
ORIGINAL ARTICLE

Synthesis, structure and property of three divalent metal
complexes of the piperidinoacetyl-containing calix[4]arene

Ying-Hua Zhou • Jian Chen • Yong-Jia Shang •

Yong Cheng

Received: 31 August 2011 / Accepted: 31 January 2012 / Published online: 4 March 2012

� Springer Science+Business Media B.V. 2012

Abstract Three new mononuclear complexes [Cd(L)]

(ClO4)2�4(MeCN) (1) (L = 5,11,17,23-tetra-t-butyl-25,26,

27,28-tetrakis(piperidinocarbonylmethoxy)calix[4]arene),

[Zn(L)](ClO4)2�4(MeCN)�CH2Cl2 (2), [Cu(L)](ClO4)2�3(Me

CN)�Et2O (3) have been synthesized and characterized by

elemental analysis and X-ray single crystal diffraction

(CCDC: 838342, 838343 and 838344). The results of the

crystal structural analyses show that calix[4]arene back-

bones in 1, 2, 3 are fixed in the cone conformation while the

divalent metal cations (Cd, Zn and Cu) are coordinated with

the discrepant geometry. The cadmium ion in 1 is eight-

coordinated with four carbonyl oxygen atoms and four

ethereal oxygen atoms in the low rim of calix[4]arene,

whereas zinc ion in 2 and copper ion in 1 are four-coordi-

nated with the acyl oxygen atoms. The atomic net charges

distribution and frontier molecular orbital energies were

obtained by Gaussian 98 program with DFT method at

B3LYP/lanl2dz level. Furthermore, the SOD-like activities

of 3 were measured by xanthine/xanthine oxidase-NBT

assay at pH 7.2 and 7.8.

Keywords Calix[4]arene � Supramolecular chemistry �
Complexation � Metalloenzyme model

Introduction

Recently, calixarenes derivatives have been extensively

applied in the fields of supramolecular architecture, ion

sensors, ion transport through liquid membranes, metal

extraction and enzyme mimics due to the high preorgani-

zation and complementarity with guest molecules and ions

[1–6]. Functionalization of calixarenes at the bottom and up

rim with the organic groups containing nitrogen, sulfur and

oxygen donor atoms represents an effective and versatile

way of constructing metal cation receptors or the functional

complexes, where the chelating chains can be convergent

and interact simultaneously with the coordinated cation.

Therefore, the calix[4]arene derivatives can be exploited to

effectively scavenge some heavy metals ion pollutants [7–9],

or mimic the active site of some metal enzyme. Reinhoudt

groups founded that some di-Zn(II) complexes with the

calix[4]arene as the hydrolase scaffold behaved the high

hydrolytic activity for the ester compounds [10], due to the

cooperatively catalytic effect of the two zinc ions. Reinaud

and co-worker reported the metal funnel complexes con-

taining the cone conformation of calixarene could mimic the

substrate access channel to metalloenzyme active sites

because the a variety of guest small molecules/ions were

induced and captured by the cavity of calixarene resulting in

the spatial favor to the catalysis [11]. Up to the present, the

research on the catalytic properties of the metal funnel

complex with the cone calixarene is still rare.

Herein, we report the synthesis and structures of the

three bivalent metal complexes based on the ligand 5,11,17,

23-tetra-tert-butyl-25,26,27,28-tetrakis(piperidinocarbonylmethoxy)

calix[4]arene (L), [Cd(L)](ClO4)2�4(MeCN) (1), [Zn(L)]

(ClO4)2�4(MeCN)�CH2Cl2 (2), [Cu(L)](ClO4)2�3(MeCN)�
Et2O (3). The atomic net charges distribution and frontier

molecular orbital energies were obtained by Gaussian 98
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program with DFT method at B3LYP/LanL2DZ level.

Furthermore, the SOD-like activities (SOD = superoxide

dismutase) of complex 3 were determined by xanthine/

xanthine oxidase-NBT assay.

Experimental section

Materials

All of the chemicals were of analytical reagent grade and

were used as received. Organic reagents were reagent grade

and redistilled before use. 5,11,17,23-tetra-tert-butyl-25,26,

27,28-tetrakis(piperidinocarbonylmethoxy)calix[4]arene was

synthesized and purified according to literature procedure

[12]. Bivalent metallic perchlorate hexahydrate M(ClO4)2�6H2O

(M = Cd, Zn, Cu) were prepared as our previous work [13, 14].

Measurements

X-ray crystallography

Single-crystal X-ray data of 1, 2 and 3 was collected on a

Bruker Smart Apex CCD diffractometer at 173 K, both with

graphite-monochromated Mo Ka radiation (k) 0.71073 Å.

The reflections were corrected for Lorentz and polarization

effects, and empirical absorption corrections were applied

using the SADABS program [15]. The space groups were

determined from systematic absences and confirmed by the

results of refinement. The structure of 1, 2 and 3 was solved

by direct methods using the SHELXTL software suite and

Sir2004 [16, 17]. All non-hydrogen atoms were refined with

anisotropic displacement parameters except some of the

disordered ones. All H atoms of the calix[4]arene ligand

were placed at idealized positions and refined as riding

atoms. Almost all atoms of the metal calix[4]arene com-

plexes were normal, but some atoms of tert-butyl group in

calix[4]arene exhibited slight disorder. Such disorder situa-

tions often appear in the complexes containing tert-butyl

group [13, 14]. Therefore they do not affect our general

understanding the structure of the supramolecular complex.

Crystallographic data of 1, 2 and 3 are listed in Table 1.

SOD activity

Superoxide anion (O2
•-) was generated in enzymatic (xan-

thine/xanthine oxidase) system in the presence or absence of

test complexes, and O2
•- production was determined by

monitoring the reduction of NBT to monoformazan dye at

560 nm at 25 ± 0.1 �C [14, 18]. An appropriate amount of

xanthine oxidase was added to a mixture of 500 lM NBT,

500 lM xanthine, and 0–1.0 lM complex dissolved in

50 mM phosphate buffer (pH 7.2 and 7.8) to cause a

variation of absorbance (DA560/Dtmin) of 0.025 ± 0.005.

The percentage inhibition (% I) of NBT? formation was

calculated from equation: (%) I = (A0 - As)/A0 9 100, in

which A0 and As are the maximum absorbance values due to

NBT? at 560 nm in the absence and in the presence of the

complex. By plotting the % I as a function of complex con-

centration, the IC50 values were calculated.

DFT calculation

The atomic coordinate positions of the complex 1, 2 and 3

were based on the data of the crystal structures, in which

the solvent molecules and equilibrium charge anions

ClO4
- were ignored. DFT calculations with a hybrid

functional B3LYP method at the LanL2DZ basis set were

performed with Gaussian 98 software package [19]. In 1

and 2, the charge and multiplicity is respectively set as ?2,

1, while ?2, 2 with restricted-open spin in 3 because of one

unpaired electron in Cu(II). All calculations were per-

formed on a Pentium IV computer using the high conver-

gence criteria. For 1, 185 atoms, 974 basis functions, 2,536

primitive gaussians, 317 alpha electrons and 317 beta

electrons are involved in the calculation. For 2, 185 atoms,

974 basis functions, 2,539 primitive gaussians, 317 alpha

electrons and 317 beta electrons are involved in the cal-

culation. For 3, 185 atoms, 978 basis functions, 2,552

primitive gaussians, 321 alpha electrons and 320 beta

electrons are involved in the calculation.

Preparation of complex 1

To 10 mL acetonitrile solution of L (0.574 g, 0.5 mmol)

was slowly added a solution of Cd(ClO4)2�6H2O (0.210 g,

0.5 mmol) in 5 mL MeCN with stirring. After 30 min, the

mixture solution was filtered and the filtrate was kept at

room temperature. The colorless bulk crystals of 1 were

isolated after 72 h (yield 46% based on Cd). Mass spec-

trum MS (ESI, H2O/MeOH, 1:1, v/v, m/z): [CdL]2? calcd

631.3, found 631.0. Anal. Calcd. for C80H112Cl2N8O16Cd:

C 59.13, N 6.90, H 6.95%; Found: C 59.41, N 7.09, H

6.62%. IR (KBr disc, cm-1): 2944 (m, br), 2859 (w), 1664

(s), 1477 (m), 1403 (s), 1362 (w), 1199 (m), 1127 (w), 1065

(w), 1012 (w), 869 (w). CCDC: 838342.

Preparation of complex 2

To 10 mL dichlormethane solution of L (0.574 g,

0.5 mmol) was slowly added a solution of 5 mL acetoni-

trile solution of Zn(ClO4)2�6H2O (0.186 g, 0.5 mmol).

After stirring for 30 min, the mixture solution was filtered

and the filtrate was kept at room temperature. The colorless

block crystals of 2 were isolated after 36 h (yield 52%

based on Zn). Anal. Calcd. for C81H114Cl4N8O16Zn:
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C 58.50, N 6.91, H 6.74%; Found: C 58.72, N 7.12, H

6.54%. CCDC: 838343.

Preparation of complex 3

To 10 mL acetonitrile containing L (0.574 g, 0.5 mmol) was

slowly added a solution of 5 mL acetonitrile solution of

Cu(ClO4)2�6H2O (0.185 g, 0.5 mmol). After stirring for

30 min, the mixture solution was filtered. Then the filtrate

was diffused in the ethyl ether at 4 �C. The blue plate crystals

of 3 were isolated after 120 h (yield 41% based on Cu). Anal.

Calcd. for C82H118Cl2N7O17Cu: C 61.24, N 6.10, H 7.40%;

Found: C 61.46, N 6.38, H 7.21%. CCDC: 838344.

Results and discussion

Crystal structure analysis

The coordination environment of metal cations and the

selected bond lengths of 1, 2 and 3 are illustrated in Figs. 1,

2, 3. Single-crystal X-ray diffraction analysis reveals that 1,

2 and 3 consist of perchlorate anions, solvent molecules

and a metal-calix[4]arene unit, in which metal cations

(Cd2?, Zn2? and Cu2?) are coordinated to the oxygen

atoms located at the bottom rim of calix[4]aren. The cad-

mium geometry in 1 (Fig. 1) is described as a distorted

square antiprism, in which the metal cation is coordinated

by eight oxygen atoms with four acyl oxygen atoms and

four phenol oxygen atoms of calix[4]arene. Obviously, the

nitrogen atoms of piperidino groups have not been coor-

dinated to the cadmium ion, although the nitrogen atom has

a more compatibility to a soft metal cation than the oxygen

atom. It may be contributed to the fact that the lower rim

with piperidinoacetyl groups is capacious so that the

nitrogen atoms of four piperidino groups are far enough not

to be coordinated to metal cation. The ethereal and acyl

oxygen atoms lay on the two discrete quasi-parallel squares

planes, which are about 2.275 Å apart and tilted 0.839�
from each other. The Cd(II) cation is sandwiched between

the two bases and is slight closer to the ethereal oxygen

plane (1.101 (4) Å) than to the acyl oxygen plane (1.174

Table 1 Crystal data and structure refinement for 1, 2 and 3

1 2 3

Empirical formula C80H112Cl2N8O16Cd C81H114Cl4N8O16Zn C82H118Cl2N7O17Cu

Formula weight 1,625.08 1,662.97 1,608.27

k/Å 0.71073 0.71073 0.71073

Temperature/K 173(2) 173(2) 173(2)

Crystal dimensions/mm 0.12 9 0.32 9 0.36 0.16 9 0.45 9 0.48 0.12 9 0.42 9 0.48

Crystal system Triclinic Triclinic Orthorhombic

Space group P-1 P-1 P2(1)

a/Å 14.580 (3) 14.570 (5) 28.248 (4)

b/Å 15.028 (3) 14.955 (5) 12.970 (2)

c/Å 19.807 (4) 20.016 (4) 22.929 (3)

a/� 86.913 (3) 87.475 (6) 90.00

b/� 80.475 (3) 81.019 (7) 90.00

c/� 77.675 (3) 77.676 (6) 90.00

V/Å3 4,180.7 (13) 4,208.37 (75) 8,400.65 (27)

Z 2 2 4

Dc/Mg m-3 1.291 1.312 1.272

Absorpt. coeff l/mm-1 0.392 0.487 0.392

F (000) 1,716 1,764 3,432

h Range/� 1.72–27.12 1.03–27.18 1.44–26.09

Reflections collected 35,107 35,898 38,593

Independent reflections 1,7965 [Rint = 0.0437] 1,8203 [Rint = 0.0339] 1,4382 [Rint = 0.0957]

R1 (I [ 2r(I))a 0.0594 0.0636 0.1500

wR2 (all data)b 0.1564 0.1762 0.3507

Goodness-of-fit on F2 1.062 1.044 1.370

Dqmax, min/e Å-3 1.117, -0.726 0.672, -1.094 4.555, -1.741

a R1 =
P

||F0| - |FC||/
P

|F0|
b wR2 =

P
[w(F0

2 - FC
2 )2]/

P
[w(F0

2)2]1/2
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(4) Å). The bond lengths of Cd–O of the ethereal and acyl

oxygen are in the range of 2.434 (2)–2.486 (3) Å and 2.267

(3)–2.369 (3) Å, respectively, which are typical for the

Cd–O complexes [20–22]. In 1, the cadmium cation is

charge-balanced by two perchlorate anions. Moreover,

there are also four isolated acetonitrile solvent molecules

co-crystallized with the calixarene. In the packing

arrangement, the complex 1 are packed together with per-

chlorate anions and isolated acetonitrile molecules via the

electrostatic forces and H-bonding interactions to form a

supramolecular framework. As far as 2 and 3 is concerned,

the coordination environments around the metal cation are

similar. The complexation geometry in 2 (Fig. 2) and 3

(Fig. 3) are described as the distorted tetragonal pyramid, in

which the zinc or copper cation is coordinated by the four

acyl oxygen atoms at the low rim of calix[4]arene. Unlike

the cadmium complex 1, the phenol ethereal oxygen atoms

in 2 and 3 have not been coordinated, due to the fact that the

distances between the metal ion and ethereal oxygen atoms

(Zn–O, 2.4633 (5), 2.4763 (5), 2.5131 (5), 2.6183 (5) Å;

Cu–O, 2.7937 (3), 2.8607 (4), 3.1035 (4), 3.1967 (4) Å,

respectively) obviously exceed the normal range of the

bonds Zn–O and Cu–O [23, 24]. In 2 and 3, the acyl oxygen

atoms lay on the quasi-squares planes, in which the torsion

angle is 9.306 and 2.941�, respectively. The distance from

the metal ion to the plane of the carbonyl oxygens is

0.957 Å for 2, and 0.419 Å for 3. The bond lengths of Zn–O

in the carbonyl oxygens plane are in the range from 2.037

(2) to 2.223 (3) Å, which are typical for the ZnO4 com-

plexes [23]. And the bond lengths of Cu–O are in the range

1.910 (10)–1.937 (10) Å, which can be matched to the bond

distance of the copper complex [24]. In 2 and 3, the two

perchlorates ions and the space filling solvent molecules are

in the periphery of the complexes at interstitial lattice sites,

Fig. 1 Coordination

environment of the Cd(II) atom

in 1 (a side view, b top view).

All of the solvent molecules,

perchlorate anions and

hydrogen atoms are omitted for

clarity. Selected bond lengths

(Å): Cd(1)–O(1) 2.434(3),

Cd(1)–O(5) 2.365(3), Cd(1)–

O(2) 2.447 (3), Cd(1)–O(6)

2.270 (3), Cd(1)–O(3) 2.455 (3),

Cd(1)–O(7) 2.369 (3), Cd (1)–

O(4) 2.486(3), Cd(1)–O(8)

2.267 (3)

Fig. 2 Coordination

environment of the Zn(II) atom

in 2 (a side view, b top view).

All of the solvent molecules,

perchlorate anions and

hydrogen atoms are omitted for

clarity. Selected bond lengths

(Å): Zn(1)–O(5) 2.223 (3),

Zn(1)–O(6) 2.037 (2), Zn(1)–

O(7) 2.173 (2), Zn(1)–O(8)

2.055 (2)
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in 2 four isolated acetonitrile and one dichlormethane

molecules, while in 3 three isolated acetonitrile and one

ethyl ether molecules.

As a result of the metal cation interaction with the

bottom rim of 1, 2 and 3, the calixerenes are shaped by the

four-phenyl rings adopt a relatively open distorted cone

conformation which can be described by the dihedral

angles (s) that the phenol rings subtend with the plane

through the four CH2 linking groups. For the sake of

comparison, the s-values of 1, 2 and 3 are listed in Table 2,

in which the obtuse s-values indicate phenyl rings are tilted

so that their tert-butyl groups are pitched away from the

open cavity. This table also includes the interplanar angles,

\(ph1, ph3) and \(ph2, ph4), between pair of opposite

phenyl rings. These crystallographic data indicate that the

piperidinoacetyl-containing calix[4]arene has a stronger

binding ability for the divalent metal cations.

Fig. 3 Coordination

environment of the Cu(II) atom

in 3 (a side view, b top view).

All of the solvent molecules,

perchlorate anions and

hydrogen atoms are omitted for

clarity. Selected bond lengths

(Å): Cu(1)–O(1) 1.937 (10),

Cu(1)–O(3) 1.910 (10), Cu(1)–

O(5) 1.914 (9), Cu(1)–O(7)

1.928 (9)

Table 2 Dihedral angles in 1, 2 and 3

1 2 3

s1 (�) 141.20 (13) 140.38 (9) 102.40 (27)

s2 (�) 108.77 (13) 127.34 (8) 99.26 (30)

s3 (�) 139.13 (13) 109.10 (7) 103.04 (29)

s4 (�) 109.64 (14) 97.57 (10) 93.56 (26)

\(ph1, ph3) (�) 45.37 (14) 61.80 (7) 45.68 (30)

\(ph2, ph4) (�) 69.43 (15) 68.96 (10) 50.82 (32)

Table 3 Mulliken atomic charges of part atoms of complex at the B3LYP/LanL2DZ level

1 2 3

Atom Charge Atom Charge Atom Charge

Cd1 1.064357 Zn1 0.999623 Cu1 0.596489

O1 -0.443316 O1 -0.403936 O1 -0.450951

O2 -0.444375 O2 -0.417794 O2 -0.341625

O3 -0.432657 O3 -0.396398 O3 -0.404515

O4 -0.435437 O4 -0.390346 O4 -0.348714

O5 -0.399212 O5 -0.414767 O5 -0.431490

O6 -0.415589 O6 -0.456155 O6 -0.334219

O7 -0.407618 O7 -0.425211 O7 -0.408557

O8 -0.405319 O8 -0.447010 O8 -0.327565

N1 -0.109135 N1 -0.104365 N1 -0.092153

N2 -0.104684 N2 -0.104607 N2 -0.135112

N3 -0.113830 N3 -0.110718 N3 -0.125172

N4 -0.106446 N4 -0.107850 N4 -0.097569

J Incl Phenom Macrocycl Chem (2012) 74:343–351 347

123



DFT calculation analysis

By the analysis of Mulliken population, some information

of atom net charges were obtained (Table 3), in which the

net charge of M(II) (M = Cd, Zn and Cu) is less than the

original value (?2). In 2, the net negative charge of O5–O8

are higher than that of O1–O4 and N1–N4, suggesting that

zinc ion was preferentially coordinated by the four acyl

oxygen atoms. For 3, the net negative charge of O1, O3, O5

and O7 are higher than that of other O and N atoms,

implied that phenol ethereal oxygen and piperidino nitro-

gen atoms did not take part in the metal complexation. The

frontier molecular orbital energies of the complexes are

listed in Table 4, where the occupied molecular orbital

energies are all negative, indicating the complex is stable.

Compared with 1 and 2, the energy difference (DE =

ELUMO - EHOMO) of 3 is relatively lower, suggesting

the strong activity of the copper complex. As shown in

Fig. 4 and Table 5, the copper atomic orbital contribution

to the highest occupied molecular orbital and lowest

unoccupied molecular orbital of 3 is greater than other

atoms, which indicate that copper atom has the potential of

Table 4 Frontier molecular orbital energies (eV) of complex at the

B3LYP/LanL2DZ level

Energies (eV) 1 2 3

HOMO -10.0622 -9.4044 -7.0378

LUMO -4.6293 -4.8865 -5.6298

DE 5.4329 4.5179 1.40780

Fig. 4 Schematic diagram of

the frontier MO for the

complex 3

Table 5 Some atomic orbital contribution to frontier molecular orbitals (%) of 3

MO Cu1 O1 O2 O3 O4 O5 O6 O7 O8

HOMO 66.3013 6.3816 0.0042 5.7937 0.0079 5.2222 0.0218 5.3904 0.0068

LUMO 5.3221 2.4557 0.0205 1.8034 0.0082 1.5500 0.0599 1.3318 0.0120
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Fig. 5 Percentage of inhibition of superoxide radicals formed by

xanthine/xanthine oxidase enzyme assayed by NBT? absorption at

560 nm in the presence of bovine erythrocyte SOD at pH = 7.8 (filled
square), 3 at pH = 7.8 (filled triangle), and 3 at pH = 7.2 (filled
circle) (500 lM xanthine, 0.04 unit of xanthine oxidase and 500 lM

NBT, 0.1 M phosphate buffer)
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accepting lone electron pair of O2
•- as an active center, and

therefore it has the antioxidative activity [25].

SOD-like activity

The SOD-like activities of 3 were investigated by xanthine/

xanthine oxidase-NBT assay [26, 27]. As shown in Fig. 5,

the measured IC50 value of bovine erythrocyte SOD is

0.042 ± 0.01 lM, being almost identical to 0.04 lM value

reported [28]. The calixarene derivative did not exhibit O2
•-

scavenger effects under the same conditions. As seen from

the Table 6, the activity of 3 exhibited a remarkably higher

SOD-like activity (IC50 = 0.14 lM) at pH 7.8 than those

of the SOD mimics previously described in the literatures

[29–31]. Moreover, the SOD-like activity of 3 at pH 7.2

enhanced by about 30% in comparison with at pH 7.8. It

Table 6 SOD activities (IC50 values) of model complexes and

native Cu2, Zn2-SOD

Complexes IC50 (lM) References

3 0.14 This work

3a 0.10 This work

[Cu(bbda)(H2O)2(bCD)]2? 0.17 [14]

Native Cu2,Zn2-SOD 0.04 [28]

[Cu2(bbda)(im)(H2O)2(bGCD)]2? 0.20 [29]

[CuZn(Me4bdpi)(H2O)2]3? 0.24 [30]

[Cu2(Me4bdpi)(H2O)2]3? 1.1 [30]

[Cu2(bpzbiap)Cl3] 0.52 [31]

a pH 7.2, other pH 7.8

bbda 4-(40-tert-butyl-benzyl)diethylenetriamine, Me4bdpi 4,5-bis(di-

(6-methyl-2-pyridylmethyl)aminomethyl)imidazolate, Hbpzbiap 1,5-

bis(1-pyrazolyl)-3-[bis(2-imidazolyl)methyl]azapentane

Scheme 1 A schematic

diagram of the suggested O2
•-

dismutation reaction catalyzed

by 3
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may be ascribed to the introduction of the second coor-

dination surrounding provided by the piperidinoacetyl-

containing calixarene derivative, in which the hydropho-

bic cavity serves as the channels of the small molecular

substrate and the protonated piperidyl groups electrostat-

ically steer the superoxide anion to/from the active copper

ion. This result strongly supported that the protonated

piperidyl groups around copper center afford the extra

driving forces for the superoxide anion, similar to the Arg

function around the active site in the nature Cu2, Zn2-

SOD [32]. On the basis of above results and early sug-

gested catalytic mechanisms [33, 34], a possible mecha-

nism for catalytic process is proposed as Scheme 1.

Firstly, a superoxide anion is attracted and then bonded

by the Cu(II) ion. Secondly, the superoxide anion releases

its electron directly to the Cu(II) ion and then the forming

electrically neutral oxygen molecule leaves. Thirdly,

second superoxide anion is attracted is attracted and then

bonded by the Cu(I) ion. Fourthly, the superoxide anion

accepts an electron and further combines two protons

from the solution forming a H2O2 molecule. The catalytic

cycle was achieved after releasing the electrically neutral

hydrogen peroxide.

Conclusion

In summary, the crystal structures of the new three

bivalent metal (Cd, Zn, Cu) complexes 1, 2, 3 based on

the piperidinoacetyl-containing calix[4]arene have reveal

the discrepant coordination conformations, which are

helpful to design and construct the calixarene-based

mimics and ion-sensors. The complex 3 exhibits the high

SOD-like activity due to the introduction of the hydro-

phobic cavity and the protonated piperidyl groups. It

maybe provide a new strategy for the design of the

metalloenzyme models.

Supplementary material

Crystallographic data (excluding structure factors) for the

structures in this article have been deposited with the

Cambridge Crystallographic Data Centre with supplemen-

tary publication numbers CCDC 838342, 838343 and

838344. These data can be obtained free of charge from the

CCDC, E-mail: deposit@ccdc.cam.ac.uk.
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