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Abstract

Parasitic protozoa are the cause of most widespread diseases known to man
and include malaria, toxoplasmosis, African sleeping sickness and Leishmaniasis.
Human African trypanosomiasis (sleeping sickness) is caused by two subspecies of
Trypanosoma brucei, T. brucei gambiense and T. brucei rhodesiense, which are
transmitted by tsetse flies. Adverse side effects and drug resistance have led to a
re-emergence of African trypanosomiasis in sub-Saharan Africa and therefore new
drugs are urgently needed.

The rational approach toward the development of new potential
chemotherapeutics focuses on differences in biochemistry and metabolism between
the human host and the causative agent. The P2 transporter is a nucleoside
transporter which is unique to the protozoan parasite Trypanosoma brucei. It has
been shown that the transporter transports some structural motifs not recognised
by other transporters. The P2 transporter was considered as a possible target to
exert a selective effect against parasites but not against host cells. The principal of
this rational approach is to attach P2 recognition motifs (e.g. the melamine unit) to
cytotoxic agents.

A series of nitroheterocyclic compounds was designed with linkages to
melamine groups which are known substrates of the P2 transporter in African
trypanosomes. The compounds were prepared from the 2,4-diamino-6-
chlorotriazine by displacement of the chlorine by hydrazine and then condensation
with the appropriate nitrofuraldehyde.

A series of nitroheterocycles were also designed with linkage to
benzamidine as P2 recognition motif. The chemistry and the solubility of these
compounds hindered the establishment of a valid synthetic procedure in order to
link the nitroheterocycle to the benzamidine.

All the compounds were assayed for their ability to inhibit adenosine uptake
by the P2 transporter. In vitro toxicity against intact bloodstream form
trypomastigotes of T.b. brucei and T. b. rhodesiense was also measured. Several
compounds showed in vitro trypanotoxicity with ICsq concentrations in the
nanomolar range. Compound 6 and compound 54 showed an ICs; against 7. b.
rhodesiense line of 25 nM and 18 nM respectively. Two compounds retained their
trypanocidal effect in mice curing all the mice infected with a STIB 795 T. b. brucei
model of infection. One compound cured also 1 mouse of 4 infected with the more
stringent model STIB 900 T. b. rhodesiense. The comet assay showed that the
compound is not genotoxic at the doses tested, indicating that this is a good drug
lead against HAT.

I






Acknowledgements

First of all I would like to thank the Welsh School of Pharmacy for funding
this project in Cardiff and the Wellcome Trust, UNDP/World Bank/ WHO
special Programme for Research and Training in Tropical Diseases for
funding.

A very special thank to Professor lan Gilbert, my supervisor, for being

helpful, patient, encouraging and for giving me the chance to work in UK.

Thanks for their collaboration to Dr. Michael P. Barrett and his group at the
University of Glasgow, Institute of Biomedical and Life Sciences, Division of
Infection & Immunity.

Thanks to Dr. Reto Brun and his group for their collaboration at the Swiss
Tropical Institute, Basel, Switzerland.

Thanks to Dr. Simon Croft and his group at the London School of Hygiene
and Tropical Medicine, London.

A very special thank to Ron Edwards for all his help with the mass
spectrometer and all the laboratory technicians for their help and technical
support.

I would like to thank all the member and ex member of my group, Silvia,
Didier, Simon, Christophe, Cyrille, Toba, Gian Filippo, Ludovic, Shane,
Corinne, Federica, Orlagh, Salvatore, Alessandro S., Olivier, and Valery for
being encouraging and helpful whenever I needed them and for the
wonderful atmosphere in the laboratory.

VII



I would like also to thank some friends, members of the School, Betty,
Federica, Francesca, Jérome, Felice, Giovanna, Abdel, Nurol, Malina,
Cristina, Thet Thet, for the wonderful time in Cardiff.

A special thank to my friends in Italy, Daniele, Maurizio, Tatiana, Francesco
and Roberto.

Also a special thank to my aunt Sandra and to my cousins Sabrina and

Barbara for all their support and kindness.

VIII



Publications

Part of this thesis has been published in the following journals:

e Stewart, M. L.; Bueno, G. J.; Baliani, A.; Klenke, B.; Brun, R.;
Brock, J. M.; Gilbert, I. H.; Barrett, M. P. Trypanocidal activity of
melamine-based nitroheterocycles. Antimicrob. Agents
Chemother. 2004, 48, 1733-1738.

e Baliani, A.; Bueno, G. J.; Stewart, M. L.; Yardley, V.; Brun, R.;
Barrett, M. P.; Gilbert, I. H. Design and synthesis of a series of
melamine-based nitroheterocycles with activity against
trypanosomatid parasites. J. Med. Chem. 2005, 48, 5570-5579.

The full articles are referred in the Appendix 2.






Contents

Table of Contents

1. Introduction:

1.1 INtroduction .....ccoiiiiiiiiiii i e 1
1.2 The parasite and the vector: .....ccceiiiioiiciic e 3
1.3 The Life cycle Of T. Brucei:......ccovviiiiiiiiiiiiiiiiiiiiiiiisciiisensnn 6
B - T o T 8
1.4.1 Stage 1 (haemolymphatic stage): ....c.ccccvviiiiiiiiiiiiiiiiiiii s, 8
1.4.2 Stage 2 (CNS stage): .ccvviiiiiiiiiiiiiiiiieiiiiiiiisrirsresss s ssesass 8
1.5 Vector control: . viiiiiiiiiiiiiiiiiiii i e s e e 9
BT R - Tl YTt IR o - T 2 10
1.5.2 The pyramidal trap: ....cociiiiiiiiiiiiniiiiiiiiii e, 10
1.5.3 Impregnated SCre@nS ......cccviiiiiiiiiiciiiiiseiiarieriessiisissarssnrssennss 11
1.6 Drug Targets: .ivvieiieririieiiiietiiiieiniinisiitenseatinssssarsarsassrsnssnsinensss 12
1.6.1 Glucose metabolism:.....cciviiiiiiiiiiiiiiiiiiiiii e 12
1.6.2 Lipid and sterol metabolism: ........cccciiiiiiiiiiiiiiiiii 13
1.6.3 Polyamines metaboliSm: . .c.ociviiiiiiiiiiiniiiciiiiriri s 13
1.6.4 Thiol metabolism: .....ccoiiiiiiiiiiiiiiiiic e 14
1.6.5 Membrane transporters: ...cciiiiieiiiiiiiiiiiiei et e s e 14
1.6.6 TOPOISOMEIASES: «evrvnrrinrircanraarrarranrairssnraanrsnssnsransssssensentssesnses 14
1.7 Treatment of human African trypanosomiasis: ........coceevveiiieiiinennnns 15
B S 20 U= 2 T e 17
1.9 Pentamiding: ...oiviiiiiiiiiiiiiiiiiin i s e e 19
B 00 T2 = =Yoo o) 20
1.11 Eflornithine (DFMO): .uiviiiiiiiiriiiiiiiiiiniisrsiasarsrrscsrssnssees 22
1.12 Nifurtimox and S5-nitrofurans: .......ccccoeiiiiiiiiiiiiini 25

2. The P2 transporter:

2.1 Nucleoside/nucleobase transporters in 7. brucei:
P T B o I 1 (o o = 1 oo T i (= = 29
2.1.2 P2-transSporter: .ovociiiii it e e e 31



Contents

2.2 Substrate recognition motifs and affinity: .......cociciiiiiiiiiiiiiiciiinn, 32
2.2.1 P1 transporter recognition motifs: .....covvviiiiiiiiiiiiiiiiiiiii, 33
2.2.2 P2 transporter recognition motifs: .....ccocvviiiiiiiiiiiiiiiiiiiiini, 35
2.3 Human nucleobase transporters:.....ccocivieiiiiiiiininiiiainiasieneen 36
2.4 Uptake of trypanocidal drugs through P2 transporter: ...............c.e... 39
2.5 Pentamidine receptors and resistance in T. brucei: ..........ccoeeviininanns 41
2.6 Aims and ObJectives: .....ciiiiiiiiiiiiiiiir i e 45

3. Results and Discussion I:

3.1 Drug design approaches: .....cccciviieiieiiiinieiirsnriniarsisessnissserserasinsnnes 49
3.2 Polyamines as cytotoXic agents:....cccciviiiiiiiiiiiiiiiiiiiciiiinaniinens 51
3.3 Nitrofurans as cytotoXiC agents:....cviiiiiiiiiiiiiiiiiiiiie e 53
3.4 N- and O-alkylation and arylation of nifurazone and nifuroxime: ....... 56
3.5 Design and synthesis of new hydrazone compounds: ......cocvuveeininnnns 60
3.6 Modification of the furan ring:.......cccciiiiiiiiiiiiiniiinii i, 61
3.6.1 Replacement of furan ring with a thiophene ring:..........ccocvieiiinnenn 61
3.6.2 Replacement of furan ring with a phenyl ring: .........ccociiiiiinnnnn, 64
3.7 Modification of the Nitro group: ....ocoviiiiiiiiiiiiiiir e 64
3.7.1 Removal of the nitro group function:........coccoiiiiiiiiiiniiiinniiin, 65
3.7.2 Synthesis of cyanoderivative analogue: ...........cccceiieiiiiiiiniiiinann. 66
3.8 Nitrothiazole as cytotoxic unit and nitazoxanide: ...........cccevveieinnnnns, 73
3.9 Maodification of linker function: reduction of the hydrazone............... 75
3.10 Modification of the triazine moiety: .......ccoiiciiiiiiiiiiiiiiiniiiii 77
3.10.1 Methyl substituted triazinyl-hydrazines:......c.ccocvvvcinceiiiiiniaienennns 77
3.10.2 Introduction of alkyl substituents:..........ccoviriiiiiiiiiiniiininin, 83
3.10.3 Introduction of functionalised chains: ........cccciiiiiiiiiiiiiiiiiinninn, 86
3.11 Dynamic behaviour of some 1,3,5-triazines: .......cccvvvviiivinninnininnns 91
3.12 Synthesis of hydroxypropyl substituted melamines: ..............ceveene. 96
3.13 Conclusions and future perspectives: ........cccviiiiiiiiiiiiiiiiininn, 100

4. Results and Discussion II:

4.1 Design of amidine Structures ........ooeiiiiiiiiiiiiiniiiiiiicesariarirniannanes 101
4.2 Synthesis and chemistry of amidines: ........ccciviiiiiiiiiiiiniiiiniin. 103

XII



Contents

4.3 Coupling of benzamidines with nitroimidazoles: .........c.cccviviiinnnnn. 105
4.4 Chemistry of BenzamidingsS: .......ccveviiriiiieriiiiiiiiiieiiniiensssnsnsiinis 107
4.4.1 Benzamidines from nitriles via lithium hexamethyldisilazane: ...... 107
4.4.2 Benzamidine to nitrile via alkyl-chloro-aluminium amides ........... 110
4.4.3 Benzamidines from nitriles via the Pinner reaction: ................c... 112

4.4.4 An alternative route for the synthesis of the furfurylether-

beNZamiding: . ..cciiiiiiiiiiiiri e e 115
4.4.5 Synthesis of p-substituted benzamidines:............ccvviiiiiiiniennnnnn 117
4.5 Approaches to p-substituted amino-benzamidines:..............cceevienes 121
4.6 Synthesis of amidines: new methodologies: .........c.cceiiviiiiiiiinnns 124

4.6.1 Capdevielle’s method for conversion of unactivated nitriles to

=0 0] T L T3 124
4.6.2 Judkins: Amidines via benzamidoximes intermediates:............... 124
4.6.3 Mioskowski: amidines via thioamides: ........c...ovvveviiieniiniininnns, 125
4.6.4 Shifer: amidines via N-acetyl-cysteine thioamidate................... 126

5. Results and Discussion III:

5.1 Prodrugs and their utility: ....ccoviiiiiiiiiiiiiiiii e 127
5.1.1 Definition of prodrug: ....c..covevriiiiiiiiiiiiiiiiniiiiiiii e 127
5.1.2 TYpes Of Prodrugs:...cccciviiiiieiiiieiisiiieirinreniiniieisreisioriasisianians 128
5.2 Prodrugs to selectively target TrypanoSOmMes: ...ccccevveiiirinrienininens 130
5.2.1 Therapeutic prospects of Target prodrug: ......coccveiviviiiiiiininnneen. 131
5.2.2 Considerations on Target Prodrug: ...........covviiiviiiiiieiiiiiniinnnnnn, 131
5.3 Aims and Objectives: . ..ciiiiiiiiiiiiiiiiii i 132
5.4 Prodrugs bearing a benzamidine moiety: ........c.coviiiiiiiiiiiiiiiinnnnn 134
5.4.1 Attempted synthesis of benzamidine-chloromethyl esters........... 134
5.4.2 Attempted synthesis of amide pro-drugs: ..........ccecviiiiiiiiiniinnaaes 139
5.4.3 Synthesis of amide carrier linked pro-drugs: other attempts ....... 145
5.5 Prodrugs bearing a melamine motif:........coovviiiiiiiiiiiini, 148
5.6 Alendronate: a new approach for the prodrug synthesis:............... 150
5.6.1 Bisphosphonate and their antiparasitic properties:.............c..c.... 150
5.6.2 Bisphosphonates and prodrug design:........cociveriiiiiiiiniiinieennns 152

XIII



Contents

6. Biological results:

6.1 Triazine derivatives: Biology.......c.coiiiiiiiiiiniiniiiiiiniinci e, 158
6.1.1 Affinity for the P2 transporter: .......cciiiiiiiiiiiiiiiiiiiiiin i, 158
6.1.2 In vitro activities against T. brucei:.......c.ccicvivviiiiiiiniiiisiisianinn, 162

6.1.3 In vitro activities against Trypanosoma cruzi and Leishmania

Lo (o3 1o 1V T o] e 165
6.1.4 In vivo activities in rodent models of infection:...........c.cvevunnnenne. 167
6.1.5 Mode of action studies: .......c.cervriiiiiiiiiiiin 168
6.1.6 Genotoxicity studies: the Comet assay .........cvviviiiiiiiiiiiiiiinnnnn. 170
6.2 Benzamidine derivatives: Biology ......ccciviiiiiiiiiiiiiiiiiiiiinniieniiinn 178
6.2.1 Affinity for the P2 transporter: ......cciciiiiiiiiiiiiiiiiiiciinie e 178
6.2.2 In vitro activity against T. brucei: ........cc.ccoeviiiiriiiiriiniiiariiinens. 179
6.2.3 In vitro activities against parasites related to T. brucei. .............. 181
(ST JR @0 Tl (1] o T 182
7.ConClUSIONS: ..........coviiiii s 185

8. Experimental I:

Triazine Derivatives

8.2 Synthesis of Amino-dichloro-triazines: .........cccvcviiieriinniiriinninnnn, 193
8.3 Synthesis of diamino-triazines: .......cocviiiiiiniiiiiiiiiiiiiiii e 196
8.4 Synthesis of diamino-[1,3,5]-triazin-2-yl hydrazines:...............couus 210
8.5 Synthesis of triazinyl-hydrazones:.............cociviiiiieiiiiiiiinniinin i, 221
8.6 Modification of furan unit: ......cocoviiiiiiiiiic 242
8.7 Attempted synthesis of 5-nitrothiazol-2-yl-[1,3,5]-triazine: ........... 249

9. Experimental Section II:

Amidine Derivatives

9.1 Synthesis of 5-nitrofuran-2-yl-benzamidines..........c.ccovviiieniinannnns 255
9.2 Synthesis of p-substituted benzamidines:........coeiviriiiiiiiiiiiiiiiann, 270



Contents

9.3 Synthesis of derivatives of 4-aminobenzamidine: .............ccocevennee. 273

10. Experimental Section III:

10.1 Prodrugs of Triazines: ...cciviiiiniiiiiaiieiinieiiiarenntinrsseriarianrisssansas 279
10.2 Prodrugs of BenzamidingsS: ........ccciveiiiiiiiiiiiiininiiiiiiiinneannses 282
10.3 Prodrugs of Bisphosphonic acid:.......c.ccieviiiiiiiiiiiiiiiiiiiiiiiniienn, 293
11.Appendix 1. ..o 295

11.1 In Vitro Assays:

11.1.1 P2 transporter affinity measurements: .........coceviiiiiiniiiiiiinien, 295
11.1.2 T. brucei brucei, T. brucei rhodesiense and cytotoxicity: ........... 296
11.1.3 Trypanosoma CrUZi:....oceuviesinininissinsnnsinnisesisernniostsiisissisnisnrens 297
11.1.4 Leishmania donovani: .........c.ccceeveiiiiiiniiiiiiininiinininininisineen, 297
11.1.5 P. falCipartmi......ccoviiiiiiiiiiiiineiinisissiseisisssssnissisissiassssasns 297

3 0 0 R I 5 o 7 o~ 298
3 0 A o o 7 7. - 298
11.2.3 L. dONOVANI : euiereuieiiinrssrsarssesssnsssserssesresssnessansssssssssessasssnonss 299

11.3 Genotoxicity studies:

11.3.1 Cell tyPeS tuiiiiniiiiiiiiiii i s e 300
11.3.2 Cell treatment ..o iviiieiiiiiiiiiiii e 300
11.3.3 CytotoXiCity @SSayS...cieriiiiieriiiiiureriiiiinriiiiiiiiieiieesnsassananns 300
11.3.4 COMEL @SSAY: titiriiuiiiiiiiiiiisniinierntarteristsrinnerrentenssassrisssnsnsns 301
11.3.4 Comet assay for detection of oxidised bases: ............ccocvirnnneen 302
12. Appendix 2: Publications ...................ccccceeevvrereinennn, 305

XV



Contents

XVI



Abbreviations & Acronyms

Abbreviations & Acronyms

Ac
Ado
AT1
Bn
Boc
BSA
bsf
BZ
cat.
Cbz-Cl
cDNA
CNS

Da
dATP
DCC
DCM
dCTP
DFMO
dGTP
DHAP
DFMO
DIPC
DIPEA
DIPU
DMAP
DMAPP

Acetyl

Adenosine

Adenosine transporter type 1
Benzyl
1,1-Dimethylethoxycarbonyl (tert-butoxycarbonyl)
Bovine serum albumin

Blood stream form
Benznidazole

Catalytic
Benzyloxycarbonyl-chloride
recombinant DNA

Central nervous system
Doublet

Dalton

Deoxyadenosine triphosphate
Dicyclohexylcarbodiimide
Dichloromethane
Deoxycytidine triphosphate
Difluoromethylornithine
Deoxyguanosine triphosphate
Dihydroxyacetone Phosphate
Difluoromethylornithine
Diisopropylcarbodiimide
Diisopropylethylamine
Diisipropyl urea
Dimethylaminopyridine
Dimethylallyl Pyrosphosphate

XVII



Abbreviations & Acronyms

DMF
DMSO
DNA
EDso
EDC

EDTA
Endo III
eq.

ES

Et

FBS
FPG
FPPS
G3P

HAPT
HAT
hENT
HOBt
HRMS
Hz

ICso
IMBI
IPP

IR

iPr

J

Kb

kDa
kDNA
Ki

L-6 cells
LAPT
LHMDS
LRMS

XVIII

Dimethylformamide

Dimethylsulfoxide

Deoxyribonucleic acid

Effective dose for 50% reduction of organisms
1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride

Ethyl diamino tetra acetic acid
Endonuclease III

Equivalent

Electrospray ionisation

Ethyl

Fetal bovine serum

Formamido Pyrimidine DNA-glycosylase
farnesyl-pyrosphosphate synthase
Glycerol-3-Phosphate

Hour

High Affinity Pentamidine Transporter
Human African Trypanosomiasis

Human Equilibrative Nucleoside Transporter
1-Hydroxybenzotriazole

High resolution mass spectrometry

Hertz

Concentration required for 50% inhibition
Irreversible mechanism based inhibitor
Isopentenyl Pyrophosphate

Infrared spectroscopy

Isopropyl

Coupling constant

Kilobase

Kilodalton

Kinetoplastid DNA

Inhibition constant

rat skeletal myoblasts

Low Affinity Pentamidine transporter
Lithium 1,1,1,3,3,3-hexamethyldisilazane
Low resolution mass spectrometry



Abbreviations & Acronyms

m Multiplet

M Molar concentration

Me Methyl

MED Minimal effective dose
min. Minute

Mp | Melting point

MS Mass spectroscopy

MSA Methansulfonic Acid

mRNA Messenger ribonucleic acid
ms Milli-second

MS Mass spectrometry

MST Mean survival time

MW Molecular weight

NAC N-acetyl-glucosamine
n-but normal-Butyl

NMR Nuclear magnetic resonance spectroscopy
n-Pro normal-Propyl

oDC Ornithine decarboxylase
PBS Phosphate buffered saline
PCR Polymerisation chain reaction
PG Protecting group

Ph Phenyl

ppm Part per million

Pr Propy!

Pyr Pyridine

q Quadruplet

quint Quintuplet

R Substituent

R¢ Retention factor

RNA Ribonucleic acid

r.t. Room temperature

s Singlet

SM Starting material

SOD Superoxide dismutase

t Triplet

TBAF Tetrabutylammonium fluoride



Abbreviations & Acronyms

tBu
TBDMS
TBDPS
TBTU

TEA
TFA
THF
TL
TLC
TONT
uv
VSG
WHO

tert-Butyl

tert-Butyldimethylsily|
tert-butyl-chlorodiphenyl-silane
2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
tetrafluoroborate

Triethylamine

Trifluoroacetic acid

Tetrahydrofuran

Total Length

Thin layer chromatography

T. brucei nucleoside transporter gene.
Ultraviolet spectrometry

Varian Surface Glycoproteins

World health organisation



Introduction
Human African Trypanosomiasis

1. Introduction:

Human African Trypanosomiasis

Parasitic protozoa infect hundreds of million of people and are
responsible for some of the most important diseases and around the world
such as malaria, toxoplasmosis, leishmaniasis and human African
trypanosomiasis. Comparatively little research is done in the field and the
funds available for further investigations reflect by no means the number
and the seriousness of cases. The research described in this thesis focused
on human African trypanosomiasis.

1.1 Introduction

Human African Trypanosomiasis (HAT) or sleeping sickness
represents a serious public health threat in Africa. 60 million people in 36
countries of sub-Saharan Africa are at risk of contracting the disease and
only three to four million inhabitants are under reasonably regular medical
surveillancel. The 45000 new cases reported in 1999 to the World Health
Organisation (WHO) do not reflect the reality of the situation, but simply
show the absence of detection and underscore the inadequacy of the
current campaign against this disease. 300,000-500,000 people are
estimated to be infected with HAT?. The disease is difficult to diagnose and

! Bouteille, B.; Oukem, O.; Bisser, S.; Dumas, M. Treatment perspectives for human
African trypanosomiasis. Fundam. Clin. Pharmacol. 2003, 17, 171-181.

2 WHO; Report on Global Surveillance of Epidemic-prone Infectious Diseases - African
trypanosomiasis; WHO Press Release, 2001.
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treat even in regions where medications are available. The clinical and the
therapeutic management of the disease is complicated by multiple factors
such as political and economical realities together with the complexity of
the disease itself*.

HAT is caused by subspecies of Trypanosoma brucei, a parasitic
protozoa transmitted in Africa by tsetse flies. There are two forms of
human African trypanosomiasis caused by two sub-species of T. brucei: a
chronic form of infection caused by Trypanosoma brucei gambiense and a
more acute infection caused by Trypanosoma brucei rhodesiense®. The
distribution of the two forms of sleeping sickness differs substantially: the
chronic form is distributed in Central and West Africa whereas the acute
form is distributed in South and East Africa. Infection with either
subspecies is fatal if untreated.

A third subspecies of Trypanosoma, Trypanosoma brucei brucei, is
responsible of the animal trypanosomiasis also known as “Nagana” and is
not infectious to human beings.

African countries can be divided in four different categories (as
shown on figure 1.1) in terms of prevalence of the disease*:

1) epidemic;

2) highly endemic;

3) low endemicity;

4) at risk.

8 Kuzoe, F.; Jannin, J.; Brun, R.; Ndungu, J.; Biischer, P.; Miaka Bilenge, C.; Van
Nieuwenhove, S.; Doua, F.; Mbulamberi, D.; Burri, C.; Aksoy, S. Human African
trypanosomiasis. Nat. Rev. Microbiol. 2004, 2, 186-187.

*  http://www.who.int/inf-fs/en/fact259.html. World Health Organisation; African
trypanosomiasis or sleeping sickness. WHO Fact Sheet 259 [online], 2001.




Introduction
Human African Trypanosomiasis

- Absence of the disease
. High endemicity
. Epidemic

Figure 1.1: distribution of the human African trypanosomiasis. The different

colours show the different prevalence of the disease’.
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e Salivaria Salivarian trypanosomes (e.g. Trypanosoma b.
gambiense, T. b. rhodesiense and T. b. brucei) live in body fluids

including the blood and in late stages the cerebrospinal fluid, where

® Dinah, M. J.; Gilles, H. M. Human Antiparasitic drugs: Pharmacclogy and usage;
Wiley, 1985.
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they grow and divide by binary fission. Transmission in most cases

involves insect vectors (tsetse flies) by blood feeding®.

Subpetlicular
microtubules

oSy

Undulzating
membrane

Basal body

Kinetoplast

Endoplasmic
reticulum

Figure 1.2 Structure of a Trypancsoma brucei (bloodstream form).

The genus Trypanosoma, together with the Leishmania is included
in the protozoan order Kinetoplastida. The kinetoplastids are a widespread
group of single cell-eukaryote flagellated protozoa. The main feature of
this group of protozoa is an organelle known as kinetoplast which is a

is

-~

1]

organell

(D

staining oval body smaller and distinct from the nucleus’. Th
near the base of the flagellum {or occasionally near a basal body). As the

name suggests, its original function was believed to be involved with the

ST = o
[

notility o©

mitochondria that contains extranuclear DNA (kinetoplastid DNA).

¢
Kinetoplastid DNA is relatively abundant and consists of concatenated mass

® Cross, G. A. M. Ann. Rev. immunol. 1990, 83.

" Molyneaux, D. H.; Ashford, R. W. The biclogy of Trypancsoma and Leishmania,
parasites of man and domestic animals; ist ed.; Tayior & Francis Lid: London, 1983.

® Fries, D. S.; Fairlamb, A. H. Antiprotozoal Agents. Burger's Medicinal Chemistry and
Drug Discovery; Sixth ed.; John Wiley & Sons, Inc, 2003; pp 1033-1088.
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of mini and maxi-circles®. The manxi circles are present in few copies and

Flagelium

Kinetoplast
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Amastigote Promastigote Epimastigote Trypomastigote

rigure 1.3 Different morphological forms of Trypanosomes.

The various kinetoplastid species exhibit different morphological

forms {picture 1.3) that are distinguished by the position of the
kinetoplastid in relation to the nucieus and the presence or absence of an
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« Trypomastigote: the kinetoplastic
the nucleus. The flagella folds back along the body of the
parasite forming an undulating membrane which runs the
entire length of the cell;
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more centrally,
usually just anterior to the nucleus. This results in a shorter
undulating membrane;

¢ Promastigote: the kinetoplast is between the nucleus and
the anterior end and n

s Amastigote: form found as intracellular stage (7. cruzi).

The parasite is more rounded and has no flagella;
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¢ Metacyclic trypomastigote: represents the end of the
invertebrate cycle. These resemble the blood forms but they
are smaller and infective to vertebrates.

1.3 The Life cycle of T. brucei:

The entire life cycle of African trypanosomes is represented by
extracellular stages and can be divided into tsetse fly stages and human
stages (figure 1.4). The human stages start when an infected tsetse fly
(genus Glossina) injects metacyclic trypomastigotes into skin tissue during
a blood meal in the mammalian host. The parasites enter the lymphatic
system and pass into the bloodstream where they transform into
bloodstream trypomastigotes®. The bloodstream trypomastigotes are
carried to other sites throughout the body, reach other blood fluids (e.g.,
lymph, spinal fluid), and continue the replication by binary fission. The
tsetse fly stages start when a tsetse fly takes a blood meal with
bloodstream trypomastigotes on an infected mammalian. In the infected
fly’s midgut, the parasites transform into procyclic epimastigotes, multiply
by binary fission, leave the midgut, and transform into epimastigotes. The
epimastigotes reach the fly’s salivary glands and continue multiplication by
binary fission®. The cycle in the fly takes approximately 3 weeks.

After cessation of division, the epimastigote starts to express a
dense variable surface glycoprotein coat (VSG coat) and this expression
leads to detachment and maturation as non-dividing, infective metacyclic
trypanomastigotes®. The VSG coat accounts for about 10 % of the total
protein of the bloodstream forms of T. brucei. The variability lies in the
fact that the parasite can shed its coat and build a new one by expressing
another surface glycoprotein®. The sequential expression of VSGs results
in an ever-changing antigenic pattern. Antigenic variation, in the manner
and to the extent that it occurs in the African trypanosomes, is unique to
the parasites and appears to be the primary mechanism for evasion of the
hosts’ immune responses®. Humans are the main reservoir for
Trypanosoma brucei gambiense but this species can be also found in

? http://www.dpd.cdc.gov/dpdx Parasites and Health. African Trypanosomiasis. Pubblic
Information Fact sheet, 2 August 2004.
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salivary gland and transform
into metacyclic trypomastigotes.

Procyclic trypomastigotes
leave the tsetse fly's
midgut and transform
into epimastigotes.
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Figure 1.4: Life cycle of Trypanosoma brucei.
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The disorder can be distinguished in two stages depending on

whether the parasites have become manifest in the

)

erebrospinal fluid:

1.4.1 Stage 1 (haemolymphatic stage):
After their inoculation, the parasites proliferate at the site of

infection leading to an inflammatory nodule or ulcer also called
trypanosomal chancre (figure 1.5). The chancre appears in about 50% of
the rhodesiense infections but rarely in gambiense infections!®. After 3-4
weeks, the chancre heals and the parasites spread to the draining lymph

1e bloodstream, initiating the haemolymphatic stage of

10

—

he rhodesiense infection, with its more acute course, is characterised by

pancarditis with congestive heart failure,

yco

pericardial  effusion, and pulmonary
oedema can cause fatalities at this early

stage. The gambiense infection, in

-

contrast to the rhodesiense infection,
shows maore insidious development that is
frequently unrecognised or misdiagnosed.

typical sign of gambiense human African
trypanosomiasis is generalised

In this stage the parasites invade internai organs such as the CNS.
This usually happens within few weeks in the T. b. rhodesiense infection
and can take several months and sometimes years in 7. b. gamobierise

infection. The stage 2 is characterised by immunosuppression and as it

progresses severe headache and sleep disorders appear (figure 1.6). The
9 Barrett, P. M.; Burchmore, R. J. S.; Stich, A ; Lazzari, J. O.; Frasch, A. C.; Cazzulo
J. J.; Krishna, S. The trypancscmiases. The fancet 2003, 362, 1469-1479.
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name sleeping sickness was coined because of early recognition of diurnal
somnolence and nocturnal insomnia. Together with these manifestations
there are personality changes and impairing cf the mental functions.

R

Progressive CNS involvement culminates in coma and death in untreated
e

Figure 1.6 Patient with stage 2 HAT?,

1.5 Vectocr control:

Apart from drug treatment of infected patients the disease is
generally fought via its vector, the tsetse fly. The flies pass most of their
time at rest in shaded places in forested areas. The preferred sites are the
lower woody paits of vegetation; many tsetse flies hide in holes in the
trunks of trees and between roots.

Traps and screens are an sffactive means of tsetse control. They are
cheap, easy to transport, and completely safe for the user and the
environment. Once a suitable trap or screen has been developed for a
given area, no special expertise is needed in order to use it. This method is
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therefore ideally suited for anyone seeking to provide cheap and effective
community protection'!. The flies search for blood-meals or resting places
partly or wholly by sight, and are attracted by large objects that move or
contrast with the landscape. Certain colours, especially blue, attract many
tsetse flies.

1.5.1 Biconical trap

The biconical trap (figure 1.7) was one of the earliest models to be
designed. It is not used in large-scale control operations because of its
relatively high price and complicated structure.
However, it is still used to monitor the
effectiveness of tsetse fly control activities.
The lower cone is made of electric-blue cotton
or synthetic cloth. The inner part is divided into
four compartments by four segments of black
cloth. Four openings allow the flies to enter the
blue cone. The upper cone is made of mosquito
netting, and flies are caught in the top part, by
a simple trapping device'!.

Figure 1.7 The biconical trap. The cones are separated

into four compartments by four segments of black cloth!!.

1.5.2 The pyramidal trap:

The pyramidal trap consists of a pyramid of transparent white
mosquito netting surmounting two black and two blue screens arranged in
the form of a cross (Fig.1.8). It was developed in the Congo!? and is
currently being extensively used in Uganda. If provided with a catching
device at the top this trap can be used without an insecticide and is then
suitable for areas with high rainfall. In large-scale programmes it offers
the advantage that it is very compact for storage.

" www.who.int/publications chapter 2.Tsetse flies; WHO, 1997; pp 178-192.

2 power, J. In TDR news,, 1989; pp 3.
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Capture bag
{(inside pyramid)

Netting

Blue Black

""" Flight path of
tsetse fly

Figure 1.8 Scheme of a pyramidal trap'!.

1.5.3 Impregnated screens

Unlike traps, screens are effective in Killing tsetse flies only when

impregnated with an insecticide. The most commonly used screen consists

of a strip of electric-blue materiai made of cotton and polyester or plastic
with a strip of black nylon sheeting on either side, giving a total size of

about 1m?2. The screen is attached to two wooden laths and suspended

from a branch by means of a rope or from a metal support driven into the

earth'?,

11
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1.6 Drug Targets:

A number of different drug targets that could be considered in order
to have a selective action of the drug. Genetic manipulation methods are

now available to validate these targets'® 4,

1.6.1 Glucose metabolism:

African trypanosomes are dependent on glycolysis for energy
production!®. In bloodstream T. brucei, the first seven steps of glycolysis
occur in glycosomes which are organelles similar to peroxisomes. The
NADH produced during glycolysis inside the glycosomes is reoxidised within
the organelles by molecular oxygen via dihydroxyacetone phosphate
(DHAP): glycerol-3-phosphate (G3P) shuttle combination with a terminal
G3P oxidase in the mitochondrion. The high activity and specificity for G3P
of the oxidase is sufficient to account for the high rate of respiration of

15, 16

bloodstream trypanosomes The trypanosomal glycolytic enzymes

have some differences compared to the mammalian ones and could

therefore considered as another chemotherapeutic targets!’!8,

'3 Clayton, C. E. Genetic manipulation of kinetoplastida. Parasitol. Today 1999, 15,
72-78.

" Kelly, J. M.; Taylor, M. C.; Rudenko, G.; Blundell, P. A. Transfection of the African
and American trypanosomes. Methods Mol. Biol. 1995, 47, 349-359.

'S Opperdoes, F. R.; Bakker, B. M.; Westerhoff, H. V. Metabolic control analysis of
glycolysis in trypanosomes as an approach to improve selectivity and effectiveness of
drugs. Mol. Biochem. Parasitol. 2000, 106, 1-10.

'8 Michels, P. A. M.; Hannaert, V.; Bringaud, F. Metabolic aspect of glyosomes in
trypanosomatidae - New data and views. Parasitol. Today 2000, 16, 482-489.

' Verlinde, C. L. M. J.; Hannaert, V.; Blonski, C.; Willson, M.; Perie, J. J.; Fothergill-
Gilmore, L. A.; Opperdoes, F. R.; Gelb, M. H.; Hol, W. G. J.; Michels, P. A. M.
Glycolysis as a target for the design of new anti-trypanosome drugs. Drug Resist.
Updates 2001, 4, 50-65.

'8 Aronov, A. M.; Suresh, S.; Buckner, F. S.; Van Voorhis, W. C.; Verlinde, C. L. M. J.;
Opperdoes, F. R.; Hol, W. G. J.; Gelb, M. H. Structure-based design of
submicromolar, biologically active inhibitors of trypanosomatid glyceraldehyde-3-
phosphate dehydrogenase. Proc. Natl. Acad. Sci. U. S. A. 1999, 96, 4273-4278.

12
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1.6.2 Lipid ahd isoprenoid metabolism:

Trypanosomes survive in the human bloodstream by virtue of a dense cell
surface coat made of variant surface glycoproteins (VSGs). The VSG of
bloodstream African trypanosomes is anchored to the cell surface by a GPI
that contains myristate as its only fatty acid component!®. African
trypanosomes can produce myristate for use in GPI anchor remodelling.
Inhibition of myristate biosynthesis has recently been considered since the
relationship with a trypanocidal effect®.

Protein farnesyl transferases are also being investigated as
targets?": 22,

1.6.3 Polyamines metabolism:

The polyamines putrescine and spermidine play an essential role in

cell differentiation and proliferation'® 2,

Ornithine serves as the principal
precursor in their synthesis. Ornithine decarboxylase, S-AdoMet
decarboxylase and spermidine synthase have crucial functions.

Compounds interfering with polyamine biosynthesis?®*?> such as D,L-a-

1 Keiser, J.; Stich, A.; Burri, C. New drugs for the treatment of human African
trypanosomiasis: research and development. Trends Parasitol. 2001, 17, 42-49.

2 paul, K. S.; Jiang, D.; Morita, Y. S.; Englund, P. T. Fatty acid synthesis in African
trypanosomes: A solution to the myristate mystery. Trends Parasitol. 2001, 17, 381-
387.

2! Buckner, F. S.; Yokoyama, K.; Nguyen, L.; Grewal, A.; Erdjument-Bromage, H.;
Tempst, P.; Strickland, C. L.; Xiao, L.; Van Voorhis, W. C.; Gelb, M. H. Cloning,
heterologous expression, and distinct substrate specificity of protein
farnesyltransferase from Trypanosoma brucei. J. Biol. Chem. 2000, 275, 21870-
21877.

Z pAli, B. R. S; Pal, A; Croft, S. L; Taylor, R. J. K.; Field, M. C. The
farnesyltransferase inhibitor manumycin A is a novel trypanocide with a complex mode
of action including major effects on mitochondria. Mol. Biochem. Parasit. 1999, 104,
67-80.

2 Schechter, P. J.; Barlow, J. L. R.; Sjoerdsma, A. Inhibition of polyamine metabolism;
Academic Press, Inc.: New York, 1987; 345.

2 Muller, S.; Coombs, G. H.; Walter, R. D. Targeting polyamines of parasitic protozoa
in chemotherapy. Trends Parasitol. 2001, 17, 242-249.
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difluoromethylornithine (DFMO) have been used as therapeutic agents and
will be described separately in this chapter.

1.6.4 Thiol metabolism:

The existence of trypanothione reductase represents one of the
fundamental metabolic differences between host and parasite. In fact, in
trypanosomes trypanothione reductase replace the role of glutathione
reductase in mammals. Therefore trypanothione is a good target candidate
and its inhibition is expected to compromise the redox defences of the
parasite and to increase sensitivity to drugs unbalancing the redox
equilibrium of the parasite?®.

1.6.5 Membrane transporters:

Since parasites take nutrients from their host, they have membrane
transporters specialised for the uptake of essential metabolites. Blockage
of these vital transporters represents another good drug target and will be
described separately on chapter 2.

1.6.6 Topoisomerases:

Topoisomerases are enzymes involved in the topological control of
the kinetoplast DNA (kDNA) during replication, transcription and
recombination. The inhibition of these enzymes is another promising
theoretical approach for new antitrypanosomal drugs®®. However, because
kDNA is not essential for the parasite survival, nuclear rather than
mitochondrial topoisomerases might be the main drug targets?’.

% Bacchi, C. J.; Nathan, H. C.; Hutner, S. H.; McCann, P. P.; Sjoerdsma, A.
Polyamine metabolism: a potential therapeutic target in trypanosomes. Science 1980,
210, 332-334.

% Wang, J. DNA topoisomerases as targets of therapeutics: an overview. Adv.
Pharmacol. 1994, 29A, 1-19.

Z Burri, C.; Bodley, A. L.; Shapiro, T. A. Topoisomerases in kinetoplastids. Parasitol.
Today 1996, 12, 226-231.

14
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1.7 Treatment of human African trypanosomiasis:

The surface of the parasite is shrouded by a glycoprotein coat.

There are up to a thousand genes encoding antigenically distinct version of
this coat; this antigenic variation process gives the parasite the capacity to
avoid the immune-response by the host?®. This process represents the
main problem for potential vaccines against the parasite.

Three of the four currently approved drugs for the treatment of HAT
were developed over 50 years and all the current therapies are
unsatisfactory for different reasons®®: serious side effects, poor efficacy,
undesirable routes of administration and increasing of drug resistance®.
Therefore new drugs are urgently needed.

The WHO and Médecins Sans Frontieres finally obtained
commitments from the Aventis Pharma, Bristol-Myers Squibb and Bayer
pharmaceutical companies to provide stocks of all trypanocides for at least
5-year period®. However, there is a constant threat that production of the
currently used drugs will be interrupted because is not profitable?®.

Currently there are only few trypanocidal drugs in Phase I-III of
clinical development. Considering that it takes at least 6 years to get
approval for a compound after the first application to humans (Table 1.1) it
is very unlikely that any new trypanocidal drug will be registered in this
decade?®.

The treatment of the HAT depends on the clinical stage of the
disease: the haemolymphatic stage is treated with pentamidine
(Pentacarinat®; Aventis), suramin (Germanin®; Bayer). Diminazene
aceturate (Berenil®; Intervet) is used only for veterinary. The neurological
stage relies on the use of melarsoprol (Arsobal®; Aventis) although it does

2 Fairlamb, A. H.; Borst, P. Surface receptors and transporters of trypanosoma brucei.
Annu. Rev. Microbiol. 1998, 52, 745-778.

® Fairlamb, A. H. Chemotherapy of human African trypanosomiasis: current and
future prospects. Trends Parasitol. 2003, 19, 488-494.

% Failamb, A. H.; Barrett, M. P. The biochemical basis of arsenical-diamidine
crossresistance in African trypanosome. Parasitology Today 1999, 14, 136-140.

31 WHO; (www.who.int/inf-pr-2001/fr/cp2001-23.html) L'organisation Mondiale de la

Santé et Aventis annoncent une initiative majeure pour intensifier la lutte contre la
maladie du sommeil. Communiqué OMS/23, 3 May, 2001.
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Bristol-Myers-Squibb) still has problems related to cost, supply and
difficulty of administiration under African health care conditions. By 198%
700 cases of Trypanosoma brucei gambiense infections have been treate
in Phase III trials with a 95% cure rate. The drug was approved in 1990
by the US FDA and registered in Europe in 1991 and postmarketing testing
is still ongoing®®. Nifurtimox (Lampit®; Bayer) has been also recognised for
its effectiveness but it has never received marketing authorisation for 7, b.
t |
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Table 1.1 Stage of drug research and development and HAT®®,
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1.8 Suramin

Human African Trypanosomiasis

Scheme 1.1 Structure of Suramin,

Suramin (Germanin®;Bayer) was introduced in the early 1920s and

L

today is still the drug of choice for treatment of the early stage of 7.b.
rhodesiense infections. Suramin is a symmetric polyanionic sulfonated
naphthylamine {(scheme 1.1), negatively charged at physiological pH,
structurally related to Paul Ehrlich’s trypan red with in vivo trypanocidal
activity®?. Suramin is absorbed by endocytosis and has a slow trypanccidal
effect®>. In the trypanosome is thought to inhibit several enzymes mainly

involved in the glycolysis. The mode of action of the drug is still unclear.

wn

It is known that the drug is bound in serum with albumin and low density
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drug via receptor mediated endocytosis (figure 1.5)%.

Because of its ionic nature, the drug does not penetrate the CNS
and is therefore used only in the primary stage of T.b. rhodesiense
infections. The dosage for adults is usually 1g (for children is 20 mg/Kg)
y i.v. injection on days 1, 3, 7, 14, and 21. Suramin is aiso effective in
I.b. gambiense infection, but because of the risk of sudden shock in case

of infection by Onchocerca voivuius, pentamidine should be preferred to it'.

%2 Mansour, T. E. Antitrypanosomal and Antileishmanial Targeis. Chemoiherapeutic
Targets in Parasites; University Press, Cambridge, 2002; pp 90-128.

* Fairlamb, A. H.; Bowman, I. B. R. Uptake of the trypanocidal drug suramin by
bloodstream forms of Trypancsoma brucei and its effect on respiration and growth
rate in vivo. Mol. Biochem. Parasit. 1980, 1, 315-333.

& Vansterkenburg, E. L. M.; Coppens, |.; Wilting, J.; Bos, O. J. M,; Fischer, M. J. E;
Janssen, L. H. M.; Opperdoes, F. R. The uptake of the trypanocidal drug suramin in
combination with low-density lipoproteins by Trypanosoma brucei and its possible
mode of action. Acta Trop.1993, 54, 237-250.
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Scheme 1.2 Structure of pentamidine

Pentamidine (Lomidine®; Aventis) is an aromatic diamidine {(scheme
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i.2) introduced in 194 still a
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rug of choice for the treatment

of early stage infection cf T.b .gambiense infections. The drug is highly
protonated at physiological pH and therefore has a poor oral bicavailability.

The intramuscular administraticn {4 mg/Kg/d for 10 days) is
preferred because of the severe hypotensive reaction that can occur after

intravenous administration.
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Figure 1.10 Mechanism of action of pentamidine.
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The mechanism of action is still unclear. It is known that the drug is
accumulated into the cell by at least three transporters (to be discussed
later)3>,-36,

Pentamidine is thought to bind to negative charged -cellular
components such as phospholipids and nucleic acids, and disrupts the
structure of the kinetoplast DNA (kDNA), by inhibiting topoisomerases II*.
Another possible mechanism involves the interference with the polyamine
biosynthesis by inhibiting the enzyme S-adenosylmethionine decarboxylase
(AdoMet DC) that catalyse the formation of decarboxylated AdoMet that is
required for the conversion of putrescine into spermidine (figure 1.10).

1.10 Melarsoprol:

Melarsoprol (Mel B, Arsolbal®; Aventis) was introduced in 1949 for
the treatment of late stage of HAT either by T.b. rhodesiense or T. b.
gambiense. Paul Ehrlich first introduced arsenicals as drugs for use against
HAT at the beginning of the last century®,

Chemically melarsoprol combines a trivalent organic derivative of
arsenic called melarsen oxide with a heavy metal chelating agent called
BAL (British Anti-Lewisite or dimercaprol). The combination reduces the
toxicity of the drugs without reducing the pharmacological effect.

Melarsoprol is accumulates into the parasite through an unusual
amino-purine transporter, P2 transporter, the loss of which leads to drug
resistance®,

As for the previous drugs, the mode of action of melarsoprol is not
clearly understood. The drug acts as a pro-drug: once administered is

% Fairlamb, A. H.; Carter, N. S.; Berger, B. J. Uptake of Diamidine Drugs by the P2
Nucleoside Transporter in Melarsen-Sensitive and -Resistant Trypanosoma-Brucei-
Brucei. J. Biol. Chem. 1995, 270, 28153-28157.

% De Kooning, H. P. Uptake of Pentamidine in Trypanosoma brucei brucei is Mediated
by Three Distinct Transporters: implications for Cross-Resistance with Arsenicals. Mol.
Pharmacol. 2001, 59, 586-592.

%7 Shapiro, T. A.; Englund, P. T. Selective cleavage of kinetoplast DNA minicircles
promoted by antitrypanosomal drugs. Proc. Natl. Acad. Sci. U. S. A. 1990, 87, 950-
954.

% Denise, H.; Barrett, M. P. Uptake and mode of action of drugs used against sleeping
sickness. Biochem. Pharmacol. 2001, 61, 1-5.
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rapidly converted into its active form or melarsen oxide which binds
reversibly to serum proteins. Trivalent arsenicals are known to inhibit a
wide number of enzymes or substrates that contain thiol groups. The
selective toxic action of the drug is therefore related to the “selective
uptake” into the parasite through the P2-purine transporter>.

Melarsoprol reacts with trypanothione, a cofactor in oxidation-
reduction mechanism in the trypanosome, to form a reversible but stable
adduct called Mel T. The adduct acts as a competitive inhibitor of
trypanothione reductase, an enzyme essential for maintaining the correct
intracellular thiol-redox balance® (figure 1.11).

The overespression of a multidrug resistance protein (MRPA, a
putatite thiol conjugate transporter) resulted in a tenfold greater resistance
to melarsoprol®.

Historically, it was thought that the mechanism of action of
melarsoprol was related to its ability to inhibit enzymes essential for
glycolysis (e.g. pyruvate kinase) in African trypanosomes. This is now
known to be an immediate consequence of loss of cell integrity rather than
a direct cause of cell lysis*®.

The drug is water insoluble and it is given intravenously (3.6 mg/Kg
for 3-4 days series at 7-days intervals) dissolved in propylene glycol
(highly irritant to tissues). The main side effect of melarsoprol is a serious
reactive encephalopathy that occurs in 5-10% of cases. Other side effects
are vomiting, abdominal colic, peripheral neuropathy, arthralgia and
trombophlebitis.

¥ Fairlamb, A. H.; Henderson, G. B.; Cerami, A. Trypanothione is the primary target
for arsenical drugs against African trypanosomes. Proc. Natl. Acad. Sci. U. S. A. 1989,
86, 2607-2611.

“0 van Schaftingen, E.; Opperdoes, F. R.; Hers, H. G. Effects of various metabolic
conditions and of the trivalent arsenical melarsen oxide on the intracellular levels of
fructose 2,6-bisphosphate and of glycolytic intermediates in Trypanosoma brucei. Eur.
J. Biochem. 1987, 166, 653-661.
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Figure 1.11_ Mode of action of melarsoprol.
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Eflornithine was developed in 1977 as anticancer compound but it
was ineffective and so abandoned for this use. Later it was found to be
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(figure 1.12 and 1.13). Decarboxylation of ornithine is a crucial step in the
polyamine biosynthesis which is essential for the differentiation and the

division of the parasite. DL-a-difluoromethylornithine is a so-called

irreversible mechanism based inhibitor (IMBI). When ODC decarboxylases
DFMO, an irreversible inhibitor is formed (figure 1.12) that reacts with the
catalytic site of the enzyme*!.

The reason for its efficacy is not fully understood because DFMO is
equally effective suicide inhibitor of mammalian ODC. A possible reason
that can explain the selectivity in the parasite is the pronounced differences
in turnover rates between the host and the parasite*?. The inhibition of
ODC induces:

¢ loss of putrescine and decrease of spermidine levels;
¢ decrease of trypanothione level;
e alteration of the AdoMet metabolism;
As consequence of the inhibition of ODC there are a series of effects:
e decrease of DNA, RNA, protein synthesis;
¢ reduced synthesis of variant surface glycoprotein;
e morphological and biochemical changes.

DFMO presents a pronounced synergic effect with melarsoprol (and
other trivalent arsenicals) since they both induce depletion of intracellular
trypanothione levels by reducing the synthesis and promoting the efflux*2.
Treatment with DFMO is expensive and it is also difficult to administer. The
dosage is usually 400mg/Kg per day in 4 daily infusions over 2 h for 7 or
14 days which equates to a total dosage of approximately 3-6 g/Kg °.

4 poulin, R.; Lu, L.; Ackermann, B.; Bey, P.; Pegg, A. E. Mechanism of the irreversible
inactivation of mouse ornithine decarboxylase by alpha-difluoromethylornithine.
Characterisation of sequences at the inhibitor and coenzyme binding site. J. Biol.
Chem. 1992, 267, 150-158.

‘2 Heby, O.; Roberts, S. C.; Ullman, B. Polyamine biosynthetic enzymes as drug
targets in parasitic protozoa. Biochem. Soc. T. 2003, 31, 415-419.

23



Introduction

Human African Trypanosomiasis

HQN PN TN NH3
Putrescine

\ NH,

/Ornithine Decarboxylase: mechanism of catalysis \

Pyrldoxaﬁ&

Phosphate

(\ N/\/\/ 7
§ H,N.__- Spermidine

Ornithine
Decarboxylase 7

CH3

I—Z:

Figure 1.12 Mechanism of catalysis of Ornithine Decarboxylase (ODC).
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Figure 1.13 Suicide inhibition of Ornithine Decarboxylase (ODC) by DFMO.

1.12 Nifurtimox and 5-nitrofurans:

]\ —\ .0 NO, @
N. % 2_}—NH
O,N” O Z N Sy
: U NN
\—/
Nifurtimox Benznidazole

Scheme 1.3 structure of nitrofuran nifurtimox and nitroimidazole benznidazole.

Nifurtimox (Lampit®; Bayer) is a 5-nitrofuran derivative (scheme
1.3) that was introduced in 1976 for the treatment of American
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The mechanism of action of nifurtimox and other nitrofurans and
nitroimidazoles (e.g. nitroimidazole, scheme 1.3) compounds remains
uncertain. It is known that nifurtimox requires one electron reduction to
form the nitro ion radical. NADH and NADPH can act as electron donors in
this contest, but the enzyme(s) involved in the catalysis is still unkncwn
(figure 1.14). The nitro ion radical is thought tc reduce molecular oxygen
to superoxide anion regenerating the original nitro-compound®. The cell is
unable to cope with overproduction of superoxide anion; the superoxide is

nverted into other reactive oxygen species such as cell hydroxyl radical
and hydrogen percoxide. These species together with the superoxide anion
induce damage to DNA, proteins and membrane and culminate in cell

death.

NAD(P)*
. Fe¥*

Peroxidase
2GSH v

hAU(P)
| Fo*
Superoxide

Dismutase Brotein-radical

(soD) DNA-radical
Unsaturated .
lipid -~ HO \
i

Lipid
radical

Lipid-OOH —5.1
(hydroperoxide)

Scheme 1.14 Mechanism of action of nitroimidazcle and nitrofurans.
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The P2 transporter
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2. The P2 transporter:
A drug target for chemotherapy.

Kinetoplastid parasites such as Trypanosoma brucei, lack the ability
to synthesise important nutrients including purines; they are auxotrophs
for these and must salvage the compounds from their hosts**. Purines are
essential for the growth, multiplication, and survival of these organisms.
In order to import these metabolites they have specialist nucleoside and
nucleobase transporters*. The nucleoside/nucleobase transporters play an
important role in chemotherapy since they represent an ideal way for the
delivery and the internalisation of new drugs.

2.1 Nucleoside/nucleobase transporters in T. brucei:

Different  nucleoside transporters were characterised in
Trypanosoma brucei by Carter and Fairlamb, 19933 4>, A P1 type system
mediates the uptake of the purine nucleosides adenosine, inosine and
guanosine and a P2 type system mediates the uptake of adenosine and

3 Sanchez, M. A.; Tryon, R.; Green, J.; Boor, J.; Landfear, S. M. Six related
nucleoside/nucleobase transporters from Trypanosoma brucei exhibit distinct
biochemical functions. J. Biol. Chem. 2002, 277, 21499-21504.

44 Baliani, A.; Bueno, G. J.; Stewart, M. L.; Yardley, V.; Brun, R.; Barrett, M. P.; Gilbert,
I. H. Design and synthesis of a series of melamine-based nitroheterocycles with
activity against trypanosomatid parasites. J. Med. Chem. 2005, 48, 5570-5579.

4 Carter, N. S.; Fairlamb, A. H. Arsenical-resistant trypanosoma lack an unusual
adenosine transporter. Nature 1993, 361, 173-175.
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forms (figure 2.3)*%. In addition to these two transporters four nucleobase

transport activities have also been identified: H1, H2 and H2 that mediate

wn
=
o
=
=)
Q.
3

the transport of hypoxantine, guanine and adenine* %7, H1 i

procyclic forms (PF) while HZ and H3 are found in bfs., Also a U1l
s

transporter medijates the transport of uracil in procyclic forms of 7.
brucei*?.
4 X
3 N - N
NH N NH
8 ¢ 1 J I
NN NT™N N™NT NH
HO HO. HO -
o] o]

Inasine Adenosine Guanosine
(0] (o] o] NH,
N N S
NH NH NH N
Cr &y ¢ 1)
N “ SNl N~ N P
E o] N N NHp NN NN
Uracil Guanine Hypoxanthine Adenine
N 3 3 ",

Figure 2.1 Structure of some nucleosides and nucleobases.

s De Koning, H. P.; Watson, J.; Jarvis, S. M. Characterisation of a nuclecside preton
symporter in pro\,ychc Trypanosoma brucei brucei. J. Biol. Chem. 1998, 27 6

¥ De Ko oning, H. P.; Jarvis, §. M. Hypoxanthine uptake through a purine-selective
nucleob se trans;c*ter |u ﬂ’ypanosoma brucei brucei ploCydC cells is driven by
protonmgtive force. Eur. J. Biochem. 1997, 247, 1102-1110.
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i T
Adenosine Hypoxanthine
Incsine Adenine
Guanosine Guanine

Procyclic form
. A

~ .

Hypoxanthine
Adenine
Guanine

In order to understand the biological role of the purine transporters
in survival and adaptation of 7. bruce/ in different environments functional
and biochemical characterisation has been carried out in the past few
years. The first 7. brucei nucleoside transporter gene cloned was the
transporter 2 gene, TbNTz, which encodes & P1 type transporter
expressed only in bfs*®, Later it was found that the TONT2 gene was a

mber of a multigene family (7T5NT2 like genes) that encodes six distinct
ransporters (TbNT2, TbNT3...TbNT7). To clone 7T6NTZ2 like genes Sanchez
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et ai.*® searched the T. brucei genome data base using the TbNT

acid sequence as a query. The genes of the family are all clustered in
chromosome II separated by i genic regions. The six predicted TbNT

d

nucleoside isoforms*®., The predicted aminc acid sequences showed high
identity to TbNT2 (81-96%)*®. The gene that predicted a protein with the
highest identity {96%) was designated ThNT2/927 (T. brucei nucleoside
transporter 2/927). The other P1 type genes, as already mentioned, were
designated TbNT3 through TONT7. Multiple alignment between two human
equilibrative transporters, hENT1 and hENT2, a Leishmania nucleosid

transporter, LANT1.1, and TbNT2 revealed that only 32 aminc acids are out

m

of 464 residues present in TONT2 are conserved*®, The conserved residues

are likely to be important either for the biochemical function of the
48

permease or for the folding of the protein into the active conformation

Predicted topology for the TbNT prateins (Nucleoside transporters}

Transmemprain Domain (TOM) loops Eherial

Figure 2.3 Predicted topology of a TnTP protein.

he predicted topology indicated that the secondary structure is
similar to the human equilibrative nucleoside transporter 1 (RENT1) with

et

11 transmembrane domains (TMD) as shown in figure 2.3. The topology

NH,- terminal hydrophilic domain and the large hydrophilic icop betwee
transmembrane domain 6 and 7 on the cytoplasmic side of the membrane,

® Sanchez, M. A,; Ullman, B.; Landfear, S. I‘v1.; Carter, N. S. Cloning and functional
expression of i ucleoside transporter from Trypanosoma
brucej. J. Biol.
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whilst the COOH-terminal hydrophilic tail is on the extracellular surface®®

The conserved residues mentioned above are present both within and

outside of predicted transmembrane domains but none of them was
occur within the large hydrophilic loop between TMD 6 and 74,

2.1.2 P2-transporter:
The ThbAT1 gene encoding the P2 transporter (TbAT1) was identified

by functional expression cloning in Saccharomyces cerevisiae (Maser and
Kaminsky®®). An S. cerevisiae strain incapable of adenosine uptake cloned
with a T. brucei cDNA library acquired the ability to grow on this substrate.
When expiressed in yeast, TbAT1 not only enabled adenosine uptake but

conferred also susceptibility to melaminophenyl| arsenicals®®.

1 )

NH,* C terminal

4 intracetlular
Amino terminal ~

Figure 2.4 Predicted topology of TbAT1.

u f the cDNA revealed that the P2 transporter is
represented by a protein of 463 amino acids with a predicted structure of
10 transmembrane domains (a-helices), cvtosolic amino and carboxy
terminais and a large, negatively charged cvtosolic loop between

transmembrane domains 6 and 7 (figure 2.4) *> *°,  TbAT1 shows

9 Maser, P.; Sutterlin, C.; Kralli, A;; Kaminsky, R. A nucieoside transporter from
Trypanosoma brucei involved in drug resistance. Science 1399, 285, 242-244.

% Carter, N. S.; Barrett, M. P.; De Komng, H. P. A drug resistance determinant in
Trypanosoma bruce' rends M'crobl . 1999, 7, 469-471.
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substantial homology to the human equilibrative nucleoside
transporters hENT1 and hENT2%! 32,(35% and 33% respectively).

Further studies at the molecular level, like cloning of TbAT1 (P2
type nucleoside transporter)*® and of TbNT2 (P1 type nucleoside
transporter) genes showed that other ENT families®® like TbAT1, human
ENT2 are able to transport some nucleobases with higher K, values than
for nucleosides. Sanchez et al.*® used functional expression of TbNT2/927
through TbNT7 in Xenopus oocytes to identify the substrate specificity of
the TbNT2/927 family. Initial studies showed that oocytes injected with
TbNT2/927, TbNT5, and TbNT7 cRNA were able to transport adenosine,
inosine and guanosine whilst the oocytes injected with TONT3 and THNT4
cRNA did not mediate the uptake of any purine nucleosides*®. In order to
characterise the affinity of these transporters for adenosine and inosine,
Sanchez et al.*® calculated the K., values from the saturation curves.
TbNT2/927, TbNTS5, and TbNT7 were high affinity adenosine/inosine

transporters (K, values <5uM)*. In intact T. brucei parasites the

transport of nucleosides is dependent upon the transmembrane proton
motive force, suggesting that these permeases are active proton
symporters*3,

2.2 Substrate recognition motifs and affinity:

De Koning and Jarvis formulated a structure activity relationship for
the binding of nucleosides/nucleobases to the P1 and the P2 adenosine
transporters based on the inhibition data collected from a series of

*1 Griffiths, M.; Yao, S. Y. M.; Abidi, F.; Phillips, S. E. V.; Cass, C. E.; Young, J. D;
Baldwin, S. A. Molecular cloning and characterization of a nitrobenzyithioinosine-
insensitive (ei) equilibrative nucleoside transporter from human placenta. Biochem. J.
1997, 328, 739-743.

52 Griffiths, M.; Beaumont, N.; Yao, S. Y. M.; Sundaram, M.; Boumah, C. E.; Davies,
A.; Kwong, F. Y. P,; Coe, |.; Cass, C. E.; Young, J. D.; Baldwin, S. A. Cloning of a
human nucleoside transporter implicated in the cellular uptake of adenosine and
chemotherapeutic drugs. Nat. Med. 1997, 3, 89-93.

% Griffith, D. A.; Jarvis, S. M. Nucleoside and nucleobase transport systems of
mammalian cells. Biochim. Biophys. Acta 1996, 1286, 153-181.
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potential substrates®®. The inhibition was assessed by evaluating the
ability of the substrate tec inhibit the uptake of radiolabeled adenosine
([3H]-ade*.osme) in P1 and P2 transporters. The affinity constants (X)) are
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indicate that the ligands are transpo
binding and the affinity was determined as free Gibbs energy (AG®°)
calculated from the K value:

AG°=-RTIn{K)

where R is the gas constant and T is the absolute temperature®.

Table 2.1 shows some K; values determined for the P1 transporter

by de Koning et al.>* The yellow area highlights the high affinity for purine
nucleosides compared to the other class of inhibitors evaluated.
& Compound P1 Tranépartcr
' o U 43 s : Ki (M3
Purine nucleosides
Adenosine 0.36 = 0.05
Inosine 0.44 + 0.10
Guanosine i.8 = 0.3
2’-Deoxy-Adenosine 0.19 = 0.02
3’-Deoxy-Adenosine 210 + 48

H
~N

5’-Deoxy-Adenosine
2’-Ceoxy-Inosine

(=]
W =
>8
L4
o
s
[

Pyrimidine nucleosides

Uridine 830 * 86

Thymidine 44 = 10
Purine nLiclecbases

Adenine NE, 250

Hypoxanthine >1000

Xanthine >250
Pyrimidine bases

Thymine NE, 500

Uracil NE, 560

S-fluorouracil NE, 500

Table 2.1 Ki values for potential inhibitors of P1 mediated adenosine uptake in
T.brucei blcodstream forms®*. NE, no effect at the indicated concentration.

T.rvpanosomn b ef brucm Sthtratp recognltlnn motifs and affinity for trypanomdal
arugs. Mol. Pharmacol. 1999, 56, 1162-1170.
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Figure 2.4 recognition motifs of P1 T. brucei transporter.

The P1 transport functicn is not inhibited by pyrimidine or purine
nucleobases and by acyclic nucleosides analogues but it is potently
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The nitrogen at position 3 of purine ring is essential for high affinity
binding and hydrogen bond might be involved in the interaction;
Part of the imidazole ring of the purine ring is alsc involved in the
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binding through a hydrogen bond.
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2.2.2 P2 transporter recognition motifs
Table 2.2 shows some K; values determined for the P2 transporter
by de Koning et al.>®* The blue area indicates the selectivity for purine

over pyrimidines.

Purine nucleosides
Adencsine 0.91 £ 0.29
Incsine NE, 160
Guanosine NE, 250
2°’-Deoxy-Adenosine 0.23 = 0.04
3’-Deoxy-Adenosine ND
5’-Deoxy-Adenosine ND
2'-Deoxy-Inosine 170 £ 23
Pyrimidine nucleosides
Uridine NE, 500
Thymidine NE, 500
Pyrimidine bases
Thymine NE, SO0
Uracii NE, 500
S-fluorouracil NE, 500

Table 2.2 Ki values for potential inhibitors of P2 mediated
adenosine uptake in T.brucei bloodstream forms®, ND, not

determined. NE, no effect at the indicated concentration.

o The P2 does not require the presence of the ribose moiety for ligand
binding (table 2.2);
e Strict selectivity for purines over pyrimidines (table 2.2);

Tl - Tim m i - [P Sy ~ -~ Lo - . aal am - ralim e Tm e - o
® The amino group in position 6 of the purine ring is essential for
interaction and substituents at this position reduce the affinity;
¢ The nitregen residue at pasition 1 is part of the P2 binding maotif;

o The main motif for the P2 transpoiter is H>N-Cg(R;)=N-R, with N1
acting as a potential H-bond acceptor and the amine as a possible
denor of two H—bonds,

L Tl

e The aromaticity of the ring is also important and interact with the

transporter via n-n-interaction;

[98)
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ing creating a partial positive charge that can

interact with the transporter via polar interactions.

P2 transporter

Figure 2.5 recognition motifs of P2 T. brucef transporter.

In mammalian cells there are two nucleoside transporter gene
families: the equilibrative nucleoside transporters (ENTs) and the
concentrative nucleoside transporters (CNTs). The cloned transporters
within each family share significant sequence homology®>. The ENTs are
facilitated carrier proteins and the CNTs are Na® dependent secondary
active transporters (Figure 2.6)°. Within each major class there are
multiple subtypes with different substrate specificity and inhibitor
sensitivity.

The equilibrative nucleoside transporters mediate facilitated

diffusion of nucleosides across membranes. The concentration gradient

Kong, W.; Karen, E.; Wang, J. Mammalian Nucleoside Transporters. Cuir. Drug.
Metab. 2004, 5, 63-84

(9]
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determines the direction of the nucleosides flux through the transpoiter
that therefore function bidirectionally®. hENT1 transports both purine
(adenosine, guanosine, incsine) and pyrimidines (uridine, cytidine,
thymidine). The 7. b. brucei transporters previously described despite the
human transporters are proton symporters*’,

The hFNT1 transporter is closely related to the TbNT family and
appears to be the most ubiquitous human nucleobase transporter®®. The
predicted secondary structure for hENT1, as well as described for the tbNT
(figure 2.4), shows 11 transmembrane domains with an intracellular N-
terminus and a short extracellular C-terminus)®®. The predicted secondary
structure for hCNT1 shows 13 transmembrane domains with a long

intracellular N-terminus and a iong extraceliular C-terminus

¥ \
Concentrative Equilibrative Proton-Nucieoside
Nucleoside Nucleoside symport

ATPase

Transporter Transporter ¢ Transporter
Nucleoside

Human T.brucei

Figure 2.6. Nucleosides/nucleobases transporters in human and in T.b. brucei

Wallace and De Koning have formulated a structure activity

relationship for the binding of several ligands to the human erythrocyte

facilitative nucleobase transporter as well as for the Trypanosoma P1 and

Table 2.3 shows some K; values determined for hENT1 by de Koning

£ .
1

he high affinity for purine nucleobases

* Wallace, L. J. M.; Candlish, D.; De Koning, H. P. Different Substrate Recognition

Motifs of Human and Trypanosome Nucleobase Transporters. J. Bicl. Chem. 2002,
277, 26148-26156.
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Purine nucleosides

Adenosine NE, 1000
Inosine NE, 1000
Guanosine NE, 250

Pyrimidine nucleosides
Uridine NE, 1000
Thymidine ND

Purine nucleobas

Pyrimidine bases

Thymine >1000
Uracil NE, 100G
Cvtosine NE, 10C0

Table 2.3 Ki values for inhibiticn of *H-permeant uptake in hFNT*,

ND, not determined. NE, no effect at the indicated concentration.

Th activity relationship for the

=3

results achieved from the structur

m
(¢

human transporter can be summarised as follow:

(%)

@0

The transporter was described as purine-specific high affinity®®

J

G

);

(tabl

(1]

£,
The imidazole ring plays an important role in the interaction

explaining the preference of purine over pyrimidines>®;

permeant®®;

An unprotonated “pyrimidine type” N1, as present in aminopurines,
is necessary for an optimal binding®®;

Streng H-bond interaction with N3 (unprctonated in all natural

purines) >,
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o Human o)
facilitative
nuclecside
transporter
Adenosine
2
\_ v

Figuire 2.7 recognition miotifs in human facilitate nuclecside transporter.

primary role of P2 transporter in the uptake of some important trypanocidal

drugs®® 4> %%, The P1 transporter displays a 50 to 100 foid lower affinity for
I d

these compounds and therefore has not been implicated in the drug
uptake®.
Williamson®” in 1959 discovered that melamine-containing

molecules could antagonise the trypanocidal action of melaminophenyl
arsenicals and the diamidines. He proposed that a "melamine receptor”
was involved in the competition on the trypanosome surface. Today we
know that the “melamine receptor” is represented by the P2 transpoiter.
Considering the structure activity relationship studies by De Koning
and Jarvis®® previously analysed it is possible to summarise the main

requirements of P2 transporter in order to have an optima

¥ williamson, J. Drug resistance in trypanosomes; selective interference with

trypanocidal action. Brit. J. Pharmacoi. 1959, 14, 431-442.

39



The P2 transporter

2) Presence of aromatic ring associated or integrated with the
amidine group®*;
3) Electronegative group attached to the aromatic ring, para

to the amidine and able to contribute to the r-sysiem with
a lone electron pair™

It is clear that nucleobases (6-aminopurines), melamine-based

arsenicals and diamidines share a common structural motif to allow
recognition by the P2 transporter®® (figure 2.8).
i N

Melaminophenyl Arsenical drugs

o NH | ﬁ N
&J\ : As.g’ M y As"o g ;

HN" N I HzN

Melarsoprol Melarsen oxide Tryparsamide

Diamidine drugs:

y. @
,f"‘gN / .NHz
‘ 0@%.

Pentamidine
1" HaN
@4
Propamidine
A >y

Figure 2.8 Structure of some trypanocidal drugs and their common structural motifs.

The structure of melarscprol fulfils all the reguirements
affinity binding to the transporter and the large phenylarsenical group does
not seem to affect the binding. Pentamidine shows the same affinity for
the transporter suggesting that the amidine group does not need to be
integrated in the aromatic ring and also that the amino group in para
position can be replaced by an ether group®.

Carter and Fairlamb® proved that the melaminophenyiarsenical
drugs and diamidines are transported into the cell through the transporter.

In fact, adenosine and adenine but not inosine were able toc protect the

)
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bloodstream form from the melarsenoxide-induced lysis in vitro. This
observation was also supported by the finding that P2 transporter activity
was absent in melarsoprol-resistant strain.

2.5 Pentamidine receptors and resistance in T. brucei:

Melaminophenyl arsenical and pentamidine are still the main
chemotherapeutic treatment for the sleeping sickness. Since the treatment
has not changed in the last 50 years resistance to these agents is
undermining the treatment of this disease. Many cases of stage 2 sleeping
sickness are refractory to treatment with the melaminophenyl arsenical
melarsoprol®®. It is therefore essential to understand the mechanisms
behind this growing problem.

The analysis of the results of the cloning and expression of the
TbAT1 gene encoding the P2 transporter can help to understand the
mechanism behind the resistance. The first important step was achieved
by constructing a TbAT1 knockout clone to investigate whether TbAT1
alone contributes to P2 activity in Trypanosoma brucei brucei. Maser and
Kaminsky found that TbAT1 gene encodes an adenine-sensitive adenosine
transporter when expressed in yeast (Saccharomyces cerevisiae)*® but the
formal proof that TbAT1 encodes the P2 activity was achieved after the
gene deletion studies carried out by Matovu and De Koning®®.

The total absence of P2-type transporter in tbatl-null bloodstream
form trypanosomes proved that TbAT1 is the P2 transporter. Loss of
TbAT1 reduced the sensitivity of trypanosomes to melarsoprol but only by
approximately 2 fold. However, even a small reduction of sensitivity is
important, since the level of melarsoprol in the cerebrospinal fluid of
patients has to be within certain levels in order to kill all the parasites in
the central nervous system. The therapeutic ratio index of melarsoprol is
very low and a small reduction in sensitivity can render the drug
ineffective.

% Matovu, E.; Stewart, M. L.; Geiser, F.; Brun, R.; Maeser, P.; Wallace, L. J. M.;
Burchmore, R. J.; Enyaru, J. C. K.; Barrett, M. P.; Kaminsky, R.; Seebeck, T.; de
Koning, H. P. Mechanisms of arsenical and diamidine uptake and resistance in
Trypanosoma brucei. Eukaryot. Cell 2003, 2, 1003-1008.
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The P2 transporter, as previously de

y described, exerts high affinity also
for diamidines like pentamidine. However the transport of [*H]-
pentamidine is only partially blocked by adenosine in T. brucei and also

TbATI1-riull trypanosomes are only slightly more resistant to pentamidine
compared tc the wild type®®. Another important observation was that

i
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ThAT1-null parasites showed a more pronounced resistance to diminazene,
ancther important diamidine related to pentamidine, used for treating

cattle. De Koning and Matovu proposed the presence of two additional
adenosine-insensitive transporters specific for pentamidine: the high-
affinity pentamidine transporter (HAPT1; K,= 36 £ 6 nM) and the low-
affinity pentamidine transporter (LAPT1, K,= 56 £ 8 uM)>° (figure 2.9).
Both the transporters are still active in TEATI-null mutants (figure 2.9)
explaining why treatment with pentamidine is not likely to give rise to

resistance whilst resistance to diminazene occurs rapidiy*® *°

PMD uptake (pmol 107 cells™' s™')

C? o ——————————
(=]

T = T T
10 108 107 105

Concentration of PMD (m)

TRENDS in Parasitology

= -

Figure 2.10 Pentamidine uptake rates operated by the various transporters. Black
line: HAPT1; blue line, combined uptake of HAPT1, LAPT1 and P2; green line, P2;
red line, LAPT1. The orange bar indicated the maximum plasma concentration of
pentamidine in patient®®.

The three pentamidine transporters show different kinetic

parameters and therefore the relative contribution of each to the total flux

*® De Koning, H. P. Uptake of Pentamidine in Trypanosoma brucei brucei is ! ‘edlated
by Three Distinct Transporters: Implicaticns for Cross resistance with Arsenicals.
Mol.Pharmacol. 2001, 59, 586-592.
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is dependent on the extracellular concentration of pentamidine (figure
2.10)%°. The P2 transporter mediates 50-70% of the pentamidine uptake.
The high affinity transporter (Khn= 36 £ 6 nM) is saturated at low
concentration and therefore contributes relatively little to the total flux of
pentamidine (figure 2.10)%°. Diminazene, though structurally related to
pentamidine, does not appear to be a substrate of the adenosine-
insensitive transporters explaining the higher level of resistance in the null
mutant clone (figure 2.10)*°. However the level of cross-resistance
between diminazene and melarsoprol is inconsistent and suggests that
melaminophenyl arsenicals, as well as described for some diamidines, have
a secondary route of entry into the trypanosome®®.

It is likely that together with the loss of TbAT1 there are more
processes involved in resistance. In fact, some laboratory strains of T.
brucei, selected for arsenical resistance after prolonged exposure to
subcurative doses, are deficient in TbAT1 activity and exhibit high level of
resistance to melaminopheny! arsenicals®®.

60 Bray, P. G.; Barrett, M. P.; Ward, S. A.; de Koning, H. P. Pentamidine uptake and
resistance in pathogenic Protozoa: Past, present and future. Trends Parasitol. 2003,
19, 232-239.
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different substrates. The amidine-like moiety appear essential for the
recognition and can be normally found in a P2 substrate as free amidine
group or incorporated in a heterocyclic ring such as in a purine or in a
triazine. The differences previously described between the T. brucei P2
transporter and the related human nucleoside transporters are substantial

o exploit this route to selectively deliver cytotoxic agents to the parasite.

As melamine derivatives are both uncommon transporter
recognition motives and are easily accessible they seem to be ideally suited

to act as transport/recognition unit.

The aim of the work carried out and presented in the following
chapters is to synthesise new melamine and benzamidine derivatives with

wi
trypanocidal activity. For simplicity, the madifications can be subdivided
into two main groups: modifications of triazine derivatives and of
benzamidine derivatives.

New triazines derivatives can be achieved generating different group
of compounds A, B, C, D, E and F. The different derivatives have the
common feature of having a trypanocidal moiety attached to a recognition
moiety through a linker. The modification can be summarised as follow:

e Modification of the melamine recognition unit by introducing alkyl
2

.1) or by introducing functionalised chains

R;, R, = alky! substituents

Scheme 2.1 Modifications of the triazine moiety.

£
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The P2 transporter

A drug target for chemotherapy

Replacement of the furan ring with other nitroheterocycles (C,

scheme 2.2) or with nitro-homoaromatics (D, scheme 2.2);

NH2 NO, NH:

S I
HZN/kN/)\u,N\ HszN/ H,N\
/X=O;N \

nitroheteroaromatics it nitrohomoaromatics

L

Scheme 2.2 Modifications of the nitroheterocycle unit.

Complete removal of the nitro group or replacement with other

Michael acceptors (E, scheme 2.3) ;

|
NH,
NN o\
)l\ ,)\ N ot X= H, -CN, other michael acceptors
HNT NN

Scheme 2.3 Modifications of the nitroheterocycle unit.

Introduction of different linkers with different length and chemical

functionality (F, scheme 2.4);

F
Ry~
)NL\N 0
HN N’)\ e
Rz

Ry, Rz = alkyl substituents variable linker

Scheme 2.4 Modification of the spacer linker.



The P2 transporter
A drug target for chemotherapy

Benzamidine derivatives can be generated by attaching the
benzamidine moiety to a nitrofuran ring through a variable spacer linker
(G, scheme 2.5). The nitrofuran ring, as well as described for the triazine
derivatives, can be replaced with other nitroheterocycles structures (H

scheme 2.5).

G H
NH NO, NH NO,
HoN 0 HzN
x
X e X=0; N
X= 0O, NH-, -N=CH, variable linker Y= NH,S

Scheme 2.5 Modification of benzamidine structures .

Prodrugs related to the previous structure have been also

investigated and will be separately described in chapter 5.

The modifications above summarised will be separately discussed in
the chapters that will follow. All new compounds have been tested for their
ability to interact with the P2 transporter in Trypanosoma brucei species.
Cytotoxic activities against 7. brucei species and related parasites as well

as against mammalian cell lines have been also tested and will be
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3. Results and Discussion I:

Triazine derivatives

The substrate specificity of the P2 transporter represents an
opportunity for drug design. Together with the natural substrates, adenine
and adenosine, other motifs such as melamines and benzamidines have
shown to be good substrates for this transporter. Following a rational drug
design approach, a series of new potential drugs have been designed by
linking trypanocidal agents to groups known to be substrates of the P2
transporter, in order to selectively target the toxic effect to the parasite.
This chapter focuses mainly on the coupling of melamine groups to a
different series of nitroheterocycle compounds.

3.1 Drug design approaches:

Nearly 100 years ago Paul Ehrlich developed the haptophore-
toxophile biphasic theory of drug action (figure 3.1). The theory
described the “haptophore” as a component of a molecule directed toward
a specific cell receptor while the “toxophile” or “poisoner” was responsible
for the cytotoxic activity by chemically combining with the target®® %!, The
drug design approach that we consider today is to some extent related to
Ehrlich’'s theory. We know that we can extend the term “receptor” to
encompass different cellular components such as membrane transport
systems and intracellular targets such as enzymes and other

® Ehrlich, P. The collected papers of Paul Ehrlich. Volume 1. Histology, Biochemistry
and Pathology.; Pergamon Press, 1959; pp 596-618.
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——

components®®. However, at the same time, it is clear that non-covalent
forces such as hydrogen bonds, electrostatic interactions and hydrophobic

interactions are also extremely important for drug action.

o N

Ehrlich haptophore-toxophile biphasic theory "

.

. recognition moiety

. . NHz
Pl SN
Toxophile el iué'\ J
o HN NH
.‘ linker

Melarsoprol s L
-
s
sH Drug desian model
N J

Figure 3.1 Models of drug design from the Ehrlich’s theory.

Our model is based on a recognition moiety being linked to a
trypanocidal moiety, with or without a linker between the two units. The

recognition moiety chosen is the [1,3,5]-unsubstituted triazine unit. The

0,
a
(1]

1,3,5-triazines are generally not recegnized by mammalian nucleocsi

transporters and should therefore offer excellent selectivity between host
2

cells and parasites®® **. Moreover trybizine (scheme 3.1), containing a 2,4-

diamino-[1,3,5]-triazinyl moiety, was reported as a new trypanocidal

3
<

howed in vitro activity

)
[2)]
N
_'
<
2
N
=i
(1]
)

compound by Kaminsky and Brun

against T. brucei rhodesiense and gambiense. However, further studies

wn

indicated that the compound had a poor ability to cross the blood brain
barrier and was not able to cure the mice model®?

°* Kaminsky, R.; Brun, R. /n vitro and in vivo activities of trybizine hydrochloride
against various pathogenic trypanosome species. Am.'micr_-_ Agenis Chemother.
1998, 42, 2858-2862
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NH, NH,

A0

N7 "N’

\(’)'O‘N&N
PN ° 1 A -2Hc
HoN Nb @N NH,

Trybizine hydrochloride

. J

Scheme 3.1 Chemical structure of trybizine hydrochloride.

> The work described in the following sections 3.2 and 3.4 is work

carried out by previous members of the group. This work is only being
discussed herein to provide sufficient background to facilitate the
understanding of our project and the work carried out by the author.

3.2 Polyamines as cytotoxic agents:

In the initial project carried out by Klenke et al.%* in our laboratory,
the melamine unit was linked to polyamines, chose as the toxophile. The
importance of polyamines in most eukaryotes'® has been discussed already
in the previous chapter. They are essential cell components and are
involved in cell differentiation and proliferation!® % 65 €_ polyamine
analogues have shown promise as anticancer agents, antiparasitic agents,
antidiarrhoeals, anti-HIV agents, metal chelators, and as gene delivery

agents®® 7,

® Klenke, B.; Stewart, M. L.; Barrett, M. P.; Brun, R.; Gilbert, I. H. Synthesis and
Biological Evaluation of s-Triazine Substituted Polyamines as Potential New Anti-
Trypanosomal Drugs. J. Med. Chem. 2001, 44, 3440-3452.

8 Karigiannis, G.; Papaioannou, D. Structure, Biological Activity and Synthesis of
Polyamine Analogues and Conjugates. Eur. J. Org. Chem. 2000, 1841-1863.

% Kuksa, V.; Buchan, R, Lin, P. K. T. Synthesis of polyamines, their derivatives,
analogues and conjugates. Synthesis 2000, 1189-1207.

% Marton, L. J.; Pegg, A. E. Polyamines as targets for therapeutic intervention. Annu.
Rev. Pharmacol. Toxicol. 1995, 35, 55-91.

® Tye, C.-K.; Kasinathan, G.; Barrett, M. P.; Brun, R.; Doyle, V. E.; Fairlamb, A. H.;
Weaver, R.; Gilbert, I. H. An approach to use an unusual adenosine transporter to
selectively deliver polyamine analogs to trypanosomes. Bioorg. Med. Chem. Lett.
1998, 8, 811-816.
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With this in mind, poiyamine metabolism was initially chosen as our
target in African trypanosomes. The known anti HAT compound DL-a-
difluoromethylornithine (DFMO) represents an inhibitor of the first step of
polyamine synthesis, as catalysed by the enzyme ornithine decarboxylase.

Since the parasites lack a polyamine transporter, the P2 transporter

system has been exploited as a means to deliver and target thes

(]

)=N —/N:’
N CHz)n—N wN—(CHyn— N
&\_N{>—( 2n—N N

— e e e e —— ———

transport core central core transport
unit link unit 2  core unit2 link unit
unit
lead structuyres 91= 0"1 1
< Struciilire R*-R%= H, aiky!
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A series of substituted polyamines were designed and synthesised
by Klenke et al.%® carrying 1,3,5-triazine units. The structure, as shown on
scheme 3.1, represents the lead structure that was used as starting point
to generate four different series of compounds. The main modifications
carried out are represented by the variation of the central core structure
and by modification of the transport unit by addition of methyl substituents
on the 1,3,5-triazine units®”. Some of the compounds of the series
synthesised by Klenke B. et al%® in our laboratory were highly active
against both T. brucei rhodesiense values (e.g. compounds a, b and ¢ of
series 2 showed respectively 1C50=0.57 uM, 1C50=0.44 uM, 1C50=0.18 uM)
and T. brucei brucei in vitro and selective on a cellular level but host
toxicity precluded the full evaluation of these compounds in vivo®.
However, these initial in vitro results were very encouraging and suggested
that the triazine moiety does play a crucial role in the mode of action of
these drugs.

3.3 Nitrofurans as cytotoxic agents:

As biological studies of the polyamine derivatives proved toxic for
mammal we therefore decided to focus our attention on alternate cytotoxic
motifs to couple to the P2 transporter motifs. We become interested in
nitroaromatic compounds as they have long been known to be effective
against trypanosomes®e, Nitroheterocyclics such as nifurtimox and
benznidazole (Scheme 3.2) are known to be potent trypanocidal
compounds. Nifurtimox is a nitrofuran derivative that is currently licensed
for the American Trypanosomiasis (Chagas’ Disease)®® and is under clinical

¢ Stewart, M. L.; Bueno, G. J.; Baliani, A.; Klenke, B.; Brun, R.; Brock, J. M.; Gilbert, I.
H.; Barrett, M. P. Trypanocidal activity of melamine-based nitroheterocycles.
Antimicrob. Agents Chemother. 2004, 48, 1733-1738.

® Maya, J. D.; Bollo, S.; Nunez-Vergara, L. J.; Squella, J. A.; Repetto, Y.; Morello, A.;

Perie, J.; Chauviere, G. Trypanosoma cruzi: effect and mode of action of
nitroimidazole and nitrofuran derivatives. Biochem. Pharmacol. 2003, 65, 999-1006.
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(1)
"

trial for the African HAT and particularly for the treatment of arsenc-

7

resistant Trypanosoma brucei gambiense HAT % 71,
e =,
/&rN >_\’/O N/=\N :i \/©
O;N “ "N >
il i = S T
NO, O
Nifurtimox Benznidazcle

Megazole, a nitroimidazoie derivative, was also recently investigated

for its tr\/panocidal activity’> 73 but toxicity issues prevented further

The coupling of nitroheterocycle moieties to the P2 recognition
motifs have been undertaken in order to aim a selectively cytotoxic effect

at the trypanosomes. Our approach should selectively deliver/concentrate

™ Legros, D.; Ollivier, G.; Gastellu-Etchegorry, M.; Paquet, C.; Burri, C.; Jannin, J.;
Buscher, P. Treatment of human African trypanosomiasis - present situation and
needs for research and development. Lancet Infect. Dis. 2002, 2, 437-440.

™ Pepin, J.; Milord, F.; Meurice, F.; tthl°r L.; Loko, L.; Mpia, B. High-dose nifurtimox
for arseno-resistant Trypa xosoma br /i gambrense sleeplng sickness: an open ftrial
in central Zaire. 7. Roy. Soc. Trop. Med. H. 1992, 86, 254-256.

.; De Albuguerque, C.; Enanga, B.;
: J J ﬁe..t of rr _a7ol on Trypanosoma
brucei hrunel acute and subacute infections in Swiss mice. Acta Trop. 1895, 60, 73-

® Enanga, B.; Keita, M.; Chauviere, G.; Dumas, M.; Bouteilie, B. Megazol combined
with suramin: a chemotherapy regimen which reversed the CNS pathology in a model

of human African trypanosemiasis in mice. Trop. Med. Int. Health 1998, 3, 736-741.

™ Poli, P.: Aline de Mell

o, M.; Buschini, A.; Mortara, R. A.; Nort ﬂ et de Albuguerque,
C.;Da ‘sllva ; Rossi, C.; Zucchi, T. M. Cyt-.c ic and genotoxic effects of megazol,
an anti=Chagas disease drug, assessed by different shorf term tests. Biochem.
Phammacol. 2002, 54, 1616-1627
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m

parasite increasing the potency and also allowing a

nitrcheterocycles in the pa
lower dosage, minimising effects on human host. Although the mechanism
of action of nitrofurans is still under investigation, as previously described,

ought that they interfere with the redox system in trypan
D

-
(0]
r-!r'

that are essential for their survival. Nifurtimox and related com
as redox cyclers®® and experiments suggest that intracellular reduction of
nifurtimox, followed by redox cycling, gives the formation of oxygen radical
anions (02") and hydrogen peroxide (H,0;) molecules which are

responsible for damage to proteins, lipids and DNA which lead to cell death

Megazole also acts b

action is thought to be protein synthesis inhibition®® (figure 3.2).

(
o,N’Q\(/N‘N < I
H ey /( \
" O;N" O
Niturtimox
formation lipid radical NAG(P}"
(membrane damage) AN 0 Fe¥* ‘\
HO 0,
Hy0, 4 O I - Ng?(P_)H
Superoxide . Fe
Dismutase DNA
{S0D) damage
{mutagenic effect?)
covaient Protein
binding to Bt 2o
macromolecules CELELS
N
e R S._-NH,
Ne N H\/Q o N/QH &
i i NN NN
NO, O CH,
B e Magazoie
senznijazole
~ v

Figure 3.2 Possible mechanisms of action of different nitroheterocycles. The nitrofuran
derivatives proposed bearing the P2 motif could have a similar mechanism of action as shown

for nifurtimox.
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Triazine derivatives

Having decided to use nitrofurans as the toxic moiety to be

delivered to the parasite, we next focused on a possible way to link the
toxic unit to the P2 transporter moiety. 5-nitrofuraldehyde (1) represented
a good and versatile starting material for this purpose as the aldehyde
function can be further functionalised or directly attached to the triazine
unit.

Previous workers in our group, Jimenez-Buenc and Klenke initially
decided to convert the nitrofuraldehyde into the corresponding nifurazone
{2) using hydrazine hydrate in methanolic solution to yield compound 2
(scheme 3.3). Arylation of compound 2 using 6-chloro-2,4-diamino-1,3,5-
triazine (4) was then attempted (Jimenez-Bueno, G., Klenke, B.,

unpublished data).

. ™\
H H
X, NHz
0 O NH,NH,* H,0 O N
oN—4 N —————— oN< !
2 MeOH 2N
1 2
H
S5 A0
02N NN \
3
% J
Scheme 3.2 Preparation of nifurazone and stricture of nifuroxime.
O- direct arylation was also attempted using the commercially
available nifuroxime derivative (2). Both arylations were attempted using
K;CO5/KI in acetonitrile (scheme 3.4) but the formation of the product was

not observed.
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b iy i
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4 MeCN 6

T N
H NH,
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NHq
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Scheme 3.4 (B) possible mechanism involved in the N and O arylation.

The mass spectrometric analysis of the reaction mixture suggested
that the formation of the 5-nitro-2-cyanofuran (7) may have occurred after
possible decomposition of the desired products as following proton
abstraction by the base as proposed in scheme 3.4B. In fact, 1,3,5-
triazines act as strongly electron withdrawing substituents and could
further activate the oxime or the hydrazone. This property has been

b
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exploited to activate carboxylic acids in peptide coupling reactions and

In order to reduce this electron withdrawing effect of the triazine,
Bueno J. G. replaced the 6-chloro-2,4-diamino-1,3,5-triazine with 6-
(

scheme 3.5). The

bromomethyl-2N-methy!-2,4-diamino-1,3,5-triazine (8)
experiments were conducted using two different solvents. However

analysis suggested that the product may have been formed and probabl

~

also decomposed by a similar mechanism (scheme 3.6).

H
p“‘/J\\NNHz
NH; 0N NH,
N7 N 2 N"‘l“N
,J~>. ,l'\ _Br e ; i ,lx- ,U\ ,g‘ = 0
NN ‘ZR;IV:* HN® 'N™ >~ N | NO,
8 9 V/ -
\
Solvent | Result
DMF I' X
MeCN l X
H "
o\\(ksN.OH
NH, ON-Q NHe
L
N/‘IN 3,, 7 NN
o Tk Al
HzN*N B KGO, & SO0 o
I 2 | NO;
8 10 J
I Solvent | Result
DMF X
MeCN X

The difficuities encountered in the synthesis of these initial
its.  Our

initial idea was te attach the hydrazine function to the triazine ring instead

7 : g = . ~ . .
S Kaminska, J. E.: Kaminsky, J. Z.; Gora, J. 2-Acvloxy-4,6-dimethoxy-1,3,5-triazine -
A new reagent for ester synthesis. Synthesis 1989

= 7 7

wLn
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Triazine derivatives

of to the nitrofuran (scheme 3.6). The commercially available &-chloro-

razine derivative

he 1,3,5-triazinyl-hydrazine
then successfully coupled to the 5-nitrofuraldehyde to give the

corresponding first hydrazone final product (6).

NH; NH,
NS NEgiltlze O NTSN
L S S . P IR i
= n = N
HZN/\N/\CI H,0 HzNAN/\H' H;
n
11
O NG, ITJH2
Ci \ i NTSN 0\'/N02
i = N/H\N/\N'N /\/\l
MeOH . H
8
Scheme 3.6 Synthesis of the first lead hydrazone.

The product obtained gave one of the first interesting biological
assay results. In fact, in vitro screening of the compound against a model
of 7. b. rhodesiense infection had shown an activity in the sub micromolar
range and this result was very encouraging. ©One of the problems
encountered during the preparation of compound 6 was its low solubility,
which made its purification probiematic.

mpound 6 represented our first lead structure.
un

var

With this in mind,
a different series of compounds were generated by modifying this

the main part of the project carried out in

%" The work described from this part onwards is that carried out by

the author to fulfil the requirements of the degree award.

> Simmonds, R. J.; Stevens, M. F. G. Triazines and Related Products .25. Methods
for mu Atiachment of Sugar Residues t¢ Cyio-Toxic 1,3,5-Triazines. J. Chem. Soc.-

A
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The figure 3.3 belcw summarises the main modifications that were
introduced in our lead structure (6) and that are described in the following

paragrapns.

v

modification of the nitro group

4

modification of furan ring
A 4

e o

modificati

n of the linker

bt

modification of triazine substituents

\

Figure 3.3 Representation of the possible modifications of the lead structure.

The main modifications carried out, based on cur lead compound

m

(13) included:

¢ modification of the furan ring and replacement with other

heterocyclic rings or homoaromatic rings;
e modification of the nitro group and elimination of the group;
¢ modification of the linker;
« modification of the substituents of the triazine ring.

laboratory. The svnthesis was successfully achieved with 36% vyield
u

-
and purification was performed by recrystallisation with water-methanol

N
()
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The 'H-NMR of the product is very interesting with a characteristic
signal of the hydrazene function (-NH-) that falls around 11 ppm and a
signal of the —-CH- of the imino function that falls around 8 ppm (figure

3.4). We have also noted that this compound is insoluble in most of the

organic solvents except DMSQ. This insolubility represents an issue for this
class of compounds and some of the modifications we have carried out are
aimed at improving this property as greater solubility will facilitate their

development as drugs.

. ™
bl
N1 =N 0 N02

= Fonll R |
T 3&7: 3? HzN*N/ H Nx N\

JI

/ /

H,0

The first change we decided to carry out was the replacement of the
furan ring with a thiophene ring. The introduction of a thiophene not only
allows us to understand the importance of the furan ring for the

trypanocidal activity but we also thought that this could be a strategy to

improve the solubility of the product in organic solvents and thus the
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pharmacokinetic properties. Another important reason for having a
thioph

ne derivative is related to its possible different redox potential
compared to

he lead compound. It is well known that the biologica

reduction process {scheme 3.8)’7. The mechanism of action of megazol,.

for instance, is still unknown but it has been proved that its reduction is a
key step for that mechanism’’. The single electron reduction of megazol

y trypanosome micrecsomes has been confirmed by enzymatic reduction

studies. Although the mode of action of these nitrofuran derivatives is not

yet known, redox recycling cannot be ruled out”®

N N
R S.__NH; o S.__NH;
OZNI;‘ \ _Y W ozN’Cq’ e
) N-N ) N-N
CHS CH3
Megazol
NO NO,
R-N_ X \ = RN X ]
N A + @ . N B

Scheme 3.7 reduction equation of megazol and of a general nitrocheterocycle derivate.

The commercially available 5-nitrothiophen-2-carboxaldehyde (12)
was reacted with the triazinyl-hydrazine derivative (11) giving the 5-
nitrothiophene-carboxaldehyde hydrazone derivative (13) in 25 % yield.

I

H g _NO;
0 L
qu)\N’)\N'NH’- MeOH HN” N NN SN
H H
1" 13 Yield=25%

" Bonta, M.; Chauy
anions fr-"-m 'negazol
reaction triggere

"8 Viode, C.
N.; Perie, J. 5
1999, 57, 549-557.
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Figure 3.5 'C-NMR of new hydrazone compounds.
It is interesting to compare the '3*C-NMR of compound 6 with the

thiophene analogue (13). Replacement of the O with a S significantly
changed the chemical shifts of the —CH- of the thiophene ring but does not
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affect the chemical shifts of the triazine carbons. The peaks corresponding
to -CH- of the thiophene ring are shifted to higher values compared to
those of the furan. The -CH- of the imino function of the thiophene
analogue also falls at a higher value but the difference is less significant.

3.6.2 Replacement of furan ring with a phenyl ring:

In order to evaluate the importance for the activity of the nitrofuran
function we decided to synthesise a series of derivatives in which the furan
ring has been replaced with a homoaromatic ring. The reaction was carried
out reacting the hydrazine derivative (11) with the three isomers of the
nitro-benzaldehyde (14, scheme 3.9)*. The yields obtained were different
for the different hydrazones: recrystallisation of the orto and meta isomers
gave yields below 20% whilst the para isomer was recrystallised to give a
significantly improved yield of 77%.

( )
XL
v
HzN)\N/)\N—NHz
Am e
S A _Na
N, HN"NTON
15 Yield=77%
X1 1
O
HzN)\N/ u,N\
16 Yield=13%
L
XX
HoN N/ u,N\
bt NO,
X Yield=17% )

Scheme 3.9 synthesis of hydrazones of the nitrobenzaldehyde.

3.7 Modification of the nitro group:

One of the main issues in the development of new trypanocidal
nitroheterocycles concerns their possible genotoxic effects’?. Some studies
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damage’®. Moreover megazol was found to give a positive Ames test®® and

utagenic in mammalian cell tests’?, It is extremely important to

(=
o
o
o
3

determine whether this vanted effect is dependent on a particular
chemical functionality. It is also important to determine if the mechanism

behind the t rypanoadal acuwty is the basis of this mutagenic effect. The
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3
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(o]
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the nitro group. Even though the mechanism of action of nitrofuran
derivatives is still unclear, the role of the nitro group in their mechanis

seems essential. Therefore hydrazone derivatives, without the nitro
f

function, were desi grpd in order to evaluate the role of this aroup
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Scheme 3.10 Synthesis of hydrazone derivative of the 2-furaldehyde

Ferreira, R. C.; Ferreira, L. C. CL 64,855, a potent anti-Tryparos oma cruzi drug, is
also mutagenic in the Salr*one”a/’mcrocome assay. Mem. |. Oswaldo Cruz 1988, 81,
49-52
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5
NH, s (o) j"\""z
NJ“N W) 20 N N S
/l l ~ ,N\. ==
HNT N” TN-NH, MeOH H,NT N H
rt
1 21
Yield= 38%

Another interesting modification we carried out was the replacement
of the nitre group with a nitrile function. This modification was carried out
to determine whether the properties of this group are entirely dependant
upon the electronic properties of the nitro group. For this purpose the nitro
group was replaced with another eiectron withdrawing group, the nitrile
group. In order to carry cut this modification, 5-cyano-2-furaldehyde (23)
was needad. During the synthesis of 23 we encountered some difficulties
which we think were probably related to the electron withdrawing effect of

the nitrile group. Therefore different routes to 23 were investigated. The

first reaction attempted was the formylation of the 2-cyano-furan {22} via
the Vilsmeier reaction.

POCI
Dl e oe Sl
Q" CN N,I‘EI)-OIID‘IVIF o~ "CN
22 b, O 23

Scheme 3.12 Attempted synthesis of 5-cyanc-2-furaldehyde.

The mechanism proceeds through the formation of the Vilsmeier
reagent via addition of the phosphorous oxy-trichloride to the N,N-DMF. It
was expected that the highly reactive intermediate would react with the
cyanofuran via electrophilic aromatic substitution, as shown in scheme

(a)

.13, to give 5-cyano-2-furaldehyde (23).
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1)

Treatment of 22 with POCI; under the standard conditions at 0°C
using DMF as both solvent and source of formyl group was carried out®!.
MS analysis showed the formation of the expected product but the attempt
to isolate it from the complex mixture failed. 'H-NMR analysis of the
mixture showed a weak signal of the aldehyde and it is likely that the

amount of product formed was negligible.
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= N
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the nitrile group that exerts a
deactivating effect on the furan ring. In fact, as shown on the following
resonance structures (scheme 3.14), the positive charge in one of the
structures falls on the carbon that is directly involved in the electrophilic

attack.

® Downie, I. M.; Earle, M. J.; Heaney, H.; Shuhaibar, K. F. Vilsmeier Formylation and
Glyoxylation Reactions of Nucleophilic Aromatic-Compounds Using Pyrophosphoryl
Chloride. Tetrahedron. 1993, 49, 4015-4034.
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of major importance are represented in blue.

The problems associated with scheme 3.12 led us to propose

ative route. 5-hydroxymethylfuraldehyde (24)

corresponding aldoxi

hydrochloride at 0°C.

# ™~
H H H
Ny -
HO. O i O NH,0H HC! o, f‘j‘lf)\N—OH a0 O N-OAc
N NEt, ;ﬁ\/“ w

24 25 ~ Ac,O 27
reflux

+
N r 2
// V4 i /
S It W VNIRRT
N /) Sy L \—Q)
—4 ) el NH,OH N
g . MeOH
28 26
\_ v

Scheme 2.15 Alternative route attempted for the synthesis of 5-cyano-furaldehyde.

The oxime was successively refluxed with acetic anhydride giving
the corresponding acetylated nitrile®? (26) together with the bis-acetylated

aldoxime (27) as unwanted bypreduct. The nitrile (26) wa

w
=)
~
Q
)
=k
~
4]
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T
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% Chauviere, G.; Bouteille, B.; Enanga, B.; de Albuguerque, C.; Croft, S. L.; Dumas
M.; Perie, J. Synthesis and biological activity of nitro heterocycles ana

megazol, a trypanocidal lead. J. Med. Chem. 2003, 46, 427-440.
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the corresponding alcohol {28) using a solution of ammonia in methanol®,

However as only a negligible amount of compound 28 was obtained the
oxidation could not be performed.

At this point we found a “one pot method” in the literature for the
conversion of aldehydes into nitriles (scheme 3.16)%. The procedure was

carried out using hydroxylamine hydrochloride and phthalic anhydride in

W,

-

anhydrous acetonitrile®®. However, analysis of the reaction suggested tha

0

nd the desired product was not

1]

polymerisation may have occurred

obtained.

f 4
O
Ce
" /\
/\ NH,OH-HCI HO\/O\
HO H 2
0 2 o” eN
0 CH,CN
24 28
o

Scheme 2.1€ Attempted direct conversion of aldehyde to nitrile.
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the correspondent nitrile (28). The formation of the nitrile can be easily

monitored since the dark sclution turns te a colourless solutien after

® Floyd, A. J.; Kinsman, R. G.; Reshanali, Y.; Brown, D. W. Direct Cyanation of the
Furan Nucleus by Chlorosulfonyl Isocyanate. Tetrahedron, 1983, 39, 3881-3885.

-thod for the conversion of aldehydes intx
ron 40

ett. 1998, 39, 4047-

L.)

¥ Wang, E. C.; Lin, G. J. A new one pot m
nitriles using hydroxyamine and phthalic a
4050.

- Tnlulrdar S Hsu, J. L;; Chou, T. C.; Fang, J. M. Direct transformation of aldehydes
nitriles us g ioding in ,.r'\-'n'mm watpr Tp.'rﬂh.ﬂdrnr Lett. 2001, 42, 1103-1105.
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I
/N H NH:OH HO\A
(o) o~ “CN
H,0
24 © 28

Yield=80%

»

scheme 3.17 conversion with Iodine.

HO HO
0 [0 (0] NH
e B4
H H

HO

Scheme 3.18 mechanism of conversion of aldehyde to nitrile via Iodine.

Oxidation of the alcohol (28) to the aldehyde (23) was carried out
using the standard procedure of pyridinium chlorochromate (PCC) in DCM

(scheme 3.19).

However, the yield of the reaction was very low and the

amount of aldehyde recovered after purification was negligible.

PCC
o, A\ o T
‘/QB\CN DCM (Ny) 0" CN
28 H 23

Yield<12%

70

scheme 3.19 Oxidation with PCC in DCM.



The oxidation of the alcohol 28 was achieved in higher yield via the
The mechanism described (scheme 3.20) is
characterised by the nucleophilic attack of DMSO on the oxalyl chloride.
Nucleeophilic acylic substitution is followed by decarboxvlation to generate
the highly reactive chlorosulfonium intermediate which reacts with the

alcohol (28). Proton abstraction by EtsN catalyses the elimination of the

dimethylsulfide and the oxidation of the alcchol to aldehyde (23, scheme
3.20).
£ o
o]
aaHLCI
0 & 0
s N 3
g b4 s 4
S ®s o ®
P X N
cr
CO,,
0, Cr
e Wl
A "g\/H OB S
OH O®XD ‘0 ~ o
2 7 !
/ O y (@] 7 (o] / O
e Czy F=Czy Z~Czy " Csn
\. S

Scheme 3.20 Mechanism of Swern oxidation®®.

The aldehyde 23 was subsequently coupled with the hydrazine
intermediate 11 to give the corresponding hydrazone (29) as shown on

scheme 3.21.

58 Omura, K.; Swern, D. Oxidation of alcohols by *activated” dimethyl sulfoxide. A

preparative, steric and mechanistic study. T fahedron 1978, 34, 1651-1660.

~J
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72

4 )
(0]
c'%cn
HO\A ° 0 / \
0" “CN DMSO 0~ “CN
DCM, H
28 NEt,, -78°C 3
Yield =60%
A 0" CN
NI \N H )N'\\i lo) \
N
|-|2t~|)\u”|\u"‘m2 MeOH HN~ N7 NS N
11 29
Yield= 13%
L J

scheme 3.21 Oxidation of alcohol via Swern oxidation and formation of the

hydrazone derivative of 5-cyano-2-furaldehyde.
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the clinical development of nitrofuran derivatives. Noteworthy zlso is the
latest data regarding nitazoxanide. The nitazoxanide is a redox-active

prodrug chemically consisting of nitrothiazolyl-salicylamide (scheme 3.7).
The drug is known for its antiprotozoan, antihelmintic and antibacterial
properties against Helicobacter pylori®’. Studies of mutations to give

rifampicin resistance have indicated that nitazoxanide is not mutagenic®’

Although the mechanism of action of this drug is still unclear, it is knoewn
that, its possible action is related to the presence of the nitrothiazole ring.
It was thought that substitution of the nitrofurans with the nitrothiazole

Figure 3.7 Structure of nitazoxanide and design of melamine nitrothiazoles.

Two different routes were attempted, based on the nucleophilic
aromatic substitution of the halogen. In the first route we attempted the

ALY

)
)
=
o
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=
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L
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ene, A.; Hughes, N. J.; Mukhopadhyay, A. K_;
ymes associated with reductive activation and action
Z

Sisson, G.; Goodwin,
o z

nd metronidazole in Helicobacter pylori. Antimicrob.

118-2
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Tris 7,r7n derivative

L= O L=t -

nucleophilic aromatic substitution on the triazine ring by the amine of the

( en
nitrothiazole {30) as shown on scheme 3.22. After 24 hrs at reflux
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formation of the desired preduct (21) was no

analysis of the reaction mixture.

f IR e < g

EtOH/H,0
c OHHy Y \—NO,
80°C, 24 hrs \ \/)’ 2
4 31

Scheme 3.22 attempted synthesis of melaminyl-5-nitro-thiazole.

It i

deactivated by the presence of the nitro group, as shown on the following

wn
O
Q
w

sible that the aminc group attached to the thiazole ring is

A= s

resonance structures, and this would explain the poor nucleophilic
character of the amino group.
(o] (0} 0
=0 N-O N-O
s s/g s
o ¥ e e e ;\
HzN N HzN N HZN N H2N

Scheme 3.23 resonance structures cf 2-aming-5-nitrethiazele (22). The resenance

tructures of major impcitance are represented in blue.

After this aobservation, we proposed to move the halogen to the
thiazole ring, which should activate for nucleophilic aromatic substitution
by the nitro group. A series of substrates with varying nucleophilic

character was chosen, as shown in scheme 3.24, but unfortunately none of
T

the reaction gave the desired preduct, as confirmed by TLC, MS and NMR
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nalyses. These results suggest that the 5-nitro-thiazole ring is probably

not activated enough for the nucleophilic aromatic substitution.

Br tubsirais HN/ﬁ
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9 Modification of linker functicon: reduction of the hydrazene

One of the modifications of the hydrazone linker we investigated
involves the reduction of the hydrazone to hydrazine. The hydrazone lead
compound 11 was chosen for reduction. However, the product showed

high resistance to all the different reduction conditions attempted. We can

propose that the hydrazone function maintains the conjugation of the
aromatic rings and generates a highly conjugated and stable system.

Several attempts were carried out to reduce the hydrazone function

(scheme 3.25 A and B) using two different starting materials. In the first
two attempts the reduction was attempted on hydrazone (6) prepared in
situ from compound 11 (scheme 3.25 A). In both cases NaBH, in dry

methanol was used. In a second attempt the solvent was concentrated

73
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after the formation of the hydrazone to remove any water generated in situ
and then dry MeGH was added.

0
NH g
2 y NH,
LA no, M NO,
NTSN 1 N )
AL LA RO
HN N7 “NH, HNT N «H'N\/\\/
11 38
Reagent/Soivent i Result I
|
h - - s
NaBH./ MeOH
NaBH./ readdition 4
2
of fresh dry MeGH o

Scheme 2.25 A Formation in situ of 6 and subsequent reduction.

he last two attempts (scheme 3.25 B) were
recrystallised hydrazone 6 using NaBH, in dry MeOH or LiAlH,4 in dry THF
respectively. The starting material proved to be inert to reducing agents
and as well as observed in the previous two attempts the hydrazone 6 was
recovered from the reaction mixture with no other products.

A N2 i NO:
LY G e
ll P (B 1 A\
N NN HN" NN
H H
6 38
Reagent/Solvent i Result

Scheme 3.25 B Attempted reductions of the hydrazone 6.

An alternative route to access the hydrazine derivative 38 is shown
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NH, B ) NH, NG
2
S o K2CO5 NN 0
| )—NO, N

| NH, T )—NO, crien - I ¥
HzN*N/)\H 2 CHACN HZNAN/*H X
1 39 38

Scheme 3.26 Alternative route for the synthesis of the hydrazone compound 38.

3.10 Modification of the triazine moiety:

3.10.1 Methyl substituted triazinyl-hydrazines:

In order to alter the lipophilic properties of our lead compound 6,
our initial modifications to the triazine moiety were based on the
introduction of methyl substituents to the melamine unit. The starting
material used for this purpose is represented was cyanuric chloride. The
formation of aminochloro-s-triazines has not been generally studied and
only a few references can be found in literature. However, some reactions
of cyanuric chloride with ammonia and few amines have been reported by
Fierz-David and Matter®,

We have prepared novel substituted alkylamino-triazines through
modifications of the standard procedure. Most of the reactions were
carried out in a suspension of water. The cyanuric chloride was finely
suspended in water by pouring an acetone solution of it into ice-water®.
The use of an aqueous system allowed the product to be isolated in high
yields®® and at the same time increased the reactivity of the cyanuric
chloride. Triazine derivatives were prepared fresh for subsequent use as

® Fierz-David, H. E.; Matter, M. Azo and anthraquinonoid dyes containing the cyanuric
ring. J. Soc. Dyers Colour. 1937, 53, 424-436.

® Goi, M. Reactivities of cyanuric chloride derivative |. Displacement reactions of
substituted 2,4-bis(anilino)-6-chioro-s-triazines with benzylamine. Yuki Gosei Kagaku
Kyokaishi 1960, 18, 332-336.

% Thurston, J. T.; Dudley, J. R.; Kaiser, D. W.; Hechenbleikner, |.; Schaefer, F. C.;

Holm-Hansen, D. Cyanuric Chloride Derivatives I. Aminochloro-s-triazines. J. Am.
Chem. Soc. 1951, 73, 2981-2983.
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The chlorine atoms of cyanuric chloride can be replaced successively

by substituted or non substituted amines via nucleophilic aromatic
substitution (scheme 3.27) activated by the triazine ring
Nu
'\\_’Cl iu
Nl SN . NTSN
ol N/*CI Nucieophilic "I*N//I\CI
=4 2 : aromatic ¥ il
substitution
' I
Nu_ CI Nu_ CI Nu_.Cl
N>éN" NXN -'Ne%;
| %) = Qo = |
o S
CIANj\CI cu)(g’km CIAN)\Cl
J
Scheme 2.27 Nucleophiiic aromatic substitution of cyanuric chioride.

After the first displacement, the following displacements of chlorine
become sequentialiy more difficult. However, nucieophiles can selectively
displace the three different chlorines of cyanuric chloride by controlling the
reaction temperature. In general the first substitution can be achieved by

keeping the temperature below 0°C. The secend chlorine can be displaced

reactivity varies greatly with the degree of substitution and with the nature
of the nucleophile®®. In general, when different amino groups are to be

introduced the |east reactive amine is introduced f|r<:l'

! Pearlman, W. M.; Banks, C. K. Substituted chlorodiamino-s-triazines. J. Am. Chem.
Soc. 1948, 70, -3"26 3728.

“w

2 De 'n oog, P.; Gamez, P.; Driessen, W. L.; Reedijk, J. New polydentate and
polynucleating '\J donor ligands from amines and ",4,6-tr|chloro—1,3,5-triazine.
"'e‘rane ron iett. 2002, 43, 6783-56786.

~J
o0



the chlorotriazine but simplifies the isolation of the preducts that
(o]

R1!Rz
O
Rs wg = .Rj
R1 R2 SE.J\NAI?
N!\N 70°C Z

RignR2 CI” °N" N
r.‘ SN 25-50°C

Use of stronger
temperature base

The first moncamino substituted 4,6-dichlorotriazines were obtained

by reaction of cyanuric chloride with ammonia, ethylamine and
dimethylamine hydrochloride respectively®*®>. The hydrochloride amine

alts were neutralised with NaOH and the products precipitated from

wn

- N e T i o i | i I ey - - =144
solution to give the desired intermediates 41-43 in high yields**.

% Kaiser, D. W.; Thurston, J. T; Dudley, J. R.; Schaefer, F. C.; Hechenbleikner, I.;
Holm-Hansen, D. Cyanuric chloride derivatives. Il Substituted melamines. J. Am.
Chem. Soc. 1951, 73, 2884-2386.

“* Diels, O. "Zur Kenntnis der Cyanurverbindungen". Ber. Deut. Chem. Ges. 1899, 32,

~
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C Rixy -
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N“SN - » ,gN
M R{R;NH :
o N T Acetone/H,0 ML
-5-0°C Cl N  C
40

41, R; =R,
42. R1 f
43R, =

Scheme 3.29 Synthesis of methyl substituted monoaminc dichlorotriazines

used as the base. The fine suspension was formed at 0°C with ice water
and the temperature is usually left to rise tc room temperature*’. The

products precipitated from solution and were also isolated as high yields

(shown in brackets on scheme 3.30).
- “
Ry.,,-R
Ry R, N2
N A
NAN N| By
i R3R4NH Rg\NJ\N/ o
cl N/ C Acetone/H,O :
NaOH 2N Ry
41, P“i = R2 =H (71%)
42, R1 = H, R2 = CH3
43. P\1 = P\z = CH3
J
Scheme 3.30 Formation of 2,4-d tituted-

the most difficuit, but by using hydrazine hydrate as the nucleophile this

was achieved without difficulty by simply heating the 2,4-disubstituted-6-

chloro—i_,3_,5-'triazine at 85°C® to yield the desired intermediates 11, 48-
1 (scheme 3.31).

% sSimmonds, R. J.; Stevens, M

for the Attachment of Suga
Perkin Trans. 71,1982, 1821-1825.
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)w NHzNH, H,0
Rasy AN H,0 Rss
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4, R1=R2=R3=R4=H
“,R1=R3=H,R2=R4=CH3
45, R; =R, = Ry = R, = CHy
46‘R1=R2=R3=H.R4=CH3
47.R1=R2=H,R3=R4=CH3

R1\N,R2
N™ N

Scheme 3.31 Formation of Triazinyl-hydrazines.

NH,
NN
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Ay N HN‘N’\N.NHZ
CHs i
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HaC.\-CHs HyC.-CHs
i‘i »-
HaC, _NH,
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CHs H
I 1
170 160 !:0 1;0

Figure 3.8 *C-NMR of the triazinic carbons; the NMR spectra have been drawn

from the original NMR spectra. The scale is in ppm. The dots in cyan show the

decrease of chemical shift with the increase of the substitution of the amino

groups.

The chemical shifts were assigned with ACD Labs software vers. 2.3.
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analyse when the solubility of the products allows us to use these

than the 'H-NMR where the

W
)

techniques. The '*C-NMR is more usefu
signals corresponding to the N-H of the amino and hydrazino groups are

variable and often fall at the same chemical shift. The triazine carbon

:i

attached to chlorine usually shows lower chemical shifts compare with the
ones attached to a nitrogen and the chemical shift of the triazine carbon
attached to the aminc group decreases to lower field with the addition of
methyl group substituents (figure 3.8).

2-furaldehyde (1)

The hydrazines obtained were reacted with 5-nitro-
zones (52-55) as shown in

in methanol to give the corresponding hydraz

=g BT =]

scheme 3.32. Hydrazones 52 and 55 were previously synthesised by

5
Jimenez-Bueno and were found to be active in submicromolar range

La
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repeated and purification by recrystallisation was performed to increase

purity.
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ynthesis of methyl substituted hydrazones.

The different combinations of methyl substituents were carried out
in order to evaluate if small variations of lipophilicity can affect the in

vitro/in vivo activities of the compounds.
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7 N
H.-CH3 HsC. -CHs
NN | d—no N'*N \/“\/\”"(‘
H3C\N*N//kN,N\ K HaC~N/J\N/ N~
) H L4 H
H CH3
52 C1pH12NgO3 53 C12H15Ng04
Mel. Wt.; 292.25 Mal. Wit.: 320.31
ClogP: 2.134 ClLogP: 2.219
H.p-CHs HyCo CHa
- . A
N“SN A\ NN M
| | d—no, ; | NO,
H\NJ\N/)\E.N%O Hoy AP N
1 f i1
H H H
54, CoHsoNgOy 55 C1oH42Ng03
Mol. Wi.: 278.23 Mol. Wt.: 292.25
CLogP: 1.301 CLogP: 1.345
. J

Scheme 3.33 shows the variations of the ClogP values with the
variation of methyl substitution. If, for instance, we consider the predicted

from one amino group to another.

2.10.2 Introduction of alkyl substituents:

Together with the synthesis of methyl substituted triazinyl-
hydrazones we also decided to investigate the effects of introduction of
bulkier amino-alkyl groups ontoc the triazine. As a first model, we
considered three main groups: n-propyl, isc-propyl and n-butyl
substituents. The 4,6-dichlroro-2-amino-1,3,5-triazine (4) was used as the
starting material (scheme 3.34) and the second chlorine was displaced
using the standard procedure of using NaOH as base at room temperature

after the formation of the fine suspension at 0°C.
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NH, I’z
N|/1QN RNH, - TL ;Jri R
4 56-58
( Substituent (R) Result Yield |
n-propyt (56) / iy

Scheme 32.34 Synthesis of alky! 2-monosubstituted 2,4-diamino-6-chloro-1,3,5-triazines.

As shown in scheme 3.34, the synthesis of the n-propyl (56) and n-

(D

butyl (58) derivatives were successfully achieved in high vields. Th
synthesis of the iso-propyl derivative (57) was more problematic and the
outcome was unclear. The corresponding hydrazines were obtained by
refluxing the triazines with hydrazine hydrate as shown on scheme 3.35.
Reaction of the crude product 57 was also attempted but the negative
outcome of this next step confirmed that the formation of th

y failed. However, at this point intermediate 57 was

repeated to give the desired compound 80 in 73% yield.
NH, NH,

NH,NH,*H,0 N)W

R Ml ¢ R. ,,Q_N,/J\,N,NHZ
H

NS SN Sl N N
H H
56, R= n-propyl §9, R= n-propyl
57, R= iso-propyl 60, R= iso-propyl
58, R= n-butyl 61, R= n-butyl
( -
Substituent (R) Saolvent Result Yield
n-propyl H,0 / 52 %
iso-propyl P -
(crude product) Hz0 A
iso-propyl o
(Aldrich) EtOH v 2%
n-butyl H,O / 52 %

Scheme 3.35 Synthesis of alkyl 2-monosubstituted 2,4-diamino-1,3,5-triazinyl-hydrazines.
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The syntheses were carried out in water suspension, except for the
iso-propy| derivative (6C) where ethanol was used because of solubility

problems. The hydrazines (52-61) were finally coupled with 5-nitro-2-

Jesion
ik TG
\ G NO,
iy e
H 1
b :
R -
N N/)\N'NH"’ MeCH
H H

59, R= n-propyl

60, R= jso-propyl

61, R= n-butyl

- >,
Scheme 3.26 Synthesis of alkyl-monosubstituted triazinyl-hydrazones
i ™~
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N™ =N 2
| | NO,
HENANA”,NQ\O
62
Cq1H14Ng05
Mol. Wi.: 506.28
Clogr: 2.355
H/NL* P
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| | NO, | i NO
.N -~ 2
HZNJ\N/ . i HgN)\N i
63 64
C11H14N303 C1?H16N803
Mol. Wt.: 306.28 Mol. Wt.: 320.31
ClogP: 2.139 ClogP: 2.888
\ .

Scheme 3.37 Predicted CiogP values for alkyl substituted hydrazones.

As for the previous methyl substituted derivatives, the ClogP was

also predicted for these hydrazones (scheme 3.37). The higher values

S
obtained (2.88 if we consider the n-butyl derivative) compared to the

20
n
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previous hydrazones should give us interesting data when correlated to

their activity.

2.1C.2 Introductiocn of functionalised chains:

The introductiocn of functionalised chains represents another
modification of the lead we carried out. Functional g
hydroxyl, amino or carboxyl groups can be used as a further strategy to
obtain a series of derivatives with a wide range of lipophiiic/hydrophilic
values, At the same time the presence of a functional group in the chain
offers the possibility to perform further modifications and a possibie way to
synthesise interesting prodrugs with improved pharmacokinetic

characteristics (figure 3.8). Figure 3.9 shows a different series of produc

that can be achieved though a series of modifications. The insertion of a
functionalised chain can dramatically modify the solubility properties of this
class of compounds.

7 N

NH

NVC%

n=variable

Figure 3.9 Introduction of functionalised chains.
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3.10.3.1 Insertion of amino-alkyl-alcchols:

cl K HN/\/OH
i
Wy HO & & 1S

¥
N/]\N/)\Cl

H;

Scheimie 3.38 Attempt of insertion of ethanolamine.

The first functional group we decided to insert is the hydroxyl group,

however whilst carrying ocut this modification we encountered several

difficulties. The chain we decided to insert on the triazine ring was the

Y

ethanolamine. The first procedure followed was the standard methodology

7

of acetone-water suspension using NaOH as base but the outcome wa

wn

unclear (scheme 3.38)}. MS electrospray analysis appears to be an
unsuitable technique for this ciass of compounds and at the same time, the
presence of extra peaks on the NMR spectra, hindered the monitoring of

these experiments. The reaction was also carried out by maintzaining the
[

the amino group is

3.10). However, as observed for the previous experiment,

| % species HZN/\/C"-I
100.00
H N/\/OH /\/6
H,N
66.67
0.00 i 14

Figure 3.10 Diagram of ethanolamine (66). The % of the different species varies with the

pr.
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After efforts to purify the preduct failed we decided to follow an
alternative route and to protect the hydroxyl group of the ethanolamine
with a more lipophilic group before its insertion on the triazine ring. The
insertion of the more lipophilic group was thought to be a strategy as

polarity and hydrophilicity seemed to cause a problem with these

compounds.
— ~
cl
PR NN
e A
7( cl HNN SCl
O/\,NHz > Si O/\\/NHZ
Imidazole,
68 DMF

67

(Yieid=52%)

o I o
N \N NHNH;*H,0 NN
Al

| .
/I\ O-Si s
H,N /\/ \ H,N" N E/\/0 Sl—é
) e
(v.nm JS°/n) (Yield=86%)
i O-Si-Ph OH
0"N-0 J/ Pt Hydrolysis j
» NO, HN not performed HN
”/L ..... |y « L NO,
=
MeOH ,TL X )N\ 0 NC2 )N,\ N . 0=
z X
HN" N H.N Y@ HN" NN !

Scheme 3.39 Alternative route attempted for the synthesis of the hydrazone 71.

Of the wide number of protecting groups for the hydroxyl function
the tert-butyl-diphenyl-silyl chloride (TBDPS-Cl) was chosen as reagent for
the protection. The utility of tert-butyldiphenylsilyl has been evaluated®’.
The corresponding tert-BDPSi ethers have much greater stability to

different reaction conditions like to acids and to some bases like NaGCH

97 1 .
Hanessian, S.; Lavailee, P. P
ethers. Can. J. (‘hpm 1975, 53, 2975-297 )
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(concentration up to 2N). At the same time the TBDP-silyl ether can be
readly cleaved with reagents such as tetrabutylammonium fluoride (TBAF)
or methanolic HCI. The ethanolamine (66) was therefore protected with
tert-butyldiphenylsilyl chloride to give compound 67. The selective
proteétion of the hydroxyl over the amino group of the ethanolamine is due
to the strong nature of the silicon-oxygen bond. The silyl protected
ethanolamine 67 was then successfully inserted without difficulties onto
the triazine ring to give the protected triazine 68 (scheme 3.39). The last
chlorine was substituted with hydrazine hydrate to give the hydrazine
product 69 which was converted to the silyl protected hydrazone 70 using
standard methodology albeit in a poor yield (9%). Product 70 showed
improved solubility compared with the previous synthesised hydrazones
but unfortunately the negligible amount obtained and the difficulties
encountered for the scale up did not allow us to carry on this route to the
hydrolysis of the protective silyl group.

The route detailed in scheme 3.40 was repeated using the
homologue propanolamine. The procedure used for the protection via silyl
ether was modified using pyridine instead of imidazole and DMF®, The
yields achieved were found to be improved compared to the previous route
and were not affected by the scale up of the reactions.

3-Propanoclamine (72) was converted into the silyl protected
derivative 73 (84%) and then successively coupled with the 2-amino-4,6-
dichloro-1,3,5-triazine (4) to give the intermediate 74 (45%). The last
chlorine was displaced with hydrazine using standard conditions to give the
triazinyl hydrazone 75 (52%) which was coupled with 5-nitro-2-
furaldehyde (1) to give the silyl protected compound 76 in high yield
(84%). Attempted cleavage of the silyl group using HCI (10M) was not
successful. NMR analysis of the mixture showed the presence of hydrazone
starting material and suggested that part of the product decomposed under
these harsh conditions.

Although these initial results were disappointing, due to difficulties
encountered with the synthesis of 77, it was proposed that these two new
silyl protected hydrazones could be evaluated for their biological activities.

% Wenninger, D.; Seliger, H. Synthesis and hybridization properties of modified
oligonucleotides with PNA-DNA dimer blocks. Nucleosides & Nucleotides 1997, 16,
977-980.
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g M
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Ph.g NN
~ u
7( Cl H,NJ‘N"*Q
HO._~_ NH; : > Si—O/\/\NHg e el
72 y
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(Yield=84%)
NH;

Cl N

NJ§N N“SN
NHzNHz‘Hzo /l =

| ;
H,N’LN”)\N’\/\O—Si—é — HNTNTNTY oS

H,0 H
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(Yield=52%)

0/
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0" N0 HCI 10M
! J)-NO, " HN">"0H
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Y

(Yield=45%)

MeOH N/j\\“N NO
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i 2!
HN NN A Nl
== H
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Scheme 3.40 Attempted synthesis of the hydrazone 77 via silyl protection of

propanolamine.

Scheme 3.41 Structure of TBDP-Silyl-protected hydrazones.

The predicted ClogP values are higher compared to the previous alkyl
substituted derivatives and therefore these protected compounds could be
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used to investigate the effects of the introduction of bulky lipophilic groups
on the activity/affinity.

3.11 Dynamic behaviour of some 1,3,5-triazines:

Whilst investigating the route to compound 77 via protection of the
hydroxyl group, we also decided to further study the behaviour of the
substituted triazines which has previously hindered our work. We repeated
some of the previous experiments and mostly focused our attention on the
NMR data achieved. In particular, we observed that when a relatively
bulky group was inserted on the triazine ring its NMR spectrum was
characterised by the presence of extra signals that do not belong to the
unwanted by-products, as we initially thought, but to the existence of
tautomeric forms of the same triazine.

Recent work by Diaz-Ortis and Valiente®® has shown that bulky
1,3,5-triazines at room temperature can be detected as two or three
tautomeric forms. They also used 2D-exchange spectroscopy studies in
various solvents and at different temperatures to determine the equilibrium
constants and the activation free energies of the restricted rotation about
the amino-triazine bond.

If we consider a generic 2,4-substituted-6-chloro-1,3,5-triazine, it is
possible to describe three dynamic processes (figure 3.11):

1) Tautomerism between amino and imino triazines *°;

2) E-Z isomerism of the imino tautomers®®;

3) the amino tautomers can show conformational isomerism due to
restricted rotation about the amino triazine bond®.

% Diaz-Ortis, A.; Elguero, J.; Foces-Foces, C.; De la Hoz, A.; Moreno, A.; Moreno, S.;
Sanchez-Migallon, A.; Valiente, G. Synthesis, structural determination and dynamic
behaviour of 2-chloro-4,6-bis(pyrazolamino)-1,3,5-triazines. Org. Biomol. Chem.
2003, 1, 4451-4457.
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Tautcmerism between amino and iminc triazine
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unsuccessful and then, at room temperature which represents the standard

conditions required for the displacement of the second chlorine. Scheme

Aia

3.42 and figure 3.12 summarize the experiments repeated, the outcome
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Cl N N~
i T
N|)§N <2 ON legN
CIAN/)\NHz Acetone/H,0 CI/I\NI NH,
41 65
W
Base (equ.) Temperature Result Yield
NaOH 2N lequ 0eC X =

o aOH unt 4l P rt .............................................

pH=10/11 v PR

Scheme 3.42 Synthesis of 2-hydroxyethyl-2,4-diamino-6-chloro-1,3,5-triazine.

HN..OH
59.71 h‘*N 43.21
Cl)\NékNHz '\
59.94
\ 43.15
L
HN/\/OH
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CI" N NH
; /167'28 166.09
168.42 166.81
/ 166.23
169.08
i B |
- o

Figure 3.12 !3C-NMR at room temperature (in order to facilitate the interpretation,

the NMR has been drawn maintaining all the origina

| settings).
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The *C-NMR at room temperature show

)]

splitting of the different
3C-NMR d

separated spectra: the upper one showing the signals related to the

carbons. To simplify, figure 3.12 shows the sam

(¢}]

lepicted as two

aliphatic carbons and the lower one which represents the signals associated
with the triazine carbons. The split aliphatic carbons are separated from
each other by a chemical shift of between 0.10 and 0.14 ppm whilst the
i the aromatic carbons are separated by chemical

hifts

™
v

HN"OH 45.08
e

!
N“SN
61.64 |
A C:)\N//J\NHz
i
HN/\/OH
8
168.12 NN
P N
/ & 8
/ CI" PN~ NH,
169.04
/
/
/
170.42
/
/
/

.

o
Figure 3.12 C-NMR at 100°C. The NMR as been drawn to simplify the
interpretation of the original.

At 100°C, as shown in figure 3.13, the splitting previously described
for the aliphatic and aromatic carbons disappeared, confirming that the
signals belonged to isomers of the same triazine compound. At this
temperature the chemical shift of each peak is also shifted by a few units
to higher fields.
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ca
to describe the behaviour of the hydroxy-ethyl-amino substituted triazine

r ~ are shown in figure 3.

1
For the imino form a E-Z

' isomerism is possible whilst

a conformational isomerism
N" SN N™S N . .
Y 1|\ sl can be associated with the
CI” N7 UNH, Cl” N7 TNH,

amino form.

Figure 3.14 Possible isomers o
the hydroxyethylamino substituted

triazine.

The synthesis of the hydrazine derivative 78 was attempted
(scheme 3.43) but as the product was not detected by MS electrospray
analysis, and poor solubility handicapped purification attempts, it was not
clear if this reaction had worked or not. The crude product 78 was used

or the synthesis of the hydrazone 71 by coupling with 5-nitrofuraldehyde

-

- -~
NH;NHz*H,0
NIAN 2NHz*Hy ? .
H,0 |
HZN)\N/)\CI HZN)\N/)\H.NHQ
65 78
o]
on HN/\/OH
H NO,
s
MeCH >
HzN N/ g Ns =
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The experiments previously carried out with the silvl-protected

derivatives showed that 3-propanoclamine not only appeared to be more

7]

reactive compared with ethanolamine but the solubility of its derivatives i
h

dichlorotriazine intermediate 41 was carried out (scheme 2.44). The

[t
1]

also improved. The coupling of the propanolamine (72) with

=

standard procedure using a water/acetone suspension of starting triazine
41 gave the formation of the product 79 with 31% yield. A new procedure
was carried out using DMF and DIPEA as a base, these conditicns are

i

used for solid phase synthesis. By using this new procedure not

only was the reaction time improved, but the yield was increased by 3 fold,
s

as

cl HN">""0H
N/gN . S NTSN
Il 4 I
H,N7 N el HZN)\NJ\CI
41 7S
Solvent Base Result Yield
H,O/acetone NaOH 2N / 31%
E (1.2 equ.)
DMF DIPEA o 91%
(1.2 equ.) .
Scheme 3.44 Synthesis of 2-hydroxylpropyl-2,4-diamino-6-chloro-1,3,5-triazine (79).

The displacement cof the last chlerine of the triazine derivative (79
with hydrazine does not seem to be significantly affected by the solvent

conditions. In fact, the triazinyl-hydrazine (80) was successfully obtained

by working either with water suspension or DMF solution, as summarised in
scheme 3.45.

Ne)
(o
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HN/\/\OH HN/\/\OH
NAN NHzNHz'Hzo N/IQN
| —_—————— |
HZN)\N’ o HzN’]\N/*m'NHZ
79
Solvent Phase Result
H.,O suspension /

The product 80 was used crude for the preparation of the hydrazone
by reaction with 5-nitrofuraldenyde. Compound 77 was purified by
)
7

)
flash column chromatography eluting with DCM/MeOH (100/0 t«

greatly improved the solubility compared to the hydrazone lead compound
{8). The predicted CLogP value shown on scheme 3.46 also confirms the
increased hydrophilicity of the hydrazone 77 compared to the lead

compound &. This result represented s big advance if we consider that

that the solubility of the previous hydrazones made difficult their
purification.
ri E— R—— P — - . ==
NO,

HN/\/\'-‘H 0\ HN/\/\(_DH

A o ik i

B ST

— N N T |
> CNH =z .N
HANT N7 N MeOH H,N NJ\H N

Scheme 3.46 Synthesis of hydrazone derivative 77.

As alsc observed for some of the previous hydrazones, the NMR
analysis of 77 shows the splitting of some of the signals. The H-NMR in
figure 3.15 shows the splitting of some characteristic bread singlet peaks of
hydrazones.
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Figure 3.15 'H-NMR and 13C-NMR of hydrazone compound 77.

The peak at 11.2 ppm, corresponding to the N-H of the hydrazone

function, and the broad singlet of the hydroxyl function (4.5 ppm) are split

into two signals of different intensity. The splitting of these peaks was not
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usually observed for unhindered hydrazones. The peaks have been
assigned with 2D-COSY experiment and with ACD Labs Vers 2.03.

267
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155,
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Figure 3.16 >C-NMR at 100°C of hydrazone compound 77.

The *C-NMR analysis also shows splitting of the signals for most of
the carbons (figure 3.15) of compound 77. The splittings disappear when
the '3C-NMR is acquired at 100°C (figure 3.16), thus confirming these
extra signals are due to tautomers/isomers of the compound 77.

Having obtained compound 77 in good yield we next carried out
modification of the free hydroxyl function by acetylation via acetic
anhydride and DMAP in pyridine. The acetylated hydrazone 81 was
obtained in 65% of yield. This ester derivative of the hydrazone 77 can be
considered to be a prodrug compound (see chapter 5). We proposed that
esterase hydrolysis will release the original hydrazone compound 77 and
the advantage of this mechanism lies in the fact that the prodrug should
exert the same trypanocidal effect but with greatly improved
pharmacokinetic properties which are expected to increase the potency of
the compound. However, further investigations and more derivatives are
needed to further explore this field.
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Ay NO, Ac,0 ihe NO,
i - I Py, DMAP | i P
H,N N/ ﬁ,N\ x HoN N-’ H,N\ X
Yield:65%
77 -
\ S

Scheme 3.47 Acetylation of hydrazone 77.

3.13 Conclusions and future perspectives:

The in vitro\in vivo screening results which will be separately
discussed in chapter 6 have given encouraging results indicating that this
class of compounds should be further studied and expanded with new

derivatives.

100



Results and Discussion I
Amidine derivatives

4. Results and Discussion li:

Amidine derivatives

Using the same approach described in the previous chapter, a series
of nitroheterocycles compounds has been designed using a linker to
connect the nitroheterocycles to the P2 recognition motif, which in this
case is the benzamidine unit.

The chemistry and solubility of the amidine derivatives prepared
proved to be an issue, and despite the different attempts and routes
investigated, a reliable procedure for coupling the benzamidine to the
nitroheterocycle is still needed. However, different procedures of synthesis
of amidines were established and some interesting model compounds have
been synthesised and assayed for their trypanocidal activity.

4.1 Design of amidine structures

The amidine function can be found as a part of many important
chemical compounds with a large variety of properties also been
investigated for their biological properties!®, 1%, Pentamidine has been
described already in the previous chapter, as a drug containing a double
amidine function which is effective not only against HAT but also against

1% patai, S. The Chemistry of Functional Groups: The Chemistry of Amidines and
Imidates; Ed: Wiley and Sons, Vol.l, New York, 1975; 677 pp.

" Jarak, l; Karminski-Zamola, G. Pavlovic, G.; Popovic, Z. 4-Amino-N-
isopropylbenzamidinium chloride ethanol solvate. cfa Crystallogr. C 2005, C61, 098-
0100.
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escribed for the melamine derivatives in
the previous chapter, the nitroheterocycle cytotoxic unit was linked to a

new class of P2 substrate. It was planned to link the nitroheterocycle to the

using an oxygen or a nitrogen it is expected that the electron lone pair will
contribute to the w-system. It was proposed that the trypanocidal moiety
can be directly attached to the benzamidine or separated by a linker of

______ Py o Ry HP R B,

d general method which is expected to be useful for

an
the preparation of the types of compounds described in fig. 4.1

% Tidwell, R. R.; Jones, S. K ; Geratz, J. D.; Ohemeng, K. A.; Cory, M.; Hall, J. E.
Analogues of 1,5-bis(4-amidincphencxy)pentane {pentamidine) in the treatment of
experimental Pneumocystis carinii pneumonia. J. Med. Chem. 1990, 33, 1252-1257
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4.2 Synthesis and chemistry of amidines:

The synthesis of amidines generally proceeds through starting
materials with an unsaturated carbon-nitrogen bond; the introduction of
the second nitrogen is usually via action of ammonia or of primary or
secondary amines!®

This simple general scheme may proceed by two routes:

1) Transformation of nitriles by addition of amines (scheme 4.1):
£ . i
R _j:N " ?ﬁ - CI:,,NH
Ri—NH® R—N
R S 1 L 1 |
""NH Rz Ry
Rz

(X=0, 8) ! XH
. R \IFO
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these hypothetical equations hold for only a few
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most frequent starting materials for synthesis of amidines, they must

' Gautier, J. A.; Miocque, M.; Farnoux, C. C. P
amidines. Chemistry of Amidines and Imidates 1675



generally first be transformed into more reactive intermediates (scheme
4_3) such as imido esters (X=0R) or imidoyl halides {X= Hal):
X
R—C N X= OR (imidoy! esters)
N—R' 5 ;
X= Hal (imidoy! halides)

scheme 4.3 Structure of a reactive intermediates used for the synthesis of amidines

It is important te note that amidines can be involved in three
geometrical isomerism (Figure 4.2a),

different isomerism processes:
and prototropic isomerism (Figure

rotational isomerism (Figure 4.2b)

A
a) H H
.C e o c
RiHN""N-Rz RiHN™
.e I
Rz
E z
b) H i
H & =0 Belun.
N N N N
r?! Rz 1 Np\z
R, H
syn anu
<) RN=C-NHR, ——~ R{N-C=NHR;
H e o A
0 1
\. =)

Figure 4.2 isomerism processes associated to the amidine compounds!®.

g Komber, H.; Limbach, H. H.; Bohme, F.; Kuneri, C. NMR Studies of the

Tautomerism of Cyclo-tris(4-R-2,6-pyridylformamidine) in Scltion and in the Solid

State. J. Am. Chem. Soc. 2002, 124, 11955-11963.
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@ The work described in the following section 4.3 is work carried out

by a previous member of the group. This work is only being discussed
herein to provide sufficient background to facilitate the understanding of
our project and the work carried out by the author.

4.3 Coupling of benzamidines with nitroimidazoles:

The first cytotoxic unit that was chosen at the beginning of the
project was the nitroimidazole unit. Nitroimidazoles were chosen because
the potent antiparasite activity of known nitroimidazoles such as megazol.
However, as mentioned in the previous chapters, megazol not only has
received attention for its potent trypanocidal activity but also for its
toxicity, an issue that has prevented its further development®s,

(o}
HN—)\
N
Et;N N
CH;CN NO, 86
NH NH
(o] NH N
N O)L J< S NH
N\
)’N\)\N ™o ON—_n I PN J<
O:N H N 0”0
2 H
87
TFA, aniline 88
DCM EE?A aniline
NH NH
o] NH N o NH
N/§| /@)‘\ ) oN \l O/‘L ,
S NP NN
O,N H H
89 90
\_ J

Scheme 4.4 synthesis of nitroimidazol-methyl-carbamoyl-benzamidines (89, 90)%®.
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Jimenez Bueno et al.®® used 4-amino-benzamidine (82, scheme
4.4) as the starting material for the coupling of the P2 substrate with the
nitroheterocycles. The benzamidine function was first protected with Boc
anhydride to give intermediate 83. Chloroacetyl chloride was coupled with
the Boc protected benzamidine intermediate (83) using Et;N as a base in
acetonitrile solution to give the intermediate (84) which was subsequently
coupled with either 2-nitroimidazole (85) or 4-nitroimidazole (86) using
the same conditions to give the Boc protected nitroimidazole intermediates
87 and 88 respectively as shown in scheme 4.4. The subsequent
deprotection with TFA and anisole in DCM gave the final nitroimidazole
compounds 89 and 90 respectively®S,

In vitro screening showed that these compounds presented very low
trypanocidal activity compared to the melamine nitrofuran derivatives.
Therefore the nitrofuran cytotoxic unit was also considered for coupling
with benzamidines as these results suggested the nitrofurans were more
potent than the nitroimidazoles.

@ The work described from this part onwards is the work carried

out to fulfil the requirements of the degree award.

106



Resuits and Discussion IT
Amidine derivatives

generate a general model structure. Again the atom in para position should
be an oxygen or a nitrogen®* and the first two structures that we chose to
carry (shown in figure 4.3) the nitrofuran ring connected to the
benzamidine unit via an ether or an amino function, para to the amidine

functionality (81, 82).

NH;
HN'

In order to minimise solubility issues and to avoid unwanted further
reaction of the amidine function, we have chosen to carry out our
experiments keeping the nitrile functionality in place until the last step.

For the synthesis of derivative 91 we decided to use the starting
materials 4-p-cyanophenol (93) and 2-bromomethyl-5-nitrofuran (41).
Nucleophilic substitution of the bromine by the p-cyanophenol was

successfully carried out after several attempts using dry THF and NaH as

107



Results and Discussion II
Amidine derivatives

base to give intermediate 94 in 43 % yield!?>. Washing the sodium
hydride with hexane prior to reaction to remove the mineral oil did little to
improve yield or purity.

NO,

/,
;O
(o]
I
p4
%3
1,
;o
(o}

THF /\<\O/\’r

93 94

Yield=43%

Scheme 4.5 Synthesis of 5-nitrofurfuryl-ether 94.

A method to convert the nitrile to the amidine using lithium bis-
trimethylsilylamide has been described in the literature'®® %7 and has been
successfully repeated in these laboratories'®®. The conversion of the nitrile
to the amidine function has been described in different works in the
literature and is generally carried out using lithium 1,1,1,3,3,3-
hexamethyldisilazane in dry THF at 0°C. The mechanism proceeds via
nucleophilic addition of the hexamethyldisilazane to the nitrile to give an
amidine lithium salt complex that is then hydrolised by HCI to give the free
amidine as shown in scheme 4.6. The structure of the lithium-amidine
complex intermediate has been characterised by Lappert et al.'%
Conversion of the nitrile intermediate 94 to the amidine derivative 91 was
initially attempted using the described conditions which unfortunately did
not yield the desired product in this case. Two different procedures were

105 Mocelo, R.; Kovag, J. Aliphatic and Aromatic 5-nitro-2-furylamines and aromatic 5-
nitrofurfuryl ethers. Collect. Czech. Chem. C. 1983, 48, 2682-2692.

'% | appert, M. F.; Slade, M. J.; Singh, A.; Atwood, J. L.; Rogers, R. D.; Shakir, R.
Structure and Reactivity of Sterically Hindered Lithium Amides and Their Diethyl
Etherates - Crystal and Molecular-Structures of Li(N(SiMe;).)(OEt,), and
Li(NCMe,CH,CH,CH,CMe,),. J. Am. Chem. Soc. 1983, 105, 302-304.

97 Thurkauf, A.; Hutchinson, A.; Peterson, J.; Cornfield, L.; Meade, R.; Huston, K.;
Harris, K.; Ross, P. C.; Gerber, K.; Ramabhadran, 7. V. 2-phenyl-4-(aminomethyl)-
imidazoles as Potential Antipsychotic Agents, Synthesis and Dopamine D, Receptor
Binding. J. Med. Chem. 1995, 38, 2251-2255.

1% Boussard, C.; Klimkait, 7.; Mahmood, N.; Pritchard, M.; Gilbert, I. H. Design,

synthesis and evaluation of potential inhibitors of HIV gp120-CD4 interactions. Bioorg.
Med. Chem. Lett. 2004, 14, 2673-2676.
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also attempted: in the first attempt the lithium hexamethyldisilazane
(LHMDS) used was a commercially available solution in dry ether whilst in
the second attempt it was prepared in situ. MS and NMR analyses of the
mixtures did not show the formation of the product and flash column
chromatography of the crude mixture gave only the starting materials.

2Li[N(SiMe3),]

2R—C=N —-

2Li[N(SiMe3)]

HZNYNH

2 R

Scheme 4.6 Mechanism proposed for the conversion of a nitrile to amidine!®®,

N NH
c 0°C base*
- H3N
AR 2 o.M
o/\<\j dry THF/EL,O °/\<\j
94 91
Base* Result
Lithium 1,1,1,3,3,3-hexamethy- X
disalzane solution in Ether
nBuli +
1,1,1,3,3,3-hexamethyldisilazane x
Scheme 4.7 Attempted conversion of nitrile intermediate 94
The failure of these initial reactions led us to propose that it was possible

that the base could have reacted with the hydrogen in the o position to the

=
=)
\O



ether function. The acidity of the hydrogen at this poesiticn could be

increased by the electron-withdrawing effect of the nitro group, which we

4.4.2 Benzamidine to nitrile via Alkyl-chloro-a2luminiuin amides

)

arigipati et al. '® have described a one step preparation of an

amide can be conveniently

cheme 4.9 Preparation of aluminium amide.

"9 | evin, J. I.; Turos, E.; Weinreb, S. M. An Alternative Procedure for the Aluminum-
Mediated Conversion of Esters to Amides. Synth. Commun. 1982, 12, 989-993.
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oo i

Sl

midine

Nitrile

Schame 4.10 nucleophilic addition of the aluminiumchloroamide to the nitrile.

The aluminiumchloroamide is subszquently added to the nitrile to
afford the corresponding amidine derivative upon hydrolysis.

With this in mind, the intermediate 94 was reacted with the
aluminiumchloroamide reagent, following the procedure described. As the
outcome of the initial reaction was unclear by MS and NMR analyses we

carried out various attempts including separate pre

2

aration of

e

aluminiumchloroamide reagent which was then added to the reaction
mixture in toluene or preparation of the aluminium reagent in situ followed
by the addition of the nitrile intermediate 94. Although MS analysis of the

reaction mixtures showed the fermation of a new product with the

3

expected mass we were unable to isolate the desired product. Io

1
exchange chromatography (using gradient of HCI in propan-2-ol) and
reversed phase silica gel (C18) column chromatography were carried out,

but both methods failed to yield the desired compound and it was thought

()

hat the poor sclubility (different extractions in organic solvents were
performed) in organic solvent of the product contributed to the purification
problems.

c* el
/©/ cl /@’ NH
Me-Al
OZN‘K\.J) Toluene, 80°C s O;N &

94 91

Scheme 4.11 Formation of amidine 91 via aluminiumchloroamide.



Amidine derivatives

a €
would minimise the purification issues. An alternative approach was found
in the form of the Pinner reactioni!l" 12 which involves reagents that can

be easily removed from the reaction mixture.

4.4.3 Benzamidines from niitriles via the Pinner reaction:

The Pinner reaction 11 112 proceeds through two steps:
Ll [ d

s =z

1) transformation of the nitrile into an imido ester:

'R-CEN *+ ROH .
BLind
Nitrile Imidoster

Scheme 4.12 Pinner reaction: formation of the imidoester intermediate

2) condensation with ammonia tc give amidine:

NH,CI

\ J

Scheme 4.13 Pinner reaction: formation of the amidine from the imidoester

Different variations of the Pinner reaction were attempted in order
to convert nitrile 94 to amidine 91 and a summary of the attempts is
shown on the following scheme 4.14. In the first attempt 7 equivalents of
EtOH were used for the formation of the imidoester at 0°C!'3 in chloroform
as solvent. However as we did not yet know if the imidoester 95 would be
detected by the MS method available to us and as the 1H-NMR was also

unclear we had to assume that the reaction had infact worked and carried

""" Pinner, A.; Klein, F. Ber. Deut. Chem. Ges. 1877, 10, 1889,

{2l S e i N L
"' Pinner, A. Die Imidoéther und ihre Derivate; Oppenheim: Berlin, 1892.

N
N
(o]

"3 Dabak, K. Synthesis and protection of some amidines. Turk. J. Chem. 2002,
547-550

=
—
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Results and Discussion Il

on. The supposed imdoester was treated with NH4Cl in MeOH/water but
MS and NMR analyses confirmed that the formation of the desired product
did not take place
[/_
o NH,
p! ¢ ¢
g £ B i
0 o] O
0 e —— o)
OzN \ [ [OF1) \_’ll ZN‘-\t’U
94 35 91
| Imidoester formation | Amidine formation
Conditions Result Conditions Result
HCl(g) b NH,Cl {1.5 equ.) 37
EtOH(7equ), CHCI; 0°C L MeOH/H,0 (7/1) Fs
HCl(g), NH,C! (1.5 equ.) 4
dry EtOH, 0°C, 24hrs MeCH/H,0 (7/1) S
Purification .  NHiC!(3equ) v
and isolation MeOR/H,O (7/1)
not obtained /
. T NH,OH 7M in MeOH
Scheme 4.14 Summary of the attempts carried out for the conversion of the nitrile 94.

the Pinner reaction was modified by bubbling H
through the mixture of the nitrile derivative dissolved in dry ethanol at
0°C'* for 24 hrs. TLC, MS and NMR analyses confirmed the formation of
the imidoester intermediate 95 had occured using this method. The
conversion of the imidoester into the amidine was attempted using various
procedures as described on scheme 4.14. We found that the formation of
the amidine occurs when increasing the number of eguivalents of NH,C!

from 1.5 to 3. Unfortunately, in this case, the product could not be

=

J...Af..‘l.

solated pure from the mixture possibly due tc problems with unwanted

chloride salt byproducts. Therefore the conversion of the imidoester was
repeated using a solution of ammonia in methanol (7M). In these

conditions MS analysis showed that the formation cf the amidine probably

4 presnell, S. R.; Patil, G. S.: Mura, C.; Jude, K. M,; Conley, J. M.; Bertrand, J. A
Kam, C. M.; Powers, J. C.; Williams, L. D. Oxyanion-mediated inhibition of serine
proteases. Biochiemistry 1998, 37, 17068-17081.
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Amidine derivatives
occurs together with the unwanted transesterification of the ethanol
imidoester to a methanol imidoster (96, scheme 4.15}. This gave rise to a
mixture, which again hindered the purification of the desired product 91.

It appeared that the poor solubility of the product in organic
solvents was again a major hindrance to purification and with this in mind

we proposed that in situ Boc protection of the crude mixture could be a

o

way to modify the solubility of the desired amidine 91. It was expected

that the Boc protection of the amidine functionality would increase the
lipophilicity of the product (97, scheme 4.15} and its solubility in organic
solvents thus facilitating its separation from the mixture. The Boc
protection was carried out by treating the crude reaction mixture frem
scheme 4.14 with Boc anhydride and NaOH in THF and water solution'!

Unfortunately this reaction did not work and consequently we were unable

to isolate the amidine 91 from the complex mixture.

Q,Me
- e
0 0
. o]
L
0 96
+ 'l
O NHZ
oy~ Mmonaw &
MeOH /©/ ) pa 0.0
95 & T3
0 .
OzN \ (BOC),0 /@/
NaO!
91 Hzorm
i\f
97
\ J

Scheme 4.15 Alternative strategy attempted to isclate the benzamidine 91.

ii8 A
"> Pons, J. F.; Fauchere, J. L.; Lamaty, F.; Molla, A.; Lazaro, R. A constrained
diket.,mperaawc as a new scaffold for the synthesis of peptidomimetics. Eur. J. Org

Chem. 1998, 853-859.
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.24 An alternative route for the synthesis of the furfurylether-

HN

=
-
)

- = 1.NaH
L) 2.(nBu);NI, BzBr

; f Et,0, 0°C
THF reflux 98%
OH OH O
98 93 99@

HN._NH; N
Li(TMS), (7 (BOC},0 H,(g), Pd 5%(C)
Et,0, 0°C | Z " NaOH MeOH
o __ THF/H,0 a OH
L@> 73% @ 52%
100 101 102
\ ’

Scheme 4.16 Alternative route via Boc protection of amidine group.

After efforts to purify the product 91 failed we decided to consider

(I)

an alternative route to synthesis of the benzamidin
t

cyancphencl (23) fragment with a view to coupling the free phenol

function to the nitrofuran unit, as the last step. The direct conversion of

107 Again problems with purification led to Bac protection as a strategy for
product isolation from the mixture’®,  Standard protection using
{Boc),0/NaGH in H,O/THF gave compound 101 in 73% vield. The solubility

of the product as compound 101 was dramatically improved in organic

116 ~

Czernecki, S.; Georgoulis, C.; Prevelenghicu, C. Nouvell
d'hydroxyles glu-“ldlquns encombres. Tetrahedron Le



Amidine derivatives

solvents and the isolation of the product was cbtained by simple extraction
with ethyl acetate. Purity of the product 101 was confirmed by NMR

analysis, as detailed in scheme 4.17 and the benzyl protective group was

—~— L Lo

then cleaved by bubbling hydrogen gas into an ethanolic solution of th

(]

intermediate 101 with 5% Pd on activated charcoal to yield the Boc

protected intermediate 102 in 52% yield.

Scheme 4.17 1H-NMR (CDCls) of the Boc-protected intermediate 101.

The coupling of the Boc protected intermediate 102 with

bromomethyl-5-nitrofuran was attempted using two sets of conditions, as
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THE NaH X

MeCN K,CO, X

Scheme 4.18 Attempted coupling of 2-bromomethyl-5-nitrofurane

4.4.5 Synthesis of p-substituted benzamidines:

By taking into account the failure of the previous reactions and also
considering the successful coupling of the p-p-cyanophenol with 2-
bromomethyl-5-nitrofuran (scheme 4.5), we can propose that the presence
of the amidine function may for some as yet undetermined reasons prevent
the coupling reaction of 102 with the nitrofuran derivative.

Purification
via BOC
protection-deprotection
strategy

Yield=63%

Scheme 4.19 Synthesis of p-benzyl-oxy-benzamidine (100).
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Results and Discussion I7

However, having

h
pratection/deprotection strategy (scheme

_____________ 4.16) we therefore decided to
utilise this methodology in an approach to synthesise some p-substituted-
oxy-benzamidines. Some m-substituted benzamidines (see chapter 7) had

p
already been synthesised by a previous member of our group but did not
show significant in vitro activity against the different Trypanosoma
species!®,

The first para-substituted benzamidine was synthesised in
collaboration with the project student Sian Dukes using the Bz/Boc

protection/deprotection r

(o]
=
-
1)
()]
w
t
(0]
o
o
=
(1]
Q.
(v 3
~g
T
=3
("]
()]
=
t
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o
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~
W
0O
=)
(0]
al
(]
H
—
(o]
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Benzyl protection of p-cyanophenol (93) followed by treatment with
h

LHMDS gave the p-substituted benzamidine 1006 {(scheme 4.19). Standard

Boc protection followed by extraction and standard deprotection using TFA
and aniscle in DCM solution!!” gave the p-substituted-benzamidine 100 in

CO;,

| W K
(J K "

NH;

T

Scheme 4.20 Propcosed mechanism for Boc-deprotection.

"7 Jarowicki, K.; Kocienski, P. Protecting groups. J. Chem. Soc. Perk. T. 1 1998,
4005-4037.
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The in vitro activity of 100 against Trypanosom

\T]
w
©
m
0
0]
"
=
1]
w

evaluated. This has been compared with the meta analogues and will be
discussed separately in chapter 7.
From our experiments we can note that the synthesis of the para

R S |

substituted benzamidines appears to be hin

compared to the meta analogues and furthermore its low solubility in
organic solvents handicaps the attempted purification of any product made.

In contrast to this, the synthesis and purification of the meta-substituted
benzamidine has not shown any difficulties and in order to explain these
differences we proposed that differing electron-donating effects could be
critical. In the para-substituted benzamidine the electron-donating
resonance effect of the oxygen (alkoxyl- or aryloxy-) is transmitted to the
amidine function through the aromatic ring whilst in the meta-substituted

benzamidine it is not (scheme 4.21).

meta-substituted

HN.<_NH, HN.__NH, HN.__NH, HN.__NH,
(-oo + + ¢
&R o TR g oR
para-substituted
HN < NH, HNQ. NH, NI _iH, HNyNH;
o I
— -—— ) —— -)
Y | | E
0 0* ‘0o o+
R R R R

e of an electron-withdrawing group proposed for par:
and meta substituted benzamidines.
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From scheme 4.21 we can clearly see that in the case of the meta
substitution the amidine is unaffected by resonance of the ring. In the para
substitution this is not the case and this may be one of the reasons for
problems encountered.

In collaboration with project student, Sian Dukes, we proposed to
couple of an alkyl group to the benzamidine as a mean to establish a
procedure for the coupling of the nitrofuran moiety to the benzamidine unit
and to yield an interesting model compound. O-alkylation of Boc protected
amidine 102 with heptyl iodide in THF, using NaH as base gave the heptyl-
oxy-Boc-benzamidine (105) in 35% vyield. The Boc group was
subsequently removed using the standard conditions previously described
for the benzyl derivative (100) to give the free p-heptyl-oxy-benzamidine
derivative (106, scheme 4.22) in 95% yield. This model compound was
also evaluated for its in vitro activity against Trypanosoma species and will
be discussed in chapter 7.

e ™
o Yoy
N, NH2 N. _.NH
o>_ ¢ | o>_ c
/\/\/\/
NaH 104
OH THF 35% fo)
NN NN
102 105
HN. :NH
TFA, anisole
DCM  ggo4
O~
106
\. W,

Scheme 4.22 Synthesis of p-heptyl-oxy-benzamidine (106)

The fact that the O-alkylation with 41 (Scheme 4.23) was only
successful when the substrate contained a nitrile group is a very interesting
result. Also the O-alkylation with 104 was successful in the presence of the

120
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Boc protected amidine. This observed incompatibility suagests that further

,— ......

work on these reactions is warranted.

X R-Hal X
NaH
THF

OH 0~R

Having investigated the synthesis of benzamidines substituted with

5
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a
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-
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1
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T

position we next i
benzamidine (82) as a starting materia! to develop methedology in order
to access model compounds eventually with a view to synthesising
nitrofuran derivatives. The amino group is placed in the para position in
order to have an electronegative atom in para position to the amidine

....... Py

r the interaction with the P2 transporter. Our early

e et U £~
1

moiety, &s required
experiments suggested that the reactivity of this benzamidine starting

erial was probably handicapped by positioning of the amino function in
para to the amidine. Further reactions and discussions concerning this
starting material will be described in the next chapter (chapter 5).

Having successfully alkylated the p-hydroxy-benzamidine in scheme
heptyl-iodine (104). Two different procedures were carried out, as
shown in scheme 4.24: in a first attempt DBU was used as the base in
ethanol at room temperatuie whilst in the second procedure the mixture

was heated to reflux temperature. In both cases TLC and MS analyses did

—
[ %]
=
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not show the formation of the desired product 107 but only the presence

of starting materials.

HoN .- NH H,N.___NH
DBU
EtOH 7
temperature
N N S A
NH, HN
82 107
- s
rt
[ d
1 v
reflux o § I
Scheme 4.24 Attempted synthesis of p-heptyl-amino-benzamidine (107)

reduced nucleophilic properties. Therefore the

the presence of different bases to increase the pH. However t to
formation of a thick black solid. TLC and MS analyses failed to show any

required product. Only starting material was present. It is probable that
the lack of reactivity is due to the poor nucleophilicity of the aniline amine
0
H o]
HoN.__NH » NO, H;N.__NH
1
=
| | «2HC!
MeOH 002
NH, N“C )
H X
82 108
none X
NaOH 2N >
NH,OH X
PTG \/ ......
nH=7.2 2
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These problems with formaton of the imine led us back to the
strategy successfully used for the p-hydroxybenzamidine (scheme 4.16).
We therefore carried out the Boc protection of benzamidine 82 using the

standard conditions*® to give the intermediate 83 in 36% yield.

r ey
0% .0
HzN NH HN NH NG,
Br, o] \
(BOC),0 ot g
THF/H0 NaH, 2‘ ‘
NH, NH THF reflux
82 q/ 83
|
OO0
HN.__NH HaN.__NH
TFA
aniscle
NO NO
o 2 DCM o 2
HN A | HN A
109 92
“ ¥

Scheme 4.26 Attempted synthesis of benzamidine $2 via Boc protection strategy.

Subsequent N-alkylation of 83 using 41 was attempted using

standard NaH/THF conditions established in scheme 4.16, however we
ain

were unable to successfully obt the desired Boc protected intermediate
i09. MS did not show the formation of the desired product.

The chemistry of Boc protected benzamidine 83 has been further
investigated and will be further discussed on detail in chapter 5.

At this point it was clear that the synthesis of para-benzamidines
attached to nitrofurans was a very challenging target. It was suggested
that novel procedures were needed to be developed for this purpose and
whilst the constraint of time prohibited further investigation by the Author

2 (W U 2 52 =

into alternative routes to these compounds a search of the literature
uncovered several interesting methods which could be of help for the

develocpment of new strategies to these compcounds.
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1.6 Synthesis of amidines: new methodologies:

It has been observed that for an optimal conversion of the nitrile to

amidine the first should be activated bv electronegative substitution'®,

uc ao =191 § =3°>1=19 Ust

Capdevielle has reported a general preparation of amidines from
unactivated nitriles'?® 2!, via stoichiometric copper-(I)-chloride induced

addition of various amines give amidines in good yields.

4.6.2 Judkins: Amidin

via benzamidoximes intermediates:;

In Judkins’ ’procedurelzz (scheme 4.28) the benzonitriles were first

transformed into benzamidoximes and then reduced to benzamidines via

palladium catalysed hydrogenolysis in acetic acid/anhydride mixture.

Schae ho, Y
with ammonium salts in the presence or ammonia. J. O.rd. -vh m. 1962, 2 1./_-:»5-
1258
120

Rousselet, G.; Capdevielle, P.; Maumy, M. Copper(l}-Induced Addition of Amines
to Unactivated Nitriles - the 1st General One-Step Synthesis of Alkyl Amidines.
Tetrahiedion Letl. 1953, 34, 6395-6358.

121 ot B = [ L Bl [ e T e s -~ =
Yet, L. A Survey of Amidine Syl ithesis; Albany Moiecular Research, Inc. Technical
1-1

Reports Albany, NY, 2000; pp

22 Al i o A —~ o T A o

Judkins, B. D.; Allen, D. G.; Cook, 7. A.; Evans, B.; Sardharwala, 7. E
synthesis of amidines from nitriles via amidoximes. Synth. Commun. 1998, 26, 4351-
4387.
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palladium catalvysed hydrogenolysis in acetic acid/anhydride mixture.
Acetic anhydride acts as an acylating agent and is necessary in providing

Scheme 4.28 Juc

4.6.2 Mioskowski: amidines via thioamides:

§ 12

Mioskowski et al.'?? has prepared phe

the presence of thicphenol and HBr.

kins's method of preparation of amidines.

nvithioamidates from nitriles in
Nucleophilic addition of thiophenol to

the nitrile leads to the formation of the thioamidate. Phenylthioamidates
can be readily converted to amidine salts presence of various amines

(scheme 4.29) and the thiophenol also ac

enhancing the nucleophilic substitution by the

corresponding amidine,

'2 Baati, R.; Gouverneur, V.; Mioskowski, C. A
of amidines via thiophenylimidic esters. Synth

as
=AY

a good leaving

rnproved method for the preparation

(=
N
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Scheme 4.29 Mioskowski procedure tc convert nitriles to amidines.

4.6.4 Shafer: amidines via N-acetyl-cysteine oamidate

The Shéfer procedure!®® for the synthesis of amidines represents a

new mild method which does not involve high temperatures, highly acidic,

reducing cenditions. In a first step N-acetylcysteine

4
 to form an imino-thioether intermediate (scheme 4.30).

in
Catalytic regeneration of N-acetylcysteine by dispiacement with ammonia

yields the amidine. In addition to its catalytic role, the N-acetylcysteine

e TERE A REE =
as the latter n de ceumpose

0 Thicamidate
— intermediate
Ve
HN._ .~ Il
(ﬂ) R S OH
R-C=N - § HN‘*{’/
Nitrile KA o

R= hetercarcmatic,
homoaromatic,
alkylic
NHgy

56-94%

A

Scheme 4.30 Schéfer procedure via thioimidate.

' Lange, U. E. W.; Schafer, B.; Baucke, D.; Buschmann, E.; Mack, H. A new mild
method for the synthesis of amidines. Tetrahedron Lett. 1999, 40, 7067-7G70.
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5. Results and Discussion lll:

Prodrug Approach

The prodrug approach represents a new project we have recently
started in our group. Triazines and benzamidines have again been
considered as recognition moieties in order to exploit the P2 transporter as
a target to selectively deliver a potential drug to the parasite. Following
the delivery of the compound to the parasite the recognition motif should
be cleaved off.

5.1 Prodrugs and their utility:

5.1.1 Definition of prodrug:

Albert'®> first used the term “prodrug” as referring to a
pharmacologically inactive compound that is converted to an active drug

through a metabolic biotransformation'®

. The activation of a prodrug can
occur either by an enzymatic process or by a chemical process such as

hydrolysis that does not involve the presence of an enzyme. The

12 Albert, A. Selective Toxicity; Chapman & Hall: London, 1951.

'% silverman, R. S. The Organic Chemistry of Drug Design and Drug Action;
Academic Press, 1991.
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conversion of a prodrug to drug can occur at different pharmacokinetic

stages and in specific targets in the body.

The main aims of a prodrug can be summarised as follow:
1) Improvement of solubility: the solubility of a drug can be
modified by attaching different groups that can be metabolically
cleaved;
2) Absorption and Distribution: Depending on the site of
action, different groups can be linked in order to facilitate the
concentration of the drug in a specific target site;
3) Stability: The structure of a drug can be modified in order to
increase the stability to inactivation by metabolic processes;
4) Prolonged release: Modifications of the drug can prolong
its release, maintaining a low concentration over a long period of
time;
5) Toxicity: The toxicity of a drug can be modulated. The
prodrug form can be administered in a non-toxic form that will
be converted into the active, toxic form only at the site of
action'?s,

5.1.2 Types of prodrugs:

In a prodrug design the modifications carried out on a drug are

usually made on the basis of known metabolic transformations many
operated by the cytochrome P450 enzymes!?®, Harper'?” called this
rational design approach “drug latentiation” in order to distinguish it
from serendipity. Wermuth*?® subdivided this term into two different
classes (scheme 5.1):
1) Carrier-linked prodrug: where an active drug is linked to a non-toxic
carrier group through a labile bond. The carrier group can be cleaved
enzymatically (e.g. esterase, amidase)!?®. A carrier-linked prodrug can be
further subdivided into three classes:

o bipartate: when the carrier is directly linked to the drug;

'2" Harper, N. J. Drug latentiation. J. Med. Pharmaceut. Ch.1959, 1, 467-500.

'28 Wermuth, C. G. (Briot, M.; Cautreels, W.; Roncucci, R.; Editors) Drug Metabolism
and Drug Design: Quo Vadis? Montpellier 26-27 November 1981, 1983; 381 pp.
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tripartate when the carrier is linked to a linker arm that is
connected to the drug;
s mutual prediug when two synargistic (in most cases) drugs

are attached to each other and both are carriers of each other.

enzymatic
hydrolysis

1 O..'
o

Bipartate Prodrug Mutual Prodrug

o linker arm

0 @)

Tripartate Prodrug

o

Scheme 5.1 Representation of carrier-linked prodrugs.

Bicprecurser

NH,

N ;

(0]

Y73
=

Acti
N Grug

NN

oxidation 2

Scheme 5.2 Activation of a drug from its bioprecursor,

129



Prodrug Approach

of anti-trypanosomes prodrugs. Drugs could be linked to the P2

transporter recognition motif so that they are selectively taken up by

trypanosomes. The carrier unit would have high affinity for the transporter

T

and rapid uptake should occur. Once in the parasite the carrier could be

ec
cleaved by enzymatic hydrolysis by esterases in the case of

an ester bond.
The drug released into the parasite would then selectively exert its toxicity

to its specific target in the parasite (scheme 5.3).

Transport
Unit

\‘ o H
.N)k/\r(ovu
H 0 Trypanocidal

Unit

Esterase
“or K
0 ~ .
o )/ Trypanocidal
Transport o
Unit EpOnfEQEOUS_
H H,N )
=0 Trypanocidal
H Unit
N\
M pruG
ACTION
A s

Scheme 5.3 Trypanocidal carrier-linked prodrug:
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A tripartite carrier-linked prodrug, in this circumstance, represents
an advantageous strategy, as it displaces the active drug further away
from the site of enzymatic cleavage thereby reducing steric hindrance from
the carrier as suggested by Ringsdorf'?®. The drug-linker connection must
be designed so that it cleaves spontaneously after the carrier has been
detached.

5.2.1 Therapeutic prospects of Target prodrug:

This prodrug strategy could potentially be applied to a wide series of
trypanocidal agents that would normally not be taken efficiently up by the
trypanosome.

It could be used for the delivery of current treatments such as
DFMO. The carried-linked prodrug strategy could improve efficacy by
minimising interactions with the host cells and enhancing uptake of the
drug into trypanosomes. The selective drug delivery could reduce the dose
required for a therapeutic effect and thus the toxicity associated with the
pharmacological effect. As the transport unit will be cleaved in vivo from
the active species, it will allow interaction of the drug with the molecular
target and thereby reduce the risk of alteration of the activity of the drug
by permanent attachment to the transport unit.

5.2.2 Considerations on Target Prodrug:

The release of formaldehyde from cleavage of the prodrug should be
released into the parasite without giving rise to toxicity problems. The
transport unit should be selectively released into the parasite thus
circumventing related toxicity problems.

If we assume BBB uptake by passive diffusion, the high polarity of
the transport unit could result in a poor bioavailability and inability of the
drug to cross the blood brain barrier. In contrast to this hypothesis, these
properties would not be affected if active transport is involved in the
uptake.

' Ringsdorf, H. Structure and properties of pharmacologically active polymers. J.
Polym. Sci. Pol. Sym. 1975, 51, 135-153.
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5.3 Aims and Cbjectives:

The use of a prodrug approach represents a new strategy for
selectively targeting trypanocides via the P2 transporter and would be a
novel approach for the treatment of HAT.

selectively deliver cytotoxic agents to trypanosomes for the treatment of
HAT. The carrier can be linked directly to the drug via an ester bond which

could be ¢ red in vivo

' ™

For carboxylate

0
Drug ( containing duugs
OH
For hydroxyl
containing dru s
brug —OH g drug W\/\rn Drug

For amino

- . contaj q drugs
Drug—NH,  ©Me ining ugs

w

Grug _‘Q"EH

v

For hydroxyl

containing drugs

Scheme 5.4 Design of chloromethyl ester prodrugs bearing P2 recognition matifs
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Some bisphosphonates, such as alendronate (scheme 5.5) have been
approved for use in humans by the FDA for osteoporosis, but alsc show

significant antiparasitic activity. A further development of this method

would be to attach a P2 recognition motif to

-t

he phosphonate of
bisphosphonates such as alendronate, which should not only target the
bispheosphenates to the trypanosomes, but also mask the negatively
charged phosphonates.

. e

Scheme 5.5 Design of some bisphiosphonate prodrugs derivative from alendronate.

Alendronate represents a versatile compound, where the

phosphonate groups can be linked to one or two different P2 motifs.

he transporter should:

a) direct the drug to the parasite;

b) improve the uptake of the drug into the parasite;

¢) mask the phosphonate.

The mechanism of action of alendronate and related

bisphosphonates will be described further on in this chapter.

%% Bodin, N. O.; Ekstrom, B.; Forsgren, U.; Jalar, L. P.; Magni, L.; Ramsay, C. H.;
Sjoberg, B. Bacampicillin: a new orally well-absorbed derivative of ampicillin.
Antimicrob. Agents Chemother.1975,

o}

Y
A0 £
8, 918-52
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5.4 Prodrugs bearing a benzamidine moiety:

5.4.1 Attempted synthesis of benzamidine-chloromethyl esters

‘\
A

H,N__NH H,N

HN

Scheme 5.6 Design of succinate esters prodrugs and their hydrolysis.

In collaboration with project student Lucy Rubij we decided to
design a carrier linked prodrug bearing a benzamidine unit by linking pro-
drugs moieties such as compounds 111 and 112 {scheme 5.6). Succinic
anhydride was used as a linker!*,

For the synthesis of benzamidine 111 we initially proposed the

strategy shown in scheme 5.7. We thought that the protection of the

b
NaOH and THF to obtain protected

o M

by using Boc anhydride i enzamidine

83 in high yield.

B Carl, P.; Chakravarty, P. K.; Katzenellenbogen, J. A. A Novel Connector Linkage

Applicable in Prodrug Design. J. Med. Chem. 1981, 24, 479-480.
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NH, NH,
82 83

HN.___NH HN.___NH
1) CsCO,
2) BrCH,Cl
(o] o]
(9] [T 3
“NY\)LOH “NY\AOA(H
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113 114

w

cheme 5.7 Initial strategy followed for the synthesis of 114.

In a second step benzamidine 82 was reacted with succinic
anhydride in DMF, using DMAF as catalyst, following the conditions
described by Zablocki et ai.'® TLC and MS analyses indicated that the
only starting material was recovered from
be due to a variety of factors. It is possible

that the Boc protection of th contributes to the deactivation

b
[a0i]
3
a
o
(0]
@]
=
(o]
C
o]

of the amino group in para position to the amidine reducing its
nucleophilicity.

We proposed a modification of scheme 5.7 which represents an

m

%2 zablocki, J. A.; Rico, J. G.; Garland, R B.; Rogers, T. E.; Williams, K.; Schretzman,
L.A; Ruo, S A., Bovy, P. R.; Tjoeng, F. S,; Llndmﬁrk, R. J.; Toth, M. V.; Zupec, M. E.;
McMackins, D. E.; Adams, S. P.; Miyano, M.; Markos, C. S.; Milton, M. N.; Paulseon,
S.; Herin, M.; Jacomin, [ Nicholson N. S.; Panzerknodle, S. G.; Haas, N. F; Page,

D Szalony, J. A,; Taite, B. B.; Salyers, A. K.; King, L. W,; -amnlnn dl G.;
. P. Potent |n-"|tro and in Vivo Inhibitors of PIateIet-Agarecatlon Base

-Gly-Asp -q‘-"ﬁl..-‘-‘l ce of Fibrinogen - (Aminobenzamidino)Succiny

D y (A ) erie
lly-Active Fibrinogen Receptor Antagonists. J. Med. Chem. 1885, 38, 2378-2394.
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HoN.__NH 6. 0.0 HoN._NH
U (BOC),0, NaHCO4 x_
DMAP, Py o THFM0
NHg 78%  HN .T(\)LOH
82 1125
No
/ (0]
HN.__NH HoN._NH
1) CsCO,
2) BrCHCI
o 3) deprotection o
-.rum/\)LOH -—-I-NO/\C'
0] 0
113 114

Scheme 5.8 Another strategy followed for the synthesis of 111.
4-aminobenzamidine (82) was successively reacted with succinic
previously reported in literature where the succinic anhydride was shown
t
unprotected amidine group couid potentially also react with the succinic

anhydride.
'H-NMR of the pure comp

(&)
[ o
=)
a
[ury
[y

2
-NMR of 4-amino-benzamidine (82),

,_‘
=]
m
I

considered for the purpese of the comparison. The results indicate that the
reaction was likely to have occurred at the para-amino group to give 112,

'H-NMR of 112 shows only one peak for aromatic protons and coupling is

-

not observed. The peak assigned to the amidine function is also ©
interest: two singlet peaks can be observed each corresponding to two
protens; presumably the amidine is protonated giving four protons in total.
The amidine reference compound also shows peaks with the same chemical
shift but described as multiplet (table in figure 5.1). Compound 82 with the
free amidine functionality presents similar chemical shifts for the amidine

protons to

Q
0

those assigned to the amidine function in compound 112, The

j—
ad
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chemical shifts values for the amidine 82 and 112 are further downfield
than 83. This could possibly be due to the presence of the hydrochloride
salt or simply due to the free amidine. All the compounds with the free
aniline function, including the reference compound showed a peak around 6
ppm. The peak was not observed for 112 indicating that substitution was

likely to have taken place.

14 13
H,NJ2NH
| 9
10

Solvent =DMSO

1 . 73 0
5HNj‘(\z)i\OH

O 3112

Aromatic H's

OH 2 NH, 2CH,
|| o
J. Ju‘" J’/\\A,‘Jl'a e
110 10.510.0 9.5 9.0 8.5 80 75 70 65 60 55 50 45 40 3.5 30 25 20
Compound 82 | Compound 83 | Compound 112 Reference
\ compound*
H-NMR "
(DMSO-d6, N NH .
300MHz) HaN__NH OYO 2 0\(0
HN NH HN.__NH
HN-20  ha
2HCl NH o oH R= -CHPh
Aromatic H's 7.05 (d, 2H) and 6.67 (d, 2H) and 7.84 (s, 4H) 6.51 (d, 2H) and
7.84 (d, 2H) 7.74 (d, 2H) 2.73 (d, 2H)
Amidine H’s 9.04 (s, 2H) and 8.95 (bs, 2H) 9.09 (s, 2H) and 8.66 (m, 1H) and
9.23 (s, 2H) 9.30 (s, 2H) 9.11 (m, 1H)
4-amino H's 6.27 (s, 3H) §5.76 (s, 2H) Not observed 5.82 (s. 2H)

Figure 5.1 'H-NMR for benzamidine 112 and table of chemical shifts. *The reference

compound was not synthesised but only considered for the purpose of comparison of the NMR

data obtained.
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interference of the amidine function and the following coupling steps and at
the same time to improve the solubility in organic solvents thus facilitating
the purification. NaHCO3; was used this time to avoid the cleavage of the
succinamide group. TLC and MS analyses confirmed only the presence of
naterial indicating that the reacticn did not take place.
Alternatively, since the mixture was acidified to generate the free acid
extraction it is possible that under t iti

hydrelysed.

In order to avoid a possible hydrolysis by the acidic conditions
required for the extraction of the compound, the
modified where the Boc protection was replaced by a protection with CbzCl
using Na,CO; as base. Cbz (benzyl-oxy-carbonyl) would be a suitable

protecting group as it is widely used and can be easily cleaved using Hz and
e

a catalyst'®®, Another important feature of t

=g

stable under acidic conditions, compared tc the Boc group.

Oog
NH o4 NH
HoN HN
Cbz-Cl, N32003 x
0 H,O/THF o
HN HN
OH CH
o] (o]
142 115
\ -~
Scheme 5.9 Atternpted Cbz protection of 112.

Benzamidine 112 was reacted with Cbz-Cl. However TLC and MS
analyses indicated that no reaction had occurred. The lack of reactivity of

the amidine group suggested that it may not be necessary to protect this.

123

Gomes, P.; Santos, M. |.; Trigo, M. J.; Castanheiro, R.; Moreira, R. Improved
synthesis of amino acid and dipeptide chloromethyl esters using
bromochloromethane. Synth. Commun. 2003, 33, 1683-1693.
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with bromochloromethane in a two step synthesis according to Gomes et
al.'® to make the chloromethyl-ester. In the first step the caesium salt of

s the solvent. As observed for the previous route TLC
and MS analysis confirmed that the formation of the desired chloromethyl
ester derivative did not occur. A variety of speculations can be made in
order to explain the failure of this reaction:

1) interference or competition for reaction from the nucleophilic

amidine groups;

2) failure to produce the caesium salt. In fact, the literature described
acids. It could be
possible that for the benzamidine compound 112 pH at which
salt formaticn occurs may be different to that stated for the amino
acid compounds;

3) unreactivity of compoun

[«
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[o )
C
®
o
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[\
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N
!l

(s

he carboxylic group interacts with the aromatic rings via m-stacking

H,;N NH HoN NH HaN NH
CsCO3 Br” Cl
HN._O EtOH/H,0 HN. .O DMF HN.__O
0% “oH 0% ocs (v s s gl o
112 116 114

Scheme 5.10 Modification of scheme 5.8.

5.4.2 Attempted synthesis of amide pro-drugs:

ailure of the different routes investigated for the

f
synthesis of a benzamidine carrier linked prodrug, we proposed that the
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be linked to a trypanocidal amine directly via an
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ion of proteins. However some amides can be generated as
activated amides with a higher susceptibility to enzymatic cleavage.

In order to optimise conditions to develop a suitable model for
synthesis we carried out a series of procedures using benzylamine. We
thought that once we found a successful method this could be extended to

known drugs such as DFMO, generating an amide prodrug moiety bearing

The synthesis of the amide requires firstly the activation of the
carboxylic acid to enable nucleophilic attack by the amine in order to form
the amide. At room temperature the reactiocn of an amine with a

carboxylic acid would simply form salts,

( N
HoN.__NH H,N.__NH
Q/NHZ
e
HN__O HN___O
O~ "OH
112
- Isobutyl- chioroformate, DIPEA
D EDC, DMF
\ 7

Scheme 5.11 Proposed routes of synthesis for amide prodrug model 117.
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Different coupling reagents were used for the generation of the
mide model prodrug but the carboxylic function appeared to be highly
deactivated in all the procedures used (scheme 5.11).

In the first method (method A, scheme 5.11) DCC was used. The
In

mechanism of this reaction involves two main steps
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Scheme 5.12 Mechanism of amide formation activated by DCC.

e carbaxylic group or alternatively structurai rearrangement of the
reactive acvlating agent may have occuried to give a compound that is ho

- e A}
i

- 134, 135 N2 1 s
ble to aminolysis Alternatively anot

134 McMurry. Organic Chemistry. 5" edition. Brooks/Cole: California, 2000

° Green, T. W. Protective Groups in Organic Synthesis. Wiley- Interscience: New
ork, 2004
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failure could be accounted to possible interference in the mechanism by the
benzamidine functionality.

NH

SSG)

Scheme 5.13 Structural rearrangement of the reactive acylating reagent!.

\.

Another attempt was performed using EDC (ethyl-N,N-dimethyl-
amino-propyl-carbodiimide) which is a water soluble carbodiimide. As
described for the DCC reaction, the EDC mechanism proceeds through two
steps (scheme 5.12). In a first step the carboxylic acid attacks the
carbodiimide generating a highly reactive acylating agent. The amine
subsequently attacks the acyl carbon thus generating the amide.

DMF was used as solvent since it has been described in literature
that the best results are obtained when EDC is used in DMF solution®®.
However, MS and TLC analyses showed no peak corresponding to the
desired product but only the starting material.

Another procedure was therefore attempted using TBTU and HOBt
as coupling agents. TBTU should reacts readily with the acyl carbon to give
an activated ester intermediate as shown in scheme 5.14. This coupling
reagent has been found to be successful in sterically hindered couplings*®.
HOBt is used as an additive for the generation of the active acylating
agent. The reaction was carried out using TBTU, HOBt and DIPEA, a
tertiary base that is necessary to keep the carboxylic acid and the HOBt in
the anionic form. As observed for the previous attempt the formation of
the product was not observed using MS and TLC analyses.

'3 Jones, J. Amino Acid and Peptide Synthesis. 2™ Edition. Oxford University press:
Oxford, 2002.
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Carboxylic
Acid

Scheme 5.14 Mechanism of amide formatiocn using TBTU and HOBt.

The last attempt was carried out using a mixed anhydride
method®!, For the procedure N-methylmorpholine and isobutyl

chloroformate were used together with DMAP as a catalyst and DIPEA as
the base. The reaction was carried out carefully adding N-

methylmorpholine and then isobutyl chloroformate in order to minimise its

acylation with benzylamine. TLC analysis showed the formation of a
complex mixture. A mixture of three components was obtained after

purification with flash coll

U chromatography. MS and NMR analyses
indicated that the mixture di

5 3

ot contain the desired product 117.
We proposed that the electron withdrawing effect of the benzami

affect the carboxylic acid function
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recagnition motif we propased another alternative route whi

amino-thiazole and known drugs such as DMFO.

deprotection

\_ il : i il J

Scheime 5.16 Synthesis of chloroacetyl-amide derivative 84 and potential usage of DMFO.

In the first route the Boc protected benzamidine (83) was treated with
chloroacetyl-chloride using TEA as base in CHsCN giving 84 in 36% vyield.

=

The chioroacetyl-p-aminobenzamidine derivative (84) was then treated
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Scheme 5.17 Attempied synthesis of derivative 121.

The low nucleophilicity of the amino group in compound 32 has
been described already in chapter 3 (scheme 3.22, 3.23) and could be
accounted for by the electrecn withdrawing effect of the nitro group
transmitted through the heterocycle ring via resonance effect. However,

we assumed that this amino group would be nucleophilic enough to

displace an acylic chloride and we proposed an alternative route where the
chloroacetyl-chloride is firstly coupled tc the nitrothiazole 32 and in a

second step to the protected p-aminc-benzamidine (83).
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118) using TEA as base in CH5CN, TLC and LRMS analyses showed the
formation of a new product that was purified via column flash
chromatography. NMR analysis confirmed that the new product was the

desired one, obtained in 60% yield (scheme 5.18). It is interesting to
observe that the amide linkage is inverted and attached to the heterocycle
in contrast to the first route.

Nitrothiazole derivative 123 was subsequently treated with the Boc

protected benzamidine (83) using the standard conditions TEA/CH3CN. MS

e
N
(@)
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and TLC analyses did not show the formation of the desired product. After
purification of the mixture via column flash chromatography (DCM/MeOH
=100:0 to 80:20) only the starting material was recovered.

This time the failure could be accounted for by the low
nucleophilicity of the amino group, para to the amidine functionality. In
fact, the electron withdrawing effect of the amidine could also be
transmitted to the amino group via resonance effect through the aromatic

ring.

0_0
\I/ \f
HN NH
0
o |
NH, )K/m HN/U\/C
e e 118 A e
NS SR oW N© 8
\={  TEA CH,CN =54 TEA, CH,CN
NO; Yield=60% _ NO2 reflux
32 123

b 4

e ﬂ/
NN 0.0
PN b p ATRESTED
N7 s

— NH
\_{Noz
124

Scheme 5.18 An alternative route investigated for the synthesis of 125.
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5.5 Prodrugs bearing a melamine motif:

Considering the low reactivity of the carboxylic function linked to

Prodrug Approach

benzamidines, in collaboration with project student Lucy Rubij, we
proposed that by replacing the benzamidine with a triazine we would
expect less side reactions since the melamine functionality should be less
reactive compared to the amidine.

As described for benzamidine derivatives we can design triazine

carrier linked prodrugs where the linker used is represented by B-alanine

(126) and where the drug is preferentially linked through an ester bond.
Drugs bearing an hydroxyl functionality could be directly attached to the
triazine structure 127 whilst either drugs bearing an amine or an hydroxyl
functionality could be potentially linked to the chloro-methylester derivative
128 (scheme 5.20).

2,4-diamino-6-chlorotriazine (4) was reacted with B-alanine (126)

as shown in scheme 5.19. The B-alanine was added at 80°C due to the
lower susceptibility to aromatic nucleophilic substitution of the last chlorine
of triazine compared to the first two. The water soluble derivative 127 was
therefore precipitated by acidifying the mixture to pH=2. The free acid
(127) was obtained as pure product in 45% yield.

4 \
HoN
NH, 2"~">CooH NH,
0 e T
HzN)\N/J\CI Na}:IfOO;,_ N ﬂ/\)LOH
4 80°C 127
Yield=45%

Scheme 5.19 Synthesis of 3-(4,6-diamino-[1,3,5]-triazin-2-yl)-amino-propionic acid.
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As attempted with the benzamidines compound 127 was reacted
with bromo-chloro-methane repeating the same procedure as described in
scheme 5.8 and 5.10. The synthesis of the amide prodrug mode! using

g a acid derivative
127 was found again to be unreactive. TLC and MS analyses in both cases
indicated the presence of starting material only,

Y.

erved for the
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benzamidine analogue (11

/"Tt*z 1) CsCO3, EtOH/H,0 NH
i \i ,\i 2) BrCH,Cl, DMF N \j\ o
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5.6.i Bisphosphonates and their antiparasitic properties:

Bisphosphaonates are a class of compounds known for their use in

identified as potent antiparasitic agents against different species of

parasites such as Trypanosoma brucei, Leishmania donovani, Trypanosoma

cruzi, Toxoplasma gondii and Plasmodium falciparum**’- 138,

POsH,
HoN WOH
(130) PO3H,

HaN PO3sH;
= OH
PO,H,
(131)
PO3H;
H.N OH

(132) PO,H,

Ctlvnv of DlsphOSphonates gai'n
002, 45, 2904-2914.

IM)>mc_

138 Martin, M. B.; Grimley, J. S.; Lewis, J. C.; Heath, H. T.; Bailey, B. N.; Kendrick, H.;
Yardley, V.; Caldera, A; Lira, R.; Urbina, J. A.; Moreno, S. N. J.; Docampo, R.; Croft,
S. L.; Oidfield, E. Bisphosphonates inhibit the growth of Trypanosoma brucei,
Trypanosoma cruzi, Leishmania donovarni, Toxoplasrra gondii, and Plasmodium
falciparum: A potential route to chemotherapy. J. Med. Chem. 2001, 44, 909-916.
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Bisphosphonates such as alendronate, palmidronate and
risendronate (Table 5.1) are structurally similar to a pyrophosphate except
for the presence of an important difference: the oxygen bridge has been

replaced with a C thus leading to a non hydrolysable structure!®®. This

Y =N
isapentenyl-
pyrophosphate
)\/\ isomerase /J\/\
OPP X"opp
Isopentenyl- Dimethyiallyl-
pyrophosphate pyrophosphate
iscpentenyl X
pyrophosphate Gerany
o pyrophosphate
PP synthase
/k/\/l\‘/\
oPP
Geranyl-
pyrophosphate
isopentenyl \I Farnesy
pyrophosphate pyrcphosphate
B synthase
 Protein P
farnesyl ———— —— . 'Delichsls
PARIR SR ™ x X
transferase OPP
Farnesyl-
pyrophosphaie
iscpentenyl
pyrophosphate
PP Ubiguincnes
Squalene
S x ™ e
OoPP l
Garanylgeranyi- l
pyrophosphate
Sterols
{e.g. Colesterol,
1 Ergosterol, Lanosterol)
Protein
gesany
. /

Scheme 5.22 The mevalonate/isoprene pathway and biosynthesis of iscprencids and stercls.

Recent studies have shown that nitrogen-containing

bisphosphonates, such as the ones previously mentioned, are competitive
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inhibitors of farnesyl-pyrophosphate synthase (FPPS, scheme 5.22). This
enzyme catalyses the condensation of dimethylallyl pyrophosphate
(DMAPP) with isopentenyl pyrophosphate (scheme 5.22) to give geranyl
pyrophosphate which subsequently condenses with another molecule of
isopentenyl pyrophosphate (IPP) to give farnesyl pyrophosphate. This is
an important intermediate that can be used for the synthesis of other
important isoprenoids (some are essential for the Trypanosoma brucei),
sterols (in some parasites) or ubiquinones.

Martin et al. have proposed that the potent nitrogen containing
bisphosphonates act as (aza)-carbocation pyrophosphate intermediate
analogues of the geranylpyrophosphate carbocation3%140,

5.6.2 Bisphosphonates and prodrug design:

The interesting feature of the bisphosphonates that we proposed to
exploit is the presence of the two phosphonate groups that could be ideally
linked to P2 recognition units such as benzamidine and melamine in order
to selectivity target the parasite. The design of these carrier linked
prodrugs is represented in scheme 5.23. We proposed the bisphosphonate
alendronate central core of the structure with a P2 recognition unit that
could be linked directly or through a linker to the phosphonate. The other
phosphonate could be either left free or attached to another P2 recognition
motif. Alternatively this phosphonate could be also linked to another
known trypanocidal drug. Considering the previously discussed Wermuth

classification'?®

of the prodrugs, this last bisphosphonate prodrug
proposed, to some extent, could be considered a mutual prodrug. In fact
not only the drug attached will exert a trypanocidal activity but this will act
synergistically with the trypanocidal effect of the bisphosphonate. Some

bisphosphonates showed good in vitro activity against Trypanosoma brucei

'3 Martin, M. B.; Arnold, W.; Heath, H. T.; Urbina, J. A; Oldfield, E. Nitrogen-
containing bisphosphonates as carbocation transition state analogs for isoprenoid
biosynthesis. Biochem. Biophys. Res. Commun. 1999, 263, 754-758.

0 Hosfield, D. J.; Zhang, Y. M.; Dougan, D. R.; Broun, A.; Tari, L. W.; Swanson, R.

V.; Finn, J. Structural basis for bisphosphonate-mediated inhibition of isoprenoid
biosynthesis. J. Biol. Chem. 2004, 279, 8526-8529.
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rhcdesiense: o-risendronate (134, table 5.ij, for example, showed an

ICso= 220 nM, Olpadronate (133, table 5.1) an ICso= 5.4 uM.

linker

wker

P2 recognition é (o]

L
motirs

&rls
o]
Benzamidine Melamine
Bisphosphonate Bisphosphonate
carrier linked carrier linked
FRODRUG

PRODRUG

MUTUAL PRODRUG

H,N

Scheme 5.23 DCesign of bisphosphonate carrier linked prodrugs.

Another important feature of these prodrugs is that by altering the
structure of the bisphosphonate or the linker we expect to obtain a wide

i if olubility in water and in organic

range of compounds with different

1]

solvents.
This exciting new field has been taken into consideration just

recently and will be a part of our future work. We have started to
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investigate an efficient procedure ft

or the synt
structure. Alendronate has been considered because its synthesis has
been already described in different works by Kieczykowski et al.'4! 142

The only method reported for the preparation of 4-amino-1-

hydroxybutylidene-1,1-bisphosphonic acid (120, alendronate), reacts a 4-
aminobutyric acid (GABA)} with phosphorus trichloride and phosphorous
acid.
_ OH
; n
i 77 kel : R*’\)r}éoh'
~h O
,R—-OH
O o
Scheme 5.24 General method of preparation of 1,1-bisphosphonates.
The procedure described was applied for the preparation of

alendronate (103, scheme 5.25). The main step for the synthesis can be
summarised as follow:

1) reaction of 4-aminobutyric acid (138) with a mixture of HzPO3; and

PCi; in the presence of methansulfonic acid;
2) hydrolysis of the mixture maintaining the pH in the range of 4-10;
3) isolation of the product as bisphosphonic acid or its salt form.

.

1. PCly, HyPO; O ONa
4 CH,SO;H 2 " /
HN" ™" “COOH HN™ ™" ™-OH
2. HyO (pH=4-10) » \
OH

i Kleczvkowskl G. R.; Jobson, R. B.; Melillo, D. G.; Reinhold, D. F.; Grenda, V. J.

Shinkai, |. Preparation of (4-ar1|ro1 hvc‘.myhutyl.dene)bnnh s;:r*mic acid sodium
salt, MK 217 (alendronate sodium). An improved procedure for the prep o)
hydroxy-1,1-bisphosphonic acids. J. Org. Chem. 1995, 60, 8310-8312.
"2 Kieczykowski, G. R. Process for preparing 4-amino-1-hydroxybutylidene-1,1-
bisphosphonic acid (ABP) or salts thereof; Merck & Co., Inc., Rahway, N.J.: USA,
Patent N. 5,019,651, 1991; pp 1-6.
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MS analysis and 'H-NMR/3!P-NMR analyses indicated that the

W
formation of
e

the preduct did not take place. One of the main problems we encountered
was the difficulty to reproduce some conditions described in literature such
as the circulation of brine at -10 °C through a reflux condenser for an

Different variations of the procedure

mentioned have

been described!* but were not investigated due tc a constraint of time.

Another issue that should be taken into account is the lack of a

known mechanism of reaction that would help us to understand the

reaction procedure

d 3
o -
H-F~ { O, OH
o oH P=OH
. /\v/\‘(;‘
HyN e HZN/\/XOH
OH CH3SOzH OH '
138 J
(0]
H,0 Q‘p’%H H—gLOH Q‘p’OHH
- .2 - H -
HzN/\/W H2NWOH
0 HO-Pxg
130 HO
Possible role of PCl,
j\ P JOP cl N«
o 2OH o /
Mg | R7 0 P\c| R *O_P“CI
Carboxylic HO-! “OH
Acid OH HO
b
HO OH
0 OH
R
0
OH OH of
.'P,OH
HO “OH Bisphosphonic
Acid
K P,
Scheme 5.26 Possible mechanism proposed for the conversion of the

carboxylic acid to a 1,1-bisphosphonic acid.
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We proposed that the process may be initiated by addition of the P-
H bond of the H3PO; to the carbonyl group as shown in scheme 5.26 but
this is only a speculation and the mechanism is likely to be far more
complex as the PCl;, involved in the reaction, plays an important role that
is still unclear. PCl; could react with the carboxylic acid generating an
intermediate where the carbonyl carbon can be further attacked by Hs;PO;
thus generating the first phosphonic bond. The second phosphonic bond
could be generated by the same mechanism generating the bisphosphonic
acid (scheme 5.26).
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6. Biological results:

Selected triazine and benzamidine derivatives presented in chapter
3 and 4 have been evaluated for their trypanocidal activity and will be
discussed in this chapter. Some compounds prepared showed similar in
vitro activities to melarsoprol, the principal drug used against late-stage
HAT, with 50% growth inhibitory concentrations in the submicromolar
range. Selected compounds were also evaluated for their in vivo activities
in rodent models infected with Trypanosoma brucei brucei and
Trypanosoma brucei rhodesiense showing pronounced activity and in two
cases were curative.

Selected compounds were also tested against other Trypanosomatid
pathogens such as Leishmania donovani and Trypanosoma cruzi and
showed significant in vitro activities.

Part of the work discussed in this chapter has been recently
published in Antimicrobial Agents and Chemotherapy (Stewart, M. L.;
Bueno, G. J.; Baliani, A.; Klenke, B.; Brun, R.; Brock, J. M.; Gilbert, I. H.;
Barrett, M. P. Trypanocidal activity of melamine-based nitroheterocycles.
2004, 48, 1733-1738)% and in Journal of Medicinal Chemistry (Baliani, A.;
Bueno, G. J.; Stewart, M. L.; Yardley, V.; Brun, R.; Barrett, M. P.; Gilbert,
I. H. Design and synthesis of a series of melamine-based nitroheterocycles
with activity against trypanosomatid parasites. 2005, 48, 5570-5579)*.

All the in vitro studies were carried out at the Institute of Biomedical
and Life Sciences (Division of Infection & Immunity) in Glasgow and at the
London School of Hygiene and Tropical Medicine. The in vivo studies were
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carried out at the Swiss Tropical Institute in Basel. The genctoxicity
studies were carried out at Dipartimento di Genetica Antropologia

uptake were determined. The K; value gives an approximation of the
affinity of the P2 transporter for the compounds. This value was obtained

by measuring the ability of the compound to antagonise the uptake of

AT e 35

adenosine™ Figure 6.1 shows typical inhibition curves that
nt L

100 —| =y

~
[,

nhibitor 8

[*H]-Adenosin

Adenosine Uptake
(% of control)

50 --------------------------------------------------
infhibitor A
25 _ :
0 Vi v
£ I I | | K |
0.1 1 10 100 1000 10*
[Inhibitor] {(uM)

Figure 6.1 Transport assay of [*H]-adenosine: the graph was drawn as

a model to facilitate th

m

understanding.
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Scheme 6.1 Structure of compounds assayed and shown in table 6.1.

The ICso values of the inhibitors can be simply obtained from the
curves by reading the concentration of the inhibitor that inhibits the uptake
of the 50% of radiolabelled adenosine. The experiment does not measure
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the uptake of compounds through the P2 transporter but only gives a
measure of the affinity of compounds for the P2 transporter. The

compounds may be substrates themselves, or alternatively they may

inhibit uptake of radiolabelled adenosine by inhibiting the P2 transporter.

As previously mentioned, the main routes for the uptake of

11 141.1 11.9 200 200 ND  ND

6 264.2 22.9 0.23 0.38 £.025 183
52 292.2 4.6 11.9 14.8 0.25 18.8
52% 292.2 ND ND ND 0.01 44.1

3 320.3 129 0.2 0.3 0.003 18.7
54 278.2 ND 0.13 0.06 0.018 48.9
55 292.2 ND 5.36 3.09 0.053 109.5
19 216.2 15.9 16.5 25.3 12.9 400
29 ND ND ND 46.27 ND
13 1.9 0.85 1.52 0.24 11.8
21 4.9 89 170 10.2 78.2
i5 ND 75 75 29.9 ND
16 ND 75 75 52.88 ND
17 ND 75 75 36.47 NG
62 ND ND ND 0.021 17.3
62 ND ND ND 0.065 5.45
64 ND ND ND 0.023 18.32
70 ND ND ND 0.18 4,45
76 ND ND ND 0.037 7.38
77 ND ND ND 0.04% 83.77
81 ND ND ND 0.048 74.65

2 404 1.18 1.26 2.3 20

3 300 23.5 13.7 2.3 20

Malarsoprol 1.2 0.052 0.12 0.006 7.8
Nifurtimox ND 5.6 ND 1.5 68

a: Inhibition of adenosine uptake by the P2 transporter in 7. bruces brucei 427. b: T. brucei brucei AT1
knockout is a mutant with a non functional P2 transporter. ¢: L6 cells are rat skeletai
myoblasts and are used as a measure of cytotoxicity to mammalian cells.
ND: not determined. 52* is compound 52 recrystallised and achieved with a better purity grade.

Table 6.1 In vitro activities of compounds against the P2 transporter, Blcod stream 7. brucei,

and mammalian cells as @ measure of toxicity.

From the results obtained it is clear that a melamine group is

necessary for the affinity with the P2 transporter. Compounds without a

=
N
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melamine group such as compounds 2 and 3 have relatively low affinity for
the P2 transporter (ICso= 404 pM and ICgs= 300 puM respectively).
Compound 53 in which all the nitrogens on the melamine ring were
methylated showed also a relatively low affinity (ICsp = 129 uM). For the

other compounds evaluated, the ICso values were all within about a log
range of each other and were of a similar order as melarsoprol. The nitro
heterocycle moiety was found to have a negligible effect on the affinity for
the P2 transporter. The removal of the nitro group did not give any
significant change of the affinity (compare 6 and 19 and compare 13 and
21) whilst the replacement of the oxygen with a sulfur (compare 6 and 13
and compare 19 and 21) gave a small increase in affinity. These results
suggest that the melamine ring has a main role for the affinity with the P2
transporter compared to the nitroheterocycle unit. This can be observed in
compound 11, where the nitrofuran ring is absent and the affinity for the

P2 transporter is relatively high (ICsp = 11.9 uM) compared to compound 6
with a nitrofuran ring (ICso = 22.9 uM). These results are consistent with

previously published literature findings®’: 144,

4 Maeser, P.; Luescher, A Kaminsky, R. Drug transport and drug resistance in
African Trypanosomes. Drug Resistance Updates 2003, 362, 281-290.
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6.1.2 In vitro activities against 7. Grucei:

|og(1/IC50(pM)}/ i k& T

|
ﬂ B 0 ] e Tk
oL/ Ll | 11T L o !

2,00

1,00+

B Ll6cells B 7. brucei brucei ATI
B 7. brucei rhodesiense W T. brucei brucei AT1 knockout

B melarsoprol (Mel}

Figure 6.2 Activities of some selected triazines against 7. brucei species.

Standard drug, Mel. = Melarsoprol.

Table 6.1 shows the activities in UM of the compounds tested,
expressed as ICsy, against T. brucei brucei rhodesiense and T, brucei
il

Iso

=
2
Q.

prucei. In this last strain the activities were evaluated for the AT

[\1]
(¢}
Q

type and for the AT1 knockout. Together with these values ar
represented the ICsy values for the P2 uptake and the L6 cells as a
measure of cvtotoxicity to mammalian cells.

Compounds were evaluated for their in vitro activities against T.
brucei lines. In this study, in order to evaluate the mode of acticn and the
role of the P2 transporter, we decided to compare the 7. brucei brucei AT1

wild type with a T. brucei 1 knockout mode. Compounds were also

which is the

o))

i

ells. The L6 cells

tested against T. brucei rhodesiense, the human pathogen

)

causative agent of the acute HAT and against L6 e rat
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skeletal myoblasts and are usually used as a measure of cytotoxicity to
mammalian cells. The in vitro results obtained for these compounds
(scheme 6.1) are summarised in table 6.1 together with the P2 affinity
previously described. The in vitro results have also been represented
graphically (figure 6.2), where the activities are shown as log(1/ICso) so
that the higher cylinders will represent the compounds with lower ICsg
(higher activity) whilst the lower will represent compounds with higher
ICso.

Comparing the results for compounds against the wild type and the
P2 knockout T. brucei brucei we can observe only a small reduction in
activity for the knockout line. Some of our compounds as well as
melarsoprol are 2 fold less active in the knockout line. However, the small
difference of activity observed suggests that there are other routes other
than the P2 transporter for the uptake of these compounds.

The activities of some compounds against T. brucei brucei were
found to be lower than that observed for melarsoprol (ICso= 53 nM) but
still in the nanomolar range (6, ICsp= 230 nM; 53, ICso= 200 nM; 54,
IC50=130 nM; 13, IC5,=850 nM).

The activities obtained against the T. brucei rhodesiense line for a
significant number of compounds were higher than that observed for the T.
brucei brucei line. The difference probably reflects a range of activities
against different strains of the 7. brucei trypanosomes rather than a
particular difference between non human pathogenic T. brucei brucei line
and the human infectious T. brucei rhodesiense line. Against the T. brucei
rhodesiense line melarsoprol showed an ICso of 6 nM while 53 showed an
ICso of 3 nM. The ICso values for a large number of the compounds were
also in the nanomolar range (6, 52-55, 13, 62-64, 70, 76, 77, 81).

By comparing the activities against T. brucei rhodesiense we
proposed the following structure-activity relationships:

1. The absence of a melamine group in a compound is associated with

a weak in vitro activity and also a weak selectivity to the

mammalian L6 cells. Compound 2, where only the nitrofuran

moiety is retained, showed an IC50=2.3 uM;
2. The complete removal of the nitrofuran moiety led to a loss of
activity. Compound 11 showed a relatively high selectivity for the
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P2 transporter but not show any activity against the 7. brucei brucei
line (IC50=200 puM);

3. Compounds with a nitrofuran ring joined to a melamine ring showed
potent in vitro activity (<53 nM observed for 6, 52-55, 13, 62-64,
70,76, 77, 81);

4. Replacement of the oxygen with a sulfur led to a 10-fold loss in
activity. A small increase in toxicity to L6 cells was also observed
(compare 6 (ICs50=25 nM) with 13 (IC50=240 nM));

5. The replacement of the nitro group by an hydrogen led to a
significant loss of activity (compare 6 (IC5=25 nM) with 19
(ICs0=12.9 uM) and compare 13 (IC50=240 nM) and 21 (IC5=10.2
uM);

6. The replacement of the nitro group with another electron-
withdrawing group such as the nitrile group led to a loss of activity
(29, ICs50=46.27 pM). This results suggests that more than an
electron withdrawing effect is necessary for the activity;

7. The replacement of the nitrofuran ring with a non heterocycle
structure such as nitrophenol also led to a loss of activity (15-17,
ICso> 30uM). Therefore the nitro group linked to an heterocycle
moiety was found to be of crucial importance for the activity. The
redox potential values associated with these structures could be a
possible explanation t6 what observed and therefore need to be
further investigated;

8. The nanomolar activity is maintained when the amino groups of the
melamine ring are replaced with a different number and
combination of methyl groups (52-55, IC50<53nm) or with bulkier
alkylic groups (62, ICs50=21 nm; 63, IC50=65 nm; 64, IC5,=23
nm);

9. The introduction of functionalised chains in the melamine moiety
such as 3-hydroxypropyl-, 3-acetoxypropyl- also maintained the
activity in the nanomolar range (77, ICs0=49 nm; 81, IC50=48 nm).

Another important observation is that some nitro heterocycles (6, 54,
55) with relatively high in vitro activities were less toxic against
mammalian cells than melarsoprol.



Table 6.2 shows the activities (expressed as ICs; (uM)) of the

AAAAA [ P e N T T mepimmi = om o Il S e e T P - Py S
compounds tested against 7. crtizi and L. donovani (axenic amastigotes).

11 141.1 ND ND

6 264.2 2.1 12.5

52 292.2 0.24 3.14

53 320.3 ©.28 tox

54 278.2 0.39 0.75

55 292.2 0.29 tox

19 216.2 400 tox

29 244.2 122 ND

13 280.2 2.6 tox

21 235.3 85.84 tox

15 274.2 91.54 ND

16 274.2 328 ND

17 274.2 328 ND

62 306.3 1.06 ND

63 306.3 64.81 ND

64 326.3 ISI7 ND

70 546.6 0.37 ND

76 560.7 89.2 ND

77 322.3 70.43 ND

5 81 364.3 36.73 ND
2 155.1 ND tox

3 i56.1 ND tox
melarsoprol 0.006 7k
Nifurtimox 1.5 68

Standards: For T. cruzi, Benznidazole, IC,,=1.435 uM; L. donovani,
Miltefosine, IC,,= 1.16 uM: tox= toxic to macrophages thus preclu-
ding measurement of Leishmanicidal activity.

against the T. brucei brucei knockout line we proposed that together with
the P2 transporter other routes were probably involved in the transport.
Therefore we decided to test our compounds against parasites related to
the 7. brucei species such as Trypanosoma cruzi and Leishmania donovani
(axenic amastigotes). In T. cruzi, the compounds were tested on

intracellular amastigotes.
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The activities obtainad are shown in Table 6.2 and in figure 6.3
where they are compared with the activities of melarsoprol and nifurtimox.
Table 6.2 shows that except compound 54 (IC5,=0.75 uM), none of
the compounds tested against L. donovani showed sub-micromolar
activities in vitro. Moreover, some compounds were found to be toxic in
macirophages and therefore the activity against Leishmania was precluded.
In vitro activities in sub-microcmolar range against T. cruzi line were
observed for compounds 52-55 (ICss= 0.24, 0.38, 0.38, 0.25 uM

respectively) and for compound 70 {ICsp= 0.37 pM).

B Melarsopro! (Me!) B Nifurtimox

Figure 6.3 In vitro activities of scme selected triazines against 7. cruzi and L. donovani.

The yellow cylinders represent melarsoprol (Mel) whilst the green cylinders represent

nifurtimox (Nif).

—
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€.1.4 In vivo activities in rodent medels of infection:

1

brucei rhodesiense

Table 6.3 In vivo activities against T. brucei brucei model and

0 .p-
53 4 x 20 i.p. ND ND 0/4 7.25
52 4 x201.p. 0/4 5.25 ND ND
54 4x201ip. 4/4 >60 2/4 >38.5
58 4 x 20 i.p. 0/4 18.3 ND ND
Control (avrg) 0/4 7 0/4 6.5
Melarsoprol 4x1ip 2/4 >60 0/4 225
4x8ip ND ND 4/4 >60
Pentamidine 4x5ip 4/4 >60 ND ND
4x20 D ND 0/4 42.75
“The control represents the average of the controis for each experiments

performed.

Selected compounds were evaluated in several rodent models of

trypanosome infections. The compounds were initially examined in rodent
models infected with 7. brucei brucei STIB 795 infection at a dose of 20

=)
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D
e
D
=N
(9]
=
=
D
(51
3
=5
D
3

mg/kg for 4 days i.p. (days 3 to 6). The mice are consi

e

10

able to cure all the 4 mice infected with this model. No overt sign of
toxicity were observed in these mice. Compound 52 and 55 were not able
to cure any of the mice infected at a dose of 20 mg/kg. However 55
increased the survival average of 18.2 days compared to the survival
average of the control.

Having successfully treated this first acute model of infection we
decided to test these compounds, at the same dose as for the previous
test, in @ more stringent test represented by the 7. brucei rhodesiense
STIB 900 model in rodents. This madel is not cured by pentamidine (at the

same dose), suramin, or any other drugs used for the treatment of the
early stage. However the model responds to melarsoprol, a drug used for
the late stage of the disease. Compound & cured only 1 of the 4 mice

treated. The compound was given for 4 days at a dose of 20 mg/Kg.

(e}

3]

Compared to the untreated control animals the compound caused
P
0

significant increase of the life span {35 days) of the mice. Compound 54

-

cured 2 of the 4 mice treated at the same dose and also caused an
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increase of life span of 38.5 days. Pentamidine, used at the same dosage,
was not able to cure any mice infected with this model but only to increase

the mice life span of 40 days.

The compounds, as for the in vitro testing, were assayed in vivo in
mice model of 7. cruzi (table 6.4).

Table 6.4 In vivo activities against a r
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selected compounds.

8t i Dose No ~ Survival %
L.am;)cunq malk loses Rouig  Time _inhibition
53 15 5 Lp. 12.8 N.D
6 25 5 ip. 13 N.D.
54 50 5 i.p, 13 27.75
55 50 5 1.p. 14 44.95
Controi - 13 0.00
Benznidazole 45 S oral >30 100.00

model, at a dose of 50 ma/Kg i.p. for 5 days, compounds 54 and 55

= A e e I.

Compound 54 was alsc tested in a rodent model of ieishmania
donovani. At a dose of 40 mg/Kg i.p. for 5 days the compound did not
cure any of the mice infected but reduced the parasitaemia of 28%
compared to the control. The standard drug, pentostam, reduced the
parasitaemia of 62% at a dose of 15mg/Kg for 5 days.

6.1.5 Mode of action studies:

Once evaluated the in vitro and in vivo activities of the compounds
e investigated their mode of action. Two possible mechanisms of action
of nitrofurans compounds are damage to DNA and oxidative damage.

tc DNA can be investigated by
f

-r

esting T. brucei line which is deficient
in @ DNA repair enzyme (RADS51). The wild type in presence of DNA
damage is able to repair double-stranded DNA breaks. When an agent
induces damage to DNA the mutant line (RAD"") with a compromise

repair mechanism will be more susceptible to damage than the wild type.
Megazol (tabie 6.5) is known to exert its mode of action by damage to
DNA’2, The experiment conducted gives a proof of this mechanism of

—
N
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action; thus, the RAD517" mutant is more sensitive to megazo! with an
(IC50=0.12£0.05 pM).

The oxidative damage produced by a compound can be evaluated by

1C5,=0.04+£0.64 uM compared to that observed for the wild-type

ntagonising its activity with N-acetylcysteine {NAC), which reduces free

adicals damage due to oxidative stress. Nifurtimox, a nitro heterocycle
compound recently investigated for the treatment of melarsoprol refractory
HAT and also registered for the treatment of the Chagas disease, appear

Nifurtimox was also positive to the Ames

W

)

action of nifurtimox i

(1)

0o

n

test'*”. Table 6.5 shows that the mod
antagonised by NAC. The activity against 7. brucei wild type (ICsp=4.1£1.7
uM) is significantly reduced (ICsq=11.4%5.2 uM) culturing 7. brucei wild
type in presence of NAC suggesting the mode of action is not by DNA or

oxidative damage.

Table 6.5 Activities of compounds against wild type, wild type and NAC and RAD”" mutant T.

brucei. The values are ICg, (uM).

' Megazal Nifurtimox Benznidazole

Wild-type (427) 0.08+0.05 0.08+0.03 0.12+0.05 4.1+1.7 68875
Wild-type (427) + NAC 0.09+0.04 0.12+0.05 0.13£0.06 11.44£5.2 116.3 £13.6
RADS51" mutant 0.07+0.03 0©.10+0.02 0.04+0.04 4.3%i.6 114.2+32

Benznidazole presents the lowest activity in vitro; moreover the
activity is not pronounced in the RAD51”" mutant and is not antagonised by
NAC.

Compounds 54 and & showed similar activities against both the wild
e

T. brucei does not involve damage to DNA as observed for megazol. The

S Docampo, R.; Stoppani, A. O. M. Generation of superoxide anion and hydrogen
peroxide induced by nifurtimox in Trypanosoma cruzi. Arch. Biochem. Biophys. 1979,
197, 317-321.

%8 Moreno, S. N. J.; Mason, R. P.; Docampo, R. Reduction of nifurtimox and
nitrofurantoin to free radical metabolites by rat liver mitochondria. Evidence of an ‘uter
memirane-located nitroreduciase. J. Biol. Chem. 1984, 259, 6238-6305

e Narcl R.; Nepomnaschy, |. Mutagenicity of 2 Anti-Chagasic Drugs and Their
Metabolic Deactivation. Mutat. Res. 1983, 717, 237-242.
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cultured with NAC suggesting that their main mode of action cannot be
related to the accumulation of reactive oxygen species.

6.1.6 Genotoxiclty studies: the Comet assay

During early drug development, robust genotoxicity screening
assays are required and are of crucial importance for the registration of a
pharmaceutical compound!4® 149,

The single cell gel electrophoresis assay (Comet assay) represents a
promising tool. It is rapid, simple to perform, requires only small amount
of compound!®® and shows high sensitivity and specificity’*!. The Comet
assay allows the detection of DNA breakage induced by genotoxic agents at
single cell level such as individual mammalian and to some extent
prokaryotic cells. The test is increasingly used in genotoxicity testing in
vitro and is recommended for evaluating the genotoxic potential of
compounds in vivost 152,

DNA damaging reagents cause DNA fragmentation. In order to
measure the sizes of DNA fragments within the cells in the Comet assay, it
is necessary to convert DNA damage to DNA fragments by introducing
breaks at the sites of DNA damage. Single strand breaks do not produce
DNA fragments unless the two strands are separated. DNA unwinding can

be obtained by increasing the pH to 12.1. However, other types of DNA

® Muller, L.; Kikuchi, Y.; Probst, G.; Schechtman, L.; Shimada, H.; Sofuni, T
Tweats, D. ICH-harmonised guidances on genotoxicity testing of pharmaceuticals:
evolution, reasoning and impact. Mutat. Res.-Rev. Mutat. Res.1999, 436, 195-225.

9 Snyder, R. D. A review and investigation into the mechanistic basis of the
genotoxicity of antihistamines. Mutat. Res.-Rev. Mutat. Res. 1998, 411, 235-248.

%0 Kiskinis, E.; Suter, W.; Hartmann, A. High throughput Comet assay using 96-well
plates. Mutagenesis 2002, 17, 37-43.

' Tice, R. R.; Agurell, E.; Anderson, D.; Burlinson, B.; Hartmann, A.; Kobayashi, H.;
Miyamae, Y.; Rojas, E.; Ryu, J. C.; Sasaki, Y. F. Single cell gel/comet assay:
Guidelines for in vitro and in vivo genetic toxicology testing. Environ. Mol. Mutagen.
2000, 35, 206-221.

%2 sasaki, Y. F.; Sekihashi, K.; lzumiyama, F.; Nishidate, E.; Saga, A.; Ishida, K.;
Tsuda, S. The comet assay with multiple mouse organs: Comparison of comet assay
results and carcinogenicity with 208 chemicals selected from the IARC monographs
and USNTP carcinogenicity database. Cnit. Rev. Toxicol. 2000, 30, 629-799.
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damage, called alkali labile sites, are expressed when the DNA is treated
with alkali at pH>13. There are several types of damage to DNA, other
than direct fragmentation. For example, DNA base modification can occur.
To identify these types of damage, breaks can be induced by appropriate
glycosylases/endonucleases and the fragments thus produced can also be
detected by Comet assay'®3. By controlling the conditions that produce
nicks at the site of specific DNA lesions the Comet assay can be used to
detect various classes of DNA damage.

Some selected compounds have been also studied in vitro to verify
the drug-induced genotoxicity in human white blood cells. This model
represents the in vivo drug susceptibility. The studies were also carried
out for comparison in human chronic myelogenous leukemia K562 cells, a
cell line widely used for in vitro drug-testing with the Comet assay®* 13>
156'

Since free radicals could be produced during the treatment, the role
of oxidative DNA damage was assessed by employing two enzymes:
endonuclease III (Endo III) and formamidopyrimidine-DNA glycosylase
(FPG). Endo III induces DNA strand breaks (detectable on the Comet

assay) near oxidised pyrimidines!>3

. FPG is involved in the first step of the
base excision repair, removing specific modified bases from DNA thus
creating an apurinic or apyrimidinic site (AP-site) that is subsequently

cleaved by its AP lyase giving the formation of a gap in the DNA strand®®’.

153 Collins, A.; Dusinska, M.; Franklin, M.; Somorovska, M.; Petrovska, H.; Duthie, S.;
Fillion, L.; Panayiotidis, M.; Raslova, K.; Vaughan, N. Comet assay in human
biomonitoring studies: Reliability, validation, and applications. Environ. Mol. Mutagen.
1997, 30, 139-146.

' Buschini, A.; Alessandrini, C.; Martino, A.; Pasini, L.; Rizzoli, V.; Carlo-Stella, C.;
Poali, P.; Rossi, C. Bleomycin genotoxicity and amifostine (WR-2721) cell protection in
normal leukocytes vs. K562 tumoral cells. Biochem. Pharmacol. 2002, 63, 967-975.

'S Di Francesco, A. M.; Mayalarp, S. P.; Kim, S.; Butler, J.; Lee, M. Synthesis and
biological evaluation of novel diaziridinylquinone-acridine conjugates. Anti-Cancer
Drug. 2003, 14, 601-615.

'8 Savickiene, J.; Gineitis, A. 3-Deazauridine triggers dose-dependent apoptosis in
myeloid leukemia cells and enhances retinoic acid-induced granulocytic differentiation
of HL-60 cells. Int. J. Biochem. Cell Biol. 2003, 35, 1482-1494.

57 David-Cordonnier, M. H.; Boiteux, S.; O'Neill, P. Efficiency of excision of 8-oxo-

guanine within DNA clustered damage by XRS5 nuclear extracts and purified human
OGG1 protein. Biochemistry 2001, 40, 11811-11818.
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Figure 6.4 DNA strand break Comet assay. A. Principal steps of a Comet assay. B.

''''

Alkaline single cell-microgel-electrophoresis. The figure shows the different grades of DNA

migration distance between the edge of the comet head and the end of tail

%% GMSe Journal, available at:
http://www.egms.de/egms/servlet/Figure?id=cto000003&figure=Ff1&vol=2004-3
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In leukocytes exposed to 54, the “lowest effective dose”

significant increase of DNA migration is 2ug/mi. At the highest

o1]

concentration of the drug the TL does not significantly increase (figure
6.6). A similar behavicur can be observed in K562 cells with a
LED=1pg/mL. Compound 6 was found to be unable to induce significant
genotoxic effects. The atypical slope observed for compound 54 could be
related two possible causes:
1. The toxicity increases at increasing doses, with induction of
apoptcetic/necrotic events with removal of cells with DNA damage,

and a consequent under-estimation of the damage;
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Figure 6.6 Comet assay (pH>13) on human leukocytes and K562 cells treated with 6 or 54
(37°C, 1h);migration of DNA as averaged median total length (mean + SD of three

independent experiments).

be the results of strand breaks and/or alkeli labile sites. In order to
distinguish these different type of DNA damage, the Comet assay was

performed at pH=12.1. At this pH, the DNA migration increase was not



significant for either compound (figure 6.7). These findings indicate that 54

mainly induced alkali labile sites (and eventually cross-links).
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Figure 6.7 Dose-response relationship and regression analysis of DNA damage (Comet assay
pH=12.1) induced on human fresh leukocytes by treatment with 6 and 54. The DNA
migration values are reported as: A) averaged median total length (TL); B) median TL for
each experiment point and regression lines. Positive control (Bleomicine, 100mg/mL):
TL=61.32+£6.94mm.
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A) Compound 6
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Figure 6.8 DNA damage induced in human leukocytes after treatment with compound 6 (A)

O dose 0 ug/mL

or 54 (B) at different doses (0, 4, 8 pa/mL; 37°C, 1h). The Comet assay is modified by using

bacterial repair endonucleases (Endo III) and formamidopyrimidine (FPG) for the detection of
oxidised bases. Oxidised bases are expressed as DNA migration (TL) increase compared to

the assay without enzymes.
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In summary, for these compounds, compound 6 showed no
mutagenic effects at the concentrations investigated. For compound 54
results suggest that there is oxidation of bases (shown by the DNA
migration at pH=12 and by the DNA migration at pH>13) and possible
cross-linking of DNA (observed at pH>13 without the enzymes and at
pH=12 with ENDO III).

The interpretation of these genotoxicity studies suggests that
compound 54 is probably mutagenic and therefore is not a good candidate
for further optimisation. Unlikely, compound 6 was found not mutagenic at
the doses tested. Tests at higher doses for this compound are needed.
More compounds will be also tested with the Comet Assay and will be
compared with these results.
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6.2 Benzamidine derivatives: Biology

6.2.1 Affinity for the P2 transporter:

Scheme 6.2 Structure of compounds assayed and shown in table 6.6.
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0.38 54 12.8

82 208.1 167
89" 288.2 ND ND 6.2 312
90" 288.2 ND ND 79.8 31z
94 244.2 ND ND 0.77 27
ioo 340.3 ND ND 3.44 ND
108 348.4 ND ND 9.52 ND
139" 226.2 0.38 54 12.8 167
140" 212.2 0.38 56 31.1 203
i41°° 305.1 0.8 10 6.2 16.4
1427 271.2 0.33 68 49.8 129
143" 240.3 0.21 14 11.2 52
144" 260.7 1.01 13 8.4 46
45°" 332.4 .57 7 5Ll L 14.7
146°° 277.7 8 109 81 71
147" 434,2 ND ND 5.9 37
148" 388.7 ND ND 32 14.58
146** 263.7 9.3 56 15.9 140
Melarsoprol 12 0.053 0.006 7.8
a: Inhibition of adenosine uptake by the P2 transporter in T. brucei brucef 427. b: L6 cells are rat skeletal
myoblast and are used as a measure of cytotoxicity to mammaiian cells. N 10t determined. * Compounds

synthesised by Jimenez-Bueno, G. ** Compounds synthesised by Boussard, C.
Table 6.6 Affinity for P2 transporter and /n vitro activities against 7. brucei lines. Activities

are shown in uM.

Ur)

Selected benzamidine compounds were tested for their ability to

interact with the P2 transporter of 7. brucei. The majority of the
benzamidine compounds tested showed ICs5, values lower than melarsoprol
(IC50=1.2 pM) whilst compounds 144, 145 showed values of a similar
order of melarsoprol (ICsp=1.01 uM and 1.57 uM respectively). These
results suggest that benzamidine compounds with an electronegative atom
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towards mammalian cells. The activity is repoited as log(1 that

Q

high cylinders represent compounds with high activity (low ICs values).
The activities obtained are in the micromolar range and therefere lower

compared with the ones described for the triazine derivatives and

melarsoprol (ICso= 53 nM) were nanomolar activities were observed
i P [ o Eul
log(1/1Csotum)) A T
o A4 ‘ ™ __r T A
e e ‘ | i T o
3 s il [ 1 Sl
L T e o
e — I [T —— \
[ — . e ——
2 Y “*—m‘\ ' | | ! \m-\k_ﬁ |
B =l 15 L0 T~ |
2 s ‘ Wi e 0N ‘
1 — | }
0 3

147
148
149 .,
B ¢ brucei rhodesiense @ T. brucei brucei
B Melarsoprol (Mel) B L6 cells

Figure 6.9 Activities of some selected benzamidines against 7. brucei species.

Compound 94 showed a relatively good activity against 7. b.

rhodesiense line (IC5,=0.74 uM). This compound is a cyano-derivative and
the only member of the group tested that does not carry an amidine
function. The activity of this derivative could be accounted to the presence

of the nitrofuran moiety. This result confirmed that the activity is not

dependant on the interaction with the P2 transporter and that other

transporters can be involved in the uptake. At the same time it suggests

-t

hat a combination of benzamidines with a nitrofuran moiety in para-

position could of interest in order to improve the activity against the T.
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brucei line. The guanidine derivatives {146-149) did not show any

significant in vitro activity against the T, b. rhodesiense

6.2.3 In vitro activities against parasites related to 7. brucei:

5

Selected compounds wer

(]

also tested against
mastigotes), L. donovani {axenic intracellular form) and P. falciparun
{red blood cell stage). The ICsq values are shown on table 6.7. Some
compounds (141, 145, 106) showed micromolar activities against 7. cruzi

similai to standard drug benznidazole {IC5,=1.435 uM).

L.donovani (axenic amastigotes) and P. falciparum lines. Activities are shown in uM.

82 208.1 432 ND 65.2 ND

89" 288.2 162 i04 35 312
T 288.2 3i2 i04 20.8 212
a4 2442 1&.8 Tox 6.39 27

iGo 340.3 51.4 ND i4.8 ND
i0E 348.4 5.16 ND 2.78 ND
139" 226.2 62.3 Tox 7.4 167
140°° 212.2 17.4 Tox 10.9 203
U5 305.1 7.5 Tox 1.3 16.4
132" 271.2 33.9 Tox 5.2 129
143 240.3 13.3 Tox 3.1 52

144™ 260.7 12.6 Tox T 46

145 3324 5.4 6 4.8 14.7
146" 277.7 16.6 Tox a7 71

ia7™" 434.2 8.5 Tox 22.7 37

148" 389.7 31.3 >15 >26 14.6
149" 263.7 16.7 Tox 27.8 140
Melarsoprol 0.006 7.8 ND ND
Benznidazole 1.435 ND ND ND
ctivities are shown in puM. Standards: 7. cruzi, Benznidazole, IC,,=1.435 uM;

L. donovani: Miltefosine, 1C.,=1.16 uM. Tex= toxic tc macrephag
measurement of leishmanicidal ac |V|t|es.* Compounds synthesise
** Compounds synthesised by Boussard C.

es thus precluding
imenez-B. G.;
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[

All the compound

w

tested against L. donovani (axenic amastigotes),
except 145 that showed a micromolar activity (ICsp= 6uM), were found to
be toxic to macrophages thus precluding the evaluation of their
leishmanicidal activity.
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The majority of the compound tested showed micromolar activities

gainst P. falciparum. The highest activities were observed for compounds

Q)

an

41 (ICs, = 1.3 puM), 143 (ICso = 3.1 pM) and 144 (ICs = 2.7 puM).

[

B .. donovani W 7 cruzi B Benzridszole (BZ)

@ Melarsoprol (Mei) B Li6ceils

Figure 6.10 Activities of selected benzamidines against L. donovani, T. cruzi and P.

falciparum.

In summary, most of the melamine-nitrofurans synthesised showed
potent in vitro activity against T. b. rhodesiense to the same order of
magnitude as melarsoprol.

Some compounds showed also sub-micromolar activities against T.
cruzi. Compound 54 showed sub-micromolar in vitro activity also against

L. donovani.
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Compound 6 and compound 54 retained trypanocidal effect in mice
curing all the 4 mice infected with the STIB 795 T. b. brucei model and
respectively 1 and 2 of the 4 mice infected with the STIB 900 T. b.
rhodesiense model. These compounds were therefore evaluated for their
potential genotoxic effects. Compound 6 showed no mutagenic effects
whilst compound 54 is probably mutagenic.

Compound 6 represents a good candidate for further optimisation
and therefore will be tested at higher doses.
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7. Conclusions:

We have reported the design and the synthesis of different
compounds as drugs against T.brucei spp., the causative agent for African
sleeping sickness.

The compounds were designed by attaching a toxic moiety to a P2
recognition motif in order to exert the toxicity selectively to parasite and
minimise side effects in humans.

We have prepared melamine-nitrofuran conjugates that showed
potent activity against T.brucei rhodesiense to the same order of
magnitude as melarsoprol and that are significantly more active that
nifurtimox, which is currently undergoing trials for HAT.

It is not possible to correlate the affinity of the P2 transporter and
the trypanocidal activity (however melamine is required); other
transporters may be involved in the uptake of these compounds;

In addition to in vitro activity, several melamine-nitrofurans
retained trypanocidal effect in mice. Two compounds, 6 and 54, were
able to cure an animal model of trypanosomiasis (7. brucei brucei
STIB795) and one the compounds was able to have a significant effect on
another more stringent model of infection, T. brucei rhodesiense STIB900.

Mode of action studies indicated that the mechanism of action of
compound 6 does not involve damage to DNA in trypanosomes, indicating
that it will not be mutagenic in mammalian cells, thus greatly improving
the chances that this compound can proceed to clinical trials against
trypanosomiasis.
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Some compounds showed also considerable activity against 7. cruzi
in vitro and some reduction in parasitaemia in vivo.

These compounds represent new leads for further evaluation for
HAT and should also be considered as leads in developing novel drugs
against Chagas disease.

Compounds bearing a benzamidine moiety as P2 recognition motif
have been considered. The solubility and the chemistry of these
derivatives represented an issue for the development of a valid procedure
of synthesis of benzamidines linked to nitroheterocycles. However, some
methodologies of synthesis of amidines have been established and some
interesting model compounds have been synthesised. The in vitro results
of these model compounds against the T. brucei spp. indicated that the
presence of the nitrofuran moiety is essential for the activity and suggests
that linking a benzamidine with a nitrofuran moiety in para position could
greatly improve the activity.

The carrier-linked prodrug strategy, incorporating P2 recognition
motifs, represents theoretically a valid tool to selectively target
trypanocidal agents to trypanosomes. Interesting intermediates bearing P2
motifs have been synthesised and could be coupled to known drugs to
generate interesting ester prodrugs.
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8. Experimental Section I:

Triazine Derivatives

8.1 General remarks:

IR spectra were recorded at a FT-IR spectrometer 1600 from Perkin Elmer
using the Diffuse Reflectance Accessory from Spectra Tech. (Refl.), a
potassium bromide pellet (KBr), or methylene chloride solution of the
compound between potassium bromide single crystals (film). The band
positions were characterised by their wave numbers (v/cm-1), intensity

(strong, medium, weak, broad), and assignment.

Mass spectra were recorded at a Platform II mass spectrometer
(Micromass) from Fisons. High resolution mass spectra were performed
respectively on a Waters ZQ4000 and a Finningan MAT 95XP at EPSRC
National Mass Spectrometry Service centre in the Chemistry department,
University of Wales Swansea, Swansea, Wales, UK.

Purification by column chromatography was performed on Sorbosil C60A
silica-gel-40-60 um from Merck. In some cases higher flow rates were

maintained by using a slight pressure. Qualitative thin-layer
chromatography (TLC) was done on pre-coated aluminium sheets Silica gel
60 F254 from Merck. Compounds were detected either with iodine,
ninhydrin or 254 nm UV-light. Purification by reversed phased was
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performed on silica gel 100 C18. Qualitative thin layer chromatography
reversed phased (TLC-RP) TLC was performed on pre-coated aluminium
sheets Silica gel RP-18 F254 nm UV-light.

Purification by ion exchange chromatography was performed on a Dowex
50WX2-200 resign using HCI gradient (1M to 6M). To purify 100 mg (0.15 -
0.2 mmol, 0.6 - 0.8 mequ) of a sample 10 mL Dowex 50WX2-200 resign
were suspended in 2N hydrochloric acid for 15 min and filled into a column.
The resign was washed with 50 mL 5N hydrochloric acid followed by water
until the eluate was neutral against pH-paper. The sample was submitted
as diluted aqueous solution or suspension and elution was carried out with
approximately 50 mL water, 200-400 mL 2N hydrochloric acid, 50 mL 4N
hydrochloric acid, and 300 mL 5N hydrochloric acid in 2-propanol. The
progress of elution was followed by determining the UV-absorption of the
undiluted 10-20 mL fractions at 240 nm.

Melting points were determined with a Gallenkamp melting point apparatus
and are not corrected.

Solvents and reagents were purchased from chemical companies and used
without further purification. Dry solvents were purchased in sure sealed
bottles stored over molecular sieves.

'H-NMR spectra were recorded at a Bruker 300 MHz and 500 MHz
spectrometers using the applied solvent simultaneously as internal
standard. Chemical shifts (8) are given in ppm together with the relative
frequency, assignment, the coupling constants (nJ(H,H)/Hz) and the
multiplicity: singlet (s), broad singlet (bs), doublet (d), triplet (t), quartet,
quintuplet, sextet, septuplet, multiplet (m), broad multiplet (bm).

ACD Lab ver. 2.03 and Chemdraw Ultra 8.0 software were used for the
assignment of the peaks.

Chemical shifts for AB-systems are directly deduced from Mestre-C ver.
4.5.9 free software program.

13C-NMR spectra were recorded at a Bruker 300 MHz NMR spectrometer
using the applied solvent simultaneously as internal standard. Chemical

shifts (8) are given in ppm.
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DMSO-ds/TFA was used in some experiments as solvent for some insoluble
compounds and represents a mixture of DMSO-dg in which two drops of
TFA were added.

For some peaks, the * after the number was used to describe the
extra peak associated to tautomerism.

In some cases, the numbering and the nomenclature system used
for the drawn structures in the following chapters are not referring to
IUPAC nomenclature in order to aid the NMR interpretation.
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Triazine Derivatives
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8.2 Synthesis of Amino-dichloro-triazines:

8.2.1 Synthesis of 2-amino-4,6-dichlioro-[1,3,5]-triazine (43)%°:

] NH,
2
NKN NH,OH 1 N)§N3

A S A

CI” 'N° "Cl  H,O/Acetone a~ N
41 43

Cyanuric chloride (41, 2.5g 99%, 13.5 mmol) was dissolved in acetone (19
mL) and poured into 20 mL of ice-water (HPLC grade) to form a very fine
suspension. Ammonium hydroxide solution (27 mL 1N, 27 mmol) was
added dropwise carefully maintaining the temperature between 0°C and
5°C. The mixture was stirred 30 min at 0°C and additional 30 min at room
temperature. The precipitate was filtered off, washed with cold water (4 x
15 mL) and dried over P,Os under high vacuum giving 1.588 of a pure
white solid.

Yield: 71%.

mp: 223-225°C.

LRMS (ES*): m/z 165.7 ((M+H)*, 60%).
1H-NMR (DMSO0-d6, 300 MHz): & 8.59 (bs, 2H).

13C-NMR (DMSO-d6, 75 MHz): § 167.3 (C4 and C6), 169.5 (C2).
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8.2.2 Synthesis of 2-hydroxyethyl-amino-4,6-dichioro-[1,3,5]-
triazine (65a)

7.8
Cl N~ O

2

NN HZN\/\OH 1N/KN3

| | 4
2 ~

Cl)\N*CI H,O/Acetone Clﬁj\lgl)\m

41 65a

8.2.2.1 Attempted synthesis: Method A:

Cyanuric chloride (41, 1 g 99%, 5.42 mmol) was dissolved in acetone
(HPLC grade, 10 mL) and poured into 10 mL of ice-water to form a very
fine suspension. The suspension was left stirring for 10 min at -10°C and
then ethanolamine (662.1 mg 99%, d= 1.012, 0.65 mL, 10.84 mmol) was
added dropwise carefully maintaining the temperature at -10°C. The
mixture was left stirring for 30 min at -10°C and for further 2hrs at room
temperature. The suspension turned into a clear solution. TLC-RP
(CH3CN/H,0=50/50) analysis showed the formation of two new products.
The solvent was partially concentrated under reduced pressure until the
formation of a white precipitate. The precipitate was filtered off and dried
over high vacuum. MS showed the presence of the expected product and
13C-NMR showed together with the expected product the presence of the
two starting materials. The attempts to remove the starting materials from
the products (washing the precipitate with different solvents) failed and the
reaction was repeated following the procedure as described on the
following method B.

8.2.2.1 Synthesis: Method B:

Cyanuric chloride (10 g 99%, 53.68 mmol) was dissolved in acetone HPLC
grade (50 mL) and poured into 100 mL of ice-water to form a very fine
suspension. The suspension was left stirring for 10 min at -10°C and then
ethanolamine (3.93 mg 99%, d= 1.012, 3.88 mL, 64.41 mmol) was added
dropwise carefully maintaining the temperature at -10°C. The mixture was
left stirring for 30 min at -10°C and for further 2hrs at room temperature.
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The suspension turned into a clear solution. TLC-RP (CHsCN/H,0=50/50)
analysis showed the formation of two new products. The solvent was
concentrated under reduced pressure until the formation of a white
precipitate. The precipitate was filtered off, washed with MeOH and dried
over high vacuum. MS showed the presence of the expected product. !3C-
NMR showed together with the expected product the presence of the two
starting materials. The solid was washed several times with acetone. After
the filtration further solid was separated from the solvent (acetone). The
solid was filtered and dried over high vacuum giving 2.002 g of pure
product.

Yield: 18%

LRMS (ES’): m/z 208.0 ((M-H)", 50%).

'H-NMR (DMSO-d6, 300 MHz): & 3.34 (quartet, 2H, J= 5.81 Hz, H-C8),
3.49 (t, 2H, J= 5.81 Hz, H-C9), 5.20 (bs, 1H, OH), 9.09 (bs, 1H, H-N7).
13C-NMR (DMSO-d6, 75 MHz): & 43.6 (C8*), 43.8 (C8), 57.8 (C9*), 59.1
(C9), 165.8 (C4 and C6), 169.7 (C2*), 169.7 (C2).
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8.3 Synthesis of diamino-triazines:

8.3.1 Synthesis of N3-methyl-2,4-diamino-6-chloro-[1,3,5]-trlazine
(46):

NH, 1. CH5NH,* HCI NH;
N| =N 2. NaOH 2N SN| N3 ;
C|)\N¢|\C| H,O/Acetone CI”% r;J/)z\”’CH?’
41 46

2-amino-4,6-dichloro-triazine (600 mg, 3.63 mmol) was dissolved in
acetone (8 mL) and poured into 10 mL of water to form a very fine
suspension. A solution of methylamine hydrochloride (247.5 mg 99%, 3.63
mmol) in 2 mL of water was added with temperature control at 0°C. NaOH
solution (3.6 mL, 2N) was added dropwise carefully maintaining the
temperature between 0°C and 5°C. After stirring for 24 hrs at room
temperature the precipitate was filtered off, washed with water (2x15 mL)
and dried over P,0s giving 478mg of a white solid.

Yield: 82%

mp: 236-238 °C

LRMS (ES*): m/z 159.8 ((M+H)*, 20%).

1H-NMR (DMSO-d6, 300 MHz) §2.75 (d, 3H, J=4.75Hz), 7.32 (bs, 2H,
NH,), 7.37 (m, 1H, H-N2).

13C-NMR (DMSO-d6, 75 MHz) § 27.6 (C7), 166.4 (C6), 167.3 (C2), 169.1
(C4).
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8.3.2 Synthesis of N2 N2-dimethyl-2,4-diamino-6-chloro-[1,3,5]-
triazine (47):

NH,
NH; 1. (CHg),NH® HCI 4
N N 2. NaOH 2N 5N, N3
> Z ,CH3
Cl)\N/)\CI H,O/Acetone Ci“e l;l 2 r;l 7
41 47 CHs

2-amino-4,6-dichloro-triazine (600 mg, 3.63 mmol) was dissolved in
acetone (8 mL) and poured into 10 mL of water to form a very fine
suspension. A solution of dimethylamine hydrochloride in 2 mL of water
was added with temperature control at 0°C. NaOH solution (3.6 mL, 2N)
was added dropwise carefully maintaining the temperature between 0 °C
and 5°C. After stirring for 24 hrs at room temperature the precipitate was
filtered off, washed with water (2x15 mL) and dried over P,Os giving 511
mg of white solid.

Yield: 81 %

mp: 217-219 °C

LRMS (ES*):m/z= 173.9 ((M+H)*, 80%).

'H NMR (DMS0-d6, 300 MHz) & 3.05 (s, 6H, H-C7), 7.28 (bs, 2H, NH,).
3¢ NMR (DMS0-d6, 75 MHz) & 36.2 (C7), 36.3 (C7"), 165.3 (C6), 166.9
(C2), 168,7 (C4).

8.3.3 Synthesis of N2 N°%-dimethyl-2,4-diamino-6-chloro-[1,3,5]-
triazine (44):

. 7
cl HN-CHa
1.2 CH3NH, ¢ HCI 4
N™SN 2. NaOH 2N SN™N3
/l /)\ - > Lz
Cl N~ Cl H,O/Acetone Cl“e r;J 2 I?JH
CH37
40 44

Cyanuric chloride (5.0 g, 27 mmol) was dissolved in 35 mL of acetone and
poured into 50 mL of ice-water to form a very fine suspension. A solution
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of methylamine hydrochloride (3.66 g, 54 mmol) in 20 mL of water was
added with temperature control at 0°C. NaOH 2N (54 mL, 108 mL) was
added dropwise carefully maintaining the temperature between 0°C and
5°C. The mixture was stirred 30 min at room temperature and additional
60 min at 50°C. The precipitate was filtered off, washed with water (3x 25
mL) and acetone (2x 25 mL). After drying over calcium chloride under high
vacuum, 4.2 g of product was obtained as white powder.

Yield: 89%.

mp: 302-303 °C.

LRMS (ES*): m/z = 174 ((M+H)*, 15%).

1H-NMR (300MHz, DMSO-de/TFA): & 2.78 (3m, 6H, H-C7), 8.45 (4m, 2H,
H-N2 and H-N4).

13C-NMR (75 MHz, DMSO-de/TFA);: 8 27.9 (C7), 159.5 (C2), 165.5 (C4).

8.3.4 Synthesis of N?,N?N*%N*-tetramethyl-2,4-diamino-6-chloro-
[1,3,5]-triazine (45):

HaC.,” .CHs
cl N
1 1. 2 (CH3),NH,®* HCI DY
Nl SN 2. NaOH 2N l\m
. _CH
Cl)\N/)\CI H,0/Acetone CITeN TN 3
CHs
41 45

Cyanuric chloride (5.0 g, 27 mmol) was dissolved in 35 mL of acetone and
poured into 50 mL of ice-water to form a very fine suspension. A solution
of dimethylamine hydrochloride (4.42 g, 54 mmol) in 20 mL of water was
added with temperature control at 0°C. NaOH 2N (54 mL, 108 mL) was
added dropwise carefully maintaining the temperature between 0°C and
5°C. The mixture was stirred 30 min at room temperature and additional
60 min at 50°C. The precipitate was filtered off, washed with water (4x 30
mL) and dried under vacuum over calcium chloride giving 4.9g of pure
product as white powder.

Yield: 90%.

mp: 72-74 °C

LRMS (ES*): m/z = 174 ((M+H)*, 15%).
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1H-NMR (DMSO-de/TFA, 300 MHz): & 3.03 (2s, 12H, H-C7).
13c-NMR (DMSO-d¢/TFA, 75 MHz): § 36.7 (C7), 165.2 (C6), 169.0 (C2 and
Ca).

8.3.5 Synthesis of N-propyl-2,4-dlamino-6-chloro-[1,3,5]-trlazine
(56):

7 9
HNN
NH, 1 A~ NH: ﬂ\ 8
N SN 2. NaOH 2N ’NI N3
P
CI/kN/)\CI H,0/Acetone CI76 "N 4'NH,
41 56

2-amino-4,6-dichloro-triazine (500 mg, 3.03 mmol) was dissolved in
acetone (6 mL) and poured into 6 mL of water to form a very fine
suspension. A solution of propylamine (182.7 mg 98%, d=0.71, 0.26 mL,
3.03 mmol) was added followed by the addition of NaOH 2N (1.5 mL, 3.6
mmol) and maintaining the temperature on the range 0°C/5°C. The
mixture was left stirring for 1 hr at 0°C and overnight at room
temperature. The precipitate was filtered off, washed with water (2x15 mL)
and dried over P05 giving 431mg of a white solid.

Yield: 76%

mp: 156-158 °C

LRMS (ES*) m/z = 188.1 ((M+H)*, 100%).

'H-NMR (DMS0-d6, 300 MHz) §0.89 (t, 3H, J=7.39 Hz, H-C9), 1.48 (m,
2H, H-C8), 3.15 (m, 2H, H-C7), 6.96-7.82 (3m, 3H, 2 H-N4, H-N2).
13C.NMR (DMSO-d6, 75 MHz) & 8.6 (C9*), 8.7 (C9), 22.3 (C8), 22.6

(C8*), 42.2 (C7), 42.3 (C7*), 165.9 (C6), 166.1 (C6*), 166.8 (C4*), 167.3
(C4), 168.4 (C2), 169.1 (C2*).
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8.3.6 Synthesis of N3-butyl-2,4-dlamino-6-chloro-[1,3,5]-trlazine
(58):

7 9
/\/\
NH2 1. ~o~NH2 I-gsl\ 8 10
N"=N 2. NaOH 2N TNTNS
P/
CI/kN/)\CI H,O/Acetone CI76 N #'NH,
41 58

2-amino-4,6-dichloro-triazine (500 mg, 3.03 mmol) was dissolved in
acetone (6 mL) and poured into 6 mL of water to form a very fine
suspension. A solution of butylamine (222.7 mg 99.5%, d=0.74, 0.3 mL,
3.03 mmol) was added followed by the addition of NaOH 2N (1.5 mL, 3.6
mmol) carefully maintaining the temperature on the range 0°C/5°C. The
mixture was left stirring for 1 hr at 0°C and overnight at room
temperature. The precipitate was filtered off, washed with water (2x15 mL)
and dried over P,0s5 giving 577 mg of a white solid.

Yield: 94%

mp: 133-135 °C

LRMS (EI): m/z = 202.1 (M*, 100%).

1H-NMR (DMSO-d6, 300 MHz) 50.87 (t, 3H, J=7.27 Hz, H-C10), 1.29
(sextet, 2H, J=7.27 Hz, H-C9), 1.45 (quintuplet, 2H, J=7.27 Hz, H-C8),
3.15 (m, 2H, H-C7), 6.98-7.79 (3m, 3H, 2 H-N4, H-N2).

13C-NMR (DMSO-d6, 75 MHz) § 14.0 (C10), 19.8 (C9*), 19.9 (C9), 31.1

(C8), 31.5 (C8*), 40.1 (C7*), 41.2 (C7), 165.9 (C6), 166.1 (C6*), 166.8
(C4*), 167.3 (C4), 168.4 (C2), 169.1 (C2*).
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8.3.7 Attempted synthesis of NZ-isoproyl-2,4-diamine-6-chloro-

[1,3,5]-triazine {57):

A
NH, l\ HN
1.2 NH, a8

N 2. NaOH 2N b
Cl N~ °Cl H,O/Acetone ClI”6 I'gl 4"NH,

2-amino-4,6-dichloro-triazine (500 mg, 3.03 mmol) was dissolved in

. |

In

[{]

acetone (6 mL) and poured into 6 mL of water to form a very
suspension. A sclution cf isopropylamine (180 mg 99.5%, d=0.694, 0.26
mL, 3.03 mmol) was added followed by the addition of NaGH 2N (1.5 mlL,
3.6 mmol) and carefully maintaining the temperature on the range
0°C/5°C. The mixture was left stirring for 1 hr at 0°C and then overnight
at room temperature. The precipitate was fiitered off, washed with water
(2x15 mL) and dried over P,Os giving 318 mg of a white solid. The NMR
showed weak peaks in D;0. The product was used as crude for the

yvnthesis of the hydrazine intermediate.

8.3.8 Attempted synthesis of N?-hydroxyethyl-6-chlcro-2,4-
diamino-[1,3,5]-triazine via 2-hydroxyethyl-aminco-4,6-dichlcro-

[1,3,5]-triazine {(65):

)\\‘T NH,OH 7
o | NaOH X ‘/I\ Py

N Ci H

o
2 ALELU

2-hydroxyethylamino-4,6-dichloro-[1,3,5]-triazine (1g, 4.76 mmol) was
dissolved in acetone (12 mL) and then peoured into ice-water (15 mL) to
get a very fine suspension that become a solution after few min. The
solution was left stirring at -5+-10°C for 10 min and then NH,OH 1N (5
mL, 4.76 mmol) was added dropwise followed by the addition of NaOH 2N

(5mL, 10 mmol) carefully maintaining the temperature below 0°C. After 45

bo
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min the solution turned into a suspension and the temperature was left to
rise to room temperature. The precipitate was filtered off and dried over
high vacuum giving 516 mg of white solid. MS analysis as well as the NMR
analysis did not show any peak corresponding to the expected product.
The solvent from the solution after the wash was partially concentrated
under vacuum and Et,O was added giving the formation of a precipitate.
The solid was filtered off and dried over high vacuum giving 128 mg of
product. NMR analysis of the product was difficult to perform due to
solubility problems. MS analysis showed weak signals and only a strong
one corresponding to the starting material. The experiment was therefore
performed using the alternative route described in the following procedure.

8.3.9 Synthesis of N3-hydroxyethyl-6-chloro-2,4-diamino-[1,3,5]-
triazine (65) via cyanuric chloride:

7
NH, HN"~OH
NN HN " 3Nj§N1 8
Cl)l\N/*CI Acetone/H,0 H,N : rg/e cl
41 65

8.3.9.1 Attempted synthesis: Method A

2-amino-4,6-dichloro-[1,3,5]-triazine (400 mg, 2.42 mmol) was
dissolved/suspended in acetone (5 mL) and then poured into ice-water (6
mL) to get a very fine suspension. Ethanolamine (147.8 mg, d= 1.012,
0.15 mL, 2.42 mmol) was added dropwise followed by the addition of
NaOH 2N (1.21 mL, 2.42 mmol) maintaining the temperature below 5°C.
The precipitate was filtered off, washed with cold water (2 x 10 mL) and
cold EtOH (2 x 10 mL) and dried under high vacuum giving 322 mg of a
white solid. TLC-RP (H,0/CH3CN = 50/50) analysis showed only a weak
spot of a new product and MS analysis did not show any peak
corresponding to the expected product. 3C-NMR showed the presence of
extra peaks leading to the conclusion that a complex mixture of insoluble
products was formed.
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8.3.9.2 Synthesis: Method B

2-amino-6-chloro-[1,3,5]-triazine (200 mg, 1.21 mmol) was
dissolved/suspended in acetone (2.5 mL) and then poured into ice-water
(2.5 mL) to get a very fine suspension. NaOH 2N was added dropwise until
pH=10+11 carefully maintaining the temperature below 5°C.
Ethanolamine (73.9 mg, d= 1.012, 0.075 mlL, 1.21 mmol) was added
dropwise and the mixture was left stirring for 30 min at 0°C and for further
2 hrs at room temperature. TLC-RP (H,0/CHsCN = 50/50) analysis showed
the formation of a new product with higher rf compared to the starting
material. The precipitate was filtered off, washed with cold water (2 x 10
mL) and dried under high vacuum giving 172 mg of white solid. The 3C-
NMR performed at 100°C showed that the extra signals observed on the
previous experiment were removed and were due to a splitting of the
signals of the carbons. The product was used for the preparation of the
corresponding hydrazine derivative.

Yield: 75%

'H-NMR (DMSO0-d6, 500 MHz): §3.28 (ddt, 2H, Jso= 6.14 Hz, Js.
10=5.54Hz, Jg.;=5.74Hz, H-C8), 3.49 (ddt, 2H, Js.s= 6.14 Hz, Jy.;0=5.54Hz,
Js.7=5.74Hz, H-C9) 4.70 (tt, 1H, J=5.54 Hz, OH), 7.00-7.30 (bm, 2H, 2 H-
N2), 7.50 (2t, 1H, J=5.74Hz, H-N7).

13C-NMR (DMSO0-d6, 75 MHz): § 42.7 (C8*), 42.8 (C8), 59.3 (C9), 59.5
(C9*), 165.7 (C6), 165.8 (C6*), 166.4 (C2*), 166.9 (C2), 168.0 (C4),
168.7 (C4*).

13C-I\!MR, 100°C (DMSO-d6, 125 MHz): & 45.1 (C8), 61.6 (C9), 168.1
(C6), 169.0 (C2), 170.4 (C4).
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8.3.10 Preparation of 2-N-{[3-(t-butyl-diphenylsilyl)-oxy]-ethyl}-
6-chloro-(2,4-diamino)-[1,3,5]-triazine

8.3.10.1 Synthesis of
ethylamine (67)

2-N-[3-(t-butyl-diphenylsilyl)-oxy]-

9
ﬁ;rl’k 10 8
CI,SI}Dh 5 11 2 7 ,
>—Si-0
HZN\/\OH 4 p. \3/\|$H2
66 Imidazole, DMF 1 4
10' 8"
o
67

Imidazol (8.86 g 98%, 127.68 mmol), tert-butyl-chlorodiphenyi-silane
(TBDPS) (16.53 g 98%, d=1.568, 10.54 mL, 58.93 mmol) were mixed
together and dissolved in anhydrous DMF (20 mL) and 66 (3 g, 49.11
mmol) was added dropwise to the solution with stirring and under nitrogen.
The mixture was left stirring at room temperature overnight until complete
reaction. The solvent was removed under vacuum and the crude oil was
purified by flash chromatography eluting with DCM / MeOH/NH4OH
(100:0:0 to 98:2:2) to give 7.6 g of pure product as a yellow oil.

Yield: 52%

LRMS (ES*):m/z = 314.1 ((M+H)*, 100%), 598.9 ((2M+H)*, 50%).
'H-NMR (CDCls, 300 MHz) 8 1.07 (s, 9H, H-C5), 1.70 (bs, 2H, NH,), 2.81
(t, 2H, J= 5.32 Hz, H-C2), 3.68 (t, 2H, J= 5.32 Hz, H-C3), 7.41 (m, 6H, H-
C8,10, H-C9, H-C8',10’, H-C9’), 7.69 (m, 4H, H-C7,11, H-C7",11").
13C.NMR (CDCl;, 75 MHz) & 19.7 (C4), 27.3 (C5), 44.7 (C2), 66.6 (C3),
128.1 (C8,8',10,10"), 130.1 (C9,9"), 134.1 (C6,6'), 135.9 (C7,7',11,11)
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8.3.10.2 Synthesis of 2-N-{[3-(t-butyl-diphenyisilyl)-oxy]-ethyl}-
6-chloro-(2,4-diamino)-[1,3,5]-triazine (68)

14
13 15
NHz 4 TBDPSIO—"NH, ﬂN\HZ 12\ 16
N“SN - 2.NaOH 2N NSNS /11Si—§1o
Cl)\N/)\CI o N~ O D
H,O/Acetone T H 812 16
41 68 13’ Z 16’

2-amino-4,6-dichloro-triazine (270 mg, 1.64 mmol) was dissolved in
acetone (3.5 mL) and poured into 5 mL of water to form a very fine
suspension. 3-[(t-butyl-diphenylsilyl)-oxy]-ethylamine was dissolved in
water (1.5 mL) and was added dropwise to the suspension followed by the
addition of NaOH 2N (0.9 mL, 1.8 mmol). The temperature during the
addition was maintained on the range 0°C/5°C. The mixture was left
stirring for 30 min at 0°C and for further 1.30 hr at room temperature. The
precipitate was filtered off, washed with MeOH and dried over P,Os giving
245 mg of a white pure solid.

Yield: 35%

mp: 95-97 °C

'H-NMR (DMSO-d6, 300 MHz) 5 0.98 (s, 9H, H-C10), 3.46 (t, 2H, J= 5.59
Hz, H-C7), 3.71 (m, 2H, J= 5.59 Hz, H-C8), 7.10-7.80 (3m, 3H, 2 H-N4,
H-N2), 7.42 (m, 6H, H-C13,15, H-C14, H-C13’,15, H-C14’), 7.61 (m, 4H,
H-C12,16, H-C12’,16").

13c.NMR (DMSO-d6, 75 MHz) & 19.1 (C9), 26.59 (C10), 42.5 (C7*), 42.6

(C7), 62.3 (C8), 62.6 (C8*), 128.2 (Cmeta), 130.1 (Cpara), 133.4 (C11 and
117), 135.4 (Como), 166.3 (C6), 166.5 (C6*), 166.9 (C4*), 167.0 (C4),
168.5 (C2).
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8.3.11 Preparation of 2-N-{[3-(t-butyl-diphenyisilyl)-oxy]-propyl }-
6-chloro-(2,4-diamino)-[1,3,5]-triazine

8.3.11.1 Synthesis of 2-N-[3-(t-butyl-diphenylsilyl)-oxy]-
propylamine (73)

10
ph\g_h o 11 9
=1 S
AN L /4\/2\
HO NH2 7 Si-O 3 NH2
py 5 7 1
72 27018 73
11" o
10

3-amino-1-propanol (1.2 g, 97%, 15.4 mmol) was dissolved in anhydrous
pyridine (7mL) and TBDP chloride (5.11 g 98%, d= 1.074, 4.75 mL, 18.58
mmol) was slowly added to the solution. The mixture was stirred overnight
at room temperature and under nitrogen. The mixture was then
concentrated under reduced pressure and the crude oil was purified by
flash chromatography eluting with DCM/MeOH (100:0 to 90:10) to give 4.1
g of pure product.

Yield: 84%
mp: 119-120 °C
LRMS (CI*): m/z 314.1 (M+H)*, 100%).

1H-NMR (CDCl;, 500 MHz)  1.08 (s, 9H, H-C6), 2.05 (m, 2H, H-C2), 3.22
(t, 2H, J= 7.52 Hz, H-C2), 3.77 (t, 2H, J= 5.42 Hz, H-C4), 7.41 (m, 6H, H-
C9,11, H-C10, H-C9’,11’, H-C10’), 7.69 (m, 4H, H-C8,12, H-C8",12").

13c.NMR (CDCl;, 125 MHz) § 19.2 (C5), 26.9 (C6), 30.6 (C3), 30.0 (C2),

61.2 (C4), 127.8 (C9,9,11,11°), 129.8 (C10,10"), 133.1 (C7,7), 135.5
(C8,8,12,12)
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8.3.11.2 Synthesis of 2-N-{[3-(t-butyl-diphenyisilyl)-oxy]-propyl}-
6-chloro-(2,4-dlamino)-[1,3,5]-triazine (74)

15
)N\"'2 1. TBDPSIO” ™""NH, A 1w
N“SN - 2.NaOH 2N L S
CI)\N/)\CI H,O/Acetone Cl”s r;l/z m/\s/\ojfi%ﬂ
13 1
41 74 A6
15'

2-amino-4,6-dichloro-triazine (500 mg, 3.03 mmol) was dissolved in
acetone (8 mL) and poured into 10 mL of water to form a very fine
suspension. 3-[(t-butyl-diphenylsilyl)-oxy]-propylamine was dissolved in
water (2 mL) and was added dropwise to the suspension followed by the
addition of NaOH 2N (1.5 mL, 3.6 mmol). The temperature during the
addition was maintained on the range 0°C/5°C. The mixture was left
stirring for 30 min at 0°C and then left stirring overnight at room
temperature. The precipitate was filtered off, washed with water and dried
over P,0s5 giving 604 mg of a white pure solid.

Yield: 45%

mp: 132-134 °C

LRMS (CI*) m/z = 442.3 ((M+H)*, 70%), 444.3 ((M+H+%'Cl)*, 25%).
'H-NMR (DMSO0-d6, 500 MHz) & 0.99 (s, 9H, H-C11), 1.77 (quintuplet, 2H,
J= 6.61 Hz, H-C8), 3.34 (m, 2H, H-C7), 3.70 (m, 2H, H-C9), 7.00-7.53
(3m, 2H, 2 H-N4), 7.43 (m, 6H, H-C14,16, H-C15, H-C14’,16’, H-C15’),
7.61 (m, 4H, H-C13,17, H-C13’,17), 8.57 (m, 1H, H-N2).

13Cc-NMR (DMSO-d6, 125 MHz) & 18.7 (C10), 26.5 (C11*), 26.6 (C11),
31.3 (C8), 31.8 (C8%*), 36.9 (C7*), 37.1 (C7), 61.1 (C9*), 61.3 (C9),
127.5 (Cmeta*), 127.8 (Cmeta), 129.1 (Cpara*), 129.7 (Cpara), 133.2 (12
and 12'), 134.4 (Corto*) 134.9 (Corto), 165.6(C6), 166.4 (C6*), 166.9
(C4*), 168.0 (C4), 169.2 (C2).
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8.3.12 Synthesis of N2-hydroxypropy-6-chloro-2,4-diamino-[1,3,5]-
triazine (79):

NH, N0
NN H N7~ "OH 1N)<N3
m)l\N/)\Cl cn}“\g/ NH,
41 79

8.3.12.1 Attempted synthesis: Method A

2-amino-4,6-dichloro-[1,3,5]-triazine (500 mg, 3.03 mmol) was
dissolved/suspended in acetone (6 mL) and then poured into ice-water (6
mL) to get a very fine suspension. 3-amino-propanol (234.6 mg, d= 0.986,
0.24 mL, 3.03 mmol) was added dropwise followed by the addition of
NaOH 2N (2.3 mL, 4.54 mmol) carefully maintaining the temperature on
the range 0+-5°C. The mixture was left stirring for 30 min at 0+-5°C and
overnight at room temperature. The mixture (colloidal solution) was
concentrate under vacuum and the solid triturated with water. The solid
was then filtered, washed with water and dried under high vacuum giving
193 mg of a white product. The mass spectra analysis did not show any
signal corresponding to the expected product. However the product was
used for the preparation of the corresponding hydrazine derivative as
described on § 8.4.12.1.

Yield: 31%

1H-NMR (DMSO-d6, 300 MHz): §1.60 (m, 2H, H-C9), 3.23 (m, 2H, H-C8),
3.42 (m, 2H, H-C10) 4.47 (bs, 1H, OH), 6.00-7.40 (bm, 2H, 2 H-N2), 7.68
(2t, 1H, J=5.45 Hz, H-N7).

13C-NMR (DMSO-d6, 125 MHz): 32.3 (C9*), 32.6 (C9), 37.8 (C8), 58.7
(C10), 165.9 (C6), 166.7 (C4*), 167.3 (C4), 168.4 (C2).

8.3.12.2 Attempted synthesis: Method B

2-amino-4,6-dichloro-[1,3,5]-triazine (1.2 mg, 7.2 mmol) was
dissolved/suspended in acetone (15 mL) and then poured into ice-water
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(15 mL) to get a very fine suspension. 3-amino-propanol (546 mg, d=
0.986, 0.55 mL, 7.2 mmol) was added dropwise followed by the addition of
NaOH 2N (5.4 mL, 10.8 mmol). The mixture was left stirring for 3 hrs at
room temperature, overnight at 50°C and for further 8 hrs at 70°C. TLC-
RP (CHsCN/H,O = 50/50) showed still the presence of starting material.
The solvent was removed under vacuum. The solid was washed with ice-
water and dried under high vacuum giving 505 mg of white solid. NMR
analysis showed together with the product the presence of starting
material and other impurities.

8.3.12.3 Synthesis: Method C:

2-amino-4,6-dichloro-[1,3,5]-triazine (1.5 mg, 9.09 mmol) was dissolved
in DMF (20 mL) at -20°C and 3-amino-propanol (690 mg 99%, d= 0.986,
0.69 mL, 9.09 mmol) was added dropwise to the solution maintaining the
temperature around -20°C. DIPEA (Diisopropylethylamine) (1.76g 99.5%,
d=0.742, 2.38mL, 13.6 mmol) was added dropwise to the previous mixture
at -20°C. The temperature was left rise to room temperature and the
reaction was left stirring for 2hrs. The solvent was removed under vacuum
and the oil obtained was washed with DCM to give a lumpy white solid
which was ground by using a pestle and mortar. The solid was dissolved in
the minimum amount of DMF and then added dropwise DCM with stirring to
get a fine precipitate. The fine white solid was filtered off, washed with
DCM and dried under high vacuum at 40°C giving 1.68 g of a white
product.

Yield: 91%

1H-NMR (DMSO0-d6, 500 MHz): & 1.60 (quintuplet, 2H, J= 4.46 Hz, H-C9),
3.25 (quintuplet, 2H, 1=6.46Hz, H-C8), 3.43 (t, 2H, J= 6.46 Hz, H-C10),
4.40 (bs, 1H, OH), 7.07-7.28 (bm, 2H, 2 H-N2), 7.55-769 (2t, 1H, J=5.50
Hz, H-N7).

13C-NMR (DMSO0-d6, 125 MHz): 31.9 (C9), 32.2 (C9*), 37.4 (C8), 37.5
(C8*), 58.3 (C10), 58.4 (C10*), 165.5 (C6), 166.9 (C2), 167.9 (C4).
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8.4 Synthesis of diamino-[1,3,5]-triazin-2-yl hydrazines:

8.4.1 Synthesis of 4,6-diamino-[1,3,5]-triazin-2-yl-hydrazine (11):

NH NH
A P\
N N HoN—NH,* H,0 SN” N3 7
| | _ NH
HzN/]\N//kCI H,0 H,N"8 I:l 2 El’ 2
4 11

Hydrazine hydrate (4.32g, 4.2 mL, 86.4 mmol) was added dropwise to a
suspension of 2,4-diamino-6-chloro-[1,3,5]-triazine (2.5g, 17.7 mmol) in
water (20 mL). The mixture was stirred overnight at 85°C and then
stopped. The white solid was filtered off and washed with 300 mL of water.
The solid was then dried under high vacuum to give 1.78g of pure product.

Yield: 72%

mp: 271-272°C

LRMS (ES+):m/z 141.8 [(M+H)*,30%], 163.9 [(M+Na)*, 15%]

'H-NMR (DMSO-d6, 300 MHz) & 4.09 (bs, 2H, NH;), 6.19 (bs, 4H, 2 H-N4
and 2 H-N6), 7.72 (bs, 1H, H-N2 ).

13C-NMR (DMSO-d6, 75 MHz) & 167.2 (C2), 168.8 (C4 and C6).

8.4.2 Synthesis of N*methyl-4,6-diamino-[1,3,5]-triazin-2-yl-
hydrazine (50):

8
HN” Hn-CHs
4
NN H,N—NH, * H,0 5NJ§N3
A L 2k _NH,
HoN N Cl H,0 H,N" 6 l}l 2” 7
46 50

N2-methyl-2,4-diamino-6-chloro-[1,3,5]-triazine (400 mg, 2.51 mmol) was
suspended in water (5 mL) and hydrazine hydrate (d = 1.03, 0.61 mL,
12.55 mmol) was added dropwise in the suspension. The mixture was left
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stirring for 1hr at room temperature and then overnight at 85 °C. The
mixture was filtered off, washed with water (2 x 20 mL) and dried under
high vacuum over P,0s giving @ 117 mg of a white pure solid.

Yield: 30%.

mp: 215-217°C.

LRMS (ES*): m/z 156 ((M+H)*, 90%)).

1H NMR (DMSO-d6, 300 MHz) & 2.72 (d, 3H, H-C8), 4.06 (bs, 2H), 6.38
(m, 3H) 7.71 (m, 1H, H-N2).

13C NMR (DMSO0-d6, 75 MHz) 6 27.5 (C8), 166.7 (C6), 168.4 (C2).

8.4.3 Synthesis of N4 N°®-dimethyl-4,6-diamino-[1,3,5]-triazin-2-yl-
hydrazine (48):

8
HN” riN’CH3
NN H,N—NH,* H0 8 5N)§N3
PN . |
~ )\ Z H3C< o -NH,
N7 N el N NT N7
N Hz0 H 1 H
44 48

Hydrazine hydrate (0.7g, d=1.03, 0.68 mL, 13.9 mmol) was added
dropwise to a suspension of N2,N*-dimethyl-6-chloro-2,4-diamino-[1,3,5]-
triazine (500 mg, 2.88 mmol) in 10 mL of ethanol. The reaction mixture
was stirred at 90 °C for 3 hours and at room temperature overnight. The
solvent was evaporated and the white solid was washed with water
(2x2mL), ethanol (2x2 mL) and ether (3x3mL). The compound was dried
under high vacuum giving 470 mg of pure product.

Yield: 96%.

LRMS (ES*) m/z 170 ((M+H)*, 100%).

'H-NMR (CD;0D, 300 MHz,): § 2.7 (s, 6H, H-C8), 4.05 (bs, 2H, 2 H-N7),
6.55 (bs, 2H, H-N4, H-N6), 7.65 (bt, 1H, H-N2).

13C-NMR (CD;0D, 75 MHz,): § 27.5 (C8), 166.2 (C2), 168.0 (C4 and C6).
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8.4.4 Synthesis of N* N*-dimethyl-4,6-diamino-[1,3,5]-triazin-2-yl-
hydrazine (51):

8
4
N N HoN—NH, * H,O SNJQN;;
)l\ /)\ I ~ ,NH2
HN™ 'N™ °Cl H,O HoN"6 I;l 2}!:1' 7
47 51

N2,N2-dimethyl-2,4-diamino-6-chloro-[1,3,5]-triazine (450 mg, 2.59 mmol)
was suspended in water (5 mL) and hydrazine hydrate (d = 1.03, 0.63 mL,
12.95 mmol) was added dropwise in the suspension. The mixture was left
stirring for 1hr at room temperature and overnight at 85 °C. The mixture
was filtered off, washed with water (2 x 20 mL) and dried under high
vacuum over P,0s giving 280 mg of a white pure solid.

Yield: 64%.

LRMS (ES*): m/z 170 ((M+H)*, 100%).

mp: 230-232 °C.

1H-NMR (DMSO-d6, 300 MHz) & 3.02 (s, 6H, H-C8), 4.08 (bs, 2H, 2 H-N7),
6.46 (bs, 2H, 2 H-N6) 7.66 (s, 1H, H-N2).

13C-NMR (DMSO0-d6, 75 MHz) & 35.9 (C8), 165.9 (C4), 166.9 (C2), 168.4
(C6).

8.4.5 Synthesis of N*N*N¢ NS-tetramethyl-4,6-diamino-[1,3,5]-
triazin-2-yl-hydrazine (49)

8
4
NJ§N H,N—NH,* H,0 5N N3
| |
H3C< ., ,-NH
\N)\N/)\m H,O SONTENT N7 2
| 2 | 1 H
CHg,
45 49

Hydrazine hydrate (0.302g, d=1.03, 0.29 mL, 6.3 mmol) was added
dropwise to a solution of N2 N2,N* N*tetramethyl-2,4-diamino-6-chloro-
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[1,3,5]-triazine (250 mg, 1.24 mmol) in 2 mL of ethanol. The reaction
mixture was stirred at 85 °C for 3 hours. The solution was reduced under
vacuum and the white solid was filtered off, washed with water (3x3mL)
and dried under high vacuum giving 162 mg of a white pure solid.

Yield: 66%.
LRMS (ES*): m/z 198 (M+H*, 100%).

1H-NMR (300 MHz, CD;0D) & 3.1 (s, 12H, H-C8).

13C-NMR (75 MHz, CD;0D): & 36.7 (C8), 167 (C4 and C6), 170 (C2).

8.4.6 Synthesis of N*-n-propyl-4,6-diamino-[1,3,5]-triazin-2-yl-
hydrazine (59):

7 9
HN/\/ ";‘l\/\g/
NJ§N H,N—NH,* H,0 INT NS
PN - P -NH;
56 59

N2-propyl-2,4-diamino-6-chloro-[1,3,5]-triazine (409 mg, 2.17 mmol) was
suspended in water (8mL) and hydrazine hydrate (343.04 mg, d=1.03,
0.52 mL, 10.85 mmol) was added dropwise into the suspension at room
temperature. The mixture was left stirring overnight at 85 °C. The
precipitate was filtered and dried under high vacuum giving 282 mg of a
white pure product.

Yield: 52%

mp: 109-111°C

LRMS (EI*): m/z 183.1 (M*, 40%).

'H-NMR (DMSO-d6, 300 MHz) & 0.85 (t, 3H, J=7.33 Hz, H-C9), 1.47 (m,
2H, H-C8), 3.14 (m, 2H, H-C7), 4.56 (bs, 2H, H-N10), 6.94-7.85 (3m, 3H,
H-N4, H-N2, 2 H-N6).

13C-NMR (DMSO-d6, 75 MHz) & 8.7 (C9), 22.9 (C8), 23.0 (C8*), 41.9
(C7), 42.0 (C7*), 166.2 (C2), 166.7 (C6), 168.5 (C4).
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8.4.7 Synthesis of N*%n-butyl-4,6-diamino-[1,3,5]-triazin-2-yl-
hydrazine (61):

7 9
HNTTN ";“\/\a/\w
p/ P ,NHZ
H.N" N cl H,0 HNS N 2N
58 61

N2-butyl-2,4-diamino-6-chloro-[1,3,5]-triazine (552 mg, 2.74 mmol) was
suspended in water (10mL) and hydrazine hydrate (685.6 mg, d=1.03,
0.66 mL, 13.7 mmol) was added dropwise into the suspension at room
temperature. The mixture was left stirring overnight at 85 °C. The
precipitate was filtered and dried under high vacuum giving 281 mg of a
white pure product.

Yield: 52%

mp: 114-117 °C

LRMS (CI*): m/z 198.2 ((M+H)*, 40%).

1H-NMR (DMSO-d6, 300 MHz) 50.86 (t, 3H, J=6.99 Hz, H-C10), 1.28
(sextet, 2H, J=6.99 Hz, H-C9), 1.43 (m, 2H, H-C8), 3.18 (m, 2H, H-C7),
4.29 (bs, 2H, H-N11), 6.95-7.93 (3m, 3H, H-N4, H-N2, 2 H-N6).

13C-NMR (DMSO-d6, 75 MHz) 8 14.2 (C10), 19.9 (C9), 31.9 (C8), 39.9
(C7), 166.2 (C2), 168.4 (C4).
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8.4.8. Preparation of N*-isopropyl-4,6-diamino-[1,3,5]-triazin-2-yl-
hydrazine (60):

8.4.8.1 Attempted synthesis:

HNJ\ HNJ\

N N N HzN_NHz. Hzo 5N N3
H2N N Cl Hzo 2 1 H 9
57 60

Crude NZ%-isopropyl-2,4-diamino-6-chloro-[1,3,5]-triazine (250 mg, 1.33
mmol) was suspended in water (5mL) and hydrazine hydrate (335.8 mg,
d=1.03, 0.33 mL, 6.65 mmol) was added dropwise into the suspension at
room temperature. The mixture was left stirring overnight at 85 °C. The
precipitate was filtered and dried under high vacuum giving 53 mg of crude
product. The MS did not show any peak corresponding to the product and
1H-NMR. However the product was used as crude for the preparation of
the corresponding 5-nitrofuraldehyde hydrazone.

8.4.8.2 Synthesis:

Pure N2-isopropyl-2,4-diamino-6-chloro-[1,3,5]-triazine from Aldrich (750
mg, 3.99 mmol) was dissolved in EtOH (9mL) and hydrazine hydrate (599
mg, d=1.03, 0.58 mL, 8.67 mmol) was added dropwise into the suspension
at room temperature. The mixture was left stirring overnight at 85 °C. The
solvent was removed under vacuum until the formation of white crystals.
The solid was filtered off and washed with cold EtOH and dried over high
vacuum giving 180 mg of pure product. The remaining solution was
concentrated under high vacuum and EtOAc was added until the
precipitation of further product. The solid was filtered off and dried over
high vacuum giving 356 mg of pure product.

Yield: 73%
mp: 106-107 °C
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LRMS (EI'): m/z 183.0 {M*, 20%).
8

'H-NMR (D,0, 300 MHz) 8 1.04 (d, 6H, J=6.40 Hz, H-C8)

yl-hydrazine {68):
A N
N \N HzN-NHz' H20 N N
: . I
el - WP
HN™ N ~Cl H,0 2 LI
65 68

N2-hydroxyethyl-6-chloro-2,4-diamino-[1,3,5])-triazine (200 mg, 1.05
mmol} was suspended in water (3.5mL) and hydrazine hydrate was added
dropwise to the mixture at room temperature and with stirring. The
reaction was left stirring for 6 hrs at 85°C and then left cooling down to

room temperature. TLC-RP (H,O0/CHsCN = 50/50) analysis showed the

formation of a new praduct together with the starting material. The
suspension was filtered and the precipitate was washed with celd H,O and
dried under high vacuum giving 115 mg of white solid. The product, unlike

the starting material, was soluble in MeCH but the MS analysis gave only a
weak peak with small intensity corresponding to the expected product
together with a strong peak corresponding to the starting material (226=
starting material+K*). The attempt to purify the product failed and
therefore the crude product was used for the preparation of the

corresponding hydrazone.
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8.4.10 Synthesis of 2N-{[3-(t-butyl-diphenylisilyl)-oxy]-ethyl}-
(4,6-diamino)-[1,3,5]-triazin-2-yl-hydrazine (69):

16, 14
. N/ N HzN_NHz. HZO 1 Sl 5N/ N'1
PNE o e oL A

NN
” N Cl H,0 17" 13' 9

68 16' 14' 69

2N-{[3-(t-butyl-diphenyisilyl)-oxy]-ethyl}-6-chloro-(2,4-diamino)-[1,3,5] -
triazine (235 mg, 0.55 mmol) was suspended in water (3.5 mL) and
hydrazine hydrate (138 mg, d=1.03, 0.13 mL, 2.75 mmol) was added
dropwise to the suspension. The mixture was left stirring overnight at
75°C. The product was then filtered, washed with water and dried under
high vacuum over P,0s giving 200 mg of a white pure product.

Yield: 86%

mp: 80-82 °C

LRMS (ES*): m/z 424.1 ((M+H)*, 100%),

'H-NMR (DMSO0-d6, 300 MHz) 6 0.96 (s, 9H, H-C11), 3.45 (m, 2H, H-C8),
3.71 (m, 2H, H-C9), 6.20-7.20 (3m, 3H, H-N4, 2H-N6), 7.43 (m, 6H, H-
C14,16, H-C15, H-C14',16’, H-C15’), 7.62 (m, 4H, H-C13,17, H-C13’,17’),
7.69 (m, 1H, H-N2).

13C-NMR (DMSO0-d6, 75 MHz) § 19.1 (C10), 26.9 (C11*), 27.0 (C11), 42.4

(C8), 42.6 (C8*), 62.3 (C9), 62.6 (C9*), 128.1 (Cmeta*), 128.2 (Cmeta),
130.1 (Cpara), 133.4 (12 and 127), 135.4 (Coro), 166.2 (C4).
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8.4.11 Synthesis of 2N-{[3-(t-butyl-diphenyisilyl)-oxy]-propyl}-
(4,6-diamino)-[1,3,5]-trlazin-2-yl-hydrazine (75):

12
\I/ 15' 14'}l/ 14 15
Si@ 16 Sid 16
\ N
(0] 17 18 O 18 17
8
HN/\) HN 10
A ALY
NN HN=NH,* H,0 SNTSNE
A L NH,
H,N” °N” ~Cl EtOH/HO0  H,N7s N 2”
1
74 75

2N-{[3-(t-butyl-diphenylsilyl)-oxy]-propyl}-6-chloro-(2,4-diamino)-[1,3,5]
-triazine (550 mg, 1.24 mmol) was suspended in EtOH (7 mL) and
hydrazine hydrate (186.2 mg, d=1.03, 0.18 mL, 3.72mmol) was added
dropwise to the suspension. The mixture was left stirring overnight at
75°C. The product was then filtered, washed with EtOH and water and
dried under high vacuum over P,0s giving 281 mg of a white pure product.

Yield: 52%

mp: 234-237 °C

LRMS (CI*): m/z 438.4 ((M+H)*, 40%),

!H-NMR (DMSO0-d6, 500 MHz) 8 0.99 (s, 9H, H-C12), 1.77 (quintuplet, 2H,
J= 6.30 Hz, H-C9), 3.35 (m, 2H, H-C8), 3.70 (t, 2H, J= 6.30 Hz, H-C10),
4.08 (bs, 2H, 2 H-N7), 5.98-6.57 (3m, 3H, H-N4, 2 H-N6), 7.44 (m, 6H, H-
C15,17, H-C16, H-C15',17’, H-C16’), 7.62 (m, 4H, H-C14,18, H-C14',18"),
7.69 (m, 1H, H-N2).

13C-NMR (DMSO0-d6, 125 MHz) & 18.7 (C11), 26.5 (C12*), 26.6 (C12),
32.2 (C9), 36.9 (C8), 61.7 (C10), 127.5 (Creta®), 127.8 (Creta), 129.1
(Cpara™), 129.7 (Cpara), 133.3 (13 and 13%), 134.4 (Coro*) 135.0 (Cono),
167.9 (C4).
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8.4.12 Synthesis of N*-hydroxypropyl-4,6-diamino-[1,3,5]-triazin-
2-yl-hydrazine (80):

8.4.12.1 Synthesis method A:

7 9
HN/\/\OH "i)N\/\B/\OH
N)§N HzN-NHz. H20 TNT N3
PN - (P NH2
H,N" 'N° °Cl DMF HoN"6 ’}‘ 2” 10
79 80

N2-hydroxypropyl-6-chloro-2,4-diamino-[1,3,5]-triazine (180 mg, 0.88
mmol) was suspended in water (3 mL) and hydrazine hydrate (220.2 mg,
d=1.03, 0.21 mL, 4.4 mmol) was added dropwise to the suspension at
room temperature and with stirring. The mixture was left stirring
overnight at 85°C and then left cooling down to room temperature. The
solution was concentrated under vacuum and the white solid was washed
with cold water and dried under high vacuum giving 230 mg of a crude
solid.

LRMS (ES*): m/z 200.1 ((M+H)*, 50%).

'H-NMR (DMSO-d6, 300 MHz): § 1.63 (m, 2H, H-C8), 3.27 (m, 2H, H-C7),
3.43 (t, 2H, J= 6.10 Hz, H-C9), 5.70-6.70 (bm, 4H, 2 H-N6, H-N2, H-N4).
13C.NMR (DMSO-d6, 75 MHz): 32.9 (C8), 37.4 (C7), 58.3 (C9), 166.2
(C2).

8.4.12.2 Synthesis method B:

N2-hydroxypropyl-6-chloro-2,4-diamino-[1,3,5]-triazine (400 mg, 1.96
mmol) was dissolved in DMF (6 mL) and hydrazine hydrate (196.2 mg,
d=1.03, 0.19 mL, 3.92 mmol) was added dropwise to the solution at room
temperature and with stirring. The mixture was left stirring for 3 hrs at
85°C and then left cooling down to room temperature. The solution was
concentrated under vacuum and the white solid was washed with cold
water and dried under high vacuum giving 390 mg of crude solid. NMR
analysis of the crude in D,O showed deuterium exchange with some of the
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NH group of the triazine and the presence of DMF that could not be
removed due to solubility of the product in H,0.

1H-NMR (D;0, 500 MHz): §1.75 (m, 2H, H-C8), 3.05 (bs, 2H, 2 H-N10),
3.36 (m, 2H, H-C7), 3.60 (m, 2H, H-C9), 8.0 (bm, 1H, H-N, D-exchange)

13c.NMR (D20, 125 MHz): 31.4 (C8), 37.2 (C7), 37.3 (C7*), 59.0 (C9),
59.1 (C9*), 162.4 (C2), 162.7 (C2*), 168.9 (C4).
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8.5 Synthesis of triazinyl-hydrazones:

8.5.1 Synthesis of 5-nitro-2 furaldehyde (4,6-diamino)-[1,3,5]-
triazin-2-yl-hydrazone (6):

Triazine derivatives

H
NH, & ° oNH2 NO,
N)§N ON—\ . SNTXNT o \12
PP N A
HNT N N-NH MeOH HN4 N 2N 5 @ 1o
1 6

A mixture of 2-hydrazino-4,6-diamino-1,3,5-triazine (149.50 mg, 1.06
mmol) and 5-nitrofuraldehyde (150.00 mg, 1.06mmol) was dissolved in
methanol (5 mL). The suspension was left stirring overnight at room
temperature. The reaction mixture was filtered and the yellow precipitate
was washed with methanol and dried under vacuum at 40°C. The crude
product was recrystallised from water to yield 100.5 mg of a pure yellow
solid.

Yield: 36%.

mp: >350°C

IR: VN-H =3313.9 cm-1, vC=N at 1631.9 cm-1, vC-NO, at 1537.8 cm-1,
vC-N at 809.3.

LRMS (ES+): m/z 265 ((M+H)*, 100%), 287 (M+Na*, 80%).

HRMS (ES+): Calcd for CgHgNgO3* (M+H*): 265.0792; Found: 265.0799.

Anal. Calcd for CgHgN;0-2H,0: C, 37.6, H 5.1, N, 38.4. Found: C, 37.3, H,
4.0, N, 38.7.

'H-NMR (DMS0-d6, 300 MHz) § 6.51 (bs, 4H, 2 NH,), 7.05 (d, J= 3.84 Hz,

1H, H-C10) 7.78 (d, J= 3.84 Hz, 1H, H-C11), 8.00 (s, 1H, H-C8), 11.25 (s,
1H, H-N7).

13C-NMR (DMS0-d6, 75 MHz) & 114.2 (C-11) , 115.6 (C-10), 129.4 (C-8),
151.8 (C-9), 153.2 (C-12), 164.9 (C-4 and C-6), 167.7 (C-2).
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8.5.2 Synthesis of 5-Nitro-thiophen-2-carbaldehyde (4,6-diamino)-
[1,3,5]-triazin-2-yl-hydrazone (13):

H
NH, S \ © ﬂN\HZ NO,
N OZN N\ SN \N3 S 12
NN 12 , Ny
)I\ /)\ N/Z N,N\ 2
HaN™ N NN, MeOH HN's N2 N, 5 8 10
11 13

A mixture of 2-hydrazino-4,6-diamino-1,3,5-triazine (150 mg, 1.06 mmol)
and 5-nitro-2-thiophene-carboxaldehyde (166.58 mg, 1.06 mmol) was
suspended in methanol (5 mL). The suspension was left stirring for two
days at room temperature. The reaction mixture was filtered and the
brown precipitate was washed with MeOH and then dried under vacuum at
40°C. The crude product was recrystallised from H,O/EtOH (5:1) to give
76mg of a pure brown solid.

Yield: 25%.

mp: >350°C.

LRMS (ES+): m/z 281 ((M+H)*, 100%), 303 ((M+Na)*, 10%).

HRMS (ES+): calcd mass for CgHgNgO,S* (M+H¥): 281.0569. Found:
281.0572.

Anal. Calcd for CsHsNgO,S:1H,0: C, 32.2, H, 3.4, N, 37.6, S, 10.7. Found:
C, 32.7, H, 2.9, N, 35.9, S, 10.3.

1H-NMR (DMSO-d6, 300 MHz) & 6.50 (bs, 4H, 2 x NH,), 7.36 (d, J= 4.29
Hz, 1H, H-C10), 8.08 (d, J= 4.29 Hz, 1H, H-C11), 8.25 (s, 1H, H-C8),
11.10 (s, 1H, H-N7).

13c.NMR (DMSO-d6, 75 MHz) § 127.6 (C11), 131.1 (C10), 134.9 (C8),
148.7 (C9), 149.7 (C12), 164.8 (C4 and C6), 167.6 (C2).
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8.5.3 Synthesis of 2-furaldehyde (4,6-diamino)-[1,3,5]-triazin-2-yl-
hydrazone (19):

H
A oy ° 1L
™y N N
H,N N/)\N—NHZ MeOH HNS N 2N 59
11 19

A mixture of 2-hydrazino-4,6-diamino-1,3,5-triazine (150 mg, 1.06 mmol)
and 2-furaldehyde (102.88 mg, 1.06 mmol) was suspended in MeOH (5
mL). The suspension was left stirring overnight at room temperature. The
mixture was filtered and the brown solid was washed with MeOH and then
dried under vacuum at 40°C. The crude product was recrystallised from
H,O/MeOH (5%) to give 133 mg of a pure brown solid.

Yield: 58%.

mp: 281-283 °C.

LRMS (ES+): m/z 219 ((M+H)*, 241,9 (M+Na)*).

HRMS: Calcd mass for CgH;oN;,0* (M+H*): 220.0941. Found: 220.0941.
Anal. Calcd for CgHyN,0-2H,0: C, 37.6, H 5.1, N, 38.4. Found: C, 37.3, H,
4.0, N, 38.7.

'H-NMR (DMSO-d6, 300 MHz) 8 6.38 (bs, 4H, 2 x NH2), 6.57 (m, 1H, H-
C12), 6.69 (d, J= 3.29 Hz, 1H, H-C11), 7.76 (m, 1H, H-C10), 7.94 (m, 1H,
H-C8), 10.56 (s, H-N7).

13C-NMR (DMSO-d6, 75 MHz) § 111,5 (C-11), 112.2 (C-10), 131.8 (C-8),
144.3 (C-12), 150.5 (C-9), 165.0 (C-4 and C-6), 167.7 (C-2).
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8.5.4 Synthesis of Thiophen-2-carbaldehyde (4,6-dlamino)-[1,3,5]-
triazin-2-yl-hydrazone (21):

H
N/gN N~ 20 3NI SN s\2
M ~ AN/ M
HN™ °N ”—NH2 Mer?H HaN"4 r;u 6 I-NI7 s © 10
1 21

A mixture of 2-hydrazino-4,6-diamino-1,3,5-triazine (150 mg, 1.06 mmol)
and 2-thiophene-carboxaldehyde (121.31 mg, 1.06 mmol) was suspended
in methanol (5 mL). The suspension was left stirring overnight at room
temperature. The mixture was filtered and the brown solid was washed
with methanol and dried under vacuum at 40°C. The crude product was
recrystallised from water-ethanol (10%) to give 95 mg of a pure brown-
yellow solid.

Yield: 38%.

mp: 309-310°C.

LRMS (ES+): m/z 236 ((M+H)*, 100%).

HRMS (ES+): caled mass for CgH;oN;S* (M+H*): 236.0713. Found:
236.0717.

Anal. Calcd for CgHgN,S:0.7H,0; C, 38.8, H, 4.2, N, 39.5, S, 12.9. Found:
C, 39.0,H, 3.9, N, 39.1, S, 12.5.

1H-NMR (DMSO0-d6, 300 MHz) & 6.38 (bs, 4H, 2 NH,), 7.07 (s, 1H, H-
C12), 7.25 (s, 1H, H-C11), 7.53 (s, 1H, H-C10), 8.25 (s, 1H, H-C8), 10.53
(s, 1H, H-N7).

13C-NMR (DMSO-d6, 75 MHz) 8 127.6 (C10), 127.9 (C11), 129.1 (C8),
137.3 (C9), 140.2 (C12), 164.9 (C2 and C4), 167.6 (C6).
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8.5.5 Synthesis of 5-nitro-2 furaldehyde (N*-methyl-4,6-diamino)-
[1,3,5]-trlazin-2-yl-hydrazone (54):

H 13
H3C\

NH, 0 \ o /{,“\H NO,
N)§N ON—R 1 SNTXN3 o2
| AN /M1

HNJ\N/)\N_NHZ MeOH HNG N 2N S0
H rt
50 54

5-nitrofuraldehyde (90mg, 0.58 mmol) and 2-hydrazino-4-N-methyl-4,6-
diamino-1,3,5-triazine (81.82 mg, 0.58 mmol) were mixed together,
suspended in MeOH (5 mL) and the suspension was left stirring overnight.
The mixture was reduced under vacuum giving 120 mg of brown solid. The
solid was recrystallised from H,O/MeOH (35 mL: 20 mL) giving 83 mg of a
dark yellow solid.

Yield: 51%.

mp: 261-263°C.

LRMS (ES*): m/z: 279.2 ((M+H)*, 50%), 301.1 ((M+Na)*, 100%).

HRMS: Calcd mass for CoH13NgO3* (M+H*): 279.0949; Found: 279.0951.
Anal. Caled. (CsH;oNg05-0.4 H,0:0.02 HCI) C, H, ClI; calcd: N, 38.4. Found:
N, 37.9.

1H-NMR (DMSO0-d6, 300 MHz) § 2.77 (s, 3H, H-C13), 6.77 (bs, 3H, H-N4,
2H-N6), 7.07 (s, 1H, H-C10), 7.78 (d, J= 4.02 Hz, 1H, H-C11), 8.01 (s,
1H, H-C9), 11.10 (s, 1H, H-N7).

13C-NMR (DMSO0-d6, 75 MHz) & 27.6 (C-15) , 114.0 (C-10), 115.6 (C-11),
129.5 (C-8), 151.8 (C-9), 153.3 (C-12), 166.9 (C-2).
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8.5.6 Synthesis of 5-nitro-2 furaldehyde (N* N®-dimethyl-4,6-
diamino)-[1,3,5]-triazin-2-yl-hydrazone (55):

H 13 13
\ A 2
)QN ON—RQA 1 SNTXNS o \12
I - LA N A
— HoN"s N™ 2°N 9
H,N" N H NH, Mer(t)H 2 ) H7 8 10
51 55

5-Nitrofuraldehyde (246 mg, 99%, 1.45 mmol) and 2-hydrazino-4-N,N-
dimethyl-4,6-diamino-1,3,5-triazine (204.56 mg, 1.45 mmol) were
suspended in MeOH (5 mL) and left stirring overnight. The mixture was
reduced under vacuum giving 120 mg of brown solid. The solid was
recrystallised from H,O/MeOH (30 mL: 20 mL) giving 336 mg of a light
brown solid.

Yield: 80%.

mp: 264-266°C

LRMS (ES*): m/z 293.1 ((M+H)*, 20%), 315.1 ((M+Na)*, 100%).

HRMS: Calcd mass for CyoH;3NgO3* (M+H*): 293.1105. Found: 293.1110.
Anal. Calcd for C;oH;2Ng03:0.02 HCI: C, 41.0, H, 4.1, N, 38.2, Cl, 0.2;
Found: C, 41.3, H, 4.2, N, 38.0, Cl, 0.5.

1H-NMR (DMSO0-d6, 300 MHz) 8 3.11 (s, 6H, H-C13 and H-C13’), 6.75 (bs,
2H, 2H-N6), 7.11 (d, 1H, 3J=3.84 Hz, H-C10), 7.82 (d, J= 3.84 Hz, 1H, H-
C11), 8.08 (s, 1H, H-C8), 11.21 (s, 1H, H-N7).

13C-NMR (DMSO-d6, 75 MHz) § 36.1 (C-13 and C-13’), 113.8 (C-10),
115.6 (C-11), 129.4 (C-8), 151.8 (C-9), 153.4 (C-12), 164.5 (C-6), 166.0
(C-4), 167.5 (C-2).
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8.5.7 Synthesis of 5-nitro-2 furaldehyde (N*%NS-dimethyl-4,6-
diamino)-[1,3,5]-triazin-2-yl-hydrazone (52):

H _n
- HN
L o2 4 N,
NN O,N \\ 1 SNTXIN3 0 \12
)I\ //k > I /)\ NS A 1"
HN™ "N "N—-NH MeOH HN"6 N 2N7 5 9 Vo
| H 2 rt ] 1 H
13
48 52

A mixture of N*N?* NS NS-tetramethyl-2,4-diamino)-[1,3,5]-triazin-2-yl-
hydrazine (180 mg, 1.06 mmol) and 5-nitro-2-furaldehyde (150 mg, 1.06
mmol) was dissolved in 10 mL of EtOH. The reaction mixture was left
stirring overnight at room temperature and the solvent was evaporated
under vacuum. The yellow crude product was recrystallised by H,O0/MeOH
giving 220 mg of yellow product.

Yield: 71%

mp: 258-260°C.

LRMS (ES*): m/z 293.1 ((M+H)*, 100%), 315.2 ((M+Na)*, 20%).

HRMS: Calcd mass for CioH;3NgO3* (M+H*): 293.1105. Found: 293.1104.
Anal. Calcd for CioH;2Ng05:0.4 H,0; C, 40.1, H, 4.3, N, 37.4. Found C,
40.5, H, 4.1, N, 36.7.

!H-NMR (DMSO-d6, 300 MHz) 8 2.70, 2.65 (2s, 6H, H-C13 and H-C13*),
6.60-7.23 (bm, 2H, H-N4, H-N6), 7.05 (s, 1H, H-C10), 7.78 (d, 1H, H-
C11), 7.90,8.05 (2s, 1H, H-C8 and H-C8*), 11.06, 11.20 (2 bs, 1H, H-N7
and H-N7%*).

13C NMR (DMSO-d6, 75 MHz) § 27.4 (C-13), 27.6 (C13*), 113.9 (C-10),
115.6 (C-11), 129.0 (C-8*), 129.4 (C-8), 151.8 (C-9), 153.3 (C12), 164.1
(C-2), 166.4 (C4* and C6*), 166.6 (C4 and C6).
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8.5.8 Synthesis of 5-nitro-2 furaldehyde (N* N% NS NS -tetramethyl-
4,6-diamino)-[1,3,5]-triazin-2-yl-hydrazone (53):

H \13/
~ Z ~ Z N >
N N N—NH MeOH ,N"6 N 2N 9 10
I Ho rt ¥4 H7T 8
49 53

A mixture of N?%N*N® NS-tetramethyl-4,6-diamino-[1,3,5]-triazin-2-yl-
hydrazin (201 mg, 1.01 mmol) and 5-nitro-2-furaldehyde (143 mg, 1.02
mmol) was dissolved in 10 mL of ethanol. The reaction mixture was
allowed to stir overnight at room temperature and then the solvent was
evaporated under vacuum. The residue was purified by column
chromatography (1-5% MeOH/DCM) giving 187 mg of a white pure solid.

Yield:58%

HRMS: calcd mass for C;oH;7NgO3* (M+H*): 321.1424, found: 321.1421.
'H-NMR (DMSO-d6, 300 MHz) & 3.21 (s, 12H), 7.04 (m, 1H), 7.44 (m,
1H), 7.92 (s, 1H), 9.05 (bs, 1H).

13C-NMR (DMSO0-d6, 75 MHz) & 36.5 (C-13), 111.1 (C-10), 114.2 (C-
11), 129.4 (C-8), 153.5 (C-9), 164.1 (C-2), 165.8 (C4 and C-6).
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8.5.9 Synthesis of 4-nitro-benzaldehyde (4,6-diamino)-[1,3,5]-
triazin-2-yl-hydrazone (15):

2-hydrazin-4,6-diamino-1,3,5-triazine (328.23 mg, 2.32 mmol) and p-
nitro-benzaldehyde (357.75mg, 98%, 2.32 mmol) were suspended in
MeOH (5 mL) and the suspension was left stirring overnight. The mixture
was reduced under vacuum giving a vyellow solid. The solid was
recrystallised from H,O0/MeOH (120 mL: 200 mL) giving 493 mg of a yellow
solid.

Yield: 77%.

mp: 321-322 °C.

LRMS (EI): m/z 274 (M*, 100%).

HRMS: Calcd mass for CioH;1NsO>" (M+H*): 275.0999. Found: 275.1004.
Anal. Calcd for C;oH;0NgO,-1.1 H,0:0.03 HCI: C, 40.7, H, 4.2, N, 37.9, Cl,
0.4. Found: C, 40.6, H, 3.4, N, 37.6, Cl, 0.1.

1H-NMR (DMS0-d6, 300 MHz) & 6.50 (bs, 4H, 2 NH,), 7.86 (d, 2H, J=8.78
Hz, H-10 and H-C14), 8.18 (s, 1H, H-C8), 8.28 (d, 1H, J= 8.78 Hz, H-C11
and H-C13), 10.98 (s, 1H, H-N7).

13C-NMR (DMSO-d6, 75 MHz) § 124.4 (C-11 and C-13), 127.3 (C-10 and
C-14), 139.3 (C-8), 142.0 (C-9), 147.3 (C-12), 165.1 (C-2), 167.7 (C-4
and C-6).
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8.5.10 Synthesis of 3-nitro-benzaldehyde (4,6-diamino)-[1,3,5]-
triazin-2-yi-hydrazone (16):

H
O,N
N)QN SNI \)N\"‘ 14 12
| . Jo N
HzN/‘\N//kN—NHz MeOH HzN 6 N 2 ﬁ_/ \8 9 10 11 N()2
H rt 1
11 16

2-hydrazin-4,6-diamino-1,3,5-triazine (331.6 mg, 2.35 mmol) and m-nitro-
benzaldehyde (358.71mg, 98%, 2.35 mmol) were suspended in MeOH (5
mL) and the suspension left stirring overnight. The mixture was reduced
under vacuum giving a green solid. The solid was recrystallised from
H.O/MeOH (170 mL: 50 mL) giving 83 mg a light green solid.

Yield :13%.

mp: > 345 °C.

LRMS (EI): 274 (M*, 100%).

HRMS: Calcd mass for CioH11NgO2* (M+H*): 275.0999. Found: 275.0999.
Anal. Calcd for C;oH;0Ns0,-8.5 H,0:0.1 HCI: C, 27.8, H, 6.3, N, 26.0, Cl,
0.8. Found: C 27.5, H 2.7, N, 26.2, Cl 1.0.

1H-NMR (DMSO0-d6, 300 MHz) § 6.50 (bs, 4H, 2 NH;), 7.72 (m, 1H, H-
C13), 8.01 (d, 1H, H-C14), 8.20 (m, 2H, H-C10 and H-C12), 8.47 (s, 1H,
H-C8), 10.85 (s, 1H, H-N7).

13C-NMR (DMS0-d6, 75 MHz) & 120.0 (C-10), 123.3 (C-12), 130.7 (C-13),
133.3 (C-14), 137.4 (C-9), 139.4 (C-8), 148.6 (C-11) 165.2 (C-2), 167,7
(C-4 and C-6).
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8.5.11 Synthesis of 2-nitro-benzaldehyde (4,6-diamino)-[1,3,5]-
trlazin-2-yl-hydrazone (17):

H
NJ§N NO, SNI \jf 14 12
| ANy 11
HZNJ\N/)\N—NHz Mer(t)H HN" 6 f;l 2 ”7 s 9 110
H NO,
11 17

2-hydrazin-4,6-diamino-1,3,5-triazine (328.23 mg, 2.32 mmol) and o-
nitro-benzaldehyde (357.75mg, 98%, 2.32 mmol) were suspended in
MeOH (5 mL) and the suspension was left stirring overnight. The mixture
was reduced under vacuum giving a yellow solid. The solid was
recrystallized from H,O/MeOH (120 mL/80 mL) giving 107 mg of a yellow
solid.

Yield: 17%.

mp: 288-291°C.

LRMS (EI): m/z 274 (M*, 100%).

HRMS: Calcd mass for CioH;3NgO," (M+H™): 275.0999. Found: 275.1001.
Anal. Calcd for C,oH;10Ns02:4.5 H,0:0.02 HCI: C, 33.7, H, 5.4, N, 31.5, CI,
0.2. Found: C, 33.9,. H, 3.1, N, 29.7, C|, 0.4.

'H-NMR (DMSO-d6, 300 MHz) § 6.45 (bs, 4H, 2 NH;), 7.62 (m, 1H, H-
C14), 7.78 (m, 1H, H-C11), 8.09 (m, 2H, H-C12 and H-C13), 8.48 (m, 1H,
H-C8), 10.98 (s, 1H, H-N7).

13C-NMR (DMS0-d6, 75 MHz) § 124.9 (C-14), 127.8 (C-13), 129.8 (C-12),
129.9 (C-9) 133.7 (C-11), 136.5 (C-8), 147.9 (C-10) 165.2 (C-2), 167,7
(C-4 and C-6).
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8.5.12 Synthesis of 5-cyano-2 furaldehyde (4,6-diamino)-[1,3,5]-
triazin-2-yl-hydrazone (29):

H
NH, Kofo e 1B
N/KN N=C—\L 23 5,\} N3 \ﬁz
)I\ )\ = N A/ M
/ s
HN™ °N ”-—NH2 Mer?H HaN"6 r1~1 2 u_/ 5 O 10
11 29

6-hydrazino-2,4-diamino-1,3,5-triazine (98.7 mg, 0.70 mmol) and 5-
cyanofuraldehyde (crude 85mg, 0.70 mmol) were mixed together,
suspended with MeOH (3 mL) and the mixture was left stirring overnight.
The mixture was concentrated under vacuum giving a light brown solid.
The solid was recrystallised by H,O/MeOH (10 mL/15 mL) giving 22 mg of
a light brown solid.

Yield: 13%.

mp: >350°C.

IR shows -CN at 2229.7 cm™.

LRMS (ES*): m/z 245 ((M+H)*, 100).

HRMS: calcd mass for CoHgNgO* (M+H*): 245.0894. Found: 245.0893.
Anal. Calcd for CoHgNgO-1.5H,0-0.1 HCI: C, 39.3, H, 4.1, N, 40.8, CI, 1.3.
Found C, 37.8, H, 3.4, N, 41.1, CI, 1.2.

1H-NMR (DMSO-d6, 300 MHz) 6 6.52 (bs, 4H, 2 NH,), 6.96 (d, J= 3.76 Hz,
1H, H-C10) 7.71 (d, J= 3.76 Hz, 1H, H-C11), 8.04 (s, 1H, H-C8), 10.95
(bs, 1H, H-N7).

13c-NMR (DMSO-d6, 75 MHz) & 111.8 (C10), 112.3 (C13), 124.7 (C11),
125.5 (C12), 129.7 (C8), 155.3 (C9), 165.0 (C2), 167,7 (C4 and C6).
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8.5.13 Synthesis of 5-nitro-2 furaldehyde (N*propyl-4,6-diamino)-
[1,3,5]-triazin-2-yl-hydrazone (62):

) B_»
HN O\ © HﬂN\ 14 NO.
N)§N 0N\ SNTXN3 o2
)I\ /A l /)\ Na A M
HN” “N” “N-NH, MeOH HN"s "N 22N7 579 0
H rt
59 62

5-Nitrofuraldehyde (203.7 mg, 99%, 1.43 mmol) and 6 N*-propyl-4,6-
diamino-1,3,5-triazin-2-yl-hydrazine (264 mg, 1.34 mmol) were suspended
in MeOH (5 mL) and left stirring overnight at room temperature. The
mixture was filtered and washed several times with MeOH. The yellow
product was dried over high vacuum giving 282 mg of pure product.

Yield: 64%

mp: 236-238 °C

LRMS (EI'): m/z = 306.2 (M*, 10%).

HRMS: Calcd mass for Cy;H;sNsOs* (M+H*): 307.1262. Found: 307.1261.
Anal. Calcd for Cy;H14NgO3-0.5 H,0-0.08 HCI: C, 41.5, H, 4.8, N, 35.2, Cl,
0.9; Found: C, 41.9, H, 4.5, N, 34.9, Cl, 0.6.

'H-NMR (DMSO-d6, 500 MHz) 8 0.86 (t, 3H, J=7.32 Hz, H-C15), 1.49 (m,
2H, H-C14), 3.18 (m, 2H, H-C13), 6.41-7.13 (m, 3H, H-N4, 2H-N2), 7.05
(d, 1H, J=3.45 Hz, H-C10), 7.76 (d, 1H, J=3.45 Hz, H-C11), 8.00-8.04 (2s,
1H, H-C8), 11.15 (bs, 1H, H-N7).

13C-NMR (DMS0-d6, 125 MHz) & 8.4 (C15), 22.3 (C14), 22.5 (C14*), 41.7
(C13), 113.6 (C10), 114.0 (C10*), 115.2 (C11), 128.9 (C8), 129.2 (C8*),

151.4 (C9), 152.9 (C12), 164.0 (C4), 164.2 (C4*), 166.0 (C2), 166.9 (C6),
167.1 (C6*).
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8.5.14 Preparation of 5-nitro-2 furaldehyde (N*isopropyl-4,6-
diamino)-[1,3,5])-triazin-2-yl-hydrazone (63):

8.5.14.1 Attempted synthesis:

5-Nitrofuraldehyde (32.78 mg, 99%, 0.28 mmol) and crude N2-isopropyl-
4,6-diamino-[1,3,5]-triazin-2-yl-hydrazine from exp. § 8.4.8.1 (53 mg,
0.28 mmol) were suspended in MeOH (2 mL) and the suspension left
stirring overnight at room temperature. *H-NMR and *3*C-NMR did not show
any peaks related to the product but only NZ-isopropyl-2,4-diamine-6-
chloro-[1,3,5]-triazine used as starting material on the previous
experiments.

8.5.14.2 Synthesis:

5-Nitrofuraldehyde (92.6 mg, 99%, 0.65 mmol) and N*-isopropyl-4,6-
diamino-[1,3,5]-triazin-2-yl-hydrazine (120 mg, 0.65 mmol) were
suspended in MeOH (3 mL) and the suspension left stirring overnight at
room temperature. The mixture was filtered and recrystallised by EtOH.
The yellow product was dried over high vacuum giving 50 mg of pure
product.

Yield: 25%

mp: 178-180 °C

LRMS (ES*) m/z 307.11 ((M+H)*, 100%), 329.2 ((M+Na)*, 20%).

HRMS: Calcd mass for C13H;sNgOs* (M+H*): 307.1262. Found: 307.1258.
Anal. Caled for C;;H14NgO3:2 H,0-0.2 CH,CI,-EtOH: C, 38.5, H, 5.7, N,
29.0, Cl, 3.7; Found: C, 38.6, H, 4.2, N, 29.6, Cl, 4.0.
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14-NMR (DMSO-d6, 500 MHz) & 1.17 (d, 6H, J= 6.22 Hz, H-C14), 4.10
(m, 1H, H-C13), 7.15-9.18 (m, 3H, H-N4, 2H-N2), 7.85 (m, 1H, H-C10),
8.20 (s, 1H, H-C11), 8.25-8.30 (2s, 1H, H-C8), 13.0 (bs, 1H, H-N7).

13C.NMR (DMSO-d6, 500 MHz) & 22.0 (C14), 42.7 (C13), 114.4 (C10),

114.5 (C10*), 115.5 (C11), 134.4 (C8), 151.7 (C9), 151.8 (C9*), 152.0
(C12).

236



Experimental Section I
Triazine derivatives

8.5.15 Synthesis of 5-nitro-2 furaldehyde (N* butyl-4,6-diamino)-
[1,3,5]-trlazin-2-yl-hydrazone (64):

H
13 15
/\/\
HNSN & © *ENk 4 36 NO,
)§ OZN N\ 5N N3 0 12
£ (X B
7 . ™ NS
H,N" N7 N-NH, MeOH HN'6 N"2°N, g © 10
61 64

5-Nitrofuraldehyde (191 mg, 99%, 1.34 mmol) and N*-butyl-4,6-diamino-
1,3,5-triazin-2-yl-hydrazine (264 mg, 1.34 mmol) were suspended in
MeOH (5 mL) and left stirring overnight at room temperature. The mixture
was filtered and washed several times with MeOH. The yellow product was
dried over high vacuum giving 317 mg of pure product.

Yield: 73%

mp: 226-228°C

LRMS (EI*) m/z 320.2 (M*, 10%).

HRMS: Calcd mass for C;,H;7NgO3* (M+H*): 321.1418. Found: 321.1415.
Anal. Calcd for C,;H1¢Ng03-0.5 H,0:0.05 HCI: C, 43.5, H, 5.2, N, 33.8, C|,
0.5; Found: C, 43.9, H, 4.9, N, 33.5, Ci, 0.7.

'H-NMR (DMSO0-d6, 500 MHz) § 0.88 (t, 3H, J=7.28 Hz, H-C16), 1.30 (m,
2H, H-C15), 1.47 (m, 2H, H-C14), 3.22 (m, 2H, H-C13), 6.58-7.13 (m, 3H,
2 H-N4, H-N2), 7.04 (d, 1H, J=3.20 Hz, H-C10), 7.77 (d, 1H, J=3.20 Hz,
H-C11), 8.00-8.04 (2s, 1H, H-C8), 11.06 (bs, 1H, H-N7).

13C-NMR (DMSO0-d6, 125 MHz) 8 13.7 (C16), 19.6 (C15), 30.6 (C14), 31.2
(C14%*), 40.0 (C13), 113.6 (C10), 114.0 (C10%*), 115.2 (C11), 128.9 (C8),
129.1 (C8%*), 151.4 (C9), 152.9 (C12), 164.0 (C4), 164.2 (C4*), 166.0
(C2), 166.9 (C6), 167.1 (C6*).
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8.5.16 Svnthesis of 5-nitro-2 furaldehyde (N%-hydroxyethyl-4,6-

diamino)-[1,3,5]-trlazin-2-yl-hydrazone (72):

Crude N*-hydroxyethyl-4,6-diamino-[1,3,5]-triazin-2-yl-hydrazine from exp

i=i=

8.4.9 and 5-nitrofuraldehyde were mixed together and dissolved in MeCH
(_4 mL). The mixture was left stirring overnight at room temperature. The

solvent of the clear solution was partially concentrated under reduced

pressure and a precipitate was formed after the addition of acetone to the

mixture. The product was filtered off and dried under high vacuum. MS
analysis did not show any peak corresponding to the expected product. The

NMR aﬁaly‘sis also did not show any characteristic signal corresponding to

N
(V8]
(o]
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8.5.17 Synthesis of 5-nitro-2 furaldehyde {N*-[3-(t-butyl-
diphenylsilyl)-oxy]-ethyl}-(4,6-diamino)-[1,3,5]-triazin-2-yl-
hydrazone (70):

22
\{/ }‘/ 16_17
O30 5% )
0] H O 20 19
J i
NJ§N O2N N\ 5N)§N3 0 \12
HN)LN/)\N NH MeOH  HN IN/ NS
2 H 2 Tt 2N 6 ) 2H7 8 10
69 70

5-Nitrofuraldehyde (57.0 mg, 99%, 0.40 mmol) and N*-{[3-(t-butyl-
diphenylsilyl)-oxy]-ethyl}-4,6-diamino-[1,3,5]-triazin-2-yl-hydrazine (170
mg, 0.40 mmol) were suspended in MeOH (5 mL) and left stirring
overnight at room temperature. The mixture was filtered and washed with
cold EtOH and with Et,O. The product was dried over high vacuum giving
20 mg of pure product.

Yield: 9%

mp: 163-165°C

LRMS (ES*): m/z 547.5 ((M+H)*, 100%)

HRMS: Calcd mass for CyeH3NgO,SiNa* (M+Na*): 569.2057. Found:
569.2069.

1H-NMR (DMSO-d6, 300 MHz) 8 0.99 (s, 9H, H-C22), 3.48 (m, 2H, H-
C13), 3.73 (m, 2H, H-C14), 6.40-7.00 (3m, 3H, 2 H-N6, H-N4), 7.43 (m,
6H, H-C17,19, H-C17',19’, H-C18 and H-C18’), 7.63 (m, 4H, H-C16,20
and H-C16’,20"), 7.76 (d, 1H, J=3.24 Hz, H-C10), 7.84 (d, 1H, J=3.24 Hz,
H-C11), 8.02 (s, 1H, H-C8), 11.10 (bs, 1H, H-N7).

13C-NMR (DMS0-d6, 75 MHz) & 19.1 (C22), 26.9 (C21), 42.4 (C13), 62.8

(C14), 114.4 (C10), 115.6 (C11), 120.1 (C8), 128.2 (Crmeta), 130.1 (Cpara),
133.5 (C15 and C15’), 135.4 (Cono), 151.8 (C12), 166.6 (C2).
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8.5.18 Synthesis of 5-nitro-2 furaldehyde <{N*-[3-(t-butyl-
diphenylsilyl)-oxy]-propyl}-(4,6-diamino)-[1,3,5]-triazin-2-yl-
hydrazone (76):

21
17_18
\*/ >°|,/16
asty e
\O H O 17 18
/\) 0 o) HN/13\)15
HN ) },\ 14 NO,
N)§N O:N \N 1 5N \N3 fe) \12
PPN W NS A
/ -
- MeOH HoN"6 ‘N 2°N 9
HAN" N N—NH, rt 2N"6 N 2N o
75 76

5-Nitrofuraldehyde (81.2 mg, 99%, 0.57 mmol) and N*-{[3-(t-butyl-
diphenylsilyl)-oxy]-propyl}-4,6-diamino-[1,3,5]-triazin-2-yl-hydrazine (250
mg, 0.57 mmol) were suspended in EtOH (5 mL) and left stirring at room
temperature. The yellow colour turned into a dark orange colour after 30
mins. The mixture was left stirring overnight at room temperature and
then was filtered and washed with cold EtOH and with Et,O. The product
was dried over high vacuum giving 264 mg of pure product.

Yield: 84%.

mp: >320 °C.

LRMS (ES*): m/z 561.3 ((M+H)*, 100%).

HRMS: Calcd mass for Cy/Hi3NgO4Sit (M+H*): 561.2389. Found:
561.2390.

'H-NMR (DMS0-d6, 500 MHz) & 0.99 (s, 9H, H-C21), 1.81 (t, 2H, J= 6.23
Hz, H-C15), 3.40 (m, 2H, H-C14), 3.72 (t, 2H, J= 6.23 Hz H-C13), 5.95-
6.85 (bm, 3H, 2 H-N6, H-N4), 7.05 (d, 1H, J=3.59 Hz, H-C10), 7.43 (m,
6H, 2 H-C18, H-C19 and 2 H-C18’), 7.62 (m, 4H, 2 H-C17 and 2 H-C17’),
7.77 (d, 1H, J=3.59 Hz, H-C11), 8.05-8.10 (2 s, 1H, H-C8), 11.10 (bs, 1H,
H-N7).

13C-NMR (DMSO0-d6, 125 MHz) § 18.7 (C20), 19.6 (C15), 26.6 (C21), 36.9
(C15), 56.0 (C14), 61.5 (C13), 115.1 (C10), 115.2 (C11), 127.8 (C18 and
C18"), 129.7 (C8), 133.2 (C19), 134.9 (C17 and C17’), 151.4 (C9), 152.9
(C12), 166.1 (C2).
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8.5.19 Synthesis of 5-nitro-2 furaldehyde {[N*-(3-hydroxypropyl-
amino)-4,6-diamino-[1,3,5]-triazin]-2-yl}-hydrazone (77)

H
PP

HN" " OH o) \ o *5"\1314 SOH  \o,
N)QN O2N N\ 5Nl \)N\3 ﬂZ
)I\ )\ e~ Na X 1"

/ ”
H2N N }N{_NHZ Mer?H H2N 6 1N 2 N7 e 9 710
80 77

Crude N*-(3-hydroxy-propyl)-2,4-diamino-1,3,5-triazin-2-yl-hydrazine
(1.466 g, 14.72 mmol) was dissolved in MeOH (10 mL) and 5-
nitrofuraldehyde (2.096 g, 99%, 14.72 mmol), previously dissolved in
MeOH (10 mL), was added to the solution. The solution turned into a
suspension after 30 mins. The mixture was left stirring at room
temperature for 2 hrs. The solvent was then removed under vacuum and
the solid purified by flash chromatography (2 x 200mL DCM 100%, 2 x
200mL MeOH 0.5% in DCM, 2 x 200 mL MeOH 1% in DCM) giving 417 mg
of pure orange product.

Yield: 17%

mp: 143-145°C

LRMS (ES*):m/z 323.12 ((M+H)*, 100%).

HRMS: Calcd mass for C1;H;sNgO4" (M+H*): 323.1211. Found: 323.1211,
Anal. Calcd for C;1H;4Ng04-0.2 MeOH-0.2 HCI: C, 40.0, H, 4.5, N, 33.3, Ci,
2.1; Found: C, 39.7, H, 4.5, N, 33.6, Cl, 1.6.

'H-NMR (DMSO-d6, 500 MHz) & 1.64 (m, 2H, H-C15), 3.34 (m, 2H, H-
C14), 3.44 (m, 2H, H-C13), 4.46-4.65 (2 bs, 1H, O-H), 6.32-7.11 (bm, 3H,
NH;, H-N4), 7.05 (d, 1H, J=2.84 Hz, H-C10), 7.77 (d, 1H, J=2.84 Hz, H-
C11), 8.02-8.04 (2s, 1H, H-C8), 11.08-11.23 (2 bs, 1H, H-N7).

13C-NMR (DMS0-d6, 125 MHz) 8§ 32.4 (C15), 32.7 (C15%*), 36.9 (C14),
37.2 (C14*), 58.5 (C13), 113.7 (C10), 115.2 (C11), 128.9 (C8), 129.2
(C8*), 151.5 (C9), 152.9 (C12), 164.0 (C4), 166.1 (C2), 167.1 (C6).
13C-NMR 100°C (DMSO0-d6, 125 MHz) & 34.6 (C15), 60.7 (C13), 114.4
(C10), 116.6 (C11), 131.6 (C8), 153.5 (C9), 155.3 (C12), 166.3 (C4),
168.4 (C2), 169.2 (C6).
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8.5.20 Synthesis of 5-nitro-2 furaldehyde [N*-(3-acetyl-oxy)-
propyl]-4,6-diamino-[1,3,5]-triazin-2-yl-hydrazone (81)

17
16
HN""0H HN"13"150” Y0
)\ NO, J\ 14 NO,
N| \i o) \ Ac0 le NN 3 \/@12
AN A = N/ 1
Y, 2
HN" NN ok HN S NN 0%
77 81

5-nitro-2 furaldehyde [N*-(3-hydroxypropyl)-4,6-diamino-[1,3,5]-triazin]-
2-yl-hydrazone (117 mg, 0.36 mmol) was suspended in dry pyridine (5
mL) and acetic anhydride (39.8 mg, d=1.08, 0.04 mL, 0.39 mmol) was
added to the suspension at 0°C. The mixture was left stirring for 30 min
and DMAP (catalytic, 10 mg) was then added. The temperature was left
stirring at room temperature for 20 min. The reaction was quenched with
MeOH and the solvent was removed under vacuum. The crude was purified
by flash chromatography (200 mL DCM %, 2 x 100 mL 2% MeOH in DCM,
2 x 100 mL 5% MeOH in DCM) giving 85 mg of pure orange product.

Yield: 65%

mp: 142-144 °C

LRMS (ES*): m/z 365.13 ((M+H)*, 100%).

HRMS: Calcd mass for Cy3H;7NsOs* (M+H*): 365.1316. Found: 365.1331.
Anal. Calcd for C;3H;¢NgO5:0.5 MeOH :0.05 HCI: C, 42.4, H, 4.7, N, 29.3,
Cl, 0.5; Found: C, 42.8, H, 4.5, N, 29.2, Cl, 0.4.

1H-NMR (DMSO-d6, 500 MHz) & 1.81 (t, 2H, J= 6.33 Hz, H-C14), 2.01 (s,
3H, H-C17), 3.25 (m, 2H, H-C13), 4.04 (t, 2H, J=6.33 Hz), 6.40-7.58 (bm,
3H, NHz, H-N4), 7.05 (s, 1H, H-C10), 7.77 (d, 1H, J=3.93 Hz, H-C11),
8.01,8.04 (2s, 1H, H-C8), 11.08,11.16 (2 bs, 1H, H-N7).

13c-NMR (DMSO-d6, 125 MHz) § 20.6 (C17), 20.7 (C17*), 28.2 (C14),
28.4 (C14*), 36.9 (C13), 37.1 (C13*), 61.7 (C15), 61.8 (C15*), 113.7
(C10), 114.4 (C10*), 115.2 (C11), 116.0 (C11*), 129.0 (C8), 151.5 (C9),
152.9 (C12), 164.0 (C4), 166.1 (C2), 167.1 (C6), 170.4 (C16).
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8.6.1 Preparaticn of 5-cyano-furaldehyde (23):

I

8.6.1.1 Method A: Attempted synthesis from cyanofuran (22

N,N-DMF O

0 - 0
NEC—@ POCl, N=C—4 |

POCI; (0.23 mL, 99%, d= 1.675, 2.53 mmol} was added dropwise to N,N-
DMF (0.53 mL, d= 0.248, 6.33 mmaol) at 0°C with stirring and under

ol)
the previous solution. The mixture was left stirring at 0°C for 1
hr and then overnight at room temperature. The reaction was stopped and
cooled down in an ice bath. TLC anealysis (DCM 100%) showed the
formation of two products with rf respectively 0.3 and 0.5. The LRMS
analysis showed a peak at 121.5 corresponding to the desired product.
Water (20 mL) was added followed by the dropwise addition of NaOH 2N
until pH basic. The water layer was extracted with Et,0 (3 x 25 mL). The
organic layers were combined together, dried with MgSG, and concentrated
under vacuum giving 263 mg of a yellow oil. The attempt
mixture by using flash chromatography (DCM/MeOH, 100:0 to 80:20)

failed and the product could not be isolated.
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8.6.1.2 Method B: Attempted synthesis from 5-hydroxymethyi-2-
furaldehyde (24) via 5-hydroxy-methyl-2-furaldoxime (25):

H H

N~OH
HO O O NHOHeHCI v o
) DCM, NEt, 9

24 25

Hydroxylamine hydrochloride (121.4 mg 99%, 1.73 mmol) was slowly
added to solution of 5-hydroxymethyl-2-furaldehyde (200 mg 99%, 1.57
mmol) in anhydrous chloroform (5 mL) and anhydrous triethylamine (0.48
mL, d= 0.727, 3.45 mmol) with stirring, under nitrogen and at 5°C. The
temperature was kept below 5°C during the addition and then was left to
rise to room temperature. The mixture was left stirring for 3 hrs and then
stopped once the TLC analysis (DCM/MeOH = 85:15) showed no further
formation of product. The solvent was concentrated under reduced
pressure and the residue was used for the following step.

H L H
8 /,N ,AC
Ho O C=N~OH Ac0 \60( 5 & gc o C=N~O
\ reflux [\ \
X 5 AN~ 2 X\
3
24 26 27

Crude 5-hydroxy-methyl-2-furaldoxime was dissolved in Ac,O (7 mL) and
the solution was left stirring under nitrogen and at 140 °C for 3 hrs. The
TLC analysis (Hexane/EtOAc = 50:50) showed the formation of a product
with rf 0.88. The reaction was then stopped and carefully poured into ice-
water (10 mL). NaHCO; and NaOH were added until complete hydrolysis of
the Ac;0. The water layer was extracted with EtOAc (4x15mL), the organic
layers were dried over MgSO, and concentrated under vacuum to give 221
mg of a pale yellow oil. The crude oil was then purified by flash
chromatography (hexane/EtOAc, 95:5 to 80:20) giving 121 mg of pure (5-
cyanofuran-2-yl)methyl acetate and 65 mg of bis-acetate-product.

IR:-CN at 2232.9 cm™, -C=0 at 1744.3 cm™.
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1H-NMR (MeOD, 300 MHz) § 2.07 (s, 3H, H-C7), 5.04 (s, 2H, H-C5), 6.35
(d, 1H, J= 3.56 Hz, H-C3), 7.04 (d, 1H, J= 3.56 Hz, H-C2).

13C-NMR (MeOD, 75 MHz) & 21.0 (C7), 57.7 (C5), 18.6 (C8), 112.0 (C3),
123.2 (C2), 126.7 (C1), 155.2 (C4), 170.6 (C6).

Synthesis of 5-hydroxy-2-furonitrile (28):

H N
o) c’
HO O \ NH,OH HO O 0
N\ MeOH 5 4\ 2
3
24 28

Aqueous ammonia (1mL, 25%) was added to (5-cyanofuran-2-yl)methyl
acetate (103mg, 0.61 mmol) in MeOH (1 mL) at room temperature with
stirring. After 2 hrs TLC analysis showed the complete reaction and the
solvent was concentrated under reduced pressure. The residue was
dissolved with EtOAc (10 mL) and the solution was washed with water.
The organic layers were collected together, dried with MgSO, and
concentrated under vacuum to give a yellow oil. The crude oil was purified
by preparative chromatography (EtOAc/Hexane = 60/40) giving 14 mg of
pure 5-hydroxy-2-furonitrile.

Yield: 19%

LRMS (ES’): 122.0 [(M-H)", 50%], 245.1 [(2M-H)", 100%]

!H-NMR (MeOD, 300 MHz) & 4.55 (s, 2H, H-C5), 6.50 (d, 1H, J= 3.56 Hz,
H-C3), 7.24 (d, 1H, J= 3.56 Hz, H-C2).

13C-NMR (MeOD, 75 MHz) & 57.7 (C5), 110.2 (C3), 112.8 (C7), 124.8
(C2), 126.8 (C1), 162.7 (C4).
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8.6.1.3 Method C: Attempted synthesis from 5-hydroxymethyl-2-
furaldehyde (24):

0
10
h d N
HO O C=0  NH,OH* HCI " C
9 NEts, CHsCN S
24 28

Anhydrous triethylamine (0.60 mL, 4.31 mmol) and 5-hydroxymethyl-2-

furaldehyde (500mg 99%, 3.92 mmol) were added to a solution of

W0

hydroxylamine hydrochlorid 9%, 4.31 mmc

()

(302.4 m

w

1..)

) in anhyvdrou:s

i

-

etonitrile {40 mt) at 0°C and under nitrogen. The mixture was lef
€

stirring for 30 min at 0° The reaction was then heated to reflux

temperature for 24 hrs but the formation of the product was not observed.

8.6.1.4 Method D: Attempted synthesis via 5-hydroxy-methyi-2-

H N
O NH,OH 44
HO O H(L)e.. HO O
& HCI / EtOH Q)
24 28

_l

5-hydroxymethyl-2-furaldehyde (500mg, 99%, 3.92 mmol), hydroxylamine
hydrochloride (329.9 mg 99%, 4.70 mmol) and HCI conc (3 drops) were
mixed together in anhydrous EtOH (4mL) and the mixture was left stirring
at reflux temperature. After 30 min polymerisation may occurred and the

reaction mixture turned into a black thick slurry.
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8.6.1.5 Method E: Attempted synthesis via 5-hydroxy-methyl-2-
cyanofuran (28):

H

|2 /,N
0 ¢
Ho O NHOHaw. o o O
Q9 H,0 / THF —Y,
3
24 28

Iodine (279.75 mg 99.8%, 1.1 mmol) was added to a solution of 5-
hydroxymethyl-2-furaldehyde (127.38 mg 99%, 1 mmol) in ammonia (10
mL, 25%) and THF (1mL) at room temperature and with stirring. The dark
solution after 1 hr became colourless (light yellow), as indication that the
reaction is complete. TLC analysis (EtOAc/Hexane=60:40) also confirmed
the complete reaction. Na,S;0; (5 mL 5%) was added to reduce the
excess of iodine and to quench the reaction. The water layer was extracted
with Et;0 (4 x 30 mL). The organic layers were dried with MgSO, and
concentrated under vacuum giving 98 mg of a pale yellow oil.

Yield: 80%.
IR: -CN at 2233.0 cm™.

'H-NMR (MeOD, 300 MHz) § 4.58 (s, 2H, H-C5), 6.53 (d, 1H, J= 3.56 Hz,
H-C3), 7.26 (d, 1H, J= 3.56 Hz, H-C2).

13C.NMR (MeOD, 75 MHz) § 57.7 (C5), 110.2 (C3), 112.9 (C7), 124.9 (C2)
126.8 (C1), 162.7 (C4).
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8.6.1.6 Oxidation of 5-hydroxy-methyl-2-cyanofuran to 5-cyano-2-
furaldehyde:

8.6.1.6.1 Method A: Attempted oxidation with pyridinium
chlorochromate (PCC):

OH H_,
o PCCIN, 0~"0
N=C A \ DCM NEC5 4\ \2
3
28 23

5-hydroxymethyl-2-cyanofuran (85 mg, 0.69 mmol) in anhydrous DCM
(2mL) was added to a solution of pyridinium chlorochromate (PCC, 226.6
mg, 98%, 1.03 mmol) in anhydrous DCM (4 mL) under nitrogen. The
mixture was left stirring at room temperature and under nitrogen for 3 hrs.
The precipitate was filtered off and washed with Et;0. The organic layers
were combined together, dried over MgS0O, and the solvent was reduced
under reduced pressure. The crude solid was purified with flash
chromatography eluting with EtOAc/Hexane (0:100 to 0:80). The amount
of desired product obtained was negligible (<10mg).

8.6.1.6.2 Method B: Attempted oxidation via Swern oxidation:

Cl
OH OJYO H

7
0 a_ | 0~/ o
N=c—4_ | OMSO, N=C—{ \2

NEt,, -78°C 3
28 23

Oxalyl chloride (0.1 mL, d= 1.477, 1.1 mmol) was dissolved in dry DCM
and the solution was cooled to -78°C with stirring and under nitrogen.
Anhydrous DMSO (0.17 mL, d= 1.101, 2.4 mmol) was dissolved in
anhydrous DCM (0.5 mL) and added dropwise to the previous solution
carefully maintaining the temperature below -75°C. After the addition, the
reaction was left stirring for 30 min at -78°C. 5-hydroxymethyl-2-
cyanofuran (123.11 mg, 1 mmol) was dissolved in anhydrous DCM (2.5
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mL) and was added dropwise to the mixture at -78°C. The mixture was
left stirring for further 30 min at -78°C and then anhydrous triethylamine
was added dropwise. The reaction was left stirring under nitrogen and at
room temperature for 4 hrs. TLC analysis and 'H-NMR and 3C-NMR
confirmed the formation of the aldehyde. The mixture was then washed
with H,0 (2 x 10 mL), NaHCO; saturated solution (2 x 15 mL) and HCI 1N
solution (2 x 15 mL). The organic layer was dried with MgS0O, and the
solvent concentrated under vacuum giving 85 mg of crude product which
was used for the synthesis of the corresponding hydrazone (§8.5.12).
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8.7.1 Method A:

., 1.30 mmol), 2-aminoc-
and NaHCO; (142 mg, 1.69
in water (20 mL) and abs.

__,
=
U\
U'I
I—l
Hr
=
Q
7
=)
(0]
P

o
o
.CI
\D
<
o\

6-chlor-2,4-diamino-[
5-nitrothiazole (252.6 mg, 27%, 1.69 mmo

\
}
mmol} were mixed together and suspended

EtOH (20 mL). The mixture was left stirring at 80 °C for 24 hrs. TLC
analysis (ammonia 2M in MeOH) showed the formation of product in the

base line. MS analysis did not show any peaks related to the desired

product. The mixture was left cooling down and the solvent concentrated
under vacuum. The residue was washed with water and recrystalhs-d from
water-methano! giving 98 mg of a light brown solid. 'H-NMR and *3C-N
did not show any peak corresponding to the expected product.
8.7.2 Method B:
NO NH
NH, s 2 2 NO
ba Br\QT 32 A 2
N™ N N N S i\
Ao ato. P A e
H,N” °N” "NH,  NaHCO; HN™ N N N
EtOH/MH,0 ]
34 31
2-bromo-5-nitrothiazole (400 mg 98%, 1.88 mmol), melamine (310.8 mg

99%, 2.44 mmol) and NaHCO; were mixed together and suspended in
water (20 mL) and abs. EtOH (20 mL). The mixture was left stirring at
80°C for 24 hrs. TLC (DCM/CH;OH = 80:20) showed the formation of

three products. The reaction was stopped and the mixture was extracted
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with EtOAc (3 x 30 mL). The organic layers were collected together, dried

with M t show
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any peak related to the expected product. The solid was p \
flash chromatography eluting with DCM/CH30H {100:0 to 80:20). *H-NMR
and '3C-NMR confirmed that none of the products recovered corresponded

to the desired one.

8.7.2 Methed C:

NH2 NHZ
NJ‘§N NU2 N/l\\.N
JJ ’/l Br j JJ '/Jl;
HZN/ \N/ \N_NHZ \<\ HzN! \N! \, NH
11 NaHCO3 36 \Wj’Noz
EtOH/H,0 N

A mixture of 2-bromo-5-nitrothiazole {400 mg 98%, 1.88 mmol), 4,6-
diamino-[1,3,5]-triazin-2-yl-hydrazine (344 mg, 2.44 mmol) and NaHCO;
(204.98mg, 2.44 mmol) in water (20 mL ) and abs. ethanol (20 mL) was
left stirring overnight at room temperature and for 6 hrs at 80°C. MS
analysis did not show any peaks corresponding to the expected compound.

The attempts to purify the mixture by flash chromatography also failed.
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9.1 Synthesis of 5-nitrofuran-2-yl-benzamidines

9.1.1 Synthesis of 4-[0-[5-(nitrofuran-2-yl)-methyl]-oxy-]-
benzamidine via 4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile (91):

9.1.1.1 Synthesis of 4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile
(94):

4
w
=
~
\\
=z

0=
9}
»
4
é‘{
o
(7]
o
o )
w N
A)

4
08 -8
o oY
OH g3 94

Method A: attempted synthesis:

A NaH dispersion was previously washed with dried hexane in order to
remove the mineral oil. Cyanophenol (0.29 g 95%, 2.35 mmol) in
anhydrous THF (2 mL) was added to a suspension of NaH (123.6 mg 60%,
3.09 mmol) in anhydrous THF (3 mL). The mixture was stirred at 15°C
and under nitrogen. The excess of NaH was filtered off after 1hr 30 mins
and 2-bromomethyl-5-nitrofuran (0.5g 97%, 2.35 mmol) in anhydrous THF
(4 mL) was added to the solution at room temperature. The reaction was
left stirring overnight at room temperature. TLC (DCM/MeOH= 98/2) and
the MS analyses did not show the formation of the desired product.
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Method B: attempted synthesis:

Cyanophenol (0.29 g 95%, 2.35 mmol) in anhydrous THF (2 mL) was
added to a suspension of NaH (123.6 mg 60%, 3.09 mmol) in anhydrous
THF (3 mL) at 15°C with stirring and under nitrogen. The excess of NaH
was filtered off after 1 hr 30 mins and 2-bromomethyl-5-nitrofuran (0.5g
97%, 2.35 mmol) in anhydrous THF (4 mL) was added to the solution at
room temperature. The reaction was left stirring overnight at room
temperature. As well as observed for the previous method, TLC
(DCM/MeOH= 98/2) and the MS analyses did not show the formation of the
desired product.

Method C: Synthesis:

Cyanophenol (0.87 g 95%, 7.05 mmol) in anhydrous THF (6 mL) was
added to a suspension of NaH (370.8 mg 60%, 9.27 mmol) in anhydrous
THF (9 mL) at 15°C, with stirring and under nitrogen. After 1 hour a
solution of 2-Bromomethyl-5-nitrofuran (1.59 97%, 7.05 mmol) in
anhydrous THF (12 mL) was added at room temperature. The reaction was
left stirring overnight at room temperature. The solvent was removed
under vacuum and the crude mixture was purified by flash chromatography
eluting with Hexane/EtOAc (100:0 to 80:20), giving 747 mg of pure
product as a brown solid. 701 mg of product were recrystallised from
Hexane/EtOAc (50/50) giving 276 mg of pure product as a brown needle
crystals.

Yield= 43%

mp= 106-107 °C

LRMS (ES*) m/e: 267.1 ((M+H)*, 100%).

HRMS: Calcd mass for Cjo,HgN,O4 (M+H*): 267.0382; Found: 267.0377.
Anal. Caled. (C,;HgN,04:1/3 H,0): C, 57.6, H, 3.5, N, 11.2; Found: C,
58.1, H, 3.3, N, 11.3.

'H-NMR (CDCl3, 300 MHz): § 5.17 (s, 2H, H-C8), 6.74 (d, 1H, J=3.66 Hz,
H-C10), 7.08 (d, 2H, J=8.42 Hz, H-C4,C6), 7.34 (d, 1H, J=3.66, H-C11),
7.68 (d, 2H, J=8.42 Hz, H-C3,C7).
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13¢-NMR (CDCl5, 75 MHz): & 62.5 (1, C-8), 105.9 (C-2), 112.5 (C-10),
3 1), 115.8 {C-4 and C-6), 119.2 (C-1), 134.6 (C-3 and C-7),

thesis of 4-[O-[5-(nitrofuran-2-yl)-methyl]-

o
1) from corresponding nitrile derivative:

o]
Li[N(SiMe3),]
o) 0
02N\<\J) =~ = 02N~<\J)

94 91
2.1.2.1 Method A: attemipted syithesis:

A solution of lithium 1,1,1,3,3,3-hexamethyldisilazane was prepared in
situ, by a dropwise addition of nBuli (0.42 mbL 2.5M, d=0.693, 1.06 mmaol)

to a solution of 1,1,1,3,3,3-hexamethyldisilazane (0.22 mL, d=0.765, 1.06
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and under nitrogen.
4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile (150 mg, 0.53 mmol) was
dissolved in anhydrous THF (3mL) at 0°C and added dropwise to the
sclution previously prepared. The temperature was left to rise to room
temperature and the reaction was left stirring overnight. The mixture was
cooled and quenched by adding aguecus HCi. A black precipitated was
observed. The mixture was diluted with water (100 mL) and Et,O {15 mL)
was added. The aqueous layer was basified with NaOH 3N and several

organic extractions were performed (EtOAc, DCM, Et,O were used). TLC

and MS analyses of the fractions suggested that the product was not

purified by flash chromatography (Hexane/EtOAc= 100/0 tc 70:30). TLC
(Hexane/EtOAc= 60:40 + ninhydrin stain) and MS analyses of the different
fractions confirmed that the formation of the expected product did not

Occur

[\

wh
<)



Experimental Section II
5-nitrofuran-2-yl-benzamidines

9.1.2.2 Method B: attempted synthesis:

4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile (150 mg, 0.61 mmol) in
anhydrous THF (1 mL) and anhydrous Et,O (1 mL) was added dropwise to
a solution of lithium 1,1,1,3,3,3-hexamethyldisilazane (1.22 mL 1.0M,
d=0.891, 1.22 mmol) in anhydrous Et,0 (2 mL) at O°C with stirring and
under nitrogen. The temperature was left to rise to room temperature and
the reaction was left stirring overnight. The mixture was cooled and
quenched with aqueous HCI (0.25 M, 70 mL). HCI 2M (2 mL) was added
and the mixture was diluted with water (50 mL) and Et,O (20 mL). The
aqueous layer was made basic with NaOH 3N and the ether layer was
discarded. Several extractions were performed (EtOAc, DCM, Et,O were
used). TLC (Hexane/EtOAc= 60:40 + ninhydrin stain) and MS analyses of
the different fractions confirmed that the formation of the expected product
did not occur.

9.1.2.3 Method C: attempted synthesis via Aluminium amide:

c* N
/©/ M Al’cl /©/ .
e-
0 ‘NH, o)
0 o
ON— | Toluene, 80°C ON—Q |

94 91

Preparation of Aluminium amide reagent 0.67M:

Me
Me-Al{
Me Cl
NH,*CI -  Me-Al + CH,t
Toluene NHy
5°C

10 mL of a 2M solution of trimethyl-aluminium in toluene were slowly
added to a suspension of ammonium chloride (1.06g, 0.02 mol) in 20 mL
of anhydrous toluene at 5°C. After the addition was complete, the reaction
was stirred under nitrogen for 2 hrs at room temperature until the gas
evolution had ceased.
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9.1.2.3.1 Procedure A:

1.83 mL of a 0.67M solution of hydrochloride aluminium amide was added
to a solution of 4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile (100 mg, 0.41
mmol) in anhydrous toluene (4 mL) and the mixture was left stirring
overnight under nitrogen at 50°C and then at 80°C for 3 hrs. TLC analysis
(Hexane/EtOAc=65:35) showed the formation of a product on the base line
that becomes pink when stained with ninhydrin. The reaction was then left
cooling down to room temperature and the aluminium complex was
decomposed by carefully pouring the mixture into a slurry of silica gel (29g)
in chloroform. The mixture was stirred for 5 mins and then was filtered.
The filtercake was washed with 20 mL of methanol and the filtrate was
concentrated under vacuum giving a mixture with silica. The attempts to
extract the expected product from the mixture (propan-2-ol was used in
order to extract the product without dissolving the silica) failed and the
reaction was repeated following the procedure B.

9.1.2.3.1 Procedure B:

Trimethyl-aluminium (1.38 mL, 2.0M in toluene, 2.76 mmol) was added to
a suspension of ammonium chloride in toluene (147.63 mg, 2.76 mmol) at
5°C with stirring and under nitrogen. After the complete addition and
when the gas evolution was ceased, the temperature was left to rise to
room temperature and 4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile (195
mg, 0.79 mmol) was added. The mixture was left stirring overnight at
80°C and then stopped and left cooling down to room temperature. The
aluminium complex was decomposed by carefully pouring the mixture into
a slurry of silica gel (2g) in chloroform. The mixture was stirred for 10
mins and then was filtered. The filtercake was washed with chloroform and
then with propan-2-ol in order to avoid the dissolution of the silica but, as
well as observed on the previous procedure, all the attempts to isolate the
product failed.
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9.1.2.3.3 Proceduie C:

Trimethyl-aluminium (2.59 mL, 2.0M in toluene, 7.17 mmol) was added to

a suspension of ammonium chloride in toluene (383.52 mg, 7.17 mmol in 7

mL of toluene) at 5°C under stirring and under nitrogen atmosphere. After
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pouring the mixture in 80 mL of aquecus HCI. The water layer was
xtracted with EtOAc (3 x 30mL) until complete elimination of the starting
material. The water layer was then concentrated under vacuum and the

solid divided in two batches, The first

atch was purified by flash

chromatography using reversed phase silica gel 100¢15 and H>O/CHsCN as
eluent. The second batch was purified by ion exchange chromatography
{the resin was previously treated as previously described on §11.1) using a
gradient of HCl in propan-2-ol (ON to 6N). Unfortunately in both cases the

the product could not be isolated.

NH,
=N !
C’ >
1. HCI
o (9@ 2
- EtOH/CH,Cl,
N
e 0 2. NH,CI ON—_!
H,O/ieOH, reflux
94 91
4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile (295 mg, 1.2immol) was
dissolved in anhydrous chloroform (8 mL) d absolute EtOH (0.5 mL, 8.57
mimol) was added to the suspension with stirring. The mixture was cooled

down to 0°C, saturated with dry HCl (g) under nitrogen and was kept
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refrigerated at 0°C for 24 hrs. The solvent was removed under reduced
pressure and Et,O was added until the formation of brown crystals. The
crystals were dissolved in cold water (5mL) and 3 mL of K,CO; were added.
The mixture was stirred for 5 mins at room temperature and then
extracted with EtOAc. The organic phases were collected together, dried
with MgS0O, and the solvent was removed under vacuum giving a dark
brown solid. The solid was then dissolved in water/methanol (3.5mL/1mL)
with ammonium chloride (97.1 mg, 1.81 mmol) and heated to reflux for 5
hrs. The mixture was concentrated under vacuum and the residue
dissolved in acetone giving a grey-white precipitate. MS and NMR analyses
of the precipitate did not confirm the formation of the desired product.

9.1.3.2 Method B: attempted synthesis:

HCI(g) 6
ON~<Oj) ONIKOJQ 8
A EtOH A/

94 95

4-(5-Nitro-furan-2-yl-methoxy)-benzonitrile (180 mg, 0.73 mmol) was
dissolved in absolute ethanol (3 mL) and the mixture was saturated with
HCI (g) at 0°C and under nitrogen. The mixture was left stirring and at
0°C for 8hrs and stored overnight in a refrigerator. TLC analysis
(Hexane/EtOAc=50/50) showed the complete reaction of the starting
material and the formation of a new product. The MS [LRMS (ES*)m/z=
291, (M+H)*] and NMR analyses confirmed the formation of the
imidoester. The mixture was concentrated under vacuum and the crude
product was used without further purifications in the following procedures
for the synthesis of the corresponding benzamidine.
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9.1.3.2.1 Attempted conversion of the imido ester to benzamidine

(procedure A)

%
0]
o NH,
OzN \ MeOH, reflux

1"
95

o)

6
0.8 8
12

10

91

The crude imidoester (60 mg, 0.21mmol) was dissolved in NH4,OH 2M in
MeOH (4mL) and the solution was heated to reflux and left stirring and
temperature overnight. The TLC analysis (Hexane/EtOAc= 50/50) showed
the complete reaction of the starting material and the MS analysis showed
a peak at 262 (M+H") corresponding to the expected benzamidine product.
However, the product could not be isolated from the mixture since the
attempts to purify it from the crude mixture have failed.

9.1.3.2.2 Attempted conversion of the imido-ester to benzamidine
(procedure B)

O .NH HaN

C/

NH,OH 7N
MeOH, rt

NO,

0 0
—J

95

The crude imidoester (68mg, 0.2 mmol) was dissolved in NH,OH 7N in
MeOH (5mL) and was left stirring at room temperature for 3 hrs. MS
analysis showed a peak of the expected product at 262 (M+H"), together
with a peak at 277 (M+H*) corresponding to the imido-methyl ester

indicating that trans-esterification with MeOH occurred. As well as
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observed for the previous experiment, the product could not be isolated
from the mixture.

In order to facilitate the purification of the benzamidine product Boc-
protection of the mixture was performed as described.

S
H
H,N.___NH N NH
o
(Boc),0
NaOH
0 o0-_NO: HOMHF o 0N
T T
91 97

The mixture was concentrated under vacuum, dissolved in H,O (10 mL)
and THF (10 mL) and cooled down to 0°C. NaOH 3N was added (2,45 mL,
7.35 mmol) followed by the dropwise addition of Boc anhydride (462 mg
99%, 2.1 mmol) previously dissolved in THF (2 mL). The temperature was
left to rise to room temperature and the mixture was left stirring for 1 day.
TLC analysis showed the presence of two new products but MS analysis of
the mixture did not confirm the presence of the expected Boc derivative of
the benzamidine compound. The THF layer was removed under vacuum
and the water layer was extracted with EtOAc. The organic phases,
containing the two products were collected together, dried over MgSO, and
concentrated under vacuum. The mixture was purified by preparative
chromatography eluting with EtOAc/Hexane (50/50) giving respectively 15
mg and 30 mg of the two new products. MS and NMR analyses of the two
product showed that none corresponded to the expected product.
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Li[N(SiMe;),]
Et,0

OH ||H

93 98
p-Cyanophenol (500 mg 99%, 4.15 mmol) was added to a solution of
lithium 1,1,1,3,3,3-hexamethyldisilazane (8.3 mL 1i.0M, d=0.89i, 3.3
mmol) in anhydrous Et;O at 0°C under nitrogen and with stirring. The
solution was then left stirring for 20 hrs at room temperature. The mixture

I A

(1]

was Cco down and HCI 1N was added dropwise until acidic pH. Th
ether layer was washed with acidic water and discarded. The water layers
were ccllected together but TLC and MS analyses showed only the presence

of starting material and the formation of the expected product did not

9.1.4.2 Synthesis of p-benzyl-4-cyanophenol (99):

N
mn 1
C 1
2
Nah 7
S 6 4
BusN"l 5 10 11
OH THF o] 12
8
93 99 145 15

2.1.4.2.1 Attempted synthesis: method A

%, 4.4 mmol) was slowly added to a solution of p-

mg 9S9%, 4 mmol) in anhydrous THF {10 mL) at rocm
temperature, with stirring and under nitrogen. The reactiocn was left
stirring for 30 mins and then tetrabutylammonium iodide (14.77 mg, 0.04

e
N
FEN
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mmol) and benzyl bromide (767.93 mg 98%, 4.4 mmol) were added to the
mixture. The reaction was left stirring overnight at room temperature.
TLC analysis (Hexane/EtOAc=75/35) did not show any formation of
expected product. Method B was therefore considered for the synthesis.

9.1.4.2.2 Synthesis p-benzyl-4-cyanophenol: method B

NaH (1.056 g 60%, 26.31 mmol) was slowly added to a solution of 4-
cyanophenol (3 g, 23.92 mmol) in anhydrous THF (60 mL) at room
temperature with stirring and under nitrogen. The reaction was left stirring
for 30 mins and then tetrabutylammonium iodide (369.4 mg, 0.24 mmol)
and benzyl bromide (4.591 g 98%, 26.31 mmol) were added to the
mixture. The reaction heated to reflux and left stirring for 5 hrs until
complete reaction of the starting material. The mixture was poured into a
solution of diluted HCl. The water layer was extracted with EtOAc. The
organic layers were combined together and concentrated under vacuum.
The crude product was purified by flash chromatography eluting with
Hexane/EtOAc (100:0 to 80/20) giving 4.900 g of pure product as a white
solid.

Yield: 98 %

mp: 85-86°C

LRMS (ES*): m/z 232 (M+Na)*, 35%), 441 ((2M+Na)*' 10%).

'H-NMR (MeOD, 300 MHz) & 5.16 (s, 2H, H-C8), 7.14 (d, 2H, J= 8.96 Hz,
H-C3, H-C5), 7.33-7.46 (m, 5H, H-C10-14), 7.64 (d, 2H, J= 8.96 Hz, H-
C2, H-C6).

13C-NMR (MeOD, 75 MHz) 8 71.7 (C8), 105.3 (C1), 117.3 (C3 and C5),

120.4 (C7), 129.1 (C11 and C13), 129.6 (C12), 130.0 (C10 and C14),
135.5 (C2 and C5), 138.1 (C9), 164.1 (C4).
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9.1.4.3 Synthesis of 4-[0-(benzyloxy]-benzamidine (100):

O

o\_@

99

N
HN\\C{' 2
2
Li[N(SiMe3),]
_——— (3] 4
Et,O 5 10__ 11
2 o 12
8
14 13
100

p-benzyl-4-cyanophenol (2 g, 9.5 mmol) was dissolved in Et,0O (5mL) and
anhydrous THF (10 mL) and added at 0°C to a solution of lithium
hexamethyldisilazane (3.82 mL 1M in THF, 3.82 mmol,) in dry Et,0 (70
mL) with stirring and under nitrogen. The temperature was left to rise to

room temperature and the mixture was left stirring under nitrogen for 20

hrs. The mixture was carefully poured into a solution of diluted HCI. The

water layer was extracted with EtOAc (3x50 mL). The organic layers were

combined together and concentrated under vacuum. The product was not

further purified but used as crude in the following step.

9.1.4.4 BOC protection of the 4-O-(benzyloxy)-benzamidine (101):

HN. NHz
c

O\_O

100

17 \16
0>1_5_N\C,NH2
~Cy
Y 2
(Boc),0 7
NaOH 4
5 1011
H,O/THF 0 "
8
14 13
101

A water solution of crude 4-[O-(benzyl-)-oxy]-benzamidine was neutralised
with NaOH 3N and was added to THF (100 mL) and water (100 mL)
followed by the addition of further NaOH (23.75 mL 3N, 71.25 mmol). The
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mixture was cooled down to 0°C and a solution of di-tert-butyldicarbonate
(3.11 g, 14.25 mmol) in THF (20 mL) was added dropwise. After complete
addition the mixture was left stirring for 12 hrs at room temperature. The
organic layer was removed under vacuum and the remaining water layer
was extracted with EtOAc (4 x 65 mL). The organic phases were collected
together, dried with MgSO, and concentrated under vacuum giving a crude
solid. The solid was triturated using hexane giving 2.251g of product as a
pure white solid.

Yield: 73%

LRMS (ES*): m/z 327 ((M+H)*, 100 %), 349 ((M+Na)*, 20 %).

1H-NMR (MeOD, 300 MHz) § 1.53 (s, 9H, H-C17), 5.15 (s, 2H, H-C8), 7.07
(d, 2H, J= 9.15 Hz, H-C4, H-C6), 7.28-7.50 (m, 5H, H-C10-C14), 7.81 (d,
2H, J= 9.15 Hz, H-C3, H-C7).

13¢c.NMR (MeOD, 75 MHz) & 28.9 (C17), 71.5 (C8), 80.7 (C16), 116.2 (C4
and C6), 128.7 (C2), 129.0 (C11 and C13), 129.4 (C12), 130.0 (C3 and
C7), 131.0 (C10 and C14), 138.6 (C5), 163.7 (C1).

9.1.4.5 Synthesis of N’-(O-tert-butoxycarbonyl)-4-hydroxy-
benzamidine (102):

10 \o
+O O s
N NH; 7N NH;
o ¢ o J

Hz(g) 7
5% Pd/C
—_— 6 4
MeOH 5
101 102

Boc protected 4-[O-(benzyl-)-oxy]-benzamidine (2.2 g, 6.13 mmol) was
dissolved in anhydrous methanol (80 mL). Palladium 5% on activated
charcoal was added (1 g) and the reaction was left stirring and under
hydrogen at room temperature. After 1 h 30 mins the catalyst was filtered
off and the solution was concentrated under vacuum giving the crude

product as an oil. The oil was triturated with Et,O giving the pure product
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as a white crystals that was filtered and dried under high vacuum giving

750 mg of pure solid.

Yield: 52%

LRMS (ES+): m/z 237.1 ((M+H)*,100%), 259.1 ({(M+Na)*, 20%), 473.0
((2M+H)", 25%).

'H-NMR (MeOD, 300 MHz) 8 1.53 (s, 9H, H-C10), 6.84 (d, 2H, J= 8.87, H-
C4, H-C6), 7.73 (d, 2H, J= 8.87 Hz, H-C3, H-C7).

13Cc_.NMR (MeOH, 75 MHz) & 28.9 (C10), 80.6 (C9), 116.7 (C4 and C6),
126.7 (C2), 131.1 (C3 and C7), 163.4 (C5), 165.1 (C1), 170.3 (C8).

9.1.4.6 Attempied yntheS|s of 4-0O-[(5-nitrofuran-2yl)-methyl]-N'-

enzamidine (97):

o HN.__NH
HN“C NH Br. 3 \ N“C
: E’ NO,
il
OH 0 -

—h
(=]
n
w0
-

9.1.4.6.1 Method A:

NaH (20 mg 60%, 0.50 mmol) and N’-[(O-tert-butyl-oxy-)-carbonyl]-4-
nd

.

hydroxy-benzamidine (100 mg, 0.42 mmol) were suspended together in

c =Y e

ge
nhydrous THF {(1C mL) and the suspension was left stirring for 30 mins at
room temperature under nitrogen. 2-Bromomethyl-5-nitrofuran in
anhydrous THF (10 mL) was added dropwise to the suspension and the
mixture was left refluxing for 5 hrs and overnight at room temperature.
TLC (EtOAc: d

starting material. The MS of the mixture did not show any peak

is of the mixture showed mainly

exane = 30:70) analysi

I

r

corresponding to the expected product. The mixture was concentrate
under vacuum and purified by flash chromatography (MeOH/DCM = 0:100

to 7.5:92.5) but only starting material was recovered.

]
N
(o]
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9.1.4.6.2 Method B:

A solution of 2-bromomethyl-5-nitrofuran (214 mg 97%, 1.01 mmol) in
acetonitrile (8 mL) was added dropwise to a suspension of N’-[(O-tert-
butyl-oxy-)-carbonyl]-4-hydroxy-benzamidine (200 mg, 0.84 mmol) and
K,COs; (464.4 mg, 3.36 mmol) in dry acetonitrile (8mL) under nitrogen.
The mixture was left stirring overnight. TLC analysis (DCM/MeOH=85/20)
showed the formation of a new product but MS analysis did not show any
peak corresponding to the expected product. The mixture was purified by
flash chromatography eluting with DCM/MeOH (100/0 to 80/20) but NMR
analysis of the fractions recovered showed that the formation of the
desired product did not occur.
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9.2 Synthesis of p-substituted benzamidines:

9.2.1 Synthesis of 4-benzyloxy-benzamidine (100):

? O)—ﬂ\ MNH HoNS NHE
3 C C1
6 2
TFA, anisole 5 3
4 12__13
DCM
10
16 15
101 100

Boc protected 4-[O-(benzyl-)-oxy]-benzamidine (80mg, 0.245mmol) was
dissolved in DCM (3mL) and trifluoroacetic acid (0.19ml, 2.45 mmol)
together with anisole (0.08ml, 0.735mmol) were added to the solution at
0°C. The temperature was allowed to rise to room temperature and the
reaction was left stirring for 30 minutes. The mixture was concentrated
under vacuum. Diethyl ether was added to the mixture until formation of a
precipitate. The precipitate was filtered off and washed with diethyl ether
to afford 35 mg of 4-Benzyloxy-benzamide as a white crystalline solid.

Yield: 63%.

mp: 259-261°C.

LRMS (ES*): m/z 227.1 ((M+H)*, 100%).

'H-NMR (300 MHz, MeOD): § 5.22 (s, 2H, H-C10), 7.21 (d, 2H, J
Hz, H-C2 and H-C6), 7.34 -7.47 (m, 5H, H-C12-16), 7.80 (d, 2H, J
Hz, H-C3 and H-C5).

13C-NMR (75 MHz, MeOD): & 71.8 (C10), 117.1 (C3 and C5), 121.6 (C 1),

129.1 (C2 and C6), 129.6 (12 and C16), 130.0 (C14), 131.4 (C 13 and
C15), 138.1 (C11), 165.3 (C4)

9.0
9.0
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9.2.2

Synthesis

of

4-0-heptyloxy-N’-[ (O-tert-butyl-oxy-)-

carbonyl]-benzamidine (105):

11 9
%O%N\\C,NHL’ "’ >_°>‘°—H\5,,§H
o | o 1
NN 2
NaH 3
o ™ oM A
13 15 17 19
102 105

A solution of N’-[(O-tert-butyl-oxy-)-carbonyl]-4-hydroxybenzamidine
(40mg, 0.169 mmol) in dry THF (0.5 mL) was added to a solution of NaH
(7 mg 60%, 0.186mmol) in dry THF (1.5 mL) at 0° and left to stir for 30
minutes. Then heptyl-iodide (0.03ml, 0.186 mmol) was slowly added and
the mixture was allowed to warm to room temperature. The mixture was
heated under reflux for 2 hours and then left to stir at room temperature
overnight. The reaction mixture was concentrated under vacuum to give a
yellow solid. The solid was purified by column chromatography using
hexane/EtOAc (97:3 v/v) as eluent.

concentrated under vacuum to afford 20 mg of pure product as a white

The fractions collected were
solid.

Yield: 35%.

LRMS (ES*): m/z 335.0 ( (M+H)*, 5%), 668.7 ( (2M+H)*, 100%).
1H-NMR (300 MHz, MeOD): § 0.87-0.95 (m, 3H, H-C19), 1.45 (s, 8H, H-
C14, H-C15, H-C16, H-C17), 1.54 (s, 9H, H-C12), 1.74-1.85 (m, 2H, H-
C14), 4.05 (t, 2H, H-C13), 7.0 (d, 2H, J= 9.0 Hz, H-C3 and H-C5), 7.8 (d,
2H, J= 9.0 Hz, H-C2 and C6).

13C-NMR (75 MHz, MeOD): & 14.8 (C19), 24.1 (C18), 27.5 (C17), 29.1

(C12), 30.6 (C16), 30.7 (C15), 33.4 (C14), 80.6 (C11), 115.7 (C3 and C5),
128.3 (C1), 130.9 (C2 and C6), 164.2 (C4).

271



Experimental Section II
p-substituted benzamidines

9.2.3 Synthesis of 4-O-heptyloxy-benzamidine (106):

9
> °>_H\ NH HN.7,NH?8
/A e

1

TFA, anisole 2
DCM 73
o ‘ 1 13 15
NN

10 12 14 16
105 106

4-0-heptyloxy-N’-[(O-tert-butyl-oxy-)-carbonyl]-benzamidine (30mg, 0.09
mmol) was dissolved in DCM (1.2 mL) and trifluoroacetic acid (0.07ml, 0.9
mmol) together with anisole (0.03ml, 0.27mmol) were added at 0°C. The
mixture was allowed to warm to room temperature and left to stir for 30
minutes. A TLC (hexane/ethyl acetate 70:30) showed the some starting
material in the reaction mixture, so further trifluoroacetic acid (0.05ml)
was added and the reaction was left to stir for a further 30 minutes. The
mixture was then concentrated under vacuum to give a brown solid. This
was then washed with diethyl ether to give 32mg 4-Heptyloxy-benzamidine
as an off-white solid.

Yield: 95%.

mp: 235-238°C.

LRMS(ES*): m/z 235.1 ((M+H)*, 100%)

'H NMR (300 MHz, MeOD): 8 0.93 (m, 3H, H-C16), 1.32-1.56 (m, 8H, H-
C12-15), 1.78-1.87 (m, 2H, H-C11), 4.11 (t, 2H, H-C10), 7.13 (d, 2H, J=
9.0 Hz, H-C3 and H-C5), 7.79 (d, 2H, J= 9.0 Hz, H-C2 and H-CS6).
13c-NMR (75 MHz, MeOD): § 14.6 (C16), 24.0 (C15), 27.4 (C14), 30.5

(C13 and C12), 33.3 (C11), 70.1 (C10), 116.6 (C3 and C5), 131.4 (C2 and
C6), 163.2 (C7).
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H,N_ /NH HoN. NH
/\/\/\/l
NH, HINSI A sl s
82 107

CBU (0.7ml, 4.51mmol) was added dreopwise tc a mixture of 4-
aminobenzamidine dihydrochloride (300mg, 1.44 mmo!) and ethanol (4
mL) and left stirring until homogenous. Then heptyliodide (0.3ml, 1.69
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Procedure A weas followed for this reaction with the exception of the
reaction mixture being heated under reflux. Mass spectra data obtained
showed that the resulting product was a complex mixture that did not give
any peaks corresponding to the estimated molecular weight of the desired
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9.3.2 Attempted synthesis of 4-{[(5-nitrofuran)-2-yl]-methylene}-

H.N. H O NOz H2N\C,,NH
* 2HCI 3
NH, N=
82 108 R
Z No,

A mixture of 4-amino-benzamidine (218.49 mg 98%, 1.05 mmel) and
nitrofuraldehyde (150 mg $9%, 1.05 mmocl) were suspended in MeOH (5
mL) and the suspension was left stirring and at room temperature
overnight. The reaction was concentrated under vacuum and the yellow-
orange solid was purified using reverse phase chromatography (SiO;

reverse phase Cig) using H,O/CH3;CN as eluent. MS and NMR analysis of

4-amino-benzamidine (218.49 mg $8%, 1.05 mmol) was neutralised with
NaOH. Upon addition of the neutralised benzamidine to the S5-nitro-
furaldehyde (150 mg 99%, 1.05 mmol) in MeOH (5 mL) a thick black solid

formed. It was likely that the black solid is a result of polymerisation.

9.3.2.3 Method €

4-aminc-benzamidine (218.49 mg 98%, 1.05 mmol) was neutralised with

NH,OH. As well as observed in the previous experiment, upon addition of

\H el —
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the neutralised benzamidine to the 5-nitro-furaldehyde (150 mg 99%, 1.05
mmol) in MeOH (5 mL) a thick black solid formed.

9.3.2.4 Method D

4-amino-benzamidine (109.24 mg 98%, 0.52 mmol) was neutralised and
dissolved in a phosphate buffer at pH 7.2. Upon addition of the neutralised
4-amino-benzamidine to the 5-nitro-furaldehyde (75 mg 99%, 0.52 mmol)
in MeOH (3 mL) a thick black solid formed.

9.3.3 Attempted synthesis via Boc-protection of 4-amino-
Benzamidine:

9.3.3.1 N-(O-tert-butoxycarbonyl)-4-amino-benzamidine (83)!!*:

12 %lo |3 8
10
_NH 7,NH
HN. O)—N\C
1
(Boc),0 6 2
* 2HCI NaOH 3
THF/H,0 4
NH, NH,
82 83

p-Aminobenzamidine dihydrochioride (2.04g 98%, 9.6 mmol) was
suspended in THF (50 mL) and water (10 mL). The HCI was neutralised
with NaOH 3N and then 3 further NaOH 3N was added (9.6 mL, 28.8
mmol). The solution was cooled down to 0°C and a solution of Boc-
anhydride (3.175g 99%, 14.4 mmol) in THF (30 mL) was added dropwise.
The mixture was left stirring at room temperature for 3 hrs. The THF layer
was removed under vacuum and the remaining water solution was
extracted with EtOAc (3x100 mL). The organic phases were collected
together, dried over MgSO, and concentrated under vacuum giving 2.17g
of pure product as light yellow crystals.

Yield: 2.170 g, 96%
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LRMS(ES"): m/z 236.2 ((M+H)*, 100%), 258 ((M+Na)*, 20 %), 471.1
(2M+H)*, 20%), 492.9 ((2M+Na)*, 25%).

(MeOD, 300 MHz) § 1.53 (s, 9H, H-C12), 6.68 (d, 2H, J= 8.78 Hz,
H-C3, H-C5), 7.64 (d, 2H, J= 8.78 Hz, H-C2, H-C6).
13C-NMR (MeOD, 75 MHz) & 29.0 (C12), 80.3 (C11), 115.1 (C3 and C5),
123.5 (C1), 130.8 (C2 and C6), 154.2 (C7), 165.5 (C4), 170.4 (C7).

9.3.3.1 Attempted synthesis of 4-N-[(5-nitrofuran-2yl)-methyl]-N"-

(O-tert-butoxycarbonyl}-4-amino-benzamidine (109):

%7 \
0, NO, 0
NH /
0>/—N\\C. 2 B, O )—N\\C,NHz

\
i

NaH, THF

NH, HN 0
Y
83 109

NaH (34.8 mg 60%, 0.87 mmol) and Boc-protected p-aminobernzamidine
(172 mg, 0.73 mmoi) were suspended together in anhydrous THF (15 mL)
and the suspension was left stirring at room temperature and under
nitrogen for 1hr and 30 mins. 2-Bromomethyl-5-nitrofuran in anhydrous
THF {15 mL) was added dropwise to the suspension and the mixture was

left at room temperatuie for 2 hrs, then left refluxing for 2 hrs and at room

temperature overnight. TLC analysis of the mixture (EtOAc: Hexane =

40:60) showed the presence of new products. The MS analysis of the
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mixture was concentrated under vacuum and purified by flash
hromatography eluting with EtOAc/Hexane (EtCAc/Hexane = 0:100 to
ut

starting materials were just recovered.
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10 Experimental Section lll:
Prodrug Approach

10.1 Prodrugs of Triazines:

10.1.1 Synthesis of 3-(4,6-diamino-[1,3,5]-triazin-2-yl)-amino-propionic
=Yoo [ 17 ) PP 279

10.1.2 Attempted synthesis of 3-(4,6-Diamino-[1,3,5]triazin-2-yl-amino)-
propionic acid chloromethyl ester (128): ........ccoviiiiiiiiiininiinnnnen, 280

10.1.3 Attempted synthesis of 3-(4,6-diamino-[1,3,5]-triazin-2-ylamino)-
N-benzylpropanamide (129):.....cccceiiiiiiriiiincrriieneiierierscnerenss 281

10.2 Prodrugs of Benzamidines:
10.2.1 Attempted synthesis of 3-[N-tert-butoxy-carbonyl-(4-amidino-
phenyl-carbamoyl)]-propanoic acid (113) (method A):............... 282
10.2.2 Synthesis of 3-(4-amidinophenylcarbamoyl)-
propanoiC acid (112): .iiiiiiiiiiii i e e n 282
10.2.3 Attempted synthesis of 3-[N-tert-butoxycarbonyl-(4-amidino-

phenyl-carbamoyl)]-propanoic acid (113) (method B) ................ 283
10.2.4 Attempted Synthesis of 3-[N-benzyloxycarbonyl-(4-amidino-phenyl-
carbamoyl)]-propanoic acid (117): ...ccvveiiiiieiiririeceennrirenrenrnrees. 284
10.2.5 Synthesis of 3-(4-amidinophenylcarbamoyl)-propanoic acid
chioromethyl ester (211): ..iviiiiiiiiiiiiiii e e 285
10.2.6 Attempted synthesis of N-Benzyl-N'-(4-amidino-phenyl)-
YRl T-To 4 1o [N (b 1 ) 286
10.2.7 Synthesis of {[4-(2-Chloro-acetylamino)-phenyl]-imino-methyl}-
carbamic acid tert-butyl ester (84) ........ccooviiiiiiiiiiiic i 288

10.2.8 Attempted synthesis of (Imino-{4-[2-(5-nitro-thiazol-2-yl-
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amino)-acetyl-amino]-phenyl}-methyl)-carbamic acid tert-

butyl ester (84a@).........cccciiiiiiiiiiiiiiiiiiiiinii e 289
10.2.9 Synthesis of 2-chloro-N-(5-nitrothiazol-2-yl)-acetamide (123): . 289
10.2.10 Attempted synthesis of Imino-{4-[(5-nitro-thiazol-2-yl)-

carbamoyl-methyl-amino]-phenyl}-methyl)-carbamic acid tert-butyl

=3 o= ol (733 T . 290
10.2.11 Attempted synthesis of 3-(5-Nitro-thiazol-2-ylcarbamoyl)-

[sgeT s o] a1 [ol=Tai s I 1 + - ) TR S 292
10.3 Prodrugs of Bisphosphonic acid:.................cccoivviiiiiniininnnn, 293

10.3.1 Attempted synthesis of 4-amino-1-hydroxybutylidene-bisphosphonic
acid sodium salt Sodium Alendronate (130):.....cvceiiriiniiinrierinsanes 293
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10.1 Prodrugs of Triazines:

10.1.1 Synthesis of 3-(4,6-diamino-[1,3,5]-triazin-2-yl)-amino-
propionic acid (127):

7 8
COOH
NH HNT N
)\2 HzN/\/COOH 2 9
N“SN INTN3
A A W
H:N” °N” ~Cl EtOH/H,0 HoN"6 "N 4'NH,
4 127

2,4-diamino-6-chloro-triazine (1.00 g, 6.87 mmol), B-alanine (0.92 g,

10.31 mmol) and NaHCO; (1.15 g, 10.31 mmol) were mixed together and
suspended in EtOH/H,O (1/1, 160 mL). The suspension was left stirring
overnight at 100°C. The mixture was acidified with dilute HCI to pH=2 and
a white precipitate formed. The precipitate was filtered and washed with
water then dried under high vacuum giving 0.61 g of a white solid.

Yield: 45%

mp: 292-295 oC

LRMS (ES*): 199.2 ((M+H)*, 100%)

'H-NMR (DMSO-d6, 300 MHz): § 2.50 (t, 2H, J=6.90 Hz, H-C9), 3.43 (dt,
2H, J,=5.89 Hz, J,=6.90 Hz, H-C8), 7.80-8.80 (3m, 5H, 2NH,, N-H), 12.5
(bs, 1H, .

13C-NMR (DMSO0-d6, 75 MHz): § 33.7 (C9), 36.7 (C8), 147.2 (C2), 158.8
(C4 and C6), 172.9 (C10).
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10.1i.2 Attempted synthesis of 3-(4,6-Diamino-[1,3,5]triazin-2-yl-
amino)-propicnic acid chleromethyl ester (128):

H,N.__N.__NH, HoN_ _N_ _NH, HN._N._NH,
oy el nch Ty
Mes ~ an ) "y ) Ny Al
\[/ Cs,CO; (1M) NYN CICH.Br ¢
NH NH X NH
EtOH / H,0 (7/3) « DMF
HO cso. ) GRS
|
O 0 (0]
127a 127b 128
Step 1

3-(4,6-diamino-[1,3,5]-triazine-2-y!)-amino-propionic acid (0.15 g, 0.76
mmol) was suspended in ethanol/ water 7:3 v/v (5 mL). Agqueous caesium
carbonate (1 M) was slowly added dropwise until the pH=6.5. The solvents

were removed under vacuum and the caesium salt obtained was dried and

Step 2

Bromochloromethane (5 mL) was slowly added to 127b in dry DMF (3 mL)
in the dark. The reaction mixture was stirred in the dark at room
temperature under a nitrogen atmosphere for 20 hrs. Reverse phase TLC
(acetonitrile/ water 50:50) analysis indicated that the starting material was
present in the mixture. LRMS showed nc peak corresponding to the

[P,
YN e

~

desired product and the reaction was unlil taken place.
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10.1.3 Attempted synthesis of 32-(4,6-diamino-[1,3,5]-triazin-2-

vlamino)-N-benzylpropanamide (129):

10.1.2.1 Methed A:

3-(4,6-diamino-[1,3,5]-triazine-2-yl}-amino-propionic acid (0.15 g, 0.76
mmol) and EDC (0.27g, 1.7 mmiol) were added to dry DMF (14 mL) with
stirring and under nitrogen. Benzylamine (0.12 g, 1.14 mmol) was added
and the mixture was stirred under nitrogen at rt for 24 hrs. TLC-RP
analysis (H,O/CH3CN 50/50) showed only the presence of starting material

and the formation of the product did not occur.

3-(4,6-diamino-[1,3,5]-triazine-2-yl)-amino-propionic acid (0.15 g, 0.76
mmol), HOBt (0.i2 g, 0.89 mmol) and TBTU (0.29 g, 0.91 mmol} were

a
s ©

dissolved in dry DMF (4 mL) under nitrocgen an

it
g, 2.69 mmol) was added and the mixture stirred under nitrogen for

(

(VY]
-

mins. Benzylamine (0.16 g, 1.52 mmol) in dry DMF (4 mL) was added and

[

he reacticn mixture was stirred under nitrogen at rt for 24 hrs. TLC-RP

~r

(H,0/CHSCN 50/50) showed still the presence of starting material and the

formation of a small amecunt of new p'odu\_t MS analy is confirmed that
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10.2 Prodrugs of Benzamidines:

16.2.1 Attempted synthesis of 3-[N-tert-butoxycarbonyl-{4-

amidinc-phenyl-carbamoyl)]-propanoic acid (113) {(method A):

H H
—}o N.__NH o, 0. LD 9—0 N __NH
i{ X7 T

(0]

DMAP, dry Py 0

: o
NH; "NY\)J\OH
83

113 g

BOC protected benzamidine (0.20 g, 0.85 mmol) was added to dry DMF
(1.2 mL). Dry pyridine {0.8 mL), then, succinic anhydride (0.09 g, 0.85
mmol) followed by DMAP (0.01 g, 0.08 mmol) were added to the reaction
mixture. The reaction mixture was stirred and heated to 100 °C under
nitrogen atmosphere for 3 hrs. A cream precipitate formed and was

filtered and washed with water (2 x 100 mL), acetonitrile (2 x 100ml) and

ether (2 x 100 mL). LRMS {ES") analysis of the precipitate gave no peak
corresponding to the desired product. TLC (MeQH/ CH,Cl, 15:85) analysis
indicated a complex mixture consisting of unknown impurities and starting
material.
10.2.2 Synthesis of 3-(4-amidinophenylcarbamoyl)-propanoic acid
(112)32

14 13
H.N.__NH Os OO0 HoNJ2 NH
eds ;
10 8
11 7 0
DMAP, dry Py 8
NH. SHNMOH
0]
82 112
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4-Amincbenzamidine dihydrochloride (1.00 g, 4.80 mmol) was add
dry DMF (4 mL). Dry pyridine (4 mL), then, succinic anhydride {0.48 g
4.80 mmol)} followed by DMAP (0.06 g, 0.48 mmol} were added to the

reaction mixture. The reaction mixture was stirred and heated to 100 °C

and was filtered and washed with water (2 x 100 mL), acetonitrile (2 x
100ml) and ether (2 x 100 mL). The precipitate was suspended in 4N HCI
and dioxane (4 mL). The reaction mixture was stirred for 2 hrs at room

temperature then filtered and dried under high vacuum to give 880 mg of

pure product.

Yield: 78%
mp= 258-260°C

1H-NMR (DMS0-d6, 300 MHz) & 2.55 (t, 2H, J= 5.94 Hz, H-C2),

M

.65 (t,
2H, J=5.94 Hz, H-C3), 7.84 (s, 4H, Ar-H), 9.09 (s, 2H, NH,), 9.30 (s, 2H, 2
H-N), 10.67 (s, 1H, OH).

13C-NMR (DMSO-d6, 75 MHz) & 28.1 (C3), 31.5 (C2), 118.7 (C7, C11),
121.7 (C9), 129.6 (C8, C10), 144.7 (C6), 165.2 (Ci2), 171.4 (C4), 174.1
(C1)

10.2.3 Attempted synthesis of 3-[N-tert-butoxycarbonyl-(4-

3-(4-amidinophenylcarbamoyl)-propanoic acid (0.15 g, 0.64 mmol) was
suspended in 2:1 THF/water (5ml). The solution was stirred and sodium
hydrogen carbonate was added. (BOC),0 (1.57 g, 7.20 mmol) in THF (15

[N
jole]
(979 ]
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mL) was slowly added dropwise. The reaction mixture was stirred for 3 hrs
at room temperature. The reaction mixture was acidified with dilute HCI to
pH 4 . The THF was removed /in vacuo and the remaining water sojution

extracted with EtOAc (3 x 50 mL). Reversed phase TLC (acetenitrile/water

[l JE e P

50:50) analysis of the organic layer showed starting material only. LRMS

A ~L

analysis indicated no peak corresponding to the desired product but
0,

nly

o

©

peak at 20% intensity cerresponding to the starting material.

10.2.4 Attempted Synthesis of 3-[N-benzylexy-carbonyl-(4-

amidino-phenyl-carbamoyl)]-propancic acid (117):

NH 0 NH
HN CBZ-Cl, NaHCO4 HN
THF/H,0 '
0 0
‘\(\)J\OH ”"INOH
o] o]
112 17

Sodium hydrogen carbonate (C.34 g, 3.2 mmol) in water (3mL) was added
to 3-(4-amidinophenylcarbamoyl)-propanocic acid (0.15 g, 0.64 mmol)}.
The reaction mixture was cooled to 0 °C and stirred for 10 min. THF {2
mL) was added followed by the addition of CBZ-ClI (0.14 mL, 0.96 mmol).
The reaction mixture was stirred at 0 °C for 30 min and then at room
temperature for 1 hr. The reaction mixture was then acidified with dilute
HCl to pH 2 and extracted with EtOAc. The organic layer was dried over
MgSO0, and concentrated. TLC (MeOH/ CH,Cl, 5:95) analysis showed a

mixture containing CBZ-Cl and possible product. LRMS analysis indicated

o o
)

corresponding to the reagent CBZ-Cl. The NMR analysis confirmed that
CBZ-Cl and unknown impurities had been extracted and indicates that the

reaction was unlikely to have taken place.
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10.2.5 Svnthesis of 3-(4-amidinophenylcarbamoyl)-propanoic acid
1ii)

chloromethvyl ester (

Cs,C0; (1M) CICH,Br se
O. _NH EtOH/H0(7/3) o NH DMF OgNH
N
HO” ~O Cs0” ~0 Ccl” 0" "0
112 i18é 111
Step 1
3-(4-amidinophenylcarbamoyl)-propanocic acid (0.15 g, 0.64 mmol) was
suspended in ethanol/water 7:3 v/v (5 mL). Aquecus caesium carbonate (1

M) wa

wn

slowly added dropwise to the suspension until pH=6.5. The
solvents were removed under vacuum and the caesium salt obtained was

dried and used in the following step.

in the dark. The reaction mixture was stirred in the dark at room
temperature under nitrogen atmosphere for 20 hrs. Reverse phase TLC
(acetonitrile/ water 50:50) analysis indicated that starting material was
present in the mixture. MS analysis showed no peak correspcnding to 111
and only a peak at 10% intensity corresponding to starting material

indicating that the reaction did not take place.
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10.2.6 Attempted synthesis of -amidino-phenyl)-

succinamide (117)

HaN.__NH HoN.__NH

HN.__O abcd HN.__.O
0~ OH 0O~ 'NH
112 117

a: DCC / DMF

b: HOBT/ TBTU / DIPEA / DMF

c: DMAP / N-methylmorpholine / Isobutyl chlcroformate / DIPEA / DMF

d: EDC / DMF

Method A

3-(4-amidincphenylcarbamoyl)-propanocic acid (0.15 g, 0.64 mmol) and
DCC {0.40 g, 1.92 mmol) were dissolved in dry DMF (8 mL). Benzylamine
(0.21 g, 1.92 mmol) was added and the reaction mixture and was stirred
under nitrogen at rcom temperature for 24 hrs. TLC (MeOH/CH,Cl, 40:60)
analysis indicated one component corresponding to starting material.
LRMS analysis indicated no peak corresponding to the desired product but

only a peak corresponding to the benzylamine.
Method B

3-(4-amidinophenyicarbamoyl)-propanocic acid (0.15 g, 0.64 mmol), HOBT
(0.10 g, 0.75 mmol) and TBTU (0.25 g, 0.77 mmol) were dissclved in dry
DMF {4 mlL). DIPEA (0.29 g, 2.27 mmol) was added and the solution
stirred under nitrogen for 30 min. Benzylamine {0.i4 g, 1.28 mmol) in dry
DMF {4 mL) was added. The reaction mixture was stirred under nitrogen
at room temperature for 24 hrs. Aqueous NaOH was added dropwise until

pH=12. ter (50 mL) was added and the solution extracted with EtOAc

no peak corresponding to the desired compound.

[\
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(o)}



Expenimental Section Ill
Prodrug Approach

Method C

3-(4-amidinophenylcarbamoyl)-propanoic acid (0.15 g, 0.64 mmol) was
added to dry DMF (5 mL). N-methylmorpholine (0.08 g, 0.64 mmol) and
isobutyl chloroformate (0.08 g, 0.58 mmol) were added. The mixture was
stirred under nitrogen for 5 mins. Benzylamine (0.14 g, 1.28 mmol),
DIPEA (0.1 mL) and a catalytic amount of DMAP (1.5 mg) were added.
The reaction mixture was stirred under nitrogen at room temperature for
24 hrs. The reaction mixture was concentrated under vacuum and then
purified by column chromatography (CH,Cl, 100% initially then to MeOH
7% in CH,Cl;). TLC analysis indicated a complex mixture of three
components after purification and LRMS indicated no peak corresponding to
the desired product. NMR analysis also indicated that the isolated mixture
was unlikely to be 117.

Method D:

3-(4-amidinophenylcarbamoyl)-propanoic acid (0.15 g, 0.64 mmol) and
EDC (0.23 g, 1.15 mmol) was added to dry DMF (10 mL). Benzylamine
(0.10 g, 0.96 mmol) was added. The reaction mixture was stirred under
nitrogen at room temperature for 24 hrs. Reverse phase TLC (Acetonitrile/
water 50:50) indicated starting material and that no reaction had occurred.
LRMS indicated a peak at 263.2 at 100% intensity that could not be
explained.
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10.2.7 Synthesis of {[4-(2-Chloro-acetylamino)-phenyl]-imino-
methyl}-carbamic acid tert-butyl ester (84)

X X
HN o -NH Cl/ﬁrCI HN I NHg 1
o 18 1
> 6 2
TEA
MeCN SNF 3
NH; HN B
83 84 0

A solution of chloroacetyl-chloride in MeCN (12 mL) was added dropwise at
0°C to a solution of Boc-protected 4-aminobenzamidine ( 1,5 g, 6.38
mmol) and TEA (0,9 mL, d=0.727, 6.38 mmol) in acetonitrile (24 mL).
The mixture was left stirring at 0°C under nitrogen for 1 hr and then at
room temperature overnight. The solvent was evaporated under vacuum
and the solid was recrystallised from MeOH (15 mL). The crystals were
filtered, washed with cold MeOH and then dried under high vacuum giving
717 mg of pure product.

Yield:36%

LRMS (ES+): m/z= 312.1 ((M+H)*, 30 %), 314 ((M+¥Cl+H)*,10%).
'H-NMR (CDCl;, 300 MHz) § 1.55 (s, 9H, H-C11), 4.30 (s, 2H, H-C14),
7.72 (d, 2H, J= 8.68 Hz, H-C2, H-C6), 7.95 (d, 2H, J= 8.68 Hz, H-C3, H-
C5).

13C-NMR (CDCl;, 75 MHz) & 29.1 (C11), 44.5 (C14), 80.9 (C10), 121.0 (C3
and C5), 130.1 (C2 and C6), 132.1 (C7), 143.2 (C9), 168.0 (C13).
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0 o>< 00
NO, X
HN-NH ST = HN s NH
HZN—<\N
3~ N
TEA Oz
HN iR HN /E )
-
X e IONN
o) o)
84 84a

2 mL) were added dropw

o ~~

mmol) in dry acetonitril to
solution of {[4 (2-Chloro-acetyla mino)-phenyl]-imino-methyl}-carbamic
00 mg, 0.32 mmeol) in dry acetonitrile (4 mL) at

('D
('D
=

acid tert-butyl {1
room temperature and under nitrogen. The mixture was refiuxed for 3 hrs

did not show the formation of the expected product indicating that the

reaction likely did not occur.

i0.2.92 Svynthesis of 2-chiore-N-{5-nitrothiazol-2-yl)-acetamide
1

A solution of chloroacetyl-chloride in dry acetonitrile (15 mL) was added
dropwise to a suspension of 2-amino-5-nitro-thiazole (1.5 97%, 10.02
mmol) in dry acetonitrile (15 mL) and TEA (1.38 mL, d=0.727, 10.02

mmol) at 0°C, under nitrogen and with stirring. After the gas formation has

[\
(=]
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ceased the temperature was left to rise to room temperature and the
mixture was left stirring overnight. The mixture was then concentrated
under vacuum and then purified by column flash chromatography
(DCM:MeOH =100:0 to 97:3). The yellow solid was triturated with Et,O
followed by addition of petroleum ether. The solid was filtered, washed
with petroleum ether and dried over high vacuum giving 1.335g of pure
compound as light yellow crystals.

Yield: 60%

LRMS (ES’): m/z 219.9 ((M-H)", 100 %), 222.1 (40%).

mp: 145-148 °C,

'H-NMR (CDCl;, 300 MHz) & 1.55 (s, 9H, H-C11), 4.30 (s, 2H, H-C14),
7.72 (d, 2H, J= 8.68 Hz, H-C2, H-C6), 7.95 (d, 2H, J= 8.68 Hz, H-C3, H-
C5).

13c-NMR (CDCl3, 75 MHz) & 43.0 (C8), 142.7 (C4), 163.1 (C2), 168.5
(C7).
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HN .. NH . HN .. NH
x cl U”oz C
123
TEA 7 i
S MeCN o e
2 NSN
83 12p

10.2.4.1 Me

-r

hod A:

A solution of 2-chloro-N-(5-nitrothiazol-2-yl}-acetamide (100 mg, 0.45
mmol) in acetonitrile (2 mL) was added dropwise at room temperature to a
suspension of Boc-protected 4-amino-benzamidine (136 mg, 0.58 mmol)
and TEA (0.1 mL, d=0.727, 0.58 mmol) in dry acetonitrile (2.5 mL) with
stirring and under nitrogen. The mixture was left stirring overnight at

room temperature. TLC analysis showed that the reaction did not take

place therefore the mixture was left stirring for a whole day. The solvent
was concentrated under vacuum and flash chromategraphy of the mixture
was performed eluting with DCM/MeOH (100:0 to 80:20). The starting

material was the only fraction recovered and MS of the minor fractions
recovered showed that the formation of the expected product did not take

place.

10.2.4.2 Method B:

A solution of 2-chloro-N-{5-nitrothiazol-2-yl)-acetamide (100 mg, 0.45

mol

3

in dry acetonitrile (2 mL) was added dropwise at room temperature

wn —r

-t

o a suspension of Boc-protected 4-amino-benzamidine (i36 mg, 0.58
mmoel) and TEA (0.1 mL, d=0.727, 0.58 mmol) in dry acetonitrile (2.5 mL)
with stirring and under nitrogen. The mixture was refluxed under nitrogen

for 5 hrs and overnight at room temperature. The MS analysis did not
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confirm the presence of the desired product. The solvent was concentrated
under vacuum and purification by flash chromatography (DCM: MeOH =
100:0 to 75:25) was performed. As well as observed for method A,
starting material was only recovered from the mixture and the reaction did
not take place.

10.2.11 Attempted synthesis of 3-(5-Nitro-thiazol-2-ylcarbamoyl)-
propionic acid (30a):

0
S_:N — S>=\_/ N
ON 39 MCN N 30a

A solution of succinic anhydride (2.002 g 99%, 10.02 mmol) in dry
acetonitrile (15 mL) was added dropwise to a suspension of 2-amino-5-
nitro-thiazole (1.5 g 97%, 10.02 mmol) and TEA (1,38 mL, d=0.727, 10.02
mmol) in anhydrous acetonitrile (15 mL) at 0°C. The solution was left
stirring at room temperature and under nitrogen. MS (ES’) analysis
showed the formation of the desired product with peak corresponding to
(M-H)  and (2M-H)". The mixture was treated with HCI and the solid was
filtered and washed with H,0 and acetone. Different attempts to purify the
mixture were performed but the desired product could not be recovered
from the mixture.
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10.3 Prodrugs of Bisphosphonic acid:

10.3.1 Attempted synthesis of 4-aminc-1-hydroxybutylidene-
bisphosphoric acid sodium salt Sodium Alendronate (130)4% 142,

10.3.1.1 Method A% 142;

1. PCly, HyPO o
FUls, ,\3 Us \\Fﬁ,ONa
H,N" "~ COOH > HAT"LoH
. 2. H,0 (pH= 4-10) Ry,
3. NaCH -’_:F'Vo“la
138 130 OH

4-aminobutyric acid (1.031g 97%, 10 mmol) was added into
methansulfonic acid (8 mL, 99.5%) followed by the addition of H;PO;
{1.65g 99.5%, 20 mmol) under nitrocgen. PCls (4 mL, d=1.574, 45 mmol)
was then added dropwise to the mixture and the reaction was left stirring

at 65°C for 5hrs under nitrogen. Since the reaction becomes self heating

above 85°C the temperature was not aliowed to get above 65°C. The
mixture was left cooling down to room temperature and left stirring

overnight under nitrogen. The clear colourless solution was cooled to
25°C and quenched into ice-water (10 miL) with vigorous stirring and the
d down to 25°C

solution was refluxed for S5hrs. The solution was then cool

[14]

o
=
)
~
=
]
Ay
~r
=7
®
<
n

s
was treated with EtOH and a precipitated was achieved.
analysis nor the 'H-NMR and *'P-NMR analyses of the precipitated and of
t

the solution confirmed the formation of the desired product.

29
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10.3.1.2 Method B4% 14%;

OH
1. PCl5, H3PO3 Osd-ONa
CH3SO,H
H,N">"" COOH XK HNTTN o
2.pH=7,45 Y
138 120 5 OFL NS

A 50 mL flask was connected with a condenser through which was
circulated brine at -5+-10 °C by using a pump (Grant LTD 6). The system
was also connected with a trap and to a caustic scrubber and also was
flushed and left under nitrogen. 4-aminobutyric acid (1.031g 97%, 10
mmol) was added into methansulfonic acid (8 mL, 99.5%) followed by the
addition of H3PO5; (1.65g 99.5%, 20 mmol) under nitrogen. PCl; (4 mL,
d=1.574, 45 mmol) was then added dropwise to the mixture. The gas
formation was observed in the gas scrubber but was not as intense as
observed on method A. The mixture was heated at 65°C and left stirring
for 5hrs under nitrogen and then left cool down to room temperature. The
reaction mixture was guenched over 35 minutes by adding it dropwise to a
solution of 1 g Na,HPO,; in 160 mL of water, at pH=7. The pH was

aintained between 6.0 and 7.0 by adding 25% NaOH carefully
maintaining the temperature below 25°C. Once the quench was complete,
the pH was adjusted to 7.0 and the solution concentrated to 50 mL by
atmospheric distillation (100-104°C) over three hours. The pH was then
adjusted to 4.3 by using a buffer CH;COOH\CHsCOONa. The solution was
left stirring overnight at room temperature and a precipitate was formed.

The suspension was stirred for two hours at 0°C and then filtered. Th

m

precipitated was dried over high vacuum. MS analysis and ‘H-NMR/*'P-NMR

analyses indicated that the formation of the product did not occur.
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11. Appendix 1:

11.1 In Vitro Assays:

11.1.1 P2 transporter affinity measurements:

Parasites purified from blood were stored on ice in Carter’s buffered

saline solution*>, Transport assays used the centrifugation through oil
technique, which is routinely used in analyses.>* % 3. 67,159
Radiolabeled adenosine (0.5 uM) uptake via P2 was measured in the

presence of 1 mM inosine that blocks the P1 transporter®®. Compounds
were assayed for affinity for the P2 transporter by using labelled adenosine

fixed at 0.5 puM and a range of inhibitor concentrations. ICsy values were

calculated using the Grafit 4.0 Software (Erithacus) by plotting inhibitory

value against concentration of inhibitor.

11.1.2 T, brucei brucei , T. brucei rhodesiense and cytotoxicity:

Activity of compounds was determined for 7. brucei rhodesiense
trypomastigotes of STIB 900. This stock was isolated in 1982 from a

139 Barrett, M. P.; Fairlamb, A. H.; Rousseau, B.; Chauviere, G.; Perie, J. Uptake of the
nitroimidazole drug megazol by African trypanosomes. Biochem. Pharmacol. 2000,
59, 615-620.
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human patient in Tanzania. Minimum essential medium (50 pL)

supplemented with 2-mercaptoethanol and 15% heat-inactivated horse!®?

serum was added to each well of a 96-well microtiter plate. Serial drug
dilutions were prepared covering a range from 90 to 0.123 pg/mi.

Then, 50 uL of a trypanosome suspension was added to each well, and the
plate incubated at 37°C under a 5%CO, atmosphere for 72 hrs. Alamar
Blue (10 pL) was then added to each well, and incubation continued for a

further 2 to 4 hrs. The plate was then read in a Spectramax Gemini XS
microplate fluorometer (Molecular Devices Corp., Sunnyvale, Calif.) by
using an excitation wavelength of 536 nm and an emission wavelength of
588 nm. Fluorescence development was expressed as a percentage of the
control, and the 50% inhibitory concentration (ICs,) values were
determined. Cytotoxicity was assessed by using the same assay and rat
skeletal myoblasts (L-6 cells)*®.

To investigate whether transport of these compounds through the P2
transporter is necessary for activity, compounds were assayed against the
T. brucei brucei trypomastigotes using either the wild type or P2 knockout
mutants (TbAT17°)%8, The Alamar Blue assay!®! was also used to determine
ICso values against wild-type lines and the 7bAT1”7" derivative. To
determine whether DNA damage was associated with trypanocidal activity
the Alamar Blue assay was also used to determine ICs, values against the
RAD517 deletion mutant!6?,

11.1.3 Trypanosoma cruzi:

Rat skeletal myoblasts (L-6 cells) were seeded in 96-well microtiter
plates at 2000 cells/well/100yl in RPMI 1640 medium with 10% FBS and 2
mM L-glutamine. After 24 hrs 5000 trypomastigotes of 7. cruzi (Tulahuen

19 Baltz, T.; Baltz, D.; Giroud, C.; Crockett, J. Cultivation in a semi-defined medium of
animal infective forms of Trypanosoma brucei, T. equiperdum, T. evansi, T.
rhodesiense and T. gambiense. EMBO J. 1985, 4, 1273-1277.

'*" Raz, B.; Iten, M.; Grether-Buhler, Y.; Kaminsky, R.; Brun, R. The Alamar Blue
assay to determine drug sensitivity of African trypanosomes (T7.b. rhodesiense and
T.b. gambiense) in vitro. Acta Trop. 1997, 68, 139-147.

'%2 McCulloch, R.; Barry, J. D. A role for RAD51 and homologous recombination in
Trypanosoma brucei antigenic variation. Genes Dev. 1999, 13, 2875-2888.
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strain C2C4 containing the p-galactosidase (Lac Z) gene) were added in
100 pL per well with 2x of a serial drug dilution. The plates were incubated
at 37°C in 5% CO, for 4 days. Then the substrate CPRG/Nonidet was added
to the wells. The colour reaction, which developed during the following 2-4
hrs, was read photometrically at 540 nm. From the sigmoidal inhibition
curve ICso values were calculated.

11.1.4 Leishmania donovani:

Mouse peritoneal macrophages were seeded in RPMI 1640 medium
with 10% heat-inactivated FBS into Lab-tek 16 chamber slides. After 24 h
Leishmania donovani amastigote were added at a ratio of 3:1 (amastigotes
to macrophages). The medium containing free amastigotes was replaced
by fresh medium 4 h later. Next day the medium was replaced by fresh
medium containing different drug‘ concentration. The slides were incubated
at 27 °C under a 5 % CO, atmosphere for 96 h. Then the medium was
removed, the slides fixed with methanol and stained with Giemsa. The
ratio of infected to non-infected macrophages was determined
microscopically, expressed as percentage of the control and the ICsy value
calculated by linear regression.

11.1.5 P. failciparum:

Plasmodium falciparum 3D7 cultures were mantained in RPMI 1640
medium (Sigma, UK) 37°C, 5% CO, in 5% hematocrit. Synchronised ring
stage cultures were prepared at 1% parasitemia and 50ul added per well,
the top test drug final concentration being 30pg/ml. After 24 hours
incubation, 37°C, 5% CO, 5ul (®*H)-hypoxanthine was added (0.2uCi/well)
[Desjardins et al., 1979, O'Neill et al., 1985] and plates were shaken for 1
minute and then incubated for 48 hours. The plates were freeze/thawed
rapidly, harvested and dried. (3H)-hypoxanthine uptake was measured
using a microbeta counter (Wallac 1450).
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11.2 In Vivo Assays:

11.2.1 7. brucei:

Female NMRI mice weighting 22 to 25 g were infected with
cryopreserved stabilates of 7. brucei brucei STIB 795 (derivate of strain
427'%%) or T. brucei rhodesiense STIB 900. Each mouse was infected
intraperitoneally with 2 to 4 x 10* bloodstream forms. Melarsoprol
(Arsobal; Aventis) acted as standard drug and was diluted with sterile
distilled water to an appropriate concentration. Groups of four mice were
treated on days 3, 4, 5 and 6 intraperitoneally with 20 mg/Kg. A control
group remained untreated. The parasitaemia of all animals was checked on
day 7 and 10 postinfection and every second day thereafter until 60 days.
Death of animals was recorded to calculate the mean survival time.
Surviving and aparasitemic mice were considered cured at 60 days and
then euthanized.

11.2.2 7. cruzl:

20g, female BALB/c mice (Charles Rivers Ltd, UK) were infected
intraperitoneally with 2 x 10* trypomastigotes in 0.2 mL, harvested from
the blood of a passage mouse. Infected mice were randomly sorted into
groups of five. After 5 days tail blood was examined for potency of infection
- the number of trypomastigotes in 10 microscope field was noted. Dosing
commenced for 5 consecutive days. Tail blood was examined 2 days after
the end of treatment and at 7 day intervals on any surviving mice.

11.2.3 L. donovani:

20g, female BALB/c mice were infected, via a lateral tail vein, with 2
x 107 freshly isolated amastigotes of L. donovani HU3. Seven days post
infection a mouse was necropsied to check for potency of infection and
dosing commenced. The experimental compound was given at 40 mg/Kg
intraperitoneally for 5 consecutive days. 14 days post infection all mice

'3 Cunningham, M. P_; Vickerman, K. Antigenic analysis in the Trypanosoma brucei
group, using the agglutination reaction. T. Roy. Soc. Trop. Med. H. 1962, 56, 48-59.
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were necropsied and liver impression smears made. Parasite load was
determined by Giemsa staining the smears and microscopic evaluation of
the number of amastigotes per liver cell (LDU). The percentage inhibition
was calculated in comparison to uninfected control mice. A positive control
of 15 mg Sb"/Kg was also included.
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11.3 Genotoxicity studies:

11.3.1 Cell types

Heparin-anticoagulated peripheral blood was obtained by

venipuncture from consenting healthy non-smoker donors. In order to
isolate leukocytes, the blood was maintained at 37°C for 5’ in a erylysis
buffer (155 mM NH,Cl, 5 mM KHCO;, 0.005 mM Na,EDTA, pH 7.4),
centrifuged and washed with PBS, and finally resuspended (~10° cells/mL)
in RPMI-1640 medium (Gibco).
The K562 cell line was maintained in the suspension culture in RPMI-1640
supplemented with 10% (v/v) foetal bovin serum (FBS, Stem Cell
Technologies) and L-glutamine (2 mM). Exponentially growing K562 cells,
washed with PBS and resuspended (~10° cells/mL) in RPMI-1640 medium,
were used throughout this study.

11.3.2 Cell treatment

Appropriate volumes of 54, 6, and benznidazole, as a known
antiprotozoal drug, were added to an Eppendorf tube containing cell
suspension (10° cells) at final volume of 1 mL. The cells were treated for 1
hour at 37°C and then washed twice in PBS.

11.3.3 Cytotoxicity assays

Toxicity was checked immediately after exposure. Cell survival was
determined by the carboxyfluorescein diacetate (FDA)/ethidium bromide

(EtBr)-assay'®*. A freshly prepared solution consisting of 30 uL FDA in
acetone (5mg/mL), 200 pL EtBr in PBS (200 pg/mL), and 4.88 mL of PBS
as used. 40 pL of cell suspension (equivalent to about 5x10° cells) was

mixed with 10 uL of the staining solution, maintained at 37°C for 5 min.

'8 Merk, O.; Speit, G. Detection of crosslinks with the comet assay in relationship to
genotoxicity and cytotoxicity. Environ. Mol. Mutagen. 1999, 33, 167-172.
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The cells were counted (200 cells per data point) under a fluorescent
microscope (FDA/EtBr blue filter): viable cells appear green-fluorescent,
whereas orange-stained nuclei indicated dead cells.

11.3.4 Comet assay:

The Comet assay was performed only with viability > 70% (Tice
2000), basically according to Singh (Singh et al.,, 1988) with minor
modifications: cell lysis at 4°C overnight (2.5M NaCl, 10 mM NasEDTA, 10
mM Tris-HCI, 1% Triton X-100 and 10% DMSO, pH 10), DNA unwinding for
40 min in a electrophoretic alkaline buffer (1mM Na,EDTA, 300 mM NaOH,
0°C, pH>13 or pH= 12.1), electrophoresis for 30 min, (0.78 V/cm, 300
mA) at 0°C in the same buffer, neutralisation (0.4 M Trs-HCI, pH 7.5).

DNA was stained with 100 pL ethidium bromide (2 pg/mL) before the

examination at 400X magnification under a Leika DMLB fluorescent
microscope (excitation filter BP 515-560 nm, barrier filter LP 580 nm) using
an automatic image analysis system (Cometa release 2.1 - Sarin). The
migration distance between the edge of the comet head and the end of the
tail (total lenght, TL) provided representative data on genotoxic effects.
The samples were coded and evaluated blind (50 cells per each of the two
replicate slides per data point). All the tests were performed at least three
times. EMS (2mM), an alkylating compound, was used as positive control
for the comet assay at pH>13; bleomycin, a radiomimetic antitumoral
drug, was selected as positive control for the comet assay at pH=12.1
since is a free radical-based DNA damaging agent that also induces DNA

154

strand breaks™””. Additionally, after processing slides in the Comet assay,

the occurrence of cells showing completely fragmented chromatin

165

(“hedgehogs” or “clouds” or “ghost cells i.e. non-detectable cell nuclei

wich represent cellular toxic events, i.e. apoptotic and/or necrotic cells*®®

165 Hartmann, A.; Elhajouji, A.; Kiskinis, E.; Poetter, F.; Martus, H. J.; Fjallman, A;
Frieauff, W.; Suter, W. Use of the alkaline comet assay for industrial genotoxicity
screening: comparative investigation with the micronucleus test. Food Chem. Toxicol.
2001, 39, 843-858.

'% Bacso, Z.; Everson, R. B.; Eliason, J. F. The DNA of annexin V-binding apoptotic
cells is highly fragmented. Cancer Res. 2000, 60, 4623-4628.
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167, 188 \was assessed as a further indicator of cytotoxicity. These cells are
not evaluated by image analysis but are recorded separately.

11.3.4 Comet assay for detection of oxidised bases:

This type of Comet assay is used to detect specific classes of DNA

damage. By using lesion specific DNA glycosylases/endonucleases, specific
DNA base modifications are converted to strand breaks. These strand
breaks are then detected by comet assay at pH 12.1 r >13. By comparing
the DNA migration in enzyme treated and buffer treated slides,
interpretation can be easily be made. The comet assay, with the
modification of an extra step after lysis in which DNA is digested with a
lesion-specific enzyme, is performed according to Collins et a/t>3. Briefly,
after cell lysis, slides were washed three times with enzyme buffer (0.1
KCl, 0.5 mM Na,EDTA, 40 mM HEPES (4-(2-hydroxythyl)-1-
piperazineethanesulfonic acid), 0.2 mg/mL bovine serum albumin, pH 8
with KOH) and incubated with endonuclease III (which converts oxidised
pyrimidines to single strand breaks) or formamidopyrimidine glycolase
(FPG), which recognises altered purines, in this buffer (or in buffer alone as
control, detecting only strand breaks and alkali-labile sites). Hydrogen
peroxide (25 uM), an oxidant stress inducer, was used as positive control.
Endonuclease III (endo III) and FPG were isolated from bacteria containing
over-producing plasmids (Collin’s Laboratory, Rowett Research Institut,
Bucksburn, Aberdeen, UK).
The gels without the enzyme treatment provide an estimate of only DNA
strand breaks (pH=12.1) and alkali labile sites too (pH>13). At pH=12.1,
the enzyme-treated gels reveal strand breaks and oxidised bases (SB +
OX). Assuming a linear dose response, subtraction of (SB) from (SB + OX)
gives a measure of oxidised bases.

'S7 Meintieres, S.; Nesslany, F.; Pallardy, M.; Marzin, D. Detection of ghost cells in the
standard alkaline comet assay is not a good measure of apoptosis. Environ. Mol.
Mutagen. 2003, 41, 260-269.

'% Chandna, S. Single-cell gel electrophoresis assay monitors precise kinetics of DNA
fragmentation induced during programmed cell death. Cytom. Part A, 2004, 61A, 127-
133.
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An SPSS 11 (SPSS Inc., Chicago, IL, USA) statistical package has been
applied. Statistical differences between controls and treated samples are
first determined with non-parametric Wilcoxon rank-sum test for each
experiment'®®, The mean values from the repeated experiments are used
in a one-way analysis of variance test. If a significant F-value (P<0.05)

was obtained, a Dunnett’s C multiple comparison analysis is conducted.

'S Anderson, D.; Yu, T. W.; Phillips, B. J.; Schmezer, P. The Effect of Various
Antioxidants and Other Modifying Agents on Oxygen-Radical-Generated DNA-
Damage in Human-Lymphocytes in the Comet Assay. Mutat.Res. 1994, 307, 261-271.
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A series of nitroheterocyclic compounds were designed with linkages to melamine or benzamidine groups
that are known substrates of the P2 aminopurine and other transporters in African trypanosomes of the brucei
group. Several compounds showed in vitro trypanotoxicity with 50% inhibitory concentrations in the submi-
cromolar range. Although most compounds interacted with the P2 transporter, as judged by their ability to
inhibit adenosine transport via this carrier, uptake through this route was not necessary for activity since
ThATI-null mutant parasites, deficient in this transporter, retained sensitivity to these drugs. One compound,
a melamine-linked nitrofuran, also showed pronounced activity against parasites in mice. Studies into the
mode of action of this compound indicated that neither reductive, nor oxidative, stress were related to its
trypanocidal activity ruling out a genotoxic effect in 7. brucei, distinguishing it from some other, mammalian

cell toxic, trypanocidal nitroheterocycles.

There is an urgent need for the development of new drugs to
treat human African trypanosomiasis, owing to poor clinical
efficacy and toxic side effects of current drugs and a growing
problem of resistance at a time when the disease has become
resurgent (25).

In order to exert trypanocidal activity, drugs must first enter
the parasites or else act on essential plasma membrane-asso-
ciated targets. An unusual aminopurine transporter, termed
the P2 transporter, is one of several that can carry purine
nucleosides and bases into these cells (27, 37). The P2 trans-
porter recognizes adenine and adenosine as substrates, but it
can also transport melamine (triazine) derivatives and benza-
midine derivatives that include several known drugs used
against the African trypanosomiases (Fig. 1) (4, 11, 14).

Other transporters can also carry drugs into trypanosomes
and contribute to their selectivity (15). A better understanding
of these routes of uptake and the design of agents that can be
delivered to trypanosomes via these portals offers one route to
urgently needed trypanocidal drugs. We have previously re-
ported approaches to selectively deliver compounds to try-
panosomes using the P2 transporter (6, 23, 38). The principal
of this approach was to attach P2 recognition motifs (in par-
ticular the melamine unit) to cytotoxic agents. The cytotoxic
agents first selected were polyamine analogues, which are
known to be cytotoxic to trypanosomes (26, 32). Several series
of compounds were prepared and some of the compounds
were shown to have high activity against Trypanosoma brucei
trypomastigotes (23). However, they were too toxic in mam-
mals for use in vivo.

Alternate cytotoxic moieties to couple to the P2 recognition
motifs have now been considered. Nitroaromatic compounds

* Corresponding author. Mailing address: Institute of Biomedical
and Life Sciences, Division of Infection and Immunity, University of
Glasgow, The Joseph Black Building, Glasgow G12 8QQ, United
Kingdom. Phone: (44) 141-330-6904. Fax: (44) 141-330-6904. E-mail:
m.barrett@bio.gla.ac.uk.
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are of particular interest. Nitroheterocycles have long been
known to be effective against trypanosomes. Throughout the
1950s and 1960s a variety of compounds, notably furacin (ni-
trofurazone), were used in clinical trials (1, 19). In spite of
good antitrypanosomal activity, toxicity issues prevented fur-
ther development of nitrofurazone. A nitrofuran, nifurtimox,
however, was licensed for use against Chagas’ disease caused
by Trypanosoma cruzi (36). Nifurtimox is also active against 7.
brucei and has been used in treating melarsoprol refractory
trypanosomiasis (25, 33). The World Health Organization and
Bayer are currently engaged in efforts to extend the license for
nifurtimox for routine use against human African trypanoso-
miasis (7). A nitroimidazole, megazol, has recently received
attention for its potent trypanocidal activity (9, 17), although
toxicity issues (34) have stifled further development. Reports
of novel trypanocidal nitroheterocycles continue to appear (8,
30), which emphasizes the fact that trypanosomes are particu-
larly sensitive to this class of compound.

Given the potent trypanocidal activity of various nitrohet-
erocycles, but the disadvantageous impact of host toxicity, se-
lectively targeting nitroheterocycles to the trypanosome’s inte-
rior could greatly increase their therapeutic index. We have
therefore set out to produce a number of nitroheterocycles
carrying either a melamine ring or a benzamidine moiety aim-
ing to facilitate selective uptake into trypanosomes via the P2
and other transporters and circumvent host toxicity. Trypano-
cidal nitroheterocycles appear to be optimally active if at-
tached to a second moiety, possibly because of steric require-
ments in binding to particular enzymes with nitroreductase
activity. Consequently, both delivery across the plasma mem-
brane and targeting to the active sites of particular enzymes
could be bestowed by coupling nitroheterocycles to melamine
or benzamidine moieties.

MATERIALS AND METHODS

Chemistry. The compounds were prepared from the 2,4-diamino-6-chlorotria-
zines by displacement of the chlorine by hydrazine, followed by condensation
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FIG. 1. Uptake of triazines and benzamidines into 7. brucei. The left-hand side of the diagram shows the known routes of uptake of diamidines
and melaminophenyl arsenicals into T. brucei. P2 is the product of the ThbATI gene and encodes an unusual transporter capable of nucleoside and
nucleobase uptake. It recognizes a motif also present on diamidine- and melamine-based drugs. These are shown on the right hand side of the
diagram. Pentamidine enters via two additional transporters: HAPT1 and LAPT1. The uptake routes of selected triazine- and benzamidine-derived

drugs is depicted.

with the appropriate nitrofuraldehyde (Fig. 2). Synthesis was handicapped by the
insolubility of the reagents and products. For control purposes, nitrofurans 4 and
5 were also screened.

The synthesis of benzamidine derivatives of the imidazoles are shown in Fig.
3. The starting point was 4-aminobenzamide (compound 6). The amidine func-
tionality was protected with a BOC protecting group, which allowed derivatiza-
tion of the aniline position with chloroacetyl chloride. The intermediate com-
pound 8 was then coupled with either 2-nitroimidazole or 4-nitroimidazole,
which followed by deprotection gave the required products 11 and 12.

Biological assays. (i) Cultivation of parasites. Bloodstream-form 7. brucei
brucei (strain 427) (13) was cultivated in HMI-9 medium containing 20% fetal
calf serum (22) at 37°C in a humidified CO, environment. The bloodstream-form
RAD517/~ deletion mutant (29) derived from strain 427 was a gift from R.
McCulloch (University of Glasgow), and these cells were cultured in HMI-9
medium with 20% fetal calf serum supplemented with puromycin (1 mg/ml) and

bleomycin (2 wg/ml), which select for the respective genes giving resistance to
these antibiotics targeted to the RADS! loci of the T. brucei genome.

N-Acetyleysteine (NAC) has been used frequently as an antagonist of oxida-
tive stress in different cellular systems since it reacts readily with a number of the
reduced oxygen species produced during oxidative stress (2, 12). When admin-
istered at 0.5 mM, no detrimental effect on trypanosomes was induced by this
compound in in vitro assays.

For uptake analysis bloodstream-form parasites were grown to peak para-
sitemia (10° cells per mi of blood) in Wistar rats and then purified from blood by
using DEAE anion-exchange chromatography (24). )

(ii) P2 transporter affinity measurements. Parasites purified from blood were
stored on ice in Carter’s buffered saline solution (11). Transport assays used the
centrifugation through oil technique, which is routinely used in analyses (5, 11,
14, 15, 23, 38). Radiolabeled adenosine (0.05 uM) uptake via P2 was measured
in the presence of 1 mM inosine that blocks the P1 transporter (11). Compounds

RL.R? RL R N\ RL-R?
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1 2
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FIG. 2. Preparation of compounds from 2,4-diamino-6-chlorotriazines by displacement of the chlorine by hydrazine, followed by condensation

with the appropriate nitrofuraldehyde.
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FIG. 3. Synthesis of benzamidine derivatives of the imidazoles. Lettered arrows: a, (BOC),0, NaOH, THF/H,0; b, chloroacetyl chloride, Et;N,
MeCN; c, 2-nitroimidazole, Et;N, MeCN; d, 4-nitroimidazole, Et;N, MeCN; e, TFA, anisole, DCM.

were assayed for affinity for the P2 transporter by using three separate concen-
trations of adenosine and a range of inhibitor concentrations. The data were
plotted by using the competitive inhibition algorithm of the Grafit 4.0 software
(Erithacus). Plots were viewed by eye to verify inhibition type (Table 1).

(iii) In vitro activities against parasites and cytotoxicity. Activity of com-
pounds was determined for T. brucei rhodesiense trypomastigotes of STIB 900.
This stock was isolated in 1982 from a human patient in Tanzania. Minimum
essential medium (50 ul) supplemented with 2-mercaptoethanol and 15% heat-
inactivated horse serum (3) was added to each well of a 96-well microtiter plate.
Serial drug dilutions were prepared covering a range from 90 to 0.123 pg/ml.

Then, 50 pl of a trypanosome suspension was added to each well, and the plate
incubated at 37°C under a 5% CO, atmosphere for 72 h. Alamar Blue (10 pl) was
then added to each well, and incubation continued for a further 2 to 4 h. The
plate was then read in a Spectramax Gemini XS microplate fluorometer (Mo-
lecular Devices Corp., Sunnyvale, Calif.) by using an excitation wavelength of 536
nm and an emission wavelength of 588 nm (35). Fluorescence development was
expressed as a percentage of the control, and the 50% inhibitory concentration
(ICs) values were determined. Cytotoxicity was assessed by using the same assay
and rat skeletal myoblasts (L-6 cells).

To investigate whether transport of these compounds through the P2 trans-

TABLE 1. Activities of compounds against the P2 transporter and against various strains of 7. brucei trypomastigotes®

K. P2 T. brucei brucei AT1 T. brucei brucei AT1 T. brucei rhodesiense L-6 cells
Compound upt al&: (WM) wild type (IC5, knockout (ICsq : (ICso [M]) (ICs
[kM]) [1M]) ° [uM])
2a 119 >200 >200 ND ND
2b 59.3 >200 >200 ND ND
3a 229 0.23 0.38 0.025 183
3b 1.9 0.85 1.52 0.24 11.8
3c 159 16.5 29.3 129 >400
3d 49 89 170 10.2 78.2
3e 4.6 11.9 14.8 0.25 18.8
3f 129 0.2 03 0.003 18.7
4 b 11 1.2 0.68 404
5 404 23.5 13.7 2.3 20.0
9 13.09 111 119 ND ND
10 3.65 >200 >200 ND ND
11 1.58 >200 191 6.2 >300
12 2.88 >200 >200 79.8 >300
Melarsoprol 12 0.053 0.12 0.006 7.8
Nifurtimox ND 5.6 ND 1.5 68

@ T. brucei AT1 Knockout is a mutant with a nonfunctional P2 transporter. ND, not determined.

5 _, No inhibition.



1736 STEWART ET AL.

porter is necessary for activity, compounds were assayed against the 7. brucei
brucei trypomastigotes using either the wild type or P2 knockout mutants
(TbATI~/~) (28). The Alamar Blue assay (35) was also used to determine ICs,
values against wild-type lines and the TbATI™/~ derivative. To determine
whether DNA damage was associated with trypanocidal activity the Alamar Blue
assay was also used to determine ICs, values against the RADSI ™'~ deletion
mutant.

(iv) In vivo activities. Female NMRI mice weighing 22 to 25 g were infected
with cryopreserved stabilates of T. brucei brucei STIB 795 (derivative of strain
427 (13) or T. brucei rhodesiense STIB 900. Each mouse was infected intraperi-
toneally with 2 to 4 X 10* bloodstream forms. Melarsoprol (Arsobal; Aventis)
acted as a standard drug and was diluted with sterile distilled water to an
appropriate concentration. Groups of four mice were treated on days 3, 4, 5, and
6 intraperitoneally with 20 mg/kg. A control group remained untreated. The
parasitemia of all animals was checked on day 7 and 10 postinfection and every
second day thereafter until day 60. Death of animals was recorded to calculate
the mean survival time. Surviving and aparasitemic mice were considered cured
at 60 days and then euthanized.

RESULTS

Activities of melamine nitroheterocycles against T. brucei in
vitro. Table 1 shows the in vitro activities of a number of
nitroheterocyclic compounds versus T. brucei rhodesiense and
T. brucei brucei and a TbATI ™'~ derivative that is deficient in
P2 transport. It is noteworthy that all compounds are substan-
tially more active against the T. brucei rhodesiense line in vitro
than against 7. brucei brucei. This observation has been made
for a number of other compounds. In vitro, compound 3f (see
Fig. 3) is of similar activity as melarsoprol against T. brucei
rhodesiense, whereas in the T. brucei model melarsoprol is
somewhat more active than any of the new compounds. How-
ever, a number of compounds (notably compounds 3a and 3f)
did show pronounced in vitro activity against these parasites.

Role of the P2 transporter in activity. The compounds were
designed with the intention of eliciting selective uptake into
trypanosomes via the P2 transporter. Loss of the P2 trans-
porter can be a key determinant of drug resistance. In order to
determine the ability of these compounds to interact with that
transporter, K; values (which give an approximation to the
affinity for the compounds) against P2-dependent adenosine
uptake were determined. Most of the compounds did interact
with the transporter, as judged by their ability to inhibit aden-
osine uptake; however, there was no correlation between the
sensitivity of trypanosomes to these compounds and their ap-
parent affinity for the transporter (Table 1). Toxic activities
were also measured against a parasite line that had been ren-
dered deficient in P2 transporter activity through knockout of
the TbATI gene that encodes the transporter. In no instance
was an increase in sensitivity to the nitroheterocyclic com-
pounds of >2-fold observed. This indicates that the activity of
these compounds is, for the most part, not dependent upon the
P2 transporter, although it is possible that other transporters
may be involved in the uptake of compounds.

Compounds 2a and 2b, melamine-based binding units, were
not active against trypanosomes, and they showed moderate
affinity for the P2 transporter. The lack of activity of these
compounds indicates that the nitrofuran group present on 3a
and 3e is necessary for trypanocidal activity when coupled to a
second aromatic group. In general, the benzamidine-coupled
nitroimidazole compounds showed less trypanocidal activity
than did the melamine-coupled nitrofurans.

ANTIMICROB, AGENTS CHEMOTHER.

TABLE 2. Activities of compounds against RAD51™/~ mutant 7.
brucei in the presence or absence of NAC*

Mean ICso (M) = SD (n = 3)

m)|
Compound(s) Wild type RADS51~/~ mutant

Megazol 0.18 + 0.012 0.034 + 0.004
Megazol + NAC 0.20 + 0.018 0.032 * 0.001
Nifurtimox 5.6 = 0.48 4.8 +0.67
Nifurtimox + NAC 1435 + 2.1 123 %22

3a 0.32 + 0.03 0.36 = 0.06
3a + NAC 0.34 + 0.02 0.34 = 0.04

@ The effect of 0.5 mM NAC was assessed by adding this to wild-type cells only
prior to the addition of drug.

In vivo activity in mice. Selected compounds were evaluated
in several rodent models of trypanosome infection. Com-
pounds 3a, 3e, and 3f were examined in rodent models infected
with T. brucei brucei STIB 795 and T. brucei rhodesiense STIB
900. Neither compound 3e nor compound 3f was effective in
vivo at 20 mg/kg. Compound 3a, however, cured the STIB 795
T. brucei brucei model mice (four of four mice all cured, as
defined by no infection at 60 days) at a dose of 20 mg/kg given
for 4 days (days 2 to 5). No overt signs of toxicity were observed
in these mice. Having successfully treated an acute stage
model, the more stringent T. brucei rhodesiense STIB 900
model was then tested in rodents. This model is not cured by
pentamidine, suramin, or any other drugs active against early
stage disease, although it does respond to melarsoprol, which
is used in late-stage disease. It is thought that parasites may
leave the vasculature early in a STIB 900 infection so that
drugs must penetrate extravascular compartments to effect
radical cure. As such, STIB 900 infection is perceived to rep-
resent a good model for determining likely outcomes of drugs
in late-stage models, while providing the advantage of enabling
experiments to be conducted within 2, rather than 6, months.
Given intraperitoneally at 20 mg/kg for 4 days, compound 3a
cured only one of the four mice as defined by their remaining
infection free at 60 days. The compound did, however, pro-
mote a significant increase in life span of the mice from 8 days
for untreated control animals to 35 days for the treated ani-
mals. In comparison, in the assay for the STIB 900 model,
pentamidine was not curative in any of a group of four mice
when given intraperitoneally at 20 mg/kg for 4 days, although
the average life expectancy was extended to 43 days.

Genotoxicity is not associated with trypanocidal activity. It
is important to determine whether DNA damage plays a role in
activity of nitroheterocyclic trypanocides. For example, the
principal stumbling block in the development of another ni-
troheterocycle, megazol, for use in trypanosomiasis therapy
related to its propensity to induce mutations in DNA. Megazol
is positive in Ames tests (20) and mutagenic in mammalian cell
tests (34). Trypanosomes deficient in their own DNA repair
enzymes are also hypersensitive to megazol, indicating that the
genotoxic effects of this drug are also manifest in these cells
(18). A T. brucei mutant deficient in a DNA repair enzyme
(RADS1) was tested for susceptibility to megazol, to nifurti-
mox, and to compound 3a. The RADS51™/~ line was more
susceptible than wild-type to megazol but not to compound 3a
or to nifurtimox (Table 2), indicating that megazol, but not
nifurtimox or compound 3a, induces DNA damage in trypano-
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somes. Culture of T. brucei in the presence of 0.5 mM NAC
reduces free radical damage due to oxidative stress. Although
the activity of nifurtimox was antagonized by NAC, that of
compound 3a was not, indicating that induction of oxidative
stress might not be responsible for the trypanocidal activity of
this compound.

DISCUSSION

The chemotherapy of human African trypanosomiasis re-
cently reached the crisis point (25). The lack of surveillance has
led to a resurgence of the disease in sub-Saharan Africa (25).
Treatment failures with melarsoprol, the principal drug used
against late stage disease, have also increased sharply in recent
years (10). New drugs are urgently needed.

Trypanosomes have long been known to be highly suscepti-
ble to a number of nitroheterocyclic compounds. The nitrofu-
ran furacin was used in several trials in the 1950s and 1960s (1,
19), but its development halted when it became clear that it
was responsible for severe toxic side effects. Another nitrofu-
ran, nifurtimox, was registered for use against 7. cruzi that
causes Chagas’ disease in Latin America (36). Nifurtimox is
also active against 7. brucei, and this compound has been used
against melarsoprol refractory sleeping sickness as a mono-
therapy (33) or in combination with melarsoprol (25), and a
license extension to allow its use for this indication is currently
being sought. Nifurtimox, too, has been linked to important
side effects.

Since African trypanosomes live free in the bloodstream and
cerebrospinal fluid, and not intracellularly, it is possible to
_exert selectively toxic effects against parasites, but not against
host cells, by selectively targeting compounds to the parasite’s
interior by the use of transporter proteins present in the par-
asite membrane (21). The P2 aminopurine transporter has
been shown to be responsible for the uptake of the melamine-
based arsenicals and diamidine classes of drugs. The reason for
this relates to the substrate recognition motif of this trans-
porter that is capable of recognizing melamine and benzami-
dine rings in addition to 6-aminopurine samples. We have
previously reported a series of toxic polyamine analogues that
possess the P2 transporter recognition motif in the form of
melamine groups and shown some of these to have a high
activity against T. brucei (6, 23, 38).

Given the susceptibility of 7. brucei to nitroheterocycles but
the difficulties in taking such compounds through clinical de-
velopment due to toxicity issues, we considered the possibility
of enhancing the therapeutic index of representatives of this
class of molecule by linking nitrofurans and nitroimidazoles to
the melamine and benzamidine P2 recognition motifs, respec-
tively.

A number of such compounds were derived. The activity of
these compounds is not dependent on uptake via the P2 trans-
porter. First, no correlation between affinity for the P2 trans-
porter, as measured by the ability of these molecules to inhibit
uptake of adenosine via this route, and trypanocidal effect was
noted. Moreover, it was demonstrated that parasites lacking
the P2 transporter were not substantially less sensitive to these
compounds than wild-type cells. It is not currently known what
routes the compounds do take into the cell. It is plausible that
other transporters could be involved in uptake or that the
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general lipophilic character of the agents could enable uptake
through passive diffusion as is the case for the nitroimidazole
megazol (5). This observation has an important corollary. It
implies that loss of the P2 transporter, an event that appears to
occur relatively easily (4, 11, 27), will not lead to resistance to
this class of compound. However, in the absence of selective
uptake, the reasons for selective activity against the trypano-
some compared to the mammalian host are not certain.

Several of the compounds showed pronounced trypanocidal
activity. The best compound, 3a, showed in vitro IC,, values
against T. brucei of 0.23 uM and against T. brucei rhodesiense
of 0.025 pM. In comparison, nifurtimox has an in vitro ICs,
value of 5.6 pM against 7. brucei and 1.5 pM against 7. brucei
rhodesiense. Compound 3a is therefore some 20-fold better in
terms of in vitro efficacy than this rival nitroheterocycle that is
in use clinically (Table 1). Crucially compound 3a was able to
cure mice infected with T. brucei rhodesiense when given at 20
mg/kg for 4 days. In the difficult to cure T. brucei rhodesiense
STIB 900 model, the same treatment schedule resulted in cure
of one of four animals with a mean survival of 35 days (un-
treated controls had a mean survival of 8 days). The good
trypanocidal activities in vitro and in rodent models seen for
this class of compound suggest that further investigations into
novel derivatives might yield even better trypanocidal agents,
and further studies are planned.

Many nitroheterocyclic drugs are believed to exert their ac-
tivity through either reductive stress or oxidative stress. In the
case of reductive stress, single electron reduction of the nitro
group is believed to create a highly reactive radical, derivatives
of which can then form covalent bonds with numerous cellular
macromolecules, including DNA. Oxidative stress is believed
to arise from reduced oxygen intermediates that arise once
oxygen accepts electrons from the reduced nitro group (16).
We have developed assays using trypanosomes that give insight
as to whether reductive or oxidative stress underlies the activity
of these compounds (18). Reductive stress can be assessed by
measuring the susceptibility of DNA repair-deficient trypano-
somes to toxic agents. Oxidative stress can be assessed by
determining the ability of NAC to antagonize an agent’s activ-
ity, since this compound interacts with several reactive oxygen
intermediates.

Using the RADS1 knockout line and NAC assay system, we
have shown that the nitroimidazole-thiadazole megazol exerts
its activity through reductive stress as R4D51 knockout para-
sites, which are deficient in DNA repair and hypersensitive to
this drug (18). These cells are not hypersensitive to the nitro-
furan nifurtimox. The action of nifurtimox, however, is antag-
onized by NAC, whereas that of megazol is not. It therefore
appears that megazol acts through reductive stress, whereas
nifurtimox acts through oxidative stress (16, 18). Compound 3a
does not have any enhanced activity against the RADS51 knock-
out cells, which indicates that this compound may not exert its
activity through reductive stress. Moreover, NAC fails to an-
tagonize the activity of compound 3a. This could indicate that
the agent does not act through oxidative stress. These results
are important, given that the development of the nitroimidaz-
ole megazol was arrested when it became clear that the com-
pound was genotoxic in mammalian cells, an activity also ap-
parent in trypanosomes (18). Nifurtimox is also toxic to
mammals, probably through events related to oxidative stress
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(31). Compound 3a is notable in that it apparently does not act
through either reductive or oxidative stress in trypanosomes.

It is noteworthy that the activity against L6 cells in vitro is 2
to 3 orders of magnitude lower than against trypanosomes.
Moreover, no overt adverse effects became apparent in mice
challenged with the drug up to 100 mg kg~ *. It is possible that
the action of compound 3a occurs independently of reduction
of the nitro group. In this case, the chances of the compound’s
passing stringent tests on mammalian cell toxicity would be
greatly enhanced. Such testing has yet to be performed but,
based on the data reported here, further studies into the effi-
cacy and toxicology of this important lead compound are jus-
tified.
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The parasites that give rise to human African trypanosomiasis (HAT) are auxotrophs for various
nutrients from the human host, including purines. They have specialist nucleoside transporters
to import these metabolites. In addition to uptake of purine nucleobases and purine nucleosides,
one of these transporters, the P2 transporter, can carry melamine derivatives; these derivatives
are not substrates for the corresponding mammalian transporters. In this paper, we report
the coupling of the melamine moiety to selected nitro heterocycles with the aim of selectively
delivering these compounds to the parasites. Some compounds prepared have similar in vitro
trypanocidal activities as melarsoprol, the principal drug used against late-stage HAT, with
50% growth inhibitory concentrations in the submicromolar range. Selected compounds were
also evaluated in vivo in rodent models infected with Trypanosoma brucei brucei and T. brucei
rhodesiense and showed pronounced activity and in two cases were curative without overt signs
of toxicity. Compounds were also tested against other trypanosomatid pathogens, Leishmania
donovani and Trypanosoma cruzi, and significant activity in vitro was noted for 7' cruzi against

which various nitro heterocycles are already registered for use.

Introduction

Parasitic trypanosomatids cause a number of impor-
tant diseases, including human African trypanosomiasis
(HAT), Chagas disease, and the leishmaniases. HAT is
caused by the protozoan parasites Trypanosoma brucei
gambiense and T. brucei rhodesiense and is endemic in
sub-Saharan Africa, where it is a major health problem.!
The current drugs used for the treatment of the infection
are unsatisfactory, due to poor blood—brain barrier
permeability, toxicity, and increasing problems due to
resistance.?3 Chagas disease is caused by Trypanosoma
cruzi, and no drugs are currently registered that are
totally active against these parasites, particularly at the
chronic stage of infection.4 The leishmaniases represent
a spectrum of diseases which are caused by several
species of leishmania® and for which chemotherapy is
also difficult.®

When present in the human host, the parasites
require nutrients from the host. To achieve this,
T. brucei encodes a number of transporters for uptake
of essential nutrients, which are expressed in the
clinically relevant bloodstream form of the parasite.
One of the nutrient classes that the parasites sequester
from the host are the purines. Carter and Fairlamb?
first described an unusual purine transporter from
T. brucei that has been designated the P2 transporter.
This purine transporter shows significant differences to
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the corresponding mammalian transporters. The para-
sites also contain a more general purine uptake system,
designated the P1 transporter, which in fact comprises
the activities of a number of different transporters.® The
normal substrates for the P2 transporter are adenosine
and adenine. However, in addition to this, other motifs
such as melamines and benzamidines (Figure 1) have
been shown to be substrates for this transporter, which
differs from the case of mammalian transporters.2’
Results of structure—activity relationship studies have
indicated the following requirements for uptake through
the P2 transporter: an amidine moiety, an aromatic
ring, and an electronegative heteroatom. These features
can be seen in substrates for the P2 transporter shown
in Figure 1.29 Melarsoprol and pentamidine have been
shown to be substrates of the P2 transporter, and this
is one of the mechanisms by which these trypanocidal
agents are concentrated in the parasite.® Loss or muta-
tion of the P2 transporter has been implicated in
resistance to melarsoprol and also some diamidines in
laboratory studies.2310 It is possible that the increased
incidence of treatment failure in the field!! is related
to the emergence of drug resistance in this setting too.

Recently it has been shown that the situation is more
complex than originally thought. Loss of the P2 trans-
porter only causes a small (50%) decrease in susceptibil-
ity of parasites to melarsoprol, although this small
decrease may be sufficient to explain the clinical resis-
tance of this drug. The small decrease in susceptibility
to melarsoprol of the parasite indicates that there are
additional modes of uptake of melarsoprol into the
parasite, and it has been shown that there are other
transporters involved in uptake of melamine and ben-

10.1021/jm050177+ CCC: $30.25 © 2005 American Chemical Society
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Figure 2. The known routes of uptake of diamines and
melaminophenyl arsenicals into 7' brucei. The P2 transporter
is also represented interacting with a melamine-nitrofuran
compound (6a), whose transport through the membrane is
probably facilitated by the transporter and passive diffusion.

zamidine motifs into parasites (Figure 2).%12 In particu-
lar at least two other transporters have been identified
for pentamidine uptake, designated “HAPT1” (high-
affinity pentamidine transporter) and “LAPT1” (low-
affinity pentamidine transporter). The transporter
HAPT1 is possibly also responsible for uptake of
melarsoprol. The normal physiological roles of LAPT1
and HAPT1 are certainly unknown. It is possible that
other transporters are also involved in uptake of these
motifs as well; for example, another purine nucleoside
transporter, an S-adenosylmethionine transporter, has
been reported.!3 However it is clear that these motifs
are selectively taken up into parasites.

The presence of the P2 transporter with its particular
substrate specificity presents an opportunity in the field
of drug design. This could be achieved by attaching
trypanocidal compounds to motifs that are substrates
of the P2 transporter.1415 Then both the P2 recognition
motif and trypanocidal agent should be selectively taken
up into the parasite. To study this, we have investigated
the coupling of the P2 recognition motif, melamine, to
the polyamine analogues. Polyamine analogues are toxic
to T. brucei.l6!” We have reported the coupling of
polyamine analogues to the melamine moiety and
prepared compounds that showed potent trypanocidal
activity and good selectivity on a cellular level.* How-
ever, the compounds turned out to be toxic in animal
models. Therefore, we have selected an alternate try-
panocidal moiety for attachment to the melamine and
benzamidine delivery moiety, nitroaromatics. Nitro-
aromatic compounds have been shown to have potent
activity against a variety of microbes. Of particular
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relevance, nifurtimox and benznidazole (Figure 3) are
nitro heterocycles used for treatment of Chagas disease,
which is caused by the related organism 7. cruzi. In
addition, nifurtimox is being considered as a potential
treatment for melarsoprol refractory African trypano-
somiasis.1819 A key problem with nitroaromatics is that
some, but not all, compounds in this class are muta-
genic.202! We decided to couple nitroaromatics to the
melamine motif, with the aim of selectively delivering
these compounds to the parasites. Rapid and selective
delivery of these compounds to the parasites should glve
selective accumulation in the parasite and minimize
side effects, possibly allowing reduced doses. We have
recently described the activity of some compounds in
which we have linked a nitro heterocycle to a melamine
delivery motif.12 In this current paper we report the
preparation of these initial compounds and some new
compounds plus a detailed analysis of the structure—
activity relationships.

As nitro heterocycles are the only drugs currently
registered against Chagas disease, we considered it of
interest to test the new compounds against 7. cruzi.
Leishmania parasites too share substantial similarity
to the other trypanosomatids belonging to the same
taxonomic order and here too new drugs are required,
thus we also tested for activity against Leishmania.

Chemistry

The general structure of our lead compound, 6a, is
shown in Figure 4.12 In this compound the melamine
motif is linked to the nitro heterocycle via a hydrazone.

We proposed to investigate the following structure—
activity relationships: (i) addition of methyl substi-
tutents to the melamine, to alter the lipophilic proper-
ties of the molecules; (ii) replacement of the oxygen in
the nitro heterocycle with sulfur, to modify the electronic
properties of the nitro heterocycle and lipophilic proper-
ties of the molecule; (iii) investigation of the necessity
of the nitro group, by replacement of the nitro group
with a hydrogen or another electron-withdrawing group.

The triazines described were synthesized starting
from cyanuric chloride (2,4,6-trichloro-1,3,5-triazine) (1)
and different nucleophiles. The chlorine atoms of cya-
nuric chloride can be replaced successively by substi-
tuted or nonsubstituted amino groups. The nucleophiles
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GG.R1=R2=H.R3=R4=CH3,R5=N02,X=O(80%)
6f, Ry=Rp=R3=R=H, Rg= H, X = O (56%)

6g, R1=R2=R3=R4=H,Rs=CN, X=0 (13%)
6h,R1=R;=R3=R4=H, Rs =NO,, X=8 (25%)

6i, R1=R2=R3=R4=H, R5=H.X=S(38%)

4 (i) R1jRoNH, acetone/H20, rt; (ii) R2RsNH, 2 N NaOH, acetone/Hz0, rt; (iii) NHoNHp, H20, reflux; (iv) aryl aldehyde, MeOH, rt. The

yields are shown in brackets.

can selectively displace the different chlorines by con-
trolling the reaction temperature.?? In general, the first
chlorine can be displaced while the temperature is
maintained below 0 °C, the second between 25 and
50 °C, and the third substitution at 67 °C.2® Another
important factor that has to be considered for the
preparation of the different derivatives is the nature of
the reactive group and the order of entry of the group.
When different amino groups were introduced, the less
reactive amine was introduced before the more reactive
one.

The reactions, in most cases, were carried out in
aqueous suspensions, since the products precipitate
from solution, simplifying their isolation.24 To increase
the reactivity and the yield, the cyanuric chloride was
previously dissolved in acetone and then poured into
ice—water to get a very fine suspension. The direct
reaction of cyanuric chloride with ammonia, methyl-
amine, and dimethylamine gave the 2-substituted-4,
6-dichloro-1,3,5-triazines (2a—c) (Scheme 1).2526

The 2,4-disubstituted-6-chloro-1,3,5-triazines (3a—e)
were obtained by reaction of a further amine with the
2-substituted-4,6-dichloro-1,3,5-triazine in the presence
of base (NaOH or NaHCOj). The displacement of the
last chlorine by the hydrazine was achieved by further
increasing the temperature to 85 °C, affording the
hydrazine derivatives (4) in good yields.2” The first set
of hydrazones (6a—i) were prepared by reaction of the
hydrazine derivatives (4) with 5-nitro-2-furaldeyde,
affording the corresponding 4,6-disubstituted-2-(5-nitro-
furfurylidenehydrazino)-1,3,5-triazines (6a—e). The prod-
ucts had a low solubility in most organic solvents, except
DMSO. However purification was achieved by recrystal-
lization from methanolic and ethanolic water solutions.

Scheme 2°

H
N i | )—C=N [ D—c=N
\ o o — Q — o
HO 80% HO H Y
5a 5b 5¢

e (i) I, NH;, THF/H0, rt; (ii) oxalyl chloride, DMSO, NEt3
CHoClg, —178 °C.

Amended data is presented for compound 6b to that
originally presented;12 this compound was remade and
repurified.

With the purpose of improving the solubility and
evaluating the pharmacological importance of the redox
potentials of the heteroaromatic rings, the hydrazine
(4a) was coupled with 5-nitro-2-thiophenecarboxalde-
hyde to prepare the thiophene analogue (6h).

To investigate the pharmacological role of the nitro
group in these compounds, compounds without a nitro
group were prepared. Replacement of the nitro with a
hydrogen was achieved by coupling the hydrazine 4a
with 2-furaldehyde or 2-thiophenecarboxaldehyde to
give the related hydrazones (6f, 6i). The solubility
observed for all these compounds was slightly improved
and the recrystallization was achieved using the condi-
tions described for the previous hydrazones.

We were also interested to replace the nitro with a
cyano group, as this is electron-withdrawing, like the
nitro. To do this, we required the 5-cyano-substituted
2-furaldehyde. This compound was synthesized as
showed in Scheme 2. 5-Hydroxymethyl-2-furaldehyde
(5a) was used as starting material. The aldehyde
function was successfully converted in nitrile by using
iodine in aqueous ammonia. The reaction seems to
proceed via oxidation of aldimine with iodine to give an
N-iodo aldimine intermediate, which eliminates an HI
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Scheme 3¢
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molecule in ammonia solution to afford the nitrile
product (5b) in good yield (80%).28 The hydroxyl group
was then oxidized to the aldehyde 5¢ via Swern oxida-
tion.2?

The three isomers of nitrobenzaldehyde (7a—c) have
also been used to synthesize hydrazones where the
heterocyclic ring has been replaced with a nonhetero-
cyclic structure.

Biology

The activity of the compounds was evaluated in a
variety of different models.

Affinity for the P2 Transporter. Compounds were
evaluated for their ability to interact with the P2 amino-
purine transporter of 7. brucei (Table 1). This was
achieved by measuring their ability to antagonize the
uptake of radiolabeled adenosine.l® In addition to
uptake through the P2 transporter, the other main route
of adenosine uptake is through the P1 system. To
differentiate transport through the P1 and P2 systems,
the experiments were conducted in the presence of a
large excess of inosine, which saturates the P1 trans-
porter. Thus, adenosine uptake will only occur through
the P2 transporter. It is important to note that this
experiment does not actually measure uptake of com-
pounds through the P2 transporter, but it does give a
measure of the affinity of compounds for the P2 trans-
porter.

The results suggest that compounds without a
melamine group have relatively low affinity for the P2
transporter (compound 9 has ICz = 404 xM), as would
be anticipated. Also compound 6c¢ in which all the
nitrogens on the melamine ring were methylated showed
poor affinity (ICs0 = 129 uM). The other compounds
assayed showed ICsp values all within about a log range
of each other that were of a similar order as melarsoprol.
Changes to the nitrofuran ring gave very small changes
to the apparent affinity for the P2 transporter: thus,
removal of the nitro group (compare 6a/6f and 6h/6i)
gave virtually no change in affinity, while replacement
of the oxygen with a sulfur gave a small increase in
affinity (compare 6a/6h and 6£/6i). This suggests that
the primary determinant of affinity for the P2 trans-
porter is the melamine ring and the nitro heterocycle
has a limited effect on affinity. This is consistent with
previous reports in the literature.2-15

Activities against T. brucei in Vitro. Compounds
were tested against several T brucei lines in vitro. The
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T. brucei brucei AT1 wild type and a TbAT1 knockout
line were compared to study the effects of the P2
transporter on the activity of the compounds (the TbAT1
gene encodes the P2 transporter). A strain of T. brucei
rhodesiense, the causative agent of acute HAT, was also
studied. Compounds were also assayed against mam-
malian L6 cells as a measure of cellular toxicity toward
mammalian cells.

Very similar results were seen with compounds
against both the wild type and P2 knockout 7. brucei
brucei. There was a slight reduction in activity for the
knockout line, on the order of 2-fold less active, for many
compounds. This was observed for melarsoprol as well
as our compounds. This reduction in activity is not very
significant and suggests that there are routes other than
the P2 transporter for uptake of these compounds.
Melarsoprol was the most active compound against
T. brucei brucei (ICso = 53 nM). However, some of the
nitro heterocycles prepared showed only slightly reduced
activity against T. brucei brucei, notably 6a, 6¢c, 6d, 6h
(ICs0 = 230, 200, 130, and 850, respectively).

Compounds were more potent against the T. brucei
rhodesiense line studied here than against the T. brucei
brucei line, although very similar trends were seen
within the different species. These probably reflect a
range of activities against different strains of the
T. brucei trypanosomes in general rather than a par-
ticular difference between the nonhuman pathogenic
T. brucei brucei line and the human infectious T. brucei
rhodesiense line. Thus, melarsoprol had an ICso against
T. brucei rhodesiense of 6 nM, while 8¢ had an ICsp of
3 nM. A significant number of our compounds had ICs
values in the nanomolar range (8a, 6b, 6¢c, 6d, 6e, and
6h). Compound 6¢ was the most active compound in our
series in cellular assays.

In comparing all activities the following structure—
activity relationships can be observed:

(1) Compounds without a melamine structure (8 and
9) showed weak activity (ICso = 2.3 uM) and also weak
selectivity compared to the mammalian L6 cells.

(2) Compounds with a nitrofuran ring joined to a
melamine ring showed potent in vitro activity (6a—e).

(3) Replacement of the oxygen with a sulfur led to a
10-fold loss in activity and a small increase in toxicity
to L6 cells.

(4) Compounds in which the nitro group was replaced
by a hydrogen had significant loss in activity (compare
6a/6f and 6h/6I).

(5) Replacement of the nitro group with another
electron-withdrawing group, the nitrile group, led to loss
of activity (6g), implying that more than an electron-
withdrawing effect is necessary for activity.

(6) Complete removal of the nitro heterocycle caused
loss of activity (4a).

(7) Replacement of the nitrofuran with a nitrophenol
also led to loss of activity (7a—c).

(8) A number of the nitro heterocycles were markedly
less toxic against mammalian cells than melarsoprol;
of particular note are 6a, 6d, and 6e.

Activities against Trypanosoma cruzi and Leish-
mania donovani. An interesting point noted from the
data on in vitro activities against T. brucei brucei was
the fact that compounds retained activity despite the
loss of the P2 transporter. This indicates that routes
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Table 1. In Vitro Activities of Compounds against the P2 Transporter, Bloodstream T. brucei, and Mammalian Cells as a Measure of

Toxicity?
IC50, um
T. brucei brucei T. brucei brucei T. brucei
compd MW P2 uptake? AT1 wild type AT1 knockout? rhodesiense L6 cells®

4a 141.1 11.9 >200 >200 ND ND
6a 264.2 229 0.23 0.38 0.025 183
6b 292.2 ND ND ND 0.010 4.1
6¢c 320.3 129 0.2 0.3 0.003 18.7
6d 278.2 ND 0.13 0.06 0.018 48.9
Be 292.2 ND 5.36 3.09 0.053 109.5
ef 216.2 15.9 16.5 29.3 12.9 >400
6g 244.2 ND ND ND 46.27 ND
6h 280.2 1.9 0.85 1.52 0.24 11.8
6i 235.3 4.9 89 170 10.2 78.2
7a 274.2 ND >75 >75 29.9 ND
™ 274.2 ND >75 >75 52.88 ND
7c 274.2 ND >75 >75 36.47 ND

8 155.1 404 23.5 13.5 2.3 20

9 156.1 300 1.18 1.26 0.68 40
melarsoprol 1.2 0.053 0.12 0.006 7.8
nifurtimox ND 5.6 ND 1.5 68

a Inhibition of adenosine uptake by the P2 transporter in 7. brucei brucei 427. b T. brucei brucei AT1 knockout is a mutant with a non
functional P2 transporter. ¢ L-6 cells are rat skeletal myoblasts and are used as a measure of cytotoxicity to mammalian cells. ND, not
determined. ¢ Data for compounds 4a, 8a, 8¢, 6f, 6h, 68i has been reported previously,!2 but is included here for comparative purposes.

Amended data for 6b is presented.

Table 2. In Vitro Activities of Compounds against
Intracellular Amastigotes of T. cruzi and L. donovani®

Table 8. In Vivo Activities of Compounds against T. brucei
brucei Model and T. b. rhodesiense Model®

T. cruzi Leishmania donovani
Compound MW  (ICso kMD) (ICso [uMD)
4a 141.1 ND ND
6a 264.2 2.1 >12.5
6b 292.2 0.24 3.14
6¢c 320.3 0.38 tox
6d 278.2 0.39 0.75
" Be 292.2 0.29 tox
6f 216.2 >400 tox
6g 244.2 122 ND
6h 280.2 2.6 tox
6i 235.3 85.84 tox
7a 274.2 91.54 ND
i 274.2 328 ND
Tc 274.2 328 ND
8 156.1 ND tox
9 156.1 ND tox
Melarsoprol 0.006 7.8
Nifurtimox 15 68

@ Standards: For 7. cruzi, Benznidazole, IC5y = 1.435 uM;
L. donovani: Miltefosine, IC50 = 1.16 uM: tox — toxic to mac-
rophages thus precluding measurement of leishmanicidal activity.

other than the T' brucei specific transporter clearly exist
for these compounds. This prompted us to also test for
activity against the related pathogens 7. cruzi and L.
donovani.

As shown in Table 2 activities against T cruzi were
observed for compounds 6b—e, with activities in the
submicromolar range. None of the compounds showed
sub-micromolar activities in vitro against L. donovani,
except for compound 6d, with an ICs of 0.75 uM.

In Vivo Activity in Rodent Models of Infection.
Selected compounds were evaluated in several rodent
models of T brucei group infection. Compounds 6a, 6b,
6d, and 6e were examined in rodent models infected
with T. brucei brucei STIB 795 at a dose of 20 mg/kg
for 4 days ip (days 3—6). The mice are considered cured
when no infection was found at 60 days. Compounds
6a and 6d were able to cure the STIB 795 T. brucei
brucei model mice, where four mice of four were all
cured. No overt signs of toxicity were observed in these

T. brucei brucei T. b. rhodesiense
(STIB 795 model) (STIB 900 model)
Survival Survival
Cured/ average Cured/ average
Compound Dose mg/Kg Infected (days) Infected (days)
6a® 4 x 201i.p. 4/4 >60 14 35.25
6¢c? 4 x 20 i.p. ND ND 0/4 7.25
6b 4 x 20 i.p. 0/4 5.25 ND ND
6d 4 x 20 i.p. 44 >60 2/4 >38.5
6e 4 x 20 i.p. 0/4 18.3 ND ND
Control (avrg) 0/4 7 0/4 6.5
Melarsoprol 4 x 1i.p. 2/4 >60 0/4 21.25
4 x 81ip. ND ND 4/4 >60
Pentamidine 4 x 5i.p. 4/4 >60 ND ND
4 x20 ND ND 0/4 42.75

@ The control represents the average of the controls for each
experiments performed. ® These data was presented previously,12
but is included here for comparative purposes.

mice. Compounds 6b and 6e were not curative in vivo
at a dose of 20 mg/kg.

The compounds were also tested with T. brucei
rhodesiense STIB 900 model in rodents, which is a more
stringent test. For example, pentamidine, one of the
drugs currently used for early stage HAT, was not able
to cure this model at this dose. However, this model
responds to melarsoprol, a drug currently in use for the
treatment of the late stage. In the STIB 900 model,
parasites appear to leave the vasculature system early
so that drugs must penetrate extravascular compart-
ments to effect radical cure. Therefore, this in vivo test
represents a good model for evaluating likely outcomes
of drugs in late-stage models.

As already described in our previous work,? com-
pound 6a was given intraperitoneally at 20 mg/kg for 4
days and cured only one mouse of four. However, the
compound caused a significant increase in life span of
the mice to 35 days compare to the 7 days for the un-
treated control animals. Pentamidine did not cure any
of the four mice but increased the life span to 43 days.

Some compounds were also investigated for their in
vivo activities in mice model infected with T. cruzi.
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Table 4. In Vivo Activities against a Rodent Model of Chagas
Disease for Some Selected Compounds

Dose Noof Survival %
Compound mg/Kg doses Route Time inhibition

6c 15 5 ip. 12.8 N.D.
6a 25 5 ip. 13 N.D.
éd 50 5 ip. 13 27.75
Ge 50 5 ip. 14 4495
Control - 13 0.00
Benznidazole 45 5 p.o. >30 100.00

Although none of the compounds evaluated was able to
cure the model mice, compounds 6d and 6e were able
to reduce parasitaemia, the latter by 45%. Compound
6d was investigated in a rodent model of leishmaniasis
(L. donovani-infected mice). The compound had a mod-
erate effect. When dosed at 40 mg/kg intraperitoneally
for 5 days, there was 28% reduction in parasitaemia,
compared to the control. With the standard drug,
pentostam, there was a 62% reduction in parasitaemia
compared to the control when dosed at 15 mg/kg for 5
days.

Mode of Action Studies. We have previously re-
ported mode of action studies!? and have repeated these
studies now also including 6d and the nitroimidazole
benznidazole, too. Two possible mechanisms of action
of the compounds are damage to DNA and oxidative
damage.

First, to investigate damage to DNA, experiments
were undertaken with a T. brucei mutant deficient in a
DNA repair enzyme (RAD51). This mutant is compro-
mised in its ability to repair double-stranded DNA
breaks; thus, agents that induce such damage are more
active against these mutants than against wild-type
cells. Megazol (see Figure 3 for structure) is a hetero-
cycle that exerts its mode of action by damage to DNA.
Thus the RAD51~/~ line was more susceptible than wild
type to megazol® (Figure 3). However, compound 6a
showed similar activity against both the wild-type and
RAD517/~, indicating that the mode of action does not
involve damage to DNA in the same manner as megazol,
although other types of DNA damage cannot be ruled
out. Benznidazole has markedly lower activity against
T. brucet in vitro than other compounds and shows no
additional activity in the RAD51 deficient cell line.
Compound 6d shows a very similar profile to 6a.

Nifurtimox (Figure 3) is another nitro heterocycle that
is currently registered for treatment of Chagas disease
and is being investigated for the treatment of melarso-
prol refractory HAT. Nifurtimox is believed to act via
oxidative stress.3132 Thus, culturing the 7. brucei in the
presence of N-acetylcysteine, which reduces free radical
damage due to oxidative stress, antagonizes the mode
of action of nifurtimox. This effect was not seen in the
case of 6a nor 6d, suggesting that the main mode of
action is not due to accumulation of high levels of
reactive oxygen species within compartments that are
targeted by N-acetylcysteine. More subtle effects as-
sociated with oxidative damage, however, cannot be
ruled out.

Discussion

In this paper, we report results on a group of try-
panocidal nitro heterocycles identified during work
aiming to induce selective toxicity through selective
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uptake of compounds into T. brucei using nucleoside
transporters. The compounds prepared were investi-
gated for their ability to antagonize uptake of radio-
labeled adenosine through the P2 transporter. This
assay does not give proof that the compounds are
internalized through the transporter, but does indicate
that many of the compounds showed good affinity for
the P2 transporter, as they compete with adenosine in
binding to the transporter. However, there was no
correlation between affinity for the P2 transporter and
activity in vitro against intact parasites. In addition to
this, there are no remarkable changes in the sensitivity
when the in vitro activities against the T. brucei brucei
model are compared with the activities against the
T. brucei brucei knockout line (i.e., deficient in P2
transporter activity). Therefore, it is not possible to
directly correlate the affinity of the P2 transporter and
the trypanocidal activity. Passive diffusion or other
transporters may be involved in the uptake of the
compounds.33 However, compound 8, which lacked a
melamine group and had poor affinity to the P2 trans-
porter, showed weak activity against the parasites,
suggesting that the melamine group is required for
uptake, or else in interactions with enzymes involved
in either activation or directly in the mode of action of
the compounds. Future research should focus on learn-
ing more about roles of the melamine moiety.

Interestingly, 6¢ showed poor affinity for the P2
transporter but marked in vitro activity against
T. brucei brucei and T. brucei rhodesiense. In compound
6¢, all the hydrogen atoms on the amino group have
been replaced by methyl groups. The lack of affinity of
this compound for the P2 transporter could possibly be
explained by a requirement for substrates of the P2
transporter to have an H-bond donor. Compound 6¢
showed much higher solubility in a variety of solvents
than other compounds, and this may allow rapid passive
diffusion, which may account for high activity against
the parasites. It is clear that the melamine moiety (with
at least some NH bonds) is selectively concentrated
within the parasite, but the route of uptake is not
exclusively through the P2 transporter. This is impor-
tant, since loss of the P2 transporter can induce
resistance to drugs that enter cells exclusively via this
route. The fact that other routes of uptake exist for the
melamine nitroheterocycles means that resistance re-
sulting from simple loss of the P2 transporter should
not be an issue.

Some of the compounds prepared showed potent
activity against T. brucei rhodesiense, of the same order
as melarsoprol (6a, IC50 = 25 nM; 6b, IC50 = 10 nM 6c,
ICs0 = 3 nM; 6d, ICs0 = 18 nM; 8e, ICs0 = 53 nM; 6h,
ICs9 = 240 nM, melarsoprol, ICso = 6 nM). In addition,
some of these compounds showed lower toxicity against
mammalian (L6) cells than melarsoprol, although fur-
ther work is required to show that these compounds
would have better selectivity/therapeutic indices. Com-
pound 6a gave an ICz value of 0.025 uM against
T. brucei rhodesiense, which is 60-fold better than
nifurtimox (1.5 #M) that is clinically in use against
Chagas’ disease®* and in trial against melarsoprol
refractory trypanosomiasis,18.19 _

We decided to investigate the roles of both the nitro
group and the furan ring. The nitro group is a strong
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Table 5. Activities® of Compounds against Wild Type, Wild-type with NAC and RAD51~~ Mutant 7. brucei

Compound 6ed 6a megazol nifurtimox benznidazole
Wild-type (427) 0.08 + 0.05 0.08 + 0.03 0.12 + 0.05 41+17 1163+ 7.5
Wild-type (427) + NAC 0.09 + 0.04 0.12 £ 0.05 0.13 + 0.06 114+52 116.3 + 13.6
RAD51~- mutant 0.07 £ 0.03 0.10 + 0.02 0.04 £+ 0.04 43+16 114.2 + 32

¢ Values are ICso (uM).

electron-withdrawing group and also can be involved in
the generation of free radicals. Replacement of the nitro
with a hydrogen (6f) or by another electron-withdrawing
group such as the nitrile (6g) led to an inactive
compound, indicating the importance of the nitro group
itself. Replacement of the nitrofuran with a nitrophenyl
gave significant loss of activity. Even replacement of the
oxygen with sulfur (6h) gave reduced activity, suggest-
ing that perhaps the redox potential of the nitrofuran
is important for the mode of action of these compounds.

Nitro heterocycles often work through free-radical
mechanisms, so genotoxicity represents a main issue in
the development of new trypanocidal nitro heterocyclic
compounds. Megazol, a nitro heterocyclic compounds,
was found to be mutagenic in mammalian cell tests35
and also positive in the Ames test.3¢ It has been found
that the trypanocidal activity of megazol was related
to its ability to induce mutations in DNA; trypanosomes
deficient in their own DNA repair enzymes (the
RAD51~/~ line) are hypersensitive to this compound.
However, the RAD51~~ line showed susceptibility
similar to that of wild-type parasites to compound 6a.
This suggests that 6a has a different mode of action to
megazol. Another nitro heterocycle, nifurtimox (which
is also positive in the Ames test37), appears to work by
.oxidative stress, as can be seen by antagonizing the
compound with N-acetylcysteine. Compound 6a was not
antagonized by N-acetylcysteine, indicating that its
mode of action is not by oxidative stress. These findings
may indicate that the compounds do not work by
damage to DNA or oxidative stress, both of which are
implicated in positive Ames tests. Further studies are
continuing in this area.

In addition to in vitro activity, several compounds
retained trypanocidal effect in mice. Compounds 6a and
6d were able to cure mice infected with T brucei brucei
at a dose of 20 mg/kg for 4 days. It is noteworthy that
addition of methyl groups to the melamine NH; groups
reduces activity both in vitro and in vivo. Addition of
one methyl group to one of the amino groups (6d) yields
a compound with slightly better activity in vitro and
activity is retained in vivo. However, addition of an
extra methyl to the same nitrogen (6e) or a methyl to
the other amino (6b) led to loss of activity in vivo at
the dose tested. The fact that trypanocidal activity in
each case was barely altered by the presence of the P2
transporter indicates that the relative activity of these
compounds is not related to their ability to interact with
that transporter. It is noteworthy that the most active
compound in vitro, 6¢, was inactive in vivo at the dose
tested, highlighting the role of pharmacokinetic issues,
beyond simple antiparasite activity, on in vivo trypano-
cidal capability.

Compound 6a was also tested with the more stringent
T. brucei rhodesiense STIB 900; using the same treat-
ment schedule, it cured only one of four animals infected
with a mean survival of 35 days compare to the
untreated controls that had a mean survival of 8 days.

The discovery that the nitro heterocycles were active
against T. brucei regardless of the presence of the P2
transporter prompted us to test the compounds against
other pathogenic trypanosomatids that do not possess
this transporter. Considerable activity was noted against
amastigote 7. cruzi in vitro within mammalian cells.
Several compounds were several-fold more active than
the registered drug, nifurtimox, in vitro. However, all
failed to cure mice in vivo, although some compounds
also led to a reduction in parasitaemia in vivo, high-
lighting the lead status of these new molecules for use
in Chagas therapy.

In the case of Leishmania, none of the compounds
were particularly active against the intracellular amastig-
otes, except for compound 6d. A modest activity was
found for this compound in a rodent model of disease.

Conclusion

We have prepared some melamine-nitrofuran conju-
gates that have potent activity against T. brucei rhod-
estense on the same order of magnitude as melarsoprol
and that are significantly more active than nifurtimox,
which is currently undergoing trials for HAT. Two of
the compounds were able to cure an animal model of
trypanosomiasis (7. brucei brucei STIB795) and one of
the compounds was able to have a significant effect on
the course of another model of infection (7. brucei
rhodesiense STIB900). The fact that the mode of action
of 6a does not appear to involve DNA damage in
trypanosomes might indicate that it will be not muta-
genic in tests in mammalian cells, thus greatly improv-
ing the chances that this compound or its derivatives
can proceed to clinical trials against trypanosomiasis.
These compounds represent exciting new leads for
further evaluation for HAT. Moreover, some compounds
also showed considerable activity against T. cruzi in
vitro and some reduction in parasitaemia in vivo,
indicating that this class of molecule should also be
considered as a lead in developing novel drugs against
Chagas disease.

Experimental Section

P2 Transporter Affinity Measurements. Parasites puri-
fied from blood were stored on ice in Carter’s buffered saline
solution.” Transport assays used the centrifugation-through-
oil technique, which is routinely used in analyses.?1415.33.38
Radiolabeled adenosine (0.5 M) uptake via P2 was measured
in the presence of 1 mM inosine, which blocks the P1
transporter.” Compounds were assayed for affinity for the P2
transporter by using labeled adenosine fixed at 0.5 uM and a
range of inhibitor concentrations. ICs, values were calculated
using the Grafit 4.0 Software (Erithacus) by plotting inhibitory
value against concentration of inhibitor.

In Vitro Activities against T. brucei brucei and T.
brucei rhodesiense and Cytotoxicity. The activity of com-
pounds was determined for 7. brucei rhodesiense trypomas-
tigotes of STIB900. This stock was isolated in 1982 from a
human patient in Tanzania. Minimum essential medium
(50 uL) supplemented with 2-mercaptoethanol and 15% heat-
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inactivated horse serum® was added to each well of a 96-well
microtiter plate. Serial drug dilutions were prepared covering
a range from 90 to 0.123 ug/mL. Then, 50 4L of a trypanosome
suspension was added to each well, and the plate incubated
at 37 °C under a 5%CQO2 atmosphere for 72 h. Alamar Blue
(10 uL) was then added to each well and incubation continued
for a further 2—4 h. The plate was then read in a Spectramax
Gemini XS microplate fluorometer (Molecular Devices Corp.,
Sunnyvale, CA) by using an excitation wavelength of 536 nm
and an emission wavelength of 588 nm.%® Fluorescence devel-
opment was expressed as a percentage of the control, and the
50% inhibitory concentration (ICso) values were determined.
Cytotoxicity was assessed by using the same assay and rat
skeletal myoblasts (L-6 cells).

To investigate whether transport of these compounds through
the P2 transporter is necessary for activity, compounds were
assayed against the T. brucei brucei trypomastigotes using
either the wild type or P2 knockout mutants (TbAT1~/-).4! The
Alamar Blue assay*’ was also used to determine ICso values.
To determine whether DNA damage was associated with
trypanocidal activity, the Alamar Blue assay was also used to
determine ICy values against the RAD51-/~ deletion mutant.4?

In Vitro Activities against Trypanosoma cruzi. Rat
skeletal myoblasts (L-6 cells) were seeded in 96-well microtiter
plates at 2000 cells/well/100 uL in RPMI 1640 medium with
10% FBS and 2 mM L-glutamine. After 24 h, 5000 trypo-
mastigotes of T. cruzi (Tulahuen strain C2C4 containing the
B-galactosidase (Lac Z) gene) were added in 100 uL per well
with 2x of a serial drug dilution. The plates were incubated
at 37 °C in 5% CO; for 4 days. Then the substrate CPRG/
Nonidet was added to the wells. The color reaction, which
developed during the following 2—4 h, was read photo-
metrically at 540 nm. From the sigmoidal inhibition curve ICs
values were calculated.

Activities against L. donovani. Mouse peritoneal
macrophages were seeded in RPMI 1640 medium with 10%
heat-inactivated FBS into Lab-tek 16 chamber slides. After
24 h L. donovani amastigotes were added at a ratio of 3:1
(amastigotes to macrophages). The medium containing free
amastigotes was replaced by fresh medium 4 h later. The next
day the medium was replaced by fresh medium containing
different drug concentrations. The slides were incubated at
27 °C under a 5% CO; atmosphere for 96 h. When the medium
was removed, the slides were fixed with methanol and stained
with Giemsa. The ratio of infected to noninfected macrophages
was determined microscopically, expressed as percentage of
the control, and the ICsy value was calculated by linear
regression.

In Vivo Biological Activity against T. brucei. Female
NMRI mice weighting 22—25 g were infected with cryo-
preserved stabilates of T brucei brucei STIB 795 (derivate of
strain 4274%) or T. brucei rhodesiense STIB 900. Each mouse
was infected intraperitoneally with (2—4) x 104 bloodstream
forms. Melarsoprol (Arsobal; Aventis) acted as standard drug
and was diluted with sterile distilled water to an appropriate
concentration. Groups of four mice were treated on days 8, 4,
5, and 6 intraperitoneally with 20 mg/kg. A control group
remained untreated. The parasitemia of all animals was
checked on day 7 and 10 postinfection and every second day
thereafter until 60 days. Death of animals was recorded to
calculate the mean survival time. Surviving and aparasitemic
mice were considered cured at 60 days and then euthanized.

In Vivo Activity for T. cruzi. Female BALB/c mice
weighing 20 g (Charles Rivers Ltd, UK) were infected intra-
peritoneally with 2 x 10* trypomastigotes in 0.2 mL, harvested
from the blood of a passage mouse. Infected mice were
randomly sorted into groups of five. After 5 days tail blood
was examined for patency of infection: the number of trypo-
mastigotes in 10 microscope field was noted. Dosing com-
menced for five consecutive days. Tail blood was examined 2
days after the end of treatment and at 7 day intervals on any
surviving mice.
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Chemistry. General. Chemicals were purchased from
Aldrich and Fluka and were used without further purification.
Dry solvents were generally purchased from Fluka in sure-
seal bottles and stored over molecular sieves. Qualitative thin-
layer chromatography (TLC) was performed on precoated
aluminum sheets silica gel 60F2s, from Merck. Melting points
were determined with a Gallenkamp melting point apparatus
and are not corrected. 'H and 3C NMR data were recorded
on a Bruker Avance DPX 300 MHz NMR spectrometer, with
tetramethylsilane as the internal standard and deuterated
solvents purchased from Goss unless stated otherwise. Infra-
red (IR) spectra were recorded on a Perkin-Elmer 1600 FT-IR
spectrometer. Mass Spectra were recorded at a Platform II
mass spectrometer (Micromass) from Fisons. Ionization was
achieved in the positive electrospray mode using a mixture of
acetonitrile/water (1:1) or MeOH (HPLC grade) as mobile
phase. High-resolution mass spectra were recorded by the
National Mass Spectrometry Service Centre in Swansea with
a MAT 900 XLT high resolution double focusing mass spec-
trometer from Finnigan using the same ionization procedure.
Combustion analyses were performed by the analytical and
chemical consultancy services MEDAC Ltd. The triazine
derivatives, as observed in other work,* often present a
problem in analysis. The problem was mainly found to be for
the microanalysis of the nitrogen content.

5-Nitro-2-furaldehyde (4,6-Diamino)-[1,3,5]-triazin-2-
ylhydrazone (8a). A mixture of 4a (149.50 mg, 1.06 mmol)
and 5-nitrofuraldehyde (150.00 mg, 1.06 mmol) was dissolved
in methanol (5 mL). The suspension was left stirring overnight
at room temperature. The reaction mixture was filtered and
the yellow precipitate was washed with methanol and dried
under vacuum at 40 °C. The crude product was recrystallized
from water to get 100.5 mg of a pure yellow solid. Yield:
100.5 mg, 36%. mp: >350 °C. IR: vn-g 3313.9 em™}, vo-n
1631.9 cm™, vc-no, 1537.8 cm™1, vo-n 809.3. LRMS (ES*):
m/z 265 (M + H*, 100%), 287 (M + Na*, 80%). HRMS (ES*):
caled for (CsHgN3O3)* 265.0792, found 265.0799. 'H NMR
(300 MHz, DMSO-dg): ¢ 6.51 (bs, 4H), 7.05 (d, J = 3.84) 7.78
(d, J = 3.84 Hz), 8.00 (s, 1H), 11.25 (s, 1H). }3C NMR (75 MHz,
DMSO-dg): 6 114.2, 115.6, 129.4, 151.8, 153.2, 164.9, 167.7.

5-Nitro-2-furaldehyde (N*,N®-Dimethyl-4,6-diamino)-
[1,3,6]-triazin-2-ylhydrazone (6b). Compounds 4b (180 mg,
1.06 mmol) and 5-nitrofuraldehyde (142.5 mg, 1.06 mmol) were
suspended in MeOH (10 mL). The suspension was left stirring
overnight. The reaction was reduced under vacuum. The yellow
solid was then recrystallized from HO/MeOH (50/60 mL).
Yield: 220 mg, 71%. LRMS (ES+): m/z 293.1 (M + H)*, 100%),
315.2 (M + Na*, 20%). HRMS: calcd mass for (C10H13sNsO3)*
293.1105, found 293.1104. 'H NMR (300 MHz, DMSO-de):
4 (mixture of the two geometric isomers) 3.36 (m, 6H), 7.05
(bs, 2H) 7.23 (bs, 1H), 7.78 (m, 1H), 11.06 (s, 1H), 11.20
(s, 1H). 13C NMR (75 MHz, DMSO-dg): 6 (mixture of the two
geometric isomers) 27.4, 27.6*, 113.9, 115.6, 129.0, 129.4%,
é51.8,}}53.3, 164.1, 166.4, 166.6*. Anal. (C,0H12N505°0.4H0)

’ H, .

5-Nitro-2-furaldehyde (N*,N*,N®,N®.Tetramethyl-4,6-di-
amino)-(1,3,5])-triazin-2-ylhydrazone (6¢). A mixture of 4c
(201 mg, 1.01 mmol) and 5-nitro-2-furaldehyde (143 mg,
1.02 mmol) was dissolved in 10 mL of ethanol. The reaction
mixture was allowed to stir overnight at room temperature
and the solvent was evaporated under vacuum. The residue
was purified by flash column chromatography (gradient from
1 to 5% MeOH/DCM). Compound 8¢ was isolated as a clear
white solid. Yield: 187 mg, 58%. HRMS: caled mass for
(C12H17Ng03)+ 321.1424, found 321.1421. 'H NMR (300 MHz,
DMSO-dg): 6 3.21 (s, 12H), 7.04 (m, 1H), 7.44 (m, 1H), 7.92
(s, 1H), 9.05 (bs, 1H). 13C NMR (75 MHz, DMSO-dg): 4 36.5,
111.1, 114.2, 129.4, 153.5, 164.1, 165.8.

5-Nitro-2-furaldehyde (N*-Methyl4,8-diamino)-[1,3,5]-
triazin-2-ylhydrazone (6d). 5-nitrofuraldehyde (90 mg,
0.58 mmol) and 3d (81.82 mg, 0.58 mmol) were mixed together
and suspended in MeOH (5 mL), and the suspension was left
stirring overnight. The mixture was reduced under vacuum,
giving 120 mg of brown solid. The solid was recrystallized from



8578 Journal of Medicinal Chemistry, 2005, Vol. 48, No. 17

H;0:MeOH (35 mL:20 mL), giving a dark yellow solid. Yield:
83 mg, 51%. Mp: 261—-263 °C. LRMS (ES*): mle 279.2
M + HY, 50%), 301.1 (M + Na*, 100%). HRMS: calcd mass
for (CoH11NgO3)* 279.0949, found 279.0951. 'H NMR (300
MHz, DMSO-dg): 6 2.77 (s, 3H), 6.77 (bs, 3H), 7.07 (s, 1H),
7.78 (d, J = 4.02), 8.01 (s, 1H), 11.10 (s, 1H). 13C NMR
(75 MHz, DMSO-dg): 6 27.6, 114.0, 115.6, 129.5, 151.8, 153.3,
166.9. Anal. (CsH;oN303°0.4H20+0.02HC)) C, H, Cl; caled: N,
38.4. Found: N, 37.9.

5-Nitro-2-furaldehyde (N,‘N*.Dimethyl-4,6-diamino)-
[1,3,5]-triazin-2-ylhydrazone (6e). 5-Nitrofuraldehyde
(246 mg, 99%, 1.45 mmol) and 3e (204.56 mg, 1.45 mmol) were
suspended in MeOH (5 mL) and left stirring overnight. The
mixture was reduced under vacuum, giving 120 mg of brown
solid. The solid was recrystallized from H;O:MeOH (30 mL:
20 mL), giving a light brown solid. Yield: 336 mg, 80%. Mp:
264—266 °C. LRMS (ES*): m/z 293.1 (M + H)*, 20%), 315.1
(M + Na', 100%). HRMS: calcd mass for (C;oHi3sNgOs)*
293.1105, found 293.1110. 'H NMR (300 MHz, DMSO-ds):
6 3.11 (s, 6H), 6.75 (br s, 3H), 7.11 (d, 1H, J = 3.84), 7.82
d, J = 3.84), 8.08 (s, 1H), 11.21 (s, 1H). 13C NMR (75 MHz,
DMSO-dg): 6 36.1, 113.8, 115.6, 129.4, 151.8, 153.4, 164.5,
166.0, 167.5. Anal. (C10H12N303+0.02HCD C, H, N, CL

2-Furaldehyde (4,6-Diamino)-[1,3,5]-triazin-2-ylhydra-
zone (6f). A mixture of 4a (150 mg, 1.06 mmol) and 2-fur-
aldehyde (102.88 mg, 1.06 mmol) was suspended in MeOH (5
mL). The suspension was left stirring overnight at room
temperature. The mixture was filtered and the brown solid
was washed with methanol and then dried under vacuum at
40 °C. The crude product was recrystallized from H,O/MeOH
(5%) to give a pure brown solid. Yield: 133 mg, 58%. Mp: 281—
283 °C. LRMS (ES*): m/z 219 (M + H)*, 241.9 (M + Na)*.
HRMS: calcd mass for (CsH;oN7O)* 220.0941, found 220.0941.
1H NMR (300 MHz, DMSO-d¢): 6 6.38 (bs, 4H), 6.57 (m, 1H),
6.69 (d, J = 3.29 Hz, 1H), 7.76 (m, 1H), 7.94 (m, 1H), 10.56
(s, 1H). 13C NMR (75 MHz, DMSO-dg): 6 111.5, 112.2, 131.8,
144.3, 150.5, 165.0, 167.7.

5-Cyano-2-furaldehyde (4,6-Diamino)-[1,3,5]-triazin-2-
ylhydrazone (8g). Compounds 4a (98.7 mg, 0.70 mmol) and
crude Sc¢ (85 mg, 0.70 mmol) were mixed together and
suspended with MeOH (3 mL), and the suspension was left
stirring overnight. The mixture was reduced under vacuum,
giving a light brown solid. The solid was recrystallized from
H;0:MeOH (10 mL:15 mL), giving a light brown solid. Yield:
22 mg, 13%. Mp: >350 °C. IR: vcn 2229.7 cm~!. LRMS (ES*):
m/z 245 (M + H)*, 100). HRMS: calcd mass for (CogHgNsO)*
245.0894, found 245.0893. 'H NMR (300 MHz, DMSO-ds):
6 6.52 (bs, 4H), 6.96 (d, J = 3.76 Hz, 1H) 7.71 (d, J = 3.76 Hz,
1H), 8.04 (s, 1H), 10.95 (s, 1H). 3C NMR (75 MHz, DMSO-
de): 6 111.8, 112.3, 124.7, 125.5, 129.7, 155.3, 165.0, 167,7.

5-Nitrothiophene-2-carbaldehyde (4,6-Diamino)-[1,3,5]-
triazin-2-ylhydrazone (6h). A mixture of 4a (150 mg,
1.06 mmol) and 5-nitro-2-thiophenecarboxaldehyde (166.58 mg,
1.06 mmol) was suspended in methanol (5 mL). The suspension
was left stirring for 2 days at room temperature. The reaction
mixture was filtered and the brown precipitate was washed
with MeOH and then dried under vacuum at 40 °C. The crude
product was recrystallized from water and ethanol (5:1) to give
a pure brown solid. Yield: 75.7 mg, 25%. Mp: >350 °C. LRMS
(ES*): m/z 281 (M + H)*, 100%), 303 (M + Na)*, 10%).
HRMS (ES*): caled mass for (CsHgNgO2S)* 281.0569, found
281.0572. 'H NMR (300 MHz, DMSO-dg): 6 6.50 (br s, 4H),
7.36 (d, J = 4.29 Hz, 1H), 8.08 (d, J = 4.29 Hz, 1H), 8.25
(s, 1H), 11.10 (s, 1H). 13C NMR (75 MHz, DMSO-dg): 6 127.6,
131.1, 134.9, 148.7, 149.7, 164.8, 167.6.

Thiophene-2-carbaldehyde (4,6-Diamino)-[1,3,5)-triazin-
2-ylhydrazone (6i). A mixture of 4a (150 mg, 1.06 mmol) and
2-thiophenecarboxaldehyde (121.31 mg, 1.06 mmol) was sus-
pended in methanol (5 mL). The suspension was left stirring
overnight at room temperature. The mixture was filtered and
the brown solid was washed with methanol and dried under
vacuum at 40 °C. The crude product was recrystallized from
water—ethanol (10%) to give a pure brown-yellow solid.
Yield: 95 mg, 38%. Mp: 309—310 °C. LRMS (ES*): m/z 236
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(M + H)*, 100%). HRMS (ES*): caled mass for (CgH;oN-S)*
236.0713, found 236.0717. tH NMR (300 MHz, DMSO-ds):
4 6.38 (br s, 4H), 7.07 (m, 1H), 7.25 (m, 1H), 7.53 (m, 1H),
8.25 (s, 1H), 10.53 (s, 1H). 13C NMR (75 MHz, DMSO-ds):
6 127.6, 127.9, 129.1, 137.3, 140.2, 164.9, 167.6. Anal. (CgHgN/S-
0.7TH;0) C, H, N, S.

4-Nitrobenzaldehyde (4,6-diamino)-[1,3,5]-triazin-2-yl-
hydrazone (7a). Compounds 4a (328.23 mg, 2.32 mmol) and
iv-a (357.75 mg, 98%, 2.32 mmol) were suspended in MeOH
(5 mL), and the suspension was left stirring overnight. The
mixture was reduced under vacuum, giving a yellow solid. The
solid was recrystallized from HoO:MeOH (120 mL:200 mL),
giving a yellow solid. Yield: 493 mg, 77%. Mp: 321-322 °C.
LRMS (EI): m/z 274 (M*, 100%). HRMS: caled mass for
(C10H11N02)* 275.0999, found 275.1004. *H NMR (300 MHz,
DMSO-dg) 6 6.50 (br s, 4H), 7.86 (d, 2H, J = 8.78), 8.18
(s, 1H), 8.28 (d, J = 8.78 Hz, 1H), 10.98 (s, 1H). 3C NMR
(75 MHz, DMSO-de) 6 124.4, 127.3, 139.3, 142.0, 147.3, 165.1,
167.7. Anal. (C10H;0N3O2°1.1H;0-0.03HC]) C, N, Cl calced:
H, 4.2. Found: H, 3.4.

3-Nitrobenzaldehyde (4,6-Diamino)-[1,3,5]-triazin-2-
ylhydrazone (7b). Compounds 4a (331.6 mg, 2.35 mmol) and
iv-b (358.71 mg, 98%, 2.35 mmol) were suspended in MeOH
(5 mL), and the suspension was left stirring overnight. The
mixture was reduced under vacuum, giving a green solid. The
solid was recrystallized from H;O:MeOH (170 mL:50 mL),
giving a light green solid. Yield: 83 mg, 13%. Mp: > 345 °C.
LRMS (EI: m/z 274 (M*, 100%). HRMS: caled mass for
(C10H11N502)* 275.0999, found 275.0999. 'H NMR (300 MHz,
DMSO-dg): d 6.50 (bs, 4H), 7.72 (m, 1H), 8.01 (d, 1H), 8.20
(m, 2H), 8.47 (s, 1H), 10.85 (s, 1H). 3C NMR (75 MHz, DMSO-
de): 6 120.0, 123.3, 130.7, 133.3, 137.4, 139.4, 148.6, 165.2,
167,7.

2-Nitrobenzaldehyde (4,6-Diamino)-[1,3,5]-triazin-2-
ylhydrazone (7¢). Compounds 4a (328.23 mg, 2.32 mmol) and
iv-c (357.75 mg, 98%, 2.32 mmol) were suspended in MeOH
(5 mL), and the suspension was left stirring overnight. The
mixture was reduced under vacuum, giving a yellow solid. The
solid was recrystallized from H20:MeOH (120 mL:80 mL,)
giving a yellow solid. Yield: 107 mg, 17%. Mp: 288-291 °C.
LRMS (EI): ml/z 274 (M*, 100%). HRMS: caled mass for
(C10H11N:02)* 275.0999, found 275.1001. *H NMR (300 MHz,
DMSO-dg): 6 6.45 (bs, 4H), 7.62 (m, 1H), 7.78 (m, 1H), 8.09
(m, 2H), 8.48 (m, 1H), 10.98 (s, 1H). 13C NMR (75 MHz, DMSO-
de): 0 124.9, 127.8, 129.8, 129.9, 133.7, 136.5, 147.9, 165.2,
167,7.
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