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The crystal structure of 1,4,7,11,14,17-hexaazacycloicosane-

9,19-diol hexahydrobromide, C14H34N6O2�6HBr, shows the

macrocycle to be centrosymmetric. A three-dimensional

network, leading to the formation of channels, is formed

owing to the presence of both intermolecular and intramole-

cular hydrogen-bonding interactions between the constituents

of the structure.

Comment

Organic materials containing large cavities or channels with

controlled sizes, shapes and chemical environments have

received much attention in recent years because of their

potential applications in separation, catalysis, and optoelec-

tronics. Various organic building blocks have been used to

assemble a variety of porous three-dimensional networks with

hydrogen bonding (Venkataraman et al., 1994; Brunet et al.,

1997; Russell et al., 1997).

We have reported the synthesis of the title compound, (I)

(Xue et al., 1998). The structures of a series of novel hydroxy

macrocyclic polyamines (Liu, Xue, Wu et al., 1996) and their

complexing properties with transition metal ions, such as

copper(II) (Liu, Xue, Fu et al., 1996) and nickel(II) (Liu et al.,

1997), have been reported. Recently, our interest has been

directed towards the self-assembly of macrocyclic compounds

utilizing functional groups. To better understand the structural

characteristics of the macrocyclic precursors, the crystal

structure of (I) has been investigated.

The X-ray crystal structural study indicated the presence of

layers which are de®ned by macrocyclic rings. The HBr mol-

ecules, which are largely anchored between adjacent layers

(Fig. 1), play an important role in connecting these two-

dimensional structures. A range of BrÐH� � �N, NÐH� � �Br,

OÐH� � �Br hydrogen bonding is observed in the assembled

structure (Table 1). In addition to these, NÐH� � �Br hydrogen

bonding has also been observed (Table 1). A three-dimen-

sional network is formed by both intermolecular and intra-

molecular hydrogen-bonding interactions in the unit cell. The

most interesting feature of the crystal structure is that the

macrocycles are arranged in such a way to produce an
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arrangement with channels extended along the b axis (Fig. 3).

The channels are occupied by HBr molecules that form a

complicated hydrogen-bonding network among themselves. In

this structure, the macrocycle functions as a bulky linear

bifunctional building block. The HBr molecules `cement' these

to form a column. This novel structure may provide further

insight into designing new porous materials, as well as other

supramolecular architectures.

Experimental

The title compound (Xue et al., 1998) was heated so that it dissolved

in a minimum amount of water. This was followed by the addition of

acetone and ethanol (5:1). The solution was allowed to stand at room

temperature for 5±6 months to furnish colourless crystals.

Crystal data

C14H34N6O2�6HBr
Mr = 803.92
Orthorhombic, Pbca
a = 12.340 (1) AÊ

b = 10.380 (1) AÊ

c = 20.321 (2) AÊ

V = 2602.9 (4) AÊ 3

Z = 4
Dx = 2.052 Mg mÿ3

Mo K� radiation
Cell parameters from 3478

re¯ections
� = 2.6±27.1�

� = 9.28 mmÿ1

T = 293 (2) K
Block, colourless
0.3 � 0.2 � 0.2 mm

Data collection

Bruker CCD area-detector
diffractometer

' and ! scans
Absorption correction: multi-scan

(SADABS; Sheldrick, 1997)
Tmin = 0.124, Tmax = 0.156

12529 measured re¯ections

2294 independent re¯ections
1680 re¯ections with I > 2�(I)'
Rint = 0.084
�max = 25.0�

h = ÿ10! 14
k = ÿ12! 10
l = ÿ23! 24

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.039
wR(F 2) = 0.088
S = 1.03
2294 re¯ections
128 parameters

H atoms treated by a mixture of
independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.04P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.001
��max = 0.92 e AÊ ÿ3

��min = ÿ0.75 e AÊ ÿ3

Table 1
Hydrogen-bonding geometry (AÊ , �).

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

Br3ÐH3� � �N2i 0.87 2.64 3.267 (5) 130
N1ÐH1B� � �Br3ii 0.86 2.69 3.366 (5) 136
N2ÐH2C� � �Br1iii 0.86 2.63 3.404 (5) 151
N3ÐH3C� � �Br1iv 0.86 2.75 3.225 (4) 116
N3ÐH3C� � �Br2v 0.86 2.82 3.251 (5) 113
O1ÐH1D� � �Br1vi 0.82 2.48 3.300 (4) 175

Symmetry codes: (i) 3
2ÿ x; yÿ 1

2; z; (ii) 3
2ÿ x; 1ÿ y; zÿ 1

2; (iii) 1ÿ x; 1ÿ y; 1ÿ z; (iv)
1
2� x; 1

2ÿ y; 1ÿ z; (v) 2ÿ x; 1ÿ y; 1ÿ z; (vi) 3
2ÿ x; 1

2� y; z.

All the H atoms except the H atoms of HBr were placed in

calculated positions and included in the ®nal re®nement with overall

displacement parameters; for NÐH, Uiso = 1.2Ueq(parent atom), and

for OÐH and methylene H, Uiso = 1.5Ueq(parent atom), The H atoms

of HBr were located from difference density maps and were re®ned

as riding, using the instruction AFIX 3 (Bruker, 1997) with Uiso =

1.2Ueq(parent atom).

Data collection: SMART (Bruker, 1997); cell re®nement: SMART;

data reduction: SAINT (Bruker, 1997); program(s) used to solve

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

structure: SHELXTL; molecular graphics: SHELXTL; software used

to prepare material for publication: SHELXTL.
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Figure 3
The arrangement of channels, extended along the b axis.

Figure 2
View of the packing, along the a axis, showing the hydrogen-bonding
interactions.

Figure 1
The molecular structure of (I), showing the atomic numbering scheme.
Displacement ellipsoids are shown at the 30% probability level (Bruker,
1997). The macrocycle is disposed about a centre of inversion.
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