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Abstract
In the present paper we describe synthesis and molecular docking simulation of substituted phenothiazines. Haloni-
trobenzenes on reaction with thiols give 2-amino-2′-nitrodiphenylsulphides which on formylation with 90% formic acid 
yield 2-formamido-2′-nitrodiphenyl sulfides. This compound undergoes Smiles rearrangement to provide phenothia-
zines. To evaluate the antipsychotic property of the synthesized phenothiazines derivatives (5a–d and 7), molecular 
docking simulation study were performed into the binding pocket of D4 dopamine receptor. These compounds have 
shown acceptable binding affinity with the binding pocket of the D4 dopamine receptor similar to known inhibitors. 
Whereas, compound 7 has displayed higher affinity for D4 dopamine receptor compared to D3 and D2 receptors. All 
compounds interacted with critical residues for the inhibition of D4 dopamine receptor and hence can be developed 
as potent antipsychotic drugs.
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1 Introduction

Phenothiazines are well known for their pharmacological 
and biological activities and their several derivatives are 
in clinical use [1, 2]. An important effort has been done on 
the bioactivity of phenothiazine and its derivatives. These 
are also used as analgesics [3], antihistamines [4], diuretics 
[5], antimicrobial [6], neuroleptics [7], antitumor activity 
[8–10]. A slight modification in the substitution pattern in 
phenothiazine nucleus causes a marked difference in bio-
logical activities, therefore, it is considered worthwhile to 
synthesize hitherto unknown phenothiazines in order to 
make them available for biomedical screening in search of 
better medicinal agents. Kumar et al. have reported optical 
property of chitosan-phenothiazine derivative by micro-
wave assisted synthesis [11].

Phenothiazines are dopamine antagonists and can be 
utilized for calmness, tranquility, or to diminish stress or 
anxiety [12]. A group of phenothiazine derivatives have 
been utilized for the treatment of schizophrenia and related 
psychotic disorders [13, 14]. A kind of literatures suggests 
that antischizophrenic property of phenothiazine drugs 
attributed by blocking the dopamine-1  (D1) and dopa-
mine-2  (D2) receptors within the mesolimbic dopamine 
pathway [15]. Except clozapine, most antipsychotic drugs 
inhibit D2 receptors. Studies revealed that in schizophrenia 
brain, density of D2 and D3 receptors is elevated by 10% 
[16], whereas density of dopamine D4 receptors is elevated 
by six fold [17]. Additionally, D4 receptors are predominant 
localized in the mesolimbic/mesocortical area suggesting 
that the D4 receptors are potential target for the develop-
ment of newer antipsychotics [18]. Chlorpromazine is a well-
known typical phenothiazine antipsychotic drug used for 
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the treatment of manic-depression and schizophrenia in 
adults [19]. The clinical trial studies suggest that at varying 
dose ranges, and higher doses, chlorpromazine can cause 
more extrapyramidal adverse effects [13]. Hence, synthesis 
of new derivatives of phenothiazines that can inhibit the D4 
dopamine receptor and act as antipsychotic drugs is greatly 
needed for the treatment of psychotic disorders. Compound 
7 exhibited higher D4 selectivity over D2 and D3 receptors 
as compared to all synthesized compounds along with ref-
erence molecules. These new drugs are expected to have 
higher specificity causing less side effects as compared with 
existing compounds.

Therefore, in the present study we have developed a pre-
cise strategy to synthesize derivatives of phenothiazines that 
can bind to D4 receptors and act as antipsychotic drugs.

2  Materials and methods

2.1  Chemicals and reagents

2-aminobenzenethiols, 2-halonitrobenzene, 4-chloro-
3,5-dinitro-benzoic acid, ethanol, anhydrous sodium 
acetate, potassium hydroxide, formic acid, benzene and 
acetone were purchased from Merck Life Science Pvt. 
Ltd. (India). Other chemicals used in this study were pur-
chased from Merck Life Science Pvt. Ltd. (India). Ultrapure 
water was obtained by a Milli-Q® water purification system 
(Merck Life Science Private Limited, India) and used for all 
preparations.

2.2  Characterization

All the melting points of synthesized compounds are 
uncorrected. The purity of the synthesized compounds has 
been checked by thin layer chromatography using silica 
gel with different non-aqueous solvent systems. Charac-
terization of the synthesized compounds was carried out 
by their spectral data. The compounds were initially meas-
ured by Fourier transform infrared (FT-IR) spectra (Perkin-
Elmer 550 FTIR spectrophotometer) using KBr pellet. The 
1H NMR has been recorded on 90 MHz on Jeol FX 9OQ FT 
NMR spectrometer using TMS as an internal standard in 
DMSO-d6. Mass spectra were recorded on a Jeol JMSD-
300 Mass spectrometer at 70 eV with 100 µ amp ionizing 
current.

2.3  Synthesis

2.3.1  Synthesis of 2‑amino‑2′‑nitrodiphenyl sulfides 
(3a–d)

In a 50 mL round bottom flask 0.01 mol of 2-aminoben-
zenethiols (1) dissolved in 20 mL ethanol was taken and 

anhydrous sodium acetate (0.01 mol) dissolved in 5 mL 
ethanol was added to it. To this 0.01 mol alcoholic solution 
(10 mL) of 2-halonitrobenzene was also added on mag-
netic stirring. The whole mixture was refluxed for 3–4 h. 
After the reaction was over the mixture was concentrated 
and cooled overnight in an ice chamber. The solid product 
was separated out and filtered, washed with 30% ethanol 
and crystallized from methanol.

2.3.2  Synthesis of substituted 
2‑formamido‑2′‑nitrodiphenyl sulfides (4a–d)

A mixture of 0.01 mol of diphenyl sulfides (3a–d) and 
20 mL of 90% formic acid was refluxed for 4 h. After that, 
the contents were poured over crushed ice. The solid prod-
uct separated out was filtered, washed with water till neu-
tralization and crystallized from benzene.

2.3.3  Synthesis of substituted phenothiazines (5a–d)

In a 50 mL round bottom flask 0.01 mol of formyl deriva-
tives (4a–d) dissolved in 15 mL acetone was taken. To this 
an alcoholic solution of potassium hydroxide (0.2 g dis-
solved in 5 mL of ethanol) was also added. The contents 
were refluxed for 30 min. To this refluxing solution, a sec-
ond lot of potassium hydroxide (0.2 g dissolved in 5 mL 
ethanol) was added and again refluxed for 2 h. After the 
reaction was over the contents were poured over crushed 
ice. The solid separated out was filtered, washed with cold 
water and finally with 30% ethanol and recrystallized from 
benzene.

2.3.4  Synthesis of 1‑nitro‑10H‑phenothiazines‑3‑carboxylic 
acid (7)

A mixture of 4-chloro-3,5-dinitro-benzoic acid (6, 
0.01  mol), 2-aminobenzenethiol (1, 0.01  mol), sodium 
hydroxide (0.01 mol) and absolute ethyl alcohol (20 mL) 
was refluxed for 2 h. The reaction mixture was concen-
trated on rotavapour, cooled and filtered. The precipitate 
was washed well with hot water and finally with 30% etha-
nol and recrystallized from acetone/benzene.

2.4  Prediction of molecular drug properties

The synthesized phenothiazines derivatives were exam-
ined for molecular drug properties including hydrogen 
bond donor (HBD), hydrogen bond acceptor (HBA), polar 
surface area (PSA), Molar refractivity, Partition coefficient 
(logP), human intestinal absorption (HIA) and blood–brain 
barrier (BBB) penetration ability. The Molar refractivity, 
HBD, HBA, PSA and logP were calculated by Chemicalize-
Instant Cheminformatics Solutions (https ://chemi caliz 

https://chemicalize.com/
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e.com/). The Lipinski’s Rule of Five distinguishes between 
the drug like and non-drug like molecules. It predicts high 
probability of failure of molecules due to non-drug-like-
ness for the molecules not complying with 2 or more of 
the following rules: (1) molecular wt. < 500; (2) logP < 5; (3) 
H-bond donors < 5; and (4) H-bond acceptors < 5 [20]. The 
PreADMET server examined the Human intestinal absorp-
tion (HIA) property of compounds [21]. The HIA is one of 
the most important absorption, distribution, metabolism 
and excretion (ADME) properties of candidate compounds 
which predict the oral bioavailability of the drug [22]. The 
research findings revealed that > 98% of drug candidates 
are unable to penetrate the BBB, that is a major roadblock 
in the formulation of an effective neurotherapeutic drug. 
Hence prediction of BBB penetration ability of drug can-
didates is necessary during targeting it to the brain [23]. 
The analysis for blood brain barrier (BBB) penetration abil-
ity of phenothiazines derivatives was facilitated by online 
BBB prediction server with the AdaBoost algorithm and 
PubChem fingerprint (http://www.cblig and.org/BBB/).

2.5  Docking preparation and simulation

Atomic coordinates for the crystal structure of human D4 
Dopamine receptor in complex with Nemonapride (PDB 
ID: 5WIU) were downloaded from RCSB-Protein Data Bank 
(PDB). The structure of D4 receptor (chain A) was deter-
mined by X-ray diffraction at 1.962 Å resolutions. The 
three-dimensional structures of synthesized phenothia-
zines derivatives were drawn by using MarvinSketch (ver-
sion 6.2.2, calculation module developed by ChemAxon, 
http://www.chema xon.com/produ cts/marvi n/marvi nsket 
ch/, 2014. The 3D structures of two atypical antipsychotics 
(Nemonapride and clozapine) and a typical antipsychotic 
(chlorpromazine) were retrieved from NCBI PubChem 
database. The energy minimization of D4 receptor, pheno-
thiazines derivatives (5a–d and 7) and antipsychotics were 
performed by UCSF Chimera according to Kumar et al. 
[24]. The docking simulation was performed according to 
Kumar et al. [25, 26]. Briefly, a grid box, which comprises 
the entire binding pocket of D4 receptor including orthos-
teric binding pocket (OBP) and extended binding pocket 
(EBP) was generated that provides enough space for rota-
tional and translational walk to the ligands. The values for 
center grid box were kept − 16.685, 9.323 and − 19.581 for 
X, Y, and Z-center with 0.375 Å spacing and number of 
points 76, 100 and 88, in X, Y, and Z dimension. The dock-
ing was performed by using Lamarckian genetic algorithm 
(LGA) with 30 independent runs. All compounds were also 
docked with D2 dopamine receptor (PDB ID: 6CM4) and 
D3 dopamine receptor (PDB ID: 3PBL) to evaluate its D4 
receptor (PDB ID: 5WIU) selectivity by keeping constant 

grid box’s number of points 76, 100 and 88, in X, Y, and Z 
dimension.

Consequently, poseview (https ://posev iew.zbh.uni-
hambu rg.de/) was used for visualization of the interaction 
pattern between the D4 receptor-ligand complexes.

3  Results and discussions

3.1  Characterization of substituted phenothiazines

The overall syntheses of substituted phenothiazines are 
illustrated in Schemes 1 and 2. The physical property, FTIR 
and 1HNMR data of the synthesized compounds are rep-
resented in Tables 1, 2 and 3. The reaction of 2-aminoben-
zenethiol (1) with 2-halonitrobenzenes (2) containing a 
nitro group ortho position to the halogen atom gives rise 
to diphenylsulfides (3a–d). The latter on formylation yield 
2-formamido-2′-nitrodiphenyl sulfides (4a–d). In the pres-
ence of alkali, the imido nitrogen donates its lone pair of 
electrons for intramolecular nucleophilic attack on the car-
bonium ion. As results, sulfur loses its electron pair and 
the positively charged nitrogen provides the proton which 
attaches to sulfide  (S−) yielding mercaptodiphenylamine. 
The latter undergoes cyclization with the loss of nitrous 
acid accompanied by the simultaneous hydrolysis of for-
myl group on nitrogen yielding phenothiazines (5a–d) 
Scheme 1. The condensation of 2-aminobenzenethiol with 
4-chloro-3,5-dinitro-benzoic acid containing a nitro group 
at both ortho position to the halogen atom in which the 
increased resonance effect of both nitro groups, due to 
their ortho position and combined resonance and induc-
tive effect reinforced by the same nitro groups, activates 
the Smiles rearrangement [27] as well as the ring closure 
to such an extent that the processes take place instanta-
neously and in situ yielding 1-nitro-10H-phenothiazines-
3-carboxylic acid (7) Scheme 2.

3.2  Molecular drug properties

The molecular drug properties of synthesized substituted 
phenothiazines (5a–d) and 1-nitro-10H-phenothiazines-
3-carboxylic acid (7) are listed in the Table 4. All com-
pounds obey Lipinski rule of 5 (Ro5) because they have 
molecular mass ≤ 500 Dalton; logP ≤ 5; HBD ≤ 5; HBA ≤ 10 
and Molar refractivity in between 40 and 130 [28]. All com-
pounds were also predicted as BBB permeable and their 
HIA ranges 80.76–96.78.

3.3  Binding mode analysis

All ligands including antipsychotic drugs (nemonap-
ride, clozapine and chlorpromazine) and phenothiazines 

https://chemicalize.com/
http://www.cbligand.org/BBB/
http://www.chemaxon.com/products/marvin/marvinsketch/
http://www.chemaxon.com/products/marvin/marvinsketch/
https://poseview.zbh.uni-hamburg.de/
https://poseview.zbh.uni-hamburg.de/
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Scheme 1  Schematic diagram 
of synthetic route for pheno-
thiazines derivatives
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Table 1  Physical data of 
substituted phenothiazines 
(5a–d and 7)

S. no. Compound M.P. Yield Molecular Molecular % N found
R1 R2 (°C) (%) Formula Weight (Calcd.)

5a Cl H 150 70 C12H8NSCl 233.71 3.78 (3.79)
5b OCH3 H Oily – C13H11NOS 229.30 –
5c NO2 CF3 97 54 C13H7N2O2SF3 312.27 4.01(4.05)
5d H Cl 70 62 C12H8NSCl 233.71 3.86(3.84)
7 COOH NO2 120 75 C13H8N2O4S 288.28 7.80 (7.86)
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derivatives (5a–d and 7) were docked at the binding 
pocket of D4 dopamine receptor to predict the possible 
binding interactions between them. Table 5 summarizes 
the docking results including inhibition constant (Ki), 
hydrogen bonding and hydrophobic interaction displayed 
at lowest binding energy conformation. Among antipsy-
chotic drugs, nemonapride has exhibited higher binding 
affinity toward the binding pocket of D4 receptor com-
pared to chlorpromazine and Clozapine. Whereas, among 
synthesized phenothiazines derivatives, 7 has bound to 
the D4 receptor with lower binding energy compared 
to 5a, 5b, 5c and 5d. However, both 7 and 5c has shown 
higher affinity in terms of formation of hydrogen bonding 

and hydrophobic interaction with binding site of D4 
receptor.

According to Wang et al. [29], the binding site of D4 
dopamine receptor consist orthosteric binding pocket 
(OBP) and extended binding pocket (EBP). The bind-
ing pocket of D4 dopamine receptor comprises Val 193, 
Leu187, Asp115, Cys185, His414, Ser197, Ser196, Ser200, 
Thr120, Tyr438 and Phe91. The Nemonapride formed 
hydrogen bonds with Asp115, Ser196 and water mol-
ecules in the binding pocket. Its benzamide ring binds 
within a conserved OBP and unsubstituted benzyl group 
binds to the EBP. Wang et al. suggested that the interac-
tion of drug molecule with EBP binding pocket might 

Table 2  FTIR data of 
substituted phenothiazines 
(5a–d and 7)

A = N–H stretching vibrations

B = C–F stretching vibrations of  CF3 group

C = C–Cl stretching vibration

D = Asymmetric and Symmetric vibration of  NO2 group

E = C = O stretching vibrations

S. no. Compound A B C D E
R1 R2

5a Cl H 3335 – 747 – –
5c NO2 CF3 3425 1322, 1124 – 1537, 1322 –
5d H Cl 3342 – 749 – –
7 COOH NO2 3374 1522, 1334 – – 1606

Table 3  Proton NMR data of 
substituted phenothiazines 
(5a–d and 7)

S. no. Compound Solvent δ (in ppm) Proton Multiplicity Assignment
R1 R2 (°C)

5a Cl H DMSO-d6 9.77 1 Singlet NH proton
8.71–6.65 7 Multiplet Ar-proton

5c NO2 CF3 DMSO-d6 8.08 1 Singlet NH proton
7.54–6.99 6 Multiplet Ar-proton

5d H Cl DMSO-d6 8.55 1 Singlet NH proton
7.96–6.76 7 Multiplet Ar-proton

7 COOH NO2 DMSO-d6 9.91 1 Singlet NH proton
7.98–6.40 6 Multiplet Ar-proton
9.86 1 Singlet COOH proton

Table 4  Molecular drug properties of phenothiazines derivatives

Compound Lipinski rule of 5 (Ro5) PSA (Å2) BBB (Threshold of 
BBB-/BBB + Score is 0)

HIA (%)

MW ≤ 500 HBD ≤ 5 HBA ≤ 10 logP ≤ 5 Molar refractivity 
 (cm3/mol) (40–130)

5a 233.71 1 1 4.23 65.98 12.03 10.543 96.53
5b 229.30 1 2 3.47 67.63 21.26 7.665 95.72
5c 312.27 1 3 4.45 73.46 55.17 12.081 96.78
5d 233.71 1 1 4.23 65.98 12.03 10.543 96.53
7 288.28 2 5 4.53 74.75 92.47 1.203 80.76
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confer selectivity for the D4 dopamine receptor [29]. The 
Nemonapride interacts with the conserved Asp115 and 
nonconserved residues i.e. Leu111 and Phe91. In present 
study, nemonapride re-docked to the binding pocket of 
D4 receptor to validate the docking accuracy. We found 
that nemonapride formed hydrogen bonds with Asp 115 
and Leu187 as well as established hydrophobic contacts 
with His414, Leu187, Val87, Leu111, Leu 90, and Phe91. 
The nemonapride bound to OBP and EBP binding pocket 
of D4 dopamine receptor similarly as suggested by Wang 
et al. (Figure 1) that validated the docking accuracy of 
the present study [29]. Clozapine, an atypical antipsy-
chotic has ten fold higher affinity for D4 compared to D2 

and D3 receptors [30]. The clozapine when docked with 
D4 receptor, displayed lower affinity than nemonapride 
and bound only into the OBP binding pocket (Fig. 2). 
In the lowest binding energy conformation clozapine 
formed two H-bonds (Leu187, His414gj) and estab-
lished four hydrophobic interactions (Val 193, Phe410, 
Leu187, His414) with D4 OBP binding pocket (Fig. 2). 
Similarly, chlorpromazine a typical antipsychotic drug, 
has also showed lower affinity than nemonapride and 
clozapine as well as bound to EBP binding pocket in its 
lowest binding conformation (Fig. 4). It formed only one 
H-bond with Asp115 residue but has seven hydropho-
bic contacts (Val116, Met112, Asp115, Cys 119, Phe411, 

Table 5  Docking scores, hydrogen bonding and hydrophobic interaction of ligands at lowest binding energy conformation with D4

LBE Lowest binding energy, Ki: estimated inhibition constant

Ligand LBE (kcal/mol) Ki H-bonding Hydrophobic interaction

Typical antipsychotic
 Chlorpromazine − 8.40 697.74 nM Asp115 Val116, Met112, Asp115, Cys 119, Phe411, 

His414, Leu187
A typical antipsychotics
 Nemonapride − 10.67 15.03 nM Asp115, Leu187 His414, Leu187, Val87, Leu111, Leu 90, Phe91
 Clozapine − 9.03 239.30 nM Leu187, His414 Val193, Phe410, Leu187, His414

Synthesized phenothiazines derivatives
 5a − 7.11 6.14 uM Asp115 Val116, His414
 5b − 7.10 6.22 uM Leu187 Leu187, Val87, Leu111
 5c − 7.64 2.53 uM His414, Leu187 Val87, Leu111
 5d − 6.99 7.57 uM Cys185 Met112, Leu111
 7 − 7.88 1.68 uM Cys185, Arg186 Val87, Leu111, Phe91

Fig. 1  Interaction of nemonapride with D4 dopamine receptor. The 
nemonapride binds in the OBP and EBP binding pockets (left; sur-
face structure, colored by heteroatoms). Hydrogen bonding and 

hydrophobic interaction of nemonapride shown in 2D plot (right). 
Green line represents hydrophobic interaction and hydrogen bond-
ing presented in dotted lines
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His414, Leu187) in the EBP and OBP binding pocket of 
D4 receptor.

All phenothiazines derivatives (5a–d and 7) bound to 
the D4 receptor with modest binding energy that dis-
played lower binding affinity compared to nemonap-
ride, clozapine and chlorpromazine. Out of five synthe-
sized compounds, 5c and 7 have higher binding affinity 
toward D4 receptor compared to 5a, 5b and 5d. The 5a 
molecule only occupy the OBP pocket of the receptor 
similar to binding patten of clozapine antipsychotic. The 
compound 5a formed a hydrogen bond with Asp115 resi-
due and established hydrophobic contacts with Val116 
and His414 OBP pocket of the receptor (Fig. 2). The com-
pounds 5b, 5c and 5d have shown similar binding pose as 
displayed by nemonapride by occupying the EBP and OBP 

binding pocket of the D4 dopamine receptor (Fig. 3). Com-
pound 5b interacted with Leu187 via hydrogen bonding 
and has Leu187, Val87, Leu111 residues in its hydropho-
bic contacts in the lowest binding conformation (Fig. 3). 
The 5c has formed two hydrogen bonds with His414 and 
Leu187 residues of OBP pocket and established hydro-
phobic interactions with Val87 and Leu111 residues of EBP 
pocket (Fig. 3). Similarly, 5d molecule binds in between the 
OBP and EBP pockets and formed a hydrogen bonds with 
Cys185 residue as well as it established hydrogen bonding 
with both pocket’s residues i.e. Met112 (OBP) and Leu111 
(EBP) (Fig. 3). Whereas, compound 7 has only bound into 
the EBP pocket and established two hydrogen bonds with 
Cys185 and Arg186 residues as well as has hydrophobic 
contacts with Val87, Leu111 and Phe91 residues (Fig. 4).

Fig. 2  Binding pattern of clozapine and 5a with OBP binding 
pocket of D4 dopamine receptor (left; surface structure, colored 
by heteroatoms). Hydrogen bonding and hydrophobic interaction 

of clozapine and 5a shown in 2D plot (right). Green line represents 
hydrophobic interaction and hydrogen bonding presented in dot-
ted lines
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Briefly, compounds 5b, 5c and 5d have binding pat-
tern similar to nemonapride and compound 5a has 
similar binding conformation as displayed by clozap-
ine and chlorpromazine. Whereas, molecule 7 showed 

distinct binding pattern to all compound i.e. it bound 
to EBP binding pocket of the D4 receptor as displayed 
chlorpromazine with higher affinity compared to com-
pounds 5a–d. The selectivity study was also carried out 

Fig. 3  Binding pattern of 5b, 5c and 5d with EBP and OBP binding pocket of D4 dopamine receptor (left; surface structure, colored by heter-
oatoms). Hydrogen bonding and hydrophobic interaction of 5b, 5c and 5d shown in 2D plot (right)
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to analyze the D4 selectivity of all compounds over D2 
and D3 receptors (Table 6). All synthesized phenothia-
zines derivatives (5a–d and 7) along with nemonap-
ride, clozapine and chlorpromazine were docked with 
D2, D3 and D4 dopamine receptors and Ki values were 
compared for the selectivity analysis. It is demonstrated 
that nemonapride is selective inhibitor of D4 receptor 
[29]. In the present docking study we also found that 
nemonapride exhibits twofold selectivity for D4 over D2 
receptor and fourfold selectivity for D4 over D3 receptor. 
Similarly, compound 7 has shown about sixfold higher 
affinity for D4 as compared to D3 receptor and 11-fold 
higher affinity for D4 as compared to D2 receptor {selec-
tivity is presented as the ratios of Ki (D3 or D2) to Ki (D4)}. 
The compound 7 binds D4 receptor with lowest binding 

energy of − 7.88 kcal/mol and 1.68 µM Ki. Whereas, the 
lowest binding energy and Ki value of compound 7 for 
D3 and D2 receptors were − 6.80 kcal/mol and 10.35 µM 
as well as − 6.42 kcal/mol and 19.52 µM respectively.

Despite that the synthesized phenothiazines deriva-
tives (5a–d and 7) have shown lower binding affinity 
for D4 dopamine receptor as compared to nemonap-
ride and clozapine, all interacted with critical residues 
of D4 dopamine receptor’s binding pocket. Moreover, 
compound 7, due to its ability to interact only with the 
EBP binding pocket, show higher affinity for D4 as com-
pared to D3 and D2 receptors and may be the basis for 
the synthesis of new compounds with improved binding 
properties.

Fig. 4  Binding pattern of chlorpromazine and compound 7 with EBP binding pocket of D4 dopamine receptor (left; surface structure, 
colored by heteroatoms). Hydrogen bonding and hydrophobic interaction of chlorpromazine and compound 7 shown in 2D plot (right)
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4  Conclusions

We synthesized substituted phenothiazines followed by 
formylation and one pot reaction of 1-nitro-10H-pheno-
thiazines-3-carboxylic acid via Smiles rearrangement. 
The synthesized phenothiazines derivatives 5a, 5b, 5c 
and 5d have shown acceptable binding affinity with the 
binding pocket of the D4 dopamine receptor similar to 
known inhibitors. Whereas, compound 7 has displayed 
entirely different binding pattern with the receptor’s bind-
ing pocket. These all compounds interacted with critical 
residues for mediating inhibiton hence can be developed 
as potent inhibitor of D4 dopamine receptor. Further, 
in vitro and in vivo studies are being carried out to evalu-
ate their D4 receptor inhibition capacity and antipsychotic 
property.
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