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Abstract

Project Code : PDF57/2540

Project Title : Synthesis of combinatorial libraries of dihydrofolate reductase inhibitors
Investigators : Mr. Tirayut Vilaivan, Miss Netnapha Chareonsethakul, Miss Nungruthai
Saesaengseerung (Department of Chemistry, Chulalongkorn University) Mr. Yodhathai
Thebtaranonth (Department of Chemistry, Mahidol University) Mr. Yongyuth Yuthavong, Miss
Bongkoch Tarnchompoo, Miss Chawanee Sirichaiwat, Miss Sumalee Kamchonwongpaisan
(National Center for Genetic Engineering and Biotechnology) Mr. Worachart Sirawaraporn
(Department of Biochemistry, Mahidol University) Mr Gordon Lowe, Miss Rachel Quarrell (Dyson
Perrins Laboratory, Oxford, UK)

E-mail Address : vtirayut@chula.ac.th

Project Period : 3 years (August 1%, 1997 - July 31", 2000)

Objectives : To develop a synthetic method for dihydrofolate reductase inhibitors belonging to the
group 2.4-diaminopyrimidine and 4,6-diamino-1,2-dihydro-1,3,5-triazine using combinatoiral
techniques

Methodology : Chemical synthesis and chromatographic and spectroscopic analysis, together with
biological assay with dihydrofolate reductase enzyme. The scope of this research is to synthesize
combinatorial libraries of 2,4-diaminopyrimidine caryying substituents at ¢’ and C‘s positions and
4 6-diamino-1,2-dihydro-1,3,5-triazine carrying substituents at N' and C° positions in solution and
solid phase.

Results : An efficient method for synthesis of dihydrofolate reductase inhibitors belonging to the
group 4,6-diamino-1,2-dihydro-1,3,5-triazine was developed and used in synthesis of combinatorial
libraries of such compounds. Screening the libraries with enzyme revealed a number of inhibitors
which are more effective than cycloguanil.

Discussion/Conclusion : Synthesis and biological assay of dihydrofolate reductase inhibitor
libraries using combinatorial techniques lead to novel compounds possessing better DHFR-inhibiting
properties.

Suggestion/Further implication/ Implementation : Design and synthesis of new inhibitors based

on the knowledge obtained from this study and test the toxicological properties of the compounds
which will ultimately lead to new drugs discovery.

Keywords: Plasmodium falciparum, malaria, dihydrofolate reductase, DHFR, inhibitor, combinatorial
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Executive Summary
Project Code : PDF57/2540
Project Title : Synthesis of combinatorial libraries of dihydrofolate reductase inhibitors

Investigators :

1. Mr. Tirayut Vilaivan Department of Chemistry, Chulalongkom University

2. Mr. Yodhathai Thebtaranonth Department of Chemistry, Mahidol University

3. Mr. Yongyuth Yuthavong National Center for Genetic Engineering and
Biotechnology

4. Miss Bongkoch Tamchompoo National Center for Genetic Engineering and
Biotechnology

5. Miss Chawanee Sirichaiwat National Center for Genetic Engineering and
Biotechnology

6. Miss Sumalee Kamchonwongpaisan National Center for Genetic Engineering and
Biotechnology

7. Mr. Worachart Sirawaraporn Department of Biochemistry, Mahidol University

8. Miss Netnapha Chareonsethakul Department of Chemistry, Chulalongkorn University
9. Miss Nungruthai Saesaengseerung Department of Chemistry, Chulalongkomn University
10. Mr Gordon Lowe Dyson Perrins Laboratory, Oxford, UK
11. Miss Rachel Quarrell Dyson Pertrins Laboratory, Oxford, UK
E-mail Address : viirayut@chula.ac.th
Project Period : August 1, 1997 - July 31, 2000
Objectives :
1. To develop a synthetic method for dihydrofolate reductase inhibitors belonging to the
group 2,4-diaminopyrimidine and 4,6-diamino-1,2-dihydro-1,3,5-triazine
2. To develop a synthetic method for synthesis of combinatorial libraries of dihydrofolate
reductase inhibitors in solution and solid phase
3. To create a combinatorial group in Thailand
Methodology :

1. Optimize the conditions for synthesis of 2,4-diaminopyrimidine and 4,6-diamino-1,2-
dihydro-1,3,5-triazine in solution phase



viii

2. Develop methods for synthesis of combinatorial libraries of 2,4-diaminopyrimidine and
4,6-dlamino-1,2-dihydro-1,3,5-triazine in solution phase

3. Design and select appropriate solid support and linkers for solid phase synthesis of 2,4-
diaminopyrimidine and 4,6-diamino-1,2-dihydro-1,3,5-triazine

4. Design and select the most appropriate method for synthesis of 2,4-diaminopyrimidine
and 4,6-diamino-1,2-dihydro-1,3,5-triazine in solid phase

5. Optimize the conditions for synthesis of 2,4-diaminopyrimidine and 4,6-diamino-1,2-
dihydro-1,3,5-triazine in solid phase

6. Develop methods for synthesis of combinatorial libraries of 2,4-diaminopyrimidine and
4,6-diamino-1,2-dihydro-1,3,5-triazine in solid phase

7. (Outside the scope of this project) Screen the combinatorial libraries in solution and solid
phase with'dihydrofolate reductase to identify the most potent inhibitors. This work will be carried
out in collaboration with the National Center for Genetic Engineering and Biotechnology (BIOTEC)

The scope of this research is to synthesize combinatorial libraries of 2.,4-diaminopyrimidine
caryying substituents at ¢’ and C° positions and 4,6-diamino-1,2-dihydro-1,3,5-triazine carrying
substituents at N1 and Cz positions in solution and solid phase.
Results :

1. An efficient method for synthesis of dihydrofolate reductase inhibitors belonging to the
group 4,6-diamino-1,2-dihydro-1,3,5-triazine has been successfully developed

2. Synthesis of dihydrofolate reductase inhibitors belonging to the group 4,6-diamino-1,2-
dihydro-1,3,5-triazine has been investigated and it was found to be less satisfactory than the
solution phase methodology

3. The newly developed method has been used to synthesize combinatorial libraries of
dihydrofolate reductase inhibitors belonging to the group 4,6-diamino-1,2-dihydro-1,3,5-triazine in
solution phase, both as pure compound and as mixture libraries

4. Enzymatic screening results of the synthetic libraries revealed new potent inhibitors

against mutant enzyme and structure-activity relationship

5. A method of screening combinatorial libraries using enzyme selection technique has been
developed and validated

Discussion/Conclusion :
An efficient method to synthesize dihydrofolate reductase inhibitors belonging to the class
4,6-diamino-1,2-dihydro-1,3,5-triazine (i) which are potentially useful as antimalarial drugs has been



developed. The method has been used, in conjunction with parallel or split and mix syntheses
techniques, to generate solution-phase combinatorial libraries of 4,6-diamino-1,2-dihydro-1,3,5-
triazine both as pure compounds and as mixture libraries. Testing the pure compounds libraries
with both wild-type and A16VS108T mutant P. falciparum dihydrofolate reductases (pfDHFR)
provided a rationale for cycloguanil (i) resistance of the latter and a number of potential lead
compounds have been identified. Two highly potent inhibitors against A16VS108T pfDHFR have
also been re-discovered from screening of the 96-membered mixture libraries using deconvolution
techniques. A strategy to facilitate the synthesis and screening by solid phase chemistry has been
evaluated and was found to be less satisfactory than the solution phase approach. The concept of
screening of the mixture libraries by using enzyme selection technique has also been validated.
Suggestion/Further implication/ iImplementation :

The study revealed structure-activity relationship information of different classes of
dihydrofolate reductase inhibitors which lead to better understanding how these drugs work and
enable us to design new compounds with better ativities. Together with the efficient synthetic
methds developed, this will expand the studies which will ultimately lead to new drugs discovery. At

present a few compounds from this project were found to be potential drug candidates and they will
be tested against malaria parasites in vitro and in vivo.

Keywords

Plasmodium falciparum, malaria, dihydrofolate reductase, DHFR, inhibitor, combinatorial
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Abstract

An efficient method to synthesize dihydrofolate reductase inhibitors belonging to the class 4,6-
diamino-1,2-dihydro-1,3,5-triazine (i) which are potentially useful as antimalarial drugs has been
developed. The procedure involves 2-component cyclocondensation between an arylbiguanide and
a carbonyl compound in the presence of an acid catalyst and a water scavenger. Under optimized
conditions a variety of substrates afford very clean reaction with negligible side reactions and the
products can be purified by simple washing. The developed method has been used, in conjunction
with parallel or split and mix syntheses techniques, to generate solution-phase combinatorial
libraries of 4,6-diamino-1,2-dihydro-1,3,5-triazine both as pure compounds and as mixture libraries.
Testing the pure compounds libraries with both wild-type and A16VS108T mutant P. falciparum
dihydrofolaté reductases (pfDHFR) provided a rationale for cycloguanil (ii) resistance of the latter
and a number of potential lead compounds have been identified. Two highly potent inhibitors
against A16VS108T pfDHFR have also been re-discovered from screening of the 96-membered
mixture libraries using deconvolution techniques. A strategy to facilitate the synthesis and screening
by solid phase chemistry has been evaluated and was found to be less satisfactory than the
solution phase approach. The concept of screening of the mixture libraries by using enzyme
selection technique has also been validated.
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inznzalunats 19U aenlednd Tauszvingate 18 hiouysol unzATaufiinanunznsgaldun 3-senmluu uazwiia
Tolufifnd Immui hiléndndusiikesnmine  fRumanesllunnyffsouvuiireandesfufinuiis sy
Auluenmsdese winduertiuRsfiraduml§Atod Wnngdmamireeialuilud am Freandosty
mnAyniinminl§iTolsInaneumurdude W @  fussRosindumeiNifonfithuesaluialusiou
(223" ueneinil Modest 83185 wsmiduilovinlgimmeumusufigumgifesss Wi mawandnfinnis’
s lsAnundennnssli ptolidine ¥fseriulalesi Tulme luduazmfinefing Inuluenueniigungiiveslng
finsnlslnznnesnthudusafisomuininndnsusiidenn halSneficudmiemviniu

w7 NH

] H NH
A?C\NJLNH, — Ar“r«’ﬁ\l\lJ\NH:,
o b

an (1n

Ar—

UAUNTN 2.2

n‘i'enm'luﬂﬁﬁ?mh'lnnnoumuwi’ui'lmsr‘hi’mfwanm 1 Tun selunveslnlslnsinsezduilidunin
ot uneswrulwenmsdudenlylnadidammoiadfizo e ns lodansu Tidumsdsiu 1dide Waamteu
unazawiidunis’  AnfufaldnommidEnsfamhlu§ifonadefezidoumumalunf nvesndnfust
uazaams Tz ladvesmanBniusifiornntune Tnums Wnsawin IngdusaIviin (4-CH,C,H,50,H.H,0) ey
Fusnljfseununsalslasnnoindudu AnfudelW poluidine @-CH,CHNH,) WnlfAtniulnleniulnelud
uazwinehaf Inaulnolinsans IngBudniriinegfav 1.1 Bafanaunsaifindfisolfoyiuiveslulnafsiia 4, Ar
= 4-McPh; R' = Me; R? = Et; X = OTs) (44 %) amudeants Ino hiiameia lud lusiilundnsusidranos denlfoudTnu
ithu 2-mum Tuy (E:CO°Pr), 3-mumTuu (EtCOEY) unz 2-senmiTunl (MeCO'C,H,,) wuiuAmigaiundnanfustiily
syWwusveslulnafiaiin (1, Ar = 4-MePh; R' = Me; R* ="Pr; X = OTs; I, Ar = 4-MePh; R' = Et; R = Et; X =OTs ung 1,
Ar=4-MePh; R' = Mc; R = "C,H,,; X = OTs) lutlSumunnndin 23, 47 une 8 % amidy Tnomuvgi 1805 unamanan
harsnsdidumseanudwinlunsies Wi Inonsansdn iinseninfenis1 IngBudnIrunves (1) asatw
TR lusminzawdunidnulng uasiuur Wnissdmilunaniion

uknsomBneninalael¥nsantsiingdudaniinununinlsnsnneTnudainm rnmowwite: 1433
dandndudulunadunseeyiuiveslyInamiiovind InufiinunsnegasuniialeTadifinA lnu (McCO'Bu)
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#s hiszommntde uiidednlmndiosedniedum [HoOMe),) adldssnhainl§isoudteduersfimimud
WEroavu nARBUfRTIIzNIN p-oluidine, 10 lwo Tulaelud unzarfiale Txiiafad InuTnefingams Ingdusa v
finegfau 1.1 atunud unziliennens-lasnsiiness Invefumiluininzas Weytuivedlnlalaslnsesdu g,
Ar = 4-MeC,H,; R' = Me; R® = 'Bu; X = 0Ts) ifhundndasilutfune 18 nlefifud Saurumgiin b 1&usnamantnd
meinnnnngapfiessninneanndnuasfftordefivetu  funeldendmBeaduvemdaiusiieumaiid
u3gni Inun1sankiin

a1 2.1 nleTns InsecFufn3on181ne3% Three-Component Synthesis

Ar R, R, X | method* formula caled found
C H N C H N

4-CIPh H Me Cl A CioHsNsCl, 438 |48 | 256 [ 438 |49 | 254
4-CiPh H Et Cl A CHisNsCl, 458 |52 | 243 | 459 |52 | 24.2
4-MePh Me Me Cl A C2H;gN:sCLH,0 | 504 7.0 | 245 | 505 | 6.8 24.6
4-MePh | -(CH,)s- Cl A CisHzN;ClI 585 |73 |228 | 584 |73 229
4-MePh H Ph Cl1 A CieH i sNsClI 60.8 57 222 | 608 | 5.7 222
4-MePh Me Et OTs | B CyoH2/NO,8 57.5 6.5 16.8 | 57.5 | 6.5 16.8

Me nPr OTs | B CaHyeN5O5S 584 | 6.8 162 | 584 | 6.8 16.2
4-MePh
4-MePh | Et Et OTs | B Ca HyoN5058 584 63 16.2 | 584 | 6.8 16.3
4-MePh Me "CHi; | OTs | B CaHysN5O,S8 609 | 74 148 | 610 | 74 15.0
4-MePh Me ‘Bu OTs | B* CxH;;N50,8 59.3 7.0 157 | 593 | 7.0 15.8

*A: conc. HCI, EtOH, reflux; B: pTsOH, EtOH, reflux

NH NH,
T | . NZ
HN ,J\:'ll H+ . -H,0 %N)\/k;ll'

=

UHMATN 2.3

fudeinavesitnsdunsizd 1y InafiiaIne3t Three-Component Synthesis Aafina1ndradu $9145nm
-. L4 e} : H J o L U’
wornfissRauREn s danT e uduli AU Inonsfie1sa38015 Two-Component Synthesis Fuiuthu 2 funeu



TarlutusneziflunsdunszieyiutioTa tuiius (aryibiguanide, I mmIAsensznines Tsanfnefiuas 1aly
nTulnelus Tnufinsadhiasalfifnden™  uddalfiosalumluddieglugiveunde luTulalasaae lsdifui
U lfumslszneumifueianeidameidunsainiuardsenevinlalaslaserdu @wuam 23) ms
Funs W 1no38 Two-Component Synthesis i€ 1A vuiiiu1A¥midefoudu3? Three-Component Synthesis fiorinez
ndndusinugniniuidssnniuhiduiludesidnsalufnannfunederehinnlelas lndavewiniueia
PR fesnndsweniwaasusiidesns himdormeldnnzfifunse’ venvnidtis¥madduieesinng
yaldhinransauunsdasasiiuignildhetu  Sniuealui ludduiiumssduiiduvewdeidunin ndes
uazliifaeendadulusimaidiorarue: Tsudmeiiu Sadinuazaanlums I¥auannnd

] »
f1319 2 wermaes a lui ludiiluasdduvesnsfunsier lals Ins lnsesdu ()

(I
Biguanide  substituent R % yield m/z (found, calcd.)

Illa 4-Me 61 - 1923(192.1)
b 4-Et 68 206.1 (206.1)
1lle H 61 177.5 (178.1)
IId 4-Cl 77 211.6 (212.1)*
Ille 3-Cl 70 212.3 212.1)*
1911 2,4-Cl, 60 246.0 (246.0)*
g 3.4-Cl, 67 245.9 (246.0)*
Mih 4-Br 78 255.6 (256.0)*

* with correct isotopic distribution pattern

4-methylphenylbiguanide hydrochloride (111a) 1830148 1nN15TNANS p-toluidine AulnlaorTulae Tudluent
uen TauiinsalelasrnednidudusifolutSne 1.5 atunud Juzldndnfusianndnoenunderiibuns Tnoi
Vuanontn 61 % Tuf ludsinduq runsaduns e B lhniesfoady TneliuSinunananeglutaa 60-78 %(m
i 2.2)

amlsznenlum luddnsminlffSoduerdTnu TelnawnenTuu exdvhdndadlesd uazerlsuwndad
Todt wiinsing Inefiienmeaiiludninzon uaznialslasaaednidudnswlfiso nmuldnzumsgnisiwanlne
Modest® wui i uaflufiimels Tnoldrdnsudditulalelnslnsesdu () fnammaduanslumng 2.3 Taokdn
fusidulngjezanndnsenuusaninlifemdsnninandlilszosnids unzamnsailuignine lllnemsannin

- -2 ' ' > o . - . 2 -
VINAMINSH UM 17U N TUen ¥30 1IenTuen Tesersl¥swdudninsawdunnii nie laiefadimes



a131 3 Medumstszneulalalnr Insesduiildeinnsduns ey Inu3 Two-Component Synthesis

entry  carbonyl biguanide Ar R, R; %yield m/z m/z
compound (crude) (observed) (calcd. M.H")
1 4CICH,- 4CICH,- Me Me 62 252 252
2 4BrCH- 4BrCHye Me  Me 78 296 296
3 4-MeCeHy- 4-MeCH- Me  Me 59 232 232
4 /'ﬂ\ 4-EtCiH,-  4-EtCeH,- Me Me 48 246 246
5 CeHs- CeHs- Me Me 67 218 218
6 3CICH- 3CICH- Me  Me 60 252 252
7 3,4-Cl,CeHy- 34-CLCH; Me  Me 71 286 286
8 4-CICH,-  4-CICH,- H Me 49 238 238
9 4-BrCiH,-  4-BrC,H,- H Me 53 282 282
10 lﬂ 4-MeCeH,-  4-MeCeH,- H Me 27 218 218
11 ' 4-EtCiH,-  4-EtCoH,- H Me 18 238 238
12 34-CLCHs- 34-Cl,CHs- H °~ Me 76 272 272
13 4-CICH,- 4-CIC(H,- H Et 92 252 252
14 4-BrC¢H,-  4-BrCeHy- H Et 93 296 296
15 \_,L* 4-MeCH,-  4-MeCeH,- H Et 77 232 232
16 3,4-CLCHy- 3,4-CLL,CH- H Et 91 286 286
17 4CICcH,-  4-CICH,- H "Pr 86 266 266
18 /\/ﬂ\“ 4-BrCiHe 4-BriCH- H "Pr 74 310 310
19 4-MeCgHy-  4-MeCeH,- H "Pr 83 246 246
20 4-CICH,- 4-CIC(H,- H 'Pr 59 266 266
21 4-BrC¢H,-  4-BrCeH,- H Pr 71 310 310
22 \rﬁ\“ 4-MeCgHy- 4-MeCgH,- H Pr 85 246 246
23 4-CICH,-  4-CICH,- H *Bu 39 280 280
24 \/\J\H 4-BrCgH,-  4-BrCeH,- H "Bu 93 344 344
25 4-CIC6H4- 4-CIC¢H,- H Ph 55 300 300
26 4-BrCeH,- H Ph 93 344 344
27 01“ -MeC5H4 4-MeCgH,- H Ph 58 280 280
28 3-CIC¢H,~  3-CICeH,- H Ph 90 300 300
29 34-CL,CHy- 34-CL,CH- H Ph 63 334 334
30 >rﬁ\,, 4-CICH,-  4-CICsH,- H Bu 31 280 280

12



i3

tunsdudleesdviandad lamiuiivundn  Tnemmzeiet acetaldehyde 40T propionaldehyde WU
Ufismnfa i lifde 1 fiemusanoumusadudninsnwemitesnniunldoulfiumssznevieiiozima
wiverdmotuenuen R iemulansiidunia unsd@suiinn 1oy msmmsndunthustozsnaldonni
1fi6497n steric effect Humimzaws naRniteneanfoammen

ifeneimveeveunvesmstszynd14UGA301 Two-Component Synthesis Tumisfunsizvioyiuivesln
Talnslasesdu (1 vnesthznsumivediasufiinawinznzuindy Taold 4-methylphenylbiguanide hydrochloride
(e  vnl§ffuriunRnededlau  (CH,cocH) Twennenlaodunsalalasnaesnasluidnlsuiteiiudags
YT (Uszane 2 nem vte 50 pL dmiulfaselumna 1 SadTua) ufraudsemgivomuiibivssanaruduse
uRileRnguvgl InonsIvdne wui‘nﬂﬁﬁ?mxﬁn'lﬁﬁm‘:’u uBsHANTI AT 1ZH Infiuuas Tnsunlans ™ (TLC) unmald
shumlfitufeeiwmngsindsnanidfndidunm 23 Falue Wenlfouf Taunn winediad Taulifuaiiale
TedafndInu Faullanunznzgenimuivhifau§touaslunrziteniu uiduinlasiiaess Tnvesum [HC(OMe)
J m'lﬂﬁ‘:uw‘mli'luu'ﬁﬁ'li'mf'mu'i'lmsfqﬁu'azulﬁu'u'hJsﬂuﬂﬁnﬁqumiNﬂuusn':'mu'lunmxﬁm 12 2 Twaimiu

vnnsfunienasdnsamuii 8insAnms 1 lnsefoeed Invefunitediudgamimiluns funs e
aywuivesls Inadaiia1dinsAnuwineuudalne Baker” Tanwndoinmumysslasiefiased Invlefwnfensiiin

ﬁﬁ'uﬁn{m1mJﬁﬁ?uﬁlmetm'm'lﬂuﬁ":ﬁ'ulaw:qn'la'[ﬁs'lnﬂﬂtﬂumﬁnﬂas’mnuazmmuanﬁﬂﬁ'ﬂnqa-nqﬂﬁﬁ?m

weuluihent deflsznmsnitaveanis 1fasdszneuees Ineamesifudmdmifendniusiniianind§ason
» » - »
lalnslodnrvesees Inemned lAunusanesedunziemmenilumsszimodwnsg AnlulieszmensnaufilAen

Uinsorszninluflud (i) suwfialeTadidafd launwidamzainanfutmwui idstinduusndeenut wo
nliAsRAnT 18T Ine 'H NMR wuiilindnfasifidesnsoy#aosds uadihiviand wamsiiesed 'H NMR
anlnedy, wnreninady (me 2022) uazdeynlwendddiannanayy i winfusiandmisfiiaduiude s
triazine (IV) (caled m/z 202.1) Funanmifisosznhaeialufalud (ns) fueed Imlefnmduiidaiuaudveaies
fiaurmloeewhues Baker Minosmeamialfiisunt Insszyinfulisndhaeefiddinluns Gaa Imohuise1d

"
L "’
NH ©\
H\N*NH () _"-Hzo /TjN
N7
_ HN)\NH, + G“\H HN N J

av)
UHUNN 2.4
vinnsfmnhuenmsdndmuinenainlnsiefinees Inesiuaud-5in131¥ anhydrous calcium sulfate™ rite
Wumsimithuliizndansedinle T InsezSusuiu uhiiufivszaniamind uoz linsoduaslhideld
Ao lunmuzideriuld Bealdinniin soxhlet $19n) Frammiise18Amnamnu 18 lums 1ms dimia
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puil¥anfmzaanuasivsz@nsnmgaruieriu Insioiinee e sumun: i Widml§isurdafes luussm
rfmaneuiaun wuiilnsieineefInezfina [MeC(OEN,) Wnnifigand nAeUfAsuufamipraihuenmeanie
pmueaTiguUUIIvAnY isszmeRniinznweemunudnuvswiifivasegiuesdlnauudaniessz 1Royuives
Twlnniaiia (1) Wglfidusin TnofiuSuumonin 61 % J19n 'H NMR munafuvesndnduainamnsanhivsing
a'aﬁﬂugua;jﬁ'w vuiuthiiAteeaniiimoreananseunn mulénnzi 4-methylphenylbiguanide hydrochloride
(1ia) YAt 1Afuezdndnd InufianunznegaunsiladaunaduilgmilunndanszdIne3du18ud wiale

TatiafIny, 3-eenmiluy, 4-sn1Tuu M 2.49)

w1 2.4 urmasyRuives1nlsTns nserduiinion18vin (i) A Taudeiilnsefiness InesSinmihimsmimi

R!

NH,
Ak
H,NJ\/'\; R

entry  carbonyl Ar R’ R* %yield m/z m/z
compound (crude) (observed) (calcd. M.H")
1 methylisobutyl 4-MeCcH,- Me '‘Bu 62 273.8 274.2
ketone
2 3-octanone  4-MeCgHy- Et "CsH), 68 302.3 302.2
3 4-heptanone  4-MeCH,- "Pr "Pr 71 288.3 288.4

*'H NMR data : §,, (400 MHz, D,0) 0.87-0.89 (6H, d /=6.6 Hz), 1.25 (3H, 5), 1.80-1.86 (1H, dd }=5.8, 14.6 Hz), 1.92-1.99
(1H, sept J=6.3 H2), 2.08-2.13 (1H, dd /=5.3, 14.5 H2), 2.31 (3H, 5), 7.17-7.23 (2H, m), 7.31-7.33 (2H, d /=8.3 Hz)

*'H NMR data : §,, (400 MHz, D,0) 0.75 (3H, 1 /=7.1 Hz), 0.91(3H, t J<7.2 Hz), 1.11-1.19 (4H, m), 1.31-1.45 (2H, m), 1.53-
1.65 (3H, m), 1.70 (1H, m), 2.31 (3H, 5), 7.20-7.24 (2H,m),7.30-7.32 (2H, d /=8.4 Hz)

“'H NMR data : 8, (400 MHz, D,0) 0.77 (6H, t /<7.2 Hz), 1.31-1.44 (4H, m), 1.46-1.60 (4H, m), 2.30 (3H, 5), 7.19-7.21 (2H,
dJ=8.1 Hz), 7.31-7.33 (2K, d /~8.0 Hz)

~

H. AT
A
H,N/I*N/%{}'

v)
eclsimudenconnidinnd 18l hlszgnilflunndunseieyiuives  4.6-1neciiTu-1.2-1a1aTns1n

sezSuiiimpumuiiimammmonniu  1udmeudiuneiienlnu Fvos 4,6-1neziilu-1.2-1nlsTns InsecFuluiy
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mamsaze mullymddgfiiatunenliznsfud 1 oudy el YlfiTor hisuyseluaz i
annsofiinsen 1 nenisdedaoesd Tau 2) iNandaiadii 18ennstadoediaimi (v) Sundafusidiafios daius
hnmsfrulninmzvsanadanssd a.6-1n0z0Tu-1.2-1nleTas Insezdulumsazawmifeudtlgniindu
flgymlssmsusnruoudlvidTnons Wrnsfudladmidsinndune  Wessinlfisuedumysalivnmi
Fusndmils uBBsiinedsdudshnnifuneeennnrinfusiummas deRvseoufeuszniueialufa
TudfumsuszneumivetisudasziiuliFaimssduihinemineendionifemalssnousfueiin  dnfulu
anfinywieq 1Sl ¥rstlssneuniueialulfinaunniiune fe 10 eq unuieniiu 1 oq Aefildumdu dusaia
azme, Fafdminnznanfilddmamiloudy whoufisdaulasdims work-up timisufeunufivcduveuidivesd

TauiiBnuflumsafamsazaiovesndafasiinhdusmedidesieilaueon dusnimssnnszmniwone: 14
syWuives 4,6-1anziiTu-1,2-1als1ns Insesdundufuin #afuiilels 4-methylphenylbiguanide.HC! (I11a) Minljise
v 3-wumluu nw'lo’u"i‘ii'n11ﬁﬂi’uﬂie'lnﬁi':ﬂu'i1'1ﬁuﬁnﬁmw'fﬁﬁ'a-zm-: (I, Ar=4-MePh, R'=R*=Et) 'lu;ﬂi‘n‘;ﬁom:
Wit IneiiSunawananindifssfusmmangug nansiins ey lae 'H NMR wudifimassiu (lufalud) fedusyg
Uszu1m 4 % naswundaSustiinannnssaidosialmi (v, A—4-MePh, R'=R*=Er) 8nlszanu 10 %

A3 2.5 : HERNUAT 1ATIMIJATE152M 319 4 -methylphenylbiguanide fufi Taumwlan1izeeg

conditions ketones time % yield | purity’ side products”

10 eq ketone, EtCO 6h quant. 85% biguanide (4%); isomer (11%)

1.1 eq aq. HCI,

EtOH, reflux

10 eq ketone, Et,CO 6h quant. 83% biguanide (12.5%); isomer (4.5%)

l.leqaq. HCl, | MeCO'Bu | 6h quant. 73% biguanide {(<1%); isomer (27%)

MeOH, reflux | MeCOPr | 12h quant. 58% biguanide (<1%); isomer (42 %)
il’r2C0 24h nd nd biguanide test positive

10 eq ketone, Et,CO 5 days nd nd biguanide test positive

1.1 eqaq. HCl, | McCO'Bu | 2 days nd 84% biguanide (16%)

MeOH, rt MeCO'Pr | Sdays+6hat45°C | nd nd biguanide test positive

10 eq ketone, Et,CO 244 quant. >95% biguanide (<5%)

1.1eqaq. HCl, | McCOBu | 48h quant, >82% | biguanide (<18%)

McOH,45°C | MeCO'Pr | 48h quant. 84% | biguanide (16%)

* Bumlanlszutm 188001330 integration W83 200 MHz 'H NMR minafuvesndniusinainisaied InufiumifiuneoendioBined
flommlsznisd 2 ﬁaﬂﬁh‘?mi’m’iuqi’ﬂmhfutﬂum1uﬁ'uﬁ'lumnms6’1434"‘ unlaeva lideruinIasend
Aanoldmedituumsedelfauleuudinfevealnlslns InsezFusudaganaeumanvindu  uslumsdnusil
nrinenennwinrfdhuuaniedenssumm  nudads lmifirusadnldnol¥nefidunse  uaei
gamgii higeluniymreavesiamiazmiolfusumuen (65 °C) wiaienmien (78 °C) uennnfidmuinsiniduaia

TiszidadtuluRvhaznolnInafos Tusin dusu Taafadarenlas Swwantsdnuidomnailn NMR uansld
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Fhusmouims Wndeuunmanzaieves (1) Wlaiiadarenled-d® # 100 °c szvhlinansdasveda v v
] L4 'd a » o ] Ly P [ ] - ]
(v) stwenysamelunnbinud meldannzvensdusszimuidaduvewdadusininsinnsdaiveiaimi
4 4 o
seiutudled Inununenzgatuduunacluma 2.5
o ¢ b -t ¥ o - w  dd - v o 1 4 4
AN 2.5 seruh Alaunlinmunsnsgaiiuun Wy Msdadusiniineinnisfad o lmiuniu 4
[ 4 - d 1 - - d "' - o L) J
neandesfunuuRg A AindusINi Tnsead i (v) duihundaiasiurumes Tu'lauriin (thermodynamic product) 44
] o . w ] -’t' - e = - P 1 :
wvsn luvazndadasing Inseadn () duduniadusiuuy lausin (kinetic product) FuinldEn1 Tnuiaees
oo v - - oo w =l [ or : - - o s - [)
wandustavnnInBume SRR ALY (UNUAW 2.5) AnTu ddesms Iifandaiamiuuy Trudnuinndnases
i Oy d‘ - .' * J - oy J o) .. - = [
mlfisorqungiiin wanmaasaavitlieWinlfiifuifiqungiifias dadruvesnmiin an Wusdaduaids
= ] o -l -~p = w0 -~ 3 =y o ] o
ferozanns oon lsfin Rgamgliduiulduvuiigumgiitesfifowaifinduas iyl

H H H H
lil | Il R Ill 11, R
N/N H RCOR M/N( b R ------- * N, Y +R
H™
H %)
Ho oA I r
N. _N H)N N\F
H R
(,:f?n . - \TI‘r/N

HHUAIN 2.5

uffer 1¥nnzfimnzrudmiunmdunseioyiuiveslnls Ins InsecFuiiszinsamasudniudfin
nulfamziinaniirdaiusii hivigniRomedmiunmiThhlszgnaldlunsfusssvinrsudiunedoa lous 13
iesmnlunisdansied leus 3 e it lenoiims i uigni Tnunsanndnne Tasun Inns Wiui@uafumsd
Fussetiiudafienn T'ldhnmlnlaamaslunsdunsedeyiuives 46-laexlilu-1,2-1ns1ns Insezduscn
iussuy Tnol€inaiin high performance liquid chromatography (HPLC) li'lum%‘aeﬁaiﬁnmmm"uﬁu'h.hlmﬂﬁﬁ?m'lau
Wn§jiSu1sz1319 4-chlorophenylbiguanide. HC1 1)) 4-methyl-2-pentanone (methyl isobutyl ketone, MIBK) sahiifmaime
Wamzimsgnives Modest' dhulfiSemaney wanshinseniniusidads bildiummiifusgnisnugise
Two-Component Condensation S¥¥°319 4-Chlorophenylbiguanide 111 tuia 1o Tadafiaf Inuiinszimuifn e infigaus
s nanAe mslfealufTudlslasnaelsd (1 eq) AuRTau (10 eg), ninlslnsnnesnidudu (50 pL dewsalufa
Tust 1 a8 Tan) uoz Insiefinees Inszdian (0.5 mL sewdalufaud 1 SndTun) Agamgd 45 °c Tasiommeniduda

Ywnzae Inumaiia HPLC wudiifinuesensa 3 siialuszuy 1un Tud lusdadunsdadu, ninsuaifidens @,



17

Ar=4-ClPh, R'=Me, R'=Bu) unznnfusiniinnnmaindoswaln (v, Ar4-CIPh, R'=Me, R'='Bu) mmufiwuves
retention tme 9ImIsoTimun ML ldUSunlBousudsrg Wur Snsidauvesd Inuseluialud, Ysuves
ninuasmmfimiilg unzgungiiveaninfiior (wunm 2.6-2.11)

100 - —— — -
- — —
-E ——0m |
i
S +035m|f
=
= 061 mi
o
R —>— Q75 ml |
- | m] |
0 2 0 80
reaction time (hr)

WA 2.6 utmsnmduRu TR uuvesInsiefinesi Ines Sinnii 165y % yield veandniaat
Conditions : 4-Chlorophenylbiguanide 1 mmol; MIBK S eq; conc HC1 100 pL; 45 °C
Parameter varied : amounts of TEOA (0, 0.35, 0.61, 0.75, 1.0 mL)

% of (I) formed

0 ') 0 0 © 0 a
reaction time (hr)

WM 2.7 uman i dsenalTinavesd Inufi 197y % yield veanfinfot

Conditions : 4-Chlorophenylbiguanide 1 mmol; TEOA 0.61 mL; conc HCI 100 pL; 45 °C
Parameter varied : amounts of MIBK (1.5,2.5, 5, 10 eq)
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E | ~ —&— 40 paMN
S 60 v —8— 30 94M
2 | s48am
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reaction time (hr)

uRMAM 2.8 uemanTuduR U ST agamgiiify % yield veandnduat

Conditions : 4-Chlorophenylbiguanide 1 mmol; MIBK 5 eq; TEOA 0.75 mL; conc HCI 50 PL

Parameter : Temperature (30, 40, 60 °C)

80 F_.—_\‘
60

—¢— HC10.023 mL

HCl0.045 mL

100 7 -
B
E
8= 7
S 40 1
[+ ]
£ oif
/
0
0

20

40 60

reaction time (hr)

WU 2.9 uERsauTuRuEsEnhaBnunialslasanesnii 1493 % yicld veawdniined

Conditions : 4-Chlorophenylbiguanide 1 mmol; MIBK 5 eq; TEOA 0.75 mL; Temperature 30 °C

Parameter varied : conc HCI (50, 100 mL)
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80
9 —*— ph-bi
E 60 . .
& —8— 3,4-di-Cl-ph-bi
S
g 40 4-methyl-ph-bi
=

0 T T |
0 20 40 60

reaction time (hr)

o o - o o IB P - - - o -
UNMATN 2.10 HoIdAI NS VBINIINARERAualiisn AsuriinveueTalui Tudnvinl§isn
Conditions : biguanide 1 mmol; MIBK 5 ¢q, TEOA 0.75 mL; conc HCI 50 UL; 30 °c
Parameter varied : arylbiguanides (R = H-, 4-Me, 4-Cl, 3,4-CL)

100

—o— 4-heptanonec

—a&— 3-octanone

benzaldehyde

=— gcetone

% of (I) formed

¥ &8 8 8

—x— MIBK

—o— 3-Me-2-
butanone

o

reation time (hr)

WM 2.11 uetRadmand veamsiianAndasiidenlfouriavesmsszneunifusiiafivinl§ise
Conditions : 4-chlorophenylbiguanide 1 mmol; TECQA 0.75 mL; conc HC! 50 1LL; 30 'c
Parameter varied : ketones (4-heptanone, 3-octanone, benzaldehyde, acetone, methyl isobutylketone, 3-methyl-2-butanone)
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sonAnmuiilgansRediitn bimnssrmnroud T8 Taon s 1A Tnuuss o mdminnnitune 3
ninSuinvesRlnu 5 eq unzlnsiefineed InezSinn (0.5 mL see3aludalus 1 Haflun) MWnadfige Tuvmed
Pymimmiiants Sadesda mikd IR Iasiwiisofigamgdi uwiussibfaToudndrasdan Fousinmsfinuits
dongungiveniiugungiiivinljAseda o liumusiuhiunin reamanged product (V) TutSinmiiveusuld (<
s%) muldnmezil f Inufiinrmunenegaaayiin 1dus 4-methyl-2-pentanone, 4-heptanone, 3-methyl-2-butanone ung 3-
octanone ¥1L{A507U 4-chlorophenylbiguanide. HC ethamuysainolu 48-72 %2 Tnsfigumgieunsiindnfusidn
ReaRntuernn winlui lusriiaduudesimlfitodaedsnsidafuandreiu udile lawhugaTonoume 1v3a
T lusmnsiineseRnlfaio 1 ¥ouyseimioudu sanwlinseiassmaidelfisudamyseii lnumniin

[ il b L 4 A - J r
¢ HPLC une 'H NMR wudmnnsdi 1andndasifidents Inelinamuienmigaannnd 85 % uwwnin 2.12)
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Mimuces

uNHA™ 2.12 HPLC TasinTaunsuuazgFidilisolonfuvesasnauemifisorssuin s-ane TsWila luda luduaziniiale
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funsoypiuiveslnlslas lnsezSundmjunuiiniamanzsnzgafidumia ¢ Faliounsansoy181ne38u e
- : ¥ J ] ] H [] o
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(based on 1 mmol scale synthesis)
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entry  ketone biguanide Ar R R' % yield M.H' M.H*
, o tat
2 J\/\ 4-MeCeH,- 4-MeCgHyi- Me  "Pr 82 260.5 260.2
3 CeHs- 4-MeC¢Hy-  Et Et 73 2462 2462
4 VL/ 34-Cl,CeH;- 4-EtC¢Hy-  Et Et 38 314.0 315.2
5 CeHs- CeHs- {(CHy)r 61 244 243.2
6 é 4-MeCeH,- 4-MeCeH,-  {CHpyr- 78 258.1 258.2
7 4-EtCeH,- 4-EtCH,- Me  'Pr 59 2755 2742
3 \H\ 4-CICH, 4CICH Me ‘Pr 38 281.4 280.8
9 34-CLCHy- 34-CLCHs- Me  'Pr 84 315.6 314.1
10 ,LJ\ 4-MeCeH,- 4-MeCeH,- Me  'Bu 75 2753 2742
11 4-CICéH,- 4CICH,- Me  'Bu 62 295.6 294.1
12 \I’\’I\ 3,4-Cl,CH;- 3,4-CL,.CéH:- Me 'CiHy, 75 341.9 342.1
13 4CICH,- 4-CICH, ‘"Pr 'Pr 68 308.2 308.2
14 :j:'\;\//\\ CeHs- CeHs- Et "CsHy, 79 288.5 288.2
15 4CICH~ 4CICHs- Et °"CH, 64 324.1 3222
16 CeH;s- CeH;- Me "CeH, 89 288.5 2882
17 SN 4MeCHy  4-MeCiHy-  Me  "ClHy %0 303.7 302.2
18 4-EtCH,- 4-EtCH- Me "CgHpy 84 316.5 316.3

»
matisnidunseieyiuives 4,6-aesiiTu-1,2-1a1s1ns Insezdu 'lu’:'qmnmmzmuﬂﬁ'u1€uﬁ1ﬂé’ﬁu

o - et - ) - . a e . o o o
sanduiil lnssadrimnmawlausnzedntutiethuesivdin Tauninuinznsgeuazds woinmydanfuduas

- e - o a - - o - -
ez TuAUIENIS Two-Component Synthesis uuviRUNMMINZouAussS Tau uazesdvhinmsees 1sunAndan lediviniu

J l".‘ A * - L] L] :
dienareuiins Imiiiuf Tnuilinylsiduag@ao 19U levulinic acid, ethyl acetoacetate, 1,3-dichloroacetone 3uN4BE

T517AnflnulAun benzophenone uBT acetophenone nasesvhAnA Inufiiarmunzneguilufimy Wy diisopropyl
ketone) Wy bifandnfusinmdenss Fahe¥SnaRauiEnsdellEnaseunquenanguiidae Tnovalln
lalns InsesFuiidans e ldvmigisniinunsgniguismedoni lAnugninssnmiashisuiudeai
Wi LI gnT InomsankdnuieTasinTansien dnfuiuiainsmnsautunsfunieiaeudiunesoalaus 3
Tignmmsazatounz iganveudaiivedisis
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I AMIMIMAIMIFARTIZY 4,6-Taeziilu-1,2-alsln-1,3,5- Insecdu vuigmaveada

'lumsm'immauﬁm'nm‘iun'lnun‘s'uu’:’gn1maauﬁ\11fu vilnvesigmaveandeiiszifenldifiudaidy Tne
mmzathaﬁuﬂaé’aqmsvhmsﬂn":'mﬁumnnauqni’mﬁamwﬁu1nu11?ﬁ1§amiaﬁ'u’:’;]mm|quiﬂnunsa Sariu
'l-nujnzi’aw\1luﬁ'1ﬁ1n=n1uﬁnﬂmf1 ﬁ‘eﬁuﬁ'gmn-nwx%q"v'i'lxi-mmi'ﬁuiu'[wﬁu"ln‘*’:'uiﬂ:imm::mﬁmi’u’:’nq
Yszoedil TaeiallSgmavewdsiiion1$lumsfunsineutiumesunlausSfe Tentagel resin Futhi Indalniud
iumsiiumyIndefidulnoneansll’ movesIndiedivulnansafidunsliuensinssyi s Fuiioumso ¥ g
Tudnafithnings fudwmmandeulnlfedwdas: Ufitotuneldndondsiumelfnsfifluasazae
wons1iidacmnsnlfmniin Gel-phase NMR spectroscopy Tumsdsmunsiinl{ison1A8nde nsanduneutiunes
valausF1u Tentagel resin Saiitlgmiegihnludsavesntsunsnduuss biological target Hvinlngjfusudulehd
ThimijiseiuTuagaiiegnioluvsusdu usiufilidesnildunsigniimsaniunsudiunedoalaus Fiidey
#OBYUN Tentagel resin ﬁ"wms%Tumqaﬁﬁwmﬂmnamfuxi'lu‘h.l'lﬂumqméa" Usznoufunys#i Tentagel resin
imu'wum'ﬂmu'lu;ﬂﬁﬁﬂ;iﬂqﬁi'mheq wu laasend eziilu H‘%'aﬁ".ufmuﬂuq uanﬂni";ﬁuﬁqﬁmmuﬁmsw‘:‘nnnqe
un:i’ismmnn’i‘n":’gmmmuﬁqguﬁiuu'lﬁﬁ'5'ﬂq1l:=mr'|'lﬁmr'|'uffniu cross-linked polyacrylamide resin 139 PEGA
resin TunwsAnuudes¥uSURBN Tentagel resin dhignmvedia uazWTuanaves 4,6-1aesiilu-12-nlalns-1,35-
Tnsezdu s ndumisduveslunnalamawizedngs N' uazny -NH, a2 mjtfuﬁmmmﬁ'ﬂyimsiuﬂmnué'u
Tl ﬁ'u'?uﬁumiqﬁmm::ﬁun’.h'lum':léauduﬁu%gmmmuﬁqmsnzlﬂuu?nm N' 130 C* vsearsdsene 4,6-1ane
flu-12-18181R3-1.3,5- Insezdu i wmnovesnndunsievusnfine aensfuarsineniinmedonlausdve
4,6-1anziilu-1,2-1nlslns 1nsesSuvu Tentagel resin Tnumn%udau"mmjﬂ1{uanin§qdaa;jﬁ'ma
uvuez Tsndndell (uwsnm 3.1)

RJ
N, Hoe )
N .

HzN/kN)‘; R’
~® = o) robmrne

M, — 8000 Da
HUA 3.1

nonfimiuesduiiedunseioypiuives  46-1nezliTu-12-1n1eTns InsezdulnsduduannseesiTu
wulwBnIne3T Three-component synthesis (FdnatuesdTau/lnlvoTulaeludnsalalasnastn® urnaliviui
wiinsamisiosii v ledn (p-H,NCH,COH, *PABA") ssvimfisn1dmmndldndasamilu 4,6-1nexiilu-1,2-1a

Talnslmsesdu awfinnll uinTausunsnitmiswfiauaziuuiaecmaiveaiu (o-H,NC,H,COR, R=H, Me, Bzl)
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o
- - iy - & ‘ b N L4 -
ndunalfisoilaammuunu  dnludiedrdndnianeunsidniuialeon Tulme ludlusnmeansnlalnsnnein
- ' N - P ] P - - -
wuimdafiusinldfe quinazoline (VD) Fuilueathizaeud lineiiswanunudluenmsdussunuiissiiueywus
vo1 4,6-IneziiTu-1,2-nleIns lnsesSudsiinmll (wmunm 32)

Os__OH O,H
NHZ/Q/CZ
H*, Me,CO )\N
e N

".q-,.?'j:m’ HzN/IiN \ Me

0 H
H NH NH ~H
R JCC | e iy
N&‘HJ"CNH, 1-]2 A\NJ]\NH,-
[] H l!{
{or tautomers)

(VD)
unuam 3.2 unanfisnnsdanseieyiuives 4,6- ezl Tu-1,2-1alaTas Irsesdu sinnsnesil TuwuTadn

ﬁ’-ufu'ﬁ'ai1f‘\'n1|aq'laus1‘§'ﬁa1€fumjmfun&mﬂuﬁ'm%am‘fﬁamsﬂ'himn'nm'lﬁﬂg'azmuua:ﬂ1§uan§aad
Tusumnis 12 Fafuuaziulf ednlsfaw rﬂawmﬁqﬁuqv‘u’uﬁmnsnazﬁiumuhﬁmﬂuim‘mu1nﬁmmmm=ﬁ
¥ AnfuSimainhezdmsmrmmsanienlous i Aivuialngwenunas TnsazdueyWuvensausunsaiiant

iileenin 4-mfuendTialuftud lelnsnaslsd Wuvewidfiaiios dundnunzausodaunsizilfiwen
UiFrsninimmsesiluaTrdnuas 1nlen Iulue udnelfnmznasguuaznammageudedumnslf
wheimlufa ludvesaiihimnrogriedaiondas TamediFeiiafialamiven (Boc,0) mulknnzfiezivin
wieez TnuAnieiui2 lWiAnUFaTeudee il Inwfinesi TuRiau (DMAP) iflufuinl§iToeghaviam Saldmown
AU (coupling) 11:jms"uaninwmwf;rhﬁuﬂﬁazﬁ'iuuu Tentagel-NH, resin Insnsalnofi hideaimsunleanyly
frludteu Sevzvrvaniunsunsdunsndlilldin 18SnsAnndsnmedeafimnzouiumsi§iseruasw
410151¥ O-benzotriazol-1-yl-N NN N-tetramethyl-uronium hexafluorophosphate (HBTUY* $aufiu veosududu-lale
Tnsfiaefianilu (DIEA) 3 Badanaumiihiian1g (coupling reagent) MWradluirimels nanfslfisouedantuves
wyerf humadudsmuysoidelW  Tentagel-NH, resin (50 mg, 13 pmol) iJASoiy s-arfuendWiialufatusd
Yelrsnnelad (5.2 eq), HBTU (5.2 eq) 0z DIEA (16 eq) Tu DMF (0.5 mL) ifuram 1 $2Tue (hdhareens) Sams w14
vinanTsnaneusFudemsasowiiulenu (Kaisers Tesn' szlfmazawimdesseunasinaduiiladswenit
ﬁ'nw':'mfui‘uéquﬂnrhﬁmjozmuﬁmzmﬁaagjﬁaun‘h 0.05 %

ulfiin1s1¥ Kaiser test wﬂm'lmuanﬁmmvﬁaaﬁu'lé"iuﬁnﬂﬁﬁ?u1€ufin;ja=ﬁ'[uuu:s§umhmuusafuﬂ':
uibilmnenrine e odhafivsed st ﬁ'ufu‘ia'lﬁ'mﬂauﬂﬁﬁummévaa a-miuendwliinlum tus
U Tentagel resin uuiildaFeufionnsaeivendidedoants (cleavable linker) egfamiefie: Wamsousnierms
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nAnfusBonumMIRABUAIIT NI ARemaTianmn InsaTaTivis Insanlans W18 #udeufidonldde HMBA
‘ _y - »
(hydroxymethylbenzoyl linker) ¥unfiuslunsauasamise tereenlddsiiandlevaiu lensenlad, usanen’les,
- - - W - oW 4 - o o - o2\ - - P
uenTauilo nioweiiu® 1dnnfusilueyWuivesnsanifuendtin usneinii ldaeaunsn luinnavesnsaesil Tudnila
L] ‘ - 1 » -~ L] - - - -
Yudlnadudq lfaReimividurenudeussnindafouuasnyaivendavesnsnesiilumuledn  Fwna

r-;"\/Q/ e

- less nucleophilic

Tunsninm 33

- difficult to acylate . . . .

- high degree of activation i) acylation with protected glycine
of the ArCOOH required .. (a well established method)

- no colour test for OH gro ti) deprotection of N-terminus

available

nucleophilic 0
- easy to acylate - point to create further diversity of the library
- only moderate activation (by varying R group or its stercochemistry)

of the ArCOOH is necessary = amino acid side-chain might improve properties
- highly sensitive test for amino such as cellular uptake, solubility etc.

group exists (Kaiser's test)

ununn 3.3 unmaderveanta lansnezil Tud i llsznhadadesuazmjmivendavsansnezli huuuladn
| f » = ) = ' o - » <4

Tradunldidh Wiuensmimifiduasvnuden Inanlfounyfaddu -oH vusFuldnawdiunmy -NH, &3

alfsenedanduifiuniudr Sudutunyiiddud et luns 1§ omaneut laoldomazawiulessuldh
-, - oL N o - . - & ] e - o 1 a4 L] o a
Uffsoufaeuysaivieds  dilindintudlenlfvuniaesilusnlnafuidhuiidwsu sxariiy, ladu Aezamsodin
. . o - =t =y .lc' A - ® o ] ] ; ¥ -
ATUVAIMMAI (diversity) TifuneuiiiuneFualausiendunits Tasiingiandulunsassiilumariioetodiviga
rutRnlsensves 4,6-1aeziilu-1,2-1alalaslnsecFunld wu audunzlunstvdaduieulsd, msazandy,
I |

ATUNS muwaﬁuwn hidu

' II Bo clll\i

CO,Tep
(m). (iv) HzN
0
Nl
(i) 2.4,5-trichlorophenol, DCC "I
{ii) BocGlyOH, DCC, DMAP (cat)
(iii) Tentagel-NH, resinfHOBYDIEA
(iv) 20 % TFA/DCM then DIEA/DMF HzN
HMBA {3

1) L J - -
WM 3.4 NIRRT IRTLNEABRAYBL HMBA 191fusSu
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fa¥eu HMBA Tiﬁ'lnn«‘imiangi'l'fmu1mt7~:ms1=n"lﬁnnnmmﬂmﬁnmuTatﬁnnnﬁ'ﬁms'lumntmS'N'éq'
Wi 3.4) dleredudeutithiu Tentagel-NH, resin (iii) amudaem3finny Boc $1Unflealnausgesninelinmg
Ins-geelsezdan so % ulanne Tilimuinsi Wifhunarsdwmmazniw DIEA Tu DMF Giv) 931 H,N-Gly-HMBA-
Tentage! resin #avzgmiThhinlffteweiy +-mivendialum WaHBTUDIEA (v) el Weindsduufnsudui
innnageuntusnknfusisensindudeu HMBA Taoliisdu 10 mg ¥l§Asefu 10 % lasiefimfiulunmuen
andins lwennsSeds® wanniias ey 'H omr olnwduuas MALDI wumreinafusesmsii idnuneandeaiu
Tuanafilutimue (nz found. 292.9; caled. for M.H" = 293.3) (UHUA 3.5)

f HzNﬁ:HﬁNHH
HN _ . ) E
O-HMBA~{
HN__N NH, o}
w. ¥ T
N _N
x

(v) p-H;NC(=NHJNHC(=NH)NHC H ,CO,H/HBTU/DIEA in DMF

{vi) Me,CO/MeC(OMe)/HCI in MeOH

(vii) 10 % Et;N/MeOH

L ) <& L ‘
WA 3.5 uamImTt Rz ayWuives 4,6- 1aeziiTu-1,2-n laTas Inseciu Tnuléduden HMBA
o » [ 4
Tudunousieliifeld  a-muenddliinludr ludfeguusSuivinAsnfuesd Inuluammnealasiings
- - L) r & ey J L L) g - e

'la'lnsmmsnuaz‘hswwaaaﬁnawmmaqé"wmwmsn'h‘f"lumsﬂ'amﬂsﬂ"lmgmnmmzmuwm‘lﬂ;]nsmmnﬁmﬂ
TAndnAuiiueywuives 4,6-1nexiilu-1,2-1n'laTas lnsecdu (VID (m/z found. 333.1; caled. for M.H' = 333.4) 861
Trfmufierdhafies 2 U§Asnficdgde 1) mingaesnvemiaiusisnisSudeudiiunsugaiuilesnitants

Yalnslndvosduton HMBA uns 2) mufanisdnisoasalmiidiiule Tawes (vin

(VID) (VIID)
F 3 e - - o = w & & » ¥ - oW o
riivaninilgym197n reproducibility ¥oaUfTen uazmslinsisvikBniug FaesReINUONHEANUINBBNYIN
Igmnveaudansumsissevuszneuiuigninueuda i 14 (Tentagel resin) finmfeudnags T
frunlfizo Inolfinniiansduns i ingl¥Indientulnonen TuTunifiadimed (PEG-OMe) raflunsfifiruumu

o - - - - [ | ' . - - 5
Weannmunoiareinmimljiinlaemaiin NMR i Taohidesiunsusnnindusisen uazaniuiield



27

smeimnzauudfernnsondu i énniisnmsfunseiruignnvewd v ilsennlnsanfiaves side chain
w84 Tentagel resin HanuaizInfifostu PEG egufs  venwiniide WRvsandadeousuuenilasin uMea 18urda
i#63 Nitro-HMBA (photo labile linker) Uz #3%8Y sulfonamide (nucleophile labile linker) Savmzi} 1RFURT R AT OU
vamrea WifhunaduF sud2 "R s Tuusunm 3.6 uazsz i hldnuwe

Me HO b .
NO
P, ), i) NO; o 2
ﬁ ﬁ
CO,H O, Tep

oM
i) NBS/Bz,0, ii) aq Na,CO,, A iii) HNO/H,SO, iv) TepOH/DCC
v) BocGlyOH/DCC/DMAP

Me
Il o
. N7
SO,NH, ONH, BocGly™ “$=p
i, i) " i, i)
0,Tcp O, Tep

i) aq KMnO, ii) TepOH/DCC iii) BocGlyOH/DCC/DMAP iv) CH,N,

LAV 3.6 MITUARTISHAUYOU Nitro-HMBA UAZ AA¥BY sulfonamide

’ﬂ - J - -
usnuniida 1Alinnfindnuuammililuntsfunsizieyiuiveslalalng lnsezSunuignnvewiaing
WuanleseuBndisudisduidudrigmnvoda"unuiizidhy Tentagel resin Hisavinaslunguludaluduazn

1ains lnsezdulicutmihuunininzgngatvuunanlessussuléi  ndnnnveinndunsedumras iR usunm

3.7
NH
@e () N'H
HOSw® — =~ R NAN
] NI, HN"@"NH, €0 g

() HNC(=NH)NHC(=NH)NHC H R"
(ii) RCORMeC(OE1)/HCI

winn™ 3.7 na 1A leseuBndirusiduieduignmveudelunsduns e ln s Tns lnsessu
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nanrnarouiiesfumuiluin luduas ls Tnafiian i ogngaduTnounmtoseudndirufisdulszm
NIAUANBIVIAAD Dowex-50 Az Amberlyst-15 18R uinuilgnilunisuon’leInafriiandufuuivinEgdu ssdsui
wylhiiunsanTonsiiuleeoiinmnsudhirunsoss (cute) mrdsznevlwlnafriineonnvinsduld undidoms
aveofidlulusidi 2 M NHy/MeOH Tumswzwuimnsousnmisdszneuiidesnseenun1dthe sdislsfimmniuld
amzsuiiendelfiianiadvsia imivedlalnafiiald Fitiidesinsfnndanmefivnnzauielieufieziin
nlFamesa

'lm'l‘faaﬁ'uﬂ1ﬁ'h|ﬁm]ﬁﬁu1msﬁ-:m'nsvfmmmﬂi'mlinu'lﬁﬂnﬁr‘ﬂuﬁu'm01vuﬂﬁ'wnﬁmwﬂn's'urﬁ'aq
Fuiefignii 4,6-1rezilu-1.2-1nlsTns nserdu Miesguuigmavemieiidsnemmmosudatudylnlténeo i
Fretrasulnoms Wvinl§Asovudulmiddmmsfnaanigessmaus (fluorsecent labelled DHFR) foufivzidy
FanseflausSuuigmavedeiiiaammanmaiminiudely edlsinm iferimnfnindioiuimnuncnucd
FHouds ﬁmmnﬁunnﬁu‘hm‘sﬁum1=H'Tnu’:';]n1mmuﬂ~:{':mi'hiﬁﬂnﬁlﬁ'lﬁu'luﬂun:n'lm'dawmuﬂ'inzmmm
FunnzilavrBuuvewda At sidekeudilygwitesnsaniulnolditulnfuuignmvewiilnomss  Saezdes
milvhdulsdemsounsnduimad T fusu luagadmunenuluamindvesigmavemdaiuld uazilguilu
Aunmaseiiasieimsieguuignnvewdeiildndsnnnsaniudoiu i iSnadennn  Suduilgm
'lwajﬁm'E"uszﬁ'waamaTuInﬁﬁﬁaﬁ‘luﬂi:ma'lnu'lwmzf: Uszneufunantsnanesii Mennisdunsewlaus 5l
amazawbinaRnifmmmnelinn  dnfufuiuiesfesiuimssengannimnudunseirignnvewd 1y
Wewihtiuasjiiundussedussaniulous i tumsazawunusiely
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uni 4
msFansizvineuiiunaisoalauniives 4,6-laezilu-1,2-1alolaslnsordu

Tuigamamsazas

T ldtnsdru 3B numiounsutiumedvn laus Bves 4,6-1a02iiTu-1,2-1alsTas lnserdu lumes
Ui (format) Hunndraiu Tun TausSfHdumsuTgriuniac@auwnsinfu (discrete compound library) uaz Tows 154
duenIne (mixture library)

lausSAidumsusgnifivs: TomNlunsfinnmuduiufszninlasaediefugniniednm (structure-
activity relationship) unzwansmameud Ifvindedeunigailesnnmsaniussidumuigniudasiateanna
NIENUTIRRIINGUASHIUIBITITIINATY 1 iR (synergistic / antagonistic effect) DU 15TAIN iatﬁui‘imﬁ‘n_mmms
wiow nusilszoniiasdna lunsfuarsiussondumsusnsyilaunaissnneunsoi dndsas 1 msvinfu
uennziininafiefimusofunsevens 1nawsmsndoudu (parallel synthesis apparatus) Yaizfingu3suves Prof,
G. Lowe ™ wvinnduesndvadamdsdutiunsdunswrinsudiuneiSealaustves 4.6-lneziilu-1,2-1nlslnsn
sordu Tau1455n15 paraliel synthesis o Tnssznfufimjunuiifidumia & fanendod ledfiiivgunui Treanizedie

A -y g “- L) [ ) 1 X L - L 1]
tamnezTandAndadlen dwmiuluamituiledunszdlaysFvesnslunguifeadu udssniufingdafnediadion

dumia ¢ Janenesdviandadladunsesdndndlmuthmén dufulavsiidunseeneendvesauazd
FunrelunnAmnfrilwiadui iddued @

Tunsdnuriildinndaened 46-laesiTu-1,2-1alslaslnsesdu ugluuuiidumsuSqriudasdauen
vinfulnolfinaiin two-component synthesis #aftifussseluienmsdiade’ Tnonadunsiewlaus 338z dia
VBUIRBHRWITUAR InU uRzSaR 1an oA ldhemelfnssandraviniu Humniisadenmaszneumive
fiaw 10 wiia uazmsdszneyludaluddn 8 wiin (wemw 4.1) sl oduite W18 laus Svedlalalns Inses
Fufifursuimidnlizneudaemndn 80 ¥ unsidilousifduns e 1dTmunds hinagoumniatunsdy
mstuusulele1s1ns THOAISANTN Plasmodium falciparum Waneeu lutuBI SN (wild-type) Haziunud
ieulniiase Iy Innfatin (A16VS108T) a quiuriranssuunzmatuladinmuvani ouyndfiduasediuld
Sunigeiudugas Inssrdalaomaiinniemuninanied (H NMR o mass spectrometry) uazaisalsznoulnid
Tineiiswamandeudiifeyn clemental analysis #28 swazBoadisrfuasiidune lduazdslunaneuuadusy
swegluadie nisnaasl (il 8)

usnu i luns@AA Inudidmingisolisunesnegs 818 ARaTu Imindftens 1 fmimis
Wunlnsiefiaess Inezdiani U3  two-component synthesis szvhaieTalumlusnufilnulaolinsalalasnassn
Fudusalfison il 2) lunsfanseveyiuives 4,6-TnosiiTu-12-1018 Ty InserSusiiadubnidud i
unzd hinaneugnilunndubudulaiunzgnd lunudnanande i vero mguifuyirnssuuazma lulati

aouvanRinuReaiu dednvesnfiduasied 1dd inaceususweglunsn 4.



31

carbonyl compounds
H
}|1 Iil 111 NH
T X T
N.___NH,
-
©/H,N NH, H,N\",Nﬂz H
NH
NH NH H
| i '
N.__NH,
N_ _N N. _N P
NH | NH NH
i [ oy
N\fNH NYNH
N. _N N. _N
Cl H™ H’ Cl H™ \"/ Hy
Cl NH NH
aryl biguanides

unuam 4.1 Insad Nsaamnhznaun1'{11aﬁnun:ue?n'luﬁ‘)'luﬁ'ﬁ;ﬂumsi"'ei'u‘lumsﬁ'ams 1rvineudiunaSun
Tnus Fwes 4,6-Ieciilu-1,2-1ala1as-1,3,5- TasesFuluguvy lous Bveamsusani
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£132 4.1 BYRUTVOS 4,6-TneriiTu-1,2- 118 Tm Insesdu () Adums Ik luglvesamuSgniunzds lmanougni
Tunududadulad

Code Ar R' R* X
Cyc-3 4-MeCH,- Me Et Cl
Cyc-5 Me "Pr Cl
Cyc-7 Me 'Pr Cl
Cyc-12 Et Et Cl
Cyc-8 Me "Bu Cl
Cyc-9 Me 'Bu Cl
Cyc-16 +{CH3)s- Cl
CYC'99 Me nch 11 Cl
Cyc- 101 ) Me (CH;)zCHCHzCHz- Cl
Cyc-15 "Pr "Pr Cl
Cyc- 11 Me nCsHl_-, Cl
Cyc-14 Et "CsHyy Cl
Cyc-64 4.CICcH,- Me Et Cl
Cyc-20 H '‘Bu Cl
Cyc-65 . -(CH;)y- Cl
Cyc-66 Me "Pr Cl
Cyc-22 Me Pr : Cl
Cyc-24 Et Et Cl
Cyc-67 Me "Bu Cl
Cyc-23 Me ‘Bu Cl
Cyc-25 «CHy)s- Cl
Cyc—69 Me nC5H1 1 Cl
Cyc-68 Me {CH;),CHCH,CH,- Cl
Cyc-70 "Pr "Pr Cl
CyC-T 1 Me an]’I 13 Cl
Cyc-72 Et nC5H 1 Cl
Cyc-89 H 2,4,5-TcpO{CH,);0C¢H,- Cl
Cyc-47 H 4-HOCH,- Cl
Cyc-52 H 4-MeQOCsH,- Cl
Cyc-90 H 4-HO-,3-MeQ-C¢H;- Cl
Cyc-91 H 4-BnQOC¢H,- Cl
Cyc-92 H 4-NO,C¢H,- Cl
Cyc-150 H 4-HOCH,CH,OC:H,- Ci
Cyc-34" 2,4,5-TcpO{(CH,,0- H Me Cl
Cyc-35 Me Me Cl
Cyc-196 H Ph Cl
Cyc-36 PhCH,0- H Me Cl
Cyc-37 Me Me Cl
Cyc-258 H Ph Cl
Cyc-38 HO- Me Me Cl
Cyc-178  2-BnOCgH,~ Me Me Ci
Cyc-179  3-BnOC¢H,- Me Me Cl
Cyc-203 H Ph Cl
Cyc-180 4-BnOCgH,- Me Me Cl
Cyc-201  4-"BuOCgH,- Me Me Cl
Cyc-200 H Ph Cl
Cyc-202  3-"BuOC.H, Me Me Cl
Cye-200 H Ph Ci
Cyc-205 -*BuQCgsH,- Me Me Cl
_Cyc-204 H Ph Cl

* Tep = trichlorophenyl
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l divide and couple

—@ —@ —@

l divide and couple

AAA- AAB- AAC- BAA- BAB- BAC- CAA- CAB- CAC-
ABA- ABB- ABC—@@) BBA- BBB- BBC CBA- CBB- CB
ACA- ACB- ACC- BCA- BCB- BCC- CCA- CCB- CCC-

UWHLAN 4.2 uepstunsuveanisadnasntiuneSvalausis lromeilsnisfunizvtuuuontiu

fmiunnfunr iz laus B aidumssmszefamainnis Funszvuuuuontu (split synthesis n38 split-
and-mix synthesis) éuﬂu’:‘inﬁ'v‘;upu'lumsﬁuns1=1i'ﬂauﬁ:uﬂm‘iua'laus1‘i’ Tnedtfssmmiodunsisons
Psznevfifilasandramdnmudesntseenundudmnanandaug Autuglmswm Taofivinnisveansfunswiiuy
usneiumnsonyl AR umun v 4.2

winnisvesTEnufunsizvuuuuondufemsduns e lunnafioulelneeWeignnvewds Advum
minrusuazianugniig Austeunds huninitnmugfumizensaafusneiianig dewndwddainn
fu unsuonsemifudaug Tmi defissi lvini§isemangfumisnlnssadeficesriindeg soswiy dovuvuil
#nuli n :a'uinmwadunnqnv‘ioz'lﬁ'ﬁmunﬁa:tﬂu x" e x Apdnuviinvesmisolnssadusazuuuiitd vy Tu
whfIng s=iTuTumedidunsaesiiTu 20 i Aafu Tu pentapeptide library 9251§747U combination Tiuly/14fe 20°

(=3.200,000) combination uazu hexapeptide library fie 20° (=64,000,000) e 18 unadnilv o o nduns e
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v w > ¥ -l -
Tuagafiunnireduldidudunannlaclifuseuieg doslifidu uflussuzusnmniiansdunseiuuuionesn
4 - )
t vy u1tAelesY A unr1sd a1 a351e9nw a0 uiiumnoe
- ' 1 - d' - - -' - - - -
SoalausBuuigmaveads ualuandiReillenimalistiumlszgndlffunndunnzaendiunedonlausiluiy
o () ™ 4 -
aagsazain ¥ hideolidednrvaluenmisdwdamin
fanldnauuddiediy  ulinaiinmisfunnzduuuuend ez rwisofunsewesnoumiudmu
¥ o - - P 4 a - - - -y W
wneenuidlaeie  nuanemaniidgninwFanmiimiluiviviimieneirenaeutiunedoalous 3 luignn
& - FR T w e T =y ol
msazawSuiumsnouilsznevdomsouni Inswafnlndifeafusmiuiauunnf WinnrsgninTeuassgn

P - o -} N & o -
veriinrsniinit1d Inonis MinaiinfiSondt “AneuTrgiu* Salindnnsdwanslunsunin s

l A3B,C, A;B,C; A;B,C,

A3;B,C, A;B,C, A;B,C,

AZBICI"S Azﬂzcr'a AB.Cr5 A,B,C; A;B,C, A,B,C,
A,B,C, A,B,C, A,B,C,

UHUNIN 4.3
'lumsv'l1ﬁﬂou'hq1‘f'mfuszo’u'uqﬁmsaammmm'lnusﬁthmﬁni"m’l'm1nmsu1.iq"lnmﬁoamﬂmhmiauq
#idvnlaus S oeonTedulausT? (sublibrary) Anurilave e Tnsaad e (building block) A% sndaedienidi
#ensfiviaoTnsandie 3 misefe A, B uns  TavfimiseInsendwdeousinzuuuiiluuuns 3 viie 18us A-A, BB,
uag C,C, ¥sfnimizaInzanirdes A, B unz C nﬂsznauﬁutﬁaﬁ'lﬁnasmv‘;"munﬁ!ﬁu‘lﬂ'lﬁvz'lﬁimmmsﬁﬂ
"3 ABC 331 27 Tnsandaa uidh ¥ Fussiiuuuendnadedunszinendiuneualausdves ABC § Au 1A
snifhuvemmifilszneudanms 27 siadaiiunonitezasnreuhmslafedafidens uilunniindneulgiu
sinmadnlausddes 3 Tausddefifiduomia A funlsTreidu A, A, unz A, musiduunsIdéumis B uaz ¢
Sunnsmsufithi1dfmus (BB, usy cc) Swantsminmeugnineiinmyeslaus Fiesisrmuudmuh
Tousiiten A, Sgniinfigeinauhladalousddestni Tnsdmundwmis A Withy A, ufrWéwmia B funls
%10 B, B, unz B, thuduwis C Wilhunns it s (€,-C,) fwamynssmeugniniFnmueasii
lousiies B, ToniunitgaindunfanselaysFiesImi Tnelidwmis A unz B asilidlu AB, unzulsiu
dumis ¢ du cqc, FammilszmBemiidesdunsizvifios 3 wilaunzusazyiindumsuigmidaldud AB,C,
ABC, Unz ABC, RanmnTireunfsgaieiiozihi1d A B.C, Tuannfilignimnfigeesmn serfuiinounds
voanTIMATeUIEMABRUs 3+3+3 = 9 Afa unufisaiiy 27 afidfemmavaeunimunafiosviia
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¥
N
R; N _NE,
= Y
NH, NH
R, =4-H; 4-CH,; 4-C,H,; 4-CI; 3,4-Cl,; 4-Br
i Total number of biguanides =6

S
TR N A

R,/R, = HICH; CH,/CH,; CH,/C H,: CHy/nC H,;
CH,/iC,H,;. C,H/C H,: (CH,),; CH,/nC H,;
Total numbers of possible combinations = 96 CHAiC Hy: (CHy)g: CHyNCH, 4; CHAAICH, o
(ignoring stercochemistry at C2) H/C4Hg: CH,/NCH, ,:C H/MCH, ;nC H./nC H,

Total number of carbonyl compounds = 16

UHLNIN 4.4 WunsTanssineudunes v lausiives 4,6-1neziiTu-1,2-1a181R3-1,3,5- Insezdu

- - | 1 W b A 1) H J

nsansunentiuneiivalous 3 TramaiinfneuTgiuildidundndsziutnedommy Tuaganligninids

o - o 4 - ) . w 4 - e
amvnnfigaluTevsFiely WessnlunisasnaeugnimsdinmveslausSanssiriuveanay Faernlignin
» .

w3ufiunserind iy (synergistic 138 antagonistic effect) 3oz Lilidunsfisounariifdeeronsvluwumsn
4 P a o < i v ! - & u
aeansiiiedninlulausSdeniuoniiRomsifniiuanigninninmndsanisaaufuasdudnnaledua sy Luil
< " . - - ol 1 o~ ﬂ - o | -’ - v
gnitas Ml¥asaseeuhinugninueiiam luvasiivnlousSdeonilsumsneauiudazdligninudnmynia

1 - L] 4"‘ - . L 4 ﬂ' L] L] H -y
ulunazdez hifgninaidufireinu winfuasswugninuiinmuiiudu adalsfnmuedinissngadunainfneu
o ' ﬂ o3 o ' o - -‘ﬁ a o a
TagFunsronu Tuangadhwmnodeuiufidanui luanassuaagninedinmidesnseds wlienesenarmluanadu
d < ' ] » 4 - ] - . [ - -
fonigniunniuaniae hinuidesinmguadnandsduiid mainillinmhly¥edunivinanniiganaiin
- . B . . I o
wilissannnmaianmfendludulsivuigmavewds wasdlumadendiins lunnfigalulifimudeniiiiag
dmiumsaniuneudiunedenlousii uignaasazaw uanivlfiudhumaiinfise unsdszruaudrdedeud
. L] w - J ld
g i madenTviig AléTunisWannvnuanegsesq®
- - w o - - 2

dmiunnfunslaviveseypiuives 4,6-Inexiilu-1,2-1alslas-1.3,5-Taserdulugifiiumenautu

L L3 L 4 - - [ 4 - [}
amddeil IAnamuinedunsied lavs T des Tas i osnmmve s alufa ludvinlffsvrumsiszneuniusiious
- i o ) - : : - L] 3 4
azviiame W laus 3 dasvesmsiszneunrueiioiu (unuam 4.4) amiuiair hudas lausi3oeslunaaeugns

] i ca ol 4 - 1 3 - ° l a
n1FInm uandenlausFdeviiafigresnuuitedunswmninveslavsideuiusiasdud 3 niudasda
L | a . e . - 1 : - ' > a L

natteuBanimily sy lunguididumiaMidfvumjunuiifiss 2 dumis msnaasusifiaesditaliing

- & 3 o o w - . a
afnvesmsdvdudulwindgniuinfiqresnuiudi uiusnlddudunisAnnnmsfunnelausFmsnenlugl
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uuuvedlausiidesveshi lau 6 ain (McCOMe, MeCOEL, MeCO'Pr, MeCO'Bu, cyclohexanone 1tAZ MeCO'C H,,) Tnus
arlousSdeoduduninanmuiilsznoudueanludalud 7 ¥iin (Ar= 4-H, 4-Me, 4-Et, 4-Cl, 4-Br, 24-Cl, uay 34-
c)udnduTuaviniu Tauld38ms two-component condensation Tnviilnsiefinees Inesdianegio wanisdinaiesd
HARSuaTA1A Funaiinddn TnsonlsduunmalnInsund (ESI-MS) wuRnveswdnsusinity 4,6-laeziiTu-1.2-1a
Yelns lnsesdu finmirnenunndy (M+H') (11319 4.2)

AN 4,2 UTAINANTIIATIEH InuT T3 000ve 4,6- TAezii Tu-1,2-1alaTa1 Tnesdu Arunnaiindidn Inselsdunamin
Tnsms
Ketone R, R' R"-Ph Caled. mass Mass detected
Sub-Library (M.H") (M.H"

4-H; 4-Me; 4-Et; 218, 232, 246, 218, 232, 246,

MeCOMe -Me; -Me 4-Cl; 2,4-Cly; 3,4-Cl3; 252, 286, 286, 252, 286, 286,
4-Br 296 296

) 4-H; 4-Me; 4-Et; 232, 246, 260, 232, 246, 260,

MeCOEt -Me; -Et 4-Cl; 2,4-Cly; 3,4-Cl3; | 266, 300, 300, 266, 300, 300,
4-Br 310 310

4-H; 4-Me; 4-Et; 246,260,274, 246, 260, 274,

MeCO"Pr -Me; -"C;H, 4-Cl; 2,4-Cl,; 3,4-Cly; | 280,314,314, 280,314,314,
4-Br 324 324

) ) 4-H:; 4-Me; 4-Et; 260, 274, 288, 260,274, 288,

MeCO'Bu -Me; -'Bu 4-Cl; 2,4-Cl;; 3,4-Cl,; | 294, 328, 328, 294, 328, 328,
4-Br 338 338

4-H; 4-Me; 4-Et; 258,272, 286, 258,272, 286,

Cyclohexanone -(CH,)s- 4-Cl; 2,4-Cl;; 3.4-Cly; | 292, 326, 326, 292, 326, 326,
4-Br 336 336

4-H; 4-Me; 4-Et; 288, 302, 316, 288, 302, 316,

MeCO"C¢H,3 -Me; -"CsH,3 4-Cl; 2,4-Cl,; 3,4-Cly; | 322, 356, 356 322, 356, 356
4-Br 366 366

diaseindoyanisins v InomnaiiauuamilnTasns birnnsovenisdniduvemdasusiusiazi uas
fuerthududiensiley Ta1AWannTEnunsrvmeununmveslous idumskay Tnoldnadin laweieiuudania
TasinInas® HPLO) Taoanwusufiedu avejuds Ia30s uasews (medvundl auzinownoed gmainsal
o) wuhamzimnzmulunnusnmsnausenineyiutves 4.6-aeziilu-1.2-1ls1n3-1,3,5-InsesFudl
unAns1ai 7 wiln14un Ar = 4-H, 4-Me, 4-Et, 4-Cl, 4-Br, 2,4-Cl, Uz 3,4-CL, Tnoft R' unz R’ @8 Me unxil counter ion
funaelsd Aenemniuuy c-18 uas e nsiefiousy ludionszFian 0.1 M /823 Ty Tnsdiihuimpdoud wa
s Tins e laus sk suenmsneuszuesa lud lud (Ar= 4-H, 4-Me, 4-Et, 4-CI, 4-Br, 2,4-Cl, unz 3,4-
L) ﬁuazﬁnuwuﬁﬁ'ﬂﬁu‘s‘qwi"uaz:‘i‘luﬁ"a'luﬁ'ﬁtﬁumsgaﬁuﬂzﬂuaq"luﬂ?mmmn uliwanisinT iz laus o
werufifae MALDI unz ESI wureunTasams Bivsngfinvesluf tudegoe Jwmniudneinmafilumludiaa
gmolumsloeslud1#looniilnlalns nsezdutiues Faanelfihui hirmsoldimadinfu lumsduiugn
amveslaus 314 was HPLC wnahunadsiitlszsdninmigalunslinsiquamesslausFvesaney Tng
mwizedinbuile 1 mtumatiauutminTasuns (LoMs)
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pmsins i insuimaini i lumsfanselausdiiund hivnzey $9185nmfnlysnns
Funsduns e lausTidnies ninfeldmsizneumiveiia s 8a3ruaud, nsnleTasane3ndudu (5o pL de
in3alufalud 1 Tun) uazlnsiefinees Inezdinn (0.5 mL denTatuflud 1 Tun) igemgives Tnelammeniiufa
dazane awitnuaanged e mivnsfunseilous® @nfl 2)  uozdn 24-TanneTsTiinluia Tuseensn
TousHitesnniuiimjnaeiusgiidunmis ortho- Fninzinavh Wufiteudndnirlufluddswidesin steric
effect unzﬂnmsmﬂauqni’mﬁammifaw’\'m'l'umm'lﬁtﬁu'im:jlmuf';ﬁv'immiq ortho- VUMM ALLFURAUIMIS
N ssvl¥mssufadudulen’ DHFR Wuuu wild-type U0ZUUY mutant aansBndlotsludududeninnsnly
Tous? ansdnsinuiinmas Insitl naRsuntafe Wkansusmdnnmidesns Ineinsidnfinlndifeiu Tne
fRnidesen Ty Tudlns rearranged product (1) tzahusgliniSunandmies nsit 1dkAnTustludnsdnmirduudsh
snsmnindfiToveslu ludurozeiiafuf Inuudazviinee hinhduefue1¥uilssninns funnet 18148 Tau
Tfnsanmune uazusndunswiifiulausSoes FasnzlovsFeilufilud 6 sishufisordudinuics
siindon AnfusarinniAnlfitoduimisznined Inufului ludusosyiinde hifinasesnsduvoswiniuside
dfiSvnnTeouysciuds TeoR leufiduncnnsomiaeenldinlasmsssvounzieenddninsauimnzmy
e 18nmzAmsmlunsfunseflous BidursrmudRudunsdannzineuiiumedva laus B vesavsduds
BulyslalsTas Trlied Anmedilingunudl ®', r? unz R® unnsiafulaedusinminelassndae (building block) 784
dnudun 1030 lui Tud (R) uasasuseneumiueiia (R*uns RY) fuandnfudaaaaluusmnin 4.5

evmnaeal$Tinsidenntulmilunsfunselaus Biidhrswen Inadonanrouveusialuflus 6
win 1dun 4-phenylbiguanide, 4-methylphenylbiguanide, 4-cthylphenylbiguanide, 4-chlorophenylbiguanide, 4-
bromophenylbiguanide, 3,4-dichlorophenylbiguanide i’mﬁnwﬁnﬁffﬂﬁwhﬂumvhﬁ'u'luiihlamﬁa"lalnsnna'lsﬁ i
UfjiTu1u 4-heptanone FundunenulinrsiangaemenAmneiineu deufitomnysdufReszmoed i
winfuneasn nan1SinseNaniusTh 16 Tnumaiin HPLC nuhldndndusinudesnsindunsuynyiinludatu
Tuaiiindifiedu @esnsmamifeudud18finlulannTaunsy Tnededmneas molar absorptivity IndiRvadu) Tne
flrndsduuasrinfusitrnfviduiorusgionnn wmnm 4.6) n133ins 1 las ESi-mass spectrometry (HMATH
4.7) Wrniltoangosfundfenufinddesnnnnfasiideintznsui 6 wuas hifiinuandaeuduiferu snfuis
FimnduiiuennineziilszinBamgalunmdanseroslungy 4.6-neziiTu-1,2-1n181Rs-1,3,5- Inserdutumnm
ﬁlﬂuuwu?qmi’uﬁ‘:ﬁ-zﬁnzmu1=tmﬂ111§'umn’(ami1=ﬁ'ﬂauﬁ|uﬂm":'ua'laus1?'uam1smim'f'lu":'gmnminzmuﬁn

Ao
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A, )J\)J\/)H/)k/\)u\

\)'\//'J\/\/J\/Y)k/v\

S GNP SN SN
o O O

carbonyl compohnds
H H )
| N
' N

NH NH
NH H H
H | |
|
N\(NH N\(NH UN NH
N _NH, N _NH,
N N - u

c1 - H, q H j]/ B H

NH Cl NH NH
aryl biguanides

wuAM 45 Iassadevesmsilszneumfueiiauaziesnluf lusidumsdsdulunisfunsevneudiunesoa
Tous3vea 4,6-laseiiu-1,2- a1 1a-1,3,5-TnsesdulugdiuvlovsSvesannen
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f 1 R 1 !i 1 1 I "
\Af = 4CI-Ph ' Ar=4-Br-Ph | Ar=4Er-Ph: Ar= 3,4-ch-qh,_m w
1 . .

| :
f 26000 §
J >
o.n.E ke lo_30
1T 5=
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Minutss

uNHAM 4.6 HPLC Insanlaunsuuas uv-minafuveslausImedeiidemljitonevinanrouseilunalud 6

stinng 4-130n1iun

27 1 @908 Sw (96, 2u.THE 3% {13008 } a-lln’
00~ I x2

Ar = 4-Me-Ph 1

] ar AT 4-Et-Ph Ny
1 : N)\ N
Ar=Ph l-w)‘ N~
- I _
Ar #4-Cl-Ph ®
L 3

1 1
Ar=3,4-Ch-Ph Ar=4-Br-Ph
W

PR O 1WA

- - » J oy iy 1 [
UNWAN 4.7 Electrospray lonisation mass spectrum ved1ausiinaedni lRemlfisvissninesnauvedtuialud 6

sunuaz 4tednmluy
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i ldnzfimuzaulunsfuas iz lavsSaunuuud e 1dITudud unizv laus 3 vS e Tavodondnnis

vB4 split synthesis AR TULHUMIN 4.8

LEquimo!ar Mixture of 6 Arylbiguanid;]

ketone 16
keton:% ctone 2/ \

sublibrary
of ketone 16
(6 members)

sublibrary sublibrary

of ketone 1 of ketone 2
(6 members) (6 embers)

N\ e

[ a 96-membered combinatorial library
| of 1-aryl-4,6-diamino-1,2-dihydro-1,3,5-triazine

UHUNIN 4.8 umunisdansizinentiunedvalousiives 4,6-1aeziilu-1,2-1a181as-1,3,5-1ns025u

ifeutsersneuveneialuiilug 6 windu 16 daving A ud2Wvingasedumsdszneumivedia 16
wiin ¥ lous Sdeo 16 Tausi3 Falssneudisasfuandafuiadu 166 - 96 wiin (FehiRvsuifwelifale Tnwed
Fuirnnisilladanusufiduonia ¢ Swanisiinszvudazlausssesdumaiin HPLC uazunaaunlasiuad
wu*hi'm391ﬁ’mvﬁxﬁﬂﬁuﬂsunnﬁ'ﬂuﬁnrhuﬁ'lnﬁzﬁuqﬁu @¥oyasznouluumil 8 : nanaaey) uariidulerusgion
i undulaus 3 7ARA9InN13 14 cyclopentanone 1A% 3-methy!-2-butanone Shursdadudens Wrandusidraufsseanu
Aoudiaun Ssprsdenlfudinasvesntinlfissdnidntesneuiieziilaus 3H Il anSuiRenimsdududu
YnifussAngnnniigadely edwlsinm idefoutuswaineiinteudied i dRfunsdanseineudiu
nedualausFves 46-laozilu-12-1ale1as-1.3.5-Tnsesdu Fre1du38nsFuAT15WULL three-component synthesis

» 1 » ()
Audy nuIMtH dnnudtsiilssniamgainhunsATsuaquus VA IMINUTIIHaINUAWN TN’
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=th.

]

d
=2 = =, o & -y =4
MIANIGNEMIF 1NNV UTVRI 4,6-InBziilu-1,2- lalalasInsedu
oo 9 < o & o v o o w o & d - o
nudndidfsadesiunsdnngnd lunsdududu lsivesoyiutvesls InafniansidumsuTgniuas
lousBEnsziiiguidugimnssuiosmaluTadfunmurandlaed asqnd fesudivmauazausduddniun
nattey drumseniuneudiunedoalovs 3 lnavmaiiams Inmsadoduladduwiiums lav as.uany srsvm urre-

211 A oTant uazausfiquituginmnssuuazina Tuladdmmuvann

5.1 mwi’uﬁuiszn’hﬂnsuri’uuazqni‘;nN"’t".lmwuaaauﬁ'ui-naq 4,6-'1no=ﬁ'iu-1,z-"lﬂ"la'im'lmaz%'uﬁli'lums
uigns _
ransnageumuiAnmiussdududulsdlale s anfnmavesoyiusves la Tnaddiadand
Uszneufudeyafi 1ieneyiusveslsTnafiinuiidunsiziiain University of Oxford umma Widuidmiumyjiesadl
fumis N' Fivfleudu arnunznzvemydanafidumia ¢ S8ninaden K, diavs wild type UAT A16VSIORT i
unsidy lanfediann Tnefdmjumuiiidumds ¢ fnnalngesitli K, de wild type 8w lsdfifuiudefivuiu
wlnafaila (1, Ar= 4-CICH, R, =R, = Me) Safivyjiiia 2 mjiiduonia firrulnnniufen K, Aefiunuaiou
TafasBeganniluen fasziuldsnsndunes K, mutanvK, wild type 18wland #dsganinadiveslylnafaiia
(1] émannﬁ'ﬂaﬁmmui1aaﬂmnqmm Dr. Rastelli (Dipartimento di Scienze Farmaceutiche, Universita di Modena e
Reggio Emilia, Modena, Italy) ﬁ‘lﬁ'ﬁmsﬁ1mu"l’:'ai‘:qm’h‘hmsﬁﬁ'nmuﬁlﬁu‘lq:ﬁﬁ';avia'iﬂﬂaﬁ'ﬁmfulﬁﬂinnms'ﬁmg'm
Famjnilsegludumisfioziia non-bonding interaction AunsABE Tunduidumia 16 (v16) Tulumudidu el i
Wluagavesiadudalsvanii Wvdudew Tvndumisimnzaulunssudasudulod 3¢ intraction Hazhifin
Fulunsfives wild type Bulidilesariiufidumis 16 (Al6) flosnmyifinvesezaitufiniadnidedfivufumy
TelahsRavosadu Tuvazfiilounuiivjfafidumis ¢ mynilsdavlalnnousznudn K, e A16VS108T dia
unusiu lefizanaslhlszing 1o nhidefouivlsTnofdaluvasiin K, 4o wild type 18uleslin/§ountannn
YindrenndestumuAgndindu dameyRuiAtinsumuiimjuiovoemydaelslansu (msdseneviifunsed
TRt Dr. Rachel Quarrell, Oxford) #aTU entry 2 Tum31a 5.1 udfee ¥ K, Ao A16vS108T Hunudiiu lnifaudners his
PszTomlumsirnnse ldluenindlesnnduiint k, de wild-type Bulanfiidnanndan  eywuidinjuni '
uae R Alvunlngiduq sedudafy DHFR Moy wild-ype uas mutant WWhis asdhdhihdunniudeony R e
e lnsmsveuioniuua: hinsuaniefumunduiudatudulaifuy wid type Uaz A16VSIOST HWMu#A 19A
nivlaTnafatine i 1ddn uamshmolslelnsnfueumariianmoifin interaction Auduleifuinuiudien
Y1991 active site WA 18 SRR binding energy uvmwuﬁuﬁqmlﬂu‘lﬂlﬂmmn steric effect HaMI3T0 LU

AT umsAnuNuA2 U715 Bioorganic & Medicinal Chemistry’ (1314 5.1 ULBTATIN 5.2)
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] - w o gl a4 o "o 1 ' il o »
M3 5.1 A1 K, veseywutveslylnafiila‘FalivjunuiifiomifemTe hiimiunufifidumids ¢ (entry 2-9) unsil

wgununniinuinznsgafiduna C* (entry 10-18)

Entry R' R? Kiwt°(nM) Rel.toCyc Kymut (nM) Rel.to Cyc K;-mut/K;-wt
1 Me Me 1.5+0.3¢ 1.0 1,314+1659 1.0 876
2 H H 24.4+4.3 16.3 64678 0.5 26

3 H Me 4.120.0 2.7 127414 0.1 31

4 H Et 3.610.0 2.4 189+37 0.14 53

5 H "CaH;  4.6202 3.1 107+32 0.08 23

6 H "CiHy  3.740.1 2.5 167+6.0 0.1 45

7 H 'C;H;,  60.5%10.1 40.3 15381345 12 25

8 H 'C4Ho 3838+408 2558 8272149888 63 22

9 H Ph 41403 2.7 62.7+1.4 0.048 15
10 Me "C;H;  3.5+04 2.3 9,229+547 1.0 2637
11 Me "CHy  1.8+02 1.2 4,217+390 32 2343
12 Me "CsHiy  1.210.1 0.8 3,594+446 2.7 2995
13 Me "CeHis  0.610.1 0.4 956178 0.7 1593
14 Me 'C;H;  36.5#4.1 24.3 44,791+5,872 34.1 1227
15 Me 'CHy  4.7+19 3.1 15,263+986 11.6 3247
16 Me ICH,,  1.7+0.10 1.1 5,755+545 4.4 3385
17 Et Et 7.7¢12 5.1 16,151+3,599 123 2098
18 Et "CsHy,, 19.3+3.8 12.9 18,041£1905  13.7 935
* Ar = 4-CIC¢H,-

® wild type Plasmodium falciparum dihydrofolate reductase
® A16V+S108T mutant Plasmodium falciparum dihydrofolate reductase
¢ data from Sirawaraporn et al (1997)°

ot : o ¢ v a A a1 & s | 2 '
M1513 5.2 WiSouifioud K, veaeyiuives 1o laadadadniimjwiiafidumis C° nilauazaaamy

Ar R' R* Ki-wt Rel.to  K;-mut Rel.to  Ki-mut/
{nM) Cyc (nM) Cyc Ki-wt
2,4,5-trichlorophenoxy- Me Me 0.510.1 0.33 2.4+0.4 0.0018 4.8
propyloxy (WR99210)
2,4,5-trichlorophenoxy- H Me 0.310.0 0.2 0.840.1 0.0006 2.7
propyloxy
2,4,5-trichlorophenoxy- H Ph 0.610.0 0.4 22404 0.002 3.7
propyloxy
4-BrC,H,- Me Me 1.1+0.2 0.73 1948366  1.48 1771
4-BrC¢H,- H Me 5.740.5 3.8 202+17 0.2 35
4-BrC¢H,- H Ph 29+12 1.9 90x11 0.07 31
4-MeCgH,- Me Me 1.840,2 12 15841210 1.21 880
4-MeCgH,- H Me 23419 156 186122 0.1 8.0
4-MeCgH,- H Ph 7.71£2.0 5.1 170+14 0.13 22
3-CICH,- Me Me 3.710.6 25 340128 0.3 92
3-CIC:H,- H Me 10.2+06 6.3 387429 0.03 38
3-CICH,- H Ph 11.7+25 7.8 10+7 0.008 0.9
3,4-Cl,CgH;- Me Me 1.1+0.4 0.73 130.7+134 0.1 119
3,4-C1,CH;- H Me 1.410.2 09 17.810.8 0.014 12.7
3,4-C1,C H;- H Ph 1.610.2 1.1 11+1.8 0.008 6.9
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Asthieulendsznisnilsfedmyjunuiindumis mjﬂﬁalﬂu'la'[nmuua=‘6nmjuﬁuﬂumm'mmu§u

Y K, wealiusie A16VS108T iumudidulmlannai 12 order of magnitude Wefeufudonyjunuiiuiiumjsa

fin (M13714 5.1, entry 9) unzﬁ'lﬁmsﬂﬁuﬂﬁuu‘ny’;muﬁuu‘numumw‘i'm'lﬁmmzﬂu 'azwu'iwqﬁ'ui'v‘iﬁ'-unﬂzn"lﬁm-:

#ail K, seiiumud luseAuiilndiRoadiy wild-type enzyme Tnefnrwamsolunisduds wildtype enzyme 1514

wiulnallimindas Sudedn 4.6-laeziilu-1.2-1lalaslnsesdu Alimjunuiifidumis ¢ dhammuuudu

ey lead compound ﬁ'ﬁ'n‘hmnﬁﬁﬂ:jlmu?;l.ﬂumjé'nﬁaathq-iw'lumimmst'l"utfatguhﬁﬁﬁﬂszﬁwimmfada
wild type UDE A16VS108T Raumusidu lxl

NH, Cl
)\ O~

)vMe
Cl

Cl

uNUAIN 5.1 uerAa TAT 319989 WR99210

TvuziRerdud IinsAnuBninavesmjunudiidumis N' aaugiuliliae (e 5.2) kamsAnuany
ematunmiusiudaiu e asuidumia N Tvjunuiifdumis ortro sz I¥ K, fes
wild type 1oz A16VS108T Traumudidu lefiuiuedann Tuvazfvgunuiifidumia mea Suua Tdudesvin i K,
sie wild type By laliiinhadndesusiszanm K, de A16VS108T Haunudidulmfasedann FadWduimyunudia
AUMUS meta Tiddaelumsfulnvssmaiuiaty A16vS108T SamuddulnluvasAmjumifindumia pora g
mileusziinawiuiiulunsselunsiudatudulmiuuy wild ype doyamivmyufio 3.4-dichloro analogue voilx
Tanfiia (1, Ar = 3,4-CLCH,, R' = R* = Me) amunsaduiuduleniuuy wild type 19An31 meta-Cl analogue (1, Ar = 3-
CICH,, R' = R* = Me) nanafie & K, i 1.1 uaz 3.7 oM mud iy uazdudy A16Vs108T Hamudidulunildfnily
Tnafailadaiivynae Tsrefwmis para stiafiod nanfed K, i 130.7 uaz 1313.7 oM Amd IRy Myjunuiintonm
i (polarity) @4 19U hydroxy, carboxy, acetamido Haunis para S Wufiezasn e luns Sudafudulalas
uenninfianudnindh N' iumjunuAiitanguld (fexible side chain) Rsfimulu WR99210 (1, Ar = 24,5
C1,C,H,0CH,CH,CH,0-, R = R = Me) (uunn 5.1) sziitudabudadulandaunn wild type uaz A16VS108T faunud
fandlsTnafadiaun wihfidumis & suiluny gem-dimethyt fin uum‘h'lumﬁﬂmnqﬁ'ufﬁﬁmjlwuﬁﬁﬁﬁ
wjuldddunis ¢ fhamnlatezSusweglussureiurduunnsesindeimjunufiduramnuuusudedou
$rahifangu nafinufieny gem-dimethy! fifumia ¢ enegludumisivinnnniuiidumia 16 Seliifasuns
Mmuihh s fugnvesiafudutulnfidurg Wmstuiaiy  A16vs108T fumusiduledanas wafinmnnde
pyRuFues WR99210 Famjfianilanyignunuiidoleslnsisu @, Ar = 2,4,5-CLC,H,0CH,CH.CH,0, R' = H; R® =
Me) Faudhums iR dauansfigluaniseitabgnilundufudulviiuy AI6VSI0ST Humusiiant wRo9210
MoshinminenaniSoluduii ¥ un1s#AuWluaTs e Joumnal of Medicinal Chemistry ufa*
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Nnmiﬁnmmwﬁuﬁuﬁzwﬁﬂn:mi’uun:qnfnN%’mesaqmsﬂsznamjs=m'n 4,6-1anziiTu-12-1a
1sTn3-13.5-Tasecdu  WgliidulausSvesmsuiqniudazduenondu mldauzdisudlednalnlumsfen
sosiunudidulesd uazeusohinawdn 18 lunseenuuy Tianalmiq Fsmndrestignd lunidudadulsid
AdurieT/lueunn eils mﬁ'iﬁum1=H'1ﬁs1nam’:i’uﬁmaﬁ":ﬁﬁnunmqa'lunwﬁﬂﬂﬁnmqnfﬁmtéama11.‘%':17‘1’: in

- - - w~ ] ' Vo \ ' -
vitro \LQT in vivo “azﬂ’]saﬂu’]“‘]@“ﬂ')“frﬂ“aﬁ111J“mu1lﬂuu1ﬁa1ﬂ Qmﬂ']uﬂﬁ1ﬂ§ﬂﬂ1us:"1’“ﬁ1luun1’

5.2 prianiunexniiuneiualaunived 4,6-Taezillu-1.2-1alolas-1,3.5- lnsezdulaomatindneulgiu
Feitnaundredu  maoniulouni laumatindneuTagFussdeslinisesnuuuveslaus s drmiTnouis

Yeusreonifududeuq (sublibrary) mmsiinvemiaolnssedeild it lausidemun 16 Tous3oesvesms

szneuntiveiia 16 wiin TnofusnzlnusFdesiimnin 6 #2 wansaniulausToesdauduledlalelns Tnanisn

NIV wild-type LIRS A16VS108T Haumudiuduinaslunisw 53

AN 53 wanveansulausitdooves 46-lansiilu-12-1ale1as-1.3,5-Imsecdu andulenilalelns Ikiansanmer

(sBudi 1)
Sublibrary Ar R! R’ K; wt K; A1sVSi0T
ID (nM) (nM)
cycloguanil 4-CICsH,- -Me -Me 1.5+0.3 1313.7x164.5
CL-1 C;H; | -"C;H, 470.1£31.7 | 39546.2+
10152.6
CL-2 -Me “C;H, 36.4:14 | 27657.9+2096.2
CL3 *~ -Me SCeH)3 1.6£0.2 315.9+60.4
cLa Me | -Me 2.4%0.0 1428.1286.3
CL-5 mixture of | -Me ~C3H; 6.1£0.6 3498.8+601 4
CL-6 4-H-CeHy- -Me «(CH,);CH(Me); | 3.9£0.3 1104.1£0.3
CL-7 4-CICeH,- -Et -CsHy, 42.9+2.6 12232.9+437.8
CL-8 4-BrCHe [ Me “C:H,, 4904 1527.9£181.3
CL9 4-MeCHe-  [Me -CH,CH(Me), 5.0+0.3 4301.2+246.0
TeLo o YECHe Ty -Ph " [ 6:4=1.0 146.3:44.5
e | 3ACECHe TR [TCEr | 114217 | 566423522
CL-12 -(CH,)s- 414.2+57.6 | 5593.5£867.3
CL-13 -Me -"C{H, 5.540.3 2015.8+120.4
CL-14 -Me -Et 4.0+0.5 1938.9+224.6
CL-16 ~(CHa)s- 19.4+3.2 667.6+98.5
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] » .
ninwanInaasanyhlausitdeshihin K, sedulmiian wild-type uazuuy A16VSI08T Haunudnige 3
suduusnlAunlous 3devvesezivinn led (CL-15 : K, wt 2.540.2; K, mut 35.5+7.3 nm) (UuTInA 188 (CL-10 : K, wt
6.4£1.0; K, mut 146.3444.5 nm) Unz 2-00AM1TuU (CL-3 : K, wi 1.6+0.2; K, mut 315.9+60.4 nm) 3314 msFunsied

- L] «h ) d J - -
mnsneadaz laus 3 dessau 18 msnelToufivugninedinmiu santinassutiuduirnilunisia s.e

A3 5.4 uaAHansnaney K, Aedu laluuy wild-type 1as A16VS108T Humudvesusaznuisnvesloussoesd

WA K, fga 3 Sudusn

Sublibrary R' R’ Ar K; wt K AsVSi10aT
ID {nM) (nM)
CL-15 | -H Me CoHl- 1.520.3 1313.72164.5
4-CIC,H,- 4.1300 | 126.713.6
4-BrCeH,- 5.7:0.5 | 201.7£16.9
4-MeC,H,- 234519 | 185.5:224
4-EtCeH,- 11.0£3.0 | 322.1456.4
T3ACILCH,- | 14202 | 17.8:038
CL10 |-H __ |-Ph CeHs- 49.123.5 | 61.82156
4-CICH,- 45402 | 49.3£33
4-BrCeH,- 29412 | 90.3x11.4
4-MeC Hs- 77422 170.4+13.8
4-EtCeH,- 121423 | 86.6:10.8
"34-ChCeHy | 16802 | 11.0:1.8
CL3  [Mc | "CH, |  CHs | 15208 1802£12.6
4-CIC¢H,- 0.740.5 | 563.6£150.7
4-BrCeH,- 3.041.8 | 218633382 |,
4-MeCH,- 0.8£0.6 | 823.12154.8
4-EtC¢H,- 1.1404 | 551.9+39.4
34-CLCeH;- | 1402 106.8+32.2
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NH, “ NH,

)\

N* °N Cl N
N/RN N
H, CH,
(1X)

21NA131 5.4 wuheyiusveslyIsadalia (ax) unz (x) i1 K, sia wild-type LAz A16VSI08T Humusidu
3 o o ' o ’ . ' < ' ie . - .
Tnidifige Wlumidanadinisnaoesiing 3-chloro substituent nasiimjunuiiiomyidsrfidumis ¢ Tnohisnmy
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Experimental Details

8.1 Materials and Methods

Elemental analyses were performed by the Ms. A. Ungpakornkaew on a Perkin-Elmer CHN analyser model
PE2400 series I1 (Chulalongkom Research Equipment Centre, Bangkok).

Routine 'H and C nmr spectra were recorded on a Varian Gemini 200 spectrometer (Dyson Perrins Laboratory,
Oxford) or a Bruker ACF 200 (Chulalongkom University, Bangkok) operating at 200 MHz ('H) and 50.28 MHz ("°C).
High field nmr experiments were performed on a Bruker DRX400 (400 MHz) (National Science and Technology
Development Agency, Bangkok). 'H and "“C chemical shifts are quoted in ppm relative to tetramethylsilane and were
internally referenced to the residual protonated solvent signal.

MALDI-TOF mass spectrum was recorded by Ms N. Panchan on a Bruker Biflex mass spectrometer (The
Institute of Genetic Engincering and Biotechnology, Chulalongkom University, Bangkok) using CCA matrix. Masses are
quoted as m/z unless otherwise stated, only the molecular ions and major fragments being quoted.

Absolute ethanol and other chemicals from standard suppliers were used without further purification. All
samples were recrystallised from water, ethanol, methanol or mixture thereof and dried in vacuo before analysis and

biological assay.

8.2 Synthesis of derivatives of 4,6-diamino-1,2-dihydro-1,3,5-triazines

Cycloguanil derivatives bearing two-gem dimethyl groups at the c position were prepared by a three-
component condensation reaction between an aromatic amine, dicyanodiamide and acetone in the presence of
concentrated aqueous HCI as described in the literature.'” When the carbonyl compound is an aldehyde, a two component
condensation between the carbonyl compound and an aryl biguanide,"‘ obtaine_d from a reaction between an aromatic
amine and dicycnodiamide in the presence of HCI as catalyst, or a one pot reaction in which the biguanide was pre formed
before reaction with the carbonyl compound was found to be superior. Derivatives of formaldehyde were prepared in the
same way as other aldehydes, except for methylal was used as a source of formaldehyde. Derivatives of higher ketones
generally require a modified procedure in which triethyl orthoacetate is added as water scavenger. In most cases the
desired products precipitated from the reaction medium (usually ethanol) as crystalline hydrochloride salt. In cases where
the product did not crystallize from the reaction, the solvent was completely removed and the product precipitated by
addition of lithium picrate. The picrate salt so obtained was converted back to the hydrochloride salt by treatment with a
strongly basic anion exchange resin Amberlite IRA400 (CI form). The samples for biological assays were recrystallized
from cthanol or aqueous ethanol. All cycloguanil derivatives have been characterized by 'H NMR and mass spectra (APCI
or MALDI-TOF) and also by elemental analysis (CHN).
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8.3 General synthesis of 4,6-dlamino-1,2-dihydro-1,3,5-triazine by 3-component methods.
Method A

A mixture of an aromatic amine (5-10 mmol), dicyanodiamide (1.1 eq.), concentrated HCI (1.1 eq) and a ketone
(use as solvent if bp. <100 °C otherwise use 1.1 eq. in abs. EtOH) was heated under reflux for 6-18 h. The solution was
cooled and the precipitate crystalline product were filtered off, washed with acetone and dried under vacuum followed by

recrystallisation from alcohols or aqueous alcohols if necessary. The compounds synthesized by this method include :

1-(4-Methyiphenyl)-2,2-dimethyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar = 4-MeC,H~; R' =R’ = Me; X = C})

yield 54 % (100 mmol scale); 8, (200 MHz; D,0) 1.25 (s, 6H, 2xMe), 2.20 (2, 3H, Me-Ph), 7.00-7.25 (2xd A,B, system,
2x2H, aromatic-H); 5, (50.26 MHz; 1:1 D,0+DMSO0-d,) 20.4 (CH,-Ph), 26.5 (2xCH,), 69.8 (CMe,), 129.0, 130.7, 131.1
and 140.1 (aromatic-CH and C), 156.9 and 157.2 [2 x triazine-C(=N)NH,]; m/z (MALDI-TOF) 232 (M.H).

1-(2",4"-Dichlorophenyl)-2,2-dimethyl-4,6-diamino-1,2-dihydro-1,3,5-triazine kydrochloride

(I: Ar = 2,4-CLCHq: R' =R’ = Me; X = CJ) '

yield 43 % (50 mmol scale) 5,, (200 MHz; DMSO-d,) 1.16 and 1.50 (s, 6H, 2xMe), 7.55 (m, 1H, aromatic-C"H), 7.88 (m,
1H, aromatic-C H), 9.45 (m, 1H, aromatic-C'H); & (50.26 MHz; 1:1 D,O+DMSO-d,) 25.4 and 27.7 (2xCH,), 70.2
(CMe,), 129.3, 130.6, 131.8, 133.1, 134.5 and 135.2 (aromatic-CH and C), 156.5 and 157.9 [2 x triazine-C(=N)NH,}; m/z
(MALDI-TOF) 286 (M.H".

1-(3".4"-Dichlorophenyl)-2,2-dimethyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar = 3,4-CLCH-: R' =R’ = Me; X = C))

yield 40 % (10 mmol scale) 5, (400 MHz; D,0) 1.36 (s, 6H, 2xMe), 7.27 (dd /=8.6, 2.5 Hz, 1H, aromatic-C° H), 7.58 (d
J=2.5 Hz, 1H, aromatic-C”H), 7.62 (d J=8.6 Hz, 1H, aromatic-C"H); m/z (MALDI-TOF) 286 (M.H").

I-(4"-Chiorophenyl)-2,2-cyclohexylidene-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride
(I: Ar = 4-CIC,H -; R'-R = (CH); X = Cl)

8, (400 MHz; D,0) 0.85-1.00 (m, 2H, cyciohexyl CHH), 1.28-1.65 (m, 6H, cyclohexy! CH,); 1.90-2.00 (m, 2H,
CH,), 7.35 and 7.50 (2xm, 5H, aromatic-CH); m/z (MALDI-TOF) 292 (M.H").

I-(4"-Ethylphenyl)-2.2-cyclohexylidene-4.6-diamino-1,2-dikydro-1,3,5-triazine hydrochloride
{I; Ar = 4-E\C,H-; R'-R' = (CH) ; X = C})

5, (400 MHz; D,0) 0.85-1.00 (m, 2H, cyclohexyl CHH), 1.02 (3H, t, /=7 Hz, CH,CH,), 1.28-1.65 (m, 6H,
cyclohexyl CH,); 1.90-2.00 (m, 2H, CH,), 2.25 (2H, q, /<7 Hz, CH,CH,), 7.10 and 7.24 (2x2H, AB doublet, /<8 Hz,
aromatic C-H); m/z (MALDI-TOF) 286 (M.H").
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1-Phenyl-2,2-cyclohexylidene-4,6-diamino-1,2-dihydro- 1,3,5-triazine hydrochloride

(I: Ar=CH:R'-R =(CH); X=Cl

8, (400 MHz. D,0) 0.85-1.00 (m, 2H, cyclohexyl CHH), 1.28-1.65 (m, 6H, cyclohexyl CH,), 1.90-2.00 (m, 2H, CH,),
7.35 and 7.50 (2xm, 5H, aromatic-CH); m/ (MALDI-TOF) 258 (M.H")

I-(4'-Methylphenyi)-2,2-cyclohexylidene-4,6-diamino- 1, 2-dihydro-1,3,5-triazine hydrochioride
(I: Ar = 4-MeC,H; R'-R' = (CH): X = C)
yicld 60 % (10 mmol scale) 5, (400 MHz; D,0) 0.82-0.88 (m, 1H, cyclohexyl CHH), 1.25-1.31 (m, 4H, cyciohexyl CH,);

1.33-1.54 (m, 3H, cyclohexyl CH,) 1.86-1.88 (m, 2H, CH,), 2.26 (s, 3H, Me), 7.13 and 7.26 (2xd A_B, system J= 8.3 Hz,
2x2H, aromatic-H); m/z (MALDI-TOF) 272 (M.H").

1-(4"-Bromophenyl)-2.2-cyclohexylidene-4,6-diamino-1,2-dikydro-1.3,5-triazine hydrochloride

(I: Ar = 4-BrC,H-; R'-R’ = (CH),; X = Cl)

yicld 58 % (10 mmol scale) 5, (400 MHz; D,0) 0.82-0.88 (m, 1H, cyclohexyl CHH), 1.25-1.31 (m, 4H, cyclohexyl CH,);
1.33-1.54 (m, 3H, cyclohexyl CH,) 1.86-1.88 (m, 2H, CH,), 7.13 and 7.26 (2xd A B, system J= 8.3 Hz, 2x2H, aromatic-
H); m4z (MALDI-TOF) 336 (M.H').

1-(2',4'-Dichlorophenyi)-2,2-cyclohexylidene-4,6-diamino- 1, 2-dihydro- 1,3, 5-triazine hydrochloride
(I: Ar = 24-CLCH-; R'-R' = (CH ) X = Cl)

yield 21 % (10 mmol scale) 5, (400 MHz; D,0) 0.99 (m, 1H, cyclohexyl CHH), 1.23-1.40 (m, 3H, cyclohexyl
CH,); 1.52-1.6 {m, 4H, cyclohexyl CH,) 1.74 (m, 1H, cyclohexyl CH,). 2.19 (m, 1H, CH,), 7.44-7.50 (m, 2H, aromatic-
C H and C*H), 7.57 (d /=2.5 Hz, IH, aromatic-C H), 7.69 (s, 1H, aromatic-C"H); m/z (MALDI-TOF) 326 (M.H").

1-(3'.4"-Dichlorophenyl)-2,2-cyclohexylidene-4,6-diamino- 1,2-dikydro- 1,3, 5-triazine hydrochloride

(I: Ar=34-CICH: R-R' = (CH); X = Cl)

yield 40 % (10 mmol scale) §,, (400 MHz; D,0) 0.85-1.00 (m, 1H, cyclohexyl CHH), 1.30-1.45 (m, 4H, cyclohexyl CH,);
1.50-1.65 (m, 3H, cyclohexyl CH,) 1.85-1.95 {m, 2H, CH,), 7.25 (dd /=8.6, 2.5 Hz, 1H, aromatic-C°H), 7.57 (4 J=2.5 Hz,
1H, aromatic-C*H), 7.63 (d /=8.6 Hz, 1H, aromatic-C’ H); mz (MALDI-TOF) 326 (M.H").

1-(4°-Methylphenyl)-2-phenyl -1,2-dihydro-1,3.5-triazine hydrochloride
(I: Ar=4-MeCH; R' = H: R = Ph; X = Cl)

yield 53 % (10 mmol scale) §, (400 MHz; D,0) 2.18 (s, 3H, Me), 5.93 (s, 1H, C'H), 6.94 and 7.11 (2xd A,B,
system J = 7.7 Hz, 2H, MePh-N= aromatic-H), 7.24-7.34 (m, 5H, PhCH= aromatic H); m& (MALDI-TOF) 280 (M.H").
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A mixture of an aromatic amine (5-10 mmol), dicyanodiamide (1.1 eq.), p-toluenesulfonic acid dihydrate (1.1
eq) and a ketone (use as solvent if bp. <100 °C otherwise use 1.1 eq. in abs. EXOH) was heated under reflux for 6-18 h.
The solution was cooled and evaporated to a small volume. In some cases the residual oil solidified on cooling, otherwise
crystallisation could be induced by trituration with acetone or ether. The crystalline product were collected by filtration,

washed with acetone and dried under vacuum. The compounds synthesized by this method include :

I-(4"-Methylphenyl)-2-methyl-2-ethyl-4,6-diamino-I1,2-dikydro- 1, 3,5-triazine p-toluenesulfonate

(I: Ar = 4-MeC,H : R' = Me; R = Et; X = OTy)

yield 44 % (10 mmol scale)} 5, (400 MHz; D,0) 0.86 (t /=7.4 Hz, 3H, B-CH,), 1.22 (s, 3H, a-CH,), 1.60 amd 1.84 (2xdq
J=1.5, 15 Hz, 2x2H, B-CH,), 2.28 (2xs, 6H, 2xMePh), 7.17 (m, 2H, MePhN= aromatic H), 7.25, 7.28 and 7.56 (3xd J =
8.1, 8.3 and 8.2 Hz, 3x2H, aromatic H); m/z (MALDI-TOF) 246 (M.H").

1-(4"-Methylphenyl}-2-methyl-2-n-propyl-4.6-diamino-1,2-dihydro-1,3,5-triazine p-toluenesulfonate

(I: Ar = 4-MeC,H -; R' = Me; R’ ="Pr; X = OTs)

yield 23 % (5 mmol scale) 3, (400 MHz; D,0) 0.78 (t /=74 Hz, 3H, y-CH,), 1.20 (s, 3H, a-CH,), 1.35 (m, 2H, B-CH,),
1.55 amd 1.77 (2xm, 2H, a-CH,), 2.28 (2xs, 6H, 2xMePh), 7.20 and 7.28 (2xd, 2x3H, MePhN= aromatic H), 7.32 and
7.60 (2xd, 2x3H, p-TsO aromatic H); m/z (MALDI-TOF) 260 (M.H").

1-(4"-Methylphenyl)-2.2-diethyl-4,6-diamino- 1, 2-dihydro-1,3.5-triazine p-toluenesulfonate

(I: Ar = 4-MeC,H -; R = E1; R’ = Et; X = OTs)

yield 47 % (10 mmol scale) §,, (400 MHz; DMSO-d,} 0.89 (t /=7.0 Hz, 6H, B-CH,), 1.55 (q J = 7.2 Hz, 4H, a-CH,) 2.29
and 2.36 (2xs, 2xH, 2xMePh), 7.13, 7.22, 7.34 and 7.49 (4xd, J = 7.7, 8.2, 8.0, 7.9 Hz, aromatic H); m/z (MALDI-TOF)
260 (M.H).

1-(4"-Methylphenyl)-2-methyl-2-n-hexyi-4,6-diamino- 1.2-dihydro-1,3,5-triazine p-toluenesulfonate

(I; Ar =4-MeCH-; R = Me; R' ="C,H,,: X = OTs)

yield 8 % (5 mmol scale) §,, (400 MHz; DMSO-d,) 0.83 (t /=6.6 Hz, 3H, w-CH,), 1.20-1.40 (11H, m, CH, and a-CH,),
1.55 amd 1.68 (2xm, 2H, a-CH,), 2.28 and 2.35 (2xs, 2x3H, 2xMePh), 7.14 (d /= 8.1 Hz, 2H, p-TsO aromatic H), 7.15
and 7.23 (2xm, 2H, MePhN= aromatic H), 7.32-7.35 (m, 2H, MePhN= aromatic H), 7.50 {d J = 8.1 Hz, 2H, p-TsO
aromatic H); m/z (MALDI-TOF) 302 (M.H).

Methed C

Same as method B but 5 equivalents of trimethyl orthoformate was added to the reaction mixture after | hr of

refluxing and the reflux was continued for further 4-6 h. The reaction was worked up as usual.

1-(4*-Methyiphenyl)-2-methyl-2-isobutyl-4,6-diamino-1,2-dikydro-1,3,5-triazine p-toluenesulfonate
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(1: Ar = -MeCH; R' = Me; R’ ='Bu; X = OTy)

yicld 18 % (5 mmol scale) 5,, (400 MHz; DMSO-d,) 0.89 (dd /=6.3, 2.1 Hz, 6H, 2xy-CH,), 1.19 (s, 3H, a-CH,), 1.70 (m,
1H, B-CH), 1.51 amd 1.75 (2xdd J = 13.9, 5.3 Hz, 2H, a-CH,), 2.28 and 2.35 (2xs, 2x3H, 2xMePh), 7.14 (d / = 8.0 Hz,
2H, p-TsO aromatic H), 7.22 (2xd J = 7.63 Hz, 2H, MePhN= aromatic H), 7.34 (2xd J = 7.8 Hz, 2H, MePhN= aromatic
H), 7.50 (d /= 8.0 Hz, 2H, p-TsO aromatic H); m/z (MALDI-TOF) 274 (M.H".

8.4 General synthesis of 4,6-diamino-1,2-dihydro-1,3,5-triazine by 2-component methods. |

To a suspension of the arylbiguanide. HC] (5-10 mmol) in an appropriate volume of absolute EtOH (5-10 mL)
containing conc. HCI (0.08-0.1 mL/mmol) was added the aldehyde (1-2 eq). The reaction mixture was heated at reflux
until a negative biguanide test was obtained (30 min to several hours). On cooling in the fridge, a white crystalline solid
precipitated which was collected by filtration and washed with EtOH, acetone then Et,0 and air dried.

I-(4-Chlorophenyl)-2,2-dimethyl-4,6-diamino-1,2-dihkydro-1,3,5-triazine hydrochloride

(I; Ar = 4-CICH; R' = Me: R’ = Me; X = Cl)

9.30 g, yicld 62 % (50 mmol scale); Found C, 46.0; H, 5.6; N, 24.2 % (C,,H,.;N.CI, requires C, 45.8; H, 5.3; N, 24.3 %);
3, (D,0, 400 MHz) 1.38 (6H, s, 2xMe), 7.35 and 7.54 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/ (MALDI-TOF)
252 (M.H').

1-(4-Chlorophenyl)-2-methyi-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar=4-CICH : R =H; R = Me; X=Cl)

2.01 g, yield 49 % (15 mmol scale); Found C, 43.8; H, 4.9; N, 25.4 % (C, H,,N,Cl, requires C, 43.8; H, 4.8; N, 25.6 %); §
u (D,0, 200 MHz) 1.20 (3H, d, J=6 Hz, Me-2), 5.06 (1H, q, /=6 Hz, H-2), 7.22 and 7.40 (2x2H, AB doublet, /=8 Hz,
aromatic C-H); m/z (APCI+) 238 (100 %, M.H').

1-(4"-Chlorophenyl)-2-ethyl-4,6-diamino-1,2-dikydro-1,3,5-triazine hydrochloride

(I; Ar=4-CICH R =H; R =Et; X=Cl)

3.97 g, yield 92 % (15 mmol scale); Found C, 45.9; H, 5.2; N, 24.2 % (C, H ;N,Cl, requires C, 45.8; H, 5.2; N, 24.3 %);
, (D,0, 200 MHz) 0.94 (3H, t, J=6.5 Hz, CH,), 1.52 (2H, m, CH,), 4.84 (1H, dd, /=6.5,4 Hz, H-2), 7.22 and 7.38 (2x2H,
AB doublet, /=8 Hz, aromatic C-H); m/z (APCI+) 252 (100 %, M.H').

1-(4"-Chlorophenyl)-2-propyl-4,6-diamino- 1.2-dikydro-1,3,5-triazine hydrochloride

(I: Ar=4-CICH; R = H: R ="Pr: X = Cl)

1.30 g, yield 86 % (5 mmol scale); Found C, 45.6; H, 5.7; N, 21.5 % (C,H,,N,CL+H O requires C, 45.0; H, 6.0; N, 21.9
%): 8, (D,0, 200 MHz) 0.65 (3H, t, CH,), 1.15 (2H, m, CH,), 1.55 (2H, m, CH,), 4.94 (1H, dd, /=6.4 Hz, H-2), 7.25 and
7.42 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 266 (M.H") .
1-(4"-Chlorophenyl)-2-isapropyl—4,6-diamino-1.2-dihydro-1,3,5-triazine hydrochloride
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(I: Ar=4-CICH/ ;R =H; K ='Pr; Xx=Cp

0.97 g, yield 59 % (5.5 mmol scale); Found C, 47.6; H, 5.6; N, 23.1 % (CuHI.,.NSCl2 requires C, 47.7; H, 5.7; N, 23.2 %);
8, (D,0, 200 MHz) 0.65 and 0.75 (6H, 2xd, /~6.8 Hz, 2xMe), 1.88 (1H, m, CHMeg,), 4.74 (1H, d, /=2.8 Hz, H-2), 7.24
and 7.40 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (APCI+) 266 (100 %, M.H").

1-(4"-Chiorophenyl)-2-tert-butyl-4,6-diamino-1,2-dihydro- 1,3, 5-triazine hydrochloride

(I: Ar = 4-CICH : R' = H; R ="Bu: X = C))

0.55 g, yield 31 % (5.5 mmol scale); Found C, 49.3; H, 6.0; N, 22.1 % (C|3H,,N5Clz requires C, 49.4; H, 6.1; N, 22.2 %),
3,, (D,0, 200 MHz) 0.66 (9H, s, 3xMe), 4.65 (1H, s, H-2), 7.31 (4H, m, aromatic C-H); m/z (APCI+) 280 (100 %, M.H").

I-(4"-Chlorophenyl)-2-butyl-4,6-diamino-1,2-dihydro- 1,3, 5-triazine hydrochloride

(I; Ar=4-CICH~ R =H: R ="Bu; X =Cl)

140 g, yield 89 % (5 mmol scale); Found C, 41.2; H, 6.9; N, 18.5 % (C;H ,N,Cl, + 3.5 H,0 requires C, 41.1; H, 7.3; N,
18.5 %); 8,, (D,0, 200 MHz) 0.60 (3H, t, /~6.5 Hz, Me), 1.08 (4H, m, 2xCH,), 1.55 (2H, m, CH,), 4.96 (1H, dd, /=6.5,4
Hz, H-2) 7.25 and 7.40 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 280 (100 %, M.H").

1-(4-Chlorophenyl)-2-phenyl-4,6-diamino-1,2-dikydro-1,3,5-triazine hydrochloride

(I: Ar=4-CICH-; R' = H; R = Ph: X = Cl)

1.82 g, yield 55 % (10 mmol scale); Found C, 53.4; H, 4.4; N, 20.9 % (C, H,,N,Cl, requires C, 53.6; H, 4.50; N, 20.8 %);
9, (D,0, 200 MHz) 5.84 (1H, 5, H-2), 6.90 (2H, part of AB doublet, /=8 Hz_aromatic C-H), 7.05 (7H, m, aromatic C-H);
m/z (MALDI-TOF) 300 (100 %, M.H").

1-(4*-Chlorophenyl)-2-cyclohexyl-4,6-diamino- 1,2-dihydro- 1,3, 5-triazine hydrochloride

(I; Ar = 4-CIC,H - R' = H; R’ ="Hex: X = Cl)

1.63 g, yield 95% (5 mmol scale); 5, (D,0, 200 MHz) 0.96 (4H, m, 2xCH,), 1.24 (1H, m, CH-2), 1.57 (6H, m, 3xCH,),
4.70 (1H, d, ] = 2.2 Hz, H-2), 7.24 and 7.42 (2x2H, AB doublet, J = 8 Hz, aromatic C-H); m/z (MALDI-TOF) 306 {
M.H+).

1-(4-Bromophenyl)-2,2-dimethyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar = 4-BrCH,-; R' = Me: R = Me; X = Cl)

2.60 g, yield 78 % (10 mmol scale); Found C, 39.5; H, 5.11; N, 19.4 % (C, H,,N.BrC+CH,OH requires C, 39.5; H, 5.25;
N, 19.2 %); 5, (D,0, 200 MHz) 1.28 (6H, s, 2xMe), 7.16 and 7.58 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z
(MALDI-TOF) 296, 298 (M.H').

I1-(4"-Bromophenyl)-2-methyl-4,6-diamino-1,2-dikydro- 1,3,5-triazine hydrochloride
(I: Ar=4-BrCH ;R =H: R' = Me; X = Cl)



63

1.71 g, yield 53 % (10 mmol scale); Found C, 37.4; H, 4.1; N, 21.7 % (C,,H,,N,BrCl requires C, 37.7; H, 4.1; N, 22.0 %);
8, (D,0, 200 MHz) 1.16 (3H, d, /<6 Hz, Me-2), 5.00 (1H, q, /=6 Hz, H-2), 7.14 and 7.55 (2x2H, AB doublet, /=8 Hz,
aromatic C-H); m/z (MALDI-TOF) 282, 284 (100 %, M.H").

1-(4'-Bromaphenyl)-2-ethyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar=4-BrCH-; R =H: R =Et; X=Cl)

3.09 g, yield 93 % (10 mmol scale); Found C, 39.9; H, 4.6; N, 21.1 % (C, H N,BrCl requires C, 39.7; H, 4.6; N, 21.0 %);
5, (D,0, 200 MHz) 0.74 (3H, t, /~6.5 Hz, CH,), 1.50 (2H, m, CH,), 4.92 (1H, dd, /=6.5,4 Hz, H-2), 7.20 and 7.50 (2x2H,
AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 296, 298 (M.H").

1-(4'-Bromophenyl)-2-propyl-4,6-diamino- 1, 2-dihydro-1, 3, 5-triazine hydrochloride

(I: Ar=4-BrCH ;R =H; R ="Pr; X =Cl)

1.28 g, yield 74 % (5 mmol scale); Found C, 39.8; H, 5.1; N, 19.1 % (C,,H ,N.BrC+H,O requires C, 39.5; H, 5.2; N, 19.2
%); 8, (D,0, 200 MHz) 0.68 (3H, t, /~6 Hz, CH,), 1.18 (2H, m, CH,), 1.60 (2H, m, CH,), 4.92 (1H, dd, /=6,4 Hz, H-2),
7.20 and 7.50 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALD[-TOF) 310,312 (M.HY).

I-(4'-Bromophenyl}-2-isopropyl-4.6-diamino-1,2-dihydro- 1,3, 5-triazine hydrochloride

(I: Ar=4-BrCH-; R =H: R ="Pr: x=Cl)

1.22 g, yield 71 % (5 mmol scale); Found C, 41.4; H, 4.8; N, 20.2 % (C,H ,N.BrCl requires C, 41.6; H, 4.9; N, 20.2 %);
3,, (D,0, 200 MHz) 0.66 and 0.76 (6H, 2xd, /=7 Hz, 2xMe), 1.88 (1H, m, CHMe,), 4.78 (1H, d, /<3 Hz, H-2), 7.18 and
7.56 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 310, 312 (M.H").

1-(4"-Bromophenyl)-2-butyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar=4-BrC,H-; R' = H; R ="Bu; X =Cl)

1.57 g, yield 87% (5 mmo! scale); 8, (D,0, 200 MHz) 0.62 (3H, t, J = 6 Hz, CH,), 1.08 (4H, m, 2xCH,), 1.55 (2H, m,
CH,), 4.90 (1H, dd, J = 6, 4 Hz, H-2), 7.16 and 7.56 (2x2H, AB doublet, J = 8 Hz, aromatic C-H); m/z (MALDI-TOF)
324,326 ( M.H').

1-(4*-Bromophenyl)-2-phenyl-4,6-diamino- 1,2-dikydro- 1,3, 5-triazine hydrochloride

(I: Ar=4-BrC,H~; R' = H: R’ = Ph; X = Cl)

1.77 g, yield 93 % (5 mmol scale); Found C, 47.4; H, 4.0; N, 18.4 % (C ,H ,N.BrCl requires C, 47.3; H, 4.0; N, 18.4 %);
8, (D,0, 200 MHz) 5.88 (1H, s, H-2), 6.88 and 7.34 (2x2H, AB doublet, /~8 Hz, aromatic C-H), 7.16 (5H, m, aromatic
C-H); m/z (MALDI-TOF) 344, 346 (M.H").

I-(4"-Bromophenyl)-2-cyclohexyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride
(I: Ar = 4-BrCH; R = H; R’ = “Hex: X = Cl)
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1.73 g, yield 90% (5 mmol scale); 8, (D,0, 200 MHz) 0.95 (4H, m, 2xCH,), 1.24 (1H, m, CH-2), 1.58 (6H, m, 3xCH,),

4.70 (1H, d, J = 2.2 Hz, H-2), 7.20 and 7.58 (2x2H, AB doublet, J = 8 Hz, aromatic C-H); m/% (MALDI-TOF) 351 (
M.H".

1-(4'-Methylphenyl)-2,2-dimethyl-4,6-diamino- 1, 2-dihydro-1, 3, 5-triazine hydrochloride
(I: Ar = 4-MeC,H -; R' = Me: R’ = Me; X = Cl)
15.9 g, yield 59 % (100 mmol scale); Found C, 50.4; H, 6.9; N, 24.1 % (C,,H(N,Cl + H,O requires C, 50.4; H, 7.0; N,

24.5 %); 8,, (D,0, 200 MHz) 1.26 (6H, s, 2xMe), 2.20 (3H, 5, Me-4'), 7.08 and 7.25 (2x2H, AB doublet, /=8 Hz, aromatic
C-H); m/z (MALDI-TOF) 232 (100 %, M.H") .

1-(4'-Methylphenyl)-2-methyl-4,6-diamino- 1, 2-dihydro-1,3,5-triazine hydrochloride

(I; Ar = 4-MeC H ; R' = H; R’ = Me; X = Cl)

0.68 g, yield 27 % (10 mmol scale); Found C, 43.8; H, 6.20; N, 22.8 % (C,,H,,N,CHHCI+0.7H,0 requires C, 43.6; H,
6.12; N, 23.1 %); 8, (D,0, 200 MHz) 1.18 (3H, d, /=6.5 Hz, Mc-2), 2.15 (3H, s, Me-4"), 5.05 (1H, q, J/=6.5 Hz, H-2),
7.08 and 7.20 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 218 (M.H").

I-(4-Methylphenyl)-2-ethyl-4,6-diamino-1,2-dikydro-1,3,5-triazine hydrochloride

(I: Ar = 4-MeCHq-; R =H;  =Et: X = Cl)

2.07 g, yield 77 % (10 mmol scale); Found C, 53.8; H, 6.6; N, 26.1 % (C,,H,,N.Cl requires C, 53.8; H, 6.8; N, 26.2 %); &
u (D,0, 200 MHz) 0.72 (3H, t, J=6 Hz, CH,), 1.65 (2H, m, CH,), 2.18 (3H, 5, Me-4"), 4.94 (1H, dd, /~6,5 Hz, H-2), 7.15
and 7.25 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 232 {M.H").

I-(4"-Methylphenyl)-2-propyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar=4-MeCH ;R = H: R ="Pr; X = CJ)

1.18 g, yield 83 % (5 mmol scale); Found C, 49.5; H, 6.8; N, 21.9 % (C,,H, )N.Cl +HCI requires C, 49.1; H, 6.6; N, 22.0
%); 8, (D,0, 200 MHz) 0.64 (3H, t, /=7 Hz, CH,), 1.15 (2H, m, CH,CH,), 1.60 (2H, m, CH,CH,), 2.18 (3H, s, Me-4"),
4.94 (1H, dd, /=6,4 Hz, H-2), 7.12 and 7.22 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 246 (M.H).

1-(4"-Methylphenyl)-2-isopropyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar = 4-MeCH-; R =H; R ='"Pr; X=C)

1.19 g, yield 85 % (5 mmol scale); Found C, 47.5; H, 6.8; N, 20.2 % (C;H,;N,CHHCI+CH,OH requires C, 48.0; H, 7.2;
N, 20.0 %); §,, (D,0, 200 MHz) 0.65 and 0.75 (6H, 2xd, /<7 Hz, 2xMe), 1.88 (1H, m, CHMe,), 2.18 (3H, s, Me-4"), 4.82
(1H, d, /=3 Hz, H-2), 7.12 and 7.22 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 246 (M.H").

1-(4-Methylphenyl)-2-butyl-4,6-diamino-1,2-dikydro-1,3,5-triazine hydrochloride
(I: Ar = 4-MeCH; R' = H; K ="Bu; X=Cl)
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0.87 g, yield 59% (5 mmol scale); 3, (D,0, 200 MHz) 0.62 (3H, t, J = 6.5 Hz, CH,), 1.08 (4H, m, 2xCH,), 1.58 (2H, m,
CH,), 2.20 (3H, s, CH,~4), 4.92 (1H, dd, J = 6, 4 Hz, H-2), 7.12 and 7.22 (2x2H, AB doublet, / = 8 Hz, aromatic C-H);
m/z (MALDI-TOF) 260 ( M.H").

1-(4-Methylphenyl)-2-phenyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(@; Ar = 4-MeCH-; R =H; R =Ph; X=Cl)

1.85 g, yield 58 % (10 mmol scale); Found C, 60.9; H, 5.5; N, 22.1 % (C, H N.Cl requires C, 60.8; H, 5.8; N, 22.2 %); §
u (D,0, 200 MHz) 2.16 (3H, s, Me-4'), 5.96 (1H, s, H-2), 6.94 and 7.12 (2x2H, AB doublet, /=8 Hz, aromatic C-H), 7.30
(5H, m, aromatic C-H); m/z (MALDI-TOF) 280 (M.H").

1-(4"-Methylphenyl)-2-cyclohexyl-4,6-diamino- 1. 2-dihydro- 1,3, 5-triazine hydrochloride

(I: Ar = 4-MeCH -; R = H: K ="Hex; X = Cl)

0.94 g, yield 59% (5 mmol scale); 5, (D,0, 200 MHz) 0.94 (4H, m, 2xCH,), 1.21 (1H, m, CH-2), 1.58 (6H, m, 3xCH,),
220 (3H, s, CH,4'), 4.68 (1H, d, J = 2.2 Hz, H-2), 7.12 and 7.22 (2x2H, AB doublet, J = 8 Hz, aromatic C-H); m/z
(MALDI-TOF) 286 ( M.H"). '

1-(4'-Ethylphenyl)-2,2-dimethyl-4,6-diamino-1,2-dihydro- 1,3, 5-triazine hydrochloride

(I: Ar=4-E:CH,-; R' = Me; R' = Me; X = Cl)

1.34 g, yield 48 % (10 mmol scale); Found C, 54.1; H, 6.9; N, 24.6 % (C,,H, N,Cl + 0.3 H,O requires C, 54.2; H, 7.2; N,
24.3 %); §,, (D,0, 200 MHz) 1.02 (3H, t, /~7 Hz, CH,CH,), 1.25 (6H, s, 2xMe), 2.25 (2H, q, /~7 Hz, CH,CH,), 7.10 and
7.24 (2x2H, AB doublet, /=8 Hz, aromatic C-H); m/z (MALDI-TOF) 246 (M.H") .

I-(4-Ethylphenyl)-2-methyl-4,6-diamino-1,2-dihydro- 1,3, 5-triazine hydrochloride

(T: Ar = 4-EICH; R = H; K = Me; X = Cl)

0.58 g, yield 43% (5 mmol scale); 5,, (D,0, 200 MHz) 1.01 (3H, t, /=7 Hz, 4-CH,CH,), 1.16 (3H, d, /= 5.9 Hz, 2-CH,),
2.05 (2H, q, J = 7.4 Hz, 4-CH,CH,), 493 (1H, q, J = 6.4 Hz, H-2), 7.13 and 7.24 (2x2H, AB doublet, J = 8.2 Hz,
aromatic C-H); m/z (MALDI-TOF) 232 ( M.H").

I-(4"-Ethylphenyl)-2-propyl-4,6-diamino-1,2-dikydro-1,3,5-triazine hydrochloride

(I; Ar=4-E«CHq R =H: K ="Pr; X=Cl)

0.93 g, yield 63% (5 mmol scale); 8, (D,0, 200 MHz) 0.70 (3H, t, J = 6 Hz, 2-CH,CH,), 1.04 (3H, t, J = 6 Hz, 4*-
CH,CH,), 1.24 (2H, m, 2-CH,CH,), 1.56 (2H, m, 2-CH,CH,), 2.56 (2H, q, J = 7 Hz, 4-CH,CH,), 4.86 (IH, dd, /= 6, 4
Hz, H-2), 7.18 and 7.28 (2x2H, AB doublet, J = 8 Hz, aromatic C-H); m/z (MALDI-TOF) 260 ( M.H").

1-(4"-Ethylphenyl)-2-isopropyl-4,6-diamino-1,2-dihydro- 1,3,5-triazine kydrochloride
(1; Ar=4-EsCH ;R =H: K ='Pr; X = C)
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0.92 g, yield 62% (5 mmol scale); §, (D,0, 200 MHz) 0.70 and 0.84 (6H, 2xd, J=6 Hz, 2xCH,), 1.05 (3H,t,J=6 Hz, 4'-
CH,CH,), 1.98 (1H, m, CH(CH,),), 2.54 (2H, q, J = 6.4 Hz, 4-CH,CH,), 4.86 (1H, d, J = 3 Hz, H-2), 7.22 and 7.32
(2x2H, AB doublet, /= 8 Hz, aromatic C-H); mz (MALDI-TOF) 260 ( M.H").

1-(4"-Ethylphenyl)-2-buiyl-4,6-diamino-1,2-dikydro-1, 3, 5-triazine hydrochloride

(I: Ar = 4-EtC,H-; R' = H: R ="Bu; X = Cl)

0.83 g, yicld 54% (5 mmol scale); 5, (D,0, 200 MHz) 0.66 (3H, t, J = 6.5 Hz, 2-CH,), 1.06 (3H, 1, /= 7 HZ, 4-CH,CH,),
1.12 (4H, m, 2-2xCH,), 1.62 (2H, m, 2"-CH,), 2.54 (2H, q, /= 6.4 Hz, #-CH,CH,), 4.96 (1H, dd, J= 6.4, 4 Hz, H-2), 7.18
and 7.28 (2x2H, AB doublet, J= 8 Hz, aromatic C-H); m/z (MALDI-TOF) 274 ( M.H").

1-(4"-Ethylphenyl)-2-phenyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar=4-EICH~: R = H: R’ = Ph; X = Cl)

1.28 g, yield 78% (5 mmol scale); Found C, ; H, ; N, % (C,;H,)N,Cl requires C, 61.9; H, 6.1; N, 21.2%); 8,, (D,0, 200
MHz) 0.91 3H, t, J = 6.5 Hz, 4'-CH,CH,), 2.36 (2H, q, /= 7.3 Hz, 4-CH,CH,), 5.95 (1H, s, H-2), 6.87 and 7.03 (2x2H,
AB doublet, J = 8 Hz, aromatic C-H), 7.17 (5H, s, aromatic C-H); m/z (MALDI-TOF) 294 ( M.H").

1-(4-Ethylphenyl)-2-cyclohexyl-4,6-diamino- 1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar = 4-EtC,H ~; R = H; R’ =“Hex; X = Cl)

0.40 g, yield 24% (5 mmol scale); 5, (D,0, 200 MHz) 0.96 (4H, m, 2xCH,), 1.04 (3H, t, /= 7 Hz, 4-CH,CH,), 1.22 (1H,
m, CH-2), 1.58 (6H, m, 3xCH,), 2.54 (2H, q, J = 6.4 Hz, 4-CH,CH,), 4.68 (1H, d, /= 2.4 Hz, H-2), 7.18 and 7.28 (2x2H,
AB doublet, J= 8 Hz, aromatic C-H); m/z (MALDI-TOF) 300 ( M.H").

1-Phenyl-2,2-dimethyl-4,6-diamino-1,2-dihydro-1,3, 5-triazine hydrochloride

(1: Ar=CH: R =Me; R = Me; X =Cl)

1.69 g, yield 67 % (10 mmol scale); Found 51.9; H, 7.0; N, 27.7 % (C,,H N,Cl requires C, 52.0; H, 6.4; N, 27.6 %); 6,
(D,0, 400 MHz) 1.45 (6H, s, 2xMec), 7.40 and 7.55 (2xm, 5H, aromatic C-H); m/z (MALDI-TOF) 218 (100 %, M.H").

I1-Phenyl-2-methyi-4,6-diamino-1,2-dihydro- 1,3,5-triazine hydrochloride

(I; Ar=CH; R =H: R’ = Me; X = C)

0.61 g, yield 51% (5 mmol scale); 5, (D,0, 200 MHz) 1.16 3H, d, J= 6.4 Hz, CH,-2), 4.96 (IH, q, J= 6 Hz, H-2), 7.20
and 7.36 (SH, 2xm, aromatic C-H); m/z (MALDI-TOF) 204 ( M.H").

1-Phenyl-2-ethyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar=CH ;R =H: R =Et; X=Cl)

0.47 g, yield 37% (5 mmol scale); 8, (D,0, 200 MHz) 0.72 3H, t, J = 6.4 Hz, CH,CH,-2), 1.54 (2H, m, 2-CH,CH,), 4.84
(14, dd, J = 6.4, 4 Hz, H-2), 7.22 and 7.36 (5H, 2xm, aromatic C-H); m/z (MALDI-TOF) 218 ( M.H").



1-Phenyl-2-propyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(: Ar=CH-;R' =H: R ="Pr: X=CJ)

0.50 g, yield 38% (5 mmol scale); 8, (D,0, 200 MHz) 0.66 (3H, t, J = 7 Hz, CH,CH,), 1.18 (2H, m, CH,CH,), 1.52 (2H,
m, CH,CH,), 4.86 (1H, dd, /= 6.4, 4 Hz, H-2), 7.22 and 7.36 (5H, 2xm, aromatic C-H); m/z (MALDI-TOF) 232 ( M.H").

1-Phenyl-2-isopropyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar=CHq; R =H; R ='Pr; X=C)

0.43 g, yield 32% (5 mmol scale); 3, (D,0, 200 MHz) 0.64 and 0.78 (6H, 2xd, /= 6.8 Hz, 2xCH,), 1.90 (1H, m, CH(CH,)
.»4.76 (1H, d, /= 3.2 Hz, H-2), 7.26 and 7.38 (5H, 2xm, aromatic C-H); m/z (MALDI-TOF) 232 ( M.H").

1-Phenyi-2-butyl-4,6-diamino-1,2-dihydro- 1,3, 5-triazine hydrochloride

(I: Ar=CH:: R = H; R ="Bu; X=Cl)

0.25 g, yield 18% (5 mmol scale); 8, (D,0, 200 MHz) 0.62 (3H, t, J = 6.8 Hz, CH,), 1.10 (4H, m, 2xCH,), 1.54 (2H, m,
CH,), 4.88 (1H, dd, J=6, 4 Hz, H-2), 7.22 and 7.36 (SH, 2xm, aromatic C-H); m/z (MALDI-TOF) 246 ( M.H").

1-Phenyl-2-cyclohexyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride
0.93 g, yield 60% (5 mmol scale); 5, (D,0, 200 MHz) 0.94 (4H, m, 2xCH,), 1.21 (1H, m, CH-2), 1.57 (6H, m, 3xCH,),
4.74(1H, d, J = 2.4 Hz, H-2), 7.26 and 7.40 (5H, 2xm, aromatic C-H); m/z (MALDI-TOF) 272 ( M.H").

1-Phenyl-2-phenyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride
(I Ar=CHq-:R =H: R =Ph: X=CJ)
5,, (D,0, 200 MHz) 5.88 (1H, s, H-2), 7.00 and 7.20 (10H, 2xm, aromatic C-H); m/z (MALDI-TOF) 266 ( M.H".

I-(3~Chlorophenyl)-2,2-dimethyl-4.6-diamino- 1, 2-dihydro-1,3,5-triazine hydrochloride

(I: Ar = 3-CICH,-; R = Me; R = Me; X = C)

0.86 g, yield 60 % (5 mmol scale); Found C, 44.9; H, 5.5; N, 23.4 % (C, H ,N,CL.+0.4 H,O requires C, 44.7; H, 5.4; N,
23.7 %); 8, (D,0, 200 MHz) 1.30 (6H, 5, 2xMe), 7.10-7.50 (m, 4H, aromatic C-H); m/z (MALDI-TOF) 252 (M.H).

1-(3"-Chlorophenyl)-2-methyi-4,6-diamino-1,2-dikydro-1,3,5-triazine hydrochloride

(I: Ar=3.CICH; R' =H: R = Me; X=Cl)

0.24 g, yield 18 % (5 mmol scale, using 'PrOH as solvent, very poor yield when MeOH or EtOH was used,); Found C,
43.9; H,4.7; N, 25.4 % (C,,H,,N,Cl, requires C, 43.8; H, 4.8; N, 25.6 %); 3, (D,0, 200 MHz) 1.18 (3H, d, J=6 Hz, Me-
2), 4.98 (1H, q, /=6 Hz, H-2), 7.20 and 7.35 (m, 4H, aromatic C-H); m/ (MALDI-TOF) 238 (M.H").

1-(3*-Chiorophenyl)-2-ethyl-4.6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride
@: Ar=3-CICH ;R =H:R' = Et: X=Cl)



68

1.38 g, yield 96% (5 mmol scale); 3, (D,0, 200 MHz) 0.76 (3H, t, J = 7 Hz, CH,CH,-2), 1.68 (2H, m, CH,CH,-2), 4.98
(1H, dd, J = 6.5, 4 Hz, H-2), 7.24 and 7.40 {(m, 4H, aromatic C-H); m/z (MALDI-TOF) 252 ( M.H").

1-(3"-Chiorophenyl)-2-propyl-4,6-diamino- 1,2-dihydro-1,3,5-triazine hydrochloride

(I Ar=3-CIC,H; R =H: R ="Pr; X=CJ)

1.18 g, yield 78% (5 mmol scale); 5, (D,0, 200 MHz) 0.68 (3H, 1, J = 6.5 Hz, CH,CH,), 1.18 (2H, m, CH,CH,), 1.60
(2H, m, CH,CH,), 4.96 (IH, dd, J = 6.5, 4 Hz, H-2), 7.2 and 7.38 (m, 4H, aromatic C-H); m/z (MALDI-TOF) 266 (
M.H").

1-(3-Chlorophenyl)-2-isopropyl-4,6-diamino- 1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar =3-CICH-; R =H; B ="Pr; X=Cl)

1.19 g, yield 79% (5 mmol scale); 8, (D,0, 200 MHz) 0.66 and 0.76 (6H, 2xd, J = 7 Hz, 2xCH,), 1.90 (1H, m, CH(CH,)
), 4.76 (1H, d, J = 2.4 Hz, H-2), 7.22 and 7.36 (m, 4H, aromatic C-H); m/z (MALDI-TOF) 266 ( M.H").

1-(3-Chlorophenyl)-2-butyl-4,.6-diamino- 1,2-dihydro-1,3, 5-triazine hydrochloride

(I; Ar = 3-CIC,H ~; R' = H; R ="Bu; X = Cl)

1.04 g, yield 66% (5 mmol scale); &, (D,0, 200 MHz) 0.62 (3H, t, J= 6.8 Hz, CH,), 1.08 (4H, m, 2xCH,), 1.60 (2H, m,
CH,), 4.94 (1H, dd, J = 6.8, 4 Hz, H-2), 7.20 and 7.36 (m, 4H, aromatic C-H); m/z (MALDI-TOF) 280 ( M.H").

1-(3“Chlorophenyl)-2-cyclchexyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar = 3-CIC,H~; R' = H; R’ ="Hex: X = Cl)

0.82 g, yield 48% (5 mmol scale); 8, {D,0, 200 MHz) 0.96 (4H, m, 2xCH,), 1.24 (1H, m, CH-2), 1.61 (6H, m, 3xCH,),
4.74 (1H, d, J= 2.2 Hz, H-2), 7.25 and 7.39 (m, 4H, aromatic C-H); m/z (MALDI-TOF) 306 ( M.H").

1-(3"-Chlorophenyl)-2-phenyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar=3-CICH -, R =H: R = Ph; X=Cl)

1.51 g, yield 90 % (5 mmol scale); Found C, 46.9; H, 4.4; N, 18.0 % (C ,H N.Cl, + H,O requires C, 46.4; H, 4.2; N, 18.0
%); 8,, (D,0, 200 MHz) 5.95 (1H, s, H-2), 6.90-7.30 (m, 9H, aromatic C-H); m/z (MALDI-TOF) 300 (M.H").

1-(2',4"Dichlorophenyl)-2-methyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar=2,4-CLCH: R' = H: R = Me;: X=C)

0.63 g, yield 41% (5 mmol scale); 5, (D,0, 200 MHz) 1.08 and 1.18 (3H, 2xd, J = 7 Hz, CH,-2 minor and major
atropomer), 4.94 and 5.05 (1H, 2xq, J = 6 Hz, H-2 major and minor), 7.32 and 7.56 (3H, s, aromatic C-H); m/z (MALDI-
TOF)272 (MH').

1-(2".4"Dichlorophenyi)-2-ethyl-4,6-diamino- 1,2-dikydro- 1,3, 5-triazine hydrochloride
{I: Ar~24-CICH; R =H: K = Et; X=Cl)
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1.49 g, yield 93% (5 mmol scale); 5, (D,0, 200 MHz) 0.69 and 0.72 (3H, 2xt, J = 7 Hz, CH,CH,-2 minor and major
atropomer), 1.53 and 1.62 (2H, 2xm, CH,CH,-2 minor and major), 4.72 and 4.88 (1H, 2xdd, J = 6, 4 Hz, H-2 major and
minor), 7.32 and 7.56 (3H, 2xs, aromatic C-H); m/z (MALDI-TOF) 286 ( M.H’).

1-(2',4"-Dichlorophenyi)-2-propyl-4,6-diamino- 1,2-dihydro- 1,3, 5-triazine hydrochloride

(I; Ar = 24-ClCH- R =H: R ="Pr: X=CJ)

1.26 g, yield 75% (5 mmol scale); 8, (D,0, 200 MHz) 0.64 and 0.68 (3H, 2xt, J = 7 Hz, CH,CH, minor and major
atropomer), 1.18 (2H, m, CH,CH,), 1.52 (2H, m, CH,CH,), 4.74 and 4.91 (1H, 2xdd, J = 6, 4 Hz, H-2 major and minor),
7.32 and 7.56 (3H, 2xs, aromatic C-H); m/z (MALDI-TOF) 300 ( M.H").

1-(2",4"-Dichlorophenyl)-2-isopropyl-4.6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar=24-ClCH R =H: R ='Pr; X=CJ)

1.51 g, yieid 92% (5 mmol scale); §,, (D,0, 200 MH2) 0.68 and 0.78 (6H, 2xd, /= 7 Hz, 2xCH,), 1.92 (1H, m, CH(CH,)
., 4.79 (1H, d, J= 2.4 Hz, H-2), 7.32 and 7.58 (3H, 2xs, aromatic C-H); m/z (MALDI-TOF) 300 ( M.H").

1-(2',4"-Dichlorophenyl)-2-butyl-4,6-diamino- 1,2-dihydro-1,3, 5-triazine hydrochloride

(I: Ar=24-Cl,CH: R =H: R’ ="Bu; X = Cl)

0.88 g, yield 50% (5 mmol scale); §,, (D,0, 200 MHz) 0.58 and 0.64 (3H, 2xt, J= 7 Hz, CH, minor and major atropomer),
1.12 (4H, m, 2xCH,), 1.58 (2H, m, CH,}, 4.78 and 4.94 (1H, 2xdd, J = 6.5, 4 Hz, H-2 major and minor), 7.34 and 7.58
(3H, 2xs, aromatic C-H); m/z (MALDI-TOF) 314 (M.H").

I-(2',.4"-Dichlorophenyl)-2-cyclohexyi-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride

(I; Ar = 2,4-CLCH: R' = H; R ="Hex; X = Cl)

1.69 g, yield 90% (5 mmol scale); 8, (D,0, 200 MHz} 0.99 (4H, m, 2xCH,), 1.26 (1H, m, CH-2), 1.60 (6H, m, 3xCH,),
4,66 (1H, d, J=2.2 Hz, H-2), 7.35 and 7.60 (3H, 2xs, aromatic C-H).

I-(2'.4"-Dichlorophenyl)-2-phenyl-4,6-diamino-1,2-dihydro- 1,3, 5-triazine hydrochloride

(I; Ar = 24-CL,C,Hq; R = H: R’ = Ph; X = Cl}

1.38 g, yicld 74% (5 mmol scale); 3, (DMSO-d6, 200 MHz) 5.72 and 6.20 (1H, 2xs, H-2 major and minor atropomer),
6.75 (1H, 2xs, NH), 7.20-8.00 (m, aromatic C-H); 9.10 and 9.25 (2xs, NH), m/z (MALDI-TOF) 334 ( M.H").

1-(3'.4"-Dichlorophenyl)-2.2-dimethyl-4,6-diamino- 1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar = 3.4-CLCH,; R' = Me; K = Me; X = Cl)

2.28 g, yield 71 % (10 mmol scale); Found C, 40.8; H, 4.3; N, 21.4 % (C, H, N,Cl, requires C, 41.0; H, 4.4; N, 21.7 %); §
w (D,0, 400 MHz) 1.38 (6H, s, 2xMe), 7.26 (1H, dd, /= 8.5, 2.6 Hz, aromatic-CH), 7.60 (1H, d, /= 2.6 Hz, aromatic CH),
7.65 (d, 1H /= 8.5 Hz, aromatic C-H); m# (MALDI-TOF) 286 (M.H").
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1-(3'4-Dichlorophenyl)-2-methyl-4,6-diamino- 1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar = 3,4-CLCH; R = H; K = Me; X = Cl)

2.24 g, yield 76 % (10 mmol scale); Found C, 33.4; H, 4.3; N, 19.0 % (C ;H,N.CL, + HCI + H,0O requires C, 33.1; H, 4.2;
N, 19.3 %); §,, (D,0, 200 MHz) 1.18 (3H, d, /=6.5 Hz, Me), 5.04 (1H, q, J=6.5 Hz, H-2), 7.15 (1H, dd, / 8.5, 2.6 Hz,
aromatic C-H) and 7.50 (2H, m, aromatic C-H); m/z (MALDI-TOF) 272 (100 %, M.H").

1-(3'.4"-Dichlorophenyl)-2-ethyl-4,6-diamino-1,2-dihydro-1,3, 5-triazine hydrochloride

(I: Ar = 34-CLCH~ R =H: R =Et: X=Cl) '

1.28 g, yield 91 % (4.5 mmol scale); Found C, 40.8; H, 4.4; N, 21.7 % (C,,H,,N,C], requires C, 40.8; H, 4.4; N, 21.7 %);
8, (D,0, 200 MHz) 0.72 (3H, t, /~7 Hz, CH,), 1.56 (2H, m, CH,), 4.84 (1H, dd, /~6,4 Hz, H-2), 7.18 (1H, dd, /~ 8.5,2.5
Hz, aromatic C-H) and 7.52 (2H, m, aromatic C-H); m/z (MALDI-TOF) 286 (100 %, M.H").

1-(3",4’-Dichlorophenyl)-2-propyl-4,6-diamino-1.2-dihydro-1,3,5-triazine hydrochloride

(I; Ar=34-CLCH ;R =H; K’ ="Pr; X=Cl)

1.21 g, yield 82% (4.4 mmol scale); &, (D,0, 200 MHz) 0.72 (3H,t,J=17 Hz, CH,CH,), 1.20 (2H, m, CH,CH,), 1.58
(2H, m, CH,CH,), 4.91 (1H, dd, J = 6, 4 Hz, H-2), 7.22 (1H, dd, /= 8.4, 2.4 Hz, aromatic C-H) and 7.56 (2H, m, aromatic
C-H); m/z (MALDI-TOF) 300 ( M.H").

1-(3',4"-Dichlorophenyl)-2-isopropyl-4.6-diamino- 1,2-dihydro-1,3,5-triazine hydrochloride

(I: Ar=34-ClLCH-~ R =H: R ='Pr: X=Cl)

1.17 g, yield 79% (4.4 mmol scale); 3, (D,0, 200 MHz) 0.70 and 0.80 (6H, 2xd, J = 7 Hz, 2xCH,), 1.92 (1H, m, CH(CH,)
., 479 (1H, d, /=22 Hz, H-2), 7.25 (1H, dd, J = 8.5, 2.4 Hz, aromatic C-H) and 7.58 (2H, m, aromatic C-H); m/z
(MALDI-TOF) 300 ( M.H").

1-(3°,.4"-Dichlorophenyl)-2-butyl-4,6-diamino- 1, 2-dihydro-1,3,5-triazine hydrochloride

(I; Ar = 3,4-CL,C.H-: R' = H; R ="Bu; X = Cl)

1.50 g, yield 97% (4.4 mmol scale); §,, (D,0, 200 MHz) 0.66 (3H, t, /= 6.8 Hz, CH,), 1.12 (4H, m, 2xCH,), 1.60 (2H, m,
CH,), 4.94 (1H, dd, J = 6, 4 Hz, H-2), 7.22 (1H, dd, J = 8.5, 2.5 Hz, aromatic C-H) and 7.56 (2H, m, aromatic C-H); m/z
(MALDI-TOF) 314 (M.H').

1-(3".4"-Dichlorophenyi)-2-pentyl-4,6-diamino- 1, 2-dihydro- 1,3, 5-triazine hydrochloride

(I: Ar = 3,4-CLCHq-: R =H: R ="CH,; X=Cl)

0.83 g, yield 45% (5 mmol scale); 5, (D,0, 200 MHz) 0.63 (3H, t, J = 6.5 Hz, CH,), 1.12 (6H, m, 3xCH,), 1.57 (2H, m,
CH,). 4.91 (1H, dd, J = 6, 4 Hz, H-2), 7.21 (1H, dd, J= 8.6, 2.4 Hz, aromatic C-H) and 7.54 (2H, m, aromatic C-H).

1-(3 " 4"-dichlorophenyl)-2-heptyl-4,6-diamino-1,2-dihydro-1,3,5-triazine hydrochloride
(I: Ar=34-CLCH-; R =H; K ="C,H,; X=Cl



n

0.16 g. yield 8% (5 mmol scale); 5,, (D,0, 200 MHz) 0.63 (3H, t. J = 6.6 Hz, CH,). 1.01 (10H, m, SxCH,), 1.53 (2H, m,
CH,), 4.88 (1H, dd, /= 6, 4 Hz, H-2), 7.22 (1H, dd, J = 8.5, 2.5 Hz, aromatic C-H) and 7.53 (2H. m, aromatic C-H).

1-(3°.4'-Dichlorophenyl)-2-cyclohexyl-4.6-diamino-1.2-dihydro- 1,3, 5-triazine hydrochloride

(I: Ar = 3.4-ClL,CH-; R' = H: R’ ="Hex; X = Cl)

1.52 g. yield 81% (5 mmol scale); §, (D,0, 200 MHz) 1.01 (4H, m, 2xCH,), 1.26 (1H, m, CH-2). 1.60 (6H, m, 3xCH,).
4.72(1H.d, /= 2.2 Hz, H-2), 7.22 (1H, dd, J = 6, 4 Hz, aromatic C-H) and 7.56 (2H. m, aromatic C-H).

1-(3’.4"-Dichlorophenyl)-2-phenyi-4.6-diamino- I ,.2-dihydro- 13, 5-triazine hydrochloride

(l; Ar=34-CLCH: R' = H: R = Ph: X = Cl)

1.17 g, yield 63 % (5 mmol scale); Found C, 48.7; H, 4.0; N, 18.7 % (C,,;H N,CI, requires C, 48.6; H, 3.8; N, 18.9 %); 5,
(D,0, 200 MHz) 5.92 (1H, s, H-2), 6.90 (1H, dd, /= 8.0, 2.5 Hz, aromatic-CH), 7.10-7.30 (7H, m, aromatic CH), m/z
(MALDI-TOF) 334 (M.H').



8.5 General procedure for aynthesis of combinatorial library of 4,6-diamino-1,2-dlhydro-1,3,5-triazine by
modificd-three component synthesls.

To suspension of the mixture of arylbiguanide.HCI in absolute MeOH (5 mL) containing carbony! ketone or
aldchyde (5 mmol) was added the triethyl orthoacetate (0.75 ml.) and conc.HCI (0.023 mL). The reaction mixture was
stirred at room temperature until a negative biguanide test was obtained (24-120hr). The residue from evaporation of the
sovent was triturated with acetone/ether, filetered and washed with cther. The solid precipitate was air dried and
recrystallized from methanol/ether if necessary.

8.6 General procedure for synthesis of combinatorial library of 4,6-dilamino-1,2-dihydro-1,3,5-triazine by two
component synthesis.

To suspension of the mixture of arylbiguanide. HCI (4-H,4-Me,4-C) 4-Br,4-Et and 3,4Cl,-Ph) in absolute MecOH
(5 mL) containing the ketone or aldehyde (5 mmol) was added triethyl orthoacetate (0.75 mL) and conc.HCI (0.023 mL).
The reaction mixture was stirred at room temperature until a negative biguanide test was obtained (24-120hr). The residue
from evaporation of the sovent was triturted and washed with cther. The solid was collected by filtration and air dried.
The data were collected in Table 8.1, Table 8.2 and Appendix 1 |
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Table 8.1 Synthesis data of combinatorial librarics when mixture of biguanide is 4-H,4-Me 4-Cl,4-Br,4-Et and 3.4-Cl,

Phenylbiguanide.
no. carbonyl reaction time MW .(Ave.).HCl{cal) weight{g).HCIl %yield
compound (hr) biguanide cycloguanil | biguanide cycloguanil
1 /\J\/\ 120 251.06 346.1454 0.2512 0.2776 80
2 j/i\ 125 251.06 318.1141 0.251 0.2314 73
3 T\M 120 251.06 360.1611 0.251 0.2903 81
4 i 120 251.06 290.5662 0.251 0.2328 80
5 /L/\ 72 251.06 3J18.114) 0.2509 0.2514 79
6 \r\)\ 72 251.06 346.1454 0.2511 0.2855 82
7 \/B\/\/\ 72 251.06 360.1611 0.2509 0.3255 90
8 /H\/\/\ 72 251.06 346.1454 0.2515 0.2872 R2
9 /L/l\ 24 251.06 332.1298 0.2513 0.3136 94
10 [ 113 251.06 331.4344 0.2511 0.3312 100
T \J\/ 113 251.06 318.1141 0.2511 0.2992 94
12 O’o 123 251.06 330.1141 0.2512 0.3246 98
13 /H\/\/ 113 251.06 332.1298 0.2513 03123 93
14 \/l]\ 48 251.06 304.0985 0.2512 0.2511 82
15* /L“ 20* 251.06 305.5985 0.251 0.2450 80
16 & 72 251.06 316.0985 0.2515 0.2788 88

* Isopropancl was used and no triethyl orthoacetate in reaction.



Table 8.2 m/z (ES| or MALDI-TOF) data of sublibraries of 4,6-dihydro-1,3,5-triazines
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no. | carbonyl 4-H 4-Me 4-C1 4-Br 4-Er 3.4-C,
compounds| MH' | MH | MH | MI' | MH | MW | M0 | MN | MH | MK | MW | MK
obs | cal | obe cal obs cal obs cal | obs | cal | obe cal.
P k | 2730 (2742 2870 | 2882 | 3070 | 3082 | 3510 |352.1| 3020 |3022| 3410 |3421
2 \r,L 2460 [2462| 2600 | 2602 ( 2792 | 2801 | 3240 3241 | 2740 |2742| 3140 | 314
w/‘\. .
3| SRR} | 2BR2| 3023 | dO22 [ 3223 | 3222 | M6 2 |366.0 | M6 | 3163 ¥%63 | 3561
4 L 2180 (2181 | 2320 | 2322 | 2519 | 2521 | 2960 [2961 | 2460 |2462| 2870 | 2860
5 /k ~ | 460 [2462] 2604 | 2602 | 2800 | 2801 | 3240 [324 1| 2744 | 2742 3140 | 3141
6 |~ ,\/L\ 2744 [2742| 2884 | 2882 | 3084 | 308X | 3520 |3521| 3024 [3022] 3420 [Ma2)
7 L 279 |2882] 3018 | 3022 | 3209 | 3212 | 3659 [J661| 3159 |Med| 3559 [3561
s |1 2739 (2742 279 [ 2BR2 [ oK) | RON2 | M) [1S21| 3019 [3022] 3421 | 3421
9 | 2601 [2602( 2741 | 2742 | 2940 | 2941 | 3MKE (VIR | 28R [2882| 3280 [32K1
10 l de6d (66 )| 2K04 | 2802 [ 003 | 001 | 34T (34301 2948 [2942] W3 334
R
}-‘/
I L 2450 2462 2990 | 2602 | 2800 | 2RO 1 | 3240 (3240 | 2740 | 2742 3140 |14
S e
12| 77 | 2570 |2s82] 2710 | 2722 | 2910 | 2921 | 3s0 [Me1| 2m60 [2862( 3250 (3261
~
13 /I ; 2590 (2602 2730 | 2742 | 2930 | 2941 | 3380 (3381 | 2870 |2882| 3270 |3281)
e
14| _/L 2322 |2312] 2462 | 2462 | 2662 | 2661 | 3102 | 3101 | 2603 |260.2| 30t.1 |300)
15 /[ 2040 |204.1| 2180 | 2181 | 2379 | 2381 | 2819 |2820( 2320 |2322( 2719 |2720
16 | 2439 [244.2| 2579 | 2582 | 2780 | 2781 | 3220 |322.1| 2719 2722 3120 3121

*All sublibrary were analyzed by reverse phase hplc (mobile phase ; inethylammoniumacetate 0.1 M pH7 : acelonitnile

gradient from | 5-60 %acetonitrile over a period of 15 min. All libraries showed only 6 major peaks corresponding to the
dihydrotriazine products)
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8.7 Enzyme assays and Inhibition by Cycloguanil Analogues

The activities of wild-type and A16VS108T mutant dihydrofolate reductase from Plasmodium falciparum were
determined spectrophotometrically according to the literature method.’ The reaction (1 mL) contained | x DHFR buffer
(50 mM TES, pH 7.0, 75 mM b-mercaptocthanol, | mg/mL bovine serum albumin), 100 pL. each of the substrate H,folate
and cofactor NADPH, and an appropriate amount (0.001-0.005 units) of the affinity chromatography-purified enzymes.
Inhibition of the enzymes by Cyc and its analogues was carried out by determination of the K, values of the inhibitors for
the enzymes by fitting to the equation IC,, = Ki(l+[S]IK_))° where IC,, is the concentration of inhibitor which inhibits 50
% of the cnzyme activity under the standard assay condition and K _ is the Michaelis constant for the substrate H,folate.
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HPLC Chromatogram W&z Mass Spectrum 284 aaniiunaiSualaus’
284 4,6-laaziilu 1,2-lalalas-1,3,5-lasaczdu AFaazAle

All sublibrary were analyzed by C-18 reverse phase hplc (mobile phase : triethylammonium acetate 0.1 M pH 7.0 +
acctonitrile gradient from 15-60 %acetonitrile over a period of 15 min. In all cases only 6 major peaks
corresponding to the dihydrotriazine products were detected)

.1
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Analogues with Plasmodium falciparum Dihydrofolate Reductase:
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Abstract—The nature of the interactions between Plasmodium falciparum dihydrofolate reductase (pfDHFR) and antimalarial
antifolates, i.e., pyrimethamine (Pyr), cycloguanil (Cyc) and WR99210 including some of their analogues, was investigated by
molecular modeling in conjunction with the determination of the inhibition constants (K;). A three-dimensional structural model of
PIDHFR was constructed using multiple sequence alignment and homology modeling procedures, followed by extensive molecular
dynamics calculations. Mutations at amino acid residues 16 and 108 known to be associated with antifolate resistance were introduced
into the structure, and the interactions of the inhibitors with the enzymes were assessed by docking and molecular dynamics for both
wild-type and mutant DHFRs. The X values of a number of analogues tested support the validity of the model. A ‘steric constraint’
hypothesis is proposed to explain the structural basis of the antifolate resistance. © 2000 Elsevier Science Ltd. All rights reserved.

Introduction

The dihydrofolate reductase (DHFR) domain of Plas-
modium falciparum bifunctional dihydrofolate reduc-
tase-thymidylate synthase (DHFR-TS) is one of the few
well-defined targets in malarial chemotherapy. The
enzyme catalyzes the nicotinamide adenine dinucleotide
phosphate (NADPH) dependent reduction of dihydro-
folate to tetrahydrofolate. DHFR has received con-
siderable attention as it is the target of pyrimethamine

Abbreviations: Cye, cycloguanil; Pyr, pyrimethamine; pfDHFR, Plas-
modium falciparum dihydrofolate reductase; RMS, root mean square;
TES, N-iris (hydroxymethyl)-methy)-2-amincethane-sulfonic acid;
Hjfolate, 7.8-dihydrofolate; fs, femto-second; RESP, restrained elec-
trostatic potential.

*Corresponding author. Tel: +662-245-5195; fax: + 662-248-0375;
e-mail: scwsr@mahidol.ac.th

{Pyr) and cycloguanil (Cyc) and other antifolates used
for prophylaxis and treatment of P. falciparum infection.
The rapid emergence of antifolate resistant P. falci-
parum has unfortunately compromised the clinical utili-
ties of the drugs, and thus highlights the urgent need to
search for new effective antifolate antimalarials.

Analysis of the gene encoding DHFR from P. falci-
parum parasites obtained from geographically distant
sources and with different degrees of resistance suggested
the association of antifolate resistance with point muta-
tions of the gene coding for P. falciparum DHFR.!-?
Mutations of one or more residues at amino acid
positions 16, 51, 59, 108, and 164 of the P. falciparum
DHFR were identified to be involved in antifolate
resistance. Evidence available recently also supports the
hypothesis that antifolate resistance in malaria evolved
in a step-wise selection of mutants, with multiple muta-
tions subsequent to a single S108N mutation, and that

/S - see front matter € 2000 Elsevier Science Lid. All rights reserved.
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mutants which do not survive in nature were either
poorly resistant to the drugs or had insufficient catalytic
activity of DHFR to support DNA synthesis.'?

While the parasites with A16V +S108T double muta-
tion in the dhfr gene are resistant to Cyc but susceptible
to Pyr, those with cross resistance to both drugs have
either single or multiple mutations at amino acid
residues 51, 59, 108 and 164.3-7-!! Since the structures of
Pyr and Cyc are very closely similar, the questions arise
as to why Cyc-resistant but Pyr-sensitive evolved while
the reverse has never been reported in the natural iso-
lates, and whether the binding of Pyr and Cyc to the
wild-type and the mutant DHFRs are different. Similar
questions can also be raised with WR99210, a dihydro-
triazine whose structure is closely related to Cyc. The
fact that WR99210 is highly effective against both
Pyr-sensitive and -resistant parasites in vivo'? and the
DHFRs in vitro!? has made WR99210 an attractive
compound for further studies.

In order to address the problems of binding modes of
Pyr, Cyc, and WR99210, structural data of P. falci-
parum DHFR are needed. In the absence of pfDHFR
structure from X-ray diffraction analysis, it is necessary
to construct and predict the structure of the enzyme
by a homology modeling approach.'* Such modeling
approach has been exploited for the prediction of the
structure of the new drug leads cabable of inhibiting P.
Jalciparum DHFR at micromolar and submicromolar
levels.'s Using the model built from the 3D-structure of
Leishmania major DHFR-TS, McKie et al.'® predicted
that the SIO8N mutation of the P. falciparum DHFR
would lead to a steric clash with the p-Cl atom of Pyr.
The hypothesis was readily tested by modifying the Pyr
structure to avoid the steric constraint, hence resulting
in two Pyr analogues which are highly effective against
Pyr-resistant DHFR and malarial parasites.!® Indeed,
through analysis of a number of physicochemical char-
acteristics of residues at position 108 of P. falciparum
DHFR and compared with their activities against a
series of drugs including Pyr, Cyc, TMP (trimethoprim),
and WR99210, Warhurst has recently pointed out that
mutant DHFRs with bulky groups at residue 108 would
cause steric constraint and hence result in poor binding
with the inhibitor.,!?

In this paper, we describe the construction of a homol-
ogy model of DHFR domain of the bifunctional P. fal-
ciparum DHFR-TS, and the structures of the complexes
between Pyr, Cyc and WR99210 with the wild-type,
Al6V, S108T, and A]6V + SI108T mutant enzymes. We
predict from the model that A16V mutation of P. falci-
parum DHFR imposes a steric conflict for binding to
Cyc as opposed to Pyr and WR99210, and that the
steric conflict becomes more pronounced when com-
bined with mutation at residue 108 in the A16V + S108T
double mutants. The hypothesis was tested against
experimental data on the binding strengths of analogues
of these drugs to both wild-type and mutant enzymes.
This model was used to design and synthesize new
compounds which were tested against wild-type and
resistant P. falciparum in vitro.

Materials and Methods
Homology modeling of Plasmodium falciparum DHFR

The structure of the DHFR domain of P. falciparum
bifunctional DHFR-TS was obtained from homology
modeling simulations. The model was constructed by
alignment of P. falciparum DHFR primary sequence!®
with the DHFR sequences of which the crystal struc-
tures are already known; these include DHFRs from
Escherichia coli,'® Lactobacillus casei,® human,2!.22
chicken liver?® and Pneumocystis carinii.?* Unfortu-
nately, the Leishmania major bifunctional DHFR-TS
was not included into the sequence alignment as the
crystal structure was not publicly available at the time
the model was built. The alignment of P. falciparum
DHFR sequence'® was carefully checked by using the
available sequence alignment evaluation functions
within MODELLER 3.0,2° and by superimposing the
structurally conserved regions of the available DHFR
crystal structures.

The model of pfDHFR was constructed using MOD-
ELLER 3.0.2° A primary homology model was con-
structed based on the conserved regions of most
DHFRs by removing the sequences of the two inser-
tions, i.e., residues 22-38 and 64-98. Next, several mod-
els were constructed on the whole sequence by adding
one at a time the local alignments found to fill the
two insertions. Local alignments were predicted using
BLAST (Basic Local Alignment Search Tool)?® at the
National Center for Biotechnology Information, NCBI
(web site hyperlink http://www ncbi.nim.nih.gov/blast).
A stringent significant threshold of 3 was adopted for
the BLAST search. Then, combinations of these, and
finally all the local alignments were introduced. The
model showing the best score as judged by the value of
the Modeller objective function, and with the least root
mean square (RMS) deviation with respect to the con-
served regions of the DHFR templates, was saved for
further refinement with molecular dynamics. The qual-
ity of the stereochemistry and of the structures was
validated using the PROCHECK?? and WHATIF tools
available at the Biotech Validation Suite for Protein
Structures (web site http://biotech embl-heidelberg.
de:8400/).

Molecular dynamics refinement of the structure

The pfDHFR structure resulting from MODELLER
was refined by means of molecular mechanics and
molecular dynamics calculations using AMBER 4.128
and the all-atom force field by Cormnell et al.?’ Bond
lengths involving hydrogens were constrained using the
SHAKE algorithm?®® and a time step of 2.0 femto-
second (fs). Molecular dynamics were performed at
300K using a residue-based cut-off of 10 A. Pairlists
were updated every 25 time steps. Hydrogens were
added to the structure predicted by MODELLER using
the stored internal coordinates of the AMBER all-atom
data base and then minimized, the heavy atoms being
kept fixed in their original positions. All Lys and Arg
residues were positively charged and Glu and Asp resi-
dues were negatively charged.
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The reduced form of the cofactor (NADPH) was used
for the calculations, according to the tighter binding
of NADPH over NADP* to DHFR.?*'-33 Force field
parameters for NADPH were adapted from previous
simulations that empioyed the oxidized form (NADP*)
of the cofactor.3* The geometry of the reduced nico-
tinamide ring was fully optimized at the 6-31G* level
using Gaussian 94, and partial charges on atoms were
calculated from an electrostatic potential fit to a 6-31G*
ab-initio wave function, followed by a standard RESP
(restrained electrostatic potential) fit.3%-3¢ Bond, angle,
dihedral and van der Waals parameters of the nicotin-
amide ring were assigned consistently with the Cornell
et al. force field, and then tested for their ability to repro-
duce the 6-31G* optimized geometry. The remaining
adenosine and phosphate parameters of NADPH were
taken from NADP* 34

Molecular mechanics and molecular dynamics calcu-
lations on the two long insertions in the pfDHFR
sequence were performed first to allow more relaxation
ol the non-conserved and less validated regions of the
structure without affecting the geometry of the most
conserved regions. The two loops were energy-mini-
mized with 3000 steps of conjugate gradient minimiza-
tion, followed by 10 ps molecular dynamics at 300 K.
This protocol was repeated 10 times, with energy-mini-
mization after each molecular dynamics. To perform
these first molecular mechanics and molecular dynamics
calculations, a distance-dependent dielectric constant
with a dielectric multiplication constant of 4 was used to
simulate the presence of water.

In order to include the effects of explicit water molecules
at the active site of DHFR, the final structure obtained
was solvated with a spherical cap of 2113 TIP3P37 water
molecules centered on the center of mass of pfDHFR.
Calculations were continued using a dielectric constant
of 1 and the explicit water molecules. In order to allow
the equilibration of the solvent around the protein resi-
dues, 100 ps molecular dynamics at 300 K were per-
formed on the water molecules. Then, the whole system
(enzyme, water, and NADPH) was energy-minimized
with 3000 steps, with 5 Kcal/mol restraint applied on the
backbone atoms of the enzyme with the exception
that the backbone atoms of loops 1 and 2 were left
free. The restraint was imposed in order to avoid initial
large drifts from the homology model structure, which
is based on experimentally-validated structures of
DHFRs. Then, 2000 steps of minimization without any
constraints were performed, and the resulting structure
was compared with the homology model and the
DHFR templates to ensure that the conserved regions
maintained similar 3D-structure. A 200 ps molecular
dynamics simulation at 300 K was then performed on
the whole system with a 1| Kcal/mol restraint on the
backbone atoms. Whilst performing molecular dynam-
ics, coordinates were collected every 0.2 ps and averaged
every 10ps for visual inspection. Finally, 2000 steps of
energy-minimization without constraints were per-
formed. The values of RMS deviations between the final
PfDHFR model and the crystal structures of DHFRs
from different sources used for homology modeling

were calculated. The considerably low RMS deviations,
1.40 with E. coli, 1.47 with L. casei, 1.21 with human,
1.24 with chicken liver, and 1.26 with P. carinii, revealed
that the pfDHFR model was close to these structures.

Docking of pyrimethamine, cycloguanil and WR99210,
and molecular dynamics of the complexes

The inhibitors were docked into the active site of
pfDHFR, using the final structure obtained from the
explicit solvent molecular dynamics calculations. The
inhibitors were modeled as protonated state at N1, as
evidenced by the NMR studies of both the bound and
free states of Pyr, methotrexate (MTX) and trimetho-
prim (TMP).3%- The protonated amino portions of the
inhibitors were initially positioned to interact with the
anionic side chain of D54. This choice was strongly
suggested by the binding modes of other antifolates with
the conserved aspartic or glutamic acid residue corre-
sponding to D54 of the pfDHFR in the available crystal
structures of DHFRSs from different sources. While Pyr
and Cyc have conformationally constrained structures,
the more conformationally flexible 2’',4',5'-trichloro-
phenoxy propyloxy group of WR99210 was docked into
the active site using the orientations of folate and MTX
in the available crystal structures as guidelines.

To obtain a set of atomic charges for the inhibitors,
their structures were completely optimized at the STO-
3G basis set level, using Gaussian 94. Charges were
calculated from an electrostatic potential fit to a 6-31G*
ab-initio wave function, followed by a standard RESP
fit. Atom types were assigned consistently with the
Cornell et al. force field,? and some parameters were
adjusted to reproduce the STO-3G optimized geometry.
The parameters for the chiorine atoms of the inhibitors
were as previousiy described.*?

The molecular mechanics and molecular dynamics cal-
culations of the complexes with the inhibitors were per-
formed in explicit water molecule environment. The
same solvation sphere of the pfOHFR-NADPH binary
complex was used, but the water molecules that are
replaced by the inhibitors were removed from the
structure. Two thousand steps of minimization on the
inhibitor, NADPH, the water molecules and all the
protein residues within 10 A from the inhibitor were
performed, followed by 300 ps molecular dynamics at
300 K. A 1 Kcal/mol restraint on the backbone atoms
was applied to avoid undesirable drifts from the initial
structure.

Molecular dynamics of the pfDHFR mutant complexes

The mutant pfDHFRs complexed with Pyr, Cyc and
WR99210 were constructed by changing alanine to
valine (A16V), serine to threonine (S108T), and both
(A16V + S108T) in the corresponding structures of the
wild-type pfDHFR-inhibitor complexes. Five hundred
steps of energy-minimization were performed on the
inhibitor and the mutated residue only in order to posi-
tion the side chain of valine and/or threonine with
respect to the inhibitor and to relieve steric conflicts due
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to the growing of the bulkier amino acid side chains.
This was followed by 1000 steps of minimization on the
protein residues within 10 A from the inhibitor, the
inhibitor, and all the water molecules. The molecular
dynamics at 300 K was then started from these mini-
. mized complexes and run for over 300 ps. The 1 Kcal/
mol restraint on the backbone atoms was applied as
usual.

Synthesis of derivatives of cycloguanil and WR99210

Compounds I, IL, III, XIV and XV were prepared by a
three-component condensation between 4-chloroaniline,
dicyanodiamide and acetone in the presence of con-
centrated HCl (I) or two-component condensation
between the arylbiguanides and the aldehydes (X, III,
XIV and XV) both in the presence of concentrated HCI
. according to the literature.*'—** The new compound IV
was synthesized by a three-component condensation
between 4-chloroaniline, dicyanodiamide and methylal.
Compounds V-XII were synthesized by a modified two-
component condensation** between the corresponding
biguanides and ketones in the presence of concentrated
HCl as catalyst and triethyl orthoacetate as water
scavenger, the details of which will be published elsewhere
(Vilaivan et al., in preparation). All cycloguanil deriva-
tives were isolated as monohydrochloride salts and were
purified by crystallization from water or water—ethanol.
New compounds gave clean 'H nmr and mass spectra
(APCI or MALDI) and provide satisfactory elemental
analysis (C,H,N).

Preparation of pfDHFRs and inhibitor binding studies

The recombinant plasmids pET-pfDHFR (wild-type)
and pET-pfDHFR (A16V +S108T) were prepared as
previously described!® and were employed for the pre-
paration of enzymes used for testing the compounds
synthesized in the present study. Purification of both
wild-type and mutant pfDHFRs was achieved by affinity
chromatography on MTX-Sepharose CL-6B column.%
The activity of pfDHFR was determined spectro-
photometrically by monitoring the decrease in absor-
bance at 340 nm at 25°C according to the standard
assay method described previously.* For determination
of the K; values of a number of synthesized analogues,
the assay reactions were initiated with affinity-purified
enzyme (~0.005-0.01 U ml~!), and the initial velocities
in the presence of varying concentrations of inhibitors
were analyzed by non-linear least square fit using
Kaleidagraph™ software. Other analyses of the protein
were as earlier described.!?

Results

The alignment of the sequence of pfDHFR with the
sequences of DHFRs from selected sources of which the
X-ray structures are known is shown in Figure 1. There
is significant homology among the DHFRs compared,
with the exception that the pfDHFR sequence con-
fained two extra insertions between residues 22-38 and
residues 64-98. Our initial pfDHFR. model was therefore
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Figure 1. Alignment of the amino acid sequences of dihydrofolate
reductase of Plasmodium falciparum,'® Escherichia coli,*® Lactobacillus
casei,®® human,’'-*2 chicken liver’® and Preumocystis carinii.** The
percentages of the identical amino acids between P. falciparum
DHFRs and DHFRs from E. coli, L. casei. human, chicken liver, and
P. carinii are 29, 24, 32, 32, and 24%, respectively. The elements of
secondary structure are indicated as o, f, and loop.

constructed without the sequences of the two insertions.
The resulting model was then used to check for the fold-
ing of the conserved regions, to make superimpositions
and comparisons with other known templates.

The local alignments of the two extra sequences of
pfDHFR were predicted from BLAST.26 A stringent
significance threshold of 3 was adopted, resulting in two
significant homologous segments for loop 1 and five for
loop 2. The predicted alignments were restored into the
DHFR model. As for loop 1, the local alignments pre-
dicted to fill this insertion significantly reduced the
quality of the model and also markedly affected the
structure of the most conserved regions. On the con-
trary, one out of the five local alignments that BLAST
identified to fill the second insertion gave an acceptable
initial arrangement of loop 2 without affecting the
quality and the structure of the conserved regions.
Therefore, the initial homology model was constructed
using the best local alignment only for loop 2. The loop
1, however, was subsequently constructed manually and
then appended to the structure previously obtained
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from MODELLER, with some adjustment. It is impor-
tant that the homology model be maintained as close as
possible to the experimentally-validated DHFRs in the
conserved regions, though only an initial guess of the
conformation could be obtained at this stage for the two
loops. Extensive molecular dynamics calculations were
performed in order to obtain the best conformation,
first on the two loops and subsequently on the whole
pfDHFR structure. A restraint on the backbone atoms
of the conserved regions of DHFR during molecular
dynamics prevented undesirable drifts from the crystal
structures of the templates. The final model obtained is
graphically displayed in Figure 2.

The overall folding of pfDHFR is very similar to that
previously reported for other DHFRs.4?7 An eight-
stranded P-sheet (BA-BH) consisting of seven parallel
strands and a carboxyl terminal antiparallel strand
composes the core of the protein. Four a helices (B,
aC, oE, ooF) are packed against the B sheet core. The
two-turn character of helix «E, which is present in the
human and chicken liver DHFRs but not in the E. coli
and L. casei DHFRs, is not predicted in the pfDHFR
structure. The remaining residues are involved in loops,
which connect elements of secondary structure.

NADPH is bound to pfDHFR in an extended con-
formation similar to that previously reported for co-
factor binding to other DHFRs, with nearly all the
protein-cofactor interactions being conserved within
available crystal structures (data not shown). The nico-
tinamide ring is bound near the center of the molecule in
a cleft formed by the divergence of BE and BA. The A-
side of nicotinamide is directed towards the opening of
the active site. The 3'-carboxamide amino group hydro-
gen bonds to the backbone oxygen of Al6, and the

carboxamide carbonyl hydrogen bonds to the backbone
nitrogen of A16.

Docking of Pyr, Cyc, and WR99210 into the active site
of the pfDHFR models was performed to investigate
the interactions of the drugs with various amino acid
residues in the active site of both wild-type and
Al16V+S108T mutant DHFR models. The selected
active site residues of the wild-type pfDHFR model that
interacted with Cyc (shown as green) is illustrated in
Figure 3A; the 6-amino group of Cyc hydrogen bonds
to one carboxylate oxygen of D54, which in turn forms
hydrogen bond to TI185, and the protonated N1-H of
Cyc hydrogen bonds to the other carboxylate oxygen of
D54. The bidentate hydrogen bonding observed with
the residue D54 is not uncommon and indeed is con-
sistent with the specific hydrogen bonding interactions
established between the amino functions of antifolates
and the conserved aspartic or glutamic acid side chains
of other DHFRs whose crystal structures are available.
The 4-amino group of Cyc hydrogen bonds to the back-
bone oxygens of 1164 and 114, while the 2,2’-dimethyl
groups are in contact with Al6, L46, and F58 side
chains. Finally, the 3-chlorophenyl substituent of Cyc
stacks against the nicotinamide ring of NADPH, with
the chlorine atom close to S108 and I1112. The binding
of Pyr and WR99210 to the wild-type DHFR was found
to be very similar to Cyc (Fig. 3, Panel A), whereas this
is not the case for the A16V +S108T rmutant pfDHFR
(Fig. 3, Panel B). The differences in the orientation and
binding interactions of the inhibitors were better high-
lighted from the superimpositions of the inhibitors in
the active site of the wild-type pfDHFR model. As
shown in Figure 4, the three inhibitors, i.e., Pyr (vel-
low), Cyc (green) and WR99210 (red), were very well
superimposed and showed nearly identical interactions

¥

Figure 2. Stercovicws showing the overall folding of Plusmodium falciparum DHFR.  sheets are colored in yellow, o helices are colored in red. The
loops are white, with the exception of loops | and 2 corresponding Lo the two insertions in pfDHFR which are colored in bluc. NADPH is colored in

cyan.
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WR99210

Figure 3. Stereovicws of wild-type (Panel A) and A16V + S108T (Pane] B) pfDHFRs showing active site residues involved in the interaction with Pyr
{yetlow), Cyc (greeen), and WR99210 (red). The residues shown are 114, Al6, C50, DS4. M55, F58, 5108, S111, 1112, P113, 1164, Y170 and NADPH
molecule.

Figure 4. Stereoviews showing the superimpositions of inhibitors bound at the active site of wild-type pfDHFR. Residues Al6, D54, S108, and the
nicolinamide ring of NADPH are shown with the inhibitors Pyr (yellow), Cyc (green), and WR99210 (red).
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with the same residues as those described for Cyc.
However, while the chiorophenyl substituent of Cyc and
Pyr stacks against the nicotinamide ring of NADPH
and is directed toward S108, the flexible trichloro-
phenoxy propyloxy of WR99210 is almost perpendi-
cular with the nicotinamide ring and is not in contact
with the cofactor. Interestingly, one water molecule
binds over the nicotinamide ring, making hydrogen
bonds with the N1 nitrogen of the nicotinamide and the
2'-hydroxyl of the ribose. The trichlorophenoxy propy-
loxy substituent of WR99210 is in contact with C50,
M55, 8111, and P113 (see Fig. 3A and B).

The effects of single and double mutations at amino
acid residues 16 and 108 on the binding of Pyr, Cyc and
WR99210 were further investigated (Fig. 5). The mole-
cular dynamics stimulation of the Pyr complexed with
Al6V mutant model revealed minimal changes of
orientation and binding interactions with respect to that
of the wild-type enzyme complex (Fig. 5A). By contrast,
the complex between Cyc and the A16V mutant was
significantly different from the complex with the wild-
type enzyme; the inhibitor was displaced from its posi-
tion in the wild-type complex due to the steric conflict
with valine in A16V mutant (Fig. 5B). Superimposition
between Cyc and Pyr in the wild-type complexes indi-
cated that one of the two 2,2'-methyl substituents of
Cyc was located much closer (1.4 A) to the methyl of
the Al6 side chain with respect to the 6-ethyl sub-
stituent of Pyr, the former being in Van der Waals con-
tact with the methyl of Al6 whereas the latter is
significantly more distant (data not shown). Thercfore,
the steric demand imposed by the Al16V mutation
should be much more pronounced for Cyc than for Pyr,
although hydrogen bonding interactions with D54, 114,
and I164 are still present. The displacement of Cyc in
the structure of the A16V mutant is illustrated in Figure
5B. While the displacement of the triazine ring of Cyc
did not seem to affect the ability to make hydrogen
bond between the drug and DS54, 114, and [164, the
orientation of the chlorophenyl ring of the inhibitor
bound to the Al6V enzyme was found to be sig-
nificantly different from that of the wild-type enzyme.
This is due to Cyc being bound in a locked region com-
prising A16 and D54 for the dihydrotriazine ring, nico-
tinamide, and S108 for the chlorophenyl ring of the
inhibitor. Interestingly, the stacking interactions with
the nicotinamide ring of NADPH were completely lost
in the A16V mutant and one water molecule was found
in place of the chlorophenyl ring (data not shown).

The dihydrotriazine rings of WR99210 and Cyc are
identical and therefore are predicted to bind the A16V
mutant pfDHFR in the same orientation. As a con-
sequence, the 2,2'-dimethyl substituents of WR99210
should also be in steric conflict with the valine side chain
of the A16V mutant. Figure 5C illustrates the super-
impositions of WR99210 bound to wide-type, AJ6V,
S108T and AI6V +SI08T double mutant DHFR
models. A slight displacement from its optimal position
occupied in the wild-type complex was noted when the
inhibitor was bound to the pfDHFRs with Al6V
mutation. The model shows that the trichlorophenoxy

propyloxy substituent of WR99210 is not forced to
change its orientation significantly in the A16V mutant.
Instead, its flexible side chain allows it to be free from
being locked between the residues Al6, D54, nicotin-
amide, and S108 as observed in the structure of the
wild-type complex. Therefore it is likely that the steric
demand imposed by V16 would not significantly aflect
the orientation of the drug upon binding to the
pfDHFRs with the A16V mutation (Fig. 5C).

The bindings of Pyr, Cyc, and WR99210 to the mutant
model of DHFR with single S108T mutation were also
investigated. Generally, all the three inhibitors bind to
the S108T mutant model with similar orientation as in
the wild-type complex, albeit with some minor differ-
ences. The bulkier side chain of the TI08 mutant
slightly affects the position of the chlorophenyl ring of
Pyr and Cyc (Fig. 5A and B). However, the orientation
of the propyloxy substituent of WR99210 is not affected
upon binding to pfDHFR with the S108T mutation
(Fig. 5C).

The model indicates that the 6-ethyl substituent of Pyr
is not in steric conflict with A16V+S108T pfDHFR
despite the locking of the inhibitor between residues 16,
54, nicotinamide, and 108. Therefore, Pyr is predicted to
bind the double mutant DHFR with no appreciable
differences as compared to the binding to the wild-type,
A16V, and SI108T single mutant enzymes (Fig. 5A). As
previously illustrated for the A16V and S108T mutant,
the steric conflict with V16 must be relatively small and
therefore no significant displacement of the inhibitors
was detected. The situation is very different for Cyc. In
the A16V + S108T double mutant, however, the chloro-
phenyl ring is further displaced from nicotinamide
owing to steric conflicts with T108, while the position of
the dihydrotriazine ring of Cyc is not different to that
of the A16V mutant (Fig. 5B). Binding of WR99210 is
similar to Cyc in its dihydrotriazine moiety but the
inhibitor is not locked toward nicotinamide and is also
much more flexible. As a result, slight displacement of
the dihydrotriazine ring has no consequences for the
overall binding in the double mutant enzyme (Fig. 5C).
The steric clash between the V16 side chain of the A16V
mutant pfDHFR is clearly evidenced for Cyc binding,
but not for Pyr binding (Fig. 6).

In order to verify the homology model of P. falciparum
DHFR and to exploit the model for the prediction of
binding of inhibitors and/or develapment of strategies
for the design of the best effective inhibitor(s) targeted
against antifolate resistant malaria, we have synthesized
a number of Cyc derivatives and tested against both
wild-type and A16V +S108T mutant pfDHFRs. Our
premise is that resistance to Cyc in the A16V +SI108T
mutant is the result of steric conflict imposed by a
bulkier side chain of V16. To test the hypothesis, Cyc
derivatives with one substituent (ethyl or methyl group)
or no substituent at position R, and those with bulky
substituents at both R, and R, positions of the dihy-
drotriazine ring were synthesized. The binding affinity
(K;) values were then determined and the ratios of K-
mut/K;-wt were compared. Table 1 summarizes the X;
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Figure 5. Superimpositions of inhibitors bound to wild-type (yellow), A16V (red), S108T (cyan) and A16V +S108T (white) pfDHFRs. The inhibi-

tors shown are (A) Pyr; (B) Cyc; (C) WR95210.

values for the wild-type and the A16V + S108T mutant
DHFRs. The relative loss in binding affinity of the Cyc
derivatives is reflected by the elevation of K;-mut/K;-wt
ratio. As shown in Table 1, the compounds II and III
inhibited the wild-type pfOHFR with K; values 2-3
times higher than that of Cyc, but exhibited 7-10 times
lower K values for the A16V + S108T mutant pfDHFR

than the Cyc. As a result, the K;-mut/K;-wt ratios for the
compound I and IIT were ~17-28 times lower than that
of the Cyc parent compound. Removal of both methyl
groups at the 2-R, and 2-R, positions gave rise to com-
pound IV (didesmethyl Cyc), which has a K; value for
the wild-type enzyme about 16-fold higher than that of
Cyc, whereas the X; value for the A16V + S108T enzyme
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Figure 6. Display of the surface of the side chain residue of amino acid
A6 (red) and A16V (purple) interacting with one of the 2,2'-methyl
substituents of Cyc (yellow) and 6-ethyl substituent of Pyr (yellow).

was about 2-fold lower than Cyc. As a consequence, the
ratio of K;-mut/K;-wt for the compound IV was 34-fold
lower than that for Cyc (Table 1).

Our studies were further extended to investigate the
binding between Cyc derivatives with bulky 2,2° di-
substituents and the wild-type and Al6V+SI108T
mutant DHFRs. Nine compounds (compounds V-XIII)
were selected for the evaluation. Except for compounds
IX and XIII, which exhibited high K; values, all other
seven derivatives gave K; values for the wild-type
enzyme that were comparable to that for Cyc. When
tested with the A16V +S108T enzyme, the K; values of
these derivatives except compound VIII were all higher
than that of Cyc, resulting in relatively high ratios of
Ki-mut/K;-wt.

The K; values for WR99210 (compound XIV, Table 2)
and other Cyc derivatives were compared with their 2-
monomethyl derivatives (Table 2). Removal of one
methyl from position 2-R;, of WR99210 (compound

XV, Table 2) resulted in a 2- and 3-fold decrease in the
K; values for the wild-type and the A16V +S108T
enzymes, respectively. The compound XVI with 4’-Br-
CsH, at 3-R position (Table 2) only slightly increased
the X; for the wild-type pfDHFR by 2-fold, but drama-
tically elevated the KX for the A16V + S108T enzyme by
800-fold. The steric conflict observed in the compound
XVI was relieved by replacing the methyl group at
position 2-R; with hydrogen. The resulting compound
XVII was then found to exhibit a 10-fold lower X; for
the A16V +SI108T enzyme as compared to the com-
pound XVI, albeit the manipulation slightly affected the
binding affinity of the inhibitor to the wild-type enzyme.
Likewise, similar effect was also found for compounds
XVIII and XIX, where changes were made at the posi-
tions 2-R1 and 3-R (Tablec 2).

Discussion

Resistance to antifolates Pyr and Cyc in malaria para-
sites has been shown to be associated with point muta-
tions in the dhfr gene.!5"% Cross resistance to both
drugs is generally found to involve combinations of
N5LI, C59R, SI08N, and 1164L mutations, whereas
parasites resistant to Cyc but susceptible to Pyr are
associated with mutation at residues 16 and 108
(Al16V+S108T). In the present study, we sought to
understand the molecular interactions between the
DHFR of P. falciparum and antimalarial antifolates
Pyr, Cyc, and WR99210, to predict the effect of muta-
tion(s) on the binding of the inhibitors to the enzyme, and
to address the importance of the mutation(s) at diflerent
residues in conferring resistance to the antifolates.

We describe a homelogy model of P. falciparum DHFR
based on sequence alignment of the DHFR sequences of
E. coli, L. casei, human, chicken liver, and P. carinii.
Our model was built using the conserved regions of a
number of known DHFR templates, and the struc-
tures of the unique regions in pfDHFR were subse-
quently assigned to avoid undesirable perturbation of

Tsble 1. K; values for the cycloguanil derivatives with only one or no substituent at position R; (compounds I-IV) and bulky substituents at

positions R, and R; (compounds V-XIII)*

Compound 2R, R, Ki-wt® (nM) Rel 10 Cyc Ky-mut® (nM) Rel to Cyc K;-mut</K;-w®
1 Me Me 1.5+ 0.3¢ 1.0 1314 2 1659 1.0 876
n H Me 41400 2.7 127+14 0.% 31
11§ H Et 3600 2.4 189 %37 0.14 53
v H H 24443 16.3 646+ 78 0.5 26
v Me n-Pr 35£04 23 9229 + 547 1.0 2637
Vi Me n-Bu 1.8£02 1.2 4217 £ 390 32 2343
vil Me n-Pen 1.2+ 0.1 08 3594 £ 446 2.7 2995
Vil Me n-Hex 0.620.1 04 956+ 78 0.7 1593
IX Me i-Pr 36.5+4.1 24.3 44,791 £ 5872 M. 1227
X Me i-Bu 4719 1.1 15,263 £ 986 11.6 3247
X1 Me i-Pen 1.7£0.1 1.1 5755 £ 545 44 3385
X Et Et 1.7+1.2 5.1 16,15] £3599 12.3 2098
xXm E a-Pen 19.3+3.8 129 18,041 + 1905 13.7 935

SMe, methyl; Et, ethyl; Pr. propyl; Bu, butyl; Pen, pentyl; Hex, hexyl.

*wild-1ype pfDHFR.
‘pfDHFR (A16V + S108T).
“Data from Sirawarapom et al."®
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Table 2. K; values for the WR99210 and other cycloguanil derivatives compared with their 2-monomethyl derivatives

Compound 3R 2R, 2-R; K-wi*(nM) Relto WR99210 Krmut® (nM) Relto WR99210  K-mut®/K,-wi*
XIV (WR99210) Me* Me 0.5+0.1 10 24404 1.0 4.8
?0\/’\/
cl
c
XV ) H Me 3.3x0.0 0.6 08+0.1 a3 2.7
?0\/\/
cl
]
XV1 4'-Br-CoH, Me Me 1.1£02 22 1948 + 366 812 1771
Xxvn 4-Br-CgHy H Me 5.7+0.5 11.4 202 £17 84 35
XVIII 4'-Me-CcH, Me Me 18202 36 1584 £210 660 880
XiX 4 -Me-CgH, H Me 23.4%19 46.8 18622 78 B.O

*Wild-type pfDHFR.
SpfDHFR (A16V +S108T).
€Me, methyl.

the overall conformation of the structure. The overall
topology of the pfDHFR is similar to the DHFRs from
other sources (Fig. 2), except for its two extra-loop
insertions located at the enzyme surface. Unlike those
previously reported by other workers,!$4% the model
presented in this paper was built based not only on the
alignments among the DHFR sequences, but also on
their 3D-structural conservation. The homology noted
at least from residue 10, therefore, makes the alignment
more meaningful and enables analysis of residue 16
which is crucial for Cyc-resistance. In the present study,
the structures of Al6V and Al6V+S108T mutant
pfDHFRs were also built from the wild-type template
and docking of the antifolates Pyr, Cyc, and WR99210
was performed using both wild-type and mutant
structures.

Our structural models show that the ethyl and methyl
substituents of Pyr and Cyc, respectively, are directed
towards the methyl side chain of A16 in the wild-type
pfDHFR. As a result, it is very likely that the bulkier
side chain of valine in the A16V mutant of pfDHFR
would cause steric conflicts with these substituents, and
therefore may explain Cyc resistance for these mutants.
However, such effect does not occur in the case of Pyr;
the inhibitor binds equally well with the same orienta-
tion and binding interactions to A16V + S108T mutant
pfDHFR as well as the wild-type enzyme, evidence
which is in accord with the earlier observations by many
groups that the A16V + S108T mutant is susceptible to
Pyr.57.10.11

Although Cyc is predicted to bind to the wild-type
pfDHFR in a similar way to Pyr, one of its two 2,2'-
dimethyl substituents is significantly closer to the side
chain of residue 16 than is the ethyl group of Pyr. This
would inevitably generate steric constraint for binding
to Cyc when the bulkier side chain of valine is present at
position 16 as in the A16V and A16V +S108T mutants.
Since Cyc is predicted to bind in a locked region which
is composed of Al6 and D54 for the dihydrotriazine

ring, and nicotinamide and S108 for the chlorophenyl
ring of the inhibitor,, A16V + S108T mutation would
result in steric constraint and cause displacement of
both the dihydrotriazine moiety and the chlorophenyl
ring from its optimal position as depicted for the wild-
type enzyme, giving rise to a remarkable loss of binding
affinity for Cyc and hence resistance to Cyc for the
Al16V +S108T mutant pfDHFR.

The displacement of WR99210, however, is relatively
minor when compared with Cyc. This is likely due to
the reason that the more flexible trichlorophenyl pro-
pyloxy side chain of WR99210 is not locked between
nicotinamide and S108 as observed for the chlorophenyl
ring of Cyc. Therefore, the steric demand imposed
by valine 16 only slightly affects the orientation of
WR99210 and leaves unaffected binding interactions
with other protein residues, in agreement with the find-
ing that WR99210 is highly effective against the resis-
tant mutants.

QOur model predicts that binding of the derivatives with
only one or no substituent at position 2 should be less
affected by the mutation than Cyc. This would be
reflected in the values of the ratios of the K, for the
A16V+S108T mutant enzyme and the wild-type
enzyme (K;-mut/Ki-wt). In order to test this model, a
number of Cyc derivatives were synthesized and the
binding affinities to the wild-type and mutant enzymes
were studied. It was found that K;-mut/K;-wt values for
the derivatives with only one or no substituent at posi-
tion 2 are lower than for Cyc, as predicted (compounds
1II-IV, Table 1). Furthermore, 2,2'-disubstituted deriva-
tives of Cyc with bulky substituents tend to have higher
Ki-mut/K;-wt ratios, as expected (compounds V-XIII,
Table 1). The favorable effect on binding of the removal
of the 2-methyl group was also found for WR99210
(Table 2). However, this effect is far less than for Cyc
derivatives with p-chloro-, bromo- or methyl-pheny!
substituents, because WR99210 is not locked, and can
already interact well with the mutant enzyme even with
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both 2-methyl groups present. The overall resulits
obtained from this study are in support of the steric
constraint hypothesis. Further it reveals the important
steric role in binding between the substituents at posi-
tion 2 of Cyc to the active residue(s) of the pfDHFR,
which could have profound implications for the devel-

opment of new and effective inhibitors against antifolate
' resistant parasites.

Conclusion

The homology models of wild-type, A16V, S108T, and
Al6V +S108T P. falciparum DHFRs were built based
on multiple sequence alignment and homology model-
ing procedures. The models were used to address the
molecular interactions between the active site residues
of the enzymes and antifolates Cyc, Pyr and WR99210.
We proposed a ‘steric constraint’ hypothesis and
demonstrated its validity by testing with inhibitor
analogues using the wild-type and relevant mutant
pfDHFRs. The models not only explains the Cyc resis-
tance but also Pyr susceptibility in relation to the A16V
mutation of the pfDHFR domain. In addition,- it has
allowed us for the first time to better understand the
molecular basis of cross resistance between Cyc and
Pyr, which have been known to involve mutations at
residues 51, 59, 108 and 164 of the pfDHFR domain.
Further, the modeling of the interaction between
pfDHFR and WR99210 has also provided ideas that
could lead to the development of new and more effective
second generation antifolate antimalarials.
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The Alal6Val+Ser108Thr (A16V+S108T) mutant of the Plasmodium falciparum dihydrofolate
reductase (DHFR) is a key mutant responsible for cycloguanil-resistant malaria due to steric
interaction between Val-16 and one of the C-2 methyl groups of cycloguanil. 4,6-Diamino-1,2-
dihydrotriazines have been prepared, in which both methyl groups of cycloguanil are replaced
by H or by H and an alkyl or phenyl group, and their inhibition constants against wild-type
and mutant DHFR determined. The S108T mutation is considered to decrease cycloguanil
binding further through the effect on the orientation of the p-chlorophenyl group. By moving
the p-chlore-substituent to the m-position in the chlorophenyl group, the activity against the
A16V+S108T mutant enzyme is improved, and this effect is reinforced by the p-chloro
substituent in the 3,4-dichlorophenyl group. A lead compound has been found with inhibitory
activity similar to that of cycloguanil against the wild-type DHFR and about 120-fold more
effective than cycloguanil against the AI6V+S108T mutant enzyme. The activity of this
compound against P. falciparum clone (T9/94 RC17) which harbors the A16V+S108T DHFR

is about 85-fold greater than cycloguanil.

Introduction

Despite continued efforts aimed at complete eradica-
tion of malaria, the disease remains a major health
threat in many areas of the world, especially in tropical
and subtropical countries including Africa.! The wide-
spread occurrence of drug-resistant Plasmodium falci-
parum suggests that the effectiveness of the few anti-
malarials currently in use will have a limited life span
and has highlighted the urgent need for the discovery
and development of novel antimalarial agents aimed at
combating the emerging resistant parasites.

Cycloguanil (Cyc) and its closely related compound
pyrimethamine (Pyr) are potent inhibitors of Plasmo-
dium falciparum dihydrofolate reductase (pfDHFR), one
of a few well-defined drug targets for malaria therapy.
Both compounds have been extensively employed, either
alone or in combination with sulfa-drugs, as prophylac-
tic agents for the treatment of malaria. Unfortunately,
resistance of the malaria parasite to the drugs has
rapidly emerged and compromised their clinical utility.
Analysis of DHFR sequences of several Pyr- and Cyc-
resistant P. falciparum isolates from different geographi-
cal origins with different drug sensitivities revealed that

! Abbreviations: Cyc, cycloguanil; Pyr, pyrimethamine; DHFR.
dihydrofolate reductase; pf, Plasmodium falciparum.
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resistance to Pyr and Cyc is associated with point
mutations in the DHFR.2-7 The mutations in pfDHFR
thus far reported are amino acid residues 16, 51, 59,
108, and 164. Mutant pfDHFRs invelving mutations at
residues 51, 59, 108, and 164 confer cross-resistance to
Pyr and Cyc, while those involving mutation at residue
16 (A16V) are resistant to Cyc but susceptible to Pyr.
The importance of residue 16 for binding Cyc has been
investigated using the mutants obtained via mutagen-
esis of a synthetic gene.? Recently, a three-dimensional
homology model of pfDHFR was constructed to aid
understanding of the structural basis of antifolate
resistance in malaria.? The studies led to a hypothesis
which proposed that resistance to Cyc is due to a steric
clash for Cyc binding as a result of A16V mutation of
the pfDHFR, and that mutation of residue 108 (S108T)
further reinforces the steric constraint for Cyc binding
through displacement of the pchloraphenyl group of the

10.1021/4m0009181 CCC: $19.00 © 2000 American Chemical Society
Published on Web 07/13/2000
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inhibitor from the nicotinamide ring of the cofactor.
Validation of the hypothesis was achieved by testing
both the wild-type and A16V+S108T mutant pfDHFRs
against Cyc analogues devoid of one or both methyl
groups.?

In this paper. we describe further modifications to the
structure of Cyc in a search for more effective inhibitors
of A16V+S108T pfDHFR which are also effective against
the wild-type enzyme. Given the important roles of
A16V and S108T mutations on Cyc binding, we designed
and synthesized a number of Cyc analogues in which
the groups at C-2 and N-1 were varied, and we tested
them against both wild-type and A16V+5108T pfDH-
FRs. The studies have led to the discovery of a lead
which is as effective as Cyc apainst the wild-type
pfDHFR, but is over 120-fold more effective than Cyc
against the A16V+S108T mutant enzyme. The relative
effectiveness of the lead was also investigated against
the resistant P. falciparum strain T9/94. a mutant
parasite harboring the A16V+S108T mutant enzyme.
Its ICsp value is 180-fold lower than that of Cyc, and it
retains similar activity to Cyc against the wild-type P.
falciparum.

Results and Discussion

Chemical Syntheses. 4,6-Diamino-1,2-dihydrotri-
azines, such as Cyc, are generally made in two steps
from dicyandiamide and an aniline under acidic condi-
tions to first generate arylbiguanides which are then
reacted with an appropriate carbonyl compound in the
presence of an acid catalyst to give the 4,6-diamino-1.2-
dihydrotriazine substituted at N-1 and C-2.!0!! The
arylbiguanide may be isolated before further reaction,
or the two-step procedure may be performed in the same
reaction vessel (Scheme 1). This is an attractive feature
of the chemistry and lends itself to the techniques of
combinatorial chemistry.!? However, one should be
aware that the rate of formation of the biguanides is
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strongly influenced by the nucleophilicity of the aniline,
and for this reason we have chosen to use a parallel
synthesis protocol. Previous attempts to prepare the
didemethyl analogue of Cyc (2) were unsuccessful, 1011
and we confirm that the standard protocol using for-
malin or paraformaldehyde does not give the required
product. However, when dimethoxymethane is used as
the formaldehyde equivalent, the required product is
formed in excellent yield. Other Cyc derivatives were
prepared according to the literature methods!9-1! with-
out modification, except that in some cases addition of
a miscible water scavenger such as triethyl orthoacetate
was found to give improved results, although this is
rarely necessary when the carbonyl component is an
aldehyde.

Inhibition of Wild-Type and A16V+108T pfDH-
FRs. The data in Table 1 summarize the inhibition
constant (X} values of Cyc and analogues in which the
substituents at C-2 were varied, while the group at N-1
(p-chlorophenyl) was unmeodified. As reported previ-
ously,® Cyc (1) binds to the wild-type pfDHFR with the
K; value of ~1.5 nM, but it binds approximately 876-
fold less tightly to the A16V+S108T mutant enzyme.
On the basis of our working hypothesis, we surmise that
the poor binding of Cyc to A16V+S108T enzyme might
be attributed to one of the methyl substituents at the
C-2 position of Cyc. To test this hypothesis, we designed
and synthesized a number of Cyc derivatives in which
one substituent at C-2 was H and the other varied from
H (2). methyl (3}, ethyl (4). n-propy! (5). n-butyl (6).
isopropyl (7). tert-butyl (8}, and phenyl (9). The effects
of the substituents on binding to both wild-type and
Al16V+S108T DHFRs were assessed by determination
of the ratios of the K; values for the A16V+5108T
mutant enzyme and the wild-type enzyme {Ki-mut./Ki-
wt) as well as their K; values relative to Cyc. Table 1
shows that the didemethylcycloguanil (2}, in which both
methyl groups at position C-2 were replaced by H, is
~2-fold more effective against the A16V+S108T pfDH-
FR than Cyc but inhibited the wild-type enzyme ~16-
fold less effectively than Cyc. The monomethyl analogue
(3) has improved binding affinity (~-10-fold} for the
Al6V+S108T DHFR, but was about 2.7-fold less effec-
tive than Cyc for the wild-type enzyme. Since the
compound tested was a racemic mixture, if only one
enantiomer is active, the relative K; value of the effective
enantiomer could be up to twice that of the value shown.
If this is the case, the K] value of Cyc analague (3) for
the wild-type enzyme is within the range reported for
Cyc.B

Table 1. Inhibition Constants (K) of Cyc {1) and Its Analogues (A: X = CI, Y = H} against the Wild-Type and A16V+5108T Mutant
DHFRs of P. falciparum and Their Growth Inhibition (ICso)} against P. falciparum Clones with Wild-Type (TM4/8.2) and Mutant

{T'9/94 RC17} Enzymes

Ki{wt)* rel. ta Ki{mut.)® rel. to  Kj(mut)/ ICsp TMA4 ICsq T9/94 I1Csp ratio
empd R, R (M) Cyc (nM) Cyc Kiwt) {nM) {nM) T9/94:TM4
1 Me Me 1.5+ 0.3 1.0 1314 + 16° 876 40+ 12 2430 + 571 60.75
2 H H 2441439 16 646 + 777 0.5 26 952 313+ 18 0.33
3 H Me 4.1 £ 0.09 2.7 127 + 144 0.09 31 348 + 144 347 x 116 1.00
4 H Et 3.6 +0.07 24 189 & 37¢ 0.14 52 4042 486 + 220 12.15
5 H Pr~ 46 +0.2 31 107 + 32 0.08 23 65 365+ 116 5.62
8 H Bu” 37x+0.1 2.5 167 £ 6.0 0.1 45 111 250 + 109 2.25
7 H Pr! 60.5 + 10.1 403 1538 £ 345 1.2 25 2908 2818 + 438 097
s H Bu* 3838 + 408 2558 82721 + 9888 22 >25000 65386 + 7516 <26
] H Ph 45+0.2 3.0 49+ 3 0.04 11 27411 44 + 15 1.63

= Wild-type pfDHFR. ¢ A16V+5108T mutant pfDHFR. < Data from ref 8. ¢ Data from ref 9.
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Table 2. Inhibition Constants (X)) of Cyc (1) and Its Analogues (A; X = Br, Y = H) against the Wild-Type and A16V+5108T Mutm:lt
DHFRs of P. falciparum and Their Growth Inhibition (ICsq) against P. falciparum Clones with Wild-Type (TM4/8.2) and Mutant

{r9/94 RC17) Enzymes

Kfwt)* rel. to Kifmut.)? rel. to Ki(mut.)/ ICsp TMA4 ICso T9/94 ICsq ratio
empd Ry Rz (nM) Cyc {(nM) Cyc Ki{wrt) {nM) (nM) T9/94:TM4
10 Me Me 1.1+02 0.7 1947 + 366 1.5 1770 31 2759 £ 153 89
11 H Me 57+05 as 202 + 17 0.15 a5 132 277 £ 32 2.1
12 H Et 27+03 1.8 99+ 70 0.08 37 68 220 + 96 324
13 H Pr" 26+08 1.7 127 £ 11 0.1 49 63 250 + 110 397
14 H Pr 30+ 4.0 20 1195 £ 53 0.9 40 638 725 £+ 277 1.14
15 H Ph 29+1.2 19 90111 0.07 3 4748 180 4- 62 3.86

= Wild-type pfDHFR. ® A16V+S108T mutant pfDHFR.

Table 3. Inhibition Constants (X)) of Cyc (1) and Its
DHFRs of P. falciparum and Their Growth Inhibition (ICs0) against P. falciparum Clones with Wild-Type (TM4/8.2) and Mutant

(A: X =Me, Y=H)

against the Wild-Type and A16V+S108T Mutant

({T9/94 RC17) Enzymes

Kiwt)e rel. to Ki{mut.)? rel. to  K{mut)/ ICso TM4 ICso TS/94 ICsp ratio
cmpd Ry R: {nM) Cyc (nM) Cyc Kilwt) (nM) {nM) T9/94:TM4
16 Me Me 1.8+02 1.2 1584 £ 210 1.21 880 65 3617 + 337 55.64
17 H Me 230+ 1.9 15 185 4 22 0.14 79 462 £ 35 464 & 208 1.00
18 H Et 59402 a9 128 £ 4.0 0.10 22 273 517 + 419 1.89
19 H Prn 13.7+ 0.8 9.1 188 + 12 0.14 14 167 152 0.91
20 H Pr! 167 £ 11 111 1460 £ 161 1.11 8.7 8223 3446 + 759 0.42
21 H . Ph 77420 5.1 170 £ 14 0.13 22 136 £ 8.3 399 0.29

2 Wild-type pfDHFR. ¢ A16V+S1N8T mutant pfDHFR.

Table 4. Inhibitlon Constants (K} of Cyc (1) and Its Analogues (A: R, = Rz =R, Y = H) against the Wild-Type and AI6V+S108T
Mutant DHFRs of P. falciparum and Their Growth Inhibition (ICse) against P. falciparum Clones with Wild-Type {TM4/8.2} and
Mutant (T9/94 RC17} Enzymes

Kilwt)* rel. to Ki{mut.)* rel. to Ki(mut.)/ ICso TM4 ICso T9/94 ICsp ratio
empd R X (nM) Cyc (nM} Cyc Ki{wt) (nM) {nM) T9/94:TM4
1 Me C1 1.5 +0.3° 1.0 1314 £ 164¢ 1.0 876 40+ 12 2430 = 571 60.75
22 Me H 20052 13 1375 + 236 1.05 69 546 445 + 1 0.82
23 Me F 46+0.7 3.0 1633 1 269 1.20 355 294 1001 + 466 3.40
2 H Ci 244+ 43 16 646 £ 77 0.5 26 952 313+ 18 0.33
24 H H 329 1+ 27 220 585+ 70 0.4 1.8 11632 356 £ 57 0.03
25 H F 270 + 28 180 469 £ 71 0.4 1.7 9661 31236 0.03

#Wiid-type pfDHFR. ? A16V+5108T mutant pfDHFR. < Data from ref 8.

The K; values of monoethyl (4), mono-r+-propyl (5), and
mono-rr-butyl (6) analogues for the wild-type and
A16V-+5108T pfDHFRs were comparable to that for the
monomethyl (3} analogue, implying that the C-2 sub-
stituents of these analogues did not appreciably influ-
ence or improve the binding affinities of the inhibitors
compared with analogue 3. However, as predicted, the
K, values for both wild-type and A16V+S108T pfDHFRs
were greatly increased when the C-2 substituents were
branched (and therefore bulkier) alkyl groups, as ob-
served with analogues 7 and 8. Interestingly, analogue
9, in which one substituent at the C-2 is H and the other
a phenyl group, inhibited the A16V+S108T pfDHFR
with the K] value of ~49 nM, a value which is 27-fold
lower than that observed for Cyc (1). The above results
indicate the crucial role of residue 16 for Cyc binding
and suggest the importance of the phenyl group at
position C-2 for achieving effective inhibition of the
Al6V+5108T pfDHFR.

To investigate the significance of the p-chloro group
on the N-1 substituent of Cyc, two series of Cyc
analogues were synthesized in which the N-1 gchlo-
rophenyl group is replaced by p-bromophenyl and p-tolyl
groups. Their K values against the wild-type and the
mutant pfDHFRs are shown in Table 2 and Table 3.
Inhibition constants for the wild-type and mutant
enzymes by p-bromophenyl (10 to 15) and p-tolyl (16 to
21) analogues showed a trend similar to those where
the N-1 substituent is p-chlorophenyl (Table 1). How-

ever, as the g-substituent changes in polarity and size,
the monophenyl compounds became progressively less
effective against the A16V+S5108T mutant enzyme; the
K values for the mutant enzyme of analogues 9, 15, and
21 being 49, 90, and 170 nM, respectively.

The contribution of the p-chloro substituent toward
the binding affinities of the inhibitors to pfDHFRs was
investigated. The C-2 substituents of Cyc were either
kept unmodified as dimethyl groups or removed (sub-
stituted with H), and the p-chloro substituent of p-
chlorophenyl group at N-1 in Cyc was replaced with
either H or F. The analogues were then tested against
the wild-type and the AI6V+S108T mutant pfDHFRs
(Table 4). The results in Table 4 revealed that replace-
ment of the pchloro group with H (analogues 22 and
24) did not affect the K; values for the A16V+S108T
mutant DHFR but substantially increased the K; values
for the wild-type enzyme. Replacement of the chlorine
by fluorine, however, resulted in a 3—14-fold decrease
in the binding affinities of the inhibitors to the wild-
type enzyme (analogues 23 and 25, Table 4). The data
imply that the p-chloro substituent of the p-chlorophenyl
group is important for binding to the wild-type enzyme
and that replacement of the chlorine by a smaller group
has relatively little effect on the binding of the inhibitor
to the A16V+S108T pfDHFR.

We next investigated the Cyc analogues in which an
additional chlorine atom was placed at the m-position
of the pchlorophenyl substituent. The importance of
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Table 5. Inhibition Constants {K)) of Cyc (1) and Its Analogues (A: Y = Cl) against the Wild-Type and A16V+S108T Mutant DHFRs
of P. falciparum and Their Growth Inhibition (ICso) against P. falciparum Clones with Wllt:l-‘!'y:')e';"= (TM4/8.2) and Muum:l &4 RC17)

Enzymes
Kilwt)* rel. to Ki{mut.)? rel. to Kimut.)/ ICs TM, 1Cs0 T9/94 ICss ratio
ecmpd R; R; X {nM) Cyc (nM) Cyc Kilwt) {nM) (nM) T9/94:TM4
26 Me Me H 3.7+£06 2.5 340 = 28 0.3 92 60+ 13 298 + 54 4.97
27 Me Me Cl 1.1+04 0.73 130.7 £ 134 0.1 119 441 307 + 99 76.75
28 H Me H 10.2 £ 0.6 6.8 38.7x29 0.03 38 ND~ 28+ 4 ND~
29 H Me Cl 14302 09 178 £ 0.8 0.014 127 35 19+ 8 0.54
30 H Ph H 11.7+25 7.8 10+ 7 0.008 0.9 455 + 228 24+8 0.05
31 H Ph Cl 1.6 +0.2 1.1 11+18 0.008 6.9 40 £ 25 294+ 2 0.72

* Wild-type pfDHFR. * A16V+S108T mutant pfDHFR. < Not determined.

m<chloro substituent was recently shown in Pyr to
Improve the effectiveness against the C59R+S5108N
mutant pfDHFR.”® As shown in Table 5, the Cyc
analogue with m-chlorophenyl group (26) inhibited the
wild-type pfOHFR with the K value ~2.5 times higher
than that of Cyc (1), but it was about 3-fold more
effective than Cyc against the A16V+S5108T mutant
enzyme. Replacement of the pchlorophenyl group of Cyc
with the 3.4-dichlorophenyl substituent yielded ana-
logue 27, which was about as effective as Cyc against
the wild-type DHFR but inhibited the A16V+5108T
mutant enzyme about 10 times better than Cyc. Indeed,
analogue 27, also known as chlorocycloguanil, is a
potent inhibitor of wild-type pfDHFR and has been used
as an effective agent for the treatment of malaria.’
Replacing one of the C-2 methyl groups of the m-
chlorophenyl analogue by H yielded analogue 28 which
showed a significant decrease in the X value for the
A16V+5108T pfDHFR, but the analogue inhibited the
wild-type enzyme ~7-fold less effectively than Cyc (1).
Addition of a chloro group to analogue 28 gave the
monomethyl analogue with the 3,4-dichlorophenyl group
at position N-1 (29). While the X; value for analogue 29
was similar to that of Cyc (1} against the wild-type
pfDHFR, the binding affinity for the A16V+S108T
enzyme was dramatically improved, being about 73-fold
more effective than Cyc.

The effects of m<chlorophenyl and 3,4-dichlorophenyl
substituents at N-1 were further tested in the most
promising lead compound in which the groups at C-2
were H and phenyl (9} (Table 1). Analogues 30 and 31
were over 120-fold more effective than Cyc against the
A16V+S108T mutant pfDHFR. While analogue 30 was
about 8-fold less effective than Cyc against the wild-
type enzyme, analogue 31 was about as effective as Cyc
(Table 5).

In Vitro Antiplasmodial Activity. The activities of
the Cyc analogues against P. falciparum were tested
in vitro, both in the wild-type clone (TM4/8.2) and the
Cyc-resistant clone, which harbors the A16V+S5108T
pDHFR (T9/94 RC17). The data in Table 1 shows that
some of the 2-monosubstituted analogues of Cyc, namely
ethyl, rrpropyl, and phenyl, have ICsy values against
the wild-type parasite which are comparable to that of
the parent compound. Furthermore, all the compounds
have relatively low resistance factors (ratios of I1Cso for
T9/94 to TM4) in comparison to Cyc, some with factors
of 1 or less. All compounds except for isopropyl and tert-
butyl derivatives are much more effective than Cyc
against the resistant parasite. The most notable com-
pound in Table 1 is the phenyl derivative, which is
almost twice as effective against the wild-type parasite
and is over 50 times more effective than Cyt against

the resistant parasite. The data in Tables 2 and 3 show
the same trend as in Table 1, in that the resistance
factors for the 2-monosubstituted derivatives are all
lower than those for the 2,2-dimethyl parent com-
pounds. All the 2-monosubstituted compounds in Tables
2 and 3 are more effective against the resistant parasite
than the parent compounds. However, none of the
compounds in Tables 2 and 3 are as effective as the
parent compounds against the wild-type parasite.

The Cyc analogues in Table 4, in which the p-chloro
substituents had been replaced by sterically less de-
manding groups, have higher ICsq values against the
wild-type parasite than those for the parent compounds.
generally reflecting the higher K values. The low values
of resistance factors reflect the poor activities against
the wild-type parasite rather than relatively high activi-
ties against the resistant parasite.

Table 5 shows the effect on the antiplasmodial activi-
ties of Cyc analogues in which dimethyl is changed to a
2-monosubstituted group and the p-chloro is replaced
by an m-chloro or 3.4-dichloro group. All the 2-mono-
substituted compounds show excellent activities against
the resistant parasite, with ICsp values approximately
100 times lower than that of Cyc. Both the 2-monosub-
stituted and the 3,4-dichlorophenyl derivatives (29 and
31) have comparable activities to Cyc against the wild-
type parasite.

Preliminary results on human DHFR with some
2-monosubstituted analogues of Cyc show relatively
high K, values (data not shown), suggesting that these
compounds are probably of low toxicity and therefore
might be suitable for further investigation as lead
compounds in the search for new effective antimalarials
against antifolate-resistant P. falciparum.

Conclusions

1-(3".4"-Dichlorophenyl)-2-monosubstituted-4,6-diamino-
1.2-dihydro-1,3,5-triazines (29 and 31) are useful lead
compounds, being at least as effective against the
mutant resistant P. falciparum strain (T9/94 RC17) as
against the wild-type strain (TM4/8.2). They are as
effective as Cyc against the wild-type strain of P.
falciparum and approximately 100-fold more effective
than Cyc against the resistant P. falciparum strain (T9/
94 RCI17).

Experimental Section

Methods and Materials. m-Chiorcaniline was distilled
under reduced pressure before use. All other chemicals were
obtained from Sigma-Aldrich Ltd., Lancaster, Avocado Lid.,
BDH. or other standard suppliers, and they were used without
further purification. Reagent grade acetone and absolute
alcohol were used.
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Table 6. Tabulated Elemental. Mass, and NMR Analysis Data for Cyc Analogues 1-31
epd X Y Ri R: yd% anal formula MH* = NMR details (200 MHz unless otherwise specified)
1 €1 H Me Me 62 CHN CjH:sNsCl; * 252 (iif) H (D0, 400 MHz) 1.38 (6H, s, 2 x Me}, 7.35 and 7.54 (2 x 2H,
AB doublet, J = 8 Hz, aromatic C—H)
2 Cl HH H 79 CHN CgH;;NsCl» 224 (1) 'H (DMSO-d) 4.71 (2H, s, CHy), 6.98 (1H, s br ex, NH), 7.48 {4H,
dd, Jas = 8, Ar-C-H), 7.65 (2H, s, NH>), 7.85 (1H, s br ex, NH),
8.74 (1H. s, NHY)
3 ¢ HH Me 49 CHN CuHiNsCl 238 (i) 'H (Dz0) 1.20 (3H. d. J = 6 Hz, Me-2), 5.06 (1H. q. J = 6 Hz,
H-2), 7.22 and 7.40 (2 x 2H, AB doublet, /= 8 Hz, Ar-C—H)
4 Cl1 HH Et 92 CHN C;HiNsCl; 252 (i) 'H (Dz0) 0.94 (3H. J= 6.5 Hz, CHg), 1.52 (2H. m, CH3), 4.84 (1H,
dd, /= 6.5, 4 Hz, H-2), 7.22 and 7.38 (2 x 2H. AB doublet,
J=8 Hz, Ar-C-H)
§ C1 HH Pr*r 8 HN?! C,H;NsCl 266 (i) 'H (D;0) 0.65 (3H. t. CHa). 1.15 (2H. m, CHp). 1.55 (2H. m. CHJ),
H0 4.94 (IH.dd, /=6, 4 Hz,. H-2), 7.25 and 7.42 (2 x 2H.
AB doublet. 7= 8 Hz, aromatic C-H)
86 Cl HH Bu® 89 CHN CisHsNsClz- 280 (iit) IH (D;0) 0.60 (3H, t _/=6.5 Hz, Me), 1.08 {4H, m, 2 x CH)). 1.55
3.5H:0 (2H. m, CHp), 4.96 (1H, dd J= 6.5, 4 Hz, H-2) 7.25, 7.40 (2 x 2H,
AB doublet, .J= 8 Hz, Ar-C-H)
7 C1 HH Prf 59 CHN Ci2H;7NsCl> 2646 (i) H (D0) 0.65 and 0.75 (6H, 2 x d J= 6.8 Hz, 2 x Me). 1.88 (1H,
m, CHMe,). 4.74 (1H, d J= 2.8 Hz, H-2), 7.24, 7.40 (2 x 2H,
AB doublet, J= 8 Hz, Ar-C-H)
8 C HH Bu* 31 CHN C;3H;sNsCl; 280 (1) TH (D20} 0.66 (9H, s, 3 x Me), 4.65 (1H, s, H-2), 7.31 {4H. m,
aromatic C-H)
8 C HH Ph 55 CHN Cj;sHisNsClz 300 (iif) 'H (D:0) 5.84 (1H, s, H-2), 6.90 (2H. part of AB doublet, 7= 8 Hz,
Ar-C-H). 7.05 {TH, m, Ar-C-H)
10 Br H Me Me 78 CHN C ;H;sNsBrCl 246 (1) 'H (Dz0) 1.28 (6H., s, 2 x Me), 7.16 and 7.58 (2 x 2H, AB doublet,
J =8 Hz, aromatic C-H)
11 Br H H Me 53 CHN C,oH;sNsBrCl 282, H (D:0) 1.16 (3H, d, J = 6 Hz, Me-2), 5.00 (1H, q, J= 6 Hz,
284 (iti) H-2). 7.14 and 7.55 {2 x 2H. AB doublet, /= 8 Hz, aromatic C-H)
12 Br H H Et 93 CHN C;H;sNsBrCl 296. 1H (D:0) 0.74 {3H, t, J= 6.5 Hz, CH3). 1.50 (2H, m, CH_). 4.92
298 (iii) (1H. dd, /=6.5, 4 Hz, H-2), 7.20 and 7.50 (2 x 2H, AB doublet,
J =8 Hz, aromatic C-H)
13 Br HH Pr 74 CHN C.H;;NsBrCl- 310, 1H (D;0) 0.68 (3H, t. =6 Hz, CHa), 1.18 (2H. m, CH3), 1.60
H:0 312 (iif) (2H, m, CH2), 4.92 (1H, dd, J= 6, 4 Hz. H-2), 7.20 and 7.50
(2 x 2H, AB doublet, .J= 8 Hz, aromatic C-H)
14 Br H H Pr¥ 71 CHN C;H,;NsBrCl 310, 'H {D;0) 0.66 and 0.76 (6H, 2 x d, J=7 Hz. 2 x Me), 1.88 (1H,
312 (i) m, CHMe;). 4.78 (1H. d. =3 Hz, H-2), 7.18 and 7.56 (2 x 2H.
AB doublet, 7= 8 Hz, aromatic C-H)
15 Br H H Ph 93 CHN C;sHsNsBrCl 344, IH (Dz0) 5.88 (1H, s, H-2), 6.88 and 7.34 (2 x 2H, AB doublet,
346 (1) J =8 Hz. aromatic C-H), 7.16 (5H, m. aromatic C-H)
16 Me H Me Me 59 CHN C;;HzxN:OCIl 232 (iii) 'H (Dz0) 1.26 (6H, s, 2 x Me), 2.20 (3H, 5. 4°-Me), 7.08 and 7.25
{2 x 2H., AB doublet, J= 8 Hz, Ar-C-H)
17 Me H H Me 27 CHN C;H;sNsCl- 218 (iii) 'H (D;0) 1.18 (3H. d, /= 6.5 Hz, Me-2), 2.15 (3H. s. Me-4%), 5.05
HCI-0.7H0 (tH, q, /= 6.5 Hz, H-2}, 7.08 and 7.20 (2 x 2H, AB doublet,
J =8 Hz, aromatic C-H)
18 Me H H Et 77 CHN C;zH;gNsCl 232 (iil) 1H (D0) 0.72 (3H, t, J = 6 Hz, CH3), 1.65 (2H, m. CH3), 2.18
i (3H. s. Me-4), 4.94 (1H, dd, /=6, 5 Hz, H-2), 7.15 and 7.25
(2 x 2H, AB doublet, J = 8 Hz,. aromatic C-H)
19 Me H H Pr» 87 CHN C;3HzNsCl- 246 (iii) 1H {D»0) 0.64 (3H, t, J= 7 Hz, CH»3), 1.15 (2H, m, CH;CHj), 1.60
HC1 (2H, m, CH-CH3J), 2.18 (3H., s, Me-4), 4.94 (1H, dd, /=6, 4 Hz,
H-2), 7.12 and 7.22 (2 x 2H, AB daublet, .7 = 8 Hz, aromatic C-H)
20 Me H H Prf B5 HN< C;3HxNsCI-HCI- 246 (iii) 1H (D20) 0.65 and 0.75 (6H, 2 x d. J=7 Hz. 2 x Me), 1.88 (1H,
CH3;0H m. CFMe;), 2.18 (3H, s, Me-4°), 4.82 (1H. d. /= 3 Hz, H-2), 7.12
and 7.22 (2 x 2H, AB doublet, .J = 8 Hz, aromatic C-H}
21 Me HH Ph 58 CHN CgHpNsCl 280 (iii) H (D;0) 2.16 (3H, 5. Me-47, 5.96 (1H, s, H-2). 6.94 and 7.12
(2 x 2H, AB doublet, J= 8 Hz, aromatic C-H}, 7.30 (5H, m.
aromatic C-H)
22 H H Me Me 87 CN? C;,;H;sNsCl 218 {ii) IH (D;0. 400 MHz) 1.45 (6H, s. 2 x Me), 2.25 (2H,q. /=7 Hz,
CH), 7.40, 7.55 (2 x m, 5H, Ar-C-H)
23 F H Me Me 93 CHN C,H,sNsFCl 235 (0 'H (DMSO-dk) 1.31 (6H. s, 2 x Me). 6.42 (1H. s br ex, NH). 7.29-7.47
(6H. m, Ar-C-H and NHa). 7.67 (1H. s br ex, NH), 9.01 {1H, s,
NH*}. 13C (DMSO-dg) 27.6 (2C, 2 x Me), 70.1 (1C, CMey), 117.4 +
117.9 {2C. Ar-C-F ortho), 131.7 (1C, CNj), 133.0 + 133.2 (2C.
Ar-C-F meta), 158.24 (1C, Ar-C-F ipso). 160.1 {1C. CNj), 165.6
(1C, Ar-C-N). F (DMSO-dk, 250 MHz) —112.5 (1F. Ar-F)
24 H HH H 85 CHN CgH,;2NsCl 190 (1) IH (DMSO-dk) 4.78 (2H, s. CH3). 6.89 (1H. s br ex, NH), 7.34—7.58
{m. 7H, Ar-C-H and NHjy), 7.80 (1H. s br ex. NH) 8.58 (1H, s, NH*}
2 F HH H 95 CHN CgH; NsFCI 208 (1 IH (DMSO-dg) 1.31 (6H, s, 2 x Me). 6.42 (1H, s br ex, NH}, 7.29-7.47
(6H, m, Ar-C-H and NH3), 7.67 {1H, s br ex. NH). 9.01 {1H. s.
NH*). 13C (DMSO-ds) 27.6 (2C, 2 x Me), 70.1 (1C, CMe;), 117.4 +
117.9 (2C. Ar-C-F ortho), 131.7 (1C, CNa). 133.0 + 133.2 (2C,
Ar-C-F meta), 158.24 (1C, Ar-C-F ipsa). 160.1 (1C, CN3). 165.6
(1C. Ar-C-N). 19F (DMSOQ-dk. 250 MHz) —112.5 (1F, Ar-F)
26 H Ci Me Me 60 CHN C;H;sNsCl- 252 (i1i) 1H (D0} 1.30 (6H. 5. 2 x Me), 7.10—7.50 (m, 4H, Ar-C-H)
0.4H;O
2T C1 Cl Me Me 71 CHN C;HiNsCl3 286 (iii)

H (DO, 400 MHz) 1.38 (6H, 5. 2 x Me). 7.26 (1H. dd, J=8.5,
2.6 Hz, Ar-CH). 7.60 (1H. d, /= 2.6 Hz. Ar-CH), 7.65 (d. 1H,
J=8.5 Hz, Ar-C-H)
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NMR details (200 MHz unless otherwise specified)

epd X Y R Rz yd% anal formula MH* =
‘28 H CI H Me 18 CHN C,oH;3NsClz 238 (iif)
29 Cl CIl H Me 76 CHN CyoH;N5Clys 272 (ili)
2HCI-H0
30 H C1l H Ph 90 HN* CisH;sNsCl- 300 (iil)
Hz0
31 Cl C1 H Ph 63 CHN C;;H;4NsCls 334 (i)

'H (Dz0) 1.18 (3H, d, J = 6 Hz, Me-2), 4.98 (1H. q, J = 6 Hz, H-2),
7.20, 7.35 (m, 4H, Ar-C-H)

'H (D:0) 1.18 (3H. d. J = 6.5 Hz, Me), 5.04 (1H, q. J=6.5 Hz,
H-2), 7.15 {1H, d. J= 8.5, 2.6 Hz, Ar-C-H). 7.50 (2H, m. Ar-C-H)

'H (D0} 5.95 (1H, s, H-2), 6.90—7.30 {m, 9H, Ar-C-H)

'H (D0) 5.92 (1H. s, H-2), 6.90 (1H, dd, J= 8.0, 2.5 Hz, Ar-CH),

7.10—7.30 (7H, m, Ar-CH}

# Mass spectrometric methods are (i) APCI+. (ii) ESI, (i) MALDI-TOF. ¢ C calcd 45.0; found 45.6. < C caled 48.0; found 47.5. 9 H caled

6.4; found 7.0. ¢C caled 46.4; found 46.9.

Parallel synthesis reactions were performed in a Radley
multiple synthesis block of 56 wells, equipped with a "Big Bill"”
rotating shaker, a water-cooled condensing stage, and a J-KEM
programmable thermocouple and controller. Reagents were
heated and refluxed in 4 mL capacity ReactiVials equipped
with 10 cm condensing tubes inserted into Teflon-coated seals
and caps. Reactions involving highly volatile solvents were
contained under SubaSeals vented using balloon leaks.

Positive-ion chemica! ionization mass spectrometry was
carried out as APCI in 1:1 methanol/dichloromethane as
carrier solvent (Dyson Perrins Laboratory, University of
Oxford). MALDI-TOF mass spectra were recorded on a Bruker
Biflex mass spectrometer (Institute ot Genetic Engineering and
Biotechnology, Chulalongkorn University. Bangkok). ESI spec-
tra were obtained using a Fisons Instrument Trio 2000 mass
spectrometer (Department of Chemistry, Chulalongkorn Und-
versity, Bangkok) operating in ES1 mode. Masses given are
molecular ions and major fragments only, and they are quoted
as m/z unless otherwise stated. Elemental analysis (C, H, N)
was performed by the Oxford University Inorganic Laboratory
service and by Ms. A. Ungpakornkaew on a Perkin-Elmer CHN
analyzer model PE2400 series II (Chulalongkorn Research
Equipment Centre, Bangkok). Routine 'H and “C NMR
spectra were recorded on a Varian Gemini 200 spectrometer,
a Bruker AMX250 spectrometer (both Dyson Perrins Labora-
tory, Oxford). or a Bruker ACF200 {Chulalongkorn University.
Bangkok} operating at 200 MHz (*H) and 50.28 MHz (**C).
High field NMR experiments were performed on a Bruker
DRX400 (400 MHz) (National Science and Technology Devel-
opment Agency. Bangkok). 'H and !'3C chemical shifts are
quoted in ppm relative to tetramethylsilane and were inter-
nally referenced to the residual protonated solvent signal.

Chemical Syntheses of 4,6-Diamino-1,2-dihydrotriaz-

ine Analogues. The Cyc derivatives bearing gem-dimethyl
groups at the C-2 position were prepared by a three-component
condensation reaction between an aromatic amine, dicyandia-
mide, and acetone in the presence of concentrated aqueous HCI
as desceribed in the literature (Scheme 1).'° When the carbonyl
compound is an aldehyde, a two-component condensation
between the carbonyl compound (1 -2 equiv or as solvent) and
an aryl biguanide,'*-'3'8 gbtained from a reaction between an
aromatic amine and dicyandiamide in the presence of HCl as
catalyst, or a one-pot reaction in which the biguanide was
preformed before reacting with the carbonyl compound was
sometimes found to be superior. Derivatives of formaldehyde
were prepared in the same way as other aldehydes, except that
dimethoxymethane was used as a source of formaldehyde. In
most cases the desired products precipitated from the reaction
medium (usually ethanol) as the crystalline hydrochloride salt.
In cases where the product did not crystallize from the
reaction, the solvent was completely removed and the product
was precipitated by addition of lithium picrate. The picrate
salt so obtained was converted back to the hydrochloride sait
by treatment with a strongly basic anion-exchange resin
Amberlite IRA400 (Cl- form). The products were recrystallized
from ethanol. methanol, or aqueous alcohols. All Cyc deriva-
tives were characterized by 'H NMR, mass {APCI, ESI,
or MALDI-TOF). and elemental analysis (CHN). The full
det_?n::l a:snalysls and the data of the Cyc analogues are shown
In Table 6.

Enzyme Assays and Inhibition by Cyc Analogues. The
activities of wild-type and A16V+5108T mutant pfDHFRs
were determined spectrophotometrically accerding to the
method previously described.!? The reaction (1 mL) contained
1x DHFR buffer (50 mM TES, pH 7.0, 75 mM f-mercaptoet-
hano!l, 1 mg/mL bovine serum albumin), 100 uM each of the
substrate H; folate and cofactor NADPH, and an appropriate
amount (0.001-0.005 units) of the affinity-purified enzymes.
Inhibition of the enzymes by Cyc and its analogues was carried
out by determination of the K values of the inhibitors for the
enzymes by fitting to the equation ICsy = K (1 + {|SI/Kn)).'8
where ICsp is the concentration of inhibitor which inhibits 50%
of the enzyme activity under the standard assay condition and
Kn is the Michaelis constant for the substrate H/folate. The
resistance factors which determine the effectiveness of the
inhibitor against the mutant pfDHFR over the wild-type
enzyme were assessed from the values of the ratios of the K,
for the A16V+S108T mutant enzyme and the wild-type
enzyme (K-mut/K-wt).

Drug Screening against Plasmodium falciparum in
Vitro. Two clones of P. falciparum, TM4/8.2 (wild-type DHFR)
and T9/94 RC17 (A16V+5108T DHFR).'? from diverse sources
{generous gifts from the Malaria Research Unit, Chula-
longkorn University, Bangkok, Thailand) were maintained
continuously in human erythrocytes at 37 °C under 3% CO;
in RPMI 1840 culture media supplemented with 25 mM
HEPES. pH 7.4. 0.2% NaHCQs, 40 ug/mL gentamicin. and 10%
human serum.?® In vitro antimalarial activity was determined
by using the [*H| hypoxanthine incorporation method.?

The drugs were initially dissolved in DMSO and diluted
with the culture media. Aliquats (25 uL) of the drug having
different concentrations were dispensed into 96-well plates,
and 1.5% cell suspension of parasitized erythrocytes with
1—2% parasitemia (200 4L} were added. The final concentra-
tion of DMSO (0.1%) did not affect the growth of the parasite.
The mixtures were incubated in a 3% CO; incubator at 37 *C.
After 24 h of incubation, 25 uL (0.25 4Ci} of [*H]-hypoxanthine
was added to each well, and the parasite cultures were further
incubated under the same conditions for 18—24 h prior to
harvesting the parasite DNA onto 96-well microplates with
built-In glass fiber fiiters (Unifilter TM plates, Packard. USA).
The filters in the plates were air-dried, and then 22 uL of liquid
scintillation fluid (Microscint, Packard) was added. The ra-
dioactivity on the filters was then measured using a microplate
scintillation counter (TopCount. Packard, USA). The coneen-
tration of inhibitor which inhibits 50% of the parasite growth
(ICso} was determined from the sigmoidal curve obtained by
plotting the percentages of [’H]-hypoxanthine incorporation
against the cancentrations of the drug used.
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