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The structural properties of the four-coordinate dinickel(ll) and the- (%)-coordinate dicopper(ll) compounds

of two bis(diamine-diamide) ligands, based on the condensation of 1,8-diamino-3,6-diazaoctane or ethane-1,2-

diamine with bismalonic esters (that is the complexes of the bis-13-membered macrocyclic ligamdl &f the
corresponding open-chained ligand) lare studied by X-ray crystallography, EPR spectroscopy, and molecular
modeling. X-ray crystallography indicates that LC{OH,), and CuL?(OH,), have a stretched conformation
(torsion anglep(M —Chyidgenead C'bridgeneaaM') = 180°); NioL? has the same stretched conformation, byt Ni

is folded (M —CridgeneadC'bridgeneaaM") = 55°). The dicopper(ll) compounds have the same stretched structure
in solution (MM-EPR), and molecular mechanics studies (strain energy as a function of the torsiogangle

indicate that the most stable conformations are those observed in the solid state and in solution, i.e., stretched for

CwL1(OH,),, CwL?(OHy),, and NiL2 and folded for NiL 1. Reasons for the stabilization of the observed structures

are discussed in detalil.

Introduction

The coordination of macrocyclic ligands to metal ions is an
efficient way to enforce particular, also uncommon and strained,
coordination geometries and still obtain relatively stable pro
ucts? Therefore, macrocyclic ligand complexes have often been

chained dinucleating ligand compounds of nickel(ll) and copper-

(.

The condensation of readily accessible bismalonic esters with

d- Polyamines is a relatively simple and versatile preparative
method for the synthesis of dinucleating ligafdélith this

designed and prepared as low molecular weight model com- Scheme both the nature of the bridge between the two coordina-
pounds for metalloproteins, where the rigid protein backbone tion sites and the coordination geometry may be widely varied.
enforces coordination geometries which are responsible for the The condensation with diamines leads to open-chained bis-

selective activation of particular reaction channels. With an (tetradentate) ligands? and the reaction with polyamines yields
increasing amount of information on di- and multinuclear metal- bismacrocycles of various sizes and denticitiégsgand mol-
loproteins, the design, synthesis, and characterization of struc-ecules with directly linked subunits (e.g.} &nd L%, see Chart
tural and spectroscopic model compounds, as well as thel)’®P8%<cand derivatives with methylerfé trimethylene>92
development of functional models for metal ion catalysis, are p-xylylene/¢ and other bridgés have been described.

fast developing fields in coordination chemistry.

We report a detailed structural analysis of the dinickel(ll)

A major problem in modeling multinuclear metalloproteins and the dicopper(ll) compounds of and L2, based on X-ray
is to tune the distances between and the relative orientation ofstructural analyses of the solids, solution structural studies based
the chromophore%? In the present study we have tested the on MM-EPR89and conformational analyses based on molec-
accuracy and viability of force field calculations to predict and ular mechanics calculations.

interpret the structural features of bismacrocyclic and open-
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Chart 1 Table 2. Selected Bond Distances (&) and Valence Angles (deg)
(Computed Values in Italics) of Gu'-14H,0, CwpL?-10H,0.2
NioL*6H,0, and NjL?P

param CuL14H,0 CwlL?-10H,0? NioL*6H,O NiL2P

M—N(1) 1.930(3) 1.953(2) 1.842(3) 1.865(2)
1.944 1.951 1.824 1.831
M—N(2) 2.027(3) 2.017(3) 1.907(4) 1.912(3)
1.985 2.008 1.879 1.871
M—N(3) 2.036(3) 2.023(2) 1.910(4) 1.915(3)
2.015 2.009 1.898 1.879
M—N(4) 1.929(3) 1.942(3) 1.843(4) 1.867(2)
1.975 1.951 1.814 1.820
Cu-0(3) 2.301(3) 2.460(3)
2.284 2.363
N(1)-M—N(2)  85.6(1) 84.6(1) 88.1(2) 84.3(1)
84.5 84.3 86.9 88.7
N(2)-M—-N(3) 85.8(1) 94.0(1) 88.6(2) 83.8(1)
86.9 91.5 87.9 82.0
N(3)-M—N(4)  86.0(1) 84.4(1) 86.5(2) 94.7(1)
85.4 83.8 87.2 91.2
N(1)-M—N(4)  95.3(1) 95.0(1) 96.7(2)  97.2(1)
L2 95.9 97.4 96.5 95.8
N(1)-M—N(3)  150.9(1) 168.8(1) 176.7(2) 176.6(1)
Table 1. Crystal Data for CpL-14H,0 and NpL*-6H,O 146.8 167.7 173.8 171.9
: N(2)—M—N(4 164.4(1 170.0(1 166.5(2) 178.3(1
Cupl -14H,0 Niol --6H,0 @ @ e s e e
empirical formula GgHseNgO1eCl Ci1gH42NgO10Ni 2 N(1)—Cu—0O(3) 110.4(1) 104.8(1)
fw 801.79 647.98 115.6 102.3
cryst sys monoclinic monoclinic N(2)-Cu—O(3) 90.8(1) 89.4(1)
space group P21/ (No. 14) C2/c (No. 15) 91.7 92.4
alA 8.739(4) 23.505(7) N(@)—Cu—0(3) 97.4(1) 86.3(1)
b/A 12.140(4) 8.118(7) 93.9 87.7
c/A 17.207(4) 15.578(7) N(4)—Cu—0(3)  103.4(1) 100.3(1)
Bldeg 103.91(3) 112.52(3) 100.6 98.9
3
\Z//A %771(1) 42745(2) aReference 8° Reference 9b.
3
EEEA‘{)gfg)r/cm—l 1'25.(8)2 ifgg significant differences in the geometries of the six-membered
Re 0.040 0.052 chelate rings. While these are practically planar for the dinickel-
R 0.044 0.046 (I1) complexes, they are puckered in the dicopper(ll) compounds.

There is a twist of the carbonyl atoms out of the panes:
0'(N4/R>CO); 0'(CoLY(OHy),) = 30°; 6'(CuL%(OHy),) = 28°;
0'(NioLY) = 15°; 0'(NioL?) = 27°. In the two dicopper(ll)
structures the orientation of the carbonyl oxygen is exo to the
X-ray Structures. The crystallographic data for Gur axial water ligands (see Figure 1). This might explain why, in
14H,0 and NpL'6H.O are given in Table 1, selected bond poth dicopper(ll) structures, the axial donors are endo to the
distances and valence angles are assembled in Table 2, and theecond copper(ll) site (see model calculations below).

molecular structures are shown in Figure 1 (Table 2 and Figure  Solution Structure of CuslL 1(OH,)2. The combination of

*R = J|IFol = IFell/Z|Fol. Ry = [(XW(IFol — IFe)ZWFo)]M2

Results and Discussion

1 also include information on GL>10H,0% and NiL2 °9). The force field calculations with the simulation of various properties
structures of Cpl.1+14H,0, CyL#10H,0 and NpL2 are cen-  (spectroscopy, redox potentials, isomer distributions) has been
trosymmetric with a torsion angM—C,—C';—M’) of 180°. used to determine structures of coordination compounds in
Ni2L!6H,0 has a folded structure with = 55°. The G—C'; solution® The refinement of structures in solution is of

(bridgehead) distances in all structures are slightly elongatedimportance when crystal structures are not available and/or when

(ca. 1.57 A). Other structural parameters, including metal donor the compound undergoes structural changes upon dissolution,

distances and coordination geometries, are as expected (Tablgs is often the case with labile copper(ll) compounds. There

2). The dicopper(ll) compounds are square pyramidal with axial are small differences in the EPR spectra of the dicopper(Il)

water ligands at 2.30 and 2.46 A for @i}(OHy), and CyL> complexes of the bismacrocyclic ligand &nd the parent open-

(OHy)2, respectively, while the dinickel(ll) compounds are chained ligand B8 and it was of interest to relate these

square planar. As expected, due to the relatively small macro- differences to the corresponding solution structures.

cyclic ring (13-membered), there is a considerable distortion  The EPR spectrum of GuY(OH,), in frozen methanolic

of the CuN, chromophores from planarity (plana, = 0°; solution (Figure 2) is typical for a dipolar interaction between

tetrahedral ) = 90°; 6 = 39° for CuLY(OH,),, 6 = 16° for the copper(ll) ions, withd, approximately half of that of the

CupL?(OHy)y); the dinickel(ll) chromophores are less distorted  corresponding mononuclear compound, as expected for highly

(6 = 13 for NioL%, 6 = 3° for Ni,L?). Due to the planarity of  delocalized electrons. The spin Hamiltonian parametgrs

the coordinated (deprotonated) amide donors, the distortion ofz_:g,oo,gD = 2.053,A = 102 x 104 cm}, Ay = 32 x 104

the MNs planes, and the MNamige distances, there are  c¢m~! were obtained from the simulation of the EPR spectrum,

” Comba Pooord. Ch e 1993 123 1 (0) Comba. P assuming that both copper(ll) sites are identical and have

o ((:agmrr?gts{jlylnorg(.)ocrhémﬁnga 133. gomé, #.(Il%unggnmgﬁtal' approxmately aX.IaI symmetry. The structural parameters Ob-
Principles of Molecular ModelingGans, W., Amann, A., Boeyens,  tained from the simulation of the spectrum and from the strain
J. C. A, Eds.; Plenum Press: New York, 1996. energy minimized structure are assembled in Table 3, where
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Figure 2. Simulated (top) and experimental (bottom) EPR spectra of
[CuLY(H20);] (X-band frozen solution, methanol, 120 K).

Table 3. Geometric Parameters for €it(OH,), (Corresponding
Data for CuL?(OH,),? in Parenthese)

param r A §(deg) t(deg) 7 (deg)
X-ray 6.83(6.9) 90(70) 0(0) 45(45)
MM (experimentally 6.03(7.2) 90 (75) 0(0) 45 (45)
observed conformer)
EPR simulation 6.4 (6.7) 84(67) 0(0) 45(45)

aReference 8°r is Cu—Cu, distance£ is the angle between the
z-axis of the tensor of Guand the Cy—Cu, vector, 7 is the angle
between the-axes of they tensors of Cuand Cuy, andy is the angle
between they-axis of theg tensor of Cu and the Cy—Cu, vector,
transformed to they-plane of Cu.®

orientation of theg tensors of the two copper(ll) sites which
might be slightly misaligned with respect to the molecular
coordinate system.

Theg value of 2.30 is rather high for a planar tetracoordinate
copper(ll) chromophotg (the related mononuclear compound
has ag, value of 2.18?), indicating a considerable distor-
tion.11-15 This is consistent with comparably smajlhyperfine
constants for the dinuclear compoundy(2= 204 x 104 cm?!
vs Ay = 222 x 10 cm™! for the parent mononuclear
compound) and with a rather large difference in thedd
transition energies of the solution spectra (18 000 tifior
CwlL?! vs 19200 cm?! for the corresponding mononuclear
compound):2 The crystal structure of the parent mononuclear
compound has not been reported, but reflectance spectra suggest
Figure 1. Perspective drawing of the complexes (a).Ct14H;0, that a considerable structural difference between these com-
(b)h CUZLZ'M(';?tﬁ* (© INi_i')-l'tG_HZ% "I’}_”d (%) NiL2 (atorr;-mtjlznbetringt pounds remains also in the solid statg#= 18 200 and 17 500
schemes and herma vibrational €fipsolds are given 1or the SUCIUTES oy-1 5, the mono- and dinuclear compounds, respectively).
reported here (a,c);-€H hydrogens are omitted, with the exception of Model Calculations. The geometries of the four dinuclear

(c), for clarity). > A X
compounds were optimized with molecular mechanics. For the

the corresponding parameters of the X-ray structure oL.Eu two dico_pper(ll) compounds th(_ere are, on the basi_s of the relatiye

(OHy), and those of CaL.2(OH,),8 are also tabulated. orientations of the axial water ligands, three possible geometries
each, i.e., endo-endo, endo-exo, and exo-exo (see Figure 3; the

solid state structures have endo-endo geometry, see Figure 1a,b).

For the macrocyclic ligand complexes £L&(OH,), and NpL?!

the configurations of the coordinated amine don@saf R)

are another source of isomerism, and for each isomer of the

macrocyclic ligand complexes @u(OH,), and NiL! there are

The structural parameters of &1(OHy), in solution are, as
expected, similar to those in the solid state. The small differences
observed may be due to (i) structural differences between the
solid state and solution structures, supported by slightly different
energies of the €d transition (17 500 and 18 000 cifor the
solid and the solution electronic spectra, respectively); (ii) small
!nconS|st_enC|es Of. the force field p_arame_trlzatlon; and (il (11) Comba, P.; Hambley, T. W.; Hitchman, M. A.; Stratemeierlridrg.
inherent inaccuracies of the spectra simulati@ag(idA-strain Chem.1995 34, 3903.
are not included). The differences between the predictions based(lg éam;tn)eka, Y. ﬁ).; r(13avrish, S. E. Coolrd.ccahem19909§1,8?651é3

i ; imizati 1 omba, P.; Hilfenhaus, P.; Nuber,Helv. Chim. Actal997 80, 1831.
on the Stru?ture (.)btamed by the force field optimization and (14) Hathaway, B. J. I€omprehensie Coordination ChemistryVilkinson,
the EPR simulation are partly relqted to the fact that the G., Ed.; Pergamon Press: Oxford, 1987.
simulation of the EPR spectrum is based on the relative (15) McGarvey, B. RTransition Met. Chem1966 3, 89.
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Figure 3. Plots of the strain energy optimized structures (lowest energy
conformers) oendeende, endeexo, andexoexe[CuL(OH,)] (top
to bottom).

six five-membered chelate rings ¢r 6 conformation); for the
compounds with the open-chained ligantithere are four. It
follows that for the dinuclear copper(ll) compounds with the
macrocyclic ligand £ there are 468 nondegenerate conforma-
tions. That observed in the solid stateesdeendc[Cux(9-
(R)-A16246-LY{(OH,);] (consecutive numbering of configurations

Inorganic Chemistry, Vol. 38, No. 7, 1999419

Table 4. Strain Energies of All Low-Energy Conformations of
CwlL!and NpL2

strain energy (kJ/mol)
(¢(M—Cy—Cy/'—M’) (deg))

confomer
(9(R)-A1AAAA-Cplt 70 (180) 85 (65)
(9(R)-A110A10-CuLt 61 (180) 79 (70)
(9(R)-10A16A-Cuplt 65 (180) 79 (70)
(9(R)-010046-CupLt 62 (180) 79 (70)
(9(R)-00100A-CupLLt 70 (180) 79 (70)
(9(R)-000006-CupLt 70 (180) 80 (75)
(9(R)-A1AAAA-Ni Lt 131 (55) 139 (180)
(9(R)-A40AA6-Ni, Lt 106 (55) 125 (180)
(9(R)-10AA3A-Ni Lt 114 (55) 115 (180)
(9(R)-0A0640-Ni L* 112 (55) 110 (180)
(9(R)-604006A-Ni L* 135 (55) 141 (180)
(9(R)-000006-Ni,L* 119 (55) 121 (180)

strain energy (kJ/mol)

conformer (p(M—C,—Cy'—M") (deg))
(9(R)-A10AL5-Cplt 61 (180)
(9(9-A110A10-CpLt 87 (180)
(R(R)-A10A10-Cuplt 89 (180)
(9(R)-A10A10-Ni Lt 106 (55)
(9(9-140A16-Ni, Lt 125 (55)
(R(R)-A10A16-NioLt 120 (55)

20nly endo-endo isomers are tabulated for the dicopper(ll) com-
pounds; see text for the nomenclature of the conformers.

With the bismacrocyclic ligand L(Figure 4) the dinickel(ll)
compound with a folded structure & 55°) is more stable by
approximately 20 kJ/mol than the stretched form witis 180°.

A detailed analysis of all energy terms indicates that attractive
van der Waals forces involving the ligand backbone are
responsible for this result. Glu(OH,), also has a local energy
minimum at approximately 5% but the folded structure is less
stable than the stretched isomer by approximately 20 kJ/mol.
At ¢ = 12C° there is a strain energy maximum for the dicopper-
(1) and the dinickel(ll) compounds, which is due to van der
Waals repulsion in this eclipsed conformation. For the three
compounds the energy barrier is of the same order of magnitude,

For the corresponding Blit, CiL2(OH,),, and NpL? complexes

the two rotamers (stretched and folded) is, for the two relevant

there are 117, 52, and 13 possible conformers, respectively. Thecompounds (CiL}(OHz)2 and NiL*), approximately 20 kd/mol

most stable geometries of €(OH,), and NiL! are assembled
in Table 4. The conformational analysis involved a search
protocol that excluded different conformational patterns at the

two metal sites. Inversion at an amine donor leads to a loss of

energy of approximately 20 kJ/mol (see lower part of Table 4);
these high-energy structures were excluded from the full
conformational analysis. The analysis ofC#OH,), and NpL?

each. That is, for both compounds only one isomer (that
observed in the solid state and, for the dicopper(ll) species, also
in solution) is expected to be stable in solution.

Since the axial water ligands might be of importance for the
geometric preference of GUL(OH,),, the lowest energy con-
former of each of the three isomers (endo-endo, endo-exo, exo-
exo; see Figure 3) was analyzed by a strain energy versus

leads to similar results. From the computed structures and straintorsional anglep plot. These are shown in Figure 5. For each
energies it emerges that, for all four compounds discussed hereof the three isomers the stretched geometry is preferred by
the crystallographically observed structures are those of lowestapproximately 16-20 kJ/mol. Note that the relative energies

energy but there is only a relatively small energy gap to the
next stable conformers.

The preferred relative orientation of the two chromophores
in CuwpLY(OHy)z, NioLl, CwL3(OH,),, and NpL?2 was ana-
lyzed by monitoring the strain energies of all low-energy
conformers as a function of the torsional angles
(M—Clyidgeneaa C'bridgeneasM'; see Figures 4, 5, and 6; the plots

of the stretched structures are 0, 7, and 14 kJ/mol for the
endo-endo, endo-exo, and exo-exo forms, respectively. That is,
the experimental observation that only one isoreaedeende
[Cux(9(R)-A10A20-LY(OH,)2], is present in the solid state and

in solution is confirmed by these model calculations. The
destabilization of the exo forms may be related to the puckering
of the six-membered chelate rings (see Figures 1 and 5) that

shown are those of the lowest strain energy structures each)leads to repulsive interactions involving the amide oxygen
These curves were obtained by constraining the torsional anglesgtoms.

¢ to specific values and varying them i Bitervals between
0° and 180. Since some of these plots compare nonisomeric

The strain energy versus torsional angl@lots of the two
complexes with the open-chained ligand §C%OH,), and

structures, the emerging strain energies have all been normalizedNi,L?) are presented in Figure 6. With this ligand, both the

to obtain zero strain at the fully stretched forngs € 180°).

dicopper(ll) and the dinickel(ll) compounds prefer the stretched
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Figure 4. Strain energy versus torsional angle plats{ M—C,—C;'—M") of the dicopper(ll) compound (with and without axial ligands) and of
the dinickel(Il) compound of the bismacrocyclic ligand. L
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Figure 5. Strain energy versus torsional angle plgts{ M—C,—C;'—M") of the three isomers (endo-endo, endo-exo, and exo-exo) of the dicopper-
(1) compound of the bismacrocyclic ligand-.L

geometry. This is in agreement with the experimentally observed based on attractive van der Waals terms involving the central
structures and, for the dicopper(ll) compound, also with the five-membered chelate ring.

solution structure. However, the relatively small energy differ-

ence of approximately 5 kJ/mol for Mi2 indicates that, in ~ Experimental Section

solution, there might be a dynamic equilibrium (activation  the yy—vis and IR spectra were measured on a Specord M40 and
energy of approximately 20 kJ/mol) between the two forms. 3 specord 75IR (Carl Zeiss) instrument, respectively. EPR spectra were
The analysis of all strain energy terms of the two forms @LNi  recorded on a Bruker ESP300E spectrometer (9.4635 GHz) as ap-
and NpL? indicates that the striking structural differences are proximately 1 mmol dm? frozen solutions in methanol at 120 K. The
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Figure 6. Strain energy versus torsional angle plats=€ M—C;—
C,'—M’) of the dicopper(ll) compound (with axial ligands) and of the
dinickel(ll) compound of the open-chained ligand L

Table 5. New Force Field Parameters for {4 1)-Coordinate
Copper(ll) and Four-Coordinate Nickel(ll) Compounds with
Amide/Amine Donorg®

Bond Distance Parameters

strain-free bond
distance (A)

1.83

force constant
(mdyn A

0.60

bond type
Ni _Namine

Valence Angle Parameters

force constant strain-free valence

valence angle type (mdyn A rad?) angle (rad)
Namine_Ni_Namide 0.025 1.571
Namine_Ni_Namine 0.025 1.571
Ni—Namine—Cecarbon 0.200 1.920
Ni— Namide_Ccarbon 0.200 2.094
Ni— Namide— Ccarboxyl 0.200 2.094
Ni—Namine—H 0.100 1.915
Namine—Cu—0O 0.007 1.571
Namige—Cu—0O 0.007 1.571
Torsion Angle Parameters
bond torsional force constant offset
angle type (mdyn A) angle (rad)
Namine_Ni 0.00 2.094
Namide_Ni 0.00 2.094
Cu-0O 0.00 2.094
Namine—CU 0.00 2.094
Namige—CU 0.00 2.094

a All other parameters are given in the literaté#é.dyn= 105 N.

spin Hamiltonian parameters, the coppeopper separation, and the
relative orientation of the chromophores of the dipedigpole coupled
dinuclear copper(ll) complexes were determined by simulation of the
AM; = 1 resonances with the computer program DISStMlolecular
mechanics calculations were performed with the strain energy mini-
mization progrart and force field® MOMEC. Parameters not reported

(16) Smith, T. D.; Pilbrow, J. RCoord. Chem. Re 1974 13, 173.

(17) Comba, P.; Hambley, T. W.; Lauer, G.; Okon, MOMEC97, a
molecular mechanics program for coordination compounds adapted
to HyperChem CVS Heidelberg: e-mail, CVS-HD@T-online.de,
1997.

(18) (a) Bernhardt, P. V.; Comba, fhorg. Chem.1992 31, 2638. (b)
Comba, P.; Hambley, T. W.; Stnée, M. Helv. Chim. Actal995 78,
2042. (c) Bol, J. J.; Buning, C.; Comba, P.; ReedijkJJComput.
Chem.1998 19, 512.
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before are given in Table 5. These have been fitted to all relevant
structures obtained from the CCDC (Cambridge Crystallographic Data
Centre).

Syntheses.The ligand HL! was synthesized as described in the
literature’ The dicopper(ll) complex was obtained from an aqueous
solution (100 cry, pH 7, NaOH) of 0.4 g of H.* and 0.7 g of Cu-
(ClO4)2:6H,0. The solution was filtered and stored in a refrigerator.
The blue precipitate was collected on a filter, washed with ethanol and
ether, and air-dried. Concentration of the solution to 30 yielded
an additional crop of the product. Yield: 0.34 g, 47%. Found: C, 26.9;
H, 7.4; N, 14.1. Calcd for GHsgNgCw,O18: C, 27.0; H, 7.3; N, 14.

Vis (H20): vmax= 18 000 cmi?, € = 150 dn? mol~t cm™! per copper-
(I1); reflectance spectrum;max = 17 500 cni. IR (KBr pellet): vmax

= 1585 cm! (C=0). The dinickel(ll) complex was synthesized from
an aqueous solution (50 énpH 8, NaOH) of 0.2 g of K.* and 0.23

g of Ni(OOCCH)*4H,0. The yellow precipitate which was obtained
after evaporation of the resulting solution to 1%was filtered and
washed with ethanol. Yield: 0.19 g (62%). Found: C, 33.2; H, 6.6; N,
17.2. Calcd for GgH42NsO10Niz: C, 33.3; H, 6.5; N, 17.3. Vis (kD):
Vmax = 23 200 cmi?, € = 64 dn?® mol~t cm™ per nickel ion. IR (KBr
pellet): vmax = 1580 cmit (CO). Crystals suitable for X-ray analyses
were obtained by slow diffusion of acetone into an aqueous solution
of the complex.

Crystal Structure Determination. Data Collection and Processing.

The crystals were mounted on glass fibers. All measurements were
made on a Rigaku AFC7S diffractometer with graphite-monochromated
Mo Ka radiation ¢ = 0.710 69 A). The data were collected at a
temperature of 293+ 1 K using thew—26 scan technique to a
maximum & value of 50.0. The intensities of three representative
reflections were measured after every 150 reflections. No decay
correction was applied, and the data were corrected for Lorentz and
polarization effects.

Structure Solution and Refinement. The structures were solved
by direct method$ and expanded using Fourier techniqéfEEhe non-
hydrogen atoms were refined anisotropically. Hydrogen atoms of the
water molecules were refined isotropically, and the other hydrogen
atoms were included at fixed positions. All calculations were performed
using the teXsan crystallographic software pack&ge.

Detailed information on the X-ray structure analyses is available
from the CCDC (Cambridge Crystallographic Data Centre).
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