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ORIGINAL STUDY

Salicylic Acid Heterocyclic Derivatives: Chemical 
Synthesis and Biological Activity

Rawaa H. Zaooli, Marwa A. Mseer*, Amneen M. Alsayegh

Department of Chemistry, College of Science, University of Babylon, Iraq

Abstract

Before a drug can be widely used, it must go through a long development process, starting from the discovery of the 
active ingredient and continuing with tests to confirm its safety and effectiveness. In this study, new olsalazine de
rivatives were synthesized, containing a fused morpholine-3-one ring and two five-membered heterocyclic rings 
(thiadiazole and oxadiazole). Common and readily available materials, such as salicylic acid (to prepare 2-hydroxy-5- 
nitrobenzoic acid) and inexpensive catalysts, were used to synthesize compounds from the first, 5,5'-(diazene-1,2-diyl) 
bis(2-hydroxy-3-nitrobenzoic acid) (A1), to the seventh, 6,6'-(diazene-1,2-diyl)bis(N-(4-(5-amino-1,3,4-oxadiazol-2-yl) 
phenyl)-3-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazine-8-carboxamide) (A7).

Each compound was characterized by FT-IR and 1H-NMR spectroscopy, along with physical properties such as 
melting point and color. All compounds showed positive results, and their antibacterial activity was tested against 
Escherichia coli and Staphylococcus aureus, with several demonstrating effective inhibition.
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1. Introduction

N itrogen and sulfur have versatile frameworks 
for drug development and strategy [1]. 

Because of their aromaticity, unsaturated five- 
membered heterocycles are frequently more stable 
than other heterocyclic compounds [1]. Stability 
and reactivity can be influenced by the ring strain 
and the type of heteroatom or heteroatoms. Aro
matic azo compounds are used extensively in the 
chemical industry as dyes, indicators, catalysts, and 
pharmaceuticals [2]. Moreover, azobenzenes have 
recently drawn attention for potential uses in the 
domains of molecular shuttles, chemosensors, 
nonlinear optics, liquid crystals, photochemical 
molecular switches, nanotubes, and in the manu
facture of shielding eye goggles and filters [3,4]. As 
a share of our attention in the heterocyclic field, we 
aimed to prepare some newer effective derivatives 
of five-membered heterocyclic units in which both 
nitrogen atoms are bonded to one or two 

heterocyclic/substituted aryl groups. Unstrained 5- 
and 6-membered rings such as pyridine, thiophene, 
pyrrole, and furan are commonly used in synthetic 
and pharmaceutical applications [5]. The ring strain 
and the type of heteroatom or heteroatoms deter
mine the compounds' stability and reactivity. Five- 
membered ring compounds with two hetero
atoms―at least one of which is nitrogen―are 
known as azoles [6]. Thiazoles are defined as 5- 
membered rings that contain sulfur and nitrogen 
atoms, while oxazoles contain oxygen and nitrogen 
atoms in the ring. The rationale for synthesizing 
salicylic acid derivatives lies in the fact that it is a 
well-known pharmaceutical compound that can be 
combined with biologically active heterocyclic units 
to form new molecules [7—10]. The goal is to pro
duce derivatives with improved pharmacological 
properties, reduced toxicity, higher efficacy, and 
high membrane permeability [11,12]. Despite its 
anti-inflammatory properties, salicylic acid can 
cause side effects, including gastrointestinal 
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disturbances. Combining it with heterocyclic rings 
(such as morpholine, thiadiazole, and oxadiazole) 
alters the compound's polarity and molecular 
structure [13]. There are many modern sources used 
to interact salicylic acid with heterocyclic rings, 
focusing on the most effective methods, as in Refs. 
[14—17]. This modification can enhance or inhibit its 
efficacy, or even impart entirely new pharmaco
logical effects [18]. The heterocyclic ring adds a new 
size and shape to the molecule. This new shape 
may better accommodate the enzyme, increasing its 
affinity and binding strength, and thus enhancing 
its efficacy [19]. The new ring may provide new sites 
for hydrogen bonding, hydrophobic interactions, or 
ionic bonding with the biological target. [20,21]. It 
may also increase the lipophilic properties of the 
lipid, facilitating its passage through cell mem
branes, especially if applied topically [22—24].

2. Experimental

2.1. Synthesis of samples

2.1.1. Synthesis of 2-hydroxy-5-nitrobenzoic acid
In a conical flask, 10 ml of glacial acetic acid is 

heated moderately in a water bath before 3 g of 
calcium nitrate tetrahydrate is added. After adding 
2 g of salicylic acid, the reaction mixture is heated 
for a few minutes below 80 ◦C in a boiling bath of 
water. After producing a red solution, the dark red 
concoction is poured into a 100 ml beaker filled with 
20 ml of ice water. After 4—5 h, yellow crystals of 4- 
nitrosalicylic acid separated from the opaque, dark 
red solution that was stored in the freezer. After 
filtering, the raw material is washed with cold water 
and allowed to dry. 4-Nitrosalicylic acid produces a 
yellow precipitate; yield: 75 %; melting point. 
229—230 ◦C. The FT-IR spectrum of compound 2- 
hydroxy-5-nitrobenzoic acid (value, cm′ 1): broad 
3413-2983 (OH carboxyl), 1737(C=Ocarboxyl), 
1500—1523 (N—O); 1HNMR (400 MHz, DMSO-d6) δ
(ppm): 5.50 (s, 1H OH phenolic), 7.80—8.85 (d, 3H, 
Ph), 10.50 (s, 1H, OH carboxilic).

2.1.2. Synthesis of 5-amino-2-hydroxybenzoic acid
In 200 mL of water, 33.98 g (0.185 mol) of 2-hy

droxy-5-nitrobenzoic acid were dissolved with the 
addition of potassium hydroxide KOH until the pH 
reached 11.5, using Litmus paper, adding 2.0 g of 
ground nickel. The mixture has been refluxed with 
stirring and heated to 100 ◦C. Adding hydrazine 
hydrate (40 ml, 80 %) gradually (drop after drop) for 
a period of time, 3—4 h. After the mixture was 
filtered, the solution was gathered and allowed to 
cool to 40 ◦C in an ice bath.

The pH was adjusted to (2-3) by adding 35 % 
hydrochloric acid (20 ml), and by using Litmus 
paper, the solution was placed in the ice bath for 2 h 
to get the precipitate. Finally, after filtering the so
lution, the precipitate was produced, and it was 
purified with water and dried at 60—70 ◦C; Yield: 
62 %; melting point 280—281 ◦C. The FT-IR spec
trum of the compound 5-amino-2-hydroxybenzoic 
acid (value, cm′ 1):: broad 3413—3300 (OHcarboxyl), 
3315—3177 (NH2), 1712(C=Ocarboxyl); The 1H-NMR 
spectrum for compound (400 MHz, DMSO-d6) sig
nals (ppm): 5.50 (s, 1H OH phenolic), 6.00 (s, 2H, 
NH2), 6.70—7.88 (d, 3H, Ph), 10.47 (s, 1H, OH 
carboxylic).

2.1.3. Synthesis of 5,5'-(diazene-1,2-diyl)bis(2- 
hydroxybenzoic acid) (A)

A solution of concentrated hydrochloric acid 
(2.25 ml) and water (4 ml) is mixed with 5.53 g 
(0.01 mol) of 5-amino-2-hydroxybenzoic acid. After 
10 min of stirring, the resultant solution is cooled to 
0—5 ◦C. Drop by drop, a sodium nitrite solution 
(0.011 mol, 0.76 g) in 2.5 ml of water is added. 
After 10 min of stirring, the resulting diazonium salt 
solution was added dropwise to a solution of 
salicylic acid (1.38, 0.01 mol) in ethanol and 10 % 
NaOH (10 ml) at 0 ◦C -5C — PH = 5.5. Following 
the addition, the mixture was agitated for an addi
tional 20 min before being allowed to sit for an 
hour. The solid that resulted was then filtered and 
given a water wash, dried, and recrystallized from 
ethanol. Color: Crystalline white; Yield: 38 %; 
melting point. 240—241 ◦C; The FT-IR spectrum of 
compound (A) broad 3402—2871 (OHcarboxyl), 1711 
(C=Ocarboxyl), 1533—1551 (N]N stretch); 1HNMR 
(400 MHz, DMSO-d6) signals (ppm): 5.39 (s, 2H OH 
phenolic), 7.50—8.65 (d, 6H, Ph), 10.60 (s, 2H, OH 
carboxilic). TLC Rf = 0.62 (n-hexane: DCM).

2.1.4. Synthesis of 5,5'-(diazene-1,2-diyl)bis(2- 
hydroxy-3-nitrobenzoic acid) (A1)

In a conical flask, 3 g of calcium nitrate tetrahydrate 
are dissolved in 10 mL of glacial acetic acid by slowly 
heating it in a water bath. After adding 2 g of com
pound A, the reaction mixture is heated for a few 
minutes below 80 ◦C in a boiling water bath. After 
forming a dark red solution, the mixture of chemical 
reactions is transferred into a 100 ml beaker filled 
with 20 ml of ice-cold water. After four to 5 h, the 
yellow crystal formed. The suction pump filters the 
crude product, which is then cleaned with cold water 
and dried. When 4-nitrosalicylic acid is recrystal
lized from methanol, a yellow precipitate is pro
duced. Color: white crystal; Yield. After four to 5 h, 
the yellow crystals of 4-nitrosalicylic acid separated 
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from the turbid, dark red solution that had formed. 
Color: white crystal; Yield: 51 %; melting point. 
213—214 ◦C; The FT-IR spectrum of compound A1 
(Fig. 1) (value, cm′ 1): broad 3388—2911 (OHcarboxyl), 

1677(C=Ocarboxyl), 1568—1560 (N]N stretch); 
1HNMR (Fig. 5) (400 MHz, DMSO-d6) signals 
(ppm):5.67 (s, 2H OH phenolic), 8.50—8.85 (d, 4H, Ph), 
10.22 (s, 2H, OH carboxylic).

Fig. 1. FT-IR spectrum of compound A1.

Fig. 2. FT-IR spectrum of compound A3.
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2.1.5. Synthesis of 5,5'-(diazene-1,2-diyl)bis(3- 
amino-2-hydroxybenzoic acid) (A2)

Compound A1 (3.92 g, 0.01 mol) was dissolved in 
20 ml) of water with the addition of KOH until the 
pH reached 1.15, using Litmus paper, with the 
addition (0.2 g of ground nickel. The mixture has 
been refluxed with stirring and heated to 100 ◦C. 
Adding hydrazine hydrate (4 ml, 80 %) gradually for 
3—4 h. The combination was filtered, and the solu
tion was collected and placed in an ice bath at 40 ◦C.

The pH was adjusted to (2-3) by adding 35 % 
hydrochloric acid (2 ml), and by using Litmus 
paper, the solution was placed in an ice bath for 2 h 
to get the precipitate. Finally, the solution was 
filtered, the precipitate was obtained, and it was 
purified with water and dried at 60—70 ◦C. Yield: 
38 %; melting point. 183—184 ◦C; The FT-IR spec
trum of compound (A2) (value, cm′ 1): broad 
3411—3311 (OHcarboxyl), 3313—3178 (NH2), 1720 
(C=Ocarboxyl) 1570—1590 (N]N stretch); 1HNMR 
(400 MHz, DMSO-d6) signals (ppm):5.60 (s, 2H OH 
phenolic), 6.00 (s, 4H, NH2), 7.61—7.75 (d, 4H, Ph), 
10.88 (s, 2H, OH carboxylic).

2.1.6. Synthesis of 5,5'-(diazene-1,2-diyl)bis(3-(2- 
chloroacetamido)-2-hydroxybenzoic acid) (A3)

In a conical flask, 3 g of calcium nitrate tetrahy
drate are dissolved in 10 mL of glacial acetic acid by 

slowly heating it in a water bath. After adding 2 g of 
compound A, the reaction mixture is heated for a 
few minutes below 80 ◦C in a boiling water bath. 
After forming a dark red solution, the reaction 
mixture is transferred into a 100 ml beaker filled 
with 20 ml of ice-cold water. After four to 5 h, the 
yellow crystal formed. The suction pump filters the 
crude product, which is then cleaned with cold 
water and dried. When 4-nitrosalicylic acid is 
recrystallized from methanol, a yellow precipitate is 
produced. Color: white crystal; Yield. After four to 
5 h, the yellow crystals of 4-nitrosalicylic acid 
separated from the turbid, dark red solution that 
had formed. Color: white crystal; Yield: 46 %; 
melting point. 198—199 ◦C; The FT-IR spectrum of 
compound A3 (Fig. 2) (value, cm′ 1):: broad 
3450—3320 (OHcarboxyl), 1688(C=Ocarboxyl), 1629 
(C=Oamid), 1548—1548 (N]N stretch); 1HNMR 
(Fig. 6) (400 MHz, DMSO-d6) signals (ppm):4.5 (s, 
4H CH2Cl) 5.90 (s, 2H OH phenolic), 7.03 (s, 2H, 
NH), 8.60—8.94 (d, 4H, Ph), 10.33 (s, 2H, OH 
carboxylic).

2.1.7. Synthesis of 6,6'-(diazene-1,2-diyl)bis(3-oxo- 
3,4-dihydro-2H-benzo[b][1,4]oxazine-8-carboxylic 
acid) (A4)

After adding Compound A3 (0.007, 3.63 g) to a 
mixture of DMF (35 ml) and K2CO3 (2.1 g, 0.015 mol) 

Fig. 3. FT-IR spectrum of compound A5.
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Fig. 4. FT-IR spectrum of compound A7.

Fig. 5. 1H-NMR spectrum of compound A1.
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Fig. 6. 1H-NMR spectrum of compound A3.

Fig. 7. 1H-NMR spectrum of compound A5.
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Fig. 8. 1H-NMR spectrum of compound A6.

Fig. 9. 1H-NMR spectrum of compound A7.
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while stirring at room temperature, the mixture 
was heated for three more hours at 70—75 ◦C. A 
two-layer mixture of 50 ml of ice water and 50 ml of 
AcOEt was created by decanting the mixture. After 
separating the organic layer, it was cleaned with 
water and saturated brine in turn before being 
dried on top of MgSO4. To obtain a solid that was 
recrystallized from ethanol-IPE, the organic 
layer was vacuum-evaporated. Produce: 37 %; 
melting point. 190—192 ◦C; The FT-IR spectrum of 
compound (A4) (value, cm′ 1) broad 3400—3309 
(OHcarboxyl), 3382 (NH) 1722(C=Ocarboxyl), 
1555—1522 (N]N stretch); 1HNMR (400 MHz, 
DMSO-d6) signals (ppm):4.8 (s, 4H CH2 oxazine) 
7.90 (s, 2H, NH), 8.10—8.35 (d, 4H, Ph), 10.50 (s, 2H, 
OH carboxylic).

2.1.8. Synthesis of diethyl 4,4'-((6,6'-(diazene-1,2- 
diyl)bis(3-oxo-3,4-dihydro-2H-benzo[b][1,4]oxazine- 
8,8′-carbonyl))bis(azanediyl))dibenzoate (A5)

After dissolving (0.005 mol, 2.00 g) of compound 
A4 in 35 ml of thionyl chloride in a 50 ml round- 
bottom flask, the mixture was refluxed for 3 h 
before the solution was rotary-evaporated, and the 
oil product was collected. Drop by drop, dissolve 
0.01 mol (1.65 g) of ethyl 4-aminobenzoate in 25 ml 
of dioxane over 30 min while stirring for 24 h. After 
that, it was added to the ice water and stirred for 
30 min before being acidified with strong hydro
chloric acid. The TLC technique was used to 
monitor the reaction. Diethyl ether was used to 
extract the organic layer, and the extraction process 
was repeated four times. Production: 68 %; milting 

Scheme 1. Synthesis of compound (A) from salicylic acid.
Scheme 2. Preparation of A1 -A4 via nitration, reduction, and acety
lation of compound (A).
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point 223—224 ◦C; The FT-IR spectrum of com
pound A5 (Fig. 3) (value, cm′ 1): 3396 (NH), 
2983—2687 (C—H aliph.), 3088 (C-Har), 1652 (C]O 
amid), 1544—1560 (N]N stretch); 1HNMR (Fig. 7) 
(400 MHz, DMSO-d6) signals (ppm): 1.97 (t, 6H, 
CH3), 4.51(m, 6H,′ CH2′ CO), 4.8 (s, 4H, CH2 oxa
zine) 7.90 (s, 2H, NH oxazine), 8.10—8.35 (d, 12H, 
Ph), 9.50 (s, 2H, NH imide).

2.1.9. Synthesis of 6,6'-(diazene-1,2-diyl)bis(N-(4- 
(5-amino-1,3,4-thiadiazol-2-yl)phenyl)-3-oxo-3,4- 
dihydro-2H-benzo[b][1,4]oxazine-8-carboxamide) 
(A6)

Compound A5 (0.005 mol, 3.53 g) and thio
semicarbazide (0.01 mol, 0.91 g) were dissolved in 

15 ml of POCl3, and the mixture was refluxed for 
36 h. After slowly pouring the mixture onto crushed 
ice while stirring constantly, potassium carbonate 
(K2CO3) was added to neutralize the acid mixture. 
The mixture was then allowed to settle for 12 h 
before being filtered to extract the precipitate. 
Following a distilled water wash, the precipitate 
was recrystallized from ethanol. Production: 60 %; 
melting point. 166—168 ◦C; The FT-IR spectrum of 
compound (A6) (value, cm′ 1)3316—3166 (NH2), 3066 
(C-Har), 1644 (C]N), 1577—1541 (N]N stretch); 
1HNMR (Fig. 8) (400 MHz, DMSO-d6) signals (ppm): 
4.8 (s, 4H, CH2 oxazine), 6.5 (s, 4H, NH2-thiadiazol), 
7.90 (s, 2H, NH oxazine), 8.11—8.55 (d, 12H, Ph), 9.30 
(s, 2H, NH imide).

Scheme 3. Synthesis of compounds (A5) and (A6) from compound (A4).
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2.1.10. Synthesis of 6,6'-(diazene-1,2-diyl)bis(N-(4- 
(5-amino-1,3,4-oxadiazol-2-yl)phenyl)-3-oxo-3,4- 
dihydro-2H-benzo[b][1,4]oxazine-8-carboxamide) 
(A7)

Compound A5 (0.005 mol, 3.53 g) and semi
carbazide (0.01 mol, 0.71 g) were dissolved in 15 ml 
of POCl3, and the mixture was refluxed for 36 h. 
After slowly pouring the mixture onto crushed ice 
while stirring constantly, potassium carbonate 
(K2CO3) was added to neutralize the acid mixture. 
The mixture was then allowed to settle for 12 h 
before being filtered to extract the precipitate. 
Following a distilled water wash, the precipitate 
was recrystallized from ethanol. Production: 32 %; 
melting point. 197—199 ◦C The FT-IR spectrum of 
compound A7 (Fig. 4) (value, cm′ 1): 3304—3187 
(NH2), 3029 (C-Har), 1666 (C]N), 1544—1542 (N]N 
stretch); 1HNMR (Fig. 9) (400 MHz, DMSO-d6) sig
nals (ppm):4.52 (s, 4H, CH2 oxazine), 6.63 (s, 4H, 
NH2-oxadiazol), 7.84 (s, 2H, NH oxazine), 8.20—8.55 
(d, 12H, Ph), 9.77 (s, 2H, NH imide).

3. Results and discussion

3.1. 1FTIR and 1H-NMR characterizations

Schemes 1—4 were followed in the production of 
the nominated compounds.

In particular, the impact and effectiveness of 
bacteriophage antibodies against Staphylococcus 

aureus and Escherichia coli were examined. As indi
cated in Table 1, a number of these compounds 
exhibited antagonistic effects (see Table 2).

These types of bacteria were selected, one of 
which is Gram-positive (Staphylococcus aureus) and 

Scheme 4. Synthesis of compound (A7) from compound (A5).

Table 1. Shows the inhibition of the growth of the bacteria (Inhibition 
Zone) by some derivatives recorded in millimeter units.

Comp. No. Type of bacteria

Escherichia 
coli

Staphylococcus 
aureus

Cefotaxime 
(Antibiotic) Standard

0 0

A 18 18
A1 0 0
A2 10 20
A3 0 25
A4 15 12
A5 30 25
A6 15 18
A7 20 20

Table 2. Shows the inhibition of the growth of the fungal (Inhibition 
Zone) by some derivatives recorded in millimeters.

Comp. No. Fungal Aspergillus Niger

A 15
A1 18
A2 20
A3 20
A4 10
A5 10
A6 15
A7 15
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the other Gram-negative (Escherichia coli), which 
cause several infections.

The degree of inhibition of bacterial growth was 
measured by the products synthesized and related 
to cefotaxime. The agar diffusion method was used 
to evaluate the biological effectiveness of the syn
thesized products. Most of the synthesized com
pounds were found to have biological effects as 
inhibitors of the growth of these two types of bac
teria. When compared to cefotaxime's biological 
effectiveness, it was discovered that the synthesized 
compounds A5 and A7 had a high zone of inhibition 
for Escherichia coli. Additionally, it was discovered 
that, in comparison to cefotaxime, the synthesized 
compounds A1, A4, and A6 are highly effective at 
inhibiting the growth of Staphylococcus aureus. 
Furthermore, most of the prepared compounds 
were found to have biological effects as inhibitors 
for the growth of the fungus Aspergillus niger.

4. Conclusions

Various products made from salicylic acid could 
be used to prepare other compounds because they 
were suitable intermediates, and the yield of 
products was sufficient for the next stage. The 
products prepared under ambient conditions are 
not affected by moisture or light, and the high 
melting points of some products indicate their sta
bility. Selected biologically active synthesized 
compounds can be used because they have a high 
ability to inhibit the growth of Escherichia coli and 
Staphylococcus aureus
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