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Abstract The mixed-ligand 3-hydroxybenzoic acid com-
plex of Zn(II) with nicotinamide and N,N-diethylnicotina-
mide were synthesized and characterized (colorless single
crystals, [Zn(3-hba),(H,0),(na),] and [Zn(3-hba),(H,0),
(dena),]). The chemical, FT-IR, thermal, mass spectral anal-
yses, and X-ray data results revealed that both of the com-
pounds contain two water molecules, two 3-hydroxybenzoate
(3-hba) and two nicotinamide (na) or two N, N-diethylnicoti-
namide (dena) ligands per formula unit. 3-hba and na or dena
ligands bind to the Zn(II) ion monodentately through their
acidic oxygen and pyridinic nitrogen atoms, respectively. The
coordination of metal atoms are completed by two molecules
of aqua ligands. The charge balance of complexes is accom-
modated by two molecules of 3-hba ions. The unit cell has two
molecules coordination molecules and each of them was as
settled to four surfaces of unit cell cage in na complex. There is
one mole molecule that was occupied to center of unit cell
cage in dena complex. The two dimensional network structure
of the complex is like a hexagonal for na and square plane for
dena complexes. The thermal decomposition takes place in
three steps; first, dehydration of the two aqua ligands, second,
elimination of the two nicotinamide ligands, finally, burning
of the two benzoate ion ligands.
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Introduction

Aromatic carboxylic acids are widely used in medicine as
non-steroidal anti-inflammatory drugs (e.g., ibuprofen,
naproxen, diclophenac, and fenclofenac) [1-4]. Phenolic
antioxidants such as hydroxybenzoates are important
classes of natural antioxidants [5]. 3-hydroxybenzoic acid
is widely used as antimicrobial agents in foods, drugs,
cosmetics, and toiletries [6]. Benzoic acid is used in
combination with salicylic acid in dermatology as a fun-
gicidal treatment (Whitfield_s ointment) or fungal skin
diseases (ringworm) [7]. It can be found in cosmetics,
deodorants, and toothpastes [8, 9].

More widespread is the use of benzoic acid and its salts to
preserve food from growth of microorganisms and it can be
found in beverages, fruit products, chemically leavened baked
goods, condiments as well as in the drink industry [10-12].

At the sametime Zinc element isknown to regulate
activity over 300 metalloenzymes andit is a component of
special proteins, called “Zinc fingers”which participate in
the reliable transfer of geneticinformation [13—15]. Zinc
and its compounds have antibacterialand anti-viral activity
and the wound-healingeffect of Zinc-containing ointments
has been known forseveral centuries [16—18]. Zinc may be
used as a therapeuticagent, it may act as an anti-sickling
agent and play a role in the prevention of pain crisis in
sickle-celldisease. Zinc was successfully used in the
treatment ofacrodermatitis enteropathica, Wilson’s disease,
gastrointestinaldisorders, infertility, and other diseases.
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Complex of Zinc(Il) acetate with erythromycin is used
inclinical medicine for acne therapy [19-22].

Moreover, the anti-bacterial effect of some drugs could be
enhanced when they are chelated to a metal. Therefore, for the
preparation of effective anti-microbial species it is very
important to gain knowledge about the structure and bonding
relations of the complexes. It is known that metal complexes of
biologically important ligands are sometimes more effective
than the free ligands [2]. It is well documented that heterocyclic
compounds play a significant role in many biological systems,
especially N-donor ligand systems being a component of
several vitamins and drugs [23-27]. Structural reports on metal
(Zn**) nicotinamide complexes exist in [28-31].

Nicotinamide is known as a component of the vitamin B
complex as well as a component of the coenzyme, nico-
tinamide adenine dinucleotide (NAD). It is documented
that heterocyclic compounds play a significant role in many
biological systems, especially N-donor ligand systems
being a component of several vitamins, and drugs such as
nicotinamide. Itself plays an important role in the metab-
olism of living cells and some of its metal complexes are
biologically active as antibacterial or insulin-mimetic
agents [35, 36]. N,N-diethylnicotinamide is a derivative of
nicotinamide (vitamin B) used as exhalation agent in
respiratory systems in medicine [37]. The presence of the
pyridine ring in numerous naturally abundant compounds,
adducts of Dena are also of scientific interest. Therefore,
these ligands had been the subject of many studies [38—41].

In this study, Zn(II) with 3-hydroxybenzoate (3-hba)—
nicotinamide (na), and N,N-diethylnicotinamide (dena)
complexes have been synthesized and single crystal X-ray
diffraction studies, mass spectrum analysis, thermal decom-
position results have been presented. The decomposition
pathways of the investigated complexes are discussed in
connection with the available spectroscopic data. The
structure differences are correlated and discussed each other.
The dena complex was studied before just structural prop-
erties with single crystal XRD [42].

Experimental

Materials and instrumentation

All chemicals used were analytical reagent products.
ZnS04-5H,0, 3-hydroxybenzoic acid, nicotinamide, and

Fig. 1 Molecule structure
of ligands
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N,N-diethylnicotinamide (Fig. 1) were obtained from
Merck (Darmstadt, Germany). Elemental analyses (C, H,
N) were carried out by standard methods (Tubitak Mar-
mara Research Center). IR spectra were recorded in the
4000-400 cm™' region with a Perkin Elmer spectrum One
FT-IR spectrophotometer using KBr pellets. Thermal
analyses (TGA, DTA) were performed by the Shimadzu
DTG-60H system, in dynamic nitrogen atmosphere (100
mL/min) at a heating rate of 10 °C/min, in platinum cru-
cibles as sample vessel, using a-Al,O3 as reference. Mass
spectrum data was recorded Agilent Technologies 5973
spectrophotometer using DIP-MS method.

Preparation of Zn(II)-3-hba-na/dena complexes

In the first step, 3-hydroxybenzoic acid sodium salt was
prepared. In the second step, metal 3-hydroxybenzoate
salts were synthesized from Na(3-hba) salt. Finally, the
solution of nicotinamide (2 mmol) in distilled water
(30 mL) was added dropwise to a stirred solution of Zn(3-
hba),(H,0),, (1 mmol) in hot distilled water (50 mL). The
resulting solution was allowed 15-17 days for crystalliza-
tion at room temperature. The crystals formed were filtered
and washed with cold water and acetone and dried in
vacuo. The complex included dena was synthesized same
method using dena ligand instead of na ligand.

Calc. for CrcH,o6N4O19Zn: C, 50.32; H, 4.19; N, 9.03.
Found: C, 51.02; H, 3.98; N, 9.16.

Calc. for C34H4oN4019Zn: C, 55.74; H, 5.74; N, 7.65.
Found: C, 55.27; H, 6.18; N, 7.69.

Results and discussion

According to analytical results per mole formula unit of
complex contain two molecules of 3-hba-na or dena
ligands and two mole aqua. It has not any hydrate aqua.
The octahedral coordination of the metal ion is completed
by two carboxylic oxygen atoms from two 3-hba and two
nitrogen atoms from two na or dena and aqua oxygen atom.

FT-IR spectra
At the range of 35003000 cm ™' bands belong to asym-

metric and symmetric stretching vibrations of aqua —OH
groups. The bands for the N—H stretches of primary amides

0 (0] (0]
CH
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3-hydroxybenzoic acid (3-hba)

nicotinamide (na)  N,N-diethylnicotinamide (dena)
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in na complex were not seen clearly, so they had been
concealed by —OH bands. Also N-H bending vibrations
appear approximately in the range 1620 cm™'. The 3-hba—
na/dena mixed ligand complexes give rise to strong bands
due to C=0 stretching. It causes small frequency shifts
conjugation between the carbonyl group and amide nitro-
gen. The observed strong bands at around 1575 cm™'
occurred at the same range as the amide group of free na/
dena ligand that indicated the na/dena did not coordinate
through amide group. Pyridine ring vibration of free na and
dena at 1580 and 1560 cm™" shifts to 1495 and 1480 cm ™',
respectively, in the complexes indicating that the pyridine
ring is coordinated. The main difference in the spectrum of
3-hba is that the C=O0 stretching vibration of the carboxyl
group at 1695 cm™' shifts to lower frequency in all the
metal complexes. The carboxylate bands in the metal
complexes appear in the range of 1588 cm™' for na and
1565 cm ™! for dena. This shows that the coordination takes
place through the carboxyl group [27-29].

The —OH bending peak for the 3-hba remained almost in
the same position at around 1270 cm™" in all metal com-
plexes. The low intensity bands in the region of
600-400 cm ™" are attributed to M-N and M—O vibration
[27-31]. Some important IR bands of complexes are given
in Table 1.

The IR spectra of all products are similar with
(COO™ )asym- bands at 1588 cm~! for na complex and
1565 cm™' for dena complex, (COO7)sm. bands at
1395 cm ™! for na complex, 1381 cm™" for dena complex.
The shift (A) between the V,gym. and vy, bands of COO™
groups are almost identical for both complexes (193 and
184 cm™ !, respectively) and indicate monodentate car-
boxylate [29-34].

Table 1 A summary of the FT-IR spectral data of na and dena
complexes

Groups [Zn(3-hba), [Zn(3-hba),
(H20)a(na),] (H20)x(dena),]

v(=OH)m20, V(NH) 3,500/3,000 3,500/3,050
V(C=0)egter 1,703 1,720
V(COO ™)y 1,588 1,565
v(COO™); 1,481 1,464

Av 107 101
w(C-0-0) 1,144 1,144
v(C-H)cus 1,399 1,390
V(C-N),y 1,495 1,480
V(C—N)amida 1,251 1,258
W(C=0).mia 1,629 1,620
V(C-H)cons - 2,984
v(Me-N) 564 570
v(Me-0) 424 459

Thermal analysis
[Zn(3-hba)y(H30)x(na),]

The TG-DTG/DTA curves for the [Zn(3-hba),(H,O),
(na),] complex are given in Fig. 2a. The complex has not
any moisture and hydrate water. The molecule structure is
stable in N, atmosphere as thermal up to 100 °C. Further
heating causes two molecules of water ligands are released
at two steps by an accompanying endothermic effect with
the DTA curves at 104 and 130 °C (6.00/5.81%). The
anhydrous complex begins to decompose with melting at
210 °C (DTA curve). Two molecules of neutral ligands
nicotinamide are removed from the structure with endo-
thermic effect at two steps (40.56/39.36%) after than, two
molecules of 3-hba ligands are broken and decomposed
with firing by produced CO/CO, (43.35/44.20%). After-
wards the decomposed and broken steps finally ZnO occur
in the reaction crucible (12.55/13.13%) and this thermal
product was indicated with FT-IR. All of the experimental
data are suitable with calculation data, respectively.

[Zn(3-hba)>(H>0);(dena)]

The thermal analysis curves of [Zn(3-hba),(H,0),(dena);]
was given in Fig. 2b. According to thermal curves the
complex decomposes four steps. The first step begin at
80 °C and finish 130 °C that belongs to removing of two
molecules of aqua ligands (5.00/4.92%). There is not any
other decomposing peaks in this area or before so we can
say the structure has not got any moisture and hydrate
water. The second step includes decomposing of four
molecules of ethyl group of neutral ligand dena (17.55/
15.85%). At the third step is attributed to decompose of
pyridine rings of dena ligands (32.25/33.33%). All of the
neutral ligands of complex remove in this step. The last
step is composed of decomposing and removing of anionic
ligands that it begins at 303 °C and finish 380 °C (38.45/
37.41%). There are two endothermic DTA peaks between
320 °C and 350 °C. After that step there is not any thermal
decomposing action. Afterwards the decomposed and
broken steps finally ZnO occur in the reaction crucible
(12.05/11.12%) and this thermal product was indicated
with FT-IR. All of the experimental data are suitable with
calculation data, respectively.

Mass spectra

To deduce the thermal decomposition pathway for na and
dena complexes mass spectrum were recorded (Figs. 3 and
4, respectively) using direct insertion probe pyrolysis mass
spectrometry method. The molecular ion peak was detected
at 617 for na and 727 for dena complex in the mass
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spectrum recorded. The obtained pattern is relatively com-
plex and exhibits a large number of peaks that belonging to
the decomposition products of the complex and ligands. The
decomposition peaks of na and dena complexes are harmonic
with probable molecular ion peaks of decomposition prod-
ucts. The observed differences between na and dena com-
plexes are just based on -ethyl groups dena. A schematic
representation including the main fragmentation process for
the[Zn(3-hba),(H,0),(dena),] complex and ligands is given

@ Springer

in Scheme 1 and the main fragmentation process for [Zn(3-
hba),(H,0),(na),] is parallel to dena complex.

Crystal structure determination

The molecular structure and the atom-labeling scheme of
na and dena complexes are shown in Fig. 5a, b. A colorless
single crystal of the title compounds, [Zn(3-hba),(H,0),
(na),] and [Zn(3-hba),(H,O),(dena),], suitable for data
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Scheme 1 Mass spectral
fragmentation pattern of the
[Zn(3-hba),(H,0),(dena),]

N
B)

@
Z/\ \
N Q

¥
S~z
)
5
g
}

\ /

- b

7
\N/Z\
A¥e

(e}

O

()

m/z 580

T
Q

Il
(——

P
N/
(
O
|

[e]
AN
~7
V4
(@]

\

m/z 546

— N —
NN = ) Ho §
) l o
o N~
o o/, \N N\ 7
on, ¢ N
HO m/z732
B /OH It \ +

" J
\
N,
/

e}
O, O
& m/z 426
[0}
O—2Zn—-o
O
m/z 306

b
\LO/ZH\O

m/z 229
l/ +

Zn—0

O

m/z185

rQ

OH

je]
m/z137

\O_
m/z104

@ Springer



1238

D. A.

Kose et al.

Fig. 5 Ortep of the molecules

a for na and b for dena
complexes with thermal
ellipsoids drawn at 30%

probability

Table 2 Crystal data and refinement parameters for compounds

(b)

Table 3 Selected bond lengths (A) and Bond angles (°) for na

— complex
Empirical formula [Zn(3-hba), [Zn(3-hba),
(H,0),(na),] (H,0),(dena),] Bond Dist. Bond Dist.

Formula weight 619.88 732.09 C(7)/0(2) 1.254 (3) C(13)/N(2) 1.319 (4)

(g/mol) C(7I0(3) 1.255 (3) N(1)/Zn(1) 2.130 (2)
Crystal size (mm) 0.47 x 0.45 x 040 0.34 x 0.20 x 0.11 C(12)/N(1) 1337 (4) 0(3)/Zn(1) 2.1233 (18)
Crystal system Monoclinic Triclinic 0(5)/Zn(1) 2.164 (2)
Crystal form, color Prism, colorless Block, colorless Angle © Angle ©
Spafe group P2y/c Pl 0(2)/C(T)/0(3) 124.0 (2) OB)/Zn(1)/N(1)  88.40 (8)
a(d) 72058 (3) 75531 (7) O@/C(13)/N(2)  121.8 (3) C(7/0B3)Zn(1)  125.05 (17)
b (A 18.1843 (9) 8.7459 ) C(7/OGBYZn(l) 12505 (17)  OBYZn(1)/O(5)  86.08 (8)
c(A) 10.5946 (3) 14.5419 (13) C8)N(1)/zn(1) ~ 120.82 (18)  N(1)/Zn(1)/O(5)  87.27 (9)
o« (%) 90.00 97.581 (8)
B 111.139 (3) 94.864 (7) .
5 ) 90.00 114.137 (7) Table 4 Hydrogen bonds for compound na (A and °)
v (A% 1294.82 (10) 858.69 (14) D/H--A DID/H)  dH-A) dD--A)  <(DHA)
z . 2 ! O(H/H(1)--0(2)  0.82 2.14 2661 (4) 1217
C?'gjgjggjd density 1.590 1.416 OGYH(B)--0(2) 0827 (18) 181 (2) 2.607 (3) 162 (5)
Radiation type MoKo MoK O(5)/H(5A)--0(4)  0.82 (4) 217 3) 2927 (4) 153 (4)
e e e
Temperature (K) 296 100 ’ ’ ’
0 range for data 55965 56981 N(Q2)/HQ2A)--O(4)  0.86 2.12 2953 (4) 1628

collection (°) Symmetry codes: #1: x + 1, y, z; #2: x — 1, —y + 3/2, z — 1/2; #3:
Reflections measured 9,485 7,774 —x+ 1L, —y+1,-z# —x—-1,-y+1,—z—-1L#:x—-1,y,2
Absorption correction Integration Integration #or —x, =y + 1, =5 #7: —x, 1 — 3, -1 — 2
Tonin 0.598 0.664
Tinax 0.686 0.950 Table 5 Hydrogen bonds for compound dena (A and °)
Independent reflections 2,670 3,531

) D/H---A d(D/H) dH-A)  d(D-A) <(DHA)

Observed reflection 2,479 3,091

(I>20(I) O(1)/H(1)--0(2) 0.82 1.83 2554 (3) 147
Rine 0.020 0.069 O(5)/H(5B)--0(2)  0.832 (18) 1.856 (18) 2.681 (3) 171 (4)
Final R* indices R = 0.043, R = 0.049, O(3)/H(5A)--0(4)  0.823 (18) 1.966 (19) 2.783 (3) 172 (4)

> 20(D) WR = 0.129 WR = 0.128 CG5YHG5)--02% 093 245 3333 (4) 159
Goodness-of-fit on F*  1.07 1.07 C(10)/H(10)--02™)  0.93 2.53 3.448 (3) 170
(A/G)max 0.001 0.001
Max/min Ap (e/A%) 2.00 and —0.55 091 and —1.19 Symmetry codes: (i) —x+2, —y + 1, —z+1; () x— 1, y, z
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Fig. 6 Part of the crystal structure of na complex showing the
formation of a chain rings along [101] generated by N-H---O and

C-H---O hydrogen bonds

collection were mounted on a glass fiber and data collec-

tion was performed on a STOE IPDS II diffractometer with
graphite monochromated MoK, radiation at 296 and
100 K, respectively. Details of crystal data, data collection

and refinement are given in Table 2. The structures were
solved by direct-methods using SHELXS-97 and refined by
full-matrix least-squares methods on F* using SHELXL-97

Fig. 7 The unit cell cage (a)
and structure framework
(b) of na complex

Fig. 8 The unit cell cage (a)
and structure framework
(b) of dena complex

[42] from within the WINGX [43] suitable of software. All
non-hydrogen atoms were refined with anisotropic param-
eters. H atoms bonded to C and N atoms were included in
their expected positions and allowed to ride, with C—H and
N-H distances restrained to 0.93 and 0.86 A, respectively,
and with Uj,o(H) = 1.2 Ugy(C, N). The H atoms of the
hydroxy group was allowed for with a fixed O-H distance
of 0.82 A [Uie(H) = 1.5 U(O)] in na complex. The H
atoms of the water O atom were located in a Fourier dif-
ference map and freely refined.

The na and dena compounds crystallize in the space
group P2,/c and P1 with Z' = % and 1, respectively. The
Zn" jon in na complex is located on a centre of symmetry
and is coordinated by two O atoms from two equivalent
carboxylate groups, two O atoms from aqua ligands, and
two pyridyl N atoms. The geometry around the Zn" ion
(Table 2) is that of a distorted octahedron, the equatorial
plane of which [O(3)/O(5)/O(3)*/O(5)*] is formed by two
carboxylate O atoms [O(3) and O(3)*] and two aqua O
atoms [O(5) and O(5)*] [symmetry code: (*) 1—x, 1—y,
—z]. The axial positions are occupied by two pyridyl N
atoms [N(1) and N(1)*]. Carboxylate atom O(2) is pendant,
with a longer Zn(1)...0(2) distance [3.289 A] and larger
Zn(1)-O(3)-C(7) angle consistent with the absence of

: ;.,_. : __.'31_.'1 .
‘*/':t “/ﬁ/"‘?fg 1:*/:&

/~"~‘ & “f% zf.-
(b)
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bonding between Zn(1) and O(2). The carboxylate group is
not coplanar with the attached benzene ring, the dihedral
angle between the planes being 16.26°. The pyridine and
benzene rings are planar, the maximym deviations from the
least-squares planes being 0.0050 A for atom C(10) and
0.0127 A for atom C(3).

Some selected bond distances and angles of na complex
are given Table 3.

The hydrogen bonds of na and dena compounds are
given Tables 4 and 5, respectively, that the reasons of
structural differences can be seen easily in table data.

In the structure of na there is also a strong C-H---m
interaction between C(10) (of a pyridine ring) atom in the
molecule at (x, y, z) acts as a hydrogen-bond donor to the
benzene ring C(1)-C(6) in the molecule at (—x, 1—y,
—1—z), so forming a chain running parallel to the [101]
direction. The details of the C-H:--7 interaction are given
in Table 4. The combination of the C—H:--n interactions
define an R%(ZO) ring pattern (Fig. 6). The combination of
the chains a long [100] and [101] suffices to generate a
two-dimensional structure of considerable complexity.

There is more structural information about dena com-
plex in literature [41].

The interesting framework structures and unit cell cages
of molecules were shown in Figs. 7 and 8 for na and dena,
respectively.

Conclusions

The na complex structure is octahedral like dena complex,
but na complex unit cell structure is different from dena
complex. While na complex is face centered type, dena
complex is body centered according to Zn(II) metal ion. So
their framework structures are very different. The frame-
work structure of na complex like typically hexagonal, the
dena complex framework like a square plane in 2D plane.
There are two types H-bonding in dena complex between
ethyl’s H and O atoms of carboxylic acid. The unit cell
molecules of this complex are bonded via these H-bonds.
But na complex has lots of H-bonding type in establish-
ment of molecular structure. Owing to lots of H-bonds na
complex is very stable according to dena complex. The
thermal decomposition results support this situation. All
ligands are monodendate. According to thermal results; na
complex is more stable than dena complex. The thermal
decomposition of two studied structures begins by the
release of aqua ligands. Dehydration of complexes begins
at 80 °C for dena structure and 100 °C for na structure in
one step. The stability of anhydrous complexes change as
follows: na complex > dena complex. In the dena struc-
ture, decomposition of organic ligands begins with break
off ethyl groups from dena molecules and then firstly,

@ Springer

neutral ligands (na and residue of dena) decompose and
secondly ionic benzoate ligands remove from the struc-
tures. The Zinc(Il)oxide remains to reaction vessel as last
decomposition product.

According to mass analysis results both of the com-
plexes disintegration patterns are similar to each other.

Supplementary material

CCDC-732372 contains the supplementary crystallographic
data for this article. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre
via www.ccdc.cam.ac.uk/data_request/cif.
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