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In the title compound, [Mn(H2O)6]Cl2�2C6H12N4�4H2O, each

MnII atom, located on a centre of symmetry, is coordinated by

six water molecules in a distorted octahedral coordination

geometry. The hexamethylenetetramine (HMTA) molecule

does not coordinate to the Mn atom but links with the Mn

complex via three O—H� � �N hydrogen bonds. The remaining

N atom of the HMTA is hydrogen-bonded to the solvent water

molecule.

Comment

Hexamethylenetetramine (HMTA) has attracted attention

because of the desire to construct new supramolecular archi-

tectures via hydrogen bonding (Carlucci et al., 1995; Ermer &

Eling, 1994; Chopra et al., 2005). In order to investigate in

detail the contribution of HMTA to the formation of hydrogen

bonds, we report here the crystal structure of the title

compound, (I).

The crystal structure of (I) is shown in Fig. 1. The crystal of

(I) consists of the MnII complex cations, Cl� anions, solvent

water and uncoordinated HMTA molecules. The MnII atom is

located on an inversion centre and is coordinated by six water

molecules in a distorted octahedral geometry (Table 1). The
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Figure 1
The molecular structure of (I), with 30% probability displacement
ellipsoids. Dashed lines indicate hydrogen bonds. Symmetry code: (i)
1 � x, 1 � y, 1 � z.



HMTA molecule is linked to the MnII complex cation via

three O—H� � �N hydrogen bonds, while atom N4 of HMTA is

hydrogen-bonded to the solvent water molecule. The Cl�

anions link to the MnII complex cation via O—H� � �Cl

hydrogen bonding (Table 2).

Experimental

An acetonitrile solution (12 ml) of MnCl2�4H2O (0.020 g, 3 mmol)

and HMTA (0.042 g, 3 mmol) was transferred into a 23 ml Teflon-

lined autoclave and heated at 358 K for 72 h. The autoclave was then

cooled over a period of 12 h and the solution was filtered. Pale-yellow

single crystals of (I) were obtained from the filtrate after 2 d.

Elemental analysis for C12H44Cl2MnN8O10, calculated: C 24.50,

H 7.71, N 18.64%; found: C 24.78, H 7.51, N 18.72%.

Crystal data

[Mn(H2O)6]Cl2�2C6H12N4�4H2O
Mr = 586.39
Triclinic, P1
a = 9.337 (3) Å
b = 9.531 (2) Å
c = 9.538 (2) Å
� = 119.477 (4)�

� = 101.018 (5)�

� = 94.140 (5)�

V = 711.5 (3) Å3

Z = 1
Dx = 1.369 Mg m�3

Mo K� radiation
Cell parameters from 1215

reflections
� = 2.3–24.6�

� = 0.71 mm�1

T = 294 (2) K
Block, pale yellow
0.22 � 0.18 � 0.16 mm

Data collection

Bruker SMART CCD area-detector
diffractometer

’ and ! scans
Absorption correction: multi-scan

(SADABS; Bruker, 1998)
Tmin = 0.840, Tmax = 0.893

4034 measured reflections

2850 independent reflections
1975 reflections with I > 2�(I)
Rint = 0.025
�max = 26.4�

h = �11! 10
k = �10! 11
l = �11! 8

Refinement

Refinement on F 2

R[F 2 > 2�(F 2)] = 0.042
wR(F 2) = 0.111
S = 1.04
2850 reflections
151 parameters

H-atom parameters constrained
w = 1/[�2(Fo

2) + (0.0517P)2]
where P = (Fo

2 + 2Fc
2)/3

(�/�)max < 0.001
��max = 0.28 e Å�3

��min = �0.27 e Å�3

Table 1
Selected bond distances (Å).

Mn—O1 2.1642 (17)
Mn—O2 2.1421 (18)

Mn—O3 2.1707 (19)

Table 2
Hydrogen-bond geometry (Å, �).

D—H� � �A D—H H� � �A D� � �A D—H� � �A

O1—H1C� � �O5 0.98 1.75 2.717 (4) 167
O1—H1D� � �N2i 0.90 1.92 2.817 (3) 176
O2—H2C� � �N1ii 0.89 1.94 2.808 (4) 163
O2—H2D� � �O4 0.87 1.83 2.700 (3) 173
O3—H3C� � �Cl 0.83 2.36 3.165 (3) 163
O3—H3D� � �N3 0.84 1.97 2.800 (4) 173
O4—H4C� � �Cliii 0.94 2.25 3.151 (2) 161
O4—H4D� � �N4iv 0.88 1.96 2.827 (3) 168
O5—H5C� � �Clii 0.93 2.30 3.228 (3) 176
O5—H5D� � �Clv 0.87 2.35 3.205 (3) 170

Symmetry codes: (i) x; y; z� 1; (ii) x; yþ 1; z; (iii) x; yþ 1; zþ 1; (iv)
�x þ 2;�yþ 1;�zþ 2; (v) �xþ 2;�yþ 1;�zþ 1.

Water H atoms were located in a difference Fourier map and

refined as riding in their as-found positions relative to the O atoms,

with Uiso(H) = 1.5Ueq(O). H atoms on C atoms were placed in

calculated positions with C—H = 0.97 Å and refined in riding mode,

with Uiso(H) = 1.2Ueq(C).

Data collection: SMART (Bruker, 1998); cell refinement: SAINT

(Bruker, 1998); data reduction: SAINT; program(s) used to solve

structure: SHELXS97 (Sheldrick, 1997); program(s) used to refine

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

SHELXTL (Bruker, 1997); software used to prepare material for

publication: SHELXTL.
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