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Abstract

Abstract

The rich history of the various pharmacological properties of coumarins
brought them under light among the heterocyclic family. In this regard, coumarin
compounds and their derivatives still approve their importance in the medical field
as a valuable scaffold to explore further derivatives with diverse and interesting
biological activities. Furthermore, the various biological actiions of thiadiazoles
contributed to the idea of this novel synthesis of 1,2,5-thiadiazole-fused coumarin

conjugates according to the concept of molecular hybridization.

The synthetic strategy used in this work to reach the target conjugates
involved the following sequential steps: To begin with, a novel compound,
benzo[c][1,2,5]thiadiazol-8-ol, abbreviated as Precursor N-II, was synthesized
from 3,4-diaminophenol by applying a nucleophilic substitution-reductive reaction.
Then, Precursor N-II was condensed with 3-oxyglutaric acid through a Pechmann
condensation reaction to prepare a novel thiadiazolo[g]coumarin conjugate,
abbreviated as Precursor N-III. Finally, in the presence of thionyl dichloride,
Precursor N-III was esterified at position 4 with six various p-substituted phenols
to obtain the target series of six novel thiadiazolo[g]coumarin conjugates, which
were abbreviated as TDA1-TDAG6. The chemical structures of the synthesized
chemicals (Precursor N-II, Precursor N-III, and TDA1-TDA6) were confirmed
using spectral techniques, including FTIR, 'H-NMR, and *C-NMR.

The theoretical pharmacokinetic and drug-likeness properties of the
synthesized chemicals were in silico evaluated using two online predictor programs
named PreADMET and SwissADME. The results showed that the majority of the
synthesized chemicals demonstrated appropriate drug-likeness and theoretical

pharmacokinetics for oral administration. Therefore, they have a better chance of



Abstract

reaching the market due to the decreased exclusion rate in later phases of drug

development.

The ProTox-3.0 online predictor was used to evaluate the conjugates’
theoretical toxicity. The obtained results revealed that the synthesized chemicals did
not show notable potential to evoke the human immune system, promote cancer, or
cause cell damage. On the other hand, they revealed moderate levels of liver toxicity.
Also, the predicted toxicity level of the synthesized chemicals was five for
Precursor N-III and TDA3, while it was four for the remaining. This fact indicates

acceptable toxicity profiles, especially for Precursor N-III and TDA3.

The pharmacological activities of the synthesized conjugates were evaluated
in vitro for their anticancer, anti-oxidative stress, anti-inflammatory, antimicrobial,
and antidiabetic activities. Furthermore, the biosafety profiles toward normal cell
lines as well as normal flora strains were also investigated. The anticancer activity
was investigated using the MTT-dependent assay against six cancer cell lines. The
obtained results revealed that the fluorinated conjugate TDA3 had the most potent
anticancer activity when compared to other synthesized conjugates. The cytosafety
profiles were also evaluated using the same assay towards three normal cell lines,
and the results showed that the synthesized conjugates were safer than the reference

and TDA3 had the highest safety record.

The anti-oxidative stress activity was examined using the fluorescent
detection sensor method. This was applied to the human neuroblastoma cells to
calculate the iROS after exposing the cells to an oxidative stressor and subsequent
management with our conjugates. The obtained results revealed that TDA3 had the

strongest antioxidant activity.
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The anti-inflammatory activity was evaluated by measuring the ability to
inhibit three enzymes, including COX-1, COX-2, and 5-LOX. The results showed
that the synthesized conjugates showed significant inhibition toward the 5-LOX
enzyme, with Precursor N-III having the greatest inhibitory activity. The
conjugates’ ability to suppress porcine a-amylase and yeast a-glucosidase enzymes
was used to examine their antidiabetic activity and the results revealed that the
conjugates TDA1 and TDA2 had the highest suppressing abilities against both

enzymes compared to the other synthesized conjugates.

The antimicrobial activity was examined using a broth microdilution method
against three sets of pathogenic strains. First, against six aerobic gram-negative
bacterial strains and the results revealed that TDA4 had the highest antibacterial
activity against the examined gram-negative strains. Second, against four anaerobic
bacterial strains and the findings showed that TDA1 had the highest anti-anaerobic
activity. Third, against two fungal strains and the conjugates Precursor N-III,
TDA3, and TDA4 showed excellent antifungal activity against both examined
fungal strains, exceeding the reference, with Precursor N-III having the greatest

activity among them.

Furthermore, biosafety was also evaluated against three normal flora strains.
The results showed that the synthesized conjugates demonstrated a higher safety
profile towards the examined normal flora when compared to the reference, with
conjugates TDA3 and TDA4 receiving the highest biosafety ratings. As a
consequence, the wide variety of our novel conjugates’ pharmacological activities
may highlight the necessity of innovating new anticancer, anti-oxidative stress, anti-
inflammatory, antidiabetic, antibacterial, and antifungal agents. The vast majority of
the synthesized conjugates can be categorized as fortunate scaffolds for creating

inventive and potent medicines with a minimum toxicity level.

\Y



Gl 4 sen
bl Gl g Al aaladll 3 ) 5
o gall dnals
dunall 4

- SIS il yi8al 4) gal) cilfdatl)  ariuall)
dsaad) (4 jla oS
o e ALy
Jua gall daaly — Adasall 408 A Llad) il jal) Adgd
Dypal) B ialall Bilgd o Jganl) cllbia a5 28

JB (e
Olard g s aumd U

(f. ’7U.Luawj4_)}j&)

il i
Cmba, uihm QgJié il ,J,i
2908 Gladds )3 Glaag 2.a,)

e\'~\'f AYEEn



L&

DAl

Laliti o) gua¥) Cilra 0 jle sSU LSyl 4 sl (ailiadl) Calisiay sl 5 jlall ()

Crobe SIS g e Al 2 Lle 5 cdalatiall e dalall il ) lile JS G o Leale

il A Cliitia GLIESY fad ol an o€ _alall Jlaal b Lisan ] i cll Sle Lgiliicia s

ISl LS jal ) gl ildladl) Calide Sl3 e B Ble dagay e siia 4y gn illlnd

Js i) Al e daedall (g jla sSU b ial Gl i silall yuadl apiaill 3,88 ) <
(sl el o seial Ty (ClesS [£] s oblabi 0¥ o) ) dnladl)

o gladl) panai Ay sllaall 3 gall jrzaatl Casll 38 8 deadiuaad) Las) i) )
L e Js bl [2] sl liide (e (o8 5 Baas Bale jpdand o ceadll (8 ;41U
Canall Jlatiu) Jelds ddasd g J sl gisal A - €6V 32k (e « Precursor N-TI b
oS 0 S AU (i) ada g dxiadl Baldl e a3 cclld amy ) FRY) 31 il
ool Al ey GrolesS [Z] a0kl oY) Gl juiaadl Gladin Jeldi ddaul 5
DY) Sl )8 ¢ i gl &y 5 618 S 50 3 g8 g5 el A ¢ Precursor N-TTT
O A staall Adidl e Jgeanll £ a8 gall 8 G gaall Jgiadl) SIS o Calida (e A g
TDA1-TDAG 5222 &lS yall

)5 A8 5 paall Ailall i) aladiuly datiaal) ol sall el S il Qi o
sl il Osis ol owhliaall gogll ol el peall i dadY) e
(FTIR, '"H-NMR, and BC-NMR) s )& udaliadll

o) sl A8 jn a8 il xal 30 85 ¢« SWiSSADME 5 PreADMET (e aladinly
A 90 dgliiall claally el all S a Cilbia ani &5 «CaiiY) ik e awall Jak
A n b lan ¢ pedal g 34 5ol Ludie Ll il padl Audle & el 38 5 cAaicadd) ¢l yall



L&

sl Bl ) Jgaasll Juadl dua ji agaal ¢ Gl Ll 35k e elae DU o 4l g
sV skt (e 38O il pall 8 SlaiinV] Jane Galadi) G

LS yall da8 gt 4 sall dpand) aniil ProTox-3.0 (oile aladiul ai clia
ik sale CUISA) jedai ol dxiiadl ol sall Gl Lale J geanll &5 il iliil) iS5 daiiaal)
¢ Al al e AN (i 8l o oyl 3 3ed ol sl delidl Glea )Y
8 siall el (5 st O LeS 2l dpans (e Aitine Il siise (g0 Ariiaall 3 gall pras 1S
4wl day )l 5 « TDA3 5 Precursor N-TTT <edball foed (S A€ yal) AlasSll o gall
] Aoy Ls ot cJ ey mddia OIS Fpanl) (s 5ie o I Ly Lea ¢ LS
Ll cJaadl 138 8 dxiadl o gall aren ¢ ) AT TDA3s Precursor N-TIT
Gsan Mg @A) sl Gaeall dulud (8 st Glaa) dulSa) ek ol «TDA1
il ik

dgalll il abual z s s sl & dxiiadd) LS all 200 gal) cllladll and o
g ySaall aa (el i (sanSll dga¥) aa (o ) aca Cllledll et Sl
Aarpl 49 50 LIA A 4 glall Al asd Lyl o3 LS Sl (i e aua g Adlial)
Al L Sl LA J ghad aua 4y saadl ALl s

Ot el aliaeS dniaall LS jall Adlad ayill MTT (e adinall JUERY) aladin) &
llad JSY) S TDA3 of sl ey it puall LAY (e Jaglad A aladinly
S pall Ay jlie Alad e il puall LAY Ja glad aia Lgamnd &5 ) Ariaal) LSl (g
g all

il ju e WA Jaghd D6 e MTT e aaizall sy alasin) & Loyl
0o Oall o Tapen Ariadll LS all () il CdiS g (lS yall o) 4y slal) AaDlud) Ayl



L&

LS el G e Y1 4 TDASZ 4t S all g (LA 038 oLt oaa jall Sl
Aokl LAY olat daiiadll

I A a LAl Ll e LS yall odgd 5auSO saliadl 5 08l CaliSu) o
SN 2gall e 2ana 3S5H LA i el dey adiall ¢ gaall Gt 208 aladiuly
TDA3 ¢ 52083 alaal) dleay) Al 5o landl Caaldl Zaicadl) 3 gally @D aay Lgilalaa g
Gale JS0 4 il LA Lo shad e Ganiall gouSTHl dlgay) aed o 43l 5 508 4]
(S AN LS yall 5 508 il 38 g gz el 5oLl as

«llgiYL dday pa Chlan 31) A58 aa LU 3aliaal) 3 jaall Hlidl) A ja codi LS
salizae s S AilSa) yekal Precursor N-TIT o bleiDU sliadl) Canl) milis o jelal 58
OlianS salll a3 o adiaall jluall jie GLLEAIU

(Do 5SS A 5 el Al ey Sl Jilahy Lalill cilay 331 and 25 Loy
TDAT 08 sall o) @il CildS 5 Sl (a el CilalicaaS dxiiadall LS jall 44llad (aail
SAY dxiadl LS jall (i e (pep 3V o3 Tl 5 )08 e (lShie) TDA2

A0S Y s alaiuly 4 gon laliaeS Aniaall ilagl) 5,085 a8l ladl &
g 2 afil pallsliae s S5 )08 jelal TDA4 o) il CiddS 5 o) all 4l 451 0
Laldll ol A lie dlled) culSy daslial L ) Al ALl eyl
S el () il e dal g ¢ 400 Y 4y 8 VBl g )l pand & Liayl | GanlaS ld 5 jlly
Oe B o 53l a3 () ad ) VLA 528 olad LS all L e 5SI 508 ekl TDAL
YOl (g il dm <l yladll aliaall 58l 4y 3 (@l ) ALYl | as el ()5l
TDA4 5 TDA3 5 Precursor N-IIT LS sl & ekl 5 ¢l a3 dpall 4 kil
50 5 slaty Le s g claguand & (yilll (yiivm jaall piy sladll IS aa 41a gale IS
A GlS i 5,38 Precursor N-TTT 5038 < slad s | linill iy yhadll saliadl)



L&

LS all a3gd 4 aa) Aadall il dallise 35 50 YD G aladiul &5 oyl
‘TDA3 5 TDA4 “als; daiad) Gilagll mea o 4 pal) L) Clidas caldl
ol e Al e YL 538 aca W jlidl) die YT e 1508 (5 shaae U yelal

¢ guzall Jali 38 5a30a ) WS yad A0 sal) 3dadi) e sl 5l e gl ) ¢ UM dais
8alican g ¢ bl 5alias 5 ¢ 00 3alcan g ¢ Ua gl 3aliae 3aaa LS e S0 e
e b Jsall (Sa ol el hll saliae Ll s ¢ LiSill 80baay ¢ Sl (i yal
Apanl) (5 glue (ga (AN 2n) e 855 ySine 4y 9ol $LASY A8 5a oLy lan y o LELS e



