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The [2+2] cyclocondensation reaction between sodium 2,6-

diformyl-4-chlorophenolate and benzyldiethylenetriamine,

using the sodium template method, followed by transmetal-

lation with Zn(CH3COO)2�2H2O, gave an unexpected 18-

membered macrocyclic product in which ring contractions

have occurred to produce two imidazolidine rings. In the

macrocyclic complex, [�-3,17-dibenzyl-13,27-dichloro-3,6,9,-

17,20,23-hexaazapentacyclo[23.3.1.111,15.02,6.016,20]triaconta-

1(29),9,11(30),12,14,23,25,27-octaene-29,30-diolato]bis[(ace-

tato-�O)zinc(II)] ethanol 1.75-solvate 0.25-hydrate, [Zn2-

(C38H38Cl2N6O2)(CH3COO)2]�1.75C2H6O�0.25H2O, each of

the two ZnII ions has a distorted trigonal bipyramidal

environment.

Comment

Ring contractions have been reported to occur for Schiff base

macrocycles as a consequence of nucleophilic addition of

secondary amines across an adjacent imine bond (Drew et al.,

1981; Adams et al., 1987; Menif et al., 1990). The reaction

between sodium 2,6-diformyl-4-chlorophenolate and benzyl-

diethylenetriamine, followed by transmetallation with

Zn(CH3COO)2�2H2O, was investigated with the aim of

producing a corresponding 24-membered Schiff base macro-

cycle complex. However, we instead obtained an 18-

membered macrocyclic product resulting from an unexpected

ring-contraction reaction (Chantrapromma et al., 2002).

Herein we report the structure of the ZnII complex, (I), of this

18-membered macrocyclic product.

The asymmetric unit of (I) consists of a molecule of the Zn

complex, one ethanol solvent molecule, a disordered ethanol

molecule with an occupancy of 0.75 and a disordered water

molecule with an occupancy of 0.25, viz. [Zn2(C38H38-

Cl2N6O2)(CH3COO)2]�1.75C2H6O�0.25H2O. A displacement

ellipsoid plot of (I) is shown in Fig. 1. The coordination

geometry around each ZnII is distorted trigonal bipyramidal,

with the basal planes composed of atoms O1, O5, and N3 for
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Zn1, and O2, O4, and N6 for Zn2. The bond lengths and

angles are comparable to those reported for the dinuclear ZnII

complexes of Robson macrocycles (Adams et al., 1995; Fang et

al., 2000; Huang et al., 2001).

The conformation of the macrocycle is `crown-like', with the

carbon skeleton bent back so as to present the two O atoms to

the ZnII ions. This is evident from the dihedral angle of

76.8 (2)� between the two chlorophenyl rings. Of the two

imidazolidine rings, one adopts an envelope conformation,

whereas the other adopts a half-chair conformation. The N3Ð

C12 [1.286 (4) AÊ ] and N6ÐC24 [1.288 (4) AÊ ] bond distances

con®rm the double-bond character of these bonds. The N

atoms of the imidazolidine rings are involved in weak intra-

molecular interactions: H5� � �N1 = 2.52 AÊ , H16� � �N4 = 2.55 AÊ

and H34� � �N4 = 2.49 AÊ . The crystal structure is stabilized by

weak intermolecular CÐH� � �O interactions and OÐH� � �O
hydrogen bonds (Table 2).

The formation of the 18-membered ring may be a result of

further reaction of the initial 24-membered ring, by the

nucleophilic additions of the two tertiary amine groups across

the C7ÐN2 and C19ÐN5 bonds to form two imidazolidine

rings, concomitant with the benzyl migration from N2 to N1

and also from N5 to N4.

Experimental

The title compound was derived from the [2+2] cyclocondensation

between sodium 2,6-diformyl-4-chlorophenolate (1 mmol) and

benzyldiethylenetriamine (1 mmol) in ethanol (30 ml), using a

sodium template method (Gou & Fenton, 1994) and transmetallation

with Zn(CH3COO)2�2H2O (1 mmol) in ethanol (25 ml). The solution

was re¯uxed for 1 h under inert nitrogen. After the reaction was

complete, the resulting hot clear solution was ®ltered and left to cool.

After several days, yellow single crystals [m.p. (decomposition) 488±

497 K] were deposited.

Crystal data

[Zn2(C38H38Cl2N6O2)(C2H3O2)2]�-
1.75C2H6O�0.25H2O

Mr = 1015.60
Monoclinic, P21=c
a = 26.0725 (4) AÊ

b = 9.5836 (1) AÊ

c = 19.7483 (1) AÊ

� = 103.658 (1)�

V = 4794.94 (9) AÊ 3

Z = 4

Dx = 1.407 Mg mÿ3

Mo K� radiation
Cell parameters from 8192

re¯ections
� = 2.4±28.3�

� = 1.17 mmÿ1

T = 293 (2) K
Slab, pale yellow
0.54 � 0.44 � 0.26 mm

Data collection

Siemens SMART CCD area-
detector diffractometer

! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.571, Tmax = 0.751

28105 measured re¯ections

11428 independent re¯ections
7553 re¯ections with I > 2�(I)
Rint = 0.093
�max = 28.2�

h = ÿ30! 34
k = ÿ12! 12
l = ÿ23! 26

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.056
wR(F 2) = 0.154
S = 0.97
11428 re¯ections
584 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0609P)2P]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.001
��max = 0.81 e AÊ ÿ3

��min = ÿ1.04 e AÊ ÿ3

Extinction correction: SHELXTL
Extinction coef®cient: 0.0035 (4)

Table 1
Selected geometric parameters (AÊ , �).

Zn1ÐO5 1.979 (3)
Zn1ÐN3 2.032 (3)
Zn1ÐO1 2.071 (2)
Zn1ÐO2 2.123 (2)
Zn1ÐN2 2.219 (3)

Zn2ÐN6 2.034 (3)
Zn2ÐO1 2.070 (2)
Zn2ÐO2 2.083 (2)
Zn2ÐO4 1.979 (2)
Zn2ÐN5 2.226 (3)

O5ÐZn1ÐN3 141.26 (11)
O5ÐZn1ÐO1 102.72 (10)
N3ÐZn1ÐO1 115.93 (10)
O5ÐZn1ÐO2 96.87 (10)
N3ÐZn1ÐO2 88.01 (10)

O1ÐZn1ÐO2 79.43 (9)
O5ÐZn1ÐN2 101.75 (11)
N3ÐZn1ÐN2 82.36 (12)
O1ÐZn1ÐN2 88.87 (9)
O2ÐZn1ÐN2 159.82 (10)

Table 2
Hydrogen-bonding geometry (AÊ , �).

DÐH� � �A DÐH H� � �A D� � �A DÐH� � �A

O7ÐH7A� � �O4 0.82 2.07 2.835 (4) 158
C3ÐH3� � �O6i 0.93 2.49 3.332 (4) 151
C12ÐH12� � �O7ii 0.93 2.43 3.295 (5) 154
C14ÐH14� � �O7ii 0.93 2.51 3.338 (5) 149
C24ÐH24� � �O6i 0.93 2.43 3.285 (4) 154
C29ÐH29� � �O5iii 0.93 2.43 3.226 (6) 143

Symmetry codes: (i) x; 3
2ÿ y; 1

2� z; (ii) x; 1� y; z; (iii) 1ÿ x; 1
2� y; 3

2ÿ z.

All H atoms were ®xed geometrically and allowed to ride on the

atoms to which they were attached using SHELXTL (Sheldrick,

1997) defaults. The O atom of the water molecule was re®ned

isotropically.

Data collection: SMART (Siemens, 1996); cell re®nement: SAINT

(Siemens, 1996); data reduction: SAINT and SADABS (Sheldrick,

1996); program(s) used to solve structure: SHELXTL (Sheldrick,

1997); program(s) used to re®ne structure: SHELXTL; molecular

graphics: SHELXTL; software used to prepare material for publi-

cation: SHELXTL and PLATON (Spek, 1990).
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Figure 1
The structure of (I), showing 30% probability displacement ellipsoids and
the atom-numbering scheme. H atoms, water and the ethanol solvate
molecules have been omitted for clarity.
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