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Abstract—New compounds of Co(III) dimethylglyoximate with the sulfanilamide derivative
[Co(N3)(DmgH),(SAM)] (DmgH™ is the dimethylglyoxime monoanion, and SAM is —NH,—C¢H,—SO,—
NH—R) are synthesized using the structural block [Co(N3)(DmgH),(H,0)] as the initial one. The reaction
products of various [Co(N3)(DmgH),(SAM)] with ligand L (L is pyridine (Py), thiourea (Thio), triphenyl-
phosphine (PPh;), nicotinamide (Nia), iso-nicotinamide (INia), isonicotinic acid (HINA), 4-pyridinaldox-
ime (4-PaoH), 4,4'-bipyridine (Bipy), and NH,NCS) are synthesized. The compounds are studied by IR and
NMR spectroscopy and X-ray diffraction analysis (CIF files CCDC 1414767—1414775 (I, V=XII)). The fol-
lowing facts are established. First, only the coordinated water molecule in [Co(N3)(DmgH),(H,0)] is
replaced by SAM. Second, SAM from different similar compounds also undergoes substitution by the afore-
mentioned organic ligands. The exception is the compound obtained by the reaction of
[Co(N53)(DmgH),(SAM)] with NH4NCS, due to which the NCS™ anion replaces both SAM and inorganic
anion Nj3. The X-ray diffraction analysis shows that the substitution reactions give both mononuclear com-
pounds [Co(N3)(DmgH),(Py)], [Co(N3)(DmgH),(PPhs)], [Co(N3)(DmgH),(Thio)],
[Co(N3)(DmgH),(Nia)]  [Co(N;)(DmgH),(INia)l,  [Co(N3)(DmgH),(HINA)] H,0,
[Co(N53)(DmgH),(4-PaoH)] - DMF, and [Co(N3)(DmgH),(Bipy)] and binuclear molecular complexes
[(Co(N3)(DmgH),),(Bipy)] - 0.5H,0 and [(Co(N3)(DmgH),),(Bipy)] - H,O, as well as ionic complex
(NH,)[Co(SCN),(DmgH),] - 3H,0. The obtained compounds supplement a series of complexes that make
it possible to evaluate the frans effect of the N3 anion on the bond lengths along the axial coordinate and on
the Co—N bonds in the equatorial plane of the octahedron.

DOI: 10.1134/S1070328416070046

INTRODUCTION

Among a diversity of transition metal complexes,
compounds containing polyfunctional ligands capable
of coordinating via the polydentate mode to one of
several metal atoms are very significant. The chelate
dioximate complexes discovered by L.A. Chugaev in
1905 are of the first type [1]. L.A. Chugaev developed
a general method for the preparation of complex cat-
ions of the type [Co(DmgH),(A),]*, anions

[Co(DmgH),(X),]~, and molecular complexes
[Co(DmgH),(X)(A)], where DmgH is the mono-
deprotonated residue of dimethylglyoxime, X is the
acid residue, and A is the neutral organic ligand [2].
Dioximates of some transition metals found practical
use as catalysts of chemical processes [3], in biology

(as antihistaminic drugs) [4], in biochemistry and
medicine [5], in hydrogen production [6], and as bio-
stimulators of physiological processes [7]. Cobalt
a-dioximates in the crystalline state can serve as a
basis for the production of semiconducting materials
[8]. The cobalt dioximates were also proved to be good
models of vitamin B, [9]. Similar iron compounds are
models of such important objects as hemoglobin, and
results of studying them serve for the explanation of
mechanisms of many reactions occurring in the
human blood [10].

As it is found for the dioxime-based complexes
containing atoms of one or several transition metals
[11—13], strong intramolecular hydrogen bonds stabi-
lize the trans configuration of dioximates and make
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these compounds convenient for studying inner-
sphere substitution reactions. Dioximates in which
two dioxime residues fall onto one cobalt atom but
having special properties make it possible to suggest
the cis configuration of the latter. It is established that
cis-dioximates are stable only in neutral and alkaline
media, whereas in an acidic medium they are quanti-
tatively transformed into the frans-isomers [14]. How-
ever, classical cobalt(Il) dioximines of the cis-config-
uration were obtained in a highly acidic medium, and
a-dioximes act in them as neutral ligands [15].
A.V. Ablov and followers studied the mechanism and
kinetics of substitution reactions of a whole series of
ligands in the trivalent cobalt frans-dioximates [16,
17]. As a result, the qualitative order of ligand activity
was established: Thios > Scarb, Thio, Seu, NCSe™,

NCS~ > I7, NO;,, HCO~ > Br~ > CI~ >...H,0 [18],
where Thios are various thiosemicarbazoles, Scarb are
thiocarbamides, Thio is thiourea, and Seu is sele-
nourea. In the series of dioximates containing thiocar-
bamide, thiourethane, or sulfanilamide, their reactiv-
ity and the influence of different substituents on the
ability to complex formation were studied and condi-
tions for the formation of heteroligand dioximates
were determined [19]. The cis—trans effect was studied
in the series of compounds with the same or different
residues of dioximes [20], including the compounds
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containing the azide ion on the coordinate 1,6 and
such molecules as H,O, lutidine, pyridine, ammonia,
triphenylphosphine, or different sulfanilamides were
synthesized [21, 22]. The results of studying the influ-
ence of the replacement of equatorial ligands by axial
ones are presented [23].

Sulfanilamide NH,—C4H,—SO,—NH, (Sam) and
its derivatives in transition metal complexes can coor-
dinate to the central atom as mono- and bidentate
ligands. However, in the Co(11I) [24—26] and Cu(II)
dioximate complexes [27] with NH,—CcH,—SO,—
NH-—R, where R is the aminothiazole substituent
(Sat), ligands of this class are monodentately coordi-
nated through one nitrogen atom of the sulfanyl frag-
ment. In the Cu(Il) and Zn(1I) complexes [28, 29],
the coordination mode is also monodentate but occurs
through the nitrogen atom of the thiazole fragment.
The coordination mode in the Co(I1I) complex [30] is
bidentate through two nitrogen atoms. It is also found
that in the Co(II) and Cu(II) complexes [30, 31] Sal is
bidentately coordinated to the metal atom through the
terminal N and O atoms. In the Cu(II) complex [32],
the derivative of this ligand Sm is tridentately coordi-
nated to two metal atoms through a set of donor atoms
N,N,N.

The series of SAM with different substituents R is
presented in Scheme 1.

O
a4
—C4Hy —(CyHs), _C\
CH;
Sbu (L) Sde (Ls) Sal
N N N-N
5D D
_ N= _
Sd (Lg) Sda (Ls) Spa (L)
OCH;
N\ N A
4</ OCH;, *<_<N N
N— _ _
OCH; H;CO OCH,
Sab Sm Saf
Scheme 1.

We have previously synthesized a series of Co(1I1)
pyrimidinesulfamide dimethyl glyoximates,
[Co(N;)(DmgH),(SAM)] (SAM = Sm, Saf, Sab, Sd,
and Sal; Scheme 1), studied by IR and NMR spec-
troscopy and X-ray diffraction analysis [33]. All indi-
cated SAM are coordinated to the metal atom only
through the amino group (Co < NH,C,H,SO,NHR).
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That is why, their position in the series of frans effect
in the cobalt(IIT) dioximates is almost the same.

The purpose of this work is the development of
procedures for the synthesis of mono- and binuclear
Co(III) dioximates by the substitution of axial ligands
from the already existing complexes using the latter as
“building blocks” due to the stability of the equatorial
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fragment Co(DmgH),. For this purpose, we synthe-
sized a new complex [Co(N;)(DmgH),(Sda)] (I) from
[Co(N5)(DmgH),(H,0)] by the substitution of water
by sulfanilamide Sda. Then we carried out the reac-
tions of various [Co(N;)(DmgH),(SAM)] with pyri-
dine (Py), triphenylphosphine (PPh;), thiourea
(Thio), nicotinamide (Nia), isonicotinamide (INia),
isonicotinic acid (HINA), 4-pyridinaldoxime (4-
PaoH), 4,4'-bipyridine (Bipy), and NH,NCS. The
strength of sulfanilamide ligand retention in similar
complexes and competitiveness of various ligands in
coordination to the metal atom were used to study the
substitution reactions and to perform quantum-chem-
ical calculations in a series of molecules (predomi-
nantly pyridine-containing molecules). The latter
contain several functional groups (amide/carboxyl
and oxime), which made it possible to study and com-
pare experimental and theoretical regularities of com-
plex formation. As a result, the following complexes

were  obtained: [Co(N;)(DmgH),(Py)] (II),
[Co(N3)(DmgH),(PPh;)] (I10),
[Co(N3)(DmgH),(Thio)] Iv),
NH,[Co(SCN),(DmgH),] 3H,0 V),
[Co(N;)(DmgH),(Nia)] (VD),
[Co(N;)(DmgH),(INia)] (VID),
[Co(N;)(DmgH),(HINA)] H,0 (VIII),
[Co(N;)(DmgH),(4-PaoH)] DMF (IX),
[Co(N;)(DmgH),(Bipy)] (X),
[(Co(N3)(DmgH),),(Bipy)] 0.5H,0 (XI), and

[(Co(N;3)(DmgH),),(Bipy)] - H,O (XII). Their com-
positions and structures were studied by IR, UV, and

COROPCEANU et al.

NMR spectroscopy and X-ray diffraction analysis
(except for compounds II-1V).

EXPERIMENTAL

Synthesis. “Building block” I was obtained using
different methods.

(1) The method using the oxidation with air oxygen
of a mixture of the initial components (cobalt salt,
dimethylglyoxime, sodium azide, and sulfanilamide
taken in a molar ratioof 1 : 2 : 1 : 1 in a methanol—
dimethylformamide (5 : 1) solvent) was applied. The
mixture was oxidized on heating and permanent mag-
netic stirring. Rectangular brown prisms precipitated
from the brown solution.

(2) Sodium azide NalN; was added to a hot solution
of complex [Co(Cl)(DmgH),(H,0)] in a molar ratio
of 1 : 1, and then the same amount of sulfanilamide
was added.

Synthesis of compound 1. Compound
[CoCl(DmgH),(H,0)] (0.34 g, 1 mmol) was dissolved
on heating in methanol (30 mL). Sodium azide
(0.07 g, 1 mmol) was added to the obtained solution,
and heating was continued. In 15 min, Sda (0.25 g,
1 mmol) was added, and heating was continued for
10 min. The hot brown solution was filtered and left
for slow evaporation at room temperature. Brown
crystals were precipitated from the solution.

To carry out inner-sphere substitution sreactions,
some sulfamide complexes [Co(N;)(DmgH),(SAM)]
were treated with several organic ligands L (Py, PPh;,
Thio, Nia, INia, HINA, 4-PaoH, or Bipy) according
to the following scheme:

—SAM ‘

Scheme 2.

According to Scheme 2, compounds II, III, and
V—IX were synthesized from the complex containing
Sd; compounds VI, VII, and X were prepared from the
complexes with ligand Sda; compounds III and IV
were obtained from the complexes containing Sde and
Spa, respectively; and compounds XI and XII

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

were synthesized using the complexes containing
ligand Sbu.

The elemental analysis results for compounds I—
XII are presented in Table 1.

It was established for compounds II-IV and VI-X
that ligands SAM were substituted by ligands L to form
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Table 1. Elemental analysis results for compounds I-XII
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Empirical Found/calculated, %

Complex formula Co C H N
[Co(N;)(Dmg)(DmgH,)(Sda)] (I) CgH,uN;;OcSCo | 9.82/10.13 | 36.79/37.17 | 4.02/4.16 | 26.37/26.51
[Co(N3)(DmgH),(Py)] (IT) C;3H,4Ng0,Co 14.28/14.36 | 37.92/38.05 | 4.47/4.67 | 27.19/27.35
[Co(N3)(DmgH),(PPhs)] (III) CyHyN,0,PCo 9.82/9.93 | 52.47/52.61 | 4.82/4.93 | 16.41/16.53
[Co(N;)(DmgH),(Thio)] (IV) CoH sN40,SCo 14.28/14.47 | 26.29/26.54 | 4.28/4.45 | 31.07/30.95
NH,[Co(SCN),(DmgH),] - 3H,0 (V)  |C;oH;uN,0,S,Co | 12.04/12.35 | 24.82/25.17 | 4.93/5.07 | 20.12/20.54
[Co(N;)(DmgH),(Nia)] (VI) C4H,Ny05Co 12.56/13.00 | 36.82/37.07 | 4.26/4.54 | 27.56/27.83
[Co(N3)(DmgH),(INia)] (VII) C4HoNy05Co 12.68/13.00 | 36.74/37.07 | 4.40/4.54 | 27.46/27.83
[Co(N3)(DmgH),(HINA)] - H,O (VIII) |C4H, NgO;Co 12.03/12.48 | 35.41/35.59 | 4.23/4.48 | 23.56/23.74
[Co(N3)(DmgH),(4-PaoH)] - DMF (IX) |C;Hy;N,,0¢Co 10.82/11.19 | 38.56/38.78 | 4.81/5.17 | 26.34/26.62
[Co(N3)(DmgH),(Bipy)] (X) CsH»,Ny0,Co 11.78/12.09 | 44.07/44.35 | 4.32/4.55 | 25.71/25.88
[(Co(N5)(DmgH),),(Bipy)] - 0.5H,0 (XI)|CpcH3,N 405 sCo, | 13.86/14.24 | 37.46/37.73 | 4.43/4.51 | 26.83/27.10
[(Co(N;)(DmgH),),(Bipy)] - H,O (XIT)  [CpeH3gN (OgCo, | 13.83/14.09 | 37.21/37.32 | 4.34/4.58 | 26.67/26.80

mononuclear compounds. However, the reaction of
[Co(N;)(DmgH),(Sbu)] with Bipy in a ratio of 2 : 1
gave binuclear complexes XI and XII. The reaction of
[Co(N;)(DmgH),(Sd)] with salt NH,NCS resulted in
the substitution of both neutral organic ligand Sd and
azide ion to form compound V.

The IR spectra of the ligands and metal complexes
were recorded on a FT-IR PerkinElmer Spectrum 100
spectrophotometer in Nujol in a range of 4000—
400 cm~! and ATP in a range of 4000—650 cm~'. The
UV absorption spectra were obtained on a Perkin-
Elmer Lambda 25 spectrophotometer in aqueous
solutions at a concentration of 10~* mol/L. 'H and *C
NMR spectra were recorded on a 400 Bruker spec-
trometer with a working frequency of 400.13 MHz
("H) and 100.61 MHz for BC in DMSO-d, solutions
using tetramethylsilane as an internal standard. The
signals were expressed in ppm.

X-ray diffraction analysis. The determination of unit
cell parameters for compounds II and III was confirmed
by the formation of the known compounds
[Co(N;)(DmgH),(Py)] and [Co(N3)(DmgH),(PPhs)]
[34, 35]. The full experimental data were obtained for
compounds I and V—XII at room temperature (293 K)
on an Xcalibur E diffractometer (MoK, radiation, graph-
ite monochromator). The full experiment was repeated
for compound V, because the R factor of the earlier
obtained structure NH,[Co(SCN),(DmgH),] - 3H,0
[36] presented in the Cambridge Crystallographic Data
Centre [37] is 0.116 for 479 independent nonzero reflec-
tions. The structures of compounds I and V—XII were
solved by direct methods and refined by least squares in
the anisotropic full-matrix variant for non-hydrogen

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY

atoms for F? (SHELX-97) [38]. The positions of the
hydrogen atoms of the solvate water molecules in the
complexes were determined from the difference Fourier
synthesis, and the positions of other hydrogen atoms
were calculated geometrically. All hydrogen atoms were
isotropically refined in the rigid body model with U, =
L.2U,qy or 15U, of the corresponding O, N, and C
atoms.

The crystallographic data and X-ray diffraction
characteristics for compounds I and V—XII are given
in Table 2. Selected interatomic distances and bond
angles are listed in Table 3. The geometric parameters
of hydrogen bonds are presented in Table 4. The posi-
tional and thermal parameters for the studied struc-
tures were deposited with the Cambridge Crystallo-
graphic Data Centre (CIF files CCDC 1414767—
1414775 (I and V—XII); deposit@ccdc.cam.ac.uk or
http://www.ccdc.cam.ac.uk/data_request/cif).

Quantum-chemical calculations. The electronic
structures and molecular geometries of the ligands and
complexes were calculated using the GAMESS quan-
tum-chemical program package [39]. Geometry opti-
mization was performed in the framework of the Har-
tree—Fock—Roothaan nonempirical method using
the 6-31G basis set [40, 41] without any symmetry
restraints. In order to refine spin states of the systems,
the energies of electronic terms of different multiplic-
ities were calculated taking into account the configu-
rational interaction for the already optimized geome-
try. The configurational interaction matrices included
all configurations formed by one- and two-electron
excitations from five highest occupied molecular
orbitals (HOMO) to six lowest unoccupied molecular
2016
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Table 4. Geometric parameters of intra- and intermolecular hydrogen bonds in structures I and V—XII

523

Contact D—H-A Distance, A Angle Coordinates
D—H H-A DA DHA, deg of atoms A
I
0(3)—H(1)--0(2) 0.82 1.70 2.493(4) 161 X9 2
O(4)—H(1)~0(1) 0.82 1.72 2.516(4) 162 X, 9,2
N(8)—H(1)--O(1) 0.90 2.08 2.908(5) 153 xA 1 —ypH1,—z+1
N(8)—H(2)0(5) 0.90 2.07 2.920(5) 158 X, —y+3/2,2—1)2
N(9)—H(1)~0(2) 0.86 2.07 2.828(5) 147 X,y +1/2,—z+3)2
\'%
0(2)—H(1)~0(1) 0.82 1.77 2.526(3) 153 Xt 1y 1, —z+1
N@)—H(1)--0(1) 0.73 2.32 3.04(3) 171 X 9,2
N(@4)—H(2)"N(3) 0.76 2.24 2.99(4) 168 X+ 1yt 1,—2
N(@)—H(3)0(1w) 0.72 2.05 2.74(4) 163 X, —y+1,—2
N(4)—H(4)-0(1w) 0.75 1.90 2.61(3) 159 X9 2
O(1w)—H(1)~0(1) 0.87 1.97 2.832(3) 171 X+ 1/2,y—1/2, -7+ 1)2
O(1w)—H(2)~0(2w) 0.68 2.24 2.917(3) 175 X9,z
O(1w)—H(3)--0(2w) 0.81 2.26 2.88(3) 134 X, —y+1,—2
0@2w)—H(1)-0(1) 0.73 2.08 2.81(2) 172 X 9,2
0Q2w)—H(2)~N(3) 0.76 2.18 2.91(3) 164 X1 —p+1, -2
VI
0(34)—H(1)-0(24) 0.82 1.69 2.481(4) 162 X0z
O(44)—H(1)--0(14) 0.82 1.74 2.523(4) 160 X 9,2
O(3B)—H(1)--0(2B) 0.82 1.77 2.553(4) 159 X 9,2
O(4B)—H(1)-O(1B) 0.82 1.69 2.483(3) 161 X0z
N(94)—H(1)-+N(74) 0.86 2.42 3.163(6) 145 Xx—1/2,—y+3/2, 2+ 1)2
N(94)—H(2)--O(2B) 0.86 2.30 3.132(5) 164 X+ 1/2,y+1/2, —z+3)2
N(9B)—H(1)--0(14) 0.86 2.10 2.934(5) 164 x+1/2,—y+3/2,2+1)2
N(9B)—H(2)-O(54) 0.86 2.13 2.975(5) 169 X9 2
VII
0(3)—H(1)~0(2) 0.82 1.69 2.487(4) 163 X9 2
O(4)—H(1)-0(1) 0.82 1.70 2.492(4) 161 X9 2
N(@©)—H(1)--0(5) 0.86 2.04 2.878(5) 163 x+2,—y+2,—z+2
N(9)—H(2)--N(7) 0.86 2.46 3.217(7) 148 x+1,—y+3/2,7+1)2
VIII
O(14)—H(1)-+0O(44) 0.82 1.68 2.465(6) 161 X 9,2
O(3A)—H(1)0(24) 0.82 1.71 2.501(5) 161 X 9,7
O(1B)—H(1)--O(4B) 0.82 1.74 2.521(5) 160 X 9,2
O(3B)—H(1)~-O(2B) 0.82 1.67 2.467(5) 164 X0z
O(64)—H(1)-0(2w) 0.82 1.89 2.641(4) 152 x—1,7,2
O(6B)—H(1)~O(1w) 0.82 1.79 2.593(4) 168 x—1yz
O(1w)—H(1)--O(4B) 0.82 1.91 2.718(4) 169 xy+1,z
O(1w)—H(2)~O(54) 0.83 231 2.920(5) 130 X 9,7
0(2w)—H(1)~N(5B) 0.83 2.15 2.900(6) 151 x,y+1,z2
0(2w)—H(2)~O0(5B) 0.83 2.09 2.903(5) 166 x+1,yz
RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol.42 No.8 2016
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Contact D—H-A Distance, A Angle Coordinates
D—H H-A DA DHA, deg of atoms A
O(1)—H(1)~0(2) 0.82 1.69 2.480(6) 162 X, —y+1/2, 7
0(3)—H(1)~N(6) 0.82 2.01 2.822(8) 171 X, —y+1/2, 7+ 1
0(3)—H(1)-N(7) 0.82 1.94 2.642(8) 143 X, —y+1/2, 7+ 1
0(2)—H(1)--0(3) 0.82 1.71 2.504(7) 161 X972
O(4)—H(1)--0(1) 0.82 1.68 2.481(7) 164 X 9,2
O(14)—H(1)O(44) 0.82 170 2.491(5) 161 X 9,2
O(24)—H(1)-0(34) 0.82 1.69 2.481(5) 162 X2
O(2B)—H(1)--O(3B) 0.82 1.70 2.485(5) 160 9,2
O(4B)—H(1)~O(1B) 0.82 1.73 2.517(5) 161 X972
O(1w)—H(1)--N(54) 113 1.68 2.789(8) 166 X9 2
O(1w)—H(1)--N(64) 113 2.15 3.206(8) 156 9,2
O(1w)—H(2)--O(1B) 0.92 2.17 2.878(7) 133 X927
XII

O(14)—H(1)+0(24) 0.82 1.70 2.487(4) 160 X,y 2, —z+1
O(1B)—H(1)~O0(2B) 0.82 1.72 2.509(4) 161 X+ 1yt 1,—2
O(1w)—H(1)--O(2B) 0.85 1.86 2.675(11) 160 xH 1 —ypH1,—z+1
O(1w)—H(2)-N(44) 0.90 2.04 2.896(98) 158 X 9,2
0(2w)—H(1)~0(2B) 0.82 2.34 3.00(2) 137 I S I

orbitals (LUMO). The calculations showed that the
spin singlet (5 = 0) was the ground state of all consid-
ered compounds.

RESULTS AND DISCUSSION

The analysis of the UV spectra shows that the stud-
ied compounds I—-XII contain a band at 235—255 nm
by analogy with the earlier obtained spectra for
cobalt(IIl) dioximates assigned to the stable group
Co(DmgH),. This band can be ascribed to the m—*
transition [42].

The IR spectrum of compound I exhibits the fol-
lowing absorption bands (cm™!): ~1574 v(C=N),
~1431 §,(CH;), ~1377 d,(CH;), ~1236 v, (N—-0),
~1089 v{(N-0), ~977 v(OH), ~514 v,(Co—N)pmen,
and ~417 v{(Co—N)p ey, indicating the coordination
of dimethylglyoxime to the complexing metal. The
bands at ~1615 v(CN), 1465 §(CCH), 1322 v,(SO,),
and 1153 v{(SO,) cm™! are characteristic of the bond
between the SAM ligand arranged on the apical coor-
dinate and the metal. An intense band characteristic of
the azide ion is observed at 2014 cm~!. The IR spectra
of other complexes (except for complex V) contain a

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

strong band v ,(N7) in a range of 2024—2016 cm~! and
absorption bands of the Co(DmgH), fragment.

The signal at 2.52 (CH;, 12H) ppm in the '"H NMR
spectrum of complex I corresponds to the CH; groups
in the dimethylglyoxime residues. The *C NMR spec-
trum of free dimethylglyoxime exhibits signals at
9.2 ppm from the CH; groups and 153.10 ppm of the
quaternary carbon atoms. Upon coordination, the sig-
nal of the methyl groups of dimethylglyoxime in com-
pound I undergoes a downfield shift (6(CH;) =
12.63 ppm), whereas the signal of the quaternary car-
bon atoms undergoes an upfield shift (6(C=N) =
152.53 ppm).

The X-ray diffraction analysis proved that the reac-
tion of [Co(N;)(DmgH),(H,0)] with sulfanilamide
derivative Sda afforded a new molecular complex I
(Fig. 1a), whose structure is similar to those described
earlier [33] and can be attributed to the class of com-
pounds with the general formula [CoX(DioxH),A]
[2]. A usual octahedral coordination of Co(III) is
observed in complex I. Two DmgH™ residues coordi-
nated via the bidentate chelating mode through the
nitrogen atoms lie in the equatorial plane, and the api-

No. 8 2016
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(@)
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Fig. 1. (a) Structure of molecular complex I with the notation of the independent atoms (thermal ellipsoids are presented with

50% probablility) and (b) the packing fragment of complex I.

cal coordinates contain organic ligand Sda coordi-
nated through the aminic nitrogen atom and inorganic

anion N3. Two DmgH residues are joined by the O—
H---O hydrogen bonds (Fig. 1a, Table 4) to form the
stable fragment Co(DmgH),, which is characteristic
of Co(1II) dioximates. The interatomic distances Co—

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

N(DmgH) range from 1.883(4) to 1.902(4) A and the
Co—N(Sad) distances are in a range of 2.014(3) A
(Table 3), which is consistent with similar values in the
Co(IIl) complexes with dioximes [24—26, 33]. The
interatomic distance metal—coordinated anion Co—N
equal to 1.963(4) A is shorter than that in similar com-
pounds with the sulfanilamide derivatives [33] in

No.8 2016
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(a)

N(7)

COROPCEANU et al.

(b)

Fig. 2. Structures of complexes (a) [Co(N3)(Dmg)(DmgH,)(Py)] (II) [34] and (b) [Co(N3)(DmgH),(PPh3)] (IIT) [35].

which the Co—N interatomic distances range from
1.99(2) to 2.030(6) A.

The analysis of the interatomic distances N—O in
the dimethylglyoxime residues of complex I (Table 3)
shows that the latter are coordinated via the bidentate
mode; however, one of them is coordinated as a neu-
tral ligand DmgH,, whereas another is coordinated in

the bideprotonated form Dmg?~. As a result, the for-
mula of compound I would be written more correctly
as [CoN;(Dmg)(DmgH,)(Sda)].

Intermolecular hydrogen bonds N—H---O (Table 4)
joining the complexes into a 3D structure (Fig. 1b) are
observed in crystal I. The amino (N(8)) and amido
groups (N(9)) of ligand Sda always act as proton
donors in the system of intermolecular hydrogen
bonds. The crystal structure in compound I is addi-
tionally stabilized by weak intermolecular hydrogen
bonds C—H--O and C—H--N (Table 4).

It was proved by X-ray diffraction analysis that the
reactions of [Co(N;)(DmgH),(Sd)] with Py and PPh,
afforded complexes II and III, respectively. The latter
completely coincide with the compounds obtained
earlier by the direct synthesis (Fig. 2) [34, 35], which
confirms the substitution reaction.

The reaction of [Co(N;)(DmgH),(Sde)] with
thiourea leads to the formation of compound IV,
which was confirmed by the IR spectral method
only, because single crystals suitable for X-ray diffrac-
tion analysis were not obtained. The formation

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

of complex V described earlier [36] was confirmed by
X-ray diffraction analysis. It was proved that both the
sulfanilamide molecule and azide ion were substituted
under the action of NH,NCS (Fig. 3a) to form an

anionic complex consisting of cation NHZ, cen-
trosymmetrical octahedral anion
[Co(SCN),(DmgH),]|~, and water molecules. The

nitrogen atoms of the NHj cation and the oxygen
atoms of the water molecules localized in the general
position are randomly distributed over four positions
each. The coordination polyhedron of the metal atom
in the complex anion is formed by four nitrogen atoms
of two monodeprotonated dimethylglyoxime residues
coordinated via the chelating mode and by two sulfur
atoms of two SCN™ anions coordinated to the metal
through the sulfur atoms. Two DmgH residues are
joined by hydrogen bond O—H--O (O-0 2.526(3) A
(Table 4, Fig. 5)) to form the stable fragment
[Co(DmgH),], which is characteristic of Co(III)
dioximates. The Co—N(DmgH) distances in
compound V equal to 1.908(2) and 1.885(3) A and the
Co—S distance equal to 2.2920(8) A are consistent
with similar values in the Co(IIl) complexes with
dioximes [26, 33—36].

In crystal V, the complex anions
[Co(SCN),(DmgH),]~ are bound into chains via
intermolecular hydrogen bonds N(4)—H:-O(1),
N@)—H-N@3) (—x + 1, —y + 1, —z), OQ2w)—
H--O(1), and OQ2w)—H-"NQ3) (—x+ 1, =y + 1, —2)
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NG C)
0?55(4)
. 0(1w)
o

Fig. 3. (a) Structure of compound NHy[Co(SCN),(DmgH),] - 3H,0 (V) with the notation of independent atoms of the complex
anion and those randomly arranged at four positions of the NH, cation and water molecules and (b) the fragment of crystal pack-
ing of the components in compound V.

The X-ray diffraction data showed that the reac-
tions of [Co(N;)(DmgH),(SAM)] with Nia, INia,
formed by the NH cation (N(4)) via intermolecular HINA, 4-PaoH, and Bipy (in a ratio of 1 : 1) gave
hydrogen bonds with water molecules (O(1w) and  molecular complexes VI, VII, VIII, IX, and X, respec-
O(2w)) joining, in turn, the complex anions into a 3D tively, and the independent part of the unit cells of the
framework, can be emphasized in structure V. complexes contained one (VII, IX, and X) or two (VI

(Table 4, Fig. 3b). Supramolecular synthones R: ®),

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol.42 No.8 2016
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o Ny =M s
B [

Fig. 4. Structures of molecular complexes (a) VI, (b) VII, (c) VIII, (d) IX, and (e¢) X with the notation of independent atoms (ther-

mal ellipsoids are presented with 50% probability).

and VIII) crystallographically independent Co(III)
complexes of the same composition (Fig. 4).

A usual octahedral coordination mode of the metal
atoms is observed in complexes VI-X (Fig. 4). The
equatorial plane of the complexes contains two
DmgH ™ residues (VIII and X) or one neutral DmgH,

and one doubly deprotonated residue Dmg?~ (VI, VII,
and IX). The question about the specific dimethylgly-
oxime involved (neutral, mono- or bideprotonated)
was predominantly answered on the basis of the geo-

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

metric concepts: interatomic distances N-—O
(Table 3). However, these ligands are always coordi-
nated via the bidentate chelating mode to form five-
membered metallocycles. In this case, the apical posi-
tions of the Co(Ill) coordination polyhedron are
occupied, on the one hand, by the inorganic anion

N3, and on the other hand, the frans-position of the
latter is occupied by the additional organic ligands
Nia, INia, HINA, 4-PaoH, or Bipy coordinated
through the nitrogen atoms in compounds VI, VII,

No. 8 2016
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Fig. 4. (Contd.)

VIII, IX, and X, respectively. The dimethylglyoxime
ligands (general formula DmgH~™) are joined by
hydrogen bonds O—H-O (00 2.465(6)—2.553(4) A
Table 4, Fig. 4)) to form a 14-membered pseudo-mac-
rocycle coordinated to the metal atom through the
donor set of atoms N, In compound VI, for
complex 4, the Co—N(DmgH) distances range from
1.888(3) to 1.904(3) A, the Co—N(N,) distance is
1.977(4) A, and Co—N(Nia) is 1.975(3) A; for com-
plex B, the Co—N(DmgH) distances lie in a range of
1.885(3)—1.907(4) A, and Co—N(N;) and Co—
N(Nia) are in ranges of 1.960(4) and 1.975(4) A,
respectively. In complex VII, the Co—N(DmgH) dis-
tances range from 1.890(4) to 1.900(3) A, Co—N(N;)

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

is 2.017(3) A, and Co—N(INia) is 1.970(3) A. In com-
pound VIII, for complex A, (Co—N(DmgH) range
from 1.881(4) to 1.897(4) A, Co—N(N3) is 2.024(5) A,
and Co—N(HINA) is 1.973(2) A; for complex B, the
Co—N(DmgH) distances range from 1.887(4) to
1.901(4) A, Co—N(N;) is 1.975(4) A, and Co—
N(HINA) is 1.971(4) A. In complex IX, Co—
N(DmgH) are 1.898(3) and 1.891(3) A, Co—N(N,) is
2.031(4) A, and Co—N(4-PaoH) is 1.961(4) A.
In complex X, the Co—N(DmgH) distances are in
arange of 1.889(6)—1.903(5) A, Co—N(N;) is
2.024(6) A, and Co—N(Bipy) is 1.969(6) A (Table 3),
which is consistent with similar values in the Co(III)
complexes with dioximes [24—26, 33—35].
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(b)

Fig. 5. Method of joining the complexes via the N—H--O hydrogen bond in (a) VI and (b) VII.

In crystals VI and VII, the molecular complexes are
joined by intermolecular hydrogen bonds N—H--O
and N—H:N (Table 4) in which the NH, groups of
ligands Nia and INia act as proton donors. In VI only
one intermolecular hydrogen bond joins two crystallo-
graphically independent complexes A and B, whereas
in VII two complexes are joined by two centrosym-
metric intermolecular hydrogen bonds N—H:-O to

form a supramolecular synthone R22 (8) (Fig. 5).

In crystal VI, complexes A are bound by intermo-
lecular hydrogen bonds N—H-:-O and N—H-*N to
both complexes A (of the same type) and complexes B
(Table 4). Complexes B are bound by intermolecular
hydrogen bonds N—H--O only to complexes A
(Table 4). The fragment of the crystal structure of
compound VI along the x axis is shown in Fig. 6a. An
analysis of weak interactions showed that the structure
was additionally stabilized by intermolecular hydrogen
bonds C—H--O and C—H--N: C(534)—H--O(2B)
(—=x+1/2,y+1/2,—z+ 3/2) (C(534)—0(2B) 3.400,
H-O(2B) 2.54 A, 2CHO 150°), C(53B)—H-0O(54)
(C(53B)—0(54) 3.193, H-O(54) 2.40 A, ~CHO
143°), C(41B)—H-N(54) (C(41B)—N(54) 3.441,
H-N(54) 2.56 A, «CHO 153°), and C(41B)—
H-N(7A4) (—x+ 2, —y + 1, —z + 1) (C(41B)—N(74)
3.445, H--N(74) 2.49 A, ~CHO 176°).

In VII, the centrosymmetric synthones
from two complexes are bound to each other by inter-
molecular bonds hydrogen N—H--N (N(9)—H--N(7)
(x+1,—y+3/2,z+ 1/2) (Fig. 6b, Table 4). Figure 10
presents the fragment of the crystal structure of com-
pound VII along the x axis additionally stabilized by
weak intermolecular hydrogen bonds C—H--O:
C(51)—-H-02) (—=x + 1, —y + 2, —z + 1)
(C(51)—0(2) 3.134, H+O(2) 2.54 A, CHO 122°)
and C(31)—H--O(1) (x— 1, y, 2) (C(31)—0(1) 3.456,
H-0(1) 2.51 A, zCHO 170°).
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In crystal VIII, the molecular complexes are joined
to each other only by intermolecular hydrogen bonds
involving crystallization water molecules (Table 4,
Fig. 11). The O(1w) and O(2w) atoms via hydrogen
bonds O—H--O and O—H--N bind both crystallo-
graphically independent complexes A and B and the
one-type complexes to form the 3D structure
(Table 4). The structure is stabilized by intermolecular
hydrogen bonds C—H:-O and C—H-:-N: C(514)—
H-O0QRA) (—x+ 1, —y + 1, —z + 1) (C(514)—0(2A4)
3.220, H+0(24) 2.42 A, 2CHO 145°) and C(21B)—
H-N@GA) x — 1, y, 1) (C(21B)—N(54) 3.339,
H-N(54) 2.52 A, 2CHO 143°).

In IX, the molecular complexes are joined into
chains by intermolecular hydrogen bonds O(3)—
H(1)-*N(6) and O(3)—H(1)*N(7) (x, —y + 1/2, z +
1) (Table 4, Fig. 6d). Dimethylformamide molecules
are located between the chains in the crystal structure.

In crystal X, the mononuclear complexes are
bound to each other by weak 77t interactions (dis-
tances 3.742 A, Fig. 7) to form binuclear structural
units joined by weak intermolecular hydrogen bonds
C—H-O in which the oxime oxygen atoms always
serve as acceptors: C(51)—H--O(1) (—x + 3/2, y —
1/2, —z + 3/2) (C(51)—0(1) 2.986, H--O(1) 2.27 A,
«£CHO 133°), C(55)—H--0R2) (—x + 3/2, y + 1/2,
—z+ 3/2) (C(55)—0(2) 3.288, H-0(2) 2.52 A,
«CHO 140°), C(58)-H--O(3) (x—1/2,—y—1/2,z—
1/2) (C(58)—0(3) 3.400, H--O(3) 2.47 A, .CHO
174°), and C(59)—H--O4) (x — 1/2, —y + 1/2, z —
1/2) (C(59)—0(4) 3.355, H-~O(4) 2.46 A, ~CHO
162°).

The stability of the equatorial fragment
Co(DmgH), and lability of some ligands arranged on
the apical coordinate suggested an idea to use these
complexes as “building blocks” in order to obtain
polynuclear clusters or coordination polymers using
the substitution of sulfanilamide molecules by biden-
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Fig. 6. Packing fragments for complexes 4 and B in (a) VI, (b) VII, (c) VIII, and (d) IX.

tate bridging ligands. The analysis of the CCDC data
[37] shows that only the binuclear compounds have
been prepared so far for Co(I1I) dioximates [43—47].

Both mono- and two polymorphous binuclear
complexes XI and XII differed in both the symmetry
and number of crystallization water molecules in the
crystal were obtained by the reaction of the “building
block” [Co(N;)(DmgH),(SAM)] with the bidentate
Bipy ligand, which can be used as a bridging one
depending on the stoichiometric ratio of the initial

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

reactants. The symmetry center in compound XI lies
on the C(7)—C(7*) bond of the bridging Bipy ligand
(Fig. 8). In XII, both the Bipy ligand and metal atom
are in the symmetry center (Fig. 9).

As a result, the octahedral coordination mode of
the metal atoms is observed in binuclear molecular
complexes XI and XII, as well as in mononuclear com-
plex X with Bipy. However, the ligands having differ-
ent charges lie in the equatorial plane of the metal
environment in these compounds: complex A of com-
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Fig. 6. (Contd.)

pound XI contains one neutral DmgH, and one dou-

bly deprotonated residue Dmg?~ and both these
ligands in B are monodeprotonated, whereas complex
XII contains both residues DmgH~. The type of the
ligand present in the complex (neutral, mono- or
bideprotonated dimethylglyoxime) was determined
from the geometric concepts, namely, the symmetry
of the environment and interatomic distances N—O
(Table 3). The dimethylglyoxime ligands are always

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

coordinated through the set of donor atoms N, via the
chelating mode to form five-membered metallocycles,
the apical coordinates of which contain the inorganic

anion N3, and Bipy coordinated through the nitrogen
atoms is in the frans-position to the latter. The
dimethylglyoxime ligands (general formula DmgH™)
are joined by hydrogen bonds O—H--O (OO
2.481(5)—2.517(5) A; Table 4, Figs. 8, 9) to form a
pseudo-macrocycle. In XI (complexes 4 and B), the
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Fig. 7. (a) Formation of dimeric structural units and (b) the crystal structure fragment in X.

Table 5. Calculated and experimental bond lengths Co—N,;4. and Co—second axial ligand L,,;, in compounds I-X

Theoretical values, A

Experimental values, A

Complex
R (Co—Lyia) R (Co—Nyige) R (Co—Lyia) R (Co—Nyige)
1 2.09 1.92 2.014(3) 1.963(4)
I 2.03 1.94 1.973 1.950
111 2.66 1.92 2.311 2.014
v 2.54 1.92
A\ 2.45 2.2920(8)
2.03 1.94 1.975(3)/1.975(4) 1.977(4)/1.960(4)
VI 2.04 1.94 1.970(3) 2.017(3)
VITI 2.04 1.94 1.973(3)/1.971(4) 2.024(5)/1.975(4)
X 2.03 1.94 1.961(4) 2.031(4)
X 2.03 1.94 1.969(6) 2.024(6)
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(b)

Fig. 8. Binuclear Co(III) complexes (a) A and (b) B bearing the bipyridine bridging ligand in XI with the notation of independent

atoms (thermal ellipsoids are presented with 30% probability).

Co—N(DmgH) distances are in the following ranges:
1.885(4)—1.907(4) A; Co—N(N;) 1.966(5) and
1.963(4) A, Co—N(Bipy) 1.970(4) and 1.984(3) A.
In XIT (complexes A and B), the Co—N(DmgH)
distances are in the following ranges: 1.883(3)—
1.898(3) A; Co—N(N;) 1.916(6) and 2.017(6) A, Co—
N(Bipy) 2.081(4) and 1.935(3) A.

In crystal XI, molecular binuclear complexes A and
B are joined with each other into chains by intermo-
lecular hydrogen bonds involving crystallization water
molecules (Table 4, Fig. 10). The O(1w) atom binds
crystallographically independent complexes A and B

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY  Vol. 42

via intermolecular hydrogen bonds: O(lw)—
H(1)*N(54), O(lw)—H(1)-N(64), and O(1w)—
H(2)---O(1B). The structure is additionally stabilized
by intermolecular hydrogen bonds C—H---O: C(31w)—
H--0QA4) (x, y, z — 1) (C(31B)—0(124) 3.507,
H-0(24) 2.59 A, 2CHO 159°), C(31B)—H--O(34)
(C(31B)—0(34) 3.350, H--O(34) 2.47 A, CHO
153°), and C(84)—H-O12B) (—x + 1, —y, —2)
(C(84)—O(2B) 3.407, HO@2B) 2.54 A, ~CHO
155°).

In crystal XII, molecular binuclear complexes A
and B are joined into chains by intermolecular hydro-
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(@)

(b)

Fig. 9. Symmetric binuclear Co(I1I) complexes (a) A and (b) B bearing the bipyridine bridging ligand in XII with the notation of
independent atoms (thermal ellipsoids are presented with 30% probability).

Fig. 10. Packing fragments of complexes A and B in XI.

RUSSIAN JOURNAL OF COORDINATION CHEMISTRY Vol.42 No.8 2016
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Fig. 11. Formation of chains of alternating complexes 4 and B in XII by water molecules and their joining via weak C—H--O inter-
actions.

gen bonds involving crystallization water molecules  Table 6. Energies of Co—L bonds*

(Table 4, Fig. 11): O(1w)—H(1)--*N(44) and O(1w)— )
H(2)-O(2B). Structure XII, as XI, is stabilized by Ligand Ep, au £y, keal/mol
weak intermolecular hydrogen bonds C—H--O: 1
C(21 B)—H-0(24) (C(21 B)—0(24) 3.270, H~-0(24) 0" 1) 0.0678 42.54
2.42 A, 2CHO 148°) and C(4B)—H:-O(1w) (C(4B)— Spa (L?) 0.0566 35.52
Oo(dw) x + 1, y, z — 1) (C(4B)—O(1w) 3.243,
H--O(2B) 2.55 A, zCHO 132°). Sde (L% 0.0552 34.64
The calculated bond lengths Co—N,,¢. and Co—  gq (L% 0.0548 34.39
second axial ligand in the optimized molecular struc-
tures of compounds I-X are presented in Table 5. The  Sda (L°) 0.0492 30.87
comparative analysis of the theoretical and experi-
mental data presented in Table 5 proves a good cor- 4-PaoH 0.0925 58.04
relation between them for the bond lengths of the iy 0.0871 54.66
cobalt atom with elements coordinating with them on
the apical axis. Nia 0.0821 51.52
The competitive ability of various functional py 0.0800 50.20
groups to coordination with the complexing agent _
[Co(N;)(DmgH,),] can be evaluated from the Co—  INia 0.0770 48.32
ligand bond energy (£,), which was calcglated as the HINA 0.0751 4713
difference between the total energy of ligand L and
complexing agent [Co(N;)(DmgH,),] and the energy  Thio 0.0576 36.14
of complex [Co(N;)(DmgH,),(L)]: E, = (&£ +
. PPh 0.0446 27.99
Econayon2)2) — Econnsyphay-L- The calculation results 3 '
are presented in Table 6. * Designation of sulfanilamide ligands L' corresponds to Scheme 1.
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Table 7. Energy gain AE (kcal/mol) in the substitution of sulfanilamide ligands L! by a ligand-substituent*

Complex Substitution reaction AE (kcal/mol)
II [Co(N3)(DmgH),L* + Py — [Co(N3)(DmgH),(Py)] + L* —15.30
I [Co(N3)(DmgH),L*] + PPh; — [Co(N;)(DmgH),(PPhy)] + L* +6.4
v [Co(N3)(DmgH),L;] + Thio — [Co(N3)(DmgH),(Thio)] + L3 —1.76

[Co(N;)(DmgH),L?] + Thio — [Co(N3)(DmgH),(Thio)] + L2 —1.07

VI [Co(N3)(DmgH),L*] + Nia — [Co(N3)(DmgH),(Nia)] + L* —16.56
[Co(N;)(DmgH),L°] + Nia — [Co(N3)(DmgH),(Nia)] + L° —22.97

VII [Co(N;)(DmgH),L*] + INia — [Co(N;)(DmgH),(INia)] + L* —13.61
[Co(N;)(DmgH),L°] + INia — [Co(N;)(DmgH),(INia)] + L> —20.02

VIII [Co(N5)(DmgH),L* + HINA — [Co(N;)(DmgH),(HINA)] + L* —12.49
IX [Co(N3)(DmgH),L*| + 4-PaoH — [Co(N;)(DmgH),(4-PaoH)] + L* —23.22
X [Co(N5)(DmgH),L!] + Bipy — [Co(N;)(DmgH),(Bipy)] + L! -9.22
XI 2[Co(N;)(DmgH),L!] + Bipy — [(Co(N;)(DmgH),),(Bipy)] + 2L! —14.18

* Roman numerals in the left column correspond to the numeration of the obtained compounds.

Since coordination compounds X—XII were syn-
thesized using the substitution of sulfanilamide mole-
cules in the “building block”
[Co(N;)(DmgH),(SAM)] by the bidentate hetero-
functional ligands, we estimated the energy gain for
these reactions (AE), which was calculated as the dif-
ference in the energies of the reactants and products:
AE = ZE, quet — ZEcactane (Table 7). The obtained
results indicate the exothermic character of the substi-
tution reactions.
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