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Abstract. The one-dimensional coordination polymer 1
�[SbCl3(pyz)]

(1) and the three-dimensional frameworks 3
�[Sb2Cl6(pyz)3] (2) and

3
�[Sb2I6(pyz)3] (3) were obtained from SbX3 (X: Cl, I) and pyrazine
(pyz). These coordination polymers are, to the best of our knowledge,
among the first Sb-based coordination polymers constructed from anti-
mony halides and N-donor ligands. While the Sb3+-cations in 1 are
coordinated in a square-pyramidal coordination sphere indicating a

Introduction

Antimony(III) complexes are known with various organic
ligands,[1–10] such as 2,2�-bipyridine[1] or N,N�-disubstituted
dithiomalonamides,[2] as well as antimony(V) complexes, e.g.
for catecholates.[11–16] However, and to the best of our
knowledge SbIII-halide-based coordination polymers (CPs)
constructed from N-donor ligands are just known from our
recent work on 3

�[Sb2X6(L)2] and 1
�[SbCl3(bipy)] [X: Cl-I,

L: 4,4’-bipyridine (bipy), 1,2-(4-pyridyl)ethylene (bpe),
1,2-(4-pyridyl)ethane (bpa)].[17] In the known complexes, the
antimony atoms prefer octahedral (e.g. in [Sb(L)3], L: cyclo-
hexylmetyl-, cyclohexylethyl-, cyclohexyldithio-carbamate)[18]

or square pyramidal (e.g. [Sb(PDC)(HPDC)(H2O)])[19] coordi-
nation surroundings. The latter indicate stereochemically
active Sb-lone-pairs repulsively interacting with the li-
gands.[20,21] The tendency of the lone-pair to be stereochemi-
cally active is thereby strongly influenced by the nature and
orientation of the coordinating ligands.[22,23]
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stereochemically active lone-pair, no stereochemically active Sb-lone-
pair is present in 2 and 3 having octahedral coordination spheres
around SbIII. Since 2 can be obtained by heating of 1, the character of
the Sb-lone-pair in 1 can be changed by thermal treatment. Thereby
the interlinkage is increased via an additional pyrazine molecule
resulting in the octahedral coordination in 2.

Coordination polymers (CPs), which are constructed from
inorganic and organic building blocks by definition,[24] have
proven to exhibit remarkable properties especially in
terms of porosity (metal-organic-frameworks),[25–30] lumines-
cence,[31–34] as well as catalytic applications.[35–39] Since the
heavier homologue bismuth is known to form coordination
polymers with remarkable luminescence properties,[40–47] anti-
mony CPs can also be potentially attractive. Accordingly, we
synthesized the compounds 1

�[SbCl3(pyz)] (1), 3
�[Sb2Cl6(pyz)3]

(2), and 3
�[Sb2Cl6(pyz)3] (3) selecting the N-heterocycle pyr-

azine (pyz) that can serve as linear linker together with the
halides SbX3 (X: Cl, I). Pyrazine has proven to be a suitable
ligand for such CPs in 2

�[Bi2Cl6(pyz)4],[48] which acts as host
for luminescent Ln3+-cations. Furthermore, formation of the
CP 2

�[BiI3(pyz)] featuring structural similarities to the pre-
sented compounds has been reported recently.[49] The struc-
tural characteristics of the CPs 1–3 were studied and are
discussed in this work, however, no luminescence could be
observed for these compounds.

Results and Discussion

Crystal Structure

1
�[SbCl3(pyz)] (1) crystallizes in the orthorhombic crystal

system in the space group Pbcm. The one-dimensional CP is
constructed from linear zigzag-chains, as shown in Figure 1.
These chains contain {SbCl3N2} square pyramids that are in-
terconnected by pyrazine ligands, which are cis-oriented to one
another. The apical position is occupied by one Cl atom with
a short interatomic Sb–Cl distance [235.08(9) pm] compared
to the basal Cl atoms [241.40(6) pm]. The interatomic Sb–N
distance is 279.6(2) pm. The extended surrounding of the Sb
atoms consists of three Cl atoms of neighboring strands with
interatomic distances of 347.57(9) and 381.65(7) pm to the Sb
atoms. As these distances are more than 100 pm larger than
those for the apical and basal Cl atoms, it can be concluded
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Figure 1. Top: crystal structure of 1
�[SbCl3(pyz)] (1) with a view along

b axis; bottom left: extended coordination sphere of the Sb atoms in
1; bottom right: crystal structure of 1 with a view along a axis. Sym-
metry code |: x, y, 3/2 –z; ||: 1 –x, 1 –y, 1/2 + z; |||: 1 –x, 1 –y, 1 –z.
Ellipsoids represent a probability level of the atoms of 50% in this
and the following figures.

that the Sb-lone-pair interacts with the coordinating ligands
stereochemically and thus, occupies the sixth corner of a
pseudo-octahedral structure according to VSEPR (VSEPR:
valence shell electron pair repulsion).

The three-dimensional coordination polymer 3
�[Sb2Cl6(pyz)3]

(2) crystallizes in the cubic crystal system in the space group
I4̄3d. The antimony atoms in this CP are octahedrally coordi-
nated by three chlorido- and three pyrazine-ligands in a fac
alignment with interatomic Sb–Cl and Sb–N distances of
240.08(14) and 281.6(5) pm, respectively (see Figure 2). The
angles in the {SbCl3N3}-octahedra range from 84.09(1)° to
96.60(1)°. The distorted {SbCl3N3} octahedra are intercon-
nected by the pyrazine molecules in all three dimensions to
form a dense framework structure. The distortion of the octa-
hedra arises due to the different ligands rather than the
Sb-lone-pair. Thus, no stereochemically active lone-pair is ob-
served.

A closely related structure could be observed for
3
�[Sb2I6(pyz)3] (3). In contrast to 2, this CP crystallizes in the
trigonal crystal system in the space group R3c. Differences of
the crystal structures of compounds 2 and 3 arise due to the
differences in the interatomic Sb–X distances that are signifi-
cantly elongated by approximately 40 pm by the replacement
of Cl for I, while the Sb–N distances remain similar (see
Table 1). Alike 2, the crystal structure of 3 consists of distorted
fac-{SbI3N3} octahedra. The pyrazine-ligands interconnect
these coordination units an all three spatial directions resulting
in a dense three-dimensional coordination polymer. A depic-
tion of the structure of 3 is given in Figure 3.
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Figure 2. Top: extended coordination sphere of the Sb atoms in
3
�[Sb2Cl6(pyz)3] (2); bottom: crystal structure of 2 with a view along
a axis. Symmetry code |: y, z, x; ||: z, x, y; |||: 1 –x, 1/2 –y, z.

Table 1. Interatomic distances between the antimony atoms and the
coordinating ligands in the coordination polymers 1–3. Distances are
given in pm.

1
�[SbCl3(pyz)] (1) 3

�[Sb2Cl6(pyz)3] (2) 3
�[Sb2I6(pyz)3] (3)

Sb–N 279.6(2) 281.6(5) 285.0(6)
Sb–X Clapical: 235.08(9) 240.08(14) 277.96(6)

Clbasal: 241.40(6)

The interatomic distances between the antimony atoms and
the coordinating ligands are given in Table 1. The Sb–X dis-
tances comply well with those of related compounds reported
in the literature featuring Sb–Cl distances in the range of 240–
319 pm[8,17,50] and Sb–I distances of 278–345 pm (X: I),[17,51]

respectively. As these CPs are the first examples for Sb-based
coordination polymers constructed from pyrazine, the in-
teratomic Sb–N distances are of additional interest. Table 1
shows that they increase from Cl to I. However, the Sb–N
distances reported for 1

�[SbCl3(bipy)][17] (bipy = 4,4�-bipyr-
idine) as well as several complexes constructed from Sb-hal-
ides and 2-acetylpyridine-phenylhydrazone derivatives[8] or
1,10-phenanthroline,[9] in which the Sb3+-cations feature
square-pyramidal coordination spheres, are usually shorter
(218–254 pm). This indicates comparatively weak Sb–N-inter-
actions in 1–3 according to the rather low basicity of pyrazine
and thus, low donor strength in comparison with other N-donor
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Figure 3. Top: extended coordination sphere of the Sb atoms in
3
�[Sb2I6(pyz)3] (3); bottom: crystal structure of 3. Symmetry code |:
–x+y, 1 –x, z; ||: 1 –y, 1+x–y, z;|||: 1 –x, 1/2 –y, z.

ligands, such as 1,10-phenanthrolin.[52,53] Interatomic dis-
tances of comparable magnitude were reported for 2,2�-bipyr-
idine in [Sb(CN)3(2,2�-bipy)] [Sb–N2,2�–bipy: 256(1) pm,
272 pm] exhibiting long Sb–NCN distances of up to 341 pm.[54]

The bulk substances have been investigated with powder-X-
ray-diffraction to prove the phase-purity of the coordination
polymers. Thereby, a temperature-dependence in the lattice pa-
rameters of 1

�[SbCl3(pyz)] (1) was observed. Figure 4 (top)
shows a comparison of the obtained diffractogram at room-
temperature with simulated diffractograms from single-crystal-
X-ray-diffraction data collected at 100 K and 300 K, respec-
tively.

The change in the lattice parameters leads to differences in
the reflection positions (marked with red asterisks in Figure 4),
while the space-group Pbcm remains unchanged. The in-
teratomic Sb–N distances at room temperature are elongated
by 3.6 pm in comparison to those at 100 K, whereas the Sb–
Cl distances are shortened by approximately 1.2 pm (cf. Fig-
ures S1–S3, Supporting Information). These changes lead to a
non-uniform expansion of the unit cell [300 K: a� = 720.00(3)
pm, b� = 841.31(4) pm, c� = 1426.61(6) pm; 100 K: a =
715.81(7) pm, b = 824.60(8) pm, c = 1418.34(15) pm] with
b showing the largest increase [a�(300 K) = 1.006·a(100 K),
b�(300 K) = 1.021·b(100 K), c�(300 K) = 1.006·c(100 K)] due
to atomic vibrations at room temperature. This results in dif-
ferently-sized shifts of the hkl-reflection positions towards
lesser Bragg-angles, as the spacing of the lattice planes dhkl in
the orthorhombic crystal system, which affects the position of
the reflections directly via Bragg’s equation, is given by dhkl =
1/[(h/a)2 + (k/b)2 + (l/c)2]. Thus, reflections with a high value
of the Miller-index k are shifted further than others resulting
in an expansion of the separation of reflection positions, e.g.
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Figure 4. Top: Comparison of the obtained (black, middle) and dif-
fractograms simulated from single-crystal-X-ray-diffraction data (vi-
olet) collected at 100 K (top) and 300 K (bottom) illustrating the
phase-purity of 1

�[SbCl3(pyz)] (1). The red asterisks highlight the re-
flections featuring the most prominent differences. Bottom: Excerpts
of the simulated powder diffractograms of 1

�[SbCl3(pyz)] (1) at 300 K
(top, black) and 100 K (bottom, purple) with the respective hkl posi-
tions (blue, magenta) in the region 24°�2θ�29° illustrating the cause
of the reflection splitting in the obtained powder diffractogram of 1.

around 25° and 28° in 2θ at 300 K from similar 2θ values at
100 K. Therefore, we ascribe this only ostensive “reflection-
splitting” to overlapping hkl-reflection positions in the simu-
lated diffractogram for 100 K, which are distinguishable from
one another at room temperature because of the non-uniform
unit cell expansion. To corroborate this explanation a detailed
depiction of the simulated diffractograms at 100 K and RT in
the region in which the reflection splitting is most prominent
(24°�2θ�29°) including the respective hkl-reflection posi-
tions is shown in the bottom part of Figure 4. Accordingly,
the obtained diffractogram of 1 complies very well with the
simulated one collected at room temperature and contains no
additional reflections. Thus, the obtained bulk product of 1 can
be considered phase-pure.

The obtained (RT) and simulated diffractograms (100 K) of
3
�[Sb2Cl6(pyz)3] (2) are depicted in Figure 5. They are in good
accordance in terms of positions and intensities of the reflec-
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Figure 5. Comparison of the obtained (black) and the diffractogram
simulated from single-crystal-X-ray-diffraction data collected at 100 K
(violet), as well as reflection patterns of the reagents (magenta, blue)
illustrating the phase-purity of 3

�[Sb2Cl6(pyz)3] (2).

tions, only exhibiting the temperature related expansion of the
unit cell at room temperature. No hints of excess reagents or
other side-phases are observed for 2.

In comparison, the halides of the heavier homologue bis-
muth form the two-dimensional CPs 2

�[Bi2Cl6(pyz)4][48] and
2
�[BiI3(pyz)][49] with pyrazine. While the coordination poly-
mers 1–3 feature antimony coordination in square-pyramidal
(1) or octahedral fashion (2, 3), the bismuth atoms in
2
�[Bi2Cl6(pyz)4][48] are surrounded by three pyrazine ligands
and four chloride atoms in a capped trigonal prismatic coordi-
nation sphere. The crystal structure of 2

�[BiI3(pyz)][49] contains
bismuth atoms that are coordinated by four iodide atoms and
two pyrazine molecules in an octahedral coordination sphere
similar to that of 3

�[Sb2X6(pyz)3] [X: Cl (2), I (3)], in which
the antimony atoms are octahedrally coordinated by three pyr-
azine ligands and three halide atoms. Nonetheless, these crystal
structures differ significantly in the interconnection of the co-
ordination polyhedra. While they are interconnected in all
three dimensions via pyrazine molecules in 2 and 3, bridging
iodide atoms lead to the formation of {Bi2I6N4} double octahe-
dra, which are linked by the pyrazine ligands to a two-dimen-
sional structure in 2

�[BiI3(pyz)].[49] Remarkably, decomposition
of 2

�[BiI3(pyz)][49] was reported during PXRD analyses re-
sulting in the formation of a different crystalline phase. Com-
parable behavior could not be observed for the presented coor-
dination polymers 1–3, which are quite stable under X-ray ra-
diation.

Synthesis

Since 1
�[SbCl3(pyz)] (1) and 3

�[Sb2Cl6(pyz)3] (2) can both be
obtained from reactions of SbCl3 and pyrazine, the reaction
conditions conduct, which product is formed. Carrying out the
reaction in a tetrahydrofuran (thf) solution at room temperature
results in the formation of 1. Reaction in the melt of the rea-
gents gives one or the other compound depending on the reac-
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tion temperature. Thereby, milder temperatures favor the for-
mation of 1, whereas higher temperatures facilitate the forma-
tion of 2. Increasing the temperature results in a higher linkage
via pyrazine molecules.[55,56] Compound 2 is only formed
above 100 °C and exclusively above 210 °C. In the tempera-
ture range of 100 °C to 210 °C a mixture of both CPs is ob-
tained with the amount of 2 increasing with the temperature.

The framework 2 can also be obtained by thermal treatment
of 1 at 210 °C. Thereby, 2 forms as colorless single-crystals
together with the side product SbCl3, which can be removed
by sublimation in a second step. We investigated the transition
from 1 into 2 with powder-x-ray-diffraction before and during
the transition as well as differential scanning calorimetry
(DSC). The obtained powder-diffractograms are shown in Fig-
ure 6 and verify the formation of 2.

Figure 6. Comparison of the obtained (black) diffractograms of 1 prior
(bottom) and subsequent to heating to 200 °C for 2 h (top) with the
simulated diffractograms from single-crystal-X-ray-diffraction data of
1 (violet, middle) and 2 (red, middle) illustrating the thermal transition
of 1

�[SbCl3(pyz)] (1) into 3
�[Sb2Cl6(pyz)3] (2).

While the diffractogram obtained prior to the thermal treat-
ment only contains reflections of 1, the diffractogram after
heating to 200 °C for two hours in a glass furnace contains a
mixture of 1 and 2, with 2 being the main phase. SbCl3 formed
as crystalline solid at the colder end of the ampoule and thus
could be separated manually. The results of the DSC investiga-
tion of 1 are shown in Figure S4 (Supporting Information).
The DSC heat flow contains a sharp endothermic signal with
onset at 135 °C, which is followed by two additional broad
endothermic signals between 170 and 210 °C. These signals
represent the transition from 1 into 2 with subsequent sublima-
tion of SbCl3. The exothermic signals �220 °C can be as-
signed to decomposition processes.

3
�[Sb2I6(pyz)3] (3) is also accessible via a reaction in a self-

consuming melt of the organic ligand at 100 °C. However, 3
is only formed as side-product in the reaction besides various
unknown phases.
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Conclusions

In this work, we present first examples of Sb-based coordi-
nation polymers constructed from SbX3 (X: Cl, I) and pyr-
azine: a 1D strand 1

�[SbCl3(pyz)] (1) and the 3D frameworks
3
�[Sb2Cl6(pyz)3] (2) and 3

�[Sb2I6(pyz)3] (3). A stereochemically
active lone-pair for antimony is observed in 1, which leads
to a square-pyramidal coordination of the Sb3+ cations. The
character of the lone-pair can be changed by thermal conver-
sion of the 1D- into a 3D-interlinked structure leading to the
coordination and linkage of another pyrazine molecule to Sb3+

and thus, the formation of the 3D framework 2 from 1. The
crystal structures of 2 and 3 feature significant similarities,
such as fac-{SbX3N3} octahedra (X: Cl (2), I (3) as coordina-
tion units. Nonetheless, they crystallize in different crystal sys-
tems due to the change from Cl to I.

Experimental Section

All manipulations were carried out in inert atmospheric conditions
using glovebox, ampoule, and vacuum line techniques. SbCl3 (Sigma–
Aldrich, 99.95%), SbI3 (abcr, 99.9%) and pyrazine (Sigma–Aldrich,
� 99%) were used as received.

Microanalyses were carried out on a Vario Micro Cube analyser. IR
spectra were recorded with a THERMO Nicolet 380 FT-IR spectrome-
ter in transmission mode using an ATR-unit (see Figure S5, Supporting
Information, for IR spectra). DSC investigations were performed on a
DSC 204 F1 Phoenix (Netzsch) in N2 atmosphere with a heating rate
of 10 K·min–1.

X-ray Crystallography: Single crystal X-ray determinations were
performed on a BRUKER AXS Smart Apex 1 diffractometer with
graphite monochromator (Mo-Kα radiation; λ = 0.71073 Å) at 100 K
(1, 2), 200 K (3) or 300 K (1), respectively. The structures were solved
by direct methods, refined with the least-squares method by
ShelXL[57–59] and expanded using Fourier techniques, all within the
OLEX2 software suite.[60] All non-hydrogen atoms were refined aniso-
tropically. Hydrogen atoms were assigned to idealized geometric posi-
tions and included in structure factors calculations. Pictures of the
crystal structures were created using DIAMOND.[61] Generally, in-
teratomic distances are of expected values.

Crystallographic data (excluding structure factors) for the structures in
this paper have been deposited with the Cambridge Crystallographic
Data Centre, CCDC, 12 Union Road, Cambridge CB21EZ, UK.
Copies of the data can be obtained free of charge on quoting the de-
pository numbers CCDC-1970944, CCDC-1970945, CCDC-1970946,
and CCDC-1970947 for 1–3 (Fax: +44-1223-336-033; E-Mail:
deposit@ccdc.cam.ac.uk, http://www.ccdc.cam.ac.uk).

Crystal Data for 1
�[SbCl3(pyz)] (1): SbCl3C4H4N2 (M =

308.20 g·mol–1, colorless): orthorhombic, space group Pbcm (no. 57),
a = 715.81(7) pm, b = 824.60(8) pm, c = 1418.34(15) pm, V =
5.3649(19)�109 pm3, ρcalcd. = 2.445 g·cm–3, T = 100 K, μ(Mo-Kα) =
4.177 mm–1, 14597 reflections measured (5.692° � 2Θ � 58.642°),
1191 unique (Rint = 0.0634, Rsigma = 0.0278) which were used in all
calculations. GOF: 1.057. Final R1 = 0.0202 [I � 2σ(I)], wR2 = 0.0387
(all data).

Crystal Data for 3
�[Sb2Cl6(pyz)3] (2): SbCl3C6H6N3 (M =

696.49 g·mol–1, colorless): cubic, space group I4̄3d (no. 220), a =

Z. Anorg. Allg. Chem. 2020, 507–513 www.zaac.wiley-vch.de © 2020 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim511

16720(4) pm, V = 4.675(3) �109 pm3, ρcalcd. = 1.979 g cm–3, T =
100 K, μ(Mo-Kα) = 3.007 mm–1, 74959 reflections measured (5.968°
� 2Θ � 61.574°), 1224 unique (Rint = 0.0974, Rsigma = 0.0177) which
were used in all calculations. GOF: 1.025. Final R1 = 0.0293
[I � 2σ(I)], wR2 = 0.0619 (all data).

Crystal Data for 3
�[Sb2I6(pyz)3] (3): SbI3C6H6N3 (M =

1245.22 gmol–1, orange): trigonal, space group R3c (no. 161), a = b
= 2601.55(7) pm, c = 1401.80(4) pm, α = β = 90°, γ = 120°, V =
8.2164(5)�109 pm3, ρcalcd. = 3.020 g cm–3, T = 100 K, μ(Mo-Kα) =
8.746 mm–1, 73772 reflections measured (3.13° � 2Θ � 56.698°),
4568 unique (Rint = 0.0535, Rsigma = 0.0194) which were used in all
calculations. GOF: 1.042. Final R1 = 0.0203 [I � 2σ(I)], wR2 = 0.0478
(all data).

PXRD analysis was carried out on a Bruker D8 Discover dif-
fractometer with Da Vinci design, focusing Göbel mirror and linear
LynxEye detector in a parallel beam geometry in transmission mode
(1) and a STOE STADI P with focusing Ge(111) monochromator and
MYTHEN 1 K strip detector (DECTRIS) in Debye–Scherrer setup (2).
Powder samples were prepared in Lindemann glass capillaries with
0.5 mm diameter under inert gas atmosphere. The samples were mea-
sured using Cu-Kα radiation (λ = 1.54056 Å).

Synthesis of 1
�[SbCl3(pyz)] (1): Reaction of 57.0 mg SbCl3 (1 equiv.,

250 μmol) with 20.1 mg pyrazine (1 equiv., 250 μmol) in a solution of
5 mL tetrahydrofuran (thf) at room temperature leads to the formation
of 1. Therefore, both reagents were dissolved in 2.5 mL thf, each. Sub-
sequently, the pyrazine solution was added dropwise to the SbCl3 solu-
tion. 1 was formed instantly as colorless precipitate. The reaction was
completed by additional stirring for 30 minutes. After filtration and
subsequent drying in vacuo, 1 was obtained as colorless solid and
characterized by single-crystal and powder-X-ray diffraction analyses
as well as IR spectroscopy. SbClC4H4N2: calcd. C: 15.59, H: 1.31, N:
9.09%; found: C: 15.29, H: 1.38, N: 8.68%. FT-IR (ATR): ν̃ = 3128
(w), 3095 (w), 3059 (w), 2965 (w), 1602 (w), 1573 (w), 1508 (m),
1482 (m), 1408 (s), 1368 (m), 1309 (w), 1260 (m), 1173 (m), 1157(m),
1148 (m), 1124 (s), 1078 (m), 1057 (m), 1031 (s), 795 (s), 777 (m)
cm–1.

Synthesis of 3
�[Sb2Cl6(pyz)3] (2): 2 was obtained by a solvent-free

melt reaction of 114.0 mg SbCl3 (1 equiv., 500 μmol) with 120 mg pyr-
azine (3 equiv., 1500 μmol). Therefore, the reagents were weighed into
a Duran® glass-ampoule, which was sealed under reduced pressure (p
= 1.0�10–3 mbar) and placed in a tubular-furnace with resistance
heating. The ampoule was heated to 210 °C with a heating rate of
10 K·h–1, held at that temperature for 72 h and finally cooled to room
temperature with a rate of –10 K·h–1. After the excess pyrazine was
separated from the reaction product by sublimation at 120 °C for 12 h,
the obtained colorless, crystalline product was characterized by single-
crystal- and powder-X-ray diffraction analyses as well as IR spec-
troscopy. Sb2Cl6(C4H4N2)3: calcd. C: 20.69, H: 1.74, N: 12.07%;
found: C: 20.09, H: 1.87, N: 11.77%. FT-IR (ATR): ν̃ = 3094 (w),
3055 (w), 2979 (w), 2927 (w), 2591 (w), 1473 (m), 1409 (s), 1171
(m), 1157 (m), 1120 (m), 1068 (w), 1029 (s), 794 (s), 777 (s), 762 (s),
723 (w) cm–1.

Synthesis of 3
�[Sb2I6(pyz)3] (3): 3 was obtained by a solvent-free melt

reaction of 125.6 mg SbI3 (1 equiv., 250 μmol) with 80.1 mg pyrazine
(4 equiv., 1000 μmol). After the reagents were weighed into a Duran®
glass-ampoule the ampoule was sealed under reduced pressure (p =
1.0� 10–3 mbar). Subsequently, the ampoule was placed in a tubular-
furnace with resistance heating and heated to 100 °C with a heating
rate of 20 K·h–1, the temperature was held for 48 h, and the reaction
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mixture was finally cooled to room temperature with a rate of
–20 K h–1. Excess pyrazine was separated from the reaction product
by sublimation at 90 °C for 12 h. Thereby, the crude reaction product
formed several crystals ranging from yellow to red in the middle of
the ampoule. Of these crystals only those of 3 were suitable for single-
crystal-X-ray-diffraction. However, PXRD analysis shows several dif-
ferent crystalline phases. Hence, 3 could not be obtained as phase-pure
bulk product, yet.

Supporting Information (see footnote on the first page of this article):
Four tables and five figures on crystallographic data, crystal structures,
DSC and IR-spectroscopic investigations.
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