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Abstract:

A series of 10H-substituted phenothiazine-basedoubés were prepared by the base-catalyzed
reactions. The synthesized compounds are chamedetty Mass spectroscopy, NMR, and
SCXRD to examine the role of different functionalogps involved in the intermolecular
interactions and conformational geometries. Thatatypacking of the compounds is governed
by O-H...O, C-H...O, and—r interactions. A complete understanding of therimtdecular
interactions is studied employing the Hirshfeldlgsia, 2D Fingerprint plot. Furthermore, the
density functional theor¢DFT/B3LYP) method at the 6-311++G(d,p) basis set parformed

to support and compare experimental & theoreti@dngetrical parameters of phenothiazine
derivatives.

Keywords: Phenothiazine, Crystal packing, Hirshfeld, 2D Eirgyint plot, DFT, HOMO-
LUMO

Introduction:

The investigation of 10H substituted phenothiazieevatives has steadily grown fast because
they exhibit a wide range of applications in meatichemistry. Phenothiazine moiety is present
in a wide range of synthetic compounds and is cemed as one of the most important
‘privileged substructures’ because of the wide spet of biological activities displayed by
many of its derivativedt is the parent molecule of a significant seriéslugs called the major
tranquilizers: The crystallographic elucidation of the structucésphenothiazine and some of
the derivatives was initiated in McDowell's labamgt? Bernthsef was the first one who
synthesized phenothiazine called thiodiphenylamimel883 during the proof of structural
studies of dyes such as methylene blue. Lateras played an important function in dye

chemistry’ Phenothiazine and its derivatives have found séamplications in other fields also,



and this has inspired further study on these comg®u These are heterocyclic molecules
containing two benzene rings connected in a tricygystem through nitrogen and sulfur atom.
The slight change in substitution in the phenoih@anucleus causes a distinguishable difference
in their biological activities. Phenothiazine reldtstructures are building blocks for many drugs
that have shown diverse biological activities sashinsecticiddl properties in 1934; further
work demonstrated its usefulness as an antiSeptid an antihelminti€.lts derivatives have
been particularly valuable in human medicine athamtamine8 in the treatment of Parkinson’s

2. 13 gntituberculd®, antitumot®,

diseas® and as antimalarig] antipsychotit', antimicrobia
antifungal®, and antioxidants’ Due to the increased importance of these heteriacycl
compounds, several attempts were made during thefea years in the synthesis of a new
generation of 10H substituted phenothiazine’s stddf that exert a wide range of biological
effects'® Together with their psychotic effects, other bigiml effects such as cancer
chemotherapy were very well documentddThe mechanisms of these effects have been
previously well known and related to the chemidalure of derivatives synthesized from the
phenothiazine family. The presence of intermolecufderactions and the conformational
geometry implemented by the molecules influenceetel of biological activity’* 2

To examine the function of different functional gps engaged in the intermolecular interactions
and conformational geometries, a series of five $0Hstituted phenothiazine derivatives have
been synthesized, crystallized, and studied far 8teuctural feature. Adding to the list of next-
generation of 10H-substituted phenothiazine’s denres, we report the synthesis and analytical
characterization of the compounds along with stmadt analysis via single-crystal X-ray
diffraction and DFT calculation of the morpholinedapiperidine based phenothiazine scaffolds,
2-(10H-phenothiazine-10-yl)-1-(piperidine-1-yl)  attone  2a), 1-morpholino-2-(10H-
phenothiazine-10-yl) ethanon&h], 2-bromo-1-(10H-phenothiazine-10-yl) ethanor®), (1-
(10H-phenothiazine-10-yl)-2-(piperidine-1-yl) etlme @Ea) and 2-morpholino-1-(10H-
phenothiazin-10-yl) ethanone3ly) (Figure 1.). Here, we report the new phenothiazine
derivatives of pharmacological interest, which at&ractive scaffolds in terms of biological
studies and would be the part of numerous impotterapeutic applications.



S
ses
R
0, 0,
R= §_>-N\/:> R= §_>\_N\DO
2a 2b
O e O
R= §\n/\Br R = §_<O— R= §_<O_\_/
(0]
3 3a 3b

Figure 1. Different variations of the R group.

Experimental
General Considerations for the synthesis of all the compounds

All the chemicals were of analytical grade procuiredn Sigma, Merck, Finar, and SD Fine. The
reaction was done in a round-bottomed flask witfieflon-coated and magnetic stirring bar
under inert condition. The monitoring of the pragef the reactions was done by Thin-layer
chromatography (TLC) carried on Merck TLC silicd 6 F254 and visualized by ultraviolet
irradiation. Infrared (IR) spectra were performed a Perkin Elmer FTIR Spectrometer
Spectrum 2 and absorption bands were reported veranbers (cit). The mass spectrums of
all the synthesized compounds were obtained by Magynapt-G2S ESI-Q-TOF Mass
instrument in the positive mode. The NMR of the tegsized compounds was recorded on
Bruker AVANCE 11l 500 HNMR: 500 MHz, *CNMR: 125 MHz). Melting points (mp) for
solid compounds were recorded using LAB INDIA Visdelting Range Apparatus (MR-Vis)

instrument in an open glass capillary.
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Scheme 1General synthetic routes for the synthesisaib and2a-2b.
Synthesis of 1a and 1b
To a solution of piperidine/morpholine (100 mg, ininol) in dry dichloromethane (5 mL) in a
round-bottomed flask, triethylamine (111 mg, 1 mmehs added under an inert atmosphere.
The 2-bromoacetyl bromide (221 mg, 1 mmol) was dditepwise and stirred for 4-5 h at RT.
The completion of the reaction was monitored by T@ter the completion, the workup was
done by dichloromethane (DCM) and aqueous sodiuloridie solution (NaCl). The organic
layer was dried over sodium sulfate (N@)), filtered and the solvent was evaporated in aryot
evaporator to obtain a desired product, which wsedwas such without further purification for
the next step.
Synthesis of 2a and 2b
To a solution of phenothiazine (100 mg, 0.5 mmolai5 mL of dry N, N-dimethyl formamide
(DMF) in a round-bottomed flask, sodium hydride @8, 2 mmol) was added slowly under the
inert condition at 0-5 °C. The reaction mixture v&ligsred at room temperature for 15-20 min
followed by the addition ota/1b (0.5 mmol). The above reaction mixture was stificadl2-15
hours at room temperature. The reaction towardsptation was monitored by TLC. Then the
solution was diluted with ethyl acetate and washét brine. The organic layer was dried over
NaSO, and evaporated on a rotary evaporator and thduesvas purified by silica gel column

chromatography10-25 % ethyl acetate/Hexane, as eluent) to affiesired products.
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2-(10H-phenothiazin-10-yl)-1-(piperidin-1-yl) etharone 2a
U0
N
K(O

N

9

2a

Yield (78 mg , ~ 47 %) ; mp -196 — 198 °C; R ¢m’): 1651 (C=0), 1220 (C-NJH NMR
(500 MHz, chloroformd): 6 7.1 (d,J = 7.5 Hz, 4H), 6.9 (tJ = 7.3 Hz, 2H), 6.7 (d) = 8.0 Hz,
2H), 4.5 (s, 2H), 3.6 (] = 5.5 Hz, 2H), 3.5 (dJ = 4.9 Hz, 2H), 1.6 (m, 4H), 1.5 (m, 2H)C
NMR (125 MHz, chloroformd): 6 166.05, 144.56, 127.41, 127.00, 123.98, 122.95,2B]
53.43, 52.11, 46.48, 43.48, 29.72, 26.61, 25.74&@£SI-MS:m/z,calculated for &H21N,0S
[M+H] " 325.13, found: 325.11.

1-morpholino-2-(10H-phenothiazin-10-yl) ethanong2b
CLIO
N
kfo
)
o
2b

Yield (70 mg , ~ 42%); mp-194 — 196 °C ; IR ¢€mi'): 1648 (C=0), 1232 (C-N), 1112 (C-O);
'H NMR (500 MHz, chlorofornd): § 7.1 (m, 4H), 6.9 (m, 2H), 6.8 (d,= 9.3 Hz, 2H ), 4.5 (s,
2H), 3.5 (m, 8H);*C NMR (125 MHz, chlorofornd): § 166.50, 144.31, 127.53, 127.32, 124.55,
123.31, 115.30, 66.91, 66.86, 46.04, 42.72. ESI-M&, calculated for gH1oN,0,S [M+H]"
327.11, found: 327.12.
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Scheme 2Synthetic route 08, 3a,and3b.

Synthesis of 3, (2-bromo-1-(10H-phenothiazine-10)y&thanone)

To a solution of phenothiazine (200 mg, 1 mmoloiiene, 2-bromoacetyl bromide (201.84 mg,
1.00 mmol) was added slowly under the inert coaditat 0-5 °C. The reaction mixture was
refluxed at 120-130 °C for 5-6 h, the progresshef teaction was monitored by TLC. Then the
solution was diluted with ethyl acetate and washét brine. The organic layer was dried over
NaSOy and evaporated on a rotary evaporator at 45-58ntthe crude product was purified by

silica gel column chromatograplfy % ethyl acetate: Hexane) to yidéd

2-bromo-1-(10H-phenothiazin-10-yl)ethanone, 3
S
LI

A

Br

3
Yield (194 mg , ~ 60 %) ; mp-128 — 130 °C; R ¢mi*): 1666(C=0), 698(C-BrjH NMR (500
MHz, chloroformd): 5 7.5 (d,J = 8.0 Hz, 2H), 7.4 (d) = 7.5 Hz, 2H), 7.3 (tJ = 8.0 Hz, 2H),
7.2 (t,J = 7.5 Hz, 2H), 3.93 (s, 2H)*CNMR (125 MHz, chlorofornd): § 164.73, 137.10,

127.10, 126.36, 126.26, 125.48, 25.87; ESI-M8z, calculated for GH1;BrNOS [M+2H]'
321.99, found: 321.96.



Synthesis of 3a and 3b

To a solution of piperidine or morpholine (3 eq.asmaken in a dry round-bottomed flask in
dichloromethane and triethylamine, NE? eq.) was added. Followed by the additior3 ¢1 eq.)

at room temperature and the reaction mixture wasedtfor 15-16 h. After completion, the
reaction mixture was diluted with ethyl acetate avashed with water. The organic layer was
dried over NgSO, and evaporated on a rotary evaporator at 45-50Th€.crude product was
purified by silica gel column chromatograpbs10 % ethyl acetate: Hexane) to 8atand3b as
pure solid.

1-(10H-phenothiazin-10-yl)-2-(piperidin-1-yl) etharone, 3a
CL IO
N
o%\

N

9

3a
Yield (133 mg , ~ 65 %); mp-156 — 158 °C; R ¢mi'): 1668 (C=0), 1260 (C-NjH NMR
(500 MHz, chloroformd): 6 7.5 (d,J = 7.9 Hz, 2H), 7.4 (dd) = 6.5 Hz, 2H), 7.3 (m, 2H), 7.3
(m, 2H), 3.2 (s, 2H), 2.3 (m, 4H), 1.5 (m, 4H), {8, 2H);**CNMR (125 MHz, chlorofornd):
6 169.16, 138.93, 127.82, 126.67, 61.17, 54.10, 2528.89; ESI-MS:m/z, calculated for
Ci10H21N,0S [M+H]" 325.13, found: 325.21.

2-morpholino-1-(10H-phenothiazin-10-yl) ethanone, I3

@J@
E]

Yield ~ 58 %; mp-132 — 134 °C; IR,(cm?): 1678 (C=0), 1262 (C-N), 1115 (C-GHNMR
(500 MHz, chloroformd) & 7.55 (d, J = 7.9 Hz, 2H), 7.45 (d, J = 7.8 Hz, 2HB4 — 7.29 (m,
2H), 7.25 — 7.21 (m, 2H), 3.58 (t, J = 4.7 Hz, 4BiRO (s, 2H), 2.42 (t, J = 4.7 Hz, 4HCNMR
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(125 MHz, chloroformd) 6 168.48, 138.79, 127.91, 126.93, 126.83, 126.784%&0.71, 53.26.
ESI-MS:m/z,calculated for GgH1gN,0,S: [M+H]" 327.11, found: 327.07.

Crystallographic analysis

The characterization and quantification of the nmigecular interactions in these molecules
were carried out by the Hirshfeld surface(HS) asialyand 2D (two-dimensional) fingerprint
plots using the Crystal Explorer prograi?®. The HS was mapped withom shape index, and
curvedness, which helps to reveal the intermoledataractions and the crystal packing. The 2D
fingerprint plots give a measurement of the diffeiatermolecular interactiorfs.

Crystallization: The saturated solutions of newly synthesized cam@s2a, 2b, 3, 3a, and3b
were prepared in appropriate solvents. The solstiwere allowed for solvent evaporation in a
dust-free environment. The crystals were obtainedichloromethane and tertiary butyl methyl
ether solvents (1:1) at ambient temperature usiaglow evaporation method. The good quality

crystals were harvested and subjected to singletairk-ray diffraction analysis.

Single crystal X-ray diffraction data

The data were collected from a single crystal &2B3/293 K orBruker APEX-Il CCDusing Mo

Ka (A = 0.7107 A). All the crystal structures were sdlvesing SHELXS97% refined using
SHELXL2014% and reduced by the full-matrix least-squares methsihg Bruker SAINT.
Molecular graphics were generated udingker SHELXTLand packing diagrams were generated
using Mercury CSD 4.0.5% The non-hydrogen atoms are refined anisotropicaly the
hydrogen atoms bonded to C atoms were positionechgiically and refined using a riding
model with distance restraints C—H = 0.93-0.98 Awiso(H) = 1.2U(Csg) or 1.5U(Csp).

Table 1.Crystal data and structure refinement for2hg2b, 3, 3a,and3b.

2a 2b 3 3a 3b
Crystal data
Chemical C19H20N20S GgH1sN20,S Ci4H10BrNOS GoHooN-OS GgH1sN,0,S
formula
CCDC number |1918910 1918911 1884801 1918908 1953850
M, 324.43 326.40 320.19 324.43 326.40




Crystal system,
space group

Monoclinic, P2;/n

Monoclinic, P2;/n

Orthorhombic,
Pca2;

Monoclinic, P2;/c

Monoclinic, P2;/c

Temperature (K) |273 273 150 273 293

a b, c(A) 15.2521 (10), 13.155 (3), 10.8958 (13), 15.5041 (4), 15.073 (10), 9.10
9.7811 (6), 15.606 (4), 8.9037 (12), 9.0491 (2), (3), 12.724 (8)
23.6183 (17) 15.836 (4) 26.023 (3) 12.7418 (3)

a,B.y(® 90, 104.906 (3), |90, 105.271 (6), |90, 90, 90 90, 109.228 (1),|90, 107.94 (3), 9(
90 90 90

V (A3 3404.9 (4) 3136.3 (13) 2524.5 (5) 1687.93 (7) 16606)

z 8 8 8 4 4

Radiation type [Mo Ka Mo Ka Mo Ka Mo Ka Mo Ka

i (mm™) 0.20 0.22 341 0.20 0.21

Crystal size 0.30 x 0.20 x 0.1{0.30 x 0.10 x 0.0f10.18 x 0.17 x 0.10.40 x 0.20 x 0.1[0.1 x 0.05 x 0.03

(mm)

Data collection

Diffractometer |BrukerAPEXIl |BrukerAPEXIl |BrukerAPEXIl |BrukerAPEXIl |BrukerSMART
CCD CCD CCD CCD APEX2CCD area|
detector
Absorption Multi-scan Multi-scan Multi-scan Multi-scan Multi-scan
correction
T mins Tmax 0.684, 0.746 0.53, 1.00 0.543, 0.623 0.91, 0.98 32).6.746
No. of measured,|17632, 10166, |34041, 9585, 31834, 6282, 12520, 4136, 12833, 4072,

independent and

4769 | > 20(1)]

5191 | > 20(1)]

5684 | = 2u()]

3633 | > 20(1)]

3103 | > 20(1)]

observed

reflections

Rint 0.039 0.060 0.049 0.022 0.048

(Sin 6/A) max (A‘l) 0.715 0.719 0.667 0.667 0.666

Refinement

R[F2>20(F2)], 0.067, 0.216, 0.054, 0.188, 0.025, 0.050, 0.040, 0.151, 0.047, 0.164,

WR(F?), S 0.99 1.01 1.00 1.21 1.07

No. of reflections| 10166 9585 6244 4136 4072

No. of 415 415 405 208 208

parameters

H-atom H-atom H-atom All H-atom H-atom H-atom

treatment parameters parameters parameters parameters parameters
constrained constrained refined constrained constrained




D)o D)rin (€ A 10.29, -0.37 0.32, -0.44 0.27,-0.38 0.26, -0.23 60-0.24
3

Cambridge structure database search

The Cambridge structure databd3é°searches was carried out using ConQuest versiod®.
with 2a, 2b, 3, 3a,and3b together with alkyl-substituted phenothiazine mte understand the
similarities, packing arrangement and dominant radgons in these kinds of chemical
compounds.

Hirshfeld surface analysis

The Crystal explorer software used to estimate dtiength of contacts by analyzing the
interaction energies and evaluate these facts théhoutputs of the Hirshfeld surface analysis.
Properties like curvedness, shape index, apg @ere studied for all the four compounds. The
relative contribution of various contacts presenthie individual crystal was plotted with respect
to their respective 2D decomposition pldfs?>34 33

Powder X-ray diffraction (PXRD)

All the synthesized compounds were characterized-ogy diffraction employing a Bruker D8
Discover diffractometer with CukKradiation. The PXRD patterns were recorded i eadge of

5 to 90° with a step size of 0.02 and at a scanratg of 0.2 second per step. The tube voltage
and current were 20 kV and 5 mA, respectively. Fitense and sharp patterns of PXRD of all
compounds confirmed good crystalline properties.

Results and discussion

Chemistry

The synthesis of new derivatives of piperidine amofpholine bearing alkyl chains of the same
lengths, connected to the N atom of the heteracggistem of phenothiazine was accomplished in
good or moderate yields by advancing and modifyisgal procedures reported in the literature.
Compound®a, 2b, 3, 3a,and3b were synthesized by reactifig and1b with phenothiaziné*

in the presence of sodium hydride (NaH) as a bageNy N-dimethylformamide (DMF) as a
solvent Scheme 1). Another three compounds were synthesized byattetylation of the
phenothiazine using appropriate halogen alkyl reag@romo-acetyl bromide in toluene was

refluxed with 10H-phenothiazine; it afforded theresponding 10-bromo acetyl phenothiazine

10



(3). To prepare 10H-substituted phenothiazine amerevative compounds, the morpholine and
piperidine were selected for this synthetic appinoé&cheme 2 The reaction of 10-bromo
acetyl phenothiazine3)] with morpholine and piperidine substituents, toplace at room
temperature in dry acetonitrile (ACN), in the pmese of trimethylamine (NE} as a base gave
the corresponding produc8a and3b. The structures of all the compounds were confirring
their 'H NMR, *C NMR, and Mass spectrum.

Structure description

An extensive CSD survey was performed to understhedsimilarities and conformational
changes of the title compounds. There are no repdrthe structures similar to the compounds
2a, 2b, 3, 3a,and3b in the crystal database. However, there was aneWBZUV4 * for alkyl-
substituted phenothiazine moiety with few simil@stconcerning the puckered conformation of
the bent phenyl rings, typical to the chemical coommls under study.

ORTEP® and capped stick diagrams for compouflds2b, 3, 3a and3b are displayed in the
supplementary figure S1and figure S2 respectively. The compound&, 2b, 3a, and 3b
crystallize in the centrosymmetric monoclinic systeith 2a and2b having aP2;/n space group
and 3a and 3bhaving P2;/c space group. The compouldcrystallizes in the orthorhombic
system and depictBcaz. The compound2a and2b are solved and refined as a dimer. The
asymmetric unit is composed of two molecules with molecular formula fgH,oN,OS and
Ci1gH18N2O,S for 2a and 2b respectively. Both the compounds have a Z valud.of heir
structures exhibit ‘T shaped’ morphology with phémazine ring plane located perpendicular to
the piperidine moiety. The molecular conformation2a is stabilized by C...H and O...H
contacts as seen in the packing diagram whereab the major driving interactions are O...H

and S---H contacts.

The compounda and 3b with the molecular formula of gH2N>0OS and GgH1sN,O,S are

solved as a monomer with one molecule in the asyinmmenit and Z value of 4. Their structure
displays a slight difference with ‘crooked T shap@rphology where the piperidine moiety is
bent over the phenothiazine ring with the amidekdmn showing a torsion angle
N1...C13...C14...N2 of -65.53 for 3a and -62.11 for 3b. The packing is assisted by O...H

interactions playing the master role in both theesa

11



The compound3 is solved as a dimer with the molecular formulaHzBrNOS with 2
molecules in the asymmetric unit, and a Z valu8.dfinlike compound&a, 2b, 3a,and3b, this
compound comprises of bromo acetyl moiety connetdgohenothiazine via amide linker. The
major contacts participating in the packing of thesivative include O...H, S...H, and Br...Br

contacts.

One of the interesting features that we can natical these compounds is the folded butterfly-
like 3" phenothiazine ring moiety that has a characteriséint along the N-S vector and the
dihedral angle between two planes lie in a rangE3@f142: that is again distinctive feature for
phenothiazine derivative$.*® Also, as discussed in by McDowell inthe N and the S atoms are
located at a considerable distance from the twogdaand are not exactly located at the axis
where the two planes intersect. As shown in fibare. 2, the distance calculated f@a is
0.002A (N) and 0.206 A(S), f@b it is 0.041 A (N) and 0.293 A(S), f@ait is 0.022 A (N), and
0.050 A (S), fo3b it is 0.076 A (N) and 0.117 A (S) and @it is 0.076 A (N) and 0.030 A (S).

2a 2b

= 2

3a 3b

Figure 2. Representation of plane angle2af 2b, 3, 3aand3b.

Hirshfeld surface analysis

The structure files for all the five compounds e tCIF format were submitted in Crystal
Explorer software to generate the Hirshfeld surf@t®) as shown ifigure 3. It encodes for the
intermolecular interactions based on the electrensidy map of the molecule for the electron
density of its neighboring molecule. THgmwas mapped in the range of -0.227 to 1.401, shape
index was mapped in the range of -1.00 to 1.00,camdedness had a range of -4.00 to 0.40 for

12



all the compounds. The intense red spots are itidgcdhe places where the intermolecular
distances are shorter than the sum of van der Wadis’* Also, the quantitative breakdown
of the intermolecular contacts is also analyzedagighe 2D fingerprint plots generated usthg
versusde values. The blue, white, and red color contaateed for thed,om mapped Hirshfeld
surfaces distinguish the interatomic conventionbager, at van der Waals partitions and small
interatomic contacts, correspondinflyWe can see the strong C—H...O interactions aghbri
red spots between the relevant donor and accefmmseon the Hirshfeld surfaces mapped over
Unorm(Figure 3).

The HS analysis of compourh depicted the presence of a strong hydrogen bond; C1
0O1...H13B-C13, between oxygen (amide linker of ondecule) and hydrogen (amide linker of
the neighboring molecule) with a bond distance 429 A. The compoun@b, which has a
carbon substituted with oxygen in the morpholindatyodid not illustrate much difference and
showed S1...H1-C1 (2.740 A) in addition to the C14-Q413B-C13 (2.304 A) hydrogen bond
in the form of electron-rich red spots on the molac surface. On the other hand, in compound
3a, major interactions were C13-0O1...H9-C9, C13-O1...H2-&nd C1-H1...C11 with the bond
distance of 2.353 A, 2.478 A, and 2.763 A respetyivLikewise, compoun@b also showed
C13-01...H9-C9 and C13-01...H2-C2 contact with the bdistiance of 2.679 A, and 2.523 A
respectively. Owing to the presence of bromo aaaetjiety, compoun® shows a strong Br...Br
interaction between the two monomers with a bonstadce of 3.346 A. Thé(C14A-
BrlA...BriB) and 6, (C14B-BrlB...BrlA)angles for the interaction are calculated as 145.5
and 161.7: respectively, thereby confirming this contact assi-type 1 halogen-halogen
interaction®* A hydrogen bond between C14A-H14a...01B with a bdisthnce of 2.454 A was
also present in compourdd The fingerprint or the decomposition plot for #ié title compounds
is given infigure 4. Based on the fingerprint plots, a table for tecpntage contribution of

major interactions is highlighted table 2
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dnorm Shape Index Curvedness

2a

2b

3a

*
b o»

&

Figure 3. Hirshfeld surfaces d?a, 2b, 3, 3aand3b mapped with (ajinorm, (b) shape index, and (c) curvedness.

The valuable measures of Hirshfeld surfaces mappestr shape-index and curvedness,
commenced by Koendriftk and offer additional chemical insight into molemupacking. A
surface with low curvedness assigns a flat area mag be indicative ofr—t stacking
interactions in the crystaf. The occurrence of the-r stacking interactions is also specified by
the emergence of red and blue spots on the shdpg&dad surfaces, documented and in the flat
areas on the Hirshfeld surfaces mapped with cuessinnFigure 3. The curvedness map
showed green flat areas and the shape index hesponding red (negative) and blue (positive)
spots such as triangles, which are discrete foridbatification ofr—n stacking. Further, the

intermolecular interactions in the morpholine/pigere attached derivatives of phenothiazine
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are analyzed by the 2D fingerprint plot. It hasrbgenerated from the Hirshfeld surface analysis
illustrate the percentage contacts of strong andkwmtermolecular interactions on the
compounds. The 2D fingerprint plot offered the freqcy of each intermolecular interaction
take place in the crystalréble 2).
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Figure 4. The two-dimensional fingerprint plot analysis2af, 2b, 3, 3aand3b (a) all interactions, (b) HH contacts
(c) CH contacts (c) OH contacts and (c) SH contacts

According to the data, 0.2 to 3.3 percent of Ccddtacts also confirms the presenceret

stacking in all the calculated system (Supplemgntiigure S14. The main intermolecular
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interactions influencing the molecular packing loé tstudied phenothiazine derivatives are the
C-H...O and H...H and—n interactions Table 2). We can notice that in compour2a, the
maximum contribution is from H...H contacts i.e. S&.4ollowed by C...H, S...H, and O...H
with values of 27%, 9.6%, and 6.4% respectivelysidilar pattern was observed 2 with the
H...H, C...H, O...H, and S...H contacts having the peragateontribution of 48.5%, 28.5%,
11.5%, and 9.3% respectively. The presence of axyigethe morpholine moiety o2b is
majorly responsible for the increase in O...H contaxitribution and a concomitant decrease in
H...H contribution when compared #a. The compounda, which is very similar t®2a and
differs only with respect to the position of oxygen amide linker surprisingly, displays a
different pattern of contact contribution, hencegghlighting the importance of the position of

functional group and its effect in intermoleculataraction.

Table 2. The relative contribution of different close carttafor the overall intermolecular
interactions in 10H substituted phenothiazine ddives.

Compounds

Contacts 2a 2b 3 3a 3b
H---H (%) 55.4 48.5 29.6 63.3 57.4
C---H (%) 27.0 28.5 29.7 18.1 17.9
O---H (%) 9.6 115 11.9 8.2 14.1
S--H (%) 6.4 9.3 9.8 7.0 6.1
C..-C (%) 0.2 1.5 0.5 3.0 3.3
Br---H (%) - - 11.8 - -

The H...H contributes to 63.3%, highest among all finer derivatives, followed by C...H,
O...H, and S...H with values of 18.1%, 8.2%, and 7%peetively. Compoundb, which is
again similar to théb, has maximum contact contribution from H...H (57.4f6lJowed by
C...H (17.9%), O...H (14.1%), and S...H (6.1%). The Idligncrease in O...H contact
contribution can be owed to the presence of twayeryatoms, in amide linker and morpholine
moiety respectively. Similarly, in compoun8 the presence of bromo acetyl moiety is
accountable for 11.8% Br...H and 2.3% Br...Br contaotsaaddition to the contribution by
H...H, C...H, O...H and S...H of 29.6%, 29.7%, 11.9%, an8% respectively. A drastic
decrease in H...H contact contribution is noticed3indue to the structural difference as
compared to other derivatives.
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Table 3. Selected Hydrogen bond parametgks®) of 2a, 2b, 3, 3a,and3b

Compound D—H---A D—H (A) H---A (A) D--A(A)
2a C13A—H13B---0O1F 0.97 2.2€ 3.217(2)
C13B—H13C---01P 0.97 2.2¢ 3.207(2)

2b C4B—H4B---S1F 0.9¢ 2.87 3.70( (2)
C13A—H13B--- 01l 0.97 2.44 3.14(3)
C13B—H13D---01/ 0.97 2.41 3.374(2)

3 CIA—HIA---SA® 0.9t 2.9t 3.747 (3
C1CA—H1CA---BrA 0.9t 2.9t 3.608 (4
C14B—H14C- - - OA' 0.9¢ 2.5¢ 3.511 (4

3a C2—H2-- 01° 0.97 2.5( 3.404(2
3b C2—H2-- 01° 0.92 2.2¢ 3.424(3

Symmetry code(s): (a)x+1/2,y+1/2, z+3/2; (b) x+3/2,y-1/2, -z+3/2; (c)x-1/2, y+3/2,z+1/2; (d)x-1/2,
-y+3/2,2-1/2; . (e)x-1/2, y+1, z, (f) —x+3/2,y, z-1/2; (9) =%, 1Y, -z

After analyzing the CIF for all the compounds, diigant formation of supramolecular
assemblies was observed in compou?@s3a, and3b. As seen in compourzb (Figure 5., a
supramolecular synthon formation occurs utilizingifers (6 molecules) linked to each other
by hydrogen bonds, thus, forming an elliptical tawnh a two-dimensional arrangement. The
bond formation occurs between C13B-H13D...O1A, C1313H...01B, C7B-H7B...02B with
the bond distance of 2.41 A, 2.44 A, and 2.67 beetively.

Figure 5. Crystal packing diagram depicting supramolecwattson formation in compounzb in a unit cell

viewed down theb direction
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In CompoundBaand3b, a similar synthon formation occurs in the formaafig-zag herringbone
pattern utilizing hydrogen bond being formed betw€2-H2...01 with a bond distance of 2.50
A'in 3A and 2.25 A in 3B. Both of the herringborteins run parallel to each other this holding

the molecules together as showrrigure 6.

Figure 6. Supramolecular structure formation of compoB8adh a unit cell viewed along tHedirection

Density functional theory

The electronic structure calculations were perfatnad the DFTB3LYP level of theory
employing a 6-311++G(d,p) basis set. The thealetalculations were carried out using the
Gaussian 09 progrdfhand visualized in GaussView progranPrevious reports suggest that the
nature of electron density distribution around moale and its reactivity can be understood in
terms highest occupied molecular orbital (HOMO) dadest unoccupied molecular orbital
(LUMO).*® Furthermore, it is also stated that the molectggions with the high density of the
HOMO determine the site for electrophilic attackghereas, the region for the nucleophilic
attack is governed by the high density of the LUMOIhe stability and reactivity of the
molecule can be understood in terms of the eneifigrences between HOMO and LUM®&?°
Figure 7 shows optimized geometry, HOMO, and LUMO of thed1€ubstituted derivatives of
Phenothiazine, andable 4 shows the absolute energy, dipole moment, HOMOggnmd UMO
energy and gap between HOMO and LUMO orbitalsalidiive derivatives of phenothiazine. The
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HOMO and LUMO of all the compounds were plotted gorutinize the main atomic
contributions and tells the possible sites of etett transfer in which atoms are located. In all
these energy-optimized structurdsigire. 7), phenothiazine employed a puckered butterfly
structure. The HOMO lobes are distributed mostlgrgshenothiazine ring; whereas, the LUMO
lobes are almost homogeneously spread over phemotei and terminal amine group
somewhere. Based on the HOMO-LUMO energy gap, tl@ thleory of the chemical bond
explains the concept of hard-soft molecuf@sin the present study, all five compounds can be
classified into a hard-molecule category and hax@ldinetic stability, as each of them shows

large energy gap between HOMO and LUMO, i.e. ragpgirbetween - 4.5t0 - 4.9 eV.

Optimized geometry

Figure 7. The optimized geometries and the surfaces ofrtimier molecular orbital of compourh, 2b, 3, 3a,
and3b obtained at the B3LYP/6—-311++G(d,p).
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Thus, this analysis shows that the HOMO-LUMO oihigdocalized in the nearly same region
of all compounds. Furthermore, the HOMO-LUMO eneggys observed for all derivatives are
seen to be nearly the same, thus suggesting thAvealcompounds exhibit nearly equivalent

electronic structure properties.

Table 4. Energies of both HOMO and LUMO and their gapse(if) calculated foRa, 2b, 3, 3aand3b

Compound Energy Dipole moments, HOMO LUMO HOMO-LUMO
(Hartee) u (Debye) (eV) (eV) energy gap (eV)
2a -1319.2632 5.4048 -5.1767 -0.6479 -4.5288
2b -1355.16571 3.5179 -5.26486 -0.72899 -4.53587
3 -3642.02853 3.6014 -6.27849 -1.71786 -4.56063
3a -1319.2525 2.934 -5.98351 -1.08002 -4.90349
3b -1355.15645 3.3029 -6.10052 -1.18016 -4.92036

Electrostatic Potential Surface (ESP), the regimvipes a detailed description of both electron
acceptor and electron donor aréa$he different colors signify the diverse valuess8P such

as blue color represents the most positive eldettiogpotential whereas red color represents the
most electronegative electrostatic potential reglbalso relates to the total charge distribution
through dipole moment, partial charges, electrotie@yg chemical reactivity sites of a
compound. ESP offers a visual technique to commethike basic polarity of a molecule and
acts as a valuable quantity to explain electrophaind nucleophilic sites including hydrogen

bonding, reactivity, and SAR (structure-activitylatenship) of molecules including bio-

molecules and drugs.

Table 5. Selected structural parameters by X-ray and thieatecalculations for all the compounds.

Bond lengths| Experimental| DFT/Theoretical Bond angles | Experimental| DFT/Theoretical
A) ©) ©)
2a
C1A—C2A 1.386 (4) 1.394 C12A—C1A—C2A 1205 (3) 120.
C1A—C12A 1.384 (3 1.40( C11A—N1A—CI12A 120.27 (17 120.4¢
C2A—C3A 1.373 (4) 1.391 C6A—S1A—C5A 98.83 (11) .0
2b
C1A—CI12A 1.382 (3) 1.400 C12A—C1A—C2A 121.1 (2) 120
C1A—C2A 1.383 (4 1.39¢ C6A—S1A—C5A 100.07 (1C 99.0¢
01A—C14A 1.214 (2) 1.220 C11A—N1A—CI12A 122.01 (16 120.52
S1A—C6A 1.743 (2) 1.782 C11A—N1A—C13A 117.25 (16 19138
N1A—C11A 1.390 (3 1.41¢ C12A—N1A—C13A 118.36 (17 119.4¢
N1A—C12A 1.401 (3) 1.414 C3A—C2A—CI1A 120.4 (3) 120.
3
BriA—C14A 1.951 (2) 1.979 C6A—S1A—C5A 98.32 (10) 8
S1A—C5A 1.771 (2) 1.787 C12A—N1A—C11A 115.52 (17 15170

20




S1A—C6A 1.767 (2) 1.783 C13A—N1A—C11A 123.42 (18 24190
O1A—C13A 1.223 (3 1.21¢ C13A—N1A—C12A 120.21 (18 118.5¢
N1A—C11A 1.442 (3) 1.434 C2A—C1A—HI1A 119.4 (17) 120
N1A—C12A 1.430 (3) 1.437 C12A—C1A—H1A 120.5 (17) 9143
3a
Ccl1—C2 1.382 (2 1.392 C2—C1—C1z 119.34 (14 119.8¢
Cl1—C12 1.3919 (17) 1.395 C6—S1—C5 98.15 (5) 97.97
S1—C6 1.7573 (13 1.78: C13—N1—C1zZ 120.08 (1C 119.5:
S1—C5 1.7629 (12 1.787 C13—N1—C11 123.68 (1C 124.2¢
01—C13 1.2209 (17) 1.216 C2—C1—C12 119.34 (14) 320.
N1—C17 1.3729 (16 1.39¢ C12—N1—C11 115.47 (9 115.8(
3b
C1—C2 1.382 (2 1.392 C2—C1—C1z 119.34 (14 119.8’
C1—C12 1.3919 (17) 1.395 C6—S1—C5 98.15 (5) 97.97
S1—C6 1.7573 (13 1.78:2 C13—N1—Cl1z 120.08 (1C 119.4:
S1—C5 1.7629 (12) 1.788 C13—N1—C11 123.68 (10) 224,
01—C13 1.2209 (17) 1.217 C12—N1—C11 115.47 (9 145.
N1—C13 1.3729 (16) 1.397 N2—C19—C18 111.35 (14) .809

The electrostatic potential surface (ESP) generdtad these derivatives at B3LYP/6-
311++G(d,p) level of theory, is shown in the suppataryfigure S13 The ESP analysis of all
derivatives shows that the nucleophilic sites aoalized on carbonyl oxygen (C=0). Moreover,
in the case of compoun@® and3b, the cyclic oxygen atom of (morpholine) is alssetved to
be an electron-rich region (nucleophile). Similarlge electrophilic regions are concentrated
near the aromatic hydrogen’s of phenothiazine, lincampounds. Thus, the ESP analysis
suggests that electrophilic and nucleophilic sitesall five derivatives of phenothiazine are
nearly similar. We also conclude that the experit@én observed parameters such as bond
lengths and bond angles for all five compounds Weuad to be in good agreement with the
computed values. The theoretical structural andeemental data of the 10H substituted
phenothiazine derivatives are listedTiable 5.

Conclusion

The work includes synthesis, characterization, emydtal structure of five new 10H-substituted
phenothiazine derivatives bearing alkyl chains ljwitvo carbon chain lengths) and tertiary
amino groups at the 10(H) position; subjected lfer X-ray crystallography and DFT studies to
evaluate their structural properties. Good qualiteésingle crystals suitable for X-ray diffraction

analysis were obtained by recrystallization. Thgstals were obtained in dichloromethane and
tertiary butyl methyl ether solvents (1:1) at anmbiéemperature using the slow evaporation

method. Our study identified that phenothiazineivddgives 2a & 2b crystallizes as the
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Monoclinic, with space group2;/n and 3a & 3b crystallizes as the Monoclinic, with space
group P2,/c respectively. Compound crystallized as orthorhombic witAca2;. The C-G-H
and C-H--O hydrogen bond interactions, along with other wietdractions, stabilize the crystal
packing. The purpose of the study was to analyee cinsequence of the dissimilar crystal
conformations of phenothiazine derivatives. Irs ttonnection, we compare the experimental and
theoretical results of 10H-substituted phenoth@aerivatives. The HOMO-LUMO gap implies
that these compounds have good kinetic stability arhigh chemical reactivity whereas ESP
gives the information on charge density distribatidMoreover, the computational study also
suggests that all five derivatives of phenothiazgi®w nearly similar electronic structure
properties such as electrophilic and nucleophitessand regions of HOMO and LUMO orbital
localization.
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Highlights:

* A new series of 10H-substitited phenothiazine dgiwes have been crystallized.

» Interactions in crystal packing were supported hssfidld surface and 2D-Fingerprint
plot analysis.

» The crystal structure was investigated using DFT te nature of HOMO and LUMO
was theoretically studied.

» DFT study supports the formation of intermoleciigdrogen bonds and electrostatic
interactions.

* Theoretical studies were performed with B3LYP/6-84G&(d,p) level to compare the
best correlation of both theoretical with experitaédata.
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