Antiparasitic artem sinin derivatives (endoperoxides) This invention
relates to certain novel C 10 substituted derivatives of artemsinin, a
process for their preparation, their use in the treatnent and/or
prophyl axi s of diseases 5 caused by infection with a parasite and

phar maceuti cal conpositions containing such C 10 substituted derivatives.
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In the field of animal ﬁealth, parasitic diseases are a major problem, especially those
diseases which are functionally related to malaria. For instance, neosporosis is a term
used to describe diseases caused by parasites of the species Neospora, especially

20 Neospora caninum, in animals. Neospora infections are known to occur in dogs, _

cattle, sheep, goats and horses.

The final host for Neospora spp., including Neospora caninum, is unknown and, in

addition, the complete cycle of development of the parasite is not understood. The
25 asexual phases of reproduction, known as schizogony, and the behaviour of the
unicellular tachyzoite/bradyzoite stage have been clarified, however. Tachyzoites are
infectious unicellular parasite stages of about 3-7 x 1-5 mm m size formed after
intracellular reproduction termed endodyogeny. Reproduction via tachyzoites takes
place preferentially in organelles such as muscle or nerve cells. Pathological
30  symptoms invoked after an infection are associated mainly in those tissues. Some
five to six weeks after 'natural infection in a dog, symptoms of the disease are

hypersensitivity caused by inflammation of neuronal cells and increasing tendency to



-2- hyperextension of the hind | egs. Histopathological |esions are apparent
in the nervous system preferentially in the brain' and spinal cord.
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The ones that are of particular inportance for man are the 60-100
15 Data on in vivo activity of compounds suitable against neosporosis are rare because

adequate w test systems still have to be developed. Sulfadiazin (administered
via drinking water) is effective in experimentally infected mice, only if the treatment
was prophylactic, that is, the treatment was started before infection. In dogs,
treatment with sulfadiazin and clindamycin is only successful if it is started early, ‘
20 that is, at the appearance of first clinical symptoms as a result of neuronal

inflammation.

Coccidiosis, an infection of the small intestine, is relatively rarely diagnosed in
humans, where it is caused by Isospora belli. However, humans are also the final host

25 of at least two cyst-forming coccidial species (Sarcocystis suihominis and S.

bovihominis). Consumption of raw or inadequately cooked pork or beef containing
such c;;ts can lead to severe diarrhoea, the cause of which is probably seldom
diagnosed correctly. Coccidia (phylum‘Apicomplexa, suborder Eimeriina) are one of
the most successful groups of parasitic protozoans, having conquered virtually every
30 class of Metazoa. The ones that are of particular importance for man are the 60-100

species which parasitise domestic animals and which in some instances can cause



speci es which parasitise donestic aninmals and which in sone instances can
cause -3- very severe | osses, especially in poultry, although also in

| anbs, cal ves, piglets, rabbits and other aninals (see Table A). Table A
Causatives of intestinal coccidiosis in doyestic aninals Aninal nunber of
Ei i neria nost pathogenic and/or very and/or |sospora commobn species

speci es*) E=Eineri a, |=lsospora) chicken (Gallus gallus) 7 E.tenella,

E. necatri x, E. maxim E. aceryulina turkey (Me]eargidis 7 E. neleagrimtis,
E. adenoi des VegaP?V@ffa%?fesg&é@@la@xﬂéle?mﬁmeal}h%lgE s 8 {ambsg cplvemh RIEISTS,

E. nocens, PR [Tel eria perniciosa, E. anatis
pl at yhynehu%bggﬁgtgggﬁth(egouﬁ%@%g@% ngllbg?%' E. col unbarum E. | abbeanea rabbit
(Oryctolagus 11(12) E.intestinalis, E.flavescens, cuniculus) E. stiedai,

E. magna, E.perforans sheep.Ovis anus). 11(.16) E. ovinoidalis, E.ashata,
E.ovina godbiecapraisailye i fnissipasioceidiqstidR SRMpEG WAL, E. ar | oi ngi  cattle

7014) 1 oul b€ ebIVERR | E. oqUPRe PO BOR O P8 dan &
I:(Cystiso§)ora) " burrowsi paaaﬁgbig@ﬂgg?us)ﬁgmﬁnhnkg&ﬁ§; l.rivolta |as
final host:| Sarcocystis bovifelis, S ovifelis,
species*) | (B=Eimeria, I=Isospora)
chicken (Gallus gallus) 7 E.tenella, E.necatrix, E.maxima,
E.acervulina
turkey (Meleargidis 7 E.méleagrimitis, E.adenoides
gallopavo)
goose (Anser anser) A 6 E.anseris, E.truncata, E.nocens,
E. kotlani
duck (Anas 3 Tyzzeria pemiciosa, E.anatis
platyhynehus)
pigeon (Columba livia) , 2 E.colmbaﬁm, E.labbeanea
rabbit (Oryctolagus 11(12) E.intestinalis, E.ﬂavescens;
cuniculus) : E.stiedai, E.magna, E.perforans
sheep (Ovis arius) 11(16) E.ovinoidalis, E.ashata, E.ovina
goat (Capra hircus) 12(15) E.ninakohlyakimovae,E.arloingi
cattle (Bos taurus) 12(15) E.zuernii, E.bovis,
' E.auburnensis
pig (Sus scofra) ‘ 7(14) Isuis, E.debliecki; E.scabra
dog (Canis familiaris) 5 I.canis, I.(Cystisospora)
‘burrowsi
cat (Felis catus) 2+6 Lfelis, Lrivolta as final host:
| ' Sarcocystis bovifelis, S.ovifelis,
S.fusiformis, S.muris,
S.cuniculi, Toxoplasma gondii

*) regarding to Pellerdy (1974), Eckert et al, (1995b, Levine and Ivens (1970) and
Mehlhorn 1988) |



S.fusiforms, S.nuris, S.cuniculi, Toxoplasma gondii *) regarding to
Pell erdy (1974), Eckert et al, (1995b, Levine and Ivens (1970) and

Mehl horn 1988) -4- Most of the pathogenic species are strictly

host -specific. They have a conplex life _gycle with two asexual
reproducti on phases (schizogony or merogony, and sporogony) and a sexual
devel opnent phase (ganetogony). In view of the major inportance of
coccidiosis, nunmerous reviews are available, for instance, by Davies et 5
al. (1963), Hammond and Long (1973), Long (1982, 1990), and Pell erdy
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sulfonamides, among other drugs, are -currently used for such treatment and

prophylaxis. However, drug-resistant strains of Eimeria have emerged and drug-
15 resistance is now a serious problem. New drugs are therefore urgently required.
Given the multiplicity of pathogens and hosts, there is no "ideal model" for
identifying and testing anticoccidial agents. For example, most of the many
substances used for preventing coccidiosis in poultry are insufficiently effective or
even completely ineffective against mammalian coccidia (Haberkom and Mundt;
20 1989; Haberkorn 1996). Numerous works and sets of instructions have been
published on testing of active ingredients in animals for anticoccidial efficacy, for
jmmunisation, etc; One particularly important and comprehensive example is the

survey of current methods published by Eckert et al. (1995a).

25 The compound artemisinin, also known as ginghaosu (1), is a tetracyclic 1,2,4-

trioxane occurring - in Artemisia annua. Artemisinin and its derivatives

dihydroartemisinin (2), artemether (3) and sodium artesunate (4) have been used for

the treatment of malaria.



tri oxane occurring in Artem sia annua. Artemisinin and its derivatives

di hydroartem sinin (2), artenmether (3) and sodium artesunate (4) have been
used for the treatment' of malaria. -5- 0 a 0.0 -00., 0000 iz Otos O
00'040 () iGN _ JLv '?~0O OOH OM224a0 5 1110111 Artemisinin 1

D hydroartem sinin 2 Artenether 3 Sodium Artesunate 4 Different nodes of
action have been proposed by various groups to account for the action of
artem sinin and its derivatives in treating malaria (Posner et al., J Am
10 Chem Soc. 6, £118, 3537, 'osner et al J Am Chem Soc. 995 117,
5885; Posne N J Med ) However , [
of actual rode\, oflac I on,
bi oavai | abi | ity+dnd poor

1996, 12, 79), e$ lly the ' @' st gener at et hers agd esf_
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indicate that a cause of instability is the facile opening of the trioxane
nmoi ety in art Antesiisiin 1i t s@lifiydroartamisinine met Atighéther ¥ ormdedivm Axtdsuieate dent | y
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di hydroartem sinin. Ring opening will provide the free hydroperoxide,
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10 Chem. Soc. 1996, 118, 3537; Posner et al., J. Am. Chem. Soc. 1995, 117, 5885,

Posner et al., J. Med. Chem. 1995, 38, 2273). However, irrespective of actual mode

of action, all currenf derivatives suffer from poor oral bioavailability and pdor

stability (Meshnick et al., Pdrasitology Today 1996, 12, 79), especially the 'first

generation' ethers and esters artemether and sodium artesunate obtained from

15 dihydroartemisinin. Extensive chemical studies carried out on artemisinin and

derivatives indicate that a cause of instability is the facile opening of the trioxane

moiety in artemisinin itself, or in the metabolite common to all currently used

derivatives artemether, arteethér and artesunate, namely dihydroartemisinin. Ring

dpening will provide the free hydroperoxide, which is susceptible to reduction.

20 Removal of this group ensures destruction of drug activity with the reduction

products being transformed into desoxo metabolites. In order to render ring-opening

less *facile, the oxygen atom at C-10 can be either removed to provide

10-deoxydihydroartemisinin, or replaced by other groups, émd this has provided the

basis for the so-called 'second generation' compounds which are generally 10-deoxy

25 artemisinin derivatives. In addition, derivatives of artemisinin have also been

prepared with a variety of substituents at C-9. .

Artemisinin derivatives are also known in which the oxygen atom at C-10 has been
replaced by an amine group. For instance, Yang et al (Biorg. Med. Chem. Lett,,
30 1995, 5, 1791-1794) synthesised ten new artemisinin derivatives in which the oxygen
atom at C-10 was replaced by a group -NHAr where Ar represents a phenyl,
3-chlorophenyl, 4-chlorophenyl, 3-bromophenyl, 4-bromophenyl, 4-i9d0phenyl,



|l ess 'facile, the oxygen atomat C-10 can be either renoved to provide

10- deoxydi hydroartem sinin, or replaced by other groups, and this has
provided the basis for the so-called 'second generation' conpounds which
are generally 10-deoxy 25 artem sinin derigvatives. In addition, derivatives
of artem sinin have al so been prepared with a variety of substituents at
C-9. Artemsinin derivatives are also known in which the oxygen atom at

C- 10 has begn aced b n_amn r oup. r i.nstance, Y et al (Biorg.
Ved. Chom - CareBhasT adieRintibat. aioalienyc Pt AReFonsiaodt it ni
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3-bronophen%kﬁﬁ@Qb@QﬂEﬁhEﬂyﬂﬁmﬂﬁﬁeéﬁam@ﬁyl, -6- 4-nmet hyl phenyl ,

4- met hoxyphenyl , 3-carboxyl phenyl or 4-carboxyl phenyl group. These
conmpounds were tested for in vivo activity against the K173 strain of

Pl asnodi um Feogogi40a4h distobadhitBe® 18GhbtRute PN 00EDS0REndEifRI 0ses furt her
C- 10 substituted derivatives of artemsinin. Wiilst the current artem sinin
derivatives are successful, there are problens associated with stability,
bi oavai | abi k. otentjal .neurotoxicity, There i so a_ need for
artem sini n%ﬁ@%?i @gge%\'t?mz?rg R b‘%e ngﬁel’q’o%lrg S%CeC:g%S matl]&Freaéfel Ve erﬁ%ai nst
a 10 vari ebysodfatedani@ls sfaBiity, | BioNagabity BeEfoteitRe aveiotskitiBaThers salldd £ 10
substituted derivatives of artemsinin are effective in the treatnent of
di seases caBsxhiopyripmiside idenvativen WAigaedshit  bropd spectrugn ahaciivdy ageist a

parti gyl arl i i.n the treatnent of diseases caused by infection 15
W th gyparaﬁl %§§fﬁ%ﬁghﬁénera Pl asnodi um - Neospora or Eineria, especially
Pl asnodi um f al ci parum Neospora cani num and Ei neria tenella which cause

mal aria, neosporosis and coccidiosis,reSﬁfctively.'Accqrding to the

present i nvEnB3spw Restediseoverglethat etaip oWl shstiBtedh Aprs atiycH Pl priemisign
general for gl & +(d%h the treatment of diseases caused by infection with a parasite. These

compounds are particularly effective in the treatment of diseases caused by infection

15 with a parasite of the genera Plasmodium, Neospora or Eimeria, especially

Plasmodium falciparum, Neospora caninum and Eimeria tenella which cause malaria,

neosporosis and coccidiosis respectively.

According to the present invention there is therefore provided a compound of the

20 general formula I
CH,
. wQ
H,C 5 O
25 O CH, (&)
R X—R?
- I
Z

or a salt thereof, or a solvate thereof, or a solvate of a salt thereof,

30

in which



~1(r) 'H H3CO0OI 25 0 CH3 "(1) sR "IN, X~ RR Z or a salt thereof, or
a solvate thereof, or a solvate of a salt thereof, 30 in which -7- R
represents a hydrogen atom or an optionally substituted al kyl, al kenyl,

al kynyl, cycloal kyl, aryl or aralkyl gregp; X represents a carbon atom a
sul fur atom a sul foxide group S=O or a group PR3, 5 P-O-R3 or P-N(R4)-R3
where R3 and R4 each independently represent a hydrogen atomor an
optionally ub , V. |0 y anyl, or

aral kyl gr oﬁp, %gﬁgggs@@egﬁ%ﬁ%é é’? éﬁnéﬁ}agu? U %rd ag%}lémgno{w%’ %l};g%, NR5
wher e R5 repr esyivakyd, arglorreyalkyplgeroumt om or an optional ly substituted al kyl,

al kenyl , al kynyl, cycloal kyl, aryl or aral kyl group; and R2 represents a
hydrogen atom or an optionally substituted al kyI al kenyl , al kynyl

cycl oal kyl , xar ynQE tgré%!ill%h R UPs r NHE. , NREN 15
NR6N( R6) 2, or %ngrgr ortljp a §HR6 vbhlﬁ{r a@onq 0%8%% ent(fra%rgﬁpgﬁnts a

hydr ogen at om B1O Rﬁ ODBtN(MhRP whsreRt aﬂdlﬂ‘bﬁclaﬁﬂdﬁbenahﬂiﬁ Rypresedd Kiytitbgen
cycl oal kyl , ary ar al k ou di hydroartem si nyl group, or
R2 represents %1 mgPloﬁ 0@?‘)%{%1 }gﬂﬁ@&m%éﬁ@l %k‘%ﬁbr alkumyls cyclgrtbylp asd eref i ned
above and R  #epyesenps a bond attached as a substituent to R5 together
with the' inteigJacént 20 group -X=Z- forming an optionally substituted
het er ocycl i ¢ group where Z represents a group NR5, or R represents a bond
attached as,a substituent R s
Z "~ represents an oxygen atom, a sulfur atom or a group NR® where R’ represents a
10 hydrogen atom or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,

~ aryl or aralkyl gl:oup; and

- R® represents a hydrogen atom or an optionally substituted alkyl, alkenyl, alkynyl,
cycloalkyl, aryl or aralkyl group, or a group N(R®),, NHNH,, NR°NHR® or
15 NRN(R?),, or a group OR® or SR® where each R® independently represents a
hydrogen atom or an optionally substituted alkyl, alkenyl, alkynyl, cycloalkyl,
aryl or aralkyl group, or a 10a-dihydroartemisinyl group, or R? represents a
group OR” or NR°R’” where R® represents a group as defined above and R7
represents a bond attached as a substituent to R® together with the mterjacent
20 group X=Z- forming an optionally substituted heterocyclic group where Z
represents a group NR®, or R” represents a bond attached as a substituent to R!
together with the interjacent group -N-X(=Z)- forming an optionally substituted
heterocyclic group.

25 Suitable salts include acid addition salts and these may be formed by reaction of a
suitable compound of formula I with a suitable acid, such as an organic acid or a
mineral acid. Acid addition salts formed by reaction with a mineral acid are
particularly preferred, especially salts formed by reaction with hydrochloric or
hydrobromic acid.

30 |



together with the inter] acent group -N-X(=2)- formng an optionally
substituted heterocyclic group. 25 Suitable salts include acid addition
salts and these nmay be formed by reaction of a suitable conpound of
formula | wth a suitable acid, such as argorganic acid or a mnerals.
acid. Acid addition salts formed by reaction with a mneral acid are
particularly preferred, especially salts formed by reaction with

hydrochl oric or, hydrohromc_acid. 30 -8-. A.sol vat ccordi.ng to th
p?/esent invé‘i’nt’s?]ﬁﬁe?@c%if gsi?cwefﬂfﬁ‘ﬁngﬂn‘feﬁgoﬁdﬁﬁﬁ}ﬁrf&gh ??18} ﬁ}begﬁo%%cf%g%x in
solid or 'i%kinﬁngfaaé&n % GRS Hatiiad swid By SRbNMEioNBYBL s1ost méleat es are

a special fonn of solvates fornmed by coordination with water nol ecules. 5
Any al kyl , &lyestsd aror spdcia) fiyin afisolvptes fomined by codrdmaticrewih svatef modeculesy be

| inear or branched and nay contain up to 12, preferably up to 6, and
especially up to 4 carbon atons. Preferred al kyl groups are nethyl, ethyl,

propyl sand butyhicyl taniedyPbE AR AR ArbRRT unl@ddYotBérERY dpebifical iﬁ‘ﬁﬂ)ﬂe Bie@tpr i S not
an al k-1-enyl “or alk-1-ynyl group. I'n other words, there should preferably
be at | east boaneheduid/eyeomrion to CRRprefaraldy mipltad, 40! especitlisbvn ti 4 edtbeent er

bet bon-_at j t of the. doubl i ple. C d, and
Che it oged o H TS AISH PRAG PG L Sevhanan! S breP bl Tarfemrt fsng
al kynyl gr oyps aiiRalIUAIBMIPEOUD is HEERAW-1-eRYIAYN -yARHerbus MR Ykhed hddps. When

an alkyl noiety fornms part of another group, for exanple the alkyl noiety
of an aral kyheregsloupd preferablyrlesf entr tegstt loae MethydmmeaigrdipupCo @1 s¥BBE| al | y

up to.4, carbon .at . 5 Preferred al kyl -noi et | nd~et hyl .
An ar Qﬁ gr o 'ﬂ%lipcgge%acrwéép?)%ﬂ 2 “Hi 8]?8(%% ety ﬁo@hﬁd%@é%% éﬁd% rom 6
to 24, prefiRpabind the hitrdBn 28Gh Qo AL HRDEWUP it attddhed APbf@Eidedkalyl yné t o
14, carbon atonms. Preferred aryl groups Include phenyl, naphthyl, anthryl,
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group, for nmolr ety h ara
group, it is preferred that it contains up to 6, especially up to 4, carbon atoms.

15 Preferred alkyl moieties are methyl and ethy].

An aryl group may be any aromatic hydrocarbon group and may contain from 6 to
24, preferably 6 to 18, more preferably 6 to 16, and especially 6 to 14, carbon atoms.
Preferred aryl groups include phenyl, naphthyl, anthryl, phenanthryl and pyryl

20 groups, especially a phenyl or naphthyl, and particularly a phenyl, group. When an
aryl moiety forms part of another group, for example the aryl moiety of an aralkyl
group, it is preferred that in is a phenyl, naphthyl, anthryl, phenanthryl or pyryl,
especially phenyl or naphthyl, and particularly a phenyl, moiety.

25 An aralkyl group may be any alkyl group substituted by an aryl group. A preferred
aralkyl group contains from 7 to 30, particularly 7 to 24 and especially 7 to 18,
carbon atoms, particularly preferred aralkyl groups being benzyl, naphthylmethyl,
anthrylmethyl, 4phenanthrylmethy1 and(pyry]methyl groups. A particularly preferred
aralkyl group is a benzyl group.

30



group, it is preferred that it is a phenyl, naphthyl, anthryl, phenanthryl
or pyryl, especially phenyl or naphthyl, and particularly a phenyl,
noiety. 25 An aral kyl group may be any al kyl group substituted by an aryl
group. A preferred aralkyl group containg from7 to 30, particularly 7 to
24 and especially 7 to 18, carbon atons, particularly preferred aral kyl
groups bei ng benzyl, naphthylniethyl, anthrylnethyl, phenanthryl nethyl

andpyryl net hyl groups. A particularly preferre aral kyl group is a.benzyl
group. 30 - 9k cysleafieyl gapuRMay Peapy FyalsE cRle E&fffe?aag%g%ye %P@ Hﬁﬁ;f&PB@%ﬁ bon
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to 6, carbon atons. Preferred ~ cycloal Kyl groups are cycl opropyl,

cycl opentyl cacidalkylcdrotyesart cosloprppyl, Gychpeetyd ambeydolgxplgronpsy be any aromati c
nmonocyclic or polycyclic ring systemwhich contains at |east one
het eroatom Preferably,, a heteroaryl group is a 5- to 18-nenbered,
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qui noxal i nyl, pyri benzof uranyl, benzoxazolyl and acridiny
groups. A Cshiphiedndsaitegea rydmy Poefprrédhethmant @reums incude parigyl, gymylipmas

defined above whi.ch is |inpked. to the. tet. ycli.c..1,2, 4-1.r.] ! i.et f
a conﬂgund o Py PyFely Itg‘e?}qvwog{@;%ggh&awgnﬁﬁﬂﬁ%rlh z(ﬁ]gﬁg%%gl eo?/rat(:) ic
ring syste g‘ﬁyﬁd&%ﬁ,%ﬁ%}iﬂ', ip?riﬁﬁ&lﬁﬂ, B4z %1,66%@[91)6:13%%1&9 gﬁﬁnﬂ? lEwEhyc ring

syst em whi coritalns at Teast onée hetéroatom and may be unsaturated or
partial |y onsdquinofinyk afuircxabuyl, Prredazinyln béneoBrawy.chénzoxazalid andcicudigy]

het | defjned ab 20 | | z ti,c.het I
groups.  Pr e BETUES - C-unked Bgognt sougos firaltre s BRerpgyt BovE dh g above” ' ©
particul arl Y 18ck3is Iiﬁl;%o%@tt%&@cliceﬂZ?p{rﬁthﬂe #ovety toT al BofipFiREr &lgeneral

15 formula I via a carbon atom in the heteroaromatic ring system.

A heterocyclic group may be any monocyclic or polycyclic ring system which
contains at least one heteroatom and may be unsaturated or partially or fully
saturated. The term "heterocyclic" thus includes heteroaryl groups as defined above

20 as well as non-aromatic heterocyclic groups. Preferably, a heterocyclic group is a 3-
to 18- membered, particularly a 3- to 14-membered, especially a 5- to 10-membered,
ring system containing at least one heteroatom selected from oxygen, sulphur and
nitrogen atoms. Preferred heterocyclic groups include the specific heteroaryl groups
named above as well as pyranyl, piperidinyl, pyrrolidinyl, dioxanyl, piperazinyl,

25 morpholinyl, thiomorpholinyl, morpholinosulphonyl, tetrahydroisoquinolinyl and
tetrahydrofuranyl groups.

A heterocyclylalkyl group may be any alkyl group substituted by a heterocyclic
group. Preferably, the heterocyclic moiety is a 3- to 18-membered, particularly a 3-

30 to 14-membered, and especially a 5- to 10-membered, heterocyclic group as defined
above and the alkyl moiety is a C alkyl, preferably C,, alkyl, and especially
methyl, group.



ring systemcontaining at | east one heteroatom sel ected from oxygen

sul phur and nitrogen atons. Preferred heterocyclic groups include the
specific heteroaryl groups naned above as well as pyranyl, piperidinyl,
pyrrolidinyl, dioxanyl, piperazinyl, 25 mggpholinyl, thionorpholinyl,

nmor phol i nosul phonyl , tetrahydr0|squ|noI|nyI and tetrahydrofuranyl gr oups.
A heterocycl yl al kyl group nay be any al kyl group substituted by a

het erocyclic group. Preferably, the heterocyclic noiety is a 3- to
18-menbered, particularly a 3- 30 to 14-nmenbered, and especially a 5- to
10- menber ed, I e I is a
C _6 alkyl, %l?g#nerag%ig ngy4 a%pﬁaﬁ%ﬁggggpgé@g# %yélﬁ@' igﬁr,l@g\}r%g%m%%/

am no aci d nsyledréneg reyriae, ahteoninea cydeing Uyitines rgd:thromm agy) aatd a«ad, glatanme,

| euci ne, |soleUC|ne ser|ne, threonlgﬁzyf steinge, stJne g#onlne

aspartic acﬁ’&l - GFRAGIRE-celURERe, 13sne, hyex) {aar,g}ql,tée %‘i’gfr}?ep YR ysi ne,
argi ni n ! ' 15RO PARNnCIREQ! R D-
hydrox%rol i 21?8{3{5 ETVTPet é?lh?llg 1’[5%(33{ n%i{n&?é?ﬁ%%}% %XI and E(-;confl gurations.
An ami no aci amdelsbmﬁgmgmdme Anyness ecid ebtes wefy beranyrdsteo oficiich an ahilopl acedt er s,
particularly Cl 4 alk ester i eci al | rred. When any of the
f oregoi ng sAYEY JI?FTSESP]P 18}1]@118 f@lgﬁlt T%BQBEPFI&%QH&F’&#%TP 10 substituted,

t he substituent groups which are optionally present nay be any one or nore

of those customarily enployed in. the devel opnent of pharnmaceuti cal
conpounds an®hes arye afothief |fmagomg afbstuchis c alwpdesigsated dsnmgnoptiatadyr

struct e/act Vit | it bi oavai.labilit ot her ert Speci fic
exanpl ﬁf&H‘YQuﬁ’& ”i’ %Irg gRys ‘%I@Cﬁ %tiil) Y TSR 18’6% rﬂ?e Ritro,
cyano, hydr e o$5th%¥é3| Qlokrily aé ?ﬂbye@'ﬂieﬂ)\é' de{ﬂﬁb}f}ﬁérﬁy lof FHak@Xdutical

hal oal koxy, am no,. al kyl am no, | am no, forny al koxycar bonyl ,

car boxyl , ald()@mwhds adridyart Hhe, madllﬁyatmml pHi lﬁ\}t}h coamo;m@m fphomﬂfllence their
| kyl sul ph t
T M i

het erocycl i csucHr fupsmeMbenciRBY, &fr thenpiQregeidg aml;astmtrue@yamr eiyaRsenNt s or
contains an al kyl or
15 cycloalkyl, alkyl, alkenyl, haloalkyl, alkoxy, haloalkoxy, amino, alkylamino,

dialkylamino, formyl, alkoxycarbonyl, carboxyl, alkanoyl, alkylthio, alkylsulphinyl,
alkylsulphonyl, alkylsulphonato, arylsulphinyl, arylsulphonyl, arylsulphonato,
carbamoyl, alkylamido, aryl, heterocyclic and alkyl- or aryl-substituted heterocyclic
groﬁps. When any of the foregoing substituents represents or contains an alkyl or
20 alkenyl substituent group, this may be linear or branched and may contain up to 12,
preferably up to 6, and especially up to 4, carbon atoms. A cycloalkyl group may
contain from 3 to 8, preferably from 3 to 6, carbon atoms. An aryl group or moiety
may contain from 6 to 10 carbon atoms, phenyl groups being especially preferred. A
heterocyclic group or moiety may be a 5- to 10-membered ring system as defined
25 above. A halogen atom may be a fluorine, chlorine, bromine or iodine atom and any
group which contains a halo moiety, such as a haloalkyl group, may thus contain any

one or more of these halogen atoms.

In one aspect, it is preferred, that R' represents a hydrogen atom, a methyl group,
30 ethyl group or longer chain alkyl group or a branched alkyl group containing up to 9
carbon atoms, preferably a hydrogen atom, a methyl group or an ethyl group.



20 al kenyl substituent group, this may be |inear or branched and may
contain up to 12, preferably up to 6, and especially up to 4, carbon
atons. A cycloal kyl group may contain from3 to 8, preferably from3 to 6,
carbon atons. An aryl group or noiety mayjjcontain frome6 to 10 carbon
atons, phenyl groups being especially preferred A heterocyclic group or
noiety nmay be a 5- to 10-nmenbered ring systenras defined 25 above. A

hal ogen aton}&)ﬂ% be a%ff rine hl ori ne, m ne or (ﬁjﬁne at om and any
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Cl- 4 hal oal kybm. C1_4 al koxy, Cl.4 hal oal koxy, am no, Cl_4 al kyl am no,

di (C1-4 alkyl)am no and carboxyl groups. Preferably, X represents a carbon
atomor a sulfur atom 10 In a further preferred aspect Z represents an
oxygen, at om ;. or epresents
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10- nenber ed C—I i nked heteroaryl group or a 5-
het er ocycl yl orchrarg:heéa]@fll g@“@@pn’@mlﬂg)mtq %C@b@@ efiomst eda @yls@mé govuprasraes-

substit uent s consi n at
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15 group consisting of halogen atoms, hydroxyl, C,, alkyl, C,, alkenyl, C,_, haloalkyl,
C,, alkoxy, C,, haloalkoxy, amino, C,, alkyla:mmo ch(C1 4 alkyl)amino and

carboxyl groups.

In another preferreri aspect, R* represents a hydroéen atom or an‘ optionally
20 substituted alkyl, alkenyl, alkynyl, cycloalkyl, aryl or aralkyl group, or a group OR®,
SR®, NH,, NHR®, or N(R®), where each R® indepently represents a methyl group,
ethyl group' or longer chain al@l group or branched alkyl group containing up to 9
carbon atoms atoms, or is a C6:18 aryl group or a 5- to 10-membered C-linked
heteroaryl grorlp or a 5- to 10-membered heterocyclyl-C, ¢ alkyl group optionelly
25 substituted by one or more substituents selected from the group consisting of halogen -
atoms, hydroxyl, C,, alkyl, C,, alkenyl, C,, haloalkyl, C,, alkoxy, C,, haloalkoxy,
amino, ;(’31_4 alkylamino, di(C,, alkyl)amino and carboxyl groups. Preferably, R*
represents a group NH,, or a group NHR® where R® represents an alkyl or aryl group,
or a group N(R®), where R’ represent identical or differentiated alkyl groups.
30
In a further preferred aspect, R' represents a hydrogen atom or an optionally

substituted alkyl, alkenyl, alkynyl, cycloalkyl, aryl or aralkyl group, preferably a



In another preferred aspect, R2 represents a hydrogen atom or an optionally
20 substituted al kyl, al kenyl, al kynyl, cycloal kyl, aryl or aral kyl group,
or a group OR6, SR6, NH21 NHR6, or N(R6)2 where each R6 indepently
represents a nethyl group, ethyl group arjd.onger chain alkyl group or
branched al kyl group containing up to 9 carbon atons atons, or is a C6-18
aryl group or a 5- to 10-nenbered C-Iinked heteroaryl group or a 5- to
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cycl oal kyl, @Eb@sexﬁﬁdenﬁ&@dﬂdﬁff&éﬁiﬁ@ed AkylardiR -dl hydroarten sinyl group,
preferably a hydrogen atomor an optionally substituted al kyl or aryl

group, nore preferably R2 represents a group NH21 10 or a group NHR6 where
R6 representﬁ1

N
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Z represents an oxygen atom and R2 represents a group NH2;
15 or R' represents a hydrogen atom, X represents a carbon atom, Z represents a group
NH, and R? represents a group NHR® where R® represents a hydrogen atom or an
optionally substituted alkyl, cycloalkyl, aryl or aralkyl group; or R' represents a
hydrogen atom, X represents a carbon atom, Z represents an oxygen atom, and R?
represents a group NHR® where R® is a hydrogen atom or an optionally substituted

20 alkyl, cycloalkyl, aryl or aralkyl group.

It should also be appreciated that the compounds of general formula I are capable of
existing as different geometric and optical isomers. The present invention thus
includes both the individual isomers and mixtures of such isomers.
25

The present invention includes a compound of the general formula I ars defined above
for use in the treatment and/or prophylaxis of a disease. Preferably, the disease is a
disease caused by infection with a parasite. More preferably, the disease rs a disease
caused by infection with a parasite of the genus Plasmodium, the genus Neospora, or

30~ the genus Eimeria.



15 or Rl represents a hydrogen atom X represents a carbon atom Z
represents a group NH, and R2 represents a group NHR6 where R6 represents a
hydrogen atom or an optionally substituted al kyl, cycloal kyl, aryl or

aral kyl group; or R represents a hydroggn._atom X represents a carbon
atom Z represents an oxygen atom and R2 represents a group NHR6 where R6
is a hydrogen atom or an optionally substituted 20 alkyl, cycloal kyl, aryl
or aral kyl oup. It.should also b reci ted t hat, t unds .of
Genoral o oiiebtesds BB 5Fovides B ok Cme Btisii e SRR PanuR g
optical i SONR gefinbheHRYE I8N thd ﬁiéﬁﬂfabﬁ?e fomsmeale&heﬁe&rbt% hrdabierde gz dual

i soners and m xtures of such isoners. The present invention 1ncludes a
conpound of prhphydenerhh dissasedagsdd IaSIId@ﬂnone'dtlaa)pmmm‘ Frefamblyi, thet pegasite

treat ment and/ or_proph Xi S.0 Pr et er abl e disease.is a

di sease causléﬁnﬁéﬁnﬁgb%ﬁ%ﬁewsm M@rgﬁgﬁp Eﬁ‘éﬁ'sease
is a dissease caused by infection with a paraS| te of the genus Pl asnodi um
t he genus Neospora, or 30 the genus Eineria. -13- The present invention
al so provi debha pigsans envgfitien ebﬁrnmm@bsmf prohess Jente girerfagatioml &f 4 Coralsomiléquned
above for th nanuﬁgcture nedlcanenH for the tae %nent a:g

prophyl axi s '0f §"4i's€ aégﬁ% ORPHSRT SR YR 8 hegepga P@P]élr%bl Y,
the parasite is an organi sm of the genus Pl asnodi um the genus Neospora,
or the genus Eineria. 5 The present invention also provides a process for
the preparation of a c&hhound of the general fornmula | which conprises
reactlﬁg a conpou f &4 he general formula Il CH3 10 1\0 H3C 0 G|l (Il) O

G3 Y . H.C
(I

15 in which Y represents a group containing an oxygen atom attached to the carbon
atom of the artemisinin nucleus and also to a hydrogen atom or trimethylsilyl group,
with a suitable halogenatiﬁg agent to form a compound of the general formula II in
which Y represents a halogen atom; and, if desired, reacting the compound of general
formula II thus formed with an amine of the general formula R'NHX(=Z)R* where

20 "R‘, R?, X and Z are as defined above to form a compound of general formula I.

Suitable halogenating agents for forming compounds of the general formula Jlin
which Y represents a halogen atom include diethylaminosulphur trifluoride,
chlorotrimethylsilane, bromotrimethylsilane and iodotrimethylsilane. In particular,
25 compounds of the general formula II in which Y represents a chlorine, bromine or
iodine atom may be prepared by reacting a compound of the general formula II in
which ;(’ represents a trimethylsilyloxy group with a suitable chlorinating,
brominating or iodinating agent respectively, such as chlorotrimethlysilane,
bromotrimethylsilane or iodotrimethylsilane respectively. This reaction may be
30 conveniently carried out in the presence of a solvent. Suitable solvents include
aromatic solvents such as toluene, or halogenated hydrocarbons, especially

chlorinated hydrocarbons, such as dichloromethane. Preferably, the reaction is



15 in which Y represents a group containing an oxygen atom attached to the
carbon atomof the artem sinin nucleus and also to a hydrogen atom or
trimethylsilyl group, wth a suitable hal ogenating agent to forma
conpound of the general fornula Il in whigh Y represents a hal ogen atom
and, if desired, reacting the conpound of general fornula Il thus forned
with an amne of the general formula R NHX(=Z)R2 where 20 R, R2, X and Z

are as defined .above to forma coppound of general formula 1. Suitable
hal ogenat i ng®4HehOE! flo? IFBRSTHIME egP otpntel 5‘? P@W@‘l{j@ﬁe?aqo TP furBoytP°Cani ch

Y represent sydnhalReay 3tdidgncl ude di et hyl am nosul phur trifluoride,
chl orotri net hylngi I]%ne,ygrormtri nmet hyl sil ane and i odotrinethylsilane. In

particul ar, 25 conpounds of the general forrmula |l in which Y represents a
chlorine, brgmne o i odi ne atom be prepared by reactjng a.conpound of
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carried out L.n_.the presence.pof sal vent .. Suitable solvents include
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chlorinat ed pyadREeIrRRRenS WalalAs sSiveitl M ANBED aRGhatB BiehAaNtu¥h ot RSk fact i on
is -14- carried out at a tenperature of -30 to +20C, particularly -5 to

+10C, about ad lxdogeygated phydratdrhons; edspediallly <hdonpwtedd shydfodattengesectal as
formula, Il in which Y repgresents_.a fluorine atom may 5 conveniently
prepar &4 by $§ -f‘?rﬂﬁth%{iecgrr%ggﬂ% [ TP Oﬁé%%?‘P?lH?%ﬂ? ‘_gf?q TOPH (RAIPEHpe,
represents amaymr oml+35PoUReRdtly 8 16 B04ANIR rbdctoh it R0 AGEALd o nlerdS

di et hyl ani nosul phur trifluoride. ~This reaction nmay be conveniently carried
out in the ¢rewemtnosphers, sshwemitrogeni t abl e sol vents including aromatic
sol vents such as toluene and hal ogenat ed hydrocarbons, especially

chl ori nated hydrocarbons, such as 10 di chl oronet hane. Preferably, the

reaction is TBS féaRtlo®df atantidCot the QPIRINAPEEBIRI Where TIAR%1 % and ¥ b 235C,
preferably 0 to 30C. The reaction may al-so be carried out under
15 defined above with a compound of the general formula II in which Y represents a
halogen, preferably a chlorine or bromine, atom to form a compound of the general
formula II in which Y represents the group R'NX(=Z)R? where R}, R, X and Z are as
defined above may be conveniently carried out in the presence of a solvent. Suitable
solvents include halogenated hydrocarbons, especially chlorinated hydrocarbons,

20 such as dichloromethane, and ethers, such as tetrahydrofuran. Preferably, the reaction

is carried out at a temperature of -5 to +5°C, 0°C being especially preferred.

When a compound of the general formula II in which Y represents a bromine atom is
to be further reacted with an amine to form a compound of the general formula II in
25 which Y represents a group R'NHX(=Z)R? where R, R?, X and Z are as defined
above, it is preferred that the compound of the general formula II in which Y
represents a bromine atom is generated in situ by reacting a compound of the general

formula IT in which Y represents a trimethylsiloxy group with bromotrimethylsilane.

30 A compound of the general formula II in which Y represents a trimethylsiloxy group
may be prepared by reacting dihydroartemisinin, that is, the compound of general

formula II in which Y represents a hydroxyl group, with chlorotrimethylsilane in the



an inert atnosphere, such as nitrogen. The reaction of an am ne of the type
RINHX(=2Z) RZ where R1, R2, X and Z are as 15 defined above with a conpound
of the general formula Il in which Y represents a hal ogen, preferably a
chlorine or bromne, atomto forma conpaysd of the general forrmula Il in
which Y represents the group RINX(=Z) R2 where R1, R2, X and Z are as

defi ned above may be conveniently carried out in the presence of a solvent.

Sui tabl e solvents i.nc]J ude hal ogenat.ed hydrocarbon speci al | hl ori nat ed
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formula Il in which Y represents a bromne atomis to be further reacted
with an am
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represents Qgﬁwgﬁﬁ éghﬁwﬁg ugmﬁ%?§°ﬁ§9 % ?ﬁggﬁﬁgﬁgggﬁgbagfE%f%ﬁ%%hggove,
[t i's pref enepiditah tyliSxgPmRANH DhudecGERGAlurkioRMcrbhartd (WAL Y

represents a bromne atomi s generated in situ by reacting a conmpound of

the general prbegsmast a |1 in which Y represents a trimethylsiloxy group with
bronotri nmet hyl sil ane. 30 A conpound of the general forrmula Il in which .Y
represents a trinmethylsiloxy group nay be prepared by reacting

di hydr oar t enfigd pregent IlvaitidnSalsd e viiesw pHatthaeéut@enehdlositfoarwhitia cdthplises whi ch Y
represents a hydroxyl group, with chlorotrinethylsilane in the - 15

presence of cnirgsand, es@ptiesingyedieitne compevidphilicaginseal fprraplerlaty definede
reactilcd; i's co%ri ed out at roomtenperature, that is, 15 to 35C
pref erably 2%' to 30C. Dihydroartemsinin, that is, the conpound of general
formula Il in which Y 5 represents a hydroxyl group, is a known conpound
and can be prepared by known processes. The present invention also.
provi des a phatheamesuiiedly acerpialetiamier whax he caippiteed with seiieh dhe agtve as
active ingredi 0 . r . fi
above. A pna st it SRRSO aclte 3R Redoll Wil BREEL 3P o iy ch
the active liquid, including a material which is normally gaseous but which has been

15 compressed to form a liquid, and any of the carriers normally used in formulating

pharmaceutical compositions may be used. Preferably, composifions according to the

present invention contain 0.5 to 95% by weight of active ingredient.

The compounds of general formula I can be formulated as, for example, tablets,
20 capsules, suppositories or solutions. These formulations can be produced by known
methods using conventional solid carriers such as, for example, lactose, starch or
talcum or liquid carriers such as, for example, water, fatty oils 6r liquid paraffins.
Other carriers which may be used include materials derived from animal or vegetable |
proteins, such as the gelatins, dextrins and soy, wheat and psyllium seed proteins;
25 gums such as acacia, guar, agar, and xanthan; polysaccharides; alginates;
carboxymethylcelluloses; carrageenans; dextrans; pectins.; synthetic polymers such as
polyvingflpyrrolidone; polypeptide/protein or polysaccharide complexes such as
gelatin-acacia complexes; sugars such as mannitol, dextrose, galactose and trehalose;
cyclic sugars such as cyclodextrin; inorganic salts such as sodium phosphate, sodium
30 chloride and aluminium silicates; and amino acids having from 2 to 12 carbon atoms
such as a glycine, L-alanine, L-aspartic acid, L-glutamic acid, L-hydroxyproline,

L-isoleucine, L-leucine and L-phenylalanine.



ingredient is fornulated to facilitate admnnistration. A carrier may be a
solid or a liquid, including a material which is normally gaseous but

whi ch has been 15 conpressed to forma liquid, and any of the carriers
normal |y used in fornulating pharmaceuticg. conpositions may be used. |
Preferably, conpositions according to the present invention contain 0.5 to
95% by wei ght of active ingredient. The conpounds of general fornula I can
be fornmul ated as, for exanple, tablets, 20 capsules, suppositories or

sol utions. These formul ati ons can be produced by known nethods using
conventi onal Ag@ilibf) CBhpbféts SHER &S tablef cﬁéiﬁi’é’@f’aﬁts | RRIRFRrs, ShRE&RatfVes, _
talcumor liquid carriéers such as, for exanpl &, water, fatty oils or 1iquid
paraffins. @@tieardaotsy Bummlm@omy ehleancerd coloutingl @gerds, eflivausngeigemted from
ani mal or vegetab pr ot ei ns h as. the gelatin dextrins a

Sheat and pot IR EELT S F i e Taking Setin iy Hiods Hobtti & RS Re an

xant hars  pol &ﬁ@%ﬁﬁﬂfn‘ 9@ﬁab1@J:cgb1ﬂ*ﬂ{ge%entSQﬁélﬁ@é<ﬁQ&eBﬂaMi 581 }é!io‘%ﬁi@@n oxides and
carrageenans; dextrans; pectins; synthetic pol ymers such a

pol yvi nyl pyrF]aI& Sodyss S‘Pﬂbl apgdp&d @@llml‘éw & anddrD goCyedNohé? a‘cﬁelabbrfpineﬁﬁ§ such

as gel ati n-acaci ars suc trose, act ose
S Oy enal osts BYerdd NGB iy obtitR ReRt or B RO bkl o M EREn ofReEch o
sodi um phos plféﬁ{o%; gﬁa@@frahm caParkdl] Q4ding eflyand iR Misdukd i 6§mbﬁ1@ﬁor%%ﬂ"0
acids having from2 to 12 carbon atoms 5such as a gl yci ne, L-alanine,

L-aspart.ic aldps: iulglbbﬁt aHi modifiess inclidad ety pacid,i tagaric lacids qthesetoris, acid,

| | al. - h bl
i ot nolde orfydradiahy | RIS ek, el Sl "SIBSARH SpdhEE AdatEReS

viscosity enzib%élﬂﬂz&ﬁe KohﬁwrﬂhQﬂn@tﬂ@nsﬁltaﬁlé apekih Al eRbsts ifethdendbdiugy S,
sweet eners or taste-nasking agents may al so be incorporated into the 5

conposi t i on. bisubeade.clopskeinEn gesige sy elofierdrindeclpgen colpewdsnadsperatesves r on
oxi des and s FD & C blue No. 2 and FD '& C red No. 40
avai | abl e frlglggr%q%ag%?% O‘E‘%glpassd Suitable flavouring agents include mnt,
raspberry, liquorice, orange, |enon, grapefruit, caranel, vanilla, cherry
and grape flavours and conbi nati ons of these. Suitable 1pH nodi fiers

i ncl ud® ci t rFer heptnent Hftand prophiylaxispAgaanth ovqceidigsisgand related parasites, for

instance, in poultry, especially in chickens, ducks, geese and turkeys, 0.1 to 100 ppm,
preferably 0.5 to 100 ppm of the active compound may be mixed into an appropriate,
edible material, such as nutritious food. If desired, the amounts applied can be
increased, especially if the active compound is well tolerated by the recipient.

20 Accordingly, the active compound can be applied with the drinking water. |

For the treatment of a single animal, for instance, for the treatment of coccidiosis in
mammals or toxoplasmosis, amounts of 0.5 to 100 mg/kg body weight active
compound are preferably administered daily to obtain the desired results.
25 Nevertheless, it may be necessary from time to time to depart from the ambunts
mentiongd above, depending on the body weight of the experimental animél, the
method of application, the animal species and its individual reaction to the drug or
the kind of formulation or the time or interval in which the drug is applied. In special
cases, it may be sufficient to use less than the minimum amount given above, whilst

30 in other cases the maximum dose may have to be exceeded. For a larger dose, it may

be advisable to divide the dose into several smaller single doses.



10 hydrochloric acid and maleic acid. Suitable sweeteners include
aspartane, acesulfane K and thaumatin. Suitable taste-nmasking agents

i ncl ude sodi um bi carbonate, ion-exchange resins, cyclodextrin inclusion
conpounds, adsorbates or microencapsul atgg actives. 15 For treatment of
and prophyl axi s agai nst coccidiosis and rel ated parasites, for instance,
in poultry, especially in chickens, ducks, geese and turkeys, 0.1 to 100
ppm prefergbly 0.5.to0 100 ppm of the active conmpound may .be .m xed into an
Dt opr | at o, TTPSE RS A0 HEss AEhAEPIcBA R TRAGHOT o CERSPFo o Ene
amount s - appl fods€ AN 1R reatNET SATRY pr%ﬁlgﬁa‘%ﬁs%ff ¥ disbadeltBual by triE QRO ol S

well tolerated by the recipient. "2 ccordingly, the act’ive conpound can
be applied wardsitehRrethrabik, thg pmatits is aEmrgarhemn tof ¢zt gans Pismedsinnghe gemisnal |,
for instanc for the, treatnment .of coccidiosis in mammals or

t oxopl asnosi=sS28 it 'S &P, 2100 ng/ kg body wei ght active conpound are
preferaply adm nistered daily to obtain the desired results. 25

Neverthel ess, it may be necessary fromtinme to tine to depart fromthe
anount s nenthe pedentbmventicte plem diragidem at methiod dipr viedatjhg coflisetre epuped brent al
animal, the . .hod .of application, the ani.mal. species .and.its Jndividual
Feacti on o BHENH Jgtbr PSR SR B SR0E (C RATH Hent Pthval i n
whi ch the drghihéntaPbiapbutichlly SHBGI3|am@s85a chinphBM ehs %Eﬁdr@ll ®Rhulkg use

| ess than the m ni num anount gi ven above, whilst 30 in other cases the
maxi mum dos easrdgfinhdwbove Preferakiye Sutephrasitgris an loagagésm @b e, gants Fiagmogium,

advi s e to,divide.the dose,into veral smaller single doses. -17- The
preseﬁﬁJinvéﬂ?ﬁSlmiﬂgggﬁﬁépﬁh%§m5$zﬁﬁiﬂﬁceutical conposition as described
above for use in the treatnent and/or prophylaxis of a di sease caused by
infection with a parasite. Preferably, the parasite is an organismof the
genus Pl asnobiapresenhevgeliansis fnges plisirated bytthelodlomirg &ampesa. 5 The present
i nvention al so provides a method for treating a di sease caused by

infection with a parasite which conprises . admnistering to a host in need
of such



treatnment a therapeutically effective anmobunt of a conpound of the general

formula | as defined above. Preferably, the parasite is an organi smof the
genus Plasnodium 10 the genus Neospora, or the genus Eineria. The present
invention is further illustrated by the fgklowi ng exanples. -18- Exanples

Example 1: | Ga-(Sul fam no)di hydroartem sinin (Formula l: R = H X = S=0
Z=0, R2=N2) 50MO O10N H"S OIMs"''2" O Trimethylsilyl brom de
(0.16 g, 0.14 m, 1.05 mml) was added dropwise to a cold (0 cC) stirred
sol ution of Mi met hyl si | oxy) di hydroartemi sinin (356 ng, 1.0 mml) 15
in dichloronethane (5 m). After 15 mn. (tlc), a solution of sulfamde
(0.19 g, 2.0 nmmol) in THE (6 M) was added. After 1.5h, the reaction was
quenched wi tExampledr atléd-(SaHodB(@dihydi@antéhistniu extracted wi th di et hyl

ether (3 x The al >g_t acgts e conbined and dried (MgSOH4).
Filtration iﬁamé%lﬁﬁoﬁ ng#g g aﬁ '&\ﬁ% a dark green solid which was
purified by colum chromat ography on 20 silica with ethyl acetate-hexanes
(40:60) as eluent. Pooling and evaporation of appropriate fractions gave a
white powder (211.48 ng, 57% . Mp. 168-168.7 cC (deconposed); [a]D22
+16.76 (c 0.68 NEG—i) :IR (KBr) Vm,, 6, 2959, 2934, 2880, 1631,
1456, 1375, 13 8. 1147, 1128, ; - 8H 7.79 (1H, d, NH, J =
8.63 Hz), 6. H2), 5.37 (1H, oS3 4.58 (1H, pseudo-triplet,

10

Trimethylsilyl bromide (0.16 g, 0.14 ml, 1.05 mmol) was added dropwise to a cold (0

oC) stirred solution of 10a-(trimethﬂsﬂoxy)dihydroartemisinin (356 mg, 1.0 mmol)
15 in dichloromethane (5 ml). After 15 min. (tic), a solution of sulfamide (0.19 g, 2.0
mmol) in THF (6 ml) was added. After 1.5h, the reaction was quenched with
saturated NaHCO,, (10 ml) and extracted with diethyl ether (3 x 10 ml). The
organic extracts were combined and dried (MgSO,). Filtration and evaporation of
filtrate gave a dark green solid which was purified by column chromatography on
20 silica with ethyl acetate-hexanes (40:60) as eluent. Pooling and evaporation of
appropriate fractions gave a white powder (211.48 mg, 57%). M.p. 168-168.7 °C
(decomposed); [a],? +16.76¢ (¢ 0.68 MeOH); IR (KBr) v,,,, 3387, 3226, 2959, 2934,
2880, 1631, 1456, 1375, 1323, 1308, 1147, 1128, 1024; 'H-NMR: &, 7.79 (1H, d,
NH, J = 8.63 Hz), 6.44 (2H, s, NH,), 5.37 (1H, s, H-12), 4.58 (1H, pseudo-triplet,
25 H-10, J=9.23 Hz), 2.31-2.12 (ZH, m), 2.00-1.96 (1H, m), 1.82-1.77 (1H, m), 1.64-
1.61 (2H, m), 1.51-1.31 (4H, m), 1.28 (3L, s, 3-Me), 1.20-1.12 (1H, m), 1.10-0.94
(1H, m);'0.89 (3H, d, 9-Me, J = 6.23 Hz), 0.78 (3H, d, 6-Me, J = 7.11 Hz); "C-NMR:
dc 103.31, 90.61, 80.47, 79.98, 51.36, 45.14, 36.34, 36.01, 33.66, 31.56, 25.66,
24.57, 21.24, 20.46, 13.60; MS (CI, CH,) m/z 363 (MH", 7%), 364 (MH', C, 1%),
30 Analysis calculated for C,;H,N,O4S requires C, 49.71; H, 7.23; N, 7.73; found C,
49.59; H, 7.29; N, 7.58.



25 H 10, J= 9.23 Hz), 2.31-2.12 (2H, n), 2.00-1.96 (1H, m, 1.82-1.77 (1H,
m, 1.64- 1.61 (2H, m, 1.51-1.31 (4H, m, 1.28 (3H, s, 3-Me), 1.20-1.12
(1H, m, 1.10-0.94 (1H, m,"'0.89 (3H, d, 9-Me, J= 6.23 Hz), 0.78 (3H, d,
6-Me, J= 7.11 Hz); 13CG-NWVR Sc 103.31, 90i¢61, 80.47, 79.98, 51.36, 45.14,
36.34, 36.01, 33.66, 31.56, 25.66, 24.57, 21.24, 20.46, 13.60; M5 (C,
CH4) fn/z 363 (MH, 79, 364 (MH, 13C, 1% ; 30 Analysis calculated for
C15H26N206S fequi .49 71, H 7.23. .N..7.73..found C, 49.59; H 7.209;
N, 7.58. -1 -X%&?Bk‘&s‘e%‘.S[@P%'%*Ehfgﬂ%ﬁtﬁ?}iﬁ“&’é}]f‘é‘?ﬁ@l 1)]sul fani de (Formula I:
Rl H X = S5@orduR IR 821, N=b), @a-= oy, W@Q@Hﬁ@@[ﬂiﬁyd}bféﬂe\msﬁyﬁ@ W O O
p.,~N, ,OHHSI1 O0 O10 0 OHOO Trinethylsilyl chloride (0.42 g, 0.49
m, 3.87 nmmol) was added to a cold (0 oC) 15 stirred m xture of

di hydroartem sinin (0.5 g, 1.76 nmol) and sodi um brom de (199 ng, 1.94
mml) in toluene (2 m). After Ih (tlc), a selution of sulfanide (85 ny,
0.88 mml) in THE (2 mM) was added raficdl After 3.5h, water (5 nm)

foll owed by diethyl ether (10 m) werg gg,The aqueous | ayer was
separated and extracted further with @ke ether (3 x 5 m). The organic
extracts were combined and dried (MySO4) 4
filtrate gave pen gl assy solid whi as purified by colum
chromat ography g a using ethyl acet a/ﬁg-ngl@nes (25:75) as eluent.
Pool i ng and evapoffati §n of appropriate fHactB6RS gave a pal e yel |l ow powder
(178.9 ny, 32%. 83-184 oC (deconposedp; 1 Ry(KBr) vma,, 3035, 3216,
2927, ,£875, 1458, 1381, 1348, 1167, 1149, 1130, 1918 24, 916, 876, 735;
"HHNMR:™ SH 25 5.42 PHH, broad-doublet, 2 x =01.& Hz), 5.35 (2H, s,
X H12), 4.81 (2H, 0

Trimethylsilyl chloride (0.42 g, 0.49 ml, 3.87 mmol) was added to a cold (0 °C)
15 stirred mixture of dihydroartemisinin (0.5 g, 1.76 mmol) and sodium bromide (199
mg, 1.94 mmol) in toluene (2 ml). After 1h (tlc), a solution of sulfamide (85 mg, 0.88
mmol) in THF (2 ml) was added rapidly. After 3.5h, water (5 ml) followed by diethyl
ether (10 ml) were added. The aqueous layer was separated and extracted further with
diethly ether (3 x 5 ml). The organic extracts Were. combined and dried (MgSO4).
20 Filtration and evaporation of filtrate gave a dark green glassy solid which was
purified by column chromatography on silica using ethyl acetate-hexanes (25:75) as
eluent. Pooling and evaporatidn of éppropriate fractions gave a pale yellow powder
(178.9 mg, 32%). M.p. 183-184 oC (decomposed); IR (KBr) v,,,, 3035, 3216, 2927,
2875, 1458, 1381, 1348, 1167, 1149, 1130, 1113, 1024, 916, 876, 735; '"H-NMR: &
25 5.42 (2H, broad-doublet, 2 x NH, J = 11.2 Hz), 5.35 (2H, s, 2 x H-12), 4.81 (2H,
pseudo-triplet, 2 x H-10, J = 10.4 Hz), 2.36-2.29 (4H, m), 2.03-2.00 (2H, m), 1.89-
1.86 (2£I, m), 1.76-1.70 (4H, m), 1.57-1.54 (2H, m), 1.45 (6H, s, 2 x 3-Me), 1.44-
1.42 (2H, m), 1.38-1.77 (6H, m), 1.02-0.97 (2H, m), O.95(6I—I; d, 2 x 9-Me, J =64
Hz), 0.91 (6H, d, 2 x 6-Me, J = 6.8 Hz); *C-NMR: §. 104.32, 91.06, 82.80, 79.59,
30 51.68, 45.67, 37.30, 36.31, 34.09, 32.46, 25.71, 24.80, 21.55, 20.28, 13.42.



pseudo-triplet, 2 x H10, J= 10.4 Hz), 2.36-2.29 (4H, m, 2.03-2.00 (2H,
nm, 1.89- 1.86 (2H, m, 1.76-1.70 (4H, m, 1.57-1.54 (2H, m, 1.45 (6H, s,
2 X 3-Me), 1.44- 1.42 (2H, m, 1.38-1.77 (6H, m, 1.02-0.97 (2H, m,
0.95(6H, d, 2 x 9-Me, J=6.4 Hz), 0.91 (6h-d, 2 x 6-Me, J = 6.8 Hz);
13C-NVR Sc 104.32, 91.06, 82.80, 79.59, 30 51.68, 45.67, 37.30, 36.31,
34.09, 32.46, 25.71, 24.80, 21.55, 20.28, 13.42. -20- Cainms 1. A conpound
of the genergjfQrmula |l 5 CH HCOGI OCH (I) RL-IN X- R2 10 Z or
a salt thereot5——or a solvate thereof, or a solvate of a salt thereof, in
which 15 R represents a hydrogen atom or an optionally substituted al kyl,
al kenyl, al kynyl, cycloal kyl, aryl or aral kyl group; X represents a carbon
atom a sul fhr atéﬁ?ﬁ@0§ﬂ¢P%%P@@“@ﬂdbﬁméﬁb or a 20 group PR3, P-O-R3 or
P-N(R4) - R3 where R3 and R4 each independently represent a hydrogen atom or
an optionally substituted al kyl, al kenyl, alkynyl, cycloal kyl, aryl or
aral kyl5group; Z represents G, oxygen atom a sul fur atomor a group NR5
where R5 25 represents-a _hydrogen atomor an optionally substituted al kyl,
al kenyl, al kynyl aryl or aral kyl group; and R2 represents a
hydr ogen at om or HaC3 l Ly substituted al kyl, al kenyl, al kynyl,
cycl oal kyl, aryl or ar group, or a group N(R6)2, NHNH2, 30 NR6NHR6 or
NR6N( R6) 2, or a group gRb6 where eadql) R6

3

@3]

10 1l
or a salt thereof, or a solvate thereof, or a solvate of a salt thereof,

in which
15
R' represents a hydrogen atom or an optionally substituted alkyl, alkenyl,
alkynyl, cycloalkyl, aryl or aralkyl group;

X represents a carbon atom, a sulfur atom, a sulfoxide group S=0 or a
20 group PR?, P-O-R® or P-N(R*)-R® where R® and R* each independently
represent a hydrogen atom or an optionally substituted alkyl, alkenyl,

alkynyl, cycloalkyl, aryl or aralkyl group;

Z represents an oxygen atom, a sulfur atom or a group NR’ where R’
- 25 represents a hydrogen atom or an optionally substituted alkyl, alkenyl,
alkynyl, cycloalkyl, aryl or aralkyl group; and

R® represents a hydrogen atom or an optionally substituted alkyl, alkenyl,

alkynyl, cycloalkyl, aryl or aralkyl group, or a group N(RG)Z, NHNH,,

30 NR°NHR® or NR®N(R®),, or a group OR® or SR® where each RS
independently represents a hydrogen atom or an optionally substituted

alkyl, alkenyl, alkynyl, cycloalkyl, aryl or aralkyl group, or a 10o- -



i ndependently represents a hydrogen atomor an optionally substituted

al kyl, al kenyl, al kynyl, cycloal kyl, aryl or aral kyl group, or a | Ca -21-

di hydroartem sinyl group, or R2 represents a group OR or NR6R where R6
represents a group as defined above and R2represents a bond attached as a
substituent to R5 together with the interjacent group -X=Z- formng an
optionally substituted heterocyclic group where Z represents a group 5 NR5,

"htorj acent “group - N SBp@ARAR B SLRT ISR, < ol oRREAERI Mk gl c
group. 2. -A conpounH’apesests agréup Bl dfiied abdvewhid @ rBiresaly £6&1H Sitadhed

hydrogen atom a 10 nethyl. group,,  ethyl group or | onger chain alkyl group
or a branched al kyl 2y sistisesat i R W@e%gr wihdhe Hitgrineeni gaen ~pref Brably a

hydrogen atom a mnet . . s ‘ .di ng
toclaiml or 2 in mﬁgﬂll}/lé%tlcg{a?g%}lg%%ﬁg % %'S@%:(Aacy g%c(r)lglg)%l B%Vhége %E%BI%E%?%?%%&Qm or
a group5 PR3, P-O R3 NR’Rri’RéprefRatswhiesirl BckaicasRdsudatiient toge totith
represent a C6_18 aryl group or a 5- to 10-nmenbered C1linked et eroaryl
group or a 5- to 10- HenBesascre ey =201 formingy |angpplignally psybshitady
substituted by one o jtuents selected fromthe group consisting
of hal ogen atons, y%?tgg%ﬁlﬁg?%'al kyl, C, alkenyl, d _4 haloal kyl, 20 C,,
al koxy, Cl=a hal oal koxy, am no, Cl-4 al kylam no, di(C,, alkyl)am no and

car boxyl groups. 4. A conpound _according .to any of clains 1 to 3 in which Z
represents afr  OxX§OPoUB C‘E?Fdlé{g&?ﬁlﬁ‘&lgl%%@%% epreseRs adwatagen aippurdogen

atom ggnethyl 25 et 0 [ | Ky
branched al kyl grogg{yg ntu i ni gg&{)u%t‘c(ﬁ)} %{%%rr oﬁ{ g%gﬁgbugr&aé %El%ﬁaa%[ﬂd group
or a 5- to 10- nenpeopdont@niigketd hedrbomatoyis, prefugblp i lydiogeh atobf)-ameethelr ed

het er ocycl yl -C1_6 al kyl [ro optionally substituted by one or nore
substituents sel e8{8H%F %g&yﬁgroug

3. A compound according to claim 1 or 2 in which X represents a carbon atom, a

15 sulfur atom, or a group PR’, P-O-R® or P-N(R%-R® where R® and R* each

independently represent a Cg;; aryl group or a 5- to 10-membered C-linked

heteroaryl group or a 5- to 10-membered heterocyclyl-C, alkyl group

optionally substituted by one or more substituents selected from the group

consisting of halogen atoms, hydroxyl, C,_, alkyl, C,, alkenyl, C, , haloalkyl,

20 C,. alkoxy, Cy; haloalkoxy, amino, C,, alkylamino, di(C,, alkyl)amino and
carboxyl groups.

4. A compound according to any of claims 1 to 3 in which Z represents an

oxygen atom, or a group NR’ where R’ represents a hydrogen atom, a methyl

25 group, ethyl group or longer chain alkyl group or branched alkyl group
containing up to 9 carbon atoms, or a Cg 5 aryl group or a 5- to 10-membered

g—linked heteroaryl group or a 5- to 10-membered heterocyclyl-C, ¢ alkyl

group optionally substituted by one or more substituents selected from thé

group consisting of halogen atoms, hydroxyl, C,, alkyl, C,, alkenyl, C,,

30 haloalkyl, C,, alkoxy, C,, haloalkoxy, amino, C,, alkylamino, di(C,,

alkyl)amino and carboxyl groups.



group consi sting of hal ogen atons, hydroxyl, Cl_4 alkyl, C2_4 alkenyl, C-4
30 hal oal kyl, Ci1-4 al koxy, Cl4 hal oal koxy, am no, Cl al kylamno, di(C, -1
al kyl )am no and car boxyl groups. -22- 5. A conpound according to any of the
preceding clains in which R2 represents a22ydrogen atom or an optionally
substituted al kyl, al kenyl, alkynyl, cycloal kyl, aryl or aral kyl group, or
a group OR6, SR6, NH2, NHR6, or N(R6)2 where each R6 indepently represents

s oL, 880 A g 3 LAl P el o)

group cont aiTing ‘up car aryl "group or a

5- to 10- menber ech Grykdiapeadafoat esroas Yoptiogaldy psubktitated- alkel, 16kemytbeltlechyl,
het erocyclyl -d _6.al le group optionally substi '[8.?'[ ed by one or nore
substituents sel eckalyi.civk Gergkygpown 98 B Lo HEyOBY Sﬁaapﬁ‘bmwﬁ\}@ )2

hydroxyl, Cl_4 al -4 I \ 1.4
hal oal koxy, am no‘%&y%ifgg%ﬁ% %&Q%gl re§|§e(s @Q% Ig%?ﬁ%%ou ho Zﬁg}% ggr%o%@%e?
groups.5 6. A conpgiirdalagl grodp Rg branchety alixll bfvep poatedhgpad & cmbomatehtisch R1
represents a hydrogen atomor an optionally substituted al kyl, al kenyl,

al kynyl, 15. cycHe@p« is afyls Byl SPup 0§12 YrSul)-msrbeeadabiiked helgrssdn at om
or an al kyl group r r ef | r I or I g or an
ethyl group; X rg{r}gs(gn s§a?c(§:gllrbb%%@b%ﬁ(gs%%%pffgﬁ)g;@@uflgﬁ%%mo%%p &r abl y
a carbon or sul fabstithdibyZoneepreae Bhisstiarenoxseiperedaramtins g@up conyistig%ofi n
where R5 represents a hydrogen atom or. an optionally s tit{l,i,t ed_al kyl,

al kenyl, 20 al kyriAlogeRy A8 Ridroxyhrnl adeylafal RFELYgr Gup?ﬁg‘?ﬁ}@fle abPFORh

oxygenj@t om and iy ; roy SRec. NEZDNERE: 2 < NoREN2
wher e 1e@ch R6 in((l:;)‘é‘p}eln1 éeﬂr%t yn%rlzl;r)l?’egéht g(ya ydr o gh“ atom or an O,Btige"rél%ll ly

substituted al kylgrougd. kenyl , al kynyl, cycl oal kyl, aryl or aral kyl group,
or' a 1Ca-di hydroartem sinyl group, preferably a hydrogen atom or an
optionally 25 substituted al kyl or aryl group, nore preferably R2

represents as gr ouR YEBbuRd according to any of the preceding claims in which R* represents
a hydrogen atom or an optionally substituted alkyl, alkenyl, alkynyl,
15 cycloalkyl, aryl or aralkyl group, preferably a hydrogen atom or an alkyl
group, more preferably a hydrogen atom or a methyl group or an ethyl group;
X represents a carbon, phosphorus or sulfur atom, préférably a carbon or
sulfur atom; Z represents an oxygen atom or a group NR’ in where R’
represents a hydrogen atom or an optionally substituted alkyl, alkenyl,
20 alkynyl, cycloalkyl, aryl or aralkyl group, preferably an oxygen atom; and R®
represents a group OR®, SR, NH,, NHR®, or N(R®), where each R°
independently rei)resents a hydrogen atom or an optionally substituted alkyl,
alkenyl, alkynyl, cycloalkyl, aryl or aralkyl group, or a
10a-dihydroartemisinyl group, preferably a hydrogen atom or an optionally
25 substituted alkyl or aryl group, more preferably R? represents a group NH,, or
a group NHR® where R® represents an alkyl group, or a group N(R®), where R®

fgpresent identical or differentiated alkyl groups.

7. A compound according to any of the preceding claims in which R’ represents
30 a hydrogen atom, X represents a sulfoxide group S=O, Z represents an
oxygen atom, and R’ represents a group NH,; or in which R' represents a

hydrogen atom, X represents a carbon atom, Z represents a group NH, and R?



a group NHR6 where R6 represents an al kyl group, or a group N(R6)2 where R6
.41 represent identical or differentiated al kyl groups. 7. A conpound
according to any of the preceding clains in which R represents 30 a
hydrogen atom X represents a sul foxide gr#up S=0, Z represents an oxygen
atom and R2 represents a group NH2; or in which RL represents a hydrogen
atom X represents a carbon atom Z represents a group NH, and R2 -23-

represents a grougphskie 6 FRER CRFHRAE HOS réprdbyfis Oglenf}r)??ég‘éﬁ‘ 86m8r an

optionally substituted al kyl, "cycloal kyl, aryl or ara group; or 1In
whi ch RL repr esefitionallyppubstigeed akpincycloalkpl e ot sradkyd ardugry oairowhich R

yar ogen at om or SPEes o BrAPEG Sabe o SCEI RyPO0Dy P B PR g Aoy
aral kyl group. 8. ofygehasRsIni®? r&ﬂi‘f/‘seigt][s%f@;‘g@% NOR Yheft ﬁ?@%gﬂ%ﬁgﬁ ﬁttoHPor

general formula | ‘according to an recedi ng cl-ai Ich conprises
reacting a conpodneptimallyeubgtihdeddlkyloeyeldadkyill arglor@edkyDgraugd3C O O' (11) O
CH3 15 Y in which 'Y represents a group containing an oxygen atom attached

to the carbon atomof the artem sinin nucleus and also to a hydrogen atom

or trimethygsilyl gfoees. fom the ﬁrleﬁéﬂlaﬂlicﬁplo@ mbﬁ@&ﬁ&ﬁt loRGth8 9&Akral gmfnﬂﬂénla
a

compound 20 of the general fornu in which Y represents a hal ogen atbm
and, if desired,aqceidng g ame ofofpopmeeditis gdaimsawhichr wonprises tdacténg @r med

\g'sth an am ne Ofc&ﬂ;?oﬁﬁ%?rt}%langrrap}élrﬁ%uﬁ]IFHx( =Z)R2 where R, R2, X and Z are

10
CH,

WO

H,C™{ %
oY uy

15 : Y

in which Y represents a group containing an oxygen atom attached to the
carbon atom of the artemisinin nucleus and also to a hydrogen atom or
trimethylsilyl group, with a suitable halogenating agent to form a compound
20 of the general formula II in which Y represents a haldgen atom; and, if
desired, reacting the compound of general formula II thus formed with an
amine of the general formula R'NHX(=Z)R? where R!, R?, X and Z are as

defined any of the preceding claims to form a compound of general formula I.

25 9. A compound according to any of claims 1 to 7 for use in the treatment and/or

prophylaxis of a disease.

10. A pharmaceutical composition which comprises a carrier and, as active
ingredient, a compound according to any of claims 1 to 7.
30



defined any of the preceding clains to forma conpound of general fornula
. 25 9. A conpound according to any of clains 1 to 7 for use in the
treatment and/or prophylaxis of a disease. 10. A pharnaceuti cal

conposi tion which conprises a carrier andygas active ingredient, a
conpound according to any of clainms 1 to 7. 30 -24- 11. Use of a conpound
according to any of clains 1 to 7 for the manufacture of a nedi canent for

the treatnme and/ or .prophyl axi s qf g disease. caused b infection wWwth a
parasite. STEZ. iéﬁﬂggﬁﬁgBéPgéﬁFm§HWﬁ8§PYPgﬁﬁﬂﬂ%giﬂ?ﬁﬂxp8n¥wgﬁﬁ#Tﬁo or the
treatment and/ or ., BIARRY fof TreOfreAmBMSHRBS BRIPEGExIRYof Af EdasORaieinbya
parasite. 13. A nethod for treating a di sease caused by infection with a
parasite which odagionseith ageiasitsst ering to a host in need of such treatnent
a therapeutically 10 effective amount of a conpound according to any of
clains 1 to 7.

5 12. . A pharmaceutical composition according to claim 10 for the treatment and/or

prophylaxis of a disease caused by infection with a parasite.

13. A method for treating a disease caused by infection with a parasite which
comprises administering to a host in need of such treatment a therapeutically

10 effective amount of a compound according to any of claims 1 to 7.



