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Abstract: The structures of the first two complexes with bidentate coordination
of aminoguanidine Schiff base, i.e., 2-acetylpyridine-aminoguanidine (L), are
reported. The complex of the formula [Cd,Clg(HL),] (1) was obtained in the
reaction of warm aqueous solutions of chloride salts of Cd(Il), Zn(Il) and the
ligand, while the reaction of cadmium bromide and the ligand in the presence
of deprotonating agent as well as ammonium thiocyanate resulted in the form-
ation of the complex in which Schiff base has both the role of the ligand and
the counterion, viz., [HL][Cd(HL)(NCS),XY]-H,O (2), where X is CI" or Br,
and Y Br or SCN. The complexes were characterized by IR spectroscopy,
elemental analysis, conductometric measurements and single crystal X-ray dif-
fraction. The unusual bidentate coordination of the Schiff base lead to signific-
ant changes in the geometry of this molecule (from almost planar in free form
and as a tridentate ligand to twisted as a bidentate ligand). Besides, in complex
1 relatively rare bridging coordination of CI- in octahedral Cd(I) is found,
while the crystal structure of complex 2 exhibits substitutional disorder, and
contains four different anions: [CA(HL)(NCS),Br(SCN)]" (ca. 61 %),
[CAHL)(NCS),CI(SCN)]" (ca. 35 %), [CA(HL)(NCS),Br,]" (ca. 3 %) and
[CA(HL)(NCS),CIBt]" (ca. 1 %).
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1260 RADANOVIC et al.

INTRODUCTION

This study emerged from our ongoing research on metal complexes with
Schiff base ligands, as this class of compounds has shown wide spectra of bio-
logical activities,! catalytic behavior,2 magnetism3 and optoelectronic pro-
perties,* depending on the choice of the particular metal, and Schiff base ligand.
Besides the simple synthetic routes, the importance of these compounds lies in
their ability to act as ligands of various denticities, thus the structural versatility
and different potential application.5:0 Thiocyanate is an interesting ambidentate
co-ligand due to its ability to coordinate to the metal ion not only in the mono-
dentate manners at one of its terminal atoms but also as a uj j bridge (through
sulfur or nitrogen) and p; 3 bridge (via both).”

Researches have shown that Group 12 complexes are important in the field
of supramolecular chemistry, crystal growth® and materials science.” However,
cadmium is known to be a human carcinogen!? and environmental pollutant, and
some studies show!!:12 cadmium exposure can lead to genomic instability and
inhibition of DNA damage repair. On the other hand, there is also evidence of
anticancer activity of cadmium and its complexes with bioactive heterocyclic
Schiff bases.13-16 Since the mechanisms of these processes remain unknown it is
of high importance to broaden the knowledge on structural properties of cad-
mium(Il) complexes with potentially bioactive Schiff bases. Here, the syntheses
and structure of two new Cd(II) complexes with 2-acetylpyridine-aminoguan-
idine (L), of the formulas [Cd>Clg(HL);,] (1) and [HL][Cd(HL)(NCS),XY]-H,0
(2) (where X is CI~ or Br~ and Y Br~ or SCN") is described. The free Schiff base
is isolated as chloride (Fig. 1) and thiocyanate salt, while the coordinated form is
usually neutral.!” These are the first two complexes in which this Schiff base
coordinates in a monoprotonated form and acts as a bidentate ligand.

SNH NH,
\ e e L . L
= N‘N NH, Fig. 1. Structural formula of 2-acetylpyridine-aminoguanidine
H dihydrogendichloride, [H,L]Cl,.
EXPERIMENTAL
Reagents

All commercially obtained reagent-grade chemicals were used without further purific-
ation except for the ligand 2-acetylpyridine-aminoguanidine dihydrogendichloride, [H,L]Cl,,
which was synthesized according to the previously described procedure.!”

Preparation of the complex [Cd,Clg(HL),] (1)

The mixture of 0.5 mmol (0.09 g) CdCl,, 0.5 mmol (0.07 g) ZnCl,, and 0.5 mmol (0.125
g) [H,L]Cl, was mildly heated in 6 mL H,O until dissolution. The resulting yellow solution
was left at the room temperature and after 3 weeks orange prismatic single crystals were fil-
tered and washed with EtOH. Yield: 0.14 g (70 %). Anal. Calcd. for C;sH,4N;(Cl¢Cd,: C,
24.20; H, 3.05; N, 17.65. Found: C, 24.62; H, 3.18; N, 18.02 %. Conductivity, 4 = 130 S cm?
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2-ACETYLPYRIDINE-AMINOGUANIDINE AS A BIDENTATE LIGAND 1 26 1

mol ! (in DMF). M.p. > 250 °C. Selected IR bands (wavenumber, cm!): 3337 (s), 3206 (s),
3084 (s), 1688 (vs), 1610 (s), 1580 (s), 1529 (s), 1450 (m), 1298 (m), 1225 (m), 1163 (m),
1093 (m), 935 (w), 782 (m), 622 (m), 591 (m), 558 (m), 519 (m).

Preparation of the complex [HL][Cd(HL)(NCS),XY]-H,O (2)

The mixture of the ligand (0.5 mmol; 0.125 g) and LiOAc (1 mmol; 0.1 g) was dissolved
in 5 mL of warm H,O. To this solution the CdBr, (0.5 mmol; 0.09 g) and NH4;NCS (1 mmol;
0.08 g) were added and slightly heated for about 5 min. The yellow solution was left at the
room temperature and after 8 days the orange precipitate was filtered, washed with H,O and
EtOH. Upon recrystallization form MeOH rod-like single crystals of the complex were
obtained. Yield: 0.14 g (42 %). Anal. Calcd. for C,9H,¢N30S;BrCICd: C, 29.39; H, 3.37; N,
23.46; S, 12.39. Found: C, 29.87; H, 3.50; N, 22.95; S, 12.78 %. Conductivity, 4 = 142 S cm?
mol'! (in DMF). M.p. = 175 °C. Selected IR bands (wavenumber, cm!): 3420 (s), 3345 (s),
3157 (s), 2112 (vs), 2077 (vs), 2058 (vs), 1676 (vs), 1629 (vs), 1586 v(s), 1477 (m), 1434 (m),
1162 (m), 1149 (m), 1100 (w), 1003 (w), 786 (m), 561 (w).

Analytical methods

Elemental analyses (C, H, N and S) of air-dried compounds were carried out by standard
micro-methods. Molar conductivity measurements of freshly prepared solutions (¢ = 1 mmol
L") were performed on a Jenway 4010 conductivity meter. IR spectra were recorded on a
Nicolet Nexus 670 FTIR (Thermo Scientific) spectrophotometer, in the range of 400—4000
cm! by the KBr pellet technique. Melting points were measured on a Nagema melting point
microscope Rapido.

Single crystal X-ray diffraction

Diffraction experiments for 1 and 2 were performed on Bruker APEX-II CCD and
Oxford Diffraction Gemini S diffractometers at 140 and 295 K, respectively. Reflection integ-
ration and data reduction were performed with the corresponding software Bruker SAINT!$
and CrysAlisPro.!? Crystal structures were solved with the SHELXT? and refined with the
SHELXL.2! In the case of [HL][Cd(HL)(NCS),XY]-H,O (2) the coordination site X was ref-
ined as being substitutionally disordered between bromine and chlorine ligands, with the cor-
responding occupancies of 0.640(2) and 0.360(2), respectively; the coordination site Y was
refined as being substitutionally disordered between SCN- and Br- ligands with the corres-
ponding occupancies of 0.943(2) and 0.057(2), respectively. Hydrogen atoms bonded to car-
bon atoms were introduced in idealized positions and treated with a riding model. Hydrogen
atoms bonded to nitrogen were found in residual electron density maps and refined with dis-
tance restraints (d(N-H) = 0.88(2) A for 1 and 0.86(2) A for 2) or introduced in idealized
positions and treated with a riding model. Their displacement parameters are derived from
their parent atoms (Ujso(H) = 1.2Uc4(N)). Hydrogen atoms of water molecule were refined
freely. Crystallographic and refinement details are listed in Table I.

RESULTS AND DISCUSSION
Syntheses and characterization
The previous research concerning coordination behavior of Zn(Il) and Cd(II)
and the titled Schiff base, showed that there are a lot of similarities, but also there
are some fine differences, i.e., Cd(Il) being prone to form dimeric complexes

with bridging coordination of ions.22 Hence, in the attempt to examine the com-
petitive coordination of these two cations to the ligand, in the reaction of metal
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chlorides and the chloride ligand salt in the aqueous solution, complex 1 was
obtained in the form of yellow prismatic single crystals.

TABLE L. Crystal data, data collection and refinement details

Chemical formula C16H24N10C16Cd2 (1) C19H26N13OS3BTC1CCI (2)
Temperature, K 140(2) 295(2)
Formula weight, g mol'! 793.95 776.47
Crystal system triclinic triclinic
Space group P1 Pl

alA 8.4921(6) 7.9033(3)
b/A 8.7865(7) 11.4014(4)
c/A 10.6536(8) 16.5784(7)
al® 76.4318(13) 97.450(3)
ple 70.7718(12) 90.557(3)
y/° 64.4782(12) 99.580(3)
v/ A3 673.32(9) 1459.84(10)
Crystal size, mm? 0.50x0.25%0.20 0.56x0.37%0.29
Reflections collected / unique 27790 / 6537 19089 / 6799
Observed reflections [/ > 2a(])] 6367 5829

Ryt 0.021 0.022
R[I>20(])] 0.015 0.030

R (all data) 0.016 0.039
Goodness-of-fit 1.179 1.010

AP maxs MPrmin> € A 0.562, —0.656 0.561, —0.541

Complex 2 was formed in the reaction of warm aqueous solutions of CdBr;
and [H,L]Cly, in mole ratio 1:1, in the presence of double excess of LiOAc and
NH4NCS. The white rod-like single crystals suitable for single crystal X-ray dif-
fraction (SC-XRD) were obtained upon the recrystallization from MeOH.

It is interesting to mention that a similar reaction with CdCl,, and in the
absence of deprotonating agent, yielded in the hydrolysis of the imine group of
the Schiff base thus the formation of Cd(II) complex with 2-acetylpyridine with
thiocyanates as bridging ligands. This complex was previously synthesized in the
reaction of Cd(NO3),, 2-acetylpyridine and ammonium thiocyanate in methan-
olic solution thus structurally characterized.?3

Having in mind the pronounced alkaline nature of the aminoguanidine resi-
due it is not surprising that its Schiff bases in the complexes can have a role of
both the ligand and the counter-ion.22 The survey of Cambridge Structural Data-
base (CSD)?4 revealed 49 complex compounds containing Schiff bases of amino-
guanidine. Namely, the majority of these contain the Schiff base coordinated in
the tridentate manner (33 structures), while there are only 4 structures with the
Schiff base of AG having the role of a tetradentate25-28 and only 1 structure in
which monodentate?? coordination was found. In 11 structures the guanylhydra-
zone has the role of counter-ion. However, these are the first two examples in
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2-ACETYLPYRIDINE-AMINOGUANIDINE AS A BIDENTATE LIGAND 1 263

which the bidentate mode of coordination of Schiff base of aminoguanidine is
found. Details of CSD search are given in Supplementary material to this paper
(Tables S-1-S-1V).

Both complexes are well soluble in DMF, while poorly soluble in H,O and
alcohols. Molar conductivity of DMF solution complex 1 has value characteristic
for the 2:1 type of electrolytes, which suggests the substitution of anionic ligands
by solvent molecules. Complex 1 is stable at higher temperatures (m.p. >250 °C),
while complex 2 appears to decompose at higher temperatures (135 °C) and the
residue finally melts at 175 °C.

Comparative analysis of the IR spectrum of the free ligand and the spectra of
the complexes showed a lot more similarities than differences, thus very few
things about the coordination of the Schiff base could be concluded with cer-
tainty. The reasons for this were revealed by X-ray analysis (vide infra). Namely,
the ligand coordinates as NN bidentate, via pyridine and azomethine nitrogen
atoms, while the aminoguanidine residue stays protonated thus non-coordinated.
So, in the spectra of both the complexes V(CN) bands originating from the imino
group of aminoguanidine residue appear at nearly the same wavenumbers (1622
cm! for complex 1 and 1629 cm~! for complex 2) as in the spectrum of the lig-
and (1624 cm™1).17 Also, in the structure of complex 2 one cation of the Schiff
base is coordinated, while the other has a role of a counterion. This makes the
identification of the corresponding bands’ shifts, upon coordination, difficult.
Additionally, in the spectrum of complex 2 three very strong bands, present in
the range 2060 to 2110 cm™!, are attributed to coordinated NCS~ — two coordin-
ated through N atom (2060 and 2077 cm™!) and the third coordinated through S
atom (2110 cm™1).

Crystal structure analysis

Molecular structures of complexes 1 and 2 are presented in Fig. 2, while
selected structural data are summarized in Table II. Both complexes are charac-
terized by unusual, bidentate coordination mode of 2-acetylpyridine-aminoguan-
idine ligand and, to our knowledge, represent the first cases of metal complexes
where this Schiff base coordinates as a bidentate ligand. Up to now several com-
plexes of Cu(ll), Zn(Il), as well as Cd(II) with the same organic ligand, have
been reported.!7-22,30 In these compounds the ligand is present in its neutral form
and exhibits tridentate coordination by pyridine N5, azomethine N3 and imino
N1 nitrogen of aminoguanidine. The specific feature of 1 and 2 is that the organic
ligand is protonated at aminoguanidine nitrogen N1. The resulting monocation
coordinates to the Cd(Il) in a bidentate fashion by pyridine N5 and azomethine
N3 donors, forming a single chelate ring (Fig. 2).

Complex 1 consists of the neutral binuclear units, where two Cd(II) centers
are bridged by a pair of chloride ions to form a Cd,Cl, square-like metallocycle (Fig.
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1264 RADANOVIC et al.

Fig. 2. Molecular structure of: a) [Cd,Cl¢(HL),] (1) and b) [HL][Cd(HL)(NCS),XY]-H,O,
X =CI or Brand Y = Br or SCN- (2) with the atom labelling scheme. Displacement
ellipsoids are drawn at the 30 % probability level.

TABLE II. Selected bond lengths and bond angles (comprehensive list is given in Tables S-V
and S-VI of the Supplementary material)

2
Bond 1 A B
Bond length, A
Cd1-N3 2.7483(8) 2.605(2) -
CdI-N5 2.2992(8) 2.348(2) -
C1-N1 1.3212(13) 1.297(4) 1.303(3)
CI-N2 1.3512(12) 1.337(3) 1.335(3)
C1-N4 1.3253(12) 1.325(3) 1.326(3)
C2-N3 1.2939(12) 1.282(3) 1.277(3)
N2-N3 1.3796(11) 1.377(3) 1.378(3)
Bond angle, °
N3—-Cd1-N5 64.33(3) 65.86(6) -
N2-N3-C2 115.94(8) 116.8(2) 116.8(2)
N3-N2-Cl 118.98(8) 118.4(2) 117.9(2)
NI1-C1-N2 121.19(8) 121.0(2) 120.3(2)
N1-C1-N4 121.41 (9) 121.7(3) 121.6(3)
N3—-C2—C3 115.76(8) 115.5(2) 115.0(2)
C2—C3-N5 117.62(7) 117.3(2) 117.1(2)

2a). Each Cd(Il) is placed in a distorted octahedral environment which, apart
from two bridging Cl, also includes two terminal Cl ligands as well as the pyri-
dine and azomethine N donors of the cationic Schiff base. The binuclear complex
has a crystallographic inversion center in the middle of the CdyCl, bridge. The
Cd---Cd atom separation is 3.901(3) A. Though the CSD?24 search reveals the
relatively frequent occurrence of the CdyCl, square-like fragment (223 CSD
hits), it mainly belongs to the polymeric structures, while only in 34 cases it
belongs to the discrete binuclear complexes. A similar bridge between the octa-
hedrally coordinated Cd(II) centers is rare. It is found in two neutral Cd(II) com-
plexes where the monodentate organic ligands bind next to the Cl (CSD Refcodes:
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2-ACETYLPYRIDINE-AMINOGUANIDINE AS A BIDENTATE LIGAND 1 265

LOYZAC,3! FOKMEZ32) and also in two anionic species where the water mole-
cules bind next to the CI ligands (QELLAX?2 and WIPTAQ33). The structures
show wide variation in bridging Cd—Cl bond lengths, with values ranging from
2.36t0 2.76 A, and bridging Cd-CI1-Cd' angles, with values ranging from 91.8 to
105.6 A.

As mentioned above, unlike the previously reported complexes where
2-acetylpyridine-aminoguanidine ligand exhibits tridentate coordination,!7-22,30
the protonated ligand in complex 1 binds to the metal ion by two donor atoms.
The different coordination mode significantly changes the geometry of the lig-
and, from almost flat in the previous complexes with tridentate ligand such as
[CdCI,L],22 to markedly twisted geometry in the novel complexes. Thus in com-
plex 1, the five-membered chelate ring exhibits considerable twisting on Cd1-N3
bond resulting in maximal torsion angle Cd—N3—-C2-C3 of 35.5(1)°. In complex
[CdCI1,L],22 the maximal torsion angle within the same chelate is Cd-N5—C3-N2
with —10.6°. The most pronounced difference in geometry of the two ligand
forms is related to the orientation of their guanidine moiety. Since not coordin-
ated, the guanidine residue in 1 points away from the metal ion (Fig. 2a). The
dihedral angle between the mean planes of guanidine moiety and the chelate ring
is 48.85(5) in 1, while only 5.32° in [CdCl,L]. The dihedral angle between the
chelate and pyridine rings is more comparable, with the values of 10.52(6) and
7.05° in 1 and [CdCI,L],22 respectively. The position of the guanidine moiety in
1 is stabilized by the intramolecular N1-H1b---Cl2 hydrogen bond, and also by
the intermolecular hydrogen bonds which engage all N-H donors and terminal CI
ligands as acceptors (Table III). The N-H---Cl interactions arrange the complex
molecules into 2D structures parallel to the crystallographic ac plane (Fig. 3).

In the complex compound of the formula [HL][CdA(HL)(NCS)>XY]-H>O (2)
the protonated 2-acetylpyridine-aminoguanidine is present as a free cation as well
as a coordinated ligand. The coordination environment of Cd(II) in the complex
anion is distorted octahedral, with two axial sites occupied by NCS™, two equat-
orial sites occupied by bidentate coordinated organic ligand, and the remaining
two equatorial sites (X and Y) occupied by CI7/Br~ and Br /SCN™, respectively.
This means that the crystal structure contains four different anions:
[CA(HL)(NCS)2Br(SCN)]~ (ca. 61 %), [CA(HL)(NCS),CI(SCN)]~ (ca. 35 %),
[CA(HL)(NCS)2Br3]™ (ca. 3 %) and [Cd(HL)(NCS),CIBr] ~ (ca. 1 %).

Comparison between organic cations in free and coordinated form reveals
little changes in bond lengths and valence angles (Table II). The coordination in
2, leads to twisting of organic ligand, similar to that found in complex 1. Thus,
the dihedral angle between the pyridine and guanidine moiety is 7.5(2)° in
uncoordinated HL*, while 51.6(1) and 42.18(5)° in complexes 2 and 1, respect-
ively. Also similar to 1, the maximal torsion angle within the five-membered
chelate ring is Cd—N3—C2-C3 with —38.4(2)°. In comparison to previously rep-
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orted complex [CdCI,L]?2 with the neutral tridentate ligand, the complexes 1 and
2 show longer Cd-N coordination bonds, which is expected considering their
different coordination geometry (square pyramidal vs. octahedral). The changes
can be also observed for C1-N2 and N2-N3 bonds which in the cationic form of
ligand get shorter and longer for 0.03 A on average. The main difference is rel-
ated to the angle C2-N3—Cd which in novel compounds reduces by almost 15° in
comparison to the corresponding angle in [CdCI,L].22

TABLE III. Geometrical parameters for intermolecular interactions

D-H---A dD-H)/A dH--A)/A Z(D-H---A)/° Symmetry codes
1
N1-Hla:--CI2 0.87(1) 2.56(1) 150(1) —Xx+2, —p+1, —z+1
N1-Hlb:--CI2 0.88(1) 2.36(1) 155(1)
N2-H2---CI3 0.88 2.56 151 —x+1, —p+1, —z+1
N4-H4a---CI3 0.85(1) 2.51(1) 157(1) —x+1, —p+1, —z+1
N4-H4b---CI2 0.88(1) 2.54(1) 144(1) —x+2, —p+1, —z+1
C5-H5---Cll 0.95 2.68 161 I+x, —14y, z
C6-H6---CI2 0.95 2.79 156 1-x, -y, =z
2a
Nla-Hlla--O1 0.86 1.97 170
Nla-H12a---N8 0.86 2.51 146
NIb-HI1b---S3 0.86 2.90 148
N1b-H12b---0O1 0.86 2.13 164
N4a-H41a---S2 0.86 2.84 123 —x+1, —p+1, —z+2
N4b-H21---S3 0.86 2.59 161
Ol-Hla'-"N5b 0.83 1.96 175
C4a—H4a---S2 0.93 2.88 162 —x+1, =y, —z+2
C6a—H6a"--S3 0.93 2.93 145 —x+1, =y, —z+1
C7b-H7b---S2 0.93 2.97 120 —x+1, —=y+1, —z+2

Only parameters involving the ordered part of the complex are listed (see also Table S-VII of the Supple-
mentary material)

Fig. 3. Hydrogen bonding in 1.
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2-ACETYLPYRIDINE-AMINOGUANIDINE AS A BIDENTATE LIGAND 1 267

The crystal structure of 2 is stabilized by a complex hydrogen-bonding
network involving N—H donors from both charged species, the acceptors form
monodentate ligands as well as the molecule of crystal water (Fig. 4). Table 111
lists the hydrogen bonding contacts involving only ordered part of the structure.

Fig. 4. Hydrogen bonding in 2. Only two major anion components are shown:
[CA(HL)(NCS),Br(SCN)] (ca. 61 %) and [CA(HL)(NCS),CI(SCN)]" (ca. 35 %).

To gain more insight in crystal packing features of both complexes, Hirsh-
feld surface analysis was performed. Hirshfeld surface of complex 1 decorated
with dyorm has several prominent red patches (Fig. 5b), which correspond to short
Cl‘H contacts, details of which are listed in Table III. In the fingerprint plot
(Fig. 5¢), these are displayed as two symmetric prongs with peaks at d, = 1.5 A
andd;=0.8A,andatd,=0.8 A and d; = 1.5 A.

54

Fig. 5. Molecular structure (a), Hirshfeld surface (b) and corresponding fingerprint plot (c) of
[Cd,Clg(HL),] (1).

The investigation of complex 2 by means of Hirshfeld surface analysis is
complicated because of the ionic nature of the compound and presence of four
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different anions in the crystal structure. It is worth emphasizing peculiarities of
anionic Hirshfeld surfaces to gain insights why this four-component mixture is
stable. These are calculated for idealized structures containing only one type of
anion (Fig. 6). Two main anions that comprise 61 and 35 % of the mixture
([CA(HL)(NCS)Br(SCN)]~ and [Cd(HL)(NCS),CI(SCN)]~, respectively) show
negligible overall difference in the molecular shape defined by their Hirshfeld
surfaces. Both structures involve N--H hydrogen bond involving S-coordinated
SCN™, which is represented in their fingerprint plots by two symmetric prongs
with peaks at d, = 1.1 and d; = 0.8 A (N6--H2A(i)-N2A(i) hydrogen bond), and
atd, = 0.8 and d; = 1.1 A (N2A-H2A--‘N6(i) hydrogen bond); symmetry code (i)
—x+1, —p+1, —z+2.

[Cd(HL)(NCS)Br(SCN)]~ [Cd(HL)(NCS)2Bra] ~ [Cd(HL)(NCS),CIBr]~ [Cd(HL)(NCS)2C1(SCN)]~
(ca. 61 %) (ca. 3 %) (ca. 1 %) (ca. 35 %)

W

&

W

1.0 18 26 1.0 1.8
di/A di/A

2.6

Fig. 6. Molecular structures (top), Hirshfeld surfaces (middle), and corresponding fingerprint
plots (bottom) of the four structural components present in substitutionally disordered
[HL][CA(HL)(NCS)-XY]-H,0.

In two minor components, in which coordinated SCN™ is substituted by Br~,
these hydrogen bonds are absent. Therefore, in the corresponding fingerprint
plots, only a single spike is present, with peak at d, = 1.1 A and d; =0.8 A, that
correspond to N1-H11a:--O1 hydrogen bond, and the prongs corresponding to
H---N hydrogen bonds are missing.
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2-ACETYLPYRIDINE-AMINOGUANIDINE AS A BIDENTATE LIGAND 1 269

Crystal packing coefficient for idealized structures containing only one type
of anion are within expected range, as CSD average packing coefficient for
crystal structures of metal-organic molecules is 0.67(5). This explains that all
four anions satisfy very well the principle of closest packing and maximal inter-
action, thus ensuring stability of the crystal structure (weighted average of the
packing coefficient is 0.672). However, there is a noticeable trend between
anions’ amount ratio in the mixture and packing coefficients for its idealized
structures, as well as to some extent, also of the volumes of the anions based on
their Hirshfeld surfaces calculated for idealized structures (see Supplementary
material, Table S-VIII).

CONCLUSION

In the reaction of warm aqueous solutions of the chloride salts of Cd(II),
Zn(Il), and the ligand, orange prismatic single-crystals of the complex
[CdyClg(HL);] (1) were formed, while the reaction of cadmium bromide, chlor-
ide ligand salt, lithium acetate and ammonium thiocyanate yielded in the
formation of an unusual complex of the formula [HL][Cd(HL)(NCS),XY]-H,0
(2) where L = 2-acetylpyridine-aminoguanidine, X = Cl~ or Br~, Y = Br~ or
SCN-. These are the first two complexes in which the bidentate mode of amino-
guanidine Schiff base is proven. The coordination is realized through pyridine
and azomethine nitrogen, while the protonated aminoguanidine residue does not
take part in coordination. The complexes are physicochemically and structurally
characterized and compared to the previously synthesized ones. This gave great
insight into the structural differences that are caused by the protonation of the
aminoguanidine residue and could lead to different properties of these com-
pounds in further research which will include the investigation of photolum-
inescence and antioxidant properties.

SUPPLEMENTARY MATERIAL

CCDC 2129140 and 2129141 contain the supplementary crystallographic data for this
paper. These data can be obtained free of charge from The Cambridge Crystallographic Data
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tallographic and refinement details are available electronically at the pages of journal website:
https://www.shd-pub.org.rs/index.php/JSCS/article/view/11928, or from the corresponding
author on request.
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U3BOJ
CHUHTE3A U KAPAKTEPU3ALIUJA KOMIUIEKCA Cd(II) CA 2-AUETUJINTUPUIUH-
-AMVMHOTBAHUIWHOM — HOBU HAYUH KOOPIUHAIIUJE

MHPJAHA M. PAIAHOBHWR', CIABAHA HOBAKOBHR?, MAPKO B. POJJUR', JBUJbAHA C. BOJUHOBHR-JEIIHR',
CHRISTOPH JANIAK® u BYKAZIUH M. JIEOBALL"

1YHueep3uu7.em y Hosom Cagy ITpupogHo-matiemaiiuuku paxyiieid, Tpi . Odpagosuha 3, 21000 Hosu Cag,
ZHHcmumym 3a HyKkeapHe Hayke ,Bunua”, Jlabopaitiopuja 3a eopujcky Gusuxy u Gpusuxy KoHgeH308ane
maiiepuje, 11001 Beoipag u *Heinrich-Heine-Universitit Diisseldorf, Institute for Inorganic Chemistry and
Structural Chemistry, Universititsstrafie 1, Diisseldorf, D-40225, Germany

Y 0BOM pafly onycaHe Cy CTPYKType IpBa [Ba KOMIUIEKCa ca OUIEHTaTHOM KOODAMHALU-
jom ITucdoBe da3e amuHOrBaHUAMHA U 2-anetrnnupunuHa. Kommiexc ¢opmyne [CdzCls(HL):]
noOujeH je y peakLUju TOIUIMX BOAEHUX pacTBopa xnopupHux conu Cd(11), Zn(Il) u nurangpa,
IOK je peakiiijoM KagMUjyM-OpOMHUZIA U JIMTaHIA ¥ IPUCYCTBY areHca 3a JempoTOHALHjY, Kao
U aMOHMjyM-THOLIMjaHaTa HOoOHjeH KoMIulekc Yy KojeM momenyTta lludosa Haza uma ymory
OupeHTaTHOr JIWraHja, alyd U yJlory KoHTpa-joHa. KoopauHauuoHa ¢dopmysa KOMIUIEKca je
[HL][Cd(HL)(NCS)-XY]-H:0, rzne je L = 2-aneTuinupunuH-aMuHorsaHunvH, a X Cl wnu Br u
Y Br mnu SCN'. Oba xommiexca cy okapakTepucaHa HII cnekrpuma, eeMEHTaTHOM aHa-
JIM30M U KOHIYKTOMETPHjCKUM MEPEHHMA, a CTPYKTypa UM je ofpehena gudpaxuujom pexn-
TeHCKUX 3paKa Ha MoHoKpucrany. Heobnuan dungeHTatHy HauvH koopauHanyje llludose Haze
DOBOAM 10 3HaYajHUX OACTYyTNamwa y reoOMeTpHju 0BOT MoJieKyJsa (07 FOTOBO IJIlaHapHe TeoMeT-
PHje y c1odomHOj U TPULEHTaTHO KOOPAWHOBAHOj (pOpMHU [0 yBHjeHe y OUINEeHTaTHO KOOpAU-
HOBHOM 001KKy). OcuM Tora, y komiuiekcy 1 HaheH je penaTUBHO pefjlak MOCTOBHU HauMH
koopauHauyje Cl, Jok je y KpUCTalIHOj CTPYKTypH KOMIUIEKCA 2 IMPUCYTHA CYNCTHTYLMOHA
HeypeheHocT, Te 0Ba CTPYKTYpa CafpK{ YeTHPH pasnuuuTa joHa, u To: [CA(HL)(NCS):Br(SCN)I
(oxo 61 %), [CA(HL)(NCS).CI(SCN)]" (oxo 35 %), [CA(HL)(NCS):Br:] (oxo 3 %) u
[CA(HL)(NCS)-CIBr] (oxo 1 %).

(TTpumsseno 13. jyna, pesuaupano 30. jyna, mpuxsahero 8. centemdpa 2022)
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