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Abstract: Azamacrocycles 1-4 were synthesized from 9 in 20-30% overall yields. Com-
pounds 1 and 2 extracted some metal ions into organic solvents, but 3 and 4 did not. The
crystal structure of the Ag(I) complex of 1 has been determined.
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Polyaza macrocycles have received much attention as receptors of both organic anions! and metal cat-
ions.2 It is widely accepted that the size of the macrocyclic ring is an important factor in controlling metal ion
selectivity.3 It is also reported that metal ion selectivity is regulated more by the chelate ring size than by the ring
size of polyaza macrocycles.? In 1982, Ramasubbu and Wainwright described the incorporation of the pipera-
zine unit in 1,4,7,10-tetra-azacyclododecane to circumscribe Ni(I) rigidly.> Since that time, several
azamacrocycles structurally reinforced by the piperazine unit have been synthesized for metal selective ligands.6
Here, we report the syntheses of new polyaza macrocycles 1-4 containing (2R,5R)-diphenylpiperazine as a struc-
tural unit, where 2,5-cis-diphenyl groups provide a hydrophobic nature as well as additional structural reinforce-
ment of the macrocyclic ring, and extraction of metal ions by 1 and 2 into chloroform. The 18-membered ligand
5 binds to Pb(II).%a Lithium cation is selectively extracted by a cyclophane-type macrocycle 6.5 However, none
of the polyaza macrocycles structurally reinforced by piperazine rings are reported to coordinate to Ag(l).
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Synthesis of 17 starts from acylation of (2R,5R)-1-tert-butoxycarbonyl-2,5-diphenylpiperazine (9)8 with
2,6-pyridinedicarbonyl dichloride to give 10 in 84% yield after acid hydrolysis. Acylation of 10 with 2,6-
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pyridinedicarbonyl dichloride was performed under high dilution conditions with Cs2COs3 as a base to give 11 in
52% yield. Reduction of 11 with aluminum hydride gave 1 in 63% yield. Other macrocycles 2 - 4 were synthe-
sized in a similar manner to that for 1 in 20 -30% overall yield from 9.

Preliminary results of metal 2,4-dinitrophenolate extraction into chloroform showed that 1 could extract
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Ag() , Hg(I) and (II), Cu(I), T1(I) and 2 extracted Ag(I) and Hg(I), while the other two macrocycles 3 and 4 did
not extract any of metal cations tested.9 It was suggested that the presence of a hetero atom in the chain connect-
ing two piperazine rings was indispensable for metal binding. The Ag(I) complex of 1 was isolated from a
mixture of 1 and AgClO4 in CHClp, and the crystal structure of the complex was determined (Figure 1a).10

Figure 1. (a) Crystal structure of the complex (1°Ag)*C104*CHzCl,. Hydrogen
atoms, ClO4", and CHCl are omitted for clarity. (b) The lowest energy conforma-
tion of 1 calculated by MacroModel (ver 4.5). Hydrogen atoms are omitted for
clarity.
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Both piperazine rings exist in chair form. The piperazine ring of the Ni(Il) complex of 7 and those of the
dinuclear Cu(Il) complex of 8 are reported to assume the boat conformation.6b.d As clearly seen from the crystal
structure, three lone pairs in the southern hemisphere of the macrocyclic ring are located and pointing suitably to
coordinate to Ag(I) and those in the northern hemisphere are exposed outside of the ring. Molecular mechanics
(MM) calculations!! on the free host 1, however, gave another structure as shown in Figure 1b as the lowest
energy conformation, where one of the piperazine rings flips to an alternative chair conformation. Thus, it is
assumed that the reorganization of the macrocycle 1 operates to bind to specific metal cations (induced fit). The
most stable conformation of the macrocycle 4 calculated by MM!11 is almost identical with that of the solid state
determined by X-ray analysis (Figure 2),12 which supports the validity of the calculation for 1.

Figure 2. (a) Crystal structure of 4. (b) The lowest energy conformation of 4
calculated by MacroModel (ver 4.5). Hydrogen atoms are omitted for clarity.

Complexation of 1 with Ag(I) caused downfield shifts for all of the protons but one in the aromatic region
in 1H NMR spectrum, a part of which is shown in Figure 3. Two distinct triplets (5 7.19 and 7.59, 1H each, J =
7.7 Hz) appeared in the complex. These observations also indicate the incorporation of the metal ion into the

host 1 in solution, in such a way as ob-
served for the solid state, where the
complexed and the uncomplexed pyri-
dine rings both exist. This means that
the rapid equilibrium between the
complexed and the uncomplexed
macrocycle 1 is not established on the
NMR time scale.

In conclusion, we have synthe-
sized polyaza macrocycles containing
piperazine units as a partially flexible
moiety, which extracted several metal
cations including Ag(I) into organic
solvents, and showed that one of the
piperazine rings in 1 was flipped to an
alternative chair conformation to bind
with Ag(I).
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Figure 3. 'H NMR spectra of the § 3 to 5 ppm region in
CDCl; at 25 °C. (a) Free host 1 and (b) the 1: 1 mixture
of AgClO4 and 1.
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