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In this study, wavenumbers, IR intensities and molecular parameters of 4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene)thiosemicarbazone

21G*, 6-31G(d,p), 6-311G (d,p), 6-311++G (d,p) and 6-311++G (2d,2p) basis sets. In addition to theoretical study,they have been
prepared for characterization of structure by means of elemental analyses which are FT-IR, electronic and "H NMR Zn(II) complex
spectra. Moreover, according to the results of Fukui functions values of I2FPTH,, calculated with B3LYP/6-31G(d,p) and B3LYP/6-
311G(d,p), the contribution of sulphur to the HOMO is found predominant 47.69 and 49.16 %, respectively while the contribution of
nitrogen to the LUMO is also found dominant as 24.82 and 24.21 %, respectively. The theoretical results of wavelengths, 'H and *C NMR

INTRODUCTION

Isatin (1H-indole-2,3-dione) is one of the endogenous
compounds, which possess a wide range of biological activities.
It has been also reported for derivatives of 4-(2-fluorophenyl)-
1-(2-oxoindolin-3-ylidene)thiosemicarbazone (I12FPTH,) that
results have been found considerable attention, because of
variable bonding abilities and antiviral, antibacterial, anti-
tumor and antifungal activity and inhibitory action'”. Isatin
thiosemicarbazones have been known to be certain of their
coordination compounds.

Several isatin thiosemicarbazones and Zn(II) to Ni(II)
complexes were previously studied theoretically and synthe-
sized experimentally®'*". In the literature, the crystal structure
of 4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene)thiosemi-
carbazone (I2FPTH,) were reported', but there are no theore-
tical study about it and also no synthesis of Zn(IT) complex of
I2FPTH, ligand.

According to results of the experimental and quantum
chemical studies of 5-fluoroisatin-3-N(cyclohexylthiosemi-
carbazone) and its metal complexes, it was found that only
one part of the ligand was coordinated to the metal ion resulting
mono-nuclear complexes in Ni(Il) and Zn(Il) complexes'.

In this study, the vibrational spectrum, UV spectrum, *C
NMR, 'H NMR values, the molecular geometry, the atomic

-
(I2FPTH.) and its zinc(IT) complex have been studied theoretically by using the ab initio Hartree-Fock (HF) method with the 3-21G, 3- |
for wavenumbers are sensibly consistent with the results of experimental study. I

Key Words: Thiosemicarbazone, DFT, '"H NMR, “C NMR, FT-IR spectra.

charges and molecular polarizability were carried out for
4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene)thiosemi-
carbazone molecule by using density functional theory (DFT)
with B3LYP hybrid functional and ab initio Hartree-Fock (HF)
computations with the basis sets of 3-21G, 3-21G*, 6-
31G(d,p), 6-311G (d,p), 6-311++G (d,p), 6-311++G (2d,2p)"°.
Fukui functions were also calculated by using AOMix
program'”'® from single-point calculations with B3LYP/6-
311G(d,p)".

EXPERIMENTAL
4-(2-Fluorophenyl)-1-(2-oxoindolin-3-ylidene) thiosemi-
carbazone molecule was synthesized as reported'®. The FTIR
spectra was recorded using Jasco 300 FTIR spectrometer in
the region 4000-200 cm™. UV spectra was recorded UV-160A
Shimadzu'.

Synthesis of bis[4-(2-fluorophenyl)thiosemicarbazo-
nato)zinc(Il) complex Zn[(I2FPTH),]: 1 mmol (0.3142 g)
I2FPTH, was dissolved in 20 mL of ethanol at 50-55 °C, before
they was slowly added an ethanol solution (10 mL) of 0.5
mmol (0.1097 g) zinc acetate tetradehydrate. The mixture was
refluxed for 6-9 h at a temperature of approximately. Light
orange product was precipitated during the reaction and then
it was washed with ethanol and diethyl ether. Finally, it was
dried (m.p. 238 °C). (calculated: (%) C: 51.66, H: 2.92, N:
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15.91, S: 8.98, found (%): C: 51.206, H: 2.97, N: 15.22, S:
8.25).

Computational methodology: Theoretical calculations
which are vibrational, wavenumbers, geometric parameters,
atomic charges and the other molecular properties were
performed by using the GAUSSIAN 09 package program'’.
Both ab initio calculations and DFT calculations were carried
out by using B3LYP with basis sets of 3-21G, 3-21G*, 6-
31G(d,p), 6-311G (d,p), 6-311++G (d,p), 6-311++G (2d,2p).
The harmonic unscaled vibrational frequencies were calculated
for every each completely optimized geometry by analytical
differentiation algorithms. Fukui functions were also calculated
from results of single-point calculations with B3LYP/6-
311G(d,p) by using AOMix'"*%,

RESULTS AND DISCUSSION

Geometric parameters: Crystallographic studies of
4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene)thiosemi-
carbazone molecule show that molecules form inversion dimers
in the crystal'. Therefore, the experimental X-ray data of
4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene)thiosemi-
carbazone is used to calculate geometrical parameters. The
conformation is stabilized by intramolecular N-H---N and
N-H---O hydrogen bonds which generate S and the other S
rings, respectively'*. N-H---F and C-H---S interactions. The
X-ray structure of 4-(2-fluorophenyl)-1-(2-oxoindolin-3-
ylidene)-thiosemicarbazone dimer is shown in Fig. 1. The
labeling of the atoms in the monomer form by using DFT
method at the B3LYP/6-31G(d) level is also shown in Fig. 2.
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Fig. 1. Geometry of 4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene) thio-

semicarbazone dimer optimized at the B3LYP/6-311++G(2d,2p)
level

Fig. 2. Geometry of 4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene)thio-
semicarbazone calculated single point energy with the B3LYP/6-
311++G(2d,2p) level

The optimized geometrical parameters, calculated by
using the density functional and RHF methods,with the
experimental data are summarized for studied molecule in
Table-1. Calculated bond lengths are found systematically
longer than experimental result. A statistical treatment of these
data(see at the bottom of Table-1) shows that RHF for the
bond lengths is slightly better than the B3LYP for all calculated
basis sets. The highest correlation coefficient for bond lengths
is 0.9745 for RHF/6-311++ G(2d,2p).

The crystal structure of I2FPTH, was studied by Pervez
et al.". Experimental bond lengths of C28-C30, C30-C26,
C26-C24 and C24-C22 belonging to phenyl group arel.351,
1.368, 1.373 and 1.370 A while their theoretical bond lengths
calculated by B3LYP/6-311++ G(2d,2p) are 1.389, 1.393,
1.376 and 1.400 A, respectively. Moreover, experimental bond
lengths of C18-S20, C18-N17,N17-N16, N16-C13 belonging
to thiosemicarbazone group are 1.635, 1.378, 1.344 and 1.291
A, respectively while their theoretical bond lengths calculated
by B3LYP/6-311++ G(2d,2p) are 1.666, 1.390, 1.332 and
1.293 A, respectively.

Some of the experimental and theoretical bond angles (°)
values calculated by using B3LYP and RHF method for 4-(2-
fluorophenyl)- 1-(2-oxoindolin-3-ylidene)thiosemicarbazone
are summarized in Table-2. The correlation coefficients were
calculated in 0.979, 0.979, 0.989, 0.984, 0.982, 0.979 and
0.990 for bond angles by using B3LYP.Besides, the corre-
lation coefficients are 0.973, 0.980, 0.978, 0.978, 0.970, 0.979
and 0.979 for RHF with basis sets of 3-21G, 3-21G*,
6-31G(d,p), 6-311G(d,p), 6-311+G(d,p), 6-311++G(d,p) and
6-311++G(2d,2p), respectively. The agreement between the
calculated and the experimental bond angles is better than for
the bond lengths.

The Mullikan and NBO charge values calculated with
B3LYP and RHF methods are given in Table-3. Mullikan
charges calculated with RHF/6-311G(d,p) predict a much more
positive charge and negative charges on atoms for [2FPTH,,
except C3 and C28 atoms, as seen in Table-3. It is resulted
from NBO analysis that O15 atom has the largest negative
charge in the indole ring and N21 has the largest negative
charge in the thiosemicarbazone group.

Values of Fukui functions calculated with B3LYP/6-
31G(d,p) and B3LYP/6-311G(d,p) were summarized for
12FPTH, in Table-4. The contributions of S20, N17 and N21
atoms to the HOMO are calculated with B3LYP/6-311G(d,p)
as 47.69, 6.74 and 6.31 %, respectively, while they are calcu-
lated as 49.16, 5.03 and 8.35 % by using B3LYP/6-31G(d,p),
respectively. Moreover, the contributions of C11, C13, O15,
N16, S20 and N21 atoms to the LUMO are 9.88, 13.73, 8.27,
24.21, 8.58 and 1.72 % in calculations done by B3LYP/6-
311G(d,p), respectively while they are 9.99, 13.41, 8.71, 24.82,
8.34 and 1.81 % in calculations carried out by B3LYP/6-
31G(d,p), respectively.

IR studies: The IR spectra of solid I2FPTH, and
Zn[(I2FPTH),] are shown in Fig. 3(a-c). The B3LYP/6-
311G(d,p) calculations were used to obtain computed harmonic
vibrational frequencies and infrared intensities for I2FPTH,
and Zn[(I2FPTH),]. Table-5 lists theoretical and experimental
bands of the IR spectra of the [2FPTH, and Zn[(I2FPTH),] in
the 4000-1250 cm™ spectral region.
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TABLE-1
SELECTED EXPERIMENTAL AND THEORETICAL BOND LENGTHS (A) THEORETICAL VALUES CALCULATED BY (A)
B3LYP AND (B) RHF METHOD FOR 4-(2-FLUOROPHENYL)-1-(2-OXOINDOLIN-3-YLIDENE)THIOSEMICARBAZONE

(a) B3BLYP
Atoms Exp. 3-21G 3-21G* 6-31 G(d,p) 6-311 G(d,p) 6-311+ G(d,p) 6-311++ G(d,p) 6-311++ G(2d,2p)
Bond lengths (A)
C28-C30 1.351 1.395 1.395 1.394 1.391 1.392 1.392 1.389
C30-C26 1.368 1.398 1.398 1.397 1.395 1.395 1.395 1.393
C26-C24 1.373 1.379 1.379 1.381 1.378 1.378 1.378 1.376
C24-F27 1.365 1.383 1.383 1.361 1.362 1.364 1.365 1.362
C24-C22 1.370 1.405 1.405 1.405 1.403 1.403 1.403 1.400
C22-N21 1.407 1.403 1.403 1.403 1.403 1.403 1.403 1.402
N21-C18 1.343 1.348 1.348 1.353 1.352 1.354 1.354 1.351
C18-S20 1.635 1.719 1.719 1.672 1.670 1.668 1.668 1.666
C18-N17 1.378 1.390 1.390 1.393 1.393 1.394 1.394 1.390
N17-N16 1.344 1.376 1.376 1.336 1.333 1.333 1.333 1.332
N16-C13 1.291 1.301 1.301 1.299 1.295 1.295 1.295 1.293
C13-Cl11 1.498 1.501 1.501 1.500 1.502 1.501 1.501 1.500
C11-015 1.229 1.259 1.259 1.240 1.233 1.235 1.235 1.234
C11-N7 1.348 1.370 1.370 1.365 1.363 1.363 1.363 1.362
N7-C4 1.406 1.413 1413 1.408 1.407 1.407 1.407 1.406
C4-C2 1.367 1.385 1.385 1.387 1.385 1.385 1.385 1.382
C2-C3 1.376 1.403 1.403 1.401 1.399 1.399 1.399 1.397
C3-C5 1.377 1.400 1.400 1.399 1.397 1.398 1.397 1.395
C5-C9 1.377 1.400 1.400 1.398 1.395 1.396 1.396 1.393
C9-C8 1.387 1.390 1.390 1.393 1.391 1.391 1.391 1.389
C8-C4 1.381 1.416 1416 1.412 1.409 1.409 1.409 1.407
C13-C8 1.445 1.455 1.455 1.456 1.455 1.456 1.456 1.454
C22-C25 1.375 1.399 1.399 1.401 1.399 1.400 1.400 1.397
C25-C28 1.377 1.397 1.397 1.397 1.394 1.394 1.394 1.391
R? 0.9567 0.9567 0.9684 0.9721 0.9724 0.9724 0.9738
(b) RHF

C28-C30 1.351 1.394 1.381 1.380 1.381 1.381 1.378 1.389
C30-C26 1.368 1.398 1.387 1.386 1.386 1.386 1.383 1.393
C26-C24 1.373 1.378 1.370 1.369 1.369 1.369 1.367 1.376
C24-F27 1.365 1.383 1.341 1.337 1.336 1.336 1.334 1.362
C24-C22 1.370 1.406 1.391 1.390 1.390 1.390 1.387 1.400
C22-N21 1.407 1.401 1.408 1.408 1.408 1.408 1.406 1.402
N21-C18 1.343 1.355 1.334 1.335 1.336 1.336 1.333 1.351
C18-S20 1.635 1.668 1.675 1.673 1.671 1.671 1.670 1.666
C18-N17 1.378 1.401 1.365 1.364 1.365 1.365 1.361 1.390
N17-N16 1.344 1.373 1.336 1.335 1.335 1.335 1.334 1.332
N16-C13 1.291 1.301 1.260 1.258 1.258 1.258 1.255 1.293
C13-Cl11 1.498 1.500 1.511 1.514 1.514 1.514 1.512 1.500
C11-015 1.229 1.260 1.207 1.201 1.202 1.202 1.202 1.234
C11-N7 1.348 1.370 1.345 1.345 1.345 1.345 1.342 1.362
N7-C4 1.406 1.413 1.403 1.403 1.403 1.403 1.402 1.406
C4-C2 1.367 1.385 1.376 1.375 1.376 1.376 1.372 1.382
C2-C3 1.376 1.403 1.391 1.390 1.391 1.391 1.388 1.397
C3-C5 1.377 1.400 1.388 1.387 1.388 1.388 1.385 1.395
C5-C9 1.377 1.400 1.388 1.388 1.388 1.389 1.386 1.393
C9-C8 1.387 1.390 1.380 1.379 1.379 1.379 1.376 1.389
C8-C4 1.381 1.416 1.393 1.391 1.391 1.391 1.388 1.407
C13-C8 1.445 1.455 1.466 1.466 1.467 1.467 1.465 1.454
C22-C25 1.375 1.399 1.387 1.386 1.387 1.387 1.384 1.397
C25-C28 1.377 1.397 1.388 1.388 1.388 1.388 1.385 1.391
R? 0.964 0.971 0.9741 0.9744 0.9737 0.9729 0.9745

The IR spectrum of I2FPTH, shows that bands at 3313
cm™ attributed to V(NH) cm™ vibration of the indole ring and
thiosemicarbazone moiety. On complex formation, the position
of these bands shifted to 3364 cm™ due to changes in hydrogen
bonding. A strong band at 1690 and 1697 cm™ assigned to
(C=0) stretching vibration of ligand and its Zn(II) complex,
respectively. This indicates that CO group is uncoordinated in
its Zn(II) complex.

Abdullah et al.* reported that all the thiosemicarbazones
remain in their thione form due to the existence of a strong
band in the region 1038-1026 cm™ due to v(C=S) and absence
of any band in the region 2600-2500 cm™ due to v(C-SH) for
steroidal thiosemicarbazones.

The C=S band appearing at 817 cm™ in the IR spectrum
of I2FPTH, ligand is shifted towards lower wave number in
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TABLE-2

SELECTED EXPERIMENTAL AND THEORETICAL BOND ANGLES (°) VALUES
CALCULATED BY (A) B3LYP AND (b) RHF METHOD FOR I2FPTH,

(a) BALYP
Atoms Exp. 321G 3-21G* 6-31 G(d,p) 6-311G(d,p) 6-311+G(d,p) 6-311++ G(d,p) 6-311++ G(2d,2p)
Bond angles (°C)

C1-C3-F32 120.1 120.7 120.7 119.5 119.3 119.1 119.1 119.1
F32-C3-C13 116.5 116.9 116.9 117.3 119.3 117.5 117.5 117.5
C3-C13-N19 116.8 114.7 114.7 115.4 115.7 117.5 116.0 116.0

C14-C13-N19 126.6 127.2 127.2 127.1 126.9 126.8 126.8 126.8

C13-C3-C1 123.4 122.4 122.4 123.1 123.1 123.4 123.4 123.4

C3-C1-C2 118.1 119.1 119.1 118.6 118.7 118.6 118.6 119.5

C1-C2-C8 120.2 119.5 119.5 119.6 119.5 119.5 119.5 121.3
C2-C8-Cl14 120.8 121.1 121.1 121.3 121.3 121.3 121.3 120.1
C8-C14-C13 120.8 119.8 119.8 119.8 120.0 120.1 120.1 117.2
C14-C13-C3 116.6 118.1 118.1 117.6 117.4 117.2 117.2 117.2

C13-N19-C16 130.4 132.0 132.0 132.3 132.3 132.1 132.2 132.1
N19-C16-S7 129.5 130.4 130.4 130.0 129.9 129.9 129.9 129.9
N19-C16-N20 112.3 112.4 112.4 112.5 112.4 112.5 112.7 112.5
S7-C16-N20 118.2 117.2 117.2 117.5 117.6 117.5 117.4 117.5
C16-N20-N21 121.1 119.3 119.3 121.3 121.4 117.8 121.7 121.5
N20-N21-C18 117.8 117.8 117.8 119.1 119.5 119.4 119.4 119.4
N21-C18-C12 127.3 125.9 125.9 126.7 126.7 126.8 126.8 126.8
N21-C18-C15 126.0 127.5 127.5 126.6 126.6 126.6 126.7 126.6
C18-C12-09 127.1 125.6 125.6 126.4 126.5 126.5 126.6 126.5

09-C12-N6 127.2 127.8 127.8 127.4 127.4 127.3 127.2 127.3
N6-C10-C4 128.9 129.5 129.5 128.8 128.8 128.8 128.7 128.8
C17-C15-C18 133.3 132.7 132.7 133.4 133.3 133.4 133.4 133.4
C15-C18-C12 106.6 106.5 106.5 106.7 106.6 106.6 106.5 106.6
C18-C12-N6 105.8 106.5 106.5 106.2 106.1 106.2 106.2 106.2
C12-N6-C10 111.8 110.9 110.9 111.3 111.4 111.3 111.3 111.3
N6-C10-C15 108.9 109.3 109.3 109.4 109.4 109.3 109.4 109.3
C10-C15-C17 119.8 120.6 120.6 120.1 120.1 120.0 120.0 120.0
C15-C17-Cl11 117.9 118.5 118.5 118.6 118.6 118.6 118.6 118.6
C17-C11-C5 121.1 120.5 120.5 120.6 120.6 120.6 120.6 120.6
C11-C5-C4 121.6 121.4 121.4 121.5 121.4 121.4 121.4 121.4
C5-C4-C10 117.4 117.8 117.8 117.4 117.4 117.4 117.4 117.4
C4-C10-Cl15 122.4 121.2 121.2 121.9 121.8 121.9 121.9 121.9

R? 0.979 0.979 0.989 0.984 0.982 0.979 0.990
(b) RHF

C1-C3-F32 120.1 120.1 120.8 120.0 119.0 120.9 120.9 118.9
F32-C3-C13 116.5 116.0 120.7 117.6 117.8 117.8 117.8 117.8
C3-C13-N19 116.8 116.6 127.3 115.0 115.2 116.3 115.3 115.3

C14-C13-N19 126.6 124.6 114.7 127.5 127.4 127.4 127.4 127.4

C13-C3-Cl 123.4 122.9 122.5 123.3 123.2 123.4 123.4 123.3

C3-C1-C2 118.1 118.9 119.1 118.6 118.7 118.7 118.7 118.7

C1-C2-C8 120.2 119.4 119.5 119.4 119.4 120.3 119.3 119.4
C2-C8-C14 120.8 121.1 121.1 121.3 121.3 121.3 121.3 121.3
C8-C14-C13 120.8 119.8 119.9 119.9 120.0 120.0 120.0 120.1
Cl14-C13-C3 116.6 117.8 118.0 117.4 117.4 117.3 117.3 117.3

C13-N19-C16 130.4 132.2 131.9 132.6 132.6 130.5 132.5 132.6
N19-C16-S7 129.5 129.6 130.5 129.2 129.1 129.1 129.1 129.1
N19-C16-N20 112.3 114.0 111.5 113.8 113.8 112.8 113.8 114.0
S7-C16-N20 118.2 116.4 118.0 117.0 117.1 117.1 117.1 116.9
C16-N20-N21 121.1 119.5 119.5 121.3 121.4 121.5 121.5 121.6
N20-N21-C18 117.8 120.1 118.1 120.7 120.8 117.7 120.7 120.7
N21-C18-C12 127.3 126.8 125.9 127.6 127.7 120.7 127.7 127.7
N21-C18-C15 126.0 127.5 127.5 126.7 126.7 126.7 126.7 126.8
C18-C12-09 127.1 125.7 125.7 126.3 126.4 127.4 126.4 126.6

09-C12-N6 127.2 127.9 127.8 127.5 127.5 127.4 127.4 127.2
N6-C10-C4 128.9 129.2 129.5 128.4 128.4 128.4 128.4 128.3
C17-C15-C18 133.3 132.1 132.7 132.9 132.8 133.4 132.9 132.9
C15-C18-C12 106.6 105.7 106.6 105.7 105.7 105.6 105.6 105.6
C18-C12-N6 105.8 106.4 106.5 106.2 106.1 105.8 106.1 106.2
C12-N6-C10 111.8 111.5 110.9 111.8 111.9 111.9 111.9 111.8
N6-C10-C15 108.9 109.4 109.2 109.7 109.7 108.7 109.7 109.8
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CI0-CI5-C17 1198 1209 1206 1205 1205 119.9 1205 1205
CI5-CI17-Cl11 1179 1184 1185 1184 118.5 1185 118.5 118.5
CI7-C11-C5 1211 1203 1205 1204 120.3 121.1 1203 120.3

C11-C5-C4 1216 1215 1214 1217 121.7 121.6 121.6 121.6
C5-C4-C10 1174 1176 1178 1172 117.2 117.5 1172 117.2
CACI0-CI5 1224 1214 1212 121.9 121.8 122.4 121.9 121.9
R’ 0973 0.980 0.978 0978 0.970 0.979 0.979
TABLE-3
MULLIKAN AND NBO CHARGES CALCULATED WITH B3LYP AND RHF METHODS FOR I2FPTH2
N B3LYP RHF B3LYP RHF
om irlien NBO i NBO A Mullikan NBO i NBO
cI3 0.093 0.107 0.184 0.149 N17 20268 20373 20371 20467
il 0422 0.641 0.611 0.794 I8 0.229 0277 0378 0.459
N7 -0.480 -0.59 -0.616 -0.676 N21 -0.463 -0.576 -0.592 -0.656
c4 0233 0.192 0.305 0.240 $20 0213 -0.193 -0.320 -0.327
for 20,040 20244 -0.054 -0.252 2 0.162 0.102 0.192 0.127
C3 -0.090 -0.168 -0.071 -0.124 25 -0.066 0215 -0.079 -0.198
cs -0.101 0216 -0.106 -0.221 28 -0.105 -0.196 -0.096 -0.179
9 -0.026 -0.157 -0.032 -0.111 C30 -0.085 -0.197 -0.090 -0.179
8 -0.134 -0.106 -0.166 -0.141 26 -0.107 -0.264 -0.121 -0.250
015 20371 -0.616 -0.476 -0.690 24 0211 0.408 0.305 0.443
N16 -0.237 -0.244 -0.291 -0.240 F27 -0.248 20362 -0.334 -0.405
TABLE-4
FUKUI FUNCTIONS VALUES FOR 12FPTH,
HOMO LUMO
Ao 6-31G(d,p) 6-311G (d,p) Ao 6-31G(d,p) 6-311G (d,p)
C3 333 429 C3 6.46 6.68
c4 2.66 347 c4 3.94 3.88
cs 128 178 N7 1.41 128
8 2.62 3.53 8 3.15 342
9 118 145 9 4.99 5.4
c13 3.93 492 ci1 9.99 9.88
o015 2.36 2.94 c13 13.41 12,75
N16 12 159 015 8.71 827
N17 5.03 6.74 N16 24.82 2421
cis 1.16 171 N17 41 3.84
$20 49.16 47.69 cig 5.84 5.84
N21 8.35 6.31 $20 834 8.58
2 3.02 2 N21 181 1.72
24 S 273 - - -
25 1.68 1.17 - - -
28 1.95 146 - - -
C30 497 3.49 - - -

the spectra of Zn[(I2FPTH),] complex. This is due to coordi-
nation of thione sulphur to the zinc ion. The strong band
appearing at 1571 cm™ in the IR spectrum of I2FPTH, ligand
shifted towards lower wave number in the spectra of
Zn[(I2FPTH),] complex. Shifting towards lower wave number
is due to the coordination of azomethine nitrogen with metal
ion.

NMR studies: Chemical shifts of the 'H and "C NMR
for I2FPTH, are given in Tables 6 and 7, respectively. These
chemical shifts were obtained from calculations with RHF and
DFT methods employing the basis sets 3-21G, 3-21G*,
6-31G(d,p), 6-311G(d,p), 6-311+G(d,p), 6-311++G(d,p) and
6-311++G(2d,2p). "H NMR chemical shifts correlation coeffi-
cient for I2FPTH, except indole hydrogen employing the
basis sets 3-21G, 3-21G*, 6-31G(d,p), 6-311G(d,p), 6-
311+G(d,p), 6-311++G(d,p) and 6-311++G(2d,2p) are 0.654,
0.864, 0.654, 0.639, 0.676, 0.684 and 0.693 for RHF method,

respectively while they are 0.852, 0.854, 0.831, 0.808, 0.825,
0.830 and 0.830 for B3LYP method, respectively. H30 and
H25 chemical shifts are assigned experimentally at 11.26,
12.86 and theoretically calculated as 9.24, 11.41 by using
B3LYP/6-311+G(d,p). In addition, 3C NMR chemical shifts
correlation coefficient for I2FPTH, employing the basis sets
3-21G, 3-21G*, 6-31G(d,p), 6-311G(d,p), 6-311+G(d,p),
6-311++G(d,p) and 6-311++G(2d,2p) are 0.872, 0.967,0.947,
0.946, 0.946, 0.946 and 0.953, respectively, obtained from
RHF method and 0.872, 0.967, 0.947, 0.970, 0.970, 0.968 and
0.969, respectively, obtained from B3LYP method. The NMR
chemical shifts employing the basis sets of 6-311G(d,p) and
6-311+G(d,p) are given in Table-8 together with experimental
values for Zn[(I2FPTH),].

Proton NMR of Zn[(I2FPTH),] shows a characteristic
indole NH signal at 8 10.67 ppm that is similar to that for the
I2FPTH, ligand at 8 10.71 ppm. The characteristic proton signals
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TABLE-5
EXPERIMENTAL AND THEORETICAL FT-IR VALUES OF 4-(2-FLUOROPHENYL)-1-(2-OXOINDOLIN-3-
YLIDENE)THIOSEMICARBAZONE “I2FPTH,” AND ITS ZINC(II) COMPLEX*“Zn[(I2FPTH),]|”

Ligand Zn
Exp. 6-311 Intensity Exp. 6-311 Intensity ~ Signs
3313 3535 76 3364 3647 73 V(N7H12)
3187 3492 116 3180 3570 218 V(N21H)
3152 3438 92 - - = V(N17H)
3073 3237 10 3063 3239 138 Vv(C25H)
- 3199 15 - - = V(CH)ring C
- 3193 14 - 3204 20 V(CH)ring A
- 3191 15 - 3199 22 V(CH)ring C
- - - - 3187 14 V(CH)ring C
1690 1731 274 1697 1793 577 v(C11015), v(C13N16), 3(N17H19), S(N7H12)
1618 1663 82 1611 1662 203 S(N7H), v(CC)ring C
1659 130 1595 1635 81 S(N21H23), v(CC)ring A, §(CH)ring A
1594 1639 135 - - - Vv(C18N21), 3(N21H), v(CH)ring A
1571 1625 150 - - - S8(N17H), v(C13N16), 3(N7H)
1538 1590 737 1505 1595 75 O(N21H), v(C18N21), 8(CH)ring A
1530 1528 108 - - - S(N17H), S(N21H), v(C18S20), v(CH)ring A
- - - 1456 1575 819 S(N21H), v(C18N21), 8(CH)ring A
1470 1518 39 - - - S(N7H), (N21H), v(C18S20),v(CH)ring A, V(CH)ring C
- - - 1418 1514 78 O(N21H), 8(CH)ring A
- - - - 1499 136 S(CH)ring C
1463 1508 77 - - - S(N17H), S(N21H), 8(CH)ring A, 3(CH)ring C, v(C18S20)
1451 1495 60 - - - O(N17H), 8(CH)ring A, 8(CH)ring C
1407 1488 183 - - - d(N17H), & (CH)ring A, & (CH)ring C, v(C18N21)
- 1425 81 - - - S(N7H), v(C18N21), 8(CH)ring C
- - - 1383 1444 1287 V(N21C18N17), v(N16C13)
1344 1400 324 1441 2159 S(N21H), S(N17H), S(N7H), v(C18N21)
- - - 1336 1420 157 8 (N7H), 8 (CH)ring C
1320 1366 53 = = = 8 (N7H), & (CH)ring C
1296 1349 34 1293 1363 194 Vv(CCO)ring A , V(C22N21C18), 8(CH)ring C
1270 1324 48 - = = d(N17H), & (CH)ring C, v(CC)ring C, V(N7C11)
= - - 1277 1357 76 S(N7H), §(CH)ring C
= = = - 1322 40 O(N21H), 8(CH)ring A
- - - 1237 1299 124 S(N21H), 3(N7H), §(CH)ring A, V(N17N16)
1227 1294 24 - - - S(N17H), S(N7H), &(CH)ring C, v(N7CI11)
= = - 1214 1269 163 S8(CH)ring A, 3(N7H)
= = - - 1251 15 S(N7H), 8(CH)ring A, 8(CH)ring C
1207 1246 56 - - - S(N17H), S(N7H), §(CH)ring C
1198 1221 261 - - - S(N17H), S(N7H), &(CH)ring C, v(C24F27)
- 1218 130 - - - S(N17H), S(N7H), S(CH)ring A, v(N17C18), v(C24F27),
- - - 1169 1197 220 S8(CH)ring A, 3(CH)ring C, 3(N7H), S(N21H),
1134 1192 693 - - - 4 (CH)ring A, 3(N21H), §(CH)ring C, v(N17N16), &(ringB)
1100 1179 69 - - - S(CH)ring C, 8(N7H)
= = = - 1180 39 &(CH)ring C
= = = - 1177 48 S8(CH)ring A
- - - 1143 1167 446 S8(CH)ring A, 8(CH)ring C, (N7H), §(N21H), V(N17N16),
1030 1163 147 - - - &(C25H), 8(C26H), 8(C30H), d(N21H), 3(N17H), v(N17C18)
982 1123 12 1091 1126 99 &(CH)ring C
945 1112 6 1041 1116 83 &(CCO)ring A, 3(N21H),
864 1056 14 - 1057 22 S(CH)ring A,
- - - 1008 997 57 o(CH)ring C
817 963 46 - 832 150 v(S20C10)
788 832 - - - - V(C24F27), &(isatin)
= 808 = - - - o(CH)ring C, ® (N17H), ® (C11015)

of NH groups (H23 and H19) are seen at 8 11.26 ppm and 8  peak indicating that the hydrogen is deprotonated when the
12.86 ppm, respectively. The spectra for Zn[(I2FPTH),] shows ligand coordinates through S20 and N16 atoms. C9(H14)
the presence of first peak at 8 11.03 and the absence of second proton signal for I2FPTH, ligand seen at & 11.26 ppm shifts
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TABLE-6
'H NMR CHEMICAL SHIFTS FOR I2FPTH, OBTAINED FROM RHF AND DFT METHODS
RHF
321 321G 631 6311 6311+ 63114+ 63114+
12FPTH, Exp. G(d.p) (d.p) G(d.p) G(d.p) G(d.p) G(d.p) G(2d.2p)
Hi4 7.40 8.40 8.11 834 825 848 849 847
HI 6.94 7.00 7.05 7.08 6.95 7.10 7.09 7.06
HI0 7.37 7,51 7.58 7.40 7.25 7.41 7.41 7.50
HS 7.49 7.88 it 7.80 7.68 7.82 7.81 7.91
H29 7.70 9.92 9.69 10.03 9.85 10.00 9.97 1021
H31 7.32 7.25 7.17 7.51 7.39 7.55 7.54 7.62
H32 7.26 7.74 7.61 7.59 7.45 7.56 7.53 7.64
H33 7.10 7.52 7.47 7.47 7.29 7.40 7.39 7.51
H23 11.26 9.00 10.23 9.15 881 9.24 9.27 9.46
HI9 12.86 1141 1291 1132 10.95 1141 1141 11.75
HI2 10.71 5.65 6.38 6.45 621 6.68 6.69 6.85
R’ 0.654 0.864 0.654 0.639 0.676 0.684 0.693
B3LYP
Hi4 7.40 743 724 774 7.90 8.03 801 8.06
HI 6.94 6.38 6.18 6.72 6.86 6.87 6.83 7.00
HI0 7.37 6.90 6.71 7.15 725 7.32 7.31 7.41
HS 7.49 7.08 6.89 7.32 742 7.51 7.49 7.62
H29 7.70 9.14 8.94 9.84 10.00 10.06 10.03 10.36
H31 7.32 6.49 6.29 7.09 7.26 7.33 7.31 7.46
H32 7.26 6.96 6.75 7.24 7.35 7.30 7.33 7.46
H33 7.10 6.82 6.61 7.13 7.19 7.16 7.16 7.31
H22 11.26 9.57 9.35 10.04 9.98 10.26 1030 10.60
HI19 12.86 12.44 1222 1271 12.50 12.78 1276 13.27
S i) 10.71 5.71 551 6.51 6.54 6.82 6.85 7.07
R’ 0.852 0.854 0.831 0.808 0.825 0.830 0.830

The carbon signals at 178.7 ppm. (C=S) and (C=N) shift to 186.99 and 130.90 ppm, respectively 8.22 ppm after zinc(II) coordination.
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Fig. 3. (a-c) Experimental FT-IR graphics of 4-(2-fluorophenyl)-1-(2-oxoindolin-3-ylidene)thiosemicarbazone “I2FPTH,” and its zinc(II) complex

“Zn(12FPTH,)”
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TABLE-7
13C NMR CHEMICAL SHIFTS FOR I2FPT H, OBTAINED FROM RHF AND DFT METHODS
RHF
3-21G 3-21G* 6-31 6-311 6-311+ 6-3114++ 6-3114+4+2
12FPTH, Exp @p) (dp) G(d.p) G(d.p) G(d.p) G(d.p) G(2d.2p)
C9 130 119 119 126 132 133 133 131
C5 122 115 121 121 127 128 128 126
C3 132 127 126 134 141 142 142 141
C2 116 104 109 108 114 114 114 113
C4 143 134 136 143 150 151 151 150
C8 120 110 118 117 123 124 124 123
C18 133 128 128 129 133 134 134 134
Cl1 163 161 160 161 166 168 168 168
C18 178 188 164 192 197 199 199 197
C22 131 122 127 127 133 134 134 133
C25 158 141 150 148 155 156 156 155
C24 123 115 116 122 128 128 128 127
C26 112 110 113 114 120 121 121 119
C28 127 119 122 124 131 132 132 130
C30 125 117 120 124 130 131 131 129
R? — 0.872 0.967 0.947 0.946 0.946 0.946 0.953
B3LYP

C9 129.50 108.53 107.48 116.43 126.60 126.83 126.73 126.05
C5 121.71 110.19 109.16 118.20 128.48 129.06 129.51 128.21
C3 132.01 116.11 115.03 125.01 136.09 136.62 136.57 135.79
C2 116.45 98.59 97.56 105.46 114.20 114.68 114.62 113.69
C4 143.09 126.01 124.98 136.55 148.03 148.49 148.62 148.17
C8 120.32 107.90 106.92 117.60 127.26 128.17 128.35 127.94
C13 133.19 118.10 116.96 123.64 131.59 132.59 132.36 131.88
Cl1 163.11 149.03 147.97 155.82 166.26 168.87 168.88 168.88
C18 178.41 160.59 158.11 169.80 180.64 182.41 182.52 181.59
C22 130.61 116.27 115.38 124.26 134.65 135.41 135.30 134.88
C25 157.74 140.15 139.11 148.48 161.87 162.28 162.61 162.08
C24 122.90 105.64 104.59 114.46 124.12 123.85 124.62 124.42
C26 111.61 102.31 101.26 109.52 119.18 119.52 119.83 118.86
C28 126.94 111.45 110.39 119.39 129.99 130.52 130.84 129.66
C30 124.87 110.35 109.25 118.67 129.14 129.32 129.46 128.78
R? 0.872 0.967 0.947 0.970 0.970 0.968 0.969

TABLE-8
'"H AND "*C NMR CHEMICAL SHIFT FOR Zn[(I2FPTH),]
'H

Atom Exp. 6-311 G(dp) 6-311+ G(dp) Atom Exp 6-311Gdp)  6-311+G(d,p)
HI4 770 e 8.60 H31 770 7.23 7.22

H1 7.10 6.76 6.93 H32 7.36 7.53 7.58
HI0 7.26 7.21 7.25 H33 7.26 7.17 7.17

H5 7.01 6.60 6.4 H22 11.03 7.95 7.87
H29 8.00 10.35 10.54 H12 10.67 6.16 6.28

13C

C9 — 130.08 131.47 C18 — 182.80 184.29

C5 - 126.00 127.31 C22 - 133.99 134.36

C3 - 137.79 138.42 C25 - 160.95 161.51

C2 - 112.54 112.75 C24 — 130.43 131.59

C4 — 147.39 148.14 C26 — 118.35 118.80

C8 - 124.74 126.32 C28 - 131.44 132.12
Cl13 — 148.69 151.23 C30 — 128.80 129.33
Cl11 166.79 161.72 163.97 - — — —

downfield to 7.70 ppm in Zn[(I2FPTH),] complex due to the
nearby position to C=N group and may be the most affected
by the Zn-N bond formation".

UV study: The UV visible spectral values, excitation
energies and oscillator strengths for I2FPTH, ligand were
performed at the TDB3LYP levels by using 6-311G(d,p), 6-
311++G(d,p) and 6-311G(d,p) basis sets for Zn[(I2FPTH),]

complex, as shown in Table-9. The bands assigned experi-
mentally at 256 nm were found at 256 nm with the calculation
TDB3LYP/6-311G(d,p) due to transitions mainly from
HOMO-2 to LUMO+1 and from HOMO to LUMO+2.
HOMO-2 and HOMO consist of -7.5 % 2pz(N21)+ 7.5 %
2pz(N17)- 6.2 % 2pz(C30)+ 5.0 % 2pz(C22)- 4.5 % 3pz(C30)+
4.5 % 2pz(C24) and + 30.9 % 3pz(S20)+ 17.9 % 4pz(S20)-
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TABLE-9
UV VISIBLE SPECTRAL VALUES, EXCITATION
ENERGIES AND OSCILLATOR STRENGTHS FOR I2FPTH,
LIGAND AND Zn[(I2FPTH),] (nm)

Experiment 12FPTH,
370 nm (27027) 256 nm(39062)

6-311 G(d,p) 352[3.51(0.46) EA4] 256[4.85(0.18) E10]
6-311+G(d, p) 359[3.45(0.45) E4] 267[4.64(0.16) E9]
6-311++G(d,p) 359[3.45(0.45) E4] 267[4.64(0.16) E9]

Experi Zn[(I2FPTH),|

Xperiment
435 nm 252 nm

6-311 G(d,p) 462[2.68(0.24) E5] 264[4.69(0.32) E32]

6-311+G(d, p) 479[2.59(0.25) E3] 267[4.64(0.30) E32]

5.4 % 2pz(N21)-3.4 % 2pz(N17)-2.9 % 3pz(N21)- 2.9 %
2pz(C30). LUMO+1 and LUMO+2 consist of + 14.1 %
2pz(C18)- 9.1 % 2pz(C30)- 8.3 % 2pz(C22)-7.3 % 3pz(C30)+
6.7 % 3pz(C18)- 6.3 % 2pz(N17) and + 15.9 % 2pz(C2)+
15.6 % 2pz(C9)+ 12.7 % 3pz(C2)+ 12.2 % 3pz(C9)+ 6.1 %
2pz(C11)- 6.0 % 2pz(C4).

The bands assigned experimentally at 370 nm were
calculated with the calculation TDB3LYP/6-311G(d,p) as
352 nm due to transitions mainly due to from HOMO-3 to
LUMO consisting of + 17.5 % 2pz(C24)+ 14.1 % 2pz(C28)+
11.5 % 3pz(C28)- 11.3 % 2pz(C25)- 11.1 % 2pz(C26)- 9.1 %
3pz(C26) and + 16.5 % 2pz(N16)+ 8.3 % 3pz(N16)- 7.1 %
2pz(C13)+ 5.8 % 2pz(015)- 5.7 % 3pz(C13)- 5.6 %2pz(C11).

The bands of I2FPTH, ligand at 370 and 256 nm shifts to
435 and 252 nm in the spectrum of Zn[(I2ZFPTH),]. This
changes are due to the electron delocalization on thiosemi-
carbazone group upon coordination with Zn(II) ions.

Conclusion

The optimized geometrical parameters, bond lengths and
bond angles, were calculated theoretically by using the density
functional and RHF methods and compared with the experi-
mental data for studied molecule. Using of RHF method is
somewhat better than the B3LYP for all calculated basis sets
for the calculations of bond lengths. The highest correlation
coefficient for bond lengths was 0.9745 for RHF/6-311++
G(2d,2p). The agreement between the calculated and the
experimental bond angles is better than for the bond lengths.

Moreover, according to results of Fukui functions values
of I2FPTH,, it is found that sulphur atom contributes domi-
nantly to the HOMO, while nitrogen 16 atom play important
role for contribution to the LUMO.

The IR spectrum of I2FPTH, shows that bands at 3313
cm™ attributed to V(NH) cm™ vibration of the indole ring and
thiosemicarbazone moiety. It is also concluded from IR results
that a very strong band at 1690 and 1697 cm'assigned to (C=0)
stretching vibration of ligand and its Zn(II) complex. Besides,
the band corresponding to the stretching vibration of the C=S
group appears at 1200-1194 cm™.

According to results of the theoretical studies of 'H and
“C NMR chemical shifts for I2FPTH,, since C9(H14) proton
signal seen at 8 11.26 ppm shifts downfield to 7.70 ppm in
Zn[(I2FPTH),] complex due to the nearby position to C=N
group, it can be said that the Zn-N bond formation effects this
proton signal.

In addition, the bands assigned at 256 nm were found at
256nm with the calculation TDB3LYP/6-311G(d,p) due to
transitions mainly from HOMO-2 to LUMO+1 and from
HOMO to LUMO+2 due to the results of calculation of UV
visible spectral values, excitation energies and oscillator
strengths for I2FPTH, ligand.

In this study, results obtained theoretically are sensibly
consistent with the results of experimental study.
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