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This article presents the synthesis, structural and spectral (IR and NMR) characterization of some new phenothiazine 

Schiff bases containing chlorine. The target compounds (Figs. 1a-1d) were obtained as a result of the reaction between 2-

amino-6-(10H-phenothiazin-10-yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione and the corresponding chloro-

benzaldehydes. The antimicrobial activity of the synthesized Schiff bases was evaluated against Gram-positive bacteria 

Staphylococcus aureus and Bacillus subtilis, Gram-negative bacteria Escherichia coli, Pseudomonas aeruginosa and 

Salmonella abony, yeasts Saccharomyces cerevisiae and Candida albicans, molds Aspergillus brasiliensis and Fusarium 

moniliforme. 
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INTRODUCTION 

Compounds containing the -C=N- (azomethine) 

group in their structure are known as Schiff bases, 

and are synthesized by condensation of primary 

amines and active carbonyl compounds [1]. Schiff 

bases are known for a broad range of biological 

activities, such as antitubercular [2], anticancer [3-

5], analgesic [6, 7], anti-inflammatory [8, 9], 

anticonvulsant [10, 11], antibacterial [12], antifungal 

[13] antioxidant [14, 15], antitumor [16, 17] and 

anthelmintic [18] activities. 

In previous studies of ours, we have presented the 

synthesis [19, 20], and studies of antimicrobial and 

corrosion inhibition properties of some 

phenothiazine products. The results of these studies 

have prompted us to continue working in this 

direction, and to synthesize and study new 

compounds from the group of phenothiazine Schiff 

bases, not previously described in the literature. 

MATERIALS AND METHODS 

All used chemicals were purchased from Merck 

and Sigma-Aldrich. The melting points were 

determined on a SMP-10 digital melting point 

apparatus. The IR spectra were taken on Perkin-

Elmer FTIR-1600 spectrometer in KBr discs. The 

NMR spectra were taken on a Bruker DRX-250 

spectrometer operating at 250.13 and 62.90 MHz for 
1H and 13C, respectively, using the standard Bruker 

software. The chemical shifts were referenced to 

tetramethylsilane (TMS). The measurements in 

DMSO-d6 solutions were carried out at ambient 

temperature (300 K). 

EXPERIMENTAL 

The synthesis of the initial compound 2-amino-6-

(10H-phenothiazin-10-yl)-1H-benzo[de]isoquino- 

line-1,3(2H)-dione is presented in Scheme 1 [21]. 

Synthesis of Schiff bases containing 

chlorine (Scheme 2) 

0.005 mol of 2-amino-6-(10H-phenothiazin-10-

yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione (1) is 

dissolved in 40 mL of MeOH and 0.005 mol of the 

corresponding chlorobenzaldehyde (2a-2d) is added. 

The reaction mixture is heated in a water bath for 1 

h (~100°C). After cooling, the product formed (3a-

3d) is filtered off and washed with MeOH. 

Antimicrobial study 

Agar diffusion method and test microorganisms: 

Gram-positive bacteria Staphylococcus aureus 

ATCC 6538, Bacillus subtilis ATCC 6633, Gram-

negative bacteria  Escherichia  coli   ATCC   8739,  

Pseudomonas aeruginosa ATCC 9027 and 

Salmonella abony NTCC 6017, yeast Candida 

albicans ATCC 10231, Saccharomyces cerevisiae 

ATCC 2601, molds Aspergillus brasiliensis ATCC 

16404 and Fusarium moniliforme, were used to 

determine the antimicrobial action of the synthesized 

compounds. 1% solutions in solvent dimethyl 

sulfoxide (DMSO) were prepared from the 

compounds tested.   
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Scheme 2 

The experiments were performed in nutrient 

medium Tryptic soy agar (Merck) for bacteria and 

Sabouraud dextrose agar (Merck) for yeast and 

molds. 

The agar media were melted in a Koch apparatus. 

They were cooled down to a temperature of 50-48°C 

and inoculated with 1% of the prepared suspensions 

of the test microorganisms, then mixed well. 20 mL 

of the inoculated media were poured into sterile Petri 

dishes (Ø=90 mm). The agar was allowed to solidify. 

Cork borer was used to punch holes (Ø=8 mm) in the 

agar plate. 50 µL of the prepared solutions were 

added dropwise to the wells, and after 30 min of 

prefusion at room temperature, the petri dishes were 

placed in a thermostat at 37°C for 24 h for bacteria; 

28°C for 24 h for yeasts and for 72 h for molds [22]. 

Diameters of the zones of growth inhibition were 

taken into account after cultivation as follows: up to 

15 mm the microbial culture is weakly sensitive; 

from 15 to 25 mm – sensitive and over 25 mm – 

highly sensitive. 

RESULTS AND DISCUSSION 

Four Schiff base derivatives of phenothiazine 

with the structure shown in Fig. 1 were synthesized 

in accordance with Scheme 2 (see the Experimental 

part).  

The yields and melting points of the obtained 

compounds (3a-3d) are given in Table 1. The 

spectral data (IR, 1H NMR and 13C NMR including 

13C DEPT 135) of the compounds 3a-3d are 

presented in Tables 2-4.  
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Figure 1. a) R1 = Cl, R2 = R3 = H; b) R1 = R2 = Cl, R3 

= H; c) R1 = R3 =Cl, R2 = H; d) R1 = R2 = H, R3 = Cl 

(The numbering of the atoms is only for spectral 

assignments) 

Table 1. Yields and melting points 

№ Systematic name 
M. p., 

°С 

Yield, 

% 

3a 
2-[(2-hlorophenyl)methylene-

amino]-6-phenothiazin-10-yl-

benzo[de]isoquinoline-1,3-dione 

204-

205 
30 

3b 

2-[(2,3-dichlorophenyl) 

methyleneamino]-6-phenothiazin-

10-yl-benzo [de]isoquinoline-1,3-

dione 

163-

164 
46 

3c 

2-[(2,4-dichlorophenyl) 

methyleneamino]-6-phenothiazin-

10-yl-benzo[de]isoquinoline-1,3-

dione 

206-

207 
46 

3d 
2-[(4-chlorophenyl)methylene-

amino]-6-phenothiazin-10-yl-

benzo[de]isoquinoline-1,3-dione 

199-

200 
38 
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Table 2. Selected IR spectral data (KBr, cm-1) 

№ 
ν 

C=O 

ν 

C=N 

ν 

C-N 

ν 

Arom. 

ν 

C-Cl 

3a 1707, 1697 1612 1340 3089 775 

3b 1704, 1671 1609 1338 3061 774, 741 

3c 1704, 1671 1613 1340 3090 774, 741 

3d 1703, 1654 1618 1341 3034 778 

Table 3. Selected 1H NMR spectroscopic data (DMSO-d6, δ, ppm) 

№  

3a 
5.80-7.69 (m, 8H, CH, phenoth. core), 8.01-8.24 (m, 4H, CH, benz. core), 8.28 (s, 1H, CH), 

8.34-8.77 (m, 5H, CH, naphth. core) 

3b 
6.67-6.75 (m, 8H, CH, phenoth. core), 6.90-6.99 (t, 3H, CH, benz. core), 8.27 (s, 1H, CH), 8.29-

8.64 (m, 5H, CH, naphth. core) 

3c 
5.80-6.91 (m, 8H, CH, phenoth. core), 6.98-8.05 (t, 3H, CH, benz. core), 8.28 (s, 1H, CH), 8.38-

8.64 (m, 5H, CH, naphth. core) 

3d 
5.80-6.91 (m, 8H, CH, phenoth. core), 6.98-8.00 (t, 3H, CH, benz. core), 8.25 (s, 1H, CH), 8.35-

8.80 (m, 5H, CH, naphth. core) 

Table 4. Selected 13C NMR and 13C DEPT 135 spectroscopic data (DMSO-d6, δ, ppm) 

Position 

Compounds 

3a 3b 3c 3d 3a 3b 3c 3d 

13C NMR 13C DEPT-135 

1|11 122.2 122.2 114.9 129.5 CH CH CH CH 

2|8 135.5 135.5 142.6 143.3     

3|12 132.4 133.9 132.1 129.8 CH CH CH CH 

4|10 123.7 122.9 132.2 131.7     

5|14 128.5 126.7 129.6 131.8 CH CH CH CH 

6|13 128.7 129.6 128.0 132.0 CH CH CH CH 

15 134.8 128.0 133.9 137.9     

16 122.9 116.2 122.2 114.9 CH CH CH CH 

17 123.7 125.5 126.7 129.9     

18 133.3 130.5 132.9  CH CH CH CH 

19 129.4 130.6 130.6      

20 129.9 132.2 122.9      

21 130.2 132.9 133.9 130.9 CH CH CH CH 

22 130.4 132.2 133.9 132.5 CH CH CH CH 

23 131.5 133.2 122.2      

24 131.8   133.5 CH  CH CH 

25|26 160.3 161.7 161.7 160.3     

31 168.6 168.6 168.6 171.3 CH    

32 131.9 131.2 116.8 128.5     

33 130.8 118.7  121.4 CH CH CH CH 

34 131.9 133.6 134.2 121.4    CH 

35 132.1 129.4  125.5 CH CH CH CH 

36 122.1 133.8 136.6 125.5 CH  CH CH 

37 133.4    CH CH   
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Table 5. Antimicrobial activity of compounds 3a-3d 

Test microorganisms 
Diameter of the inhibition zone (mm) 

3a 3b 3c 3d 

Staphylococcus aureus ATCC 6538 0 0 0 0 

Bacillus subtilis ATCC 6633 10.4 0 0 12.8 

Escherichia coli ATCC 8739 0 0 0 0 

Pseudomonas aeruginosa ATCC 9027 0 0 0 0 

Salmonella abony NTCC 6017 0 0 0 11.6 

Saccharomyces cerevisiae ATCC 2601 0 0 0 0 

Candida albicans ATCC 10231 0 0 0 0 

Aspergillus brasiliensis ATCC 16404 0 0 0 0 

Fusarium moniliforme 0 0 0 0 

The IR and 1H-NMR spectral data of the 

compound 2-amino-6-(10H-phenothiazin-10-yl)-

1H-benzo[de]isoquinoline-1,3(2H)-dione [23] show 

the signals for NH2 group as follows: 3441 cm-1 and 

3324 cm-1 and 2.51 ppm and 3.35 ppm. These signals 

are absent for the compounds 3a-d. In the 

synthesized Schiff bases, signals for >C=N group 

appear in the region 1609-1618 cm-1. The 1H-NMR 

spectra of the compounds showed signals for a CH 

group (№ 31, Figure 1) in the region 8.25-8.28 ppm. 

This confirms the interaction between the 

corresponding amine and the aromatic aldehyde 

leading to the formation of the Schiff bases 3a-d. In 

the 13C-NMR spectra, a new signal for the >C=N 

group appears, which for compounds 3a-c is around 

168.6 ppm, only in compound 3d it is at 171.3 ppm, 

which is most likely due to the p-chlorine atom in the 

aromatic aldehyde. 

Compound 3a shows weak antibacterial activity 

against the Gram-positive bacterium Bacillus 

subtilis. Compound 3d demonstrates weak activity 

against Bacillus subtilis and the Gram-negative 

bacterium Salmonella abony (Table 5). No activity 

of these compounds was established against any 

other test microorganisms used. Compounds 3b and 

3c show no activity towards the microorganisms 

used. 

CONCLUSION 

Four new phenothiazine derivatives, previously 

not described in the literature, have been synthesized 

and their structures have been proven by IR and 1H, 
13C and DEPT-135 spectroscopy. Their 

antimicrobial activity has been investigated, where 

two of the compounds have shown weak activity 

against Bacillus subtilis, and one is also active 

against Salmonella abony. Two of the compounds 

have demonstrated no activity towards the 

microorganisms used. 

Acknowledgement: The authors acknowledge the 

support by the Science Fund of the University of 

Ruse, Bulgaria (project 2023-BRz-01). 

REFERENCES 

1. R. Nirmal, C. R. Prakash, K. Meenakshi, P. 

Shanmugapandiyan, J. Young Pharm., 2(2). 162 

(2010). 

2. K. K. Sivakumar, A. Rajasekaran, J. Pharm. 

Bioallied. Sci., 5(2), 126 (2013).  

3. D. Sunil, A. M. Isloor, P. Shetty, P. G. Nayak, K. S. 

R. Pai, Arab. J. Chem., 6(1), 25 (2013). 

4. A. A. Osowole, I. Ott, O. M. Ogunlana, Int. J. Inorg. 

Chem., 2012, 1 (2012).  

5. S. S. Mohamed, A. R. Tamer, S. M. Bensaber, M. I. 

Jaeda, N. B. Ermeli, A. A. Allafi, I. A. Mrema, M. 

Erhuma, A. Hermann, A. M. Gbaj, Naunyn-

Schmiedeberg's Arch. Pharmacol., 386, 813 (2013).  

6. M. A. Alafeefy, M. A. Bakht, M. A. Ganaie, M. N. 

Ansarie, N. N. El-Sayed, A. Awaad, Bioorg. Med. 

Chem. Lett., 25(2), 179 (2015).  

7. S. Murtaza, M. S. Akhtar, F. Kanwal, A. Abbas, S. 

Ashiq, S. Shamim, J. Saudi Chem. Soc., 21, 359 

(2017).  

8. R. Nirmal, C. R. Prakash, K. Meenakshi, P. 

Shanmugapandiyan, J. Young Pharm., 2(2), 162 

(2010).  

9. I. Vazzana, E. Terranova, F. Mattioli, F. Sparatore, 

ARKIVOC (v) 364 (2004).  

10. C. R. Prakash, S. Raja, G. Saravanan, Int. J. Pharm. 

Pharm Sci., 2(4), 177 (2010).  

11. C. Ajit kumar, S. N. Pandeya, Int. J. Pharmtech. Res., 

4(2), 590 (2012).  

12. S. Tiwari, V. Mujalda, V. Sharma, P. Saxena, M. 

Shrivastava, Asian J. Pharm. Clin. Res., 5(1), 98 

(2012).  

13. R. A. Sheikh, M. Y. Wani, S. Shreaz, A. A. Hashmi, 

Arab. J. Chem., 9, 743 (2016).  

14. R. N. Gacche, D. S. Gond, N. A. Dhole, B. S. 

Dawane, J. Enzyme Inhib. Med. Chem., 21(2), 157 

(2006). 

15. P. Praveen Kumar, B. L. Rani, Int. J. Chemtech. Res., 

3(1), 155 (2011). 

https://pubmed.ncbi.nlm.nih.gov/?term=Nirmal%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Prakash%20C%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Meenakshi%20K%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shanmugapandiyan%20P%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shanmugapandiyan%20P%5BAuthor%5D
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3021692/


I. Nikolova et al.: Phenothiazine Schiff bases containing chlorine: synthesis, characterization and antimicrobial study 

30 

16. K. Venkatesan, V. S. V. Satyanarayana, A. 

Sivakumar, Polycycl. Aromat. Compd.: 43(1), 850 

(2022). 

17. K. Venkatesan, V. S. V. Satyanarayana, A. 

Sivakumar, C. Ramamurthy, C. Thirunavukkarusu, J. 

Heterocycl. Chem., 57, 2722 (2020). 

18. B. Mathew, S. S. Vakketh, S. S. Kumar, Der Pharma 

Chem., 2(5), 337 (2010). 

19. T. Haralanova, M. Marinov, I. Kostova, I. Nikolova, 

S. Damyanova, N. Stoyanov, IOP Conf. Ser. Mater. 

Sci. Eng., 1031, 1 (2021). 

20. I. Kostova, I. Nikolova, M. Marinov, Proc. Univ. 

Ruse, 59(10.2.), 56 (2020). 

21. I. Nikolova, I. Kostova, T. Haralanova, G. Borisov, 

M. Marinov, N. Stoyanov, AIP Conf. Proc., 2889: 

080022-1-080022-8 (2023). 

22. K. N. Hussein, T. Molnar, R. Pinter, A. Toth, E. 

Ayari, L. Friedrich, I. Dalmadi, G. Kisko, Prog. 

Agric. Eng. Sci., 16(S2), 163 (2021). 

23. M. Marinov, I. Nikolova, I. Kostova, N. Stoyanov, 

Phosphorus Sulfur Silicon Relat. Elem., 198, 128 

(2022).

 

https://www.sciencedirect.com/org/journal/polycyclic-aromatic-compounds
https://www.sciencedirect.com/org/journal/polycyclic-aromatic-compounds/vol/43/issue/1
https://www.researchgate.net/scientific-contributions/SS-Vakketh-2085183952?_sg%5B0%5D=i7HasQpMbK0MQmAr__8zNhHqhu80rrFarhOyf6I6ELMyWSskh6dSp1Ur_WhfnP410mQgZ2s.aGnj80lFDfEEq-yYaZtmmJmVtU7s1Sya0EHH5-S4kkQwW9QoE1eXsl5_AcdwZkfx-LszHeFxpLH4DNePREUt6g&_sg%5B1%5D=osi3zLHapqRSbUkuhG9GFq2ygdOjvCCCLzm8SZ_Yxjma037Hq_A1ezcYBO6xHugE6b4QFgA.aOZ_QAH6zNwqSEOEeFJjlpG2muKtx3yU1U8t5EO3gOXhMdMZlDVUL-h8OCZM6f4pCA9Zxc7eM3dVG9EW2e_8MA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.researchgate.net/scientific-contributions/SS-Kumar-2085256461?_sg%5B0%5D=i7HasQpMbK0MQmAr__8zNhHqhu80rrFarhOyf6I6ELMyWSskh6dSp1Ur_WhfnP410mQgZ2s.aGnj80lFDfEEq-yYaZtmmJmVtU7s1Sya0EHH5-S4kkQwW9QoE1eXsl5_AcdwZkfx-LszHeFxpLH4DNePREUt6g&_sg%5B1%5D=osi3zLHapqRSbUkuhG9GFq2ygdOjvCCCLzm8SZ_Yxjma037Hq_A1ezcYBO6xHugE6b4QFgA.aOZ_QAH6zNwqSEOEeFJjlpG2muKtx3yU1U8t5EO3gOXhMdMZlDVUL-h8OCZM6f4pCA9Zxc7eM3dVG9EW2e_8MA&_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19

