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The asymmetric unit of the title compound, [Ni(C;;H;sCl-
N;s),]Cl,-C3H;NO, contains one monomeric nickel(I) com-
plex cation, two Cl~ anions and one dimethylformamide
solvent molecule. The Ni atom is coordinated to each of two
1-(p-chlorophenyl)-5-isopropylbiguanide (proguanil) ligands
via two N atoms. The complex exhibits a square-planar
coordination, with the Ni atom lying 0.021 (2) A out of the
basal plane. The crystal packing is characterized by several
hydrogen bonds.

Comment

Proguanil, or 1-(p-chlorophenyl)-5-isopropylbiguanide, an
antimalarial drug used worldwide, is characterized by different
tautomeric forms, one of which is stabilized upon complexa-
tion. This fact prompted us to synthesize new complexes of 3d
elements with a view to modulating the pharmacological
properties of the free ligand. The asymmetric unit of the title
compound, (I), consists of one Ni'' atom, two proguanil
ligands, two Cl anions and one dimethylformamide (DMF)
solvent molecule.
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The Ni"' atom exhibits a square-planar coordination, built
from two bidentate proguanil ligands via biguanidyl atoms N2

and N4 in the first ligand and biguanidyl atoms N22 and N24 in
the second ligand (Fig. 1). The same square-planar geometry
was observed in bis(2-guanidinobenzimidazole)nickel(II)
dinitrate (Barba-Behrens et al., 1996) and bis(biguanidino)-
nickelate(11):6,7-dimethoxyquinazoline-2,4(1 H,3H )-dione
(Bishop et al., 2002). The Ni—N bond lengths are all equiva-
lent [within 2 s.u.; mean 1.864 (3) A] and the angles at the Ni
atom are in the range 89.6 (1)-90.5 (1)° (Table 1). These
values agree with those found in bis(N,N-dimethylbi-
guanide)nickel(II) salicylate (Lemoine et al., 1996) and bis-
(N,N-dimethylbiguanide)nickel(II) monohydroxide chloride
(Lemoine et al., 1999). The Ni atom lies 0.021 (2) A out of the
basal plane (P1; atoms N2/N4/N22/N24). The N2—C7—N3—
C8—N4 and N22—-C27—N23—C28—N24 atom sequences
have nearly planar geometries (mean planes P2 and P3,
respectively), allowing delocalization of the mw-electron system
along them. The Ni" atom is displaced 0.244 (4) and
—0.459 (4) A out of planes P2 and P3, and the dihedral angle
between these two planes is 32.05 (1)°. The Ni/N2/C7/N3/C8/
N4 ring can be regarded as having a boat shape, with atoms Ni
and N3 on the same side of the N2/C7/C8/N4 (P4) plane
[0.234 (5) and 0.018 (5) A, respectively]. The geometry is the
same for the Ni/N22/C27/N23/C28/N24 ring, with atoms Ni
and N23 being —0.380 (5) and —0.145 (5) A, respectively,
from plane P5 (N22/C27/C28/N24). These configurations are
similar to those described for bis(2-guanidinobenzimid-
azole)nickel(II) dinitrate (Barba-Behrens et al, 1996). The
dihedral angle between plane P2 and its attached phenyl ring
(C1-C6) is 70.0 (1)°, and the corresponding dihedral angle for
P3 and C21-C26is 76.3 (1)°. The two halves of each biguanide
group are planar, with atom C7 lying 0.011 (4)° out of plane P6

cntt

. cnR
Figure 1

A CAMERON (Watkin et al., 1996) drawing of the molecule of (I),
showing the atom-numbering system and hydrogen bonding (dotted
lines). Displacement ellipsoids are shown at the 50% probability level for
non-H atoms. [Symmetry codes: (i) —x, —y, —z; (i) $ — x,  + y, —z.]

Acta Cryst. (2003). C59, m331-m333

DOI: 10.1107/50108270103013519

m331

© 2003 International Union of Crystallography



metal-organic compounds

(N1/N2/N3) and atom C8 lying 0.001 (4) A out of plane P7
(N3/N4/N5) [the corresponding out-of-plane distances for the
other group are 0.002 (4) A for atom C27 and plane P8 (N21/
N22/N23), and 0.011 (4) A for atom C28 and plane P9 (N23/
N24/N25)]. The dihedral angle between planes P6 and P7 is
5.9 (3)° and that between planes P8 and P9 is 15.0 (3)°. Thus,
the biguanide moiety in each bidentate proguanil ligand is
almost planar. In contrast, the corresponding dihedral angle
between the homologous Ni atoms in the crystal structure
of 1-(p-chlorophenyl)-5-isopropylbiguanide hydrochloride
(Brown, 1967) is 58.9°, a value that is characteristic of a non-
planar molecule. In (I), the corresponding distances in the two
proguanil ligands are all equivalent (within 3 s.u.) except for
the C9—CI11 [1.503(5) A] and C29—C31 [1.530 (5) A]
distances in the terminal methyl groups. The C1 —N1—C7—
N2 [—4.5(5)°] and C9—N5—C8—N4 [17.0 (6)°] torsion
angles in the first proguanil ligand, and the C21 —N21—C27—
N22 [-33(7)°] and C29—N25—C28—N24 [—-13.0(6)°]
torsion angles in the second ligand, show that this conforma-
tion remains synperiplanar upon metallation. The same
conformation was found for the corresponding atomic set in
PdCly(proguanil) (Bentefrit et al, 2002), but in proguanil
hydrochloride (Brown, 1967), the conformation was anti-
periplanar (the C—N—C—N torsion angles being 164.1 and
164.5°). The DMF solvent molecule exhibits some disorder in
the terminal methyl groups, as shown by its U, values. The
crystal packing is characterized by several intra- and inter-
molecular hydrogen bonds, which involve, in particular, the
DMF solvent molecule with each ligand of the same complex
(Table 2 and Fig. 2), in contrast to the hydrogen bonds ob-
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Figure 2
The packing of the unit cell of (I), projected along the ¢ axis.

served in bis(biguanidino)nickelate(II)-6,7-dimethoxyquin-
azoline-2,4(1H,3H)-dione, in which the dimethyl sulfoxide
solvent molecule acts as a bridge between two neighbouring
complexes (Bishop et al., 2002). In (I), atom Cl1 participates in
three hydrogen bonds to two proguanil entities, while atom
CI2 is involved in five hydrogen bonds to three different
complexes.

In addition, the crystalline cohesion is ensured by numerous
van der Waals contacts, the shortest being C26-- .52
[3.41 (2) A; symmetry code: (iii) 1+x, 31—y 2]

Experimental

The title compound was obtained by dissolving proguanil hydro-
chloride in DMF to a concentration of 0.2 mol 17! (4 x 10~* mol) and
adding nickel chloride hexahydrate in DMF to a concentration of
0.1 mol 1! (2 x 10™* mol). This hydrochloric mixture was neutra-
lized with a sodium hydroxide solution (4 x 10~ mol). After mixing
and heating (323 K) for 2 h and slow evaporation, orange crystals
were obtained under ambient pressure.

Crystal data

[Ni(Cy1H;6CINs),]Cl,-C3H,NO
M, = 710.18

Monoclinic, P2,/a
a=10824(5) A

D,, measured by flotation in
CHCI;/CH,Cl,

Mo Ko radiation

Cell parameters from 25

b=2412(1) A reflections

¢ =13.180 3) A 6 =70-11.1°

B =9542 (3)° w=0.92mm™"

V = 3426 (2) A® T=1293(2) K

Z=4 Parallelepiped, orange

D,=1377Mgm™ 0.45 x 0.37 x 0.10 mm

D,, =138 Mgm™
Data collection

Enraf-Nonius CAD-4 3270 reflections with I > 20(I)

diffractometer R;, = 0.061
w/26 scans Omax = 25.0°
Absorption correction: multi-scan h=-12 - 12

(SADABS; Sheldrick, 1996; k=0— 28

Blessing, 1995) I=—-15—15

Tinin = 0.648, Tp. = 0.883
11 970 measured reflections
6000 independent reflections

3 standard reflections
frequency: 60 min
intensity decay: 2%

Table 1 .

Selected geometric parameters (A, °).

Ni—N4 1.859 (3) N4—C8 1.307 (4)
Ni—N22 1.861 (3) N5—C8 1327 (4)
Ni—N2 1.866 (3) N21—C27 1.351 (4)
Ni—N24 1.869 (3) N23—-C27 1.358 (4)
N1-C7 1.367 (4) N23—C28 1.370 (4)
N2—C7 1.293 (4) N24—C28 1.299 (4)
N3—-C7 1.357 (4) N25—-C28 1.345 (4)
N3—C8 1.368 (4)

N4—Ni—N22 177.55 (13) N2—-C7—NI1 1242 (3)
N4—Ni—N2 89.65 (12) N3—C7—N1 1142 (3)
N22—Ni—N2 90.53 (12) N4—C8—NS5 1253 (3)
N4—Ni—N24 90.23 (12) N4—C8—N3 120.1 (3)
N22—Ni—N24 89.58 (13) N5—C8—N3 114.5 (3)
N2—Ni—N24 179.79 (13) N22—-C27—N21 1251 (3)
C7—N2—Ni 130.0 (2) N22—C27—N23 121.1 (3)
C7—N3—-C8 126.5 (3) N21—-C27—N23 113.8 (3)
C8—N4—Ni 1299 (2) N24—C28—N25 125.6 (3)
C27—N22—Ni 1285 (3) N24—C28—N23 120.1 (3)
C28—N24—Ni 128.6 (3) N25—C28—N23 1143 (3)
N2—C7—N3 121.6 (3)

M332 F. Bentefritetal. + [Ni(Cy1H14CIN5),ICl,-C5H,NO

Acta Cryst. (2003). C59, m331-m333



metal-organic compounds

Table 2 .

Hydrogen-bonding geometry (A, °).

D—H---A D—H H---A D---A D—H---A
N1—HI1.--CI2 0.86 2.54 3.184 (3) 133
N2—H2- --050 0.86 2.19 2.981 (4) 153
N3—H3.--Cl1 0.86 2.39 3212 (3) 161
N4—H4- - -CI2! 0.86 2.54 3.394 (3) 170
N5—H5---Cll 0.86 2.48 3.253 (3) 149
N21—H21.--.Cl1f 0.86 2.36 3.138 (3) 151
N22—H22---050 0.86 2.13 2.957 (4) 160
N23—H23- - -CI2* 0.86 2.62 3358 (3) 145
N24—H24. - -.CI2! 0.86 2.61 3.454 (3) 169
N25—H25. - -CI2H 0.86 2.67 3213 (3) 123
N2—H2- - -050 0.86 2.19 2.981 (4) 153
N22—H22---050 0.86 213 2.957 (4) 160

Symmetry codes: (i) —x, —y, —z; (i) § —x, 3 + y, —z.

Refinement

Refinement on F> H-atom parameters constrained

R(F) = 0.040 w = 1/[c*(F2) + (0.0724P)?]
wR(F?) = 0.110 where P = (F2 + 2F2)/3
S =0.96 (AI0)max = 0.001

6000 reflections
417 parameters

ApPmax =037 € A’3
APmin = —0.69 ¢ A7

All H atoms were placed at idealized positions as riding atoms
(aromatic C—H = 0.93 A, methine C—H = 0.93 A, methyl C—H =
0.96 A and N—H = 0.86 A) A disordered model was applied for the
DMF solvent molecule based on a 60:40 distribution of the NMe,
group over two sites related by a pseudo-twofold axis.

Data collection: CAD-4 EXPRESS (Enraf-Nonius, 1994); cell
refinement: CAD-4 EXPRESS; data reduction: XCAD4 (Harms &

Wocadlo, 1995); program(s) used to solve structure: STR92 (Altomare
et al., 1994); program(s) used to refine structure: SHELXL97 (Shel-
drick, 1997); molecular graphics: CAMERON (Watkin et al., 1996);
software used to prepare material for publication: WinGX (Farrugia,
1999).

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: DN1020). Services for accessing these data are
described at the back of the journal.
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