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Dicopper complexes of bis-tren cryptand L1 having 1,4-xylyl
spacers, becoming a potential receptor for perfect linear recognition
of N3

-, generate a Cu−NNN−Cu unit inside the cryptand cavity.
Solid-state packing of this cascade complex shows the formation
of a thorough channel which encapsulate perchlorate anion within
the channel.

Homo dinuclear metal complexes of azacryptands such
as L1 and L2 (Chart 1) are suitable receptors for different
anionic species.1-6 This is because of two reasons: Each
metal center is coordinated in an N4 environment of a tren
subunit in a trigonal bipyramidal geometry leaving an axial
site vacant for anion guest coordination or the axial site is
coordinated to water molecule which might be replaced by
anionic guests. Moreover, these cascade receptors (dinuclear
metal complexes) provide an electrostatic field, developing
from the pair of positively charged cations for geometrically
well-defined coordinate bonds to each donor site from the

bridging anion (e.g., NCO-, N3
-). In 1992, Drew et al.

prepared a dicopper(II)µ-azido complex ofL1, and its
unusual spectroscopic properties were attributed to enforced
collinearity of the M-NNN-M assembly.1 Full structural
characterization of theµ-azido cryptate was elusive until
1996 when Harding et al. reported an X-ray structure derived
from a poor-quality data set of dicopper(II)µ-azido com-
plexes ofL2 showing a 1,3-briding mode of azide, i.e., the
Cu-NNN-Cu unit inside the cryptand cavity having a less-
regular environment at the copper centers; the CuNN angles
(N represents azide nitrogens) are 166.80° and 162.94°, the
CuNCu angle (where N is the center nitrogen atom of azide)
is 175.41°, and the NNN angle is 177.29°.4a Structural
characterization of a dinickel(II)µ-azido complex ofL2

reported also shows deviation from perfect linearity of the
M-NNN-M unit.4b The dicopper(II) complex ofL2 also
encapsulates other anions such as NCO-.4a The Br- encap-
sulation in a dicopper(II) cryptate containing 2,5-dimethyl-
furan spacers instead ofm-xylyl spacers inL2 has also been
determined by X-ray diffraction studies.6 While most of the
researchers’ efforts in structural elucidation of cascade
complexation have been dedicated to the bis-tren cryptand
L2 which contains rigid 3,5-xylyl spacers,3-6 much less has
been done withL1, which contains rigid 1,4-xylyl spacers.2

Recently, the cyanide-bridged and H3O2
- -bridged com-

plexes of dinuclear copper(II) cryptate ofL1 have been
reported.2a,7Herein we report crystallographic evidence of a
perfect linear recognition of azide inside the cavity of
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Chart 1. Octaamino Cryptand Having 1,4-Xylyl Spacers (L1) and 3,5-
Xylyl Spacers (L2)
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dinuclear copper(II) cryptates ofL1, and to the best of our
knowledge, no structural characterization of a perfect linear
M-NNN-M unit has been reported so far.8 Moreover, this
study shows perchlorate encapsulation inside the channel
formed by the solid state aggregation of cascade complex.

The macrobicyclic cryptandL1 and tetraperchlorate salt
of thep-xylyl-spaced dicopper(II) cryptate [Cu2L1](ClO4)4‚
4H2O (1) were synthesized according to the literature
procedure.7,9 When an acetonitrile/water solution of the1 in
presence of sodium azide is allowed to evaporate slowly in
air, a dark green crystal suitable for X-ray diffraction study
is obtained from the solution.10 Single-crystal X-ray diffrac-
tion revealed these to be [Cu2(N3)L1]‚(ClO4)3 (2) (Figure 1).11

Compound2 crystallizes in Trigonal space groupP3h1c in
the dimeric Cu(II) complex with the azide anion bridging
co-linearly the copper centers inside the cryptand cavity. The
molecule possesses aC3 symmetry passing through the apical
nitrogens N1, central metal ion Cu1, and the azido nitrogens

N3 and N4 (Figure 2). In addition to thisC3 symmetry, aC2

symmetry bisecting the C5-C6 bond of the phenyl ring and
the azide nitrogen N4 is also present in the cation. The
geometry around both the symmetry-related Cu(II) centers
of the dimeric unit can be described as “trigonal bypyrmidal”
with a perfect trigonal base provided by the coordination of
the secondary amino Nitrogen N2 from symmetry-oriented
cryptand arms with a distance Cu1‚‚‚N ) 2.125(4) Å. The
angles of the symmetrically coordinated secondary amine
from the amino cryptand arms forming the trigonal base is
∠N2-Cu1-N2 ) 119.11(3)°. The axial coordination is
provided by the apical bridgehead nitrogen N1 from the
cryptand and the azido nitrogen N3 in aµ-1,3 bridging mode
connecting the metal centers colinearly via the M-NNN-M
assembly, creating a dinuclear copper azido cascade complex.
The axial coordination distances of the nitrogen atoms N1
and N3 from the cryptand and azide moiety are Cu-N1 )
2.037(6) Å and Cu‚‚‚N3 ) 1.928(6) Å, respectively, indicat-
ing a stronger coordination through the azide anions. The
trans angle∠N(3)-Cu(1)-N(1) ) 180.0° clearly signifys
the perfect triogonal geometry around Cu(II). The 3-fold
symmetry of the molecule, in fact favoring aπ-π stacking
interaction between the azide and the symmetrically disposed
phenyl rings with a distance N4‚‚‚Cg ) 3.057 Å where Cg
is the centroid of the phenyl rings (Figure 2). The Cu‚‚‚Cu
separation distance in the azido bridged unit in complex2
is 6.188 Å, which is slightly higher than dicopper(II)µ-azido
complex ofL2 (Cu‚‚‚Cu ) 6.057 Å). This fine-tuning in
distance between metal centers in the case of2 might be
responsible for perfect linear recognition of azide bridging
between two copper centers having∠Cu-N-N, ∠Cu-N-
Cu, and∠N-N-N all are 180.0°.

The packing diagram of compound2 viewed downc axis
is depicted in Figure 3. Both the perchlorates located from
the difference Fourier map have aC3 symmetry with the
Cl2 located at the origin. As discussed earlier, the azide anion
being involved in cascade coordination to generate the
dinuclear Cu(II) compound with the azacryptand host is
noteworthy. However, the screw-related adjacent layers of
the cryptand moiety orient themselves creating thorough
hexagonal channels down thec axis, making themselves
available for the encapsulation of the perchlorate counter-
anion residing at the origin.
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Figure 1. ORTEP diagram depicting the cationic part of the compound
with atom-numbering scheme for compound2.

Figure 2. MERCURY diagram depicting the cationic part of the compound
showing the Cg‚‚‚N4 interaction in compound2; Cg represents the centroid
of the phenyl moiety.
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The second perchlorate anion, havingC3 symmetry, is
involved in one strong and two weak C-H‚‚‚O interactions
with the cryptand moiety. Thus, O2 and O3 are involved in
C-H‚‚‚O interactions with methylene hydrogens H1B and
H2A. whereas O4 is making strong contact with phenyl
hydrogen H5. Pertinent hydrogen-bonding interaction with
symmetry code are C(1)-H(1B)‚‚‚O(3): H(1B)‚‚‚O(3) )
2.44 Å, C(1)‚‚‚O(3) ) 3.19(2) Å and∠C(1)-H(1B)‚‚‚O(3)
) 134°; C(2)-H(2A)‚‚‚O(2): H(2A)‚‚‚O(2)) 2.52 Å, C(2)‚

‚‚O(2) ) 3.21(1) Å ∠C(2)-H(2A)‚‚‚O(2) ) 128°; C(5)-
H(5)‚‚‚O(4): H(5)‚‚‚O(4) ) 2.18 Å, C(5)‚‚‚O(4) ) 3.12(2)
Å, ∠C(5)-H(5)‚‚‚O(4) ) 178°. Salient features of the
present investigation are the cascade coordination of the azide
anion inside the cryptand cavity and the encapsulation of
the perchlorate anion by the virtue ofC3 symmetry possessed
by the cryptand cation to orient and self-assemble for making
the thorough hexagonal channels. Even though the perchlo-
rate anion inside the hexagonal channels is not involved in
any classic H-bonding interaction with the cryptand moiety,
the encapsulation of perchlorate anion can be attributed to
the tubular electrostatic force down thec axis spawned by
the surrounding azide cryptand with the perchlorate anions.
The cascade complex of dicopper(II) cryptate ofL1 described
herein is an example of perfect linear orientation of
M-NNN-M unit inside the cage, whereas those previously
reported were either bent or near-linear. Sensing studies with
this cascade complex are in progress.
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Figure 3. Packing diagram of complex1 viewed down thec axis showing
the close packing of the cryptand moiety creating a through hexagonal
channel down thec axis encapsulating the perchlorate anion inside the cavity
(hydrogen atoms attached to the cryptand and the second perchlorate anion
are omitted for clarity).
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