
127Acta Chim. Slov. 2025, 72, 127–132

Zhang et al.:  Synthesis and Antibacterial Activity of Vanillic Acid    ...

DOI: 10.17344/acsi.2024.9106

Scientific paper

Synthesis and Antibacterial Activity of Vanillic Acid 
Derivatives Containing Indole Structure

Jian-Long Zhang,1 Qiang Liu,1 Ji-Liang Hu,1 Zhong-Qiang Zhang,2 Qing-Mei Zhou,1 
Jia-Bao Luan,1 Yue Wang1 and Wei-Wei Liu1,* 

1 College of pharmacy, Jiangsu Ocean University, Jiangsu Key Laboratory of Marine Bioresources and Environment,  
Jiangsu Key Laboratory of Marine Biotechnology, Lianyungang 222005, China;

2 College of Pharmacy, Heilongjiang University of Chinese Medicine, Harbin, Heilongjiang 150040, China

* Corresponding author: E-mail: liuww323@aliyun.com

Received: 12-09-2024

Abstract
Using indole-2-carboxylic acid and vanillic acid as raw materials, a series of 11 novel compounds (7a–k) were synthe-
sized by chemically linking indole-2-carboxylic acid and vanillic acid through an aminothioureido group. The anti-
bacterial activity of these compounds against Vibrio harveyi and Vibrio parahaemolyticus was evaluated using the agar 
perforating method. The results indicated that compounds 7g–j exhibited superior antibacterial activity against both 
strains compared to the positive control, with 7g showing the best performance. Structure-activity relationship analysis 
suggested that alkylation of the nitrogen atom in the indole ring could enhance the antibacterial effect, and shorter car-
bon chains were associated with better antibacterial activity.
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1. Introduction
Vibrio species are Gram-negative bacteria and repre-

sent one of the most common bacterial groups in marine 
environments.1 They are also among the major pathogens 
affecting aquaculture species. To date, more than 100 spe-
cies of Vibrio have been identified globally, with Vibrio 
harveyi and Vibrio parahaemolyticus being two of the most 
prevalent pathogenic strains. These bacteria not only cause 
diseases and mortality in farmed aquatic animals such as 
fish, shrimp, and crabs, leading to significant economic 
losses in aquaculture, but they can also infect humans and 
other animals.2 Consumption of aquaculture products 
contaminated with pathogenic Vibrio species can pose a 
health risk to humans.3–5 The use of antibiotics is currently 
the primary treatment for Vibrio infections in aquaculture. 
However, the extensive use of antibiotics has led to signifi-
cant antibiotic residues in the environment and contrib-
utes to the development of bacterial resistance.6

Vanillic acid (VA), chemically known as 4-hy-
droxy-3-methoxybenzoic acid with a molecular weight of 
168.15 g/mol, is a white to pale yellow solid powder. VA is 
a phenolic acid derivative naturally found in several me-

dicinal plants, including dandelion, Angelica sinensis, and 
olive.7 As a natural bioactive compound, vanillic acid ex-
hibits a high degree of safety and is often used as a food 
additive to enhance flavor due to its distinctive aroma.8 In 
addition, vanillic acid and its derivatives possess various 
biological activities, including antioxidant, antimicrobial, 
anti-inflammatory, and antidiabetic properties.9–12 Indole, 
also known as benzopyrrole, is a typical benzene-fused 
heterocyclic compound, and numerous studies have 
shown that the indole structure and its derivatives exhibit 
strong antimicrobial activity.13–14

Based on the above analysis, this study utilizes in-
dole-2-carboxylic acid and vanillic acid as starting materi-
als and employs acylthiourea to conjugate the indole struc-
ture with vanillic acid in a single molecular framework 
(Figure 1). The study also investigates the impact of sub-
stituents on the indole benzene ring or the substitution of 
hydrogen at the nitrogen atom on the antimicrobial activ-
ity of the resulting compounds. The aim is to identify com-
pounds with potent antimicrobial properties, providing an 
experimental foundation for the development of novel an-
tibacterial agents.
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2. Experimental Methods
2. 1. Experimental Instruments

The melting points were determined in opened cap-
illaries on the Yanaco melting point apparatus of model 
X-4 and are uncorrected. The IR spectra were recorded in 
film or in potassium bromide disks on a Cary 630 spec-
trometer. 1H NMR and 13C NMR spectra were recorded 
on a Bruker AVANCE NEO 400 MHz spectrometer using 
DMSO-d6 as the solvent at room temperature. The com-
pounds were analyzed using high-resolution mass spec-
trometry on a Waters G2-S QTof. Vibrios were purchased 
from the China General Microbial Strain Preservation 
and Management Center. Synthetic reagents and all 
chemical substances were bought from commercial 
sources and were used without any purification unless 
otherwise stated.

2. 2. Synthesis of Compounds 2–7
Preparation of methyl ester of indole-2-carboxylic acid 
substituted on the benzene ring 2. The compound sub-
stituted indole-2-carboxylic acid 1 (3 mmol) was weighed 
and placed in a 50 mL round-bottom flask. To this, 20 mL 

of methanol was added to dissolve the solid. Then, 50 μL 
of concentrated sulfuric acid was introduced, and the re-
action mixture was refluxed at 70 °C. The progress of the 
reaction was monitored by TLC until completion. Upon 
reaction completion, the solvent was removed under re-
duced pressure, and the residue was dissolved in water. 
The pH was adjusted to 8–9, and the resulting mixture 
was extracted with ethyl acetate. The organic phase was 
then evaporated under reduced pressure to obtain the 
pure product 2.

Preparation of benzene ring-substituted-N-substitut-
ed-indole-2-carboxylic acid methyl ester 3. Weigh 2.8 
mmol of the corresponding amount of compound 2 and 
dissolve it in 10 mL of anhydrous ethanol. At room tem-
perature, add 0.108 g (4.2 mmol) of sodium hydride (NaH) 
to the solution and stir for 15 minutes. Then, add 2.8 mmol 
of the alkyl bromide to the reaction mixture. The reaction 
progress was monitored by TLC until completion. After 
the reaction, add an appropriate amount of water to the 
mixture, extract with ethyl acetate, and concentrate under 
reduced pressure. The product 3 was purified by column 
chromatography (ethyl acetate : petroleum ether = 1:30) to 
obtain the pure compound.

Figure 1. Synthetic route of vanillic acid derivatives containing indole structure



129Acta Chim. Slov. 2025, 72, 127–132

Zhang et al.:  Synthesis and Antibacterial Activity of Vanillic Acid    ...

Preparation of benzene ring-substituted indole-2-acyl-
hydrazine 4. Weigh 2.5 mmol of the corresponding 
amount of compound 3, and heat to dissolve it in 20 mL of 
anhydrous ethanol. To the reaction mixture, add 2 mL of 
80% hydrazine hydrate (NH2NH2·H2O), and reflux at 78 
°C. The reaction progress was monitored by TLC until 
completion. Afterward, cool the reaction mixture in an ice 
bath to precipitate the solid product 4.

Preparation of vanillic acid isothiocyanate (6). In a 100 
mL round-bottom flask, 40 mL of ethyl acetate was added, 
and the mixture was cooled in an ice bath. To this, triphe-
nylphosphine (TPP) (1.94 g, 7.4 mmol), trichloroisocya-
nuric acid (TCCA) (0.512 g, 2.2 mmol), and vanillic acid 
(5) (1 g, 6 mmol) were sequentially added and stirred for 
15 minutes. Potassium thiocyanate (KSCN) (1.44 g, 15 
mmol) was then introduced, and the mixture was stirred 
for several minutes before removing the ice bath. The reac-
tion was allowed to proceed overnight at room tempera-
ture. The product 6 was purified by column chromatogra-
phy using a mixture of ethyl acetate and petroleum ether 
(1:4) as the eluent.

Preparation of N-(2-(phenyl substituted-1-substitut-
e d-ind ol e-2-c arb ony l)hydr azine-1- is othi o c y-
anate)-4-hydroxy-3-methoxybenzamide 7. In a 50 mL 
round-bottom flask, 10 mL of 1,4-dioxane was added, fol-
lowed by the addition of vanillic acid isothiocyanate (6) 
(0.2 g, 0.96 mmol) and an equimolar amount of compound 
4. The reaction was conducted at 60 °C and monitored by 
TLC until completion. After cooling the reaction mixture, 
petroleum ether was added to induce precipitation of the 
solid product. The solid was filtered, dried, and recrystal-
lized from a mixture of ethyl acetate and petroleum ether 
to obtain the pure product 7 (Table 1).

Table 1. The yields of the target compounds 7

Compound	 R1	 R2	 Yield	 Product
			   (%)	 Weight (g)

7a	 –	 –H	 86	 0.317
7b	 5-F	 –H	 74	 0.286
7c	 5-Br	 –H	 71	 0.315
7d	 5-OCH3	 –H	 78	 0.310
7e	 6-Br	 –H	 75	 0.333
7f	 –	 Bn	 74	 0.337
7g	 –	 Et	 85	 0.336
7h	 –	 Pr	 83	 0.339
7i	 –	 i-Bu	 79	 0.334
7j	 –	 n-Bu	 78	 0.329
7k	 –	 n-Pe	 75	 0.327

N-(2-(1H-Indole-2-carbonyl)hydrazine-1-carbon-
othioyl)-4-hydroxy-3-methoxybenzamide (7a). Pale yel-
low solid, yield 86%, m.p. 232−233 °C. IR (KBr) ν 3365, 

3299, 3052, 1669, 1604, 1577, 1513, 1454, 1194, 1139, 1030, 
740 cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.48 (s, 1H, 
NH), 11.80 (s, 1H, NH), 11.55 (s, 1H, NH), 11.09 (s, 1H, 
NH), 10.08 (s, 1H, OH), 7.71–7.64 (m, 2H, Ar-H), 7.60 
(dd, J = 8.4, 2.1 Hz, 1H, Ar-H), 7.47 (d, J = 8.3 Hz, 1H, 
Ar-H), 7.33 (s, 1H, H in indole), 7.23 (t, J = 7.6 Hz, 1H, 
Ar-H), 7.08 (t, J = 7.5 Hz, 1H, Ar-H), 6.91 (d, J = 8.3 Hz, 
1H, Ar-H), 3.89 (s, 3H, OCH3). 13C NMR (101 MHz,  
DMSO-d6) δ 181.69, 167.52, 159.76, 152.24, 147.63, 137.24, 
129.44, 127.39, 124.40, 123.95, 122.47, 122.31, 120.49, 
115.64, 112.88, 104.73, 56.29. HRMS (ESI) m/z [M+Na]+ 
calcd for C18H16N4O4SNa+: 407.0790. Found: 407.0792.

N-(2-(5-Fluoro-1H-indole-2-carbonyl)hydrazine-1-car-
bonothioyl)-4-hydroxy-3-methoxybenzamide (7b). 
White solid, yield 74%, m.p. 242−244 °C. IR (KBr) ν 3396, 
3314, 3083, 1673, 1606, 1574, 1517, 1454, 1240, 1210, 1168, 
1029 cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.46 (s, 1H, 
NH), 11.91 (s, 1H, NH), 11.55 (s, 1H, NH), 11.15 (s, 1H, 
NH), 10.08 (s, 1H, OH), 7.66 (d, J = 2.2 Hz, 1H, Ar-H), 
7.60 (dd, J = 8.4, 2.1 Hz, 1H, Ar-H), 7.54–7.42 (m, 2H, 
Ar-H), 7.31 (d, J = 2.3 Hz, 1H, H in indole), 7.10 (td, J = 
9.2, 2.5 Hz, 1H, Ar-H), 6.91 (d, J =8.3 Hz, 1H, Ar-H), 3.89 
(s, 3H, OCH3). 13C NMR (101 MHz, DMSO-d6) δ 181.84, 
167.49, 159.49, 158.87, 156.55, 152.24, 147.62, 133.98, 
131.16, 127.52, 127.41, 123.95, 122.46, 115.64, 114.15, 
114.06, 113.33, 113.06, 112.89, 106.55, 106.32, 104.69, 
104.63, 56.28. HRMS (ESI) m/z [M+Na]+ calcd for 
C18H15FN4O4SNa+: 425.0696. Found: 425.0696.

N-(2-(5-Bromo-1H-indole-2-carbonyl)hydrazine-1- car-
bonothioyl)-4-hydroxy-3-methoxybenzamide (7c). Pale 
yellow solid. yield 71%, m.p. 263−264 °C. IR (KBr) ν 3378, 
3311, 3102, 1669, 1603, 1578, 1509, 1450, 1206, 1150, 1034, 
529 cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.45 (s, 1H, 
NH), 12.02 (s, 1H, NH), 11.56 (s, 1H, NH), 11.20 (s, 1H, 
NH), 10.08 (s, 1H, OH), 7.93 (d, J = 2.1 Hz, 1H, Ar-H), 7.66 
(d, J = 2.2 Hz, 1H, Ar-H), 7.60 (dd, J = 8.4, 2.2 Hz, 1H, 
Ar-H), 7.43 (d, J = 8.7 Hz, 1H, Ar-H), 7.38–7.33 (m, 1H, 
Ar-H), 7.32 (s, 1H, H in indole), 6.91 (d, J = 8.4 Hz, 1H, 
Ar-H), 3.89 (s, 3H, OCH3). 13C NMR (101 MHz, DMSO-d6) 
δ 181.83, 167.50, 159.42, 152.24, 147.62, 135.82, 130.78, 
129.18, 126.98, 124.49, 123.95, 122.45, 115.64, 114.90, 
112.92, 112.89, 104.12, 56.28. HRMS (ESI) m/z [M+Na]+ 
calcd for C18H15BrN4O4SNa+. 484.9895; Found: 484.9890.

N-(2-(5-Methoxy-1H-indole-2-carbonyl)hydrazine-1- 
carbonothioyl)-4-hydroxy-3-methoxybenzamide (7d). 
White solid, yield 78%, m.p. 241−244 °C. IR (KBr) ν 3428, 
3310, 3004, 1653, 1608, 1585, 1497, 1450, 1210, 1158, 1033, 
758 cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.47 (s, 1H, 
NH), 11.65 (s, 1H, NH), 11.54 (s, 1H, NH), 11.04 (s, 1H, 
NH), 10.08 (s, 1H, OH), 7.66 (d, J = 2.3 Hz, 1H, Ar-H), 
7.60 (dd, J = 8.4, 2.3 Hz, 1H, Ar-H), 7.35 (d, J = 8.9 Hz, 1H, 
Ar-H), 7.24 (s, H, H in indole), 7.14 (d, J = 2.7 Hz, 1H, 
Ar-H), 6.94–6.85 (m, 2H, Ar-H), 3.89 (s, 3H, OCH3), 3.78 
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(s, 3H, OCH3). 13C NMR (101 MHz, DMSO-d6) δ 181.61, 
167.52, 159.69, 154.37, 152.23, 147.63, 132.57, 129.68, 
127.71, 123.94, 122.46, 115.78, 115.63, 113.71, 112.88, 
104.45, 102.53, 56.28, 55.73. HRMS (ESI) m/z [M+Na]+ 
calcd for C19H18FN4O5SNa+: 437.0896. Found: 437.0889.

N-(2-(6-Bromo-1H-indole-2-carbonyl)hydrazine-1- 
carbonothioyl)-4-hydroxy-3-methoxybenzamide (7e). 
White solid, yield 75%, m.p. 244−245 °C. IR (KBr) ν 3415, 
3267, 3006, 1670, 1604, 1503, 1452, 1196, 1120, 1031, 591 
cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.44 (s, 1H, NH), 
11.95 (s, 1H, NH), 11.55 (s, 1H, NH), 11.18 (s, 1H, NH), 
10.08 (s, 1H, OH), 7.70–7.62 (m, 3H, Ar-H), 7.60 (dd, J = 
8.3, 2.2 Hz, 1H, Ar-H), 7.35 (s, 1H, H in indole), 7.21 (dd, 
J = 8.6, 1.8 Hz, 1H, Ar-H), 6.90 (d, J = 8.3 Hz, 1H, Ar-H), 
3.89 (s, 3H, OCH3). 13C NMR (101 MHz, DMSO-d6) δ 
181.88, 167.48, 159.45, 152.24, 147.62, 137.92, 130.37, 
126.41, 124.26, 123.95, 123.54, 122.45, 117.18, 115.63, 
115.27, 112.88, 104.77, 56.28. HRMS (ESI) m/z [M+Na]+ 
calcd for C18H15BrN4O4SNa+: 484.9895. Found: 484.9897.

N-(2-(1-Benzylindole-2-carbonyl)hydrazine-1-carbon-
othioyl)-4-hydroxy-3-methoxybenzamide (7f). Pale yel-
low solid, yield 74%, m.p. 138−140 °C. IR (KBr) ν 3389, 
3184, 3029, 1670, 1605, 1513, 1451, 1280, 1191, 1029, 742 
cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.45 (s, 1H, NH), 
11.56 (s, 1H, NH), 11.17 (s, 1H, NH), 10.07 (s, 1H, OH), 
7.73 (d, J = 7.8 Hz, 1H, Ar-H), 7.65 (d, J = 2.2 Hz, 1H, 
Ar-H), 7.62–7.52 (m, 2H, Ar-H), 7.40 (s, 1H, H in indole), 
7.31–7.07 (m, 5H, Ar-H), 6.90 (d, J = 8.4 Hz, 1H, Ar-H), 
5.85 (s, 2H, CH2), 3.88 (s, 3H, OCH3). 13C NMR (101 
MHz, DMSO-d6) δ 181.95, 167.52, 160.50, 152.24, 147.62, 
138.90, 138.75, 129.43, 128.83, 127.52, 127.31, 126.28, 
124.86, 123.93, 122.57, 122.47, 121.12, 115.64, 112.88, 
111.66, 107.40, 56.28, 47.43. HRMS (ESI) m/z [M+Na]+ 
calcd for C25H22N4O4SNa+: 497.1259. Found: 497.1262.

N-(2-(1-Ethylindole-2-carbonyl)hydrazine-1-carbon-
othioyl)-4-hydroxy-3-methoxybenzamide (7g). White 
solid, yield 85%, m.p. 149−152 °C. IR (KBr) ν 3378, 3295, 
2971, 1670, 1601, 1508, 1450, 1283, 1196, 1029, 742 cm–1. 
1H NMR (400 MHz, DMSO-d6) δ 12.46 (s, 1H, NH), 11.57 
(s, 1H, NH), 11.06 (s, 1H, NH), 10.08 (s, 1H, OH), 7.71 (d, 
J = 7.9 Hz, 1H, Ar-H), 7.66 (d, J = 2.2 Hz, 1H, Ar-H), 7.60 
(dd, J = 8.4, 2.2 Hz, 2H, Ar-H), 7.31 (t, J = 7.6 Hz, 1H, 
Ar-H), 7.28 (s, 1H, H in indole), 7.13 (t, J = 7.5 Hz, 1H, 
Ar-H), 6.91 (d, J = 8.3 Hz, 1H, Ar-H), 4.57 (q, J = 7.0 Hz, 
2H, CH2), 3.89 (s, 3H, OCH3), 1.30 (t, J = 7.0 Hz, 3H, 
CH3). 13C NMR (101 MHz, DMSO-d6) δ 182.01, 167.56, 
160.37, 152.24, 147.62, 138.06, 129.17, 126.16, 124.59, 
123.94, 122.51, 122.48, 120.80, 115.65, 112.88, 110.96, 
106.64, 56.29, 39.40, 16.20. HRMS (ESI) m/z [M+Na]+ cal-
cd for C20H20N4O4SNa+: 435.1103. Found: 435.1104.

N-(2-(1-Propylindole-2-carbonyl)hydrazine-1-carbon-
othioyl)-4-hydroxy-3-methoxybenzamide (7h). Pale yel-

low solid, yield 83%, m.p. 121−123 °C. IR (KBr) ν 3390, 
3193, 2962, 1670, 1606, 1513, 1460, 1289, 1192, 1031, 742 
cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.46 (s, 1H, NH), 
11.56 (s, 1H, NH), 11.06 (s, 1H, NH), 10.08 (s, 1H, OH), 
7.70 (d, J = 7.9 Hz, 1H, Ar-H), 7.66 (d, J = 2.2 Hz, 1H, 
Ar-H), 7.60 (dd, J = 8.4, 2.3 Hz, 2H, Ar-H), 7.31 (t, J = 8.2 
Hz, 1H, Ar-H), 7.28 (s, 1H, H in indole), 7.13 (t, J = 7.5 Hz, 
1H, Ar-H), 6.91 (d, J = 8.4 Hz, 1H, Ar-H), 4.50 (t, J = 7.3 
Hz, 2H, CH2), 3.89 (s, 3H, OCH3), 1.73 (h, J = 7.4 Hz, 2H, 
CH2), 0.83 (t, J = 7.4 Hz, 3H, CH3). 13C NMR (101 MHz, 
DMSO-d6) δ 181.96, 167.56, 160.44, 152.24, 147.62, 138.63, 
129.48, 126.01, 124.52, 123.93, 122.49, 122.44, 120.76, 
115.64, 112.88, 111.26, 106.69, 56.28, 45.76, 24.00, 11.58. 
HRMS (ESI) m/z [M+Na]+ calcd for C21H22N4O4SNa+: 
449.1259. Found: 449.1261.

N-(2-(1-Isobutylindole-2-carbonyl)hydrazine-1-car-
bonothioyl)-4-hydroxy-3-methoxybenzamide (7i). Pale 
yellow solid, yield 79%, m.p. 126−128 °C. IR (KBr) ν 3390, 
3192, 2959, 1669, 1606, 1514, 1458, 1274, 1190, 1032, 741 
cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.46 (s, 1H, NH), 
11.56 (s, 1H, NH), 11.07 (s, 1H, NH), 10.08 (s, 1H, OH), 
7.70 (d, J = 7.9 Hz, 1H, Ar-H), 7.66 (d, J = 2.2 Hz, 1H, 
Ar-H), 7.60 (dd, J = 8.4, 2.3 Hz, 2H, Ar-H), 7.29 (d, J = 16.6 
Hz, 1H, Ar-H), 7.29 (s, 1H, H in indole), 7.12 (t, J = 7.5 Hz, 
1H, Ar-H), 6.91 (d, J = 8.3 Hz, 1H, Ar-H), 4.39 (d, J = 7.5 
Hz, 2H, CH2), 3.89 (s, 3H, OCH3), 2.22–2.04 (m, 1H, CH), 
0.80 (d, J = 6.7 Hz, 6H, CH3). 13C NMR (101 MHz, DM-
SO-d6) δ 181.90, 167.57, 160.56, 152.24, 147.62, 139.03, 
129.71, 125.91, 124.44, 123.93, 122.39, 120.71, 115.64, 
112.88, 111.69, 106.95, 56.28, 51.04, 29.99, 20.32. HRMS 
(ESI) m/z [M+Na]+ calcd for C22H24N4O4SNa+: 463.1416. 
Found: 463.1419.

N-(2-(1-Butylindole-2-carbonyl)hydrazine-1-carbon-
othioyl)-4-hydroxy-3-methoxybenzamide (7j). Pale yel-
low solid, yield 78%, m.p. 120−122 °C. IR (KBr) ν 3390, 
3199, 2956, 1670, 1606, 1513, 1463, 1289, 1192, 1031, 742 
cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.45 (s, 1H, NH), 
11.55 (s, 1H, NH), 11.05 (s, 1H, NH), 10.08 (s, 1H, OH), 
7.70 (d, J = 7.8 Hz, 1H, Ar-H), 7.66 (d, J = 2.3 Hz, 1H, 
Ar-H), 7.59 (td, J = 5.6, 2.8 Hz, 2H, Ar-H), 7.30 (t, J = 7.7 
Hz, 1H, Ar-H), 7.27 (s, 1H, H in indole), 7.13 (t, J = 7.5 Hz, 
1H, Ar-H), 6.91 (d, J = 8.3 Hz, 1H, Ar-H), 4.53 (t, J = 7.3 
Hz, 2H, CH2), 3.89 (s, 3H, OCH3), 1.69 (p, J = 7.6 Hz, 2H, 
CH2), 1.26 (h, J = 7.2 Hz, 2H, CH2), 0.87 (t, J = 7.3 Hz, 3H, 
CH3). 13C NMR (101 MHz, DMSO-d6) δ 182.00, 167.56, 
160.45, 152.24, 147.62, 138.55, 129.44, 126.03, 124.53, 
123.93, 122.48, 122.45, 120.75, 115.64, 112.88, 111.19, 
106.72, 56.28, 44.11, 32.89, 20.03, 14.19. HRMS (ESI) m/z 
[M+Na]+ calcd for C22H24N4O4SNa+: 463.1416. Found: 
463.1415.

N-(2-(1-Pentylindole-2-carbonyl)hydrazine-1-carbon-
othioyl)-4-hydroxy-3-methoxybenzamide (7k). Pale yel-
low solid, yield 75%, m.p. 130−132 °C. IR (KBr) ν 3390, 
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3195, 2955, 1670, 1606, 1513, 1464, 1289, 1193, 1031, 742 
cm–1. 1H NMR (400 MHz, DMSO-d6) δ 12.43 (s, 1H, NH), 
11.55 (s, 1H, NH), 11.05 (s, 1H, NH), 10.08 (s, 1H, OH), 
7.70 (d, J = 7.9 Hz, 1H, Ar-H), 7.66 (d, J = 2.2 Hz, 1H, 
Ar-H), 7.63–7.55 (m, 2H, Ar-H), 7.30 (t, J = 7.7 Hz, 1H, 
Ar-H), 7.27 (s, 1H, H in indole), 7.13 (t, J = 7.5 Hz, 1H, 
Ar-H), 6.91 (d, J = 8.3 Hz, 1H, Ar-H), 4.53 (t, J = 7.3 Hz, 
2H, CH2), 3.89 (s, 3H, OCH3), 1.71 (p, J = 7.6 Hz, 2H, 
CH2), 1.35–1.16 (m, 4H, CH2), 0.83 (t, J = 7.0 Hz, 3H, 
CH3). 13C NMR (101 MHz, DMSO-d6) δ 182.04, 167.55, 
160.46, 152.24, 147.62, 138.53, 129.44, 126.03, 124.53, 
123.93, 122.48, 122.45, 120.75, 115.64, 112.88, 111.18, 
106.70, 56.28, 44.28, 30.44, 28.90, 22.38, 14.38. HRMS 
(ESI) m/z [M+Na]+ calcd for C23H26N4O4SNa+: 477.1572. 
Found: 477.1568.

2. 3. Antibacterial Activity Assay
The antibacterial activity of compounds 7a–k against 

Vibrio harveyi and Vibrio parahaemolyticus was evaluated 
using the agar perforating method.15–16 Each compound 
was dissolved in DMSO to a concentration of 1 mg/mL, 
while streptomycin sulfate was prepared in water at the 
same concentration (1 mg/mL) as a positive control.

V. harveyi and V. parahaemolyticus were cultured in 
liquid medium for several hours and then prepared for in-
oculation. Solid MH agar plates were prepared by heating 
the medium to boiling, allowing it to cool slightly before 
pouring approximately 30 mL of the medium into each 
plate under sterile conditions. After the agar solidified at 
room temperature, the bacterial suspension was evenly 
spread across the surface of the solid medium using a ster-
ile cotton swab and allowed to stand for 5 minutes. Wells 
were then punched into the solidified agar using a sterile 
puncher. A 50 μL volume of the 1 mg/mL sample solution 
was added to each well, with three replicate wells for each 
sample. The plates were incubated at 32 °C for 10–12 

hours, and the diameter of the inhibition zones was meas-
ured to assess antibacterial activity.

3. Results and Discussion
The antibacterial activity of the compounds against 

V. harveyi and V. parahaemolyticus is summarized in Table 
2. As shown, compounds 7g–k exhibited minimum inhib-
itory concentrations (MIC) against V. harveyi equal to or 
greater than that of the positive control. Compounds 7g–j 
also demonstrated comparable or superior inhibitory ef-
fects against V. parahaemolyticus relative to the positive 
control. Notably, compound 7g exhibited the most potent 
antibacterial activity against both V. harveyi and V. para-
haemolyticus, with MIC of 0.0039 mg/mL and 0.0313 mg/
mL, respectively.

The results of the synthesized compounds suggest 
that the presence of substituents on the indole phenyl ring 
tends to reduce the inhibitory activity against Vibrio spe-
cies. Furthermore, the solubility of the compounds con-
taining substituents was found to be lower compared to 
those without substituents. Modification of the nitrogen 
atom in the indole ring through alkylation with aliphatic 
chains was found to enhance antibacterial activity, with 
shorter carbon chains resulting in better activity. Among 
compounds with the same number of carbon atoms (7i, 
7j), a shorter alkyl chain at the nitrogen atom led to a more 
pronounced inhibitory effect against Vibrio species.

4. Conclusion
In this study, we report the synthesis of eleven novel 

vanillic acid derivatives 7 containing an indole structure. 
The structures of all compounds were confirmed by IR, 1H 
NMR, 13C NMMR and HR-MS (ESI). Among the synthe-

Table 2. In vitro antibacterial activity of the target compounds against Vibrio harveyi and Vibrio parahaemolyticus

Compound	                Anti‑Vibrio harveyi activity	                           Anti‑Vibrio parahaemolyticus activity
	 Diametera (mm)	 MIC (mg/mL)	 Diametera(mm)	 MIC (mg/mL)

7a	 18.72±0.19	 0.0313	 15.27±0.31	 0.25
7b	 18.43±0.12	 0.0313	 14.70±0.26	 –
7c	 14.32±0.24	 –	 12.80±0.32	 –
7d	 15.40±0.09	 –	 11.86±0.17	 –
7e	 16.86±0.18	 0.0625	 14.15±0.28	 –
7f	 16.45±0.11	 0.125	 13.30±0.25	 0.25
7g	 21.54±0.16	 0.0039	 16.90±0.16	 0.0313
7h	 19.77±0.23	 0.0039	 16.13±0.28	 0.0313
7i	 19.25±0.25	 0.0039	 16.04±0.19	 0.0313
7j	 16.59±0.34	 0.0078	 14.51±0.28	 0.0625
7k	 15.80±0.12	 0.0156	 13.32±0.17	 0.125
DMSO	 6.00	 –	 6.00	 –
H2O	 6.00	 –	 6.00	 –
Streptomycin sulfate	 –	 0.0156	 –	 0.0625
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sized compounds, compound 7g exhibited the strongest 
inhibitory activity against Vibrio harveyi and Vibrio para-
haemolyticus, surpassing the inhibitory effect of the posi-
tive control drug. Additionally, we discuss the relationship 
between the structure of the compounds and their inhibi-
tory effects on Vibrio species, and find that modification of 
the nitrogen in the indole ring enhances the antimicrobial 
activity. This provides an experimental basis for the devel-
opment of new antimicrobial agents in future research.
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Povzetek
Z uporabo indol-2-karboksilne kisline in vanilinske kisline kot izhodnih spojin smo pripravilo serijo 11 novih spojin 
(7a–k). Sinteze so potekale tako, da smo povezali indol-2-karboksilni fragment in vanilinski fragment s pomočjo ami-
notioureidne skupine. S pomočjo metode na agarju smo določili antibakterijsko delovanje teh spojin proti Vibrio harveyi 
and Vibrio parahaemolyticus. Rezultati kažejo, da spojine 7g–j izkazujejo aktivnosti proti obema organizmoma, ki so bile 
celo večje od aktivnosti pozitivne kontrolne spojine; spojina 7g se je izkazala kot najbolj učinkovita. Primerjava strukture 
in aktivnosti kaže, da alkiliranje dušikovega atoma v indolnem obroču lahko poveča antibakterijski učinek; analogen 
učinek ima tudi krajšanje ogljikove verige.
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