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Abstract 
Two novel dopamine hydrochloride Schiff bases (E)-4-(2-((4-hydroxy-2H- 
chromen-2-ylidene)amino)ethyl)benzene-1,2-diol (1) and (E)-3-((3,4-dihydro- 
xyphenethyl)imino)indolin-2-one (2) have been synthesized using isatin and 
4-hydroxycoumarin. The prepared compounds have been characterized by 
solubility in different solvents, melting point determination, elemental analy-
sis, FT-IR, 1H-NMR, 13C-NMR and powder X-ray diffraction spectroscopic 
techniques, with the structures of the Schiff bases proposed. The proposed 
structures of the compounds have been optimized using the Spartan program 
so as to get the most stable conformers. The synthesized Schiff bases have been 
tested for their biological activity against two Gram positive bacteria; Staphy-
lococcus aureus, Bacillus subtilis, and two Gram negative bacteria; Klebsiella 
pneumoniae and Escherichia coli with their minimum inhibition concentra-
tion (MIC) values determined. The Schiff base 1 was found to inhibit E. coli 
and K. pneumonia with MIC values of 3.12 and 6.25 µg/mL, followed by K. 
pneumonia compared to the reference standards with MIC values of 3.12 
µg/ml indicating that 1 could be a potential lead compound. 
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1. Introduction 

Dopamine (3-hydroxytyramine hydrochloride) is a biogenic monoamine which 
belongs to a family of neurotransmitters called “catecholamines”. These catecho-
lamines include several related neurotransmitters which are dopamine, norepi-
nephrine also known as noradrenalin, and epinephrine also known as adrenalin 
[1]. These neurotransmitters are considered to be unquestionably the most rele-
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vant to both normal and abnormal behavior [1]. Dopamine is a neurotransmit-
ter that can produce a myriad of actions on neurons either directly or through 
G-protein-coupled receptors and is inactivated primarily through its reuptake by 
the dopamine transporter back into presynaptic terminals of neurons shortly af-
ter its release [1] [2]. Thus, it is not a fast-acting neurotransmitter. Dopamine is 
found in the kidney peripherally and has many functions or applications de-
pending on the receptor involved. These include; voluntary movements, regulate 
growth and development, regulations of feeding, sleep, impulse control, repro-
ductive behaviors, working memory, learning, control of rennin in kidney (D1), 
renal functions, gastrointestinal motility, regulate locomotion-presynaptic recep-
tors inhibit locomotion and post synaptic receptors activate locomotion (D2), 
involved in endocrine function cognitions, emotions, regulations of locomotor 
functions and modulates endocrine functions (D3). Therapeutically, dopamine 
is indicated for the correction of hemodynamic imbalances present in the shock 
syndrome due to myocardial infarctions, trauma, endotoxic septicemia and open 
heart surgery [3]. 

The development of antibiotics against gram-positive and gram-negative bac-
teria such as Staphylococcus aureus (S.A), Bacillus subtilis (B.S), Klebsiella pneu-
monia (K.P) and Escherichia coli (E.C) has been an active area of research, as 
amoxicillin, norfloxacin, chloramphenicol and ciprofloxacin which are the most 
common antibiotics used for these bacterial infections are associated with side 
effects such as neurological alterations generated by the interaction of the drug 
with the central nervous system [4]. 

Furthermore antimicrobial agents are not only fundamental for the treatment 
of infections in humans, but are also essential substances in agriculture and an-
imal husbandry, where they are applied at sub-therapeutic levels as growth pro-
moters in birds, swine, beef and fish food [5]. The emergence of multi-resistant 
bacteria has become a major problem for the treatment of infectious diseases; as 
such there is a pressing need to search for new alternative antibiotics with ease of 
synthesis and with relatively fewer side effects. Most compounds bearing an 
azomethine group have been reported to exhibit antimicrobial [6] [7] [8], anti-
oxidant, and antiproliferative properties [9] [10]. 

In view of the above, and in continuation with our studies on novel Schiff base 
compounds with potential antimicrobial activity [11] [12] [13], and taking into 
consideration the therapeutic importance of dopamine, isatin, and 4-hydroxy- 
coumarin, we report herein the syntheses, characterization and antibacterial stu-
dies of dopamine-based derivatives of isatin and 4-hydroxycoumarin, with the 
view of developing new and efficient anti-microbial agents. 

2. Experimental 

Gallenkamp melting point apparatus containing a mercury-in-glass thermome-
ter with a range of 10˚C to 360˚C, melting temperature capillary tubes [sizes = 
(1.5 - 1.8) × 90 mm]. The Fourier-transform infrared (FT-IR) spectra were rec-
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orded (KBr) with a Perkin-Elmer 1430 spectrophotometer. The proton and car-
bon-13 nuclear magnetic resonance (NMR) spectra of 1 and 2 were recorded on 
Bruker DRX-500, −400, and −300 MHz instruments and calibrated on residual 
undeuterated solvent signals as an internal standard. The X-ray powder diffrac-
togram of the compounds were recorded using CuKα (wave length of 1.5406) as 
source in the range 4 - 60˚(2θ). 

2.1. Synthesis of (E)-4-(2-((4-hydroxy-2H-chromen-2-yli- 
dene)amino)ethyl)benzene-1, 2-diol (1) 

A solution of 4-hydroxycoumarin (0.324 g, 0.002 mol) dissolved in 20 mL of 
ethanol was added to a solution of dopamine hydrochloride (0.379 g, 0.002 mol) 
dissolved in 20 mL ethanol, with the addition of a few drops of glacial acetic acid 
into the mixture. The reaction mixture was refluxed for 6 hours at a temperature 
of 70˚C. On cooling, the precipitate was filtered and washed several times with 
ethanol and dried over CaCl2 desiccator. Percentage yield 83.1%, C17H15NO4, m/z 
297.10; Analysis; Found: C, 68.61; H, 5.06; N, 4.68; O, 21.47, Calculated: C, 
68.68; H, 5.09; N, 4.71; O, 21.53, mp 183˚C - 192˚C, IR 3336, 3038, 2641, 2542, 
2361, 2078, 1939, 1616, 1498, 1284, 1174, 1013, 935, 813, 598 cm−1; 1H NMR (400 
MHz, DMSO-d6): δ = 10.42 (br, 1H), 9.64 (br, 1H), 9.49 (br, 1H), 7.55 (m, 2H), 
7.38 (m, 2H), 6.96 (m, 3H), 5.06 (s, 1H), 4.67 (m, 2H), 3.82 (m, 2H); 13C NMR 
(101 MHz, DMSO-d6) δ = 189.7, 152.9, 152.7, 146.1, 134.2, 129.3, 129.2, 125.8, 
125.5, 122.3, 117.2, 115.9, 115.3, 62.5, 52.1, 45.6, 37.7. 

2.2. Synthesis of (E)-3-((3, 4-dihydroxyphenethyl) imino)  
indolin-2-one (2) 

A solution of Isatin (0.294 g, 0.002 mol) dissolved in 20 mL of ethanol was added 
to a solution of dopamine hydrochloride (0.379 g, 0.002 mol) dissolved in 20 mL 
ethanol, with the addition of a few drops of glacial acetic acid into the mixture. 
The reaction mixture was heated for 6 hours at a temperature of 70˚C. On cool-
ing, the precipitate was filtered and washed several times with ethanol and dried 
over CaCl2 desiccator. Percentage yield 84.3%, C16H14N2O3, m/z, 282.10; Analy-
sis; Found: C, 68.04; H, 4.98; N, 9.87; O, 16.98, Calculated: C, 68.07; H, 5.00; N, 
9.92; O, 17; IR 3402, 3159, 2360, 1707, 1620, 1450, 1329, 768 cm−1; 1H NMR (300 
MHzDMSO-d6) δH = 10.37 (br, 1H), 9.64 (br, 1H), 8.27 (s, 1H), 7.41 (m, 4H), 
6.94 (m, 3H), 4.74 (s, 2H), 4.48 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δC = 
190.2, 176.5, 154.1, 152.7, 146.0, 143.0, 140.2, 134.3, 130.5, 125.6, 122.3, 115.8, 
115.2, 58.6, 52.5, 41.7. 

2.3. Computational Studies 

Semi-empirical studies were done with Spartan’14 program [14] in gas phase us-
ing PM3 method [15]. The molecules were pre-optimized using molecular me-
chanics methods. Several cycles of energy minimization had to be carried out for 
each of the molecules. Geometry was optimized using molecular mechanics 
MMFF minimum energy optimization. 
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2.4. Antimicrobial Activity 
2.4.1. Antibacterial Test for the Synthesized Schiff Bases 
The in vitro antibacterial activity of the synthesized compounds was assessed [16] 
[17] against two Gram positive bacteria; Staphylococcus aureus (ATCC-12598), 
Bacillus subtilis (ATCC-6633) and two Gram negative bacteria; Klebsella pneu-
monia (ATCC-29665) and Escherichia coli (ATCC-25922) using the broth micro 
dilution method. 

2.4.2. Preparation of Media 
1) Sterilization of media and glassware 
The media used was Mueller-Hinton agar (Thermo Fisher Scientific, Waltham, 

MA USA) and the nutrient agar was sterilized in conical flasks of a suitable ca-
pacity by autoclaving at 15 lb pressure approximately 20 minutes. The test tubes 
and pipettes were sterilized in hot air oven at 160˚C for one hour. 

2) Preparation of test compounds 
Serial dilution of the compounds and reference drugs were prepared in Muel-

ler-Hinton agar (Thermo Fisher Scientific). Drugs (1 mg) were dissolved in di-
methylsulfoxide/CDCl3 (1 mL). Further, progressive dilution with the melted 
Mueller-Hinton agar (Thermo Fisher Scientific) were performed to obtain the 
required concentrations, 0.2, 0.4, 0.8, 1.6, 3.125, 6.25, 12.5, 25, 50 and 100 µg/mL 
of test compounds. 

To ensure that the solvent had no effect on the bacterial growth, a control ex-
periment was performed at the same dilution as used in the experiment. The 
DMSO/CDCl3 did not show any effect on the micro-organism in the concentra-
tion range studied. 

3. Results and Discussion 

The condensation reactions between dopamine hydrochloride and 4-hydroxycou- 
marin and isatin gave the desired products as depicted in Scheme 1 and Scheme 2. 

3.1. Elemental Analyses 

The experimental and calculated values of the elemental analyses of the prepared 
compounds were in good agreement. The agreement between these values of the 
elemental analyses confirms the purity of the prepared compounds. The theo-
retical molecular ion peaks appeared at m/z 297.10 and 282.10 for C17H15NO4 (1) 

 

 
Scheme 1. Synthesis of 1. 
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and C16H14N2O3 (2) respectively. Furthermore, the synthesized compounds were 
all very soluble in DMSO which is a coordinating solvent. Isatin derivative 2 was 
slightly soluble in methanol, while the 4-hydroxycoumarin derivative 1 was very 
soluble in methanol. 

3.2. Infrared Spectra 

The infrared spectra of the synthesized Schiff bases were recorded on KBr in the 
range 4000 - 400 cm−1. 

The infrared spectrum of (E)-4-(2-((4-hydroxy-2H-chromen-2-ylidene)ami- 
no)ethyl)benzene-1, 2-diol (1) is presented in Figure 1, while that of (E)-3-((3, 
4-dihydroxyphenethyl) imino) indolin-2-one (2) is presented in Figure 2. 

The spectrum of 1 displayed strong bands at 3336 and 3038 cm−1 correspond-
ing to the stretching frequency vibrations of v(OH) and v(NH) respectively [18] 
[19]. The stretching frequency vibration of the azomethine group (C=N) of the 
Schiff base is observed at 1616 cm−1 [20] [21], while the C-O stretching vibration 
characteristic of this Schiff base appeared at 1284 cm−1 [22] [23]. 

For the IR spectrum of 2 (Figure 2), it displayed strong bands at 3402 and 
3159 cm−1 corresponding to the OH and N-H stretching vibration respectively 
[18]. A strong band was seen at 1707 cm−1 corresponding to the C=O stretching 
vibration, while a sharp band at 1620 cm−1 is attributed to the stretching vibra-
tion of azomethine group (C=N) of the Schiff base [22]. 

 

 
Scheme 2. Synthesis of 2. 

 

 
Figure 1. FT-IR spectrum of (E)-4-(2-((4-hydroxy-2H-chromen-2-ylidene)amino)ethyl)benzene-1, 2-diol (1). 
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3.3. Proton and Carbon-13 NMR Spectra 

The proton and carbon-13 NMR spectra of 1 and 2 were recorded on Bruker 
DRX-500, −400, and −300 MHz instruments and calibrated on residual undeu-
terated solvent signals as an internal standard. 

The 1H NMR spectrum of 1 (Figure 3) revealed, in addition to the aromatic 
(7.55, 7.38, 6.96 ppm) and alkyl signals (4.67, 3.82 ppm), the presence of three  

 

 
Figure 2. FT-IR spectrum of (E)-3-((3, 4-dihydroxyphenethyl) imino) indolin-2-one (2). 
 

 
Figure 3. Proton NMR spectrum of 1. 
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broad signals at δ 10.42, 9.64 and 9.49 ppm, assignable to the three hydroxyl 
protons. The 13C NMR spectrum (Figure 4) displayed characteristic signals at δ 
146.1, 152.7, 152.9 and 189.7 ppm, accounting for three carbons linked to the 
hydroxyl groups and the imine carbon respectively [24] [25]. 

The 1H NMR spectrum of 2 (Figure 5) revealed, in addition to the expected 
aromatic (7.41, 6.94 ppm) and alkyl signals (4.74, 4.48 ppm), two broadened 
peaks at 10.37 and 9.62 ppm accounting for the two hydroxyl protons, while the 
signal at 8.27 ppm is assignable to the amide proton of the indolinone moiety. 
The 13C NMR spectrum of 2 (Figure 6) displayed signals at 152.7, 154.1, 176.5 
and 190.2 ppm assignable to two carbons linked to the hydroxyl groups, imine 
carbon and amide carboxyl carbon respectively [24] [25]. 

3.4. Powder X-Ray Diffraction Studies 

Figure 7 and Figure 8 depict the powder pattern of all the synthesized Schiff 
bases. The degree of crystallinity of the synthesized Schiff bases was determined 
by obtaining their powder X-ray diffraction pattern. It should be noted that the 
powder pattern of (E)-4-(2-((4-hydroxy-2H-chromen-2-ylidene)amino)ethyl)ben- 
zene-1, 2-diol (1) Figure 7 indicates the porous nature of the molecule, which can 
be exploited for adsorption filtration studies [26]. 

 

 
Figure 4. Carbon-13 NMR spectrum of 1. 
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Figure 5. Proton NMR spectrum of 2. 

 

 
Figure 6. Carbon-13 NMR spectrum of 2. 

https://doi.org/10.4236/ijoc.2022.121004


M.-L. L. Watat et al. 
 

 

DOI: 10.4236/ijoc.2022.121004 48 International Journal of Organic Chemistry 
 

 
Figure 7. Powder X-ray diffractogram of 2. 

 

 
Figure 8. Powder X-ray diffractogram of 1. 

3.5. Computational Studies 

Molecular modeling and quantum mechanical semi-empirical calculations were 
carried out using Spartan 14 program, so as to gain a better insight on the pro-
posed molecular structures of the prepared compounds, since their single crys-
tals could not be isolated. The correct stereochemistry was assured through the 
exploitation and modification of the molecular coordinates to attain reasonable 
low energy molecular geometries. The minimum steric energy which was deter-
mined severally resulted to global minimum energies of −388.57 and −235.21 
kJ/mol for C17H15NO4 (1) and C16H14N2O3 (2) respectively. 

The optimized geometries of the 1 and 2 are presented in Figure 9 and Figure 
10 with chemical function descriptors highlighting the relevant pharmaco-
phores. These are zero values descriptors based on quantum calculations or de-
rived from molecular fields interactions. These descriptors which are important 
for properties such as lipophilicity, hydrogen bonding, solubility and molecular 
size of compounds are very relevant in the understanding of structure-reactivity  
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Figure 9. Optimized structure of 1 highlighting the chemical function descriptors. 

 

 
Figure 10. Optimized structure of 2 highlighting the chemical function descriptors. 

 
relationships. The ligand-protein interactions of compounds can be inferred 
from these descriptors which have also been widely used to deploy accurate 
models for the predictions of toxicological and physicochemical properties of 
organic compounds [27]. 

For the optimized structure of C17H15NO4 (1) the C-N bond lengths are within 
the range of 1.28 - 1.457 Ǻ and the C-O bond lengths is 1.210 Ǻ while for the 
structure of C16H14N2O3 (2) the C-N bond lengths falls within the range 1.296 - 
1.461 Ǻ which are all in line with previously reported results of similar com-
pounds [28]. 
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3.6. Antibacterial Activity 

Four different bacterial strains used for the biological studies were two Gram 
positive bacteria, Staphylococcus aureus; Bacillus subtilis and two Gram negative 
bacteria; Klebsiella pneumonia, Escherichia coli. The efficiency of bacteria inhi-
bition, determined by the broth dilution method, with the synthesized Schiff bases 
indicated that on an average, E. coli was the most inhibited with MIC values of 
3.12 and 6.25 µg/mL, followed by K. pneumonia with MIC values of 6.25 µg/mL 
for both 1 and 2 as compared with the references standards with MIC values of 
3.12 µg/mL. The MIC value of 3.12 µg/mL of 1 against E. coli indicates that it 
could be a better lead compound for further studies. Overall the Schiff base li-
gand C17H15NO4 (1) exhibited greater activity compared to C16H14N2O3 (2) against 
all the bacterial strain used as presented in Table 1. 

 
Table 1. In vitro antibacterial activity (MIC expressed in µg/ml). 

Test sample 
Sample concentration in µg/ml(MIC) 

S. aureus B. subtilis K. pneumonia E. coli 

C17H15NO4(1) 

C16H14N2O3(2) 

12.5 

25.00 

12.5 

50.00 

6.25 

6.25 

3.12 

6.25 

Ciprofloxacin 3.12 1.56 3.12 3.12 

Norfloxacin 3.12 3.12 3.12 3.12 

4. Conclusion 

We have synthesized two dopamine derived Schiff base compounds using 4-hy- 
droxycoumarin and isatin. The prepared compounds were characterized using 
solubility in different solvents, melting point determination, elemental analysis, 
FT-IR, 1H- and 13C NMR, and powder XRD spectroscopic techniques. The Schiff 
base 1 was found to inhibit E. coli and K. pneumonia with MIC values of 3.12 
and 6.25 µg/mL, followed by K. pneumonia, compared to the reference stan-
dards with MIC values of 3.12 µg/mL, indicating that 1 could be a potential lead 
compound. 
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