References

AGARWAL, A., SRIVASTAVA, K., PURI, S.K., CHAUHAN, P.M.S. 2005. Syntheses of
2,4,6-trisubstituted triazines as antimalarial agents. Bioorganic & medicinal chemistry
letters, 15(3):531-533, Feb.

ALONSO, P.L., SACARLAL, J., APONTE, J.J., LEACH, A., MACETE, E., AIDE, P.,
SIGAUQUE, B., MILMAN, J., MANDOMANDO, I., BASSAT, Q., GUINOVART, C., ESPASA,
M., CORACHAN, S., LIEVENS, M., NAVIA, M.M., DUBOIS, M.C., MENENDEZ, C.,
DUBOVSKY, F., COHEN, J., THOMPSON, R., BALLOU, W.R. 2005. Duration of protection
with RTS,S/AS02A malaria vaccine in prevention of Plasmodium falciparum disease in
Mozambican children: single-blind extended follow-up of a randomised controlled trial.
Lancet, 366(9502):2012—-2018, Dec.

AMINO, R., THIBERGE, S., MARTIN, B., CELLI, S., SHORTE, S., FRISCHKNECHT, F.,
MENARD, R. 2006. Quantitative imaging of Plasmodium transmission from mosquito to
mammal. Nature medicine, 12(2):220-224, Feb.

ANCELIN, M.L., CALAS, M., BOMPART, J., CORDINA, G., MARTIN, D., BEN BARI, M.,
JEI, T., DRUILHE, P., VIAL, H.J. 1998. Antimalarial activity of 77 phospholipid polar head
analogs: close correlation between inhibition of phospholipid metabolism and in vitro
Plasmodium falciparum growth. The American Society of Hematology, 91(4):1426-1437,
Feb.

ANCELIN, M.L., CALAS, M., BONHOURE, A., HERBUTE, S., VIAL, H.J. 2003. In vivo
antimalarial activities of mono- and bis quaternary ammonium salts interfering with
Plasmodium phospholipid metabolism. Antimicrobial agents and chemotherapy, 47(8):2598-
2605, Aug.

BAIRD, J.K., RIECKMANN, K.H. 2003. Can primaquine therapy for vivax malaria be
improved? Trends in parasitology, 19(3):115-120, Mar.

BAIRD, J.K., HOFFMAN, S.L. 2004. Primaquine therapy for malaria. Clinical infectious
diseases, 39(9):1336-1345, Nov.

143



BANNISTER, L.H., HOPKINS, J.M., FOWLER, R.E., KRISHNA, S., MITCHELL, G.H. 2000.
A Brief illustrated guide to the ultra structure of Plasmodium falciparum asexual blood
stages. Parasitology today, 16(10):427—433, Oct.

BARSOUM, R.S. 2000. Malarial acute renal failure. Journal of the American Society of
Nephrology, 11(11):2147-2154, Nov.

BASSO, L.G.M., RODRIGUES, R.Z., NAAL, R.M.Z.G., COSTA-FILHO, A.J. 2011. Effects
of the antimalarial drug primaquine on the dynamic structure of lipid model membranes.

Biochimica et Biophysica Acta-Biomembranes, 1808(1):55-64, Jan.

BERGERON, R.J., FENG, Y., WEIMAR, W.R., MCMANIS, J.S., DIMOVA, H., PORTER, C.,
RAISLER, B., PHANSTIEL, O. 1997. A comparison of structure-activity relationships
between spermidine and spermine analogue antineoplastics. Journal of medicinal
chemistry, 40(10):1475-1494, May.

BERMAN, J. 2004. Toxicity of commonly-used antimalarial drugs. Travel medicine and
infectious disease, 2(3-4):171-184, Aug-Nov.

BHATTACHARJEE, A.K., KARLE, J.M. 1996. Molecular electronic properties of a series of
4-quinolinecarbinolamines define antimalarial activity profile. Journal of medicinal chemistry,
39(23):4622-4629, Nov.

BIGUCCI, F., KAMSU-KOM, T., CHOLET, C., BESNARD, M., BONNET-DELPON, D.,
PONCHEL, G. 2008. Transport of fluoroalkyl dihydroartemisinin derivatives across rat
intestinal tissue. Journal of pharmacy and pharmacology, 60(2):163-169, Feb.

BLOLAND, P.B. 2001. Drug resistance in malaria. Geneva : WHO. 27 p.

BOGITSH, B.J., CARTER, C.E. & OELTMANN, T.N. 2005. Human parasitology. 3" ed.
Burlington, MA. : Elsevier. 459p.

BOWMAN, Z.S., MORROW, J.D., JOLLOW, D.J., MCMILLAN, D.C. 2005. Primaquine-
induced hemolytic anemia: role of membrane lipid peroxidation and cytoskeletal protein
alterations in the hemotoxicity of 5-hydroxyprimaquine. The journal of pharmacology and
experimental therapeutics, 314(2):838-845, Aug.

BRAY, P.G., WARD, S.A. & O’'NEILL, P.M. 2005. Quinolines and artemisinin: chemistry,
biology and history. (In Sullivan, D.J., Krishna, S., eds. Malaria: drugs, disease and post-

genomic biology. Berlin : Springer. p. 3-38.)

144



BUNN, A., ESCOMBE, R., ARMSTRONG, M., WHITTY, C.J.M., DOHERTY, J.F. 2004.
Falciparum malaria in malaria-naive travellers and African visitors. Quarterly journal of

medicine-an international journal of medicine, 97(10):645-649, Oct.

CALAS, M., CORDINA, G., BOMPART, J., BEN BARI, M., JEI, T., ANCELIN, M.L., VIAL, H.
1997. Antimalarial activity of molecules interfering with Plasmodium falciparum phospholipid
metabolism. Structure-activity relationship analysis. Journal of medicinal chemistry,
40(22):3557-3566, Oct.

CALAS, M., ANCELIN, M.L., CODRINA, G., PORTEFAIX, P., PIQUET, G., VIDAL-
SAILHAN, V., VIAL, H. 2000. Antimalarial activity of compounds interfering with
Plasmodium falciparum phospholipid metabolism: comparison between mono- and
bisquaternary ammonium salts. Journal of medicinal chemistry, 43(3):505-516, Feb.

CALAS, M., OUATTARA, M., PIQUET, G., ZIORA, Z., BORDAT, Y., ANCELIN, M.L.,
ESCALE, R., VIAL, H. 2007. Potent antimalarial activity of 2-aminopyridinium salts,
amidines, and guanidines. Journal of medicinal chemistry, 50(25):6307—6315, Dec.

CARTER, J.A., MUNG’ALA-ODERA, V., NEVILLE, B.G.R., MURIRA, G., MTURI, N.,
MUSUMBA, C., NEWTON, C.R.J.C. 2005. Persistent neurocognitive impairments
associated with severe falciparum malaria in Kenyan children. Journal of neurology,

neurosurgery & psychiatry, 76(4):476-481, Apr.

CDC (Centre for Disease Control). 2009. Parasites and health: malaria life cycle. [Web:]
http://mwww.dpd.cdc.gov/DPDx/HTML/malaria.htm [Date of access: 11 November 2012].

CHADWICK, J., JONES, M., MERCER, A.E., STOCKS, P.A., WARD, S.A,, PARK, K.B.,
O’NEILL, P.M. 2010. Design, synthesis and antimalarial/anticancer evaluation of
spermidine linked artemisinin conjugates designed to exploit polyamine transporters in
Plasmodium falciparum and HL-60 cancer cell lines. Bioorganic & medicinal chemistry,
18(7):2586-2597, Apr.

CHATURVEDI, D., GOSWAMI, A., SAIKIA, P.P., BARUA, N.C., RAO, P.G. 2010
Artemisinin and its derivatives: a novel class of anti-malarial and anti-cancer agents.
Chemical Society reviews, 39(2):435-454, Aug.

CLOETE, T.T., BREYTENBACH, J.W., DE KOCK, C., SMITH, P.J., BREYTENBACH, J.C.,
N’DA, D.D. 2012a. Synthesis, antimalarial activity and cytotoxicity of 10-aminoethylether
derivatives of artemisinin. Bioorganic & medicinal chemistry, 20(15):4701-4709, Aug.

145



CLOETE, T.T., KREBS, H.J., CLARK, J.A., CONNELLY, M.C., ORCUTT, A., SIGAL, M.S,,
GUY, R.K,, NDA, D.D. 2012b. Synthesis and antimalarial activity of 10-alkyl/aryl esters and

-aminoethylethers of artemisinin. Bio-organic chemistry, In press.

CRAWLEY, J., SMITH, S., MUTHINJI, P., MARSH, K., KIRKHAM, F. 2001.
Electroencephalographic and clinical features of cerebral malaria. Archives of disease in
childhood, 84(3):247-253, Mar.

DAS, B.S. 2008. Renal failure in malaria. Journal of Vector Borne Diseases, 45(2):83-97,
Jun.

DASSONVILLE-KLIMPT, A., JONET, A., PILLON, M., MULLIE, C. & SONNET, P. 2011.
Meflogquine derivatives : synthesis, mechanisms of action, antimicrobial activities. (In
Méndez-Vilas, A., ed. Science against microbial pathogens: communicating current
research and technological advances. Badajoz : Formatex. p. 23-35. (Microbiology Series,
vol 1 No. 3)).

DAVIS, T.M.E., HUNG, T.Y., SIM, I.K., KARUNAJEEWA, H.A., ILETT, K.F. 2005.

Piperaquine: a resurgent antimalarial drug. Drugs, 65(1):75-87.

DECHAMPS, S., WENGELNIK, K., BERRY-STERKERS, L., CERDAN, R., VIAL, H.J.,
GANNOUN-ZAKI, L. 2010. The Kennedy phospholipid biosynthesis pathways are refractory
to genetic disruption in Plasmodium berghei and therefore appear essential in blood stages.

Molecular & biochemical parasitology, 173(2):69-80, Oct.

DE VRIES, P.J., DIEN, T.K. 1996. Clinical pharmacology and therapeutic potential of
artemisinin and its derivatives in the treatment of malaria. Drugs, 52(6):818-836, Dec.

DEMBELE, L., GEGO, A., ZEEMAN, A.M., FRANETICH, J.F., SILVIE, O., RAMETTI, A., LE
GRAND, R., DEREUDDRE-BOSQUET, N., SAUERWEIN, R., VAN GEMERT, G.J.,
VAILLANT, J.C., THOMAS, A.W., SNOUNOU, G., KOCKEN, C.H.M., MAZIER, D. 2011.
Towards an in vitro model of Plasmodium hypnozoites suitable for drug discovery. Plos one,
6(3):1-7, Mar.

D'HULST, A., AUGUSTIJINS, P., ARENS, S., VAN PARIJS, L., COLSON, S., VERBEKE, N.,
KINGET, R. 1996. Determination of artesunate by capillary electrophoresis with low UV
detection and possible applications to analogues. Journal of chromatographic science,
34(6):276-281, Jun.

DONDORP, A.M., NOSTEN, F., Y, P, DAS, D., PHYO, A.P., TARNING, J., LWIN, K.M.,
ARIEY, F., HANPITHAKONG, W., LEE, S.J., RINGWALD, P., SILAMUT, K., IMWONG, M.,
146




CHOTIVANICH, K., LIM, P., HERDMAN, T., AN, S.S., YEUNG, S., SINGHASIVANON, P.,
DAY, N.P.J., LINDEGARDH, N., SOCHEAT, D., WHITE, N.J. 2009. Artemisinin resistance

in Plasmodium falciparum malaria. New England journal of medicine, 361(5):455-467, Jul.

DOOLAN, D.L., DOBAN, C., BAIRD, J.K. 2009. Acquired immunity to malaria. Clinical
microbiology reviews, 22(1):13-36, Jan.

DURAISINGH, M.T., COWMAN, A.F. 2005. Contribution of the pfmdrl gene to antimalarial
drug-resistance. Acta Tropica, 94(3):181-190, Jun.

DUTHALER, U., HUWYLER, J., RINALDI, L., CRINGOLI, G., KEISER, J. 2012. Evaluation
of the pharmacokinetic profile of artesunate, artemether and their metabolites in sheep
naturally infected with Fasciola hepatica. Veterinary parasitology, 186(3-4):270-280, May.

EGAN, T.J., HUNTER, R., KASCHULA, C.H., MARQUES, H.M., MISPLON, A., WALDEN, J.
2000. Structure-function relationships in aminoquinolines: effect of amino and chloro groups
on quinoline-hematin complex formation, inhibition of beta-hematin formation, and

antiplasmodial activity. Journal of medicinal chemistry, 43(2):283-291, Jan.

EGAN, T.J. 2003. Haemozoin (malaria pigment): a unigue crystalline drug target. Targets,
2(3):115-124, Jun.

FAMIN, O., GINSBURG, H. 2002. Differential effects of 4-aminoquinoline-containing
antimalarial drugs on hemoglobin digestion in Plasmodium falciparum-infected erythrocytes.
Biochemical pharmacology, 63(3):393-398, Feb.

FARROW, R.E., GREEN, J., KATSIMITSOULIA, Z., TAYLOR, W.R., HOLDER, A.A.,
MOLLOY, J.E. 2011. The mechanism of erythrocyte invasion by the malarial parasite,

Plasmodium falciparum. Seminars in cell & developmental biology, 22(9):953-960, Dec.

FIDOCK, D.A., NOMURA, T., TALLEY, A.K.; COOPER, R.A., DZEKUNOQV, S.M., FERDIG,
M.T., URSOS, L.M.B., SIDHU, A.B.S., NAUDE, B., DEITSCH, K.W., SU, X.Z., WOOTTON,
J.C., ROEPE, P.D., WELLEMS, T.E. 2000. Mutations in the P. falciparum digestive vacuole
transmembrane protein PICRT and evidence for their role in chloroquine resistance.
Molecular cell, 6(4):861-871, Oct.

FOLEY, M., TILLEY, L. 1998. Quinoline antimalarials: mechanisms of action and resistance

and prospects for new agents. Pharmacology & therapeutics, (79)1:55-87, Jul.

147



FRYAUFF, D.J., BAIRD, J.K., BASRI, H., SUMAWINATA, I., PURNOMO R.T.L., OHRT,
C.K., MOUZIN, E., CHURCH, C.J., RICHARDS, A.L., SUBIANTO, B., SANDJAJA, B.,
WIGNALL, F.S., HOFFMAN, S.L. 1995. Randomised placebo-controlled trial of primaquine
for prophylaxis of falciparum and vivax malaria. Lancet, 346(8984):1190-1193, Nov.

GALAL, AM., GUL, W., SLADE, D., ROSS, S.A., FENG, S., HOLLINGSHEAD, M.G.,
ALLEY, M.C., KAUR, G., ELSOHLY, M.A. 2009. Synthesis and evaluation of
dihydroartemisinin and dihydroartemisitene acetal dimers showing anticancer and
antiprotozoal activity. Bioorganic & medicinal chemistry, 17(2):741-751, Jan.

GARDINER, D.L., MCCARTHY, J.S., TRENHOLME, K.R. 2005. Malaria in the post-
genomics era: light at the end of the tunnel or just another train? Postgraduate medical
journal, 81(958):505-509, Aug.

GRELLEPOIS, F., CROUSSE, B., BONNET-DELPON, D., BEGUE, J.P. 2005. Synthesis of
new artemisinin-derived dimers by self-cross-metathesis reaction. Organic letters,
7(23):5219-5222, Nov.

HALDAR, K., MOHANDAS, N. 2009. Malaria, erythrocytic infection, and anemia.

Education program of the American Society of Hematology, 1:87-93.

HAWSER, S., LOCIURO, S., ISLAM. K. 2006. Dihydrofolate reductase inhibitors as
antibacterial agents. Biochemical pharmacology, 71(7):941-948, Mar.

HEDDINI, A. 2002. Malaria pathogenesis: a jigsaw with an increasing number of pieces.

International journal for parasitology, 32(13):1587-1598, Dec.

HINDLEY, S., WARD, S.A,, STORR, R.C., SEARLE, N.L., BRAY, P.G., PARK, B.K.,
DAVIES, J., O'NIEL, P.M. 2002. Mechanism-based design of parasite-targeted artemisinin
derivatives: synthesis and antimalarial activity of new diamine containing analogues. Journal
of medicinal chemistry, 45(5):1052-1063, Feb.

HISAEDA, H., YASUTOMO, K., HIMENO, K. 2005. Malaria: immune evasion by parasites.
The international journal of biochemistry & cell biology, 37(4):700-706, Apr.

H@GH, B., CLARKE, P.D., CAMUS, D., NOTHDURFT, H.D., OVERBOSCH, D., GUNTHER,
M., JOUBERT, I., KAIN, K.C., SHAW, D., ROSKELL, N.S., CHULAY, J.D. 2000.
Atovaquone-proguanil versus chloroquine-proguanil for malaria prophylaxis in non-immune
travellers: a randomised, double-blind study. Lancet, 356(9245):1888-1894, Dec.

148



HOLMGREN, G., GIL, J.P., FERREIRA, P.M,, VEIGA, M.l.,, OBONYO, C.0O., BJORKMAN,
A. 2006. Amodiaquine resistant Plasmodium falciparum malaria in vivo is associated with

selection of pfcrt 76T and pfmdrl 86Y. Infection, genetics and evolution, 6(4):309-314, Jul.

HOPPE, H.C., VAN SCHALKWYK, D.A., WIEHART, U.l.M., MEREDITH, S.A., EGAN, J.,
WEBER, B.W. 2004. Antimalarial quinolines and artemisinin inhibit endocytosis in

Plasmodium falciparum. Antimicrobial agents and chemotherapy, 48(7):2370-2378, Jul.

HYDE, J.E. 2002. Mechanisms of resistance of Plasmodium falciparum to antimalarial
drugs. Microbes and infection, 4(2):165-174, Feb.

KARBWANG, J., NA-BANGCHANG, K., CONGPUONG, K., MOLUNTO, P., THANAVIBUL,
A. 1997. Pharmacokinetics and bioavailability of oral and intramuscular artemether.
European journal of clinical pharmacology, 52(4):307-310, Jun.

KASCHULA, C.H., EGAN, T.J., HUNTER, R., BASILICO, N., PARAPINI, S., TARAMELLI,
D., PASINI, E., MONTI, D. 2002. Structure-activity relationships in 4-aminoquinoline
antiplasmodials. The role of the group at the 7-position. Journal of medicinal chemistry,
45(16):3531-3539, Aug.

KAUR, K., JAIN, M., REDDY, R.P., JAIN, R. 2010. Quinolines and structurally related
heterocycles as antimalarials. European journal of medicinal chemistry, 45(8):3245-3264,

Aug.

KEATING, G.M. 2012. Dihydroartemisinin/Piperaquine: a review of its use in the treatment

of uncomplicated Plasmodium falciparum malaria. Drugs, 72(7):937-961.

KHAN, F.Y., AL-HADDAD, D. 2009. An imported case of P. falciparum malaria presenting
as black water fever with acute renal failure. Travel medicine and infectious disease,
7(6):378-380, Nov.

KINYANJUI, S.M., MBERU, E.K., WINSTANLEY, P.A., JACOBUS, D.P., WATKINS, W.M.
1999. The antimalarial triazine WR99210 and the prodrug PS-15: folate reversal of in vitro
activity against Plasmodium falciparum and a non-antifolate mode of action of the prodrug.

American journal of tropical medicine and hygiene, 60(6):943—-947, Jun.

KRISHNA, S., UHLEMANN, A.C., HAYNES, R.K. 2004. Artemisinins: mechanisms of

action and potential for resistance. Drug resistance updates, 7(4-5):233—-244, Oct.

149



KRISHNA, S., PULCINI, S., FATIH, F., STAINES, H. 2010. Artemisinins and the biological
basis for the PFATP6/SERCA hypothesis. Trends in parasitology, 26(11):517-523, Nov.

KUEHN, A., SIMON, N., PRADEL, G. 2010. Family members stick together: multi-protein
complexes of malaria parasites. Medical microbiology and immunology, 199(3):209-226,

Aug.

KUHN, Y., ROHRBACH, P., LANZER, M. 2007. Quantitative pH measurements in
Plasmodium falciparum-infected erythrocytes using pHIuorin. Cellular microbiology,
9(4):1004-1013, Apr.

KUMAR, A., SRIVASTAVA, K., KUMAR, S.R., PURI, S.K., CHAUHAN, P.M.S. 2009.
Synthesis of 9-anilinoacridine triazines as new class of hybrid antimalarial agents.
Bioorganic & medicinal chemistry letters, 19(24):6996-6999, Dec.

KUMAR, S., BANDYOPADHYAY, U. 2005. Free heme toxicity and its detoxification
systems in human. Toxicology letters, 157(3):175-188, Jul.

KUMAR, S., GUHA, M., CHOUBEY, V., MAITY, P., BANDYOPADHYAY, U. 2007.
Antimalarial drugs inhibiting hemozoin (B-hematin) formation: a mechanistic update. Life
sciences, 80(9):813—-828, Feb.

KUMAR, S., DAS, S.K,, DEY, S., MAITY, P., GUHA, M., CHOUBEY, V., PANDA, G.,
BANDYOPADHYAY, U. 2008. Antiplasmodial activity of [(aryl)arylsulfanylmethyl]pyridine.
Antimicrobial agents and chemotherapy, 52(2):705-715, Feb.

LE BRAS, J., DURAND, R. 2003. The mechanisms of resistance to antimalarial drugs in

Plasmodium falciparum. Fundamental & clinical pharmacology, 17(2):147-153, Apr.

LIPINSKI, C.A., LOMBARDO, F., DOMINY, B.W., FEENEY, P.J. 2001. Experimental and
computational approaches to estimate solubility and permeability in drug discovery and

development settings. Advanced drug delivery reviews, 46(1-3):3—-26, Mar.

LLINAS, M., DERISI, J.L. 2004. Pernicious plans revealed: Plasmodium falciparum

genome wide expression analysis. Current opinion in microbiology, 7(4):382—-387, Aug.

LUXEMBURGER, C., RICCI, F., NOSTEN, F., RAIMOND, D., BATHET, S., WHITE, N.J.
1997. The epidemiology of severe malaria in an area of low transmission in Thailand.
Transactions of the Royal Society of Tropical Medicine and Hygiene, 91(3):256—-262, May-

Jun.

150



MACREADIE, I., GINSBURG, H., SIRAWARAPORN, W., TILLEY, L. 2000. Antimalarial
drug development and new targets. Parasitology today, 16(10):438-444, Oct.

MALARIA VACCINE INITIATIVE. 2008. Fact sheet: RTS,S malaria vaccine clinical trials.
[Web:] http://mww.malariavaccine.org/files/05272009 RTSSFactSheet FINAL.pdf [Date of

access: 24 November 2012].

MANAN, J.A., HASSAN, A., MANOHAR, L. 2006. Acute renal failure associated with
malaria. Journal of Ayub Medical College, 18(4):47-52, Oct-Dec.

MANOHAR, S., KHAN, S.I., RAWAT, D.S. 2010. Synthesis, antimalarial activity and
cytotoxicity of 4-aminoquinoline—triazine conjugates. Bioorganic & medicinal chemistry
Letters, 20(1):322-325, Jan.

MATSIKA-CLAQUIN, M.D., MENARD, D., FONTANET, A.L., NGWHOTUE, A., SARDA, J.,
TALARMIN, A. 2006. Efficacy of chloroquine-proguanil malaria prophylaxis in a non-
immune population in Bangui, Central African Republic: a case-control study. Transactions
of the Royal Society of Tropical Medicine and Hygiene, 100(4):381-386, Apr.

MATUSCHEWSKI, K. 2006. Vaccine development against malaria. Current opinion in
immunology, 18(4):449-457, Aug.

MEDANA, |.M., TURNER, G.D.H. 2006. Human cerebral malaria and the blood—brain
barrier. International journal for parasitology, 36(5):555-568, May.

MENARD, R., HEUSSLER, V., YUDA, M., NUSSENZWEIG, V. 2008. Plasmodium pre-
erythrocytic stages: what’'s new? Trends in parasitology, 24(12):564-569,Dec.

MENENDEZ, C., FLEMING, A.F., ALONSO, P.L. 2000. Malaria-related anaemia.
Parasitology today, 16(11):469-476, Nov.

MEUNIER, B. 2008. Hybrid molecules with a dual mode of action: dream or reality?

Accounts of chemical research, 41(1):69-77, Jan.

MISHRA, S.K., MOHANTY, S., MOHANTY, A., DAS, B.S. 2006. Management of severe

and complicated malaria. Journal of postgraduate medicine, 52(4):281-287, Oct-Dec.

MOODY, A.H., CHIODINI, P.L. 2000. Methods for the detection of blood parasites. Clinical
& laboratory haematology, 22(4):189-202, Aug.

151



MOORTHY, V.S., GOOD, M.F., HILL, A.V.S. 2004. Malaria vaccine developments. Lancet,
363(9403):150-156, Jan.

MULLER, S., COOMBS, G.H., WALTER, R.D. 2001. Targeting polyamines of parasitic
protozoa in chemotherapy. Trends in parasitology, 17(5):242—-249, May.

MUTAI C., RUKUNGA, G., VAGIAS, C., ROUSSIS, V. 2008. In vivo screening of
antimalarial activity of Acacia mellifera (Benth) (leguminosae) on Plasmodium berghei in
mice. African journal of traditional, complementary and alternative medicines, 5(1):46-50.

NA-BANGCHANG, K., KARBWANG, J. 2009. Current status of malaria chemotherapy and
the role of pharmacology in antimalarial drug research and development. Fundamental &
clinical pharmacology, 23(4):387-409, Aug.

NATEGHPOUR, M., WARD, S.A., HOWELLS, R.E. 1993. Development of halofantrine
resistance and determination of cross-resistance patterns in Plasmodium. Antimicrobial
agents and chemotherapy, 37(11):2337—2343, Nov.

NEWTON, C.R.J.C., KRISHNA, S. 1998. Severe falciparum malaria in children: current
understanding of pathophysiology and supportive treatment. Pharmacology & therapeutics,
79(1):1-53, Jul.

NEWTON, P.N., WARD, S.A., ANGUS, B.J., CHIERAKUL, W., DONDORP, A,
RUANGVEERAYUTH, R., SILAMUT, K., TEERAPONG, P., SUPUTTAMONGKOL, Y.,
LOOAREESUWAN, S., WHITE, N.J. 2006. Early treatment failure in severe malaria
resulting from abnormally low plasma quinine concentrations. Transactions of the Royal
Society of Tropical Medicine and Hygiene, 100(2):184-186, Feb.

OGETIl, G.N., AKECH, S., JEMUTAI, J., BOGA, M., KIVAYA, E., FEGAN, G., MAITLAND,
K. 2010. Hypoglycaemia in severe malaria, clinical associations and relationship to quinine
dosage. BMC Infectious Diseases, 10(334):1-9, Nov.

OKOMBO, J., OHUMA, E., PICOT, S., NZILA, A. 2011. Update on genetic markers of
guinine resistance in Plasmodium falciparum. Molecular & biochemical parasitology,
177(2):77-82, Jun.

OLLIARO, P., NEVILL, C., LE BRAS, J., RINGWALD, P., MUSSANO, P., GARNER, P.,
BRASSEUR, P. 1996. Systematic review of amodiaquine treatment in uncomplicated
malaria. Lancet, 348(9036):1196-1201, Nov.

152



OLLIARO, P. 2001. Mode of action and mechanisms of resistance for antimalarial drugs.
Pharmacology & therapeutics, 89(2):207-219, Feb.

ONG’ECHA, J.M., KELLER, C.C., WERE, T., OUMA, C., OTIENO, R.O., LANDIS-LEWIS,
Z., OCHIEL, D., SLINGLUFF, J.L., MOGERE, S., OGONJI, G.A., ORAGO, A.S., VULULE,
J.M., KAPLAN, S.S., DAY, R.D., PERKINS, D.J. 2006. Parasitemia, anemia, and malarial
anemia in infants and young children in a rural holoendemic Plasmodium falciparum
transmission area. The American Society of Tropical Medicine and Hygiene, 74(3):376—385,
Mar.

O’NIEL, P.M., BISHOP, L.P., STORR, R.C., HAWLEY, S.R., MAGGS, J.L., WARD, S.A,,
PARK, B.K. 1996. Mechanism-based design of parasite-targeted artemisinin derivatives:
synthesis and antimalarial activity of benzylamino and alkylamino ether analogues of
artemisinin. Journal of medicinal chemistry, 39(22):4511-4514, Oct.

PAYS, J.F. 2010. A mosquito net for everyone in 2010. Bulletin de la Societe de pathologie
exotique (1990), 103(4):223-229, Oct.

PETERSEN, I.,, EASTMAN, R., LANZER, M. 2011. Drug-resistant malaria: molecular
mechanisms and implications for public health. FEBS letters, 585(11):1551-1562, Jun.

PHYO, A.P., NKHOMA, S., STEPNIEWSKA, K., ASHLEY, E.A., NAIR, S., MCGREADY, R.,
MOO, C.L., AL-SAAI, S., DONDORP, A.M., LWIN, K.M., SINGHASIVANON, P., DAY,
N.P.J., WHITE, N.J., ANDERSON, T.J.C., NOSTEN, F. 2012. Emergence of artemisinin-
resistant malaria on the western border of Thailand: a longitudinal study. Lancet,
379(9830):1960-1966, May.

PLOYPRADITH, P. 2004. Development of artemisinin and its structurally simplified trioxane
derivatives as antimalarial drugs. Acta Tropica, 89(3):329-342, Feb.

POSNER, G. H., PAIK, I. H., CHANG, W., BORSTNIK, K., SINISHTAJ, S., ROSENTHAL,
A.S., SHAPIRO, T. A. 2007. Malaria-infected mice are cured by a single dose of novel

artemisinin derivatives. Journal of medicinal chemistry, 50(10):2516-2519, May.

POSNER, G.H., CHANG, W., HESS, L., WOODARD, L., SINISHTAJ, S., USERA, AR,
MAIO, W., ROSENTHAL, A.S., KALINDA, A.S., D’ANGELDO, J.G., PETERSEN, K.S.,
STOHLER, R., CHOLLET, J., SANTO-TOMAS, J., SNYDER, C., ROTTMANN, M., WITTLIN,
S., BRUN, R., SHAPIRO,T. A. 2008. Malaria-infected mice are cured by oral administration

of new artemisinin derivatives. Journal of medicinal chemistry, 51(4):1035-1042, Feb.

153


http://www.google.co.za/url?sa=t&rct=j&q=the%20lancet%20abbreviation&source=web&cd=2&sqi=2&ved=0CCkQFjAB&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FThe_Lancet&ei=46aiT7z9FYyDhQfS0OCFCQ&usg=AFQjCNHVYL3Jbo_-wtN6f9jEqEp5zIinLg

PROTOPOPOFF, N., VAN BORTEL, W., SPEYBROECK, N., VAN GEERTRUYDEN, J.P.,
BAZA, D., D’PALESSANDRO, U., COOSEMANS, M. 2009. Ranking malaria risk factors to

guide malaria control efforts in african highlands. Plos one, 4(11):1-10, Nov.

RAJGOR, D.D., GOGTAY, N.J., KADAM, V.S., KAMTEKAR, K.D., DALVI, S.S., CHOGLE,
A.R., AIGAL, U., BICHILE, L.S., KAIN, K.C., KSHIRSAGAR, N.A. 2003. Efficacy of a 14-
day primaquine regimen in preventing relapses in patients with Plasmodium vivax malaria in
Mumbai, India. Transactions of The Royal Society of Tropical Medicine and Hygiene,
97(4):438-440, Jul-Aug.

RAMYA, T.N.C., SUROLIA, N., SUROLIA, A. 2006. Polyamine synthesis and salvage
pathways in the malaria parasite Plasmodium falciparum. Biochemical and biophysical
research communications, 348(2):579-584, Sep.

ROSENTHAL, P.J. 2004. Antiprotozoal drugs. (In Katzung, B.G. ed. Basic & clinical
pharmacology. 9 th ed. New York : McGraw-Hill. p864-885.).

RYCKEBUSCH, A., DEPREZ-POULAIN, R., DEBREU-FONTAINE, M.A., VANDAELE, R.,
MOURAY, E., GRELLIER, P., SERGHERAERT, C. 2003. Synthesis and antimalarial
evaluation of new 1,4-bis(3-aminopropyl)piperazine derivatives. Bioorganic & medicinal
chemistry letters, 13(21):3783-3787, Nov.

SANCHEZ, C.P., STEIN, W.D., LANZER, M. 2008. Dissecting the components of quinine

accumulation in Plasmodium falciparum. Molecular microbiology, 67(5):1081-1093, Mar.

SARDA, V., KASLOW, D.C., WILLIAMSON, K.C. 2009. Approaches to malaria vaccine

development using the retro spectroscope. Infection and immunity, 77(8):3130-3140, Aug.

SCHLITZER, M. 2008. Antimalarial drugs — what is in use and what is in the pipeline.
Archiv der pharmazie, 341(3):149-163, Mar.

SINKA, M.E., BANGS, M.J., MANGUIN, S., RUBIO-PALIS, Y., CHAREONVIRIYAPHAP, T.,
COETZEE, M., MBOGO, C.M., HEMINGWAY, J., PATIL, A.P., TEMPERLEY, W.H.,
GETHING, P.W., KABARIA, C.W., BURKOT, T.R., HARBACH, R.E., HAY, S.I. 2012. A

global map of dominant malaria vectors. Parasites & vectors, vol. 5(69):1-11, Apr.

SNOW, R.W., GUERRA, C.A., NOOR, A.M., MYINT, H.Y., HAY, S.I. 2005. The global
distribution of clinical episodes of Plasmodium falciparum malaria. Nature, 434(7030):214-
217, Mar.

154



SAMF (South African Medicines Formulary). 2012. (Rossiter, D., ed.10 th ed. Cape Town :
Division of Clinical Pharmacology Faculty of Health Sciences University of Cape Town.
p.641).

STEVENSON, M.M., RILEY, E.M. 2004. Innate immunity to malaria. Nature reviews
immunology, 4(3):169-180, Mar.

STEVENSON, M.M., ING, R., BERRETTA, F., MIU, J. 2011. Regulating the adaptive
immune response to blood-stage malaria: role of dendritic cells and CD4(+) Foxp3(+)
regulatory t cells. International journal of biological sciences, 7(9):1311-1322.

SULLIVAN, D.J. 2002. Theories on malarial pigment formation and quinoline action.
International journal for parasitology, 32(13):1645-1653, Dec.

TAYLOR, W.R.J., WHITE, N.J. 2002. Malaria in the lung. Clinics in chest medicine,
23(2):457-468, Jun.

TAYLOR, W.R.J., CANON, V., WHITE, N.J. 2006. Pulmonary manifestations of malaria:
recognition and management. Treatments in respiratory medicine, 5(6):419-428.

TILLYARD, A. 2004. Severe malaria and intensive care. Current anaesthesia & critical
care, 15(3):185-197, Aug.

TODRYK, S.M., HILL, A.V.S. 2007. Malaria vaccines: the stage we are at. Nature reviews
microbiology, 5(7):487-490, Jul.

TRACY, JW. & WEBSTER, L.T. 2001. Drugs used in the chemotherapy of protozoal
infections: malaria. (In Hardman, J.G., Limbird, L.E.,Gilman, G.A. eds. Goodman & Gilman'’s:

the pharmacological basis of therapeutics. 10 th ed. New York : McGraw-Hill. p1069-1095.)

TRAMPUZ, A., JEREB, M., MUZLOVIC, I., PRABHU, R.M. 2003. Clinical review: severe
malaria. Critical care, 7(4):315-323, Aug.

TURNER, G. 1997. Cerebral Malaria. Brain pathology, 7(1):569-582, Jan.

UHLEMANN, A.C., KRISHNA, S. 2005. Antimalarial multi-drug resistance in Asia:

mechanisms and assessment. Current topics in microbiology and immunology, 295:39-53.

VALE, N., MOREIRA, R., GOMES, P. 2009. Primaquine revisited six decades after its

discovery. European journal of medicinal chemistry, 44(3):937-953, Mar.

155



VAN DEN ENDE, J., COPPENS, G., VERSTRAETEN, T., VAN HAEGENBORGH, T.,
DEPRAETERE, K., VAN GOMPEL, A., VAN DEN ENDEN, E., CLERINX, J.,
COLEBUNDERS, R., PEETERMANS, W.E., SCHROYENS, W. 1998. Recurrence of
blackwater fever: triggering of relapses by different antimalarials. Tropical medicine and
international health, 3(8):632—-639, Aug.

VAN DER BERG, J.D., DUVENAGE, C.S.J., ROSKELL, N.S., SCOTT, T.R. 1999. Safety
and efficacy of atovaquone and proguanil hydrochloride for the prophylaxis of Plasmodium
falciparum malaria in South Africa. Clinical therapeutics, 21(4):741-749, Apr.

WALCZAK, M.S., LAWNICZAK-JABLONSKA, K., WOLSKA, A., SIENKIEWICZ, A.,
SUAREZ, L., KOSAR, A.J., BOHLE, D.S. 2011. Understanding chloroquine action at the
molecular level in antimalarial therapy: x-ray absorption studies in dimethyl sulfoxide
solution. The journal of physical chemistry B, 115(5):1145-1150, Feb.

WALSH, J.J., COUGHLAN, D., HENEGHAN, N., GAYNORA, C., BELL, A. 2007. A novel
artemisinin—quinine hybrid with potent antimalarial activity. Bioorganic & medicinal chemistry
letters, 17(13):3599-3602, Jul.

WELLEMS, T.E., PLOWE, C.V. 2001. Chloroquine-resistant malaria. The journal of
infectious diseases, 184(6):770-776, Sep.

WERNSDORFER, W.H. 2012. Global challenges of changing epidemiological patterns of
malaria. Acta Tropica, 121(3):158-165, Mar.

WHITE, N.J. 2004. Antimalarial drug resistance. The journal of clinical investigation,
113(8):1084-1092, Apr.

WHITE, N.J. 2008. Malaria. (In Cook, G.C., Manson, P. & Zumla, A.l., eds. Manson’s
tropical diseases. 22 nd ed. Philadelphia : W.B. Saunders Company. p1201-1297.)

WHITTEN, M.M.A., SHIAO, S.H., LEVASHINA, E.A. 2006. Mosquito midguts and malaria:
cell biology, compartmentalization and immunology. Parasite immunology, 28(4):121-130,

Apr.

WHO (World Health Organization). 2001. The use of antimalarial drugs: report of a WHO

informal consultant. Geneva : Roll Back Malaria/World Health Organization. 141 p.

156



WHO (World Health Organization). 2009. Roll Back Malaria: economic costs of malaria.
[Web:] www.rollbackmalaria.org/cmc_upload/0/000/015/363/RBMInfosheet_10.pdf [Date of

access: 11 November 2012].

WHO (World Health Organization). 2010a. Guidelines for the treatment of malaria. 2nd ed.
[Web:] http://whglibdoc.who.int/publications/2010/9789241547925 eng.pdf [Date of access:
9 April 2012].

WHO (World Health Organization). 2010b. International travel and health. Geneva : World
Health Organization. 248 p.

WHO (World Health Organization). 2011. World malaria report 2011. Geneva : World
Health Organization. 246 p.

WICHMANN, O., MUEHLEN, M., GRUSS, H., MOCKENHAUPT, F.P., SUTTORP, N.,
JELINEK, T. 2004. Malarone treatment failure not associated with previously described
mutations in the cytochrome b gene. Malaria journal, 3(14):1-3, Jun.

WONGSRICHANALAI, C., DUNG, N.T., TRUNG, T.N., WIMONWATTRAWATEE, T.,
SOOKTO, P., HEPPNER, D.G., KAWAMOTO F. 1997. In vitro susceptibility of Plasmodium
falciparum isolates in Vietham to artemisinin derivatives and other antimalarials. Acta
Tropica, 63(2-3):151-158, Feb.

WONGSRICHANALAI, C., PICKARD, A.L., WERNSDORFER, W.H., MESHNICK, S.R.
2002. Epidemiology of drug-resistant malaria. The Lancet infectious diseases, 2(4):209-
218, Apr.

WOODROW, C.J., HAYNES, R.K., KRISHNA, S. 2005. Artemisinins. Postgraduate
medical journal, 81(952):71-78, Feb.

WRIGHT, C.W. 2007. Recent developments in naturally derived antimalarials: cryptolepine

analogues. Journal of pharmacy and pharmacology, 59(6):899-904, Jun.

YUTHAVONG, Y. 2002. Basis for antifolate action and resistance in malaria. Microbes and
infection, 4(2):175-182, Feb.

ZHOU, Y., SUN, Z., FROELICH, J.M., HERMANN, T., WALL, D. 2006. Structure—activity
relationships of novel antibacterial translation inhibitors: 3,5-Diamino-piperidinyl triazines.
Bioorganic & medicinal chemistry letters, 16(20):5451-5456, Oct.

157



Annexure A

NMR & MS spectra - Chapter 3 (Article 1)

Mar18-2010-nmrsu
T Cloete Mrt 0110 A

PROTON CDCI3 ,'DDUt%DsD'\nZ.lPLS nmrsu 11

12

1N P

Article 1 — Compound 1

4a
9

|
| pJ“LH_J \

48

M |

\
u,l F‘l J I'\J

5a

\M L

—

T i T ™ T ™ Tt e i et e
g & g - ER g H5% R i
| . : . : : : . . : : : . : ‘
7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
f1 (ppm)
Mar18-2020-gmrsu ~ o i 0 ~ am mnT o -
T Cloete Wtg110 A i 3 3 i i PR3 38 &EE B 3
C13CPD CDCI 't 2.1PL3 11 \
CDCIB foptitopspin2. 1PL3 niprsu 11| | ) \ \ TN AN
: chioroform~ Article 1 — Compound 1
6
10 Sa 4 14 o
a
| %a 7 15 16
12 b
| 9 d
3
]
12a
i i . n i ! | N} \ " el Y
: . . : . : . . : : : . . . . : : : . . ‘
110 105 100 a5 %0 85 75 70 65 55 5 45 40 35 30 25 20 15 10 0
f1 (ppm)




Mar18-2010-nmrsu e
T Cloete Mrt 0110 A Article 1 — Compound 1
COSYGPSW CDCI3 /o%/toosoin241PL3 nmrsu 11 0.5
{037,0.55%7::
a ™ 16
3 1.0
14 (a05§°,1.29
{135,137} 58 s \
{157,157 78 "8a {§p7157 B
(L6771 K«- 2\- 7578 43
{1.82,1.8438a v jLan1es
{1.98,1.98 §F Ats;ma j Ta8a
- A !
4 2.0
(zaozzokﬁwezw)\ / (144228 5058 5a;58
5a5u
(2.57,259)\* e 4““ /‘ (o.azz.sex s Las
9 456 16
3.0 é
{3.44,3.42
x b 35
(373372& (5345371) ¥
{4.04,4.04 {3.44,4.05
aﬂkﬂ" ‘\ }\' bjaa 4.0
b o4 3.71,4.06}
alaa
4.5
{478,4‘78&‘ {2.59,4.78K
10 9:10
5.0
{542‘5.423\
12 [
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 08 06 04 02
f2 (ppm)
Mar18-2010-nmrsu .
T Cloete Mrt 0110 A Article 1 — Compound 1 L,
HSQCEDETGP CDCI3 ,f‘osntftousninz.lPLS nmrsu 11
{0.87,12.24 Lio
51 16
\ {0.89,20.38}, =
{1.83,24.41 1.68,2420} p 20
9 }\q, —f( }i {1.37,27.62} 15
{2.58,31.00
{3‘45,32-;‘3}\? %336, (L«%a&} (0373401;\ L0
- 9,37.46
b da ‘\w AR {]‘a ) Ta
{1.98,36.30) {1.42,44.34 40
\,sa
{1.17,52.57), Lso
5a
&0
{4.0167.46& {3.73,67.27}
aa ak 70 z
E
]
80 =
{5.42,5294\
12 %
{4.78, wz.os;\ L 100
10
110
120
130
140
150
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
58 56 G54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 OB 06 04 02

f2 (ppm)

159




Jan25-2012-nmrsu .
T Cloete Jun 0210 Article 1 — Compound 2
PROTON DMSO /opt/topspin2.1PLG nmrsu 8
5 A
14
16
15
Ta
DMSO
—
12 /
1 f
/
'
r’ f
f |
|, E f |
| i a | . ;o [ 77 I {
J f J S/ SIS S
8a
10 6
58
o T,
| 4a
aa | || I‘l 9 a8 T wm || 5a
| Ul LU ) ’l' M r'x' il\ |
p—— I v |
- IS B —__ JWVULL AW L ! 'k___n L ,|| [ 'nl Ui i W i_ﬂgl o
s s o [ L e AU R
: : Y g 5 8 5 3535 Asi g
T T T T
7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 1.5 1.0 0.5
f1 {(ppm)
Jan25ﬁ_[]12—nmrsu I 5 5 i Pr [ 2 2597 2HRS ©
llc;(?::% D]I“l:llggz,f:igtltomniﬂ 1PL6 nmrsu 8 g8 B s zd #oi b B S Haas b
gpspin2. I . | \ i I~ | P R =) |
Article 1 — Compound 2
3 o
15
12a 5a
10 ! /
12 1 e 16
8
8a
o 6, F'(
4
a
b
HA A Y | o
T T T T T
170 160 150 140 130 120 110 100 20 80 (1] 50 40 30 20 10
f1 (ppm)
160




—0.0
Jan25-2012-nrmrsu -
T Cloete Jun 0210 Article 1 — Compound 2 I
COSYGPSW DMSO IUEUtODSDinZlPLE nmrsu 8
Ta L
- T 05
15
(0.33,0.&1: 'ii'go’u‘ag} L
- - £ i
{1.13,1.14) Fio
Sald ¢ 4
{1.36,1.35), 5Rg0.689, 1/ 5& b
ST 78 T e 15
1 {1.68,1.68 {0.87,1.68) N <+— TaiTR rs
O\/\ m " {182, L.ez@h [ =838 <«—— TaBa L
a "
{2.00,1.98) 500 S S
T o 508/ o e | bao
- {217,217, 201,217} ¢ —4f:5p '
2 P " 5050 | gy 4058
(2.39,2.3%“9 ? f {137,238 {9.34,2_39% F
. ’18’ 16;9
DMSO P 9 s
gl
(292,292, 9 [ =2
- {3.02,3.03 5.- =
.. (1] ~3.0
abb [
(60360 gp (302358 Lis
{3.788.72, {3.08,3.70, 42.92,3.71}
(3'91‘3'89\ ‘b1' 3.59,3.89} R 12 [
aa [3.02,3.89} F4.0
ald
e aab r
k4.5
{4.71,4.71] {2.38,471),
& 10 \!- 9:10 L
k5.0
12,45.40,5.40} L
Lss
T T T T T T T T T T T 1
55 5.0 45 40 35 3.0 25 20 15 1.0 0.5 0.0
Jan25-2012-nmrsu . r
T Cloete Jun 0210 Article 1 — Compound 2
HSQCEDETGP DMSO /opt/topspin2.1PL6 nmrsu 8
1
H (u,a},uu}\‘m rio
o= ‘
‘ {0.88,20.63,
& 15 =
1.78,24.73 ¥24.72
5a L7 }\.2! }\»/1272515}
1162,24.137 {1.70,24.10F 44
{2.39,30.67}
h k30
j].543455} '/9334345&}
‘;2,1?,35.415%‘4::I ‘}L 98,36.4}, {1 36,3712}
48
L] 40
DMso (1.37,44.14&
8a
2.92,52.96 {1.14,52.63 k50
ansm N |
1 (_3.01,55.75& 5a E
\ A g
160
3.60,63.53
@3, 72 o8 j Y
163. 54}
k70
~80
(5,40,3247&
12 Lso
4.71,101.15
snman o .
L1ito
T T T T T T T T T T T T 1
60 55 50 45 40 35 30 25 20 15 1.0 05 0.0

f2 (ppm)

161



1
398, 2556 . 9.5 22 H32 NS 02 . 6,959 . 22 32 = 2
398.2532 3.3 8.5 220 H33 WS 02 Na 408.7  5.261 0.52 20 33 El z 1
398.2519 6.5 1.5 19 H37 M 06 Ma 407.3  3.871 2.08 19 ar 1 & 1
398.2572 -6.5 10,5 CZ5 H33 N3 Na 412.4 8.938 0.01 25 33 3 1
398.2502 10.8 05 C16 H36 N3 08 412.6  9.097 0,01 16 36 3 g
398.2596 -12.8 135 CZF H32 N3 413.7 10,263 0.00 27 32 3
3982484 15.3 135 C2B H3Z M O 414.3 10,872 0,00 28 32 1 1
398.2615 -17.8 0.5 15 H36 NS OF 414.1 10,578 0,00 15 36 9 7
TTC_00
TC_NWU_110812_1 18 (0.182) Gm (18:21-42:44)
100 382545
T
¥ CoHaOg
397 246438
18
.
O\/\N/\f'
|'I\/0
.
Article 1 - Compound 2
%_
399.7578
398.3748 4002608
. 3944989302 5317 395.7446396.2345 9 8397 7560.397.9627 | | 3084841 3993770 | 4010158451 5628
e e e e L e e
3045 3950 3955 3060 39A5  307.0 3975 3980 3985 3900 3995 4000 4005 4010 4015 4

162



Oct05-2010-nmrsu
T Cloete Sep0610 (deel 1)
PROTON CDCI3 IODUU?SDSD'\I'IZ.IPB nmrsu 8

Article 1 — Compound 3

14

15
70 16
.-/'--_
3
./7
12 '
- - r [
J J / )
8a
10 s 56
5a
8a
Chloroform aa ak a8 w
Y
‘ |f| A .“l 'ﬂ\h ‘ﬁ |-'A\ . h
] | L_,.J U b Ll \J (W RV R WLV} \\__
it oK i bl i gkt
g g & RA 53R3A8R 3
T T T T T T T T T T T T T 1
7.5 7.0 6.5 6.0 55 5.0 4.5 " (1 ) 35 20 1.5 1.0 0.5 0.0
ppm
UCI:UD'&USII'ETII'SU oy 8 S g wn ~ 3 P~ g ﬁ - 8 g - $ ~ =3 3
@« 2 » = ~ Lt h 9 - m 2 = win i 2
T Cloete Se@610 (deel 1) & P BE # 6 § 9% B 8 €3% =8 E
C13CPD CDCP /opt/topspin2. 1PL3 nrirsu 8 i W | T T 12 | LW | |
g Article 1 — Compound 3
Chioroform
¥ 5a
5 8
. 9
10 « . i ‘ 15
| 12 a | p I Ba “5 | , 1 \ 16
| 12a | II h 4 I? !
3 1 1
|
‘ I, \ \ .
r T T T T T T T T T T T T T T T T T T T T T 1
110 105 100 a5 90 85 80 75 70 65 60 ﬂ (55 ) 50 45 40 35 30 r-3 20 15 10 5 1]
ppm

163



Oct05-2010-nmrsu
T Cloete Sep0610 (deel 1)
COSYGPSW CDCI3 /or:tsltopsoinz.IPL3 nmrsu 8

{3.48,349;

’ &9,3,52 “aff
{3.90,3: so& 3 4629&

aa:af

{4.76,4.76
&, 10

{5.34,5.34),

\12

Article 1 — Compound 3

(039039 15 . 7a
16
(1&1;;@&
»

0.88,1.27}
<156
8a
(170170)\8'6 \ " - 7B
{1.83,1.82 p 558 = w—_ 7040

{1.95,1.95; -
¢ )& f \ 895\5 Sa:5a
{2,28\‘27§ gzzz 28 * 8c| 78 \

{2.43,2.43) 4p,5g

{2572. 41,260 {o 86,2.58
(2,74,2.74 SQ\'Q \37 s 4“'4#

(2 65, z\ =

9:8a

(272,346 ap:b
-~
K 2.37,3.62}

(2.73.3.88\ 43
ac:b

(2.53,4.75&109

T T T T T
5.5 5.0 45 4.0 35

2.0 15 1.0 0.5
2 (ppm)

0.0

2.0

2.5

3.5

5.5

f1 (ppm)

Oct05-2010-nmrsu

T Cloete Sep0610 (deel 1)

HSQCEDETGP CDCI3 /opt/topspin2.1PL3 nmrsu 8
15

{3.62,67. m&

"“ "3.90,67.09y28

{5.34,87.81
\ 12

!
{4.76,102.10
}\ 10

Article 1 — Compound 3
{0.86,13. D?}\

ﬂ {0.87,20.36),

{1.81, 2453’* 1. ?’DZ#S}} "L15

- 14

(2573057}, 9
{2\)335 4331.953635), L3370 {0'85,34: 73}\‘
}{h & Ta
{1.40,44. 353\&a (_1 3755

{1.17,52.57}

{2.66,46.07

{2.73,49.46, .
}\‘ | Ez 37,53.81}
{2 42,5&41&_ ] 5a

3.47,67.84}

o

10

30

40

&0

70

0

100

110

120

130

140

150

f1 (ppm)

164




Fit Conf %

441, Mz 06 Ma 439.3
441,2951 26 HeZ2 04 Ma 491.3 0,00 26 4z 4 1
441,2924 C16 H41 M4 05 493.9 0,00 15 41 4 g
441.2994 227 H38 M4 Ma 493.4 0.00 27 35 4 1
441.3005 C28 H41 04 493.7 0.00 28 41 4
441.2906 13,5  (C30 H37 Nz O 495.4 0.00 30 a7 2 1
441.3018 . 13.5 29 H37 N4 495.0 0.00 29 37 4
441.2882 76 10,5 28 H38 M2 O Ma 494.0 0,00 28 35 2 1 1
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W7 08 20 65 CZIHB NS ONa 47l E.d34 9.2z T
3962763 L6 40 95 CZ3HI NSO 4733 8307 0.02 B
396.2726 2.1 . 1.5 20 H39 N 05 Na 4704 5.352 0.47 20 39 1
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439.3143 4.1 1.5

439.3133 -5.0 5.5 27
439.3132 7.7 0.5 C19
439.3212 -10.5 &5 C29
439,309 175 10,5 (29
439.3073 9.3 21.2 9.5 (28
439.3260 -9.4 214 15 C2t
439,3060 106 241 4.5 (25

Formula

H44 O3 Na
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H43 03

H40 NZ Na
H33 N4 02

H44 N4 04 Ma

H43 06

Fit Conf

5
27 44 3 1
19 43 4 7
29 43 3
29 40 z 1
26 39 4 2
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25 43 &
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Article 1 - Compound 5
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Fit Conf %

455.3501 <35 4.5 3
455.5461 z.4 5.3 0.5 23 H4G Mz O5 Na 531.7 10.615 0.00 23 45 z 5
4553445 4.0 8.8 -0.5 220 H4T7 N4 07 535.6 14,731 0.00 20 47 4 7
435.3525 -4.0 8.8 75 C30 H47 O3 5370 15,916 0.00 30 47 3
455.3402 8.3 18.2 9.5 230 H44 M2 Na 537.3  18.231 0.00 30 44 z
455.3573 -8.8 -193 05 C22 H48 M4 O4 Na 5334 12,340 0.00 22 48 4 4
455. 3386 9.9 217 6.5 C27 H43 M4 02 534.5 13.475 0.00 27 43 4 z
455,3373 11,2 246 35 C26 H47 OB 8323 11,234 0.00 26 47 &
TTC_005
TC_MWU_110912_518(0.221) Cm (19:25-62:66)
100 " 4553485
CasH N2 05
& 453.332848
18 ezt
1 s
D\/\N/\\;/N
Article 1 - Compound 6 4
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” Mass

| Formula

[ Calc. Mass | mDa | PPM | DBE [iFr [iFmhorm  [Fitconf% | ¢ | H [N ]| o [Nal
408, 2375 408, 2375 1] 8.5 C21 H3l N5 02 Ma 6, 57 0,35 21 5 2
. 1 1 f
408.2362 1.3 3.2 3.5 C20 H35 M 06 Ma S04z 3791 2.26 20 35 1 & 1
405.2400 -2.5 -6.1 11.5 €23 H30 NS 02 507.9 7.4581 0.06 23 30 5 z
408,2346 2.9 7.1 2.5 C17 H34 N3 05 097 9,282 0,01 17 34 3 g
405.2416 -4.1 -10.0 125 26 H31 N3 Ma 509.5 9.047 0.01 26 31 3 1
408.2327 4.8 11.8 155  C29 H30O M O E11.0 10,525 0.00 29 30 1 1
405.2322 5.3 13.0 -0.5 C15 H35 N3 OF Ma 51z.1 11.692 0.00 15 35 3 g 1
408.2434 5.9 145 -0.5  C14 H35 NS OF Ma 5133 12,843 0,00 14 35 g 7 1
TTC_006
TC_PWU_110612_6 18 (0.192) Crn ¢18:32-4548)
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15
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406.222063
I .0
Y\N 2z .
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Calc, Mass Fit: Conf %
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Annexure B

NMR & MS spectra - Chapter 5 (Article 3)
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Intens . +MS, 0.2-0.3min #(11-16)
x105] cl w
T G
5] NET T
1 J\ C1HsChN .0
] T & F  270.007516
4] "
] Article 3 - Compound 2 271.0140
3]
24
13
01 L
T T T T T T T T T T T T T T T T T LI T T T T T T T T T T T T T T L N LI T
50 75 100 125 150 175 200 225 250 275 m/z
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
2710140 1 C10H9CI2ZN40O 100.00 271.0148 08 3.0 1721 7.5 even ok
2 C9H13Cl205 4952 271.0135 0.5 20 183.1 25 even ok
3 C15H8CIO3 026 271.0156 1.7 6.1 2353 115 even ok
4 C1MH4CINGO 0.01 271.0130 -1.0 -3.8 2694 125 even ok
5 C10HB8CIN205 0.00 2710116 24 -8.7 2773 7.5 even ok
6 C16H3N203 0.00 271.0138 0.2 -0.6 4332 165 even ok
7 C4H7TN4010 0.00 271.0157 1.7 6.2 469.8 3.5 even ok
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Article 3 — Compound 3
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Intens.
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. .
o /[s\ 239 996952
— [3 ¥
3 cr N I 2
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Article 3 - Compoind 3 241.0028
2]
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o] _ e ir7azee | 2200856 Ml
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Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
2410028 1 CY9H7CI2N4 99.16 241.0042 14 6.0 1340 75 even ok
2 C8H11CI204 100.00 241.0029 0.1 05 1453 25 even ok
3 C14HG6CIO2 0.24 241.0051 23 96 2073 115 even ok
4 C10H2CING 032 241.0024 04 -1.6 2177 125 even ok
5 CY9HECIN204 0.07 241.0011 1.7 -7 2258 7.5 even ok
6 C15HN202 0.00 241.0033 05 20 3844 165 even ok
7 C3H5N409 0.00 241.0051 23 96 4171 3.5 even ok
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Intens. +MS, 0.1-0.2min #(8-13)
*x102 M2
i CisHz7M7 /r
2.0 305.232794 HN- T
4 ¥
: -,
154 - N G-
1 £ N)\N/LN ¥ 346.2693
] r 5 5 T
1.0+ & N
] Article 3 - Compound 4
0.5
] 306.2380 \\ 3772500
ool o . I S N | SIS
50 100 150 200 250 300 350 m/z
Meas. m/z # Formula Score m/iz err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3062380 1 C15H28N7 100.00 306.2401 20 66 95 55 even ok
3462693 1 C18H32NT7 3462714 21 6.0 49 65 even ok
2 C17TH3BN304 10000 3462700 0.8 22 97 15 even ok
3 C13H32N902 346 2673 -19 56 223 25 even ok
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Intens. | +MS, 0.2-0.3min #(12-17)
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81 Cy7H2sN70 J: 1w
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Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3442175 1 C1TH26NTO 4973 3442193 19 55 44 85 even ok
2 C16H30N30O5 10000 3442180 05 16 11.0 35 even ok
3 C12H26N90O3 2799 3442153 2.1 -6.2 233 45 even ok
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Intens - +MS, 0.1-0.2min #(8-13)
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Meas. m/z # Formula Score m/iz err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3101972 1 C13H24N702 10000 310.1986 14 47 114 55 even ok
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Article 3 — Compound 7
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Intens. | +MS, 0.2-0.3min #(11-16)
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Meas. m/z # Formula Score m/iz err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3461965 1 C16H24NT702 3941 346.1986 21 6.2 58 85 even ok
2 C15H28N306 89.07 346.1973 08 23 95 35 even ok
3 C12H20N13 100.00 346.1959 -0.6 -1.6 100 95 even ok
4 C11H24N90O4 3447 3461946 -19 -5.5 221 45 even ok
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3] HN 2 i
i 4 /Is\ " A é
|G T
4 . I| 4

AL e -

] R U e

+MS, 0.2-0.3min #(12-20)

9 352.1864
T Article 3 - Compoind &
1
i 309.1441
] 271.0127
50 100 150 200 250 300 350 m/z
Meas. m/iz # Formula Score m/iz err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3521864 1 C18H22NT7O0O 4977 352.1880 1.7 48 148 115 even ok
2 C1TH26N305 100.00 352.1867 0.3 10 182 65 even ok
3 C13H22N903 2487 352.1840 23 6.7 233 75 even ok
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Sep20-2011-nmrsu .
T Cloete Sep 1011 Article 3 — Compound 9

| | M \ ‘
J J ‘I | | J
7|
« | s owso
F | HO
| ] e
\
o |
|
||\ | n*l Il\ | 1
R L ,Jl (A L,_ U A0 ,‘L IV N S S N -
T e v i
z 8 % e} 5
3 i B g 3
r T T T T T T T T T T T T T T T
B85 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 15 1.0 0.5
f1 (ppm)
Sep@sp011-nmrsu 7 8 =R . oy
T Clgele Sep 1011 g § &% Article 3 — Compound 9 e
L | | b |1
N
DMSO
"
8
5
|
&
| z
|
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Intens4. +MS, 0.2-0.3min #(12-19)
X104 | . _NHz

Ci7H1gl7 /‘r )
321170194
6 HN-E
T 3 .
g | 4
g SH‘/I\\N)<H T 3021754

4_
Article 3 -Compoind 9
279.1340
2_
50 10 1% 200 © 2% 300 R
Meas. m/iz # Formula Score m/iz err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3221754 1 C17TH20NT7 100.00 3221775 21 6.5 119 115 even ok
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Aug07-2012-nmrsu
T Cloete Jul 0212 Vrb 7c

Article 3 — Compound 10

PROTON CDCI3 /opt/topspin2.1PL6 nmrsu 14
NH2 T
"
1“'\13'/ 1w
1w "
14
10
P
i ~ -
[~ / f
7 s / s r
_/' J _ i J
Chloroform
Benzene 2 13'
"w i Ly
\ 2z " ‘
\ y |
Y v TR I
A | VI Y ‘
I\ I i\ ,"“I I\ JUI | 1 \
N N I . VU SN L W A i ) e
e . s e L .
a 2 & =] & & =
2 2 K] a 3 a A
T T T T T T T T T T T T T T T 1
75 70 65 60 55 5.0 45 4.0 35 3.0 25 20 15 1.0 0.5 0.0
1 (ppm)
Aug07-2012-nggsu = [ ] = T @ ~
e ] i 1 - n % REd o
T Cloete Jul G2 Vrb 7 &5 5 = Article3—Com pOUlld 10F ¢ ::: &
C13CPDSN CDCI3 /opt/topspin2.1PL6 nmrsu 14 | | | | | |51 |
NH &
10
w
z
) T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
180 170 160 150 140 130 120 110 100 0 70 60 50 40 30 k) 10 0

90
fL (ppm)
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Aug07-2012-nmrsu

T Cloete Jul 0212 Vrb 7¢

COSYGPSW CDCI3 /opt/topspin2.1PL6 nmrsu 14
NH

Article 3 — Compound 10

(297057, 1443
Y

12

|12
33258y \2.:7,2.57
\r k‘ 1

Z— %9257 291,291}
1 j

(331,331} » {257,332
g e
{3.68,3.69 2\. N S

{3.39,3.40} {2.91,3. 4‘0;1-12';11_

10

8 {6.72,6.74}\.
g

{7 40,?.41& 673,742}
T

8

{0. 97’,0.97}1
AT

{0.97,2.97]
t\i 1413

-0.5

0.0

0.5

F2.0

F2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

T T T T T T T T T T T T T
8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20
f2 (ppm)

1 (ppm)

Aug07-2012-nmrsu

T Cloete Jul 0212 Vrb 7e

HSQCEDETGP CDCI3 ioDUtousninZﬁELG nmrsu 14
2

1

Article 3 — Compound 10

2

\ (3.31,39.87)
{3.40,42.203\{ 257,44.51
v PALINY St

M {290,415 1

3%,

12.98,49.25)

{3.69,55.44}

10

(5.73,113.913\‘
{740,121 93& g
T

{0 9?,2[].56%

1

40

80

20

100

110

120

130

150

f1 (ppm)
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Intens.
x104

IE

o MNH2
CzgHziNz0 J/
. 402285558 .
10 W2
LJJ s 5 3/[\ LadREE Py
ST

T

\O:
& N g
H H 12 1¥
1

Article 3 - Compoind 10

2572435

313.2716 359.2296

+MS, 0.2-0 2min #9-14)

403.2908

50

%

Meas. m/lz # Formula Score m/z
4032908 1 C20H35N80 100.00 403.2928

&

250

err [mDa] err [ppm]
2.1 51

300

mSigma
105

a0

" 350 miz
rdb e Conf N-Rule
7.5 even ok
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May24-2011-nmrsu
T Cloete Mei0611

Article 3 — Compound 11

PROTON (DCI31,;ont.’tonsn'|n2.lPL6 nmrsu 16
14
78| o
15
5:';7- M 1
2
8B B -
12 s T II‘
/ ,"‘ E"I\'
B I e / J S v _Jr / VA
Chloroform 10 | “ ‘
b J
ab‘\" ‘n\ T 5B)| 6
4a 48 84 5a
T a f i = |
| I N @ A
| i il | (R |
- Ju L J e () I'\L ) IL___JJ l‘,J___,l |L_ ‘ ‘L_fl \ "-Ill Y "_k
T s [ e e L e I I B B L I
g 8 R 8 g &8 g § 3 2 3
r T T T T T T T T T T T T T 1
75 7.0 65 6.0 55 5.0 45 5 30 25 20 15 1.0 05 0.0
1 (ppm)
May24-2011mmrsu 5T E ™ Que smoIISesZon o
T Cloete Me#611 gg : 0z 8 pEg E&g%ﬁz%%ss 5
C13CPD CDC3 .:?DUtonsnrnz.lPLs nmrsu 16 V) | | | AN NI T NES
Article 3 41 Compound 11
14
& 16
15
10
4
3L | 58
4 5a 6/ 9 J
|
3 12 12a 5 ‘l' , 4
Ox v r
° b
a
8a 2
T T T T T T T T T T T T T
60 50 40 30 0 10 0 -10

100 90

a0
f1 (ppm)
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May24-2011-nmrsu .
T Cloete Mei0511 Article 3 — Compound 11
COSYGPSW CDEI13 fopt/topspin2.1PL6 nmrsu 16
s 0.5
{0.87,0.86
- 9410 .94}
! .0
8| 5a (-H
- B\ ' “*‘5-91,1.3%SF ‘//7 o
- i - G: -
- ) o ?&B {IG'BB‘L%;; T 156 [
— 67 1 .
{185,185} g5q Lzﬂ'ﬁ) B o+ Ta7p
Q-DDMQ; Lq?,zuu
4oc4p——= W ap \ \ 2.0
{2.35,2.35), {2.00,2.34& {1.46,2.35
{2.60,2.60}, 4a f {1.42,2.57 (u B& 2,60, Los
9 3 T t\ \
50[.4:: 98a
4a:4p 4a:58 z
3.0 g
3.28,3.2
{3.36,3.35 1 7 =
= b
3.5
5 3337?& ___—apb (L0372, 56
a
{4, 12411& jBBZ‘}Ll} j;;:}_ 2z 4.0
aa aa:ap acch
4.5
{4.78,4.78) {2.59,4.78
1o AN
5.0
{5.37,5.35)\12
5.5
Le.o
r T T T T T T T T T T T
6.0 55 5.0 45 4.0 35 3.0 25 20 15 10 0.5
f2 (ppm)
ro
May24-2011-nmrsu .
T Cloete Mei0611 Article 3 — Compound 11
HSQCEDETGP CECB fopt/topspin2.1PL6 nmrsu 16
] {0.85,12.87 10
}-\' 16
{0.94,20.33),
20
€ {1.8524.62} 8a laﬁu 67,2446} 1
5 T - 58
% : 3 M 4 {2.60,30.74 5 ————u
N Y ,‘H/ - 60,30, %9 611.59,25.89) .
My, M {1.60,34.68 {0.85,34.64}
By )
\‘]/ 3.76,38.03 {235,36.39) &‘m 134,37, 29}\- 7a
‘ ] e & z ™ 4B,
s E 4a 2.01,36.37} F40
El & (3.72,44.96} 8 {1.42,44‘23)\
B y 3.33,47.44} 8a
g "
b {3.29,47.42} (1..21.,52‘54& )
5a
£
{4, 11&»409)~b “;3815459} & s
11,64, 81,64, =
- ap
70
80
{5.36,87.75,
& 12
90
{4.78,102.11 I 100
}\ 10
110
1120
r T T T T T T T T T T T T
65 6.0 55 5.0 45 40 5 25 20 15 1.0 05
f2 (ppm)
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Mass

Farmula

357.6

i-FIT Morrn

10,731

Fit Conf %

616.4173 1.5 4.5 a1 3 ]
616.4155 2.7 4.4 17,5 43 H54 N 02 365.1 15.280 0.00 43 54 1 2
6l6.4213 -3 -5.0 8.5 Z36 HS8 M OF o60.5 13,9558 0.a0 a6 58 1 7
616.4146 3.6 5.8 55 CEF HS4 N9 OF 360.4 13.575 0.00 27 54 9 T
616.4227 -4.5 -F3 13,5 37 Hs4 NS O3 2617 14,804 0.a0 ar 54 5 3
616.4175 5.4 5.8 18.5 39 Hs0 N7 363.0 16,197 0.00 39 50 7
£16,4245 -6.3 -10.2 0.5 Z25 Hs3 M7 010 3625 15,651 0.a0 25 =ts] 7 10
616.4114 6.8 11.0 13.5 38 H54 N3 04 362.5 15.616 0.00 JG1a] 54 3 4

TTC2_001

TC_NWU_120321_2 50 (0.261) Crn (50:55-10:16)

- B16.4182
- 4+ :

- CyzHzs 05
g 615410818
5 el ’©T
H’“\’“V\[“\T "
g% - Article 3 - Compound 11 3( i
L §17.4208
§18.4237
oL 20T a6 4ana 5438817 2003128 5704122 £33 4193 6144042 ||| g19.4264 B3,
L R L L L I R L I L R L L L L L Ry ARl L LR LA LARRS ELRAN LAY L
§10 520 530 540 850 560 670 580 90 600 G10 G20 630
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Apr15-2012-nmrsu
T Cloete Feb 0912 Deel 2 (Hib)
PROTON CDCI3 ‘ALODUtDDSDinZ.lPLS nrmrsu 14

Article 3 — Compound 12

13
14
' 16
] '
| -
[/ | / y
Chioroform
- _ ‘{‘f' &
_J J s v e
2 IBCH
10 n |
10 ‘
ap ‘Sa
- W )
| ‘| v I / J\ |
|| ” f ol | | ‘
‘ ||I | | |h \ i
A 4 U | S S AN M L
— T e i [ R B T
3 : : g 3 3 I
T T T T T T T T T T T
8.0 75 7.0 65 6.0 55 5.0 45 4.0 10 0.5
f1 (ppm)
Apri9-2012-nmysts G R @ g 2 2 ne o emmamnnoTy o
T Clocte Feb 01%Dedt T(H) g 8 2 88 E- 3 REEssAdAge o
C13CPD CDCI3 {?DUtODSDInEJPLﬁ nmrsu 14 | | ) | | | R N |
= Article 3 — Compound 12
”
& L
NG
il
o
q
1 -
‘a.\-. i 0
1
1 14 15
"
16
T I
12a
3 ¥
o I
5
12
10 %'IJ 4
ox . ,
{ |
| 10
12 .
5 3 J‘ 9 6
u |
r T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 %0 80 70 60 k] F] 10
f1 (ppm)
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~0.0
Apr19-2012-nmrsu -
T Cloete Feb 0912 Deel 2 (Hib) Article 3 — Compound 12
COSYGPSW CD(‘IL3 /opt/topspin2.1PL6 nmrsu 14 Los
5 Ta
_ (ossossygsoss) 7a:88
- =s 16 ‘15/ ~ e
Ba W .{0‘9%34) 156
+
& (o 33 1 70 Ta7f |15
We : Al
4 203203
§|{ {2342, 36& z oo ey 40} : .
1 2.61,2.61 .87,2.61, p
N ¢ & ’uhsu/d\‘ )\‘ 4658 Lys
LN 9 | 4q:5a Y1.41,261)
g . 4a;4p 69 3.0
(3.38,3. 42%}3‘32'3‘35’ 9:8a
.67, 3‘55 (1.61,373)\ 35
" g b _
{4134, 12& ?mﬁ BB TAT—2:1 L4.0 §
ad  ac;aP b =
a5
(4.77,4477& (2&2,4.77&
10 109 =
{5.39,5.39),
12 55
6.0
{ 1" 6.5
6481,6,81& ’
- 7.0
(7.49,75q& 3\6 .80,7. so) 1041
7.5
Chloroform
Ls.o
T T T T T T T T T T T T | T T T 1
8.0 75 70 65 6.0 55 50 45 40 35 3.0 25 20 15 10 05 0.0
2 (ppm)
Apr19-2012-nmrsu . e
T Cloete Feb 0912 Deel 2 (Hib) Article 3 — Compound 12 -
HSOCEDETGP CDCI3 /opt/topspin2.1PL6 nmrsu 14
s {D-SZHBB}\ ® 10
EE“’ 91,2043}, 15
{1.83,24. 43}\' 15’ ro
. L
e NF 2613075} g ] "' "4
T o o \ 1953616} {086,34.65, I
3 7 ’H/n' 4 {3.3&,37.93)\’2. {2‘32'35'37\, /[ N7 L
¥ “ A °
1o {1.41,44.17 {1343739} r
" . NH BI2530 ¢ 1 43.39,47.23} }\-Ba L
L o <b {1.20,52.62)
3 {3.35,47.34} elrass 50
(3.?5‘55.33)&"3, \Sa I
{4_12‘54.1:}& {3.80,64.11} o
aa ap [ e
L7o g
o
Lo
{5.39,8?‘,57}\. L
12 Lo
{4.77,102.28 100
s 10 I
{6.80,113.81, 110
it T [
{gzm,:laus) 120
10 L
130
L1a0
r T T T T T T T T T T T T T T T 1
8.0 75 70 6.5 6.0 55 5.0 4.5 40 35 30 25 20 15 10 05 0.0
f2 (ppm)
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g
7 2.3 3.3 20,5 45 H32

654,594 . 1 3
654,3959 .1 4.7 4.5 29 H52 46,5  5.486 0.0z 29 52 9 g
654, 40056 -3.6 5.5 11.5 35 HEs 3467 8675 0.02 38 =1 1 g
654,4019 -4.9 -7.5 16,5 39 HE2 3475 9547 0.01 39 52 5 4
654,3920 5.0 7.6 21,5 C41 H48 3458.9 10,955 0.00 41 43 7 1
654, 53907 6.3 9.5 16,5 <40 HS2 48,2 10,245 0.00 40 52 3 5
654.4033 -6.3 -9.6 1.5 40 H4a 48.6 10.606 0.00 40 45 9
654, 38580 a.0 13.8 17,5 (36 H48 345.3 7.200 0.07 36 43 9 3
TTC2_002
TC_NWU_120321_3 52 {0.269) Crn (52:62-5-11)
100 ; £54.3970
CaHsM70g
653.350033
" T % o
Eor Hoew
i T
S
Ariicle 3 - Compound 2 ,, |-
%_ .T.\_\‘G.g .
§55.4002
A56.4027
1
o |57as5s 50347 gag 977 BoB 3920 BTEA2ZZ 6303045 6543175, ||| 6574063 6763794 68235
Rl s RN S T R A Tt kLIS AP TP
580 590 GO0 610 G20 B30 B4D GBS0 BBO 670 GO0 GE
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JulZ1-2011-nmrsu

T Cloete Jul 0411 Oks DMSO

PROTON DMSO /opt/topspin2.1PL6 nmrsu 11
15

Article 3 — Compound 13

14
DMso
I Ta
P,
5.," 1315
12 alk -
6 .
o s ~ _( P e o /‘/./‘ ./ a
!‘ N
10 \ z 1
b SR
NH 8a
'| 8 6
|
aa ‘ | | g 4o g | 8 P, 5a |
ﬂ | JH‘ IERR I .
JL | WP | S JU T e U L GRUU P
! s T I e L e A I R B B B
8 5 5 g 2 G € 83 3883 %5 3
= ] B s g ¥ = 23 2 a3 3 = I
r T T T T T T T T T T T T T T T
80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05
f1 (pom)
Ju\2172{]117n|n_r31_.| & & - @ ™ vono leoo = 1
T Cose 34 GEL Ok D50
C13CPD DMSQ{?D'(RODSDII‘IZ.J.PLG nmrsu 11 | |. | | I [NV LY P |
Article 3 — Compound 13
5
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1
14
16 15
3
10 12 12a
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3
r
a
r T T T T T T T T T T T T T T T T T
180 170 160 150 140 130 120 110 100 o0 80 70 60 50 40 30 20 10
f1 (ppm)
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Jul21-2011-nmrsu . o
T Cloete Jul 0411 Oks DMSQ Article 3 — Compound 13
COSYGPSW DM%O fopt/topspin2. 1PL6 nmrsu 11
P Fo.5
0.81,0.81}
- - v 15
\ 15 % Lo
&
: #7,1.30
. SO P - 158
0 v N_ & . 48, # 6 10.80,1.50
\:/\H/\E/ =4 \I( + & {1.63,1.63} ‘ {0.80, L. 5.,&4,___ Ta:7p F1s
NWN {1.79,1.80} M\Paﬁ "“s::aa
M {2.00,2.00}, > 7 \
5 B ' 4B " 5a:6 "
( j {215,217 \ 200,217 BB {1.33,2:s}\ Sa:5a Ta:bl r2o
E o B 411};
2.40,2.39} {1.37,2.38 {0.82,2.38
. {251,250} {{ }\ }\.
DMSO¥ \ 9:8a 9:16 Lo
4a:4p 4a:58
(299,299} -
) 3073 Uﬁ)}‘f 1o g
=
2 [298,3.46}
{358359}5 3W3553\$ﬁ——- 2 lss
-~ aﬂ.b ’
(387387]\{;543 3\ (3ua 335&
ac:ap 4.0
(470,470 {239,470 s
&m \ 100
k5.0
{5.36,5.35),
N 12
k5.5
T T T T T T T T T T T T |_6.D
6.0 55 50 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f2 (ppm)
Ju21-2011-nmrsu . r
T Cloete Jul 0411 Oks DMSO Article 3 — Compound 13 I
HSOCEDETGP DMSO /opt/topspin2.1PL6 nmrsu 11
{0.83, 13_153\ ri
15 |
8a BB {0.87,20.64]
}\016 o
178,24, ;3} JL 61,2431}
} 1 I
(z.m,an‘an\ (129,260 0248
F30
{1.49,34.63} {0.84,34.65)
{3.46,37.84), {2:18,36. 48& j;’- 00,36 “6} / .’{1 30,36.96) J L
Nz {2.50,40. B}R‘ P
F40
{3.64,43.62), S0 (1.35,44,09}\.
5 (3084708 {3.00,47.64} 8a r
1 b
{1‘14,52.431\. Fs0
5a .
=
F60
{3.35,54‘351\ alt 43536989}
> ¥ |
"3.57,66.49} F7o
80
{5.35,87.31 L
k‘ 12
F-s
(4,70,101,45)\ 10 100
r T T T T T T T T T T T |71]‘G
6.0 55 5.0 4.5 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0
f2 (ppm)
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Mass | Calc. Mass [ mpa [ Prv [ DEE | Formula [i-FT [iFrThorm [Fecofse | € T H [ n ] o]
£:201, 3758 42 H46 16,664 0,00

. 1 4

6203731 27 S5 C25HSO M3 09 2092 10.688 0.00 % 50 3 3

620,3799 -4.1 8.5 34 HS4 N 09 2104 11,934 0.00 34 54 1 El

620.3713 4.5 185 C37 H46 N7 02 2129 14,393 0.00 37 45 7 2

620.3812 -5.4 135 35 H50 M5 05 2114 12961 0.00 35 50 5 5

G20,3700 5.8 9.3 135 C36 H90 M3 06 2iz.2  13.683 0.00 36 50 3 3]

620, 3525 -6.7 -10.8 185 36 H46 N9 O 2123 13.847 0.00 36 46 9 1
TTC2_003
TC_NWU_120321_4 43 (0.235) Cm (43:48-8:12)
100 B203758

; CzgHygM7 07
619369347
e
Arficle 3 - Compound 13 ‘:T
L a[ojq'
§21.3790
#
§22.3808
B42.3575
oL BP0 sanarangezzerz 2RR8T eos3e50 B16.4131 | | | -H233824 6323742 1 B44.3501
T o T PHP I RETRMRAEL (- oL A SN AVSOUPIE ViSRS M i S

580 585 590 595 600 605 610 615 620 625 630 635 640 G45 a4
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Aprl6-2012-nmrsu
T Cloete Feb 0212 Deel 2 (Hib)

Article 3 — Compound 14
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Apr16-2012-nmrsu .
T Cloete Feb 0212 Deel 2 (Hib) Article 3 — Compound 14
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1 (088,088}, 10'530.94)
. "
Ta_7a: 1.
- / 8B 10
- - 1§
s ﬁ Y156 |,
&# .- 6 79'* - 7a 7B
203,203, O B i, = e 4p:54
- Sa:5a 2.0
Q3234 4B, 00,2361 5a:6
{2.62,261 aa (1 45,262 (086,261 e
\ N N
1N o% < 7 |
4ad 3.0
339 B 9:83 Diethyl ether
{3.49,3. %)\y"’ﬂ } (1.13,3.48)\K
35
"ﬁ g
3 e E
(444,444& 3.80,4. 13} 4.0 Ei
o "3.39,4.15) )
4.5
{4.79,4.78) aﬂtaB (2461,4.83)\
10
109 Lso
(5.39,5439&
12 5.5
(5.83,5.83&
Chloroform NH 6.0
6.5
{6.83,6.81
- & g8
7.0
{7.48,7.47) 5434,7.48)\.
T 78 7.5
Ls.o
T T T T T T T T T T T T T T T T
80 75 70 65 6.0 55 5.0 45 4.0 35 3.0 25 20 15 1.0 05
2 (ppm)
Apr16-2012-nmrsu . N
T Cloete Feb 0212 Deel 2 (Hib) Article 3 — Compound 14
HSOCEDETGP CDCI3 /opt/topspin2.1PL6 nmrsu 22
1_:= 8a BB {Uaslzaa} 10
& 15
{0.91,20, 3[:}
20
(1352445\ jl ,24.23}
{2'52“30'34)\.9 ‘\{1 39 251:'1'4) Lag
{1.61,34.54 {0.88,34.62
{3.87,37.83), {2'34‘36‘2?\’40 }\ Ta }\r B
2.00,36.34 » 3
. {3.83,44.98 (2003634 {144,44.09& {1.35,37.49} 40
1w : - 13,47 47.17}
SoTRE H 1 b
{1.22,52.57 l-so
{177,55.3?& (424776 }\r 5a
10
{4.14,64.29 0 =
oy ;376,56.26} gl
a
/ 3.80,64.16} =
70
12
)
{5.39,87.88
\ 12 w0
{4.78,102.45 100
J\.m
10
{6.81,113.92
oo
7.46,123.57} 120
"
L130
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
8.0 75 70 6.5 60 55 50 45 4.0 35 30 25 20 15 1.0 05
f2 (ppm)

230



Mass Calc, Mass DEE | Formula

i-FIT

i-FIT Marm

Fit Conf % H ] o]

11.5
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Mass | Calc, Mass | mDa | PPM | DBE | Formula |i-FIT | -FITNorm | FitCorFe | © | H [N | o |
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Intens. | +MS, 0.2-0.5min #(12-31)
x109 -
1.01 P
) a CaHasMs05 - X
084 831348213 ‘(9‘
064 ey e 632.3540
- Article 3 - Compound 1‘{:‘- ?K
0.4 @
0.2 366.2030
| 163.1117  226.9516 307.6764 l 410 2297 4822588 586.3497 L
0.04 - S S Y W W . ‘TJ‘".' e e T . NN Sl - _LI 4
100 200 300 400 500 600 m/z
Meas. m/iz # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
366.2030 1 C19H24N70 100.00 366.2037 0.7 20 27 115 even ok
2 C21H26N402 40.52 366.2050 21 57 47 11.0 odd ok
3 C1TH22N10 96.01 366.2023 06 1.7 86 120 odd ok
4 C20H3006 86.13 366.2037 0.7 20 1.0 6.0 odd ok
5 C23H28NO3 10.50 366.2064 34 93 114 105 even ok
6 C18H28N305 82.58 366.2023 06 1.7 166 65 even ok
7 C16H26N604 3140 366.2010 -1.9 5.3 227 70 odd ok
8 C15H30N208 6.68 366.1997 3.3 9.0 374 20 odd ok
632.3540 1 C36H48N406 2073 632.3568 28 44 09 150 odd ok
2 C33H40N14 55.32 632.3555 1.5 23 58 210 odd ok
3 C34H46NT7O5 5484 6323555 1.5 23 6.1 155 even ok
4 C38H50NOT 445 6323582 4.1 6.6 6.7 145 even ok

237




Sep07-2012-nmrsu
T Cloete Aug0612 K201

Article 3 — Compound 17

PROTON CDCI3 /opt/topspin2.1PL6 nmrsu 12 "
10
14}/ ©
EtOAc EtOAC Ta
/ CHCO CHCH; .
/ / \ | 15
/ f ‘ | i
) \
f 12 / . | 'S BN
/ J v S / i / Vs '*f YAV AVAY W, ‘| /
Chloroform , 48 |
& EtOAC b1 | | ‘
CH:CH. 12 88 58| 5l |
10 \ ap 1 | s *I \
T | | S( - ﬂ'z o :ﬂg b SuAT Ll
f | | |\
LA AU AN L
_j\___ __/\J‘ L _/\_J\_/—\_.n,l.,q_ _’_JL_ | \_)‘ [ A L_/" VA IL._J J lLJI LJI h‘-ul | llu' \‘II \
= T T s L R L e R e R
] % & ] & 2 b ] TIRA G 8585R 8 2 3
it 3 e 3 z 3 & 8 3% 8 95882 % 4 &

r T T T T T T T T T T T T T T 1
B.0 75 7.0 6.5 6.0 .5 5.0 4.5 4.0 35 3.0 2.5 2.0 15 1.0 0.5 0.0
f1 (ppm)

Sep07-2012-nmrsu ] E B B CE] = ~ R TNOO M OMe  HH®T S
T Coete Augl612 K201 7 5 3 ¢ g 5 3 R 3 Gobsiionsen neeA A
C13CPD CDCI3 J"?DUtUDSDIHZ.lPLG nmrsu 12 | | |1 | | | | APN Y ANV S Vi |
' s Article 3 — Conipound 17
|
W 1
i 15
8 12 by
2 6 \
8a v 16
5a 9 5 8
4 2
12a
10 | 7
BOAc
CHCO|
b
o
a  BOAc 1
BOAc ! CH > '/
co g 7 ' |
T T T T T T T T T T T T T T T T T T 1
180 170 160 150 140 130 120 110 100 a0 20} 70 60 50 40 30 20 10 0

f1 (ppm)

238



Sep07-2012-nmrsu
T Cloete Aug0612 K201
COSYGPSW CD(;IﬁB fopt/topspin2.1PL6 nmrsu 12

{5.32,5.32

{6.776. ?Gk.a'

{7.42,7.40\ {6.76,7.41},
7 N

8

Article 3 — Compound 17
{z.ss,nm)\‘

{179,177
(1,95,1.95&45

12
{z.ll‘zg,z,za
|

9
{2.76,2.78 1':' ‘
"
{3‘DE,1062\:3' b
(Baa34q; B 75343
SN TN

22.53,3. 38}
{ \i\ "z
2.76,3.88 .

Y,

{3.86,3.87 -
EtOAC ___ 5 « a0 %,
CH:CH. ‘-\

{472,472} 10

aa;aB

10 g0

o4

Ta
{0.80,0.80

=102, 002) 14

Ss 16 156
/ __TaBp
Bﬂ’* LA

2

wB L e—g7p LTl

5a

# £1952.27}

/

Aa5p

- -~ —— a5

- 5a6
{0.81,2.55), 4B:5p

-

13714

916

—
(L.UZ,].US\ - G:8a

CH.CH

=20

r35

5.0

r5.5

8.0 7.5 6.5 6.0 5.5

4.0 35 3.0 25
f2 (ppm)

1 (ppm)

Sep07-2012-nmrsu
T Cloete Aug0612 K201
HSOCEDETGP CECB fopt/topspin2.1PL6 nmrsu 12

Article 3 — Compound 17

L]

{2‘55,30.913\

{2.31,36.34

{3.43,40.35 3.38,39.74)
{1.96,35.40}

1 {2.64,44.50 t\
1z

{2.78,48.95
b T
{3.72,55.49
}\ 10'

{3.87, 67'73\ j3‘46,67.77}
A B

{5.32,87.86},

{6.77,113.97
N,
{?.41,121.E7h
T

12

{4.?3,102,24}\
10

8p

14

| {1.02,2027 14
{1.79,24.5;;\ ‘
50— ,
{1.65,24.36}

{1.55,34.69 {0.80,34.78
48 )\h?ﬁ 2\ 7B
6

{0.81,13.08
Ab 16

5B 11.36,26.26}

{1.39,24.60}

{1.37,44. 34§ {1.2437.76}

{1.17,52.63}

N\ 5a

{0.86,20.38)
15

110

120

8.0 7.5 70 6.5 6.0

55 5.0 45 4.0 35 3.0 25 20
f2 (ppm)

1.5

fl (ppm)

239



Intens. | _ +MS, 1.2-1.8min #(70-109)
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100 200 300 400 500 600 700 800 miz

Meas. miz # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
7134689 1 C3THTINBOS 0.00 713.6011 132.2 185.3 77 35 even ok

2 C3THBTN1103 0.00 713.5423 734 102.8 127 10.0 odd ok

3 C3THT9IN9O4 0.00 713.6250 156.0 218.7 128 3.0 odd ok

4 C3THB8IN1003 0.00 713.6488 179.8 2521 142 25 even ok

5 C38HBTN9O4 100.00 713.5311 62.1 87.1 145 10.0 odd ok

6 C3THBIN1202 0.00 713.5661 97.2 136.2 147 95 even ok
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Annexure C

NMR & MS spectra - Chapter 6 (Article 4)
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Intens. | +MS, 0.1-0.2min #(8-14)
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Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3161863 1 C15H22N7O0O 46.07 316.1880 1.8 56 133 85 even ok
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Article 4 — Compound 9
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110

120

130

150

85 80 75 7.0 6.5 6.0 55 5.0 4.5
f2 (ppm)

f1 (ppm)

244




o]

-

]

Intens.: +MS, 0.1-0.2min #(8-10)
x104] 1 iH2
] C1aHazMr 02 /(
4 B 381.191323HN r Es
RS
] A
] 7[;1\5 N}KNJ‘\N/ES ;v- 382.1959
i H H )
B Article 4 - Compoind 9
1 339 1540
] 17?_:12?7 220.0860 247.0979 . 303.9690 L N
50 100 15 200 2% 30 30  mz
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
3821959 1 C18H28N306 10000 382.1973 14 37 09 65 even ok
2 C19H24N702 27.94 3821986 27 72 140 115 even ok
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Apr19-2012-nmrsu
T Cloete Feb 0912 Deel 1 (Dim)
PROTON CDCI3 fguatl’housu'\nZlPLé nmrsu 16

Article 4 — Compound 10

14

16
~ 15
/ ~ Ta__
4 B j I
1;?/ / /
|
F/‘.‘ ‘I."I
_ _ Chioroform A g I e / S
12
10
10 " I 6 I E
2/ . 5a
| ” ap'“'“ re b T i\B?ﬁ'ﬁ'H ‘l“, ‘ll
| J f (WM | IR WA
A b U i ANVA . SR 'lg__nj Ju vou) L —
e e ! [ e L e L e e O I L
g 8 2 8 S > g R 8 85 % % z
— ; — ; . . — - — - . ; - - = — . .
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 30 25 20 15 1.0 0.5 0.0
f1 (ppm)
Apr19-2042-nenrsus B £ k4 fo) @ @ - . ¥ S S
e g " S it ] ) ] R fah 48 FR8E 8858 R
T Cloet® deb §3iDeel 1 (Dim) & 8 g g & g ¥ HAH ¥¢ HBHs8 949398 0o
C13CPD ADCI3. /opt/topspin2.1PL6 nmrsu 161 | | ‘ | | | \ \/ ‘|‘ II ('// \ '\H// {‘ |
Article 4 — Compound 10
3
Chloroform
w 1
1%
122
9
5a 8a
I I 6
5
4 8
10 12 7
! 13
7
O 1w \
a
! ]
A 8
b /
T & v
2
T T T T T T T T T T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 8l 70 60 50 40 30 20 10
f1 (ppm)
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Aprl19-2012-nmrsu

T Cloete Feb 0912 Deel 1 (Dim)

COSYGPSW CDCI3 fopt/topspin2.1PL6 nmrsu 16
15

Article 4 — Compound 10
mas,u?s;\z‘:
{0.94,0.95
‘ 15*15 T
S-B ® gatl \1'35%// 158
35___qf 5a - Ta7p
8a_ - _ —
}:ae agrp W
{2.03,2.04}, SClgg y_ =
{2.36,2.36}: ‘3 5“:5,
{2.68,2.67, 4a : {0.91,2.68 4B:5p :
N

4o4P \
9:8a

@+ 5a:5a
\M:TB
5B

16:9

(3.56,3.56; b

13, [ {166,378
Te— apb h\ &T

-
4
{427,430
ad -

(4.&3,4.33}\' ©

aabh  (2.674.82)

aoaf A, 108

(5‘35\,5.41}s
12

{6.83,6.81
- }\u "

{6.82,747}

(747, 7.&}
4 < 1o

10' Chloroform

T T T T T T T T T
75 7.0 6.5 6.0

5.5

5.0 4.5 35 3.0 25 0 15 1.0 0.5

4.0
2 (ppm)

0.5

4.0

4.5

6.5

1 {ppm)

Apr19-2012-nmrsu

T Cloete Feb 0912 Deel 1 (Dim)

HSQCEDETGP CDCI3 /opt/topspin2.1PL6 nmrsu 16
1%

Article 4 — Compound 10

{0.89,12.01]
)}, 16

BL“ 95{0.95‘20312\'
(1882457, ¥ 5B 15

(2,59,30‘71%9 o )

(2,35,35.%\ "’sz'm’;ﬁ'-;g}{u‘gz‘}qlszk\»?ﬁ
~

{4.02,35.60) o
{1.66,34.547
{1.47,43.90),

{3.80,45.&)}._5- \_ 8

{L.24,52.49)\
Sa

{1.37,37.46}

{3.66,53.07), 40

13 b
(4.28,&2.53}{1'78‘55‘35} 3.87,62.62)
ac

aB

{5.40,87. 90\’ 2

{6.81, LLB.Q‘IQ\

1"

{7.47,123.11}
10°

{4.82,102. 54)\
10

8.0 75 7.0 6.5 6.0

4.0
12 (ppm)

60

70

80

S0

110

120

130

fi (ppm)
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Intens . +MS, 0.1-0.3min #(5-17)
J CsiHpN70 44
i 963.568107 -
1 V‘*\/:Y:\[f/‘\(x@
] sy 9645755
NH
] o .Y\o.z "
] ¢ Article 4 - Compound 10
] 2391623 422873 698 4234 t
——y i PP et - L - st " —-— " P
200 400 600 800 1000 1200 1400 miz
Meas.m/iz # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
964.5755 1 C51IH78N7011 100.00 964.5754 -0.1 -0.1 20 165 even ok
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Apr10-2012-nmrsu

T Cloete Feb 0212 #2 Article 4 — Compound 11
PROTON CDCI3 /opt/topspin2.1PL6 nmrsu 8 “
10 7a
16
15
—
_/
/ -
/ /
12 'f/JI f‘.[.
; s - e Ve Vel A
Chloroform 1z 8a
s 6
10 z i
7 & 0 h
Wit b 9 40 400 ™ v
w T ot
e | | \ I f T AT ,IJ v\u‘l i J l
A AU AL Fi ) D LY A SV AVAV v L
s [ i s L L e L L
E 5 3 g g 2 & 8§ 28 3§ 3
T T T T T T T T T T T T T T T T 1
8.0 7.5 7.0 6.5 6.0 5.5 5.0 5 4.0 35 3.0 25 2.0 15 1.0 0.5 0.0
1 {ppm)
Apri10-2042-rangsiy s =8 ] aa ~ 2 v ¥ enz2 @z @ non o
i Fob O e & i 2 - mBa & GNHIE 888 ] N
T Cloe Feb QHH#2 g 8 2 g8 5 8 8 O HEHN F¢ RARKS NI S o
C13CPD GDCI3 Jn?gjtnnsnmz.IPLﬁ nmrsu 8 | | | | ] . | | [ NN N e N |
Article 4 — Compound 11
15 16
Chloroform
122 14
2
5a
9
8a 6 !
10 | 5
12 1 |8
Ox a7
5 10
7
3'5'
&
| 1| 9 &
]
T T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 i) 80 60 50 40 30 20 10 L]
f1 (ppm)
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Aprl0-2012-nmrsu

T Cloete Feb 0212 #2

COSYGPSW CDCI3 /opt/topspin2.1PL6 nmrsu 8
15

Article 4 — Compound 11

{1.79,1.78
{1.95,1.95,
1]

{2.272.30
e

{2.59,2.59},

N
9

10

1

1003533 53} b

\‘z 12 .
{3.938. 93 3]

{4, L9,4.193§3_79,4.20x j .59,4.19}
aa

{ll.}ru,ll.}rm;t I‘ B
aa:a
10

{5.335. zn\i
12

{2.58,4.74},

10:9

(6/r3,6.73
[ e
v
éu? 7.39) .‘,{s 72,7.35)

T8

' 404

{0.80,080)16 1 o7 gy
o - Ta

Sa. 15

F .

-

{194225} \ \5u5a

?\ '916

4a:58

4I:|:5CI

Diethyl ether

Toa:8f

156

~—67p S —7a7p

3.0

3.5

4.0

5.0

5.5

6.0

T T T T T T T T T T T T
75 7.0 4.0 25 20
2 (ppm)

f1 (ppm)

Aprl0-2012-nmrsu

T Cloete Feb 0212 #2

HSQCEDETGP CDCI3 /opt/topspin2.1PL6 nmrsu 8
15

Article 4 — Compound 11

{2.59,30. Ejk‘
9
{3.93,35.65 \2‘

{3.69,44.74

4a

. 43.56,53.29
{3.70,55.42), 1.2 »
b

1
{4.19,62.47},

ak™ 3.68,66.30)

12z

ad

{5,33,8191&
12

{4.74,102.52}

{6.73,113.99}

g

{7.35123.39 k
T

{1.79,24.42}

{2.28,36.28 {]'55'34'5-&}
N e

0.82,12.98
‘ N 15

Ba 8B (0.87,20.28
'* v &-16
__53 1.36,25.96}

14

W

5a

{0.83,34.63},

Ay

{1.29,37.52}
8a

{L.Ls,szsq\.
5a

Ta

{1.40,43.93},

ro

10

80

100

110

120

130

—140

T T T T T T T T T T T T
8O 75 70 6.5 6.0 5.5 5.0 45 4.0
2 (ppm)

fi (ppm}
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Intens_{

+MS, 0.3-0.6min #(16-36)

X109 . 2.l
3 . 1 CsgHysN7042
1.257 ) 965547372
100 %W\(\(O
] . l) o 966.5538
0.75] s e
e e
0507 94" Article 4 - Compound 11
0.257 4252863
000 181.0838 2611327 l
' 000 200 300 400 500 600 7000 800 900 1000  miz
Meas. m/iz # Formula Score m/iz err[mDa] err[ppm] mSigma rdb e Conf N-Rule
9665538 1 C43H8ONT7O17 10000 966.5605 6.7 7.0 310 75 ewven ok
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Sepl17-2012-nmrsu
T Cloete Sep0112 K3D1
PROTON CDCI3 IQEUtDDSDiI'IZ.lPLG nmrsu 7

Article 4 — Compound 12

T
-
E 14
HH
16
15
Ta
| Diethyl ether
CH.
Acetone
CH [/ Bhanol
; | CH
I . Chloroform Y f |
| [ f J n/
| f - r / Iy s J I
J J / // J / S | / G‘ ]
12
5a
1) ® |
& 10 " ‘
\J
6 .
h z 1 40 L
I a R ) 9 5«:(” 0 | M
o | ! o2 \ | l! b A M.ll." y N lq‘
N\ ' A | | )
M J \*-h_J L i S | A L,qiL_J.A_,_ _,,,\_,-,'ll'_\__ - _t‘ul“ ™ \l____._/'\"—" \m,-l l/v\)" I\_.J.UI‘ W\ v N ATV _____j,
ooy b m g e e L T LA R
2 2 8 & g 2 = 2 bl il T mE2R 8 ¢ s
B a4 S = E by - - & a4 335 & & Ei
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
80 75 70 65 60 55 50 45 4.0 35 30 25 20 15 10 0.5
f1 (ppm)
Seg17-2012-nmrsu 8 ¥8 0 - —m @ r wnG mEe
T Eloete Sepo112 k3D S 23 g3 . oo © hekss Amas o
C13CPDSN CDGS%uDUtonsng.lPLﬁ nmrsu 4 | | . | | | N | N d ] |
Article 4 — Compound 12
r
.
Chloroform
T
L T 16
310 12a 5a 2y
7 9 |58
Ba |
1
b
P
3 8 & a } \-
MWM%“JWR \ o Iunl -~ JL J..'L;_l WA (oo TN —
T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 90 80 &0 50 40 30 20 10 0
f1 (ppm)
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Sep17-2012-nmrsu
T Cloete Sep0112 K3D1
COSYGPSW CDCIB;sfontItoDspinz.lF’LG nmrsu 7

{4.72,4.72
3~"1o
{5.34, 5.3].}\

T 12

o068, g

737" 7.01,7.23}

78

T
{7.49,7.50)
& + 6T

Article 4 — Compound 12

{0.81,0 34}15?0 15
"5a

5314
= (5315/
= {081/ 5}\'“‘

77,1 M}‘, - -

- 8a:Bf
\-’w 50 506

{0.83,2.56
916

{1.98,1. 9].;
{2 27’,2.25g‘:I 4

{2.55,2. 55&
(1 48,2.60),
{2.83,2.82), 4aAB 3t

b T

{352351&‘ (234353)\'-
t\

{2.84,3.96 }\

4ﬁ5ﬁ

B
=]

L]

{3.94,3.94}, {3.52,3.94},

N\
"0 4
f.f'

ac:af

/4

]
a
o

{2.53,4.72}, Diethyl ether

10:

@&

-r0.0

—TaTp
" TaBa

T T T T T T T
75 7o 6.5 6.0 5.5

T T T T T
4.0 3.0 25
f2 (ppm)

0.5

2.5

3.0

3.5

4.5

5.0

5.5

6.0

6.5

7.0

7.5

71 (ppm)

Sepl17-2012-nmrsu
T Cloete Sep0112 K3D1
HSOCEDETGP CD§i3 /opt/toospin2. 1PL6 nmrsu 7

{5.33,87.93
t\.. 12

{4.72,101.59},

7.00,123.38)

{7.51,121.00 &5«
&

{7.24,128.84
.

Article 4 — Compound 12

alL {0.82,13 os)\‘
f {0.84,20. 2?)

{1.78,24. 51&\{1 65, 24 28}45

2553080 o
{0.78,34.96)
{2.28,36.32 1.92,36.38}
48,
k‘u q} ﬁ"s Ta
(1—35144-23&‘ {1.23,37.58)
8a

{1.14,52.63\‘
Sa

3 .43,33.53\"2'
{2.84,53.96),  (284,54.14)
T b

T

3.51,66.34}

{3.94,66.05}

\

10

40

80

110

120

130

150

85 8.0 75 7.0 6.5 6.0 5.5 5.0

T
4.5 4.0 35 1.0 0.5

f2 (ppm)

0.0

1 (ppm)
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Intens. +MS, 1.8-2.3min #(105-140)
6_
4 9425322
i 306.2394
2_
| 4252859
U_ L T 71"%1'.9‘%?_4‘?"‘._. T l| ._l_."L._“‘.L‘_,‘J".l"T_. ."_|_.“'T S T .6?.6:.3??2_1' L T“ Spes————— l, .‘l s .L == e =
100 200 300 400 500 600 700 800 900 1000 m/z
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
9425322 1 C47TH78N2017 100.00 942.5295 27 -29 174 100 odd ok
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Sepl7-2012-nmrsu

T Cloete Aug 0612 K1D1

4 5

PROTON DMSO I?EUlODSDinZlPLG nmrsu 8

Article 4 — Compound 13

HO

10
14
DMSO
7a
16
| “I1 15
J J J J ;o / 1
g 1 ‘ |
DMF 10 s 6 ||
o | £ ) Bmlis)
\ 0
A-—l—lgxﬂ- N ——— -‘Lh JJ " d)wl L ,u" '!.._,l‘ ¥ 'ul Uy \ W I‘\\_,L B
- - o T O e i e
5 % g g € 5 8§ 83 & 2 %84
T T T T T T T T T T T 1
8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 35 3.0 25 20 15 1.0 0.5 0.0
f1 (ppm)
TCosn AQOSI2KIDI B g 2 ph 5 g B 553859 gajr=oy 29863 ¥
oete Aug 8 2| g gs 8 8 8 HERHFE F9fRA~s wzaAsRs o
CI13CPDSN OMSQ, font/topspin2. 1PL6 nmrsu 8 | | (I | | | (Wi P i SN N \
i . Article 4 — Compound 13
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1
., 14
DMsO
1
3 |
16
15
12
9
|
5a
|
Ba 5
a7
1 8
10 1P’ |
\
z oMF
\ CH,
. a W
8 b \
1 12 |
g" EEIIIN
m
| ‘l { o
5 6 "/
|
T T T T T T T T T T T T T T T T 1
160 150 140 130 120 110 100 fo B\}} 60 50 40 30 20 10 0
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Sepl7-2012-nmrsu
T Cloete Aug 0612 K1D1
COSYGPSW DMS%IthftoDsn'an.lPLG nmrsu 8

{3.70,3. 69

{4.66,4.66
s
{5.31,5.31}\
12

{6.78,6.78),

\

{6.78,7.59)

}?16],7.59}
T

8

Article 4 —

“ i (295297&
{3393}4 1\7‘5331
¥ {322322}4—71-2"“‘1112

Compound 13
{0.82,0.84 16
- - {1.01,1.0(]&15 156

(175,177,564 “ETE e Ta7p

{2. 13{:: TZ):B}\OA‘.B Ba8p j R

9 (13L,237 (DHBZBB}
2.51,2.50%,

4B 88
(z.}s,z,ﬁ -

*® {D.QB‘Z.E“J&

916

b1 ,
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134!

j33.3375,\ j2?43?3}
aﬂ:aﬂ

{2.36,4. :54&F

910
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5.0

5.5

~8.0

r T T T T T T T T
8.0 75 70 6.5 6.0 5.5 5.0 4.5 4.0
f2 (ppm)

35 3.0 2.5 2.0 15 1.0 0.5

fl (ppm)

Sepl7-2012-nmrsu
T Cloete Aug 0612 K1D1
HSQCEDETGP DM1§O Jopt/topspin2. 1PL6 nmrsu 8

{3.76,67.08),

all

{5.3].,87.57&

12

{4.66,100. ?5\
10

{6.77,113.06 K‘
g
7-‘/7.61,121.@

Article 4 —

{3.69,55.52
K 10

Compound 13

sa {0.84,12.68
8al 1‘. B }\r 16
\ l {0.97,20.74 {0.84,20.83}
{1.77,24.45 1;24 .18 \

{1.34,24.70}
i 1.48,34.69}

DMF
CH: __ {2.38,30.99

0.82,34.72}

(216,364 L953647
3303884y .,
)\.‘“ (3.22,41.63} K" j 6

11.23,37.35)

s M}\'V\ 1. 35"“253\.
@ 954893
J‘\'/:745420} (“25252}
/'12 ‘é Ny
13

j3.39,57. 10}
ap

b

8.0 7.5 70 6.5 6.0 55 5.0 4.0
f2 (ppm)

1 (ppm)
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Inter:)s4 1 . +MS, 0.2-0.5min #(12-30), Background Subtracted
x1
1.0+ e O T TR o
_ L e e
| “\/z“\/\r‘f\ ¥ M+ R
0.64 . TT-T 1023 6457
0.4+
0.2+ "
g 181.0829 299.1954 408.3071 512.3282 605.4178 685.4275 825 6914
0.0-

100 200 300 400 500 600 700 800 900 1000 m/z
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
10236457 1 C55H93NO 16 18.86 1023.6489 3.2 3.1 71 100 odd ok
2 C52HO85019 100.00 1023.6462 05 05 221 55 even ok
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Oct10-2011-nmrsu
Theunis Cloete Okt 0111

Article 4 — Compound 14

PROTON DMSO follgbitonsninz.lPLG nmrsu 22 14
4 8 i
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| | | H w Y TR
1 I \_He v W ||| VAR ]
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[ — [ — i e L B B T T T
s I N 8% 85 3g3 8
T T T T T T T T T T T T T T T T 1
80 7.5 70 65 6.0 55 5.0 45 40 35 3.0 25 2 15 1.0 05 0.0
f1 (ppm)
OctdPe2011-nmrgu " 2 & ¥ o @ r~ Mmoo oo v
ThgBEocle ot § § as - : Gan 0 | w@ams kase o
C13CPO/amv DMiO /opt/topspin2.1PL6 nmrsu 22 | | I . | | | Ry | 127 Ve
Article 4 — Compound 14
DMsO
g
ke |
-
15
14 !
T 16
3
10 1I23
| 12 g
6
5a
> 7o
4
|
8
7 5
5
| :
b
| .
3
| 4 3 i
“ I
T T T T T T T T T T T T T T T T 1
170 160 150 140 130 120 110 100 %0 80 60 50 0 30 20 10 0
f1 (ppm)
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Oct10-2011-nmrsu
Theunis Cloete Okt 0111
COSYGPSW DMSQ5/optltopsoin2.1PL6 nmrsu 22

Article 4 — Compound 14

FERTERY)
3.22,3.22)
B
{352,353, a8 l.'322353)
B3
(3.93,333 193,93 2 12 3 50}

aab
{2.39,4.70),

109

{4.70,4.70& ] ‘aﬂ

{5.34,5.34),

; {6.83,6.34&
7
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¥ o

67

M

12

» o« Ta:8f
® o, e 158

8a:8B

6.6

8.0 75 7.0 6.5 6.0

T T T T T T T
55 5.0 4.5 4.0 35 3.0 25
f2 (ppm)

20 15 1.0 0.5

£1 {ppm)

Oct10-2011-nmrsu
Theunis Cloete Okt 0111
HSOQCEDETGP DM‘S!,O Jopt/topspin2.1PL6 nmrsu 22

Article 4 — Compound 14

{0.82,13.17,
}'\ 16

{0.84,20.64]

{1.77,24. 55§\21 64,24, 22} 15

{2.39,30.84,

{3.52,37.22}\
2

.
DMSO

3.20,53.73 .11,53.
{3.71,55.60} ¢ u] 11,5356}
EL T b

{3.93,64.50},
-

.
v

{5.34‘87.46&
12

{6.83,113.99}

\_‘. 7
7.61,122.11}
Vs

{4.70,101. 53\b
10

9
{2_16,36.41& {1.47,34.59&7
-

'\414

11.27,26.03}
{0.81,34.66}

J?ﬂ

{1.34&4.06&“{ 1.29,37.16}

{141,52,593.\
5a

ro

&0

0

110

130

80 7.5 70 6.5 6.0

5.5 5.0 4.5 4.0 3.5 3.0 25

f2 (ppm)

1 (ppm)
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Intens +MS, 0.1-0.4min #(6-22)
x104 . s
] CszHzs042 |,
* 1001.547372 - -
61 R @
“{“‘\A{ ‘.’\T
. - 1002.5512
- ! “-\Q ¥ T N
T ’ b Article 4 - Compound 14
2_
501 7807 736.3984
T 267.1588
[ | 838.8375
04 AN VP | Y RS P Y G S VO GV My - A S J
200 400 600 800 1000 1200 m/z
Meas. m/z # Formula Score m/z err[mDa] err[ppm] mSigma rdb e Conf N-Rule
1002.5512 1 C54HT72N1108 296 1002.5560 47 47 45 245 even ok
2 CS53HTENTO12 1462 1002.5546 34 3.4 51 195 even ok
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Apr10-2012-nmrsu R
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In this study, a series of 11 10-aminoethylether derivatives of artemisinin were synthesised and their
antimalarial activity against both the chloroquine sensitive (D10) and resistant (Dd2) strains of Plasmo-
dium falciparum was determined. The compounds were prepared by introducing aliphatic, alicyclic and
aromatic amine groups with linkers of various chain lengths through an ethyl ether bridge at C-10 of
artemisinin using conventional and microwave assisted syntheses, and their structures were confirmed
by NMR and HRMS. All derivatives proved to be active against both strains of the parasite. The highest
overall activity was displayed by the short chain aromatic derivative 8 (1Cs; = 1.44 nM), containing only
one nitrogen atom, while long chain polyamine derivatives were found to have the lowest activity against
both strains. An interesting correlation between the ICs;, pK, values and resistance index (RI) was found.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Malaria is a protozoan infection transmitted to humans by the
bite of an infected female anopheline mosquito. It is estimated that
malaria kills about 655,000 people each year, 91% of whom are liv-
ing in Africa and, most of them children under the age of 5 years."

An increase in resistance against most of the drugs currently
used against malaria has led to the dramatic increase in the global
death toll. Chloroquine (CQ) and other synthetic quinoline
compounds has been the mainstay of malaria chemotherapy for
five decades, but resistance against these and the antifolate anti-
malarials have spread rapidly making these drugs obsolete in most
of the areas afflicted by this disease.”>

The artemisinin class of compounds (Fig. 1) are currently the ba-
sis of treatment preferred by the World Health Organization.* Arte-
misinin, a trioxane endoperoxide compound, is one of the most
rapidly acting antimalarials with the broadest effective range but
is however poorly soluble in both oil and water. In an effort to
overcome this solubility problem, the first generation analogs of
artemisinin, viz. artemether, arteether and sodium artesunate,
were synthesised. Unfortunately these derivatives have relatively
short elimination half-lives creating an elevated risk of high recru-
descence rates.””

In an effort to prevent the artemisinin class of compounds from
suffering the same fate as the classic antimalarial drugs, they are

* Corresponding author. Tel.: 427 18 299 2516; fax: +27 18 299 4243.
E-mail address: david. nda@nwu.ac.za (D.D. N'Da).

0968-0896/$ - see front matter @ 2012 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.bmc.2012.06.014

mostly used in artemisinin-based combination therapies (ACTs)
which entail combining a semi-synthetic artemisinin derivative
with another drug of a different chemical class. These ACTs do
not only compensate for artemisinin’s poor pharmacokinetic prop-
erties, but also decrease the likelihood that resistance against this
class would emerge. Despite these efforts, resistance against
artesunate has already been reported at the Thai-Cambodian and
Thai-Myanmar borders, where significantly prolonged in vivo par-
asite clearance times have been observed.*® This is a stark remin-
der of the exceptional ability of the malaria parasite to acquire
resistance against a huge variety of chemical compounds, and a
realisation that the loss of this important drug class would have
dire consequences for millions of people around the world.
Polyamine compounds have been found to have implications in
a great number of various processes in the malaria parasite. The
natural occurring polyamines spermidine, putrescine and sperm-
ine have an important function in the regulation of growth and
differentiation in an array of cell types.'” These polyamine
compounds, existing as polycations in vivo, are taken up by the
malaria parasite through a polyamine transport system that recog-
nises specific point charges on these compounds and then actively
transports them into the malarial cells. The rapidly growing malar-
ia parasite needs a substantial amount of these polyamine com-
pounds and is reliant on exogenous sources of polyamines
together with the polyamine transport system to provide it with
the necessary quantities.'! Researchers have proposed that a moi-
ety that has the capability of being recognised by the polyamine
transport system could act as a vector when coupled to another
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ARTICLE INFOD ABSTRACT

Article d A series ol nealkyliary] esters were synthesized and their in vt antiplamodial sctivity was messured
Recaved 10 August 2012 alongside that of previowsly synithesized 2minoethylet bers of aremisinin ozomnides aga inst variows strains
Avilable online o of Plasmodium falcipanom. The cytotoicity against sman cell lines was alio asesed. The esters wene
synthesized in a one-step reaction by derivatization on carbon C- 10 of dihydmoartemisinin Both classes
Keywards: were active against both the 307 and K1 strains of P Blcipanom, with all compounds being s mificant by
Gramde mone potent than arte me ter against both strains. The majority of compounds possesed potency either
:m':* comparalie or more than artesunate with a high degree of seledivity towards the parasitic cells The
i 10a-n-propyl 11 and 10z-benzy] 18 esters were the most potent of all synthesized ozonides, possessing
Cytataricity a maderate [-3-fold) and sgmificant ( 22- and 12-fold, respectively) polency increases against the 307

and K1 strains, respectively, in companison with ariesunaie
i 2012 Bsevier Inc All ights reserved.
1. Introduction problem with these semi-synthetic compounds, however, is their

Each yearroughty 800,000 people die of malaria, with 95% being
African children |1]. The development and spread of multidrug
resistant (MDR) Plosmodium faldparum has led to the adoption of
artemisinin-based combination therapies (ACTz) as the first-line
treatment for faddpaum malaria in most malaria-endemic coun-
tries of the world | 2]. However, the recently confirmed emergence
of arternisinin resistance in western Cambodia is a major threat for
cument initiatives to control and eliminate malaria [3-5]. While
artemnisinin resistance has not yet spread to other areas [6], the
World Health Organization (WHO) is coordinating a large-scale
elimination campaign in this region aiming to contain the spread
of resistance |7.8]

The ACT= combine fast-acting artemnisinin (ART) derived dmgs
with other antimalarials possessing longer half-lives such as
mefloguine. Because the utility of artemisinin is limited by its sol-
ubility in both oil and water, this sesquiterpene has been structur-
ally modified by derivatization into short-chain oil soluble ether
derivatives of dilydmartemisinin {DHA, 2], such as artemether
(AM, Ea'l and arteether (AE, Eth_ and the water soluble sodium
artesinate (A5, 2c) (Fig. 1)

Thus, all derivatives currently in use are either alkyl acetals or
an ester acetal derivative of dihydmartemisinin (DHA, 2] The

* Carresponding authar. Address: Pharmareutical Chemistry, Schoal of Pharmacy,
Morth-\West University, Private Bag X 6001, Inbemal Boe 304, Poichefstroom 2530,
Louth Africa Fae: <27 18 209 L3243

E-mail address: david nda@nwuacza (DD Na)

0045 - AGE[S < see front matber & 2012 Elsevier Inc. All rights neserved.
hitp: b derorg 1 L1017 &) bioorg 30 1210 002

short phamacological half-lives, a reflection of their acd lability,
and fadle metabolism to DHA |9-12]. In particular, artesunate is
hydmlytically unstable, even at neutral pH, and has a half-life of
only a few minutes [13]

A large amount of work has been carried out with the aim of
genemting new derivatives | 14-16]. Artemisone (Fig. 2) is thus
far the only second-generation semi-sy nthetic artemisinin deriva-
tive that has been found suitable for Errl'.erclinical development,
progressing through Phase [ but showing no major benefits over
existing derivatives |17] Arterolane |[18] a synthetic ozonide
(Fig. 2, 0Z277) has a longer half-life, is fast acting, well tolerated,
and effective. It is now in Phase 111 clinical trials in combination
with pipermaquine | 19,20]. 02439 (Fig. 2), a purely synthetic ozon-
ide, isa drug candidate designed to provide a single-dose oral cure
in humans. It has successfully completed Phasze | dinical trials,
where it was shown tobe safe at doses up to 1.6 g, and is cumently
undergoing Fhase [la triak in malaria patients [21]. Inin vire and
vivo animal studies, 0Z439 has been reported to have a better anti-
malarial drug profile than OE277 and all other semi-synthetic arte-
misinin derivatives. On the basis of their structural differences, it is
believed that these synthetic ozonides may replace the standard
artemisinins if they become ohsolete |17). Nevertheless, the short-
comings of the current drugs, the emergence of P foloparum resis-
tance to the artemisinin class of compounds and the fact that the
mechanism by which the parasite acquires resistance is stll largely
unknown, warrant the search for new classes or derivatives.

In this communication, we report the synthesis of series of alkylf
aryl esters and their antimalarial activity as well as cytotoodcity.

Please cite this amicle in press a: TT. Ooete e 4l Bioorg. Chem (2012 ), hitp:[fids doi org 101006/ bioorg 201 2. 10UNE
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ARTICLE INFOD ABSTRACT

e Series of bisquinolines 4-15 and bispyrnolad 1. 2afquinoxalines 1620 @ntaining various polyamine
Receued 18 Aprdl 202 linkers were synthesized. The squesis solubility and distribution coefficient wene experimentally
Receied In revised farm determined. The mmpounds were screened Br antimalarial activity alongside dhloroquine against Dd
fé“;:j’i‘;w - and D2 strains of Plesmodium Blciparm. The growth inhibitory effects of biscompomnds 4-9 were
Awallahile online 27 July FO2 asmessed against vanow cancer cell lines. The aqueous solubility was found toincrease with an increase

in potential probnation sites Bisquinalines 8 and 9 katuring tristhylense tramine and NN'-bis( 3-
aminapropyljethylene-diamine  linkers, respectively, were the most adive of all symthesized
compaunds The y were found a5 potent as chloragquine against [0 but significantly more potent against

By TTalogUInCacin e the D2 strain, with gowxd selectivity towards parasitic cells Compound 4 containing a disthy lenstn-
Cymraic iy amine bridge displaped the most important anticancer activity of the seriss, and was 2 more effective
Rasmadim fekdinanm antiprolife rative inhibitar than etoposide sgainst all thres TK10, UACGDE2 and MCOFT cancer o] lines_

& A 2 Blsevier Masson SAS All rights neserved
L Introducton remains an attractive scaffold in dedm of new drugs, since it

Malariaaflects an estimaied 250 million people and accounts for
almeedt 1 million deaths annually, with over 9% of these Btalities
recorded in Africa [1-3). The disease’s incidence has increased during
the last decade as a result of the rise in resigance to existing ant-
malarial drugs such as chlomguine, mefloguine, suphadoxine and
pyrimethamine. The emergence of resistant parasite strains seversy
limits the choice of available antimalarial medicines, and has driven
the search for new drugs that might circumvent resistance mecha-
nisms. The aminoqu ineline, chlorsgquine, was for much of the last 40
years the drug of choice for malana chemotherapy as it was highly
effective, save and cheap [4.5]. Howewer, the spread of ¢ hlonguine-
resistant strains has limited its use to Mosmodem flcipanem resis-
tance free ameas of the workl Chlorequine resisance is assoriated
with reduced accumulation of the drug inside the digestive vacuole,
which is connected to a P faloiparem chlomsguine resistance trans-
porter | FCRT) or ATP-dependant P-glycoprotein efflie: pump(Pghi)
|&). Despite this drawhack, the 4-amincguinoline pharmacophore

* Corresponding amhor. Deparment of Farmacemical Chemisry, Shool of
Phamnacy Morth-West Universing Privae Bag X 800, Internal Box 304, Potch-
efsmonm E520, South Afnica. Bl +2718 296 2506, Qo LITIE 20 4040,

E-mudl gige s dawl dindalreeac za (DUD0 NDa).

MEF3-5234f5 ~ see front marer & 2012 Esevier Masson SAS ANl ighs msened
It ) ehe o arg101T16]) 2 jmesch 2012 07037

demonstrates a unigue affinity for haematin and i known to be the
(Fe**) femi-p rotoporphyrin complex formation template [ 78]

Many studies on bisquinolines have indicated an increase in
activity against chlomsquine-resistant strains. Pipeaquine Awas the
first hisquinoline drug synthesized in 1960 and was active in virn
against both 008 and CQR gming but further development was
suspendad forteicty reasons [ 910) Vennerstromet al. synthesized
a seriesof bisquinoline analogues linked byvarious alkanediamines
or heteroalkanediamines of which the most promising was WE
268,668 B This compound exhibited potent in vive antimalarial
activity but development was stopped due to phototaedcity [11,12].
Girualt et al [13] synthesized a series of bisquinalines €, tr- and
tetraquinelines with increased steric hind mance that displayed meaod
activity againg resistant P falcipanem strains, suggesting that the
greater bulkiness results in a weaker efflux by PRCRT. However, the
increased rigidity bycyclizationred veed tosdc ity butdid not inc rease
activity in comparison with their linear counterparts. Bisquinolne
compounds Dd splayed superior activity compared to chlomsgui ne
against the resistant K1 strain | ] (FAg 11

Chloroguine and other 4-ami noquinel ine antimalarials arewealk
baseswhich traverse down the pH grad ient toconcentrate inside the
acidic food vacude. The protonation of the drug inside the vacuole
increases its accumulation vig a pH-tapping mechanism that
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