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The Crystal and Molecular Structures of Hydrazine Adducts with

Isomeric Pyrazine Dicarboxylic Acids
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Abstract: The monoclinic unit cell of Bis(hydrazineH) pyrazine-2,3-dicarboxylate contains singly protonated hydrazine
cations and doubly deprotonated pyrazine-2,3-dicarboxylate anions. Atoms forming the pyrazine ring are coplanar (r.m.s.
0.0075(1) A). Carboxylate groups form dihedral angles with the pyrazine ring of 1.7(2)° (C7/01/02) and 89.3(2)°
(C8/03/04). An extended hydrogen bond network is observed in which hydrazine N atoms act as donors in bonds to non-
protonated carboxylate O and hetero-ring nitrogen atoms.

The monoclinic structure of hydrazine adduct of pyrazine-2,5-dicarboxylic acid is composed of doubly-deprotonated
pyrazine-2,5-dicarboxylate anions and singly-protonated hydrazine cations. The anions have their geometrical centres lo-
cated at the inversion centres and are planar [r.m.s. 0.0009(1) A]. Both carboxylic groups form dihedral angles of
+11.7(1)° and -11.7(1)° with the pyrazine ring plane. Hydrazine cations acting as donors bridge the anions via weak hy-
drogen bonds in which carboxylate O atoms are the acceptors giving rise to molecular layers.

The structure of the adduct with pyrazine-2,6-dicarboxylic acid contains , apart from symmetry independent neutral hy-
drazine molecules, symmetry independent acid molecules one half of them with protons attached to the carboxylate oxy-
gen atoms as in the parent acid, the second half shows zwitterionic form with proton attached to the hetero-ring nitrogen
atom. Carboxylic groups and the pyrazine ring are almost coplanar in both types of acid molecules. The latter are bridged
by short hydrogen bonds of 2.435(2) and 2.426(2) A operating between carboxylate oxygen atoms belonging to adjacent
symmetry independent acid molecules, forming layers composed of molecular ribbons. Hydrazine molecules acting as

donors link the ribbons by a network of hydrogen bonds.

INTRODUCTION

Hydrazine adducts of organic dicarboxylic acids are in-
teresting due to their potential role in implementing crystal
engineering methods. Crystallization from aqueous solutions
containing hydrazine made it possible to obtain crystals of
organo-metalic compounds which either do not dissolve in
water or provide only polycrystalline material. In this way in
many cases hydrothermal synthesis can be avoided. The
crystal structures of the compounds obtained from hydra-
zine-containing solutions do not necessarily contain hydra-
zine molecules (see, for example Ref. [1,2]) but compounds
containing in their crystal structures hydrazine molecules
have been also observed (see, for example Ref. [3]). In the
course of experiments aiming to obtain single crystals from
hydrazine-containing solutions, single crystals of hydrazine
adducts of diazine carboxylic acids have been found, as for
example, an adduct of pyrazine-2,3,5,6-tetracarboxylic acid.
Its recently reported triclinic crystal structure [4] contains in
the asymmetric unit cell one doubly-protonated hydrazine
cation located in an inversion centre, two singly-
deprotonated symmetry related pyrazine-2,3,5,6-tetracarbo-
xylate anions and three pairs of symmetry related solvation
water molecules. Doubly-protonated hydrazine cations have
been recently reported in the crystal structure of a hydrazine
adduct of pyrazole-3,5-dicarboxylic acid [5]. Attempting to
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obtain single crystals of a Ca(ll) complex with pyridazine-
3,6-dicarboxylate ligand, single crystals of an adduct of the
pyridazine-3,6-dicarboxylic acid have been obtained and
their crystal structure solved [6]. In all the above adducts
hydrazine appears as either singly or doubly-protonated
cation and plays an important role in setting up a variety of
hydrogen bond networks. For this reason, it was of interest to
determine the crystal structures of adducts of all three iso-
meric pyrazine dicarboxylic acids, since in the course of our
studies on Ca(ll) coordination compounds crystallization
method from hydrazine containing solutions was frequently
adopted and crystals of respective adducts observed. The
structures of hydrazine adducts of pyrazine-2,3-dicarboxylic
[code name HY(2,3-PZDC)], pyrazine-2,5-dicarboxylic
[code name HY(2,5-PZDC)] and pyrazine-2,6-dicarboxylic
[code name HY(2,6-PZDC)] acids have been solved and are
reported in this paper.

EXPERIMENTAL

Single crystals of HY(2,3-PZDC) were found during at-
tempts to obtain single crystals of a magnesium complex
with pyrazine-2,3-dicarboxylate ligand. When hydrazine was
added to control the acidity of the solution, after evaporation
to dryness, pale yellow crystals of the adduct were found
jointly with the single crystals of the title complex. The same
effect was observed in the course of experiments aiming at
growing single crystals of a calcium complex with pyrazine-
2,5-dicarboxylate ligand. Single crystals of HY(2,6-PZDC)
were obtained by slow evaporation to dryness at room tem-
perature of an aqueous solution of the title acid after adding
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earlier few drops of 96% hydrazine solution (ALDRICH). In
each case, pale yellow single crystal was separated and used
for data collection.

X-ray diffraction data were collected at room temperature
using a KUMA-KM4 four circle diffractometer operating in
 -26 mode. Two standard reflections were monitored every
200 reflections. Unit cell dimensions and standard deviations
were obtained by least- squares fit to 25 reflections in the 26
range from 15 to 30°. Reflections were processed using pro-
file analysis and corrected for Lorentz and polarization ef-
fects. No absorption correction was applied. Final refinement

Table1. Crystal Data and Structure Refinement Details
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on F? by full-matrix least squares method was performed on
positional parameters of all atoms, anisotropic vibrational
parameters of all non H-atoms and isotropic temperature
factors of hydrogen atoms. Non - hydrogen atoms were lo-
cated by direct methods. Hydrogen atoms were found in a
difference map and refgned. Weight;ng scheme was used
in the form: w=1/[c (F%)+(A*P)" +B*P], where P=
[Max(F?,0)+2F2]/3, A, B are the parameters listed in Table
1 with other data collection and refinement parameters. All
calculations were performed using SHELX program package

[71.

Identification Code HY(2,3-PZDC)

HY(2,5-PZDC) HY(2,6-PZDC)

Empirical formula CsH12NsO4 CeH12NsO4 C12H16NgOs

Formula weight 232.42 232.42 400.38

Temperature 293K 293K 293 K

Wavelength 0.71073 A 0.71073 A 0.71073 A

Crystal system monoclinic monoclinic monoclinic

Space group P2,/c P2,/n P2,/c

Unit cell dimensions a=8.036(2) A a=3.706(1)A a=7305(2) A
b=15420(3 A b =12.943(3)A b =18.106(4) A
c=8.155(2) A c=12.0202) A ¢=12.020(2) A
B =94.88(3)° p=95.33(3)° B =97.07(3)°
V=1006.91 A’ Vv=482.27 A® V=1577.72 A’

z 4 4 4

Calculated density (g cm™) 1.532 1.613 1.685

1 (Mo Kar) (mm'™) 0.13 0.13 0.14

F(000) 488.0 248.0 832.0

Crystal size (mm?) 0.09x0.13x0.23 0.09x0.16 x 0.31 0.06 x 0.06 x 0.26

Max 20 for data collection 60.14° 60.14° 54.90°

Index range 0<h<15 -5<h<0 0<h<8
0<k<21 -18<k<0 0<k<22
-11<1<11 -14<1<14 -15<1<14

Measured reflections 2957 1412 3546

Unique reflections with Fo>4c(Fo) 1937 1110 3176

R(int) 0.1070 0.0102 0,0192

Method of structure solution Direct method

Direct method Direct method

Method of structure refinement

Full-matrix least squares on F?

Full-matrix least squares on F?

Full-matrix least squares on F?

Absorption correction None None None
Parameters refined 193 97 317
Goodness-of-fiton F? 1.033 1.109 0.929
FinalR1[Fo >4c(Fo)] 0.0522 0.0424 0.0334

Final wR2 index 0.1662 0.1235 0.1517
Largest diff. peak and hole (e/A?) 0.55,-0.23 0.44,-0.21 0.25,-0.17
Weight parameters (A,B) 0.11055, 0.11 0.0789, 0.05 0.0759, 0.027
Mean shift / esd 0.00 0.00 0.00
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DESCRIPTION OF THE SRUCTURES

The structure of bis(hydrazineH)pyrazine-2,3-dicarbo-
xylate is composed of singly-protonated hydrazine cations
and doubly-deprotonated pyrazine-2,3-dicarboxylate anions.
Atoms forming the hydrazine cations belong to two symme-
try-independent sites. Consequently, the cation to anion ratio
is as 2:1. Fig. (1) shows the atom labeling scheme, whereas
Fig. (2). shows the packing diagram with hydrogen bonds
marked by broken lines. N-N distances within both proto-
nated hydrazine cations are close to those observed in all up
to now reported hydrazine adducts with dicarboxylic acids
[4-6]. Atoms forming the pyrazine ring are coplanar [r.m.s.
0.0075(1)A]. The (C7/01/02) carboxylic group forms with
this plane a dihedral angle of 1.7(1)°, whereas for the
(C8/03/04) group the value is — 89.3(2)°. The latter values,
as well as the bond distances and bond angles within the
anion agree with those observed in the structures of both
modifications of pyrazine-2,3-dicarboxylic acid dihydrate
[8,9]. Hydrazine cations act as donors, carboxylate O atoms
as acceptors in a three-dimensional network of rather weak
hydrogen bonds, as indicated by their lengths falling in the
range from 2.772(2) to 2,950(2) A. Detailed geometrical
parameters are listed in Table 2.

N6

N4

N5
N3

Fig. (1). Bis(hydrazineH) pyrazine-2,3-dicarboxylate - atom label-
ing scheme.

The unit cell of hydrazine adduct of pyrazine-2,5-
dicarboxylate contains four singly-protonated hydrazine
cations and two doubly-deprotonated pyrazine-2,5-
dicarboxylate anions with their geometrical centres at the
inversion centres at '4,0,%2 and 0,%2,0. Thus, the cation to
anion ratio is as 2:1. Fig. (3) shows a cation and an anion
with atom labels. The interatomic distance N-N within the
cation is 1.440(2) A, commonly observed in hydrazine ad-
ducts of carboxylic acids. Atoms forming the pyrazine ring
are coplanar [r.m.s. 0.0009(1)A], the carboxylic groups
forming with the ring plane dihedral angles of +11.7(1)° and
-11.7(1)°. The observed interatomic distances and bond an-
gles do not differ from those reported in the structure of the
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acid [10,11]. The alignment of the cations and anions in the
unit cell is shown in Fig. (4). The cations and anions form
molecular columns extending along the unit cell a axis with
a distance of 3.706(2) A between the centroids of adjacent
pyrazine rings. The cations bridge the anions via hydrogen
bonds with lengths in the range from 2.755(2) to 2.934(2) A.
The cations are the donors and the carboxylate O and hetero-
ring N atoms are the acceptors. The geometrical parameters
of this hydrogen bond network are collected in Table 3.

Fig. (2). Packing diagram of bis(hydrazineH) pyrazine-2,3-
dicarboxylate. Broken lines show the hydrogen bonds.

Table 2. Geometrical Parameters (A,°) of Hydrogen Bonds in
the Structure of HY(2,3-PZDC)
D-H H..A | D-H...A | D-H-A
N3-H32...04% 0.89(3) 2.08(3) | 2.929(2) | 159(2)
N4-H43...04 1.06(3) 1.87(3) | 2.218(2) | 148(2)
N4-H42...N1™ 0.88(3) 2.11(3) | 2.897(2) | 149(2)
N4-H41...03 0.91(3) 2.05(3) | 2.934(2) | 165(2)
N13-H16...01™ 0.95(3) 1.99(3) | 2.793(2) | 142(3)
N6-H62...03 0.90(3) 1.89(3) | 2.772(2) | 165(2)
N6-H61...03" 1.08(3) 1.71(3) | 2.782(2) | 173(3)
N5-H51...02% 0.97(3) 2.08(3) | 2.950(2) | 149(2)
Symmetry code: @ x+1,y,x; @ -x+1,y+Vs,-z+%; @ =x+1 -y,-z+1; ™ —x+1,-y,-z. ¥ x,
Y+, 2+,

N3

N4

Fig. (3). Hydrazine cation and pyrazine-2,5-dicarbohylate anion
with atom numbering scheme. Symmetry code: @ -x+1, -y, -z+1.
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Fig. (4). Packing diagram of hydrazine adduct of pyrazine-2,5-
dicarboxylic acid.

The structure of the adduct of pyrazine-2,6-dicarboxylic
acid contains symmetry independent neutral hydrazine mole-
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COMMENT

Two title adducts exhibit ionic structure with doubly-
deprotonated pyrazine dicarboxylate anions, in contrast to
hydrazine adducts with pyrazine-2,3,5,6-tetracarboxylic and
pyridazine-3,6-dicarboxylic acids, in which the anions are
singly-deprotonated. The structure of the adduct with
pyrazine-2,6-dicarboxylic acid contains neutral hydrazine
and acid molecules, a half of them in a zwitterionic form, the
latter form being observed for the first time. Zwitterionic
forms were earlier reported in the structures of pyridine-2,3-
dicarboxylic [13] and pyridine-3,4-dicarboxylic acids [14].
The dimensionality of HY(2,3-PZDC) and HY (2,3-PZDC)
structures is evidently dependent on the geometry of the ani-
ons and the resulting hydrogen bond network. In the struc-
ture of the HY(2,3-PZDC) compound, the planes of the car-
boxylate groups are almost perpendicular each to each other
favoring a three-dimensional distribution of the anions and a
resulting network of hydrogen bonds. A similar pattern has
been reported in the structure of an adduct of pyrazine-
2,3,5,6-tetracarboxylic acid [4] in which the solvent water
molecules also take a significant part in a three-dimensional

Table 3. Geometrical Parameters (A,°) of Hydrogen Bonds in the Structure of HY(2,5-PZDC)

D-H H..A D-H...A D-H-A
N3-H31...N4™ 0.898(18) 2.025(18) 2.9144(15) 170.4(16)
N3-H32...N1 0.95(2) 2.00(2) 2.9339(15) 165.9(17)
N3-H33...01® 0.85(2) 1.92(2) 2.7558(14) 169.2(19)
N4-H41...01 0.90(2) 2.02(2) 2.8961(14) 164.9(18)
N4-H42...02 0.892(19) 2.060(19) 2.8815(14) 152.5(16)

Symmetry code —x+1,-y,-z+1; @ x+4, -y+4, -V, Wox+14 y41s -74+3/2; W x-1y,2.

cules and symmetry independent acid molecules with differ-
ent structures. The structures of one half of acid molecules is
the same as in the pyrazine-2,6-dicarboxylic acid [12], the
second half shows zwitterionic structure with a proton at-
tached to the hetero-ring N atom situated outside the car-
boxylate groups. Fig. (5) shows the atom labeling scheme.
The bond lengths and bond angles within the acid molecules
do not differ from those reported for the parent acid [12].
The pyrazine ring (1) is planar: r.m.s. 0.0088(2)A, the car-
boxylic groups (C17/011/012) and (C18/013/014) make
with it dihedral angles of 3.9(1)° and 5.6(2)°, respectively;
the pyrazine ring (2) is also planar: r.m.s. 0.0163(2) A, car-
boxylic groups (C27/021/022) and (C28/023/024) form
with the ring plane dihedral angles of 2.4(2)° and 4.6(2)°,
respectively. The shortest distance between the centroids of
adjacent pyrazine rings is 3.656(2) A indicating a van der
Waals interaction. Linked by strong hydrogen bonds [022-
H221...012" 2.433(7) A and 024-H241...013") 2.428(7)
A] acid molecules form molecular layers composed of rib-
bons. Fig. (6) illustrates their packing in the crystal. The rib-
bons are interconnected by hydrogen bonds in which hydra-
zine N atoms act as donors and the carboxylate oxygen at-
oms are the acceptors. The geometrical parameters of this
hydrogen bond network are shown in Table 4.

Fig. (5). Molecules constituting the structure of hydrazine adduct
of pyrazine-2,6-dicarboxylic acid with atom labeling.
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Fig. (6). The alignment of molecules in the unit cell of an hydrazine adduct of pyrazine-2,6-dicarboxylic acid.

Table4. Geometrical Parameters (A,°) of Hydrogen Bonds in the Structure of HY (2,6-PZDC)
D-H H..A D-H..A D-H-A
022-H221...0129 0.87(5) 1.57(5) 2.433(7) 176(5)
024-H241...013™ 0.81(7) 1.65(7) 2.428(7) 160(7)
N2-H21...012( 0.85(6) 2.32(6) 2.802(8) 117(5)
N3-H31...024™ 0.75(7) 2.14(8) 2.774(8) 144(7)
N3-H32...N1¥ 0.94(7) 1.94(7) 2.876(8) 173(5)
N4-H42..022™ 0.91(2) 2.19(9) 2.960(9) 143(12)

Symmetry code: @ x+1,y,z; @ x, y, z-1: @ x -y+3/2, z-1/2; ™ -x+1, -y+1,-z+1; ¥ —x, -y+1, -z+1.

hydrogen bond network. Since in the 2,5-PZDC anion the
planes of the carboxylate groups deviate by only +11.7(1)°
from the pyrazine ring plane, the anions form molecular col-
umns, similar to the structures of an adduct of pyridazine-
3,6-dicarboxylic acid [6]. The structure of HY(2,6-PZDC)
contains neutral acid molecules in which the carboxylate
groups are almost coplanar with pyrazine rings, so that, like
in the structure of the parent acid [12], the acid molecules
interact via strong hydrogen bonds to show a layer structure.

SUPPLEMENTARY MATERIAL

Supplementary material can be viewed at
www.bentham.org/open/tocryj
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