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The pentadentate N4O amine−imine−naphthol ligand (HLD) con-
taining rigid 8,16-imino-8H,16H-dinaphtho[2,1-b:2,1-f][1,5]dioxocin
is formed preferentially, under visible light irradiation conditions,
instead of the product H3L, expected from imidazolidine ring
formation. A strained chelate bite enforces the first bridgehead
nitrogen coordination to a copper(II) ion from the bicyclic imino-
dioxocin part of the ligand as shown by X-ray crystallography.

Ligands bearing rigid bulky groups with potential donor
sites can impose strained coordination geometries around
metal ions upon binding. Like Tro¨ger’s base (A), both
epoxydioxocin (B) and iminodioxocin (C) have rigid concave
shapes (Figure 1) and if incorporated within a multidentate
ligand backbone are expected to give novel bridgehead
oxygen or nitrogen coordination compounds. However, in
the field of coordination chemistry, no iminodioxocin-based
ligand system has been reported to date. The synthesis of
sterically constrained ligands is of primary importance in
coordination chemistry. The variation of the electronic and
steric properties of the donor groups has a significant effect
on the structure and reactivity of the resulting complexes.
The anhydro dimer ofo-hydroxybenzaldehyde (D), 6H,12H-
6,12-epoxybenzo[b,f][1,5]dioxocin (E), is prepared by the
addition of a dehydrating agent with a catalytic amount of
acid present,1 while the correspondingo-hydroxynaphthal-
dehyde-based analogue is also known (Scheme 1).2 The same
reaction in the presence of ammonium acetate in ethanol
gives the imino derivative.3 Thus, steric constraint and
conformational rigidity within a multidentate ligand system
can be achieved, for example, through iminodioxocin forma-
tion on a linear tetramine. Earlier we showed that heterocyclic
N-C-N bridging ligands can be obtained from imidazoli-

dine ring formation reactions occurring at the central
ethylenediamine segment of the tetramine backbone of
multidentate ligands.4,5 In the reaction of the proligand H2L
with o-hydroxybenzaldehyde oro-hydroxynaphthaldehyde,
a competition occurs between the formation of the imida-
zolidine ring4-8 and the iminodioxocin ring (Scheme 2).2,3,9

The characteristic head-to-tail trioxabicyclo[3.3.1]nonane10

bis-acetal nucleus is present in preussomerins,11,12 a family
of fungal metabolites, and shows biological activity. In the
present Communication, we report the first synthesis of an
iminodioxabicyclo[3.3.1]nonane, which represents a fragment
of the carbon skeleton of the preussomerin-type natural
products,12 in the form of the pentadentate ligand, HLD ([(2-
{2′-[2′′-(2,6-dioxa-3,7-dinaphtha-9-azabicyclo[3.3.1]non-9-
yl)ethylamino](ethylamino}ethylamino)methyl]-5-naphth-2-
ol). HLD is capable of coordinating a metal through the
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Figure 1. Structural formulas of Tro¨ger’s base (A), epoxydioxocin (B),
and iminodioxocin (C).

Scheme 1
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iminodioxocin bridgehead nitrogen. The novel pentadentate
N4O ligand is formed preferentially, instead of H3L (2-(2′-
hydroxy-5,6-naphthyl)-1,3-bis[4-(2′-hydroxy-5,6-naphthyl)-
3-azabut-3-enyl]-1,3-imidazolidine) when the hexadentate
proligand H2L reacts with 2-hydroxynaphthaldehyde in
MeOH under visible light at room temperature (Scheme SI
in the Supporting Information). A tentative mechanism of
the formation of HLD is given in Scheme 3. First, the Schiff
base proligand H2L reacts with one molecule ofo-hydrox-
ynaphthaldehyde, giving adductI , to which follows the
nucleophilic attack of naphthanol on the imine carbon at one
end, which then cyclizes to an eight-membered dioxocin ring
bearing an imine alcohol (II ). The imine alcohol finally
undergoes an intramolecular cyclization reaction, producing
a red-brown gummy product identified as HLD. The solid
proligand H2L is, in turn, isolated as a yellow solid (mp 110
°C) from the reaction of 2 mol of 2-hydroxynaphthaldehyde
with 1 mol of triethylenetetramine. The expected imidazo-
lidine ring formation reaction producing hitherto unknown
H3L was not observed (Scheme 2). On the other hand, it

has been previously reported that irradiation with visible light
leads, in absence of any dehydrating agent and catalyst, to a
facile iminodioxocin condensation reaction.12,13The reaction
in MeOH of Cu(ClO4)2‚6H2O with HLD in the presence of
NEt3, using a 1:1:1 molar ratio, at 30°C yields small
brownish-green crystals upon slow evaporation. Alterna-
tively, the reaction of Cu(ClO4)2‚6H2O with 2-hydroxynaph-
thaldehyde, H2L, and NEt3 in a 1:1:1:1 molar ratio in MeOH
gives the compound [CuLD]ClO4 in 60% yield. Elemental
analysis, solution electrical conductivity in dimethylforma-
mide, and room-temperature magnetic susceptibility values
are consistent with the formula [CuLD]ClO4. The strong
unsplit bandν(ClO4

-) at around 1091 cm-1 is observed in
Fourier transform IR due to theν3 mode of a perchlorate
anion in Td symmetry, suggesting no coordination of the
perchlorate ion to the metal center.14

Caution! Perchlorate-containing salts are potentially
explosiVe and should be handled inVery small quantities.
The formation of the complex was confirmed by single X-ray
crystal structure analysis, as well as the preferential formation
of the iminodioxocin ring instead of the imidazolidine ring.15

A labeled ORTEP view of the complex cation of [CuLD]-
ClO4 is shown in Figure 2. The complex consists of a cationic
unit [CuLD]+ and one uncoordinated perchlorate anion. The
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Scheme 2. Synthesisa of HLD

a (i) MeOH, stirring, rt. (ii) 1 equiv of 2-hydroxynapthaldehyde, MeOH,
stirring, rt.

Scheme 3

Figure 2. ORTEP view of the [CuIILD]+ cation with an atom-numbering
scheme. Thermal ellipsoids are drawn at the 50% probability level. Hydrogen
atoms are omitted for clarity. The inset shows the conformation of the eight-
membered dioxocin ring responsible for a rigid backbone of two fused
naphthyl rings with a dihedral angle of 96.84°. Selected bond lengths (Å)
and angles (deg): Cu1-O1, 1.8992(14); Cu1-N1, 1.9318(14); Cu1-N2,
2.0317(17); Cu1-N3, 2.0412(13); Cu1-N4, 2.589(13); O1-Cu1-N1,
93.12(6); N1-Cu1-N2, 84.63(6); N2-Cu1-N3, 84.94(6); N3-Cu1-O1,
95.27(6); N3-Cu1-N4, 77.83(2); N1-Cu1-N4, 113.93(8). Symmetry
codes: (i)-x, y + 1/2, -z + 1/2; (ii) -x, -y, -z; (iii) x, -y + 1/2, z + 1/2.
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terminal naphthol oxygen and three imine and amine
nitrogens from the ligand form the square base around the
copper ion. The coordination of the nitrogen atom from the
8,16-imino-6H,14H-dinaphtho[2,1-b:2,1-f]dioxocin moiety to
the apical site of copper completes the square-pyramidal ON4

coordination environment (τ parameter is 0.05).16 Noncoor-
dination of water or perchlorate oxygen also suggests, for
the first time, the greater coordinating power of sterically
crowded iminodioxocin nitrogen. X-ray crystallography thus
confirms the incorporation of theC2-symmetric iminodioxo-
cin terminus, which displays fused naphthyl rings (dihedral
angle 96.84°), into the ligand and the oblique apical
coordination of copper(II) to the bicyclic iminodioxocin part
of the ligand. The O-Cu-Nim, Nim-Cu-Nam, and Nam-
Cu-Nam basal bite angles within the square base are 93.12°,
84.63°, and 84.94°, respectively, whereas the Nam-Cu-Nimd

(im ) imine, am) amine, and imd) iminodioxocin) basal-
apical bite angle is 77.84°. This small bite angle is
responsible for a ligand-enforced oblique apical coordination
of the iminodioxocin nitrogen to the copper(II) ion. The
acetal protons of the conformationally fixed bis-acetal
nucleus of the iminodioxocin are both equatorial. The Cu-
Nimd distance is considerably longer than the Cu-N(apical
pyridine) bond lengths of 2.17 Å in [Cu(cyclops)(py)]ClO4

17

and of 2.12 and 2.13 Å in [Cu2(OAc)4(py)2]18 but shorter
than the range of 2.6-2.8 Å observed for other known apical
Cu-N19 bonds. The perchlorate anions stay close to the
heterobicyclic rings. The eight-membered imino-bridged
dioxocin ring of the ligand adopts a twisted-boat conforma-
tion (Figure 2, inset), as judged from the eight torsion angles
observed within this ring (τ1-τ8).20 Presumably, theπ-π
stacking of the naphthyl rings of the proligand H2L controls
the attachment of the third naphthyl ring to the latter, in the
conformation observed in HLD. The presence of a long
tetramine tail is responsible for the-NR- bridgehead
insertion in an opposite conformation to that obtained in the
case of unsubstituted dinaphthoiminodioxocin.3 The dinaph-
thoiminodioxocin part of the ligand exists in a folded
conformation with a dihedral (folding) angle of 96.84°
(Figure S6 in the Supporting Information), which is larger
than that in the unsubstituted iminodioxocin molecule (92°).3
The iminodioxocin nucleus imposes a steric restriction to
both adjacent naphthyl rings locating this at an angle at about
96°, imparting a concave face to one end of the ligand. The

stacking of horizontal iminodioxocin naphthyl and terminal
imine naphthyl rings stabilizes the overall chair shape of the
molecule with the copper chelate as the base, as shown in
Figure 3a. This interaction is responsible for the opening of
the dioxocin folding and the corresponding widening of the
folding angle. The stacked molecule may intercalate other
planar rings between both naphthyl rings. A closer examina-
tion of the stacking reveals that the shortest interaromatic
Car-Car distance is 3.664 Å (Figure S8 in the Supporting
Information). The copper atom is 0.186 Å above the ON3

coordination square base. The molecules also pack efficiently
in three dimensions (Figure 3b).

In conclusion, we have reported here the first ever example
of any transition metal (copper) complex of a dinaphthoimi-
nodioxocin-containing pentadentate ligand bound through the
bridgehead nitrogen atom. The ligand forces the oblique
apical coordination of the sterically fixed iminodioxocin
bridgehead nitrogen and enforces an acute terminal N-Cu-N
angle. The iminodioxabicyclo[3.3.1]nonane part of the ligand
has four common carbon rings with the preussomerin family
of natural products. Bridgehead imine coordination favors
theπ-π interaction of the dioxocin with the terminal imine
naphthyl rings. The potential of a weak and rare coordination
mode of the bridgehead nitrogen of the new ligand containing
the iminodioxocin ring may be exploited for the synthesis
of other 3d metal ion complexes in unusual geometry.
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Figure 3. (a) Space-filling diagram of [CuIILD]+ along thea axis showing
the naphthylπ-π stacking within the complex. (b) Packing diagram of
[CuIILD]+ along thea axis.
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