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ABSTRACT

An important class of f-diketone derivative, (Z)-3-hydroxy-1-phenylbut-2-en-1-one show a wide range
of pharmaceutical applications and they are found to be an excellent precursor for the metal
complexes and crystal engineering. In the present work Zn(ll) complex with (Z)-3-hydroxy-1-
phenylbut-2-en-1-one was synthesized and crystallized by slow evaporation method using methanol
solvent. The Zn(ll) complex was characterized by Fourier transform infrared spectroscopy and UV-
visible spectroscopy to confirm the formation of metal complex. The molecular structure was
confirmed by the single crystal X-ray structural analysis. Slightly distorted trigonalpyramidal ZnOs
coordination polyhedral is observed around the central metal ion. Intermolecular hydrogen bond
interactions leads to the formation of R,2(12) and R,%(6) supramolecular ring motif along with C-H...x
and n... wintermolecular interactions, which plays a major role in the molecular stability.

Highlights

o Zn(I1) complex with (Z)-3-hydroxy-1-phenylbut-2-en-1-one was synthesized and crystallized by
slow evaporation method.

e The Zn(ll) complex was characterized by FTIR and UV-Visible spectroscopy.
The crystal structure was confirmed by the single crystal X-ray structural analysis.

. Intzermolecular hydrogen bond interactions revealed the supramolecular ring motif of R,?(12) and
R>(6).

e C-H...mand x... ® intermolecular interactions also played a major role in the molecular stability.

keywords: X-ray diffraction; Zn(I1l) complex, Supramolecular ring motif, Trigonalpyramidal.

INTRODUCTION

Metal complexes have engrossed researchers due to their versatile applications in the field of catalyst,
sensors, luminescent devices [1, 2] and biological applications such as, antibacterial, anticancer and
anti-inflammatory property [3, 4]. The synthesis and biological evaluation of new transition metal-
based compounds are fields of growing interest. Among the various metal ions zinc, platinum,
titanium, ruthenium, gold, copper and silver and their complexes showed potential application such as
anti-tumor, anti-amoebic, anti-histaminic, anthelmintic, anti-ulcer, anti-bacterial, anti-fungal, anti-
cancer and anti-hypertensive agents [1-4]. The Zinc metal complexes highly attracted by the
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researchers because of its significant biological activity as well as lower side effects along with higher
lipophilicity or solubility compared to transition metals. Zinc (1) complexes are used as the catalytic
centers in many enzymes (metallo-enzymes). Complexation with Zinc (1) metal center usually results
in complexes with four-coordination number and a tetrahedral geometry. This is due to the fact that
Zinc is a late transition metal with full d valence electrons, which means that a stable 18-electron
complex can be formed through four-coordination number. Due to this reason, five-coordinate Zinc
complex is considered unusual and expected to be unstable [5-9].

At the same time, selection of active ligands can induce the biologically important complex
materials wherein, one such class of ligand is the p-diketone [10-13]. B-diketones possess a wide
range of biological applications such as anti-microbial [10], anti-tumor [11, 12], anti-convulsants [13],
anti-oxidant [14], anti-inflammatory [15], anti-ulcer [16] and antihypertensive[17]. Hence B-diketones
play an significant role in inorganic chemistry, as it can easily form stable complexes with most
transition metal ions due to their ability to form ketoenol tautomerism [18-21]. Herein, we study the
synthesis, characterization, crystal structure, Hirshfeld surface analysis and molecular docking studies
of five coordinated (Z)-3-hydroxy-1-phenylbut-2-en-1-one Zn(Il) complex.

MATERIALS AND METHODS

Materials and instrumentation: All reactants and the general solvents of reagent grade for the
experiment were purchased from Sigma-Aldrich. The Fourier transform infrared (FTIR) spectra of
both the compounds were recorded using Perkin Elmer Spectrum Version 10.03.09 from 4000-400
cm™. The UV-Visible spectral analysis was performed using Shimadzu-1800.

Synthesis and crystallization: Zinc complex of (Z)-3-hydroxy-1-phenylbut-2-en-1-one was
synthesized by following the procedure shown in scheme 1. (Z)-3-hydroxy-1-phenylbut-2-en-1-one
dissolved in methanol and Zn(ll) sulphate dissolved in distilled water was mixed and stirred for about
30 min. The catalytic amount of triethylamine was added to reaction mixture and heated upto 80°C for
15 min, followed by cooling in an ice bath. The formed precipitate was filtered, washed with distilled
water and dried in hot air (90°C). Subsequently, the crystals of zinc complex were obtained by slow
evaporation method.

Table 1. Crystal data and structure refinement parameters of Zn(ll) complex.

Parameters | Complex | Parameters | Complex
Empirical formula C,1H2305Zn Fooo 438
Formula weight 420.81 0 range for data collection ~ 3.15°to 27.56°
Temperature 293K Crystal size 0.25x 0.26 x 0.27mm°
-12<h<8
Wavelength 0.71073A Index ranges -12<k<12
-16<1<14
Crystal system, space group  Triclinic, PI  Reflections collected 5372
Unit cell dimensions Unique reflections 4122 [Rin = 0.1479]
a 9.376(1)A Absorption correction multi-scan
b 9.865(2)A . Full matrix
c 12.394(2)A Refinement method least-squares on F?
o 103.37(1)° Data/restraints/parameters 4122/ 3/ 250
101.94(1)° .
5 113-89E2;° Goodness-of-fit on F2 1.013
3 : R; =0.0778,
Volume 966.5(2)A Final [I > 20(1)] WR, = 0.2021
. R; =0.1039,
Z 2 R indices (all data) WR, = 0.2502
Density(calculated) 1.446 Mgm > Largest diff. peak and hole  1.405 and -1.509 e A3
Absorption coefficient 1.300 mm !
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X-ray diffraction studies: X-ray quality crystal of the Zn(ll) complex was selected for data
collection. X-ray intensity data were collected on Rigaku XtaLAB mini diffractometer using graphite
monochromated MoKo radiation (0.71073A) at 293K. The data were collected at fixed y with
different angular settings of ¢ and ® with a scan width of 1° and the sample to detector distance of 50
mm. The crystal structure was solved by direct methods and refined using full-matrix least-squares
against F2 using SHELXS and SHELXL programs [22, 23]. All the non-hydrogen atoms were assigned
anisotropically and refined without any positional constraints. Geometrical calculations were carried
out using PLATON program [24] and the packing diagrams were generated using MERCURY 4.2.0
software [25]. Crystal data and structure refinement parameters of Zn(ll) complex are summarized in
table 1.

RESULTS AND DISCUSSION

Synthesis and crystallization: The desired Zn(Il) complex was prepared by mixing ZnS0O4 with the
(2)-3-hydroxy-1- phenylbut-2-en-1-one ligand in [1:2] molar ratio, as shown in scheme 1. The
reaction in methanol revealed complex with five coordination numbers with a distorted trigonal
bipyramidal geometry. Interestingly, coordination number and the stereochemistry of the desired
complex were affected by the coordinated solvent.

o) OH H CHy
\o/
=~ ZnSO4 a I o
/ ‘AZ:n/-‘
MeOH F
—_—G (o)

Scheme 1. Reaction pathway of (Z)-3-hydroxy-1- phenylbut-2-en-1-one Zn(Il) complex.

FTIR: IR spectrum of Zn(Il) complex was recorded and spectrum of complex is given in figure 1. In
the spectrum of zinc complex weak to medium intensity absorption bands in the region 400-600 cm™,
which confirms the absent in free ligands, may be attributed to M-O vibrations. Appearance of new
bands in the regions of 489-560 cm™ is assigned to Zn-O stretching modes, which confirms the
formation of complex. In 1-phenyl-1, 3-butanedione bands due to C=0 and C-O have been reported at
1708 and 1620 cm respectively. The bands in the region 1600-1680 cm™ are assigned to coordinated
C=0 and C-0. The C=0 frequencies of the complexes are in the lower region as compared to those of
the free ligands. The region 1420-1550 cm™ is assigned to C=C stretching modes.
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Figure 1. FTIR spectra of Zn(ll) complex.
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UV-Vis spectroscopy: Electronic absorption spectra of metal complexes are based on the excitation
of m electrons to the n* (excited) state which occurs in the UV-Visible region. The visible spectrum
was recorded for the title compound in the range of 200 to 500 nm. The optical absorption spectrum
of the Zn(Il) complex is shown in the figure 2 and was recorded using acetonitrile solvent and the
concentration of the solution is 27pg mL™. The spectrum evidences the strong absorption in the range
275-350 nm. The optical band gap energy (3.98 eV) of the title compound was calculated using lower
cut off frequency (312.11 nm).

Abs

T T T T
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Wave length (nm)

Figure 2. UV-Vis spectra of Zn(ll) complex.

Single crystal XRD: The asymmetric unit of (Z)-3-hydroxy-1-phenylbut-2-en-1-one zinc(ll) complex
consists of the mononuclear [Zn(C1,Hg0,),(CH40)]. The central metal Zinc atom is five coordinated
with two bidentate 3-hydroxy-1-phenylbut-2-en-1-one ligands via O1, 02, O3 and O4 atoms with
metal-oxygen bond distance of 2.013(4), 2.007(4), 2.025(4) and 1.970(4) A respectively together with
05 (MeOH solvent) at 2.022(4) A. Both (Z)-3- hydroxy-1-phenylbut-2-en-1-one chelate to the zinc
ion cis to each other (Figure 3) as this isomer is sterically favored to the trans isomer. The presence of
MeOH solvent ligand forced the coordination geometry around the metal centre to be slightly
distorted trigonal bipyramidal. The geometry of four and five coordinate transition metal complexes
can be systematically described using the values of angular structural parameters t4,= [360°-
(a+B)]/141° and 5= (a-f)/60° Parameter used to assess molecular shape of five coordinate transition
metal complexes. Where o and P are the largest angles in the complex (oo >B). Parameter s iS
calculated for Zn(ll) complex, which is equal to 0.749166, confirms distorted trigonal pyramidal
geometry around the ion.

C21
£

Figure 3. ORTEP of (Z)-3-hydroxy-1-phenylbut-2-en-1-one Zn(Il) complex.
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The molecular structure of (Z)-3-hydroxy-1-phenylbut-2-en-1-one Zn(ll) complex is stabilized by
inter and intra-molecular hydrogen bond, C-H...nw and =... = interactions. Inter molecular hydrogen
bond interaction of type C(1)-H(1)...0(4) is forming R,%(12) ring motif whereas short interaction
between O(4) and O(5) atoms of adjacent molecules forms R,%(6). These interactions are combining
to form two dimensional supramolecular architecture of [Zn(C.Hy0,),(CH,O)] along the a-axis
(Figure 4). Apart from these interactions C(1) H(1a)...C(19) and C(18)...C(18) interactions between
neighboring complexes contributing to stabilize the crystal with an inter-atomic distance of 2.781 and
3.355 A respectively. Molecular packing of Zn(Il) complex along b and ¢ axis are shown in figure 5
and 6, respectively.

Figure 4. Supramolecular architecture of Zn(Il) complex when viewed along a-axis.

Figure 5. Packing of Zn(Il) complex when viewed along b-axis.

AR,

Figure 6. Packing of Zn(Il) complex when viewed along c-axis.
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APPLICATION

Zinc complexes were used for therapeutic agents. Zinc coordination compounds have been effectively
tested for healing of diabetes. These complexes also exhibit, antibacterial, antifungal, anti-
inflammatory and antioxidant properties. This complex, could be tested against deadly bacterial cell,
life threatening cancer cells, inflammation and cytotoxicity studies, which leads to the
multicomponent antibacterial, anticancer and anti-inflammatory drug discovery.

CONCLUSION

(2)-3-hydroxy-1-phenylbut-2-en-1-one Zn(ll) complex was synthesized and single crystal were
obtained by slow evaporation method using methanol solvent. FTIR experiment confirmed the
absorption peaks in the region of 489-560 nm belongs to Zn-O stretching modes, which confirms the
presence of keto (C=0) group. UV-Vis spectrum exhibits the peak and the energy gap was found to
be 3.98 eV. Single crystal X-ray diffraction experiment reveals that the zinc(ll) complex adopts
trigonal distorted pyramidal coordination environment around its central metal ion. Intermolecular
interaction of type C-H...O is dominating in the stabilization of molecular crystal packing by forming
supramolecular architecture of (Z)-3-hydroxy-1-phenylbut-2-en-1-one zinc(ll) complex along bc
plane.
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