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Abstract

Eleven vanillin derivatives was synthesized, characterized successfully and their antibacterial and
anticandidal properties were investigated on seven bacterial species and four candida species. These
bacterial species are Staphylococcus aureus, Enterococcus faecalis, Listeria monocytogenes, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Escherichia coli, and Bacillus subtilis and candidal species are
Candida albicans, Candida glabrata, Candida krusei and Candida parapsilosis. Most of the synthesized
compounds were showed good activity against studied microorganisms compared with Chloramphenicol.
Compounds 2c, 2d and 2k were exhibited remarkable antibacterial activities especially on Escherichia coli.
In addition, Klebsiella pneumoniae, Pseudomonas aeruginosa and Bacillus subtilis were found to be the
most susceptible species amongst the investigated microorganisms.
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1.

Designing new effective anti-bacterial agents have been
the most important issue due to the improving bacterial
resistance because of high antibiotic consumption [1-3].
The synthesis of natural products and their derivatives is
evolving an interesting research area [4, 5]. Amongst
these natural products, vanillin (4-hydroxy-3-methoxy
benzaldehyde) is one of the most challenging molecule
due to possesses several biological properties including;
anti-microbial,  anti-candidal, anti-oxidant, anti-
carcinogenic, anti-angiogenic, anti-mutagenic etc. Zhu
and Sun et al. [6] were synthesized two vanillin
derivatives and characterized their structures mainly with
single crystal x-ray technique and tested their
antibacterial activities on Bacillus subtilis, Escherichia
coli, Pseudomonas aeruginosa and Staphylococcus
aureus by MTT assay. The synthesized compounds were
found to be effective on studied microorganisms. Naik
and Harini et al. [7] were investigated the antimicrobial
activity of some piperidin-4-one oxime esters carrying
vanillin part on some bacteria and fungi, including
Candida albicans MTCC 3017, and the results showed
that, compounds having -Br and -NO- groups found to be
have  moderate  growth inhibitory  activities.
Devasagayam and Kamat et al. [8] were investigated the
anti-oxidant activity of natural vanillin on rat liver
mitochondria against oxidative damage. According to the
results, 2.5 mmol/L vanillin concentration found to be
have significant protective property from oxidation of
proteins and peroxidation of lipids in hepatic
mitochondria. Hassan and Naz et al. [9] were investigated
the binding mechanism of vanillin to
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calcium/calmodulin-dependent  protein  kinase IV
(CAMKIV), which is associated with different types of
cancer and neurodegenerative diseases. From the results,
vanillin strongly bonded to the active site of the
CAMKIV and it inhibits the proliferation of cancer cells.
Park and Jung et al. [10] were studied the anti-angiogenic
activity of ethyl vanillin (EVA) on chorioallantoic
angiogenesis. They found that, the anti-angiogenic
activity of EVA depends on its suppressive effect on the
nitric oxide production by decreasing the reactive oxygen
species. King and Mure et al. [11] were studied the anti-
mutagenic activity of vanilin against spontaneous gene
mutations in mammalian cells. They found that, long
term treatment of vanillin with HCT116 cells between
0.5-2.5 mM concentrations, reduced the spontaneous
HPRT mutant fraction between 19-73 % values.

Imines are well known type of molecules consist of
azomethine (C=N) bonds have numerous application
areas [12-14]. Several imine compounds can be
synthesized from hydrazides (called hydrazones) and
have potential biological activities according to the
literature. Zayed and Zayed et al. [15] were synthesized
bisaldehyde-hydrazide macrocyclic schiff bases and
tested against Escherichia coli, Proteus vulgaris,
Bacillus subtilis and Staphylococcus aureus bacteria.
Synthesized compounds found to be active against
studied microorganisms. Ceylan [16] was synthesized
several Mannich bases using nicotinic acid hydrazide and
compounds were tested for their anti-microbial,
antilipase and antiurease activities. According to the
study, excellent anti-microbial activities was observed.
Maja and Milan et al. [17] were obtained different schiff
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bases derived from dipicolinic acid and investigated their
antioxidant activity. Di-hydrazide compounds showed
higher antioxidant activity than mono hydrazides and
even better than standards that used in the investigation.

In the light of all these literature information, we were
synthesized eleven new hydrazone derivatives from
trifluoromethyl benzyl substituted vanillin and tested
their antibacterial activities against seven bacterial
species including Staphylococcus aureus (ATCC 25923),
Enterococcus faecalis (ATCC 29212), Listeria
monocytogenes (ATCC 1911), Klebsiella pneumoniae
(ATCC 700603), Pseudomonas aeruginosa (ATCC
27853), Escherichia coli (ATCC 35218), and Bacillus
subtilis (NRRL B478) and four candida species including
Candida albicans (ATCC 90028), Candida glabrata
(ATCC 90030), Candida krusei (ATCC 6258), and
Candida parapsilosis (ATCC 22019).

2. Materials and Methods
2.1. Chemistry

All of the used chemicals and reagents purchased as
analytical grade and used without further purification.
HR-MS measurements were recorded on Schimadzu
LCMS-IT-TOF  spectrometer.  Nuclear —Magnetic
Resonance (*H-NMR and **C-NMR) measurements were
recorded on Bruker DPX FT spectrometer. FT-IR spectra
were recorded with Perkin Elmer Spectrum 100
Spectrometer with KBr pellets. Elemental analysis was
carried out using Elementar Vario EL Il microanalyzer
device. Melting points were determined in a Stuart SMP-
30 apparatus.

2.2. General synthesis of vanillin derivatives (2a-I)

Twelve new vanillin derivatives were synthesized in two
steps. Compounds synthesis procedure was depicted in
Figure 1.

2.3. Synthesis of 3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzaldehyde (compound 1)

Compound 1 was synthesized according to the literature
[18]. Briefly, 4-hydroxy-3-methoxy benzaldehyde (1 eq.)
and K,COs (1.5 eq.) were stirred in 20 mL dimethyl
formamide (DMF) for 30 minutes at room temperature.
Afterwards, 4-trifluoromethylbenzyl bromide (1 eq.)
added drop by drop to the solution, then the solution was
kept constant stirring for 12 hours under the same
temperature. After the reaction completed, the solution
was poured in an ice bath and extracted with
dichloromethane three times, then diluted NaOH and
brine. Organic phases were collected and dried with
MgSOs, and crystallized. Product was directly used in the
second step.

2.4. Synthesis of vanillin derivatives (2a-k)

The condensation reaction between compound 1 and
hydrazides with different substituted groups resulted in
eleven new vanillin derivatives in ethanolic solution.
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To the solution of 3-methoxy-4-((4-(trifluoro methyl)
benzyl)oxy)benzaldehyde (1 eg., 0.97 mmol) in 10 mL
ethanol, the ethanolic solution of substituted hydrazide (1
eq., 0.97 mmol) was added drop by drop over 10 minutes.
Then, 0.5 mL conc. acetic acid (CH3COOH) was added
slowly to the final solution then heated to 80 °C with
constant stirring. Precipitation was observed between 5
minutes to 4 hours according to the hydrazide type.

(E)-N’-(3-methoxy-4-((4-(trifluoromethyl) benzyl) oxy)
benzylidene)benzohydrazide (2a)

M.p.: 224 °C Yield: 58%. H-NMR (400 MHz, d°-
DMSO): 11.74 (s, 1H), 8.35 (s, 1H), 7.87(d, 2H), 7.75 (d,
2H), 7.65 (d, 2H), 7.52 (m, 3H), 7.36 (s, 1H), 7.17 (d,
1H), 7.08 (d, 1H), 5.24 (s, 2H), 3.83 (s, 3H). *C-NMR
(100 MHz, d5-DMSO): 55.99, 69.34, 108.92, 113.58,
122.16, 125.76, 125.79, 125.83, 128.01, 128.07, 128.56,
128.91, 132.09, 132.98, 142.17, 142.15, 148.27, 149.79,
163.43. FT-IR: 3235, 3077, 1645, 1609, 1509 cm™. Anal.
Calc. (%) for CasHigF3N2O3: C:64.48; H:4.47; N:6.54,
Found: C:64.56; H:4.29; N:6.48, HR-Mass [M+H]*:
429.1423 m/z.

(E)-2-chloro-N’-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide(2b)

M.p.: 217 °C Yield: 49%. 'H-NMR (400 MHz, db-
DMSO): 11.81 (s, 1H), 8.34 (s, 1H), 8.05 (s, 1H), 7.87
(d, 2H), 7.76 (t, 2H), 7.65 (d, 2H), 7.48 (t, 1H), 7.36 (s,
1H), 7.16 (d, 1H), 7.08 (d, 1H), 5.24 (s, 2H), 3.82 (s, 3H).
1B3C-NMR (100 MHz, d’>-DMSOQ): 56.02, 69.36, 108.99,
113.61, 122.17, 122.32, 125.75, 125.79, 125.83, 127.23,
127.90, 128.56, 130.54, 131.20, 134.83, 136.15, 142.15,
148.82, 149.82, 149.92, 161.86. FT-IR: 3222, 3048,
1659, 1540, 1514 cm®. Anal. Calc. (%) for
C23H1sCIFsN,Os:  C:59.68; H:3.92; N:6.05, Found:
C:59.72; H:3.98; N:6.11, HR-Mass [M+H]*: 463.1026
m/z.

(E)-3-bromo-N’-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2c)

M.p.: 185 °C Yield: 63%. H-NMR (400 MHz, dS-
DMSO): 11.81 (s, 1H), 8.34 (s, 1H), 8.05 (s, 1H), 7.87
(d, 1H), 7.76 (t, 3H), 7.65 (d, 2H), 7.47 (t, 1H), 7.36 (s,
1H), 7.17 (d, 1H), 7.08 (d, 1H), 5.24 (s, 2H), 3.82 (s, 3H).
13C-NMR (100 MHz, d5-DMSOQ): 56.02, 69.36, 108.99,
133.61, 122.17, 122.32, 125.75, 125.79, 125.83, 127.23,
127.90, 128.56, 130.54, 131.20, 134.83, 136.15, 142.15,
148.82, 149.82, 149.92, 161.86. FT-IR: 3228, 3064,
1659, 1509, 1326 cm?. Anal. Calc. (%) for
C23H138I’F3N203: C5445, H358, N552, Found:
C:54.26; H:3.48; N:5.68. HR-Mass [M+H]*: 507.0519
m/z.
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Figure 1. The synthesis procedure of compounds 2a-k.

(E)-3-hydroxy-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2d)

M.p.: 255 °C Yield: 57%. IH-NMR (400 MHz, db-
DMSO): 11.65 (8s, 1H), 9.74 (s, 1H), 8.33 (s, 1H), 7.75
(d, 2H), 7.65 (d, 2H), 7.34 (s, 2H), 7.26 (d, 2H), 7.14 (d,
1H), 7.07 (d, 1H), 6.93 (s, 1H), 5.24 (s, 2H), 3.82 (s, 3H).
BC-NMR (100 MHz, d’-DMSO0): 55.99, 69.34, 108.90,
113.58, 114.90, 118.47, 119.01, 122.11, 125.80, 125.84,
128.12, 128.56, 128.65, 129.95, 135.38, 142.18, 148.11,
149.74, 149.78, 157.82, 163.43. FT-IR: 3135, 2955,
1649, 1504, 1322 cm?™. Anal. Calc. (%) for
Ca3HigF3N2O4:  C:62.16; H:4.31; N:6.30. Found:
C:62.09; H:4.28; N:6.42. HR-Mass [M+H]*: 445.1359
m/z.

(E)-N"-(3-methoxy-4-((4-(trifluoromethyl)benzyl)oxy)
benzylidene)-4-nitrobenzohydrazide (2e)

M.p.: 205 °C Yield: 61%. 'H-NMR (400 MHz, dS-
DMSO): 12.02 (s, 1H), 8.34 (d, 3H), 8.10 (d, 2H), 7.75
(d, 2H), 7.65 (d, 2H), 7.37 (s, 1H), 7.20 (d, 1H), 7.09 (d,
1H), 5.25 (s, 2H), 3.83 (s, 3H). *C-NMR (100 MHz, d°-
DMSO0): 56.02, 69.34, 109.02, 113.58, 122.45, 124.10,
125.80, 125.84, 127.75, 128.57, 128.98, 129.56, 139.65,
142.13, 149.39, 149.63, 149.81, 150.02, 161.77. FT-IR:
3231, 3074, 1652, 1514, 1327 cm™™. Anal. Calc. (%) for
CxHisF3sN3Os:  C:58.35; H:3.83; N:8.88. Found:
C:58.27; H:3.88; N:9.01. HR-Mass [M+H]*: 474.1279
m/z.

(E)-N"-(3-methoxy-4-((4-(trifluoromethyl)benzyl)
oxy)benzylidene)-4-methylbenzohydrazide (2f)

M.p.: 234 °C Yield: 64%. H-NMR (400 MHz, d°-
DMSO): 11.66 (s, 1H), 8.35 (s, 1H), 7.77 (m, 4H), 7.65
(d, 2H), 7.35 (s, 1H), 7.29 (d, 2H), 7.15 (d, 1H), 7.07 (d,
1H), 5.24 (s, 2H), 3.82 (s, 3H), 2.34 (s, 3H). *C-NMR
(100 MHz, d5-DMSOQ): 21.46, 55.99, 69.34, 108.90,
113.59, 122.09, 125.80, 125.83, 128.02, 128.14, 128.55,
128.64, 129.42, 131.08, 142.12, 142.17, 148.00, 149.73,
149.79, 163.23. FT-IR: 3222, 3045, 1645, 1509, 1328
cml, Anal. Calc. (%) for CaH2iFsN2Os: C:65.15;
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H:4.78; N:6.33. Found: C:65.18; H:4.62; N:6.40. HR-
Mass [M+H]*: 443.1571 m/z.

(E)-4-(tert-butyl)-N"-(3-methoxy-4-((4-(trifluoro
methyl)benzyl)oxy)benzylidene)benzohydrazide (2g)

M.p.: 180 °C Yield: 59%. 'H-NMR (400 MHz, dS-
DMSO): 11.67 (s, 1H), 8.35 (s, 1H), 7.81 (d, 2H), 7.74
(d, 2H), 7.65 (d, 2H), 7.50 (d, 2H), 7.36 (s, 1H), 7.14 (d,
1H), 7.07 (d, 1H), 5.24 (s, 2H), 3.82 (s, 3H), 1.28 (s, 9H).
13C-NMR (100 MHz, d®-DMSO): 31.34, 35.12, 55.98,
69.36, 108.95, 113.60, 122.07, 125.67, 125.78, 126.01,
127.88, 128.15, 128.54, 128.66, 131.22, 142.16, 148.03,
149.74, 149.79, 154.95, 163.37. FT-IR: 3112, 3045,
1647, 1516, 1336 cm™. Anal. Calc. (%) for
CorH27FsN2Os:  C:66.93; H:5.62; N:5.78. Found:
C:67.08; H:5.67; N:5.71. HR-Mass [M+H]": 485.2044
m/z.

(E)-4-fluoro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2h)

M.p.: 188 °C Yield: 48%. H-NMR (400 MHz, dS-
DMSO): 11.76 (s, 1H), 8.34 (s, 1H), 7.95 (m, 2H), 7.74
(d, 2H), 7.65 (d, 2H), 7.33 (m, 3H), 7.17 (d, 1H), 7.07 (d,
1H), 5.24 (s, 2H), 3.82 (s, 3H). *C-NMR (100 MHz, d°-
DMSO0): 55.99, 69.35, 108.95, 113.58, 115.78, 115.99,
122.18, 125.74, 125.78, 125.82, 125.86, 128.01, 128.54,
130.67, 130.76, 142.15, 148.37, 149.79, 162.35. FT-IR:
3241, 3087, 1649, 1505, 1328 cm™. Anal. Calc. (%) for
Ca3Hi1sFsN203:  C:61.88; H:4.06; N:6.28. Found:
C:61.96; H:3.98; N:6.35. HR-Mass [M+H]*: 447.1323
m/z.

(E)-4-bromo-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2i)

M.p.: 218 °C Yield: 42%. 'H-NMR (400 MHz, d°-
DMSO0): 11.80 (s, 1H), 8.34 (s, 1H), 7.83 (d, 3H), 7.73 (t,
2H), 7.65 (d, 3H), 7.36 (s, 1H), 7.17 (d, 1H), 7.08 (d, 1H),
5.24 (s, 2H), 3.82 (s, 3H). *C-NMR (100 MHz, d°-
DMSO): 56.01, 69.36, 108.98, 113.59, 122.26, 125.16,
125.80, 125.84, 127.95, 128.56, 128.98, 130.12, 131.94,
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133.02, 142.15, 148.63, 149.80, 149,87, 162.46. FT-IR:
3225, 3067, 1645, 1513, 1327 cm™. Anal. Calc. (%) for
C23H1sBrFsN2Os:  C:54.45; H:3.58; N:5.52. Found:
C:54.38; H:3.69; N:5.67. HR-Mass [M+H]*: 507.0522
m/z.

(E)-4-chloro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2j)

M.p.: 209 °C Yield: 61%. H-NMR (400 MHz, dS-
DMSO0): 11.80 (s, 1H), 8.35 (s, 1H), 7.89 (t, 2H), 7.75 (d,
2H), 7.65 (d, 2H), 7.57 (d, 2H), 7.35 (s, 1H), 7.18 (d, 1H),
7.07 (d, 1H), 5.24 (s, 2H), 3.83 (s, 3H). 3C-NMR (100
MHz, d®*-DMSO): 56.00, 69.35, 108.96, 113.58, 122.24,
125.79, 125.83, 127.96, 128.56, 128.66, 129.00, 129.95,
132.67, 136.90, 142.15, 148.60, 149.80, 149.86, 162.33.
FT-IR: 3228, 3071, 1645, 1512, 1328 cm™. Anal. Calc.
(%) for Ca3HisCIF3N2O3: C:59.68; H:3.92; N:6.05.
Found: C:59.78; H:4.05; N:6.15. HR-Mass [M+H]*:
463.1020 m/z.

(E)-3-methoxy-N’-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2Kk)

M.p.: 175 °C Yield: 53%. H-NMR (400 MHz, dS-
DMSO): 11.69 (s, 1H), 8.35 (s, 1H), 7.75 (d, 2H), 7.65
(d, 2H), 7.41 (m, 4H), 7.14 (m, 3H), 5.24 (s, 2H), 3.82 (s,
3H), 3.80 (s, 3H). B®C-NMR (100 MHz, d5-DMSO):
55.77, 56.00, 69.35, 108.96, 113.26, 113.60, 117.78,
120.21, 122.15, 125.80, 125.84, 128.05, 128.56, 128.65,
128.97, 130.10, 135.36, 142.16, 148.38, 149.79, 159.62,
163.15. FT-IR: 3219, 3065, 1637, 1540, 1327 cm™. Anal.
Calc. (%) for CaqH21F3N2O4: C:62.88; H:4.62; N:6.11.
Found: C:62.99; H:4.59; N:6.15. HR-Mass [M+H]*:
459.1526 m/z.

2.5. Microorganisms

The following organisms were used in this study:
Staphylococcus aureus (ATCC 25923), Enterococcus
faecalis (ATCC 29212), Listeria monocytogenes (ATCC
1911), Kilebsiella pneumoniae (ATCC 700603),
Pseudomonas aeruginosa (ATCC 27853), Escherichia
coli (ATCC 35218), and Bacillus subtilis (NRRL B478).
The bacteria were in liquid Nutrient Broth (Merck) for
fresh pure cultures. For Candidal apoptosis test, Candida
albicans (ATCC 90028), Candida glabrata (ATCC
90030), Candida krusei (ATCC 6258) and Candida
parapsilosis (ATCC 22019) were grown in Saboraud
Dextrose Broth (Merck).

2.6. Inoculum

To obtain accurate and reproducible results, the bacterial
cell number used in susceptibility tests is very important.
The optimum final inoculum size recommended as 5x10°
colony-forming units per mL. For that reason, all inocula
were set 0.5 McFarland standard with McFarland Tube
Densitometer for accurate and reproducible results.

2.7. Microdilution Broth Assays

Vanillin  derivatives dissolved in DMSO and
concentrations were prepared on ranging from 800 to

90

1.56 uL/mL. The prepared concentrations were
distributed in duplicate 100 uL for each well on the 96-
well plate. After that, fresh pure bacterial and Candida
cultures which set 0.5 McFarland standard in Mueller
Hinton Broth (Sigma-Aldrich) and Saboraud Dextose
Broth (Merck) were added on concentrations for 100 pL.
with adding the bacterial or Candida cultures, final
concentrations for Vanillin derivatives were ranging
from 800 to 1.56 uL/mL. At the end of this process, all
plates were incubated for 24 hours.

2.8. Candidal Apoptosis Tests

Following the MIC value were determined by incubation
with four different Candida strains and the flow
cytometer apoptosis test were performed with Annexin
V-PI to evaluate whether these values were causing
apoptosis. For this, Candida strains and compounds were
incubated in 96-well plates for 24 hours at the indicated
concentrations. At the end of the incubation period,
centrifuged and depleted cultures were incubated in the
dark with 5 uL Annexin V and 5 pL PI for 20 min. After
incubation, cultures were washed once with PBS. Then,
1x10° cells were counted in flow cytometry (Accuri C6-
BD) device and percentage of apoptotic, necrotic
Candida were determined as percentage and were shown
in a table [19].

3. Results and Discussion
3.1. Characterization of the compounds

The condensation reaction between aryl substituted
hydrazides and trifluoromethylbenzyl substituted
vanillin resulted in eleven different target compounds.
Obtained yields of compounds were found to be between
42-65 %. All compounds were successfully characterized
with 'H-NMR, BC-NMR, FT-IR, Elemental Analysis
and HR-Mass techniques. Spectroscopic data is given in
experimental section.

From the FT-IR spectra, compounds carbonyl group
(C=0) frequencies was observed between 1637-1659 cm’
! Azomethine (-CH=N-) group frequencies was
observed between 1609-1504 cm. Peaks was observed
between 3254-2955 cm are related to aromatic (C-H)
vibrations.

In the *H-NMR spectra of compounds, singlet signals
which was observed around 12.02-11.65 ppm are related
to the -NH- protons of hydrazide moiety. Peaks which
was observed between 8.35-8.22 ppm are related to
azomethine group (-CH=N-) proton as a singlet.
Aromatic protons (C-H) which were appeared in the
region of 8.10-7.07 ppm as doublet, triplet or multiplets.
Methylene (-CH,-) protons singlet peaks observed at 5.24
ppm. Methoxy part (-OCHs) singlet proton peaks
appeared around 3.82 ppm. Additionally, hydroxy! group
(-OH) peak appeared at 9.74 ppm, methoxy group (-
OCHpg) peak appeared at 3.83 ppm, tert-butyl (-CCHa)
proton peak appeared at 1.28 ppm and methyl proton (-
CHs) peak appeared at 2.34 ppm are related with
compounds 2d, 2k, 2g and 2f respectively. Aromatic and



//

)

Celal Bayar University Journal of Science
Volume 15, Issue 1, 2019, p 87-94
Doi: 10.18466/cbayarfbe.475456

H. Unver

aliphatic **C-NMR signals found to be in agreement with
suggested structures for compounds 2a-k.

From the mass spectra, peaks observed between
507.0522-429.1423 m/z values supported the expected
structures of [M+H]* molecular ions of synthesized
compounds.

Elemental analysis values of the compounds were found
to be acceptable ranges.

3.2. Antimicrobial Activity Results

The antimicrobial activities of synthesized compounds
were tested on microorganisms including Staphylococcus
aureus (ATCC 25923), Enterococcus faecalis (ATCC
29212), Listeria monocytogenes (ATCC 1911),
Klebsiella pneumoniae (ATCC 700603), Pseudomonas
aeruginosa (ATCC 27853), Escherichia coli (ATCC
35218), and Bacillus subtilis (NRRL B478) and on four
Candida species including Candida albicans, Candida
glabrata, Candida krusei, and Candida parapsilosis. The
results are given in Table 1.

Table 1. Antibacterial activity results of compounds 2a-k (uL/mL).

Microorganisms & Chemicals 2a | 2b 2c 2d 2e 2f 29 2h 2i 2j 2k | Cont.*
Staphylococcus aureus (ATCC 25923) 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 100
Enterococcus faecalis (ATCC 29212) 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 200
Listeria monocytogenes (ATCC 1911) 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 | 400 100
Klebsiella pneumoniae (ATCC 700603) | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 100
Pseudomonas aeruginosa (ATCC 27853) | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 100
Escherichia coli (ATCC 35218) 800 | 400 | 100 | 100 | 400 | 200 | 200 | 200 | 200 | 200 | 100 100
Bacillus subtilis (NRRL B478) 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 400 | 400 | 400 100
*Chloramphenicol was used as a positive control.

According to the antibacterial activity results, obtained
from minimum inhibitory concentration tests (MIC),
many of the compounds found to be active against the
identified microorganisms compared to
Chloramphenicol. Compounds 2c, 2d and 2k exhibited
remarkable antibacterial activity especially
on Escherichia coli (ATCC 35218). These compounds

(2c, 2d and 2k) showed equal activity with standard drug
(chloramphenicol). In addition to this, E. coli (ATCC
35218); Klebsiella pneumoniae (ATCC
700603), Pseudomonas aeruginosa (ATCC 27853) and
Bacillus subtilis were determined as the most susceptible
species among the investigated microorganisms to the
studied compounds.

Table 2. Anticandidal activity results of compounds 2a-k (uL/mL).

Microorganisms & Chemicals 2a | 2b 2c 2d 2e 2f 29 2h 2i 2j 2k | Control*
Candida albicans (ATCC 90028) 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 100
Candida glabrata (ATCC 90030) 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 100
Candida krusei (ATCC 6258) 200 | 200 | 100 | 200 | 200 | 200 | 200 | 200 | 100 | 100 | 200 25
Candida parapsilosis (ATCC 22019) | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 | 200 25

The anticandidal activity results (Table 2) which was
obtained from minimum inhibitory concentration tests
(MIC), the activity values of many derivatives found to
be around 200 pg/mL against to Candida species
including Candida albicans (ATCC 90028), Candida
glabrata (ATCC 90030), Candida krusei (ATCC 6258),
and Candida parapsilosis (ATCC 22019). Additionally,
the activity values of compounds 2c, 2i, and 2j were
observed higher than the other compounds as 100 pg/mL.
Ketoconazole was used as positive control for this assay.
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3.3. Candidal Apoptotic Effect Tests

The apoptotic effect tests were investigated with
compounds 2c, 2i and 2j, which were found to be the
most effective derivatives from the anticandidal tests.
From the subject compounds (2c, 2i, and 2j), apoptotic
rates of analogues on Candida albicans, Candida
glabrata, Candida krusei, Candida parapsilosis were
found to be 3.8; 13.0; 91.5; 1.0 for analogue 2c, 9.7, 76.0,
92.2, 1,9 for analogue 2i and 25.9, 59.4, 94.0, 12.2 for
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analogue 2j, respectively. The results are given in Table
3 and Figure 2.
Table 3. Apoptotic effect results of compounds 2a-k (nL/mL)
Control Compound 2¢
Live (%) | Dead (%) |Apoptosis (%) | Live (%) | Dead (%) Apoptosis (%)
Candida albicans (ATCC 90028) 98.8 0.4 0.8 95.4 0.8 3.8
Candida glabrata (ATCC 90030) 98.2 0.6 1.2 86.2 0.9 13.0
Candida krusei (ATCC 6258) 96.4 0.4 3.2 8.1 0.4 915
Candida parapsilosis (ATCC 22019) 97.8 1.6 0.6 97.8 15 1.0
Compound 2i Compound 2j
Live (%) Dead (%) | Apoptosis (%) | Live (%) Dead (%) |Apoptosis %)
Candida albicans (ATCC 90028) 89.2 11 9.7 723 1.8 25.9
Candida glabrata (ATCC 90030) 224 15 76.0 379 2.7 59.4
Candida krusei (ATCC 6258) 7.0 0.7 92.2 5.6 0.4 94
Candida parapsilosis (ATCC 22019) 87.0 111 1.9 85.7 2.1 12.2
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Figure 2. Candidal apoptotic rates of compounds (uL/mL) (233=2c, 240=2i, 241=2j).

The MIC value for the kanamycin against Escherichia  Isatin derived Schiff bases have also been reported to
coli was 3.9 pg/mL, whereas the counter-synthesized provide antibacterial activity. In our study, some of
derivatives maintained the MIC values of 1.6-5.7 pg/mL.  synthesized derivatives which named compound 2c, 2d
Some Schiff bases showed only Bacillus subtilis and 2k exhibited remarkable antibacterial activity
susceptibility (MIC: 1.8 upg/mL). Some of the against Escherichia coli (ATCC 35218). MIC values of
synthesized Schiff bases derivatives were found to be these compounds (2¢, 2d and 2k) found to be 100 pg/mL
effective against Staphylococcus aureus and MIC values and the obtained results are in agreement with the
had found between 3.1 and 1.6 pg/mL, respectively.  standard drug.
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4. Conclusions

In summary, the synthesis and characterization of eleven
vanillin-derived hydrazones were reported successfully.
The characterization steps were conducted using *H-
NMR, ¥C-NMR, FT-IR, Elemental Analysis and Mass-
spectroscopy techniques. Biological assessments for
synthesized compounds were conducted using selected
microorganisms. The studies indicated that, compounds
2c, 2d, and 2k were showed effectivity on Escherichia
coli and also compounds 2c, 2i, and 2j possess strong
anti-candidal activities on tested species. The most
sensitive strain was found to be Candida krusei (ATCC
6258). The minimum MIC value was found to be 100
pg/mL with using compounds 2¢, 2d, and 2k on
Escherichia coli (ATCC 35218). According to our
knowledge, besides, some vanillin derivatives have been
found to be effective as antibacterial and antifungal
agents in some studies [20], the anti-candidal activitiy of
schiff base derived vanillin compounds have not been
previously reported. Therefore, this study may be
considered to be a new contribution to the literature in
this regard.
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Figure S5. FT-IR spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl) benzyl)oxy)benzylidene)-4-
nitrobenzohydrazide (2e)
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Figure S6. FT-IR spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl) benzyl)oxy)benzylidene)-4-
methylbenzohydrazide (2f)
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Figure S7. FT-IR spectra of (E)-4-(tert-butyl)-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2g)
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Figure S8. FT-IR spectra of (E)-4-fluoro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2h)
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Figure S9. FT-IR spectra of (E)-4-bromo-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2i)
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Figure S12. H-NMR spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2a)
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Figure S13. BC-NMR spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl)

benzyl)oxy)benzylidene)benzohydrazide (2a)

102



Volume 15, Issue 1, 2019, p 87-94

/ Celal Bayar University Journal of Science
J Doi: 10.18466/cbayarfbe.475456 H. Unver

F— P
S, Aot MRmmrat00  Gparuis Hakan
i L b H
T ¥ T T T T T T L S | T T T
12 11 10 9 8 7 6 5 4 3 ppm
B i e e o —! e EF
1.0 104 .10 2.3 3.00
099 636 ouss 210
D he ot kR 252, 20170008 CAPFOTON 53 Pio e 2017-08:07

Figure S14. 'H-NMR spectra of (E)-2-chloro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2b)
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Figure S15. 1BC-NMR spectra of (E)-2-chloro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2b)
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Figure S16. H-NMR spectra of
benzyl)oxy)benzylidene)benzohydrazide (2c)
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Figure S18. 'H-NMR spectra of (E)-3-hydroxy-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2d)
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Figure S19. B3C-NMR spectra of (E)-3-hydroxy-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2d)
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Figure S20.
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Figure S22. 'H-NMR spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl) benzyl)oxy)benzylidene)-4-
methylbenzohydrazide (2f)
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Figure S23. 3C-NMR spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl) benzyl)oxy)benzylidene)-4-
methylbenzohydrazide (2f)
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Figure S24. H-NMR spectra
benzyl)oxy)benzylidene)benzohydrazide (29)
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Figure S25. BC-NMR spectra of (E)-4-(tert-butyl)-N'-(3-methoxy-4-((4-(trifluoromethyl)

benzyl)oxy)benzylidene)benzohydrazide (2g)
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Figure S28. H-NMR spectra of (E)-4-bromo-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2i)
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Figure S29. 13C-NMR spectra of (E)-4-bromo-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2i)
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Figure S30. 'H-NMR spectra of (E)-4-chloro-N'-(3-methoxy-4-((4-(trifluoromethyl)

benzyl)oxy)benzylidene)benzohydrazide (2j)
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Figure S31. 1BC-NMR spectra of (E)-4-chloro-N'-(3-methoxy-4-((4-(trifluoromethyl)

benzyl)oxy)benzylidene)benzohydrazide (2j)
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Figure S32. H-NMR spectra of (E)-3-methoxy-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2k)
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Figure S33. 1BC-NMR spectra of (E)-3-methoxy-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2k)
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Figure S34. HR-Mass spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2a)
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Figure S35. HR-Mass spectra of (E)-2-chloro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2b)
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Figure S36. HR-Mass spectra of (E)-3-bromo-N'-(3-methoxy-4-((4-(trifluoromethyl)

benzyl)oxy)benzylidene)benzohydrazide (2c)
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Figure S38. HR-Mass spectra of (E)-N'-(3-methoxy-4-((4-(trifluoromethyl) benzyl)oxy)benzylidene)-4-
nitrobenzohydrazide (2e)
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Figure S39. HR-Mass spectra of (E)—N -(3-methoxy-4-((4-(tr|fluoromethyl) benzyl)oxy)benzyl|dene)-4-
methylbenzohydrazide (2f)
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Figure S40. HR-Mass spectra of (E)-4-(tert-butyl)-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2g)
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Figure S41. HR-Mass spectra of (E)-4-fluoro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2h)
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Figure S42. HR-Mass spectra of (E)-4-bromo-N'-(3-methoxy-4-((4-(trifluoromethyl)

benzyl)oxy)benzylidene)benzohydrazide (2i)
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Figure S43. HR-Mass spectra of (E)-4-chloro-N'-(3-methoxy-4-((4-(trifluoromethyl)
benzyl)oxy)benzylidene)benzohydrazide (2j)
Measured region for 459.1526 miz
100.0- 459.1526
50
4601591
s |\ N A N
455.0 4595 460.0 4605 461.0 4615
Figure S44. HR-Mass spectra of (E)-3-methoxy-N'-(3-methoxy-4-((4-(trifluoromethyl)

benzyl)oxy)benzylidene)benzohydrazide (2k)
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