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ABSTRACT

Okwuchukwu, Precious M., Chemical Modification and In Silico VValidation of Medicinally

Privileged Molecular Scaffolds as K-Ras and SARS-CoV-2 Spike Protease Inhibitors. Master of

Science (MS), December 2020, 138 pp, 10 tables, 69 figures, references 95 titles.

Coronavirus disease was declared a global pandemic by WHO in March 2020, cancer is
the second leading cause of death by a disease. Several scientists around the world are working
relentlessly to discover an effective remedy to eradicate these deadly diseases. A natural
polyphenol (magnolol) has been isolated from a tree Magnolia grandiflora (family
Magnoliaceae) found on UTRGV campuses. This research is focused on design of a series of
chemically modified sulfonyl derivatives based on the isolated magnolol framework and other
medicinally privileged molecular scaffolds framework that can effectively bind to the COVID-19
main protease, SARS- CoV-2 3CL protease and K-Ras protease (PDB ID’s: 6LU7, 6M2Q,
4EPV, respectively). In silico studies was conducted to identify lead compounds of the series,
determine protein-ligand interactions, physicochemical properties and druggability of the new
compounds. On appropriate biological evaluations, these novel compounds may possibly find
pharmacological applications as antiviral agents against COVID-19 disease or as anticancer

agents.
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BACKGROUND

Medicinal plants possess a wide range of phytoceuticals which are commonly used for the
treatment of several human ailments, this has kept them relevant for several decades. “Phyto” is a
Greek word that means plant. Phytochemicals are described as a large group of compounds
obtained from plants. Phytochemicals can be classified into nutraceuticals, toxins, addictives
(narcotics), phytoceuticals, and biological inactive compounds.

Phytoceuticals and nutraceuticals are important molecules. They possess a positive
therapeutic effect. Since the beginning of civilization, phytochemicals have played essential roles
in the battle against several diseases as well as in promoting the health benefits of humans and
animals. The structural and medicinal investigation of natural products has led to a surge in
discovery, research, and development of final drug entities. Presently, about 25% of medicines are
derived from nature. Between 1940 and 2014, FDA approved 175 anticancer small drug molecules.
Out of 175, about 131 molecules (75%) were totally non-synthetic molecules. This suggests that
the chemical investigation and modification of natural products are authentic routes for the and
efficient in the efficient discovery of novel active pharmaceutical ingredients (APIs) (1). Several
medicinal plants have been left unexploited due to the emergence of modern synthetic medicines.
Given the rapid surge in the rate of fatalities and deterioration of human health, it has become
obvious that modern medicine cannot be fully depended upon. Alternative sources need to be

exploited to develop better pharmacological therapeutics that have improved efficacy and are



readily available. Accordingly, efforts have been made to evaluate the possible therapeutic effects
of some biological compounds through the efficient exploitation, careful isolation, and
characterization of their active agents. Of particular interest are the active compounds present or
obtainable from two medicinal plants (Magnolia grandiflora and Aloe barbardensis). The
chemical modification and in silico study of a polyphenol-magnolol and other medicinally

privileged scaffolds 4- aminoquinoline and amantadine is reported herein.



CHAPTER |
INTRODUCTION

Plant polyphenols have gathered a lot of interest because of the valuable properties they
possess. Magnolia species such as Magnolia grandiflora, Magnolia acuminata, Magnolia
officinalis (Houpo in Chinese) (2), Magnolia virginiana, Magnolia macrophylla, all belonging to
the Magnoliaceae family, the extracts and pure compounds obtained from parts (leaves and seeds)
of this species, has been reported to have several ethnomedicinal uses in North America.(3)
Magnolia grandiflora (belong to family Magnoliaceae, genus: Magnolia) is a medicinal plant with
different species grown all over the world, its extracts have found various therapeutic applications
such as anti-inflammation, antimicrobial, antioxidation, antispasmodic, antidiabetic,
neuroprotective, antidepressant, anticancer properties etc (3). The magnolia plant family is popular
in North America because of its numerous pharmacological properties, specifically, in a native
tribe called Talauma in Mexico, Magnolia is frequently used to treat various anti-inflammatory
diseases such as extreme fevers and rheumatism (3). In Asian countries, the ethanol extract of the
bark of Magnolia officinalis usually the major constituent found in herbal formulations like the
Saiboku-to and Banxia-houpo preparation, has found several therapeutic applications in traditional
medicine for the treatment of depression, anxiety, neurosis, stroke allergies, and gastrointestinal
disorders (4). Most importantly, in China's traditional and modern medical practice, it has been
continuously prescribed for the treatment of asthmatic cough, pains, indigestion, and distention of

the abdomen (2,5). Magnolia species are also currently in use in Japanese Kampo medicine as



anti-inflammatory agents (3). Additionally, Japan, Korea, China uses stomachic herb which
constitutes of the methanolic extract obtained from the stem bark of Magnolia obovata as a
traditional remedy for problems of the digestive system. The methanolic extract obtained from the
stem bark of Magnolia obovate has also been evaluated for its antifungal activity against
Trichophyton mentagrophytes (6). Thus, due to these numerous properties, particularly, their
antioxidant property phenolic compounds (e.g. magnolol) obtained from magnolia species are
largely exploited in pharmaceutical, agricultural, and cosmetic industries (7).

Cancer is the second leading cause of death globally, thus, a global health concern.
According to WHO, Global cancer statistics, and GLOBOCAN there have been approximately 17
million new cancer cases and 9.5 million deaths (https://gco.iarc.fr/today/data/factsheets/cancers)
due to various kinds of cancer in 2018 alone. This has led to a global driven investigation and
research to discover promising treatment regimens and curative agents. Although several treatment
modalities (surgery, chemotherapy, radiation) and chemotherapeutic agents have been developed
to help combat cancer, the chemotherapeutic agents still pose several challenges and side effects
such as renal dysfunction, destruction of bone marrow, vomiting, development of CVD’s, and
development of resistance. These adverse effects in most cases cause cancer resurgence and
advancement, thus, limits the applications of these therapeutics (8). Hence, finding a treatment
regimen or possibly a curative agent with fewer side effects and better efficacy is of utmost
importance.

In March 2020, COVID-19 was declared a global pandemic by the center for disease
control (CDC). As of December 12, 2020, approximately 288,000 deaths (cdc.gov) have been
recorded in the United States alone. Coronaviruses are enveloped, single-stranded, positive-sense

RNA viruses having large-scale viral genomes. In February 2020, the novel highly virulent strain



2019-nCoV was changed to severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
family Coronaviridae, genus Betacoronavirus (9). (SARS-CoV-2) enters the host by employing
spike protein to bind to cell surface receptor angiotensin-converting enzyme (ACE2), to the host
cell. The virus then fuses by proteolytic activation, causing the cleavage of the S1 subunit and
conformational change of the S2 subunit of the spike protein. Thus, there is an urgent need for
potential therapeutic antiviral agents to target SARS-CoV-2 structural proteins responsible for

virion assembly, envelope formation, and pathogenesis (10).



CHAPTER II
LITERATURE REVIEW

Magnolol is commonly known as 5,5'-diallyl-[1,1'-biphenyl]-2,2"-diol (IUPAC name is 2-
(2-hydroxy-5-prop-2-enylphenyl)-4-prop-2-enylphenol) is a neolignan, an organic compound
which is one of the primary biologically active constituents found in Magnolia grandiflora
matured green seed cones. Magnolol is a flexible, hydroxylated biphenyl whose pharmacophore
consists of two aromatic rings bridged by one C-C bond (11,12). This characteristic structural
feature contributes to the activation of diverse interactions with several active binding sites present
on the protein surface thus, magnolol can act as an effective ligand for a variety of disease-causing
molecules, through modulation of binding affinity in several proteins (13,14). This makes it a great
chemical modification candidate. In addition, its structural features, two hydroxyl groups, and two
allylic side chains attached to a biphenolic moiety could be the reason for its potent activity (15).
Magnolol possesses several pharmacological applications such as antioxidant, smooth muscle
relaxant, anti-epileptic, antidyspeptic, cardiovascular diseases, cytotoxic activities,
hepatoprotective, anti-inflammatory, antiasthmatic, antidiabetic, antidepressant, Antimicrobial

(16) etc.
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Figure 2. X-ray crystallographic structure of magnolol



Previous studies have shown the effects of magnolol when targeted to various molecular
proteins involved in the regulation of the cell cycle and its cytotoxic activities (induces
differentiation and apoptosis, suppresses angiogenesis, counters metastasis, and reverses multi-
drug resistance). One study reported that magnolol has deleterious effects on gall bladder
carcinoma cell lines. It works by blocking cell progression at the GO/G1 phase, inhibits GBC-SD
cancer cell line with 1Cso of 20.5+ 6.8 pmol /L after 48 hours, it also activates mitochondrial related
apoptosis by the up-regulation of p53 and p21 protein levels and downregulating cyclin D1,
CDC25A, and cDKk2 protein levels (17). In cholangiocarcinoma, magnolol effectively inhibits cell
invasion, migration, cell growth, and downregulates expression of Cyclin D1, p-p65. It arrests cell
cycle at G1 Phase and proliferates cell nuclear antigen, matrix metalloproteinases 2,7, and 9 (18).
Although magnolol has a wide range of pharmacological activity, it has poor water solubility and
poor bioavailability.

Thus, phytochemical investigation involving the chemical modification of magnolol is
focused on carefully transforming the different reactive sites (primarily, the phenyl hydroxyl
groups) present on magnolol with different ring sizes and substituents that could optimize drug-
protein interaction, enhance efficacy, increase polarity, bioavailability, and hopefully, reduce side
effects. The subsequent druggability of the novel magnolol analogs synthesized is determined by
an energy docking technique known as molecular docking.

Amantadine, a synthetic tricyclic symmetric amine is an antiviral drug that inhibits viral
replication especially myxoviruses such as influenza A viruses (19). It possesses an adamantane
molecular scaffold (looks like a Packard structure). It is commonly known as adamantine, IUPAC
name- adamantan-1-amine. Amantadine exerts its antiviral activity against influenza A viruses by

binding directly to the viral M2 ion channel of the matrix protein, thereby inhibiting uncoating and



replication of the virus (20). Also, it has been reported that has a significant capacity to induce
sustained biochemical antiviral activity in patients (18%) diagnosed with the hepatitis C virus but
do not respond to monotherapy interferon (IFN)-a (21). The ability of amantadine to cross the
endosomal membrane, disrupt the hydrogen bridges formed by Ala 30 and Gly 34, stop the inflow
of proton into the virion thereby inhibiting the discharge of viral nucleus into the cell has made it
a very important antiviral agent (22).

Amantadine and rimantadine are the first antiviral agents developed (in 1964) for humans.
Some hypothesis studies report that amantadine and derivatives could be effective against the viral
load of SARS-CoV-2 by inhibiting replication of the virus through down-regulation of cysteine
endosomal proteases- Cathepsin L (CTSL) and breakdown of lysosomal pathway (23). Another
hypothesis study suggests that amantadine inhibits the viroporine channel of coronavirus-19
(COVID-19) which impedes the discharge of the viral nucleus into the cytoplasm (22). Although,
amantadine has great application, a great challenge associated with its use, is that the influenza
virus becomes insensitive and then mutates, thereby causing the amino acid present on the ion
channel of M2 protein to change thus, developing resistance. To fix this, solid-state NMR studies
propose that compounds larger than rimantadine, could have better efficacy to block the
amantadine-resistant influenza viruses. Another strategy would be to incorporate substituents
having active functional group (amino acids, peptides, etc.) into amantadine scaffold, this could
help disrupt protein transport (24). Thus, efforts are made to chemically modify the primary amine
group and secondary alcohol group present on 3-amino adamantanol and molecular docking is

performed to analyze protein-ligand binding affinity.
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Figure 3. Structure of first commercially available adamantane derivatives

Chloroquine and hydroxychloroquine are 4-amino quinoline derivatives. They are
synthetic drugs obtained from the bark of the cinchona tree and are most widely used as
antimalarials in tropical countries (25). Chloroguine has also been reported to inhibit viral
replication of influenza A virus (26), HIV-1 (currently in clinical trials), Herpes simplex virus (27).
Recently, chlorogquine was found to inhibit the replication of SARS-CoV-2 in vitro Vero E6 cells
with IC50 8.8 uM (27). Hydroxychloroquine, an analog of chloroquine has less drug-drug
interaction and fewer side effects (28). Results from in vitro studies of hydroxyquinoline show that
hydroxyquinoline (ECso 6.14, 0.72 uM for 24 and 48hours) has a better antiviral effect on SARS-
CoV-2 than chloroquine (ECs023.90, 5.47 uM for 24 and 48hours) does (28). The mechanism of
action of both drugs towards inhibition of SARS-CoV-2 has not been fully understood, previous
studies propose that they alter PH at the cell surface, inhibit replication, the fusion of virus complex
to host cells, virus assembly and release, etc (29). This suggests that both drugs possess antiviral
activity against SARS-CoV-2. Although hydroxyquinolones have a better safety profile and lesser
drug-drug interactions, the presence of the primary alcohol group poses challenges this has limited
its use as a treatment for COVID-19. Such challenges include cardiotoxicity (25), retinopathy, and
neuropathy. Thus, attempts have been made to chemically modify the primary alcohol group on

the amino quinoline nucleus to mitigate these challenges and improve efficacy.

10



CHAPTER IlI

(A). CHEMICAL MODIFICATION OF POLYPHENOL MAGNOLOL
Novel magnolol derivatives having potent activity as anticancer agents

I. Non-small cell lung cancer (NSCLC)
Malignant lung cancer is one of the leading causes of death related to all cancers (30). NSCLC has
a five-year survival rate of 16%, thus, a lot of focus has been directed to its treatment (31). To
overcome the drawbacks associated with the use of magnolol, several magnolol derivatives were
synthesized by reacting them with different heterocycle rings. Subsequently, an investigation for
antiproliferative activity was carried out on NSCLC cell lines (HCC827, H1975, and H460) using
MTT assay. Compounds 4, 5 and 6 showed promising antiproliferative activity for all three cell
lines- for HCC827 (ICso value- 6.80 uM 4.87 pM, 5.01 puM) for H1975 (ICso value- 7.12 pM,

4.82 uM, 5.61 uM) and for H460 (I1Cso value- 5.92 pM, 5.71 pM, 5.98 uM). showed better 1Cso
values than magnolol and honokiol which were used as control; respectively. Further, in vitro
antiproliferative assay was conducted on EGFR wild type cell lines, EGFR mutation cell lines, and
KRAS mutation cell lines, these compounds showed 4-8-fold better activity than magnolol. SAR
studies suggest that substitution of the H-atom at C-3 position with a nitrogen heterocycle, for
example, a piperazine ring having an oxyethyl group attached to a nitrogen atom or a piperidine
ring having an amino group could improve broad-spectrum antiproliferative activity. Upon
solubility evaluation, 4, 5, and 6 showed better solubility than piperitylmagnolol, thus could be
formulated as an oral anticancer drug. This solves the problem of poor aqueous solubility. On the
arrest of cell cycle and induction of apoptosis investigation in H1975 cells, the new compounds

exhibited a concentration-dependent arrest at the GO/G1 phase of the cell cycle, and a dose-
11



dependent (0-20uM) cancer cell apoptosis was induced by 4, 5, 6 with apoptotic rates ranging from

16.49-76.20%, 16.49-97.60%, and 16.49-95.90% respectively in contrast to the apoptotic rate

51.77% exhibited by honokiol at 40 uM. In vivo evaluation using C26 xenograft model was
conducted on all three compounds, 6 showed the best tumor growth inhibition (47.9%) at 100mg/kg
oral administration with fewer to no side effects in contrast with honokiol which only showed tumor
growth inhibition of 16.7% at the same dose. 6 on iv administration dissolved readily in pure water
and produced no vascular irritation. 6 on per os (oral) treatment showed no significant decrease in
the mice’s body weight, less toxicity, no abnormality, and enhanced solubility. Thus, 6 has great
potential as an oral antitumor agent. More investigation is highly recommended (32).

ii. Suppression of cancer cells by autophagy induction.

Deaths by cervical cancer and breast cancer are continuously on upward progression despite
various advancements in chemotherapy and treatment regimens, this is majorly due to aggressive
resistance of tumor cells and unpleasant side effects (33,34). Autophagy, also known as
autophagocytosis is a cellular process that involves the breakdown of damaged/defective
cytoplasmic components, organelles, cytoplasmic proteins in the lysosome. This aids in the
renewal of certain vital organelles and helps the cell to achieve its metabolic needs (35). In this
study, mannich base groups were incorporated at the ortho position of the phenolic OH group
present on C-2’ thus, the phenolic OH group is left untouched. In vitro antineoplastic activity,
SAR, and mechanism of action by autophagy stimulation of the novel Mannich magnolol
derivatives were investigated against human cell lines (T47D, A549, MCF-7), MTT assay was
used and cisplatin was employed as a positive control. Of all the chemically modified compounds,
7 showed excellent antiproliferative activity especially on T47D cells (ICs0 0.91 puM) where its
cytotoxicity activity greatly improved to 76.1 fold, this is in contrast to parent compound magnolol

with 1Cs0 69.32 UM exhibited very low cytotoxic activity on T47D cells and almost no activity
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(ICs0 >80 M) on A549, MCF-7 cells. Also, compound 7 showed better selectivity to carcinogenic
cells over normal healthy cells than positive control cisplatin. SAR studies indicate that the
morpholine ring and presence of 3,4,5 -tri-OCHs substituents are responsible for the potentiated
antiproliferative activity of 7. On further evaluation, 7 induced a dose dependent conversion of
protein light chain 3-1 to protein light chain 3-11 (important for autophagy induction), also a sharp
increase (57.94%) in autophagy dependent cell apoptosis is observed on co-administration of 7 and
autophagy agonist rapamycin (RAPA). Compound 7 showed excellent anti-proliferative results
thus, further investigation is encouraged as this could lead to the discovery of potent and selective
anti-neoplastic agents (36).
As potent allosteric modulators of GABAA receptors
y-aminobutyric acid (GABA) is one of the most inhibitory agents of the central nervous system
(37). It is responsible for the activation of GABAa and GABAs. GABAA acts as an ionotropic
receptor responsible for controlling the influx of chloride ions, this makes it a great target of many
antidepressants, anxiolytics, muscle relaxants, and anticonvulsive drugs (38). Recently, GABAA
receptors have been discovered to possess binding sites for endocannabinoid 2-
arachidonoylglycerol (2-AG) and the endocannabinoid metabolite N-arachidonoylglycine
(NAGLY) (39,40). Magnolol and its metabolite tetrahydromagnolol act as potent partial agonists,
they interact with cannabinoid receptors and potentiate GABAA currents. In this study, structural
analogs of magnolol and honokiol were synthesized and investigated. Compound 8 having ethyl,
and hexyl residue exhibited the most potentiation of GABAAa receptor in the magnolol analog series.
As a positive allosteric modulator (PAM), 8 showed concentration-dependent effects, with
potentiation >1000% at a maximum concentration of 10uM. Due to its high lipophilicity, further

concentrations could not be investigated. With a 2-6% maximal effect on GABA at 10uM, 8 was

found to be a weak direct agonist of GABAA receptors thus, could be categorized as ago-allosteric
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modulators. To search for allosteric binding sites, investigations on different subunits of GABAAa
receptors were conducted on magnolol analog 8. A change in the a-subunit caused some significant
changes in its potentiation activities, interchanging B2 for B1 (decrease) or 33 (increase) affected the
potentiation effects thus, the a-subunit and the nature of B-subunit are important for binding of the
compound. The y-subunit is not important for interaction with the allosteric moderator as no change
in effects was observed when replaced/interchanged. After investigations, minor effects of 8 as
potent allosteric modulators on BZD receptors showed that they do not interact with the
benzodiazepine site. Compound 8 also exhibited an ancillary cannabinoid (CB1) agonist activity of
Ki CB1:0.386 uM, these results qualify 8 for further investigations as an anti-convulsant or spasms
treatment. SAR study suggests that one alkyl group (ideal group-propyl), a direct connection of
phenyl rings, and a free phenolic group which is para to C2- or a C3- alkyl group is essential for
activity, the pattern of substitution accounts for GABAA potentiating activity and selectivity of the
CB receptors. Methylating the OH-groups present in magnolol led to a loss of activity irrespective
of the position at which the methoxy group is placed. Encouraging results obtained from this potent
allosteric modulator of GABAA receptors suggests further in vivo evaluation, could lead to the
development of potential novel anxiolytics, hypnotics, and muscle relaxant drugs (41).
As anti-microbial agents
The surge in bacterial resistance has become a global concern especially the bacterial infections
caused by Vancomycin resistant enterococci (VRE) and Methicillin resistant staphylococcus
aureus (MRSA) (42-44). These causative agents are life-threatening especially to

immunocompromised patients such as surgical patients, patients living with HIV, and other
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diseases. Thus, it is important to develop novel classes of antimicrobials insusceptible to multidrug
resistance (MDR). Magnolol derivatives were synthesized by Suzuki coupling reaction catalyzed
by palladium and evaluated in vitro for antimicrobial and antiproliferative activity using
ciprofloxacin and erythromycin as standards. Most of the derivatives showed outstanding
antibacterial activity against Gram-positive bacteria Staphylococcus aureus ATCC, MRSA 15187,
and Vancomycin-resistant enterococci (VRE) but compound 9 showed the highest activity with
MIC of 2, 1 ug/ml for S. aureus ATCC, MRSA 15187 respectively and 1 pg/ml for VRE and MBC
values of 2, 1 pug/ml for S. aureus ATCC, MRSA 15187 respectively and 2 pg/ml for VRE. This
high activity could be attributed to the presence of alkyl groups such as butyl, propyl groups, and
substitution of halogens on the phenyl rings (-dibromo substitutions show the highest activity).
The novel magnolol derivatives were also evaluated for antifungal activity, 11 and 12 showed the
best activity (MIC values 64 and 128 pg/ml) respectively against Candida albicans ATCC 90029
and Aspergillus fumigatus LSI-11 (MIC values 32 and 64 pg/ml). This significant result could be
due to the presence of an allylic side chain. Upon anti-proliferative study, compound 10 possessing
dihalo (-diiodo) and alkyl (butyl) substituents showed the best activity on MOLT-4, HL-60, and
PC-3 cell lines (MIC values 10, 2, 2 uM respectively). On further investigation, the mechanism of
action of these newly synthesized derivatives was discovered to be induced apoptotic cell death
using DNA laddering and flow cytometric assay. Hence, alkylated halogen magnolol analogs
synthesized showed outstanding antibacterial and antiproliferative activities greater than the parent

compound magnolol (45).
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Figure 4. Diverse biologically active magnolol derivatives

CHAPTER III. (B). CHEMICAL MODIFICATION OF MEDICINALLY PRIVILEGED
SCAFFOLD 4-AMINO QUINOLINE

Neurogenerative diseases

Uncommon infectious pathogen-prion protein (PrP) is the primary cause of neurogenerative
diseases (transmissible spongiform encephalopathies) manifested in humans and animals. The
progression of this disease depends on the conversion of PrP¢ to its abnormal isoform, PrP scrapie
PrPs. Therefore, novel compounds with the ability to prevent this conversion and inhibit PrP
aggregation are important. Compound 13 (4-amino-7-chloroquinoline) and 14 (N-(7-chloro-4-
quinolinyl)-1,2-ethanediamine) showed excellent inhibitory activity against ShaPrP%-14%  hoth

compounds exhibited a 90% inhibitory activity (1Cs08.4, 7.9% for compounds 13 and 14
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respectively) at concentration 1.0 uM. SAR analysis suggests that the presence of a primary amine
group might be necessary for activity (46).
Anti-malarial

Malaria is a parasitic disease prevalent in tropical and subtropical regions. It is caused by
protozoan parasites (genus plasmodium) plasmodium falciparum, P. ovale P.vivax, P. malariae.
Approximately 1-3 million patients die from malaria (WHO) due to the lack of adequate treatment.
Aminoguinolines such as chloroquine has been the first-line drug malaria treatment but due tothe
development of resistance and the adverse effects associated with them, their use has been limited
(47). 4-amino-7-chloroquinolines were chemically modified by attaching substituents with small
heterocyclic systems such as thiazolino-4-one to the lateral amino side chain, then their
antimalarial activity is evaluated in vitro against P. falciparum NF-54 strain, their antimalarial
properties were significantly improved. Compound 15- 2,3-dihydro-benzol[e][1,3]thiazin-4-one
having 4-chlorophenyl substitution on C-2 position showed the best activity (ICso; 0.013 uM, MIC;
0.26 pM) higher than that of the chloroquine (ICso; 0.039 UM, MIC; 4.72 uM). On in vivo
evaluation against P.yeoli infection in swiss mice, compound 15 showed 81% suppression of
P.yeoli infection after four days of administration at a dose of 30mg/kg. Biochemical studies show
that 15 exhibits its antimalarial activity by forming a complex with hematin, thus, inhibiting
hemozoin formation. These results open a novel strategy for developing new antimalarial drugs

(47).
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Figure 5. Diverse biologically active 4-aminoguinoline derivatives

CHAPTER III. (C). CHEMICAL MODIFICATION OF MEDICINALLY PRIVILEGED
SCAFFOLD AMANTADINE

Trypanocidal activity

African trypanosomiasis (sleeping sickness) is a deadly disease prevalent in the sub-Saharan
region of Africa, it is caused by protozoa Trypanosoma brucei (genus; Trypanosoma) and
transmitted by a tsetse fly bite, blood transfusion, congenital transmission. This extracellular
parasite could replicate and travel into the bloodstream of humans and animals, it advances to an
acute stage when the parasite crosses the blood-brain barrier (BBB), this could cause irreversible
neurological damage (can lead to coma or death). Clinical manifestation includes cardiac, kidney,
and endocrine disorders, etc. Adamantane derivatives are widely known for their antiviral
activities, thus more derivatives were synthesized and studied for their activity against
Trypanosoma brucei form found in the bloodstream. Adamantane derivative, Compound 16 with
a guanylhydrazone analog and a 1-alkyl side chain on C10 showed much better activity with ICso;
0.009 uM and 1Cq0; 0.11 pM when compared to amantadine and rimantadine (ICsoand 1Cg0; >132.4
MM for amantadine and 1Cso; 7.04 uM and 1Co0; 13.97 uM for rimantadine). 16 is believed to work

by disrupting a localized ion channel on the membrane of the parasite. With this excellent result,
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exploration of adamantane derivatives could lead to new drugs for combating the lethal sleeping
sickness disease (48).
Antiviral activities

Epizootic virus avian influenza A is responsible for several outbreaks in Southeast Asia, it
causes an acute infection: pneumonia (inflammation of air sacs in the lungs). Amantadine and
rimantadine are adamantane derivatives known for their specific activity against influenza A virus,
they work by disrupting the M2 ion channel transport (49). Over the years, their use has been
limited due to the development of resistance. Thus, there is a need for more amantadine derivatives
with improved activity and insusceptible to resistance. 1,2-annulated adamantane derivatives with
five-membered heterocyclic derivatives were synthesized and their in vitro anti-influenza virus A
(H3N2) activity in MDCK cells was analyzed. Compound 17 with a pyrrolidine ring showed the
best antiviral activity (ICso; 0.46 uM, MCC; 94 uM) with a selectivity index (SI) of 200. 17 showed
a 4-fold greater potency than amantadine and rimantadine (ICso; 2.00 UM and 0.36 pM),
respectively. SAR studies indicate that changing the position of the amine nitrogen from the 2-
adamantyl carbon and having zero substitution on the pyrrolidine ring improves antiviral activity.

Compound 17 has the same mechanism of action as amantadine and rimantadine (49).
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Figure 6. Diverse biologically active adamantane derivatives
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CHAPTER IV
IN SILICO DESIGN OF MAGNOLOL DERIVATIVES

In silico design and the computational study was performed to predict the activities of the
novel DBMGPO, DBADAPO, DBQPO, DBACPO series on severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) spike protein (PDB IDs- 6M2Q and 6LU7) and KRAS cancer
protein. The ligands were prepared for docking by using Pymol, Avogadro, and AutoDock tools
for energy minimization and conversion of the 3D PDB structures to pdqt files. Second, the target
proteins, SARS-CoV-2 spike protein, and KRAS protein were prepared for docking (usingPymol
and AutoDockTools-1.5.6) with the readied ligands. For the protein-ligand docking simulation,
electrostatics was computed, the suitable grid box and potential docking parameters were
determined manually with the guide of a chimera tool known as Advanced Poisson-Boltzman
Solver (APBS). Finally, protein-ligand docking was performed using AutoDock Vina, a molecular
mechanics force field (MMFF).

After the completion of the docking simulation, docking scores were exported from the log
file, the best dock poses were extracted from the output file created by AutoDock vina, converted
to pdb format, and then fused with the structure of the target proteins on Maestro 11.8, a docked
protein-ligand complex in .pdb format was generated. Finally, the protein-ligand complex was
used to determine the different hydrophobic interactions, non-covalent interactions like halogen-

bond, hydrogen bond, etc. The Results seemed very promising, based on this there was heightened

20



interest for further modification. Different tables showing the binding affinity and diverse interaction
seen in the protein-ligand complex of the proteins of interest are described below.

DBMGPO Series [PDB code 6LU7COVID-19 main protease in complex with an inhibitor N3

Code Structure Binding energy (6LU7)
Magnolol -6.4
DBMGPO-1 -5.8
DBMGPO-2 -5.9
DBMGPO-3 -6.5
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DBMGPO-4 -1.5
DBMGPO-5 -5.9
(This reaction did not

give good yield, only

16 mg after three

efforts).

DBMGPO-6 -5.9
DBMGPO-7 -6.6
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Table 1. Code, structure, and binding energies of DBPO series against COVID-19 main protease
in complex PDB code 6LU7.

Code Key residue interactions (ligand-receptor)
H- Bond Pi stacking/ Pi-pi cation

Magnolol - PHE 294
DBMGPO-1 SER 158 -

THR 111
DBMGPO-2 - PHE 294
DBMGPO-3 HIS 246 -

PHE 294

GLN 110
DBMGPO-5 - PHE 294
DBMGPO-6 PHE 291 PHE 294
DBMGPO-7 - PHE 294
DBMGPO-8 - PHE 294
DBADAPO-1B SER 158 -

LYS 102
DBADAPO-1C GLY 110 -
DBQPO-1A GLU 166 HIS 41

GLY 143
DBQPO-1B - HIS 41
DBQPO-2B GLN 110 -
Inhibitor N3 GLN 110 PHE 294

Table 2. Different ligand-receptor interactions of DBPO series against COVID-19 main
protease in complex PDB code 6LU7.
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Figure 7. Binding modes of Magnolol and inhibitor N3 in the binding pocket of COVID-19
protein with PDB ID: 6LU7

The compounds are indicated in sticks; hydrogen bonds are shown as dashed yellow line; Pi-
pi stacking/Pi-pi cation is shown as blue and green dashed lines.
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Figure 8. Protein-Ligand complex of DBPO series with top-scoring functions against COVID-19
main protease (PDB ID- 6LU7)

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines.
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6LU7 - DBMGPO8

DBMGPO-8
6LU7

Figure 9. Protein-Ligand complex of DBMGPO series against COVID- 19 main protease (PDB
ID- 6LU7)

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines.
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DBADAPO1B - 6LU7

DBADAP(-1B
6LU7

Figure 10. Protein-Ligand complex of DBADAPO series against COVID-19 main protease
(PDB ID- 6LU?7)

The compounds are indicated in sticks; hydrogen bonds are shown as dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines.
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DBQPO2A - 6LU7

DBQPO-2A
6LU7

Figure 11. Protein-Ligand complex of DBQPO series against COVID-19 main protease (PDB
ID- 6LU7)

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines.

DBMGPO Series [PDB code 6M2Q, SARS-CoV-2 3CL protease in complex with an inhibitor N3]
Code Structure Binding energy
(6M2Q) Kcal/mol

Magnolol \ -7.2
HO
OH
\
DBMGPO-1 H:C o -6.0
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(This reaction did not give a
good yield, only 16 mg after
three efforts).

DBMGPO-2 R
DBMGPO-3 OoN 7.1
DBMGPO-4 5.8

FaC
DBMGPO-5 CF, -6.3

F3C
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Table 3. Code, structure, and binding energies of DBPO series against SARS CoV-2 3-CL
protease (PDB ID- 6M2Q) complexed with inhibitor N3
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Code Key residue interactions (ligand-receptor)
H- Bond Pi-cation/ Pi-pi stacking

Magnolol THR 111 -

DBMGPO-2 - PHE 294

DBMGPO-3 - PHE 294

DBMGPO-5 - PHE 294

DBMGPO-6 - HID 246

DBMGPO-7 - LYS5

Table 4. Different ligand-receptor interactions DBPO series against SARS- CoV-2 3-CL protease
(PDB ID- 6M2Q) complexed with inhibitor N3

MAGNOLOL
6M2Q

Magnolol - 6M2Q
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Figure 12. Binding modes of Magnolol and inhibitor N3 in the binding pocket of SARS-CoV-2
3CL protease (PDB ID: 6M2Q) complexed with an inhibitor N3.

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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DBADAPO1B - 6M2Q
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6M2Q

Figure 13. Protein-Ligand complex of DBPO series with top-scoring functions against SARS-
CoV-2 3CL protease (PDB ID: 6M2Q) complexed with an inhibitor N3.

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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DBMGPO7 - 6M2Q

DBMGPO-7
6M2Q

DBMGPOS - 6M2Q

DBMGPO-
M2

Figure 14. Protein-Ligand complex of DBMGPO series docked at the active site of SARS-CoV-
2 3CL protease (PDB ID: 6M2Q) complexed with an inhibitor N3.

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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Figure 15. Protein-Ligand complex of DBADAPO series docked at the active site of SARS-CoV-
2 3CL protease (PDB ID: 6M2Q) complexed with an inhibitor N3.

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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Figure 16. Protein-Ligand complex of DBQPO series docked at the active site of SARS-CoV-2
3CL protease (PDB ID: 6M2Q) complexed with an inhibitor N3.

The compounds are indicated in sticks; hydrogen bonds are shown as a dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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DBMG Series [PDB code 4EPV, crystal structure of K-RAS cancer protein]

Code Structure Binding energy
(4EPV) Kcal/mol
Magnolol -7.3
DBMGPO-1 -4.8
DBMGPO-2 -5.3
DBMGPO-3 -4.7
NO,
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DBMGPO-4 -5.8
DBMGPO-5 -4.8
DBMGPO-6 4.4
DBMGPO-7 -6.9
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DBQPO-2B

Inhibitor N3

Table 5. Structure, properties, and docking scores of DBPO series against crystal structure K-RAS
protein complex (PDB ID- 4EPV)

DBMG Series [PDB code 4EPV, crystal structure of K-RAS cancer protein]

Code Key residue interactions (ligand-receptor)
H-Bond Pi-pi stacking and Pi-cation
Magnolol - PHE 298
LYS 117
DBMGPO-1 GLN 131
DBMGPO-6 - -
DBMGPO-7 ASP 30 LYS 117
VAL 29
DBQPO-1A - PHE 28
LYS 117
DBQPO-1B ASP 30 PHE 28
LYS 117
DBQPO-2A - PHE 28
LYS 117

Table 6. Different ligand- receptor interactions DBPO series against crystal structure K-RAS
protein complex (PDB ID- 4EPV)
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MAGNOLOL Magnolol - 4EPVa
4EPY

Figure 17. Binding modes of Magnolol and inhibitor N3 in the binding pocket of crystal structure
K-RAS protein with PDB ID- 4EPV

The compounds are indicated in sticks; hydrogen bonds are shown as dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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Figure 18. Protein-Ligand complex of DBPO series with top scoring functions crystal structure

K-RAS protein with PDB ID- 4EPV.
The compounds are indicated in sticks; hydrogen bonds are shown as dashed yellow line; Pi-

pi stacking/Pi-pi cation is shown as blue and green dashed lines
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DBMGPO_6 - 4EPVa

Figure 19. Protein-Ligand complex of DBMGPO series docked at the active site of crystal
structure K-RAS protein with PDB ID- 4EPV

The compounds are indicated in sticks; hydrogen bonds are shown as dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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Figure 20. Protein-Ligand complex of DBADAPO series docked at the active site of crystal
structure K- RAS protein with PDB ID- 4EPV.

The compounds are indicated in sticks; hydrogen bonds are shown as dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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Figure 21. Protein-Ligand complex of DBQPO series docked at the active site of crystal
structure K-RAS protein with PDB ID- 4EPV

The compounds are indicated in sticks; hydrogen bonds are shown as dashed yellow line; Pi-pi
stacking/Pi-pi cation is shown as blue and green dashed lines
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CHAPTER V

CHEMISTRY

Bioactivity-guided extraction of natural products

I. Diethyl ether magnolol extract

For this research, fresh mature green seed cones were collected from the Magnolia
grandiflora tree, located at the University of Texas Rio Grande Valley. The seeds were purged,
and the cones were chopped into several small fragments and air-dried. The dried seeds were
crushed into small particulates and immersed completely in diethyl ether for 48 hours and
sonicated at 25°C for 21 hours (cold extraction method). The extract is filtered, and the filtrate is
evaporated under reduced pressure using a rotavapor (Buchi Rotavapor R114). The gummy mass
obtained is first dried using a heating mantle for 72hours, for further drying it is placed in a
desiccator for an additional 48 hours. The resultant dried mass (85gm) is chromatographed over
silica gel. Isolation is carried out by slowly increasing the polarity using hexanes/ethyl acetate as
solvents. Magnolol (compound 1) eluted at 97:3 ratio, on crystallization white needle-shaped
crystals is collected (8.18gm >95% yield. Pure magnolol is expensive to obtain, 10mg of >95%
Magnolol costs $140 on Sigma Aldrich. The extracted yield has an estimated value of about
$11,452, thus, saving the lab a lot of money. Honokiol was also obtained at a 96:4 ratio from the
same column using solvents hexanes/ethyl acetate as eluents. On crystallization, the reddish-brown

powder was obtained (5.4gm). The characterization of both compounds was conducted. Melting
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point, IR, 1D, and 2D NMR was carried out to determine both structures, X-ray crystallography

was conducted to confirm the chemical structures.

Figure 22. Fresh matured green seed cones of magnolia grandiflora

ii. Aloe Rind

Aloe Vera L. (Aloe barbadensis Miller) belongs to the Liliaceae family. The major purpose
of this bioactivity guided extraction is to regenerate waste to obtain precious chemicals which
could ultimately lead to discovery of authentic small drug-like molecules. Aloe Vera contains
several chemical constituents such as tannins, sterols, amino acids, flavonoids, and lipids, thus, it
has found several applications in the treatment of inflammation, skin disorders, wounds, burns etc.
Currently, there is an exhaustive literature on aloe gel but very few on aloe rinds. Aloe leaves were
freshly collected (127gm) and washed with distilled water. Each leaf was scraped to separate the
rinds from the gel, the rinds were left to dry at room temperature in the laboratory for 8 days. The
semi-dried rinds were submerged completely in distilled water and sonicated for 72 hours. The
resultant mixture was filtered, and the solvent was evaporated under reduced pressure. A resultant
thick gummy mass was obtained, then transferred to a porcelain dish and placed on a heating

mantle for further drying at 30°C. The dried mass was collected, weighed, and transferred to a
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stoppered Erlenmeyer flask, which was placed in a desiccator for 48 hours to ensure maximum
drying. After the stipulated time, the flask was taken out and the final weight was taken (93.93gm).
Currently, a research is being conducted on the dried mass of the aloe rind water extract using
HRMS.

iii. Magnolol water extract

Fresh mature green seed cones were collected from the Magnolia grandiflora tree, located
at the University of Texas Rio Grande Valley. The seeds were purged, and the cones were chopped
into several small fragments and air-dried. The dried seeds were crushed into small particulates
and immersed completely in water for 48 hours and sonicated at 25°C for 21 hours (cold extraction
method). The extract is filtered, and the filtrate is evaporated under reduced pressure using a
rotavapor (Buchi Rotavapor R114). The gummy mass obtained is first dried using a heating mantle
for 72hours, for further drying it is placed in a desiccator for an additional 48 hours. Theresultant

dried mass (85gm) is chromatographed over silica gel. HPLC/MS-MS was conducted.

Synthetic procedure for the chemical modification of DBPO series
Reaction 1: Semisynthetic procedure for DBMGPO-1

All glassware and metal wares used must be oven-dried, add magnolol (0.376mmol), dry
DCM (7 mL), and dry triethylamine (TEA) (1 mL) are added to a 25ml round bottom flask
containing a magnetic stirrer. The round bottom flask is sealed, and the solution is placed in an ice
bath (0-5°C) and stirred for 20-25 minutes under argon. The methane sulfonyl chloride (0.6ml) is
added to the solution and stoppered immediately, the reaction mixture is stirred vigorously until
the reaction is complete (TLC monitoring). Reaction time- 14 hours. The resultant reaction mixture

was extracted (liquid-liquid extraction) in a separatory funnel with dichloromethane (DCM), the
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organic phase was washed with brine solution (saturated saltwater), then dried for about 10-15
minutes with a sufficient amount of anhydrous sodium sulfate, the mixture is filtered, concentrated
under reduced pressure with a rotavapor using Buchi Rotavapor R114. The resultant reaction
mixture was purified by column chromatography on silica gel to yield pure products. Ethyl acetate

and hexanes were used as a solvent.

Reaction 2: Semisynthetic procedure for DBMGPO-2

Magnolol (0.5mmol, 133mg), dry DCM (7 mL), and dry triethylamine (TEA) (1 mL) are
added to a 25ml round bottom flask containing a magnetic stirrer. The round bottom flask is sealed,
and the solution is placed in an ice bath (0-5°C) and stirred for 20-25 minutes under argon. The 4
fluorobenzene sulfonyl chloride (195 mg) is added to the solution and stoppered immediately, the
reaction mixture is stirred vigorously until the reaction is complete (TLC monitoring). Reaction
time: 16 hours. The resultant reaction mixture was extracted (liquid-liquid extraction) in a
separatory funnel with dichloromethane (DCM), the organic phase was washed with brine solution
(saturated saltwater), then dried for about 10-15 minutes with a sufficient amount of anhydrous
sodium sulfate, the mixture is filtered, concentrated under reduced pressure with a rotavapor using
Buchi Rotavapor R114. The resultant reaction mixture was purified by column chromatography

on silica gel to yield pure products. Ethyl acetate and hexanes were used as a solvent.

Reaction 3: Semisynthetic procedure for DBMGPO-3
Magnolol (0.5mmol, 133mg), dry DCM (7 mL), and dry triethylamine (TEA) (1 mL) are
added to a 25ml round bottom flask containing a magnetic stirrer. The round bottom flask is sealed,

and the solution is placed in an ice bath (0-5°C) and stirred for 20-25 minutes under argon. The 4-
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nitrobenzene sulfonyl chloride (222 mg) is added to the solution and stoppered immediately; the
reaction mixture is stirred vigorously until the reaction is complete (TLC monitoring). Reaction
time: 14 hours. The resultant reaction mixture was extracted (liquid-liquid extraction) in a
separatory funnel with dichloromethane (DCM), the organic phase was washed with brine solution
(saturated saltwater), then dried for about 10-15 minutes with a sufficient amount of anhydrous
sodium sulfate, the mixture is filtered, concentrated under reduced pressure with a rotavapor using
Buchi Rotavapor R114. The resultant reaction mixture was purified by column chromatography

on silica gel to yield pure products. Ethyl acetate and hexanes were used as a solvent.

Reaction 4: Semisynthetic procedure for DBMGPO-4

Magnolol (0.5mmol, 133mg), dry DCM (7 mL), and dry triethylamine (TEA) (1 mL) are
added to a 25ml round bottom flask containing a magnetic stirrer. The round bottom flask is sealed,
and the solution is placed in an ice bath (0-5°C) and stirred for 20-25 minutes under argon. The
3,5- Bis (trifluoromethyl benzenesulfonyl chloride) (1.2 mmol, 375 mg) is added to the solution
and stoppered immediately, the reaction mixture is stirred vigorously until the reaction is complete
(TLC monitoring). Reaction time: 15 hours. The resultant reaction mixture was extracted (liquid-
liquid extraction) in a separatory funnel with dichloromethane (DCM), the organic phase was
washed with brine solution (saturated saltwater), then dried for about 10-15 minutes with a
sufficient amount of anhydrous sodium sulfate, the mixture is filtered, concentrated under reduced
pressure with a rotavapor using Buchi Rotavapor R114. The resultant reaction mixture was
purified by column chromatography on silica gel to yield pure products. Ethyl acetate and hexanes

were used as a solvent.
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Reaction 5: Semisynthetic procedure for DBMGPO-5

Magnolol (0.5mmol, 133mg), dry DCM (7 mL), and dry triethylamine (TEA) (1 mL) are
added to a 25ml round bottom flask containing a magnetic stirrer. The round bottom flask is sealed,
and the solution is placed in an ice bath (0-5°C) and stirred for 20-25 minutes under argon. The
2,2,2-trifluoroethane sulfonyl chloride (1.2 mmol, 0.14ml) is added to the solution and stoppered
immediately, the reaction mixture is stirred vigorously until the reaction is complete (TLC
monitoring). Reaction time: 14 hours. The resultant reaction mixture was extracted (liquid-liquid
extraction) in a separatory funnel with dichloromethane (DCM), the organic phase was washed
with brine solution (saturated saltwater), then dried for about 10-15 minutes with a sufficient
amount of anhydrous sodium sulfate, the mixture is filtered, concentrated under reduced pressure
with a rotavapor using Buchi Rotavapor R114. The resultant reaction mixture was purified by
column chromatography on silica gel to yield pure products. Ethyl acetate and hexanes were used

as a solvent.

Reaction 6: Semisynthetic procedure for DBMGPO-6

Magnolol (0.5mmol, 133mg), dry DCM (7 mL), and dry triethylamine (TEA) (0.7 mL) are
added to a 25ml round bottom flask containing a magnetic stirrer. The round bottom flask is sealed,
and the solution is placed in an ice bath (0-5°C) and stirred for 20-25 minutes under argon. The
pyrrolidine -1- sulfonyl chloride (2.4 mmol, 0.28 ml) is added to the solution and stoppered
immediately; the reaction mixture is stirred vigorously until the reaction is complete (TLC
monitoring). Reaction time: 51 hours. The resultant reaction mixture was extracted (liquid-liquid
extraction) in a separatory funnel with dichloromethane (DCM), the organic phase was washed

with brine solution (saturated saltwater), then dried for about 10-15 minutes with a sufficient
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amount of anhydrous sodium sulfate, the mixture is filtered, concentrated under reduced pressure
with a rotavapor using Buchi Rotavapor R114. The resultant reaction mixture was purified by
column chromatography on silica gel to yield pure products. Ethyl acetate and hexanes were used

as a solvent.

Reaction 7: Semisynthetic procedure for DBMGPO-7

Magnolol (0.5mmol, 133mg), dry DCM (7 mL), and dry triethylamine (TEA) (0.7 mL) are
added to a 25ml round bottom flask containing a magnetic stirrer. The round bottom flask is sealed,
and the solution is placed in an ice bath (0-5°C) and stirred for 20-25 minutes under argon. The
morpholine -4- sulfonyl chloride (3 mmol, 0.364ml) is added to the solution and stoppered
immediately, the reaction mixture is stirred vigorously until the reaction is complete (TLC
monitoring). Reaction time: 25 hours. The resultant reaction mixture was extracted (liquid-liquid
extraction) in a separatory funnel with dichloromethane (DCM), the organic phase was washed
with brine solution (saturated saltwater), then dried for about 10-15 minutes with a sufficient
amount of anhydrous sodium sulfate, the mixture is filtered, concentrated under reduced pressure
with a rotavapor using Buchi Rotavapor R114. The resultant reaction mixture was purified by
column chromatography on silica gel to yield pure products. Ethyl acetate and hexanes were used

as a solvent.

Reaction 8: Semisynthetic procedure for DBMGPO-8
Magnolol (1 mmol, 266 mg), dry DCM (10 mL), and dry triethylamine (TEA) (6 mmol,
0.84mL) are added to a 25ml round bottom flask containing a magnetic stirrer. The round bottom

flask is sealed, and the solution is placed in an ice bath (0-5°C) and stirred for 20-25 minutes under
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argon. The 3- cyanoazetidine -1- sulfonyl chloride (3 mmol, 542 mg) is added to the solution and
stoppered immediately; the reaction mixture is stirred vigorously until the reaction is complete
(TLC monitoring). Reaction time: 3 days. The resultant reaction mixture was extracted (liquid-
liquid extraction) in a separatory funnel with dichloromethane (DCM), the organic phase was
washed with brine solution (saturated saltwater), then dried for about 10-15 minutes with a
sufficient amount of anhydrous sodium sulfate, the mixture is filtered, concentrated under reduced
pressure with a rotavapor using Buchi Rotavapor R114. The resultant reaction mixture was
purified by column chromatography on silica gel to yield pure products. Ethyl acetate and hexanes

were used as a solvent.

Reaction 9: Semisynthetic procedure for DBADAPO-1A-1C

3-amino adamantan-1-ol (2 mmol, 334.5 mg), dry DCM (20 mL), and dry triethylamine
(TEA) (18 mmol, 2.51 mL) are added to a 25ml round bottom flask containing a magnetic stirrer.
The round bottom flask is sealed, and the solution is placed in an ice bath (0-5°C) and stirred for
20-25 minutes under argon. The 3- cyanoazetidine -1- sulfonyl chloride (9.6 mmol, 1.73 grams) is
added to the solution and stoppered immediately; the reaction mixture is stirred vigorously until
the reaction is complete (TLC monitoring). Reaction time: 9 days. The resultant reaction mixture
was extracted (liquid-liquid extraction) in a separatory funnel with dichloromethane (DCM), the
organic phase was washed with brine solution (saturated saltwater), then dried for about 10-15
minutes with a sufficient amount of anhydrous sodium sulfate, the mixture is filtered, concentrated
under reduced pressure with a rotavapor using Buchi Rotavapor R114. The resultant reaction

mixture was purified by column chromatography on silica gel to yield pure products. Ethyl acetate
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and hexanes were used as a solvent. Each compound of the DBADAPO-1 series eluted at different

solvent ratios.

Reaction 10: Semisynthetic procedure for DBQPO-1A-1B

4-amino -7- chloro quinoline (2 mmol, 357 mg), dry DCM (15 mL), and dry triethylamine
(TEA) (12 mmol, 1.673 mL) are added to a 25ml round bottom flask containing a magnetic stirrer.
The round bottom flask is sealed, and the solution is placed in an ice bath (0-5°C) and stirred for
20-25 minutes under argon. The 3- cyanoazetidine -1- sulfonyl chloride (6 mmol, 1.084 grams) is
added to the solution and stoppered immediately; the reaction mixture is stirred vigorously until
the reaction is complete (TLC monitoring). Reaction time: 4 days. The resultant reaction mixture
was extracted (liquid-liquid extraction) in a separatory funnel with dichloromethane (DCM), the
organic phase was washed with brine solution (saturated saltwater), then dried for about 10-15
minutes with a sufficient amount of anhydrous sodium sulfate, the mixture is filtered, concentrated
under reduced pressure with a rotavapor using Buchi Rotavapor R114. The resultant reaction
mixture was purified by column chromatography on silica gel to yield pure products. Ethyl acetate
and hexanes were used as a solvent. Each compound of the DBQPO- 1 series eluted at different

solvent ratios.

Reaction 11: Semisynthetic procedure for DBQPO-2A-2B

4-amino -7- chloro quinoline (2 mmol, 357 mg), dry DCM (15 mL), and dry triethylamine
(TEA) (12 mmol, 1.673 mL) is added to a 25ml round bottom flask containing a magnetic stirrer.
The round bottom flask is sealed, and the solution is placed in an ice bath (0-5°C) and stirred for

20-25 minutes under argon. The para- trifluoro methyl benzene sulfonyl chloride (6 mmol, 1.468
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grams) is added to the solution and stoppered immediately; the reaction mixture is stirred
vigorously until the reaction is complete (TLC monitoring). Reaction time: 3 days. The resultant
reaction mixture was extracted (liquid-liquid extraction) in a separatory funnel with
dichloromethane (DCM), the organic phase was washed with brine solution (saturated saltwater),
then dried for about 10-15 minutes with a sufficient amount of anhydrous sodium sulfate, the
mixture is filtered, concentrated under reduced pressure with a rotavapor using Buchi Rotavapor
R114. The resultant reaction mixture was purified by column chromatography on silica gel to yield
pure products. Ethyl acetate and hexanes were used as a solvent. Each compound of the DBQPO-
2 series eluted at different solvent ratios.

Reagent grade chemicals and solvents were used for all experimental procedures unless otherwise
stated, UltraPure Silica Gels (Silicycle) was procured from 2500, boul. du Parc-Technologique,
Québec (Québec) G1P 4S6 CANADA. All solvents for entire experimental procedures were
purchased from Fisher-Scientific (Pittsburgh, PA). Additional chemicals were procured from
Sigma-Aldrich Corporation (St. Louis, MO). Deionized water was used for the preparation of all
aqueous solutions. All columns used were purchased from Sigma-Aldrich. Different column sizes
and length was used for column chromatography to ensure an efficient separation. Air pressure

was used in running the column.
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Sulfonyl chloride reagents employed 0
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Figure 23. Different sulfonyl chloride reagents used.
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Figure 24. Novel chemically modified magnolol derivatives (DBMGPO 1-8)
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Code Structure IUPAC Name MW M.F
(g/mol)
Magnolol \ 5,5'-diallyl-[1,1'-biphenyl]- 266.4 Ci1sH1502
HO .
O O 2,2'-diol
o
" \
DBMGPO-1 H3C\ O 5,5‘-dialIyI-[1,1'-biphenyI]- 422.52 ConzzOeSz
\ oos\ 2,2'-diyl dimethanesulfonate
o}
DBMGPO-2 5,5'-diallyl-[1,1'"-biphenyl]- 582.64 | CgoH2406F2S:
2,2'-diyl bis(4-
fluorobenzenesulfonate)
DBMGPO-3 5,5'-diallyl-[1,1'-biphenyl]- 636.66 Cz0H22N2010S>
2,2'-diyl bis(4-
nitrobenzenesulfonate)
DBMGPO-4 CF; 5,5‘-dia|IyI-[1,1'-biphenyI]- 818.65 C34H2206F1282

F3C

2,2'-diyl bis(3,5-
bis(trifluoromethyl)benzenesul
fonate)
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DBMGPO-5 CF3 5,5‘-dialIyI-[1,1'-biphenyI]- 558.51 szHzoOsFaSz
(This 2,2'-diyl bis(2,2,2-
reaction did trifluoroethanesulfonate)
not give a
good yield,
only 16 mg
after three
efforts).
DBMGPO-6 O 5,5'-diallyl-[1,1'"-biphenyl]- 532.68 | C26H32N206S:
N 2,2'-diyl bis(pyrrolidine-1-
S sulfonate)
DBMGPO-7 o 5,5'-diallyl-[1,1'-biphenyl]- 564.68 | CasH32N20sS;
&3 2,2'-diyl bis(morpholine-4-
N
sulfonate)
DBMGPO-8 N, 5,5'-diallyl-[1,1'-biphenyl]- 554.65 | CasH26N406S:
2,2'-diyl bis(3-cyanoazetidine-
1-sulfonate)
N
N
DBADAPO o} (1s,3r,5R,7S)-3- 311.40 | C14H21N303S
-1A /S\\—Ni}CEN aminoadamantan-1-yl 3-
(3-Amino-1- 00 cyanoazetidine-1-sulfonate
adamantanol
derived
products)

NH,
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DBADAPO SN c=N (18,3F,5R,7S)-3-(3- 455.56 C18H25N505S:
-1B 5 - cyanoazetidine-1-sulfonamido)
adamantan-1-yl 3-
ﬁ:‘é’S)Ni}CEN cyanoazetidine-1-sulfonate
H
DBADAPO SN c=N (1s,3r,5R,78)-3-(3-cyano-N- 599.71 C22H29N707S3
-1C 7 - ((3-cyanoazetidin-1-
yl)sulfonyl)azetidine-1-
Osi "N _czy | Sulfonamido)adamantan-1-yl
OfN\S/ 3-cyanoazetidine-1-sulfonate
1A
Csy
DBQPO-1A 0.2 ~ N-(7-chloroquinolin-4-yl)-3- 322.78 | C13H11N4O-CIS
in- SN TCFN | eyanoazetidine-1-sulfonamide
X
cl N~
DBQPO-1B Q 9 N-(7-chloroquinolin-4-yl)-3- 466.93 | Ci7H15N6O4CIS;
N:C<>N7(\S)\\N/§7Ni>07N cyano-N-((3-cyanoazetidin-1-
X yl)sulfonyl)azetidine-1-
o N sulfonamide
DBQPO-2A 0. L N-(7-chloroquinolin-4-yl)-4- 386.78 | Ci6H10N20O2CIF3
HN/SOCFS' (trifluoromethyl)benzenesulfo Sz
m namide
cl N"
DBQPO-2B T % N-(7-chloroquinolin-4-yl)-4- 594.94 | Cu3H13N204ClIFs
() g W (trifluoromethy1)-N-((4- S
m (trifluoromethyl)phenyl)sulfon
cl N~ yl)benzenesulfonamide

Table 7. IUPAC name, molecular formula and molecular weight of novel DBPO series

Code Eluting MP (°C) Yield Percentage | Color and description
solvent (mg) yield

Magnolol 3%EA/HEX | 101.5-102 | 818 - White crystalline solid

DBMGPO-1 5-20% - 53 33.42% Yellow semi-solid
EA/HEX
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DBMGPO-2 5-6% 107.1- 156 53.6% White short needle

(Please note thisis | EA/HEX 107.8 shaped flaky crystals

a different

compound than

before. Initially it

was DBMGPO-4)

DBMGPO-3 8% EA/HEX | 160.3- 146 51.9% White flaky amorphous

161.4 solid

DBMGPO-4 2-4% 122.2- 206 61.9% White ball and needle
EA/HEX 123.5 shaped crystals

DBMGPO-5 20-30% - 16 5.7% Milky yellow crystals

(This reaction did | EA/HEX

not give a good

yield, only 16 mg

after three efforts).

DBMGPO-6 1%, 4-5% | 173.3- 204 76.7% Transparent white solid
EA/HEX 183.1 shape (boxy) crystal

DBMGPO-7 11% - 30 10.6% Yellow semisolid
EA/HEX

DBMGPO-8 26% 89.4-90.5 440 79.4% White flaky amorphous
EA/HEX solid

DBADAPO-1A 50% 152.4- 18 TBD White short narrow

(3-Amino-1- EA/HEX 153.7 crystals

adamantanol

derived products)

DBADAPO-1B 50% 144.4- 54 TBD White solid crystals
EA/HEX 147.8b
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DBADAPO-1C 50-75% 151.0- 141 TBD Yellow solid crystals
EA/HEX 152.0

DBQPO-1A 50% 151.8- 95 TBD Light yellow
EA/HEX 155.2 amorphous solid

DBQPO-1B 80-85% 105.1- 75 TBD Orange amorphous
EA/HEX 107.8 solid

DBQPO-2A 75% 252-254 623 TBD Milky white flaky
EA/HEX amorphous solid

DBQPO-2B 50% 210-214 375 TBD Brown amorphous solid
MEOH/EA (decompos

ed)

Table 8. Characterization of DBPO series showing yield, melting points, description, and elution percentage.

Characterization of novel pure compounds obtained in the DBPO series

FT-IR spectra of all the DBPO series were performed on a Bruker Alpha modular Platinum-
ATR FT-IR spectrometer with OPUS software, using the samples directly. NMR spectra analysis
was performed using Bruker Ascend 500 MHz with a cold probe for better resolution and Bruker

600 MHz. Spectras were generated using TopSpin software.

5,5'-diallyl-[1,1'-biphenyl]-2,2'-diol (Magnolol)

FTIR shows a broad strong peak from 2919-3075 cm™! this indicates the presence of an
alkene group (unsaturation), 731-1135 cm™! indicates presence of aromatic compound, sharp
narrow peak at 704 cm™! - indicates benzene derivative. DEPTs 90 and 135 were used to identify

methine, methylene and methyl carbons. *H NMR (500 MHz, CDCls, 7.5 ppm), *H-NMR ppm
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5§7.1245 (2H, dd, J=2.1), 7.0760 (d, 2H, J=2.1), 6.9406 (d, J=8.28, 2H), 5.9906-5.9232 (m, 2H),
5.65 (s, 4H), 5.1041-5.0499 (M, 4H), 3.3642 (d, J=6.72, 4H); 13C (150 MHz, CDClz) ppm & 151.12
(@), 137.51 (=CH), 133.25 (q), 131.22 (=CH), 130.00 (=CH), 123.75(q)), 116.6 (=CH), 115.84 (-

CHz2-), 39.96 (-CH2-).
5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl dimethanesulfonate DBMGPO-1

FTIR shows a sharp strong peak from 2847-2914 cm™! this indicates the presence of an
alkene group, Strong peak at 1310- 1367 cm™! (S=0O stretch) indicates sulfonate derivative, sharp
narrow peak at 1165 indicates C-O stretch. DEPTs 90 and 135 were used to identify methine,
methylene and methyl carbons' 'H NMR (600 MHz, CDCls), *H-NMR ppm §7.2894 (dd,
J=2.22Hz, 2H), 7.2277 (d, J = 2.16 Hz, 2H), 7.0534 (dd, J= 7.56 Hz, 2H), 6.9604 (d, J= 8.34, 2H),
6.9051 (d, J=8.16, 1H), 6.0075-5.9634 (m, 2H), 5.3475 (d, J = 2.76 Hz, 2H), 5.0698 (m, 4H),
3.8743(s, 3H), 3.4318 (dd J=6.66, 2H), 3C (150 MHz, CDCIls) ppm & 157.09 (q), 150.85 (q),
137.81 (=CH), 136.52 (=CH), 132.17 (q), 130.51 (=CH), 115.82 (=CH), 115.9 (-CH2-), 39.4 (-
CHz-), 27.23 (-CH3-).
5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(4-fluorobenzenesulfonate) DBMGPO-2

FT-IR spectra of DBMG(OFBS)PO shows strong peak at 1489 cm™!- indicates presence of
a fluoro compound, Strong peak at 1371 cm™! - indicates presence of sulfonate group (S=O
stretch), sharp broad peak at 1173 cm™! - Indicates C-F stretch, sharp narrow peak at 704 cm™! -
indicates benzene derivative, peaks from 704-1131 cm™! indicates presence of aromatic compound.
. DEPTs 90 and 135 were used to identify methine, methylene and methyl carbons. *H NMR (500
MHz, DMSO), *H-NMR ppm & 7.3800-7.3523 (m, 4H), 7.2605 (q, J =9 Hz, 2H), 6.6292 (d, J=4.25
Hz, 2H), 6.1288-6.0500 (m, 4H), 5.2929 (dd, J=5.6, 4H), 5.1433 (d, J=1.35, 2H), 5.1274 (d, J=10.2,
2H), 3.3326 (t, J = 13.1 Hz, 4H). 3C (150 MHz, DMSO) ppm & 166.70 (q), 164.68 (q), 152.35
(q), 144.5(q), 139.72(q), 137.0(=CH), 131.44(=CH), 131.13(=CH), 131.05(=CH),

129.97(=CH), 123.10(=CH), 117.40(=CH), 117.22(=CH), 117.21 9 (-CHz-), 38.829 (-CH>-). 19F
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(470 MHz, DMSO) -102.87- -102.92 (Ar- 2F)
5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(4-nitrobenzenesulfonate) DBMGPO-3

FT-IR spectra of DBMG(ONBS)PO shows a narrow sharp peak at 1527 cm™' - Indicates
presence of a Nitro compound (N-O stretch), Peak at 1375 cm™! shows presence of Sulfonate (S=0O
stretch), Peak at 1168 cm™! indicates C-O stretch, Peak at 701-741- Benzene derivative, narrow
sharp peaks from 823- 1104 cm™! indicates presence of an aromatic compound. . DEPTs 90 and
135 were used to identify methine, methylene and methyl carbons. *H NMR (500 MHz, DMSO),
IH-NMR ppm & 8.2578(d, J=8.7, 4H), 7.6803 (d, J =8.55 Hz, 4H), 7.6632 (d, J=21.8 Hz, 2H),
7.2569 (dd, J=1.6, 4H), 6.6065 (s, 2H), 5.8862-5.8372 (m, 2H), 5.0592-4.9525 (m, 4H), 3.3329(d,
J=6.40, 2H). 13C (150 MHz, DMSO) ppm & 152.96 (q), 150.91(q), 148.08 (q), 144.41 (q), 140.25
(q), 140.14 (q), 136.87 (=CH), 131.70(=CH), 130.24(=CH), 129.61(=CH), 125.11(=CH),

123.34(=CH), 117.20 (=CH), 117.0 (-CHz-), 38.67 (-CHz-).

5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(3,5-bis(trifluoromethyl)benzenesulfonate) DBMGPO-4
FT-IR spectra of DBMG(TFMBS)PO: Strong narrow peak at 590 cm™! indicates the
presence of halo compound, sharp peak at 1389 cm™! indicates C-F stretch, Strong peak at 710
indicates benzene derivative, Peak at 1335 cm™! (S=0 stretch) indicates presence of a Sulfonate
derivative. . DEPTs 90 and 135 were used to identify methine, methylene and methyl carbons.
IH NMR (500 MHz, DMSO), *H-NMR ppm & 8.6449 (s, 4H), 7.8910 (s, 2H), 7.2478 (s, 2H),
5.8936-5.8395 (m, 2H), 5.8463-5.7621 (m, 4H), 5.0314 (d, J=1.3 Hz, 4H), 4.9071 (s, 2H), 3.3322
(s, 4H). 13C (150 MHz, DMSO) 143.96 (q), 140.25 (q), 137.44 (q), 136.78 (=CH), 132.30 (q),
131.48 (=CH), 130.74 (=CH), 129.47 (=CH), 128.31 (=CH), 125.77 (q), 125.77 (q), 123.25 (=CH),

121.42 (q), 119.24 (q), 119.24(q), 117.11 (-CH2-), 38.67 (-CH2-). 19F NMR (-61.48)
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5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(pyrrolidine-1-sulfonate) DBMGPO-6

FT-IR spectra of DBMG(OPSC)PO: medium broad peak at 2996 cm™! (N-H) stretch
indicates presence of an amine salt, medium narrow peak at 1378 cm™! indicates presence of a
sulfonate (S=0 stretch), broad peak from 1241 cm™' shows C-N stretch, narrow peaks from 661-

1186 cm! indicates presence of an aromatic compound.

5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(morpholine-4-sulfonate) DBMGPO-7

The slightly broadened peaks at about 2862- 2976 cm™! clearly indicates presence of C-H
stretching bands, Strong narrow peak at 1372 cm™' (S=0 stretch), narrow sharp peaks from 641-
1195 cm™! indicates presence of an aromatic compound. DEPTs 90 and 135 were used to identify
methine, methylene and methyl carbon. *H NMR (600 MHz, CDCls), *H-NMR ppm & 7.5195(d,
J=8.4 Hz, 2H), 7.3048 (d, J = 1.9 Hz, 2H), 6.9560 (d, J= 8.25 Hz, 2H), 6.0085-5.9265 (m, 2H),
5.1664-5.0656 (m, 4H), 3.5962 (t, J = 4.75 Hz, 4H), 3.5962 (t, J = 4.75 Hz, 4H), 3.4574(dd, J=6.8,
4H), 2.9921 (t, 4.75J=4.75, 4H), 2.9826 (t, 4.75 J=4.75, 4H). 13C (150 MHz, CDCl3) ppm § 151.46
(q), 136.45 (q), 136.3 (=CH), 132.28 (=CH), 130.0 (=CH), 127.10 (q), 116.2 (=CH), 115.73 (-

CH2-), 65.73 (-CH2-), 65.73 (-CH2-), 46.37(-CH2-), 46.37 (-CHz-), 39.8 (-CH2-).

5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(3-cyanoazetidine-1-sulfonate) DBMGPO- 8

Slightly broad peaks at about 2890 cm™' clearly indicates presence of C—H stretching
bands. Weak narrow sharp peak at 2251 cm™! indicates presence of (—C=N stretching) nitrile
group, strong narrow peak at 1378 cm™! (S=0 stretch) indicates presence of a sulfonate, narrow
sharp peaks from 635- 1128 cm™! indicates presence of an aromatic compound. DEPTs 90 and 135

were used to identify methine, methylene and methyl carbons. *H NMR (500 MHz, DMSO),
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IH-NMR ppm § 7.3963 (d, J =1.95 Hz, 2H), 7.3795 (d, J=2 Hz, 2H), 7.2968 (dd, J=1.85, 2H),
6.0449 (m, 2H), 5.1509-5.0859 (m, 4H), 3.1476 (d, J=6.7, 4H), 3.7580 (m, 8H), 3.7580 (s, 2H).
13C (150 MHz, DMSO) ppm & 146.82(q), 145.15(q), 143.15(q), 139.56(q), 138.95(q),
137.53(=CH), 130.40 (=CH), 121.83(=CH), 132.28(=CH), 116.93(-CH2-), 54.82(-CH>-), 39.03(-

CHy-), 17.43(-CH2-).

(1s,3r,5R,7S)-3-aminoadamantan-1-yl 3-cyanoazetidine-1-sulfonate DBADAPO-1A
FTIR shows slightly broad weak peaks at about 2890- 3006 cm™! indicates the presence
of C—H stretching bands, sharp peak at 2246 cm™! shows (—C=N stretching) nitrile group, strong

narrow sharp peak at 1378 cm™! (S=0 stretch) indicates the presence of a sulfonate moiety.

(1s,3r,5R,7S)-3-(3-cyanoazetidine-1-sulfonamido) adamantan-1-yl 3-cyanoazetidine-1-sulfonate

DBADAPO-1B

FTIR shows slightly broad weak peaks at about 2895- 3006 cm™! indicates the presence of
C-H stretching bands, sharp peak at 2246 cm™' shows (—C=N stretching) nitrile group, strong
narrow sharp peak at 1346 cm™!' (S=0O stretch) indicates the presence of sulfonate and sulfonamide.
(1s,3r,5R,7S)-3-(3-cyano-N-((3-cyanoazetidin-1-yl)sulfonyl)azetidine-1-sulfonamido)
adamantan-1-yl 3-cyanoazetidine-1-sulfonate DBADAPO-1C

FTIR shows a slightly broad weak peak at about 2902 cm™! indicates the presence of C—H
stretching bands, a sharp peak at 2240 cm™! shows the presence of (—C=N stretching) nitrile group,
strong narrow sharp peak at 1349cm™! (S=O stretch) indicates the presence of sulfonate and

sulfonamide.
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N-(7-chloroquinolin-4-yl)-3-cyanoazetidine-1-sulfonamide DBQPO-1A

FTIR shows a weak narrow peak at about 2223 cm™! shows presence of (—C=N stretching)
nitrile group, strong narrow sharp peak at 1335 cm™! (S=0 stretch) indicates the presence of a
sulfonate, narrow sharp peaks from 1275-1323 cm™! indicates the presence of an aromatic amine
group, narrow sharp peaks from 1048-1200 cm™! indicates the presence of (-C-N stretch) of an
amine group, strong narrow sharp peaks from 551-605 cm™! indicates the presence of (-C-Cl
stretch) halo compound. . DEPTs 90 and 135 were used to identify methine, methylene and methyl
carbons. 'H NMR (500 MHz, DMSO), *H-NMR ppm & 8.3696 (d, J =8.95 Hz, 1H), 8.1858 (d,
J=7.1 Hz, 1H), 7.7111 (s, 1H), 7.5183 (dd, J=1.9Hz, 1H), 7.0772 (d, J=7.25 Hz, 1H), 6.0960 (d,
J=15.85, 1H), 4.2025 (dd, J=8.25 Hz 4H), 3.7745-3.7683 (m, 1H). 13C (150 MHz, DMSO) ppm
8 145.02 (=CH), 140.60 (q), 139.50 (q), 137.27 (q), 133.14 (=CH), 127.65 (=CH), 125.80 (=CH),

120.34 (q), 119.55 (q), 105.36 (=CH), 48.83 (-CHz-), 45.89 (-CH2-), 20.72 (=CH).

N-(7-chloroquinolin-4-yl)-3-cyano-N-((3-cyanoazetidin-1-yl)sulfonyl)azetidine-1-sulfonamide
DBQPO-1B

FTIR shows a weak narrow peak at about 2229 cm™! shows presence of (—~C=N stretching)
nitrile group, strong narrow sharp peak at 1358 cm™! (S=0 stretch) indicates the presence of a
sulfonate, narrow sharp peaks from 1278-1320 cm™! indicates the presence of an aromatic amine
group, narrow sharp peaks from 1078-1209 cm™! indicates the presence of (-C-N stretch) of an
amine group, strong narrow sharp peaks from 568 cm™! indicates the presence of (-C-Cl stretch)

halo compound.
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N-(7-chloroquinolin-4-yl)-4-(trifluoromethyl)benzenesulfonamide DBQPO- 2A

FTIR shows a strong narrow sharp peak at 1367 cm~! (S=0O stretch) indicates thepresence
of a sulfonate, narrow sharp peaks from 1283-1320 cm™' indicates the presence of an aromatic
amine group, narrow sharp peaks from 1071-1205 cm™! indicates the presence of (-C-N stretch) of
an amine group, strong narrow sharp peaks from 593 cm™! indicates the presence of (-C-Cl stretch)
halo compound, a sharp narrow peak from 1086-1410 (-C-F stretch) indicates the presence of

carbon-fluorine bond.

N-(7-chloroquinolin-4-yl)-4-(trifluoromethyl)-N-((4- (trifluoromethyl)phenyl)sulfonyl)
benzenesulfonamide DBQPO- 2B

FTIR shows a strong narrow sharp peak at 1322 cm™! (S=0 stretch) indicates thepresence
of a sulfonate, narrow sharp peaks from 1297 cm™! indicates the presence of an aromatic amine
group, narrow sharp peaks from 1061-1233 cm™! indicates the presence of (-C-N stretch) of an
amine group, strong narrow sharp peaks from 601 cm™' indicates the presence of (-C-Cl stretch)
halo compound, a sharp narrow peak from 1404 (-C-F stretch) indicates the presence of carbon-

fluorine bond.

1.7 Liquid chromatography-tandem mass spectroscopy analysis of magnolol water extract
LC-MS of magnolol water extract was done by another lab- Lifeasible™. A systematic process
was followed.

I. Sample preparation

25 mg of sample was weighed and dissolved in 300 pL of water, mix well and then 100 uL sample

was mixed with 300 pL methanol (containing 5 pg/mL 2-Chloro-L-phenylalanine as internal
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standard). The mixture was mixed by a vortex mixer for 1 min. Then the mixture was further mixed
using a vortex mixer for about 1 min. Then centrifuged at 13,000 rpm, 4°C for 10 min. The
supernatant was transferred to sampler vials for detection. An in-house quality control (QC) was
prepared by mixing an equal amount of each sample.

Agilent 1290 Infinity 11 UHPLC system coupled to an Agilent 6545 UHD and Accurate-
Mass Q-TOF/MS was used for LC-MS analysis. The chromatographic column used was Waters
XSelect HSS T3 (2.5 pm 100*2.1 mm). Mass spectrometry was operated in both positive and
negative ion modes. The parameters optimized were as follows. Capillary voltage: 3.5 kV. Drying
gas flow: 10 L/min. Gas temperature: 325°C. Nebulizer pressure, 20 psig. Fragmentor voltage: 120

V. Skimmer voltage: 45 V. Mass range: m/z 50-3000.

ii. Metabolites identification

A qualitative method was employed in identifying various metabolites seen in the sample.
An online database was used for accurate molecular weight comparison. Adduct manner; [M+H]+
and [M+Na]+ was selected in positive mode, [M-H]- in negative mode.
About 2577 compounds were detected in positive mode and 1119 compounds were detected in
negative mode. The detected compounds were identified using HMDB online database, and their
relative concentration was calculated as well. 20 compounds with the highest concentration
(descending order) have been selected, their chemical and biological properties have been

identified.
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Figure 27. Metabolite Classification Diagram of DBPO-Water sample by available percentage;
Left: Negative Mode; Right: Positive Mode
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Figure 28. Magnolol water extract scan. Top- Positive; down- Negative
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LC-MS NEGATIVE

M.W. | Peak
E_O ﬁgmgound (Rrr-:-in) M.Z Ill/(l)?:ﬁula §g/mo| Qrea Biological Activity
s-Triazine, 2- Used for the
methyl-4- marine xenobiotic

1 | methylamino-6- | 0.983 | 191.06 | CeH7F3N4 192.06 | 260.1 | metabolite of

(trifluoromethyl xenobiotic

)- compound. (50)

Tri-tert- Used as a catalyst

2 | butyl(dichlorom | 3.983 | 281.13 | CisH2sCl2SI | 282.13 | 60.6 | in different

ethyl)silane reactions. (51)
Used as a plant
hormone. For
growth regulation,

3 | Gibberellin29 | 0.806 | 383.12 | C19H240s 348.16 | 53.4 | and modulates the
formation of
steams, leaves, and
flowers. (52)

Improves the rate
Phosphinic acid, Pf Ste”“ty n
bis(1- insects (pink

4 L 1.359 | 161.05 | CsH11N202P | 162.06 | 52.9 | bollworm) when

aziridinyl)-, fumicating in a
methyl ester Hmigating
closed system.
(53)
Used to improve
blood circulation
. in the brain.

5 zg’i:jog'“tam'c 1.116 | 128.04 | CsH/NOs | 129.04 | 37.3 | Reduce the risk of
cognitive decline
and support
memory. (54)

3- Valuable in
6 Methoxypropan | 3.258 | 153.02 | C4H1004S 154.03 | 35.8 research and
esulphonic acid analytics. (55)
1,1'-[4-(4- .
Methylphenyl)b h%f;eé:;:‘l’jl e
7 | ut-1-ene-1,1- 0.959 | 365.09 | C23H20Cl2 366.09 | 29.2 i
diy[]bis(4- alcohol derivative.
Y (56)
chlorobenzene)
N- Imperative in
8 | Benzooxazol-2- | 4.284 | 175.06 | CsHsN4O 176.07 | 27.4 | proteomics

yl-guanidine

research. (57)
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1,3,8-
Trihydroxy-4-

Plant metabolite,
for conifers, and

9 | methyl-2,7- 5.388 | 393.17 | C24H260s5 394.18 | 27.2 | other
diprenylxanthon gymnosperms.
e (58)
Efficient in
research in the
10 | 6H-Purin-6-one | 0.984 | 133.02 | CsH:N4O | 134.02 | 22,3 | feactionand
treatment of the
different virus.
(59)
2-Methyl-3-(4- I'ifff?g“"e >
11 | nitrophenyl)pro | 1.147 | 205.04 | CioHsNOs | 206.05 | 20.9 | ‘duidcrysta
0-2-enoate ?Elslcg)])nment agent.
3,3-Dimethyl-3- . Used in research
12 silathietane 1.27 | 117.02 | C4H10SSi 118.03 | 19.5 analysis. (61)
Thioxanthene, Used in the
production of
9-(3-(4- CatH2sCloN tive d
13 | methylpiperazin | 4.702 | 409.13 | 2728%12N2 | 41014 | 18,9 | Preventive drugs.
S Antidepressants
yh) propyl)-, for obesity
dihydrochloride patients. (62)
Diethyl(4- Used as a catalyst
14 | methylphenyl) | 0.817 | 223.05 | Cu1H17As 224.05 | 18.0 | indifferent
arsane reactions. 52
Used in research
15 | NSC370380 0.916 | 263.08 | C11H12N4O4 | 264.09 | 17.5 | treatment for
cancer. (64)
L Can be used to
/(Ar\r?z(:ttg/liﬁlsil fi?] study different
16 vl decan-1-ol 4.801 | 295.14 | C13H2803S2 | 296.15 | 15.3 | reactions of
(1/1) bacteria and fungi
in the soil. (65)
2-Methyl-3-(4- fquidcryeal
17 | nitrophenyl)pro | 1.827 | 205.04 | C1oHsNO4 | 206.05 | 15.1 quid cry
0-2-enoate ?(Islg)nment agent.
A model drug in
Gossypol the treatment of
18 5.116 | 769.25 | C42H42014 770.26 | 14.6 | different illnesses
acetate
for example

tumors. (67)
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1-Methyl-1-{2-
[(1-

Used in the study

phenylcyclohex of si-heterocycles
19 | ane-1- 6.879 | 329.24 | Ca1H32NO2 | 330.24 | 145 )
conformational
carbonyl)oxy]et f 68)
hy[}piperidin-1- preferences. (
ium
Available for
different research
D- purposes. Can be
20 | Glucopyranuron | 1.028 | 192.03 | CsHeO7 193.03 | 14.0 | used as glucose
ic acid, ion(1-) absorption

inhibiting agents.
(69)

Table 9. Chemical and bioactive properties of substances of interest found in negative mode of

LC-MS of magnolol water extract

LC-MS POSITIVE

S/ Peak
RT M/Z Mol. M.W. : : .
No | Compound Name (min) | ratio Formula (g/mol) Qrea Biological Activity
a) Antitumor
Activity. (70)
b) Antimicrobial
Activity. (71)
6-Fluoro-1-(2- ¢) Anti-Diabetic
fluorophenyl)-3- Agents
1 |(1- 4571 | 328.16 | CigHi9F2Ns | 327.15 | 7.2 d) Anti-
methylpiperidin-
4-yl)-1H-indazole Inflammatory
Activity. (72)
e) Treatment of
Parkinson’s
Disease. (73)
3-
f'll\'lr_l[ngw_ethoxyalyl) C1oHs1NOs Salination reagent
2 (trimethoxysilyl)p 4.648 | 342.18 Si 34117 | 44 forpoly_me7rl'1
synthesis.
ropyl]propan-1-
amine
Production of
3 | Metaboranilide 1.204 | 121.07 | CeéH7BNO | 120.06 | 4.2 hydroxyboroxin-
amine salt. (75)
g | N-MethylNN- 1 757 | 33901 | S7H3NOs | 35950 | 32 | General reaction
dipropylpropan-1- S
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aminium 4-
methylbenzene-1-

sulfonate
Treatment of type

5 | Voglibose 5.069 | 268.14 | C10H21NO7 | 267.13 | 2.8 2 diabetes

mellitus. (76)
3,3-Dimethyl-2,3- Treatment of
dihydro-1H- insomnia,

6 | 3lambda(5)- 3.542 | 216.11 | C14H16P 21510 | 2.7 contraception, and

benzo(e)phosphin certain breast

Dole cancers. (77)

135246 A catal_yst in the
7 | Trioxatriborinane | 0.941 | 130.08 | BsHeNsOs | 129.07 | 2.7 | Production of

-2 4 6-triamine olefin polymer

- (78)
Analgesic,
8 | Flupirtine 0.788 | 305.14 815H”FN4 30413 | 26 | skeletal muscle
2 relaxant’®

Carboxy-N.N.N- fo herarehical

9 mm%wmgtr?gga 1.204 | 138.10 | CsH12FNO2 | 137.09 | 2.5 reduction of COx
(80)

Lipid peroxidation
marker, cytotoxic,
genotoxic,

4-oxo 2-Nonenal- chemotactic,

10 | d3 1.082 | 180.11 | CoH11D302 | 157.12 | 2.5 protein
alteration/modifica
tion, growth
inhibition. (81-85)

6-({[tert- Used in different
Butyl(dimethyl)si methods for
lylJoxy}methyl)- C14H23N30 treating IRAK4-

11 3-methyl-3H- 1.145 | 300.15 Sj 277.16 | 24 mediated

imidazo[4,5- conditions and

b]pyridine other diseases (86)
Modulate specific

3-Nitro-5- rgceptor_ act_ivity in

12 | (trifluoromethyl)p | 0.895 | 231.00 | CeHsFsNzs | 208.01 | 2.4 | VIvoorin vitro and

- in the treatment of
yridin-2(1H)-one .
pathological
receptors (87)
N-(2- A powerful

13 | Chloroethyl)dode | 5.499 | 284.19 | C14H31CI2N | 283.18 | 2.3 adrenergic

can-1-amine-- blocking agent is
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hydrogen chloride
(/1)

N-(2-
Chloroethyl)
dibenzylamine
hydrochloride is

known to modify
the
pharmacological
effects of
epinephrine
(88,89)

also referred as
Dibenamine
Used as reagent
2- for the
14 | Cyanoethylphosp | 0.587 | 110.01 | CsHsNP 87.02 2.2 desulfurization of
hine organic
disulfides®
3-Hydroxy-2,3-
dimethylbutan-2- Used in the
yl hydrogen [2- C13H24BN treatment or
15 (piperazin-1-yl)- 4.337 | 314.17 303S 31316 | 20 prophylaxis of a
1,3-thiazol-4- disease (91)
yl]boronate
Other Name:
Methylnitronitros
Guanidine, N- oguanidine
16 | nitro-N-nitroso- | 5.675 | 282.15 | S°M2NSO | 559 16 | 20 | Used
N-nonyl- 3 experimentally as
a carcinogen and
mutagen. (92)
Used in the
Propanoic acid, 3- analysis of some
17 | Whydrazinocarbo |, 6, | 178 09 | CuHuNSOs | 177.09 | 2.0 | CAOXYlicacids in
nyl)amino]oxy]-, food samples and
hydrazide the environment.
(93)
18 gg HEMBL88920 1.026 | 241.20 | C13H2sBOs | 240.19 | 1.9 General reactions
2-{[4-
(Dimethylamino)
Rluk’:lml\(}yl]oxy}- Used to form lipid
c C11H26CI2N nanoparticles with
19 trlme_thylethan-l- 1.060 | 289.14 ,0s 288.14 | 1.7 oligonucleotides.
aminium (94)
chloride--

hydrogen chloride
(1/1/1)
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20 | Triacsin C 3.916

Inhibition of lipid
metabolism.
Reduction or
removal of lipid
droplets.

Blocks de novo
synthesis of
glycerolipids and
cholesterol esters.
(95)

230.13 | C11H17N3O | 207.14 1.7

Table 10. Chemical and bioactive properties of substances of interest found in the positive mode
of LC-MS of magnolol water extract

Gossypol acetic acid

H J
B N
HO™ ™" ~OH
OH

D-Glucopyranuronic acid, ion(1-)

OH
HO.__HO,, ~OH o
e N
HO N - o\v\j“ OH
H OH

Voglibose Pyroglutamic acid
O H =
NN N A
Triascin C
(@] Dp
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(@]

4-oxo-2-Nonenal-d3

Figure 29. Notable structures of some compounds found in both negative and positive mode of

magnolol water extract
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CHAPTER VI

CONCLUSION AND FUTURE ASPECTS

SARS-CoV-2 and cancer are very deadly diseases with very high mortality rates. Thus,
there is a desperate need for novel compounds and medicines that can effectively inactivate the
proteases that are responsible for the fatal clinical manifestation often associated with the disease.
Magnolol a natural polyphenol was successfully collected and extracted utilizing cost-effective
bioactivity guided extraction method, this gave magnolol in good yield. The magnolol obtained
was chemically modified using a diversity-oriented chemical modification to give a series of novel
semisynthetic magnolol derivatives (DBMGPO 1-8). Also, chemical modification of 3-
aminoadamantanol, a potent antiviral pharmacophore with a puckered structure and 7-chloro 4-
amino quinoline pharmacophore was carried out to give DBADAPO- 1A-1C and DBQPO-1A, 1B,
2A, 2B derivatives were successfully synthesized. Diverse ring sizes were used to optimize
protein-drug interaction and simultaneously improve bioavailability which is an important areaof
drug research. In silico evaluation of these series against KRAS cancer (PDB ID- 4EPV), SARS-
CoV-2 3CL protease (PDB ID-6M2Q), and COVID-19 main protease (PDB ID- 6LU7) was
carried out. Of the DBPO series, DBADAPO- 1B had the top-scoring function (-9.1) for COVID-
19 protease, PDB ID -6M2Q and DBQPO- 2B showed top-scoring function (-8.0) for COVID-19
protease, PDB ID- 6LU7 score in comparison to Inhibitor N3 (-7.2, -7.5 for 6LU7 and 6M2Q,
respectively). For Kras protein, DBMGPO-8 showed the best docking score (-7.6) of the
DBMGPO series, and DBQPO-2A showed the best overall docking score in comparison to parent

compound magnolol (-7.3) and Inhibitor N3 (-5.9). These encouraging results suggest further
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biological investigation as these novel derivatives could eventually lead to potential therapeutic

agents for the treatment of cancer and COVID-19 diseases.

Future Aspects

The next step is to carry out further biological and biochemical activity investigations of
all DBPO series such as evaluation of enzyme inhibitory activity against K-RAS, 6LU7, and
6M2Q, Biological evaluations (In vitro, In vivo testing), binding assays, and determination of

pharmacological and toxicological profiles.
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NMR and IR Spectras for novel DBPO series

1. 5,5'-diallyl-[1,1'-biphenyl]-2,2'-diol Magnolol
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Figure 30. FTIR of magnolol
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Figure 31. Proton NMR of magnolol
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2. 5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl dimethanesulfonate DBMGPO-1
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Figure 40. HMBC NMR of DBMGPO-1
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3. 5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(4-fluorobenzenesulfonate) DBMGPO-2
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Figure 42. FTIR DBMGPO-2
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Figure 44. 13 carbon NMR DBMGPO-2
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SFOo1l 470.5406121 MH=z
NUC] 19F
el 15.00 usec
PLwW1 12.96300030 w
FZ - Processing parameters
S 65536
SF 470.5923772 MHz
wow EM
SSB o
s 0.30 H=
GcB o
= 1.00
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Figure 46. 19F NMR DBMGPO-2
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4. 5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(4-nitrobenzenesulfonate) DBMGPO-3
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Figure 47. FTIR DBMGPO-3
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Figure 48. PROTON NMR DBMGPO-3
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Current Data Parameters
NAME DaM:

GPO-3
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20201119
Time 20.54 h
INSTRUM spect
PROBHD 2149001_0004 ¢
PULPROG zg30
TD 32768
SOLVENT DMSO
NS 8
DS o
SWH 10000.000 Hz
FIDRES 0.610352 H=z
a0 1.6384000 sec
RG 61.72
Dw 50.000 usec
DE 10.00 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1 500.1330883 MHz
NUC1 1H
PO 3.13 usec
e1 9.40 usec
PLW1 18.00000000 W
F2 - Processing parameters
SI 65536
SF 500.1300000 MHz
wow EM
SSB
LB 0.30 Hz
Ge
PC 1.00



DBMGPO-3 UDEFT 13C DMSO

40.50
40.33
40.26

40.17
40.00
39.83
39,67
39,50
38.67

é

344

Figure 49. 13 carbon NMR DBMGPO-3
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Current Data Parameters

NAME DBMGPO-3
EXPNO 2
PROCRO 1

F2 - Acquisition Parameters
Date 20201119

Time 21.01 h
INSTRUM spect
PRO8HD Z14%001_0004 |
PULPROG udeft

TO 21424
SOLVENT DMS0

NS 64

DS a

SWH 29761.904 Hz
FIDRES 2.778370 Hz
AQ 0.3599232 sec
RG 185,92

ow 16.800 uaswe
DE 18.00 usec
TE 298.1 K

Dl 4.00000000 sec
012 0.00002000 sec
D20 20.00000000 sec
TDO 1

SFO1 125.7703643 MHz
NUC] 13c

» 15.00 usec
P13 2000.00 usec
P26 500.00 usec
PLWL 25.29%00008 W
SPNAMIS) Crp60comp.4
SPOALS 0.500

SPOFFSS O Hz

SPWS 8.69579983 W
SPI!AN*OI Crp60,0.5,20.1
SPOAL g.%00

SPOFFSE 0 Hz

] 8,69579983 w
SFo2 500.1320005 MMz
wocz2

CPDPRG(2 walczlé
PCPD2 80.00 usec
PLW2 18.00000000 W
PLW1Z 0.24851000 w
F2 - Processing parameters
S1 131072

SF 125.757788% MHz
WDW =™

SSB o

LB 2.00 H=
Gn [+]

rC 1.40



5. 5,5-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(3,5-bis(trifluoromethyl)benzenesulfonate) DBMGPO-4

|

90

80

Transmittance [%]
70

60
|

© y-
| e R Ll S it L
B | ] SB3LRSEEE 3z gugcrERrEETazEReT .
T T T 1
3000 2500 2000 1500 1000 500
Wavenumber cm-1 +
CAUSERSWADMINISTRATOR\DESKTOP\PRECIOUS O\DBMG(TFMBS)PO PART1.0 DBMG(TFMBS)PO PART1 Instrument type and / @ 14!01&02-1

Figure 50. FTIR DBMGPO-4
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DEBMGPO-4 ZG30 PROTON DMSO
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Current Data Parameters

NAME DEMGPO~-4
EXPNRO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20201130
Time 7.29 h
INSTRUM s ct
PROBHD 2149001_0004 (
PULPROG zg30
TD 32768
SOLVENRT
NS a8
DS ]
SWH 10000.000 H=z
FIDRES 0.610352 Hz
AQ 1.6384000 sec
RG 28.76
oW 50.000 usec
DE 10.00 usec
TE 298.1 K
D1 1.00000000 sec
TDO
SFO1 S00.1330883 MH=z
NOC1 1H
PO 3.13 usec
Pl 9.40 usec
PLW1 18.00000000 W
F2 - Processing parameters
SI 65536
SF 500.1300000 MHz
WDW EM
sse o
LB 0.30 Hz
GB
PC 1.00
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Figure 51. Proton NMR DBMGPO-4
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DBMGPO-4 UDEFT 13C DMSO
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Figure 52. 13 carbon NMR DBMGPO-4
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Current Data Parameters
NAME

h

Hz
Hz
sec

usec
usec

sec
aec
sec

usec
usec
usec
w

DBMGPO-4
EXPHO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20201130
Time 7.3
INSTRUM ct
PROBHD 2149001_0004 {
PULPROG udeft
TD 21424
SCLVENT DMSO
NS 64
DS o
S! 29761.904
FIDRES 2.778370
AQ 0.3599232
RG 185.92
oW 16.800
DE 18.00
TE 298.2
D1 4.00000000
pi2 0.00002000
D20 20.00000000
TDO 1
SFO1 125.7703643
NUCL 13
Pl 15.00
P13 2000.00
P26 500.00
LWl 25.25500008
SPNAM[S] Crpé60comp. 4
SPOALS 0.500

3?0??35 0 Hz

B8.69579983

PWS
SPNRH(B) Crpé0,0.5,20.1
SPOALS

0.500

SPOFFS8 O Hz

SPWE
S5FO2

NuCcz
CPDPRG(2

PCPD2
PLW2
PLW12

B.6957%983
500.1320005
1H

waltzlé
80.00
18.00000000
0.24851000

w
MHz

usec
w
w

¥2 - Processing parameters
ST

SF
WOW
58B
LB
GB
PC

()
125.757788%
EM

o

2.00
1.40

Hz



DBEMGPO—-4 19F ZGFLQN
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Current Data Parameters
NAME DENG

PO—4

EXPNO 7
PROCNO 1
F2 - Acquisition Parameters
Date_ 20201130
Time 8.13 h
INSTRUM spect
PROBHD Z149001_0004 ¢
PULPROG zgflgn

131072
SOLVENT DMSO
NS 16
Ds o
SWH 46875.000 Hz
FIDRES 0.715256 Hz
p Yol 1.3981013 sec
RG 6.
oW 10.667 usec
DE 18.00 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFOl1 470.5406121 MH=z
NUC1 19F
Pl 15.00 usec
PLW1 12.96300030 w
F2 - Processing parameters
SI 65536
SF 470.5923772 MHz
wWDW EM
SSB 0
LB 0.30 H=z
GB o
PC 1.00

T T T T
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Figure 53. 19F NMR DBMGPO-4

121



6. 5,5'-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(pyrrolidine-1-sulfonate) DBMGPO-6
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Figure 54. FTIR DBMGPO-6
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7. 5,5-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(morpholine-4-sulfonate) DBMGPO-7
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Figure 55. FTIR DBMGPO-7
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Figure 56. Proton NMR DBMGPO-7
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Current Data Parameters
NAME

DBMGPO-7
EXPNO 1
PROCRO 1
F2 - Acquisition Parameters
Date 20201130
Time 9.03 h
INSTRUM spect
PROBHD Z149001_0004 ¢
PULPROG zg30
D 32768
SOLVENT cpci3
NS 8
DS 1]
SWH 10000.000 Hz
FIDRES 0.610352 H=z
AQ 1.6384000 sec
RG 28.76
Dw 50.000 usec
DE 10.00 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFOl 500.1330883 MHz
NUC1 1H
PO 3.13 usec
Pl 9.40 usec
PLW1 18.00000000 W
F2 - Processing parameters
SI 5536
SF 500.1300000 MHz
WDW EM
SSB
LB 0.30 Hz
GB
PC 1.00



DBMPO-7 (MSC) UDEFT 13C CDCL3
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Figure 57. 13 carbon NMR DBMGPO-7
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Current Data Parameters
NAME

DEMGPO-T7
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date_ 20201130
Time 19.10 h
INSTRUM spect
PROBHD Z14S001_0004 (
PULPROG udeft
TD 21424
SOLVENT cpcl3
NS €4
Ds o
SWH 29761.904 H=z
FIDRES 2.778370 Hz
AQ 0.3599232 sec
RG 185.92
oW 16.800 usec
DE 18.00 usec
TE 298.1 K
D1 4.00000000 sec
D12 0.00002000 sec
D20 20.00000000 sec
TDO 1
SFO1 125.7703643 MHz
WUC1L 13C
|28 15.00 usec
P13 2000.00 usec
P26 500.00 usec
PLW1 25.29500008 W
SPHAMIS]) Crp60comp.4
SPOALS 0.500
SPOFFSS5 O H=z
SPEWS 8.69579983 W
SPNAM([8] Cxrp60,0.5,20.1
SPOALSB 0.500
SPOFFS8 0 Hz
SPWB B.69579983 W
SFO2 500.1320005 MH=z
NuUC2 18
CPDPRG(2 waltzlé
PCPD2Z2 80.00 usec
PLW2 18.00000000 W
PLW12 0.24851000 W
F2 - Processing parameters
ST 131072
SF 125.7577885 MH=z
wWDW =™
sSsB o
1B 2.00 Hz
GB o
PC 1.40



8. 5,5-diallyl-[1,1'-biphenyl]-2,2'-diyl bis(3-cyanoazetidine-1-sulfonate) DBMGPO- 8
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Figure 58. FTIR DBMGPO-8
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DBMGPO-8 (OCAS) ZG30 PROTON DMSO
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Current Data Parameters
NAME

BMGPO-8
EXPNO 1
PROCNO 1
F2 - Acquisition Parameters
Date_ 20201130
Time 1 9.48 h
INSTRUM pect
PROBHD 2149001 0004 {
PULPRCG zg30
D 32768
SOLVENT DMsSO
NS 8
DS (2]
SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 1.6384000 sec
RG 28.76
DwW 50.000 usec
DE 10.00 usec
TE 298.1 K
D1 1.00000000 sec
TDO 1
SFO1 500.1330883 MH=z
NUC1 1H
PO 3.13 usec
Pl 9.40 usec
PLW1 18.00000000 W

F2 - Processing parameters
65536

SF 500.1300000 MH=z
WDW B
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GB 4]
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Figure 59. Proton NMR DBMGPO-8
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DBMGPO-8 (OCAS) 13C UDEFT DMSO
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SOLVENT DMsSO
NS €4
DS o
SWH 29761.904 Hz
FIDRES 2.778370 Hz
AQ 0.3599232 sec
RG 185.92
Dw 16.800 usec
DE 18.00 usec
TE 298.1 K
D1 4.00000000 sec
D12 0.00002000 sec
D20 20.00000000 sec
TDO 1
SFO1 125.7703643 MH=z
NUC1 13C
Pl 15.00 usec
P13 2000.00 usec
P26 500.00 usec
PLWL 25.29500008 w
SPNAM(S) Crp60comp. 4
SPOARLS 0.500
SPOFFSS 0 H:z
SPWS 8.69579983 W
SPNAM[B] Crp60,0.5,20.1
SPOALS 0.500
SPOFFSE 0 Hz
| SPWS 8.69579983 W
SFO2 500.1320005 MH=z
HUC2 iH
CPDPRG[2 waltzlé
PCPD2 80.00 usec
PLWZ 18.00000000 W
PLW12 0.24851000 W
F2 - Processing parameters
SI 131072
- i v " e k. SF 125.7577685 MHz
WDW EM
SSB o
LB 2.00 Hz
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Figure 60. 13 carbon NMR DBMGPO-8
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9. (1s,3r,5R,7S)-3-aminoadamantan-1-yl 3-cyanoazetidine-1-sulfonate DBADAPO-1A
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Figure 61. FTIR DBADAPO-1A
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10. (1s,3r,5R,7S)-3-(3-cyanoazetidine-1-sulfonamido) adamantan-1-yl 3-cyanoazetidine-1-sulfonate DBADAPO-1B
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Figure 62. FTIR DBADAPO-1B
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11. 1s,3r,5R,7S)-3-(3-cyano-N-((3-cyanoazetidin-1-yl)sulfonyl)azetidine-1-sulfonamido) adamantan-1-yl 3-cyanoazetidine-1-sulfonate
DBADAPO-1C
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Figure 63. FTIR DBADAPO-1C
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12. N-(7-chloroquinolin-4-yl)-3-cyanoazetidine-1-sulfonamide DBQPO-1A
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Figure 64. FTIR DBQPO-1A
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Figure 65. Proton NMR DBQPO-1A
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Current Data Parameters

NAME DBQPO-1A
EXPNO i
PROCNO 1

FZ - Acquisition Parameters
Date_ 20201130
Time 22.01 h
INSTRUM spect
PROBHD 2149001_0004 {

PULP zg30

TD 32768
SOLVENT DMSO

NS 8

Ds 0

SWH 10000.000 Hz
FIDRES 0.610352 Hz
AQ 1.6384000 sec
RG 28.76

DW 50.000 usec
DE 10.00 usec
TE 298.1 ¥

D1 1.0000000C sec
TDO 1

SFO1 500.1330883 MHz
NOUC1 1H

PO 3.13 usec
Pl 9.40 usec
PLW1 18.00000000 W

F2 - Processing parameters
s1 65536

SF 500.1300000 MH=z
wWDwW EM

558 ]

Le 0.30 H=z
GB o

PC 1.00



DBQPO-1A UDEFT 13C DMSO
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Figure 66. 13 carbon NMR DBQPO-1A
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NAME DEQPO-1A
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date 20201130
Time 22.07 n
INSTRUM spect
PROBHD £149001_0004 ¢
PULPRCG udefc
T 21424
SOLVENT De4sO
NS 64
Ds o
SWH 29761.904 Bz
FIDRES 2.778370 H=z
AQ 0.3599232 sec
RG 185.92
oW 16.600 usec
DE 18.00 usec
TE 298.1 K
38 4.00000000 sec
D12 0.00002000 sec
Dzo 20.00000000 sec
TDO 1
SFO1 125.7703643 MH:=
WUC1 i3C
Pl 15.00 usec
P13 2000.00 usec
P26 500.00 usec
PLNL 25.29500008 w
SPNAMMS] Crpé0coop. 4
0.500
SPOFFSS 0 H:z
SEWS 8.69579983 W
SPNAM([B] Crp60,90.5,20.1
SPOALS 0.500
SPOFFS8 O H:z
spws 8.69579583 W
SFO2 500.1320005 MHEz
NUCc2 1H
CPDPRG([2 waltzlé6
PCPD2 80.00 usec
FLW2 18.00000000 W
FLW12 0.24851000 W
F2 - Processing parameters
Exs 131072
SF 1257577885 MEz
NDW EM
Ss8 o
T LB 2.00 H=
GB o
50 ppm =< 1.40



13. N-(7-chloroquinolin-4-yl)-3-cyano-N-((3-cyanoazetidin-1-yl)sulfonyl)azetidine-1-sulfonamide DBQPO-1B
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Figure 67. FTIR DBQPO-1B
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14. N-(7-chloroquinolin-4-yl)-4-(trifluoromethyl)benzenesulfonamide DBQPO- 2A
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Figure 68. FTIR DBQPO-2A
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15. N-(7-chloroquinolin-4-yl)-4-(trifluoromethyl)-N-((4- (trifluoromethyl)phenyl)sulfonyl) benzenesulfonamide DBQPO- 2B
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Figure 69. FTIR DBQPO-2B
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