
electronic papers

Acta Cryst. (2000). C56, e255±e256 Carlos Lodeiro et al. � C14H27N4
3+�2.826Clÿ�0.174NO3

ÿ and C14H26N4
2+�2Clÿ�H2O

Acta Crystallographica Section C

Crystal Structure
Communications

ISSN 0108-2701

Two hydrochlorides of 7-methyl-3,7,11,17-tetraazabicyclo[11.3.1]heptadeca-
1(17),13,15-triene

Carlos Lodeiro et al.

Electronic paper
This paper is published electronically. It meets the data-validation criteria for publication in Acta Crystallographica Section C. The submission
has been checked by a Section C Co-editor though the text in the `Comments' section is the responsibility of the authors.

# 2000 International Union of Crystallography � Printed in Great Britain ± all rights reserved



Two hydrochlorides of 7-methyl-
3,7,11,17-tetraazabicyclo[11.3.1]-
heptadeca-1(17),13,15-triene

Carlos Lodeiro,a Rufina Bastida,a* Alejandro MacõÂas,a

Adolfo RodrõÂgueza and Andre Saint-Mauriceb

aDepartamento de QuõÂmica InorgaÂnica, Facultade de QuõÂmica, Avd. das Ciencias s/

n, Universidade de Santiago de Compostela, 15706 Santiago de Compostela,

A CorunÄa, Galicia, Spain, and bDepartamento de QuõÂmica, Centro de QuõÂmica-Fina

e BiotecnologõÂa, Universidade Nova de Lisboa, Quinta da Torre, 2825 Monte da

Caparica, Portugal

Correspondence e-mail: qibastid@uscmail.usc.es

Received 15 March 2000

Accepted 19 April 2000

Data validation number: IUC0000119

The X-ray structure determinations of the two title com-

pounds, namely 7-methyl-7,17-diaza-3,11-diazoniabicyclo

[11.3.1]heptadeca-1(17),13,15-triene dichloride monohydrate,

C14H26N4
2+�2Clÿ�H2O, (I), and 7-methyl-17-aza-3,7,11-triazo-

niabicyclo[11.3.1]heptadeca-1(17),13,15-triene 2.826-chloride

0.174-nitrate, C14H27N4
3+�2.826Clÿ�0.174NO3

ÿ, (II), are re-

ported. Protonation occurs at the secondary amine N atoms in

(I) and at all three amine N atoms in (II) to which the Clÿ ions

are linked via NÐH� � �Cl hydrogen bonds. The macrocyclic

hole is quite different in both structures, as is observed by

comparing particularly the N3� � �N4 distances [2.976 (4) and

4.175 (4) AÊ for (I) and (II), respectively]. In (II), a Clÿ ion

alternates with an NO3
ÿ ion in a disordered structure.

Comment

The synthesis of the macrocyclic ligand by the copper-

template method has been reported previously (Alcock et al.,

1984), as well as coordination studies towards several transi-

tion metal ions (Alcock, Balakrishnan & Moore, 1985; Alcock,

Balakrishnan, Moore & Pike, 1987; Alcock et al., 1988;

Balakrishnan et al., 1990). The crystal structures of some

related ligands and complexes have also been reported

(Alcock, Moore & Omar, 1985, 1987; Blake et al., 1986; Drew

et al., 1986; FeÂ lix et al., 1996; Foster et al., 1986). Potentiometric

studies for the free macrocycle and some divalent complexes

were reported by Costa & Delgado (1993).

Bond lengths and angles in (I) and (II) are within expected

ranges and con®rm the bond orders shown in the scheme.

There is evidence of different possible hydrogen bonds mainly

involving the Clÿ or NO3
ÿ ions, and the N atoms of both

structures. There is also a possible intermolecular hydrogen-

bond interaction between N3 and N4 in (I). Hydrogen-

bonding distances and angles are given in Tables 1 and 2. The

pyridine ring is planar (r.m.s. deviations 0.007 AÊ for both

structures). The four N atoms are not coplanar in (I) and (II)

(r.m.s. deviations 0.13 AÊ for both structures), in contrast to

their positions in the free macrocycle.

The conformation in the macrocycles is different in the

three structures, as is observed by comparing the values of the

distances N2� � �N3 [3.712 (4), 4.288 (4) and 3.238 (2) AÊ for (I),

(II) and the free ligand, respectively] and N3� � �N4 [2.976,

4.175 (4) and 3.238 (2) AÊ for (I), (II) and the free ligand,

respectively]. In the free ligand, both distances are equal and

relatively short. In (I), both distances are clearly different,

N3� � �N4 being shorter than N2� � �N4. In (II), the distances are

again similar, but much longer than in the other two structures.

Experimental

To a stirred solution of 2,6-pyridinecarbaldehyde and copper nitrate

(in a mixture of ethanol and water, 1:1 v/v) was added a solution of

1,7-diamino-4-methyl-4-azaheptane in ethanol. The copper(II) di-

imine complex formed was reduced in situ by sodium borohydride

and the copper was removed by precipitation of its sul®de with

Na2S�9H2O. The solution was ®ltered through a bed of Celite. The

®ltrate was extracted with dichloromethane, the combined extracts

were dried with anhydrous MgSO4, and the dichloromethane

removed by evaporation to leave a pale orange gel. Crystals of (I) and

(II) were obtained from ethanol solution.

Compound (I)

Crystal data

C14H26N4
2+�2Clÿ�H2O

Mr = 339.30
Monoclinic, Cc
a = 16.7683 (3) AÊ

b = 9.7089 (2) AÊ

c = 11.116 (2) AÊ

� = 90.9963 (11)�

V = 1809.4 (3) AÊ 3

Z = 4

Dx = 1.246 Mg mÿ3

Mo K� radiation
Cell parameters from 6095

re¯ections
� = 3.0±56.6�

� = 0.364 mmÿ1

T = 293 (2) K
Needle, colourless
0.70 � 0.20 � 0.15 mm

Data collection

Siemens CCD SMART diffract-
ometer

! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.785, Tmax = 0.948

6531 measured re¯ections

2812 independent re¯ections
2656 re¯ections with I > 2�(I)
Rint = 0.037
�max = 28.21�

h = ÿ16! 22
k = ÿ12! 12
l = ÿ12! 14
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Intensity decay: ÿ1.55%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.035
wR(F 2) = 0.112
S = 1.096
2812 re¯ections
208 parameters
H atoms treated by a mixture of

independent and constrained
re®nement

w = 1/[�2(Fo
2) + (0.0749P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.002
��max = 0.29 e AÊ ÿ3

��min = ÿ0.29 e AÊ ÿ3

Absolute structure: Flack (1983)
Flack parameter = 0.02 (6)

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

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

N4ÐH4NA� � �Cl1 0.83 (5) 2.77 (5) 3.456 (2) 140 (4)
N2ÐH2NA� � �Cl1 0.87 (5) 2.48 (5) 3.317 (3) 162 (4)
N2ÐH2NB� � �Cl2 0.77 (5) 2.31 (5) 3.062 (2) 168 (5)
N4ÐH4NA� � �N3 0.83 (5) 2.46 (5) 2.973 (3) 121 (4)
N4ÐH4NB� � �Cl1i 0.99 (5) 2.19 (5) 3.128 (2) 158 (4)
O1WÐH1W� � �Cl1 0.81 (3) 2.57 (5) 3.177 (3) 133 (5)
O1WÐH2W� � �Cl2ii 0.82 (3) 2.45 (4) 3.200 (4) 152 (4)

Symmetry codes: (i) x; 2ÿ y; z ÿ 1
2; (ii) 1

2� x; 1
2� y; z.

Compound (II)

Crystal data

C14H27N4
3+�2.826Clÿ�0.174NO3

ÿ

Mr = 362.37
Monoclinic, P21=n
a = 10.7592 (3) AÊ

b = 10.8825 (3) AÊ

c = 15.4988 (3) AÊ

� = 93.9033 (13)�

V = 1810.50 (8) AÊ 3

Z = 4

Dx = 1.329 Mg mÿ3

Mo K� radiation
Cell parameters from 4178

re¯ections
� = 3.0±56.6�

� = 0.484 mmÿ1

T = 293 (2) K
Irregular, colourless
0.30 � 0.15 � 0.10 mm

Data collection

Siemens CCD SMART diffract-
ometer

! scans
Absorption correction: empirical

(SADABS; Sheldrick, 1996)
Tmin = 0.868, Tmax = 0.953

9674 measured re¯ections
4252 independent re¯ections

2388 re¯ections with I > 2�(I)
Rint = 0.056
�max = 28.29�

h = ÿ11! 13
k = ÿ14! 5
l = ÿ20! 20
Intensity decay: ÿ1.97%

Re®nement

Re®nement on F 2

R[F 2 > 2�(F 2)] = 0.054
wR(F 2) = 0.122
S = 0.984
4252 re¯ections
224 parameters

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

w = 1/[�2(Fo
2) + (0.0457P)2]

where P = (Fo
2 + 2Fc

2)/3
(�/�)max = 0.053
��max = 0.33 e AÊ ÿ3

��min = ÿ0.25 e AÊ ÿ3

Some 576 Friedel pairs were used in the re®nement to determine

the absolute structure of (I). The relatively high residual electronic

density in the environment of Cl3 in (II), as well as the distribution of

the peaks in the Fourier map, makes it neccesary to adopt a disorder

model where a Clÿ ion alternates with a nitrate ion in the structure

(an occupation factor was re®ned to give values of 0.825 and 0.175).

Methyl H atoms were added at calculated positions and re®ned using

a riding model. All other H atoms were located from a difference

Fourier map and re®ned with U(H) equal to 1.2 (or 1.5 for methyl H

atoms) times Ueq of the parent atom.

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

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

N4ÐH4NB� � �Cl1i 0.92 (3) 2.38 (4) 3.260 (3) 160 (3)
N2ÐH2NB� � �Cl1i 0.96 (3) 2.32 (3) 3.237 (3) 159 (3)
N2ÐH2NA� � �Cl2i 0.96 (3) 2.11 (3) 3.056 (2) 167 (3)
N4ÐH4NA� � �Cl3ii 1.03 (3) 2.07 (3) 3.074 (3) 164 (3)
N4ÐH4NA� � �O2ii 1.03 (3) 1.72 (4) 2.676 (14) 152 (3)
N4ÐH4NA� � �O3ii 1.03 (3) 1.91 (3) 2.761 (14) 137 (3)
N3ÐH3N� � �Cl2iii 0.93 (3) 2.20 (3) 3.102 (3) 166 (3)

Symmetry codes: (i) x; yÿ 1; z; (ii) x; yÿ 1; zÿ 1; (iii) 3
2ÿ x; yÿ 1

2; 1
2ÿ z.

For both compounds, data collection: SMART (Siemens, 1994);

cell re®nement: SMART; data reduction: SAINT (Siemens, 1995);

program(s) used to solve structure: SHELXS97 (Sheldrick, 1990);

program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997);

software used to prepare material for publication: SHELXL97.

We thank La Xunta de Galicia (PGIDT99PXI20902B) for

®nancial support.
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