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» Three dinuclear complexes based on a Ag'/g-diketonate/2,3-bis(2-pyridyl)pyrazine ligands.
» Compounds characterized by spectroscopy technical and X-ray crystallography.
» Weak interactions provide additional assembly forces, leading to 3D supramolecular networks.
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Three binuclear Ag' complexes based on a p-diketonate and N-donor ligands, [Ag,(2,3-bpp).(hfa),] (1),
[Ag2(2,3-bpp)a(ftfa),] (2) and [Ag,(2,3-bpp)y(ttfa),] (3), where 2,3-bpp is 2,3-bis(2-pyridyl)pyrazine, Hhfa
is hexafluoroacetylacetone, Hftfa is furoyltrifluoroacetone and Httfa is thienoyltrifluoroacetone, were
prepared and characterized by elemental analysis, IR and 'H NMR spectroscopy as well as by X-ray crys-
tallography. Additionally, thermal and electrochemical properties were studied. The complexes are struc-
turally similar to each other. Three nitrogen atoms of the ligand 2,3-bpp in compounds 1, 2 and 3 act as
donors toward two Ag* ions in syn-conformation. Abundant weak interactions, such as 7 - -7, C—H- - -F,
C—H-: - - and C—H- - -0 interactions lead to 3D supramolecular networks for 1-3.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Supramolecular chemistry and crystal engineering based upon
the self-assembly of metal ions and bridging organic ligands have
attracted great interest in recent years due to the novel structural
topologies and potential applications in optical and magnetic com-
ponents, catalysis, and electrical conductivity [1-5]. In the past few
years, the development of supramolecular chemistry based on
coordinative bonds and the hydrogen bonds has provided the pos-
sibility to rationally design and prepare supramolecular architec-
tures by noncovalent interactions. It is crucial to meet both
geometric and energetic considerations. Lately, a lot of supramo-
lecular assemblies have been achieved by carefully selecting build-
ing blocks and organic ligands containing appropriate functional
groups through supramolecular interactions (hydrogen bonding,
m—r interactions, etc.) [6-12]. The self-assembly of multidentate
organic ligands and metal ions has resulted in many beautiful

* Corresponding author.
E-mail address: f.marandi@gmail.com (F. Marandi).

0022-2860/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.molstruc.2012.04.069

and novel coordination polymeric frameworks. According to for-
mer research, designing and synthesizing MOFs (metal organic
frameworks) can be influenced by the subtle interplay of many fac-
tors such as the geometric preference of metal ions, the sizes and
shapes of the organic building blocks, templates, and solvent sys-
tems. The high degree of design arises from the coupling of the well
understood coordination properties of the individual metal ions
and highly developed ligand syntheses within the newer areas of
supramolecular chemistry and crystal engineering [13-18]. It is
known that fluorinated B-diketonate ligands [19] and 2,3-bis(2-
pyridyl)pyrazine [20-22] are good candidates for the construction
of coordination frameworks with specific structure due to their N
and O donor groups, from which a rich variety of one-, two- and
three-dimensional metal-organic polymeric architectures have
been constructed. In the synthesis of crystalline materials by de-
sign, the assembly of molecular units in predefined arrangements
is a key goal. The synthesis of the solid state structures of silver(I)
complexes of fluorinated B-diketonate and pyridyl ligands relies on
an understanding of their potential C—H.--0, C—H---F, C—H: -1t
and m—n intra- and intermolecular interactions [23]. These
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non-covalent interactions compete and eventually guide the
assembly of the building blocks to form extended solid state low-
dimensional architectures [24]. With the aim of constructing coor-
dination architectures, we are interested in using the versatile fluo-
rinated B-diketonates and 2,3-bis(2-pyridyl)pyrazine ligands with
silver ion. In this paper, we report the synthesis, crystal structures,
thermal gravimetric and cyclic voltammetry properties of [Ag»(2,3-
bpp)(hfa),] (1), [Aga(2,3-bpp)y(ftfa),] (2) and [Agy(2,3-
bpp)s(ttfa),] (3), where 2,3-bpp is 2,3-bis(2-pyridyl)pyrazine, Hhfa
is hexafluoroacetylacetone, Hftfa is furoyltrifluoroacetone and
Httfa is thienoyltrifluoroacetone.

2. Experimental
2.1. Physical measurements

IR spectra were recorded as KBr pellets using a Perkin-Elmer
597 and a Nicolet 510P spectrophotometer. Elemental analyses
(C, H, N) were performed using a Carlo ERBA model EA 1108 ana-
lyzer. Solution 'H NMR spectra were recorded on a BRUKER DRX-
500 AVANCE spectrometer at 500 MHz using dg-dimethylsulfoxide
as solvent. Thermal analyses were carried out on a Seiko Instru-
ments thermal analyzer. Cyclic voltammetry was performed using
an Autolab potentiostat/galvanostat 101. The working electrode
was a glassy carbon disk (2.0 mm diameter), a Pt wire was used
as a counter electrode. The working electrode potentials were mea-
sured versus a platinum wire as quasi-reference electrode (all elec-
trodes from Azar Electrode).

2.2. Crystallography

The single crystal X-ray diffraction data of the complexes 1, 2
and 3 were collected on imaging plate diffractometers IPDS-2T at
180K (1) and IPDS-1 at 213K (2,3), respectively, (Stoe & Cie
GmbH, Darmstadt, Germany) using Mo-K, radiation (4
=71.073 pm) [25]. All intensities were corrected for Lorentz and

polarization effects. Numerical absorption corrections were ap-
plied to all data sets. The structures were solved by direct methods
using the program Shelxl-97 and refined by full-matrix least
squares based on F? using Shelx1-97 [26]. Anisotropic displacement
parameters were used for all Ag, C, Cl, F, N, O and S atoms; hydro-
gen atoms were included in calculated positions. The basic crystal-
lographic data of 1-3 are summarized in Table 1. Selected
interatomic distances and angles are given in Table 2. Graphical
presentations were drawn using Ortep-3 [27].

2.3. Preparation of [Agx(2,3-bpp)z(hfa),] (1)

A mixture of Ag,0 (116 mg, 0.5 mmol), 2,3-bpp (0.234 g,
1.0 mmol) and Hhfa (208 mg, 1.0 mmol) was stirred in a CH3CN/
H,0 mixture (15 ml, v/v: 1/4). Then, an aqueous NHj solution
(25%) was poured into the mixture to give a clear solution. The
resultant solution was allowed to evaporate slowly in darkness at
room temperature for several days to give colorless crystals of 1.
The crystals were washed with a small volume of cold methanol
and diethyl ether. m. p., 181 °C Anal. Calc. for C3gH,,Ag>F 1, NgOy:
C, 41.52; H, 2.00; N, 10.20. Found: C, 41.89; H, 2.29; N, 9.94%. IR
(KBr, cm™1): 3065 (m), 1615 (s), 1600 (s), 1592 (s), 1530(s),
1518(s), 1460 (s), 1335(m), 1248, 1143, 1025 (m), 770 (m), 650
(w), '"H NMR (DMSO, &): 8.80 (d, 2H, pyrazine), 8.38 (dd, 2H, pyri-
dyl), 7.89 (m, 2H, pyridyl), 7.70 (dd, 2H, pyridyl), 7.42 (m, 2H, pyr-
idyl), 5.26 (s, TH, =CH— of hfa™).

2.4. Preparation of [Ag2(2,3-bpp)-(ftfa)s] (2)

A mixture of Ag,O (116 mg, 0.5 mmol), 2,3-bpp (0.234 g,
1.0 mmol) and Hftfa (206 mg, 1.0 mmol) was stirred in a CH3;OH/
H,O0 mixture(15 ml, v/v: 1/1). Then, an aqueous NH; solution
(25%) was poured into the mixture to give a clear solution. The
resultant solution was allowed to evaporate slowly in darkness at
room temperature for several days to give colorless crystals of 2.
The crystals were washed with a small volume of cold methanol
and diethyl ether. m. p.: 195 °C. Anal. Calc. for C44H»5Ag,FsNgOg:

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient
F(000)

0 Range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta
Data/restraints/parameters
Goodness-of-fit on F?

R1 [Io > 20 (lo)]

wR2 (all data)

Largest diff. Peak, hole

a=9.0533(9) A
b=9.4841(10)A
c=13.4296(14) A
o =87.220(8)°

B =89.155(8)°

v =61.734(7)°
1014.36(18) A>
1

1.798 gcm™
1.072 mm !
540

2.44-27.90
~11<h<11
—12<k< 12
~16<1<17
12,153
4811[R(int) = 0.0358]
99.3%
4811/0/290
1.035

Rl =0.0263

WR2 = 0.0690
0.71, —0.51 e. A

a=9.2203(7)A
b=9.4282(6)A
c=14.0133(10) A
o = 100.740(8)°
B=93.177(9)°
v=118.321(8)°

Table 1
Crystal data and structure refinement for 1-3.
1 2 3
Identification code [Ag2(2,3-bpp)a(hfa),] [Aga(2,3-bpp)a(ftfa),] [Aga(2,3-bpp)x(ttfa),]
Empirical formula C3gHAg,F12Ng04 C44H23Ag>FsNgOg CyqH28Ag2FsNg04S,
Formula weight 1098.38 1094.48 1126.60
Crystal system Triclinic Triclinic Triclinic
Space group pl p! pl

a=9.0789(7) A
b=9.5637(7) A
c=14.5576(11)A
o =96.773(9)°

B =96.236(9)°
v=116.810(8)°

1038.92(13) A3 1101.43(14) A®

1 1

1.749 g cm3 1.698 Mg/m?

1.030 mm ™" 1.063 mm™!

544 560

2.53-27.00 2.43-26.00°
-11<h<11 —-10<h<10
—-12<k<12 -11<k<11
-17<1<17 -17<1<17

10,907 8843

4225[R(int) = 0.0261] 4039 [R(int) = 0.0243]
93.2% 93.5%

4225/0/298 4039/0/298

0.902 0.940

Rl =0.0245 R1=0.0378

WwR2 =0.0553 wR2 =0.1156

0.39, —0.28 e. A 0.96 and —0.83 e. A3
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Table 2
Selected bond lengths/A and angles/° for 1-3.
1 2 3

Ag—N4! 2.270(2) 2.285(2) 2.317(4)
Ag—N2 2.363(2) 2.370(2) 2.379(3)
Ag—N1 2.373(2) 2.394(2) 2.422(3)
Ag—01 2.484(2) 2.432(1) 2.443(3)
Ag—02 2.487(1) 2.442(2) 2.457(2)
N4—Ag—N2 126.05(6) 123.10(6) 121.51(1)
N4'—Ag—N1 129.73(6) 133.20(6) 133.97(1)
N2—Ag—N1 70.01(6) 69.18(6) 69.52(1)
N4—Ag—01 109. 73(6) 104.69(7) 107.02(1)
N2—Ag—01 123.72(6) 131.86(6) 131.10(1)
N1—Ag—01 81.05(5) 83.19(6) 81.78(1)
N4'—Ag—02 84.85(6) 86.09(6) 84.92(1)
N2—Ag—02 103.34(5) 99.49(6) 101.96(1)
N1—Ag—02 142.55(6) 139.62(6) 139.66(1)
01—Ag—02 72.48(6) 76.69(5) 75.22(1)

t1-X1-Y,1-Z

C, 48.24; H, 2.56; N, 10.23. Found: C, 48.17; H, 2.79; N, 10.59%. IR
(KBr, cm~1): 3070 (m), 1620(s), 1600(s), 1590(m), 1565 (s), 1520
(s), 1473 (s), 1322(m), 1260, 1170, 1125 (m), 1035(m), 1000(m),
780 (m), 640 (w). 'H NMR (DMSO, §): 8.77 (d, 2H, pyrazine),
8.37(dd, 2H, pyridyl), 7.83-7.89 (m, 3H, pyridyl and furyl),
7.71(dd, 2H, pyridyl), 7.39(m, 2H, pyridyl), 6.96 (d, 1H, furyl),
6.54 (d of d, 1H, furyl), 5.83 (s, 1H, =CH— of ftfa™).

2.5. Preparation of [Ag(2,3-bpp)s(ttfa),] (3)

Complex 3 was synthesized in the same way as complex 2 using
Httfa (222 mg, 1.0 mmol) in place of Hftfa. m. p.: 171 °C. Anal. Calc.
for for C44H23Ag2F5N30452: C, 46.87; H, 2.48; N, 9.94. Found: C,
47.15; H, 2.29; N, 9.69%. IR (KBr) m (cm™'): 3034(m), 1620(s),
1605(m), 1595(s), 1560 (s), 1500 (s), 1470 (s), 1355(m), 1260,
1210, 1155 (m), 1020(m), 1005(m), 778 (m), 666 (w). '"H NMR
(DMSO, §): 8.78 (d, 2H, pyrazine), 8.34(dd, 2H, pyridyl), 7.60-
8.06 (m, 6H, pyridyl), 7.06-7.40 (m, 3H, thenoyl), 5.88 (s, 1H,
=CH— of ttfa™).

3. Result and discussion

3.1. Syntheses, spectroscopic studies, thermogravimetry and cyclic
voltammetry

The conventional solution reaction between silver(l) oxide with
2,3-bis(2-pyridyl)pyrazine and derivatives of trifluoromethyldiket-
onate ligands with 2,3-bis(2-pyridyl)pyrazine in CH3CN/H,0 or
CH30H/H,O mixed solvents yielded crystalline material of
[Ag2(2,3-bpp)a(hfa)] (1), [Ag2(2,3-bpp)a(ftfa)] (2) and [Aga(2,3-
bpp)a(ttfa)y] (3) (Scheme 1).

The IR spectra of 1-3 display the characteristic absorption
bands for 2,3-bpp ligands and the B-diketonate anions. The rela-
tively weak absorption bands at around 3065, 3070 and
3034 cm~! are due to the C—H modes involving the aromatic ring
hydrogen atoms in 1, 2 and 3, respectively. The shift towards high-
er wave numbers of the characteristic bands of the pyrazine (1592,
1590, 1595 and 1600, 1600, 1605 cm™~" in 1, 2 and 3 versus 1563
and 1580cm™! in the free ligand) and pyridine (1025, 1035,
1020cm~! in 1, 2, 3 versus 991 cm™! in the free ligand), are

Hhfa aqueous NH3 solution (25%)
Ag>0 + 23-bpp + 4 Hftfa +

Httfa

140.0F
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Fig. 1. TG and DTA curves of 1.

I/pA

Fig. 2. Cyclic voltammograms of 1.0 mM (a) AgNOs, (b) 3, (¢) 2 and (d) 1 at glassy
carbon electrode in DMSO, Supporting electrolyte 0.1 M TBAP and scan rate
100 mVs~'. Inset: expand of catodic peaks.

indicative of the coordination of the 2,3-bpp molecule [28]. The
aromatic ring vibrations of 2,3-bpp in 1, 2 and 3 in the 1600-
1350 cm ™! range are somewhat shifted to higher wave-numbers
in comparison to the free 2,3-bpp molecule, as expected upon their
metal coordination [29]. At the same time, the IR spectra of the
complexes show strong bands at 1615, 1620, 1620 cm™~' and at
1518, 1515 cm™!, assigned to the v(C=0) and v(C=C) (2,3) stretch-
ing of the B-diketonate anions. These bands are at significantly
lower energies than those found for free Hhfa, Hftfa, Httfa (1684,
1686, 1676 cm ™! assigned to the v(C=0)) are indicative of B-dike-
tonate chelation to Ag'. The absorption bands in the frequency
range 1260-1130cm™! correspond to the C—F modes of the B-
diketonates [30].

The H NMR spectra of DMSO solutions of 1, 2 and 3 display five
separated signals for the protons of the 2,3-bpp ligand at
7.4-8.8 ppm and the singlets at 5.26, 5.83 and 5.88 ppm of the

[Ag2(2,3 — bpp)2(hfa)2](1), CH3CN/H20 mixed solvents
[Ag2(2,3 — bpp)2(ftfa)2](2), CH30H/H20 mixed solvents
[Ag2(2,3 — bpp)2(ttfa)2](3), CH30H/HZ0 mixed solvents

Scheme 1. Syntheses of compounds.
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=CH— protons of hfa™, ftfa— and ttfa~ anions, respectively. In 2,
three distinct signals of the furyl group appear at 6.54, 6.96 and
7.85 ppm (overlapped with protons of the 2,3-bpp ligand) and in
3, three distinct signals of thienyl group of the B-diketonate anion
appear at 7.06-7.40 ppm.

The TG curves show that complexes 1, 2 and 3 exhibit similar
decomposition pathways, as an example the TG of 1 is shown in
Fig. 1. No weight loss is observed up to about 270 °C demonstrating
that 1, 2 and 3 are retained up to these temperatures. The thermal
decomposition of the compounds occurs in one step in the temper-

Fig. 3. Ortep view of 1, 2 and 3. Displacement ellipsoids are shown at the 40% probability level.
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ature range 270-300 °C (almost 80% weight). The mass loss calcu-
lations as well as microanalyses of the solid residues suggest that
the residue left as a final decomposition product is Ag and the
remaining mass of 20.25% for 1 (Calc. 19.66%), 20.80% for 2 (Calc.
19.75%) and 21.00% for 3 (Calc. 19.75%), respectively, is in reason-
able agreement well with the expected values.

The electrochemical behavior of the complexes is studied using
the cyclic voltammetry in DMSO containing 0.1 M tetrabutylam-
monium perchlorate. Fig. 2 (curve a) shows the cyclic voltammo-
grams (CVs) of 1-3 together with that of AgNOs; under the same
conditions. All the cyclic voltammograms exhibit a cathodic peak
(C1) in negative scan and a anodic peak (A7) in positive scan mode.
The cathodic peaks are due to the reduction of the Ag* ions, and the
anodic peaks are related to the oxidation of Ag produced at the
electrode surface. It is clearly shown that the cathodic peak poten-
tials of the complexes shifts to more negative values, —57, —62 and
—72 mV for 3, 2 and 1, respectively, compared to AgNOs. This indi-
cates the good interaction and more stability of the silver ion in the
complex structures [33]. It should be noted that Ag* is strongly sol-
vated in DMSO and its interactions are comparable with some
cryptands [34]. However, the presence of ligands shifts the catho-
dic peak potential to more negative values. Additionally, the vol-
tammetric study of the complexes with time shows that they
have good kinetic stability.

3.2. Description of the crystal structures of 1, 2 and 3

Single crystal X-ray diffraction analysis reveals that the com-
plexes form discrete neutral metallacycles [Ag(2,3-bpp)(B-
diketonate)],, consisting of two 2,3-bpp ligands, two B-diketonate
ligands and two Ag" ions (Fig. 3), which represents the smallest
2D cyclic assembly possible for closed structures with a 1:1 me-
tal-to-ligand ratio. The two 2,3-bpp ligands are arranged in a
face-to-face syn-conformation [31] from opposite directions to
coordinate to two Ag" ions; each Ag* ion is penta-coordinated by
three nitrogen atoms (N1, N2 and N4!) from two different
2,3-dpp ligands and two oxygen atoms (O1 and O2) of one B-
diketonate anion (hfa™, ftfa— and ttfa”) with the coordination

Table 3
Intermolecular interactions for 1-3.
A--H(A) A-B(A) A---H-B(°)

1

02.--H3—C3 (X, 1-Y,1- 2) 2.506 3.323 144.12
01---H12—C12 (-X,2-Y,1-2) 2.456 3.382 164.53
02.--H8—C8 (X, -1 +Y, Z) 2.549 3.479 166.00
F5---H13—C13 (X, -1+Y,1+2) 2.569 3.137 118.67
F3..-H14—C14 (X, Y, 1 +2) 2.626 3.375 136.11
F5.--F5 (1 - X, =Y, 2 - 2) - 2.894 -
n—n stacking (slipped face-to-face) - 3.542 -
H11---Cg (C6---N2)(-X,2-Y,1-2) - 2.703 -

2

02---H12—C12 (1 - X, -Y,1 - 2) 2.515 3.449 17211
01.--H3—C3(2-X,1-Y,1-2) 2.471 3.330 152.04
01---H8—C8 (1+X,1+Y,2) 2.697 3.621 167.60
F1.--H9—C9 (1+X,1+Y,2) 2.649 3.281 125.10
F3.--H14—C14 (1+X,1+Y,1+2) 2.607 3.327 133.72
F2...m (C13---C14)2 - X,1-Y1-2) - 3.176 -

n—r stacking (slipped face-to-face) - 3.457 -
H11---Cg (N2---C6)(1 - X, -Y,1-2) - 2.714 -

3

02---H12—C12 (1 - X, -Y,1 - 2) 2.561 3.492 170.97
01---H3-C3(2-X,1-Y,1-2) 2.376 3.251 154.84
N2---H11—C11 (1 - X, -Y,1-2) 2.851 3.509 128.07
F2..S(1+X,1+Y,2) - 3.259 -

n—n stacking (slipped face-to-face) - 3.443 -
H11--.Cg(N2.--C6)(1 - X, -Y,1-2) - 2.772 -

geometry of a distorted bipyramidal geometry (N1 and O2 atoms
occupy the axial positions and N2, O1, and N4i define the equato-
rial sites of the trigonal bipyramid. Ag atom is positioned in a plane
formed by N2, O1 and N4i atoms). The Ag—O distances range from
2.432 to 2.487 A and the Ag—N distances from 2.270 to 2.379 A
(Table 2) [32].

The neutral [Ag(2,3-dpp)(B-diketonate)], motif has the center of
inversion between the two Ag" ions. This leads to the assembly of a
typical rectangular cavity enclosed by two ligands and two Ag*
ions with an Ag.--Ag separation of 5.156 A for 1, 5.177 A for 2
and 5.164 A for 3 as shown in Fig. 2. These distances are shorter
than of the reported structures with another B-diketonate (deriva-
tives of benzoyltrifluoroacetonate) ligands [34]. The size of differ-
ent substitutents ion [34] is larger than in compounds 1-3. It is
worth noting that the weak directional intermolecular and n—n
stacking interactions have an important role in constructing the
supramolecular network of these compounds.

An inspection of the data of 1, 2 and 3 for weak directional
intermolecular interactions by the programs PLATON and MER-
CURY [35], which were used for calculating the supramolecular
interactions, has shown that there are O..-H—C, F.--H—C, F--.-S,
F--.m, and F---F interactions [19] (Table 3). In addition, there are
relatively strong C—H. - .t interactions (Fig. 4, Table 3) within this
class of weak non-covalent contacts [36]. The packing diagram of
1 (Fig. 5) exhibits a 2D self-assembled structure through 7.7
stacking (slipped face-to-face), with 3.457 A distance between
the pyridine rings, remarkably shorter than for normal 7- - -7 stack-
ing [37]. In addition to - - -7 stacking, in 2, and 3, 3D supramolec-
ular networks are constructed by O-.--H—C and F..--H—C
interactions that are substantially shorter than the van der Waals
distances of 2.77 A for the O---H and 2.67 A for the F---H distance
[38] (Table 3, Fig. 6).

A useful comparison to 1, 2 and 3 is provided by a recent struc-
tural study of the dinuclear complexes of Ag* with nitrate as anion
[31]. Average Ag—N distances in 1, 2 and 3 are longer than in
[Ag(2,3-bpp)(NOs)],, and two aryl ring planes of 2,3-bpp (plane
of pyridyl and pyrazine) form angles of 57.73, 57.76 and 52.34°
for 1, 2, 3, respectively, that is more than for [Ag(2,3-bpp)(NOs)],
(47.53°). It seems reasonable to assume that differences in the

Fig. 4. Packing diagram of 1, view along [100], showing C—H- - -7 interactions.
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Fig. 5. A part of the two-dimensional network of 2 view along [010] plane,
generated from F.--m and 7 - -7 stacking interactions.

Fig. 6. A part of three-dimensional network of 1 view along [010], generated from
intermolecular interactions (Table 3).

dihedral angles between the aryl ring planes of 2,3-bpp coordinat-
ing to Ag® are influenced the network of directed intermolecular
interactions and the coordination of the anions.

4. Conclusion

In summary, we have successfully prepared three new binu-
clear complexes based on 2,3-bis(2-pyridyl)pyrazine, fluorinated
B-diketonate ligands and silver ions. The complexes are structur-
ally similar to each other. The three nitrogen atoms of the 2,3-
bpp ligand in all three compounds act as donors toward two Ag*
ions in syn-conformation. Abundant weak interactions, such as
n---m, F--.m, C—H---F, C—H---0 and F-- F interactions between li-
gands of binuclear complexes, provide additional assembly forces,
leading to 3D supramolecular networks for 1-3.

Supporting information

Full cif depositions, excluding structure factor amplitudes, re-
side with the Cambridge Crystallography Data center, CCDC-
869063-869065 for 1, 2 and 3. Copies of the data can be obtained,
free of charge, on application from CCDC, 12 Union Road, Cam-
bridge CB2 1EZ, UK (fax: +44 1223 336033 or e-mail:
deposit@ccdc.cam.ac.uk).
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