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ABSTRACT

A series of N-substituted phenothiazine derivedrohtompounds3g-3c) and morpholine based compounda-(

5c) were synthesized by base catalyzed reactions. mibkecular structures of synthesized compounds were
confirmed by using various spectral techniques, \BZ-IR, H, *C NMR and mass spectroscopy. The strong
stretching vibrational bands in the region 1696-06&m'in FT-IR spectral analysis confirms the presence of
carbonyl moiety in the synthesized compounds. Tésepce of signals in the downfield region of pmodiMR of
5a-5c is due to methylene protons which confirms th@imftion. The antimicrobial investigations was éad out
against two gram positive bacterial species suctBasillus subtilis and Staphylococcusaureus. Thefiargal
activity was tested against Aspergillusflavusanaigitiusniger. The biological results obtained segts that the

microbial growth inhibition was much higher in tlolloro based N-phenothiazine derivativéa-8c) than its
morpholine derivative5a-5c¢).
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INTRODUCTION
The phenothiazine has a three-ringed structurehiciwtwo benzene rings are connected by sulphuraamittogen
atom (Figure 1) [1]. It is widely used as commorilding block for the synthesis of medicinally impant
compoundsN-substituted phenothiazine derivatives are potasodical heterocyclic compounds that possess wide

range of biological applications such as anti-imifaatory, antihistaminic, antipsychotic, antichofigie, antiemetic,
sedative, tranquilizers, cytostatic, antimalagaialgesic, antitubercular and antimicrobial agéits].
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Figure 1. Structure of 10H-phenothiazine back bone with atoms numbering
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These activities represent the result of the icteya of phenothiazines with biological systemsotlgh their
pharmacophoric substituents, the multicyclic riygtem @-n interaction, intercalation in DNA) or the lipopiail
character allowing for the penetration through iedogical membranes. The activities were examihgdising
various biological systems such as cell lines, sgg) bacteria, parasites, laboratory mice, ratisrahbits, and
monolayer and bilayer membranes [4]. THalkylphenothiazines as ligands are used in metatiplexes, but
biological properties of these complexes are ingattd in recent years.

Present work describes the synthesis of variesubstituted phenothiazine derivatives and charaetén of
synthesized compounds by FT-IR, NMR and MS tectesqrhe microbial growth inhibition activity of tada
and fungi was carried out. The results indicateat tompounds with halides showed better activigntiother
compounds (without halide).

MATERIALSAND METHODS

All the chemicals and solvents used were of Anat&dg procured from Merck and Loba chemical comgnie
Solvents were used as received. Infrared spectrabsorements were performed using Perkin-Elmer
Spectrometerversion 10.03.89.and**C-NMR spectra of reported compounds were recoraedgilent 400 MHz
NMR spectrometer with TMS as internal standard. Toenpounds were dissolved in the deuterated solvent
(CDCly). Chemical shifts are expressed in parts peranil{ppm). The mass spectra of the reported compowad
obtained by TOF-ES technique at 70 eV using ESI/AR®rid mass spectrometer (Waters, USA).

Antimicrobial studies

Antibacterial activity

The antibacterial activity against two gram positivacterial species nameBacillus subtilisand Staphylococcus
aureusvas performed by disc diffusion techniquemethochgisiutrient agar medium [5].The test organisms were
sub-cultured in the agar medium and were incubfde@4 hat 37°C. Standard antibacterial drug, Ciprofloxacin
was used for comparison. The discs of 4 mm dianve¢ee soaked in the test solutions and then placesiedium
previously seededwith organisms in Petri plates mcdbated for 24 h at 37C. The inhibition zone circling
eachdisc was measured and the results have beed imothe form of inhibition zones (n percentageider to
clarify any effect ofsolvent (DMF) on the microbistreening, individual studies were performed vettution
alone of DMF and they showed no activity against amcrobial strains. The stock solution (1 mg/mi)tioe test
compounds was prepared in DMF [6]. The test wasezhout intriplicate and the average is represknte

Antifungal Activity

The reported compounds were tested against twoafilsgeciesAspergillus flavuand Aspergillus niger The test
organisms were sub-cultured in potato dextrose agalium and incubated at 3C for 48 h [7].Further procedure
was similar as above. The standard antifungal dauigeofulvin was used for comparison.

General Synthesis

Synthesis of chloro phenothiazine ketone derivatives (3a-3c)

To a solution phenothiazin@) in toluene (1 eq), chloroacetyl chloride derivai2a-2c) was added (2.4 eq)
dropwise with stirring. The reaction mixture waslueed at 60°C for 3 hr. The completion of the reaction was
monitored by time-to-time TLC. After the completjothhe solvent was evaporated in rotary evaporatashtain
desired product. Recrystallization was done fronaeol.

2-chlor 0-1-(10H-phenothiazin-10-yl)ethanone (3a)

Yield: 73%; IR (KBr) cm: 1696, 1673 (ss) (C=0), 3002 (ws) (Ar-H), 752.38 (CH-CI), 699.76 (ws) (Ar-S),
1340 (ss) (Ar-N)!H NMR (CDCL): & 7.23-7.35 (m, 4H, Ar-H, J =7.99 HZ),7.43-7.58 (m, 4H, Ar-H, J= 7.99Hz),
5 4.18 (s, 2H, Ch); **C NMR (CDCE): & 41.8 (CH), 126.5, 127.3, 127.4, 128.1, 133.1, 137.9 (ArB5.4(C=0);
MS: [M*]=275.8976, [M+2]=277.8938.

3-chlor 0-1-(10H-phenothiazin-10-yl) pr opan-1-one (3b)

Yield: 81%; IR (KBr) cmi: 1670 (s) (C=0), 2971 (b) (Ar-H), 766 (ws) (£8l), 697(W)(Ar-S),1365(ss) (Ar-N)H
NMR(CDCl): 8 7.21-7.34(m,4H,Ar-H, J=6.39 Hzp, 7.43-7.51(m,4H,Ar-H, J=6.39 H#)3.78(t,2H,CH, J=6.79
Hz), & 2.82(t,2H,COCH, J=6.79 Hz);*C NMR (CDCk): & 39.5(CH),127.12,127.18,128.09, 138.16(Ar-
C),169.0(C=0); MS: [M]=290.0453, [M+2]=292.0453.
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4-chloro-1-(10H-phenothiazin-10-yl)butan-1-one (3c)

Yield: 84%; IR(KBr) cm: 1738 (w), 1675 (ss) (C=0), 2925 (ws) (Ar-H), 76&) (CH-CI), 690 (ss) (Ar-S), 1325
(ss) (Ar-N);*H NMR (CDCE): § 7.21-7.34 (m, 4H, Ar-H, J=7.19 H#),7.43-7.51 (m, 4H, Ar-H, J= 7.59 H#)3.56
(t, 2H, COCH2, J=5.99 Hz} 2.62 (m, 2H, CH); **C NMR (CDCL): & 44.3 (CH), 126.9, 127.0, 127.2, 128.0,
133.3, 138.6 (Ar-C), 171 (C=0); MS:[#:303.9350, [M+2]=305.9350.
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Scheme 1: General synthetic route of 3a-3c and 5a-5¢

Synthesis of mor pholine based phenothiazine derivatives (5a-5c)

To a separate solution 8k, 3b and3c (1 equivalent), 1.2 equivalent mass of morphoBeparately was added
along with 1.2 equivalent mass of potassium cartgoimaacetonitrile. The above reaction mixture wtiged for 24
h at ambient temperature. The reaction towards tetiop was monitored by TLC. The solvent is evapedaunder
pressure in rotary evaporator. The product wasaeté¢d with ethyl acetate and this again evaportatedeld final
product.

2-mor pholino-1-(10H-phenothiazin-10-yl)ethanone (5a)

Yield: 69%; IR (KBr) cm®: 1671 (ss) (C=0), 2930 (w) (Ar-H), 729 (ws) (§8I), 645 (ws) (Ar-S), 1352 (ws) (Ar-
N); *H NMR (CDCk):6 7.21-7.33 (m, 4H, Ar-H, J=6.39 HZ),7.43-7.56 (m, 4H, Ar-H, J=6.39 HZ),3.65 (t, 4H,
OCH,, J=4.79 Hz)5 3.42 (s, 2H, COCH J=5.99 Hz) 2.60 (t, 4H, N-CH, J=5.99 Hz)}*C NMR (CDCE):  41.7
(CHy), 126.5, 126.7, 127.0, 127.0, 127.2, 127.3, 1271.98.0 (Ar-C), 167.3 (C=0); MS: [K326.99,
[M*+2]=328.99.

3-mor pholino-1-(10H-phenothiazin-10-yl)propan-1-one (5b)

Yield: 71%:; IR (KBr) cni: 1601 (ss) (C=0), 3000 (w) (Ar-H), 800 (ws) (§8l), 687 (ws) (Ar-S), 1380 (ws) (Ar-
N); ‘H NMR (CDCL): § 7.09-7.24 (m, 4H, Ar-H, J=6.39 H2),7.30-7.39 (m, 4H, Ar-H, J=6.39 H2),3.46 (t, 4H,
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OCH,, J=5.19 Hz)$ 2.70 (t, 4H, OCH| J=4.79 Hz)§ 2.15 (t, 4H, N-CH, J=4.79 Hz)*C NMR (CDCLk): 5 42.3
(CHy), 127.2, 127.6, 127.9, 128.1, 128.4, 128. 6, 12829.3 (Ar-C), 170.1 (C=0); MS: [(=355.1078,
[M*+2]=328.99.

4-mor pholino-1-(10H-phenothiazin-10-yl)butan-1-one (5¢)

Yield: 74%; IR (KBr) cm*:1736 (ss) (C=0), 2987 (w) (Ar-H), 762 (w) (¢i€l), 610 (w) (Ar-S), 1374 (w) (Ar-N);
'H NMR (CDCh): & 7.17-7.31 (m, 4H, Ar-H)} 7.40-7.49 (m, 4H, Ar-H) 3.60 (t, 4H, COCH J=4.79 Hz)$ 2.65
(t, 4H, OCH, J=9.59 Hz),5 2.30 (t, 4H, N-CH, J=4.39 Hz);*C NMR (CDCE): $31.6(CH), 126.8,126.9,
127.2,127.8,128.0,133.2,138.5(Ar-C),170.7(C=0); #&]=341.0949, [M+2]=341.0949.

RESULTSAND DISCUSSION

The synthetic route of thBl-Phenothiazine derivative$8g-3c and 5a-5¢) are shown in Schemes 1 and 2. The
molecular structures of the reported compounds wenérmed by IR, NMR and mass spectroscopic tegines.

Infrared Spectroscopy

The important stretching frequencies of the compisuwere given in the Table 1. The representatiestsp of
compounds3a and 5a are shown in figure 2 (a) and (b), respectivelje Tharacteristic strong band of carbonyl
group vibrations were observed in the region 166801 cm' due to stretching modes of C=0 moiety. The benzene
ring owns six ring stretching modes of which tharfaith highest wavenumbers occurring near1600013890
and 1440 cril are group vibrations [8].With substituents, thedmtend to shift to lower wavenumbers and the
greater the number of substituents on the ringadeothe absorption regions [9].The sulfur bridgetiveen the two
aromatic rings experiences stretching mode of tima in the region 687-699 ¢ti.0].
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Figure 2: IR spectra of compounds(a) 3a and (b) 5a

Table 1: Important IR stretching frequencies of the synthesized compounds
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Compound] v (C=0) (cn®) [ v (Ar-S) (cm?) | y (Ar-N) (cm?) | y (CH,-CI) (cm?)
3a 1696 699 1340 752
3b 167¢ 69C 132¢ 762
3c 167C 697 136¢ 76€
ba 1671 692 1352 729
5b 1683 683 1369 736
5c 1686 687 1374 762

NMR spectral analysis

The molecular structures of synthesizdephenothiazine derivatives were further confirmed MYIR spectral
analysis. The compoun8a as a representative proton NMR spectrum of chkmges is shown in figure 3a.A
singlet atd = 4.18 ppm is due to the resonance of methyleotops. Similarly, the presence of signals in the
downfield region of proton NMR oba-5c is due to methylene protons which are deshieldeditsogen and/or
carbonyl group at either ends. This clearly indésatheir formation arh as a representative spectrum of
morpholine series is shown in figure 3. NMR spectral analysis also supported for strattassignments of

reported compounds.
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Figure 3:'H NMR spectra of (a) 3aand (b) 5a
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M ass Spectr oscopy

The time-of-flight electron-spray mass spectratiigs of the reported compounds were obtained oteAigmass
spectrometer. In the figure 4a and 4b, mass speftc@mpounds3a and5a are showed as representative mass
spectra for chloro and morpholine series, respelgtivihe molecular ion peaks 8& and5a are observed ah/z
275.89 and 326.99, respectively. In addition, akgean/z277.89 is observed Ba due to chloro isotop&’Cl).
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Figure4: Massspectra of (a) 3aand (b) 5a
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Figure 5: Graphical representation of microbial growth inhibition

Antimicrobial investigations

The synthesized compounds showed interesting arbbial activities against the selected specielsasteria and
fungi. The graphical representation of microbiabwgth inhibition is shown in figure 5. The most prising
antimicrobial activity of3a-3c was observed againStaphylococcus aureus, Aspergillus fleand Aspergillus
niger. Similarly, compoundsa-5c are moderately potent against all the tested réso The activities were
compared with standard antibacterial and antifurdyabs such as Ciprofloxacin and Griseofulvin, eztiely.
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Higher microbial inhibition activity oBa-3c against tested microbes may be due to presencel@®d group in the
molecular structure and also due to longer sidéndinathe compound&and5c made the compounds more potent
against microbial growth [11].

CONCLUSION

In summary, the synthesis of alkyl chain bearingprchand morpholine based-phenothiazine derivatives was
carried out. The molecular structure of the syn#tees compounds was confirmed by various spectrascop
techniques. The antimicrobial investigations wasgumed against gram positive bactefa,subtilisandS. aureus
and fungal speciedA. flavusand A. niger. The biological results obtained were suggested ¢hloro basedN-
phenothiazine derivatives were more potent towairdsbition than their morphline analogues. Standard
antibacterial and antifungal drugs, Ciprofloxacivd &riseofulvin, respectively, were used for congaan.
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