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Crystallization of [Cd(S-thpcl12)](ClO,),-H,O {S-thpcl2 is
1,4,7,10-tetrakis[(S)-2-hydroxypropyl]-1,4,7,10-tetraazacyclo-
dodecane} in the presence of two equivalents of sodium
picrate monohydrate (sodium 2.4,6-trinitrophenolate mono-
hydrate) diastereoselectively produces a neutral receptor
complex, viz. the title compound, A-[Cd(CyH4N4O,)]-
(C¢H,N305),-CH3CN. In this complex, two picrate anions
hydrogen bond, via their phenolate moieties, to the pendant
hydroxyl groups of the receptor which, together with the four
N atoms, themselves bond to Cd" in an approximately cubic
arrangement. One picrate anion hydrogen bonds to all four
hydroxyl groups, one of which also acts as the sole hydrogen-
bond donor to the second picrate anion.

Comment

The ability of optically active pendant hydroxyl-donor
macrocyclic ligands based on cyclen (cyclen is 1,4,7,10-tetra-
azacyclododecane) to coordinate in a diastereoselective
manner has been noted previously (Dhillon et al., 1997, 1998).
The structures of such complexes generally approximate to
that of a distorted cube or square antiprism (Bugen et al.,
1982; Chin et al., 1994; Hancock et al., 1988; Luckay et al., 1995)
and as such have an inherent helicity which may be described
as A or A depending on whether the four hydroxyl donors are
displaced anticlockwise or clockwise, with respect to the N
atom to which each is attached, when the molecule is viewed
from the plane of the hydroxyl groups towards the plane of the
four N atoms along the pseudo-C, axis (Dhillon et al., 1995).
Our recent research has been directed towards attaching
aromatic groups to each of the pendant arms in such a way
that they will juxtapose to form a cavity suitable for the
inclusion of smaller guest molecules, in particular aromatic
anions (Smith et al, 1999, 2002). In the present work, the
attached group is the methyl group and it was of interest to us

to determine if, by using it, association with picrate (2,4,6-
trinitrophenolate), which appears to be too large to be
included within complexes having more enclosed cavities
(Smith et al., 2002), could be induced.
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The cation of the title compound, (I), shows the expected
approximately cubic coordination geometry about the Cd
atom, with Cd—N bond lengths in the range 2.440 (2)-
2.525 (3) A and Cd—O(hydroxyl) bond lengths in the range
2.378 (2)-2.845 (2) A (Table 1 and Fig. 1). The plane of the
four O atoms is rotated clockwise by ca 14° with respect to the
plane of the four N atoms, giving the complex the A helicity
(left-handed screw form of the N—O chelating arms around

Figure 1

View of the title compound, showing the atom-labelling scheme.
Hydrogen bonds are shown as dashed lines. Displacement ellipsoids are
drawn at the 50% probability level and H atoms have been omitted.

m358

© 2003 International Union of Crystallography

DOI: 10.1107/50108270103016007

Acta Cryst. (2003). C59, m358-m360



metal-organic compounds

Figure 2

View of the title compound nearly edge-on to the trinitrophenolate
planes. Hydrogen bonds are shown as dashed lines. Atoms are shown as
spheres of arbitrary size and H atoms have been omitted.

the local fourfold axis). One picrate anion is located centrally
above the cation, held in place by hydrogen bonds from all
four hydroxyl O atoms to Ola, while the other anion packs in
the crystal beside it and is hydrogen bonded only to hydroxyl
atom O1 (Table 2 and Fig. 2). The planar regions of the two
anions are approximately parallel, with a mean separation of
322 A, and are offset in such a way as to prevent the eclipsing
of any of the atoms (Fig. 3). The extra stability conferred on
the crystal structure by the stacking of the anions and the
steric factors involved in the formation of the bifurcated
hydrogen bond from O1 to the electron-rich Olb centre
apparently combine to weaken the Cd—O1 bond, which is
0219 A longer than any such bond currently recorded in the
Cambridge Structural Database (Version 5.24; Allen, 2002).
The Cd" to phenolate Ola distance is 3.656 (2) A, eliminating
the possibility of significant ionic interaction between these
charged centres. No association of the acetonitrile molecule
present in the crystal lattice with the complex is apparent.
As judged from the range of hydrogen-bond donor-
acceptor distances in (I) [2.840 (3)-3.197 (4) A], the picrate
anions are held less strongly than are 4-nitrophenolate anions
in similar complexes; corresponding distances are 2.627-
2797 A in {1,4,7,10-tetrakis[(S)-2-hydroxypropyl-«O]-1,4,7,10
tetraazacyclododecane-«*N}cadmium(II)  4-nitrophenolate
perchlorate hydrate (Davies et al, 2000), and 2.546 and
2.630 A (twice) in {1,4,7,10-tetrakis[(S)-2-hydroxy-3-phenoxy-
propyl-k0]-1,4,7,10-tetraazacyclododecane-x*N}cadmium(II)
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Figure 3

The stacking of the trinitrophenolate rings, viewed strictly normal to the
least-squares plane. Displacement ellipsoids are drawn at the 50%
probability level and H atoms have been omitted.

di-4-nitrophenolate (Smith et al., 2002). This probably arises
for two reasons: (i) the greater delocalization of the negative
charge away from the O atom on the picrate corresponding to
short C—01a/O1b bonds (Table 1) compared with corre-
sponding distances in the 4-nitrophenolate anions in the above
structures [1.293 (10) and 1.277 (4) A, respectively], making
these picrate O atoms more like neutral hydrogen-bond
acceptors, and (ii) a steric constraint is possibly more marked
when associated with forming four hydrogen bonds to the
same acceptor (Ola) rather than two, i.e. if the phenolate O
atom moves any closer to the Cd atom, the hydrogen bonds
will shorten, but the O—H---O angles will deviate further
from linearity than they have already.

The crystal structure of (I) shows that both picrate anions
associate with the complex cation in the solid state. The
electrical conductivity for the receptor complex in N,N-di-
methylformamide (DMF) solution (128 ' cm® mol™"),
however, is almost in the range normally shown by 1:2 elec-
trolytes in this solvent (130-170 Q™" cm? mol ™ '; Geary, 1971),
suggesting that both picrate anions are substantially disso-
ciated in DMF, and probably more so in solvents of higher
dielectric constant.

Experimental

The title compound, (I), was prepared by adding sodium picrate
monohydrate (159 mg, 0.6 mmol; Siberrad & Phillips, 1908) to a
solution of [Cd(S-thpc12)](ClO,),-H,O (212 mg, 0.3 mmol; Davies et
al., 2000) in dry acetonitrile (15 ml). The solid dissolved quickly and a
mass of yellow precipitate filled the flask within 20 min. This preci-
pitate was dissolved in situ by heating the suspension to the boiling
point of the solvent. The resulting solution was then allowed to reflux
for 2 h. Upon cooling, large yellow prisms of (I), suitable for X-ray
diffraction studies, formed. These were filtered off and dried (yield
228 mg, 76%). *C NMR (DMSO-dy): § 160.90, 141.96, 125.30, 124.27,
118.16 (CH3CN), 61.93, 59.36, 49.95, 48.00, 20.94, 1.24 (CH;CN).
Analysis calculated for C3,Hs5,CdN;Og: C 40.26, H 5.07, N 15.19%;
found: C 40.2, H 5.0, N 15.0%. Conductivity: 128 @' cm® mol™" (1 x
10~ M, DMF).
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Crystal data

[Cd(CaoH44N404)](CeHoN305),-- D, =1.597Mgm™

C,H;N Mo Ka radiation
M, =1014.25 Cell parameters from 6088
Monoclinic, P2, reflections
a=10.980 (2) A 0 =12-264°
b=16575(3) A i =0.61mm™"
c=11.640 2) A T=168(2) K

B=9551(1) Irregular hexagonal plate, yellow
V =2108.6 (7) A® 0.60 x 0.42 x 0.15 mm
zZ=2

Data collection

Bruker P4 diffractometer 4248 reflections with F> > 0

w scans Rin = 0.016

Absorption correction: empirical Omax = 26.4°
(SADABS; Bruker, 1997) h=-13—->13
Tnin = 0.779, Tpax = 0.913 k=-20— 20

15 919 measured reflections [=—-14 - 14

8289 independent reflections

Refinement

Refinement on F? ApPmax =037 € A3

R(F) = 0.023 Apmin = —031e A3
wR(F?) = 0.057 Extinction correction:
S=124 Larson (1970)

8289 reflections

578 parameters

H-atom parameters not refined
w = 1/[o*(F,?) + (0.05F,»)?]"?
(A/0)max = 0.001

Extinction coefficient: 13 (3) x 10?

Absolute structure: Flack (1983),
3983 Friedel pairs

Flack parameter = 0.018 (14)

Table 1 .

Selected interatomic distances (A).

Ccd—o1 2.845 (2) Cd—N2 2.440 (2)
Cd—02 2.404 (2) Cd—N3 2.525 (3)
Cd—03 2.566 (2) Cd—N4 2.469 (2)
Cd—04 2.378 (2) Ola—Cla 1.245 (3)
Cd—N1 2.459 (3) 0O1b—Clb 1.236 (4)
Table 2 .

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
O1—HI1---Ola 0.88 2.62 3.197 (4) 124
O1—H1---01b 0.88 2.20 2913 (3) 137
O2—H2---Ola 0.81 221 2.840 (3) 135
O3—H3---Ola 0.91 2.34 3.000 (4) 129
O4—H4---Ola 1.00 2.10 2.894 (3) 135

Hydroxyl H-atom positions were obtained from the four highest
peaks in the penultimate difference map and others were placed in
calculated positions.

Data collection: SMART (Bruker, 1997); cell refinement: SMART,
data reduction: SAINT (Bruker, 1997) and Xtal3.7 ADDREF
SORTRF (Hall et al., 2000); program(s) used to solve structure:
SIR97 (Altomare et al., 1994); program(s) used to refine structure:
Xtal3.7 CRYLSQ; molecular graphics: Xtal3.7; software used to
prepare material for publication: Xtal3.7 BONDLA CIFIO.

We thank Dr Jan Wikaira of the University of Canterbury,
Christchurch, New Zealand, for collecting the data, and the
Australian Research Council for financial support.

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: OB1131). Services for accessing these data are
described at the back of the journal.

References

Allen, F. H. (2002). Acta Cryst. B58, 380-388.

Altomare, A., Cascarano, G., Giacovazzo, C., Guagliardi, A., Burla, M. C,,
Polidori, G. & Camalli, M. (1994). J. Appl. Cryst. 27, 435.

Bruker (1997) SMART, SAINT and SADABS. Bruker AXS Inc., Madison,
Wisconsin, USA.

Bugen, S., Dale, J., Groth, P. & Krane, J. (1982). J. Chem. Soc. Chem. Commun.
pp. 1172-1174.

Chin, K. O. A., Morrow, J. R., Lake, C. H. & Churchill, M. R. (1994). Inorg.
Chem. 33, 656-664.

Davies, P. J., Lincoln, S. F, Smith, C. B, Taylor, M. R., Wainwright, K. P. &
Wallwork, K. S. (2000). Acta Cryst. C56, 28-30.

Dhillon, R. S., Madbak, S. E., Ciccone, F. G., Buntine, M. A., Lincoln, S. F. &
Wainwright, K. P. (1997). J. Am. Chem. Soc. 119, 6126-6134.

Dhillon, R. S., Madbak, S. E., Ciccone, F. G., Buntine, M. A., Lincoln, S. F. &
Wainwright, K. P. (1998). J. Am. Chem. Soc. 120, 11212.

Dhillon, R., Stephens, A. K. W., Whitbread, S. L., Lincoln, S. F. & Wainwright,
K. P. (1995). J. Chem. Soc. Chem. Commun. pp. 97-98.

Flack, H. D. (1983). Acta Cryst. A39, 876-881.

Geary, W. I. (1971). Coord. Chem. Rev. 7, 81-122.

Hall, S. R., du Boulay, D. J. & Olthof-Hazekamp, R. (2000). Editors. Xtal3.7
System. University of Western Australia, Perth: Lamb.

Hancock, R. D., Shaikjee, M. S., Dobson, S. M. & Boeyens, J. C. A. (1988).
Inorg. Chim. Acta, 154, 229-238.

Larson, A. C. (1970). Crystallographic Computing, edited by F. R. Ahmed, S. R.
Hall & C. P. Huber, pp. 291-294. Copenhagen: Munksgaard.

Luckay, R., Reibenspies, J. H. & Hancock, R. D. (1995). J. Chem. Soc. Chem.
Commun. pp. 2365-2366.

Siberrad, O. & Phillips, H. A. (1908). J. Chem. Soc. pp. 474-489.

Smith, C. B., Stephens, A. K., Wallwork, K. S., Lincoln, S. F, Taylor, M. R. &
Wainwright, K. P. (2002). Inorg. Chem. 41, 1093-1100.

Smith, C. B., Wallwork, K. S., Weeks, J. M., Buntine, M. A., Lincoln, S. F,,
Taylor, M. R. & Wainwright, K. P. (1999). Inorg. Chem. 38, 4986-4992.

M360  Christopher B. Smith et al. -

[CA(C2oH44N4ONICHLN307),-CoH3N

Acta Cryst. (2003). C59, m358-m360



