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ABSTRACT

1,2,3,4Tetrahydreb-c ar bol i nes l(ar§eHdgnoGpsof nataral @and aynthetic indole
alkaloids that possess a common tricyclic pyridofB}4ndole scaffold withwide spectrum of
biological activities includingantibacterial,antimalarial, antifungal, antioxidantanticancer,
anti-inflammatory ad anttleishmanial activitiesIn this study, fouttetrahydreb-carboline
derivatives were prepared from tryptophan and aromatic or aliphatic aldehydes using Pictet
Spengler reaction catalyzed by AcOH and T&#ucture of these compounds were determined
using spectroscopic methods Wit and NMR*H-NMR,**C-NMR, and DEPT135-NMR).The
antibacterial activity of the synthesized compounds was screened against twgp&itive
bacterias (Staphylococcus pyogenasd eéStaphylococcus aureus) and two Graegative
bacteria (Escherichia coli and Pseudomonas aeruginosa) using Agar disc diffusion. Results
showed that all the studied compounds displayed good antibacterial activity compared to
ciprofloxacin which was useda positive control. The best activity was displayed by compound
142cagainst P. aeruginosa, E. coli, and S. aureus with mean inhibition zone of 15.0 + 1mm,
1467 £ 1.5mm, and 13.& 1.5mm mm at 1.0 mg/mL, respectively whereaspoundl42b
showedhigher activity againsk. coli (14.3t2.1mm), Paeruginosa(14.3+1.53mm), Saurous
(13t2.0mm), and S. pyogenes (14.3+1.53nWBPH radical scavenging activity displayed
90%, 92%, 91%, and 95% inhibition for compoutd$§, 1423 142h 142¢ respectivelyat 100

e g / rmLsilico molecular docking analysis revealed that compo#@c exhibited better
docking efficiency with DNA gyrase displaying binding affinity-@®kcal/mol close to

ci profl oxaci h Mdletufar dbckihkgcstudy/wasodlso examined using human
peroxiredoxin fenzyme$or compound.42cscoring binding affinig of-5.4 kcal/mol compared

with standard antioxidant ascorbic acid4(9 kcal/mol). The results of in silico molecular
docking study of the compounds against E. coli DNA gyraaadBhuman peroxiredoxin 5
enzymesvere also in good agreement with in vitro antibacteaatl antioxidantnalysis.The

in vitro antibacterial activity of compount42band antioxidant activity of compouridi2c

suggest the potential use of these compounds as potential drug lead candidates

Keywords: antibacterial activity, antioxidant, PicteéSpengler reaction, tetrahychio
carboline, molecular docgkg.



CHAPTER 1

INTRODUCTION

1.1. Background

Theb-carboline alkaloids are a large groupatural and synthetic indole alkaloids that possess
a common tricyclic pyrido[34] indole ring structurg¢l]. They can be categorized according
to the saturation of themitrogen containing, skmembered ring. Unsaturated members are
named as fully aromatfecarbolinesl (bCs), whereas the partially or completely saturated ones
are known as dihydrb-carbolines2 (DHbCs) and tetrahydrb-carbolines3 (THBCS),
respectively[2, 3]. The three rings in TBC are referred to as A, B (pyrrole ring), andify
(piperidine moiety) (Fig. 1)Since the first time in 184b;carboline alkaloid harmaled was
recognized, originally isolated froPeganum harmalaextensive investigations have focused

on the deteabn and identification ob-carboline alkaloid$4].

6

8 N N
H N
9 H H
1 2 3
N H N H \Me
N N o
¥ S
A OH N OH
6] o\
/\\O /\O _
6 7

Figure 1. Chemical structure d¥-carboline.

Next to the most representatifsecarboline such akarmaline4, andharmine5, the tricyclic
1,2,3,4tetrahydreb-carboline (THC) ring system is a key structural element in a range of
biologically and pharmacologically important alkaloids isolated from a variety of natural
sourced5, 6] such as in biological tissues and flu[@$, plants[8, 9], red alga, in fruit [10]
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and meaterived productgll, 12]such as juicegams and sausaggs3]. They are traditionally
used as emmenagogues, narcotics, abortifacients and in treatment of fever, rheumatism and
asthma as well for recreation and as a stimulant of the central nervous giystd®m] These
sources were reported to have antimicrobifl6, 17] antifungal[l], anticancer[18], and

antioxidant{11] properties.

Recently, the THHCs alkaloids continue to be promising lead compounds for discovering and
developing novel clinical drug¥HbCs, tadalali, yohimbine7, ajmalicine8, and reserpin@

(Fig. 1) are the representative analogs of the carbalikedoid isolated from a variety of natural
sources with a range of biological and pharmacological actiyijeld]. The SAR studies have
demonstrated that the introduction of appropriate substituents into thep®siti-2, -3 and-

9 of theb-carboline nucleus play a crucial role in determining their multiple pharmacological
function[20].

1.2. Statement of theProblem

In recent years the continuous emergence of resistant multi-resistant strains of
microorganisms towards the drugs used clinically raises the foeethe search of new
antimicrobial substances that could be used for the treatment of the infections produced by those
strains. Several researches have been daoug on synthesis and biological studiesbef
carboline derivatives and results suggest that substituents in peditieh)sand-9 of theb-
carboline skeleton alter the biological activiffhe development of modified antibacterial

agents withdifferentandefficient mechanisms of action is definitely an urgent medical need.

b-carboline alkaloid and its saturated analogueh@$] are common structural motifsnatural
products and pharmaceuticals originally isolated fi@mharmalalL. and found to exhibit
various biological activitieR21, 22, 23] Many synthetic methods have been developed for the
preparation othe scaffold and derivatives trahydreb-carbolinewith alkyl C-1 constituents

and improvements in the synthesis methodology are still an active researcHl8sue
Therefore, there is a need to evaluhte antibacterial and ardxidant activities ofetrahydre
b-carbolineusing different Gl substituted derivatives
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The current researgbroject is therefore designed to synthesize some derivativtesrahydreb-
carbolinewith alkyl functionalizationat C-1 from substituted arylComputationalde novo
design approactvasused to confirm mode of binding for antibacterial activity and the-drug
likeness of synthesized compounds. Docking studasperformed with DNAGyrase (6F86)

and LasR binding domain (2UVO) employing flexible ligand docking approach by using
AutoDock Vina software

1.3. Significance of the Study

Currently,tetrahydreb-carbolineand theirderivativeshave attained muchttentionbecausef

their extensive biological activitiescluding antimicrobial, antifungafntioxidantanticancer,
andantrinflammatory.It is expected that this work will contribute to a better understanding of
the effects of the modification of thietrahydreb-carbolineat C-1 from substitutecryl in the
antimicrobial and antioxidant activities of tkempoundsThe research can algoovide an
information on molecular docking analysis so as to have better understanding of the molecular
mechanisms of interaction between the compounds with promising antibacterial activity and
selected protein domaind-urthermore report obtained here will provide documentary
informationthat can be referred by other researchers interested to wdhk aentification of

lead compound anslynthesis of related compounds.

1.4. Objectives of the Study

1.4.1 General Objective

0 To synthesizand evaluate the antibacterial, antioxidant and molecular docking analysis

of THb-carboline derivatives
1.4.2. SpecifidObjectives
U To synthesiz4,2,3,4Tetrahydrdb-carbolinederivatives using Picteépengler reaction
(PSR)bearing different substituted group@&il and G3 positions
U To characterize thg,2,3,4Tetrahydrdb-carbolinederivatives using meting point, UV,
andNMR (*H-NMR and**C-NMR).
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U To evaluate the antibacterial activities hR,3,4Tetrahydreb-carbolinederivatives
using disc diffusion method agairstaphylococcus aureuStaphylococcus pyogenes
Escherichia coliandPseudomonas aeruginasa

U To evaluate theradical scavengingactivities of 1,2,3,4Tetrahydreb-carboline
derivativesusing DPPH assay

U To examine molecular docking study of synthesized derivatives using Autodoc version
4.2 withDNA-Gyrase (6F86)LasR binding (2UVORandagainst human peroxidoxin 5
(PDB ID: 1HD2)protein domains
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CHAPTER 2

LITERATURE REVIEW
2.1 Synthetic Approaches Towards THCs Derivatives

There are numerous methods that have been developed for the synthesixCofritHtheir
derivatives.The most welknown and straightforward route for the construction ofbTH
moiety is PicteiSpengler reaction (PSRjiscoveredin 1911 [24]. Another classical and
established protocol is Bischidlapiemalski cyclization (BN) where the product is a BE|
which can then be further reduced to form the correspondifigCTED].

Although the classical version of these reactions is well established as a method of choice for
construction of THC frameworks, original strategy has been modified over the past decades
associated with the requirement of stereochemistry, regiochemical selectivity and efficiency
[26] including conventional methofR7, 28] biocatalytic methods[15], transition metal
catalyzed5], ionic-liquid methodg16], microwave assisted methodg] have been employed.

In addition to these two classical cyclization methods, several other methods such as Fischer
indole reactiorf29], FriedCraft indole alkylation reactiof80], and Simultaneous ring B and

ring C cbsing method§31] were reported.

2.11. Pictet-Spengler reaction (PSR)

The PictetSpengler reaction was first discovered by Pictet and Spengler in 1911 where they
synthesized 1,2,3;tetrahydroisoquinoline (THIQ)11 from b-phenylethylaminel0 and
formaldehyde dimethylacetal under heating in the presencenakntratedydrochloric acid.

After the discovery of the PSR it took nearly 20 years before Tatsui used tryptE2r@adhe
amine component, which paved the way for the first synthetation of the Methyl-1,2,3,4
tetrahydreb-carbolinel3 skeleton in the year 19282] (Scheme 2

A typical PSR reaction is a twaiep process that involves the condensation of an aliphatic amine
(electronrich aryl or hetevaryl groups:b-arylethylamine or tryptamine/tryptophan) with

aldehyde or ketone to form an imine or iminium ion, which is most commonly activated by
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Bronsted acids. Final intramolecular cyclization between a sufficiently reactive, eldctron
aromatic ring and the aeated iminium ion results in a-Neterocyclic ring via a new-C bond

[33, 9] From the mechanistic view, it is well recognized that an acidic catalyst usually an excess
of a Brgnsted acid/Lewis acidanging from catlytic to stoichiometric amoun{d6], in the
presence of neaqueous protic or aprotic solvent activates the imine intermediate before
cyclization into the tetrahydb-carboline[34, 35]

NH, o NH

10 HCI 11

NH,
—_—
H,S0, N

12

TZ

13

Schemel: The first PSR; the synthesis of THIQa nd TiBI b C

A variety of efficient catalytic systems were used for the synthesis 6C$Hh PSRSome
examples of conventionaatalysts are TFf36], conc. HSQ4[37, 38] ACOH [9], p-TsOH[32]
andLewis acids such as TMS@27] have been reported as catalysts for the REdreover,
biocatalytic, ionieliquid solvent promoted PSR, and miarave irradiated PSR have been used
to modify the original route with the requirement of efficient catalysis and higher yields which
is discussed in detail undére nextsectiors.

2.12. Biocatalytic PSR

In the use of enzymmediated synthesis of TCs, in the indole alkaloid field, the most
prominent and best characterized members dhitfidy substratespecific PicteiSpenglerases,
the norcoclaurine synthases (NG39] and the strictosidine synthases (STR$) have been
applied effectively invivo and invitro to catalyze PicteBpengler reaction (PSRJ1]. In this
natural reaction, the STR condenses tryptamit® é&nd secologanirl3 to generate an
intermediate Schiff base that cyclizates to gihe (S)configured 1,2,34etrahydrel3-

carboline (S)strictosidinel4 which is the key intermediate of indole alkaloid biosynthesis in
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plants (Scheme I32, 28] In this regard, various biomimetic approach has been developed on
the basis of the first known enzyroatalyzed pathway of PSR leading toBE$[43].

A\ ><
+ R
b) N n=13 6 0
12 15 (R)-1,2,3,4-THBC

Scheme2: a). STR condenses tryptamid® and secologanifi3to givethe §)-configured
THRC (S)-strictosidinel4. b). Strictosidine synthase catalyzB&Rbetween tryptamin&2
and aliphaticaldehydes.

Benjamin group have described that not only STR but also norcoclaurine synthase (NCS) from
Thalictrum flavum(TfNCS) can catalyze the PSR between dopaniidieand unactivated
ketonedor thefirst-time, thus facilitating the facile biocatalytic generatiéri d-disubstituted

THIQs 18 (Scheme3a) [39]. The mechanistic studies on Norcoclaurine Syntlaasdiscussed

in detail byLouis and his cavorker where NCS catalyzes an asymmetric PS condensation of
dopaminel7 and 4hydroxyphenylacetaldehydi to give (S)norcoclaurine20 (Scheme3b)

[44].

NH, HO C
0 HO NH

+ NCS R
o N )J\R > NCS

a)

Scheme3: a) Biocatalytic route td8, from dopamine and ketones, via a PSR, catalysed by

NCS. b)The PSR catalyzed by norcoclaurine synthase to2flve
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2.13. Micro-wave/Ultrasound assisted PSR

In recent years, an efficient and environmentally friendly synthesis of tetrabyadooline

via PSR employing micravave (MW)/ultrasonic irradiation has tremendously increased due to
its simplicity, short reaction time, high yield and green natfitee reaction§45], and several
studies had been reportpth, 47, 48, 49]In 2013, Matthiewet al, synthesized and reported

various tetrahydrd-carboline23 from a mixture of substituted tryptami@é& and a variety of

substituted aldehydeX in the presence of Propane phosphonic acid anhydride (IE8R) the

optimized conditions under microwave irradiation [T3P (2.5 equiv.), MW, 10 min., 110 °C]
(Schemeda). It was also confirmed that T3P was required for this cyclization and ketones are

often problematic in the Pict&pengler reaction and sometimes fail to resein[34]. Under

neat reaction system, without additional cataleitand QiDong developed the synthesis of

1,6, %substitiuted1,2,3,4Tetrahydreb-carbolines26 from tryptamine hydrochloride24 and

different 25 aldehydes (Schem#b). The study used to compare the reaction result between
conventional heating (90 min, 100°C, AcOH, and 80% max) and microwave irradiat®n (2
mi n, ' 100AC, neat, and 95%) where dramat.i

yield was achievefb0].

NH,
O
H X
S N |
I = N /\
H Ry
22
a) 21
Ry
NH, HCL SN
N
| Solvent free _
Ro—r D + HJ\R1 - \ NH HCI
=N E
H 25 MW, 2.5-9 min
b) 24 Ry
25a- R=2-CI-C4 Hy ; 24a-R,=H 26
b-R,=3-Cl-C4 Hy ; b-R,=H
¢-R;=4-NO, -C 6 Hy; cR,=H
d-R;=3-CH3-CqHy ; d-R,=H

e- Ry =2-CH; O-C¢ Hy; e-R,=H
f- Ry =4-CH; O-C4 Hy; f-R,=H

g-R;=CgHs; g-R,=H
h-R, = 4-F-C4 Hy ; h-R, = H
i- R, =CgHs ; i-R, = 5-CI

Schemed: a) T3P catalyzed microwanassisted PSRy) Synthesis of tetrahydiie-carboline

hydrochlorides under catalyBee and neat conditions with the aidnoicrowave irradiation
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In 2004,Fu-Ming et al, demonstrated that though intrinsically slow in reaction rates (which had
taken 13h to 15.5 daysia conventionalmethod at rt; 784% yield), ketone reactions
(specifically cyclic ketones such as cyclohexanone and cyclopentanone) with try@@ulaan

be accelerated (hours to minutes) using microwaves (60 °C and 150 W) in an open vessels with
high isolated yields of,3-disubstitutedl,2,3,4tetrahydreb-carboline28 (67 99%) (Scheme
5a)[36]. By using norionic surfactant catalyst Triton-X00 (10mol%) in agueous media under
ultrasound irradiation, Venkatgroupreported a highly efficient procedure for the preparation
of tetrahydreb-carbolines in good yields (8®4%; 24 hrs.) compared to conventional heating
methods (65/5%; 912 hrs.) by the condensation of tryptamih2 and aryl/ heteroaryl
aldehyde®22 having bothelectrondonatingand electronwithdrawing substituents to furnish
tetrahydreb-carboline29 via PSR (Schemgb) [45].

COOH
NH, 0 10% TFA, toluene {  w
R R N
+ 1 2 °
N MW, 60 °C N R R
Y 28 67-69%
NH,
0
N\ + H | ™)  Triton X-100 \\ NH
N X o N
H ” R Water, 70°C H J
12 ' MW, 2h \
b =X
29 R

Schemeb: a) MW assisted PSR #dford 1,3disubstitutedl,2,3,4tetrahydreb-carbolineand

compound?9.
2.14. lonic-liquid catalyzed PSR

Nowadays, ionic liquids are used as catalysts as well as ecofriendly solvents in organic synthesis
due to unique physical and chemipabpertiegnon-volatile, recyclable, ncexplosive) which
can also be applied in the synthesis ofb0d via PSR51]. In 2004, YaHew and YerHo
synthesized tetrahydifo-carbolinediketopiperazine®4 from tryptophan methyl est&0 and
various aldehyde all with higher total isolated yields under microwavé$94®, 60 min) than
at rt (20 41%; 2h) in the Butyl-3-methylimidazolium hexafluorophosph&a# ([odmim][PFs
]) [bdmim][PFs J/THF solvent systerwith temperature controlled at 60°C (Schefag[52]. In
Page P



2006, Muthukrishnaret al also reported an ionic liquid promoted Pietpengler reaction of
D-tryptophan este30 with different aldehydem differentimidazolium based ionic liquids like
[bbim]BF4, [bbim]PFs, and [bbim]Br in the presence of trifluoroacetic acid (TFA) as an acid
catalyst. Here, [bbim]B£37 was found to be superior in terms of yield, reaction time and easy
isolation of products as compared with other ionic liquids at 100 °C for 2 h to afford the
corresponding 1;8isubstituted 1,2,3;tetrahydreb-carboline 38 between 7800% yield
(Schemer) [16].

O\\/OMC
COOMe
iy, RCHO (12equiv) | Chu ol Sequiv COOMe
210 z-Pro- equiv
10% TFA, 31THF (1:1), "DIEA (Seqiv Q—QT@
\
MW (60W), 60°C, 255 R 31)/THE (1:1), H R O Fmoc
rt, 3min 33
20% piperidine, (\ N - CaHy
31/THF (1:1 ) N PF.
/\ 6
MW (60W) 60°C 60s [bdmlm][PFé]

31

Scheme6: [bdmim][PH ] promoted synthesis of tetrahyedbecarbolinediketopiperazinesl.

Scheme7: [bbim] BF4 promoted synthesis of tetrahyebecarboline38.

2.2. BischlerNapieralski Cyclization Reaction

BischlerNapieralski reaction/cyclization (BNR) is another plausible and classical reaction for
THBCs formation fromb-indolylamides39 after the acylation of tryptamin&2 where the
cyclization starts from tryptamide€® (SchemeB) and usually requires reagents that are harsh,

dangerous and difficult to handle, for example P{J&8] and/or ROs [54] in benzene or
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toluene at high temperature. The first product of the BNR is B2 followed by reduction
to form the corresponding € 3 [25].

NHR
b POCI, or P,Os [H] \
N —— > | N— NH
H _no N Z N
12 a,R =H H H
C 2 3
39 b, R=COR
Scheme8: The general reaction scheme for BisciN@pieralski reaction/cyclization.

However, it is an estailshed classical protocol, the synthetic methods obJ$iusing BNR

have beemeportedvery rarely since the reaction involves multi steps, results in poor y&&Hs
oftentlong reaction times, harmful and toxic catalysts, tedious workup, and production of great
amount of wastewatej56]. In order to overcome these problems, researches have been
conducting using a modified reaction conditions either by using different dehydrating reagents,
microwave irradiatio57, 49] and suitable catalysts suas T3P reagen{58], zeolites[56].

In (2005),Sriparnaet al,, have developed a synthesis of novel functionalized enamihdhe
desired N,Sacetals41 were easily accessible imgh yields via direct displacement on the
appropriate polarized ketene dithioace@swvith tryptaminel2 in refluxing ethanol (Scheme
9a). However, attempted BischiBiapieralski type intramolecular cyclization of the §,
acdals41in the presence of various Lewis/protic acids (SnddPQw or PTSA) under varying
conditions furnished only complex mixtures of products. Here, the TFAZGKombination

was found to be the best in terms of yields, cleanerprind isolation fwcedure (Scheme

9a) [59]. Similarly, in recent yearThokchom and Okrameported a novel -$ubstituted
tetrahydreb-carbolines by cyclocondensation of keten&&cetals4d3 with tryptaminel2in
presence of InGland TFA as caatalysts by BischleNapieralski cyclizationBased on the
established classical mechanism of BisciNapieralaski, the electron rich nitrogen atom of
tryptamineattacksthe electrophilic carbon of ketene Sacetal, thereby forming a newIC

bond initially. Finally, the elimination of one molecule of methanethiol may generate an
iminium intermediate and a subsequent intramolecular electrophilic elimination of one more

molecule of methanethiol gives the final desired prodddiSchemedb) [55].
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NH2 Mes_sm SMe Yy
e e MeOH TFA
\ —_— ~ "NH —_— X7
N + | heat, 12h CH,CL, , NH X
H

XY rt,4-5h

X=H;Y=EWG > 42
LI 40 X=Y=EWG
#1
NHHCI MeS__SMe 540,101, NH
A\ o. | 15%TFA, \  Nm v
N7 _ CHCN NMeSS\\ —_— O‘ h
H R X/Y=CN/CN H v u X
b. 24 43 = CN/CO,C,H; X
= H/N02

Scheme9: a) TFA/CHCI, catalyzed BischleNapieralski cyclization to give functionalized

enaminegtl. b) INCI3 TFA catalyzed synthesis of functionalized @k derived enaminekt.
2.3. Micheal addition: FriedeleCrafts allylation of indoles with nitroalkene

The FriedelCrafts (FC) reaction of aromatic compounds with electteficient alkenesre

used widely in synthetic organic chemidisp, 61] Particularly, FC reaction of indol&%$ with

various electrophiles is one of the most straightforward methods to afford indole derivatives and
much effort has been expended. In this regard, the FC alkylation between indoles (nucleophiles)
andb-nitroalkenedl6 (electrophile) being promoted byetal complex ligandg62], Lewis acids

[63] and/ororgarocatalystd30] is significant as it gives access to indbkesed alkaloids such

as THbCs 48 ( [64]. In this reaction, FC addud¥ is the first intermediate (found to be valuable
synthetic precursor) which is further reduced to amine that undestpsesscontrolledPictet

Spengler cyclization to give a cyclized prodd8t(Scheme Q).

R R
NO
A\ + R/\/NOZ N\ P21+l \
N EEE— > N NH
H N PSR
46 Catalyst H
45 47 H 48

SchemelO: FriedeleCrafts alkylation of indoles with nitroalkene to give THBE

However, the construction of T€s with substitution at positions 1 and 3 can be conveniently

obtained by using the PS cyclization from tryptamir®and tryptophar27 respectively,
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obtaining 4functionalized THCs remains more challenging. One merit of FrieQelfts
alkylation of indoles with nitroalkene is to give-sdbstitiuted THCs. In 2005, the
enantioselective Fried€rafts addition of indoles to nitrolefins using chiral hgrogen
bonding bissulfonamides as the catalysts has been develop#éebgnd his ceworkers[65].

It was showed that without catalyst no reaction was observed beiwetastyrened6 and N
methyl indole 49 and proceeded with good yield and moderate enantioselectivity for
nitrostyrene having electremithdrawing groups (R=p-Br-Ph, o-NO>-Ph). Howeve
introduction of electromich substituents on the phenyl group in the nitrostyrene resulted in

lower enantioselectivity (Re-OMe-Ph) (Scheme1).

In the same year, Raquet al, synthesized previously unreportégdt-diphenytsubstituted
THBC using thioure&5 catalyzed FC alkylatiof80]. The study revealed that thiourea promote
the FC additions of indole$5 to nitroalkene<t6 by forming a reversible complex involving a
double hydrogeond between the thiourea hydrogen atoms and the two oxygen atoms of the
nitroalkene (Scheme2l Recently, the detailed reaction mechanism of aminoindanol based
thiourea derivative containing bifunctional organocatafstvas reviewed by Isaagroupin

2016 to develop organocatalytic enantioselective FC alkylation of indoles, employing

nitroalkens as versatile electrophilé6].

Ph  pp NO
z ?1) Pd/C NH,4CO,H R
2) PhCHO, MgSO
TfHN NHTf 4 NH
N0 . N 50 3) TFA ©\/Q
_— —_— >
46 fVl 2 mol% N Ph
49 Me \
52
Pyridine, R
CH,Cl, - PhClI
—_—
N—
(0) | N\ [0)
c15 <:> ¢ N Ph
53 \

54

Schemell: 1,2-diphenyltrifluoromethanesulfonamid@® catalyzed FC reaction to affod.
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55
0 Ye!
N .../ NO, 1) Pd/C NH,CO,H Ph SN oF
45 s 2) PhCHO, MgSO, y | |
+ —_— 3) TFA A NH H—Q }I[ I’-I
1 I )
. NO; 20 mol% E—— i '
Ph/\/ 2 0 NH N Ph 0 i :t
/ I
46 57 N L
2. %
/
- AN

Schemel2: FriedelCrafts alkylation of indoled5 with nitroalkenesl6 catalyzed by thiourea
55to provide THC 57.

T
/ \ R/:, NOZ
s — 1) NaBH,, NiCl, °H,0, g
N N~H----0 O Xy, MeOH g o
! W/ 0 2) PhCHO, TFA NH P
i P, 10% 60 NH S NoH
i VAN - 3) TsCl, Et;N N\ 0
CR 0 9 H/DCM (1) ’
1 7 .
N . 616 : N Ph
RN o-H A'MS. (:35°C) 61 H 62
59 Rl = Ph, 4-MCC6H,4-MCOC6H4, 4-CF3C6H, 60

R =H, 5-Cl, 5-Br
Ph(CH,),, CH3(CH,),

Schemel3: Chiral Brgnsted acid catalyzed FC alkylation of indoles with nitroalkenes.

The first Chiral phosphoric acid (R3) reported by Junjiet al, to provide the best
enantioselectivity in the Fried€lrafts alkylation of indoleés8 with nitroalkene59 (2equiv)
bearing electromonating, electrowithdrawing, and heteraromatic groups underwent the
FriedelCrafts alkylation reaction to afford Fried@rafts adducts61l with excellent
enantioselectivitie in benzene/DCM (1:1) &5°C traasforming into amine and 1,2,3,4
tetrahydreb-carboline derivatives2 [67]. In this catalysis, the phosphoric acid activates the
nitro moiety and at the same time the phosphoryl oxygen atom forms a hydrogen bond with the
hydrogen atom of the indole-N moiety wherein the phosphoric acid worked as a bifunctional
catalyst (Scheme3). The detailed reaction mechanism of chiral Bronsted acid catalyzed FC
type reactions of indole and its derivatives with various cadamterecelectrophiles (electron

deficient olefins, carbonyls, and imine) was briefly revie\@s].
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In additions, novel ligands were used as a promoter in the asymmetric f&raftslalkylation

of indole derivatives witmitroalkenes to afford TBCs. For example, in 2010, Han and-Da
Ming designed and tested for the asymmetric Fri€tafts method thus provides a way for the
construction of a chiral 1,2,3fétrahydreb-carboline 67 library [69]. In the asymmetric
Friedel Crafts alkylation of indole5 with nitroalkene$3, the complex of ligan@4 with Zn
(OTf)2 gave good reactivity and excellent enantioselectivity. The chiral aé8waerived from
3-Br-substituted nitrostyren@3 was transforrad to chiral THIC (Schemeld). The tosylated
PictetSpengler product further undergo Suzliyaura coupling with 4acetylphenylboronic
acid66 gave the desired produgt in 70% yield (97% ee).

Br
1) NaBH,, NiCl, °H,0,
A MeOH
2) PhCHO, MgSO4, TFA/DCM
N
H
45

5 mol% Zn(OTf), 3) TsCl, EkN/DCM
5.5 mol% 64 \ 4) 66, 10 mol%, Pd(PPh;),
O

N
H

_
+

65
N0 N
H

BrP /@)J\ “, o
Rl = R2 =Ph
63 (HO),B 66 67 @

Schemel4: Asymmetric FC alkylation of indolé5 with nitroalkene$3to give THC
product67.

2 4. Fischerindole Reaction

The Fischer indole synthesis (FIS) is a classical and the most widely used method for indole
scaffolds based natural and synthetic products. David, and Blagiti extensively reviewed

the reaction protocol and the total synthetic products using®S71] From the various
indole-based products, TbCs (via the formation of fused pyrrole moiety, ringfg. 1) has

been reported well2, 73] Previously discussed approaches involve cyclization of tryptamine,
tryptophan, or allylic indole (fused ring A and ring B together) whereas FIS involvestdgte

indole introduction. The FIS converts ayrlhydrazon@ef aldehydes or keton&®into indoles

71in the presence of an acid catal{g&theme 15)74, 75, 76]
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R,
Rl K(Rz
R, + AN
©\N,NH2 +Y _>©\ /ll\li» ©j§7R2
H 0 N NH; n
71

phenylhydrazine phenylhydrazone

Schemel5: General reaction for Fischer indole synthesis.

R R2 2
©\ | )ﬁ/ *[3,3] Sigmatropic (‘ Y
_— —_— —
NH
\' ?’I}EHZ rearrangement AIzIHI\*I-HZ NH,* 2
H
protonatlon ene—hydrazine

R,

Schemel6: The reaction mechanism for Fischer indole synthesis.

In a very early report by Richaed al, Fischer indole cyclization was employed for the synthesis
of tetracyclic THbC 73. It was accomplished based on Hkalyzed Fischer indole reaction
with phenyl hydraziné8which cleanly afforded deformy$ogeissoschiziné3in 64% isolated
yield from keton&/2 (Schemel?) [77]. Two years later, Bipudndhis coworkersdescribed the
synthesis of a novel fused BBs, quinazolineb-carboline5-one derivativeg7 using FIS. The
main intermediate, the formation of substituted bCH75 was prepared from substituted
hydrazone74 by usng formic acid as acidic catalygt8]. The THOC was then treated with
substituted anthranilic acid derivativés in the presence of PO£h toluene under reflux to
provide the productg7 in almost 8690% yield (Schem&8). Another report on the synthesis
of a series of tetrahydio-carbolinel-one 81 was accomplished based on Fischer indole
reaction starting from substituted anilit@9 by JiangPing group Here, compound9 was
reacted with a diazonium intermediate derived from substituted an8itmegenerate hydrazone

80, which was refluxed in formic acid to providé@&arboline analo@l (Schemel9) [79].
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COOH
< B = s POCI; ftoluene p 1T\
—:(j\ — R reflux, th N
no° H

formlcaCld
100°C R,
aR= Br,,RI,Rz H;
b.R=CL,R|,R,=H
c.R=Cl,,R;=H,R,=CHj;
d.R=Br,,R;=H,R,=CH;
e.R=H,,R,=H,Ry=CH,;
f.R=F,,R;=H,R,=CH,s
g.R=0CF;,R1,R,=H;
h.R=CF;,R;,R=H

Schemd8: Synthesis of novel quinazolisf@carboline5-one derivativeg7 using FIS.

Me
R 1. NaNO, ,
\©\ N _HCI0-10°C. \@\ HCOOH reflux
NH
NH, COzEt 2 KOH,
O

78
79 H 70 80% R= 81  50-70%

a. H, b. Me, c. Ph, d. Br, e. HO, f. MecO
g. BnO, h. AcNH, i. H,N(CO)

Schemd9: 6-substitiutedd-methyl1-oxo-1,2,3,4terahydreb-carboline.

In 2006,Jorgeet al reported two possible sites for new careanbon bond formation by FIS
during cyclization of fluorinated hydrazone. Here, under MW conditions, Fischer cyclization of
hydrazone84 from 2-fluoro-4-methoxy aniline78 via diazonium intermediat@roduces 8
fluoro-6-methoxy1-oxo-1,2,3,4terahydreb-carboline85 (yield, 34%). But, unexpected and
comparable amount of ndtuorinated carboline Bnethoxy1-oxo-1-4-terahydreb-carboline

86 (yield, 32%) was accompanied. Thus, the cyclization also occurred onuthrind
substituted position, with loss of fluorine (Sched®[80]. In another work, Byeonyun et al.

have demonstrated that enol triflé&d® prepared from the corresponding bicyclic ketone was
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readily coupled with aryl hydrazid@9 to give enehydrazide90 in good yield. Here, the
resulting enehydrazide undergoes the Fischer indolization reaction, affording the
corresponding natural productateomoarborescidine A1 in 73%. According to the study,
among the Lewis acids used, Zn@tovided the best results when heated irdigkane under
reflux (Scheme1) [29].

R MeO NH
Me N
Meo N (0]
\Q\ [e) NH 1. HCI,NaNO,, 0°Ch ethyleneglycol, gs H
NH DU - NH ’
2* OH O 2. Na,CO; (aq) F HN-N MW 230 °c, MeO - NH

F HOAC,0°C,overnight o 10min N\
82 83 84 N 0
H

F
85

Scheme20: MW-assisted synthesis of fluorinated andfloorinated THCs using FIS.

BocHN
N L}‘,EII\\I’[TDfS’ N S ZnCl,, 90°C
2 89 dioxane, 3h

— - =
X BocN\NH >
"Pd", toluene | 73%
OTf o Ph
87 110°C
88 90 91

Scheme2l: ZnCh-catalyzed Fischer indolization reaction to Desbromoarbores@difrem

enol triflate88.

2.5. Simultaneous pyrido[2,3b]indole ring formation

The simultaneous construction of the three rings of th&CTldore is difficult to achieve
efficiently from a naked scaffold. This reaction followa catalytic cascade reactions to form

concurrently fused indolpyridines ringspyrido[2,3b]indole[81, 82, 83, &].

In 2011, Oha et al, generated by coppentalyzed indole formation THCs 168 via a Cu
catalyzed domino threeomponent couplingyclization reaction using ethynylaniliné€2,
aldehyde®©3 and secondary amin&gl. This was achieved by a second cyclization at tige C
position followed by 4BuOK/hexane mediated cyclization of intermediat2
(aminomethyl)indole96 (Scheme22) [85]. Hongjian et al., described an iodinmediated

domino electrophilic cyclization reaction of substitute(BZAllylamino)prop-1-ynyl)anilines
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100 for the preparation of-bdomethyl substituted tetrahydfscarbolines102 (yield, 90
95%). First, compound100 was readily prepared by Sonogashira coupling of 3&eand
corresponding alkyn®9. Here, the iodine served as a Lewis acid, coordinate tivifthe bond

to promote cyclization which produces the intermedidi# followed by the removal of the
alkyl group by iodide via anN2 reaction and final cyclization (Scher28) [38]. Recently, in
2015, Ana and his eworkersexplored the golatatalysed hydroaminative/arylative cascade
cyclization (Scheme 39) of-@minoarytl,7-enynel103 as an expeditious route to ZiBed
indole ringsl05via unactivated alkene and dyBsubstituted indole intermediate34 (Scheme

24) [31].

R4
3
=z R
+ R,CHO CuX(5mol%) RS| tBuOK \
93 > N\ — > N N.gs
NHR! T dioxane N ) hexane
\ R 2
92 R®__R* R! R
94
?\I/HRS = 95 9% B 97

R,=S0,Ar R,=H,Pr,BnOCH,, TMSCH=CH, R;=CH,OH R,=H Rs=Me

Scheme22: Onepot three component synthesis of tetrahyfoh@arbolines usingBuOK.
oy
N N\R ’ [
I I R‘\
Rl : ‘ﬂ” | | | I, QI H !
N7 N.ig2 DCM, 1t N N N "R
100 101

) Cat. Pd/Cu 7 R2 -
98 R2

|
102 R?
R! C |- R'=H, Me, OMe, Cl, NO,
R2=Ts, Ms, Bn ; R? = Me, Bn

I

Scheme23: lodinemediated domino electrophilic cyclization to giveodlomethyl

substitutedetrahydreb-carbolinesl02

Alkyne \
=
hydroamination Alkene NH
| [Au(L)(MeCN)]SbF, AN hydroarylation
NH, (5 or 10%mol) g

DMEF (60-80°C
103 L=JohnPhos ) 104 105

TZ_ o

Scheme24: Gold(l)-catalysed synthesis of 2{@sed indole derivatives05.
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2.6. Biological Activities of THbCs

THBCs derivatives have attracted attention because of their biologicabrerchaceutical
properties such as antimicrob[&6, 21] antioxidant[87], anticancef18], antimalarial[88],

antrinflammatory[89], and antileishmanial activitie$90, 90] Thereforein view of growing
importance of various TbC derivatives abrief account of recently reported B8 alkaloids

and heir bioactivitieds reportedn the next sections.
2.6.1. Antibacterial Activity

In 2014, Hongian group reported the activity of a series of tetralf@oarboline3-carboxylic

acid derivatives and the compouhd6 exhibited more than 70% fungicidattavities against

14 kinds of phytopathogens at 50 mg/kg. The study showed that, the conepateiding butyl
esterl63on 3position was much higher than that of compound containHiogitflamide107

on 3position. In the same year, this group reported the fungicidal activities of tetreirydro
carboline derivatives containing acylhbydr az
tactics of active fragment stitching and using compadl@®las the lead compound. The result
revealed that the derivatives showed good fungicidal activities against 14 kinds of
phytopathogens; especially compounti38 109 and 110 exhibited desirable uhgicidal
activities against each of the phytopathoggBS]. Additionally, tetrahydreb-carboline
derivatives exhibited higher activities than analogoiearboline derivative§o1]. In another
work, recently reported series of-atyl-2,3,4,9tetrahydrelH-b-carbolines compared the
substitution effect on microbial effect on a simple tryptoRnélence, compoundklla 111f,

111g 111j, 111jand111k are found to effectively inhibit the growth of mobial cultures of

E. coli, S. aureus, A. niger, and H. oryaaegood comparison to the standard drug Penicillin
and they have successfully improved the activity of basic 2;8#&#&hydrelH-b-carboline
scaffold (Fig. 2)22].
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R=

(0] a4-Cl-C4Hjs
COR2 ,N b 4-Br-C6H5
g Ql C 2-F-C6H5
| NH \ NH Ar \ NH d C¢Hs
N N N f 4-F-C¢H;
H H ol g 4-OH-C¢Hg
_ 108  Ar = 4-tert-butylphenyl h 2-OH-C¢Hj
106 R, =-O-n-Bu 109 = 4-chlorophenyl 1 3-Me-CgHj;
107 Ry = -ONH-n-Bu 110 = 3,4-dichlorophenyl 111 j 2Me0O-4-OH-C¢H; 112
k 4-NMe,-C4Hj

I 4-NO,-CgHs

Figure 2: Chemical structure of active antimicrobial THBC derivatives.

In 2018, Alexandra and Olga, described a more detailed biological profile of the eudistomin U
112 (indole scaffold linked tdb-carboline; orginally isolated fronCaribbean Lissoclinum

fragile). Hence, it was shown that the Grpositive bacteriag. pyogenes, S. aureus, and M.
smegmatijswere most susceptible to the treatment with the compat@dAccordingly, the
corresponding 165 values (3.46 . 4 € g/ mL) w-old enorenpotant than Graiw o
negative bacteridE. coli and P. aeruginosal2.32 7 . 7  ¢[?}). Recéntly, Xuan and
Zhanzhu disclosed antibacterial actiegtiof naturally occurring Griseofamine A3 and its
diastereomer H&pigriseofamine Al14 for the first time. Griseofamine A13 exhibited in

vitro activities against a panel of drogsistant Grampositive bacteria §. aureus, S.
epidermidis, E.faecals, and E. faeciujnwith MIC values of 81 6 € g/ mL .-epiwhi | e
griseofamine Al14 was 23 times more potent than griseofamine A with MIC values-8f 2

eg/ mL. The result suggests the cruci al rol e
[93]. Furthermore, Jiayet al reported the methanol exttaof N-hydroxylated 1,2,3:4
tetrahydreb-carboline115 constituents of the New Zealand ascidRseudodistoma opacum

and testedhgainst a chloroquineesistant strain (FcBColombia) of Plasmodium falciparum

and found to exhibitan K3v a | ue o f .23n =83) (Fidd 2J94N Ourrently, however,
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only a few studies have been published on the antimicrobial activitiesarboline alkaloids

in general.

2.6.2. Anticancer Activity

Since a few yeardy-carboline alkaloid C and THdC) ring system has attracted significant

attention due to their effective anticancer activifis 96, 97, 98, 99]in 2014, Ying group in,
tetrahydreb-carboline/hydroxylcinnamic adi hybrids linked with different substituted
nitrogenricontaining heterocycles at the positio#8 116 were synthesized and screened for

their antitumor activities against six human cancer delttuding hepatoma cells (30.08
5.93¢gM), gast3096 . 6 3 gdtbp carcicoméa dells (28.3. 32 ¢ M) , br ec
adenocarcinoma cells (24-37. 7 6 oWnian cancer cells (358.. 21 ¢ M) , and SM
7721(31.6% . 45¢ M) . Her e, the analysis of SAR r1 eve
suggested thelecton-donatingsubstituat (OCHg) on the ferulic acid derivatives were able to

confer antitumor activities to these molecul280]. In the same year, Corej al reported

various 2-benzoytl,3,4,9tetrahydreb-carboline 117ae through substitution at different

positions to define the SAR resulted in the discovery of potent inhibitors of the transforming
growth factorb ( TGF b)) S | g (piadtal angpgemcapathways yimost advanced

cancers). Among them, compouhii7d (n=1, Ar= phenyl), one of the tested compounds, not

only showed potent inhibition of lung cancer cell proliferation in vitro but also strongly

suppressed growth of lung cancer and breast cancer ifi9g{.o

Furthermore, novel Mubstituted tetrahyd¢b-carbolineimidazolium salt derivative$18were

evaluated for theiin vitro antitumor activity against a panel of human tumor cells lines (HL

60, SMMC-7721, A-549, MCF7, SW4®) and proved to be potent antitumor agents. The
imidazolium salt derivatives bearing aethylimidazole (12.822 . 7 7 ¢ M) , benzi mi
(15.033 . 2 4 ¢ M)}dimethytbénzirbidazole ring and arg@aphthylmethyl or {naphthalen
2-ylethanl-one at positior8(17-132 . 6 1 ¢ M) of the I midazole ring
potent compoundd.01].
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LT Qnl %

- O
X ﬁ:g 8MNH NCH; 117a-e Ar = phenyl, 2-thiophenyl ,
o ¢ 2-pyridinyl , <\ TR
n=0,1,2 Br. \: -1

R3

Ar= 6-CHj3, 6-OCH3;, 6-Cl, 6-Br
7-CHs;, 5,6-Benzo, 7,8-Benzo

Figure 3: The chemical structure of active anticancer compounds.

Additionally, in 2016, Samundeeswari group reporteda@d G-substitiuted coumarin ThCs

190ag on coumarin moiety and onli19e (C7-CHs) and 119f showed appreciable activity
screened for their growth inhibitory activity against 60 human canceliresdl Here, G CHs
substituted coumarihl9es howed moder ate activity with =~ 5
human cell lines, whereas, compourd®f (R= 5,6Benzo) exhibited better activity with > 50%

Gl for nearly 15 cell lines which included renalncer cell lines. The study concluded that
substituent at £and G positions on coumarin enhances the anticancer ackiiBj. Recently,

this Samundeeswari group again come up with a promising anticanb€rfyrid due to thir

inhibition of DNA topoisomerase or CDK. Among these phehybis-THbCs the racemic
mixture 120 which shows a broad spectrum of growth inhibition witgo@halues ranges from

1.0 eM to 4.5 €M against most 60)(Fig.B)J@8l.cancer

2.6.3. Antioxidant Activity

Oxidative stress (which cause the generation of Reactive Oxygen Species,bRDY)pid
(AD) deposits, mitochondrial dysfunction, and low levels of acetylcholine has been implicated
as a core contributor to the initiation and progression of multiple neurodegenerative diseases

including Alzheimer's disease (AD), amyotrophic lateral sclerosis JABSrkinson disease
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(PD), multiple sclerosis (MS) and strok&03, 104] Here, the pathogenesis of several
neurodegenerative diseases, including PD, AD, and MS involving the generation of reactive
oxygen species and the properties of antioxidants are extensively reyi&sed06] Studies

have also shown that natural and syntheti©@T#lpossess a wide range of antioxidant activity
[107, 108, 109, 110]

In 2016, Nicoleet al, evaluated THCs for their radical scavenging activity bymtoring their
interaction with 2,iphenyt1-picrylhydrazyl (DPPH). Here, compountiglae (ECso= 9.17

3.17),f (EGCso= 1.83) andg (ECso= 1.82)revealed radical scavenging activity, ranging from
50% to 74% compared to thatldtocophero[111]. Based on the topology of the active site of
cholinesterases and other target proteins involved in the pathogenesis of Ald eGatahave
synthesized tacrinolox and tacrindryptoline hybrids with various linker chain lengths. The
result discovered that free radical scavenging activities (studied usindiphdnyt2-
picrylhydrazyl, DPPH) were not significantly affecteg varying linker chain lengths and the
hybrid compound containing the tryptoline moiety linked with a 7 carbons spacer to fé&t&ine
displayed the best AChE and BuChE inhibitory activitys¢l€17.37 and 3.16nMB7]. With

sane concept, Yifaret al, synthesized bivalerii-carboline derivatives modified by several
series of hydrophobic moieties as potential neuroprotective agents for AD. The result showed
123 (Ri=CHz;, n=2) and (R=CHs, n=3) exhibited the good selectivity potgncon
butyrylcholinesterase (BuChE) inhibition g1 . 7 and 2.7 €M, respect.i
marked decrease in cell viability (57.2%) due to the neuroprotective potential of the compounds

on HO»-induced oxidative stress on neuronal cell lineS&FbY [112].

Recently, Yihang and his asorkers reported the firé vivo (into the striatum of Wistar rats)
evaluation of the neurotoxic effects of Ta@l®4 causing aggressive PD from the perspective

of mitochondrial dysfunction. When the changes in the mitochondrial membrane potential were
measured by incubating the tisswe$s t h  SetrdciNgol 6 NjXgBaetByjenzimidazole
carbocyanine iodide (3C stain), TaClo impairs the function of mitochondrial complex by
causing oxidative stress which is known to occur at the early stage of cell apoptosis (Fig. 4)
[113]. Very recently, Ahmact al, described novel TbC, 2benzoyt6-methoxy9-methyl1-
phenytl1,2,3,4tetrahydreb-carboline 125 and evaluated foin vitro acetylcholinesterase
(AChE) inhibitory activity which showed potential AChE inhdyi with an 1Go value of 26.52
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+ 0.79 mM with relatively low cytotoxicity profile (80% of the cells were viable at all
concentrations) at cellular level which can be potential candidate for AD therapeutic agents (Fig.
4) [114].

R a-e R=H,

f-g R= COOMe
NH a R;=C¢Hg

N\ b/f R,=CH,CH,
N x. /8 Rj= CH,CH(CH;),
H I d R,=CH,CH;
121 e R;=(CH,);CH;
COOMe
R,
L N~ Ny
N XN
i \
R,
123 MeOOC
R,= CH;, H
X=1ILn=1,2

Figure 4: The chemical structure of active antioxidant compounds.

2.6.4. Antileishmanial Activity

Leishmaniasis is caused by intracellular protoZoeishmaniaspp parasites and ¢®nsidered

as one of the most neglected tropical diseases. Due to no effective vaccines, the treatment of
leishmaniasis relies on the chemotherapy apprfiad 116, 117]From the literature quest, it

was revealed that several natural and synthetic product scaffolds, including the ddass of

carbolines have shown potential aeishmanial agentd.18, 119]

In 2014, Sudhakaat al,, identified tetrahydreb-carboline analogé26af possessing significant
antileishmanial activity againgieishmania donovarpromastigotes. The thioph&ayl linked
analog126e and naphthyl linked analoj26f were most promising antileishmanial agents,
exhibting ICsov al ues of 9. 1 a n {90].5inilady, Peieet al. sceesnedefart | v e |
1-phenytN2-substitiuted tetrahydrb-carboline derivative$271ap against both promastigote

and amastigote forms af infantum.Here,thetwo analogues (R = H,:;R CHgz) and (R =m+

NO2, R: = H) exhibited selective and potent inhibition of amastigotes wighv&ues 0.67 and

0.87 mM respectively and potency was comapée with amphotericin BHere, the SAR study
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suggested that, substitution imetg ortho positions showed favorable effect, while replacement
with bulkier group had minimal effect on activity apara substitution was not desiraljie20].

In another study, NBubstitiuted tetrazole hybrids 1,2,34¢@rahydreb-carboline 128au

identified as potential antileishmanial chemotypes. From the analogues, compouiid with

3,4,5 trtOMe, R = Cyclohexyl) was found to be the most active in the series havipg IC57

N 0.12 e&M. However, in thi s hsspecdtythe substituentovi o u
was observefR4]. Surprisingly, results obtained from examination of-&gihmanial potential

of tetrahydreb-carbolinespeptide hybridl29 showed represent a new structural lead foranti
leishmamal chemotherapyMost of the screened derivatives exhibited significantitro antr

leishmanial activity against promastigote and intracellular amastigoteg&ttging from 2.43

to 7.61 €M) than the odteg M), wiilRlg(Fies§s neyt( d:

N
—I
o = __
127a-p
O,N (I

Ry R = H, OMe, CH;, C, F, CF,4
_N
NN
\ N > /N
N N

=
128a-u TR R =3/4-H, F, CL, Cl, Br, NO,, OMe,
X =3,4-di-OMe, 3,4-,5-tri-OMe, 4-Isopropyl 129 |
R = tertbutyl, cyclohexyl

R=
126a 126 126c  126d 197¢  197f O | H Ry
\ N R e o b dd Y Y N
~ J\ N =
N H |
H S o) ;R
| NS
N

Figure 5: The structure of active antileishmanial compounds.

2.6.5. Antkmalarial Activity

The b-carbolines and TBCs are also reported to have a very significantraatarial activity

[122, 123, 124, 125]In 2014, Lydiaet al, evaluated for antimalarial activity df,2,3,4
tetrahydreb-carboline analogues against a chloroquimsistant strain ofP. falciparum

Amongst the analoguek30a( 9. 6 andM0b( 1 7. 2 € M) exhibited eit
enhanced antimalarial activity versus the corresponding fully arofatacboline structure

[126].
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Varun and his cavorkers reporteth vivo antimalarial potency of two mel THbCs131 aand
131b( 5 € g/ mL Plasmaodiam bergheiBased on the results, tlt®mpounds were
categorized as highly active against the chloroquine (CQ) sensitive6@)\Ktrain of rodent

malaria parasité. bergheiwith ICso= 5 € g/ mL, a comparabl e i

nhi

standard drug CQ (10 &M) &HI?2d Récentlycim2020rScait ( 5¢€ g

et al evaluated a library of tetrahydbscarboline derivativesl32 by appending various
aromatic substitutions in order to make additional SAR study adrifasiciparum Among the
series, the lead compound,-afdoro-THBC derivative (R = Me), displayed modest activity and
low toxicity against human cells. Accordingttte SAR study, replacing the methyl group of
the lead compound with a phenyl ring (R 3-Rh) allows for additional hydrophobic
interactions, giving most phenglubstituted derivatives improved activ[y28]. In additions,
Bhawi et al.investigated amntimalarial activity of THbC-Quinoline conjugates linked via either
1H-1,2,3triazole133ab (which has a favorable influence on the gudtismodial activity) or a
substituted acyl hydrazideore 133ab for their in vitro antiplagnodial evaluation on CQ
resistant W2 strain o. falciparum However, the introduction of hydrazine core not only

diminished the activities but also resulted in increased cytotoxicity against mammalian Vero

cells[129](Fig. 6).
Qﬁcoom cl
%H
N
H R
131 | 132
\ Q

aR,=H=R,

b Rl H RZ = COOMe AN
QUQ o a1 p&
Qﬁ\ 134 a-b cl

133 a-b aR=H
aR=H bR = cis-CHj
b R = cis-CH; / N

=N

Figure 6: The structure of some antalarial compounds.
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2.6.6. Anti-inflammatory Activity

However poorly characterized, naturally occurring and synttetarboline alkaloids are

reported to have a significant inhibitory activ[ty30, 131, 132]In 2014, Samir and his €o

workers reporteda n t lammatorfy activity of135 and found toexhibit potent histone
deacetylas@HDAC) inhibition (ICso = 43.9nM)due to their effects on cell death acting through
acetylation of [bh38]nIn wvo srtrmflarematpry activiyi ofi( s2 NjS, 5 NjS)
tetrahydr opy-diR,3,4,%arahtdielH2p@rido]3,4blihdole}-1 6 ;didng 136

was assayed on xylene induced ear edema mouse model. The minimal effective dose of
THPDTPI inhibiting the i[WB4l ammati on was O0.00

Recently, Michel group described the tetracyclicbCHderivatives as highly potent histone
deacetylase 6 (HDACS6) inhibitors for its aimiflammatory activity. Inhibitor potency was
determined in an invitro assay on purified human HDAE&ein. Here, compounds37ad
exhibited low nanomolar 1§ -values whilel38displayed an 165 value lower than 1 nM. These
outcomes indicated that the 6S,12aB8 configuration is preferential and lead to greater
inhibitory potency[135]. Le-Ling and his ceworkers identified the pentacyclic D& from
Nauclea officinalis plant and evaluated itdn vitro antrinflammatory activity on
lipopolysaccharide (LPSnhduced nitric oxide (NO) production in RAW264&Il. compounds
showed significant antnflammatory activity. According to the result, compoud89showed

a significant antinflammatory activity withanlggv al ue of 2136§FgNAD.. 6 7 ¢ M

136

Mw

R = Me, Et,
n-Pr, n-Bu R2=nPr

137 138 p3_
NH R°=H

\
0 OH NH
o OH

Figure 7: The structure of some active amtflammatory compounds.
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CHAPTER 3

3. MATERIALS AND METHOD

3.1. Reagents and Chemicals Used

Solvents and chemicals wepairchased froneommercially available supplierfife chemical
and Firmament chemical supplier, Addis Abebad were used as received without further
purification. Distilled water, ethyl aceta{®8.0%), sodium bicarbonateanethanol(99.8%),
petroleum ethe(>99.9%), dichloromethan€99.3%), silica gel (60120 mesh), kryptophan
(98.0%), formaldehyde(37.0%), benzaldehyd®9.0%), p-hydroxybenzaldehyd89.0%), 4-
hydroxy-3 methoxybenzaldehydeacetic acid, trifluoro acetic ad@9.3%), sulfuric acid,
ammoniunmhydroxide 2, 2dipphenytl picrylhydrazyl (DPPH)and anhydrous sodium sulfate

were chemicals used in tmssearchwork.

3.2. Apparatus and Instruments

Melting points were determined in an open capillary using digital melting point apparatus,
expressed in ‘C. Reaction progress was checked onquated TLC plates and spots were
visualized using UVdmpat 254and 365 nmSilica gel (60120 mesh, Merck grade) has been
used forsilica column chromatography. The column was subjected to gradient elution by
increasinggradient ofethyl acetate irpetroleum ether and dichloromethased spots were
visualized under UV lamp (254 nm). The synthesized compounds were characterized on the
basis & physical and spectral analysis. The W6 spectum of synthesizedompound30was
recorded on Doublbeam U\tVis spectrophotometer using DCM and MeOH as blank solvents
a n Ghax Values were expressed by nm. Theand3C NMR spectra of the compounds wer
recorded on Bruker avance 400 MHz NMR spectrophotometer using Chlordfam
Methanotds as the solvent and the values are expressag@pm
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3.3. Experimental Procedures

3.3.1. Synthesis of Hryptophan methyl ester

In a threeneck round bottom flask, to a suspension of commerciatrijttophan27 .00 g,

24.5 mmol) in methanol (70 mL, 98%) dropwise concentrated sulfuric acid was added until
complete solubilization. The reaction mixture was kept under reflu6%eT) for 24h and its
progress monitored by TLEtOAc: MeOH: NHY/ 5: 2: 1). Thesolution wasallowed tocoolto

room temperaturand neutralized with a solution of 5% sodium bicarbonate (NafjjGnd
extracted with ethyl acetate (2 x 30 mL). The organic @hess driecbveranhydrous sodium
sulfate (NaSQy) and after filtration the solvent was removed in a rotary evaporator to &fford
[23].

0) 0)

OH OMe
H,S0,
NH, —» NH,
N\ MeOH A
N (reflux) N
27 30

Scheme25: Synthesis of Lryptophan methyl est&0.

3.3.2. General procedure for the synthesis of 1,2,3tdtrahydro-b-carboline-3-carboxylic

acid methyl esters

L-tryptophan methyl ester (240g, 1.1mmol), and formaldehyde was dissolved in2CH (70

mL) and cooled to 0 °C in an ice bafffo this solution, 5% triflouroacetic acid (TFA, 0.5mL)

was added dropwise and the mixture was stirred at room temperature for about 24h and
completion of theeaction was monitored by TLC. The reaction mixture teen basified with

dilute NH4OH solution and extracted with GElI> (3x50 mL). The organitayer was washed

with water, brine, dried over N8Qy, filtered, and evaporated under reduced pregsuaéford
compoundL40[137].
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Spectral data of compouridQ

'H NMR (400 MHz, Chlorofornd) spectruniy 3.94i 3.86 (m, 2H), 2.10 (brs, NH), 3.68 (dd, J
=5.7, 3.6 Hz, 1H), 3.18.18 (dd, J = 7.9, 3.0 Hz, 2H), 7.53 (d, J = 7.6 Hz, 1H), 7.78 (d, J = 8.1
Hz, 1H), 7.18 (t, J = 9.1 HAH), 7.46 7.38 (dd, 1H), 3.62 (s, 3Hjnd3C-NMR (100 MHz,
CDCl) U+ 436,59.1,247,107.2127.2117.9119.6 121.9109.3 137.1, 131.6 55.7, 173.5

0 OMe (e]

CH,0
NH2 2 OMe
A\ \ NH
10%TFA
N
H

30 140

Scheme26: Synthesis ofl,2,3,4tetrahydreb-carboline3-carboxylic acid methyl ester.

3.3.3. General procedure for the preparation of ksubstitiuted 1,2,3,4tetrahydro-b-

carboline-3-carboxylic acids (142ac).

L-Tryptophan 2.0g, 10 mmol) was added to 250 mL roundbottom flask containing0 mL
acetic acidThis was followedoy the addition ohromaticaldehyds (10 mmol, benzaldehyde
for 1423 p-hydroxybenzaldehyde fdr42b,and vanillin forl429. The mixturewas heated to
reflux for 2-3 hrs under until all of theryptophan was consumed as indicated by TLRe
reaction mixture was then cooléd rt, andadjusted pH to 5 with concentrated ammonium
hydroxide, the pcipitated product was collected by filtration and washed well with water and
then dried[138]. The residue was chromatographed on silicatgdlrnish compound42a
142b, and142c

Spectral data of this compoutd2a
H NMR (400 MHz,Methanotds) Uy 8.43 (s, COOH), 8.23 (d, = 8.0 Hz, 1H, H5), 8.12i
8.03 (m, 1H, H8), 7.63 (ddJ = 7.0, 10.7 Hz, 1H, H), 7.62i 7.59 (m, 1H, H6), 7.13 (dJ =

8.0 Hz, 2H, H2'6"), 6.93 (ddJ = 11.1, 7.5 Hz, 1H, K8'5"), 6.81i 6.74 (m, 1H, H4"), 5.21 (s,
1H, H1), 4.201 4.05 (m, 1H, H3), 3.46i 3.45 (m, 2H, H4), 2.12 (s, 1H, NHpiperiding and
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13C NMR (100 MHz,Methanotds) Uc 58.5, 55.5, 22.3, 108.3, 127.5, 118.1, 119.7, 122.9, 111.7,
136.9, 137.5, 132.9, 130.0, 130.3, 129.2, 173.9

Spectral data of this compoutd2b:

IH NMR (400 MHz, Methanetls) U 10.74 (s 1H), 10.27 (s 1H), 7.85 (dJ = 7.9 Hz, 1H), 7.65
(d,J=8.1 Hz, 2H), 7.46 (] = 6.6 Hz, 1H), 7.41 7.37 (m, 1H), 7.24 (d] = 8.2 Hz, 1H), 6.27
(d,J=7.0 Hz, 2H), 4.91 (s, 1H), 3.913.81 (m, 1H), 3.61 (d] = 5.7 Hz, 2H), 1.60 (S, LHH,
piperidind and'*C-NMR (101 MHz, Methanetl) Uc 56.7, 54.4, 20.6, 105.3, 124.1, 116.1,
117.7,120.7, 109.6, 138.76, 129.7, 135.7, 126.5, 114.0, 157.7, 167.9

Spectral data of this compoutd2c

IH NMR (400 MHz,Methanotds) Un 9.84 (s, 1H), 8.30 (s, 1H), 8.10 (@ 8.0 Hz, 1H), 7.96
(d,J=12.8 Hz 1H), 7.53 (dd,) = 7.8, 1.9 Hz, 1H), 7.29 (d,= 6.5 Hz, 1H), 7.21 7.05 (m,

1H), 7.01 (dJ=6.9 Hz, 1H), 6.81 (dd}=11.1, 7.5 Hz, 1H), 5.09 (s, 1H), 4.08 (d&; 7.1 Hz,

1H), 3.78 (s, 3H), 3.36 3.29 (m, 2H), 2.00 (s, 1HNH, piperiding and'3C-NMR (101 MHz,
Methanotds) Uc 56.7, 56.2, 29.6, 108.0, 127.8, 118.0, 119.3, 121.6, 112.2, 134.6, 137.0, 131.0,
113.9, 149.7, 147.2,111.4,120.5, 171.8, 54.2

1422:R, =R, =H
142b: R, = H, R, = OH
142c¢: Rl = OCH3, R2 =OH

Scheme27: Synthesis of substitutetHb-carbolinederivatives via conventional method.
3.4. Spectroscopic Techniques

Physical and spectroscopic techniques were usela@cterie thesynthesized compounds

NMR spectra were recorded on a Bruker Avance 400 NMR spectrometer operating at 400 MHz
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usingMethanotds and Chloroformd. A region from 0 to 12 ppm fdiH and 0 to 190 ppm for
13C was employed for scanning. Chemical shifts arerteganii units and coupling constants
(J) in hertz (Hz). Multiplicities ofH NMR signals are indicated asd, dd, t andm. UV-Vis

spectrum were recorded in range of ZWD nm
3.5. Determination of Antibacterial Activity

In vitro antibacteriakusceptibility test was determined by disc diffusion me{i88] against

the bacterial species representing Gram negatiZexdil, and P. aeruginosa and Gram
positives & aureusandS. pyogengsThe bacterial strains were obtained from Adama regional
microbiology laboratory.The medium was preped by dissolving 38 g of Mueller Hinton agar
medium in 1000 mL of distilled water and autoclaved at 121 °C for 15 min. The autoclaved
medium was pourenhto sterile plates (2@5 mL/plate) and the plates were allowed to solidify
under sterile condition at room temperature. After solidification, the plates were seeded with
overnight grown culture approximately 1.5 X¢TTFU/mL by swabbing evenly on to tearface

of the medium with a sterile cotton swab.

The synthesized compounds at the concentrations of 0.5 mg/mL and 1.0 pwy/miscwas

prepared by dissolving in DMSO. Whatman filter paper no. 1 was used to prepare discs
approximately 6 mm in diametérhe sterile discs were infused with the synthesized compounds

and position on the surface of the medium with sterile forceps and gently pressed down to ensure
contact with the MHA. Control experiments were carried out under similar conditions using
ciprofloxacin for antibacterial activity as a standard drug. The plates were inverted and then

i ncubated at 37 f the inhibilon 2ome produckd Ry the syrithesizedb a t i
compounds were evaluated by measuring the diameter (mm) of the cleaareand the disc

against the test organisms using a ruler. The results were expressed as mean value * standard
deviation The antibacterial activities of synthesized compounds were done in collaboration with

the Department of Applied Biology, Adama Scierand Technology University.

3.6. Antioxidant activity

DPPH radicalkscavenging assafRSA). The DPPH assay was used to assess the free radical

scavenging activity of the synthesizemmpoundsThe free radical scavenging activity of the
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synthesizeccompounds were measured by idifphenyt2-picryl-hydrazyl (DPPH) method
[140]. With this method, it is possible to determine the radical scavenging power of an

antioxidant by measuring the decrease in the absorbance of DPPH at 517 nm.

The synthesized compoundageredissolved in four vials containing methanol to gia®, 50,

25 and12.5ug/mL. To 1 mL of each concentration, 4 mL DPPH (0.004% DPPH in MeOH) was
addedto give 20, 10, 5 and 52 pg/mL. The resulting solution was placedan oven at 3TC

for 30 minutes and subjected to BXis spectrophotometdp recordabsorbance at 517 nm
Ascorbic acid was used as a reference standard and dissolved in methanol to make the same
concentration.For the control experiment, methanol was added with DFRRkally, the
absorbance values were measured and the antioxidantiiestmiere calculated using the

following equation141].

% of Radical scavenging activity Wp T TT

; where Alontrolis the absorbance of tieentrol and Aanayteis the absorbance of samples.

Results obtained were expressed as percentage decrease with respect to DPPH control results.

3.7. Molecular docking study of synthesized compounds

To have a better understanding abthg inhibitory mechanism as well aBet mode of
interactions of thesynthesizeccompoundsjn silico antibacterial and antioxidamholecular
docking analysis will be accomplished using the ADT version 1.5.2 and AutoDock version 4.2
docking program. The crystal structure of the enzyme (PDB code 1KZN) with resolution 2.3
will be chosen as the protein model. The structures of ligarnididevoptimized using the
HyperChem 7.0 software. Auto Dock version 4.2 will be used to prepare the molecules and
parameters before submitting it for docking analysis with Auto Dock. Polar hydrogen atoms
will be added while nompolar hydrogen atoms willdlomerged and then, Gasteiger partial atomic
charges will be assigned to the ligands. All rotatable bonds of ligdafised by default of the
program, will be allowed to rotate during the automated docking process and then prepared
protein and ligand statures will be saved in the PDBQT format suitable for calculating energy
grid maps. A grid box size of 46x46x46 points with a grid spacing of 0.374b will be

considered. Lamarckian genetic algorithm (LGA) program with an adaptive whole method
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search inlie Auto Dock will be chosen to calculate thi#ferent ligand conformers. After 200
independent docking runs for each ligand, a cluster analysis will be done. In according to the
root mean square deviation (RMSD) tolerance of/2cOnformations will be cistered and will

be ranked by energy of which the conformation with the best scored pose with the lowest binding
energy will be selected for these liganti42, 143] The molecular docking study was done in

Adama Science and Technology UniversityRajalakshaanan Eswaramoor{ihD)
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CHAPTER 4

4. RESULTS AND DISCUSSION

4.1 Synthesis of the target compounds

The target compounds were synthesized accordisgheme8-30. L-tryptophan methyl ester
30, the starting materidbr 1,2,3,4tetrahydreb-carboline3-carboxylic acid methyl ester40
was prepared byethylatinglL -tryptopharusingmethanolactivated by acidinder reflux for24
hrs

To drive the equilibrium to dtryptophan methyl ester, excess alcoisohdded following Le
Chat el ncple. dnsaddianjhe reaction was catalyzed by acidwhich enhances the
electrophilic nature of thearbonyl carbon of thearboxylic acid moiety. The tetrahedral
intermediate formed by the attack of the alcohol can then isomerize by means of proton
migration, to allowwater to behave as a leaving group. 4 @$ water yields a carbocation
stabilized by resonance, which need only lose a proton to givetityptophan methyésters

30, and regenerate the acid cataly®ater is driven off undethis non-equilibrium conditions

until the final ester percentageached. The residual carboxylic acid could be isolated and
separated from the corresponding ester by treatment with aqa@ed&HCQ:. Yield was
estimated on the basis of initial weight of the raw materials taken and the final weight of the

ester obtainedfter the complete drying.

In thisesterificationreaction, o-methylation of Ltryptopharwherecarboxylicacid moiety was
heated with alcohol in the presencecohcentratedulfuric acidis bothslowand reversible
routes Compared to therevious report, the reaction affords lower yield however with
comparably fast reaction tin[@3]. The detailed reaction mechanism of the synthesis-of

tryptophan methyl ester is shown in scheme 28.
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N - HzSO4 N
H H
30

Scheme28: Mechanism for synthesis ofttyptophan methyl ester.

Compoundl40was synthesized after compousi@was prepared and dried welhe synthetic
strategy began with the Pict8pengler codensation of Lryptophan methyl este30 with
formaldehyde under acidic condition which affords tetramf@oarbolines140. Here, the
method of reaction produced higher product yield compared to the previepsiyed[137].
Even thouglthis systemwasfruitful in terms of short reaction times and good product yields,

there still is a need for the developmentrafreefficient and ecofriendly methodologies.

In the synthesis df40andl142a142cPictetSpenglereaction was appliedhe PictetSpengler
reaction is essentially a twsiepreactionin which the reaction involved the participation of the

i ndol e r i ng a sexcessive matngHirdt, ano dlectromicts aromatic amine
(tryptophane7 and tryptophane methyl est&f) and an aldehyde condense to form an iminium
species (scheme 29 and scheme B@pardless of which path occurs, it is the electrophilic
nature of the imine double bond which is the driving force of the cyclizith 145, 144]

Then, an electrophilic aromatic substitution reaction occurs in which the aryl amine attacks the
electrophilic iminium to yield a positively charged intermediate which is then deprotonated to
yield the b-carboline product. Notably, both carbons 2 and 3 of tryptophane and/or tryptophane
methyl ester are nucleophilic. Therefore, after iminium formation, the reaction proceeds either
by attack of carbon 2 to directly yield the-snembered ring intermed&br by attack of carbon
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3 to yield a spiroindolenine intermediate that would undergo-alky2 shift to form the product
140 1423 142b andl142c

0O o)
o 0 OMe OMe
OMe 0 F + O—H
.

N HN—H H
w, 2T > RN

2 \

H
l-HZO
30 0

Scheme29: Mechanism for the synthesis bf2,3,4tetrahydreb-carboline3-carboxylic acid

methyl ester.

R, AcOH

142a,b,c

142a:R; =R, =H
142b: R; = H; R, = OH
142¢: R| = OMe; R, = OH
Scheme30: Mechanism for the synthesis tetrahydreb-carboline3-carboxylic acid

derivatives.
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In this regard,hree tetrahydrd-carboline were synthesized usingriptophan as a substrate
and aromatic aldehydes (benzaldehydep-hydroxybenzaldehyde, 4-hydroxy-3-
methoxybenzaldehyde) in the presence of acetic acid as a catalyst and (Qdhente 30).
These tetrahydrb-carbolinewere 1-phenytl,2,3,4tetrahydreb-carboline3-carboxylic acid
(142a) 1-(4-hydroxy) phenyl,2,3,4tetrahydreb-carboline3-carboxylic acid {42b), and %
(4-hydroxy-3 methoxy) phenyl,2,3,4tetrahydreb-carboline3-carboxylic acid {42c) The
overall reaction involving the formation tdtrahydreb-carbolineand the proposed mechanism

is indicated'scheme 30)

With sensiblechoice of tryptophan derivatisg142b and 1429 good yieldsfor the Pictet
Spenglerproductswas obtainedunder the given condition compared to the previous reports
[138, 147] Another interestindgeature of our studies was tratyl aldehydes bearinglectron

donatinggroups successfullynderwent the PicteSpengler reaction withase.

4.2.Characterization of tetrahydro -b-carboline derivatives

4.2.1.Physical properties of the synthesized compaowls

Physical constants and percent yield of the synthesized compounds are praseaekl
respective sectiofProgress of the reactions were monitored using TLC. FralRes foreach

of the synthesized compounds were calculatée spots on the TL@late werevisualized

using UV lamp at 254 nm. The % yield was estimated on the basis of initial weight of the raw

materials taken and the final weight of tivg productobtained after purification from column

chromatography.

4.2.2.Characterization of the synthesized compounds

NMR spectra were -4@00r de dh tetmmethyldiaBe TMSEkas the
internal standard and Methardy and CDC} as a solvent. Theummarized characteristic ¥
and'*C-NMR chemical shifts for eactompound are discussed below.

4.2.2.1. Characterization of compound0

Compound30, C12H1sN202, was obtained abrown crystalline needleith melting point of
154156 °C, R 0.67EtOAc:MeOH: NH; (3:2:1) solvent system and6 % yield. The U\WVis
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spectrum (20800 nm, Chloroform) showed maximum absorptior2aB nm and223 nm,
attributable to nY  * andppéndixl). transitions, r

4.2.22. Characterization of compound 140

Compound140, C12H14N202, was synthesized dsown crystalline needleith 89.0% yield anda
melting point 0f130-135°C. TheRs valuewas recordeds0.77 withEtOAc: MeOH (5:21) solvent

system.

The!H -NMR (400 MHz, CDC}) spectrum Table 1, Appendix 2) showed the presence of four
proton signals in the aromatic region and five praigmals in aliphatic regioflhe presence of
aromatic ring A of thé-carboline was confirmed on basis of doublet peaks obserigd/ab3 (d,
J=7.6 Hz, 1H, H5), and 778 (d,J= 8.1 Hz, 1H, H6), while the remaining peaks were observed
atln 7.18 (t,J=9.1 Hz, 1H, H7), and 7.467.38 (dd, 1H, H8). The signals observedi®i3.86

I 3.94 (m, 2H) is accounted farethylengoroton of(H-1) andux 3.68 (ddJ= 5.7, 3.6 Hz, 1H)

is due tosp3 methineH-3) connected to carboxyl moietfhe twodiasterotopic methylene
protons (H4) appeared aiy 3.153.18 (dd,J = 7.9, 3.0 Hz, 2H) and a broad singbetakat U
2.10 (brs, 1H) is accounted teNH. A characteric peak atln 3.62 (s, 3H) isattributed to
mehylesterprotons

The*C-NMR (100 MHz, CDC}) spectral data of compouridiO (Table 1, Appendix 3) with

the support of DEP-IL35 revealed the presence of well resolved thirteen carbon signals of which

one is due to carbonyl carbons with the signalGtl735. The spectrum also exhibited the
presence of foumromatics’ quaternary signaksttic 107 2(4a), 127.1(4b), 131.6(9a), 137.1)8a

which were suppressed in DEFPIB5 spectrumThe signals afic 436 and 247 were ascribed

to C-1 and G4 respectively which are accountedfoe t hpgdlesi@ poi nDERJ down
135 s p €he peaks alc 55.7 suggest methyister preakvhereaspe a k 5atsufgest

methine {CH-) of C-3. The aromatisp’ methines appearediic 1218, 1196, 117.9, and 109.3

are accounted for-Z, G6, G5, G8 respectively.

The DEPTF135 (101 MHz CDCls) spectrum showed signal@b5.7 formethyl ester peak and
aromatic methines appearedid®21.77, 119.55, 117.90, 109.22.66 for CH carbons ar®.5,
and43.6 for CH andCH. carbongespectivelyAppendix 4). Thus, based on the abosgectral
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data generatednd comparison with literaturéhe structure of compound was suggested as

follows.

Table 1: *H, *C and DEPT135 NMR spectral data @bmpoundl40.

Position 142a Ref [148]
H 13C DEPT-135 H 13C

1 3.947 3.86 (m, 2H) 436 43.58| 4.304.08(m,2H)| 40.7

NH 2.10 (brs, NH) - - 2.05(s, NH) -
3] 3.68(ddJ=5.7,3.6Hz, 1H) | 59.1 59.1 | 3.81-3.85(m,1H)| 54.7
4 13.153.18 (ddJ=7.9,3.0Hz, 2H) | 247 24.66| 2.893.14(2H) | 24.2
4a - 107.2 q - 105.5
4b - 127.2 q - 126.0
5 7.53 (d,J= 7.6 Hz, 1H) 117.9 117.9 7.15(1H) 116.6
6 7.78 (d,J=8.1 Hz, 1H) 119.6 119.6 7.48(d, 1H) 118.2
7 7.18 (t,J=9.1 Hz, 1H) 121.9 121.9 7.10(1H) 120.5
8 7.467 7.38 (dd, 1H) 109.3 109.3 7.30(d, 1H) 119.8
8a - 137.1 q - 135.0
9a - 131.6 q - 130.6
OCHs 3.62 (s, 3H) 55.7 55.7 3.79(s,3H) | 51.1
CO - 1735 q - 173.2

Figure 8: The structure o1,2,3,4tetrahydreb-carboline3-carboxylic acid methyl ester
(140).
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4.2.23. Characterization of compound140a

CompoundL40a, C1gH16N202, was synthesized aghite solidwith 64.0% yield meled at150-153
°C which agreed with previously reportedluefor the same compour{d48]. The R value was
recorded as 66 with EtOAc: MeOH NH;3 (4:2:1) solvent system.

The'H NMR (400 MHz,Methanotds) spectrum Table 2, Appendix 5) showed the presence
of seven proton signals in the aromatic region farelproton signals iraliphatic regionThe
presence of aromatic ring of thecarbolinewas confirmed on the basis of peaks observéed at
8.23(d, J=8.0Hz, 1H,#4, 7.627.59 (m, 1H, H6), 7.63 (dd J=7.0, 10.7 Hz, 1H, ), 8.12
8.03 (m, 1H, H8). The most downfieldproton signals observed &t 8.43 (brs, 1H), is
accounted tahe acidic proton, COB. Mono substituted aromatic protomase clearly evident
atln 7.13 (d,J = 8.0 Hz, 2H H-2'6), 6.93 (dd,J=11.1, 7.5 Hz, 1HH-3'5) andUn 6.81/ 6.74
(m, 1H, H-4". The signals observedia 5.21 (s,1H) wasaccounted fomethine H-1) whereas
peak a¥.20'4.05 (m,1H) is attributed to methine proton {B) connected to carboxyl moiety
The two diastereotopicprotons atin 3.46 3.45 (m, 2H) accounted to Hl whereasNH-

pipieridine signal was olesved atiy 2.12(brs, 1H).

The 3C-NMR (100 MHz, Methanotds) spectral data (Table ¥yppendix 6) with the aid of

DEPT-135 revealed the presence of well resolved sixteen carbon signals of which one is due to
carbonyl carborat tic 173.96. The carbon signals duesd quaternary carbons were observed

atlc 108.3(4a), 127.5(4b), 131.5(9a), 137.9(8a),and 18219@s t hei r si gnal 0s
suppressed in DERTI35. The signal alc 22.3belongtome t hy |-,mé s@€f i r med b
DERIT3poi nt i nThe symals atic 58.5 and 55.%elong to methies C-1 and G3

respectively which are accounted foethine {CH-). The aromatisp? methines appeared tic

118.1(5), 119.7, 122.9, 111.7, 130.0, 130.3, and ltP@tareassigned t&-5, G6, G7, C8,

(C-2'6"), C-3'5"), and C-4'), respectively.

The DEPT135 (101 MHz, Methanedls) spectrum showed signal atcl18.1, 119.7, 122.9,
111.7, 130.0, 130.3, and 129.2 for CH carbonsta@®.3 for Ch carbon Table 2, Appendix
7). The NMR spectral data reported herein is in good agreemigmtthe NMR spectral data

previously reported for the same compound.
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Table 2: H, 1*C and DEPT135 NMR spectral data @bmpoundl42a

Position 142a
H.NMR U in ppt lSC-I.\I MR NMR((%E,P-I?SS% Multiplicity
in ppm

1 5.21 (s,1H) 58.5 58.5 CH
2 2.12 (s, 1HNH) - -
3 4.207 4.05 (m,1H, H-3 555 55.5 CH
4 3.4671 3.45 (m,2H) 22.3 22.3 CH:
4a - 108.3 q q
4b - 127.5 q q
5 8.23 (d,J=8.0 Hz,AH, H-5 118.1 118.1 CH
6 7.627 7.59 (m,1H, H-6) 119.7 119.7 CH
7 |7.63(ddJ=7.0,10.7 Hz,1H) 122.9 122.9 CH
8 8.121 8.03 (m, 1H H-8) 111.7 111.7 CH
8a - 136.9 q q
9a - 137.5 q q
1’ - 132.9 q q
2'6'| 7.13 (dJ=8.0 Hz, 2H H-2'6) 130.0 130.0 CH
35'6.93(ddJ=11.1, 7.5 Hz, 1H 130.3 130.3 CH
4' 6.817 6.74 (m,1H) 129.2 129.2 CH

COOH 8.43 (s, 1H) 173.9 q q

Therefore, according to the charactedspectral data given above, the given compduest
fit with 1-phenytl,2,3,4tetrahydrebetacarboline3-carboxylic acid {42g Figure 9).
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Figure 9: 1-phenytl,2,3,4tetrahydreb-carboline3-carboxylic acid 1423.

4.2.24. Characterization of compound 142b

Compoundl42b, C1gH16N20O3, was synthesized aghite solidwith 83.0% yield and a melting point
(278-283°C). The R value was recorded as 0.45 with EtOAc: MeOH:3NBi2:1) solvent system.

The!H NMR (400 MHz,Methanotds) spectrum Table 3, Appendix 8) showed the presence
of six proton signals in the aromatic region amd @oton signals in aliphatic region. A broad
singlet attin 10.27 is due to carboxylic proton. Theost downfieldproton signals observed at
U+ 10.74 (brs, 1H) is accounted teNHof indole From thefour-aromaticproton ofb-carboline
ring, two of the protons appeared at 7.85J¢; 7.9 Hz, H, H5), 7.24 (dJ = 8.2 Hz, 1H, H8)

as doublet while one aromatic@t 7.417 7.37 (m, 1H, H6) is multiplateand theremaining
fourth aromatic proton triplet appearedat6 (t,J = 6.6 Hz, 1H, H7). The presence of AA'XX'
spin system aromatic ring was observeda#.27 § = 7.0Hz, 2H, H2', 6") and7.65 0 = 9.0,
8.1 Hz, 2H, H3', 5') suggesting a para substituted phenylrihdh e si gnal $149lbser ve
(s, 1H) accounted for alicyclic proton ofHand 3.943.81 (m, 1H) is due to 13. Methylene
(H-4) andNH-pipieridine signa were observed &t 3.61(d,J=5.7 Hz, 2H)and1.60 (s, 1H)

respetvely.

The proton decoupledC-NMR (101 MHz, Methanatls) spectrumTable 3, Appendix 9) with

aid of DEPTF135 Appendix 10) showed the presence sixteen well resolved carbon resonances

of which eight are due to methine, seven are quaternary and the other is due to carbonyl carbon.

The carbon signals due to quaternary carbons were obseniedGf.3, 124.1, 129.7, 138.8,

and167.9 (carbonyl carbon) which are ascribed to 4a, 4b, 8a, 9a, and CO respectively as their

signal 6s i ntensi t yl3wlhe peesenae pfmetheng alphalto dathonyD(EP T
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3), methineconnected to nitrogefC-1), and methylene carbon was comfgd atti 54.4,56.7,
and 20.6 respectively.The presence of six aromatic peaks were observed betiv&@9.6

135.7 of which twoof them are quaternary at135.7 (G1') and 157.7(€l"). The remaining
peaks were observed@i16.1 (C5), 117.7(CG6), 120.7(C-7), 109.6 (C8), and126.5(G2'6"),

114.0 (G3'5")suggest the presence of aromatic ring.

The DEPT135 (101 MHz, Methanedls) spectrum showed signal at&6.7(G1), 54.4(C3),
116.1 (G5), 117.7(C6), 120.7 (C7), 109.6 (G8), 126.5(C2'6"), and 114.0 (&'5") for CH
carbons andi 20.6 for Ch carbon Table 3, Appendix 10). Therefore, according to the
characteried spectral data given, the compoubdst ft with1-(4-hydroxy) phenyt1,2,3,4
tetrahydreb-carboline3-carboxylic acid142b).

Table 3: *H, *C and DEPT135 NMR spectral data @bmpoundl42b,

142b
Position | IH-NMR G i n ppm| 3%C-NMR U ¥CNMR Multiplicity
opm (DEPT-135)
(G, ppt
1 4.91 (s, 1H) 56.7 56.7 CH
2 1.60 (s, 1HPiperiding - NH
3 3.91i 3.81 (m, 1H) 54.4 54.4 CH
4 3.61 (d,J=5.7 Hz, 2H) 20.6 20.6 CH;
4a - 105.3 - q
4b - 124.1 - q
5 7.85 (d,J=7.9 Hz, H) 116.1 116.1 CH
6 7.417 7.37 (m, 1H) 117.7 117.7 CH
7 7.46 (t,J=6.6 Hz, 1D 120.7 120.7 CH
8 7.24 (dJ= 8.2 Hz,1H) 109.6 109.6 CH
8a 138.76 - q
9a - 129.7 - q
1 - 135.7 - q
2'6' 6.27 (d,J=7.0 Hz 2H) 126.5 126.5 CH
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3'5' 7.65 (d,J=8.1 Hz, 2H H-3'5) 114.0 114.0 CH

4 - 157.7 - q
COOH 10.27 (brs, 1H, COOH) 167.9 - COCH

9 10.74 (s, 1H, indole) - - NH

Figure 10: 1-(4-hydroxy) phenytl,2,3,4tetrahydreb-carboline3-carboxylic acid {42b).

4.2.25. Characterization of compound 14£c

Compoundl42¢ Ci9H18N204 was synthesized aghite solidwith 85.0 % yield and a melting point
of 238-242°C which agreed with previously reported for the same compfi#]. The R value
was recorded as 0.71 with EtOAZ:Ether (4:1) solvent system.

H NMR (400 MHz,Methanotds) spectrum Table 4, Appendix 11) showed the presence of
seven proton signals in the aromatic region and seven ps@oals in aliphatic region. The
proton signals observed ag 9.84 (brs, 1H) is accounted @OOH From the fowaromatic
proton ofb-carboline ringiwo of the protons appeared@t8.10 (d,J = 8.0 Hz, 1H, H5) and
7.96 (d,J=12.8 Hz, 1H, HB) as doublet while one aromatic protonia?.53 (i, J=78,1.9
Hz, 1H, H-6) appeareds doublebf doubletand the fourth aromatic proton appeared at v.21
7.05 (m, 1H, H7) asmultiplate ABX spin system aromatic ring wasbserved afiy 7.29 (d,J
=6.5Hz, 1H, ArH2"), 7.01 (d,J=6.9Hz, 1H, H5") andUn 6.81 (ddJ=11.1, 7.5 Hz, 1H, H
6"). The signals observed@t5.09 (s, 1H)and 4.08 (dd, 1Haccounted fomethineprotors of
H-1 andH-3, respectivelyMethylene protons and Npipieridine signals were observatiix
3.36-3.29 (m, 2H)andat Ui 2.00 (s, 1H) respectively A characteristi@iy 3.78 (s, 3H)elong

to methoxy proton
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The3C-NMR (101 MHz, Methanets) spectrum Table 4, Appendix 12) with aid of DEPT

135 Appendix 13) showed the presence nineteen well resolved carbon resonances of which
nine are due to methine, eight are quaternary and the other is due to carbonyl carbon and methyl
carbon. The carbon signals due to quatgrmtarbons were observediat108.0, 127.8, 134.6,

137.0, and 171.8 which are ascribed to 4a, 4b, 8a, 9a, and CO (carbonyl carbon) respectively as
their signal 6s i nt ens-135. Yhe wmesenee of mghme @phasted i n
carbonyl (G3), metline connected to nitrogerfC-1), and methylene carbo(C-4) were

confirmed atlc 56.2,56.7, and 29.6 respectivelfhe presence of ten aromatic peaks were
obser vedclhle4id® @ af whiclithreef t hem ar ecl8g0D4Gl149.4C y at U
3", andl47.2(C4"). The remaining peaks were observets=t18.0(C5), 119.3(C6), 121.6(C

7), 112.9(C8), 113.9(C2"), 111.4(C5"), and 120.5(5") suggest the presence of aromatic ring.

The presence of peaksigi4.2ppmsuggests the presamofmethoxyl carbon signal.

The DEPTF135 (101 MHz, Methanedls) spectrum showed signal@t&6.7, 56.2, 118.0, 119.3,
121.6, 112.9, 113.9, 111.4, 120.5 for CH carbonsta@B.6 for CH carbonl &4.24 for-
OCHs (Appendix 13). Thus, based on thebove NMR spectral data reported hereamd
comparison with literaturg47, 149] the structure of compound was suggested as follows here

below

Figure 11: 1-(4-hydroxy-3-methoxy)phenyt1,2,3,4tetrahydreb-carboline3-carboxylic acid
(1429.
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Table 4: H, 1*C and DEPT135 NMR spectral data @bmpoundi42c

Compound 142c Ref[147, 149]
Position | *tH-NMR G i n pj*CNMR | CNMR H 15C
" i i n|©EPT1H
(0, pp
1 5.09(s, 1H) 56.7 56.7 5.48(s, 1H) 589
2 2.00 (s, 1H) - - 1.90 (s, 1H) -

3 4.08 (ddJ=7.1 Hz,1H) 56.2 56.2 3.64(1H) 57.2

4 3.361 3.29 (m,2H) 29.6 29.6 2.943.13(2H, dd)| 258
4a q 108.0 - 108.9

4b q 127.8 - 1274
5 8.10 (d,J=8.0 Hz,1H) 118.0 118.0 7.42(d, 1H) 118.4
6 |7.53(ddJ=7.8,1.9Hz, 1| 119.3 119.3 7.04(1H) 119.8
7 7.217 7.05 (m, 18 121.6 121.6 6.97(1H) 122.1
8 7.96 (d,J=12.8 Hz 1H) 112.2 112.2 7.24(d, 1H) 111.2
8a q 134.6 - 135.2
9a q 137.0 - 136.3
1 q 131.0 - 132.7

2' 7.29 (dJ=6.5Hz, 1H 113.9 113.9 7.02(1H, d) 1145
3 q 149.7 - - 1473
4' q 147.2 - - 146.2
5' 7.01 (d,J=6.9 Hz,1H) 111.4 111.4 6.71(1H, d) 110.9
6' 6.81(ddJ=11.1,7.5Hz, 1| 120.5 120.5 6.48(0d,1H) 121.8
COOH 9.84 (s, 1H) 171.8 - - 173.5

4-OH 8.30 (s, 1H) - - 8.9-9.4(s,0H) -

OCHs 3.78 (s, 3H) 54.2 54.2 3.76(s, 3H) 56.2
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4.3. Antibacterial Activity

The antibacterial activity of the synthesized tetrahyfitoarboline derivatives were determined

by screening againstvo Gramnegative strainsH. coli, and P.aeruginogaandtwo Gram
positive strainsg. aureus an®. pyogenes)sing the disc diffusion metho@iprofloxacin was

used as positive control. The zone of inhibition values indicated that all the compounds exhibited
a varied range of 7-35.0 mm of antibacterial activities against all the tested bactergihst

In comparison,he antibacterial activity of compounds at 0.5/mig wasweaker than at 1.0

mg/mL suggesting that the activity displayed has a dlexgendent mannéfrable5).

The results obtained in this study revealed that all the studied compounds presented antibacterial
activity. Compoundl42c showed strong activity with a maximum zone of inhibition of
15+1mm, 1467+1.5mm, 13.31.5mm and 13+2mm againsP. aeruginosak. coli, and S.
aureusand S. pyogerg respectively Compoundl42b showed the second most strong activity
againstE. coli (14.3t2.1mm), P. aeroginosa(14.3+£1.53mm),S. aueus (13t2.0mm), S.
pyogeneg14.3+1.53mm)Compoundl42ashowed weak activity comparably, with zone of
inhibition againstE. coli (10.67+1.53mm),P. aeroginosa (12.67+0.58mm),S. aurous
(8.67£0.58mm), an&. pyogenefl2.3+2.1mm)

Table 5: Zone of bacterial growth inhibition diameter (mm). SBtandard deviation.

Inhibition diameter (mm) £SD
n
Samples ?n?S/?ﬁL) E. coli P. aeruginosa| S. aureus| S. pyogene
Compoundi40 0.5 9.67+0.58 8x1 7.3+0.58 101
1.0 10.67£1.53 12.67+0.58 | 8.67+x0.58| 12.3+2.1
Compoundl42a | 0-5 12+1 11.3+1.5 | 10.3+0.58 11.67+0.58
1.0 14+1.0 14.67+0.5 10.3£0.58 | 14.67+0.58
CompoundL42b 0.5 11.3+1.2 11.0+0.0 8.3+0.58 | 11.3+0.58
1.0 14.3t2.1 14.3£1.53 13+2.0 14.3+1.53
0.5 12+1 12.67+0.58 9.3+0.58 11+1
Compoundl42¢ ™ o | 714.67+1.5 151 13.3t1.5 1342
_ . 0.5 15.3£0.57| 14.67+0.57 | 15.67+1.53 16.3+1.15
Ciprofloxacin 1.0 21+1 2042 19.3:1.13| 19+1
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Further comparison was also made with literature reported for the compatuwuiiféerent
concentrations (0.1mg/mL, 0.05mg/mL, 0.025 mg/mL) against pathogenic bacterial strains such
as, S. aureusand E. coli [22]. The literature report revealed zone inhibition diameter of
compoundsl42c and 142b;substituted with 3nethoxy4-hydroxy and 4hydroxy groups
respectively are found to effectively inhibit the growth of microbial culturés obli, S. aureus

in good compason to the standard drugs.

Figure 12: Disc diffusion antibacterial activity evaluation of the synthesized compounds

againstP. aeruginosaA), S. pyogenefB), E. coli (C), andS. aureugD).

4.4.DPPH radical scavenging assay

The DPPH assay was useddssess the free radical scavenging activity of the synthesized
compoundsDPPH antioxidant assay is based on the ability ofdiphenyt2-picryl-hydrazyl
(DPPH), a stable free radic#, decolorize in the presence of antioxidants. The DPPH radical
contains an odd electron, which is respondim¢he absorbance at 517 nm ahsb for a visible

deep purple color. A decrease in the absorbance of the reaction mixture indicates significant free

Page b0



radical scavenging activity of the compound under tesatitro antioxidant assay d@aétrahydre
b-carbolinerevealed the presence of iamidant potential. The percentage of inhibition was
observed in all the antioxidant models that free radicals were scavenged syntihesized
compoundsn a concentration dependent manner up to the given concentrBtierdata are
compared to those abhed with reference compound ascorbic atite relationship between
different analogues of the synthesized compounds and their scavenging activity for the DPPH

radical is shown imable 6.

All of the investigated substances showed moderate to fadital scavenging activities
compared with absorbance tife control (1.06) The DPPH radicascavengingactivities at
100pg/mL were90.0%, 92.0%, 91.% and95.(% for 140 1423 142band142¢ respectively.
The order of inhibition was as followd42c142a142b>140. Compoundl42c showed a
significantly higher percentage of inhibitiand compound42bscored the second most potent
percentage of inhibitionvhilst compoundl42a displayed alower percentage inhibition of
DPPH.The lowest DPPH radical scavenging rate was showidBgat a concentration of 12.5
pg/mL and 25 pg/mL, which is only4% and75%. The scavenging activity of tetrahydbe
carboline could be attributed to hgdrogendonating ability.

Table 6: % Radical scavenging activity of tetrahyeraarboline.

Compound Compound Compound Compound Standard
(ug/mL) 140 142a 142b 142c
A | %RSA| A |%RSA| A |%RSA| A |%RSA| A | %RSA
125 ]0.182| 83 |0.280| 74 |0.190| 82 |0.134| 87 |0.062| 91
25 0.154| 86 |0.273| 75 ]0.148| 86 |0.110f 90 |0.009| 94
50 0.129] 88 |0.151| 86 |0.113] 90 |0.062] 94 |0.007| 95
100 |0.111] 90 |0.086] 92 |[0.092] 91 |0.045] 95 |[0.005| 98
A= Absorbance; Conc. = Concentrati@RSA= Radical scavenging activity.

Conc.

The synthesized compounds showed a good ability as radical scavengers in investigations using
the DPPH method supported by different moieties which could be a significant contributor to
antioxidant activity of THC. The introduction of phenolic hydroxyl and methoxy groups
promoted the antioxidant activities of the lead structureomparison to Nicolet al, report,

from the seven investigated XCaryls substituted TbC derivatives, including compouridiQ
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exhibited r adi cal scavenging activities ranging

tocopherol which is lower than the antioxidant activity reported Iikté).
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Figure 13: DPPH scavenging activity (%) ttie synthesized compound and fusitive
reference (EAscorbic acid)

4.5.Docking Study

In the help ofin vitro bacterialandactivity studiesin silico study was conductetb predict the
orientation and bindingffinity at the active site of the receptorthe prediction of synthetic
inhibitors as antibacterial drug candiddtethis regardthe molecular docking analysis for the
synthesized compounegsperformedo elucidate their binding interactions whhcterial(E.
coli) enzymeDNA gyrase The binding affinity, Hbond, and residual interaction of the

synthesized compounds and ciprofloxasisummarized irmable 7.

In the docking study, all the compounds were found to have minimum binding energy ranging
from-6.1 to-6.9kcalmol. From the synthesized compounds, the best result was achieved using
compoundl42c (-6.9 kcal/mol) compared with standard clinical drug @floxacin ¢7.2
kcal/mol). On comparative basis, compoufid§scored minimum binding energy 6.1 while

both compound 42aandl142bscored better activity 66.4 kcal/mol. All the compounds have

showed hydrogen bonding interaction with amino acid-I8% in common. Compoundi10
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(Glu-50, Asn46), 142a (Gly-77), and142c (Asp-73) have additional hydrogen bonding
interaction with amino acid residues. CompourtPc (Asp-73, Asn46, Thrl65) docking

results were partially matching the clinical dragprofloxacin (Asp73, Arg76, Thrl65)
interactions with amino acid residues. Compared to ciprofloxacin, the synthesized compounds
showed similar residual hydrophobic interactions profile with amino acid residué3, lhesr

46, Glu50. Besides, all thesdocked compounds exhibited more residual Van der Walls
interaction than the standard drug ciprofloxacin. silico interaction results are a best fit

with in vitro antimicrobial analysis of the synthesized compounds adairsli.

Table 7: Molecular docking value of synthetic compoudsinstE. coliDNA gyraseB(PDB
ID: 6F86).

Residual Amino acid Interactions

Affinity
Compounds | (kcal/mol) = H-bond Hydrophobic/Pi- Van-der Walls
Cation/Pi-Anion/ Pi- . \
: : interactions
Alkyl interactions
Glu-50
: Asp-73,Ala-47
Thr-165, Pro79, lle78 ’ '
140 -6.1 ASIA6 Gly-77, Vat43
142a 6.4 Gly-77, = Ala-47, Asr46, lle78, lle | Asp-73, Vat43,
e Thr-165 94, Vat167 Gly-75, Pre79
142b 64 | "85 Acnae, lle78, Alas3, Glu | ASPT3 ASPAY,
Ala-47, Pro79,
50, Arg-76 Gly-77
Asp-73,
142¢ 6.9 | Asn46,  lle-78, Pra79, GIu50 A'a'c‘;‘r"?'g%
Thr-165 y-
Asp-73,
Ciprofloxacin -7.2 Arg-76, GIU-SO’AiIr):A?,(Z’ lle-78, Ala-47
Thr-165
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Thr165

Asn46

Figure 14: The binding interactions d#40 againstE. coli DNA gyraseB (PDB ID: 6F86).

Figure 15: The binding interactions d42aagainstE. coliDNA gyraseB (PDB ID: 6F86).
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