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Protein Binding to POMs1

Noncovalent Complexes Formed between Metal-Substituted
Polyoxometalates and Hen Egg White Lysozyme
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Abstract: Four Wells–Dawson type metal-substituted polyoxo-6

metalates (MSPs), 1:2 ZrIV-Wells–Dawson [ZrIV(α2-P2W17O61)]8–

(1), 1:1 CoII-Wells–Dawson [CoII(α2-P2W17O61)]10– (2), 1:1 NiII-
Wells–Dawson [NiII(α2-P2W17O61)]10– (3) and 1:1 CuII-Wells–Daw-
son [CuII(α2-P2W17O61)]10– (4), which differ in the nature of the
imbedded metal ion, were examined in co-crystallization exper-11

iments with a protein Hen Egg White Lysozyme (HEWL). Single
crystal X-ray structures of four noncovalent complexes between
POMs and HEWL have been determined, and the influence of
the type of substituted metal on the mode of POM binding to a

Introduction

Polyoxometalates (POMs) are transition metal clusters, where26

the transition metal most commonly exists in their highest oxid-
ation state. POMs occur as many geometrical archetypes, sizes
and can be comprised of a multitude of elements. This variable
nature allows for POMs to possess tunable properties, such as
redox potential or charge density. While this class of inorganic31

molecules has long been revered for their applications in chem-
ical catalysis and material engineering, more recent explora-
tions have indicated that polyoxometalates can have biological
applications as well.[1–4] A series of cell-culture studies provided
evidence that many POMs possess an antibacterial and antiviral36

activity.[5,6] Although the exact mechanism for such activity is
not known, it has been mainly attributed to electrostatic inter-
actions between the highly negatively charged POMs and the
positively charged regions of proteins or biological mem-
branes.[7–9] Additionally, recent findings showed that both41

hydrogen bonds and covalent bonds may also contribute to
stabilizing the POM–protein complex.[10] An in-situ-formed An-
derson–Evans POM was crystallized in a protein environment,
covalently bound to a glutamate side chain and stabilized
through hydrogen bonds.[10]46
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protein was investigated. All crystal structures exhibited a high 16

degree of similarity, suggesting that the interaction is largely
independent on the nature of substituted metal within the
same polyoxometalate (POM) archetype. The main driving force
for the formation of the noncovalent complex is electrostatic
attraction between POM and HEWL surface regions. Stabiliza- 21

tion is further provided by direct and water mediated hydrogen
bonding between terminal oxygen atoms of the POM frame-
work and flexible HEWL residues.

The fact that POMs are capable of binding to proteins makes
them potential candidates for applications in biocatalysis.
Substitution of one POM addenda atoms with a Lewis acid
metal, results in a POM that exhibit catalytic activity towards
the hydrolysis of peptide bond in proteins. In such systems the 51

POM selectively binds to protein surface, after which the Lewis
acid metal activates the peptide bond, resulting in its hydroly-
sis.[11–14] The hydrolysis is remarkably selective, as negatively
charged POMs exhibit strong affinity towards the positive
patches on the protein surface. 56

A number of spectroscopic studies have been conducted
between POMs and different proteins, such as Hen Egg White
Lysozyme (HEWL),[15] Human/Bovine Serum Albumin,[7,16–19]

Horse Heart Myoglobin,[20] among others, which support the
electrostatic mechanism. Furthermore, molecular dynamics cal- 61

culations involving metal-substituted POMs (MSPs) and HEWL
also indicate that proteins interact with POMs mainly via elec-
trostatic and hydrogen-bonding interactions, involving posi-
tively charged and polar uncharged amino acid residues.[8] Ad-
ditionally, crystallography has proven to provide valuable infor- 66

mation on the interactions between POMs and proteins by al-
lowing every occurring type of interaction to be mapped. More-
over, POMs have been shown to lower disorder at flexible re-
gions of proteins due to their rigid framework, resulting in facili-
tated crystal growth.[21,22] For example, POMs facilitated the 71

small ribosomal subunit crystallization, while the heavy atoms
in their structure were used for phasing.[23,24] This possibility for
experimental phasing is of great use in the field of macromolec-
ular crystallography. POMs are comprised of a large number of
heavy atoms and the strong anomalous scattering caused by 76

the W or Mo atoms largely facilitates the experimental phasing
of proteins. Due to these properties, currently over 30 structures
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of proteins can be found in the Protein Data Bank (PDB) that
contain a certain type of polyoxometalate. These structures are
a valuable and reliable source of information regarding interac-81

tions on a near-atomic level and have contributed to the better
understanding of the interactions between POMs and pro-
teins.[21]

While the molecular interactions between polyoxometalate
framework and proteins have been relatively well understood,86

the question of how different modifications of the POMs struc-
ture affect their binding to the protein have been virtually un-
explored. In case of Zr-substituted POMs the experimental and
theoretical studies suggest that the ZrIV ion interacts with the
peptide bond by binding to the carbonyl oxygen, which makes91

the carbonyl carbon more susceptible to nucleophilic attack of
a water molecule.[25–28] This implies that dimeric 1:2 [Zr(α2-
P2W17O61)2]16– needs to dissociate into catalytically active
monomeric 1:1 complex [ZrIV(α2-P2W17O61)]8– which has more
open sites for the interaction with the peptide bond. The co-96

crystal structures of ZrIV-substituted Keggin and HfIV-substituted
Wells–Dawson POM bound to HEWL[29,30] have shown that al-
though HEWL was mixed with the hydrolytically inactive 1:2
forms of the POM, the resulting co-crystals contained only the
monomeric 1:1 forms. These crystal structures provided the first101

structural proof for the existence of monomeric ZrIV-Keggin and
HfIV-Wells–Dawson POMs under neutral pH conditions, as these
species have previously only been detected through spectro-
scopic studies.[31] Both the ZrIV- and HfIV-substituted POM were
found in the same void in the HEWL crystal, elucidating three106

distinct binding sites. Furthermore, both crystal structures dis-
played a similar level of hydrogen-bonding and water-mediated
interactions between the metal-substituted POM and the pro-
tein. Interestingly, a direct interaction between the ZrIV or HfIV

metal and the peptide bond could not be observed in either111

structure. However, in a more recent work, a dimeric ZrIV-substi-
tuted Keggin type POM [{α-PW11O39Zr-(μ-OH)(H2O)}2]8– was co-
crystallized with HEWL, yielding a structural model that showed
direct binding of the ZrIV ion to the carbonylic oxygen of the
side chain of Asn65.[32] This crystal structure was the first exam-116

ple that indicated that the Lewis acid metal could play a role
in the binding of POMs to proteins. In this work we aim to
further investigate the role of the imbedded metal ion on the
POM/protein interactions by studying the binding between four
different metal-substituted Wells–Dawson POMs and HEWL.121

Successful co-crystallization has yielded four structural models
of noncovalent complexes formed between HEWL and ZrIV-,
CoII-, NiII- and CuII-Wells–Dawson POMs, thus providing an in-
sight into the effect of the imbedded metal on interactions with
a protein.126

Results and Discussion

HEWL was mixed with four Wells–Dawson type POMs: a dimeric
[ZrIV(α2-P2W17O61)2]16– and three monomeric POMs [CoII(α2-
P2W17O61)]10– (2), [NiII(α2-P2W17O61)]10– (3) and [CuII(α2-
P2W17O61)]10– (4), resulting in four structural models. Similarly131

to previously observed,[29,30] during the crystallization process
the dimeric 1:2 ZrIV-Wells–Dawson POM dissociated into mono-
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meric 1:1 ZrIV-Wells–Dawson anion [ZrIV(α2-P2W17O61)]8– (1)
(Scheme 1), which crystalized in a noncovalent complex with
HEWL. 136

Scheme 1. Dissociation of the sandwich type 1:2 MSP into the monomeric
1:1 and lacunary 0:1 form. The blue polyhedra depict the tungstate moieties;
phosphate is depicted as orange tetrahedral and the substituted metal is
depicted as a green sphere.

Data collection and refinement statistics for HEWL-1, HEWL-
2, HEWL-3 and HEWL-4 can be found in Table 1. The crystals
were obtained under relatively similar conditions of pH
(4.0–5.5). The slightly acidic medium was necessary to provide
enough positive charge on the protein for the electrostatic in- 141

teraction with the negatively charged POM. All co-crystals have
the same common packing of HEWL (space group P43212) and
the monomeric POMs are all bound in the same void of the
crystal. Notably, the POM is located on a twofold rotation axis
and therefore both symmetry equivalents contribute to the to- 146

tal occupancy in a 50:50 ratio. Figure 1 visualizes the electron
density fit of the MSPs as observed in the co-crystal structures.

During refinement the total occupancies of the MSPs in the
structural models converged to 64 % (HEWL-1), 46 % (HEWL-
2), 100 % (HEWL-3) and 32 % (HEWL-4). Unfortunately, it is not 151

possible to correlate the observed occupancy to a potential
trend in binding affinity, since the crystals were not grown in
strictly identical conditions.

By analyzing the refined co-crystal structures (Table 2), a
clear side-by-side comparison of POM-HEWL interaction sites 156

could be made. Similarly to the previously reported structures
of HEWL with ZrIV-Keggin and HfIV-Wells–Dawson POMs, three
distinct interaction sites were observed in all crystals (Fig-
ure 2).[29,30] Each interaction site consists of two slightly differ-
ent POM binding modes with HEWL, due to its aforementioned 161

special position in the crystal (Figure 1). In all cases, the substi-
tuted metal (ZrIV, CoII, NiII or CuII) in the POM structure is facing
away from the protein surface. However, by comparing the po-
sitions of the Lewis acid metals two different orientations of
the substituted metal were found in the electron density: one 166

orientation is found for CoII/NiII and another one for ZrIV/CuII

(Figure 3). The position of ZrIV and CuII are at the same side of
the POM framework, similar to the position of HfIV in a previ-
ously reported structure.[30] However, CoII and NiII were found
on the opposite side of the POM framework with respect to 171

the position of ZrIV and CuII. These findings suggest that the
substituted metal has no preferred orientation, but that it tends
to be positioned away from the protein surface.

In order to further investigate the exact nature of these inter-
actions, we visually inspected the polar interactions between 176

POMs and HEWL at the three binding sites. For this, only direct
and interactions mediated by a single water molecule were
taken into account. In Table 2, the observed interaction sites
with specific HEWL residues are listed for the refined crystal
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Table 1. Data collection and refinement statistics for the co-crystals of HEWL-1, HEWL-2, HEWL-3 and HEWL-4.

Parameter Value

Co-crystal HEWL-1 HEWL-2 HEWL-3 HEWL-4
MSP 1:1 ZrIV-Wells–Dawson 1:1 CoII-Wells–Dawson 1:1 NiII-Wells–Dawson 1:1 CuII-Wells–Dawson
PDB deposition code 6HYB 6HY4 6HY6 6HY8
Space group P 43212 P 43212 P 43212 P 43212
Unit cell dimensions [Å] a = 78.61 a = 78.73 a = 78.94 a = 78.84

b = 78.61 b = 78.73 b = 78.94 b = 78.84
c = 37.11 c = 37.18 c = 37.27 c = 37.19

Resolution range [Å] 35.16–1.96 (2.08–1.96)[a] 39.37–1.83 (1.93–1.83)[a] 39.47–1.87 (1.91–1.87)[a] 39.42–1.22 (1.24–1.42)[a]

Rmerge [%] 10.6 (80.6)[a] 13.0 (76.1)[a] 14.4 (78.7)[a] 8.2 (75.0)[a]

< I/σ> 15.89 (2.85)[a] 14.4 (3.1)[a] 20.5 (6.1)[a] 28.0 (4.5)[a]

No. of unique reflections 8603 (1239)[a] 10817 (658)[a] 10230 (9529)[a] 35507 (1740)[a]

Multiplicity 13.8 (13.6)[a] 13.4 (12.8)[a] 14.1 (14.9)[a] 23.8 (22.9)[a]

Completeness [%] 98.6 (91.2)[a] 100.0 (100.0)[a] 100.0 (100.0)[a] 100.0 (99.9)[a]

Rwork/Rfree
[b] [%] 17.10/20.45 17.68/21.45 16.23/19.19 13.84/15.49

RMSD from ideal
Bond lengths [Å] 0.006 0.015 0.012 0.006
Bond angles [°] 0.771 1.547 1.188 0.963
Average isotropic B-factors [Å2]
Main chain 33.32 27.17 22.20 13.93
Side chain 41.91 34.75 28.73 18.95
MSP 38.98 19.90 21.39 13.51
Water molecules 39.85 34.02 31.25 25.36
Ramachandran plot[c] [%]
Residues in favoured regions 99.2 96.0 99.2 98.4
Outliers 0.00 0.00 0.00 0.00

[a] Values in parentheses are for the highest resolution shell. [b] Rfree is calculated using a random 5 % of data excluded from the refinement. [c] Ramachan-
dran analysis was carried out using molprobity.[33]

Figure 1. Fit of the MSPs in the 2Fo-Fc electron density map (shown as blue
mesh), contoured at 5.0 r.m.s.d. The polyoxometalate framework is shown as
sticks, where tungsten is colored blue; oxygen is colored red and phosphorus
is colored orange. Each transition metal is shown as a sphere and color-
coded: light blue for ZrIV; pink for CoII; green for NiII and dark-orange for CuII.
The symmetry equivalent of the MSP is shown in slightly faded colors.

Table 2. Comparison of direct and water-mediated interactions involved in each structural model for the three observed binding sites. Direct interactions are
shown in bold, the others are water-mediated.

Crystal structure Lewis acid metal Site 1 Site 2 Site 3

HEWL-1 ZrIV G16, Y20, R21, N93, K96 R45, N46[a] R128[a]

HEWL-2 CoII H15, G16,[a] Y20, R21, N93,[a] K96 R45, N46[a] R128
HEWL-3 NiII G16,[a] Y20,[a] R21, N93,[a] K96, S100 N44, R45,[a] N46,[a] T47[a] R128
HEWL-4 CuII H15, G16,[a] N19, Y20,[a] R21, N93,[a] K96, K97,[a] S100 N44, R45, N46,[a] T47[a] R128

[a] Direct interaction being partially water-mediated.
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structures. Clearly, the interaction sites for the Wells–Dawson 181

archetype MSPs are identical in the space group P43212. Table 2
shows that several residues at each interaction site seem to be
essential for the interaction, as these recur in all four of the
crystal structures. The residues Tyr20, Arg21 and Lys96 are rep-
resentative for the first interaction site (α-helix, loop); Arg45 186

and Asn46 for the second (�-sheet, loop), whereas Arg128
represents the last interaction site (C-terminal end). These inter-
action sites are identical to previously reported complexes
between HEWL and 1:1 ZrIV-Keggin[29] and 1:1 HfIV-Wells–
Dawson[30] POMs. The fact that most of the interacting HEWL 191

residues are found in flexible loop regions suggests that this is a
characteristic feature for the binding mode of POMs in general.

Moreover, POM binding might actually rigidify these unstruc-
tured HEWL regions and thereby induce a higher degree of
structural stability. As mentioned above, various POMs are used 196

for crystallization purposes because they preferably interact
with flexible, unstructured protein regions and rigidify them.
This was concluded from an analysis on 30 PDB structures
where 65 % of the POM interacting protein structural elements
were of flexible, loop or loop-like nature.[21] 201
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Figure 2. Interactions of the POM with HEWL at the three binding sites: site
1 [a], site 2 [b] and site 3 [c]. The structure of HEWL-1 is used to illustrate the
interactions occurring for all POMs in this work. The polyoxometalate frame-
work is shown as sticks, where tungsten is colored blue; oxygen is colored
red and phosphorus is colored orange. The ZrIV atom is shown as a light blue
sphere and the polar interactions are shown as black dashes. Both symmetry
equivalent POMs are shown simultaneously.

Figure 3. Orientation of the substituted metal of the MSPs in the structural
model at interaction site 1. The polyoxometalate framework is shown as
sticks, where tungsten is colored blue; oxygen is colored red and phosphorus
is colored orange. Each transition metal is shown as a sphere and color-
coded: light blue for ZrIV; pink for CoII; green for NiII and dark-orange for CuII.
The protein surface is shown as an electrostatic surface, where blue is posi-
tive, white is neutral and red is negative.

Representative polar interactions are visualized in Figure 2
and Figure S1. From the Figure it is clear that interaction only
occurs between the POM framework and HEWL residues,

Eur. J. Inorg. Chem. 0000, 0–0 www.eurjic.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim4

whereas the substituted metal is not involved in the interaction
process. The interactions are mainly established by nonspecific 206

direct or water-mediated interactions between the terminal
oxygen atoms of the POM framework and HEWL amino acids.
Therefore, the mode of binding is independent of the substi-
tuted metal and it is the POM framework that plays the most
crucial part for the interactions with the protein. The ordered 211

waters in proximity to the MSP were difficult to model un-
ambiguously and the amount of observed ordered waters is
strongly dependent on the resolution of the crystal structure.

In Figure 4A, the four HEWL-POM co-crystal structures were
aligned with a native HEWL structure (PDB code: 1LYZ, used 216

as phasing model). Additionally, the reported crystallographic
structure of HEWL-HfIV-Wells–Dawson (PDB code: 5FHW) is in-
cluded in the alignment to obtain a global view of differences
and similarities between various HEWL-POM crystal structures
crystallized in space group P43212. As seen in Figure 4A, the 221

three interaction sites on HEWL are identical and clearly inde-
pendent of the nature of substituted metal. Comparison with
the native HEWL structure of the phasing model (r.m.s.d. =
0.41 Å) indicated that the overall fold of HEWL is largely unaf-
fected by the POM (blue cartoon). Some deviation is only ob- 226

Figure 4. Superposition of HEWL-1,2,3,4, native HEWL (cyan cartoon and sur-
face, PDB code: 1LYZ) and HEWL-HfIV-Wells–Dawson (dark blue, PDB code:
5FHW), indicating the three binding sites and the highly similar fold [a]. The
same image is shown with the electrostatic surface potential of HEWL to
show the charges at the binding sites [b]. The polyoxometalate framework is
shown as sticks, where tungsten is colored blue; oxygen is colored red and
phosphorus is colored orange. Each transition metal is shown as a sphere
and color-coded: light blue for ZrIV; pink for CoII; green for NiII and dark-
orange for CuII. The protein surface in [b] is shown as an electrostatic surface,
where blue is positive, white is neutral and red is negative.
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served in loops and interestingly, this deviation is almost identi-
cal for all the aligned HEWL-POM structures. Figure 4B presents
the electrostatic potential maps of HEWL, indicating that all
POM binding sites are located at the positively charged surface
regions of HEWL. These observations strongly support previous231

findings that have shown that POM/protein interactions are
mainly electrostatic in nature.[7,12,15,29,30]

Conclusions
In this study, the interaction between four different metal-sub-
stituted POMs and HEWL protein were compared on a molec-236

ular level. The single crystal structures of the noncovalent com-
plexes formed between POMs and HEWL suggest that the inter-
action is largely independent on the nature of the substituted
metal within the same POM archetype. The electrostatic attrac-
tion between POM and HEWL surface regions is the main241

driving force for the formation of noncovalent complexes. Fur-
ther stabilization is provided by direct and water-mediated
hydrogen bonding between terminal oxygen atoms in the POM
framework and flexible HEWL residues. The orientation of the
substituted metal in the POM/protein complex is seemingly246

random, but in all cases the metal is facing away from the inter-
action site and it does not interact with the protein surface.

Experimental Section
Materials

The 1:2 ZrIV-Wells–Dawson K16[Zr(α2-P2W17O61)2]·19H2O,[34]251
K8[CoII(α2-P2W17O61)]·16H2O,[35] K8[NiII(α2-P2W17O61)]·16H2O[35] and
K8[CuII(α2-P2W17O61)]·17H2O[35] were synthesized as described in lit-
erature. All chemicals required for the synthesis of the MSPs, the
preparation of buffers and solutions were purchased from commer-
cial sources and are used without further purification. Hen egg256
white lysozyme (HEWL) was acquired from Sigma Aldrich in the
highest purification grade and was used without any further purifi-
cation for co-crystallization.

Co-crystallization

Co-crystals of HEWL-1 were grown with 1 M lithium chloride, 30 %261
(w/v) PEG 6000 and 0.1 M citric acid (pH 4.0) as precipitant. Sitting
drops containing 1 μL of HEWL (25 mg mL–1 = 1.75 mM, dissolved
in 10 mM phosphate buffer, pH 7.4), 1 μL of K16[Zr(α2-P2W17O61)2]·
19H2O (0.8 mM, dissolved in distilled water) and 1 μL precipitant,
were equilibrated against a reservoir of 70 μL precipitant.266

Co-crystals of HEWL-2 were grown with 0.5 M lithium chloride, 30 %
(w/v) PEG 6000 and 0.1 M citric acid (pH 4.0) as precipitant. Sitting
drops containing 1 μL of HEWL (20 mg mL–1 = 1.40 mM, dissolved
in 10 mM phosphate buffer, pH 7.4), 1 μL of K8[CoII(α2-P2W17O61)]·
16H2O (1 mM, dissolved in distilled water) and 1 μL precipitant, were271
equilibrated against a reservoir of 70 μL precipitant.

Co-crystals of HEWL-3 were grown with 0.75 M lithium chloride,
30 % (w/v) PEG 6000 and 0.1 M citric acid (pH 4.0) as precipitant.
Sitting drops containing 1 μL of HEWL (20 mg mL–1 = 1.40 mM,
dissolved in 10 mM phosphate buffer, pH 7.4), 1 μL of K8[NiII(α2-276
P2W17O61)]·16H2O (1 mM, dissolved in distilled water) and 1 μL pre-
cipitant, were equilibrated against a reservoir of 70 μL precipitant.

Co-crystals of HEWL-4 were grown with 2.6 M sodium chloride and
0.1 M Bis-Tris (pH 5.5) as precipitant. Sitting drops containing 1 μL

Eur. J. Inorg. Chem. 0000, 0–0 www.eurjic.org © 0000 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim5

of HEWL (25 mg mL–1 = 1.75 mM, dissolved in 10 mM phosphate 281
buffer, pH 7.4), 1 μL of K8[CuII(α2-P2W17O61)]·17H2O (0.8 mM, dis-
solved in distilled water) and 1 μL precipitant, were equilibrated
against a reservoir of 70 μL precipitant.

Before the X-ray diffraction experiment, the crystals were flash fro-
zen in liquid nitrogen, using 20 % (m/v) PEG 400 as cryoprotectant. 286

Structure Determination

X-ray data were collected on a Pilatus 6M detector at the PROXIMA
1 beamline of Soleil (Saint-Aubin, France), using a wavelength of
0.9786 Å and a cold nitrogen stream of 100 K. The data was ana-
lyzed using XDS v. January 16, 2018,[36] and scaled and merged 291
using Aimless v. 0.6.2.[37] As the POM induced an anomalous signal,
Friedel pairs were not merged. The phase problem was solved using
molecular replacement, using Phaser v. 2.8.0[38] with HEWL (PDB ID:
1LYZ)[39] as phasing model. Structure refinement was performed
using Phenix.refine v.1.12[40] and COOT v.0.8.2.[41] After a first round 296
of refinement, the tungsten and transition metal atoms of the MSPs
appeared very clear in both the 2mFo-DFc and the mFo-DFc differ-
ence map. The transition metals have significantly less electron den-
sity and could therefore unambiguously be fit into the electron
density map (Figure 1). The crystallographic restraints file for 1 301
was manually generated based on the geometry of K16[Zr(α2-
P2W17O61)2]·19H2O.[34] The crystallographic restraints files for 2 and
3 were manually generated based on the crystal structure of
K8[CoII(α2-P2W17O61)]·16H2O.[42] The NiII-Wells–Dawson is nearly iso-
structural to the CoII-Wells–Dawson, which permitted us to create 306
similar restraints from one crystal structure. The crystallographic re-
straints file for 4 was manually generated based on the crystal struc-
ture of K8[CuII(α2-P2W17O61)]·17H2O.[43] During further refinement
cycles, chloride ions and water molecules were added to the model
when they had reasonable electron density levels in the 2mFo-DFc 311
and mFo-DFc maps, B-factors below 80 Å2 and within hydrogen-
bonding distances to possible donors or acceptors. Data collection
and refinement statistics for HEWL-1, HEWL-2, HEWL-3 and HEWL-4
can be found in Table 1. The final models were deposited in the
Protein Data Bank under accession codes 6HYB (HEWL-1), 6HY4 316
(HEWL-2), 6HY6 (HEWL-3) and 6HY8 (HEWL-4). Figures were pre-
pared using Pymol.[44] Electrostatic surfaces were calculated and
visualized using the PDB2PQR webtool and the Pymol APBS plu-
gin.[45]

CCDC ##### (for HEWL-1), ##### (for HEWL-2), ##### (for HEWL-3), 321
and ##### (for HEWL-4) contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from
The Cambridge Crystallographic Data Centre ■■ ((<=Author please
provide the CCDC number for each compound.)) ■■ .
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