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Abstract:

From 4 antiplasmodial hit-molecules identified kr2hloromethylquinazoline series, we
conducted a global Structure-Activity relationsfi®AR) study involving 26 compounds and
covering 5 molecular regions (I — V), aiming atidefg the corresponding pharmacophore
and identifying new bioactive derivatives. Thudenfstudying the aniline moiety in detalil,
thienopyrimidine, quinoline and quinoxaline biossers were synthesized and tested on the
K1 multi-resistantP. falciparumstrain, along with a cytotoxicity evaluation orethuman
HepG2 cell line, to define selectivity indecies. FBAfirst showed that thienopyrimidines and
quinolines were globally more cytotoxic, while goxaline analogs appeared as active as-
and less cytotoxic than their quinazoline countégpaSuch pharmacomodulation in
guinoxaline series not only provided a new antipledial reference hit-molecule @#g&= 0.4
MM, selectivity index = 100), but also highlightedi active (IGo = 0.4 uM) and quite
selective (S| = 265) synthesis intermediate.

Highlights:

» Antiplasmodial pharmacomodulation of G&lubstituted-nitrogen containing heterocycles
was made» Thienopyrimidine derivatives appeared more cytimtoxd» Original 3-
substituted-2-trichloromethylquinoxaline analogs reve prepared. »Two quinoxaline
derivatives displayedn vitro ICso values of 0.4 and 0.5 uM on the K1 multi-resistBnt
falciparum strain. » Cytotoxicity was assessed on the human HepGZioellshowing low
cytotoxicity (CGp ~ 40 uM) and improved selectivity indecies (77100



Keywords: Quinazoline; Quinoline; Quinoxaline; Thienopyrirmd; Trichloromethyl goup;
Plasmodium falciparumIn vitro antiplasmodial activity;In vitro HepG2 cytotoxicity,

Structure-Activity Relationships.
1. Introduction

Cerebral malaria, caused BYasmodium falciparumis the leading cause of death among
parasitic infections worldwide. According to thel®0World Malaria Repoftl], 214 million
people were infected biylasmodiumin 2014, leading to 438.000 deaths out of whicbuab
88% occurred in Africa, mainly in children undewdi It is to note that a significant
improvement of the situation has been noted sinedeginning of the 21st century, thanks to
the action of the WHO and the financial involvemenit several non-governmental
organizations.

However, the control of the infection is facing Vdwide the emergence of drug-resistant
strains of the parasite which turns into a majonceon for the medical and scientific
community. Indeed, the WHO recommended the tredtimieR. falciparummalaria is based
on an artemisinin-combination therapy (ACT), butiseances to artemisinin derivatives are
emerging in Asig2], and it was demonstrated that they were respans$dsl therapeutic
failures in several infected patierf&s4]. Moreover, it was also highlighted that the Africa
Anopheles gambiamosquito could transmit such Asian resistant pe®fb], indicating a
major worldwide spreading risk. Thus, research reffdvave to be developed, in order to
discover new chemical entities presenting novel raeisms of action, to complete and
guaranty the durable efficiency of ACTSs.

Several research teams working in the field of raakarial agents previously reported
novel quinazoline derivatives displaying signifitaantiplasmodial activities, in particular
when bearing an amingé], alkylamino-[7,8] or an aniline- substituef®] at position 4 of
the quinazoline ring.

The research activity of our group is focused andynthesis and anti-infective evaluation
of new nitrogen-containing heterocyclg®]. We have intensively studied a large series of
antiplasmodial derivatives based on the origin&diciloromethylquinazoline scaffold. Thus,
the synthesis anid vitro biological evaluation of a large quinazoline chemhiibrary bearing
an arylamino-[11,12] aryl- [13], phenoxy-[14], phenylthio- [15], sulfonamido-[16],
alkynyl- [17], heteroarylaminof18], benzyloxy- or alkoxy{19] substituent at position 4 of
the quinazoline ring, revealed several hit-moles#eD) which are presented Figure 1.



Figure 1. Antiplasmodial hit-molecules identified in 2-tricibmethylquinazoline series.
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In the light of these hit-molecules, within the amihdefining the antiplasmodial Structure
Activity Relationships (SARSs) of the correspondseries, 5 key-regions (I-V) were chosen
and modulated, as summarizedrigure 2. Thus, for region I, we first investigated theeroff
the —CC} group by replacing it by various substituents udahg closely related halogenated
groups. For region Il, we studied the influencehaf combination of the halogen atoms on the
aniline moiety of hitA. The effect of the methylation of the secondarynemitrogen of hiA
was then investigated in region Ill. Further modiolas in region IV were made by replacing
the quinazoline ring of hitd-D by a bio-isosteric thienopyrimidine. Indeed, staytfrom the
natural quinazoline-based antimalarial molecule rifigipne, such ring replacement was
successfully carried ouff20]. Moreover, some recent thienopyrimidine derivaive
demonstrated promising antiplasmodial activi{@k,22] Finally, in region V, we looked for
novel analogs, centered either on the quinolindems¢ as this heterocycle is encountered in
numerous antimalarial drugs such as quinine, chlaree, mefloquine, amodiaquine,
piperaquine and primaquine, or on the quinoxalineleus, taking advantage of previously
reported results obtained in our team in the pgfigR-alquinoxaline serieq23]. The
synthesis of all new derivatives, theirvitro biological evaluation and the resulting SARS is

presented and discussed herein.
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Figure 2. Antiplasmodial SAR study involving 5 key-regioris\) from the quinazoline hits



2. Results and discussion
2.1. Synthesis of hit A analogues

2.1.1. Region I: Variation of the nature of the substituen at position 2 of the
guinazoline ring
The nature of the substituent at position 2 offivas first studied. Thus, the synthesis of
the 2-methyl-1, 2-chloromethyl-2, 2-dichloromethyl-3, 2-chloro-2-difluoro-methyl-7, 2-
trifluoromethyl-8 and the 2-unsubstituted-quinazoline analogs were operated, starting from
appropriate 4-chloroquinazolineSagheme ). CompoundLl [11] was already synthesized by
our teamvia an Aromatic Nucleophilic Substitution \&r) reaction, starting from 4-chloro-2-
trichloromethylquinazolineE [24]. Derivatives2 and 3 were prepared by \&r reactions
starting  from  4-chloro-2-chloromethylquinazoline F  [25] and  4-chloro-2-
dichloromethylquinazolin& [26]. The synthesis of the parent 2-unsubstituted camg®
was already reported in the literature, but tolibst of our knowledge, it was never studied
for its antiplasmodial potential27]. The biological evaluation of the above prepared

guinazolines is summed up Trable 1

Clj©/Cl
Cl HN

N/)\R N/)\R
1-3,7-9

NSNS oSl Sl Callo C AN O
Oy, Oty Ol CLY,, CLY,, O,

[11] 1 1% 2 42% 3 30% 7 37% 8 [271 9

Scheme 1SAR modulation of region I: modification of the stituent at position 2 of the
guinazoline ring.

Reagents and conditiongi) 2,4-dichloroaniline 0.8 equiv, conc. HCI caByOH, 70 °C, 2 h.

For the synthesis of derivativg the corresponding 4-chloroquinazoline intermediats
not reported in the literature. Thus, starting fragraminobenzonitrile, acylation of the amine
was made by reacting with 2-chloro-2-difluoroaceditid in the presence of the coupling

agent N-dimethylaminopropyN’-ethylcarbodiimide (EDCI) and dimethylaminopyridine



(DMAP), affording4 in low yield (15%). Then, a smooth oxidative hyttva of nitrile 4 was
operated withH,O,, followed by a cyclization in alkaline mediufi7,28] leading to
quinazolinoneb. This last was further chlorodehydroxylated usid@Ck, affording the

expected intermediat(Scheme 2

OH Cl
- L >N
©:NH2 C[ )\Ccml N*CF Cl
15% 4 O CF.CI 80% 5 75% 6

Scheme 2Variation of the region I: Synthesis of intermediat

Reagents and conditions (i) 2-chloro-2-difluoroacetic acid 1 equiv, EDCIL.HQ equiv,
DMAP 0.8 equiv, CHClI,, 0 °C then rt, 24 h; (ii) kD> 30%, NaOH, EtOH/LD, 0 °C then rt,
90 min; (iii) POC4, 140 °C, MW, 10 min, 800 W.

2.1.2. Region II: Variation of the halogen atoms at posibn 2’ and 4’ of the 4-
anilino-substituent
The synthesis of the anilino derivativé8-13was easily performed under classicahB6
reaction conditions by reacting the appropriate -dhloaniline with 4-chloro-2-
trichloromethylquinazolind in refluxing isopropanol, in 55-70 % range yielsicheme 3.

The results of thein vitro biological evaluation are presentedliable 1

.Ar

cl X
N/)\cm3 N/)\CC
E [24] 10-14

ouiie ool o s oW o
R, O O, O, OO,

55% 63% 70% 70% 15% 14

Scheme 3Chemical modulations at regions Il and 11l of fffearmacophore
Reagents and condition@) 2,4-dihaloaniline (2 equiv) or 2,4-dichloid-methylaniline (1.1
equiv),iPrOH, reflux, 2 h.



2.1.3. Region lll: N-methylation of the 4-(2’,4’-dichlorophenyl)amine sibstituent

The influence of the hydrogen atom on the secondamne, in region lll, was also
studied. For this purpose, a/A& reaction was performed betweé&nh and N-methyl-2,4-
dichloroaniline, affording the expected methylatmmmpoundl4 in low yield Scheme 3.
The biological evaluation of compouidd is summarized iTable 1

2.2.Biological evaluation of the series belonging to ggons I, Il and 1l

These new derivatives were evaluatedvitro toward both their antiplasmodial activity
against the K1 multi-resistat. falciparumstrain (determination of the ig= inhibitory
concentration 50%) and their cytotoxicity (deteration of the CGy = cytotoxic
concentration 50%) on the HepG2 human cell linee Tésults were compared with three
commercial antimalarial reference-drugs (atovaquaméoroquine and doxycycline) and a
cytotoxic reference drug (doxorubicine). For allstesl compounds, the corresponding
selectivity indecies (SI) were calculated (S| =sg@Csp). The results are presentedTiable
1.

The aim of the modulation of region | was to camfithat the trichloromethyl group, at
position 2 of the quinazoline ring, was the onljb&ituent providing the antiplasmodial
activity. Indeed, the antiplasmodial activity wasally lost when replacing it with other
groups, including closely related ones such as @FCHCL. Looking at the combination of
the halogen substituents on the aniline ring atitipos4 (region II), the antiplasmodial
activity was maintained for brominated compounb3-12 in comparison with hitA
(respectively 0.3, 0.5 and 0v& 0.4 pM), but the cytotoxicity was significantlycireased,
leading to less selective molecules. Contrary te thsults obtained with brominated
analogues, fluorinated analogi® presented the same cytotoxicity profile asAibut was
less active (I6p = 3.1 pM). Finally in region lll, the methylatioof the aniline moiety

(compoundl4) significantly impaired both antiplasmodial activand cytotoxicity.



Table 1. In vitro antiplasmodial and cytotoxicity evaluation of caupds1-3 and 7-14
Modulations at regions I, Il and 1.

R4
~N
N/)\Rz
HepG2 CGsp K1 P. falciparum Selectivity
Molecule  -R R
olecule 2 4 (M) IC 50 (M) Index°
Cl
1 -CHy H@m 15 85 0.18
/
Cl
2 -CH.CI H@m 0.5 >12.8 <0.04
/
Cl
3 -CHCl H@q 4.7 >50 <0.09
/
Cl
7 -CRCI H@m 7 48.4 0.14
/
Cl
s  -CR Yo >50 >50 :
/
Cl
9 -H H@m 35 >50 <0.7
/
Br,
10 -CCls H@Br 2 0.3 6.7
/
Cl
11 -CCly H@Br 5 0.5 10
/
Br,
12 -CCls H@ol 2.9 0.6 4.8
/
=
13 -CCl H@F 19.6 3.1 6.3
/
Cl
14 -CCly H3C\N@CI 10 3.4 2.9
/
Cl
HitA  -CCl H@c. 16 0.4 40
/
Doxorubicine® 0.2 - -
Atovaquoné’ > 15.6 0.001 15600
Chloroquine® 30 0.6 50
Doxycycline’ 20 6.0 3.3

3Doxorubicine was used as a cytotoxic reference:digpvaquone, Chloroquinine and doxycycline were used
as antimalarial reference-drug§electivity indecies were calculated accordinghte formula : SI = HepG2
CGsp/ K1 1Csp. dHighest concentration tested due to a lack of slityb



2.3.Region IV: Synthesis of thieno[3,A]pyrimidine series.

The replacement of the phenyl ring of the quinamohucleus, by a thiophene nucleus as a
bio-isostere, was next studied. We first tried toyntBesize 4-substituted-2-
(trichloromethyl)thieno[3,H]pyrimidine derivatives by a \#\r reaction between the key
chlorinated intermediate20 and various nucleophilic species, corresponding the
substituents borne by hitsD, respectively 2,4-dichloroaniling 3-trifluoromethylanilineb,
4-chlorophenot and4-chlorothiophenotl (Figure 3).

_Ar
X Cl
S S 5
N CCl3 N CCl; NH,
Target compounds 21a-d Key intermediate 20 Commercial

Figure 3. Thieno[3,2d]pyrimidines initial retrosynthesis pathway.

Starting from the commercially available 3-aminofftiene-2-carboxylate, we first
acetylated the amino group in presence ofQAdeading tol5 in 78% yield[29]. Then, the
cyclization was made by heatidd in presence of 25% ammonia in a sealed vial, diffigr
thienopyrimidinone16 [30] in 63% vyield. Unfortunately, in our hands, the ariation
reaction ofl16, to acces0, did not succeed. Thus, we decided to realize therination
reaction in 2 steps. We first synthesized 4-chmethylthieno[3,Z]pyrimidine 17 [30].
Then, 17 was engaged in a second chlorination reaction Riith/POCE, under classical
heating or microwave activation to convert the Zhyke group into a 2-trichloromethyl
substituent. Unfortunately, here again, no tracéhefkey intermediat20 was formed, and
only inseparable mixtures of polychlorinated compuaaiwere observed by LC-MS analysis
(Scheme 4.
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Scheme 4Synthesis of key intermedia2é.

Reagents and condition@) Ac,O, AcOH cat., 120 °C, MW, 10 min; (ii) NJOH 25%, 105
°C, 3 h, sealed vial; (iii) P€I6 equiv, POGl as solvent, 100 °C, MW, 20 min, 800 W; (iv)
POCE, pyridine cat., reflux 24 h (molecul&r) or 1 h (molecul0); (v) EtN, trichloroacetyl
chloride, 5 °C, 30 min; (vi) AcOH saturated withsgaus HCI, trichloroacetonitrile, 100 °C,
18 h, evaporated then refluxediRrrOH, 5 min.

To introduce the —Cglgroup, we chose to start again from 3-aminothiopk2-
carboxylate and carried out the acylation reactimmng trichloroacetyl chloride in presence
of EN. The corresponding produt8 was obtained in quantitative yield. Unfortunatehe
following cyclization step to lactarh9 was unsuccessful under the reaction conditiond use
(either NH,OH at 105 °C in sealed vial or Nkh MeOH at 120 °C under MW). Finally, we
succeeded in preparing lactad® by reacting 3-aminothiophene-2-carboxylate with
trichloroacetonitrile in AcOH, saturated with gaseddCI[31]. This was a similar approach
to the one of RiefB2] who used a more expensive reagent: methyl 2,R@droacetimidate.
Then, the chlorodehydroxylation of lactdr@in refluxing POC} in the presence of a catalytic
amount of pyridine, furnished the key intermedidtein almost quantitative yield. \&r
reactions betweeB0 and some N, O or S centered nucleophiles were pleeiormed in a
similar way to those operated in quinazoline seri@$he target 4-substituted-2-
(trichloromethyl)thieno[3,A]pyrimidine derivative®1a-dwere obtained, however, in low to
moderate yields (7-55%%p¢heme %. The results of the biological evaluation of thésies are
presented iTable 2
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Scheme 5Synthesis of 4-substituted-2-(trichloromethyl)tiog3,2-d]pyrimidine.

Reagents and condition§) aniline derivativea or b 1 equiv, conc. HCI cat., EtOH, 100 °C,
18 h, sealed vial; (ii) NaH 2 equiv, 4-chloropheaalr 4-chlorothiophenall 1 equiv, DMSO,
rt or 50 °C, 24 h.

2.4.Region IV: Synthesis of the thieno[2,3d]pyrimidine series.

To complete this SAR study with more thiophene-aomnihg bio-isosteres, we decided to
synthesize the position isomer analogues in thizBaj]pyrimidine series. This could be
performed by a $Ar reaction between the desired nucleophded and a key chlorinated

intermediate25, obtained from 2-aminothiophene-3-carbonitriggre 4).

Ar

X Cl CN
Y — Y —— [
STONT ccl S N/)\ccn3 s~ NH
Target compounds Key intermediate 25 Commercial

29a-d

Figure 4. Thieno[2,3d]pyrimidines initial retrosynthesis pathway.

Thus, 2-aminothiophene-3-carbonitrile was acetglatéh Ac,O to give22[33]. Then, the
cyclization was made in the presence ofOKH30% in alkaline medium (NaOH17,28]
leading to thienopyrimidinon€3 [34] which was then chlorodehydroxylated ing3.
Unfortunately, as previously observed in the thj8id]pyrimidine series, we did not
succeed in synthesizir@p, neither by thegemtrichloromethylation of24 [35] nor by the
tetrachlorination of23 with in a PCYPOCE mixture. Scheme §. Acylation of 2-
aminothiophene-3-carbonitrile was then realizedhwiichloroacetyl chloride, to givee.

Cyclization into lactan27 was next conducted with a mixture of polyphosphad (PPA)



and phosphoric acid. Nevertheless, once againgentamed impossible to isolate key
intermediate25 via a chlorodehydroxylation reaction. It seemed #faivas too unstable to be
isolated, indeed some traces were detected by LCHJUSdirect engagement of cruéb in

SVAr reaction did not afforded target compounds.

CN CN 4
I i U\ ). i Vi (f
G\NHz S ” CHs S | )\ )( )\
72% 23 61% 24
v % Vii
CN
Q OH

P

H > 7 |
76% 26 S N/)\c:czl3
90% 27

CCl3

Scheme 6Various synthesis routes investigated for thelssis of key intermediaib.
Reagents and condition§) Ac,O, AcOH cat., 120 °C, MW, 10 min; (ii) 0, 35%, NaOH,
EtOH/HO, 0 to 55 °C, 15 min; (iii) P&I6 equiv, POG as solvent, 100 °C, MW, 20 min,
800 Wi; (iv) POCY, pyridine cat., reflux 24 h; (v) B, trichloroacetyl chloride, rt, 36 h; (vi)
H3POy, polyphosphoric acid, 70 °C, 3 h; (vii) PQCbr PCk or oxalyl chloride or
P,Os/tetrabutylammonium chloride (TBACI) or SOCI

Facing the difficulty to prepare the intermedi&te and in order to access to the target
thieno[2,3d]pyrimidine derivatives, we tried another synthegmathway based on the
cyclization of thiophene derivatives which could tgclized into thieno[2,2fpyrimidine
rings bearing already both the G@roup and an aniline (or phenol or thiophenol) ehpoi
(Scheme J. Thus the synthesis of amiding8a and28b was conducted by reacting nitré
with appropriate anilines in presence of Al@t room temperature in GAI, [36]. The crudes
residues obtained were a mixture of unreactedirsgamaterial26 (even after 72 h at rt), the
expected amidine@8a-b and cyclized target derivativ@®a and29b. When the temperature
was increased to improve the conversion, undesirsible products appeared. Refluxing the
obtained amidine&8a-b in ethanol led to the target compour®a and29b, respectively in
36 and 15% vyield§37]. For phenok and thiophenotl, the same conditions using Allid

not afford the expected derivatives. We then careid the synthesis work of Baati and al.,



describing the addition of thiols onto nitrile gpsuin presence of gaseous HBr in ether at 0
°C [38]. Indeed, to our delight, by using these reactiondttions, thioimidate28d was
produced, and further cyclization in refluxing etbhafforded compoun@9d in low vyield
(Scheme 7. Unfortunately, the same reaction conditions wanefficient to obtain
compound®8cand29c Other conditions were attempted in order to poadine imidat&8c

via the addition of 4-chlorophenol into the nitrileogp, in the presence of NgdB9], Na[40],
K,CQ; [41] or gaseous HJWU2], but all of them conducted to the same disappuajntesult.

The results of the biological evaluation are présgmTable 2

X=NH,0, S
HN Ar JAr
X X
CN
0] iorii (0] iii N
I Mo, — | ) Lo | —
~
s” N s N g SN cCl
26 28a-d 29a-d
NH HN CF3 [e) S
J | SN J | SN J | SN J | SN
s N/)\cm3 S N/)\cq3 S N/)\cm3 S N/)\cm3
36% 29a 15% 29b not  9¢ 22% 29d

obtained

Scheme 7Synthesis of 4-substituted-2-(trichloromethyl)tiog2, 3-d]pyrimidine 29a-d
Reagents and condition@) anilinesa or b, AICl3, CH.Cl,, rt, 72 h; (ii) 4-chlorothiophenoal,
gaseous HBr, ED, - 20 °C, 30 min then 18 h at rt; (ilfrOH, reflux, 5 min.

2.5. Modulation of region IV: Biological evaluation

In region 1V, the replacement of the quinazolinggrby thienopyrimidine scaffolds led to
molecules displaying similar antiplasmodial acthais hit-molecule&\-D, with 1Cso values in
the submicromolar range (0.4 to Q@) (Table 2. However, all the thienopyrimidine
derivatives, belonging either to the [3JRer [2,3d] series, appeared more cytotoxic g€
0.7 to 13.3uM) than the corresponding hit-molecules, leadindot@er selectivity indecies.
Globally, SARs indicate that there is no significadifference between the two

thienopyrimidine series, regarding both activityl aytotoxicity.



Table 2.In vitro antiplasmodial and cytotoxicity evaluation of cayupds21a-d and29a-d
modulations at region 1V

Molecule Structure HepG2 CGsy K1 P.falciparum  Selectivity

(LM) IC 50(UM) Index®
Clt©/CI
21a sk, 3.2 0.6 5.3
\ ‘N/)\CC|3
HN/©\CF3
21b s X, 0.7 0.9 0.8
\ ‘N/)\CCIs
o
21c s L 4.3 0.6 7.2
\ ‘N/ CcCly
/©/C|
21d P 6.9 0.4 17.2
>N
<\I:/)\CCIg
C|\©[CI
29a L, 6.2 0.5 12.4
7
S ‘N/)\CCla
29p , N 4.0 0.6 6.7
S ‘N/)\CCIa
-
29d { 13.3 0.8 16.6
7 /)N\
ST N7 el
Hit A 16 0.4 40
Hit B 150 1.8 83
Hit C 50 1.1 45
Hit D >25 0.9 >28
Doxorubicine® 0.2 - -
Atovaquoné’ > 15.6 0.001 15600
Chloroquine® 30 0.6 50
Doxycycline’ 20 6.0 3.3

3Doxorubicine was used as a cytotoxic reference:digpvaquone, Chloroquinine and doxycycline were used
as antimalarial reference-drugS§electivity indecies were calculated accordingtte tormula : SI = HepG2
CGso/ K1 ICs. dHighest concentration tested due to a lack of glityb



2.6.Region V: Synthesis of quinoline series.

In order to evaluate the influence of the pyrimealmoiety of the quinazoline ring onto the
biological profile, we chose to synthesize some lagg in 4-substituted-2-
trichloromethylquinoline series bearing, at posit, the same substituerdsd as the hit-
molecules. Thus, starting from 4-chloro-2-trichloxethyquinoline H obtained by
chlorination of 2-methylquinolin-4¢)-one with PG and PO [42], we first tried solvent-
free QUAr reaction condition$l1] with anilines but without any conversion. Composi@fa
and30b were finally obtained by using a catalytic amoahtonc. HCI in refluxing EtOH to
obtain the desired compounds in 45 and 55% yiedédpeactively. For the phenal and
thiophenold, we generated the corresponding anions using Nefbrd reactingd. Thus,
phenol derivativé80c and thiophenol derivativBOd were obtained, respectively, in 72 and
32% vyields §cheme 8 The biological evaluation of these moleculesusimarized imable
3.

.Ar

cl X
~ ~
N~ >CClg N~ >CClg
H [42] 30a-d

o oo oo, o g
cr, O, OO, OO

5% 30a 55% 30D 72% 30c a2% 30d
Scheme 8Synthesis of 4-substituted-2-trichloromethylquinelseries.

Reagents and conditiongi) aniline derivative 1 equiv, conc. HCI cat., EHHO100 °C, 18 h,
sealed vial; (i) NaH 2 equiv, 4-chlorophenol ocHlerothiophenol reagent 1 equiv, DMSO,
rt or 50 °C, 24 h.

2.7.Region V: Synthesis of quinoxaline derivatives.

Previously, we reported that 2-trichloromethylgualine | displayed anin vitro
antiplasmodial activity (165 = 1.5uM), hindered by a significani vitro cytotoxicity (CGo =
3.1 uM) [23]. Moreover, the introduction of a phenyl substituanposition 3 (compound)

gave a more selective derivatide(SI = 17.5versus2.1, respectively), thanks to a better



antiplasmodial 1G value (0.2uM) [23]. Such interesting results noted with compound
prompted us to carry on the investigation of theépéasmodial potential of the 3-substituted-
2-trichloromethylquinoxaline scaffold, in continiaat of the pharmacomodulation of the
guinazoline moiety in region \F{gure 5).

Ch., — O — Oy

N~ “CCl; CClz
1 [23] J [23] Analogs 32a-d
K1 P. falciparum 1Cs9 = 1.5 uM K1 P. falciparum 1Cso = 0.2 uM K1 P. falciparum 1Csq = ?
HepG2 CCsp = 3.1 uM HepG2 CCsp = 3.5 uM HepG2 CCgp = ?
SI=21 SI=175 SI=?2

Figure 5. Rational for the synthesis of 2-substituted-3riiacomethylquinoxaline derivatives.

The first attempted synthetic route involved thacten of nucleophilea-d with 2-chloro-
3-trichloromethylquinoxalineK [44] under [KAr conditions, as previously reported in
guinazoline series. Unfortunately, all tested ctiads failed to afford the expected

derivatives32a-d where no conversion or degradation of startingenn could occur.

To solve this problem, we next investigated anotbathway by reacting 2-chloro-3-
methylquinoxalinel [45] with the nucleophilea-d via a SyAr reaction, before operating the
gemtrichloromethylation reactionScheme 9. The best reaction conditions found were to
carry out the @Ar reaction in DMF, under moderate heating, in gresence of GEOs
leading to31a 31b, 31c and 31d in, respectively, 19%, 5%, 85% and 83% respedtivel
Another strategy to improve these low reaction dgelwas successful only with 3-
trifluoromethylanilineb, by reactingL in anilineb (without any solvent) under microwave
heating in a sealed vial (69%). Then, from interme$31a-d a final chlorination step was
needed to transform the methyl group into a <Qfle. This step was achieved using the
classical route elaborated by our team using &/POICk mixture, under microwave heating.
Unfortunately, only the ether and thioether dernxed 32c and 32d were obtained in good
yields (70-72%) $cheme 9. It seemed that the presence of the amine fumafdBla and
31b inhibited the chlorination reaction. The resultste biological assays of this series are
presented iTable 3



X=NH, O, S

N\ Cl i orii N\ X “Ar jii N\ X\Ar
_— > _ >
7 — —
N Me N Me N CCl,

L [45] 19-85% 31a-d 0-72% 32a-d

cl cl cl
CF,
cl ;
N _NH N _NH N_ _O N_ S
N N N N
N~ cel N~ cel N~ cel N ccl
2a 32b 7 32 7 32d

0% 3 0% 2% c 0%

Scheme 9Synthesis of 2-substituted-3-trichloromethylquialixe series.

Reagents and conditiongi) 2,4-dichloroaniline, 4-chlorophenol or 4-chlthmphenol 1
equiv, CsCQO; 1 equiv, anh. DMF, 70 °C, 12 h, sealed vigl, (V) 3-trifluoromethylaniline 7
equiv, 140 °C, MW, 45 min, sealed vial; (iii) R@ equiv, POGlas solvent, 100 °C, MW, 20
min, 800 W.

2.8. Modulation of region V: biological evaluation.

Thus, the ring variation of region V afforded tweries of compounds: a quinoline and a

guinoxaline series.

Among the four tested compounds in quinoline seriesppeared that all exerted an
antiplasmodial activity globally similar to the anef hits A-D. However, the cytotoxicity
toward the HepG2 human cell line was increasealfaf the quinoline series, in comparison
to the HitsA-D and particularly for anilind (6.5 pMvs 150 uM forhit B). It must be
pointed out that for quinolin®d, a lack of solubility in the biological media wakserved, as
previously reported fohit D. Thus, the substitution of the quinazoline ring d&yuinoline
ring was globally detrimental.

Contrary to the quinoline series, the quinoxalieeies appeared very promising. Thus,
derivative32c showed both a better antiplasmodial activity tiiaranaloghit C (0.4 pM vs
1.1 uM) and a great improvement in the cytotoxufife, its Sl reaching 100, compared to 45
for hit C. Similarly, the same profile was observed for coomud 32d with a 2-fold activity
increase compared toit D (0.45 uM vs 0.9 uM) and a Sl of 77 without anyusdity
impairment, as observed fbit D.



To conclude, we noted that for the region V, th@psassion of nitrogem-3 of the
quinazoline led to generally more cytotoxic compdainwhile the replacement of the
guinazoline moiety by a quinoxaline one was a $icgmt improvement of the biological

profile, compoun@2creaching a Sl of 100.

Table 3.In vitro antiplasmodial and cytotoxicity evaluation of campds30a-d and32c-d

modulations at region V.

K1 )
Molecule Structure ngop(i;) P.falciparum STLZC;:/CIW
1C 50 (UM)
CID/CI
30a " 11.7 1.3 9.0
HNQ\CF
30b @ﬁ ’ 6.5 1.3 5.0
/©/CI
30c ? 31 1.5 20.7
/©/CI
30d i >15.6' 1.1 >14.2
©\)Nj\CCI
32¢ or @ 40.2 0.4 100.5
32d \ @ 38.6 0.5 77.2
Hit A 16 0.4 40
Hit B 150 1.8 83
Hit C 50 1.1 45
Hit D >25 0.9 >28
Doxorubicine® 0.2 - -
Atovaquoné’ > 15.6 0.001 15600
Chloroquine® 30 0.6 50
Doxycycline’ 20 6.0 3.3

3Doxorubicine was used as a cytotoxic reference:digvaquone, Chloroquinine and doxycycline were used
as antimalarial reference-drugS§electivity indecies were calculated accordingtte tormula : SI = HepG2
CGso/ K1 ICs. dHighest concentration tested due to a lack of slitiyib



Finally, when comparing the biological activitiektbe synthetic intermediates prepared
for studying region V, it was interesting to natat the intermediaté was not active (16 =
54.5 uM) while intermediate$! and K displayed a significant Kz (0.8 and 0.4 uM
respectively). Noticeably, the intermedidfe possessed a very good Sl (265) thanks to a
moderate value of its Gg Moreover, the presence of a substituent at posBi appeared to
be mandatory for displaying a good antiplasmodialfiig by comparison of compounid
which displayed a Sl of only Figure 6). It is to note that both derivativ@2c (ICso = 0.15
pg/mL) andK (ICsp = 0.11 pg/mL) meet the hit to lead vitro TDR criteria [46] for

“selectively active antiplasmodial agents”s§€0.2 ug/mL, SI1>100.

Cl Cl
B m O
— = ~Z
N” >CCly N” CCly N” >CCls
E H K

K1 P. falciparum ICsg = 54.5 uM K1 P. falciparum ICso = 0.8 uM K1 P. falciparum ICso = 0.4 uM
HepG2 CC50 = >125 IJ.M HepG2 CC50 =70 pM HepG2 CC50 =106.1 },lM
SI=>23 SI1=87.5 Sl =265

Figure 6. Biological assessment of synthetic intermediates.

3. Conclusion

From previously identified antiplasmodial hiésD, in 2-trichloromethyl-4-substituted-
guinazoline series, new derivatives were synthdsizerder to study the SARs in 5 precisely
defined regions (I-V). The modulation of region thosved that the —Cglgroup was
mandatory for providing antiplasmodial activity gminazoline series. In the same series, the
study of regions Il and Il demonstrated that tiptiraal substitution of the aniline moiety by
halogens atoms was 2,4-dichloro and thatNhmethylation was detrimental toward activity .
Then, by modulating regions IV and V, it respediivappeared that the replacement of the
quinazoline ring by a quinoline ring led to actyievels similar to the ones of HitsD but
also to increased cytotoxicities values, while thplacement of the quinazoline ring by a
qguinoxaline ring highlighted derivative32c-d, displaying both a preserved activity and a
reduced cytotoxicity, in comparison with his-D, as summarized infable 4. These
molecules now appear as new reference antiplasinutiaFinally, the great antiplasmodial
potential of intermediat& was revealed. Both derivativ@2c (ICso = 0.15 pg/mL) anK
(ICs0 = 0.11 pg/mL) meet the hit to leaal vitro TDR criteria [46] for “selectively active
antiplasmodial agents”: Kg<0.2 ug/mL, SI>100, opening the way to the synthesinovel

lead-compounds.



Table 4. Summary of SAR data at regions IV and V.

R R R R N R
AN
R <\J|\)\ | _ N~ >ccl,
N/AC% N/)\CCIQ, S N/)\ch N” >CCly

Previous hits AD  21a-d 29a,b,d 30a-d
cl ICso 0,4 0.6 0.5 1.3 -
HN@CI CCso 16 3.2 6.2 11.7 -
~ S 40 5.3 12.4 9.0 i
CF, ICso 1,8 0.9 0.6 1.3 -
HN@ CGCso 150 0.7 4.0 6.5 -
. S 83 0.8 6.7 5.0 i
ICso 1.1 0.6 - 1.5 0.4
%?@CI CCso 50 4.3 - 31 40.2
S 45 7.2 - 20.7 100.5
ICso 0.9 0.4 0.8 1.1 0.5
%S@CI CCso >25 6.9 13.3 >15.6 38.6
S >28 17.2 16.6 >14.2 77.2

*Highest concentration tested due to a lack of lsitity.

In bold, newly identified hit-molecules

4. Experimental

4.1. Chemistry
Commercial reagents were used as received withaditi@nal purification. Melting points

were determined on a Kofler bench and are uncade&lemental analysis and HRMS were
carried out at the Spectropole, Faculté des Scseec€echniques de Saint-Jéerome, Marseille,
France. NMR spectra were recorded on a Bruker ABX spectrometer or a Bruker AV 250
spectrometer at the Faculté de Pharmacie de Marseih BRUKER Avance Il nanobay 400
at the the Spectropole, Faculté des Sciences émitees de Saint-Jérome, Marseiltel{
NMR: 200, 250 or 400 MHz*C-NMR: 50, 63 or 100 MHz). NMR references were the
following: *H: CHCL & = 7.26, DMSOdg 8 = 2.50 andC: CHCk & = 76.9, DMSOd; 5 =
39.5. Solvents were dried by conventional methdde following adsorbent was used for
column chromatography: silica gel 60 (Merck, paetisize 0.063—0.200 mm, 70-230 mesh
ASTM). TLC was performed on 5 cm x 10 cm aluminiptates coated with silica gel 60F-



254 (Merck) in an appropriate eluent. Visualizatwas made with ultraviolet light (234 nm).
HRMS spectra were recorded on QStar Elite (AppBexsystems SCIEX) spectrometer. PEG
was the matrix for HRMS. The experimental exactsnaas given for the ion which has the
maximum isotopic abundance. Purity of synthetizethpgounds was checked with LC-MS
analyses which were realized at the Faculté denkdiwme de Marseille with a Thermo
Scientific Accela High Speed LC Syst®ncoupled with a single quadrupole mass
spectrometer Thermo MSQ PfusThe RP-HPLC column used is a Thermo Hypersil &old
50 x 2.1 mm (C18 bounded), with particles of 1.9 diameter. The volume of sample
injected on the column was 1 pL. The chromatog@phialysis, total duration of 8 min, is
made with the gradient of following solvents: t =i, water/methanol 50/50; 0 < t < 4 min,
linear increase in the proportion of water to doravater/methanol 95/5; 4 <t < 6 min,
water/methanol 95/5; 6 <t < 7 min, linear decreiasthe proportion of water to return to a
ratio 50/50 water/methanol; 6 < t < 7 min, waterttma@ol 50/50. The water used was
buffered with 5 mM ammonium acetate. The retentiores (gr) of the molecules analyzed
are indicated in min. The preparation of 4-chlortoi€hloromethylquinazolineE [24], 2-
methyl-N-(2,4-dichlorophenyl)quinazolin-4-amirde[10], N-(2,4-dichlorophenyl)quinazolin-
4-amine9 [27], 4-chloro-2-trichloromethyquinolingl [43], methyl 3-acetamidothiophene-2-
carboxylate 15 [28]  4-chloro-2-chloromethylquinazoline F  [24], 4-chloro-2-
dichloromethylquinazolings [26], 4-chloro-2-trifluoromethylquinazolin@47], 2-chloro-3-
trichloromethylquinoxalin& [44] and 2-chloro-3-methylquinoxalire [45] was achieved as

described in the literature and characterizatioreweensistent as reported in literature.

4.1.1. General procedure for the preparation ofN-aryl-2-
trichloromethylquinazolin-4-amine (2, 3, 7, 8 and 4)
To a mixture of appropriate 4-chloroquinazoline dquiv) in isopropanol (10 mL) and

appropriate aniline (0.8 equiv) were added a fewapsdrof concentrated HCI. The vial was
then sealed and heated at 70 °C for 2 h. The neixtas allowed to cool to room temperature
and was poured into 20 mL of iced water. The mixtwas then extracted twice with &E,.
The combined organic phases were washed twice watier, then dried (N&O;) and the
solvent was evaporated under reduced pressurerebidue was then purified by silica gel
column chromatography (Petroleum EtherjfCH 1/1).

4.1.1.1. 2-Chloromethyl-N-(2,4-dichlorophenyl)quinazolin-4-amine (2)
Starting from 4-chloro-2-chloromethylquinazoline&s[4500 mg, 2.35 mmol) and 2,4-

dichloroaniline (304 mg, 1.88 mmaol).



Yield 71%. White powder. mp 171 °é4 NMR (200 MHz, CDCJ) § = 8.97 (d,J =
8.9 Hz, 1H), 8.21 (bs, 1H), 7.99-7.82 (m, 3H), 7660 (m, 1H), 7.47-7.35 (m, 2H), 4.75 (s,
2H). **C NMR (50 MHz, CDCJ) 6 =160.9, 157.1, 149.9, 133.6, 128.9, 128.7, 128,86,
127.5, 123.9, 122.9, 120.1, 113.9, 47.6. A quatgrita was not observed under these
experimental conditions. Anal. Calcd fogsH;0ClsN3: C, 53.20; H, 2.98; N, 12.41. Found: C,
53.60; H, 3.12; N, 11.61. LC-MS (ESI, 35 e¥):= 4.21 minm/z 338 [M+H]".

4.1.1.2. 2-Dichloromethyl-N-(2,4-dichlorophenyl)quinazolin-4-amine (3)
Starting from 4-chloro-2-dichloromethylquinazolit® [26] (500 mg, 2.02 mmol) and 2,4-

dichloroaniline (259 mg, 1.62 mmaol).

Yield 42%. White powder. mp 203 °é4 NMR (200 MHz, CDCJ) § = 9.11 (d,J =
8.9 Hz, 1H), 8.30 (bs, 1H), 8.02-7.85 (m, 3H), #7186 (m, 1H), 7.49-7.39 (m, 2H), 6.78 (s,
1H). *C NMR (50 MHz, CDGJ) ¢ =160.6, 157.6, 149.6, 133.9, 133.6, 129.5, 12R28.3,
128.2, 123.7, 122.9, 120.1, 114.5, 71.8. A quatgritda was not observed under these
experimental conditions. Anal. Calcd fogsH9CIlsN3: C, 48.29; H, 2.43; N, 11.26. Found: C,
48.41; H, 2.29; N, 11.03. LC-MS (ESI, 35 e¥y:= 4.71 minjwz 372 [M+H]".

4.1.1.3. 2-(chlorodifluoromethyl)- N-(2,4-dichlorophenyl)quinazolin-4-
amine (7)
Starting from 4-chloro-2-chlorodifluoromethylquiradine 6 (500 mg, 2.01 mmol) and 2,4-

dichloroaniline (293 mg, 1.8 mmaol).

Yield 30%. White powder. mp 195 °é4 NMR (400 MHz, CDCJ) 6 = 8.93 (d,J =
9.0 Hz, 1H), 8.38 (bs, 1H), 8.11 (@= 8.3 Hz, 1H), 8.00-7.92 (m, 2H), 7.79-7.74 (m,)1H
7.48 (d,J = 2.5 Hz, 1H), 7.42-7.35 (m, 1H}C NMR (100 MHz, CDG)) 6 =157.3, 155.6 (t,
J =29 Hz), 149.4, 134.2, 133.2, 130.0, 129.2, 12928.8, 128.2, 123.9, 122.9 {}t= 292
Hz), 122.8, 120.1, 114.9. HRMS (ESI): m/z calcd: @3sHgClsFoNs [M+H]™: 374.9908.
Found: 374.9909. LC-MS (ESI, 35 e\f}:= 4.58 minwz 376 [M+H]'.

4.1.1.4. N-(2,4-dichlorophenyl)-2-(trifluoromethyl)quinazolin -4-amine (8)
Starting from 4-chloro-2-trifluoromethylquinazoling5] (500 mg, 2.15 mmol) and 2,4-

dichloroaniline (279 mg, 1.72 mmaol).

Yield 37%. White powder. mp 198 °éH NMR (200 MHz, CDCJ) 6 = 8.88 (d,J =
9.0 Hz, 1H), 8.29 (bs, 1H), 8.11-8.07 (m, 1H), P89 (m, 2H), 7.78-7.70 (m, 1H), 7.47-
7.35 (m, 2H)*C NMR (50 MHz, CDC{) 6 =157.3, 152.1 (q] = 36 Hz), 149.5, 134.2, 133.2,
130.1, 129.2, 129.1, 128.8, 128.2, 123.9, 122.8,112119.8 (g,J = 275 Hz), 115.2. Anal.
Calcd for GsHgCloF3Ns: C, 50.30; H, 2.25; N, 11.73. Found: C, 50.392121; N, 11.80.



4.1.1.5. N-(2,4-dichlorophenyl)-N-methyl-2-trichloromethylquinazolin-4-
amine (14)
Starting from 4-chloro-2-(trichloromethyl)quinazad E [24] (500 mg, 1.77 mmol) ani-

methyl-2,4-dichloroaniline (188 pL, 1.95 mmol).

Yield 15%. Colorless oil'H NMR (200 MHz, CDC}) ¢ = 8.12-8.08 (m, 1H), 7.61-
7.60 (m, 2H), 7.35-7.17 (m, 3H), 6.93-6.89 (m, 18153 (s, 3H)*C NMR (50 MHz, CDG})
0 =161.8, 160.1, 150.9, 143.1, 134.3, 133.1, 13B3Q,3, 129.9, 129.5, 129.1, 127.1, 124.4,
114.9, 97.4, 41.3. HRMS (ESI): m/z calcd. foigdiClsNs [M+H]": 418.9317. Found:
418.9319. LC-MS (ESI, 35 eV = 5.18 minwz 419.7 [M+H]".

4.1.2. Synthesis of 4-chloro-2-chlorodifluoromethylquinazdéine (6)
4.1.2.1. 2-Chloro-N-(2-cyanophenyl)-2,2-difluoroacetamide (4)
In a 250 mL round-bottom flask was successivelsotiiiced 2-aminobenzonitrile (2.0 g, 16.9

mmol), 4-(N,N-dimethylamino)pyridine (DMAP) (1.7 g, 13.3 mmol) nca N-(3-
dimethylaminopropylN'-ethylcarbodiimide hydrochloride (EDCI.HCI) (3.4 7.6 mmol) in
CH.Cl, (50 mL). Then, 2-chloro-2,2-difluoroacetic acid4InL, 16.9 mmol) was added into
the mixture and it was stirred for 24 h at rt. Tdmvent was evaporated under reduced
pressure and water (200 mL) was added to the resithe mixture was gentle heated at 40
°C until a homogeneous solution was obtained. A¢moloing down to rt, conc. HCI was
added to adjust the pH = 1. The resulting predpitaas filtered, thoroughly washed with
water and dried in an oven leading 2-chldig2-cyanophenyl)-2,2-difluoroacetamide.

Yield 15%. White powder. mp 84 °éH NMR (400 MHz, CDC}) J = 8.37 (dJ = 8.5
Hz, 2H), 7.71 (tJ = 7.6 Hz, 2H), 7.36 (t) = 7.6 Hz, 1H).™*C NMR (100 MHz, CDGJ) ¢
=157.1 (t,J = 30 Hz), 137.6, 134.5, 132.7, 126.3, 121.6, 12,5 = 300 Hz), 115.3, 103.7.
Anal. Calcd for GHsCIF,NO: C, 46.88; H, 2.19; N, 12.15. Found: C, 46.98;2-.3; N,
12.35. LC-MS (ESI, 35 eV}r = 0.85 minm/z 229 [M-HT.

4.1.2.2. 2-Chlorodifluoromethylquinazolin-4(3H)-one (5)
In a 100 mL round-bottom flask was successivelyothiced 2-chlordN-(2-cyanophenyl)-

2,2-difluoroacetamidd (500 mg, 2.17 mmol), 30% 4, (2 mL) and a mixture of EtOH (6
mL) and water (8 mL). Then, NaOH (140 mg, 3.47 mnvwgds added at O °C. The mixture
was stirred at rt for 90 min and the volatiles wesmoved under vacuum. Water (100 mL)

was added to the residue and the resulting mixtae acidified to pH = 4 with conc. HCI.



The precipitate obtained was filtered, thoroughlgshed with water and dried in an oven
gave the 2-chlorodifluoromethylquinazolin-#{Bone 6).

Yield 80%. Beige powder. mp 246 °éH NMR (400 MHz, CDCJ) 6 = 10.44 (bs,
1H), 8.37 (d,J = 8.5 Hz, 1H), 7.89 (dJ = 3.7 Hz, 2H), 7.67-7.61 (m, 1H)*C NMR (100
MHz, CDCk) ¢ =135.6, 129.2, 128.7, 126.9. Five quaternary Gewet observed under these
experimental conditions. LC-MS (ESI, 35 e¥Q:= 0.66 minjm/z 229 [M-HJ.

4.1.2.3. 4-Chloro-2-chlorodifluoromethylquinazoline (6)
In a 20 mL vial was successively introduced 2-abidiifftuoromethylquinazolin-4(H)-one 5

(500 mg, 2.17 mmol) and POGIL mL, 10.8 mmol). The mixture was stirred at 2@0for 10
min under microwave irradiation (800 W). After cimgj at rt, the crude was purified by silica
gel column chromatography (GEl,) to afford 4-chloro-2-chlorodifluoromethylquinano.
Yield 75%. Beige powder. mp 90 °&4 NMR (400 MHz, CDCJ) ¢ = 8.38 (dJ = 8.3
Hz, 1H), 8.23 (dJ = 8.3 Hz, 1H), 8.12-8.08 (di,= 8.2, 1.2 Hz, 1H), 7.89 (di,= 8.2, 1.2 Hz,
1H). **C NMR (100 MHz, CDGJ) § =164.2, 155.0 (t) = 30 Hz), 150.4, 136.2, 130.9, 129.6,
126.1, 123.8, 122.0 @,= 292 Hz). Anal. Calcd for £1,Cl,FoN2: C, 43.40; H, 1.62; N, 11.25.
Found: C, 43.29; H, 1.56; N, 11.42. LC-MS (ESI,68H: tr = 3.42 min/z 249 [M+H]".

4.1.3. Representative procedure for the preparation oN-(2,4-
dihalogenophenyl)-2-trichloromethylquinazolin-4-amne (10-13)
A 100 mL round-bottomed single-neck flask equippeth a condenser and a magnetic stir

bar was charged with 4-chloro-2-trichloromethylqaalineE [24] (500 mg, 1.77 mmol), 2
equiv. of the appropriated dihalogeno-aniline (3brhol) and 30 mL of isopropanol. The
mixture was refluxed for 48 h. After cooling, wateas added (50 mL), and the resulting
solution was extracted three times with £H. Then, the combined organic layers were
washed with water and dried (}&0,). Finally, the solvent was evaporated under reduce
pressure. The residue was purified by trituratiath\CH,Cl, and filtration yielding theN-
(2,4-dihalogenophenyl)-2-trichloromethylquinazofiramines 10-13.

4.1.3.1. N-(2,4-dibromophenyl)-2-trichloromethylquinazolin-4-amine (10)
Yield 55%. White powder. mp 243 °éH NMR (200 MHz, DMSOds) 6 = 10.32 (bs,

1H), 8.55 (d,J = 8.2 Hz, 1H), 8.02- 7.91 (m, 3H), 7.82-7.59 (m,)3HC NMR (50 MHz,
DMSO-g) 0 =160.0, 159.5, 148.9, 136.3, 134.7, 134.4, 13130.8, 128.5, 128.3, 123.1,
122.5, 119.5, 113.5, 97.7. Anal. Calcd faetsBr.ClsNs: C, 36.59; H, 1.62; N, 8.46. Found:
C, 36.16; H, 1.53; N, 8.50. LC-MS (ESI, 35 e¥9= 5.41 minm/z 494 [M+H]".



4.1.3.2. N-(4-bromo-2-chlorophenyl)-2-trichloromethylquinazolin-4-amine
(11)
Yield 63%. White powder. mp 222 °éH NMR (200 MHz, DMSO#ds) 6 = 10.38 (bs,

1H), 8.62 (d,J = 8.3 Hz, 1H), 8.07-7.97 (m, 2H), 7.93 (s, 1H), 72880 (m, 1H), 7.75 - 7.65
(m, 2H).13C NMR (50 MHz, DMSOsdg) 6 =160.2, 159.7, 149.1, 135.0, 134.6, 132.1, 131.8,
130.8, 130.6, 128.7, 128.5, 123.4, 119.3, 113.79.9&nal. Calcd for gHgBrCIsNs: C,
39.86; H, 1.78; N, 9.30. Found: C, 39.83; H, 1.¥0;9.45. LC-MS (ESI, 35 eV)}g = 5.41
min, MYz 450 [M+H]".

4.1.3.3. N-(2-bromo-4-chlorophenyl)-2-trichloromethylquinazolin-4-amine
(12)
Yield 70%. White powder. mp 223 °é4 NMR (200 MHz, DMSOds) 6 = 9.09 (d,J

= 9.0 Hz, 1H), 8.38 (s, 1H), 8.11 @ = 8.3 Hz, 1H), 8.00-7.89 (m, 2H), 7.77-7.70 (m, 1H)
7.63 (d,J = 2.3 Hz, 1H), 7.44 (dd) = 9.0, 2.3 Hz, 1H)»*C NMR (50 MHz, DMSO¢g) ¢
=160.6, 157.2, 149.6, 134.5, 134.0, 131.7, 13029,2,, 128.8, 128.7, 122.8, 120.1, 120.0,
114.1, 97.5. Anal. Calcd for,€HgBrCI4Ns: C, 39.86; H, 1.78; N, 9.30. Found: C, 40.01; H,
1.69; N, 9.26. LC-MS (ESI, 35 eV} = 4.82 minym/z 450 [M+H]'.

4.1.3.4. N-(2,4-difluorophenyl)-2-trichloromethylquinazolin-4-amine (13)
Yield 70%. White powder. mp 165 °éH NMR (200 MHz, DMSOds) 6 = 9.00-8.87

(m, 1H), 8.12-8.08 (m, 1H), 7.95-7.66 (m, 4H), 782 (m, 2H).*C NMR (50 MHz,
DMSO-dg) 6 =160.7, 157.4, 153.2 (d,= 260 Hz), 152.9 (dJ = 260 Hz), 149.6, 133.9, 130.2,
128.5, 123.5 (d) = 8.8 Hz), 123.1 (dd] = 9.5, 4.1 Hz), 120.1, 113.8, 111.4 (dd; 21.6, 3.6
Hz), 104.3-103 (m, 1CH), 97.6. Anal. Calcd forsi:ClsFoNs: C, 48.09; H, 2.15; N, 11.22.
Found: C, 48.45; H, 1.99; N, 11.25. LC-MS (ESI,638: tg = 4.58 minym/z 374 [M+H]".

4.1.4. 2-Methylthieno[3,2-d]pyrimidin-4(3 H)-one (16)
A solution of methyl 3-acetamidothiophene-2-carbatey15 [29] (760 mg, 3.81 mmol) in

NH4OH 25% (9.5 mL) was heated, in a sealed vial, &t °ID for 3 h. After cooling to room
temperature, concentrated HCI was added until pH't& precipitate thus formed was
filtered, washed with water and dried in a vacuwmaroat 40 °C to afford 2-methylthieno[3,2-
d]pyrimidin-4(3H)-one. No further purification necessary.

Yield 63%. White solid. mp 91°CH NMR (200 MHz, DMSOdg) § = 12.31 (bs, 1 H,
NH), 8.12 (d,J = 5.2 Hz, 1 H), 7.29 (d] = 5.2 Hz, 1 H), 2.36 (s, 3 H}*C NMR (63 MHz,
DMSO-dg) 6 = 181.0, 158.8, 158.0, 156.3, 133.9, 124.5, 21CLMS (ESI, 35eV)ir = 0.64
min, 'z 167 [M+H]".



4.1.5. 4-Chloro-2-methylthieno[3,2d]pyrimidine (17) [30]
To a solution of compound6 (200 mg, 1.20 mmol) in POE(5.0 mL) were added a few

drops of pyridine. The mixture was then refluxed 23 h. After cooling down to room
temperature, the solution was poured on ice aratuaated NgCO; solution was added until
the excess of POgWwas neutralized. The agueous phase was then &draith EtOAc, the
combined organic phases were washed with brineddiNaSQO,) and the solvent was
evaporated under reduced pressure. The residuetheaspurified by silica gel column
chromatography (eluent: Petroleum Ether/EtOAc 82afford 4-chloro-2-methylthieno[3,2-
d]pyrimidine.

Yield 97%. White solid. mp 84 °CH NMR (250 MHz, CDC}) 6 = 7.96 (d,J = 5.5
Hz, 1H), 7.45 (dJ = 5.5 Hz, 1H), 2.78 (s, 3H}*C NMR (63 MHz, CDC}) & = 164.7, 162.6,
154.7, 136.7, 127.9, 124.8, 25.5. LC-MS (ESI, 35%:&v= 1.74 minm/z 185 [M+HT".

4.1.6. Methyl 3-(2,2,2-trichloroacetamido)thiophene-2-carloxylate (18)
To a solution of methyl 3-aminothiophene-2-carbaxgl (500 mg, 3.18 mmol) and

triethylamine (440 pL, 3.18 mmol) in tetrahydrofurg4.0 mL) at 5 °C was added
trichloroacetyl chloride (350 pL, 3.18 mmol). Theaction was stirred at 5 °C for 30 min.
Water (5.0 mL) was then added and the aqueous plaseextracted with EtOAc. The
organic phase was then washed, dried,§0 and the solvent was evaporated to afford
methyl 3-(2,2,2-trichloroacetamido)thiophene-2-camdate. No further purification
necessary.

Yield 99%. White solid. mp 244 °GH NMR (200 MHz, DMSOds) 6 = 11.42 (bs, 1
H), 8.06 (d,J = 5.4 Hz, 1 H), 7.89 (dJ = 5.4 Hz, 1 H), 3.88 (s, 3 H}*C NMR (63 MHz,
DMSO-dg) 6 = 163.4, 158.1, 140.9, 133.5, 121.0, 113.6, B28. LC-MS (ESI, 35 eVir =
4.11 min,m/z 300 [M+H]".

4.1.7. 2-(Trichloromethyl)thieno[3,2-d]pyrimidin-4(3 H)-one (19)
HClg) was bubbled into acetic acid (1.23 mL) for 30 né@su Then, nitrogen was swept
across the solution. This solution was added toixdune of methyl 3-aminothiophene-2-
carboxylate (3.0 g, 19.08 mmol) and trichloroacete (0.85 mL, 8.48 mmol) in acetic acid
(1.86 mL). The reaction was then heated at 1000tCL8 h. After cooling down to rt, the
acetic acid was evaporated under reduced pressdris@propanol (4.5 mL) was added. This
solution was refluxed for 5 min, then refrigeratd@the precipitate thus formed was filtered,

and then purified by silica gel column chromatogmageluent: Petroleum Ether 100% + 10



mL of EtOAc every 100 mL of eluent) to afford 2i€trloromethyl)thieno[3,2d]pyrimidin-
4(3H)-one.

Yield 63%. White solid. mp 237 °GH NMR (200 MHz, CDC}) ¢ = 10.50 (bs, 1 H),
7.93 (d,J = 5.3 Hz, 1 H), 7.51 (d = 5.3 Hz, 1 H)**C NMR (50 MHz, CDC}) 6 = 157.7,
155.7, 151.8, 135.7, 126.1, 123.7, 92.0. LC-MS (BSleV):tg = 0.78 min/wz 267 [M-HJ.

4.1.8. 4-Chloro-2-(trichloromethyl)thieno[3,2-d]pyrimidine (20)
To a solution of 2-(trichloromethyl)thieno[3@pyrimidin-4(3H)-one 19 (200 mg, 0.74

mmol) in POC4 (3.0 mL) were added a few drops of pyridine. Téction was refluxed for 1
h. After cooling to room temperature, the solutwas poured on ice and the aqueous phase
was extracted with EtOAc. The combined organic phasere washed with brine, dried
(Na&SO;) and the solvent was evaporated under reducedsypeesThe residue was then
purified by silica gel column chromatography (eludtetroleum Ether/EtOAc 8/2) to yield 4-
chloro-2-(trichloromethyl)thieno[3,8}pyrimidine.

Yield 99%. White solid. mp 99 °CH NMR (200 MHZ, CDC}) § = 8.21 (dJ=5.5
Hz, 1 H), 7.74 (dJ = 5.5 Hz, 1 H).**C NMR (50 MHZ, CDC}) 6 = 161.9, 161.7, 155.6,
139.0, 130.7, 125.6, 96.0. LC-MS (ESI, 35 eté)= 4.05 min (no ionization).

4.1.9. N-(2,4-Dichlorophenyl)-2-(trichloromethyl)thieno[3,2-d]pyrimidin-4-
amine (21a)
To a solution of 4-chloro-2-(trichloromethyl)thigi3g2-d]pyrimidine 20 (190 mg, 0.66 mmol)

and 2,4-dichloroaniline (106 mg, 0.66 mmol) in ethia(3.0 mL) were added a few drops of
concentrated HCI. The vial was sealed and the iravtas heated at 100 °C for 24 h. The
solvent was evaporated under reduced pressurehendesidue was purified by silica gel
column chromatography (eluent: Petroleum Ethep@}8/2 + 10 mL of CHCI, every 100
mL of eluent) to affordN-(2,4-dichlorophenyl)-2-(trichloromethyl)thieno[3d}pyrimidin-4-
amine.

Yield 45%. White solid. mp 197 °GH NMR (200 MHz, CDC}) § = 8.72 (d,J = 8.9
Hz, 1 H), 7.96 (dJ = 5.4 Hz, 1 H), 7.66 (d] = 5.4 Hz, 1 H), 7.61 (s, 1 H), 7.48 @= 2.3
Hz, 1 H), 7.37 (ddJ = 8.9, 2.3 Hz, 1 H)**C NMR (200 MHz, CDGJ) § = 161.6, 161.0,
154.6, 134.1, 133.2, 130.0, 129.1, 128.3, 126.8,112124.0, 116.2, 97.1. LC-MS (ESI, 35
eV): tr = 4.90 min,n/z 410 [M-H]. Anal. Calcd for GHeClsN3S: C, 37.76; H, 1.46; N,
10.16. Found: C, 38.03; H, 1.26; N, 10.30.

4.1.102-(Trichloromethyl)-N-[3-(trifluoromethyl)phenyl]th ieno[3,2-d]pyrimidin-
4-amine (21b)



To a solution of 4-chloro-2-(trichloromethyl)thigi3g2-d]pyrimidine 20 (150 mg, 0.52 mmol)
and 3-(trifluoromethyl)aniline (87 pL, 0.52 mmol) ethanol (2.5 mL) were added a few
drops of concentrated HCI. The vial was sealedthedeaction was heated at 100°C for 24 h.
The solvent was evaporated under reduced pressdrtha residue was purified by silica gel
column chromatography (eluent: Petroleum Ether/Et@R) to yield 2-(trichloromethylN-
[3-(trifluoromethyl)phenyl]thieno[3,2{]pyrimidin-4-amine.

Yield 55%. White solid.mp 141 °C'H NMR (200MHz, CDC}) 6 = 8.42 (s, 1 H),
7.88-7.83 (m, 2 H), 7.58-7.39 (m, 4 KjC NMR (50 MHZ, CDC}) 6 = 161.9, 161.0, 155.0,
138.3, 133.9, 131.9, 131.3, 129.7, 125.7, 124.3,312118.6, 115.7, 97.4. Anal. Calcd for
C14H/Cl3F3N3S: C, 40.75; H, 1.71; N, 10.18. Found: C, 40.99;1t80; N, 10.39. LC-MS
(ESI, 35 eV)1r = 4.87 min/z 412 [M+H]

4.1.114-(4-Chlorophenoxy)-2-(trichloromethyl)thieno[3,2-dpyrimidine (21c)
To a solution of 4-chloro-2-(trichloromethyl)thigi8g2-d]pyrimidine 20 (210 mg, 0.73 mmol)

and 4-chlorophenol (281 mg, 2.19 mmol) in acetdai{6.0 mL) was added &O; (302 mg,
2.19 mmol). The reaction was heated at 160 °C FdrOlunder microwave irradiation. The
mixture was poured onto a NaOH 10% solution. Theeags phase was extracted with
EtOAc. The organic phases were combined, washeld brne, dried (Ng&50O;) and the
solvent was evaporated under reduced pressurerebidue was then purified by silica gel
column chromatography (eluent: Petroleum Ethep@}8/2 + 10 mL of CHCI, every 100
mL of eluent) to yield 4-(4-chlorophenoxy)-2-(trlohomethyl)thieno[3,]pyrimidine.

Yield 39%. White solid. mp 161 °GH NMR (200 MHz, CDCJ) 6 = 8.09 (d,J = 5.4
Hz, 1 H), 7.70 (dJ = 5.4 Hz, 1 H), 7.45-7.31 (m, 4 HY’C NMR (50 MHz, CDC}) 6 =
163.5, 163.1, 161.5, 150.3, 136.9, 131.4, 129.9,512125.2, 122.9, 117.7, 116.4, 96.4. Anal.
Calcd for G3HeCI4NLOS: C, 41.08; H, 1.59; N, 7.37. Found: C, 41.281H2; N, 7.45. LC-
MS (ESI, 35 eV)ig = 5.08 minm'z 379 [M+HTJ".

4.1.12 4-[(4-Chlorophenyl)thio]-2-(trichloromethyl)thieno[ 3,2-d]pyrimidine (21d)
To a solution of 4-chlorothiophenol (100 mg, 0.68nhat) in DMSO (0.5mL), NaH (33 mg,

1.39 mmol) was added portionwise under inert atlesp The mixture was stirred at room
temperature for 20 mi. 4-Chloro-2-(trichloromethilglieno[3,2d]pyrimidine 20 (200 mg, 0.69
mmol) was then added portionwise and the reactias stirred for 24 h at rt. Water (1.0 mL)
was added and the aqueous phase was then extreitte@H,Cl,. The organic phase was
washed with water, brine and then dried f8&). The solvent was evaporated and the
residue was purified by silica gel column chromaaphy (eluent: Petroleum Ether 100% +



10 mL of CHCI, every 100 mL of eluent) to afford 4-[(4-chloropgBthio]-2-
(trichloromethyl)thieno[3,A]pyrimidine.

Yield 7%. White solid. mp not determineiti NMR (200 MHz, CDGY) § = 8.02 (d,J
= 5.5 Hz, 1 H), 7.67-6.64 (m, 3 H), 7.45 (& 8.8 Hz, 2 H)*C NMR (50 MHz, CDC}J) 6 =
164.5, 161.1, 159.9, 137.0, 136.6, 136.4, 129.5,512125.0, 124.7, 96.8. Anal. Calcd for
C13HeCIsNLS,: C, 39.41; H, 1.53; N, 7.07. Found: C, 39.75; H2L N, 7.20. LC-MS (ESI, 35
eV): tr = 5.36 minm/z 395 [M+HTJ".

4.1.13N-(3-Cyanothiophen-2-yl)acetamide (22)
To a solution of 2-aminothiophene-3-carbonitrileOZD g, 8.21 mmol) in acetic anhydride

(3.0 mL) were added a few drops of acetic acid. fEaetion was heated at 120 °C for 10 min
under microwave irradiation. The brown solid thimained was filtered, washed with water
and dried in a vacuum oven at 40 °C to affNr{3-cyanothiophen-2-yl)acetamide. No further
purification necessary.

Yield 90%. Brown solid. mp 210 °C (litt. 210-211)°¢H NMR (200 MHz, DMSO-
ds) 6 = 11.70 (bs, 1 H), 7.13-7.12 (m, 2 H), 2.20 (s, 3. NMR (50 MHz, DMSO#dg) 6 =
168.4, 149.4, 124.7, 118.7, 114.9, 91.8, 22.5. LE{#SI, 35 eV)ig = 0.81 min,n/z 165
[M-H] .

4.1.142-Methylthieno[2,3-d]pyrimidin-4(3 H)-one (23)
To a solution oN-(3-cyanothiophen-2-yl)acetami@?2 (1.232 g, 7.41 mmol) and.B, 30%
(6.5mL) in ethanol (22 mL) and water (4 mL), at®, Was added NaOH in pellets (0.495 g,
12.4 mmol). The reaction was stirred at room teroee for 15 min and then heated at 55 °C
until a homogeneous solution was obtained. Aftasling to rt, the solvent was evaporated
under reduced pressure. Water (10 mL) was addethamdixture was heated to 50 °C. After
cooling to rt, a HCI 1N solution was added until gHThe precipitate was filtered, washed
with water and dried in a vacuum oven at 40°C fordf 2-methylthieno[2,3d]pyrimidin-
4(3H)-one. No further purification necessary.

Yield 72%. White solid. mp 210 °&4 NMR (200 MHz, DMSOsdg) 6 = 7.90 (s, 1 H),
7.39 (d,J=5.8 Hz, 1 H), 6.93 (d] = 5.8 Hz, 1 H), 2.19 (s, 3 H}*C NMR (50 MHz, DMSO-
ds) 0 = 166.9, 166.8, 145.8, 123.0, 115.8, 114.8, 2BBMS (ESI, 35 eV)tr = 0.65 min,
m/z 167 [M+H]".

4.1.154-Chloro-2-methylthieno[2,3d]pyrimidine (24)
To a solution of 2-methylthieno[2 @pyrimidin-4(3H)-one23 (300 mg, 1.80 mmol) in POEI

(5.0 mL) were added a few drops of pyridine. Thatare was refluxed for 24 h and, after



cooling to rt, was poured onto ice. A saturatedgQ\@ solution was added until complete
neutralization of the excess of PQCIhe aqueous phase was extracted with EtOAc. The
combined organic phases were washed with brineddiNaSQO,) and the solvent was
evaporated under reduced pressure. The residue puafied by silica gel column
chromatography (eluent: Petroleum Ether/EtOAc &2Yyield 4-chloro-2-methylthieno[2,3-
d]pyrimidine.

Yield 61%. Yellow solid mp 93 °C*H NMR (200 MHz, CDC}) 6 = 7.48 (d,J = 6.0
Hz, 1 H), 7.35 (d,J = 6.0 Hz, 1 H), 2.79 (s, 3 H}*C NMR (50 MHz, CDC}) 6 = 169.2,
163.0, 154.4, 126.8, 126.6, 119.5, 25.5. LC-MS (BSleV):tzr = 1.84 min/z 185 [M+HJ".

4.1.162,2,2-Trichloro-N-(3-cyanothiophen-2-yl)acetamide (26)
To a solution of 2-aminothiophene-3-carbonitrileOgL g, 8.0 mmol) and trichloroacetyl

chloride (0.89 mL, 8.0 mmol) in dioxane (15 mL)ethylamine (1.67 mL, 12.0 mmol) was
added dropwise. The reaction was stirred at roonpégature for 36 h. The aqueous phase
was extracted with diethyl ether and the combingguic phases were washed with brine and
dried (NaSQ,). The solvent was evaporated under reduced peessw the residue was
purified by silica gel column chromatography (eludPetroleum Ether/EtOAc 9/1) to afford
2,2,2-trichloroN-(3-cyanothiophen-2-yl)acetamide.

Yield 76%. White solid. mp 127 °CH NMR (200 MHz, CDC{) 6 = 9.48 (s, 1 H),
7.08 (s, 2 H)2C NMR (50 MHz, CDC}) 6 = 158.7, 147.0, 124.8, 120.5, 113.4, 96.8, 90.8.
LC-MS (ESI, 35 eV)ir = 0.80 minnvz 267 (M). HRMS (ESI): m/z calcd. for f£3CIsN,OS
[M+H]": 268.9104. Found: 268.9110.

4.1.17 2-(Trichloromethyl)thieno[2,3-d]pyrimidin-4(3 H)-one (27)
Compound 2,2,2-trichlord¥-(3-cyanothiophen-2-yl)acetamid#s (809 mg, 3.0 mmol) was
added to a mixture of phosphoric acid and polyphosp acid (60 mL, 1:1). The solution
was stirred at rt for 1 h and then heated at 7@%@ h. After cooling to room temperature,
the mixture was poured onto ice. The precipitate fltered, washed with ice-cold water and
dried in a vacuum oven at 40 °C to yield 2-(tricblmethyl)thieno[2,3d]pyrimidin-4(3H)-
one.No further purification necessary.

Yield 90%. White solid. mp 195 °H NMR (200 MHz, DMSOdg) 6 = 8.23 (s, 1 H),
7.56 (d,J=5.8 Hz, 1 H), 7.25 (d] = 5.8 Hz, 1 H)!*C NMR (50 MHz, DMSO#dg) 6 = 167.4,
158.8, 144.6, 124.1, 119.2, 118.5, 91.6. LC-MS (BSleV):tg = 0.69 min/wz 267 [M-HJ.

4.1.18N-(2,4-Dichlorophenyl)-2-(trichloromethyl)thieno[2,3-d]pyrimidin-4-
amine (29a)



To a solution of 2,2,2-trichlord-(3-cyanothiophen-2-yl)acetamidy (200 mg, 0.74
mmol) and 2,4-dichloroaniline (118 mg, 0.74 mmaldH,Cl, (0.3 mL), AlCk (100 mg, 0.74
mmol) was added portionwise. The mixture was stire¢ rt for 72 h. The solvent was
evaporated under reduced pressure and the residige pwrified by silica gel column
chromatography (eluent: Petroleum Ether/EtOAc Té3pfford a white solid28a (LC-MS
(ESI, 35 eV)tr = 4.00 minmz 430 (M+H)) which was dissolved in ethanol (2 mL) and the
resulting solution was refluxed for 4 h. The solveras evaporated under reduced pressure
and the residue was purified by silica gel colunimomatography (eluent: Petroleum
Ether/CHCI, 8/2 to 5/5) to affordN-(2,4-dichlorophenyl)-2-(trichloromethyl)thieno[2,3
d]pyrimidin-4-amine.

Yield 36%. White solid. mp 181 °¢H NMR (200 MHz, CDCJ) J = 8.94 (d,J = 9.0
Hz, 1 H), 7.77 (bs, 1 H), 7.64 (@= 6.0 Hz, 1 H), 7.47 (d] = 2.3 Hz, 1 H), 7.37 (ddl = 5.4,
2.3 Hz, 2 H).C NMR (50 MHz, CDGJ) ¢ = 167.3, 160.2, 153.8, 133.5, 128.9, 128.8, 128.2,
127.9, 123.4, 122.6, 116.8, 116.2, 96.3. Anal. €&bc C3HsClsNsS: C, 37.76; H, 1.46; N,
10.16. Found: C, 37.95; H, 1.52; N, 10.39. LC-MSSKE35 eV):tg = 5.26 min,m/z 412
[M+H] "

4.1.192-(Trichloromethyl)- N-(3-(trifluoromethyl)phenyl)thieno[2,3-d]pyrimidin-
4-amine (29b)

To a solution of 2,2,2-trichlordl-(3-cyanothiophen-2-yl)acetamid@s (320 mg, 1.18 mmol)
and 3-(trifluoromethyl)aniline (200 uL, 1.18 mmat) CH,CI, (0.3 mL), AICk (160 mg, 1.18
mmol) was added portionwise. The mixture was stire¢ rt for 72 h. The solvent was
evaporated under reduced pressure and the re2&hi@C-MS (ESI, 35 eV)ig = 4.99 min,
m/z 430 [M+H]) was dissolved in ethanol (2.0 mL) and the sotutias refluxed for 18 h.
The solvent was evaporated under reduced pressdrtha residue was purified by silica gel
column chromatography (eluent: Petroleum Ethep@H 8/2 to 5/5) to afford 2-
(Trichloromethyl)N-(3-(trifluoromethyl)phenyl)thieno[2,8]pyrimidin-4-amine.

Yield 15%. Pale blue solid. mp 124 &l NMR (200 MHz, CDC}) § = 8.42 (s, 1 H),
7.92 (d,J=8.1 Hz, 1 H), 7.60 (d]=5.9 Hz, 1 H), 7.52 ({J = 7.9 Hz, 1 H), 7.48-7.40 (m, 2
H), 7.35 (d,J = 5.9 Hz, 1 H).**C NMR (50 MHz, CDC}) § = 167.4, 160.4, 154.3, 138.7,
132.0, 131.3, 129.7, 127.6, 123.4, 120.9, 117.7%.6,1116.4, 97.2. Anal. Calcd for
C14H7ClsF3NsS: C, 40.75; H, 1.71; N, 10.18. Found: C, 41.03;1H86; N, 10.24. LC-MS
(ESI, 35 eV)1r = 5.22 min, m/z 412 [M+H]

4.1.204-((4-Chlorophenyl)thio)-2-(trichloromethyl)thieno[ 2,3-d]pyrimidine (29d)



HBrg was bubbled into a solution of 2,2,2-trichld¥e3-cyanothiophen-2-
yl)acetamide26 (270 mg, 1.0 mmol) and 4-chlorothiophenol (145 h@, mmol) in diethyl
ether (2.5 mL), at -20 °C, for 30 min. The bubbliwgs stopped when the mixture became
homogeneous (bright yellow solution). The reacti@s then stirred at rt for 18 h. Water (2.0
mL) was then added and the aqueous phase wastesgtrmith EtOAc. The organic phase was
dried (NaSQy) and the solvent was evaporated under reducedipeesThe residue was
purified by silica gel column chromatography (eludPetroleum Ether/CHI, 8/2 + 5 mL of
CH.Cl, every 100 mL of eluent) to afford a white sali@d (86 mg) (LC-MS (ESI, 35 eV)}r
= 4.46 min,m/z 413 [M+H]") which was dissolved in ethanol (1.0 mL) and tksuiting
solution was refluxed for 5 minutes. The solvensweaaporated under reduced pressure to
yield  4-((4-chlorophenyl)thio)-2-(trichloromethyhieno[2,3d]pyrimidine. No  further
purification necessary.

Yield 22%. White solid. mp 150 °C (dec'H NMR (200 MHz, CDCJ) 6 = 7.70 (d,J
= 6.0 Hz, 1 H), 7.61 (d] = 8.6 Hz, 2 H), 7.46-7.42 (m, 3 HYC NMR (50, MHz, CDCJ) 6 =
166.5, 164.6, 159.5, 136.8, 136.3, 129.8, 129.5,712125.1, 118.8, 96.7. Anal. Calcd for
Ci13HeCliNLS,: C, 39.41; H, 1.53; N, 7.07. Found: C, 39.61; 11 N, 7.16. LC-MS (ESI, 35
eV): tr = 5.45 minm/z 395 [M+HTJ".

4.1.21 N-(2,4-Dichlorophenyl)-2-trichloromethylquinoline-4-amine (30a)
To a solution of 4-chloro-2-(trichloromethyl)quimeé H [43] (281 mg, 1.0 mmol) and 2,4-

dichloroaniline (160 mg, 1.0 mmol) in ethanol (50L) were added a few drops of
concentrated HCI. The vial was then sealed anceHestt 100 °C overnight. The mixture was
allowed to cool to rt and the organic phase was tha@shed with a solution of NaOH 2N. The
agueous phase was extracted with,Clkl The combined organic phases were dried8dg)
and the solvent was evaporated under reduced peesBioe residue was then purified by
silica gel column chromatography (gradient: PetroleEther 100% + 10 mL of EtOAc every
100 mL of eluent) to afford 158 mg of the expectéd(2,4-dichlorophenyl)-2-
trichloromethylquinoline-4-amine.

Yield 39%. Orange powder. mp 121 6. NMR (200 MHz, CDC)) 6 = 8.22 (d,J =
8.3 Hz, 1 H), 8.02 (d) = 8.3 Hz, 1 H), 7.84-7.76 (m, 1 H), 7.68-7.64 (mHR 7.54-7.51 (m,
1 H), 7.47 (s, 1 H), 7.35-7.29 (m, 1 H), 7.11 ()1 *C NMR (50 MHz, CDC}) ¢ = 158.6,
147.5, 147.0, 135.4, 131.0, 130.3, 129.7, 128.3,8,2126.9, 122.5, 119.8, 99.7, 98.1. Anal.
Calcd for GgHoCIsNy: C, 47.27; H, 2.23; N, 6.89. Found: C, 47.01; k282N, 6.99. LC-MS
(ESI, 35 eV)1gr = 5.10 min, m/z 403 [M-H]



4.1.22 2-(Trichloromethyl)- N-[3-(trifluoromethyl)phenyl]quinoline-4-amine (30b)
To a solution of 4-chloro-2-(trichloromethyl)quimmé H [43] (281 mg, 1.0 mmol) and 3-

(trifluoromethyl)aniline (170 pL, 1.0 mmol) in ethal (5.0 mL) were added a few drops of
concentrated HCI. The vial was then sealed anceHeatt 100 °C overnight. The mixture was
allowed to cool to rt and the organic phase was tha&shed with a solution of NaOH 2N. The
aqueous phase was extracted with,Clzl The combined organic phases were driec S0
and the solvent was evaporated under reduced peesBoe residue was then purified by
silica gel column chromatography (gradient: PetroieEther/CHCI, 8/2 + 5 mL of CHCI,
every 100 mL of eluent) to afford 2-(trichloromelfail-[3-
(trifluoromethyl)phenyl]quinoline-4-amine.

Yield 73%. Yellow powder. mp 159 °CH NMR (200 MHz,CDCls) § = 8.22 (d,J =
8.3Hz,1H), 812 (d)=8.3Hz, 1 H),7.75 (1=7.7 Hz, 1 H), 7.69 (s, 1 H), 7.57-7.42 (m, 6
H). **C NMR (50 MHz,CDCl) ¢ = 157.8, 149.0, 146.4, 140.0, 132.8, 131.3, 13036, 1,
127.6, 125.3, 121.7, 120.3, 119.3, 119.1, 119.(,9¥.5. Anal. Calcd for £H;0ClsF3N2: C,
50.34; H, 2.48; N, 6.91. Found: C, 50.73; H, 2.89;6.66. LC-MS (ESI, 35 eVr = 5.09
min, m/'z 403 [M-HJ.

4.1.234-(4-Chlorophenoxy)-2-(trichloromethyl)quinoline (30c)
To a solution of 4-chlorophenol (141 mg, 1.1 mmalDMSO (1.0 mL), NaH (48 mg, 2.0

mmol) was added portionwise under inert atmosphEne. mixture was stirred at rt for 20
min. 4-chloro-2-(trichloromethyl)quinolingd [43] (281 mg, 1.0 mmol) was then added
portionwise and the reaction was stirred for 24ttb6@ °C. The aqueous phase was then
extracted with ChCl, and the organic phase was washed with water, @Neg5O,) and the
solvent was evaporated. The residue was then @dirdy silica gel column chromatography
(eluent  Petroleum Ether/C¥Cl, 6/4) to afford 4-(4-chlorophenoxy)-2-
(trichloromethyl)quinolone.

Yield 72%. White solid. mp 166 °CH NMR (200 MHz, CDCJ) § = 8.34 (d,J =
8.3Hz, 1 H), 8.20 (dJ = 8.6 Hz, 1 H), 7.89-7.81 (m, 1 H), 7.71-7.64 (nH). 7.48 (dJ = 8.8
Hz, 2 H), 7.22 (s, 1 H), 7.18 (d,= 8.8 Hz, 2 H).}*C NMR (50 MHz, CDC}) § = 162.6,
158.4, 152.6, 147.4, 131.3, 130.6, 130.0, 128.0,20221.6, 121.0, 100.6, 97.7. Anal. Calcd
for CieH9CI4NO: C, 51.51; H, 2.43; N, 3.75. Found: C, 51.692t53; N, 3.81. LC-MS (ESI,
35 eV):tg = 5.52 minm/z 372 [M+HT".

4.1.244-((4-Chlorophenyl)thio)-2-(trichloromethyl)quinoli ne (30d)
To a solution of 4-chlorothiophenol (159 mg, 1.1 atyin DMSO (1.0 mL), NaH (48 mg, 2.0

mmol) was added portionwise under inert atmosphEne. mixture was stirred at rt for 20



min. 4-Chloro-2-(trichloromethyl)quinolinéd [43] (281 mg, 1.0 mmol) was then added

portionwise and the reaction was stirred for 24 h.al'he aqueous phase was then extracted

with CH,Cl, and the organic phase was washed with water, dNes5Q;) and the solvent

was evaporated. The residue was then purified lmagiel column chromatography (eluent:

Petroleum Ether/C¥Cl, 8/2) to afford 4-((4-chlorophenyl)thio)-2-(trichlamethyl)quinolone.
Yield 32%. White powder. mp 151 °@&4 NMR (200 MHz, CDCJ) & = 8.24-8.18 (m,

2 H), 7.87-7.78 (m, 1 H), 7.72-7.64 (m, 1 H), 7646 (m, 5 H)*C NMR (50 MHz, CDC})

6 = 156.8, 150.2, 145.4, 136.4, 136.1, 131.0, 13188,5, 129.3, 128.4, 127.7, 125.6, 123.2,

114.1, 97.7. Anal. Calcd for6HoCIsNS: C, 49.39; H, 2.33; N, 3.60. Found: C, 49.49; H,

2.23; N, 3.53. LC-MS (ESI, 35 eVl = 5.76 min, m/z 388 [M+H]

4.1.25N-(2,4-Dichlorophenyl)-3-methylquinoxalin-2-amine (3.a)
To a solution of 2-chloro-3-methylquinoxaline [45] (1.0 g, 5.6 mmol) and 2,4-

dichloroaniline (0.91 g, 5.6 mmol) in anhydrous DNI® mL), CsCO; (1.82 g, 5.6 mmol)
was added under inert atmosphere. The mixture tirasdsat 70 °C for 24 h. After cooling,
water then ChCl, were added. The organic layer was then washedifives with water and
dried with NaSQy. After filtration and evaporation, the resultinglid was purified by silica
gel column chromatography (eluent: Petroleum E@igsCl, 7/3 then 1/1) to affordN-(2,4-
dichlorophenyl)-3-methylquinoxalin-2-amine.

Yield 19%. White powder. mp 152 °éH NMR (250 MHz, CDCJ) § = 9.06 (d,J =
9.0 Hz, 1H), 7.90 (d) = 8.2 Hz, 1H), 7.83 (d] = 8.2 Hz, 1H), 7.67- 7.57 (m, 1H), 7.57- 7.30
(m, 4H), 2.78 (s, 3H)*C NMR (63 MHz, CDCJ) § = 147.5, 145.2, 140.4, 138.0, 135.3,
129.6, 128.8, 128.4, 128.0, 127.6, 127.0, 126.3,2221.4, 21.1. LC-MS (ESI, 35 e\ =
5.49 min, m/z 304 [M+H]

4.1.26 3-Methyl-N-(3-(trifluoromethyl)phenyl)quinoxalin-2-amine (31b)
A solution of 2-chloro-3-methylquinoxalind. [45] (500 mg, 2.8 mmol) and 3-

trifluoromethylaniline (2,5 mL, 20 mmol) in anhydr® DMF (10 mL) was heated at 140 °C
in a sealed vial under microwave irradiation. Aftampletion of the reaction (45 min),
CH.Cl, was added, and the organic phase was washed sivetgsvith 1M HCI and brine.
The organic layer was then dried with JS@, filtered and evaporated. The resulting solid
was purified by silica gel column chromatographiyéat: CHCI,) to afford 3-MethyIN-(3-
(trifluoromethyl)phenyl)quinoxalin-2-amine.

Yield 69%. Amber powder. mp 98 °&4 NMR (250 MHz, CDCJ) § = 8.24 (s, 1H),
7.93 (d,J =8.1 Hz, 1H), 7.87 (ddl = 8.1, 1.1 Hz, 1H), 7.78 (dd,= 8.2, 1.0 Hz, 1H), 7.64 —



7.53 (m, 1H), 7.52-7.39 (m, 2H), 7.37- 7.27 (m, 1B77 (bs, 1H, NH), 2.65 (s, 3H)C
NMR (63 MHz, CDC}) § = 147.7, 144.6, 140.3 (d,= 3.2 Hz), 137.9, 131.5 (d,= 33.1 Hz),
129.4 (d,J = 6.0 Hz), 128.2, 126.9, 126.1, 124.3 {g; 272.9 Hz), 122.8, 119.6 (d,= 3.8
Hz), 116.6 (d,) = 3.4 Hz), 21.03. LC-MS (ESI, 35 e\ = 4.75 min, m/z 304 [M+H]

4.1.27 2-(4-Chlorophenoxy)-3-methylquinoxaline (31c)
To a solution of 2-chloro-3-methylquinoxaline [45] (650 mg, 3.6 mmol) and 4-

chlorophenol (0.37 mL, 3.6 mmol) in anhydrous DM (mL), CsCO; (1.19 g, 3.6 mmol)
was added under inert atmosphere. The mixture wiagds at 70 °C overnight. After
completion of the reaction, water was added, legatihna precipitate which was separated by
filtration. The resulting precipitate was then thoghly washed with water. The precipitate
was dissolved in C¥€Cl, and dried with Ng5Q,. After filtration and evaporation, the resulting
solid was purified by silica gel column chromatqgrg (eluent: Petroleum Ether/GEl, 1/1)
to afford 2-(4-chlorophenoxy)-3-methylquinoxaline.

Yield 85%. Off-white powder. mp 108 °&4 NMR (250 MHz, CDC}) § = 7.69 (dd,J
= 6.1, 3.7 Hz, 1H), 7.57 (dd, = 6.3, 3.5 Hz, 2H), 7.46-7.38 (m, 2H), 7.28 — 7(&9 2H),
2.81 (s, 3H)*C NMR (63 MHz, CDCJ) = 155.8, 151.5, 147.9, 139.6, 139.4, 130.6, 129.7,
129.4,128.1, 127.6, 127.4, 123.3, 20.7. LC-MS (BSleV):tg = 4.35 min, m/z 271 [M+H]

4.1.282-((4-Chlorophenyl)thio)-3-methylquinoxaline (31d)
To a solution of 2-chloro-3-methylquinoxaline [45] (500 mg, 2.8 mmol) and 4-

chlorothiophenol (405 mg, 2.8 mmol) in anhydrous BK¥LO mL), CsCOs; (912 mg, 2.8
mmol) was added under inert atmosphere. The mixta® stirred at 70 °C overnight. After
completion of the reaction, water was added, legatihna precipitate which was separated by
filtration. The resulting precipitate was then thoghly washed with water. The precipitate
was dissolved in C¥€Cl, and dried with Ng5QO,. After filtration and evaporation, the resulting
solid was purified by silica gel column chromatqgrg (eluent: Petroleum Ether/GEl, 1/1)

to afford 2-((4-chlorophenyl)thio)-3-methylquinoxas.

Yield 83%. Beige powder. mp 118 °& NMR (250 MHz, CDCY) 6 = 7.96-7.92 (m,
1H), 7.72-7.68 (m, 1H), 7.60-7.54 (m, 4H), 7.44Jd; 6.6 Hz, 2H), 2.77 (s, 3H}*C NMR
(101 MHz, CDCY) 6 = 155.3, 151.4, 141.4, 140.0, 136.7, 135.6, 12828,2, 128.6, 128.3,
128.1, 127.2, 22.4. LC-MS (ESI, 35 e¥y):= 5.51 min, m/z 287 [M+H]

4.1.292-(4-Chlorophenoxy)-3-(trichloromethyl)quinoxaline (32c)
To a solution of 2-(4-chlorophenoxy)-3-methylquiaéire 31c (624 mg, 2.8 mmol) and P£LI

(2.88 g, 16.8 mmol), POgwas added to make a slurry (ca 5 mL). The mixtuas then



heated in a multimode microwave oven at 100 °C,\80fdr 20 min. After completion of the
reaction, the mixture was poured into ice and was heutralized with N&€Os_The resulting
solution was extracted with GBI, and dried with Ng5Os. After filtration and evaporation,
the resulting solid was purified by silica gel aolu chromatography (eluent: Petroleum
Ether/CHCI, 7/3) to afford 2-(4-chlorophenoxy)-3-(trichlororhgt)quinoxaline.

Yield 72%. White powder. mp 108 °é4 NMR (250 MHz, CDCJ) & = 8.11 (d,J =
8.0 Hz, 1H), 7.72-7.63 (m, 3H), 7.38 (dd= 6.6, 3.5 Hz, 2 H), 7.22 (dd,= 6.6, 3.5 Hz, 2
H). °C NMR (101 MHz, CDGJ) & = 152.5, 151.2, 142.4, 141.2, 137.0, 132.3, 13129,9,
129.8, 128.8, 127.1, 123.2, 94.9. LC-MS (ESI, 3%:¢¥= 5.63 min, (no ionization). HRMS
(ESI): m/z calcd. for @HsCIuN,O [M+H]™: 372.9464. Found: 372.9461. Anal. Calcd for
C1sHsCIsNO: C, 48.16; H, 2.16; N, 7.49. Found: C, 48.372K82; N, 7.42.

4.1.302-((4-Chlorophenyl)thio)-3-(trichloromethyl)quinoxaline (32d)
To a solution of 2-((4-chlorophenyl)thio)-3-methylgoxaline31d (623 mg, 2.2 mmol) and

PCk (2.7 g, 13.0 mmol), POglvas added to make a slurry (ca 6 mL). The mixtuae then
heated in a multimode microwave oven at 100 °C,\80fdr 20 min. After completion of the
reaction, the mixture was poured into ice and was heutralized with N&€Os_The resulting
solution was extracted with GBI, and dried with Ng5Oy. After filtration and evaporation,
the resulting solid was purified by silica gel aolu chromatography (eluent: Petroleum
Ether/CHCI, 9/1) to afford 2-((4-chlorophenyl)thio)-3-(trichdamethyl)quinoxaline.

Yield 72%. Yellow powder. mp 92 °GH NMR (250 MHz, CDGJ) & = 8.15- 8.04 (m,
1H), 7.76-7.64 (m, 3H), 7.56 (d,= 8.6 Hz, 2H), 7.43 (d) = 8.6 Hz, 2H).}*C NMR (63
MHz, CDCk) 6 = 152.9, 147.7, 142.0, 137.2, 137.0, 136.0, 13129,9, 129.8, 129.5, 128.7,
127.8, 96.7.LC-MS (ESI, 35 eV):tg = 6.59 min, m/z 389 [M+H] Anal. Calcd for
C1sHsCINLS: C, 46.18; H, 2.07; N, 7.18. Found: C, 46.332126; N, 6.97.

4.2.Biology
4.2.1. In vitro Antiplasmodial evaluation
In this study, a K1 culture-adapte®. falciparum strain resistant to chloroquine,

pyrimethamine and proguanil was used iniarvitro culture. Maintenance in continuous
culture was done as described previously by Tramed Jensen [48]. Cultures were
maintained in fresh A+ human erythrocytes at 2.%matocrit in complete medium (RPMI
1640 with 25 mM HEPES, 25 mM NaHGO10% of A+ human serum) at 37 °C under
reduced @ atmosphere (gas mixture 10%,@% CQ, and 84% B). Parasitaemia was

maintained daily between 1% and 6%. Fhealciparumdrug susceptibility test was carried



out by comparing quantities of DNA in treated arahteol cultures of parasite in human
erythrocytes according to a SYBR Green | fluoresedmased method [49] using a 96-well
fluorescence plate reader. Compounds, previousgotlied in DMSO (final concentration
less than 0.5% v/v) were incubated in a total agsayme of 200 pL of synchronized culture
suspension (2% hematocrit and 0.4% parasitaemia)2fd in a humidified atmosphere (84%
N2, 10% Q and 6% CQ) at 37 °C, in 96-well flat bottom plates. Duplieadissays were
performed for each sample. After incubation, 125 supernatant was discarded and cells
were washed twice with 125 pL 1X PBS. 15 pL re-sasied cells were transferred to 96-
well flat bottom nonsterile black plates (Greineo#ne) already containing 15 pL of the
SYBR Green | lysis buffer (2X SYBR Green |, 20 mMisTbase pH 7.5, 20 mM EDTA,
0.008% w/v saponin, 0.08% wi/v Triton X-100). Negatcontrol, treated by solvents (DMSO
or H,O) and positive controls (atovaquone, chloroquiné @oxycycline) were added to each
set of experiments. Plates were incubated for 1% ahi37 °C and then read on a TECAN
Infinite F-200 spectrophotometer with excitatiordagmission wavelengths at 485 and 535
nm, respectively. The concentrations of compouredgiired to induce a 50% decrease of

parasite growth (163 K1) were calculated from three independent expenis

4.2.2. In vitro Cytotoxicity evaluation
HepG2 cell line was maintained at 37 °C, 6%,®@h 90% humidity in RPMI supplemented

with 10% feetal bovine serum, 1% L-glutamine (200 mdhd penicillin (100 U/mL) /
streptomycin (100 pg/mL) (complete RPMI medium)eTvaluation of the tested molecules
cytotoxicity on the HepG2 (hepatocarcinoma celélpurchased from ATCC, ref HB-8065)
cell line was performed according to the methodloEmann [50] with slight modifications.
Briefly, 5.10° cells in 100 pL of complete medium were inoculaited each well of 96-well
plates and incubated at 37 °C in a humidified 6%,.CX&er 24 h incubation, 10QL of
medium with various product concentrations dissblwve DMSO (final concentration less
than 0.5% v/v) were added and the plates were atedbfor 72 h at 37 °C. Triplicate assays
were performed for each sample. Each plate-well Wss1 microscope-examined for
detecting possible precipitate formation beforerttedlium was aspirated from the wells. 100
uL of MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphem@H-tetrazolium bromide) solution (0.5
mg/mL in medium without FCS) were then added tdeaell. Cells were incubated for 2 h at
37 °C. After this time, the MTT solution was remdvand DMSO (10QuL) was added to
dissolve the resulting blue formazan crystals.dlatere shaken vigorously (700 rpm) for 10
min. The absorbance was measured at 570 nm witmB88s reference wavelength using a



BIO-TEK ELx808 Absorbance Microplate Reader. DMS@swised as blank and doxorubicin
(purchased from Sigma Aldrich) as positive contr@lell viability was calculated as
percentage of control (cells incubated without cooma). The 50% cytotoxic concentration
(CCsp) was determined from the dose-response curve ibg tise TableCurve software 2D

v.5.0. CGp values represent the mean value calculated froee independent experiments.
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Highlights:

» Antiplasmodial pharmacomodulation of G&lubstituted-nitrogen containing heterocycles
was made» Thienopyrimidine derivatives appeared more cytmtoxd» Original 3-
substituted-2-trichloromethylquinoxaline analogs reve prepared. »Two quinoxaline
derivatives displayedn vitro ICso values of 0.4 and 0.5 puM on the K1 multi-resistBnt
falciparum strain.» Cytotoxicity was assessed on the human HepGZioellshowing low
cytotoxicity (CGo ~ 40 uM) and improved selectivity indecies (77-100



