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Abstract—The design and synthesis of a new family of potentially pentadentate N3Se2 or N3Te2 type donors bearing a 2,6-disub-
stituted pyridine dicarboxamide moiety as the central fragment [–NH–C(@O)–pyridine–C(@O)–NH–] functionalized with chalcogen
as additional donors in the appended arms of the pyridine ring through the alkyl spacers and their potential applications and reac-
tivity toward d8 and d10 metal ions have been demonstrated.
� 2005 Elsevier Ltd. All rights reserved.
The design, synthesis, and study of organic host mole-
cules that can accommodate cationic, neutral, or anionic
guests is a thriving field of research1–5 with increasing
emphasis on the use of a combination of dynamic coor-
dination chemistry and hydrogen bonding to allow more
efficient syntheses of host molecules through self-assem-
bly.6,7 Intimately, organic carboxamides have proved to
be spectacular ligands in self-assembly processes
through hydrogen bonding and have also shown rele-
vance to biological systems.8

It has been established that the protonated forms of
these species prefer the syn–syn conformation because
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of electrostatic interactions between the amide (NH)
protons and the pyridine nitrogen. The presence of
�exo� amide carbonyl oxygen (C@O) atoms that can
act as hydrogen bond acceptors, present two favorable
N–H� � �N and C–H� � �O electrostatic interactions (Chart
1a and b).9 Consequently, the known patterns of hydro-
gen bonding of the amide functionality make the
systems useful building blocks for supramolecular
architectures. For example, oligoamides have been
designed such that can fold to give single or double heli-
ces as well as other supramolecular assemblies.8 In addi-
tion, amide-linked catenanes, rotaxanes, and knots have
been prepared by template synthesis.10 Cyclic peptides
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Figure 1. Two energetically different conformations (i) and (ii) of 1.
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can self-assemble to give interesting supramolecular
structures, most notably nanotubes via amide–amide
hydrogen bonding.8,9 Pyridinedicarboxamides have also
proved to be excellent tridentate ligands in coordination
chemistry after deprotonation of the amide nitrogens
(Chart 1c).11 In this manner, complexation does not
induce a conformational change of the ligand (Chart
1c and d). Additionally, incorporation of heteroatom(s)
in such systems through appended arms has meanwhile
had a further dramatic influence on the reactive proper-
ties of these systems.12 For example, polydentate amide-
containing ligands have been instrumental in uncovering
structure–activity relationships in bleomycin models and
in determining the details of iron–bleomycin redox
chemistry.13 On the other hand, exploiting the unique
coordination properties of these donors provides oppor-
tunities for the design of selective sensors and extract-
ants with high affinity and selectivity for specific ions
and has been another ongoing goal of researchers in this
area.14 Due to the above reasons and our continued
efforts to understand the role of chalcogens (in parti-
cular, selenium and tellurium) in multifunctional frame-
works, we report herein chalcogen-substituted pyridine
dicarboxamide systems, potentially pentadentate (N3Se2)
in nature, with the motivation that judicially positioned
chalcogen atoms in a multifunctional core may substan-
tially reduce the flexibility of the appended arms and
ensure the possibility that the designed molecular species
would retain their solid-state structures in solution.15

Moreover, the presence of chalcogens in such frame-
works in addition to carboxamide units may provide
new opportunities for their study and, in principle,
might provide different coordination possibilities, thus
new structural motifs may also be expected.16 In view
of the above facts, we disclose our preliminary results
on potentially pentadentate donors bearing N3Se2 type
donors and their reactivity toward d8 and d10 metal ions.
Molecular species 1–7, possessing 2,6-disubstituted cen-
tral pyridine frameworks [O@C–N(H)–(diamide)link-
age] and appended arms bearing selenium or tellurium
as additional donors, were prepared by the reaction of
2,6-pyridinedicarbonyl dichloride and arylselenoethyl-
amine in acetonitrile at room temperature Scheme 1.
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Formation of both mono- and disubstituted derivatives
was observed.

However, the disubstituted derivatives were the major
products and were obtained as light yellow viscous liq-
uids after chromatographic separation.17 These com-
pounds were found to be soluble in common organic
solvents such as dichloromethane, chloroform, metha-
nol, and acetonitrile. The structures of these species were
established on the basis of physicochemical studies such
as IR, 1H NMR, 13C NMR, and mass spectrometry.
Molecular species based on the pyridine dicarboxamide
unit can assume various conformations as observed
previously, but if intramolecular hydrogen bonding is
assumed to be operational then only two arrangements
of the dicarboxamide-based compounds in the present
study can be considered to occur in solution state
(Fig. 1).

The probability of a syn–anti conformation across the
aryl-CO bond (ii) is low on the basis of the 1H NMR
spectrum of the compound, because if this had been
the case there should be two signals for the amide
protons but only one signal for the amide protons is
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actually observed for this species. Furthermore, if con-
formation (ii) was present in solution then a �through–
space� interaction of the amide proton (Hc) with the
meta proton (Hb) of the pyridine ring can be expected.
Thus, the molecules in the present study exclusively exist
in the syn–syn conformation (i) in solution at least. Mole-
cules bearing architectures of the type (i) have shown
wide applications in diverse areas of chemistry. For
example, in molecular recognition as receptors or as li-
gands for solvent extraction which in addition to their
unique coordination chemistry have been the prime tar-
gets of studies.12,18 The receptor abilities of the mole-
cular species, in particular, the reactions of 1 with ZnCl2,
Zn(ClO4)2, CdCl2, Cd(ClO4)2, and HgCl2 were exam-
ined. Since the donor moiety contains both �hard� �N�
and �soft� �Se� atoms, it seemed unnatural to us to accept
that the donors had no affinity with d10 metal ions
(Zn2+, Cd2+, and Hg2+). It has been observed by Boro-
vik et al. that in polydentate systems the relative posi-
tion of the heteroatom and their interactions with
metal ions largely depends on the stereochemical prefer-
ence of the metal ion and not on the geometric require-
ments of the ligand.19 Thus, in order to check the effect
of the size and influence of the metal ion on the geo-
metry of the resulting complex, the behavior of 1 was
also examined with smaller d8 metal(II) ions. Further,
the molecular species 1 showed no affinity for Ni and
Pt ions even under basic conditions where deprotona-
tion of the donor is also expected. Even in the cases of
Ni2+ or Ag1+ ions no complexation was observed even
after several days of reaction at room temperature. 1H
NMR titrations of 1 with Zn2+, Cd2+, and Ag+ were
also carried out in order to understand the nature and
extent of possible interactions taking place in solution
state. The NMR data were processed using the Win
EQ NMR program and were found to fit well with a
1:1 (M:L) model for Zn2+ and Cd2+ species and with a
2:1 (M:L) model for Ag+ species. However, when 1
was treated with Pd2+ under normal reaction conditions
at ambient temperature, a bright orange precipitate
was produced.20 The interaction of species 1 with Pd2+

ions, and the exclusion of Zn2+, Cd2+, Hg2+, Ni2+,
and even Ag1+ ions is intriguing. Even if the size matters
Figure 2. ORTEP diagram of the palladium complex of 1.
and the ligand is excluding the larger Cd2+ and Hg2+

ions and the smaller Zn2+ ion then it should allow com-
plexation with either the Ni2+ or Ag1+ ions that approx-
imate to Pd2+ in their ionic radii and also have affinity
for selenium. The ES-MS spectrum for the palladium
complex did not reveal the molecular ion peak for this
complex but revealed the presence of a signal at m/z
666, which corresponded to the Pd:L moiety. Definitive
elucidation of the coordination behavior of donor 1 to-
ward palladium and the final structure of the complex
were established by single crystal X-ray diffraction stud-
ies.21 The crystal structure for the palladium complex22

of 1 is shown in Figure 2.

The complex adopted a �chair-like� conformation there-
by separating the planes of the N3 and Se2 donor sets
considerably. The N3 donor set behaves as the back-rest
of the chair while the Se2 donor set is placed on the arm-
rest of the so called �chair-like� conformation. The �chair-
like� conformation is further stabilized by strong
intramolecular hydrogen bonding between one of the
chlorine atoms attached to palladium and the amide
protons, which further conclusively explains the down-
field shift of the amide protons observed in the 1H
NMR spectrum of the complex.20 Molecular modeling23

revealed that the similar specific orientation might also
be present in solution for the ligand 1, which hence
can be held responsible for the different behavior of
the ligand toward d8 and d10 metal ions.

Nevertheless, the reactivity which is dependent upon
numerous factors such as the nature of the metal (coor-
dination numbers and stereochemical preferences), the
structure of the ligand, the existence of noncovalent
interactions, etc., needs to be addressed in a given sys-
tem before one can arrive at a conclusion about their
structures, reactivity, and applications. These reactions
are yet to be optimized in order to achieve the long-term
goal of proving the role of selenium and its value in pre-
cursors for supramolecular species as well as its applica-
tion in ion-exchange extraction methodology for rapid
screening of potential extractants, and as receptors and
sensors for toxic metals. This optimization, along with
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the preparation and study of complexes with different
metal ions are under progress and are the focus of
our ongoing studies. We are also planning extensive
structural and spectroscopic studies with 1 and ana-
logous chelates to define the role of selenium in such
systems.
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3315 (s), 3010 (w), 2920 (w), 2360 (w), 1667 (s), 1589 (w)
1517 (s), 1440 (w), 1410 (w), 1356 (w), 1264 (m), 1233 (w),
1184 (m), 1118 (w), 1012 (m), 848 (m), 802 (m), 758 (m),
645 (m), 616 (m), 486 (m). 1H NMR (300 MHz, CDCl3):
d = 8.97 (2H, br, –CONH–), 8.43 (2H, d, J = 7.7 Hz,
pyH), 8.07 (1H, t, J = 7.8 Hz, pyH), 7.74 (4H, d,
J = 7.5 Hz, ArH), 7.15 (4H, d, J = 7.7 Hz, ArH), 4.65
(2H, m, aliphatic H), 4.26 (2H, m, aliphatic H), 3.78 (2H,
m, aliphatic H), 2.78 (2H, m, aliphatic H), 2.36 (6H, s,
–CH3).

13C NMR (75 MHz, CDCl3): d = 164.3 (–CONH–),
148.5 (pyC), 140.6 (ArC), 138.7 (pyC), 133.0 (ArC), 130.5
(ArC), 125.4 (pyC), 116.3 (ArC), 38.4 (–CH2–NH–), 31.3
(–CH2–Se–), 21.3 (ArC). MS (ES-MS) m/z 666 (M+�2Cl,
12%).

21. Crystallographic data for the Pd(II) complex: C25H25Cl2-
N3O2PdSe2,M = 734.70 g mol�1, monoclinic, space group
P2(1)/c, a = 26.266(5), b = 10.6442(19), c = 31.721(6) Å,
V = 8409(3) Å3, Z = 12, 19907 reflections collected, 19,907
independent reflections. Final R1 = 0.0824 and wR2 =
0.2175 (all data). The unit cell is composed of three
crystallographically independent molecules exhibiting sim-
ilar conformations. The amidate and pyridine nitrogens
are in a sterically more prohibitive chelating role and
adopt a chair-like conformation. This configuration allows
both the selenium atoms of the ligand to coordinate with
palladium providing a distorted square planar arrange-
ment around palladium.

22. Crystallographic data for the Pd(II) complex have been
deposited at the Cambridge Crystallographic Data Centre,
CCDC No. 246349. Copies of this information may be
obtained free of charge from The Director, CCDC, 12
Union Road, Cambridge, CB2 1EZ, UK (+44 1223
336408; e-mail: deposit@ccdc.cam.ac.uk or http://www.
ccdc.cam.ac.uk).

23. The energy minimized structure for compound 1 repre-
sents the chair-like conformation having N3 donors and
Se2 donors in two different planes.

http://www.ccdc.cam.ac.uk
http://www.ccdc.cam.ac.uk
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