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Abstract

The general composition of morpholinium 2, 6-pyridine dicarboxylates are (CsH1oNO)Hdip (DM11), (C4H10NO)2dip.H20 (DM12) and
(C4H10NO)Hdip.Hzdip (DM21), on treatment with dipicolinic acid (H2dip), the aqueous solution of morpholine yields morpholinium
2,6-pyridine dicarboxylates. The structural arrangement of the synthesized compound was confirmed by spectroscopic techniques such
as FT-IR, UV, *H NMR and 3C NMR. Infrared spectra of the salts revealed the N—H extending vibration frequencies of the nonpartisan
morpholine particle in the locale 3200 - 3500 cm. The absorption, distribution, metabolism and excretion (ADMET) properties and
DFT tests were performed for the examples DM11, DM12 and DM21. The in-vitro calming movement was done for DM11, DM12,
DM21 and Standard (diclofenac), where DM12 is taken as the norm. Atomic docking was performed for both mixtures with
cyclooxygenase 1. Henceforth, our point is to discover the absorption, distribution, metabolism, excretion and toxicity (ADMET) in-
silico model, in-vitro mitigating action and sub-atomic docking reads for morpholinium-inferred compounds.
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1 INTRODUCTION

Morpholine is an organic chemical molecule with the formula O(CH2CH3),NH. Both amine and ether functional groups
are present in this heterocyclic compound. Morpholine is a base because of the presence of amine, its conjugate acid is
termed morpholinium. (CsH1cNO)Hdip (DM11), (C4H10NO).dip.H20 (DM12), and (CsH10NO)Hdip.H.dip (DM21)[1].

Morpholine has equivalents of Tetrahydro-1,4-oxazine; 1-Oxa-4-azacyclohexane; Diethylene oxamide [2]. The
subsidiary of morpholine plays a significant part in the treatment of a variety of antimicrobial movements and insecticidal
actions [3,4]. It is also utilized as an emulsifier for beauty care products, rubble waxes, cleansers and colours [5]. It has a
wide scope of pharmacological properties [6], assortment of natural exercises like mitigating [7], analgesic [8],
antibacterial [9], antifungal and antitumor [10,11]. Morpholinium-based cations are new to the field and a promising
contender for electrochemistry, micellization and reactant applications [12-14]. Morpholinium-based cations are bipolar
attributable to the concurrent presence of oxygen (electron-helpless focus) and nitrogen (electron-rich focus) [14]. The
gems of the morpholinium-based mixtures with sulfosuccinate anions and long alkane chains, C8 to C18, display
hexagonal columnar stages at room temperature [15]. Presently, a consistent expansion in the occurrences of irresistible
infections has happened because of expanding drug opposition in microbial strains, which has become a worldwide
general medical problem [16]. This issue has provoked analysts to foster new antimicrobial compounds that will be more
powerful, more specific and less poisonous for battling microorganisms safely. Since many medication advancement
projects come up short during clinical preliminaries because of poor absorption, distribution, metabolism and excretion
(ADMET) properties, it is an astute practice to perform ADMET tests at the beginning phase of medication revelation.

DFT computational strategies are applied to investigate the frameworks to amalgamate and prepare boundaries. The
cheminformatic apparatuses, including the Prediction of Activity Spectra for Substances (PASS), Lipinski's standard of
five, expectations of assimilation, dissemination, digestion, discharge and harmfulness (ADMET) are helpful to
understanding the compound union, natural testing and medication revelation [17-19]. Atomic docking is another
cheminformatics procedure that depends on the energy scoring capacity to distinguish the most enthusiastically great
ligand conformity when bound with the dynamic site of the objective [20]. The lower energy scores address better protein-
ligand ties contrasted with higher energy esteems [20,21]. Hence, numerous researchers have moved their attention to
discovering the molecules with calming properties that can fill in as a likely component for future medication
advancement [22]. The current examination features a few patterns and properties that could be considered to plan future
PPI inhibitors, either for drug disclosure tries or for synthetic science projects.
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2 EXPERIMENTAL DETAILS

The metal salts, chemicals and solvents used were purchased from Merck, India and were used without further cleaning.
The open capillary tube method is used to test melting points with a deep vision melting point device. The ligand and
complex FT-IR spectra were acquired using the KBr pellet method on a JASCO FT/IR-4100 type A instrument. Bruker
300 MHz and 75 MHz devices were utilized to record *H and *C NMR spectra, with DMSO-d6 as the solvent and TMS
as the internal reference, chemical shift values were expressed in (ppm) and coupling constants were expressed in Hz.
The UV-Visible spectroscopic tests were conducted using a JASCO 007 UV-Vis spectrophotometer (V-630).

2.1 Synthesis of Morpholinium Hydrogen pyridine dicarboxylates (DM11)

1 equivalent of dipicolinic corrosive is taken in 40 ml of water. To that 1 likeness, 10% Morpholine was added to it. The
pH of the solution is maintained at 6-7. The resulting solution was concentrated over a water bath and allowed for slow
evaporation at room temperature. After ten days, the obtained residue was separated, washed with ice-cold water and
dried. The melting point of the compound was found to be around 218-220 °C.

IH NMR (400 MHz, DMSO) & 8.22 — 8.21 (m, 1H), 8.21-8.20 (m, 2H), 3.81 — 3.80 (m, 4H), 3.15 — 3.13 (m, 4H). 3C
NMR (100 MHz, DMSO) § 167.27, 149.91, 138.01, 125.14, 64.07, 43.04,

2.2 Synthesis of Dimorpholinium Pyridine dicarboxylate (DM12)

1 equivalent of dipicolinic corrosive is broken up in 40 ml of water. To that 2 likenesses, 10% Morpholine was added to
it. The pH of the solution was maintained between 7-8. The resulting solution was concentrated over a water bath to one-
half of its volume and allowed for slow evaporation at room temperature. After ten days, the obtained residue was
collected, washed with ice-cold water and dried. The melting point of the compound was found to be around 235-237
°C.

H NMR (400 MHz, DMSO) & 7.94 (d, J = 6.1 Hz, 2H), 7.84 (t, J = 6.4 Hz, 2H), 3.77 (brs, 8H), 3.03 (brs, 8H). °C NMR
(100 MHz, DMSO) 8 169.57, 154.39, 137.58, 124.44, 64.63, 43.33.

2.3 Synthesis of Morpholinium Hydrogen pyridine dicarboxylate Pyridine dicarboxylic Acids (DM21)

2 equivalents of dipicolinic corrosive are dissolved in 40 ml of water. To that 1 likeness, 10% Morpholine was added to
it. The pH of the solution is maintained between 3-5. The volume of the solution was reduced to half of its volume by
heating over a water bath and allowed for slow evaporation at room temperature. The polycrystalline substances obtained
were separated after a week, washed with ice-cold water and dried. The melting point of the compound was found to be
around 192-194 °C.

IH NMR (400 MHz, DMSO) & 8.21 — 8.14 (m, 4H), 8.12 — 8.10 (m, 2H), 3.86 — 3.84 (m, 4H), 3.21 — 3.19 (m, 4H). 1°C
NMR (100 MHz, DMSO) & 167.12, 150.31, 139.24, 127.21, 64.06, 43.07,
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Fig. 1 Structure of Morpholinium compounds

2.4 Anti-inflammatory activity

The synthesized compounds and standard diclofenac sodium were screened for anti-inflammatory activity by using the
inhibition of the albumin denaturation technique with minor modification [23, 24].

The percentage inhibition of denaturation was calculated by using the following formula.

% of Inhibition = 100 x [At - Ac /At]
At: Absorbance of test; Ac: Absorbance of control

2.5 Molecular docking studies
Atomic docking of the edifices was done with COX-1 (1PGG.pdb), and COX-2 (4COX.pdb) utilizing Hex 8.0
programming [25]. The three-dimensional designs of the metal networks were obtained utilizing Gaussian 09W
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programming. The gem construction of the protein was taken from the protein data bank (www.rcsb.org). All the bounded
water molecules and ligands were killed from the protein and the compound alone was utilized for docking considers.

2.6 Density Functional Theory (DFT) studies

The representation of the highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO)
were carried out with the Gaussian 09W program, utilizing the utilitarian hypothesis [26]. The Gauss 09W programming
bundle was utilized to picture the processed designs including HOMO, LUMO and Molecular electrostatic potential
(MEP) portrayals.

3 RESULTS AND DISCUSSION

3.1 Infrared spectral studies

The important IR absorption bands of the acids and their salts along with the assignments are given in Table 1. The IR
spectra of the ligand and its salts are shown in Fig. 2. All morpholinium salts show N-H stretching of morpholinium ion
around 3060-3000 cm™, asymmetric and symmetric stretching of carboxylate 1595-1581 cm™ and 1438-1359 cm,
monomorpholinium salts show the sharp intense band at 1734 and 1600 cm™ due to C=0 stretching of carboxylate group
and free acids, dimorpholinium salt shows 1730 cm™ due to C=0 stretching of the carboxylate group, compound 3
(MorpHdip. Hzdip) shows a peak at 1728 cm™ due to C=0 stretching of carboxylate group [27]. Cleavage of the aliphatic
side chains in lignin and the development of new cross-joins in lignin with build-up responses lessen the water retention
properties of the samples [28,29] which increase the intensity of the peak and moved to a higher wavenumber [30-33].

Table 1. Infrared spectra for Morpholinium salts

Compound YOH YNH yc=0 Assy COO" | Sym COOr
H.dip 3001 - 1699 1554 1408
MorpHdip 3423 | 3047 1734 1595 1359
(MorpH).dip 3419 | 3037 1730 1587 1373
MorpHdip. Hodip | 3441 | 3053 1728 1581 1438
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Fig. 2 IR spectra of Dipicolinic acid and Morpholinium salts

3.2 NMR spectral studies

The morpholinium 2,6-dicarboxylates was characterized using *H NMR and *C NMR spectroscopic techniques. In *H
NMR, the appearance of signals around 8.22 ppm indicates the presence of C3 selective CH protons in the pyridyl unit.
Similarly, the appearance of a proton signal around 8.20 ppm indicates the presence of C4 selective CH proton in the
pyridyl unit. The morpholinium CHz signals, adjacent to oxygen appeared around 3.8 ppm. Similarly, morpholinium CH
signals adjacent to nitrogen appeared around 3.1 ppm. The protons count of all pyridinium carboxylates is exactly coherent
in the *H NMR spectrum.
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The possible carbon signals for morpholinium 2,6-dicarboxylates are 6 because the morpholinium and pyridine
carboxylates are symmetric. The signals around 43 ppm appeared for morpholinium CH which is adjacent to the NH unit.
Similarly, the signal around 64 ppm appeared for morpholinium CH which is adjacent to the oxygen unit. The carboxylate
carbon signal appeared around 165 to 169 ppm and the C2 carbon signal of the pyridyl unit appeared around 150 ppm.
The other carbon signals appeared for the remaining pyridine carbons.
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Fig.4.*C NMR spectrum of (a) DM12 (b) DM21

3.3 UV-Visible spectral studies
Similar concentrations of DM11, DM12, DM21 and 2,6-pyridine dicarboxylic acid (H2dip) are dissolved in dimethyl

sulfoxide and the UV-Visible spectrum is recorded. The exact absorbance variation is identified in the UV-Visible
spectrum. The Hadip showed the highest intensity and DM21 showed less absorbance than DPA because the DM21 has
a 66% of pyridine dicarboxylate unit. The DM11 shows a lesser absorbance than the DM21 because the DM11 has only
50% of pyridine dicarboxylate unit. Also, the DM12 shows least absorbance due to the presence of only 33% pyridine
dicarboxylate. The UV-Visible spectra for the synthesized compounds are represented in Fig. 5.
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Fig.5 UV-Visible spectra of the synthesized compounds
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3.4 Anti-inflammatory activity

In continuation of our endeavors to foster protected and viable calming compounds [34-36], we designed and synthesized
new morpholinium hydrogen pyridine dicarboxylates (DM11), dimorpholinium pyridine dicarboxylate (DM12) and
morpholinium hydrogen pyridine dicarboxylate pyridine dicarboxylic acids (DM21) hybrids are screened for in vitro anti-
inflammatory activity with molecular docking studies. The anti-inflammatory profiles of the compounds are represented
in Fig. 6.

The effect of DM11, DM12, DM21 and standard on heat-induced bovine serum albumin (BSA) denaturation assay was
carried out by following the method used by Banuppriya et al. [24] with minor modifications. The reaction mixtures
consist of varying concentrations (10, 50, 100, 250 and 500pg/mL) of DM11, DM12 and DM21 or reference drug
diclofenac sodium. The results showed that 500-10 pg/mL DM11, DM12, DM21 and diclofenac sodium inhibited heat-
induced BSA denaturation in a concentration-dependent manner. DM11 (239.15 pg/mL), DM12 (210.55 pg/mL), DM21
(241.34 pg/mL) significantly (P < 0.05) exhibited a lower inhibition of heat-induced BSA denaturation than diclofenac
sodium (182.34 pg/mL). Diclofenac is a phenyl acidic corrosive subordinate and has a place in the non-steroidal
mitigating drugs (NSAIDs) family [37]. Diclofenac is a strong cyclooxygenase catalyst inhibitor with complete retention
and broad digestion [38]. Cell penetration is a significant component of a fiery reaction, inferable from the pivotal
pretended by leukocytes [39]. During irritation, leukocytes discharge their lysosomal proteins like proteases as a
component of their defensive capacities, causing extra tissue harm and ensuing aggravation [40, 41].

%

DM11
A DM12
t DM21
i = std
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Fig. 6 Anti-inflammatory activity of (BSA denaturation technique) DM series

3.5 Drug-Likeness Prediction

The medication resemblance is directed by particle properties, including hydrophobicity, electronic circulation, hydrogen
holding, atom weight, pharmacophore element, bioavailability, reactivity, harmfulness and metabolic steadiness [42].
Lipinski’s rule is one of the tools most used to estimate the solubility and permeability of the compounds and thus, to
predict their qualification as a drug candidates. The rule states that: poor absorption or permeation is more likely when a
compound violates Lipinski rule of 5; that it has more than 5 H-bond donors (the sum of NH and OH), molecular weight
(MW) is over 500, Log P is over 5 and more than 10 H-bond acceptors (the sum of N and O). The drug-likeness score for
DM11 is -0.72 (Fig.7a) and for DM12 is -0.93 (Fig.7b).

Drug-likeness model score: -0.72 Drug-likeness model score: -0.93
—— Drugs —— Drugs
~—— Non-drugs —— Non-drugs
—— Your compound —— Your compound

I T T o T T 1 r T T — T T |
-6.00 -4.00 -2.00 0.00 2.00 4.00 6.00  _g.00 -4.00 -2.00 0.00 2.00 4.00 6.00

Fig. 7 Drug likeness models for (a) DM11 (b) DM12

Different between the atomic descriptors have been utilized broadly in ADMET expectation and demonstrated to be useful
[43] and they can portray sub-atomic properties from various perspectives, like hydrophobicity, adaptability, H-holding
capacity and so forth. It is intriguing to identify whether any of those atomic descriptors can recognize BCRP inhibitors
and non-inhibitors. A few principles were created to direct the determination of mixtures in the beginning stages of
medication disclosure or to plan substance compound libraries reasonable for drug revelation or synthetic science. In-
silico pharmacokinetic has clarified in terms of ADMET and harmfulness. Further examined in-silico information has
been associated and found in great understanding. Assessment of in-silico physicochemical properties or ADMET is a
powerful device to affirm the capability of a medication competitor [44].
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The outcomes from In-silico concentrates unmistakably demonstrate that the mixtures had drug-like applicant properties
with no infringement of any of the medication similarity rules examined previously [40,41]. It was intriguing to take note
that the consequences of the SWISS ADME indicator upsides of log [thin space (1/6-em)] P are - 0.35 and - 0.88, molar
refractivity and the absolute polar surface region in these particles were in phenomenal concurrence with the main
principles of medication similarity. However, these mixtures displayed a decent hydrophilic-lipophilic equilibrium and a
similar anticipated bioavailability, the halogen subsidiary with high lipophilicity was relied upon to show respectable Gl
retention. Moreover, we determined the absolute polar surface region TPSA (A2) since it is one more key property that
is identified with drug bioavailability. Hence, inactively retained atoms with TPSA >140 are thought to have low oral
bioavailability, TPSA (A2) for DM11 is 85.46 and DM12 is 105.25. The outcomes got from the Swiss ADME web index
are recorded in Table 2. TPSA is a boundary used to anticipate the transport properties of medications in uninvolved sub-
atomic vehicles [42]. Pharmacokinetics decides the human remedial utilization of mixtures. These properties rely upon
the ADMET properties [45,46], which is why in silico pharmacokinetics studies are important to limit the chance of
disappointment of any medication in clinical preliminaries.

Table 2. In silico ADMET parameters important for good oral bioavailability of synthesized compounds

Compound Abs TPSA MV n- MW LogP n-H-bond n-H- Lipinski
(%) (A% ROTB acceptor bond violations
donors
Ideal range - <140 - <15 <500 <5 <10 <5 <1
(95% drugs)
DM11 67.95 | 85.46 | 219.21 2 254.09 -0.35 6 3 0
DM12 105.25 | 301.52 2 341.16 -0.88 7 4 0

Online tools used: Molsoft and swissadme

3.6 Molecular docking studies

Sub-atomic docking is an effective method in computational science to profoundly investigate ligand acknowledgment.
It has prompted significant forward leaps in drug revelation and plans in the field of restorative science. The sub-atomic
docking procedure investigates the limiting mode and liking of a little particle inside the limiting site of the receptor target
protein. The docked ligands were positioned by their limiting fondness in ligand-receptor buildings. Atomic docking is a
significant instrument for examining the limiting affinities and ligand-target cooperation [47]; hence, we used them to
study and evaluate anti-inflammatory activity. The molecular docking was performed with the most potent compound of
the series DM11, DM12 and DM21. Default parameters were used for all calculations described from here on as noted in
the materials and methods section. Compound DM11, DM12 and DM21 were docked at the binding sites of
cyclooxygenase 1 (1PGG) and cyclooxygenase 2 (4COX) following the procedure described above.

The results of the docking studies are presented in Tables 3 and 4. The interactions with 1PGG.pdb (COX-1) and
4COX.pdb (COX-2) are shown in Fig. 8. The binding site of 1PGG is prostaglandin H2 synthase-1 complexed with 1-(4-
lodobenzoyl)-5-Methoxy-2-methylindole-3-acetic acid (lodoindomethacin), trans model and 4COX are cyclooxygenase-
2 (prostaglandin synthase-2) complexed with a non-selective inhibitor, indomethacin. In 1PGG, the binding energy (kJ
mol?) for DM11 is -237.61 DM12 is 276.70 and DM21 is -323.31, where the number of hydrogen bonds in DM11 is 2,
DM12 is 3 and DM21 is 1. The hydrogen bonded amino acid residues in DM11 are PRO84 (2.61A), VAL116 (3.71A),
DM12 is TYR355 (2.42A), TYR355 (2.20A), TYR355 (2.18A) and DM21 is GLU524 (2.55A). In 4COX, the binding
energy (kJ mol) for DM11 is -230.54, DM12 is -328.91 and DM21 is -333.92A, where the number of hydrogen bonds
in DM11 is 1, DM12 is 3 and DM21 is 1. The Hydrogen bonded amino acid residues in DM11 are ARG44 (3.89A),
DM12 is TYR60 (3.07A), GLU465 (2.31A), ARG44 (3.03A) and DM21 is THR118 (2.65A). The binding energy is high
in DM21 in both the binding site.

Table 3. Molecular docking metal complexes in cyclooxygenase 1 (1PGG.pdb)

S. No. Name of the Binding Number of Hydrogen bonded amino
compound energy hydrogen acid residues
(KJ/mol) bonding
1. DM11 -237.61 2 PROS84 (2.61A), VAL116
(3.71A)

2. DM12 -276.70 3 TYR355 (2.42A), TYR355
(2.20A), TYR355 (2.18A)

3. DM21 -323.31 1 GLUS524(2.55A)

Table 4. Molecular docking metal complexes in cyclooxygenase 2 (4COX.pdb)

S. Name of the Binding energy Number of Hydrogen bonded amino acid

No. compound (KJ/mol) hydrogen bonding residues

1. DM11 -230.54 1 ARG44 (3.89A)

2. DM12 -328.91 3 TYR60 (3.07A), GLU465
(2.31A), ARG44 (3.03A)

3. DM21 -333.92 1 THR118(2.65A)
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Fig. 8 Interaction of (a) DM11 with 1PGG (b) DM12 with 1PGG (c) DM11 with 4COX (d) DM12 with 4COX (e)
DM21 with 1PGG (f) DM21 with 4COX

3.7 DFT studies

The density functional theory (DFT) calculations were carried out to investigate the molecular geometry and electron
distribution in the compounds. Optimized geometries and molecular electrostatic potential (MEP) of the compounds were
computed using density functional theory (DFT) with the basis sets. The DFT calculated Mulliken’s atomic charges and
revealed charge distribution in individual atoms. The HOMO, LUMO and energy gap (AE) of the compounds are
calculated as -5.6043, -1.5782 and 4.026 for DM11, -1512, -0.2149 and 4.936 for DM12 and -3.8945,-3.5089 and 0.385
for DM21 . The DM21 showed very lower bang gap energy, the DM12 showed highest band gap energy. The outcomes
uncovered that the compound DM11 showed the lesser energy hole (AE) than the compound DM12 proposed high
synthetic reactivity and significant intermolecular charge move from the electron giver (HOMO) to the electron acceptor
(LUMO) gatherings [48]. Given these outcomes, the compound DM21 has the better bioactivity contrasted than the other
detailed mixtures. Furthermore, compound DM11 has higher electronegativity (yeV) and global softness (¢ eV—1)
contrasted with other compounds [48].

Table 4 DFT calculations of DM series

5 | Compound | HOMO | LUMO The Chemiecal Global Global Electrophilicity
No name bandgzap potential hardness softness index
(AE)Y
1. MIT -3.6043 -1.3782 1016 -3.3013 1013 02453 32033
2. MIZ 31512 ] 02149 1558 -2.6831 2463 02023 1.4384
3. DL -3.8043 -5.3088 0383 -3.7017 0.1827 23854 353579
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Fig. 9 Geometry optimization for (I) DM11 a) LUMO b) HOMO ¢) MEP (1) DM12 a) LUMO b) HOMO c) MEP (l111)
DM21 a) LUMO b) HOMO c) MEP

From the DFT hypothesis, a HOMO-LUMO energy partition has been determined with the particle [49]. Both orbitals
show a m-type character fundamentally limited on the focal piece of the particle, which is holding at the HOMO and
antibonding at the LUMO levels. The global electrophilicity list ®, communicated as u2/2n [50], takes here the worth of
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3.2035 in DM11 and 1.4584 in DM12. The electronic chemical potential p and chemical hardness 1 were calculated with
GO3W code from the one-electron energies of the frontier orbitals. The electronic potential p
(u=1/2 x (EHOMO + ELUMO) was -7.1825 eV in DM11 and -5.3661 in DMI12 and the chemical hardness m
(n=ELUMO - EHOMO) was 4.026 eV in DM11 and 4.936 in DM12. The maximal charge transfer (— u/n) is found
close to unity and the nucleophilicity index N is close to 3. Based on these calculated theoretical reactivity indices, the
molecule has moderate nucleophile and good electrophile characteristics.

4 CONCLUSIONS

In outline, we have arranged a bunch of morpholinium subsidiaries, DM11 morpholinium hydrogen pyridine
dicarboxylates, DM12 dimorpholinium pyridine dicarboxylate and DM21 morpholinium hydrogen pyridine dicarboxylate
pyridine dicarboxylic acids. The structures of newly synthesized compounds were affirmed through spectroscopic
investigation. The DM12 dimorpholinium pyridine dicarboxylate showed excellent mitigating and their rate hindrance
was closer to the standard. Pharmacological explanation of the mixtures was performed dependent on in-silico ADMET
assessment. Due to the requests from drug revelation analysts, the improvement of in silico models in ADME has become
more dynamic. Screening values of medication similarity results showed that all mixtures retain the pharmoclogical effect
in Lipinski's standard of five. The determined boundaries HOMO and LUMO utilizing DFT estimations unmistakably
upheld the docking associations. The band gap of DM12 was low. It infers that the DM12 are more responsive compounds
that could be the justification for the most elevated organic movement.
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