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Synthesis and Antimalarial Activity of Side Chain Modified 4-Aminoquinoline Derivatives
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A new series of side-chain modified 4-aminoquinolines have been synthesized and found activePagainst
falciparumin vitro andP. yoelliin vivo. Compounds, 11, 12, and19 exhibited superior in vitro activity
compared to chloroquine. Selected compougid2, and19 exhibited significant suppression in the in vivo
assay. These analogs form a complex with hematin and inhibisthematin formation, suggesting that
this class of compounds act on a heme polymerization target.

Introduction cH, cHy

CHj
Malaria is the most common parasitic disease in tropical and N AN OCHV H
subtropical regions, and worldwide 40% of the population lives /©/\Nj ) m
in a malaria endemic area. According to the World Health w.co = cl N c N
Organization, it is estimated that a quantum of people living in Pamaquine Mepacrine Chloroquine
areas at risk of malarial transmission is alarming, and ap- Figure 1. Structure of some clinically useful antimalarial agents.
proximately 1.6-3.0 million die due to nonavailability of proper
treatment. Malaria is caused by protozoan parasites of the genus HN SN
Plasmodium and P. falciparum vivax, malariae and ovale MY - L
species are responsible for the spread of the disease in humans. m m |
In the past, quinoline-derived compounds were extensively ci 7 n=t2
studied for the development of new therapeutic agents that led a AQ13
to the development of some molecules, namely, pamagjaime:
mepacriné (Figure 1). The best compound that emerged from
this endeavor is chloroquine (GQ which was discovered in
the 1940<. During the past six decades, CQ and other reported from this laboratory, suggesting that 4-aminoquinoline
aminoquinolines have been the frontline antimalarial agents analogues with altered chain length exhibit promising activity
because of their therapeutic efficacy and lower edsbwever, against CQ sensitive strains Bf falciparum NF-54 in vitro
development of resistance has severely limited the choice of and CQ resistant N-67 strain Bf yoelii in vivo.10 Stocks et al.
available antimalarial drugs, which clearly highlights the urgent have shown that a series of short chain CQ derivatives, on
need of novel chemotherapeutic agents for the treatment ofreplacement of the diethylamino function with the more
malaria. metabolically stable side chairte(t-butyl) as well as hetero-
The structure-activity relationship studies on 4-aminoquino-  cyclic ring (piperidyl, pyrrolidinyl, and morpholinyl, Figure 2a)
line antimalarial compounds suggest that the 7-chloro-4- modifications led to a substantial increase in the antimalarial
aminoquinoline nucleus is obligatory for antimalarial activity, activity.!! Lately, Madrid et al. have replaced diethylamino
particularly, inhibition of3-hematin formation and accumulation ~ (Figure 2b) functionality with one propyl group as constant with
of the drug at the target sifelt has been reported that when other bulky or aromatic rings and have found that some of these
the 7-chloro group is replaced by an electron donor group like analogs are active against multiple drug resistant stfdifike
NH,, OCHs, and so on or an electron-withdrawing group like dialkyl tertiary amino function of the lateral side chain is
NO,, the antimalarial activity is reduced due either to an increase reportedly providing basic nitrogenkg?), which helps in the
or a decrease in thd<p of quinoline nitrogen atom ,1). This accumulation of the drug in acidic food vacuoles, as well as in
suggests that 7-chloro is most suited for antiplasmodial activity providing lipophilicity to the molecule, and minimally contrib-
of 4-aminoquinoline classes of compourid§he importance  utes to hematin binding:¢'%13However, there is no report in
of 4-aminopyridine (Kal) substructure for hematin binding and the literature regarding the effect of complete removal of the
antimalarial activity was also supported by experimental and basicity of tertiary nitrogen atom on the antimalarial activity.
molecular modeling studies by Cheruku et®alhe role of Recent evidence suggests that 4-aminoquinoline analogs of
carbon chain length in the aminoalkyl side chain has also beenaltered side chain such a8-(7-chloro-quinolin-4yl)-3-{3 N3-
investigated, and the results suggest that both shortening (2 diethylamino) propylamine (AQ-13, Figure 2) show potential
carbon atoms) and lengthening (102 carbon atoms) the carbon  leads for the development of new drugs.
side chain in CQ leads to compounds that remain active against These findings have given impetus to the thought that side
CQ-resistant strains @. falciparum® Similar results have been  chain modification is an attractive strategy for the development
of antimalarial drugs with desirable activity profile. On the basis

Figure 2. Structure of 4-am|noqumollne derivatives.
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o o. FCHs Scheme 1. Synthesis of Compound$-33*
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8 R=H a2 Reagents and conditions: (a) DCC, THF, room temperature, (b) toluene

sn=1 11: R=H n=1 reflux.
qor R ohlorophenyl in=1 12 R= 4chiorophenyl  n=1
: o-dichiorop! e“V n= 13: R= 2,6-dichlorophenyl = n=1 . -

18: R=H 'n=2 21: R=H pheny Cn=2 In the case of thiazolidin-4-oned, (14, and24), 5-methyl-

19: R= 4-chlorophenyl @ n=2 22: R= 4-chlorophenyl ; n=2 thiazolidin-4-ones7, 17, and27), and [1,3]thiazinan-4-ones§,(

ig:, ';'_ f_f’ -dichlorophenyl” o ;g §‘;‘ E‘l_zi ,6-dichlorophenyl " fg 18, and28) compounds, the aldehyde componenpiformal-

29: R= 4-chlorophenyl n=3 32: R= 4-chlorophenyl S =3 dehy(_je, which is insoluble in THF_. Therefore, we have app_lled
30: R= 2,6-dichlorophenyl; n=3 33: R = 26-dichlorophenyl; n=3 classical refluxing protocol wherein compounds were obtained

Figure 3. Structure of compoundé—33. by refluxing a mixture of the appropriate amipeformaldehyde,

and mercapto acid in dry toluene at 120 for 20—24 h. The
in the chemistry of thiazolidinones, we thought it would be same reaction strategy was employed for the synthesis of
appropriate to explore the antiplasmodial activity of derivatives 2-(unsubstituted/substituted)-2,3-dihydro-be}{a]3]thiazin-
having a thiazolidin-4-one nucleus at the terminal side chain 4-one (1—13, 21—23, and31—33) derivatives. Both analytical
amino group of 4-aminoquinoline. Furthermore, this type of and spectral data of the synthesized compounds are in agreement
modification would prevent dealkylation without adversely with the structures of the synthesized compourts33).
affecting the lipophilicity and antimalarial activity of the
molecule as described in the literatdtd=or the present study,  Results and Discussion
we have designed compounds wherein 7-chloro-4-aminoquino-
line was not altered and modifications were carried out at the
pendent amino group. The present study describes synthesis
biochemical studies, and antimalarial activity of this new series
of compounds.

All the compounds having modifications at the lateral amino
group of the side chain4(-33) were evaluated for their
antimalarial activity against the NF-54 strain f falciparum
in vitro according to the procedure reported in the
literature®2bThe IG5, values are calculated from experiments
Chemistry carried out in triplicate. Some of the selected compounds, which

The target compoundé—33 were prepared as outlined in have shown activity comparable to CQ, were also evaluated
Scheme 1. The amino components-tc) used in the present  against the N-67 strain ¢?. yoelliin Swiss mice. The in vitro
study were prepared by aromatic nucleophilic substitution on activity data (IGo) showed that these derivatives, having a
4,7-dichloroquinoline with excess of diaminoalkane in neat nonbasic nitrogen atom at the side chain, showed remarkable
conditions with the simple standard workup procedure reported antimalarial activity. This suggests that the modification at the
earlier from our laborator§® The amino group can be trans- lateral side chain nitrogen atom is very well tolerated for
formed to the thiazolidin-4-one skeleton by the reaction of antimalarial activity.
aldehyde and mercapto acid in the presence of a dehydrating Among the 30 compounds tested, nine compounds showed
agents, namely, molecular sieves, trimethyl orthoformate, and an 1G;, range between 0.013 and 0,981, 10 compounds had
so on5abHowever, an improved procedure reported from this an 1Gs range between 1.031 and 1.981, and an G range
laboratory in whichN,N-dicyclohexylcarbodiimide (DCC) is  between 2.144 and 2.9LM was observed in five compounds.
used as a dehydrating agent to accelerate the intramoleculaiThe remaining six compounds have showsglZalues above 3
cyclization resulting in faster reaction and improved yiékfs.  «M, but not more than 7.1aM. The difference in the 16
The 4-aminoquinoline derivatives of 2-substituted thiazolidin- values can be attributed to factors such as number of carbon
4-ones/[1,3]thiazinan-4-ones were obtained from the appropriateatoms in the side chain, ring size, and C-2 substitutions on the
amine (a—c), substituted aldehyd@#—c), and mercapto acid  ring at distal amino group. In théa—c amino component,
(3a—c) in the presence of DCC in anhydrous THF at room introduction of the thiazolidin-4-one, [1,3]thiazinan-4-one, and
temperature (Table 1). After completion of the reaction, which 2,3-dihydro-benza[1,3]thiazin-4-one ring system resulted in
is usually 1.0 h, the desired products were obtained in excellentthe molecules having moderate antimalarial activity. All the
yields and purity. three types of heterocyclic substitutions, namely, thiazolidin-
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Table 1. Biological and Biophysical Data of the Compounds-@3) Among the compounds obtained from the amino component
cmpd ICs@ MICP ICs® 1b with a three-carbon atom in the side chain, introduction of
no. (uM) (uM) Log P pKL  LogKd (M) a thiazolidin-4-one ring system with 2,6-dichlorophenyl sub-
4 2.144+0.15 325 166 8.23 4.420.01 0.98+0.07 stitution at the C-2 position1g;, 1Csp = 0.138 uM) was

5 0.980+0.07 120 459 823 5250.01 0.75£0.15 equipotent as compared to CQ. Also, modifications in the ring
6 0.039+001 055 522 823 572001 046:0.19 size from a five-membered to a six-membered ring with
7 1.678+0.07 3.11 2.89 823 456001 1.05+0.12 N . "~

8 2017+ 013 621 180 823 466002 0.99 009 4-chlorophenyl sgbstltutlon atthe C-2 p95|t|d19,(lq5o = 0.914

9 4.070+0.17 4.62 473 823 554002 0.47+0.04 uM) shows an increased (8-fold) antiplasmodial activity as
10 3271+0.77 428 517 823 578001 0.45:0.10 compared to CQ. 4-Chlorophenyl substitution on the C-2
E 8'8?? 001 068 361 823 45001 094:004 position of five-membered5 (ICso = 1.040 uM) and six-

.013+0.01 026 6.53 823 566002 0.24+0.06 - .

13 02914003 588 683 823 572001 0.49+0.09 membered19 (ICso = 0.014 M) indicates an increased
14  1.650+0.04 3.11 2.01 8.23 4.8¢0.01 0.96+0.04 antiplasmodial activity as compared to the corresponding
ig é-(l)ggi 8-82 (1)-2 g-gg g-gg gg 8-8? g-ggi 8-(1)2 unsubstituted thiazolidin-4-oriet (ICso = 1.650uM) and [1,3]-

17 2.327+005 565 255 823 412001 lo2c007  thiazinan-4-onels ICso = 1.810u4M). 4-Chlorophenyl sub-

18 1.810+054 2.48 215 823 4.380.02 0.96+0.05 stitution on the C-2 position of 2,3-dihydro-bengff], 3]thiazin-

19 0.014+0.01 028 508 823 52%0.02 0.62+0.12 4-one @2; ICso = 1.031uM) shows a lowering of antimalarial
20 61544003 1039 527 823 535001 0.88£0.09 activity in comparison to unsubstituted 2,3-dihydro-begfo[
21 0.429+0.02 130 396 823 4.620.01 0.78+0.15 1 3lthiazin-a 1 1Coo = 0.429 M

22 1.031+0.05 2.02 6.89 823 5820.03 0.46+0.12 [1,3]thiazin-4-one Z1; ICso = 0.429uM).

23 2193+0.10 945 6.93 823 6.0£0.01 0.65+0.04 Compounds derived from the amino componéntwith a

24 2647003 596 252 876 463002 0.91+0.02 four-carbon atom in the side chain and 4-chlorophenyl substitu-
25 1.980+0.04 4.08 468 876 5.550.01 0.85+0.03 . h -  thiazolidi s -

26 3.031+010 617 609 876 52F002 0.64-010 tion on the C_Z-Z_posmon of thiazolidin-4-on2%; ICso = 1.980

27 1.286+£0.08 573 3.06 876 4.580.01 0.980.07 uM), [1,3]thiazinan-4-one 29; ICso = 0.271 M), and 2,3-

gg é-?%i 8-82 g-gi g-gg g-;g i-g 8-8; 8-?& 8-82 dihydro-benza][1,3]thiazin-4-one 82, ICso = 1.272uM) ring

30 7159+ 08l 1516 573 B76 EE00L 058 0.09 systems explicates an mcregsed antimalarial actl-wty m_com
31 15104007 251 447 876 478001 0.89+0.10 parison to an unsubstituted ring syste, (28, and31; ICso =

32 1.272+£0.17 217 7.40 8.76 5.360.01 0.95+0.11 2.647, 1.812, and 1.510M, respectively). 4-Chlorophenyl
33 3.074+0.17 1381 739 876 564001 097+0.03 substitution at the C-2 position of [1,3]thiazinan-4-orgs)(

€Q 0106+£001 039 472 841 552002 040£0.10 shows a 2.5-fold reduced antimalarial activity in comparison
#1Cs0 = 50% inhibitory concentration valuesNl) against NF-54 strain - to CQ. In general, 2,6-dichlorophenyl substitution at the C-2

of P. falciparum(data are expressed as meansD from at least three . : :
different experiments in duplicaté) MIC = minimum inhibiting concentra- position QO’ 23, 26, 30, and33) shows a reduced antimalarial

tion for the development of the ring stage parasite into the schizont stage activity in comparison to the unsubstituted anal@§, @1, 24,
during 40 h of incubation against NF-54 strainRf falciparum ¢ Log P 28, and31).

and K, values are calculated by Pallas softwah:1 (compound: hematin) - .
complex formation in 40% aq. DMSO, 20 mM HEPES buffer, pH 7.5 at All the compounds 4-33) were also evaluated for their

25 °C (data are expressed as meansSD from at least three different ~ antimalarial activity against the NF-54 strain Pf falciparum
experiments in duplicate¥.The I1Gso represents the millimolar equivalents  in vitro for the determination of minimum inhibitory concentra-

oftestocompounds, relative to hemin, required to inffditematin formation tion (MIC) values according to reported protoé@ﬂ,and the
zipi?iﬁ]égga;na&i;?ggsfed as meanSD from at least three different o jg presented in Table 1 It is interesting that.the MIC valugs
of the test compounds are in accordance to their corresponding
ICso values. Furthermore, there is reasonable correlafn=
4-one, [1,3]thiazinan-4-one, and 2,3-dihydro-bee}{a|3]- 0.69) between MIC and I& values of the compounds.
thiaz?n-4-one ring systems, showed potent antimalarial activity,  The activity data (Table 1) suggest that three-carbon atoms
and in some cases the dvalues are comparable or better iy the side chain are appropriate for the antimalarial activity of
than CQ. compounds with six-membered rind8@nd19), as an increase
The compounds derived from the amino comporfentith  or decrease in carbon chain length results in reduced activity.
two-carbon atoms in the side chain, an increase in the ring sizeéThe activity data further suggest that two carbon atoms in the
from five-membered (thiazolidin-4-onél) to six-membered  gjge chain are best for the antimalarial activity in the case of
([l,'3]th|a2|nan-z'l-0ne8) 'margmally. reduces the an.t|malar|al eight-membered ring analogkl{ 12, and13). This data suggest
activity, but the introduction of an eight-membered ring System, ot the length of the side chain is also crucial for the activity
2,3-dihydro-benz@][1,3]thiazin-4-one with 4-chlorophenyl sub- ¢ 4o compounds and has a correlation with the size of the
stitution on C-2 position¥2; 1Cso = 0.013uM), increases the heterocyclic ring.
antimalarial activity as compared to CQ §= 0.106 uM). . o o
Introduction of 2,6-dichlorophenyl substitution on the thiazo- _COmMpounds with significant activity in vitrds( 11, 12, 16,
lidin-4-one ring system ICso = 0.039xM) results in a 2.7- 19, f';md 29 were selected f_or in vivo gctlvny in Swiss mice
fold higher antimalarial activity in comparison to CQ. However, 2gainstP. yoelli (N-67 strain). The mice were treated with
an increase in the ring size from five-membered) (o compoun.ds (30 mg/kg) |n§raper|'.tonez?1lly, once dally_ for fpur
six-membered §) reduces the antimalarial activity, whereas Consecutive days, and their survival time and parasitaemia on
introduction of an eight-membered ring system 2,3-dihydro- day four were compared with those of control mice receiving
benzof][1,3]thiazin-4-one (1) further increases the antimalarial ~ saline (Table 2). These compounds showed significant activity
activity as compared té and8. Introduction of 4-chlorophenyl ~ againstP. yoelliinfections in mice. Compounds; 12, and29
substitution at the C-2 position of fives)and eight-membered  suppressed 76.08, 81.00, and 62.32% parasitaemia on day four
(12) rings causes a further increase in the antimalarial activity compared to 100% suppression displayed by CQ. The mean
(ICs0=0.98 and 0.01&M) in comparison to C-2 unsubstituted  survival time (MST) is also in accordance with inhibition data.
analogs 4 and11; ICso = 2.144 and 0.06xM). The compelling antimalarial activity exhibited by the novel
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Table 2. Data of In Vivo Antimalarial Activity against N-67 Strain of
Plasmodium yoeliin Swiss Mice

cmpd % suppression mean survival time
no. on day 4 (MST in days)+ SE

6 76.08 14.6-14

11 48.33 11.4-1.4

12 81.00 152+ 1.7

16 40.08 10.6£ 1.2

19 23.50 12.0+ 0.7

29 62.32 13.8£ 0.9

CQ 99.99 20.06t 1.53

control 10.1+ 0.7

aPercent suppressien [(C — T)/C] x 100; whereC = parasitaemia in
control group and” = parasitaemia in treated groupMST calculated for

the mice that died during the 28 day observation period, and the mice that

survived beyond 28 days are excluded.
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Figure 4. Correlation between antimalarial activity vs inhibition of
pB-hematin formation.
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five compounds were also found to be significantly active in
the in vivo assay system.

It is generally believed that thekpl and Ka2 contribute to
the overall antimalarial activity of 4-aminoquinoline-derived
compounds. There is substantial evidence in the literature to
support the role of K1 for the hematin binding A—x
interaction) that leads to the inhibition of hemozoin formation,
whereas the role of K2 for hematin binding is not clearly
understood® Among the 4-aminoquinoline derivative com-
pounds having alkyl substitution at the amino group exhibit
potent antimalarial activity, while unsubstituted derivatives are
not reported to be active, suggesting, thereby, that lipophilicity
and not basicity at this center has a direct bearing on the
antimalarial activity. The modification carried out in the present
study may affect thek, values, which could have a cascading
effect on the antimalarial activity. It is appropriate to mention
here that the introduction of a heterocyclic ring system on the
pendent amino group may affect the basicity of the ring nitrogen
(pKal), therefore, we have calculated th€apralues of these
compounds using Palla8The data presented in Table 1 clearly
indicate that, in the present set of compounds, the side chain
nitrogen is nonbasic and thé&pvalues of the quinoline ring
nitrogen atom remain unaffected.

Conclusion

The present study describes the synthesis and antiplasmodial
activity of a novel series of 4-aminoquinoline derivatives with

4-aminoquinoline derivatives described in the present study a nonbasic side chain nitrogen. All the compounds exhibit potent

underscores their potential for further development as antima-

larial drugs.

The antiplasmodial activity data clearly suggest that 7-chloro-
4-aminoquinoline derivative(s) with a modified side chain
having nonbasic nitrogen exhibit potent antimalarial activity.
In spite of a major modification in the side chain, this series of
compounds exhibits antimalarial activity by the same mode of
action as that of CQ, namely, inhibition of hemozoin formation.
It is tempting to infer from the data in Table 1 that all the active
compounds bind with an association constant in the range-4.12
6.01 with hematin and form a complex. The L&gvalues of

hematin association constant highlighted the importance of C-2

substitution in the heterocyclic ring system of the side chain.

In general, compounds that have 4-chlorophenyl and 2,6

dichlorophenyl substitution (lipophilic nature) at the C-2 position

antiplasmodial activity in vitro, and a few are superior to
chloroquine. Further, the in vivo results on selected compounds
revealed that these compounds also show significant antimalarial
activity in mice. The biochemical studies confirm that the
mechanism of action is similar to that of chloroquine, as most
of the compounds form an association complex with hematin
and thereby inhibit hemozoin formation. The present findings
are sufficient to establish that the basicity of the side chain
nitrogen is not very essential for antiplasmodial activity of
4-aminoquinolines and opens new vistas for the designing of
new antimalarial agents.

Experimental Section

General Synthetic Procedure for Compounds 433. The
appropriate amine (1.0 mmol) and aldehyde (2.0 mmol) were stirred

of the heterocyclic ring system of the side chain show very tight i, THF under ice-cold conditions for 5 min, followed by addition
binding to hematin in comparison to unsubstituted analogs. It of the mercapto acid component (3.0 mmol). After 5 min, DCC

has been considered that th¢,pf the tertiary nitrogen of the
side chain as well ag— stacking interactions of the quinoline
ring with the porphyrin ring system are the two important factors
for hematin binding213However, Egan and Ncokazi have

(1.2 mmol) was added to the reaction mixture at@ and the
reaction mixture was stirred for an additional 50 min at room temp.
DCU was removed by filtration, the filtrate was concentrated to
dryness under reduced pressure, and the residue was taken up in

reported that the hydrophobic interactions dominated in hematin chloroform. The organic layer was successively washed with 5%

binding, whereas electrostatie{) interaction play a trifling
role for the 4-aminoquinoline antimalarial activityThe present

data suggest that the principle interaction might be hydrophobic

as well as electrostatic interaction of the quinoline ring with
the porphyrin ring system, and th&42 of the tertiary nitrogen
atom has no role in hematin binding.

All the compounds inhibited thg-hematin formation in a

ag. sodium hydrogen carbonate and then finally with brine. The
organic layer was dried over sodium sulfate, and the solvent was
removed under reduced pressure to get a crude product that was
purified by column chromatography on silica gel using chloroferm
methanol.
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