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Abstract

In an attempt to develop new antimalarial drugshaee synthesized a new clasdNsélkylated
3-glycoconjugated-oxopropylidene  oxindoles startinfom  substituted isatins and
glucopyranosyl propanone via a well-known crossiatdaction followed by dehydration. The
newly synthesised compounds were screened for theirtro antiplasmodial activity, and
among all the compound, 9f, 9b, 8d, 9d, 9¢, and 9e displayed potent activity with the §&
values in the range of 0.1-0.3 uM against ChlonoguiCQ) sensitivePf3D7 strain, while
compoundLd, 9b, 9¢ 8¢, 8f, 9c, and9a have shown promising activity havingsfSralues in
0.1-0.4 pM range against CQ resistBfi1 strain, which is even better than the standaud d

chloroquine with 1G, value of 0.5 pM.
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Introduction

Malaria remains one of the most prevalent and destdbarasitic diseases with persistent to the
global health problem. Among the five species Riaismodium viz. Plasmodium ovale,
Plasmodium falciparum, Plasmodium malariae, Plasmodium vivax and, Plasmodium knowlesi,

the most virulent malarial parasite Rsasmodium falciparum, which is responsible for millions
of deaths per year[1l]. Natural products such asigei and artemisinin have contributed
immensely in the treatment of malaria and provededhe lead compounds for the development
of antimalarials[2]. Despite the availability of n@us antimalarial drugs like quinine,
artemisinin, artemether, chloroquine, chlorproghjamefloquine, primaquine, sulfadoxine,
amodiaquine, and many others, the widespread emszgef multi-drug resistant strains of
Plasmodium falciparum to clinically approved drugs has realized the ntgeeed of highly
effective, safe, novel and fast-acting antimalaa@gnt[3].

Isatin ((H-Indole-2,3-dione) is a versatile heterocyclic éulaf endowed with various biological
activities and good tolerance in humans [4]. Isagirpresent as a main component in many
alkaloids[5], drugs[6] as well as dyes[7], pestgsdand analytical reagents. Besides, isatins, as
well as N-alkylated isatins have been used as synthetic ibgildlock for the preparation of
various important naturally occurring heterocyammpounds[8], having significant biological
activities[9]. The C-3 carbonyl group of isatinshighly reactive and the nucleophilic attack at
this position leads to the formation of 2-oxindalerivatives. Oxindoles, basically isatin
derivatives are endowed with fascinating pharmagiod[10] as well as biological activities
such as antimicrobial[11], antitumor[12§ntitubercular[13], antimalarial[14], anti-HIV[1%nd
antibacterial activities[16]. Some of them haverbesported to exhibit significant antimalarial
activities[17] as shown below (Figure 1). It is knothat glucose delivery is crucial for the
survival of the malarial parasites and in this eantvarious glycoconjugates[18] and
glucosides[19] with potent antimalarial activitibgve also been reported (Figure 2). These
compounds inhibit thé’lasmodium falciparum Hexose TransporterP{HT) which plays an
important role in glucose uptake and survival o# tmalarial parasites. Therefore, glucose
consumption could be an excellent target for theelbgpment of novel antimalarial agents since
its elevated presence of glucose uptake and metabm infected erythrocytes in all stages of

the parasitic life cycle have been reported [19].
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Figure 1: Representative oxindole and chalcone based antiiaagents and our proposed molecule.

In this context, development of glucose conjugasadin derivatives as antimalarial agents
could be an effective strategy.
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Figure 2: The structures of some carbohydrate-based antiisala

We report herein the synthesis of glycohybridisedpropylidene oxindoles by utilizing the
most versatile cross-aldol reaction between suhsttisatin and glucosyl propanone. Unlike
various reactions between an aldehyde and a ketioméetone—ketone cross-aldol reactions are
rare [20]. The enone functionality in target compas! have resemblance with chalcones, which
are considered as an important motif in mediciredngistry, endowed with various biological
activities such as antimicrobial, anticancer, amtammatory, antibacterial, and
antiproliferative[21]. A few of the chalcone derives including one of our sugar derived
chalcone, have demonstrated potent antimalariavitees [22], (Figure 1). Our recent work
showed that glycohybridised isatin hydrazones aterg antiplasmodial agents [23]. Thus,

keeping all these facts in mind and in continuatbwour previous efforts in the development of



novel antimalarials[22d, 24jve embarked upon a new series of isatin glycocat@gsyand

evaluated them for their antiplasmodial activity.

Result and discussion

Chemistry

Synthesis ofN*-alkylated-3-(3'-8-C-glucoconjugated?2’-oxo-propyl) -3-hydroxy-oxindoles:

Our synthetic strategy starts with the alkylatid&j[2f the commercially available isatin/5-
chloroisatin {) with different alkyl bromides?), in the presence of base®0O; and DMF as the
solvent to give the respectiw¢-alkylated isatin/5-chloroisatin derivative3 §nd4) in 70-80%
yields (Scheme 1). The resultig-alkylated derivative$ or 4 on reaction with 1 equiv. of
acetylateds-C-glucopyranosyl-propanoné)(in the presence of Hunig's base diethylamine (0.5
ml) in ethanol at room temperature, gave the afttdition products\*-alkylated-3-(35-C-
glucoconjugated-‘2oxo-propyl)-3-hydroxy-oxindoles6( or 7) as diastereomeric mixtures[26].
The resulting diastereomeric mixtures thus formedtenisolated in 70-85% vyields in 53:47 to
63:37 ratios. (Scheme 2, Table 1) Ratios were mhtierd by integration of thtH NMR spectra
of the mixture of compounds. The structure eludttatof the diastereomeric mixtures was

carried out based on their spectroscopic d4ta°C, and mass.
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O + R-Br KoCO3 (1.2 equiv.) o
N N

(1.1 equiv.) DMF, rt, 12hr \

H R
1a-1b 2a-2g 3a-3g; X=H } 0
X=H,Cl 4a-4g; X =Cl (70-80%)
R = CH3CH,CH, (2a) 4-F-CgH4CH, (2e)
CH3CH,CH,CH;, (2b) 3-Methyl-C¢H4CH, (2f)
CeHsCH; (2¢) CgH5CH,CH;, (29)

4-BT-CGH4CH2 (2d)

Scheme 1:Synthesis oN'-alkylated-isatirN'-alkylated-5-chloroisatin derivatives.



X Diethyl amine
AcO
AcO
+ 0.5 ml
AcO ( ) AcO
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4a-4h; X=Cl propanone 6a-6h; X = H Diastereomeric
7a-Th; X = C' mixtures

Scheme 2:Synthesis oN'-alkylated-3-(3-4-C-glucoconjugated-2oxo-propyl)-3-hydroxy-oxindoles.

Table 1: Synthesis of N'-alkylated-3-(34-C-glucoconjugated-2oxo-propyl)-3-hydroxy-
oxindoles 6 and 7) by the reaction of differerii-alkylated-isatiri'-alkylated-5-chloroisatin

derivatives 8 or 4) and acetylate@-C-glucopyranosyl-propanoné)(

S.No. | Compound No. R X Yield (%) Rati8
1. 6¢ Propy- H 78 60:4(
2. 6h Butyl- H 83 63:31
3. 6¢ PhCF,- H 82 61:3¢
4. 6d p-Br-CeH,CH,- H 80 59:41]
5. 6€ p-F-CeH4CH,- H 79 62:3¢
6. 6f m-Me-CgH,CH,- H 78 61:3¢
7. 69 PhCH,CH,- H 75 61:3¢
8. 6h H- H 82 61:3¢
9. Te Propy- Cl 80 53:4i

10. 7b Butyl- Cl 82 56:44
11, 7c PhCF,- Cl 74 61:3¢
12, 7d p-Br-CeH,CH,- Cl 81 63:37
13 Te p-F-CeH4CH,- Cl 71 59:41]
14, 7f m-Me-CgH,CH,- Cl 80 60:4C
15, 79 PhCH,CH,- Cl 76 61:3¢
16. 7h H- Cl 79 60:4(

2The diastereomeric ratios were determined flehiNMR.

Synthesis of\-alkylated-3-#-C-glucoconjugatedoxopropylidene oxindoles:

The target compounds*-alkylated-38-C-glucoconjugated-oxopropylidene oxindole® & 9)
were accessed by dehydration of synthesized aldditian productsN'-alkylated-3-(34-C-
glucoconjugated-2oxo-propyl)-3-hydroxy-oxindoles6(& 7) with an appropriate dehydrating
agent. The screening of different acidic dehydgasigents such as 25% dil. HCI, acetic acid, and
p-TSA under various reaction conditions resulted iatcomplex mixture of compounds which

are difficult to isolate. Our base mediated dehtydnamethodology[27] resulted into a mixture



of compounds albeit in poor yield of desired delayeld product. Interestingly, the addition of a
well-known dehydrating agent®s (5 equiv.)[28] to the stirring solution of-alkylated-3-(3
S-C-glucoconjugated-2oxo-propyl)-3-hydroxy-oxindoles6(or 7,1 equiv.) in dichloromethane
at 0°C afforded a single stereoisomer Ntalkylated-34-C-glucoconjugated-oxopropylidene
oxindoles8 and9 in 52-72% vyields (Scheme 3, Table 2). The nonewghilic nature of the

P,Os makes it an efficient dehydrating agent for thsirdel transformation.

AcO AcO
AcO P205 (5 equiv.) AcO
CHZCIZ
rt, 15 mins

6a-6h; X=H 8a-8h; X = H E-stereoisomers
7a-7h; X =CI 9a-9h; X = CI

Scheme 3:Synthesis oN'-alkylated-38-C-glucoconjugated-oxopropylidene oxindoles.

Table 2: Synthesis ofN*-alkylated-38-C-glucoconjugated-oxopropylidene oxindol&s&( 9) by
treating the diastereomeric mixturég-alkylated-3-(35-C-glucoconjugated-2oxo-propyl)-3-
hydroxy-oxindoles & 7) with dehydrating agent,Ps.

S.No. | Compound No. R X Yield (%)
1. 8¢ Propy- H 69
2. 8b Butyl- H 65
3. 8c PhCF,- H 55
4, 8d p—BI’—CeH4C Ho- H 88
5. 8e p-F-CeH4CH,- H 52
6. 8f m-Me-C¢H,CH,- H 60
7. 8¢ PhCH,CH,- H 58
8. 8h H- H 64
9. 9¢ Propy- Cl 72

10. 9b Butyl- Cl 70
11, 9¢ PhCF,- Cl 60
12, 9d p-Br-CeH,CH,- Cl 62
13. %¢ p-F-CeH4CH,- Cl 57
14, of m-Me-CgH4CHo- Cl 64
15, 9¢ PhCH,CH,- Cl 63
16. 9h H- Cl 68

The structure elucidation of the target compouri® (10) was done on the basis of their
spectroscopic datdH, *C, and HRMS. To confirm the configuration of thelied single

isomer, detailed chemical shift assignmenttdfand**C NMR signals was performed by using



various 1D tH, *C, DEPT) and 2D (COSY, TOCSY, NOESY, HSQC, and HNIBOVIR
experiments for one of the above prototy8=.(HMBC correlation of H-1' & H-4 with C-3 and
H-1' & H-8 with C-2 and H-1' & H-3' with C-2' showéheir connectivity (Figure 3). It has been
reported in the literature that 3-substituted iimd@ones may exist as either tAeor E isomer
depending on the characteristics of the substisuantthe C-3 position of the 3-substituted
indolin-2-one[29]. In théH, *H - NOESY spectra, the missing correlation betwideti and H-4
strongly supported the formation Bfconfiguration of the double bond between C-3 ant @

9a. Here, we observed only the nOe correlation betwékl and H-3. Further, the
characteristic peaks (H-And C-1) in all the final compounds folH and**C NMR spectra
appeared at arourdd.10-7.20 ppm and133 ppm, respectively.

1"

Cl

-<——> nOe correlations

° —> HMBC correlations
10

Figure 3: Relevant nOe and HMBC correlationsOat

Use of Zemplén deacetylation reaction condition feasd to be unsuitable for the deprotection
of the compounds & 9[30] as well as methanolic-HCI proved to be ineéit. This may
probably be due to the retro-aldol reaction takpigce leading to the formation of the
correspondingN’-alkylated isatin derivative ang-C-glucopyranosyl-propanone. Earlier, we
have reported acetyl protected phenyl buten@aglycosides[23d] as potent antimalarial agents
than their deacetylated counterpart. Apart frons,thine literature survey revealed that acetyl-
protected glycosylated isoindigo, indirubin derivas, and other glycoconjugates have shown

better antiproliferative activity than their deadated counterparts[31]. Screening of these



acetylated analogue® & 9 has shown excellenn vitro antiplasmodial activity againg®.

falciparum.

Biology

The synthesizedN*-alkylated-38-C-glucoconjugated-oxopropylidene oxindole® & 9) were

evaluated for theiin vitro antiplasmodial activity against Chloroquine-sausit(3D7) and

Chloroquine-resistant (K1) strains d?. falciparum as compared to the reference drug

chloroquine and the respective values for inhigitooncentration 50% (l§& in uM), cytotoxic

concentrations 50% (Ggin uM) and selectivity indices (SI) against b&thstrains are enlisted
in Table 3.

Table 3: In vitro antiplasmodial activity and cytotoxicity of targdt compounds8(& 9) and

diastereomeric mixture$ & 7).

a,b C a,b

Entry PlfC35D07(“|\I2K1 CCs0 (uM)* Pf3§|7(uMl)3fK1 =ntry P|fC35D07(u|\I2K1 CCs0 (M)
8a | 359 | >5 12474 | 3474 2494 6a | >5 | -5 ND
8b | 261 | 1.84| 12556 | 4810 68236b | >5 | -5 ND
8c | 077 | 029 7118 02.44| 24544 6¢ | >5 | -5 ND
8d | 0.23 | 0.80| 7654 | 332.78 9567 6d | >5 | -5 ND
8e | 047 | 119| 11907 | 253.34 100056e | >5 | -5 ND
8 | 053 | 0.30| 7246 | 136.71 24158 6f | >5 | 5 ND
89 | 095 | 0.75| 64.69 68.09| 86.25 69 | >5 | -5 ND
gh | 427 | >5 127.20 | 29.78 2544 6h | >5 | -5 ND
9a | 1.18 | 0.40| 9555 80.07| 23887 7a | >5 | -5 ND
ob | 0.18 | 0.22| 88.90 | 493.88 404.00 7b | >5 | -5 ND
oc | 026 | 031] 9121 | 350.80 29422 7c | >5 | -5 ND
od | 024 | 015 9333 | 388.87 62220 7d | >5 | 481 ND
9¢ | 0.32| 025 107.26 | 33518 429.04 7e | 3.54 | 206 ND
of | 017 | 1.04| 9096 | 535.08 87.46 7f | >5 | -5 ND
og | 0.11| 094] 9297 | 845.18 9890 7g | >5 | -5 ND
on | 2.68 | 252| 121.94 | 4550 4838 7h | >5 | -5 ND
CQ | 0.007 0.5 >500 >71428 >1000




%50% Inhibitory concentration against chloroquinesiive (3D7) and resistant (K1) strains Bf falciparum. values are
represented as the average of at least duplicaternieations. Selectivity index (SI) = C&/ICs,. 950% Cytotoxic
concentrations. ND = Not done.

The activity result shows that among all the sysittedd targeted compoun@sg, 9f, 9b, 8d, 9d,

9c, and9e have exhibited potent antiplasmodial activity maviCso values in the range of 0.1-
0.3 uM as 0.11, 0.17, 0.18, 0.23, 0.24, 0.26 aB@ .M against chloroquine-sensitiA3D7
strain, respectively. Apart from this, compourét 9b, 9¢ 8c, 8f, 9c, and 9a have shown
excellent promising activity having égvalues in the range of 0.1-0.4 pM as 0.15, 0.225,0
0.29, 0.30, 0.31 and 0.40 uM, respectively agathkiroquine-resistar®fK1 strain, which are
even better than the standard drug chloroquine slgppiCsy value 0.5 pM. Moreover,
compoundsBe, 8f, 8c and8g have also shown significant activity agaiR§8D7 strain with 1G
values 0.47, 0.53, 0.77 and 0.95 uM, respectivdljtencompounds8g, 8d, and9g displayed
very good activity again$¥fK1 strain with 1G, values 0.75, 0.80 and 0.94 uM, respectively. As
shown in Table 3 most of the compounds are acinly |G, values falling in the range of 0-1
MM, against both the strains. The most active seriecompounds against both the strain@ais

h which is 5-chloroisatin derivative, while in thease of isatin derivative8a-h the
antiplasmodial activity comparatively reduced agtiooth the strains. The latter indicates that
thein vitro antiplasmodial activity is highly enhanced by Bech substitution at isatin core. The
effect of substitution at the -l position of isatin can also be studied in disjpigythe
antiplasmodial activity. The N-1 unsubstituted canmpds such a8h were found inactive at
higher concentration, whil@h being a 5-chloroisatin derivative showed modesativity with
ICs50 values 2.68 pM againg®f3D7 strain and 2.52 pM against th¥K1 strain. These
compounds showed the comparatively poor result aapared to other compounds with
substitution at N-1. In addition to this, the puaiastereomeric mixture$ & 7) have also been
evaluated foiin vitro antiplasmodial activity against boRf3D7 andPfK1 strains (Table 3). It
was found that almost all of these diastereomerigtures were inactive at a higher
concentration with 16 >5 UM against any of the strains, except compotmahich showed
moderate activity againd®fK1l strain with 1G, value 2.26 pM. This clearly signifies the
importance of exocyclic double bond at the C-3 fpmsiof the isatin ring, for the antimalarial
activity. All the compounds having §&<5 uM against either of tHef strains were evaluated for
their cytotoxicity against monkey kidney cell lIffERO) and these were found to be non-

cytotoxic with very good Sl values. The most actteenpounds with 16 values in 0.1-0.3 uM



range againd®f3D7 strain have very good G&and Sl values in 76.54-107.26 uM and 332.78-
845.18 uM range, respectively. Similarly, the coonmpads with 1G, values in 0.1-0.4 uM range
againstPfK1 strain also have very good Sl values in 238.8Z-B0 uM. Therefore, these

compounds hold the potential to be developed aslremtimalarial drug candidates.

Conclusion

In conclusion, the present study describes thehsgig of a novel series bf-alkylated-38-C-
glucoconjugated-oxopropylidene oxindolgsand 9 utilizing cross-aldol chemistry followed by
dehydration along with their antiplasmodial acinatgains8D7 andK1 strains ofP. falciparum.
Among all the synthesized targeted glucoconjugdtss,compounds have shown significantly
potent results with 165 in the range of 0.11-0.77 uM against the chlorogtgensitivePf3D7
strain. Further, these compounds have also exHibéecellent promising results against
chloroquine-resistarfK1 strain having Ig, values in 0.15-0.94 uM range. These compounds
were found to be more selective for plasmodial smammalian cells. Our study reveals that the
exocyclic double bond at the C-3 position of isdtas played a crucial role in displaying the
antiplasmodial activity, as none of the diasteremnmixtures 6 or 7) were active against
Plasmodium parasites. The preference for chloro substituér@-& position 9a-h) to exhibit

antiplasmodial activity is also evident.

Materials & Methods

In Vitro Cultivation of P. falciparum

The Chloroquine (CQ) sensitive (3D7) and resist&if) strains ofP. falciparum were cultured

in vitro as per Trager and Jensen (1976) method with soawkfioations[32]. Cultures were
maintained in fresh human erythrocytes at 5% heoniaton complete medium. RPMI-1640
(HEPES modified) medium (Sigma) supplemented wi#®AlbuMaxIl, 0.2% glucose, sodium
bicarbonate and 15 uM hypoxanthine and incubat&d &4C in a CQ@incubator. Parasite growth
rate and the stage were determined by the testesh€a'’s stained thin smears of the RBCs. All
the above mentioned final compounds were tested @w®ncentration range of 150 nM to 10
pUM. P. falciparum drug susceptibility test was carried out by detenng fifty percent inhibitory
concentration (Ig) according to the method of Johnsca al. (2007) with some

modifications[33]. Briefly, two-fold serial dilutits of compounds and chloroquine were



prepared in 96 well plates and then 50 pL asynausrcultures of infected erythrocytes with
0.8-1% parasitaemia and 1% haematocrit was addeddo well (100 pL-final volume). Eight
wells were treated as a positive control (withawig) and 4 wells as a negative control (without
parasite and drug). These plates were incubatadd@) incubator maintained at 37 °C for 72 h.
Then 100uL lytic buffer containing SYBR Green 1x final comteation was added to each well
and incubated for 2 h at room temperature in ddake Plates were read under fluorescence
reader at Ex. 485 nm, Em. 535 nm. Fifty percenibibbry concentration (I¢) was determined
by quantifying DNA in treated and control cultusparasites in human erythrocytes according
to the SYBR Green | (Sigma Aldrich) fluorescencedshmethod.

Cytotoxicity Assay

Cytotoxic level of compounds was determined ace@ydo O’Brienet. al. (2000) method with
few modifications[35]. The monkey kidney cell liIf¢ERO) was maintainech vitro in MEM
medium (Sigma) supplied with 15% fetal bovine ser(ffBS) and 5% C@at 37 °C. An
appropriate serial drug dilution was prepared ittuca plates and the cells were exposed to the
concentrations of particular compounds for thregsdd0% resazurin, a cell viability marker,
was added and read under fluorescent reader aaeagiof 530 = 25 nm and emission of 590 +

25 nm wavelength for calculation of the median tyta@ concentration (Cég).
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Resear ch highlights

A series of glucoconjugated oxindoles were accessed from glucosyl propanone and
isatin.

These compounds were accessed by simple cross-aldol reaction followed by
dehydration.

10 compounds showed potent activity with ICsp in 0.11-0.77 um against Pf3D7 strain.
10 compounds showed promising activity with ICs in 0.15-0.94 um against PfK1
strain.

Activity is enhanced in compounds having exocyclic double bond and 5-chloro

substituent.



