
A large number of macrocyclic Schiff-base ligands involving
the synthetic, thermodynamic and/or structural properties of
complex formation of a range of transition metal ions1 were
investigated previously as potential metal-ion-selective
reagents.2 Since the title compound has two N- and three O-
donor atoms in the macrocyclic ring, it may be a potential
metal-ion-selective reagent for transition, alkaline and alkaline
earth metal ions.

The title compound was prepared from the reduction of a
diimine-crown compound3 (2.0 g, 5.7 mmol) with borax (1.2 g,
30.0 mmol) and sodium borohydride (1.2 g, 31.0 mmol) in dry
methanol (300 ml).  The mixture was refluxed for 4 h.  Later,
methanol was evaporated and the residue was extracted with
diethylether.

The organic layer was dried with magnesium sulfate,
evaporated and crystallized from diethylether (mp 357 K).  The

results of an X-ray structure determination are given in Tables
1 – 3.  The hydrogen atoms were located by a difference Fourier
synthesis and a geometrical calculation, with the parameters of
16 hydrogen atoms (out of 56) also being refined.

The crystal has two molecules (Fig. 2) in an asymmetric unit.
The conformations of the two independent molecules in the
asymmetric unit are not considerably different from each other.
The ligand cavity plays an important role in the complexation
and metal-ion selectivity.  The intramolecular C19···O2
[5.658(5)], N1···O1 [5.591(6)], N1···O2 [4.829(6)], N2···O2
[4.059(6)], N2···O3 [4.737(5)Å] (molecule A) and C40···O5
[4.666(6)], N3···O5 [4.198(5)], N3···O6 [4.891(5)], N4···O4
[6.534(6)] N4···O5 [5.898(5)Å] (molecule B) distances may
indicate the hole sizes of the macrocyclic rings.  The relative
macrocyclic inner-hole sizes, estimated as being twice the mean
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Fig. 1 Chemical diagram.

Table 1 Crystal and experimental data

Formula: C21H28N2O3

Formula weight = 356.47
Crystal system: monoclinic
Space group: P21 Z = 4
a = 14.633(1)Å
b = 8.586(2)Å
c = 15.621(1)Å

 = 94.80(1)˚
V = 1955.71(4)Å3

Dx = 1.211 g/cm3

(Cu Kα) = 0.61 mm–1

T = 293 K
Colorless
Crystal size: 0.20 × 0.25 × 0.30 mm
λ(Cu Kα) = 1.54184 Å
R = 0.045 wR = 0.049
No. of reflections measured = 3849
No. of reflections used = 2542
[F >3.0 (F)]
No. of parameters = 532
Goodness-of-fit = 0.71
( / )max = 0.01
(∆ )max = 0.17
(∆ )min = –0.06
2 max = 148.7˚
Measurements: Enraf-Nonius  CAD-4 diffractometer
Program system: CAD-4 EXPRESS Software
Structure determination: MolEN
Refinement: full matrix least-squares 
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θFig. 2 Molecular structure of the title compound with the atom-
numbering scheme.  The thermal ellipsoids are drawn at the 50%
probability level.



distance of the donor atoms from their centroid, are
approximately 1.87 (molecule A) and 2.15 Å (molecule B),
using the “modified covalent radii” of the N sp2 (0.66 Å) and O
sp3 (0.76 Å) atoms, as in a literature method.4 The calculated
inner-hole sizes are smaller than the value 2.53 Å given for a
diaza-crown compound.5

The multidentate macrocyclic ligand contains intramolecular
hydrogen bonds [N2–H2 0.88, H2···O1 2.78 and N3–H3 0.87(4),
H3···O4 2.29(4)Å], which may be effective on the macrocyclic
inner-hole sizes.
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Table 2 Final atomic coordinates and equivalent isotropic 
thermal parameters

Atom x y z Beq/Å2

Beq = (8π2/3)ΣiΣjUijai*aj*(ai·aj).

Table 3 Bond distances (Å) and angles (˚)


