8.28 kJ/mol.[3% Although the calculated energy difference is
rather small, it is suggested that the thermodynamic prefer-
ence for the skew-skew conformation contributes to the ef-
ficient formation of the helical complexes to some extent.
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Consequently, the present system is a good example of en-
thalpy-driven molecular aggregation during which the li-
gand component effectively controls the arrangement of
the products.

Conclusion

We have described the synthesis and structure of several
dinuclear palladium(i) complexes of double-stranded
Schiff-base ligands with either twisted or parallel arrange-
ments. In the present system the complexation is enthalpy
driven, and the product is largely kinetically controlled.
Due to this formation mechanism, the twisted and parallel
isomers are thermodynamically inconvertible in solution,
such that we can observe the characteristic NMR features
of a given complex with a definite arrangement. To the best
of our knowledge, this is the first work that clearly exhibits
the interligand interactions exclusively brought into heli-
cally arranged complexes.

Experimental Section

Measurements: NMR measurements were performed using a
Bruker AVANCES500 (500 MHz for 'H nuclei) spectrometer. The
temperature was set at 298 K unless otherwise noted. The samples
were dissolved in CDCl;, and TMS was used as an internal stand-
ard. The chemical shifts of "H and '3C nuclei were assigned by
using NOESY, ROESY, COSY, and DQF-COSY techniques. Vari-
able-temperature measurements were performed for dynamic NMR
spectroscopic analysis. Calculations for complete line-shape analy-
ses were carried out with an IBM R-32 computer using the com-
puter program g NMR version 4.1.3% Theoretical spectra were cal-
culated to obtain an optimum fit with the observed spectra by vary-
ing the exchange-rate constants. The activation parameters were
obtained using the Eyring equation.[*¢]

For X-ray diffraction of a single crystal, the data were collected
with a Rigaku RAXIS-RAPID Imaging Plate diffractometer,
MMo-K,) = 0.7107 A radiation. The structure was solved by direct
methods and expanded using Fourier techniques. The nonhydrogen
atoms’ coordinates were refined anisotropically. Hydrogen atoms’
coordinates were calculated. The final cycle of full-matrix least-
squares refinement was based on the observed reflections with 7 >
1.56(]) and variable parameters. The refinement converged with the
unweighted and weighted agreement factors, R; and R,. All the
calculations were performed with RIGAKU Corporation’s Crystal-
Structure software package.’” ORTEP drawings were created with
ellipsoids of 50% probability by using the ORTEP-3 software pack-
age.[38]

Synthesis of the Pd" Complexes: The Schiff-base ligands H,L' to
H,L> (Figure 2) were prepared from the corresponding bis(hydroxy-
benzaldehyde) and aniline derivative according to reported meth-
0ds.?% For example, a stoichiometric amount (L!/Pd = 1:1) of pal-
ladium(1) acetate and a few drops of methanol and acetonitrile
were added to a solution of H,L! (507 mg, 1.0 mmol) in chloroform
(10 mL). The solution was stirred at 25 °C for several days. After
confirming the disappearance of the starting material by TLC, a
large quantity of methanol was added to precipitate a yellowish
orange solid. Similarly, ligands H,L? to H,L> were allowed to react
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with the palladium salt. Since we found it difficult to elute the
products from a silica gel column, we attempted the purification
by reprecipitation from a diethyl ether/chloroform system.

[Pd,L1): Yield: 61 mg (10%). 'H NMR: 6 = 1.87 (d, J = 14.2 Hz,
4 H, Ar—CH,—), 2.34 (d, J = 142 Hz, 4 H, Ar—CH,—), 3.64 (s,
12 H, —OCHs;), 4.73 [s, 4 H, —C(=CH,)—], 6.31 (d, J = 8.0 Hz, 8
H, ArH—OCH,;), 6.60 (dd, J = 7.4 Hz, 7.3 Hz, 4 H, ArH—OPd),
6.61 (d, J = 7.4 Hz, 8 H, ArH—OCHj;), 7.09 (d, J/ = 7.3 Hz, 4 H,
ArH—-OPd), 7.11 (d, J = 7.6 Hz, 4 H, ArH—OPd), 7.61 (s, 4 H,
—CH=N-) ppm. *C NMR (213 K): § = 32.8, 55.7, 111.6, 113.1,
114.0, 114.4, 118.7, 124.7, 125.0, 131.8, 132.8, 134.3, 142.7, 149.9,
156.9, 162.6, 162.9 ppm. ESI(+) MS: m/z = 1245.5 (calcd. for [M
+ Na'*] 1245.0). IR (KBr): ve—n = 1609 cm !, Cg4Hs¢N4OgPd,
(1221.97): caled. C 62.90, H 4.62, N 4.58; found C 63.03, H 4.71,
N 4.51.

[Pd,L%): Yield: 72mg (10%). 'H NMR: 6 = 1.30 [s, 36 H,
—C(CHz)3], 1.88 (d, J = 14.1 Hz, 4 H, Ar—CH,—), 249 (d, J =
14.1 Hz, 4 H, Ar—CH,—), 3.61 (s, 12 H, —OCH,;), 4.78 [s, 4 H,
—-C(=CH,)-], 629 (m, 8 H, ArH—OCH;), 6.57 (m, 8 H,
ArH—-OCH3), 7.03 (d, J = 2.7Hz, 4 H, ArH-OPd), 7.25 (d, J =
2.0 Hz, 4 H, ArH—OPd), 7.64 (s, 4 H, —-CH=N-) ppm. *C NMR
(213 K): 0 = 31.5, 32.9, 33.6, 55.6, 111.3, 112.6, 114.4, 117.7, 125.0,
125.2, 128.0, 130.9, 132.2, 135.8, 143.3, 151.0, 156.6, 161.3, 163.1
ppm. ESI(+) MS: m/z = 1469.6 (calcd. for [M + Na*] 1269.4). IR
(KBr): ve—n = 1613 em™ ! CgoHggN4OgPd»(H,0)s (1500.43):
caled. C 64.03, H 6.31, N 3.73; found C 64.17, H 6.23, N 3.64.

[Pd,L3,]: Yield: 427 mg (67%). '"H NMR: § = 1.84 (d, J = 14.5 Hz,
4 H, Ar—CH,—), 240 (d, J = 144 Hz, 4 H, Ar—CH,—), 2.78 [s,
24 H, —N(CH;),], 4.68 [s, 4 H, —C(=CH;)—], 6.16 [d, J = 8.0 Hz,
8 H, ArH—-N(CHs),], 6.56 (dd, J = 7.5Hz, 7.5Hz, 4 H,
ArH—OPd), 6.57 [d, J = 7.6 Hz, 8 H, ArH—N(CH3),], 7.05 (d,
J = 6.6Hz, 4 H, ArH-OPd), 7.07 (d, J = 79Hz, 4 H,
ArH—OPd), 7.62 (s, 4 H, —=CH=N-) ppm. 3C NMR (298 K):
0=1332,41.2,112.2,112.8, 114.1, 119.3, 124.8, 132.1, 132.5, 133.9,
140.8, 149.1, 151.3, 162.5, 163.7 ppm. ESI(+) MS: m/z = 1297.2
(caled. for [M + Na't] 1297.1). IR (KBr): ve—n = 1611 cm™ L.
CesHesNgO4Pd,>(H,0) 5 (1283.15): caled. C 63.65, H 5.42, N 8.73;
found C 63.72, H 5.30, N 8.49.

[Pd,L4,]: Yield: 293 mg (42%). '"H NMR: § = 2.38 (d, J = 14.1 Hz,
4 H, Ar—CH,—), 2.53 (d, J = 14.5Hz, 4 H, Ar—CH,—), 3.79 (s,
8 H, —OCH,CH,0—), 3.89 (m, 8 H, Ar—OCH,CH,0—), 4.26 (m,
8 H, Ar—OCH,CH,0-), 4.76 [s, 4 H, —C(=CH,)—], 6.02 (dd,
J = 13Hz, 7.5Hz, 4 H, ArH-OPd), 6.58 (d, J = 7.5Hz, 4 H,
ArH—OPd), 6.64 (d, J = 8.0Hz, 4 H, ArH—OPd), 6.93 (d, J =
8.6Hz, 8 H, ArH—OCH,—), 7.14 (d, J = 8.6Hz, 4 H,
ArH—OCH,—), 7.46 (s, 4 H, —CH=N-) ppm. The '*C NMR
spectrum was not measured due to low solubility. ESI(+) MS:
mlz = 1417.2 (caled. for [M + Na*] 1417.1). IR (KBr): ve—n =
1610 cm ™', C7,HggN4O,Pd, (1394.14): caled. C 62.03, H 4.92, N
4.02; found C 61.81, H 5.07, N 4.13.

[Pd,L5,: Yield: 348 mg (47%). "H NMR: 6 = 2.32 (d, J = 14.5 Hz,
4 H, Ar—CH,—), 2.59 (d, J = 14.4 Hz, 4 H, Ar—CH,—), 3.81 (m,
16 H, —OCH,CH,0—), 3.93 (m, 8 H, Ar—OCH,CH,O—), 4.18
(m, 8 H, Ar—OCH,CH,0—), 4.75 [s, 4 H, —C(=CH>)—], 6.02 (dd,
J = 73Hz, 7.3 Hz, 4 H, ArH—OPd), 6.59 (d, J = 6.7 Hz, 4 H,
ArH—OPd), 6.61 (d, J = 7.8 Hz, 4 H, ArH—OPd), 6.87 (d, J =
87Hz, 8 H, ArH—OCH,-), 720 (d, J = 87Hz, 4 H,
ArH—OCH,—), 7.47 (s, 4 H, —CH=N—) ppm. *C NMR (213 K):
5 = 35.0, 66.5, 67.9, 69.7, 69.2, 112.7, 112.7, 113.0, 116.7, 125.2,
129.2, 130.7, 132.7, 142.2, 147.5, 155.5, 160.9, 161.6 ppm. ESI(+)
MS: mlz = 1505.4 (caled. for [M + Na*] 1505.2). IR (KBr):
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Veen = 1609 cm . Cy6H7¢N4O4Pd,(H,0)5 (1536.30): caled. C
59.41, H 5.38, N 3.65; found C 58.99, H 4.98, N 3.40. A single
crystal suitable for X-ray analysis was obtained by recrystallization
from chloroform/diethyl ether. Crystal data: CsgH3gN>O,Pd
(741.12); crystal system: monoclinic; space group: C2/c¢ (no. 15);
Z = 8 in a cell of dimensions ¢ = 21.259(8), b = 19.594(6), ¢ =
17.239(6) A, f = 111.153)°, V = 6697.2(4) A3, Deyeq. = 1.470 g/
cm?, 1 = 6.11 cm™!, 30806 measured and 7612 unique reflections
(201max = 55.0°, Ry = 0.128); R, = 0.045, R, = 0.082.

Synthesis of [Cu,L%]: A methanol solution (25 mL) of copper(i)
acetate monohydrate (20 mg, 0.1 mmol) was added to a solution of
H,L? (64 mg, 0.1 mmol) in chloroform (25 mL). The solution was
left at 25 °C without stirring for several hours. The resultant pre-
cipitate was collected by filtration. Yield: 64 mg (92%). ESI(+) MS:
mlz = 1419.3 (calcd. for [M + Na*] 1419.5). IR (KBr): ven =
1611 cm ™!, C7H76Cu,N,4O,4(CHCl3), (1635.25): caled. C 57.36, H
4.81, N 3.43; found C 57.97, H 4.38, N 3.31. A single crystal as
precipitated was used for the X-ray analysis. Crystal data:
C;3H33CuN,O4(CHCl3), (937.03); crystal system: triclinic; space
group: P1 (no. 2); Z = 2 in a cell of dimensions a = 11.968(1), b =
12.0109(9), ¢ = 17.706(2) A, a = 74.666(5)°, p = 70.671(4)°, y =
60.561(4)°, V' = 2075.6(3) A3, Dyieq. = 1.499 g/lem?; 1 =9.63cm ™!,
19156 measured and 8909 unique reflections (20,,., = 54.8°, Ry =
0.040); R, = 0.084, R, = 0.211.
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