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Abstract—The synthesis and characterization data for an intriguing family of sterically encumbered tetrasubstituted organoselenium
species are described. The open exterior geometry and flexibility of the multiple soft selenium-containing donor arms enhances
conformational organization thus allowing the molecule to reveal a propensity for trapping Hg(II) ions. Preliminary studies on
the ion-sensing properties of these molecules revealed that they can act as selective ionophores for Hg(II) ions.
� 2007 Elsevier Ltd. All rights reserved.
In continuation of our research in the area of organo-
selenium chemistry we became interested in designing
organoselenium-based polynucleating centres in which
the open coordination site of selenium can be restricted
sterically by incorporating allied organic groups.1 This
work was also undertaken knowing that cyclic ana-
logues of crown ethers and thia-crown ethers exclusively
based on selenium present fairly rigid molecular struc-
tures due to intermolecular Se� � �Se interactions.2 We
also speculated that the selectivity of some of the sele-
nium-based acyclic systems, depending on their design,
might reveal unique behaviour towards guests.3a The
presence of selenium in the structural motif of an organo-
chalcogen species has a significant influence on the final
structure of a complex, especially with polynucleating
centres, where it influences the size, shape, symmetry
and orientation of the donor groups.3 The specific orien-
tation of the donor selenium sites in a polynuclear spe-
cies may also be controlled by a large number of
weaker interactions, available due to heteroatoms pres-
ent in allied organic groups and on selenium and thus
the organochalcogens may exhibit more diverse behav-
iour than anticipated.4

If such were the case, then a study of a polynuclear
system might be more rewarding as it would allow the
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donor molecule to overcome the coordinating flexibility
of soft selenium with various metal ions (without hard–
soft discrimination) in a more reliable and competitive
manner. This balance might lead to complementarities
and high-affinity interactions especially in aliphatic
selenium compounds as host molecules. Problems of
insolubility, nonspecific binding or the formation of
extended-reach structures, as have been frequently
observed in polyarylsubstituted selenium derivatives
might also be avoided.

The synthetic protocol5 developed to access 1–12 is out-
lined in Scheme 1. The stability of these molecules was
remarkable in contrast to their simplest mononuclear
alkylselenium analogues. All the compounds were char-
acterized by elemental analysis, FAB mass, ES-MS, 1H,
13C and 77Se NMR spectroscopy.6

These systems have soft selenium centres and may have
strong binding ability towards soft metal ions. The
incorporation of selenium atoms substituted at the
1,2,4,5-positions of the central benzene ring leads to
architectures which can act as suitable bridging-biden-
tate chelating ligands towards M2+ ions. The tetrakis-
(iso-propylselenomethyl) benzene (3) is ineffective in
coordinating metal ions such as Cr3+, Mn2+, Fe2+,
Co2+, Ni2+, Cu2+, Cu+, Ag+, Zn2+ and Cd2+. Similar
observations were also observed with the tetrakis-(sec-
butylselenomethyl) benzene (5) moiety. The results were
intriguing as coordination of these metal ions with orga-
noselenium donors are well described in the literature.7
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The receptor properties of structurally related thio-ana-
logues with varying chain lengths and branching have
also been studied with transition-metal ions by Vögtle
and Weber but these analogues showed no donor–
acceptor properties.8 These results were explained by
steric crowding. Initially, we assumed that the reduced
reactivity of the molecules might be due to the increased
steric congestion around selenium as observed in the
thio-analogues. However, we did not observe any line
broadening of the benzylic –CH2 signals in their respec-
tive 1H NMR spectra. We also examined the UV–vis
spectroscopic behaviour on addition of metal ions (such
Figure 1. (a) Absorption spectra of species 3 (1 · 10�4 M, in acetonitrile)
formation of a Hg-complex with species 3. (b) The arrows show the appea
successive addition of a solution of HgI2 (1 · 10�3 M) in acetonitrile to a solu
pH).
as, Hg2+, Cr3+, Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Cu+,
Ag+, Zn2+ and Cd2+) to a solution of species 3 or 5
and observed spectral changes only with Hg2+ ions as
shown in Figure 1.

The complexation process caused notable changes in the
absorption spectrum of 3 upon the addition of an
increasing amount of Hg2+ ions. Addition of a solution
of Ag(I), Pb(II) and Cd(II) ions to solutions of either 3
or 5 did not induce any change in the UV–vis spectra.
Since, coordination to selenium is not an exclusive fea-
ture of mercury, the non-reactivity of species 3 with
, HgI2 (1 · 10�4 M, in acetonitrile) and changes associated with the
rance of two new bands with an increase in the absorbance on each
tion of species 3 (concn = 1 · 10�4 M) in acetonitrile (at almost neutral



Figure 2. Perspective view of mercury complex 13a [tetrakis-(sec-butylselenomethyl)benzene with HgI2] [C26H46Se4Æ2HgI2] (13a) showing
intramolecular Se� � �H bonding.

Figure 3. Response of a Hg2+ ion templated electrode based on species
3 and other metal ions.
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other metal ions is strange, particularly Cu+, Ag+, Pb2+

and Cd2+ ions. The flexibility of the arms, steric bulk,
open exterior geometry and multiple soft selenium
donor sites make these molecules potential candidates
for trapping Hg(II) selectively. Both a 1:1 complex and
a 2:1 complex (metal–ligand) are successively formed,
which is in complete agreement with physicochemical
data.9

X-ray crystallographic study of species 13a (Fig. 2)
revealed that the Hg–Se bond distances were in the
range of 2.735–2.747 Å, being slightly longer than the
sum of the covalent radii (Hg + Se = 2.67 Å). Due to
the larger bite angle formed by the donor arms around
Hg(II) in the complex (Se–Hg–Se bite angle 98.30�),
weaker (Hg–Se) coordination may be occurring. The
formation of both a 1:1 complex and a 2:1 complex
(metal–ligand) under two different reaction conditions
suggests that Hg(II) ions may be labile in solution.
Therefore, the stability and formation of a 1:2 complex
13a (at room temperature) and a 1:1 complex 13b at an
elevated temperature (60 �C) may be best explained due
to the steric crowding and Se� � �H bonding4 which be-
comes weaker at an elevated temperature in the latter
complex thus yielding complex 13b in 1:1 stoichiometry.

Preliminary studies with ion-selective electrodes (ISEs)
based on molecular species 3, as shown in Figure 3,
demonstrate that the ionophore displays a high selectiv-
ity towards Hg2+ over a number of other cations includ-
ing soft metal cations such as Ag(I) and Pb(II).10–13 The
detection limit of the electrode for Hg2+ ions was found
to be 7.94 · 10�5 M. No pH adjustments were required
because the pH of pure solutions of Hg(NO3)2 lies with-
in the functional pH range of the sensors.

In conclusion, we have described the synthesis of a
family of stable tetra(alkylselenium) molecules. The
examples illustrated herein suggest that there is great
potential for the design of sterically encumbered
organoselenium molecules to bind environmentally
toxic metal ions selectively. Further investigations and



4740 M. Maheshwari et al. / Tetrahedron Letters 48 (2007) 4737–4741
elaboration of such donor architectures are currently
underway in our laboratories.
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D. B.; Köppel, H.; Gleiter, R. J. Am. Chem. Soc. 2006,
128, 2666–2674; (f) Mansfield, N. E.; Grundy, J.; Coles,
M. P.; Avent, Anthony G.; Hitchcock, P. B. J. Am. Chem.
Soc. 2006, 128, 13879–13893.

5. Procedures similar to those used for arylseleno substitu-
tion were adopted and found to be equally effective and a
successful strategy for alkylselenium substitution. For
example, sodium alkylselenolate ions can be generated
in situ by reduction of the corresponding dialkyl diselenide
in aqueous THF with sodium borohydride at 0 �C.
Alkylselenolate anions thus generated reacted cleanly with
tetrabromomethylbenzene and, after completion of the
reaction, the product in solution was recovered by
conventional aqueous workup in excellent yields (>60%)
and high purity. (a) Milton, M. D.; Kumar, N.; Sokhi, S.
S.; Singh, S.; Singh, J. D. Tetrahedron Lett. 2004, 45,
6453–6455; (b) Kumar, N.; Milton, M. D.; Singh, J. D.
Tetrahedron Lett. 2004, 45, 6611–6613.
6. Physicochemical data for 3: Light yellow solid. Yield: 75%,
mp 154 �C. IR (KBr pellets): m (cm�1) = 3382, 2915, 1684,
1561, 1492, 1423, 1288. 1H NMR (CDCl3, 300 MHz): d
6.93 (s, 2H, Ar), 4.26 (s, 8H, –CH2), 3.15 (m, 4H, –CH),
1.56 (d, J = 6.4 Hz, 24H, –CH3). Anal. Calcd for
C22H38Se4: C, 42.73; H, 6.19. Found: C, 42.41; H, 6.23.
Compound 5: White crystalline solid. Yield: 68%, mp
59 �C. IR (KBr pellets): m (cm�1) = 2950, 2865, 1678, 1551,
1444, 1332, 1220, 1162. 1H NMR (CDCl3, 300 MHz): d
6.95 (s, 2H, Ar), 3.83 (s, 8H, –CH2), 2.81 (m, 4H, –CH),
1.64–1.51 (m, 8H, –CH2), 1.38 (d, J = 6.2 Hz, 12H, –CH3),
0.92 (t, J = 6.9 Hz, 12H, –CH3). 13C NMR (CDCl3,
75 MHz): d 134.05, 133.4, 30.6, 25.06, 23.78, 22.5, 14.03.
77Se NMR (CDCl3, 57.25 MHz): d 259.5. Anal. Calcd for
C26H46Se4: C, 46.30; H, 6.87. Found: C, 45.98; H, 6.74;
Compound 6: Light yellow solid. Yield: 61%, mp 62 �C.
IR (KBr pellets): m (cm�1) = 2949, 2854, 1687, 1557, 1449,
1457, 1363, 1155. 1H NMR (CDCl3, 300 MHz): d 7.15 (s,
2H, Ar), 3.92 (s, 8H, –CH2), 1.52 (s, 36H, –CH3). Anal.
Calcd for C26H46Se4: C, 46.30; H, 6.87. Found: C, 45.46;
H, 6.71.

7. (a) Hope, E. G.; Levason, W. Coord. Chem. Rev. 1993,
122, 109–170; (b) Levason, W.; Reid, G. J. Chem. Soc.,
Dalton Trans. 2001, 2953–2960; (c) Levason, W.; Orchard,
S. D.; Reid, G. Coord. Chem. Rev. 2002, 225, 159–199.
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sulfur atom. (a) Bühlmann, P.; Pretsch, E.; Bakker, E.
Chem. Rev. 1998, 98, 1593–1687; (b) Ono, A.; Togashi, H.

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


M. Maheshwari et al. / Tetrahedron Letters 48 (2007) 4737–4741 4741
Angew. Chem., Int. Ed. 2004, 43, 4300–4302; (c) Gold-
camp, M. J.; Ashley, K.; Edison, S. E.; Pretty, J.;
Shumaker, J. Electroanalysis 2005, 17, 1015–1018; (d)
Ros-Lis, J. V.; Marcos, M. D.; Máñez, R.-M.; Rurack, K.;
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