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Abstract

A series of 3-amino-substituted rutacecarpine aégines were synthesized to identify
novel multitarget-directed ligands (MTDLSs) for theatment of Alzheimer's disease
(AD). Biological evaluation showed that most of gyathesized compounds inhibited
butyrylcholinesterase (BuChE) and exerted antioMidaeffects. Among the
synthesized compoundsgn was subjected to further biological evaluation.
Lineweaver—Burk plotting and molecular modelingusirated thatén bound
simultaneously to the peripheral anionic site (PA®Y catalytic sites (CAS) of
BuChE. Furthermore6n modulated & aggregation; chelated biometals; presented
good absorption, distribution, metabolism, excretiand toxicity properties; and
showed remarkable neuroprotective activity. Previoesearch has shown that the
optimized compoun®n has considerable potential for development as abIMfor

the treatment of AD.

Keywords: Alzheimer's disease, Rutacecarpine, Ruget-directed ligands,

Cholinesterases, Docking study, Drug-likeness ptiuh
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1. Introduction

Alzheimer's disease (AD) is the most common cafiseimentia among the elderly,
and its main clinical manifestations are progressnemory loss and severe cognitive
decline [1]. Its exact pathogenic mechanism remainslear. Current research
suggests that different factors are involved in dexelopment of AD. The main
pathological features of this disease include deofiic neurotransmitter dysfunction
in the hippocampal and cortical regions of the brand the abnormal deposition of
B-amyloid protein (4), as well as oxidative stress, biometallic dystegon, and
neuroinflammation [2-4].

The reduction in the amount of cholinergic neunagraitters is crucial for the
pathogenesis of AD [5]. Acetylcholinesterase (ACh&f)d butyrylcholinesterase
(BUChE) are two important types of cholinestera§&isEs) in the central nervous
system that can rapidly hydrolyze acetylcholine. [Bhder normal physiological
conditions, AChE activity precedes BuChE actividpwever, as AD progresses, the
hydrolytic activity of AChE gradually decreases, emias the activity of BuChE
drastically increases [7]. ChE inhibitors, incluglitacrine, donepezil, galantamine,
and rivastigmine, have been developed in recens)j@ These inhibitors, however,
induce numerous side effects, such as hepatotpxanid digestive tract reactions, that
severely affect therapeutic goals [9, 10]. Themfone development of effective and
selective BUChE inhibitors may be an important apph for AD treatment and for
avoiding the adverse reactions caused by AChE itoingbduring treatment [11, 12].

Neurofibrillary lesions composed of amyloid plag@esned through excessiveBA
production and deposition are a primary cause off &f). Numerous plaques that are
produced via A aggregation are deposited in the hippocampal asdlbganglia
regions of the brains of patients with AD [14]B Aligomers are neurotoxic and can
continuously activate inflammatory factors, suchlla$ and NFT [15]. Moreover,

Ap itself can act as an oxygen free radical donot firaduces reactive oxygen
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species (ROS) that directly affect the normal pblggjical functions of neurocytes
[16, 17]. Furthermore, the biophysical disordersbifmetallic ions, such as €
Fe* and zA*, are closely related to the pathogenesis of AD].[Metal ions,
especially C&', have a strong affinity for f\ and catalyze ROS production by
participating in plaque formation [19]. Excessiv®®R accumulation can result in
oxidative stress and neuronal damage.

A growing body of evidence shows that the etioledyAD is extremely complex
and involve different pathogenic factors that aseelated each other [20]. Therefore,
the development of multitarget-directed ligands (@LFE) that target multiple
neuropathological processes has become a new @pdaeahe treatment of AD [21].
Natural components have the advantages of lowitgxicnited side effects, and
extensive pharmacological functions. Rutaecarpie Eigure 1A) is an important
ingredient in the Chinese traditional medicine caetaus evodia, which belongs to the
pentacyclic indolopyridoquinazolinone alkaloid féyni[22]. Ru has multiple
pharmacological activities, including antitumor,tiaridant, neuroprotection, and
anti-inflammatory activities [23, 24]. The pharmpbore feature oRu is similar to
that of tacrine (9-amino-1, 2, 3, 4-tetrahydroaicked THA, Figure 1A), which was
first approved for use as an AChE inhibitor in 1923]. Moreover, a series of novel
Ru derivatives and related alkaloid derivatives, udichg
3-aminoalkanamide-substitut&l, have been synthesized and shown to exert strong
inhibitory activity when applied as selective ACimibitors [26-28]

A series of novel sulfonamide-based compounds wétersible and selective
BuChE inhibitory effects [29, 30] at low nhanomotamncentrations (1§ = 4.91 nM)
(Figure 1B) have been reported. Althoudtu and sulfonamide groups exhibit ChE
inhibitory activities, their combinations have nogen applied as anti-AD agents.
Thus, we designed and synthesized sulfonylamidstsutedRu derivatives, a series
of selective BUChE inhibitors, by hybridizing thégsmacophores oRu with the
sulfonamide group into one molecukadure 1C).

We aimed to establisRu-based compounds on the basis of our preliminamkwo

and literature review [26-28]. We focused on thatlgsis ofRu derivatives with
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anti-AD activities, including antioxidant, (A aggregation inhibition, and
neuroprotective effects, as well as metal-chelagpiraperties [31, 32]. We performed
enzyme studies, molecular modeling , and drug-kksrevaluation to characterize the
derivatives. Moreover, we summarized the structactvity relationship of the
derivatives to provide basic information for thevelepment of anti-AD MTDLsS

based on the parental structurd=of.

2. Results and discussion

2.1. Chemistry

The intermediate 3-amino-substitut&®l was prepared in accordance with the
modified Bergman synthetic procedure [33]. A sedebenzenesulfonyl chloride and
thiazolesulfonyl chloride fragments replaced Hhe B-amino-substitutedu to form
an acylamino group. This reaction yielded the targe
benzenesulfonylamino-substituted or thiazolesulfioida-substitutedRu derivatives.

As described irScheme lisatoic anhydride was nitrated in concentrate8® in
the presence of KNgfollowing the method reported by Igbal [34]. Thas,shown in
Schemes 2a solution of nitroisoleic anhydridein anhydrous pyridine was reacted
through the one-pot method to obtain compo@nd accordance with the Bergman
method. The cyclization of compouBdinder acidic conditions afforded compougid
Compound3 was dissolved in isopropanol and reduced with 8Q#razine hydrate
and 10% Pd/C to provide compoudd The CREBH group of compound was
eliminated to obtain intermedia®ewith alcoholic KOH. Finally, intermediatewith a
series of benzenesulfonyl chloride or thiazolesuffochloride fragments was
refluxed in anhydrous pyridine to induce an amidbss$itution reaction and acquire

the desired derivativega—p, 7a—c, and 8a

2.2. In vitro ChE inhibition and structure—activiglationships
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The anti-ChE activity of the synthetic derivatives-6p 7a—7¢ 8a and the parental
structureRu were evaluated by using the method described loyal et al. [35] with
tacrine and donepezil as reference drugs. Theitohybactivities of the compounds
against AChE and BuChE are summarizediable 1 Structure—activity relationships
were explored, and active compounds with the highetsvity were identified.

The experimental results revealed that all of thethetic derivatives presented
better inhibitory activity and selective effect & ChE than the original parental
structure Ru). The compounds presented a weak or nonexistéitiitory effect on
AChE. Compoundém, 6n, and6o showed the best inhibitory activity against BUuChE
with the IGo values of 3.82 £+ 0.68, 3.60 £ 0.34, and 3.95 2QM, respectively.
These results prove that the introduction of themetic sulfonamide-substituted
group could drastically strengthen the inhibitorgtiaty of the derivatives.The
inhibitory activities of the reference drugs taeriand donepezil against AChE and
BuChE were quantified under the same assay conditidacrine and donepezil
provided 1G, values of 0.28 + 0.026 and 0.04 = 0.00M for AChE, respectively,
and 0.02 + 0.01 and 7.87 = 1.gM for BUChE, respectively.

Structure—activity relationship analysis showed t thhe derivatives with
sulfonamide groups connected to different aromaiiclei expressed different degrees
of ChE inhibitory activity. The inhibitory activitpf derivatives with benzene rings
was strong and was 20-fold higher than that ofvadities with thiophene rings. For
example, the inhibitory activity of compoun@ia—6p (ICse: 3.60 + 0.34-25.78 £ 1.31
uM) against BUChE was significantly stronger thaat tbf compound3a—7cand8a
(ICs0> 60.34 = 4.03uM). Moreover, the electronegativity of the subsittibase on
the aromatic ring had a significant effect on thieibitory activity of the compounds,
and the compounds with strong electron withdravgraup on the benzene ring had
significant inhibitory activity for BUChE, such a®mpoundssi, 6k, 6l, 6m, 6n and
60. In addition, with the volume increase of the ditbent of aromatic ring, the
inhibitory activity for BUChE enhanced observablyhe inhibitory activities of
derivatives against BUChE gradually increasedyl@lue:6k = 7.57 = 0.74M, 61 =
8.28 £ 0.91uM, 60 = 3.95 + 0.72uM) when -F, —CE, or —OCFK was introduced into
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the C4 positions of their benzene rings. Moreottes, introduction of substituents at
the C2, C3, and C4 positions of benzene rings tesuh inhibitory activities with
different intensities. The effectiveness of the\dsive with a —Ck in the C3 position
was 2-fold that of the derivative with a —Ck the C4 position (16 value:6m =
3.82 + 0.68uM, 61 = 8.28 = 0.91uM). This trend was also demonstrated by other
compounds. The effectiveness of the derivative withOCE substituent in the C2
position was better than that of the derivativehwat —OCFE substituent in the C4
position (IGo value:6n = 3.60 = 0.34M, 60 = 3.95 + 0.721M).

2.3. Kinetic study of BUChE inhibition

Compoundén, the derivative with the highest inhibitory actwiwas subjected to
enzyme kinetics analysis to determine the kinedicBuUChE inhibition. The slopes
and intercepts of the reciprocal Lineweaver—Buk pfresented ifrigure 2 increased
with the increase in inhibitor concentration. The&ersection of each trend line in the
fourth quadrant indicated a mixed-type inhibitorpde. This result suggests that
compound6n bound to BUChE at the catalytic active site (CAf) peripheral
anionic (PAS) site.

2.4. Docking analysis of compounds through enzymd aolecular dynamics

simulation

Molecular modeling can be used to determine intemas between ligands and
receptors [36, 37]. The most stable conformatioth@éactive site was illustrated and
analyzed through 2D and 3Ddiagrams and on the basis of the
-CDOCKER-INTERACTION-ENERGY scores generated by t®OCKER program,
which was verified as docking protocol by re-dockiof the co-crystallized ligand
92H into 5NNO active site. The docking pose of 9&2Bs compared with the initial
pose using root mean square deviation (RMSD) artl @&ked almost at the same
position (RMSD = 0.3193 A, see supporting inforroatfor details Table SJ). The
highest score provided BDOCKER INTERACTION_ENERGY for compoundén
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within BUuChE was 45.9637 kcal/mol. The H bond scefaf the BuChE receptor with
compoundsn indicates that compour@h has strong affinity for BuChErigure 3A).
The 2Ddiagram shows that one conventional H bartdraction was generated by
connecting the F atom of trifluoromethoxy grouptte# C2 position of the aromatic
ring with the OH group of THR120 (distance = 2.12 Rhree C—H bond interactions
were also produced between the F atoms of thedrdimethoxy group with the GH
group of GLY116 (distance = 2.82 A), GLY121 (disten= 2.82 A) and THR120
(distance = 3.00 A). Moreover, three halogen irtéoas occurred between F atoms
of the trifluoromethoxy group with the C=0 group DHR82 (distance = 3.00 and
2.98 A) and GLY115 (distance = 2.91 A). Onmesulfur interaction occurred in
sulfonamide with TRP82 (distance = 4.24 A). Gne t—shaped interaction generated
in benzene ring with TRP82 (distance = 4.15 A). Bbeve results confirm that the
introduction of the side-chain substituent of thelfahamide aromatic group
drastically improved the binding between compoGndaind BuChEFurthermore, the
guinazolinocarboline core structure of compomdcreated a C—H bond interaction
with SER287 (distance = 2.82 A) and three hydrophatieractions, which included
one n—sigma interactions with PRO285 (distance = 2.61aA)l twon—n stacked

interactions with TYP332 (distance = 5.91 and 54 (Figure 3B).

Molecular dynamics (MD) simulation was performed \erify the structural
constancy of the systen-BuChE [38]. The convergence and stability of tiistem
were monitored by evaluating the RMSD values ofliekbone atoms with respect
to the initial conformation [39]. The syste®m-BuChE were subjected to the 10000
ps MD simulationsFigure 4 shows that after 7000 ps, the wave range of RM&B w
within 1 A, which corresponds to a near-identicafigee of postural similarity. The
MD simulation results suggest that compoudd and BuChE formed a stable

combinatiorand were consistent with the results of molecutenkahg.
2.5. DPPH radical scavenging activity

1,1-Diphenyl-2-picrylhydrazyl (DPPH) is an extremeeéffective free radical
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scavenger that can be used to monitor a chemiaatioa that involves free radicals
[40, 41]. The DPPH assay was performed with ascodmid and donepezil as
reference antioxidants to evaluate the ability lbé tsynthesized compounds to
scavenge activated oxygen species. As showialnie 1, all of the synthesized

compounds exhibited mild free radical scavengintvitg with the DPPH RP of

35.18%—-59.32% at a concentration of 10A0.

2.6. Determination of intracellular ROS production

The extensive accumulation of endogenous ROS cezelaaate the progression of
AD by causing oxidative stress and triggering nestaenage [42]. The antioxidant
potency of compoun@&n against intracellular ROS generation was investan
H,O,-treated SH-SY5Y and PC12 cells through the 2ightdrodihydrofluorescein
diacetate (DCFH-DA) assay [43]. Cells were treat@dh compound 6n at
concentrations of 1, 5, 10, 20, and 8@ and then exposed to.8, (250 uM) for 18
h. Intracellular ROS content was measured by utiegDCFH-DA probe (1QM).
As shown inFigure 5A and 5B the amount of intracellular ROS generation in
control group increased significantly relative tbatt in blank group with the
percentage of 119.61% in SH-SY5Y cells model ang.4B% in PC12 cells model,
respectively. ROS levels iBn treated group almost reduced to the blank grouel le
in a concentration-independent manner (see suppgariformation for detailsTable
S2). Therefore, compoun@n can effectively reduce #®,-induced intracellular ROS
accumulation. This result provides further evideti@ compoundn is a promising

neuroantioxidant.

2.7. Effect on B peptide aggregation

The self-assembly of [\ peptide into fibers promotes the formation of keni
plaques and ROS by inducing aggregation effectspaniicipating in redox reactions
in the body [44]. Therefore, the ability of the regentative compoungh to inhibit

self-mediated B aggregation was assessed through the thioflavin(ThT)
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fluorometry method [45]. As shown ifable 2, the inhibitory potency dRu (11.25%)
against A (1-42) peptide self-aggregation was lower than didhe reference drug
donepezil (33.78%). ThRu derivative6n prevented self-mediatedpAaggregation
with an inhibition rate of 58.95%. The inhibitioate of6n was superior to that ¢&tu
and the reference drug donepezil. Therefore, tinactsiral modification of the
parental structurBu significantly improved biological activity.

Transmission electron microscopy (TEM) was employ@dexplore whether the
morphology of A aggregates had changed [46, 47}.(A-42) samples incubated for
0 h alone did not aggregate and appeared dispéfgpde 6A). However, after 48 h
of incubation, the majority of B\ (1-42) self-aggregated into amyloid fibers, and
numerous mature and bulky fibers were obsenkgue 6B). Aggregation in A&
(1-42) samples incubated with compowrdand donepezil decreased. Compoénd
inhibited A3 aggregation more effectively than donepeEilg(res 6C and 6D) as
indicated by the thin and short fibers observedn(1-42) samples incubated with
compoundén. TEM results further demonstrate that compo6éndcould inhibit A3

aggregation and are consistent with the ThT asssuyits.
2.8. Metal-chelating property

The chelation of antioxidants with biometal ionss Ha&ecome a strategy for the
treatment of AD because it can prevent amyloid ydadormation and reduce
oxidative stress levels [48, 49]. The chelationivitgt of compound 6n against
biometal ions, such as EuFe”, zr?*, AlI**, Mg®* and C4&", in amyloid plaques was
investigated through UV-vis spectrometry.

Figure 7A shows that the UV spectra of the methanolic sotutf compoundn
changed after the addition of CyCdolution relative to those of the methanolic
solutions of compoundn after the addition of FeSQOZnCh, AICIl;, MgCl,, and
CaCb. The reduction in maximum absorption intensit3a2 and the appearance of a
shoulder at 370 nm upon the addition of Gugdllution to the compoungh solution

indicated that complexdsad formed. The chelating properties of compoéinadould
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be attributed to the presence of the carbonyl anforsamide groups in the
compound.

The stoichiometry of the Gi+6n complex was also determined through the molar
ratio method by using Cuglsolutions with increasing concentrations to terat
methanolic solution of compoungn (20 uM). Figure 7B shows that absorbance
gradually increased at 382 nm and then stabiliZé intersection of two straight
lines at the mole fraction of 1.1 indicates a $tmimetric ratio of C&’/6n complex of

1:1.
2.9. Oil/water partition coefficient assay and ADMgEdiction of active compounds

The physicochemical parameters of a drug are eteelwith the membrane
permeability of the body. Lipinski's rule of five ised as the rule of thumb when
assessing whether a compound can be used as airugdb0, 51]. For example, the
oil/water partition coefficient, which is expressasl a log P value, can reflect the
absorption of a drug in an organism [52]. The aililgv partition coefficients of
compounds that showed strong potency in bioactisggessment were measured.
Table 3 shows that the log P values of compou6is6l, 6h, 6m, 6n, 6i, 60, and7b
ranged from 2.25 to 3.62. These results imply th&t active compounds were
lipophilic (log P < 5).

The absorption, distribution, metabolism, excretieand toxicity (ADMET)
properties of the selected eight compounds were@isdicted by using DS 2017 R2
[53]. The different descriptors of ADMET characgtics have different prediction
levels. Compounds with low prediction levels haoved) ADMET propertiesTable 4
and Figure 8 show that these compounds likely demonstrate gd@drption in the
human intestine (HIA levels of 0), good solubilitywater at 25 °Gsolubility levels
of 1 and 2) and moderate blood—brain barrier pebitiga Moreover, the results show
that these compounds are noninhibitors of CYP2D8RZD6 level of 0) and are
highly likely to bind to plasma proteins. In additi the data revealed that the selected

compounds met the PSA2D and ALogP98 requirementisirvthe 95% and 99%
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confidence limit ellipses of the BBB permeation &fiéd models, respectively.

2.10. Neuroprotection study

Neurotoxicity caused by #.-induced oxidative damage considerably accelerates
the progression of neurodegenerative diseasesThéfefore, the potential protective
effects of the syntheticerivatives 6a—6p, 7a—7c,and 8a against HO-induced
oxidative stress were evaluated by using PC12.dell4.2 cells were pretreated for 4
h with different concentrations (1, 5, 10, 30, &®WuM) of the compounds prior to
treatment with HO, (250uM). Cell viability was measured after 24 h of treant by
using the MTT assay. As seen’iable 5, the survival rate of PC12 cells incubated
without the derivatives fell in the range of 35.6986.26%. The viability of PC12
cells incubated with various concentrations of coomls, especially compoundéh,
6i, 6l, 60, 6n, 6p, and 7b, increased in a concentration-dependent mannes. Th
neuroprotective effect of compoun@lis, 60 and6n were higher than that of reference
drug quercetin. The protective effects of compousaj$b, 6¢ 6f, 6g, 6], 6k, 6M, 73,
and7c were weaker than that of the control treatmenmpaunds6d, 6e, and8a did
not show a significant protective effect againsiOrHinduced cytotoxicity at all
concentrations.

The human neuroblastoma SH-SY5Y cell line was alsed to assess
H,O-induced cytotoxicity and B, which contribute to neuronal cell death, to vatel
the neuroprotective potency of compoudid Figure 9 shows that the viability of
SH-SY5Y cells treated with compousd (10, 30, and 5@M) significantly increased
relative to that of cells treated with the contr8urvival rate increased in a
dose-dependent manner. Moreover, comparing t@ Hrigure 9A) and A3 (Figure
9B) groups revealed that the cell viability of theQd group (60.58%) was higher
than that of the B group (57.84%) with compoun@n at 30 uM (see supporting

information for detailsTable S3.

3. Conclusions
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A series of novel 3-sulfonamide-substitutd®u derivatives were designed,
synthesized, and biologically evaluated for use@sel MTDLs for the development
of potential anti-AD agents. The results of biotmdievaluation showed that most of
the synthesized compounds presented selectiveitiotyibactivity against BuChE.
Compoundén was identified as the most potent BUChE inhibiath 1Cso = 3.60 +
0.34uM. The results of enzyme kinetics analysis sugtiegtcompoundn inhibited
BuChE through a mixed-type mode by binding to th&SCand PAS. Molecular
modeling and MD simulation results showed that coamai6n could bind strongly to
BuChE. Moreover, compourgh could effectively reduce #.-induced intracellular
ROS accumulation. This result demonstrates thatpooimd6n could act as a novel
antioxidant. Furthermore, compourith may potentially prevent the production of
amyloid plaques by strongly inhibiting self-induc&fl aggregation with a percentage
of inhibition of 58.95%. This result was also cenfed through TEM. Compourtsh
could selectively chelate with biometal ion“Cand showed good drug-likeness and
ADMET properties as indicated by its physicochemigarameters. It also
demonstrated remarkable neuroprotective effectansigdO,- and AB-induced
neurotoxicity toward PC12 and SH-SY5Y cell linesheTabove results strongly
suggest that compour@h is a promising MTDL. The further structural optaation
of 3-sulfonamide-substitutedRu derivatives as potential lead candidates is

encouraged for the development of new anti-AD drugs
4. Experimental section
4.1. Chemistry

All common chemicals were obtained from commers@irces and used without
further purification. Reaction progress was mondorgsing analytical thinlayer
chromatography (TLC) on precoated silica gel HSGFptates(Qingdao Haiyang
Chemical Plant, China). Column chromatography wasfopmed on silica gel
(200-300 mm; Qingdao Dingkang Chemical In¢H. NMR and**C NMR spectra

were measured using TM8 0 ppm) as the internal standard in dimethyl sutfex
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(DMSO-d6) solutions with a Bruker 400 MHz instrurhgBruker, Germany). The
MS spectra was recorded on Q Exactive™ Plus maastrepetry (Thermofisher,

USA).
4.1.1. Intermediate 3-amino-substituted rutaecarfin

To a solution of isatoic anhydride (20 g, 122.7 mo con. HSO, (30 mL) at
0 °C was added Potassium nitrate (12.40 g, 122.8ljnithe reaction was stirred for
1 h. The mixture was poured into cold water, aredgtecipitate formed was collected
and dried to #ord nitro compoundl. Compoundl dissolving (5.2 g) in the
anhydrous pyridine (100 mL) was dropwise add witle tmixture solution of
trifluoroacetic anhydride (3.7 mL) and anhydrousrigipe (4 mL) at room
temperature. The stirring was refluxed for 30 niihen, tryptamine (4.0 g) was added
and refluxed for additional 1 h. The reaction solutwas cooled and poured into ice
water. The precipitate was filtrated and dried teegcompound2. A solution of
compound?2 (8.0 g) in acetic acid (40 mL) and of hydrochlodcid (6 mL) was
refluxed for 1 h. After cooling, ice water was atll precipitate compound.
compound3 (4.0 g was hydrogenated by 10% Pd/C (1.2 g) and 80% hkydra
hydrate (10mL) in isopropanol at 8Cfor 1h. After the reaction was completed, Pd/C
was filtered off. The hydrazine hydrate was evagsat&o remove to obtain compound
4. Compound4 (3.7 g) with KOH (4.0 g) were added to a solutionaater (15 mL)
and ethanol (50 mL), and the mixture was reflux@dlf h. After cooling the reaction
mixture, a large amount of yellow-brown precipitatas formed, and the precipitate
was filtered and recrystallizated by hot methana give intermediate
3-amino-substituted rutaecarpibeas pale yellow powder, in a yield of 359
NMR (400 MHz, DMSO) 11.73 (s, 1H), 7.61 (d, = 7.9 Hz, 1H), 7.45 (dd] = 8.3,
3.7 Hz, 2H), 7.28 (s, 1H), 7.22 {,= 7.3 Hz, 1H), 7.08 (dd] = 16.5, 8.7 Hz, 2H),
5.69 (s, 2H), 4.42 (] = 6.7 Hz, 2H), 3.13 (J = 6.7 Hz, 2H)*C NMR (101 MHz,
DMSO) & 160.94, 148.11, 141.35, 138.75, 138.57, 128.28,012 125.60, 124.45,
122.86, 122.32, 119.99, 119.99, 116.18, 112.80,61041.24, 19.52HRMS (ESI)
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m/z [M + HJ": 303.1238 calcd for £H1/BrN4OsS: 303.1235;

4.1.2. General procedure for the preparation oiregslerivativea-6p, 7a-7c, and

8a

A solution of the appropriate acid halide fragme@8 mmol) in dry pyridine (5
mL) was dropwise added to a well-stirred mixture die intermediate
3-amino-substituted rutaecarpir®e (4 mmol) in dry pyridine (50 mL) at room
temperature. The reaction was stirred for 30 mid amonitored by TLC. After the
reaction completed, the pH was adjusted to neuwiital dilute hydrochloric acid. The
pyridine and residual sulfonyl chloride were dlstll under reduced pressure. The
mixture was extracted with an ethyl acetate-watstesn. The aqueous layer was
discarded and ethyl acetate was evaporated tonofrtaile product. The crude product
was washed with water and dried under vacuum. Dhid sesidue was purified by
flash chromatography on silica gel with ethyl acgdtstroleum ether (1:1) elution to

provide the desired derivativéa-6p, 7a-7c, and 8a
4.1.2.1. 3-(4-methoxybenzenesulfonamide)-rutaenar)

The intermediat® was treated with 4-methoxybenzenesulfonyl chloadeording
to the general procedure mentioned above to gepoand6a as white powder, in a
yield of 65%;*H NMR (400 MHz, DMSO-D6) 11.80 (s, 1H), 10.50 (s, 1H), 7.85 —
7.77 (m, 1H), 7.68 (d] = 8.8 Hz, 2H), 7.59 (d] = 7.9 Hz, 1H), 7.55 (d] = 8.8 Hz,
1H), 7.53 — 7.49 (m, 1H), 7.41 (@= 8.5 Hz, 1H), 7.21 (i = 7.7 Hz, 1H), 7.04 (1]
= 7.6 Hz, 3H), 4.36 (t) = 6.8 Hz, 2H), 3.73 (s, 3H), 3.10 @t,= 6.8 Hz, 2H).**C
NMR (101 MHz, DMSO)5 163.02, 160.67, 144.85, 144.30, 139.06, 136.25,253
129.37, 128.19, 127.54, 127.46, 125.36, 125.11,6021120.33, 120.17, 117.99,
116.39, 114.97, 112.96, 56.09, 56.09, 41.37, 194.33,1. HRMS (ESI) m/z [M + H]
473.1273 calcd for £H17BrN4OsS: 473.1275;

4.1.2.2. 3-(2,4-dimethoxybenzenesulfonamide)-riggene 6b)
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The intermediate5 was treated with 2,4-dimethoxybenzenesulfonyl ctéo
according to the general procedure mentioned abmget compoundb as brown
powder, in a yield of 63%H NMR (400 MHz, DMSO) 11.82 (s, 1H), 10.31 (s, 1H),
7.85 (s, 1H), 7.73 (dl = 8.8 Hz, 1H), 7.63 (d] = 8.0 Hz, 1H), 7.56 (s, 2H), 7.45 @,
= 8.2 Hz, 1H), 7.25 (d) = 7.5 Hz, 1H), 7.08 () = 7.5 Hz, 1H), 6.71 — 6.50 (m, 2H),
4.39 (t,J = 6.8 Hz, 2H), 4.03 (q] = 7.0 Hz, 1H), 3.88 (s, 3H), 3.77 (s, 3H), 3.141(t
= 6.8 Hz, 2H), 1.99 (s, 1H), 1.19 (d#i= 18.3, 11.2 Hz, 2H)'*C NMR (101 MHz,
DMSO) é 165.13, 160.67, 158.44, 144.61, 143.88, 139.08,53 132.58, 127.90,
127.58, 126.83, 125.21, 121.51, 120.23, 118.67.8517115.55, 112.94, 105.54, 99.66,
60.24, 56.72, 56.19, 41.34, 19.35, 14.54. HRMS &8t [M + H]": 503.1374 calcd
for CoaH17BrN4OsS: 503.1276;

4.1.2.3. 3-(3,4-dimethoxybenzenesulfonamide)-r@gene 6C)

The intermediate5 was treated with 3,4-dimethoxybenzenesulfonyl ctéo
according to the general procedure mentioned abm\get compoundc as white
powder, in a yield of 46%H NMR (400 MHz, DMSO-D6% 11.80 (s, 1H), 10.45 (s,
1H), 7.84 (s, 1H), 7.55 (ddd,= 14.5, 11.1, 5.0 Hz, 3H), 7.41 (@= 8.3 Hz, 1H),
7.30 (d,J = 10.5 Hz, 2H), 7.21 (1] = 7.6 Hz, 1H), 7.04 (t) = 8.7 Hz, 2H), 4.36 (1)
= 6.0 Hz, 2H), 3.31 (d] = 2.3 Hz, 9H), 3.10 (§ = 6.2 Hz, 2H)*C NMR (101 MHz,
DMSO) 6 161.44, 160.62, 158.91, 145.16, 144.86, 139.09,0B3 135.27, 129.68,
128.69, 128.60, 128.40, 128.08, 127.47, 125.33,18625121.65, 121.51, 121.32,
120.34, 120.17, 118.84, 118.61, 118.16, 117.45,98121.39, 19.33. HRMS (ESI)
m/z [M + HJ": 503.1378 calcd for £H,/BrN40sS: 503.1377;

4.1.2.4. 3-(4-nitrobenzenesulfonamide)-rutaecarfboe

The intermediaté was treated with 4-nitrobenzenesulfonyl chlorideading to
the general procedure mentioned above to get congped as yellow powder, in a
yield of 52%;'H NMR (400 MHz, DMSO-D6% 11.81 (s, 1H), 10.94 (s, 1H), 8.34 (d,
J = 8.8 Hz, 2H), 7.98 (d] = 8.6 Hz, 2H), 7.83 (d] = 2.2 Hz, 1H), 7.59 (dd] = 8.4,
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3.5 Hz, 2H), 7.53 (dd] = 8.8, 2.2 Hz, 1H), 7.41 (d,= 8.2 Hz, 1H), 7.21 () = 7.6
Hz, 1H), 7.04 (tJ) = 7.5 Hz, 1H), 4.36 (] = 6.8 Hz, 2H), 3.10 (] = 6.8 Hz, 2H)*C
NMR (101 MHz, DMSO)5 160.60, 150.39, 145.18, 145.03, 144.89, 139.09,143
128.74, 128.74, 128.44, 128.09, 127.45, 125.33,2B625125.25, 125.20, 121.66,
120.38, 120.21, 118.20, 117.45, 112.98, 41.39,3LHRMS (ESI) m/z [M + HI:
488.1013 calcd for £H17BrN4OsS: 488.1012;

4.1.2.5. 3-(3-nitrobenzenesulfonamide)-rutaecarfbee

The intermediaté was treated with 3-nitrobenzenesulfonyl chlorideading to
the general procedure mentioned above to get cont@rias pale brown powder, in
a yield of 58%;'H NMR (400 MHz, DMSO-D6% 11.80 (s, 1H), 10.89 (s, 1H), 8.50
(s, 1H), 8.41 (ddJ = 8.2, 1.1 Hz, 1H), 8.11 (d,= 7.9 Hz, 1H), 7.41 (d] = 8.3 Hz,
1H), 7.20 (tJ = 7.6 Hz, 1H), 7.02 (] = 7.4 Hz, 1H), 4.35 (] = 6.8 Hz, 2H), 3.09 (t,
J = 6.8 Hz, 2H).**C NMR (101 MHz, DMSO)5 160.59, 148.37, 145.21, 144.97,
141.11, 139.09, 135.03, 133.05, 131.99, 128.45,2¥28128.21, 127.44, 125.31,
125.18, 121.89, 121.65, 120.35, 120.18, 118.19,6617112.97, 41.38, 19.32. HRMS
(ESI) m/z [M + HJ: 488.1013 calcd for £H17/BrN4O3S: 488.1011;

4.1.2.6. 3-(4-bromobenzenesulfonamide)-rutaecar(dif)e

The intermediat® was treated with 4-bromobenzenesulfonyl chlorideoading to
the general procedure mentioned above to get comp6lias white powder, in a
yield of 59%;*H NMR (400 MHz, DMSO-D6) 11.80 (s, 1H), 10.50 (s, 1H), 7.85 —
7.77 (m, 1H), 7.68 (d] = 8.8 Hz, 2H), 7.59 (d] = 7.9 Hz, 1H), 7.55 (d] = 8.8 Hz,
1H), 7.53 — 7.49 (m, 1H), 7.41 (@= 8.5 Hz, 1H), 7.21 (§J = 7.7 Hz, 1H), 7.04 (1]
= 7.6 Hz, 3H), 4.36 (t) = 6.8 Hz, 2H), 3.73 (s, 3H), 3.10 (t,= 6.8 Hz, 2H).**C
NMR (101 MHz, DMSO)5 160.64, 145.06, 144.67, 139.08, 138.88, 135.59,003
133.00, 129.13, 129.13, 128.34, 127.86, 127.54,4927125.34, 125.16, 121.63,
120.36, 120.19, 118.12, 117.03, 112.98, 41.39,41HRMS (ESI) m/z [M + H]J:
523.0252 calcd for £H17BrN4OsS: 523.0253;
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4.1.2.7.3-(2,6-dichlorobenzenesulfonamide)-rutaecargéw

The intermediate5 was treated with 2,6-dichlorobenzenesulfonyl adker
according to the general procedure mentioned abm\get compoundg as white
powder, in a yield of 65%6H NMR (400 MHz, DMSO) 11.86 (s, 1H), 10.92 (s, 1H),
8.00 (s, 4H), 7.89 (s, 1H), 7.60 (dt= 8.9, 5.1 Hz, 3H), 7.47 (d,= 8.2 Hz, 1H), 7.26
(t, J= 7.6 Hz, 1H), 7.08 ( = 7.4 Hz, 1H), 4.41 (s, 2H), 3.15 {t= 6.7 Hz, 2H)*°C
NMR (101 MHz, DMSO)5 160.62, 145.14, 144.80, 143.55, 139.09, 135.33,363
133.03, 128.40, 128.14, 127.91, 127.47, 127.18,1827125.33, 125.15, 122.42,
121.66, 120.34, 120.17, 118.14, 117.17, 112.988411.9.32. HRMS (ESI) m/z [M +
H]*: 511.1036 calcd for £H1/BrN4OsS: 511.1038;

4.1.2.8. 3-(3,5-dichlorobenzenesulfonamide)-rutgena ©h)

The intermediate5 was treated with 3,5-dichlorobenzenesulfonyl adker
according to the general procedure mentioned abmget compoundh as brown
powder, in a yield of 529%4H NMR (400 MHz, DMSO-D6% 11.81 (s, 1H), 10.81 (s,
1H), 7.93 (s, 1H), 7.81 (s, 1H), 7.71 (s, 2H), 7-68.50 (m, 3H), 7.42 (d, = 8.2 Hz,
1H), 7.21 (tJ = 7.5 Hz, 1H), 7.03 ( = 7.3 Hz, 1H), 4.36 (] = 6.7 Hz, 2H), 3.10 (t,
J = 6.7 Hz, 2H)."*C NMR (101 MHz, DMSO)5 160.61, 145.27, 145.01, 142.68,
139.11, 135.69, 135.69, 134.96, 133.36, 128.48,1828127.47, 125.67, 125.67,
125.33, 125.18, 121.67, 120.37, 120.18, 118.22,6¥17112.99, 41.40, 19.33. HRMS
(ESI) m/z [M + HJ: 511.0384 calcd for 5H17BrN4OsS: 511.0389;

4.1.2.9. 3-(3-chloro-4-fluorobenzenesulfonamiddpegarpineqi)

The intermediates was treated with 3-chloro-4-fluorobenzenesulfoofiloride
according to the general procedure mentioned ab@wget compoundi as white
powder, in a yield of 48%H NMR (400 MHz, DMSO-D6% 11.81 (s, 1H), 10.73 (s,
1H), 7.94 (dJ = 6.6 Hz, 1H), 7.81 (s, 1H), 7.75 — 7.68 (m, 1HE4 — 7.50 (m, 4H),
7.42 (d,J = 8.2 Hz, 1H), 7.21 ( = 7.6 Hz, 1H), 7.03 (t) = 7.5 Hz, 1H), 4.36 ( =
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6.5 Hz, 2H), 3.10 (t) = 6.5 Hz, 2H)*C NMR (101 MHz, DMSOY¥ 160.69, 152.73,
149.02, 144.86, 144.33, 139.05, 136.26, 131.00,1828127.59, 127.53, 125.35,
125.12, 121.54, 121.10, 120.33, 120.18, 118.01.581612.96, 111.60, 109.81, 56.22,
56.17, 41.37, 19.33. HRMS (ESI) m/z [M +'H#95.0682 calcd for £H1/BrN4OsS:
495.0680;

4.1.2.10. 3-(4-tert-butylbenzenesulfonamide)-ruaagioe 6j)

The intermediat® was treated with 4-tert-butylbenzenesulfonyl cideraccording
to the general procedure mentioned above to gepoand6j as white powder, in a
yield of 53%;'H NMR (400 MHz, DMSO-D6% 11.80 (s, 1H), 10.64 (s, 1H), 7.86 (s,
1H), 7.69 (dJ = 8.4 Hz, 2H), 7.62 — 7.53 (m, 4H), 7.41 Jck 8.3 Hz, 1H), 7.21 (1]
=7.5Hz, 1H), 7.05 (dJ = 7.5 Hz, 1H), 4.36 (§J = 6.8 Hz, 2H), 3.50 (s, 1H), 3.10 (t,
J = 6.8 Hz, 2H), 1.20 (s, 10H}*C NMR (101 MHz, DMSO)s 160.67, 156.58,
144.86, 144.24, 139.06, 137.08, 136.19, 128.27,5P27127.17, 126.99, 126.99,
126.77, 126.77,125.36, 125.14, 121.64, 120.36,1920.18.01, 116.00, 112.97, 41.39,
35.35, 31.15, 31.15, 31.15, 19.36. HRMS (ESI) nMz+{ H]*: 499.1787 calcd for
Co4H17BrN4O3S: 499.1786;

4.1.2.11. 3-(4-fluorobenzenesulfonamide)-rutaecer k)

The intermediat® was treated with 4-fluorobenzenesulfonyl chloraeording to
the general procedure mentioned above to get congpdki as white powder, in a
yield of 61%;H NMR (400 MHz, DMSO-D6) 11.80 (s, 1H), 10.65 (s, 1H), 7.80
(dd,J = 8.4, 3.9 Hz, 3H), 7.61 — 7.48 (m, 3H), 7.44 347(m, 3H), 7.21 (t) = 7.6 Hz,
1H), 7.04 (t,J = 7.4 Hz, 1H), 4.36 () = 6.8 Hz, 2H), 3.10 () = 6.8 Hz, 2H)*C
NMR (101 MHz, DMSO)5 166.13, 163.62, 160.64, 145.03, 144.61, 139.08,008
135.73, 130.27, 130.18, 128.29, 127.87, 127.49,3825125.15, 121.61, 120.34,
120.18, 118.09, 117.22, 117.00, 112.97, 41.38,3LHRMS (ESI) m/z [M + HI:
461.1069 calcd for £H17BrN4OsS: 461.1068;



494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

4.1.2.12. 3-[4-(trifluoromethyl)benzenesulfonamidefaecarpineq])

The intermediatés was treated with 4-(trifluoromethyl)benzenesulfooiiloride
according to the general procedure mentioned albovget compoundl as pale
brown powder, in a yield of 47%H NMR (400 MHz, DMSO-D6) 11.81 (s, 1H),
10.87 (s, 1H), 7.94 (s, 1H), 7.82 (b= 2.2 Hz, 1H), 7.56 (ddd} = 10.8, 8.4, 3.6 Hz,
1H), 7.41 (d,J = 8.3 Hz, 1H), 7.21 () = 7.6 Hz, 1H), 7.04 (] = 7.5 Hz, 1H), 4.36 (s,
1H), 3.11 (tJ = 6.7 Hz, 1H)**C NMR (101 MHz, DMSO}) 160.66, 151.61, 145.00,
144.57, 139.09, 138.75, 135.88, 129.77, 129.77,3B28127.92, 127.51, 125.35,
125.14, 121.98, 121.98, 121.65, 120.35, 120.18,091816.99, 112.98, 41.38, 19.34.
HRMS (ESI) m/z [M + HJ: 511.1042 calcd for £5H;7BrN4OsS: 511.1041;

4.1.2.13. 3-[3-(trifluoromethyl)benzenesulfonamidefaecarpinegm)

The intermediatés was treated with 3-(trifluoromethyl)benzenesulfooiiloride
according to the general procedure mentioned ab@wget compoundm as pale
brown powder, in a yield of 5294H NMR (400 MHz, DMSO-D6) 11.81 (s, 1H),
10.77 (s, 1H), 8.00 (dd, = 12.5, 6.7 Hz, 3H), 7.78 (dd,= 10.8, 5.0 Hz, 2H), 7.59
(dd,J = 8.5, 3.2 Hz, 2H), 7.52 (dd,= 8.8, 2.5 Hz, 1H), 7.41 (d,= 8.3 Hz, 1H), 7.21
(ddd,J = 8.2, 7.0, 1.1 Hz, 1H), 7.04 (dd#i= 8.0, 7.1, 0.9 Hz, 1H), 4.36 (t= 6.9 Hz,
2H), 3.98 (qJ = 7.1 Hz, 1H), 3.49 (s, 1H), 3.10 {t= 6.9 Hz, 2H), 1.95 (s, 1H), 1.17
(dt, J = 14.2, 6.8 Hz, 3H)**C NMR (101 MHz, DMSO) 160.60, 145.12, 144.80,
140.88, 139.09, 135.50, 131.56, 131.16, 130.56,3130128.36, 128.24, 127.47,
125.33, 125.16, 123.66, 122.39, 121.62, 120.36,1820118.15, 117.50, 112.97,
60.23, 41.38, 21.21, 19.33, 14.52. HRMS (ESI) nMz+{ H]": 511.1037 calcd for
Co4H17BrN4O3sS: 511.1039;

4.1.2.14. 3-[2-(trifluoromethoxy)benzenesulfonanpdeaecarpinegn)

The intermediat® was treated with 2-(trifluoromethoxy)benzeneswtorhloride

according to the general procedure mentioned abm\get compoundn as white
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powder, in a yield of 61%H NMR (400 MHz, DMSO) 11.86 (s, 1H), 10.98 (s, 1H),
8.02 (d,J = 7.2 Hz, 1H), 7.88 — 7.73 (m, 2H), 7.68 — 7.52 &), 7.46 (d,) = 8.3 Hz,
1H), 7.25 (tJ = 7.5 Hz, 1H), 7.08 (] = 7.4 Hz, 1H), 4.40 (t] = 6.7 Hz, 2H), 3.37 (s,
1H), 3.15 (tJ = 6.7 Hz, 2H)}*C NMR (101 MHz, DMSOY¥ 160.61, 145.58, 144.97,
144.41, 139.07, 136.18, 135.42, 131.67, 131.49,2428128.09, 127.51, 127.23,
125.35, 125.14, 121.57, 121.57, 120.35, 120.18081918.07, 116.17, 112.96, 41.37,
19.33. HRMS (ESI) m/z [M + H] 527.0987 calcd for £H:7BrN;0sS: 527.0988;

4.1.2.15. 3-[4-(trifluoromethoxy)benzenesulfonanpdeaecarpinego)

The intermediat® was treated with 4-(trifluoromethoxy)benzeneswitorhloride
according to the general procedure mentioned abmvget compoundo as white
powder, in a yield of 54%H NMR (400 MHz, DMSO-D6)% 11.81 (s, 1H), 10.75 (s,
1H), 7.85 (ddJ = 17.2, 5.6 Hz, 3H), 7.66 — 7.48 (m, 5H), 7.42Jd; 8.0 Hz, 1H),
7.21 (ddJ=8.1, 7.2 Hz, 1H), 7.04 (8,= 7.5 Hz, 1H), 4.36 (t] = 6.8 Hz, 2H), 3.10 (t,
J = 6.8 Hz, 2H).13C NMR (101 MHz, DMSO)5 160.63, 145.15, 144.80, 143.60,
139.11, 135.36, 133.35, 133.03, 128.41, 128.15,9827127.49, 127.19, 127.19,
125.35, 125.17, 122.44, 121.68, 120.36, 120.19,161817.19, 112.99, 41.39, 19.34.
HRMS (ESI) m/z [M + HJ: 527.0984 calcd for £H:7BrN403S: 527.0988;

4.1.2.16. 3-(4-acetylbenzenesulfonamide)-rutaenarp)

The intermediat® was treated with 4-acetylbenzenesulfonyl chloadeording to
the general procedure mentioned above to get contp®p as brown powder, in a
yield of 48%;*H NMR (400 MHz, DMSO-D6) 11.80 (s, 1H), 10.81 (s, 1H), 8.06 (d,
J=8.2 Hz, 2H), 7.85 (dd] = 17.5, 4.9 Hz, 3H), 7.63 — 7.46 (m, 3H), 7.41)d, 8.3
Hz, 1H), 7.21 (tJ = 7.6 Hz, 1H), 7.03 (tJ = 7.5 Hz, 1H), 4.35 (&) = 6.8 Hz, 2H),
3.10 (t,J = 6.8 Hz, 2H), 2.46 (s, 3H}°C NMR (101 MHz, DMSO} 197.68, 160.62,
145.05, 144.65, 143.26, 140.32, 139.07, 135.56,6P29129.62, 128.35, 127.78,
127.52, 127.52, 125.33, 125.16, 121.62, 120.35,182018.11, 116.94, 112.97, 41.37,
27.44, 27.44, 19.33. HRMS (ESI) m/z [M +H}85.1272 calcd for £H17BrN4OsS:
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485.1274;
4.1.2.17. 3-(2-thiophenesulfonamide)-rutaecarpha (

The intermediat® was treated with 2-thiophenesulfonyl chloride adomy to the
general procedure mentioned above to get compdamd white powder, in a yield of
43%;'H NMR (400 MHz, DMSO-D6) 11.82 (s, 1H), 10.75 (s, 1H), 7.88 (s, 2H),
7.56 (dt,J = 14.8, 5.8 Hz, 4H), 7.42 (d,= 8.3 Hz, 1H), 7.21 () = 7.6 Hz, 1H), 7.12
— 7.00 (m, 2H), 4.38 (8] = 6.7 Hz, 2H), 3.11 (i) = 6.8 Hz, 2H), -0.10 (s, 4H}C
NMR (101 MHz, DMSO)5 160.69, 145.07, 144.70, 140.05, 139.09, 135.75,153
133.06, 128.24, 128.24,127.96, 127.53, 125.36, 1¥25121.59, 120.38, 120.20,
118.11, 117.09, 112.99, 41.40, 19.36. HRMS (ESY W + H]": 449.0728 calcd for
C24H17BrN4OsS: 449.0736;

4.1.2.18. 3-(5-bromothiophene-2-sulfonamide)-ruaagine {b)

The intermediate5 was treated with 5-bromothiophene-2-sulfonyl cidler
according to the general procedure mentioned abm\get compoundb as white
powder, in a yield of 409%H NMR (400 MHz, DMSO-D6)% 11.83 (s, 1H), 10.90 (s,
1H), 7.87 (dJ = 2.3 Hz, 1H), 7.66 — 7.51 (m, 3H), 7.42 {d= 8.3 Hz, 1H), 7.39 —
7.34 (m, 1H), 7.31 — 7.25 (m, 1H), 7.22J& 7.6 Hz, 1H), 7.05 () = 7.5 Hz, 1H),
4.38 (t,J = 6.8 Hz, 2H), 3.12 (t) = 6.7 Hz, 2H).3C NMR (101 MHz, DMSO)
160.68, 145.22, 144.96, 140.88, 139.11, 135.21,7¥33131.96, 128.40, 128.08,
127.50, 125.35, 125.19, 121.66, 120.38, 120.20,861918.20, 117.37, 113.00, 41.42,
19.35. HRMS (ESI) m/z [M + H] 528.9815 calcd for £H1/BrN4OsS: 528.9812;

4.1.2.19. 3-(5-chlorothiophene-2-sulfonamide)-ragapine 70

The intermediate5 was treated with 5-chlorothiophene-2-sulfonyl cide
according to the general procedure mentioned abovget compound/c as pale
brown powder, in a yield of 37%H NMR (400 MHz, DMSO-D6) 11.83 (s, 1H),
10.91 (s, 1H), 7.88 (d, = 2.3 Hz, 1H), 7.67 — 7.53 (m, 3H), 7.47 — 7.38 Bi), 7.25
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— 7.14 (m, 2H), 7.04 (] = 7.5 Hz, 1H), 4.38 (1) = 6.8 Hz, 2H), 3.11 (1) = 6.8 Hz,
2H). 3C NMR (101 MHz, DMSOY» 160.67, 145.23, 145.00, 139.11, 138.27, 135.94,
135.17, 133.04, 128.61, 128.40, 128.16, 127.50,3B625125.19, 121.65, 120.38,
120.20, 118.21, 117.48, 112.99, 41.41, 19.35. HRES) m/z [M + HJ: 483.0343
calcd for G4H17BrN4OsS: 483.0346;

4.1.2.20. 3-(2-carbomethoxy-3-thiophenesulfonamidégecarpinega)

The intermediat® was treated with 2-carbomethoxy-3-thiophenesulfamoride
according to the general procedure mentioned abmvget compounda as white
powder, in a yield of 36%H NMR (400 MHz, DMSO-D6% 11.80 (s, 1H), 10.51 (s,
1H), 7.94 (dJ = 5.3 Hz, 1H), 7.83 (d] = 2.1 Hz, 1H), 7.55 (df] = 8.9, 5.6 Hz, 3H),
7.48 — 7.38 (m, 2H), 7.20 ,= 7.6 Hz, 1H), 7.03 () = 7.5 Hz, 1H), 4.36 () = 6.8
Hz, 2H), 3.31 (s, 1H), 3.10 @,= 6.8 Hz, 2H)**C NMR (101 MHz, DMSO} 160.65,
160.34, 144.93, 144.34, 142.56, 139.07, 135.66,2P33132.68, 131.05, 128.22,
127.53, 127.25, 125.36, 125.12, 121.60, 120.34,1820118.03, 116.19, 112.97,
53.73, 41.38, 19.35. HRMS (ESI) m/z [M +H507.0784 calcd for £5H17BrN4OsS:
507.0785;

4.2. AChE and BuChE inhibition assay

The ChE inhibition activity of the test compoundasaperformed adopting the
method of Ellman et al. with modification. Acetyldinesterase (AChE,
C3389-2KU, from €lectric ed) was purchased from SigmaAldrich.
Butylcholinesterase (BuChE, B128570-2KU, from equine  serum),
5,5-dithiobis-(2-nitrobenzoic acid) (DTNB, Ellman’sreagent, D105559-19),
acetylthiocholine iodide (ATCI, A100869-1g), S-Butlthiocholine iodide (BTCI,
B100871-1g) and donepezil hydrochloride (D129948vtgs obtained from Aladdin.
Tacrine and donepezil were used as reference diilngscompounds were dissolved
in DMSO and then diluted in 0.1 M pH 8 phosphatdfdyuto provide different
concentration (DMSO 0.1%). Briefly, 50uL DTNB, 10 f AChE or BuChE
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(2U/ml), 10uL different concentration of the test or standasthpounds and 430 pL
phosphate buffer were preincubated in 48-well glatte37C for 30 min. Further, 50
uL the substrate ATCI or BTCI was added. The mixtwess incubated for additional
30 min. Changes in absorbance were measured atml@ a Biotek Synergy HTX
Multi-Mode reader. To determine thesfJconcentration of the compound resulting
in 50% inhibition of the enzyme activity), log iftiior concentration versus percent

of inhibition curve was analyzed.

4 3. Kinetic characterization of BUChE inhibition

Enzyme kinetic studies was done in a similar mamseenzyme inhibition assay.
Substrate (BTCI) in the presence offeiient concentrations of inhibitor (Ow8l)
were measured at fterent times to determine the inhibition model aediprocal

plots of 1/V versus 1/[S].

4.4. Molecular modeling and dynamic simulation

TheDiscovery Sudio 2017 R2 (DS, BIOVIA Software, Inc., San Diego,CA, United
States) was applied for molecular docking to ghaihteraction between ligands and
receptors. The X-ray crystal structure of the BUGREB ID: 5NNO, co-crystallized
with 92H) was obtained from Protein Data Bank. HBueicture of BUuChE derived
from the complex 5NNO was prepared by removal ef dhginal ligand and water
molecules, and all polar hydrogen and CHARMm fdrekls were then added. And
the treated protein was prepared usirgpare Protein protocol. The ligand was
processed bfFull Minimization of the Small Molecular protocol. Then the ligand was
docked into the active site of protein using BBOCKER program with default
parameters. The docked conformation with the highescore of

-CDOCKER_INTERACTION_ENERGY values was selected and analyzed.

MD simulations in explicit solvent water were perfeed. The system was

minimized with fixed positions for all heavy atomEBuChE and compoun@n for
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1,000 steps. And the system was gradually heateBO®K during 100 ps. The
equilibration process was started with a 100 psukition at 300K, while keeping all
the heavy atoms of BuChE and compou6d fixed. This was followed by
unconstrained minimization consisting of 1,000 stephe production simulations
were performed for 10000 ps with a 2 fs time siEperefore, a 10000 ps dynamic
calculation was performed in the NTP ensemble, witssure constant at 1 atm and
temperature constant at 300 K. RMSD properties oleoular dynamics trajectories

was analyzed bgnalyze Trajectory procedure.
4.5. Radical scavenging activity (DPPH assay)

The antioxidant capacity of the test compounds weetuated by DPPH method in
which DPPH free radical chould be scavenged byoaiulant. Brefly, 150uL of the
compound (10QuM) with 150 uL of DPPH (14@M) was mixed and incubated in a
96-well plate for 2 hours in the dark at 37 °C. Takevant absorbance of the reaction
mixture was measured at 520 nm using a micropkear (BioTek Synergy HT).

The reducing percentage (RP) of DPPH was deternmyetthe formula : RP = (1 -
AdJAp) x 100%, where &A, are DPPH absorbance in the presence and absence of
inhibitors, respectively. Ascorbic acid was used as standard for DPPH

determination.
4.6. Determination of the intracellular ROS product

Intracellular ROS production can cause oxidativeesst and accelerate the
progression of neurodegenerative diseases. 2', dichlorofluorescein diacetate
(DCFH-DA) assay was applied to determine ROS foionaBriefly, SH-SY5Y cells
were seeded in 96-well plates (1 x*1gklls per well) and incubated at 37 ° C
containing 5% C@ for 24 hours. After cells being incubated in thesence or
absence of different concentrations of the testpmmd for 6 hours, the cells were
washed with PBS. Then the cells were exposed:@ 250 uM) or AB (5 uM) for 24
hours. The cells were washed with PBS again andbeted with DCFH-DA (1@M)



653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

for 1h in the dark. At the end of the incubationCEH-DA was removed. The
fluorescence intensity of the dichlorofluoresceirCg) from the cells was measured
at 488 nm excitation and 525 nm emission wavelengiking Synergy HTX
fluorescence microplate reader. Results were exess the percentage of

intracellular ROS compared to untreated contrdkcel

4.7. Effect on B peptide aggregation

Aggregation of & peptide in brain was considered to be an inpoffactor of the
pathogenesis of AD. Inhibition of self-inducef Aggregation was investigated using
thioflavin T (ThT) fluorescence assay as described(142) peptide (MB10425,
Meilun Biotechnology Co., LTD) was prepared in pbloaste buffer (pH 7.4)
containing 1% ammonium hydroxide. The test compowad prepared in DMSO to
obtain a 10 mM solution and diluted further withoghhate bffer. Briefly, 10uL of
APB(1-42) was incubated in the absence and preserb@tf of the test compound to
obtain final concentration of 20M AB(1-42) and 10QuM the test compound. The
mixture was incubated at room temperature. After Mécubation, 5uM ThT
(prepared in 50 mM glycine-NaOH ffer; pH 8.5) was added to make the volume of
200pL. Fluorescence intensity of the solution was messgat 450 nm excitation and
485 nm emission wavelengths using Synergy HTX flsmeace microplate reader.
The percentage inhibition of the self-induce@(®-42) aggregation for the test
compound was calculated by the following formule:«IF/ If,) x 100%, in which
IFi and IR are fluorescence intensities in the presence asdnab of inhibitors,

respectively.

4.8. Metal-chelating research

The metal binding property of the test compound imasstigated using a UV-vis
spectrophotometer with a wavelength range of 20D+60. The UV absorption of the
selected compound (20M) in the absence and presence of GUEERSQ, ZnCh,
AICl3, MgCl, and Cadl (20 uM) was recorded in a 1 cm quartz cell for 1 hodre T
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final volume of the reaction mixture was 2 mL. Tmelar ratio method was carried
out to determine the stoichiometry of the compl&xsolution of the test compound

(20 uM) was titrated by a molar solution of increasimgoaint of CuCy.
4.9. Oil/water partition coefficient assay and ADMBEdiction

Using the classical shake flask method, the oikwanartition coefficient of the
compounds were tested. The same amount of oleisepfraoctanol) and aqueous
phase (PBS pH 7.4) were mixed. And the mixture sfeken by ultrasonic (400 W,
40 kHz) and allowed to stand for 24 h to obtairatuated solution of noctanol. An
appropriate amount of the compounds was addedr Aétaling, the test compounds
was shaken at 37 °C for 48 h to make it fully etudited in the two phases. Then the
mixture was measured with an ultraviolet spectropimeter.

The predictive ADMET pharmacokinetic propertiescluding human intestinal
absorption (HIA), aqueous solubility, blood-brain-barrier péagion (BBB),
cytochrome P450 2D6 (CYP2D6) enzyme inhibition,spia protein bindingPPB)
were analyzed quantitatively for the selected eliglainds using ADMET descriptors
tools in Discovery Sudio 2017 R2. The selected eight ligands were processed as
described above and input to computer program.nigeas of ADMET prediction

program were set in the normal mode.
4.10. Neuroprotection assay

4.10.1. Neuroprotective effects of all compounds againgOXIinduced PC12cell

death

Viability of PC12 cell (rat adrenal chromaffin difentiated cell line) of all
compounds against  JB»-induced cytotoxicity  was detected by
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazatn bromide (MTT) assay. PC12
cells were seeded in 96-well plates (1 ¥ t6llsper well) and incubated at 37 °C

containing 5% CQ After 24 hours, cells were incubated with diffgreoncentrations
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of the test compounds for 3 hours, then the cedisevexposed with #D, (250 uM)

for 24 hours. Cell viability was measured by MTBag Briefly, 20 mL of 0.5 mg/mL
MTT reagent was added after removal of the previoedium and incubated for 4 h.
After 4 h, the medium was removed and the crysfathe formazan was then
dissolved 150 mL DMSO. The relevant absorbance waasured at 570 nm on the
Biotek Synergy HTX Multi-Mode reader. Cell viabjlitare expressed as the
percentage of untreated control cells (PC12 celthe absence of test compound and

H,0,).

4.10.2. Neuroprotective test of the selected comgoagainst KO, or AB-induced
SH-SY5Y cell death

The AB(1-42) peptide was incubated in serum medium ata €oncentration of 5
uM for 24 hours to induce [\aggregation for neuroprotective test. Neuroprotect
test of the selected compound againgDHor AB-induced SH-SY5Y cell (human

neuroblastoma cell) death was performed in a saamar as described above.

4.11. Statistical analysis

Data are reported as mean £ SEM of at least tm@éependent experiments and

data analysis was performed with GraphPad Prisofté/are.

Abbreviation

Alzheimer's disease (AD)
B-amyloid protein (48)
Acetylcholinesterase (AChE)
Butyrylcholinesterase (BuChE)
Cholinesterase (ChE)

Reactive oxygen species (ROS)
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Multitarget-directed ligands (MTDLS)

Rutaecarpine (Ru)

Tacrine (THA)

Studio Discovery 2017 R2 (DS)

Molecular dynamics (MD)

Root-mean-square deviation (RMSD)
1,1-Diphenyl-2-picrylhydrazyl (DPPH)
2',7'-Dichlorodihydrofluorescein diacetate (DCFH-PA
Dichlorofluorescein (DCF)

Thioflavin T (Th T)

Transmission Electron Microscopy (TEM)

Absorption, distribution, metabolism, excretiondadaxicity (ADMET)
human intestinal absorption (HIA)

blood-brain-barrier penetrati¢gBBB),

cytochrome P450 2D6 (CYP2D6)

plasma protein bindin@PPB)

5,5-dithiobis-(2-nitrobenzoic acid) (DTNB)

acetylthiocholine iodide (ATCI)

S-Butyrylthiocholine iodide (BTCI)
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazath bromide (MTT)
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Figure and table legends

Figure 1. Design of the target BUChE inhibitor compounds) $&ructures of rutaecarpiny)
and tacrineTHA). (B) Structure of the sulfonamide BuChE inhibiteported in the literature. (C)
Structure of the target benzenesulfonylamino-stuistl and thiazolesulfonamide-substituteal
derivatives.

Figure 2. Lineweaver—Burk plot obtained through the kinestsdy of the inhibitory effects of
compound6n on BuChE Reciprocals of enzyme activity (BuChE) versus pemials of the
substrate (butyrylthiocholine iodide) in the preseof different concentration of compou@ial
Figure 3. (A) 3D mode of the H bond surface of compoumwith receptor BUChE (PDB ID:
5NNO). (B) 2D mode of the interaction of compousrd with receptor BUChE (conventional H
bond and C—H bond, halogemn;cation, alkyl, andi—alkyl are represented by green, light green,
blue, yellow, pink, and light pink lines, respeetiy).

Figure 4. Root mean square deviation (RMSD) vs. time.

Figure 5. Potency of compoun@n as a promising neuroantioxidant for reducing tirenfaition of
intracellular ROS in SH-SY5Y and PC12 cells. Ressale presented as the mean = SEM of three
independent experiments (##P < 0.01 versus cogtonlp; ***P < 0.001, *P < 0.01, *P < 0.05

versus HO, group).
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Figure 6. TEM images showing the self-induced aggregatios @¥1 Ap (1-42) in the presence or
absence of compounds. (ABA1-42) incubated alone at O h, (Bp AL-42) incubated alone at 48
h, (C) A3 (1-42) incubated with 100M compound6n at 48 h, (D) A8(1-42) incubated with 100
uM donepezil at 48 h.

Figure 7. (A) UV spectrum of compoun@n (20 uM) alone or mixed with CuG| FeSQ, ZnCk,
AICl3, MgCl, and CaGl (20 uM). (B) Determination of the stoichiometry of €6n complex
through the molar ratio method.

Figure 8. Regression based on ADMET_PSA 2D and ADMET_AlogP%& compound set lies
entirely within the 95% confidence ellipse. (Red gnéen ellipses described 95% and 99% of
HIA, respectively; the pink and sky blue ellipsescdribed 95% and 99% of BBB, respectively).
Figure 9. Neuroprotective potency of compoungh against cytotoxicity toward human
neuroblastoma SH-SY5Y cells. (A).8—induced group. (B) B—induced group. Results are
expressed as the mean + SEM of three independpatiments, ###P < 0.001 compared with the

control group; **P < 0.001 compared with the®} or AB group.

Table 1. In vitro ChE inhibitory activity and free radicatavenging rate of the synthesized
derivatives.

Table 2. Inhibitory rate of compoun€n for self-mediated A aggregation.

Table 3.Log P values of active compounds.

Table 4. ADMET properties of active compounds.

Table 5. Neuroprotective effects of synthesized rutacecarpiderivatives against

H,0O,-induced cytotoxicity toward PC12 cells
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Scheme 1.Synthesis of intermediate 3-amino-substituRd in accordance with the modified
Bergman procedure. Reagents and conditions: (dertrated HSO,, KNOs, 0°C;(ii) (CRCO)0,
pyridine, 25°C, 30 min; (iii) tryptamine, reflux, I8 (iv) HCI, AcOH, reflux, 1 h; (v) 10% Pd/C,

80% hydrazine hydrate, isopropanol, 80°C, refluk; tvi) KOH, H,0O, EtOH, reflux, 30 min.



Q R
o
o}

=0

C9—Y
o)

\
O =
»
Iz
Z75
O
n=0

8a -~

\ N o 7a-7c
NN e
I
N’ﬁ Rs 7a: Rg=H
H o 7b: Rg=Br
7c: Rg=Cl
6a-6p Rs Ra

6a: R;=R,=R,=Rs=H, R;=OCHs
6b: Ry=R,=Rs=H, R=R3=OCHj
6c: R;=R,=Rs=H, R,=R5=0CHs
6d: R;=R,=R,=Rs=H, R;=NO,
6e: R;=R3=R,=Rs=H, R,=NO,
6f: Ri=R,=R,=Rs=H, Ry=Br
6g: Ry=Ry=R,=H, R;=Rs=Cl
954 6h: R;=Ry=Rs=H, R,=R,=ClI

955  Scheme 2Synthesis of 3-aminoalkanamido-substitukad derivatives. Reagents and conditions:

956  pyridine, reflux, 30 min.

6i: R1=R4=Rs=H, R,=Cl, Ry=F
6j: R1=R,=R,=Rs=H, R3=C(CHs)3
6k: R;=R,=R,=Rs=H, Ry=F

6l: Ri=R,=R,=Rs=H, R3=CF5
6m: R1=R;=R,=Rs=H, R,=CF
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Table 1. In vitro ChE inhibitory activity and free radicat@avenging rate of the synthesized

derivatives.
Compounds AChE BuChE SP RP of DPPH
Inhibition, Inhibition, assay
(IC50) uM? (IC50) uM?

Ru >100 >100 nd nd
6a >100 8.01 +1.54 >12.5 4550+ 4.61
6b 77.02 £5.04 7.58 +1.07 >10.2 43.74 £5.74
6c 51.24 +3.74 10.90+1.39 4.7 40.31 £ 2.87
6d >100 16.51+1.64 >6.1 35.18 £+ 3.02
6e >100 23.32+£1.49 >4.3 40.25 £ 1.53
6f 40.43 £ 2.46 8.94 +1.85 4.5 59.07 £ 4.62
69 100 13.65+1.60 >7.3 55.94 + 3.86
6h 84.37 £4.52 7.94 +1.26 10.6 53.68 + 3.26
6i 85.61 +4.98 4.63+0.74 18.5 58.03 +4.68
6) >100 1295+1.25 >7.8 37.23+£2.39
6k >100 7.57+£0.77 >13.2 55.79 £ 6.40
ol >100 8.28 +0.91 >12.1 59.32 £+ 4.60
6m >100 3.82 £ 0.68 >26.2 54.28 + 3.57
6n >100 3.60 £ 0.34 >28.8 57.57 £5.82
60 34.56 + 3.19 3.95+0.72 8.7 53.49 £ 2.35
6p >100 25.78 £+1.31 >3.9 48.01 £4.54
7a >100 >100 nd” 41.76 £3.87
7b 83.36 £5.17 60.34 +4.03 14 56.35+5.81
7c >100 76.93 £ 4.95 >1.3 4495 +4.13
8a >100 >100 ng 44.54 +3.78
THA 0.28 £ 0.026 0.04 +£0.007 7.0 53.62 +4.77
Donepezil 0.02 £0.01 7.87+£1.24 0.003 81.89+7.35
Ascorbic acid nd" nd" nd 70.57 +5.51

®AChE from electric eel and BUuChE from equine serumre used. 1§, 50% inhibitor
concentration values are expressed as the meahtoBihe three experiment@Selectivity ratio
= (ICso of AChE)/(IGy of BUChE). ‘RP of 1, 1-Diphenyl-2-picrylhydrazyl (DPPH) (%) =
reduction percentage of DPPH, compounds at a ctratiem of 100uM. °nd = not determined.



Table 2. Inhibitory rate of compouné@n for self-mediated B aggregation.

Compounds Inhibition of self-induced f aggregation (%)
Ru 11.25+1.9
6n 58.95+4.0
Donepezil 33.78 £4.5

% Inhibition of the self-induced aggregation ofus! AB in the presence of 100 uM Rén, or

donepezil. Results are expressed as the mean +dbHid three independent experiments.



Table 3. Log P values of active compounds.

Compounds Log P
6k 2.25
ol 3.01
6h 3.21
6m 3.01
6n 3.62
6i 2.81
60 3.62
7b 2.91

 Apparent oil/water partition coefficient.



Table 4. ADMET properties of active compounds.

Compounds A® D" M¢  E° AlogP9g° PSA2D'
6k 0 1 2 0 1 4.006 79.388
6l 0 2 3 0 2 2.848 92.198
6h 0 2 2 0 2 3.463 79.388
6m 0 7 ) 0 1 3.595 81.416
6n 0 1 2 0 1 3.968 79.388
6i 0 2 3 0 1 2.479 92.198
60 0 2 2 0 2 3.094 79.388
7b 0 2 2 0 1 3.226 81.416

& Absorption: Intestinal absorption.

® Distribution: Aqueous solubility and blood-brain barrier penetration.
¢ Metabolism: CYPA2D6.

9 Excretion: Plasma protein binding.

¢ ALogP98: Predicted octanol/water.

'psa: polar surface area, 2D: two-dimensional.



cytotoxicity toward PC12 cells.

Table 5. Neuroprotective effects of synthesized rutacecarmierivatives against,B,-induced

Compounds PC12 Cell viability(% of controf)
H,0, 1uM 5uM 10uM 30 M 50 uM

6a 37.35£3.87 39.31+4.24 51.84+1.23 4227 +3.01 43.25+3.63 49.04 +2.05
6b 45.06 +2.46 49.64 +457 51.0745.14 51.95+3.59 56.02+5.25 51.12 +3.36
6c 38.01£1.94 40.43+3.61 43.98+2.09 45.18+3.16 47.72+3.04 50.95+6.03
6d 48.16 £5.14 3242 +2.08 33.03+2.08 37.09+1.56 33.53+1.23 30.96 +4.65
6e 43.16 £1.66 27.04+£5.02 38.67 £5.01 40.91+3.03 34.02+2.02 25.63+3.23
6f 37.35+2.41 39.94+455 41.83+4.09 4413 +£159 4541+1.07 47.62+1.61
69 38.01 £6.93 40.73+1.66 42.11+1.03 42.89+4.19 4543+2.02 48.32+3.06
6h 40.06 £3.56 42.43 +494 4533+2.23 47.94+519 59.64 £8.16 69.51 +4.29
6i 46.34 £1.60 48.08 +2.16 50.78 +5.07 58.06 +4.10 59.43 +2.12 61.06 +3.05
6] 36.27 £3.49 37.57 £2.03 39.90+1.10 41.20+4.06 41.70+2.72 43.62*1.65
6k 40.57 £4.65 41.94+£345 4468 +3.46 45.46 +4.00 46.64 +01.47 51.78 £3.12
6l 43.26 +1.64 43.63+1.06 54.94+2.13 56.13+0.82 56.55+2.09 60.15+4.01
6m 4851 +4.33 49.15+3.12 50.73+3.02 53.23+4.19 5347 +3.44 5587 +2.23
6n 41.34 +3.06 44.33+2.49 4534+5.05 59.69+4.17 59.89+1.03 63.80+2.19
60 50.26 +6.11 51.64 +3.74 55.90 +3.50 60.09 +1.01 61.81+2.44 63.75+4.07
6p 40.36 £2.75 46.72 +3.03 48.03+4.23 54.41 +3.05 57.72+4.97 59.84 +2.04
7a 35.69£4.14 37.66 +4.81 39.19+2.26 40.76 +3.14 41.89 £5.049 42.44 +3.11
7b 50.18 £5.34 52.03 £2.63 52.31+1.08 55.08 £3.05 56.19 +3.07 58.23 +2.04
7c 43.01 +2.55 4355+4.66 4797 +1.04 55.14+2.08 56.03+2.04 54.45+3.06
8a 40.59 +3.43 35.88+1.72 4252+5.10 39.87 447 39.75+£2.02 37.95+3.04

Quercetin @ 42.34 £5.33 48.93+4.14 56.26 +4.25 57.89+6.35 60.62+594 62.73+1.94

Donepezil 45.66 £3.68 49.16 £3.55 57.12+7.72 65.47£5.16 68.91+6.35 76.68 £5.45

three independent experiments.

& Cell viability was tested through the MTT assagtdare expressed as the mean + SEM of the
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Highlights:

® A seriesof 3-amino-substituted rutacecarpine derivatives were synthesized in
accordance with the modified Bergman synthetic procedure as MTDLs for the
treatment of AD.

® Compound 6n presented better inhibitory activity and selective effect on BUChE.
® Compound 6n inhibited ROS formation and displayed antioxidant effects.

® Compound 6n displayed self-mediated A aggregation inhibition and selective
Cu?* chelating property.

® Compound 6n had good drug-likeness and great neuroprotection.

® Compound 6n was considered to be apromising MTDL for the treatment of AD.



