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A mononuclear cobalt(lll) complex
of the ligand N,N’-bis(pyridin-2-yl-
methyl)pyrazine-2,3-dicarboxamide

In the complex, bis[ N,N'-bis(pyridin-2-ylmethyl)pyrazine-2,3-
dicarboxamide]cobalt(III) tris(perchlorate) acetonitrile 3.5-
solvate, [Co(CigHsNgO,),](ClO4);-3.5CH;CN, the result of
the reaction of Co(ClO,), with the ligand N,N'-bis(pyridin-2-
ylmethyl)pyrazine-2,3-dicarboxamide, the Co'" atom has been
oxidized to Co"™ and has a slightly distorted octahedral
coordination geometry. In each ligand, one amide NH proton
has been transferred to a non-coordinated pyridine ring,
thereby producing a zwitterion. This proton is hydrogen
bonded to the carbonyl O atom of the adjacent deprotonated
(pyridin-2-ylmethyl)amide substiutent involved in coordin-
ation.

Comment

Structures of both copper(II) (Hausmann et al., 2003; Cati et
al., 2004) and nickel(II) (Cati et al., 2004) complexes of the
ligand pyrazine-2,3-dicarboxylic acid  bis[(pyridin-2-yl-
methyl)amide] (L), including [2 x 2] grids, have been
described recently. Cati et al. (2004) also described the
synthesis of L and the structure of its triclinic polymorph. The
structure of the orthorhombic polymorph of L has also been
described recently (Cati & Stoeckli-Evans, 2004).

(CIO4)3

- 3.5(CHyCN)

The molecular structure of the title complex, (I), is illus-
trated in Fig. 1. The bond distances and angles are normal for
such compounds, and selected geometrical parameters are
given in Table 1. The complex cation has pseudo-twofold
symmetry (Fig. 2), with the Co atom having a slightly distorted
octahedral coordination geometry. The presence of three
perchlorate anions per molecule of complex and the fact that,
in each ligand, one amide NH proton has been transferred to a
non-coordinated pyridine ring, thereby producing a zwit-
terion, indicates that the original cobalt(Il) ion has been
oxidized to cobalt(III). The pyridinium H atoms (H6N and
H26N) are hydrogen bonded to the carbonyl O atoms, (O1
and O3, respectively) of the adjacent deprotonated (pyridin-2-
ylmethyl)amide substituents involved in coordination. Details
are given in Table 2 and Fig. 2. This situation is similar to that

Received 22 December 2003
Accepted 7 January 2004
Online 17 January 2004

m174 cCati and Stoeckli-Evans -

[Co(CgH16NO2),1(ClO,)3-3.5CH;CNDOI: 10.1107/51600536804000431 Acta Cryst. (2004). E60, m174-m176



metal-organic papers

) N4@@_
c4s -@
036 @ o11
c46
{ o

}{39
034
W
! pe: [ NA1 Ch2
037 52 43 .
32
C51 021R %
NS o228 Aoz} o2
MY klozas
% 024

n22a

Figure 1
View of (I), showing the atom-labelling scheme. Displacement ellipsoids
are drawn at the 50% probability level. H atoms are represented by
circles of arbitrary size.

observed for a dimeric Cu(BF,), complex of L, reported by
Hausmann et al. (2003).

The complex crystallizes as an acetonitrile solvate. One of
the solvent molecules is disordered across a centrer of
symmetry and two of the perchlorate anions are partially
disordered. In the crystal structure, molecules are linked by
N5—H and N25—H.-.-O(perchlorate) hydrogen bonds
(Fig. 3 and Table 2). There are also a number of weaker C—
H- - -N(acetonitrile) and C—H-:--O(perchlorate) inter-
molecular hydrogen bonds (details in the CIF).

Experimental

The synthetic and analytical details concerning the ligand, L, have
been described elsewhere (Cati et al., 2004). The complex was
prepared by layering a dichloromethane solution of the ligand
(0.156 mmol/6 ml CH,Cl,) with a methanol solution of
Co(Cl0Oy,),-6H,0 (0.078 mmol/5 ml CH;OH), with a narrow buffer
zone of methanol. After a few days, large dark-red block-like crystals

Figure 2
View of the intramolecular hydrogen bonds (dashed lines) in the cation.

Figure 3
The molecular packing of the complex, viewed down the a axis. Hydrogen
bonds are indicated by dashed lines.

Refinement

w = [exp{3(sind/1)*})/[0*(F,?) +
(0.032P)?]
where P = (F,> + 2F.2)/3
(A0) max = 0.006
APmax = 0.66 ¢ A3
Apmin = —0.44 ¢ A3

Refinement on F?

R[F? > 20(F?)] = 0.048

wR(F?) = 0.120

§=0.99

9551 reflections

787 parameters

H atoms treated by a mixture of
independent and constrained

refinement
suitable for X-ray analysis were obtained.
Table 1
Crystal data Selected geometric parameters (A, °).
Co(CysH¢N¢O5),]- Z=2
[ (&684);_63.5"C221){3N D, = 1519 Mg m™> Col—N3 1875(4)  N3—C5 1.327 (5)
M, =1197.71 Mo Ko radiation SO}_E? }g;g Ej; EE_S% igg Eg;
IRTIN] T ol— . — .
Z”_Cll';"%fzs) i Cerlégscrggf:ers from 6268 Col—N24 1939 (4)  N5-CI3 1.448 (6)
- Q > Col—N21 1.944 (4) N23—C25 1.313 (6)
b =14.061 (5) A 0 =1.9-26.0 Col—N1 1956 _
o i o 1956 (4) N23—C26 1.454 (6)
¢ =15.905(5) A # = 0.56 mm 01—C5 1264 (5)  N25—C32 1.337 (6)
a =100.197 (5)° r=153(2)K 02—C12 1223(6)  N25—C33 1.449 (6)
ﬂ =111.189 (5)n ROd, dark red 03—-C25 1.266 (5)
y = 99.505 (5)° 0.50 x 0.25 x 0.15 mm
V = 26180 (16) A® N3—Col—N23 178.17 (19) N4—Col—N21 90.78 (17)
N3—Col—N4 82.89 (16) N24—Col—N21 165.34 (15)
Data collection N23—Col —N4 97.92 (16) N3—Col—N1 82.90 (15)
N3—Col—N24 98.94 (17) N23—Col—N1 96.28 (16)
Stoe IPDS diffractometer Rin = 0.087 N23—Col—N24 82.71 (17) N4—Col—N1 165.79 (15)
¢ oscillation scans Omax = 26.0° N4—Col—N24 90.42 (17) N24—Col—N1 92.05 (16)
Absorption correction: none h=-16 — 16 N3—Col—N21 95.70 (16) N21—Col—N1 90.36 (16)
20558 measured reflections k=-17—>17 N23—Col—N21 82.65 (17)
9551 independent reflections I=—-17—- 19
3742 reflections with I > 20(1)
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Table 2 .

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N5—H5N---021A 0.90 (3) 241 (4) 3.104 (11) 134 (5)
N5—H5N- - -024' 0.90 (3) 213 (4) 2.963 (6) 155 (5)
N6—H6N.- - -O1 0.90 (6) 178 (7) 2.637 (7) 157 (6)
N6—H6N- - N5 0.90 (6) 237 (6) 2.750 (7) 105 (5)
N25—H25N. - -012" 0.87 (7) 229 (6) 3.046 (7) 145 (6)
N25—H25N. --014" 0.87 (7) 232(7) 3.075 (8) 145 (6)
N26—H26N- - -03 0.90 (4) 178 (4) 2.664 (6) 165 (4)
N26—H26N- - -N25 0.90 (4) 244 (5) 2749 (7) 101 (4)

Symmetry codes: (i) x — 1,14y, z; (ii)) x — 1,y, z.

All of the H atoms of the complex, including the pyridinium NH H
atoms, could be located in Fourier difference maps. However, in the
final cycles of refinement the C—H H atoms were included in
calculated positions and treated as riding atoms: C—H distances
0.95-0.99 A, and Uiso(H) = 1.2 or 1.5(for CH3) times Uq(parent C
atom). For the amide and pyridinium (NH) H atoms, the N—H
distances were restrained to be 0.89 (2) A and refined isotropically.
The perchlorate anions and the solvent molecules of crystallization
undergo considerable thermal motion. For two of the perchlorate

anions, it was possible to split the O atoms. The partially occupied
acetonotrile molecule is disordered about a centre of symmetry.

Data collection: EXPOSE in IPDS Software (Stoe & Cie, 2000);
cell refinement: CELL in IPDS Software; data reduction: INTE-
GRATE in IPDS Software; program(s) used to solve structure:
SHELXS97 (Sheldrick, 1990); program(s) used to refine structure:
SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek,
2003); software used to prepare material for publication:
SHELXL97.

Financial support from the Swiss National Science Found-
ation is gratefully acknowledged.
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