
electronic reprint
Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

Editors: W.T.A. Harrison, J. Simpson and
M. Weil

(1-Butyl-1,4-diazabicyclo[2.2.2]octon-1-ium-
κN4)trichloridocobalt(II)

Sanchai Luachan, Bunlawee Yotnoi, Timothy J. Prior and Apinpus
Rujiwatra

Acta Cryst. (2009). E65, m321–m322

This open-access article is distributed under the terms of the Creative Commons Attribution Licence
http://creativecommons.org/licenses/by/2.0/uk/legalcode, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original authors and source are cited.

Acta Crystallographica Section E

Structure Reports
Online
Editors: W. Clegg and D. G. Watson

journals.iucr.org

International Union of Crystallography * Chester

ISSN 1600-5368

Volume 61

Part 11

November 2005

Inorganic compounds

Metal-organic compounds

Organic compounds

Acta Crystallographica Section E: Structure Reports Online is the IUCr’s highly popu-
lar open-access structural journal. It provides a simple and easily accessible publication
mechanism for the growing number of inorganic, metal-organic and organic crystal struc-
ture determinations. The electronic submission, validation, refereeing and publication
facilities of the journal ensure very rapid and high-quality publication, whilst key indica-
tors and validation reports provide measures of structural reliability. In 2007, the journal
published over 5000 structures. The average publication time is less than one month.

Crystallography Journals Online is available from journals.iucr.org

Acta Cryst. (2009). E65, m321–m322 Luachan et al. · [Co(C10H21N2)Cl3]

http://journals.iucr.org/e/
http://dx.doi.org/10.1107/S1600536809005893
http://creativecommons.org/licenses/by/2.0/uk/legalcode
http://journals.iucr.org/e/
http://journals.iucr.org


(1-Butyl-1,4-diazabicyclo[2.2.2]octon-1-
ium-jN4)trichloridocobalt(II)

Sanchai Luachan,a Bunlawee Yotnoi,a Timothy J. Priorb

and Apinpus Rujiwatraa*

aDepartment of Chemistry, Faculty of Science, Chiang Mai University, Chiang Mai

50200, Thailand, and bDepartment of Chemistry, University of Hull, Kingston upon

Hull HU6 7RX, England

Correspondence e-mail: apinpus@chiangmai.ac.th

Received 11 February 2009; accepted 19 February 2009

Key indicators: single-crystal synchrotron study; T = 120 K; mean �(C–C) = 0.007 Å;
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The title compound, [Co(C10H21N2)Cl3], was obtained as the

by-product of the attempted synthesis of a cobalt sulfate

framework using 1,4-diazabicyclo[2.2.2]octane as an organic

template. The asymmetric unit comprises two distinct mol-

ecules, and in each, the cobalt(II) ions are tetrahedrally

coordinated by three chloride anions and one 1-butyldiaza-

bicyclo[2.2.2]octan-1-ium cation. The organic ligands are

generated in situ, and exhibit two forms differentiated by

the eclipsed and staggered conformations of the butyl groups.

These molecules interact by way of C—H� � �Cl hydrogen

bonds, forming a three-dimensional hydrogen-bonding array.

Related literature

Examples of closely related structures are N-methyl-1,4-

diazabicyclo(2.2.2) octonium trichloro-aqua-nickel(II) (Ross

& Stucky, 1969) and N,N0-dimethyl-1,4-diazaniabicyclo[2.2.2]-

octane tetrachlorocobaltate (C8H18N2)[CoCl4] (Qu & Sun,

2005). The organic cation in both structures do not coordinate

to the cobalt ion but, in each case, the C—H� � �Cl hydrogen-
bonding interactions are similar to those in the title

compound. For hydrogen bonding in related structures, see:

Bremner & Harrison (2003).

Experimental

Crystal data

[Co(C10H21N2)Cl3]
Mr = 334.57
Monoclinic, P21
a = 8.379 (2) Å
b = 12.1090 (13) Å
c = 14.711 (4) Å
� = 91.683 (4)�

V = 1492.0 (6) Å3

Z = 4
Synchrotron radiation
� = 0.69430 Å
� = 1.67 mm�1

T = 120 K
0.12 � 0.02 � 0.02 mm

Data collection

Bruker D8 with APEXII detector
diffractometer

Absorption correction: multi-scan
(TWINABS; Bruker, 2004)
Tmin = 0.597, Tmax = 0.746
(expected range = 0.774–0.967)

12848 measured reflections
8831 independent reflections
7018 reflections with I > 2�(I)
Rint = 0.054

Refinement

R[F 2 > 2�(F 2)] = 0.045
wR(F 2) = 0.098
S = 1.04
8831 reflections
292 parameters
1 restraint

H-atom parameters constrained
��max = 0.65 e Å�3

��min = �0.44 e Å�3

Absolute structure: Flack (1983),
3980 Friedel pairs

Flack parameter: 0.064 (17)

Table 1
Hydrogen-bond geometry (Å, �).

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

C2—H2B� � �Cl6i 0.99 2.66 3.567 (5) 153
C4—H4A� � �Cl1ii 0.99 2.66 3.511 (5) 145
C6—H6B� � �Cl3ii 0.99 2.69 3.606 (5) 154
C7—H7B� � �Cl3iii 0.99 2.80 3.729 (5) 157
C12—H12B� � �Cl5iv 0.99 2.62 3.485 (4) 146
C14—H14A� � �Cl6iv 0.99 2.75 3.567 (5) 140
C16—H16A� � �Cl1v 0.99 2.60 3.548 (4) 161
C16—H16B� � �Cl5v 0.99 2.81 3.739 (4) 156

Symmetry codes: (i) x� 1; y; z� 1; (ii) �x; y� 1
2;�zþ 1; (iii) x� 1; y; z; (iv)

�x þ 2; y� 1
2;�zþ 2; (v) xþ 1; y; z.

Data collection: APEX2 (Bruker, 2007); cell refinement: APEX2;

data reduction: TWINABS (Bruker, 2004); program(s) used to solve

structure: SHELXS86 (Sheldrick, 2008); program(s) used to refine

structure: SHELXL97 (Sheldrick, 2008); molecular graphics:

DIAMOND (Brandenburg & Putz, 2005); software used to prepare

material for publication: PLATON (Spek, 2009).

The authors thank the Thailand Research Fund, Center for

Innovation in Chemistry and Thailand Toray Science Found-

ation for financial support. BY thanks the Royal Golden

Jubilee PhD program and the Graduate School of Chiang Mai

University for a Graduate Scholarship.

Supplementary data and figures for this paper are available from the
IUCr electronic archives (Reference: LH2775).

References

Brandenburg, K. & Putz, H. (2005). DIAMOND. Crystal Impact GbR, Bonn,
Germany.

Bremner, C. A. & Harrison, W. T. A. (2003). Acta Cryst. E59, m425–m426.
Bruker (2004). TWINABS. Bruker AXS Inc., Madison, Wisconsin, USA.
Bruker (2007). APEX2. Bruker AXS Inc., Madison, Wisconsin, USA.
Flack, H. D. (1983). Acta Cryst. A39, 876–881.

metal-organic compounds

Acta Cryst. (2009). E65, m321–m322 doi:10.1107/S1600536809005893 Luachan et al. m321

Acta Crystallographica Section E

Structure Reports
Online

ISSN 1600-5368

electronic reprint



Qu, Y. & Sun, X.-M. (2005). Acta Cryst. E61, m2121–m2123.
Ross, F. K. & Stucky, G. D. (1969). Inorg. Chem. 8, 2734–2740.

Sheldrick, G. M. (2008). Acta Cryst. A64, 112–122.
Spek, A. L. (2009). Acta Cryst. D65, 148–155.

metal-organic compounds

m322 Luachan et al. � [Co(C10H21N2)Cl3] Acta Cryst. (2009). E65, m321–m322

electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint



electronic reprint


