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In the title compound, [Ni(C22H34N6)](ClO4)2, the 14-

membered hexaazacyclotetradecane macrocycle chelates to

the Ni atom through its four secondary N atoms. The

asymmetric unit contains two independent half-molecules,

with the Ni atoms located on inversion centers. The Ni atoms

have a distorted octahedral geometry, with long NiÐ

O(perchlorate) bonds. The occurrence of hydrogen-bonding

interactions results in a linear chain structure.

Comment

Nickel complexes of the 14-membered hexaaza macrocycle

1,8-diorganyl-1,3,6,8,10,13-hexaazacyclotetradecane are

readily synthesized in a one-pot reaction involving nickel

chloride, ethylenediamine, formaldehyde and a primary amine

(Suh et al., 1994); the reaction affords a compound whose

chloride ion can then be exchanged by other counter-ions.

Before the macrocyclic chemistry of nickel was reviewed (Suh,

1997), there were few crystallographic studies (Ballester et al.,

1994; Shan et al., 1996; Suh et al., 1994), but, since then, a large

number of structural reports have been published. They all

contain a similar framework with only a change of the organic

group R attached to the non-bonded N atoms. Examples

include R = CH3 (Choi et al., 2001; Kou et al., 1999, 2001; Kou,

Bu et al., 2000), R = CH2CH3 (Kou, Gao et al., 2000b; Kou et

al., 2001; Kou, Si et al., 2002; Lu et al., 2002), R = CH2CH2CN

(Liu et al., 2002), R = CH2CH2OH (Ballester et al., 1994; Choi

& Suh, 1998, 1999; Cho et al., 2002; Kim & Lee, 1999; Kim et

al., 2000, 2002; Kou, Bu et al., 2000; Lu, Xiang, Su et al., 2001;

Shan et al., 1996; Xiang, Gao et al., 2001; Xiang, Lu et al., 2001),

R = CH2CH2NH2 (Kou, Zhou et al., 2002), R = CH2CH2NH3
+

(Kang et al., 1999), R = CH2CH2CH2OH (Suh et al., 1994), R =

CH2-4-C5H4N (Min & Suh, 2001a,b) and R = CH2CH2C6H5

(Lu et al., 2000; Lu, Xiang, Luck et al., 2001) groups. Some of

the anions are capable of direct interaction with the Ni center,

such as, for example, the N3
ÿ (Kim & Lee, 1999) and C2N3

ÿ

(Cho & Suh, 2000) ions, as well as mono- (Min & Suh, 1999b),

di- (Choi & Suh, 1999; Kim et al., 2002; Min & Suh, 2001b;

Xiang, Lu et al., 2001) and tricarboxylate (Choi et al., 2001;

Min & Suh, 2001a; Lu, Xiang, Su et al., 2001; Lu et al., 2002)

groups. In the crystal structure of the ÐCH2CH2C6H5 deri-

vative, the perchlorate anion is more than 3 AÊ from the Ni
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atom and the geometry of the Ni atom is described as square

planar, the long Ni� � �O distance being attributed to the

packing of the pendent groups (Lu et al., 2000).

In the title compound, (I), in which R = CH2C6H5, the 14-

membered hexaazacyclotetradecane macrocycle chelates to

the Ni atom through its four secondary N atoms (see scheme).

The two independent molecules in the asymmetric unit show

slightly different NiÐO(perchlorate) interactions [2.730 (2)

and 2.916 (2) AÊ ]; the geometry is better interpreted in terms of

a tetragonally distorted octahedron (Figs. 1 and 2). The

packing is slightly more compact than that of the

ÐCH2CH2C6H5 analog, as noted from the higher density

(1.552 Mg mÿ3, compared with 1.506 Mg mÿ3 for the

ÐCH2CH2C6H5 complex). The complex is not, however,

isostructural with the isoelectronic ÐCH2C5H4N complex,

which crystallizes as a dihydrate and whose perchlorate group

is involved in hydrogen bonding with the lattice water mol-

ecules; the pyridyl rings are not involved in any interaction

either (Min & Suh, 2001b). The occurrence of NÐH� � �O
hydrogen-bonding interactions (Table 1) results in a two-

dimensional hydrogen-bond network (Fig. 3).

Experimental

A methanol solution (50 ml) of nickel chloride hexahydrate (11.5 g,

0.05 mol) and ethylenediamine (6.0 g, 0.10 mol) was added dropwise

to a methanol solution (70 ml) of a mixture of formaldehyde (24 ml,

0.30 mol) and benzylamine (16.1 g, 0.15 mol). The mixture was

heated under re¯ux for 24 h. The solvent was removed and the

product treated with a saturated aqueous solution of sodium

perchlorate. The yellow product was puri®ed by recrystallation from

a mixture of acetone and saturated sodium perchlorate in 30% yield.

CHN analysis for C22H34Cl2N6O8Ni, found: C 40.95, H 5.58,

N 13.07%; calculated: C 41.27, H 5.35, N 13.13%.

Crystal data

[Ni(C22H34N6)](ClO4)2

Mr = 640.16
Triclinic, P1
a = 10.209 (1) AÊ

b = 11.617 (1) AÊ

c = 11.916 (1) AÊ

� = 87.633 (2)�

� = 75.940 (2)�

 = 88.501 (2)�

V = 1369.5 (2) AÊ 3

Z = 2
Dx = 1.552 Mg mÿ3

Mo K� radiation
Cell parameters from 855

re¯ections
� = 4.0±29.8�

� = 0.96 mmÿ1

T = 298 (2) K
Prism, yellow
0.23 � 0.22 � 0.12 mm

Data collection

Bruker SMART 1 K area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1996)
Tmin = 0.809, Tmax = 0.893

8366 measured re¯ections

6134 independent re¯ections
5089 re¯ections with I > 2�(I)
Rint = 0.011
�max = 27.5�

h = ÿ13! 9
k = ÿ15! 12
l = ÿ15! 12

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.036
wR(F 2) = 0.105
S = 1.05
6134 re¯ections
357 parameters
H-atom parameters constrained

w = 1/[�2(Fo
2) + (0.0591P)2

+ 0.4245P]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max = 0.001
��max = 0.66 e AÊ ÿ3

��min = ÿ0.51 e AÊ ÿ3

Figure 2
ORTEPIII (Burnett & Johnson, 1996) plot of the second
Ni(C22H34N6)(ClO4)2 molecule of the asymmetric unit of (I). Displace-
ment ellipsoids are drawn at the 30% probability level. H atoms have
been omitted for clarity. [Symmetry code: (ii) 1 ÿ x, ÿy, ÿz.]

Figure 1
ORTEPIII (Burnett & Johnson, 1996) plot of the ®tst
Ni(C22H34N6)(ClO4)2 molecule of the asymmetric unit of (I). Displace-
ment ellipsoids are drawn at the 30% probability level. H atoms have
been omitted for clarity. [Symmetry code: (i) 1 ÿ x, 1 ÿ y, 1 ÿ z.]

Figure 3
Packing diagram showing the NÐH� � �O interactions in (I) (Spek, 1990).



Table 1
Selected geometric parameters (AÊ , �).

Ni1ÐN1 1.9340 (17)
Ni1ÐN2 1.9372 (17)
Ni1ÐO12 2.730 (2)

Ni2ÐN4 1.9314 (17)
Ni2ÐN5 1.9318 (16)
Ni2ÐO22 2.916 (2)

N1ÐNi1ÐN2 86.66 (7)
N1iÐNi1ÐN2 93.34 (7)
N1ÐNi1ÐO12 100.60 (8)
N1iÐNi1ÐO12 79.40 (8)
N2ÐNi1ÐO12 93.11 (7)
N2iÐNi1ÐO12 86.89 (7)

N4ÐNi2ÐN5 86.70 (7)
N4iiÐNi2ÐN5 93.30 (7)
N4ÐNi2ÐO22 97.51 (7)
N4iiÐNi2ÐO22 82.49 (7)
N5ÐNi2ÐO22 99.83 (9)
N5iiÐNi2ÐO22 80.17 (9)

Symmetry codes: (i) 1ÿ x; 1ÿ y; 1ÿ z; (ii) 1ÿ x;ÿy;ÿz.

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

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

N1ÐH1� � �O21iii 0.91 2.25 3.024 (3) 142
N1ÐH1� � �O12iv 0.91 2.50 3.042 (3) 118
N2ÐH2� � �O13 0.91 2.23 3.094 (3) 158
N4ÐH4� � �O23 0.91 2.17 3.020 (3) 155
N5ÐH5� � �O11v 0.91 2.18 2.947 (3) 142

Symmetry codes: (iii) x; y; 1� z; (iv) 1ÿ x; 1ÿ y; 1ÿ z; (v) x; yÿ 1; z.

H atoms attached to C and N atoms were located in a difference

Fourier map but were introduced in the re®nement in calculated

positions and treated with a riding model (NÐH = 0.91 AÊ , methylene

CÐH = 0.97 AÊ and phenyl CÐH = 0.93 AÊ ). The displacement

parameters were set at 1.2Ueq(CH, CH2, N). Although the O atoms of

the perchlorate anions have large ellipsoids, no reasonable disorder

models were obtained.

Data collection: SMART (Bruker, 2001); cell re®nement: SAINT

(Bruker, 2001); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to re®ne

structure: SHELXL97 (Sheldrick, 1997); molecular graphics:

ORTEPIII (Burnett & Johnson, 1996), ORTEP-3 for Windows

(Farrugia, 1997) and PLUTON (Spek, 1990); software used to

prepare material for publication: SHELXL97.
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