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Abstract—A novel class of multifunctional and multinucleate chalcogen (selenium and tellurium) containing derivatives (1–10) has
been developed based on sequential chloride substitution of 2,4,6-trichloro-1,3,5-triazine with chalcogen-bearing amines. The struc-
ture of compound 1 has been determined in the solid state by X-ray crystallography.
� 2004 Elsevier Ltd. All rights reserved.
There is continued interest in the rational design and
synthesis of new organic donors with variable donor
functionalities and their combinations with metals to
build supramolecular structures.1,2 Organic donors
bearing variable donor functionalities such as O, S, N
and P in their structural framework have been studied
for several years and continue to be an area of active re-
search for understanding the properties of donors that
offer the opportunity to design metal complexes for spe-
cific purposes and applications.3–5 The interplay be-
tween electronic and steric properties of a metal atom
has long been recognized but predictions related to the
behavior of organic donors remain difficult. The
behavior of selenium in organic species remains uncer-
tain. Studies of given systems are required before one
could arrive at conclusions about reactivity and applica-
tions. The presence of selenium in a given structural
motif of an organochalcogen species has a significant
influence on the final structure of a complex, especially
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with polydentate systems, where it influences the size,
shape, symmetry and the orientation of the donor
groups. For these reasons, we report herein the design
and synthesis of novel multifunctional organochalcogen
donors with the aim of examining and study the struc-
tures of derived species displaying new topologies and
perhaps new properties. The present systems are based
on 1,3,5-triazines that have been functionalized at the
2,4,6-positions with flexible organochalcogen-contain-
ing species. Various 2,4,6-trisubstituted 1,3,5-triazine
derivatives (e.g., amino, alkyl, aryl, alkoxy/aryloxy, aryl-
seleno/telluro and halides) are synthetically available
and have been prepared from 2,4,6-trichloro-1,3,5-tri-
azine (cyanuric chloride) by successive displacement of
the chlorine atoms by different nucleophiles.6 We
describe herein a synthetic protocol for flexible �hexa-
host� type molecules, which can be derived by the reac-
tion of ligand (L) with 2,4,6-trichloro-1,3,5-triazine
under mild conditions. The reaction in refluxing
acetonitrile solution gave disubstituted derivatives (1–
5) as the major (80–85%) products and trisubstituted
derivatives (6–10) as the minor (5–10%).7 Attempts to
alter the reaction conditions in order to produce (1–5)
or (6–10) as the sole species failed. Disubstituted
derivatives (1–5) once isolated react further with one

mailto:jaideo@chemistry.iitd.ernet.in


Figure 1. (a) Crystal structure of 2-chloro-4,6-bis(phenylselenoethyl-

amino)-1,3,5-triazine 1. (b) Crystal packing of 2-chloro-4,6-bis(phenyl-
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equivalent of their respective ligand (L) to give the de-
sired symmetrical tripods (6–10) in yields of 30–50%
(Scheme 1).

Physicochemical and spectral (IR, 1H, 13C, 77Se NMR,
FAB and ES-MS) studies revealed the formation of
disubstituted and trisubstituted species (1–10). In solu-
tion, disubstituted derivatives (1–5) showed two sets of
signals of equal intensity in their respective 1H, 13C
and 77Se NMR spectra. The spectra did not change even
when the temperature was decreased to 213K or at ele-
vated temperatures. No change in the multiplicity of
these derivatives were observed even when the 1H, 13C,
77Se NMR spectra were observed in coordinating sol-
vents such as DMSO-d6 or CF3COOD. Species (6–10)
displayed signals for organochalcogen species substi-
tuted at the 2,4,6-positions of 1,3,5-triazine ring with
the expected multiplicities in their respective 1H and
13C NMR spectra and were found to be consistent with
the formation of symmetrical structures. The ES-MS
data for 1–5 showed the expected molecular ion peaks.
Information regarding their associative phenomena
was observed for a saturated solution of the complexes
in their molecular weight determinations. A definitive
assignment of the structures of compounds 1–5 was per-
formed by X-ray structure determination of compound
1. Single crystal X-ray diffraction studies of 2-chloro-
4,6-bis(phenylselenoethylamino)-1,3,5-triazine 1 re-
vealed that the molecule crystallizes in a triclinic, P-1,
space group with two molecules per unit cell. A perspec-
tive view of the molecular structure and crystal packing
is given in Figure 1a and b. The molecule is oriented in
such a way that both arms of each substituted
–N(CH2CH2SePh)2 groups point to the opposite side
of each other. As a result one pair of arms comes closer
to each other with a Se(1B)� � �Se(1C) separation of
4.919Å while the other pair are farther from each other
with a Se(1A)� � �Se(1D) separation of 11.466Å thus
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selenoethylamino)-1,3,5-triazine 1.
providing a very open conformation. The exocyclic
C(2)–N(1Y) and C(3)–N(1X) bonds are 1.350(4) and
1.345(5) Å, respectively, being shorter than the other
C–N bonds [C(1A)–N(1Y) 1.473(5) and C(1C)–N(1X)
1.480(4) Å] originating from N(1X) and N(1Y).8 Also,
the sum of the bond angles around N(1X) and N(1Y)
are 360� signifying sp2 hybridized nitrogens. The in-
creased double bond character of the exocyclic C–N
bonds resulting from conjugation of the lone pair of
the amino nitrogen with the electron deficient triazine
ring restrict the rotation about the triazine-N3C3-
(CH2CH2SePh)2 bonds. If we consider that restricted
rotation9a is the possible cause for further splitting of
the NMR signals then an identical spectral pattern could
also be expected for its sulfur analogue [2-chloro-4,6-
bis(2-thiopyridylethylamine)-1,3,5-triazine]. However,
the spectral pattern of the sulfur analogue represented
a symmetrical structure although its crystal structure
gave a clear indication of restricted rotation due to the
increased double bond character of the exocyclic C–N
bonds.9b The structural parameters clearly indicate that
both sulfur atoms are in identical environments in the
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solid state, as a result expected multiplicity was observed
in solution (at room temperature) despite restricted
rotation. The noticeable feature in the X-ray structure
of compound 1 was the unusual Se–C (aliphatic) and
Se–C (aromatic) bonds, suggesting that at least two dif-
ferent selenium environments are present in the solid
state. The presence of two signals of equal intensity in
the 77Se NMR spectrum of compound 1 not only con-
firms the two different environments for selenium atoms
but also suggests that the molecule is retaining its solid-
state structure in solution. However, there are no close
intramolecular or intermolecular contacts between sele-
nium atoms or selenium and heteroatoms. Thus the
presence of two magnetically non-equivalent environ-
ments due to the selenium atoms is responsible for the
observed multiplicities in the 1H, 13C and 77Se NMR
spectra and significantly influences the resultant struc-
ture. Nevertheless, trisubstituted species (6–10) showed
the expected multiplicities in their respective 1H, 13C and
77Se NMR spectra, undoubtedly indicating that these
molecules have a symmetrical structure.

Although there are a few organochalcogen donors, both
acyclic and cyclic in nature, with higher denticity, and
their metal complexes are well known, a working meth-
odology for creating extended-reach structures using
heavier chalcogens has not been formulated. The com-
pounds prepared in the present study (1–5 and 6–10)
are both polydentate and polynucleating and may have
future applicability in creating extended-reach structures.
Further investigations on the structural aspects and
elaboration of these donor systems are currently under-
way and will be published in due course.
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