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ABSTRACT

Salicylic aldehyde-N(4)-(4-ethoxyanilinyl)thiosemicarbazone (H.L) was synthesized by
condensation between salicylic aldehyde (SA) and N(4)-(4-ethoxyanilinyl)thiosemicarbazide
(TSCZ) in presence of glacial acetic acid as a homogeneous catalyst in ethanol. As a result of
analysis by the surface response based on Box — Hunter model with the confidence level of 95%,
the expectable yield reached the highest point (around 68%) at 80°C for 10 minutes when
approximately 1 mole of SA reacted to equivalently 1 mole of TSCZ. The structure of H.L was
solved by IR, UV-Vis, 'H and *C NMR, HSQC, HMBC and HRMS, which indicated that the
thioketone is the predominant form of H.L in the solid phase. The UV-Vis data in variety of pH
showed that H,L was assigned to be a diacid with pKa; = 8.8 and pKa, = 13.6.

Keywords: salicylic aldehyde, N(4)-substituted thiosemicarbazone, antitumour, surface
response, acidic dissociation constant.

1. Introduction

Thiosemicarbazones have recently been taken into account by some scientists
because they can inhibit the growth of cancer cells (Domo6tor et al., 2018; El-Sawaf et al.
2018; Ramachandran et al. 2018; Deng, et al. 2018). To apply to the ingredient of
medicine, it is important to study the existing types of thiosemicarbazones. The survey is
first conducted by determining the acidic dissociation constant (pKa). The pKi is a
physicochemical parameter that has a significant influence on medicinal activeness such as
absorption and metabolism. For instance, the basic compound will be charged at
physiological pH and displays slower diffusion rate across biological membranes such as
the blood-brain barrier. Thus, measuring the pKa was a necessary task to rationalize the in
vitro and in vivo biological activity findings (Carlos and Dardonville, 2013; Zahari, et al.
2016; Yukseket al., 2004).

Salicylic aldehyde-N(4)-(4-ethoxyanilinyl)thiosemicarbazone (Hz.L) was synthesized
by condensing salicylic aldehyde (SA) with N(4)-(4-ethoxyanilinyl)thiosemicarbazide
(TSCZ). Beside structuring HzL by analysis of IR, UV-Vis, MS and NMR, its acidic
dissociation constants and the ability to prevent cancer cells from growing in human body
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were also carried out in this research. In addition, optimizing the synthesis process to find
the maximum yield was estimated by using a surface response model which is an effective
method to eliminate the limitations of the one-variable-at-a-time (OVAT) approach (He
and Zhang, 2017; Chen, et al., 2015; Dutta et al. 2015; Sabelaet al. 2014; Lang et al. 2006;
Long et al. 2017; Sarrai et al. 2016; Matlob et al. 2012; Somani et al. 2011; Tang et al.
2013).

2.  Experiments

2.1. Materials

Salicylic aldehyde was produced by Acros Organic. 4-ethoxyaniline and sodium
chloroacetate were purchased from Sigma-Aldrich, America. Carbon disulfide, hydrazine
hydrate, ammonia, ethanol, acetic acid glacial, hydrochloric acid, sulfuric acid, nitric acid,
sodium hydroxide, sodium borate decahydrate, monosodium phosphate dihydrate,
potassium chloride, and sodium acetate were prepared by Xilong Company, China.

FTIR analysis (TENSOR 27 — BRUCKER - Germany) was operated in the range of
4000-450 cm™ in compressed KBr pellets. UV-Vis measurement was done by using
Perkin-Elmer Lambda 25 UV-VIS SPECTRUM in the range of 200-700 nm in absolute
ethanol. The NMR spectra were investigated by using the equipment such as NMR Bruker
500 MHz (in DMSO-dg). ESI MS spectra were resulted from 1100-Series LC-MSD-Trap-
SL (in methanol).

2.2. Synthesis process of HoL

TSCZ was synthesized in an ordinary procedure based on Duong Ba Vu et al. (2016).
After SA and TSCZ were refluxed in hot ethanol at 80°C for 10 minutes with three drops
of concentrated HCI acid as a catalyst, the white solid separated and then was filtered,

washed, and recrystallized from ethanol.
H H
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Figure 1. Procedure of HzL synthesis
2.3. OVAT approach for maximum point of yield
All products produced by condensation reaction were purified from hexane:
ethylacetate = 6 : 4 by thin layer and column chromatography before being measured their
net weight and melting point.
- The dependence of the yield on acid catalysts: 1 mmol of SA and 1 mmol of TSCZ
were refluxed in hot ethanol at 80°C for 2 hours with three drops of concentrated HCI,
H>S0O4, HNO3, glacial CH;COOH, and free catalyst.
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- The dependence of the yield on reaction time: 1 mmol of SA and 1 mmol of TSCZ
were refluxed in hot ethanol at 80°C for 10, 20, 30, 60, 90, 120, and 150 minutes,
respectively, with three drops of concentrated HCI.

- The dependence of the yield on the SA: TSCZ molar ratio (R): SA and TSCZ with R
= 0.5, 0.8, 1.0, 1.2, and 1.5, respectively, were refluxed in hot ethanol at 80°C for 10
minutes with three drops of concentrated HCI.

- The dependence of the yield on temperature (T) of water in a bain-marie: 1 mmol of
SA and 1 mmol of TSCZ were refluxed in hot ethanol at 60, 70, 80, and 90°C, respectively,
for 10 minutes with three drops of concentrated HCI.

2.4. Response surface method (RSM) to optimize the yield of synthesizing H.L
Based on the results of OVAT, the levels for running surface response method were
estimated. They were presented in Table 1.
Table 1. Levels for RSM runs

-1 0 +1
Molar ratio 0.8 1.0 1.2
Temperature  70°C  80°C 90°C

The regression equation of yield depending on two factors such as molar ratio of SA:
TSCZ (R, x1) and temperature (T°C, x2) of water in a bain-marie was established by
applying Box — Hunter model to determine the theoretical maximum point of the yield (y).
The 13 runs were tabulated in Table 2.

Table 2. Results of RSM runs

No. xi X2 y Melting point (°C)
1 0.8 70 52.90 199.6
2 1.2 70 4417 194.7
3 0.8 90 50.20 197.6
4 1.2 90 47.66 196.9
5 0.7 80 5054 195.0
6 13 80  32.07 198.2
7 1.0 65 53.34 198.0
8 1.0 95 5131 199.0
9 1.0 80 64.94 200.0
10 1.0 80 65.48 196.0
11 1.0 80 64.40 195.0
12 1.0 80 71.63 197.2
13 1.0 80 69.96 196.2
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2.5. Determination of acidic dissociation constants of HoL

The buffered solutions whose pH was in the range of 3-14 were prepared according
to references (Delloyd’s Lab Tech resources reagents and Solutions, 2018). 10 mmg of
ligand was dissolved in 1.00 L of ethanol. 10 mL of ligand solution and 10 mL of buffers
were added into erlen 250 mL and the obtained solutions were measured values of
absorbance with wavelengths from 200 nm to 800 nm.
2.6. Biological activity: The assay of cytotoxicity was taken place according to authors
(lan A.Cree (ed), 2011).
3. Results and discussion
3.1. Estimation levels for RSM runs

Results of OVAT runs were showed in table 3, figures 2, 3, 4, and 5.

Table 3. The influence of acidic catalysts to the yield of HaoL

. F
Acid  HCl H,SOs HNOs CHsCOOH ' '¢¢

catalyst
yield% 7426 5320 365 3181 63.45

Table 3 provided the information that concentrated hydrochloric acid was the most
effective catalyst for the condensation between SA and TSCZ with around 74% pure HoL
that was produced. Meanwhile, concentrated sulfuric acid and nitric acid decreased the
yield of H.L due to their strongly oxidation. In addition, they are strong acids, so they
protonated not only oxygen atoms of SAs, but also nitrogen atoms of TSCZs, which
lessened nucleophilicity of amines to attack carbonyl groups. Although glacial acetic acid
has been an optimal catalyst for imine formation at pH = 4-6, it did not work in this study.
Therefore, concentrated HCI was chosen to be a catalyst for all following experiments.

N
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Figure 2. The dependence of the yield on reaction time
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Figure 2 showed that there are two maximum points at 10 minutes (about 71%) and
120 minutes (about 75%). When reaction time had lasted for 110 minutes, the yield
increased just a tiny minority. Because of insignificant differences and the effectiveness of
saving electric energy as well as experimental time, the compatible point was 10 minutes
for all next runs.
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Figure 3. The dependence of the yield Figure 4. The dependence of the yield
on molar ratios (R) on temperature (T) of water in bain-marie

It is similar to two presented factors, the maximum points for R and T were R = 1.0
and T = 80°C. The type of catalyst is a non-quantative element and 10-minute reaction is
highly appreciated for the optimal time. For those reasons, T and R were two factors that
were optimized by RMS according to Box — Hunter model. These factors and their levels
were coded in Table 1.

3.2. Establishment of the regression equation of the yield

For the first-order model with the confidence level of 95%, the regression equation
was established: y = 48.73. It meant that the yield was a constant function and independent
on R and T. This is in contradiction to results of previous experiments showed in figure 3
and 4, so the first order equation was eliminated.

For the second-order model with the confidence level of 95%, the regression
equation was constructed by Modde 5.0. Thirteen experiments were randomized to
minimize the effects of uncontrolled factors. Five replicates of zero level were taken places
to estimate experimental error. The statistical assessment of coefficients was listed in table
4. The ANOVA results of the quadratic model for the yield were tabulated in Table 5.
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Table 4. The statistical assessment of coefficients

Yield Coeff. SC  Std. Err. p value Conf. Int(x)
Xo 67.28 1.50965 < 0.0001 3.56981
X1 -4.67 1.19358 0.0058 2.8224
X2 -0.26 1.19358 0.8337* 2.8224

X1*X1 -12.51 1.28015 < 0.0001 3.02711

X2 X2 -7.00 1.28015 0.0009 3.02711

X1*X2 1.55 1.68785 0.3897* 3.99117

* the value was not significant

For x2 and xixz, the p values were greater than 0.05, so they were not significant;
whereas x1, x12 and x2? with p values that were much far less than 0.0001 were highly
significant on the yield of H.L. The regression equation was built up as followed:

y =67.28 - 4.76x,- 12.51x7- 7.00x; (*). It indicated that interaction between R and T was

not affected the yield. The coefficients of linear and quadratic terms in (*) were negative,
which meant the raise of R or T decreased the yield. The change of R was more effective
than the change of T. That the large correlation coefficient R? valued 0.949 indicated that
94,9% response variability can be interpreted by this model. That the adjusted R? was
0.912 was a good relation between experimental and predicted values. As a result of those
R? values, this model was reliable to predict the yield of H.L. R? of the model is 0.949;
adjusted R? = 0.912; RSD = 3.38%; prob, probability. The degree of precision and
reliability of the experiments was confirmed by RSD (coefficient of variation). The
relatively lower value of CV (3.38%) showed higher precision and reliability. This was fit
of the model.
Table 5. ANOVA results of the quadratic model for the yield

Source Sum of squares Degrees of Mean squares
freedom
Residual 79.767 7 11.3953
Lack of fit 36.6522 3 12.2174
Pure error 43.1149 4 10.7787
Total 41279 13 3175.31

R? of the model is 0.949; adjusted R? = 0.912; RSD = 3.38%; prob, probability

The Modde 5.0 was used to sketch 3D surface response and 2D contour plots of (*)
(figure 5 and 6, respectively). The optimized point was determined the derivative of each
variable. The anticipated yield was maximum value (approximately 68%) when R = 1.0
and T = 80°C.

10
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Figure 5. 3D surface response of (*)

3.3. Structural characteristics and antitumour assay of HoL

Yield

74 76 78 820 B2 84 8 B8 90
Temperature

Figure 6. 2D contour plots of (*)

[HaL] CisHi7N3O2S: MS(+) [m/z] 316; IR (v, em%):3393, 3263, 3216, 2983, 1536,
1514, 1476, 1330, 1083, 949; 'H-NMR (3, ppm, thioketone):1.34, 4.02, 6.8, 6.81, 6.91, 7.2,
7.39, 8.05, 8.47, 9.91, 11.64; 3C-NMR (5, ppm, thioketone):14.6, 63.1, 113.7, 116.0,

119.2, 120.3, 127.0, 127.3, 131.1, 131.9, 139.8, 156.1, 156.5, 176.1; UV-Vis (Amax, NM):

226, 330

In MS spectrum, there was a molar ion peak [M+H]" with m/z 316. It matched the
predictable formula of H,L. In IR spectra, wavenumber at 3393 cm™ was a medium broad
band assigned to stretching vibration of O-H of phenol group. The stretching vibrations of
N-H in TSC skeleton were also observed at 3263 and 3216 cm™. Three absorption bands
that were striking patterns of TSC were stretching vibration of C=N, N-N, and C=S that
appeared at 1536, 1083 and 1330 cm™. Moreover, there was no band of S-H recorded at

2500 cm™. In *C NMR, C3 had a resonance signal at 176.0 ppm, which was assigned to

C=S. Therefore, H.L existed thioketone in both solid state and solution. The features of

protons in *H NMR (Figure 7) showed that H.L was synthesized successfully with

thioketone structure.
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Figure 7. The chemical shifts of HoL protons
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Table 6. The cytotoxic assay of HoL

Cell sample Cell inhibition rate (%) ICs0 (Ug/mL)
Hep — G2 6.5+0.5 > 50
A549 15+13 > 50
HelLa 13.8+0.9 > 50

For three tumour cells such as Hep-G2 (liver cancer cell), A549 (lung cancer cells),
and HeLa (cervical cancer cells), HoL was able to prevent distorted DNA from the
translation at ICso that was over 50 pg.mL™. Its bioactivity was expected to improve
significantly when HzL coordinated metal ions for complex formation.

3.4. Determination of pKa; and pKa; of HzL
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Figure 8. UV-Vis spectra of H,L at various pH Figure 11. The deprotonation of H,L

The method applied to determine acidic dissociation constants was based on (M.
Meloun, L. Pilafova, M. Javirek, and T. Pekarek, 2018). pH of H.L solution was a
function of absorbance of species existing in solution. The relation was expressed by the
following equation:
(AHZL_Ai)

log
(Ai 'AHL-)

= pH,- pKa, where A(H:L) and A(HL") was recorded at pH 2.95 and
(AHZL_Ai)
(A-A,L)

line was sketched from data of pH 6.00-12.00 at 324.8 nm. The regression equation was
established: y = 0.3481x — 3.0661. As a result, pKa; = 8.80. The same approach was
applied to estimate pKa. A standard linear line was sketched from data of pH 12.00-14.00
at 225.0 nm where A(HL") and A(L? ) was recorded at pH 12.00 and 14.00, respectively.
The regression equation was established: y =1.0392x — 14.122. As a result, pKaz = 13.6.
pKa: was assigned to proton dissociation of O-H phenol group because negative
charge on phenolate ions was delocalized by resonance effect, which caused the most

12.00 respectively. When log =0, pH = pKas. For the pKa;, a standard linear

12
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acidic strength for phenol group. In basic solution, tautomerization carried out to covert the
thioketone to the thiol. Therefore, pKa, was predicted to proton dissociation of the thiol. It
led to the increase the length of the conjugated system in H.L skeleton. It also resulted in
the bathochromic shift of n*«—m transition bands.
4.  Conclusion

The conditions for synthesizing HzL was optimized by the quadratic equation of
Box-Hunter model. The predicted yield was around 68% when equivalent moles of
SA and TSCZ were refluxed at 80°C for 10 minutes in presence of concentrated HCI
as a homogeneous catalyst. H.L was a weak diacid in solution with pKa; = 8.8
and pKa; = 13.6.
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SALICYLIC ALDEHYDE-N(4)-(4-ETHOXYANILINYL) THIOSEMICARBAZONE:
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TOM TAT

Salicylic aldehyde-N(4)-(4-ethoxyanilinyl)thiosemicarbazone (H.L) duoc téng hop bdang
phan ing ngung tu giga salicylic aldehyde (SA) va N(4)-(4-ethoxyanilinyl)thiosemicarbazide
(TSCZ) Véi xiic tac acetic acid bang trong ethanol. Bang phwong phdp quy hoach thuc nghiém bdc
2 theo mo hinh Box — Hunter véi dé tin cdy 95%, hiéu sudt tong hop HoL dat t6i wu (khodng 68%)
tai 80°C trong 10 phit va ti 1é mol SA: TSCZ can dung 1& 1:1. Cdu tric cia HoL duoc xdc dinh
bang cdc phwong phap phé IR, UV-Vis, *H, *C NMR, HSQC, HMBC va HRMS, trong dé HoL ton
tai chii yéu ¢ dang thioketone trong pha ran. Phan tich trdc quang theo cic méi trong pH khéc
nhau cho thay HoL c6 hai hang sé phan li acid lan luot 12 pKa; = 8.8 va pKa, = 13.6.

Tir khoa: salicylic aldehyde, dan xuat thé N(4)- thiosemicarbazone, khang u, quy hoach thyc
nghiém, hing sb phan li acid.
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