4 1 DUAL MOLECULES CONTAI NIl NG A PEROXI DE DERI VATI VE, SYNTHESI S AND
THERAPEUTI C APPLI CATI ONS OF SAID MOLECULES The invention relates to dual
nol ecul es containing a peroxide derivative, showing particularly an anti-
galarial activity, the synthesis and therapeutic applications of said

nol ecules. 5 Malaria is one of the primary infectious causes of Eﬂﬁ“

in the world and affects 100 to 200 nillion people a yﬂmmmmmMﬂ‘ |f|cant
upsurge in the disease observed in recent years is due act ors,

“including: 10 - the carriers, i.e. Anopheles, which are beconiong resistant
to conventional inexpensive insecticides such as DDT (abbreviation of
‘trichloro-1,1,1-di (p-chloro- phenyl)-2,2 ethane); - population growth in
at-risk zones and, 15 essentially, -the resistance of nunerous strains of
.Pl asrmodi um fal ciparum the parasite responsible for the m wmmmmk of
the di sease, to the nedicinal products conventionally us m HMM ‘
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DUAL MOLECULES CONTAINING A PEROXIDE DERIVATIVE,

SYNTHESIS AND THERAPEUTIC APPLICATIONS OF SAID
MOLECULES

The invention relates to dual molecules containing
a peroxide derivative, showing particularly an anti-
malarial activity, the synthesis and therapeutic
applications of said molecules.

5 Malaria is one of the primary infectious causes of
mortality in the world and affects 100 to 200 million
people a year. The significant upsurge in the disease
observed in recent vyears is due to several factors,
including:

10 - the carriers, i.e. Anopheles, which are becoming
resistant to conventional inexpensive insecticides such
as DDT (abbreviation of trichloro-1,1,1-di(p-chloro-
phenyl) -2,2 ethane);

- population growth in at-risk zones and,

15 essentially,
-the resistance of numerous strains of Plasmodium
falciparum, the parasite responsible for the mortal
forms of the disease, to the medicinal products

conventionally used, such as chloroquine and
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conprising, |like artem sinine, an endoperoxide function 3, 4. 5

Artem sinine and sone of its hem -synthetic derivatives, such as

The di scovery of artemsinine 1, 2, a [ [
r of , 2, power ful anti-malarial
agent extracted from Artem sia annua, drew attention to nol ecul es

artenether and artesunate, have proved to be ver [ [

_ _ , ( y active on resistant P.
faIC|payun1 strains. However, the high cost of these natural conpounds and
uncertain supply represent najor 10 di sadvantages. Therefore, the interest

-of synthetic anti-malarial conpounds, which would be accessible at
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falciparum
strains. However, the high cost of these natural
compounds and uncertain supply represent major
disadvantages. Therefore, the interest of synthetic
anti-malarial compounds, which would be accessible at
low prices, and offer an action mechanism similar to
that of artemisinine, an alkylating.effect on the blood
and/or parasitic proteins, will be evaluated.

Regearch on such compounds by the inventors led to
the development of a new synthesis strategy based on
the use of compounds liable both to be accumulated
effectively in the parasite and exert an effect such as
that of artemisine.

The inventors observed that forming a covalent
bond between a compound with anti-malarial properties
and a peroxide type derivative offered coupling
products with, surprisingly, a synergic effect between
the penetration capacity and activity of the respective
constituents on chloroguine-resistant strains and as a
general rule a high efficacy for a wide range of
parasites.

Therefore, the invention relates to dual molecu1e§
presented in the form of coupling products, showing

particularly an anti-malarial activity, in particular

on P. falciparum.
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presented in the formof coupling products, showng 30 particularly an
anti-malarial activity, in particular on P. falciparurn. 3 It also relates
to a synthesis nethod for such nolecules, conprising a limted nunber of
steps, involving | owcost products, and therefore easy to inplenent at an
i ndustrial scale. 5 The invention als% relates to biological applications
of said nolecules and particularly the use of their anti-nalarial
properties to devel op nedi cinal products. The dual nol ecul es according to
.the invention are 10 characterised in that they consist of coupling
products conplying with the formula I (1) wherein -A represents a residue

of nolecule wth [ E@Jsartldal ad@yiiysis Yenibdr2 fordesudiral or
di fferent, r2$ eEE%% ér ??near ranﬁ¥|ed al kyl ene ch %é Cl to C5,
contaimdMlééup@@chabhprmsengr moré@ﬂﬁﬁﬁé afbgeer s&ﬁ%ho% 7 Ue, carboxyl

hydroxyl, ether or thioether als ai e nwed Cl to CS
bei ng  siEslviRgd ]i‘?wa‘b‘ﬁ?'fcﬂ Lbfc}: 2h alky & QH%'L {ﬁgt %% C5, with the

poss'b'l'téké%e Et§€r K119&u¥2rbﬁﬂnlcaabsent -Uis an anlne ani de,
sul phonar CAF boxyT X
5 The 1nventlon also relates to biologica
applications of said molecules and particularly the use
of their anti-malarial properties to develop medicinal
products.
The dual molecules according to the invention are
10 characterised in that they consist of coupling products
complying with the formula I
. Rl

At u——n><zl>Q .

Rz

wherein

-A represents a residue of molecule with anti-
15 malarial activity,

-Y, and Yz, identical or different, represent a
l1inear or ramified alkylene chain at Cl to C5,
containing if applicable one or more amine, amide,
sulphonamide, carboxyl, hydroxyl, ether or thiocether

20 radicals, said alkylene chain at Cl1 to G5 being
substituted if applicable by an alkyl radical at Cl to
C5, with the possibility of either Y; or Y being
absent,

.Uy is an amine, amide, sulphonamide, carboxyl,

55 ether or thiocether function, said function linking Y

and Y.,



25 ether or thioether function, said function linking Y1 and Y2, 4 -Z1 and
Z2, identical or different, represent a saturated or unsaturated, |inear,
ram fied or cyclic arylene or alkylene radical, with the possibility of
either Z1 or Z2 being absent, or Z1 + Z2 together 5 represent a polycyclic
structure including the junction carbops G and ¢, -Rl and R2, identical
or different, represent a hydrogen atomor a functional group capabl e of

i ncreasing the hydrosolubility of the dual nolecule, 10 advantageously
selected from-COOH, -OH, -N(Ra, Rb) where Ra and Rb, identical or
different, represent a hydrogen atomor an alkyl radical at d to C5, -R,
and RY form a cycl aeidperoxi déenittivad t or8 dich@ereht nkssergjedsaithgaone of the

peaks of said cyclic 15 peroxide,, or . -R or RY. is_a cyclic peroxide with 4
to 8 chai ﬁatprﬁé&d VI ¢ ROFEY UEG S rsel 106R T2 M{Fbﬁél O&yﬁgﬁilgtoms in
the cvelig SILHE! Wie. 53Rg18R8 OFadmEgl, Suhst (ueat od¥bisieniy cak or

di fferent; ©occupying any 20 separate positions on the cycle, at |east one
repr esent &épgharhatoger aZembaing Odhganip, &r CE3 4r duep, ta@SERGY radi cal ,

SUbat B UeRPPEFS Sy PEoOE o nesa o a paIraees of s AUBF5HgR atom 25
wth the BQ?EBQE' bty agk @Hpsti tuting the carbonated
-R, and R, identical or different, represent a
hydrogen atom or a functional group capable of
increasing the hydrosolubility of the dual molecule,
10 advantageously selected from -COOCH, -OH, -N{(Ra: Rby)
where R, and Rp, identical or different, represent a
hydrogen atom or an alkyl radical at Cl to C3,
-Rx and R, form a cyclic peroxide with 4 to 8
chain links, Cj being one of the peaks of said cyclic
15 peroxide, or
-Rx or R, is a cyclic peroxide with 4 to 8 chain
links, which may comprise 1 or 2 additional oxygen
atoms in the c¢yclic structure, and one or more
substituents R;, identical or different, occupying any
20 separate positions on the cycle, at least one
representing a halogen atom, an -OH group, a -CFj;
group, an aryl radical, an alkyl or alkoxy radical at
Cl1 to C5, an -NO; group, the other substituent (s)
having one of these correspondences or a hydrogen atom,
25 with the possibility of substituting the carbonated
peaks of the cyclic peroxide if applicable by one or
more substituents as defined for Ras, with the
possibility of two adjacent -substituents forming a
cyclic structure with S5 to 6 chain links, saturated or

30 unsaturated, if applicable substituted by one or more



peaks of the cyclic peroxide if applicable by one or nore substituents as
defined for R3, with the possibility of two adjacent substituents form ng
a cyclic structure with 5 to 6 chain links, saturated or 30 unsaturat ed,

- i'f applicable substituted by one or nore 5 substituents R3 in any position,
with the possibility of the other substituent Rx or RY being R3, and their
addition salts with pharmacol ogi cal acceptable acids. 5 Advantageously,
the residue A drains the coupled conpound inside the parasite, which then
has an al kylating effect on the blood and/or parasitic proteins. In a
preferred famly of derivatives according to 10 the invention, A
represent ss@b$ititaasthetrRgr deyciey gelsdttiedc ,frwitian téra nogsasnbilneyaccor di ng
to formula Il or a 1,5-naphtyridine according to fornula Ill below /Ra R3
N (11a) (I@%)t¥¢I?§heﬁhéP€FHl§Bepﬁ3RreﬁFe@eH? Hhelor nore identical or

different substiduepts;occypdibgosepahate PQSidd OhhAmd €356 0081
representing a hal ogen atom an -OH group, a -CF3 group, an aryl radical,

an al kyl acegmoxyleagttds-at Cl to C5, an -NO2 group, the other

substlguentﬂﬂ Advantageously, the residue A drains the coupled

compound inside the parasite, which then has an

alkylating effect on the blood and/or parasitic
proteins.

In a preferred family of derivatives according to

10 the invention, A represents a nitrous heterocycle

selected from an aminoquinoline according to formula II

or a 1,5-naphtyridine according to formula III below

R
4 N /R’.4
\ ———N// N
N—R,
N
X = T
Ry | R,
= P ™ =
N N N
R,
(ITa) (ITb) (II1I)
wherein
1s -R; represents one or more identical or different

substituents occupying separate position, at least one
representing a halogen atom, an -OH group, a -CF;
group, an aryl radical, an alkyl or alkoxy radical at
Cl to C5, an -NO; group, the other substituent(s)
20 having one of these correspondences cor a hydrogen atom,
-R; represents a linear, ramified or cyclic alkyl

radical at Cl to C5, or a hydrogen atom.
In another preferred family according to the
invention, A represents a radical according to

25 formula IV
RS—CHOH——- (IV)



20 havi ng one of these correspondences or a hydrogen atom -R4 represents
alinear, ramfied or cyclic alkyl radical at Cl1 to CS, or a hydrogen
atom In another preferred famly according to the invention, A represents
a radical according to 25 formula IV R5 CHOH (I1V) 6 wherein R5 represents
an aryl radical or a nitrous heterocyclic residue. Preferred
correspondences for R5 consist of 9- phehant hrenyl or 4-quinolinyl
radicals, possibly 5 substituted by one or nore R3 groups. |In another

pr eferred famly, A represents a phenol-2(am nonethyl) residue according
to formula V (V) wherein R3, Ra and Rb are as defined above. 10 Anot her

preferred fam |y Ofe uat. wRlpead &5 s 88608 gy DOrhdithd igwentitraespri ses a
substituent A representl ng a bi guani de resi due selected from proguanil

deri vat i vés tazorondiInge toesddwala VI CHB RBR HHH/ N-C-Nc----NCH NH NH
CH3 15 or CyClOPq:u errecfc%rodrlr oonc{eorgé%léaf\érl Iﬂ: consist of 9-

phenanthrenyl or 4-quinolinyl radicals, possibly
5 substituted by one or more R; groups.
In another preferred family, A represents a

phenol-2 (aminomethyl) residue according to formula V

wherein R3, Ra and Rb are as defined above.
10 Another preferred family of dual molecules
according to the invention comprises a substituent A
representing a biguanide residue selected from

proguanil derivatives according to formula VI

T
iz
™~

H
/ \ i\ C N ﬁ N CH (VI)

CH
R, NH NH ;

15 or cycloguanil according to formula VII
NH,
—N
N />—NH2
v
H3
R, . CH,
(VII)

wherein R; is as defined above.



(M1) (V1) wherein R3 is as defined above. 7 In another preferred famly, A
represents a residue of pyrimdine and nore particularly of pyrinetham ne
according to formula VIIl d 5 or formula I X HN N H wherein R3 is as
defined above. In another preferred famly according to the invention, A
represents an acridine residue according, 10 to formula X (X) wherein R3
and R4 are as defined above. The invention relates to dual nol ecul es, such
as those defined above, in particular corresponding to the 15 preferred
famlies nentioned above, and wherein RX and R forma cyclic peroxide
together. 8 In nore specially preferred dual nolecules of this type, R
and Ry representpa hicvhdie spibsféetided Hymale, oA norepsebshtsueats R3. In
anot her preferred enbodi nent of the invention, 5 used advantageously wth
t he previougsédggdiﬁ@ht1pyflmldlne and more particularly ™ of

pyrimethamine according to formula VIII

NH,
N
7 N\_¢
Cl N
RJ R.]
(VIII)
5 or formula IX
HN
N
7 N
Cl NH, (IX)
—N
R, R,

wherein R; is as defined above.
In another preferred family according to the

invention, A represents an acridine residue according

10 to formula X

N R
N

N

R; RJ
=
N

(X)
wherein R; and R, are as defined above.
The invention relates to dual molecules, such as
those defined above, in'particular corresponding to the
15 preferred families mentioned above, and wherein Ry and

R, form a cyclic peroxide together.



and Z2 represent a cycl ohexyl or bi-cyclopentyl radical. In another
preferred enbodi nent, used if required wth at |east one of the previous
enbodi nents, Y1 - U 10 Y2 are selected so as to nodul ate the

hydrosol ubility of the nolecule to give it optimal activity. The invention
~also relates to a synthesis nethod for the nolecul es defined above. This
nmet hod conprises the reaction of reactive 15 derivatives of A and peroxide
derivatives conprising the residues R, and R, so as to form between
these derivatives, a link as defined in relation to fornula I. Various
synthesis processes will be easy to access 20 for those skilled in the art

usi ng C0nventiOfﬁlmo}gcggggggg1ng&eQ@&ﬁﬁbeddar el exi tes syfit blesss, it is
possi ble to reféer to the"work by S. Patal, "The Chenmistry. of peroxides",
John W eyryansl, SRpsahd dR, 1088re$@NE has LRAPXANG SRR 61 828l es
conprising 25 a trioxang as thg per oxi de and an am noqui noline as the
deri vati v, MR oRPBERY"HEREPAIAG to formula XI hal (XI) 9 wherein R3 is

as defined abovg,apdothal’ prefumsehnt smsodahegenodt dhe i snyeaeied with a
di am ne . ‘

5 used advantageously with the previous embodiment, Z;
and 2, represent a cyclohexyl or bi-cyclopentyl
radical.

In another preferred embodiment, used if required
with at least one of the previous embodiments, ¥, - U -
10 Y, are selected so as to modulate the hydrosolubility
of the molecule to give it optimal activity.
The invention also relates to a synthesis method
for the molecules defined above.
This method comprises the reaction of reactive
15 derivatives of A and peroxide derivatives comprising
the residues R and R,, so as to form, between these
derivatives, a link as defined in relation to
formula I.
Various synthesis processes will be easy to access
20 for those skilled in the art using conventional
techniques. For example, for peroxide synthesis, it is
possible to refer to the work by S. Patai, "The
Chemistry of peroxides", John Wiley and Sons Ltd, 1983.
In this way, to prepare dual molecules comprising

25 a trioxane as the peroxide and an aminoquinoline as the
derivative A, a compound according to formula XI

hal

R3



derivative according to fornmula XIl R -NHY-,--U (XIl) 5 where R4 and YL
are as defined above and Ul represents an -NH2 group, producing a conpound
according to formula XIIl R4 -,,," N,Y--NH, (XIlIl) wherein R3, R4 and Y1
are as defined above, 10 b)-irradiation in the presence of nol ecul ar oxygen
and a photosensitising agent, of a derivative according to fornulas XIV to
XVI1 below Ph Ph (XIV) (XV) (XVI) (XVII) followed by the reaction with a

di ketone, such as 15 1, 4-cycl ohexadi one according to formula XVIII or cis
bi cycl o(3. 3. 0] oct ane-3, 7-di one according to formula XIX 0 O (XVII1I) O (XIX)
produci ng tri oxanes functionalised with a ketone, according to the general
formula XX 10 OwhX¥ei O ¥y is as defined above and "hal"

represents a halogen atom, 1is reacted with a diamine

derivative according to formula XII

R —NH—YU, (XII)
5 where Ry and Y, are as defined above and U,
represents an -NH; group, producing a compound

according to formula XIII

R4\N _YTNH,

N

R3 (XIII)
Z
N

wherein R3, R4 and Y, are as defined above,
10 b) -irradiation in the presence of molecular oxygen
and a photosensitising agent, of a derivative according

to formulas XIV to XVII below

Ph
(XIV) (XV) (XVI) (XVII)

followed by the reaction with a diketone, such as
15 1,4-cyclohexadione according to formula XVIII or cis-

bicyclo(3.3.0]octane-3,7-dione according to formula XIX

0 4\—_J/ O. O::::Z<::I:::>::::O

(XVIII) (XIX)

producing trioxanes functionalised with a ketone,

according to the general formula XX



wherein Z1, Z2 and R3 are as defined above, c)-coupling of the derivative
according to fornmula XIIl with the trioxane according to formula XX, by 5
reductive am nation, followed if applicable by a reaction with a
pharmaceutical ly acceptable acid, to obtain the coupling product in salt
form Step a is advantageously carried qyt at a tenperature of 80C to 140C
with stirring. The diamne 10 derivative is preferentially used at a rate
of 5 nolar equivalents. After cooling, the product obtained is recovered
by extraction, for exanple using an organic solvent such as

di chl oronet hane, and then treated if required, for purification purposes.
15 To carry out step b, ot o N _ged oxygenation of the initial olefin
i s perforned iq? eseEBg;§$nsE%§écular oxygen. he phot osensi ti si ng
agent is advantageous couventiOnal agent such™as tetra
phenyl por phyrine or Beng4t pi K20 The peroxide obtained is then reacted
with a diketone, preferentially at a rate of 4 to 10 nolar equival ents.
The reaction i shabkein agpodsl pndafsi 88eodf dphinRE §RS¥Enhce of tri net hyl
silyl trifluoraonethane ; sul pho e : - [ I 6
particularly 2§S?ﬁﬁ§p %w#ségegg% ﬁ%gégat%ﬁgpgﬁﬁgﬁéiﬁﬁiéﬁlftr.3f3ne i's
then purifiied @akmtchbr ol ogeaphyadcondsiedy f ac  Epanplle. AKsi My ar
protocol is used for the sgnthesis f trjoxane as the B&ecu sor of

tri oxa?ui Festuetdorali ngmipa FBPwuléokﬁﬂWe , 34 ePRyF6EP=3- effd i € photo

reaction with a pharmaceutically acceptable acid, to

obtain the coupling product in salt form.
Step a 1s advantageously carried out at a
temperature of 80°C to 140°C with stirring. The diamine

10 derivative is preferentially used at a rate of 5 molar
equivalents. After cooling, the product obtained 1is
recovered by extraction, for example using an organic
solvent such as dichloromethane, and then treated if
required, for purification purposes.

15 To carry out step b, photosensitised oxygenation
of the initial olefin is performed in the presence of
molecular  oxygen. The photosensitising agent is
advantageously a conventional agent such as tetra-
phenylporphyrine or Bengal pink.

20 The peroxide obtained is then reacted with a
diketone, preferentially at a rate of 4 to 10 molar
equivalents. The reaction is advantageously carried out
in the presence of trimethyl silyl trifluoromethane
sulphonate, at a temperature below -50°C, particularly

25 =70°C, for several hours. The functionalised trioxane
is then purified. Column chromatography is used for
example. A similar protocol is used for the synthesis
of trioxane as the precursor of trioxaquines according

to formula XIII: 2,3-dimethylbut-2-ene is photo-



1 0 R 11 oxygenated under the above conditions and [
presence of 2 to 10 nolar equivalents of an oxoaldeLng pgagggldlgpghgf
trlflporoacetlc acid and 2 nolar equivalents of N-i odosucci ni i de. The
reaction is 5 carried out at anmbient tenperature and protected froﬁ1 | i ght
for several hours. The functionalised trjjoxane is then purified using )
col um chromat ogr aphy for exanple. The coupling step ¢ between the ketone
and primary anmine is carried out in the presence of a reductive 10 agent
such as sodiumtriacetoborohydride, at anbient tenperature. These )
conpounds are used according to a primary am ne/ ket one nDIér ratio of

appr oxi mat glyoindbed Amddedunei wboagentondi nionsges 1ace
eqU|vaIents/¥gtone. To obtain_the couplin fonseardt WPhIE 6 £.25 15

( : roduct i [

ggpaoggns inderip presenss oAt By tde#%ggﬁeﬁﬁér%%%%P%é?gg% QggggfégﬁebaSIC

acd. For examliey 8l ol Cred A5baEL CorOalinn anbdaumic caabddandy 2be used.
cti arried out th 2 acid 20 equivalents. The protonated

product isgbhar eegaveredtsand subjehstacinbrder FBrerBRFFFPCAlT
Pr | S _ _ atton steps
required. The ‘study of the pharrmeol ogical Bropestsescokat feoncoupling

2][ ?ggft&snaééﬁgd:eﬁl_g W t Ak iwmtoht nonstrated an anti - mal ari al
1 ght! FhaTde Gl tHieek | HwINEUeetbb bbdedekrdoxane 1s
then purified using column chromatography for example.

The coupling step ¢ between the ketone and primary
amine is carried out in the presence of a reductive

10 agent such as sodium triacetoborohydride, at ambient
temperature. '

These compounds are used according to a primary
amine/ketone molar ratio of approximately 1.25, the
reductive agent being used at a rate of 1.25

15 equivalents/ketone. To obtain the coupling product in
salt form, the basic nitrogens undergo proteonation, by
adding a pharmacological acceptable acid. For example,
citric, tartaric, oxalic and fumaric acid may be used.

The reaction may be carried out with 2 acid

20 equivalents. The protonated.product is then recovered
and subjected to one oOr mwore purification steps if
required.

The study of the pharmacological properties of the
coupling products according to the invention

25 demonstrated an anti-malarial effect on P. falciparum
cultured in human red blood cells.

It is particularly important to obtain such an
effect as the resistance phenomena of Plasmodium
falciparum strains, the mortal species, are developing

30 with respect to standard anti-malarial drugs and, in

addition, vaccination protection, the subject of



't is particularly inmportant to obtain such an effect as the resistance
Pphenonena of Plasnodium falciparumstrains, the nortal species, are

devel oping 30 with respect to standard anti-malarial drugs and, in

addi tion, vaccination protection, the subject of 12 considerabl e research,
w ||l not be available for several years.; Therefore, the invention relates
to the use of the properties of these coupling products, which also offer
5 the advantage of high safety, to produce pharnaceutical formulations.
The pharnmaceutical fornul ations according to the invention are
characterised in that they conprise an effective quantity of a% | east one
coupl i ng peedycteasble defdsmaraboveyihbsonPat edPani t#Val bhatfacedfically
fnert vehicle. These formulations conprise if required active ingredients
of other neeVeraal YBAd&ucts. This may involve an association with any

other anti-mal atjal . 3,20 ¢ 8 fRNMHI®r Glldeso atlye-akeohbl tbenpri sing
an am ne function, amno derivatives of orthocresol, suh hongiér
ST or

su!phonan1ﬁgépebtgaanbﬁeshgaﬁrﬂpuggmngﬁgﬁngﬁgﬁld%hﬁs?t?. % R Eero
A et i et
an anti-nakgg&ghagggthty). They will al so be used advantageously wth

The pharmaceutical formulations according to the
invention are characterised in that they comprise an
effective quantity of at least one coupling product as

10 defined above, associated with a pharmaceutically inert
vehicle.

These formulations comprise if required active
ingredients of other medicinal products. This may
involve an association with any other anti-malarial

15 molecule (amino-guinoline, aryl-alcohol comprising an
amine function, amino derivatives of orthocresol,
sulphones, sulphonamides, biguanides, amino-
pyriminidines, amino-triazines, or gquinazolines, and
antibiotics (tetracycline, rifampicine, gramicindine D,

20 valinomycine and quinolones in particular) and anti-
fungal agents with an anti-malarial activity).

They will also be used advantageously with
compounds promoting their assimilation such as sugars
like glucose.

25 The formulations according to the invention are
particularly suitable for the treatment of malaria.

Therefore, the invention also relates to the
application of the coupling products defined above to
the development of medicinal products to treat malaria.

30 The sales packaging materials, particularly the

labelling and package inserts, and advantageously the



conpounds pronoting their assimlation such as sugars
formul ati ons according to the invention are
treatnent of malaria. Therefore, the invention also relates to the
application of the coupling products defined above to

| i ke gl ucose.

25 The

particularly suitable for the

t he devel opnent of

nedi ci nal products to treat malaria. 3QjThe sales packaging materials,
particularly the |abelling and package inserts, and advantageously the 13
packagi ng, are produced according to the planned specific therapeutic

application. The pharnmaceutical formulations according to the invention

may be adm nistered in different fornms, nore
rectal

conpri se _
40 to 100 gpecThey bbeaar&ye&ddsPyP

or

5 specifically by the oral,
A%Q%gggggbg rgg@e.ﬂ%uau&éﬂioascaddingstaﬁed1ﬂwalIylaﬁvaﬁtageously

ng of active inqnedient per dosage wunit, preferentially

i the formof tablets, pills,

capsul es or dr Oﬁge.ﬂ? igua%{&éicéﬁlar folh@ 1ianiieslsablecbpammgcanprtse 20 to
| Ien

300 ng of

acti

per dosage unit, preferentially 50 to 100 ny.

They come g Lheibar magf ol admomssteredi npeciliffiensnt HeCTRE r aRBuUS,
subcut aneous or 15 intranuscul ar rOUtezgﬁﬁfd%?gﬂufé§@3§$gr£ 8L or

steri| BsabtpesdfatRdAY. PBUSHENSTEGHs &F

rectal adniniStEggkgaat§gﬂgosEﬁmﬂdﬁ%ﬁﬁfédﬁﬁﬁkally advantageously
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comprise 40 to 300 mg of active ingredient per dosage
unit, preferentially 40 to 100 mg. They advantageously
come in the form of tablets, pills, capsules or drops
in particular.

The injectable forms comprise 20 to 300 mg of
active ingredient per dosage unit, preferentially 30
to 100 mg. They come in the form of solutions for
injection by the intravenous, subcutaneous or
intramuscular route, produced from sterile or
sterilisable solutions. Suspensions or emulsions may
also be used.

For rectal administration, suppositories are used.

For example, the dosage that may be used in humans
corresponds to the following doses: the patient 1is
administered 50 to 300 mg/day for example, in one or
more doses for malaria treatment.

The invention also relates to biological reagents,
wherein the active ingredients are composed of the
derivatives defined above.

These reagents may be used as references Or
standards in studies on potential anti-malarial
activities. |

The invention's other characteristics and
advantages will be seen more clearly in-the following

examples related to the production of gquinoline and

$tons y also be used.

For



For exanple, the dosage that may be used in humans 20 corresponds to the
follow ng doses: the patient is admnistered 50 to 300 ng/day for exanple,
in one or nore doses for malaria treatnent. The invention also relates to
bi ol ogi cal reagents, wherein the active ingredients are conposed of the
25 derivatives defined above. These reagg?ts may be used as references or
standards in studies on potential anti-malarial activities. The
invention's other characteristics and 30 advantages will be seen nore
clearly in-the following exanples related to the production of quinoline
and 14 trioxane coupling products, referred to as "trioxaquines", and the
sLudy of ngﬁgxggkkhpaﬁggbuﬁgg achpzbductihe formﬁ¢?se@f coiounds 1 to ﬁ4,
the synthesis o ich is described in_ these exanples _ar Lyen at the
end of the"drsokesuwisesvanpneé Fhet rﬁ%@ﬁu?ﬁe t}‘%gr;npt ﬁggﬁsgglrg#g#or 0- 4-
[N (2-am noethyl) ammhqg] - idnolsne ipdsur @ ofto 34, the
4,7-dich|o?85&¥ﬁ5&?ng&n .OfS%QT%%snn%F) g%g@fggégianinoethane (2.7 g, 45

mol ) is hgghedesdls 85C #htch Heurdeswtibedghet itdans rexaGPl2Ft 8F° addi ng
| N soda (15"m ), the solid obtained,is extracted 15 with ethyl acetate (100

M) at H00GivERe 36r GaiT EBhile THS WAHSWTh distilled water and then

using a

Example 1: trioxaquine 4

Synthesis of 7-chloro-4- [N- (2-aminoethyl)amino] -

10 guinoline 1

A mixture of 4,7-dichloroguincline (2.0 g, 10
mmol) and 1,2-diaminoethane (2.7 g, 45 mmol) is heated
at 85°C for 5 hours with magnetic stirring. After
adding 1N soda (15 ml), the solid obtained is extracted

15 with ethyl acetate (100 ml) at 50°C. The organic phase
is washed with distilled water and then wusing a
saturated NaCl solution and then again with distilled
water and finally is dried on sodium sulphate. The
solvent 1is evaporated and the product obtained 1is

20 vacuum-dried (1.3 g, 58%).

NMR H (250 MHz, CDCl;) 8, ppm: 8.52 (d, *Jm = 5.5
Hz, 1H, H2'), 7.94 (d, *Jwy = 2.2 Hz, 1H, H8'), 7.72 (4,
3w = 8.9 Hz, 1H, H5'), 7.35 (dd, 3Juw = 8.9 Hz, ‘Um =
5.2 Hz, 1H, H6'), 6.40 (d, *Jw = 5.5 Hz, 1H, H3'), 5.76

25 (s large, 1H, HN9'), 3.32 (m, 2H, H,C10'), 3.11 (tr,
2H, H,Cll'), 1.39 (s large, H,N121') .

MS (DCI/NH3+) m/z (%): 221 (2), 222 (MH", 100),
223 (14), 224 (33), 225 (4)-.



saturated NaCl solution and then again with distilled water and finally is
‘dried on sodium sul phate. The solvent is evaporated and the product
obtained is 20 vacuumdried (1.3 g, 58%. NWR 1H (250 MHz, CDC13) S, ppm
8.52 (d, 3JHH=5.5 Hz, 1H H21), 7.94 (d, 4JHH = 2.2 Hz, 1H H8") , 7.72
(d, 3JHH =8. 9 Hz, 1H, H5') , 7.35 (&, 3JHH = 8.9 Hz, 4JHH = 2.2 Hz, 1H,
H6') , 6.40 (d, 3JHH = 5.5 Hz, 1H, H3') , 5.76 25 (s large, 1H RV9') , 3
.32 (m 2H, H2C10') , 3 .11 (tr, 2H, H2C1l1') , 1.39 (s large, H2N12') . M5
(DA/NH3+) mz (% : 221 (2) , 222 (MH, 100) , 223 (14), 224 (33), 225
(4). 15 Synthesis, of trloxane fugctlonallied 'th ket one 2 A m xt ure of

1, 4- di pherSyREhe ddfkehe B i tone
tetraphenyl por poyr lnnfscc(&éfu) Jen di @hhqg@lré%fyhaae 3( Tyllogéntdddadiated in
the presence of 5 ecul ar oxygen ( bar) for 1 hour, at 5C, with a
whi te bul b(Y@083 W 0. 2Thampeén oxirge u%tmmmnebpwnnhmmqwﬁt imAt ive yi el d.
The unproces ed ero i de |n ELutlon |ndd| hl oron& ane | Iagﬁg in a
bath at - ?n%qu?vﬂ ntg of 7T & & Gh\ ng, 2.3

mmol ) and n%l)%cﬁ%!ii’%fe‘%eﬁf é&r i Bebly)Sidaf 1 tmd>ﬂ1+uoaerr@t°hanwl&lﬂ phonate (20

aona
<O~

|, 0.11 mmol ) are added the reaction mxture is kept under stirring
at -70C fothicehobudb THROG eHet.i dFhe speroppde bis additagnad evhham ne (40

). After qruea{[nq:rlr‘:a 1\;99 anble%.rg The unprocessed peroxide 1in
solution in dichloromethane is placed in a bath at

-70°C; 10 molar -equivalents of 1,4-cyclohexadione

10 (260 mg, 2.3 mmol) and 0.5 equivalent of trimethylsilyl
trifluoromethane sulphonate (20 ul, 0.11 mmol) are

added and the reaction mixture is kept under stirring

at -70°C for 4 hours. The reaction is stopped by adding

triethylamine (40 ul). After returning to ambient
15 temperature, the reaction medium is washed with
distilled water, dried on magnesium sulphate and

evaporated to dryness. The functionalised trioxane 2 is
purified by chromatography on gilica column
(hexane/ethyl acetate eluent, 80/20, v/v) (yield: 55%).

20 NMR *H (250 MHz, CDCl;) &, ppm: 7.60-7.30 (m, 10H,
H-phenyl), 6.35 (d, Jww = 1.6 and 4.0 Hz, 1H, H6), 5.26
(s large, 1H, H5), 3.31 and 3.05 (2 x d, %Juy = 17.0 Hz,
2 x 1H, H.C6), 2.56-2.43 (m, 5H), 2.26 (m, 1H), 2.05
(m, 2H).

25 MS (DCI/NH3+) m/z (%): 363 (MH", 24), 364 (7), 380
(MNH,", 100), 381 (27), 382 (7).

Coupling of primary amine with the ketone by reductive

amination: production of trioxaguine 3

30 The ketone 2 (99 mg, 0.27 mmol) and the primary

amine 1 (76 mg, 0.34 mmol) are placed in solution in



15 tenperature, the reaction mediumis washed with distilled water, dried
‘on magnesi um sul phate and evaporated to dryness. The functionalised
trioxane 2 is purified by chromatography on silica colum (hexane/ et hyl
acetate eluent, 80/20, v/v) (yield: 55%. 20 NMR 1H (250 MHz, CDC13) 5,
ppm 7.60-7.30 (m 10H, H phenyl) 6,35 (d, JHH = 1.6 and 4.0 Hz, 1H, H6)
, 5.26 (s large, 1H, H5), 3.31 and 31%5 (2 x d, 2JHH = 17.0 Hz, 2 x 1H,
HzZC6), 2.56-2.43 (m 5H), 2.26 (m 1H , 2.05 (m 2H). 25 M5 (DCI/NH3+)
mz (% : 363 (MH, 24) , 364 (7) , 380 (M\H4+, 100), 381 (27), 382 (7)
Coupling of primary amne with the ketone by reductive am nation:

product | OQZI-PCIH' ga%!we 3S§@1Jrhe et e Bx¢99roPydeidd mivk) mad the
primary amine ? nmol ) are placed in solu Cilon in 16 CH2C12 (5
n ) Sodi urng t34 amed>b)<ybsr atiyledl ddhe7mimgurep 134 KRR URSLSHReE TH e mi xture

is kept under stirring _at_ anbi t erag ur 1 UrSeadtifor €act i on
medi um i s @therfTRsHRY vﬁ?rﬂpﬁfﬁfﬁ)é %t e?é t e‘jlgé gag?lgé)S %%%se is dried

and the s%g@mml§seyggpraggﬁeaowdty&nelistl(lﬁled dqataahe/;) tl‘NNRD%ﬁI(%O MHz,
CDC13) 6, ppm 8.50 d H2'), 7.95 (2 x d 70(2xd

5 & t s e 1 or & e
1H, HB55). pHa$s- J7$2t5r(-ﬂ$‘~ @Ilrjl he au%ér DEHIFhERADC ast%‘% t(‘n’n 2 H3' and

H6), 5.99 (s large, 1 R N91), 5.17 (2 x s large, 1H H5). 331(m 3H,
H2C10 and ‘Hc%fé; %76?'(m

NMR 'H (250 MHz, CDCl;) 8, ppm: 8.50 (2 x 4, LlH,

H2'), 7.95 (2 x d, 1H, H8'), 7.70 (2 x d, 1E, HS'),

7.63-7.25 (m, 11H, H6' and 10H phenyl), 6.35 (m, 2H,

10 H3' and Hs), 5.99 (s large, 1H, HN9'), 5.17 (2 x s

large, 1H, H5), 3.31 (m, 3H, HCl0' and HC8), 3.05 (m,

3H, H,C1l' and HC8), 2.61 (m, 2H, cyclohexyl), 2.42 (m,

1M, HC12), 2.10-1.25 (m, 7H, 6H, cyclohexyl and HN12').

| MS (DCI/NH3+) m/z (%): 566 (11), 568 (MH", 100),
15 569 (38), 570 (41), 571 (12).

production of trioxaquine dicitrate 4

The trioxaquine 3 (25 mg, 0.04 mmol) is placed in

solution in acetone (0.5 ml). Citric acid (17 mg, 2.0

20 equiv.) in solution in acetone (0.5 ml) is added. The

trioxaquine dicitrate precipitates; it is centrifuged,
washed twice in diethyl ether and vacuum-dried.

NMR ‘H (250 MHz, CDCl;) 8, ppm: 8.59 (2 x d, L1H,

H2'), 8.30 (2 x 4, 1H, H5'), 7.95 (2 x d, 1H, H8'),

25 7.70 (m, 54, H6' and 4H phenyl), 7.50 (m, 6H, phenyl) ,

6.73 (2 x d, 1H, H3'), 6.60 (2 x q, 1H, H6), 5.42 (2 X

s large, 1H, H5), 3.71 (m, 2H, H,C10'), 3.55-3.25 (m,

4H, H,Cll', HCS8 and HC12), 3.12 (4, 1H, HCS) , 2'76.(d'

4H, citrate), 2.65 (d, 4H, citrate), 2.10-1.50 (m, B8H,

30 cyclohexyl).



3H, H2Cl1'" and HC8), 2.61 (m 2H, cyclohexyl), 2.42 (m 1H, HC12),
2.10-1.25 (m 7H, 6H, cyclohexyl and 1-12"). M5 (DCI/NH3+) mz (% : 566
(11) , 568 (MH+, 100) 15 569 (38), 570 (41) , 571 (12) . Production of
frioxaquine dicitrate 4 The trioxaquine 3 (25 ng, 0.04 mol) is placed in
solution in acetone (0.5 m). Ctric ggid (17 ng, 2.0 20 equiv.) in
solution in acetone (0.5 nm) is added. The trioxaquine dicitrate
precipitates; it is centrifuged, washed twice in diethyl ether
and-vacuumdried. NVR 1H (250 MHz, CDCI3) b, ppm 8.59 (2 x d, 1H H2'),
8.30 (2 xd, 1H H5'), 7.95 (2 x d, 1H, H8), 25 7.70 (m 5H H6' and 4H
phenyl) , 7.50 Msn (B#, mfenyk):, 6.78 pesitive 1rPdegcP8 26 0! (2 x g, 1H,

H6), 5.42 (2 large, 1H, H5). 3 DCIQ" Y (25543635 4H,
H2)Cll', s and hC1o) 3,12 (d?i‘lﬁ}gﬁ&?{’e%‘gg( %QéH,(%cl??ragteg),(g]. 65 (d,
4H, citrate), é%%gﬁén€£§§nhi@fbaﬂ&@yéiéhOﬁexyt&ﬁhl@rﬂGCQES) mz (% : in

positive node 2 ( in negative node 190.9 %ci rate) Elenentary
m croanal ysi s: TeoC46H500IYNBE10L THEO? 29 C 98.91%H 5.20 N 4.41 5 Exper.

% C57.65 H5.09 N 4.49 EX Ec2: frioxaqui ney74 Systhesis of
7-ch|0?0-4-[hk(§5%$¥hoﬁfopy?;£hi%%]- 10 quinoline 5 A mixture of
4, 7-di chl oroquinoline (5 g, 25 muol) -

Example 2: trioxaquine 7

Synthesis of 7-chloro-4- [N- (3-aminopropyl)amino] -

10 gquinoline 5
A mixture of 4,7-dichloroquinoline (5 g, 25 mmol)

and 1,3-diaminopropane (9.3 g, 126 mmol) is diamine
reflux-heated (118°C) 'for 5 hours with magnetic
stirring. After cooling, the solid obtained is reflux-

15 extracted with dichloromethane (3 x 100 ml). The
organic phase is washed with distilled water and then
dried on sodium sulphate. The concentration of the
dichloromethane phase followed by the addition of
hexane precipitate the product in the form of a light

20 vyellow solid which is filtered, washed with hexane and
vacuum-dried (4.5 g, yield = 76%).

NMR H (250 MHz, CDCli) 8, ppm: 8.48 (d, 3Ty = 5.5

Hz, 1H, H2'), 7.90 (d, *Jw = 2.2 Hz, 1H, H8'), 7.70 (d,
3w = 8.9 Hz, 1H, H5'), 7.50 (s large, 1H, EN9'), 7.29
25 (dd, Jm = 8.9 Hz, *Jw = 2.2 Hz, 1H, H6'), 6.30 (4, } T
- 5.5 Hz, 1H, H3'), 3.39 (m, 2H, H,Cl0'), 3.03 (tr, 2H,

H,C11'), 1.87 (m, 2H, H,C1l1'), 1.58 (s large, H,N13').
MS (DCI/NH3+) m/z (%): 235 (2), 236 (MH", 100),
237 (14), 238 (34), 239 (5).



and 1, 3-di am nopropane (9.3 g, 126 mvol) is diamne reflux-heated (118C)
for 5 hours with magnetic stirring. After cooling, the solid obtained is
reflux 15 extracted with dichloronethane (3 x 100 m). The organic phase
is washed with distilled water and then dried on sodium sul phate. The
concentration of the dichloronet hangephase foll owed by the addition of
hexane precipitate the product in the“formof a |light 20 yellow solid which
is filtered, washed with hexane and vacuumdried (4.5 g, yield = 769 . NWR
1H (250 MHz, CDC13) 6, ppm 8.48 (d, 3JHH=5.5 Hz, 1H H2'), 7.90 (d,
4JHH = 2.2 Hz, 1H, H8'), 7.70 (d, 3JHH = 8.9 Hz, 1H, H5')ﬁ, Lg%%,(s | ar ge,
1H, RN9'), 7.29 25 (dd =.8ine9whizh 4HdH ke2on@ By TrEHUCHAVE | 6. 30
(d, 3JHH EREEiHE? <= ?Eﬁﬁ%f@én?m.m FPCI0") , 3.03 (tr, 2H Hz2C11')
. 1.87 (My2Hack26kl Oraduetsitod ©f ArgoXa@lney6’ Vs (DO /NH3+) mz (% :
235 (2), 236 (NFF, 100) 237 ( 23 4 3% 4&) thel®rGoaply i ng of
primary am ne Wheh KKt néqurﬁﬁhwgfég %gﬁ?ﬁatipn: productign of
trioxaquine .6 The kekengg2 (198 namoD) SErempllpced ReSPPREPY i ne 5
(165 ny, G0 miol ) are placed in solution ig 5 C'E@:%hjd?e (1(94gr1 )mg-, Sodi um
tri aces oxylggrahydmiodem] 146 Seagium 69T HABP T OFY QUGS m xturei's kept
under stirring at. anbient . tenpegatyr havks unbes redotriioy  nedi um
is then wébﬁ%ﬁfWWQ4?cﬁ%t?%?%%'wgﬁgraigﬁgegrégni09 phase is driedrgnd t he
sol vent isatevaag%riaetrpcd ttxfeeasre for 15 hours. The reactlo

medium is then washed with distilled water; the organic

phase is dried and the solvent is evaporated to dryness

10 (yield: 96%) .
NMR H (250 MHz, CDCl;) &, ppm: g.51 (2 x 4, 1H,
H2'), 8.04 (s large, 1H, HN9'), 7.90 (2 x d, 1H, H8'),
- 80 (2 x 4, 1H, H5'), 7.65-7.25 (w, 11H, HE' and 10H
phenyl), 6.30 (m, 2H, H3' and HSE), 5.14 (2 x s large,
15 1H, HS), 3.39 (g, 2H, H,C10'), 3.29 (4, 1lH, HC8), 2.95
(m, 3H, HCl2' and HCs), 2.60 (m, 2H, cyclohexyl), 2.42
(m, 2H, HC1l2 and HN13'), 2.10-1.25 (m, 10H, 8H,
cyclohexyl and H,Cll').
MS (DCI/NH3+) m/z (%): 580 (5), 582 (MH", 100),
20 583 (39), 584 (39), 585 (15).

Production of trioxaquine dicitrate 7

The trioxaquine 4 (81 mg, 0.14 mmol) is placed in

solution in acetone (4 ml). Citric acid (80 mg, 3.0

25 equiv.) in solution in acetone (5 ml) is added. The

trioxaquine dicitrate precipitates; it is centrifuged,
washed twice in diethyl ether and vacuum-dried.

NMR ‘H (250 MHz, DMSO-d¢) 3, ppm: 8.60 (2 x d, 1lH,

H2'), 8.42 (2 X d, 1H, H5'), 7.93 (2 x d, L1lH, H8'),

39 7.65 (m, S5H, H6' and 4H phenyl), 7.45 (m, 6H, phenyl),

6.72 (2 x 4, 1H, H3'), 6.61 (2 x g, 1lH, H6), 5.43 (2 X



10 (yield: 969 . NWR 1H (250 MHz, CDC13) S, ppm 8.51 (2 x d, 11g, H2')
8.04 (s large, 1H, BN9'), 7.90 (2 x d, 1H H8) , 7.80 (2 x d, 1H H5"),
7.65-7.25 (m 11H, H6' and 10H phenyl), 6.30 (m 2H, H3' and H6) , 5.14 (2
x s large, 15 1H, H5), 3.39 (g, 2H, H2Cl0') , 3.29 (d, 1H, HC8), 2.95 (m
3H, H2Cl12' and HC8), 2.60 (m 2H, cyQHQhexyI) 2.42 (m 2H, HCl12 and
HN13'), 2.10-1.25 (m 1CH, 8H, cyclohexyl and H2C11') . MS (DCI/NH3+) m z
(%: 580 (5) 582 (M+H, 100) 20 583 (39), 584 (39), 585 (15) Production of
trioxaquine dicitrate 7 The trioxaquine 4 (81 ng, 0.14 mmol) is placed in

solution in acetone (4 m). CGtric acid (80 ng, 3.0 25 equiv. ) |n sol ution
in acetongs (9aphk, |$jgddﬂﬂ),The8PB|dMaQN1néﬂdldﬁﬂﬂéte ¥ 2plrt & it is
centrifuged, washed twice in dlethg ether agd vac UngrI NMR | H (250
Mz, DVBO-at®] 6GHCBBI 82606(2 &«d, HH EB“Y ?z X d, H5") .93

2 x d, 1H 6 H, 1Rl d 45CAm' ) 6H,
E)he?(]yl) %%r?‘)zé I IT 461 (b 158, (@“3‘:3’, l?H@a%B ) 43 ?2 X 19 s
| arge, 1H H5),MS8. 8}33) 0n~(/m %H, Hzcmsn-tlwomczde Speg3 dMa) He12), 2.76 (d,

4H, citrate), 2.65 (d, 4H, ~citrate 01@H,8H ayehohexyl and
H2C11'B. MBS (ES) rr/z (% : in b%5| %%Eg%é%éggzﬂg ( M) C5 in negative node

190. 8 (citrate)g Eheneatfroiat650angbysi:s foloC S BH2QC17N3CH20 1 H20
Theor. %: C 57.35 H 5.53 N 4.27

Exper. %: C 57.09 H 5.20 N 4.24

10 Example 3: trioxaquine 10

Synthesis of 7-chloro-4- [N- (4-aminobutyl) amino] -

quinoline 8

A mixture of 4,7-dichloroguinoline (5 g, 25 mmol)

15 and 1,4-diaminobutane (13 ml, 129 mmol) is diamine
reflux-heated for S5 hours with magnetic stirring. After
cocling, the solid obtained is reflux-extracted with
dichloromethane (3 x 100 ml). The organic phase is
washed with distilled water and then dried on sodium

20 sulphate. The concentration of the dichloromethane
phase followed by the addition of hexane precipitate

the product in the form of a light yellow solid which

ig filtered, washed with hexane and vacuum-dried

(3.4 g, yield = 54%).

25 NMR 'H (250 MHz, CDCl;) 3, ppm: 8.50 (d, *Jun = 5.5
Hz, 1H, H2'), 7.92 (d, *Jm = 2.2 Hz, 1H, H8'), 7.72 (d,
3fiyw = 8.9 Hz, 1H, HS'), 7.31 (dd, 3Juw = 8.9 Hz, ‘Jm =
2.2 Hz, 1H, HE'), 6.36 (d, *Jw = 5.5 Hz, 1H, H3'), 6.04
(s large, 1H, HEN9'), 3.29 (m, 2H, HC1l0'), 2.81 (tx,

30 2H, H,C13'), 1.85 (m, 2H, H;C11'), 1.64 (m, 2H, H,C121)

1.45 (s large, HpN14').



Theor. % C 57.35 H 5.53 N 4.27 Exper. % C 57.09 H5.20 N 4.24 10 Exanpl e
“3: trioxaquine 10 Synthesis of 7-chloro-4-[N (4-am nobutyl)am noj-
quinoline 8 A m xture of 4,7-dichloroquinoline (5 g, 25 nmol) 15 and

1, 4-di am nobutane (13 m, 129 mml) is diam ne reflux-heated for 5 hours
with magnetic stirring. After cooling the solid obtained is ref

| ux-extracted with dichloronmethane (3 x 100 ml). The organic phase is
washed with distilled water and then dried on sodium 20 sul phate. The
concentration of the dichloronethane phase followed by t he addition of

hexane precipitate the product in the formof a I| el.l ow sqlid which
is filtered, mé@heéDQF{Ngﬁéﬁadé/éndﬂ@acdﬂ%@dﬁ?éd % éﬁiyléﬁﬁﬂ 54% . 25

NVR 1H (2 y(d, 3JHH = 5.5 Hz, 1H H2') , 7.92
(d, 4JHH 2%21% %QH@?P n%siz%() a 3JHH 8 . 9 Hz, 1H, H5 ' ) , 7.31
(dd, 3JHH = 8 . JHH = 2. 2 Hz 1H, H6-), 6.36 (d 3JHH 5.5 Hz, 1H,
H31), 6.04 (s Iarge 1H, 19'), m, 2H_HCl0'), 281 . 30 2H,
H2C13 ') COoMmHs NGO OB P LBATY" ) \am’ne A hﬁfL ar ge,

H2N14" '#ﬁ%éggégﬁg é#ﬁgacéqéﬁzoﬁg@rlogéggfgé p 250 (N*H 100) 251 (18) ,
252 (36) ; y me W th the ketone by reductive
The ketone 2 (170 mg, 0.47 mmol) and the primary

amine 8 (150 mg, 0.60 mmol) are placed in solution in
CH,Cl, (10 ml). Sodium triacetoxyborohydride (125 mg,
0.59 mmol) is added. The mixture is kept under stirring
10 at ambient temperature for 15 hours. The reaction
medium is then washed with distilled water; the organic

phase is dried and the solvent is evaporated to dryness

(yield: 69%).
NMR *4 (250 MHz, CDCl;) &, ppm: 8.50 (2 x d, 1H,
15 H2'), 7.89 (2 x 4, 1H, H8'), 7.78 (2 x d, 1H, H5'),

7.65-7.25 (m, 11H, H6' and 10H phenyl), 6.35 (m, 2H,
H3' and H6), 5.96 (s large, 1H, HN9'), 5.18 (2 x s
large, 1H, HS5), 3.30 (m, 3H, H,ClL0' and HC8), 3.00 (2 x
d, 1H, HC8), 2.74 (g, 2H, H,C13'), 2.61 (m, 2H,
20 cyclohexyl), 2.46 (m, 1lH, HC12), 2.10-1.25 (m, 11H, 6H,
cyclohexyl HN14', H,Cll'and HxCl2').
MS (DCI/NH3+) m/z (%): 596 (MH").

Production of trioxaquine dicitrate 10

25 The trioxaquine 9 (51 mg, 0.09 mmol) is placed in
solution in acetone (1 ml). Citric acid (33 mg, 2.0
equiv.) in solution in acetone (1 ml) is added. The

trioxaquine dicitrate precipitates; it is centrifuged,
washed twice in diethyl ether and vacuum-dried.

30 NMR 'H (250 MHz, DMSO-dg) 8, ppm: 8.56 (2 x d, 1H,
H2'), 8.45 (2 x 4, 13, H5'), 7.95 (m + 2 x d, 2H, HNS'



5 am nation: production of trioxaguine 9 The ketone 2 (170 ng, 0.47 mmol)
and the primary anmine 8 (150 ng, 0.60 nmol) are placed in solution in
CH2C12 (10 m ). Sodiumtriacetoxyborohydride (125 ng, 0.59 nmol) is added.
The mixture is kept under stirring 10 at anbient tenperature for 15 hours.
The reaction nediumis then washed with distilled water; the organic

phase is dried and the solvent is evg%brated to dryness (yield: 699 . NWR
1H (250 MHz, CDC13) b, ppm 8.50 (2 x d, 1H, 15 H21), 7.89 (2 x d, 1H,
H8'), 7.78 (2 x d, 1H, H5'), 7.65-7.25 (m 11H H6' and 10H phenyl) , 6.35
(m 2H, H3" and H6) , 5.96 (s large, 1H Rv9') , 5.18 (2 x s large, 1H

H5), 3.30 (n% é“’%". Hzﬁl% Apd BE8) 1e3. QA Arx phdnylh,, HCH8, (R 78H (g, 2H,
H2C13") , BB ' 20 °20 ' ¢yclohexyl ), 2.46 (m_ iH, HCL2), }f&g .25 (m
LM, 6H  syohphexyk . RoNLel wam',daﬁd)mzél-zﬁo)(? ¥e4DATN iﬁl’m{z (% -
596 (M) "Production of triox in iggtyate, 1 5 dry oxagssne 9 (51
ng, 0.00 rfod) (3 Pl BcedrlPfR- 3gi:J'utHl%3rf Sn'%oge?%'nng(g'l ;E%el O"trig aci d (g}3
my, 2.0 e%uie{ )(d NS94, Ut bgmdn, aggtene 4ddnifCcia) added.s THE: t##oxaqui ne

nd Vhcuum ot ie) 30 A 1M 256 S - Sais o6, S T0sem G, Lo S
?ﬁ]l)éH?'ﬁgcagéhéhgﬁyiﬁéHjﬁﬁ'7;13351(%9%'@,2-X d, 2H, HN9' 21 and H8'), 7.68
MS (ES) m/z (%): in positive mode 596.2 (M%)

in negative mode 190.8 (citrate)
Elementary microanalysis: for CasHs4017N3Cl, 4 H20
10 Theor. %: C 54.78 H 5.54 N 3.99

Exper. %: C 54.88 H 5.08 N 4.06

Example 4: trioxaquines 13a and 13b

15 Synthesis of trioxane functionalised with a ketone 11

A mixture of l,é-diphenyl-l,3-cyclopentadiene

(153 mg, 0.7 mmol) and tecraphenylporphyrine (5 mg) in
dichloromethane (5 ml) is irradiated in the presence of
molecular oxygen (1.15 bar) for 1 hour, at 5°C, with a

20 white bulb (200 W). The peroxide is obtained with a
quantitative yield. The unprocessed peroxide in
solution in dichloromethane is placed in a bath at -
70°C; 4 molar equivalents of cisbicyclo(3.3.0)octane—
3,7-dione (410 mg, 3.0 mmol) and 0.4 equivalent of

25 trimethylsilyl trifluoromethane sulphonate (50 ul,
0.3 mmol) are added and the reaction mixture is kept
under stirring at -70°C for 2 hours. The reaction is
stopped Dby addiné triethylamine (100 pl). After
returning to ambilent temperature, the reaction medium

30 is washed with distilled water, dried on magnesium

sulphate and evaporated to dryness. Chromatography on



phenyl) , 6.72 (2 x d, 1H H3') , 6.60 (2 x q, 1H H6) , 5.41 (2 x s
large, 1H, H5), 3.50 (m 2H, H2C10'), 3.55- 3.10 (m 5H H2C13', H2C8' and
HC12), 2.75 (d, 4H, 5 citrate), 2.65 (d, 4H, citrate), 2.10-1.50 (12H, 8H
Cycl ohexyl, H2Cl1' and H2C12') . M5 (ES) mlz (% : in positive node 596. 2
(Mt) in negative node 190.8 (citrate) Elenentary m croanal ysis: for
C48H5401L7N3CL, 4 H2O 10 Theor. % C234.78 H 5.94 N 3.99 Exper. % C 54.88

H5.08 N 4.06 Exanple 4: trioxaquines 13a and 13b 15 Synthesis of trioxane
functionalised with a ketone 11 A m xture of

1, 4-di phenyl -1, 3-cycl opent adi ene (153 ng, 0.7 mmol) and

t ecr aphenyl par phyrine (5 i LGhl fet Bageuehtnyl J70/S0,r valdiat ed in
t he prese§é§%ﬁg ﬁﬁ%%%én8$g%%@§é%g%§?1§éﬁar) for 1 hour, aﬁ 5C,_ with a 20
white bul h J(200-4Y to Teppeanxi diei swibt asABErwiti AXaRfAnt tEatiVe yi el d.
The unprocessed peroxide in_ solution in dichloronethane is placed in a
bath at - 172¢C,(cvand bk ¥kﬁﬁ@é]%%f *of cisbicyclo(3.3.0)octane- 3,7-dione

(410 ny, 3.0 | {, 4 equivalent of 25 trinethylsilyl trifluoronethane
sul phonat e (ng%%mé%QE mmol ) are added and the reaction mixture is kept

et e S e e o ont eyt iy e
reacti )(;n pedinyh )30 Bs 2fas Fd witth cﬁiéti Iglseg7vvan¥)éér Tia&[qeég'g g%' rTBPg,r%e'si um
sul phate and, evaparaf e, t p,drynesszsGhronet ogr aphy nx 1H, HiCE),
5. 83 (m, 2H), 2.20 (m, 3H), 1.77 (m, 2H).
MS (DCI/NH3+) m/z (%): 406 (MNHs", 100), 407 (30),
10 408 (8).
Isomer 1l1lb: |
NMR lH (250 MHz, CDCli) 3, ppm: 7.60-7.30 (m, 10H,
phenyl), 6.32 (dd, 1H, 4s), 5.25 (s large, 1H, HS),
3.22 and 3.02 (2 x d, *%w = 17.0 Hz, 2 x 1K H,C8),
15 2.90 (m, 2H), 2.50-2.15 (m, 7H), 1.79 (m, 1H) .
MS (DCI/NH3+) m/z (%): 404 (3), 405 (3), 40s6
(MNH,*, 100), 407 (31), 408 (6), 409 (1) .

Coupling of primary amine with the ketone by reductive

20 amination: production of trioxaquines 12a and 12b

The ketone 1la (163 mg, 0.42 mmol) and the primary
amine 1 (120 mg, 0.54 mmol) are placed in solution in
CH,Cl, (15 ml). Sodium triacetoxyborohydride (114 mg,
0.54 mmol) is added. The mixture is kept under stirring

25 at ambient temperature for several weeks. The reaction
medium is then washed with distilled water; the organic
phase is dried and the solvent is evaporated o dryness
(yield: 66%) .

NMR ‘H (250 MHz, CDCl;) &, ppm: 8.42 (d, 1H, H2'),

30 7.86 (4, 1H, H8"), 7.75 (d, 1H, HS'), 7.65-7.25 (m,
11H, H6' and 10H phenyl), 6.30 (m, 1H, H3'), 6.23 (m,



22 silica colum (hexane/ethyl acetate eluent, 70/30, v/v
iipgrate the two i soner trioxanes l1lla and Iib (overéll y?e1h? 2255 tIosomer
(dg' EHNN561H (250 MHz, CDC13) 5, ppm 7.60-7.30 (m 10H, phenyl) , 6.29
sad. ~ ’HZC% 5.27 (s large, 1H, H5), 3.21 and 3.02 (2 x d, 2JHH = 17.0 Hz
2 X 1H, ¢ ), 2.83 (m 2H), 2.20 (m 3H), 1.77 (m 2H. MS (DCI/NH3+) m z
(95 (M\NH4+, 100), 407 (30), 102308 (8). Isomer |lb: NVR 1H (250 MHz
) S, ppm 7.60-7.30 (m 10H, phenyl), 6.32 (dd, 1H, H6), 5.25 (s ’
| arge, 1H, H5), 3.22 and 3.02 (2 x d, "JHH = 17.0 Hz, 2 x 1H, H2C8) 15
2.90 (m 2H), 2.50-2.15 (m 7H) , 1.79 (m 1H. MS (DCI/NH3+) mz (% : 404

(3), 405 (3), 406 (MNH4+, 100) , 407 (3 40 4 i
of prlnarylam|ﬁ§hMt$r%%e(Ee@€ﬁ@eby]#Edu%%?aé’ %0%2%1H%t?%ﬁéé%rggggrpghngf

trioxactuiﬁgiell i%ggqﬁé%gﬁ£%§,k@ﬁgnqﬂﬁ@@qQ163_gg, nA23HNDIF:CANnd ,t he

primary a mol) are placed in solution in CH2Cl2 (15

). Sod gwggg | agelzuxyher ofydr a8 end4 Lig biayseneetYlis 4dd8d.(MThe
The reacti 6H, ﬁéﬁﬂ&mi%ﬁé[éégﬂaggeggmﬁgﬁlg&ét}$$€gé§%#éﬁp§?a’squga! weeks.
phase is dried gpd the,sol ygat hg e¥aROEAbedntyldrynas 0 (wm; 322%22:3/5 .
bicyclopentyl), 1.74-1.10 (m, SH, bicyclopentyl).
MS (DCI/NH3+) m/z (%): 594 (MH") .
The ketone 1lb (148 mg, 0.38 mmol) and the primary
amine 1 (110 mg, 0.50 mmol) are placed in solution in
10 CH,Cl, (15 ml). Sodium triacetoxyborohydride (154 mg,
0.73 mmol) is added. The mixture is kept under stirring
at ambient temperatufe for one week. The reaction

medium is then washed with distilled water; the organic

phase is dried and the solvent is evaporated to dryness

15 (yield: 68%).
NMR 'H (250 MHz, CDCl;) 8, ppm: 8.48 (d, 1H, H2'),
+.88 (d, 14, H8'), 7.73 (d, 1H, HS'), 7.65-7.25 (m,
11H, H6' and 10H phenyl), 6.27 (m, 1H, H3' and HS§),
6.06 (s large, 1H, HN9'), 5.25 (s large, 1H, HS), 3.25
20 (m, 2H, HC10'), 3.21 (d, 1H, Hcs), 3.01 (4, 1H, HC8) ,
2.94 (m, 3H, H,Cll' and 3H bicyclopentyl), 2.54 (m, 3H,
HC12 and 2H bicyclopentyl), 2.10 (m, 4H, HN12' and 3H
bicyclopentyl), 1.77 (m, 1H, bicyclopentyl), 1.25 (m,
3H, bicyclopentyl).
25 MS (DCI/NH3+) m/z (%): 594 (MH*, 100), 595 (44),

596 (44).

production of trioxaquine dicitrate 13a and 13b

The trioxagquine 12a (166 mg, 0.28 mmol) is placed

130 in solution in acetone (5 ml). Citric acid (160 mg, 3.0

equiv.) in solution in acetone (5 ml) is added. The



NVR 1H (250 MHz, CDC13) 5, ppm 8.42 (d, 1H, H21), 30 7.86 (d, 1H, H8'),
7.75 (d, 1H, H5'), 7.65-7.25 (m 11H, H6' and 1CH phenyl) , 6.30 (m 1H,
H3'), 6.23 (m 23 1H, H6), 6.18 (s large, 1H, RN9'), 5.25 (s large, 1H,

H5) , 3.57 (s large, 1H, RN12'), 3.37 (m 3H, H2ClO, HC8), 3.20 (m 2H,
'HC8 and 1H bicyclopentyl), 3.00 (m 3H H2C11' and HC8), 2.75 (m 1H,

bi cycl opentyl), 2.45 S (m 2H, HCl12 afd 1H bicyclopentyl), 2.20 (m 2H,

bi cycl opentyl), 1.74-1.10 (m 5H, bicyclopentyl). M5 (DCI/NH3+) mz (%
594 (M#). The ketone lib (148 ng, 0.38 mml) and the primary amne 1 (110
ng, 0.50 mmol) are placed in solution in 10 CH2C12 (15 m). Sodi um

triacet oxyborohydr.i de (154 0 ) IS, ;addedi s The grpitiuiced,s kept
under sti FFﬂﬁaﬁﬂ;Qﬁﬁéﬁg t?g%%e ggﬁ% F%Fbgﬁeqagek. The reacf&gn nedi um
is then washee il sin |d skl esthe heamd gaaceumpiadedi-s dried and the
solvent is evaporated to dryness 15 (yield: 68%. NYR 1H (22§,N+E, CDC13)
S, ppm 8.48 (WMRLEH H2E0, MHz 8g°QGls)1R, mn: &.93 ’(Yg 1H' 'Y, 7.65-7.25

.(m 11H H6' and 1CH p 1) 27 J(m, 1H, ' and- Kib) G106 s | ar e,
1H, RNO') 8-8005(dns Hhyr g}g,gml/H, BH@?, (G2 Pislrj;% ’2H?‘74g|c:1(’6‘") @Hg 5 (d. 3H
HC8), 3. 0.‘5&% afHpHEB) 1) , 27940 Mm3H 6H2Chhenand ,3Hsb7eycldpeidtlyl) , 2. 54

(m 3H, and 2H bi cycl opentyl), 2.10 ( 4H, HN12' 3
bi cycl opersyl),, 4.7 (& 14, bﬁéiclépéﬁty“ﬁ?iﬁFgg'(ﬁr' 3&??bi?y

gﬁopentyl).
(m, 3H, H,Cl0' and HC8), 3.30 (m, - 2H, HC8 and HC12)

3.12 (m, 2H, H,Cl1i'), 2.68 (d, 4H, citrate), 2.39 (m,
4H, citrate), 2.10-1.50 (m, 6H, bicyclopentyl) . '
10 MS (ES) m/z (%): in positive mode 594.3 (M*)
Elementary microanalysis: for CagHs2017N3CL, 1 H20
Theor. %: C 57.86 H 5.46 N 4.22
Exper. %: C 58.11 H 5.02 N 4.66
The trioxaquine 12b (153 mg, 0.26 mmol) is placed
15 in solution in acetone (5 ml). Citric acid (160 mg, 3.0
equiv.) in solution in acetone (s ml) is added. The
trioxaquine dicitrate precipitates; it is centrifuged,
washed twice in diethyl ether and vacuum-dried.
NMR H (250 MHz, DMSO-ds) 8, ppm: 8.60 (d, I1H,
20 H2'), 8.34 (d, L1H, H5'), 7.95 (4, 1H, H8'), 7.73 (m,
54, H6' and 4H phenyl), 7.51 (m, 6H, phenyl), 6.73 (d,
1§, H3'), 6.60 (g, 1H, H&), 5.55 (s large, 1H, HS),
3.69 (m, 3H, H,C10' and HC8), 3.44 (m, 1H, HCl12), 3.25
(m, 1H, HC8), 3.16 (m, 2H, HC11'), 2.77 (d, 4H,
25 citrate), 2.65 (m, 4H, citrate), 2.55-2.05 (m, 6H,
bicyclopentyl), 1.80-1.40 (m, 4H, bicyclopentyl).
MS (ES) m/z (%): in positive mode 594.3 (M™)
in négative mode 190.9 (citrate)
Elementary microanalysis: for C.gHs2017N3C1, 1 H2O
30 Theor. %: C 57.86 H 5.46 N 4.22
Exper. %: C 58.19 H 5.05 N 4.17



25 M5 (DCI/NH3+) mz (% : 594 (M+, 100), 595 (44), 596 (44). Production
‘of trioxaquine dicitrate 13a and 13b The trioxaqui ne 12a (166 ny,

nol) is

equiv.) i
dicitrate
and vacuu

0. 28

placed 30 in solution in acetone (5 m). Ctric acid (160 ng, 3.0

n solution in acetone (5 m) is added. The 24 trioxaqui ne

precipitates; it is centrlfug washed twi ce in diethyl ether

mdried. NVR 1H (250 MHz,

(d, 1H, HS'), 8.00 (d, 1H, H81), 7.70 (m SH H6' 5 and 4H phenyl

(m 6H p
H5), 3.75
2H, H2Cl1
6H, bicyc

5.46 N 4.

ng, 3.0
dicitrate

3) S, ppm 8.63 (d, 1H H21), 8.40

), 7.50

henyl), 6.79 (d, 1H H3"), 6.60 (g, 1H H6), 5.53 (s large, 1H,
(m 3H H2C10' and HC8), 3.30 (m 2H, HCB8 and HC12), 3.12 (m

' 2.68 [d, ) 154- 3%4(Akp 4H citrate), 2.10-1.50 (m

I P é Al A ositive node 594.3 (M)

El ementary nlcroanaIyS|s for C48H52017N301 1 H20 Theor. % C 57.80" H

22

Exper. %
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d (160

éﬁﬁﬁ%éléﬁ SS%H&&Q@le'éﬁeEQQ%xééuﬁhbsli4@d®%ﬁ IWEE tri oxaqui ne
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yl et her
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CH,Cl, (5 ml). Sodium triacetoxyborchydride (21 mg,

0.10 mmol) is added. The mixture is kept under stirring
at ambient temperature for 48 hours. The reaction
medium is then washed with distilled water; the organic
phase is dried and the solvent is evaporated to dryness
(yield: 64%). '

NMR 'H (250 MHz, CDCl;) &, ppm: 8.45 (d, 1H, H2'),
7.92 (4, 1H, H8'), 7.75 (d, 1H, H5'), 7.65-7.25 {m,
11H, H6' and 10H phenyl), 6.33 (m, 2H, H3' and HN9'),
6.27 (m, 1lH, H6), 5.25 (s large, 1H, HS), 3.25 (m, 2H,

H,C10'), 3.19 (d, 1H, HC8), 3.00 (m, 2H, HC8 and 1lH
bicyclopentyl), 2.8-2.0 (m, 8H, 4H bicyclopentyl,
H,C13', HC12 and HN14'), 1.75-1.10 (m, SH

bicyclopentyl, H,Cll' and HC121') .

MS (DCI/NH3+) m/z (%): 622 (MH") .

The ketone 11b (26 mg, 0.070 mmol) and the primary
amine 8 (21 mg, 0.084 mmol) are placed in solution in
CH,Cl, (15 ml). Sodium triacetoxyborohydride (18 mg,
0.085 mmol) is added. The mixture is kept under
stirring at ambient temperature for 48 hours. The
reaction medium is then washed with distilled water;
the organic phase 1is dried and the solvent 1is
evaporated to dryness. The mixture obtained contains

70% trioxagquine 12b and is used as is in the next step.



IH, H3'), 6.60 (q, 1H, H6), 5.55 (s large, 1H, H5), 3.69 (m 3H, H2C10
‘and HC8), 3.44 (m 1H HC12), 3.25 (m 1H HC8) , 3.16 (m 2H H2C11'),
2.77 (d, 4H, 25 citrate), 2.65 (m 4H, citrate), 2.55-2.05 (m 6H,

bi cyclopentyl), 1.80-1.40 (m 4H, bicyclopentyl). M5 (ES) mz in positive
node 594.3 (Mt) in negative node 190A?6(citrate) El ementary m croanal ysi s:
for C48H520L7N3CI, 1 H20 30 Theor C 57.86 H5.46 N 4.22 Exper. % C
58.19 H 5.05 N 4.17 25 Exanpl e 5: trioxagui nes 15a and 15b Coupli ng of
primary amine with the ketone by reductive amnation: production of
trioxaguines 14a and 14b 5 The ketone lla (29 ng, 0.075 mml) and the
primary am ne 2%, espl ig. 40! udlj oDE| NH2CH2C12 (5
m). Sodlun1trlg%gtoxyborghﬁgﬁrthkﬂﬁg %%ﬁﬁo nmol ) is added. The m xture
is kept undesostid,ing, aﬂaahblénﬂStehﬁeréﬁUréﬁ$b} 4§Iﬁin% 25rhéMy eact i on

10 di th hed th stilled . d d
EaThe T v eﬁ'sswi\?@%oré“@%d e 2Pol e eaes B2 rim P ERSES Mt:
CDC13 b D! 92 H@H 15° 1H,

) H@ng 5%§5?i1&%%%g* 1), H54-,923(ds 1, ) HECIB' (d,

7. 65 and’ 10H phenyl) . 6.33 n1 2H H3 and
RN9 ), 56.27.60 dd'l ), 5C25. (3104 gém, 1H—HH5 C83.,252¢ Hcio),
S Lo L OB 390 (m 2 R angh H o) Cyé;xlxops%yaopangyz,o (m 8H
H,C13', HCl2 and HN14'), 1.8-1.6 (m, SH bicyclopentyl,
1H bicyclopentyl, HCll' and H,C12'), 1.24 (m, 3H,
bicyclopentyl) .
10
production of trioxagquine dicitrates 15a and 15b
The trioxaquine l4a (30 mg, 0.05 mmol) is placed
in solution in acetone (0.4 ml). Citric acid (22 mg,
2.4 equiv.) in solution in acetone (0.4 ml) is added.
15 The trioxaquine dicitrate precipitates; it is

centrifuged, washed twice in diethyl ether and vacuum-
dried.
NMR ‘H (250 MHz, DMSO-dg) &, ppm: 8.59 (d, 1H,
H2'), 8.48 (4, 1H, HS'), 8.17 (s large, 1lH, HN9'), 7.97
20 (d, 1H, H8'), 7.70 (m, SH, Hé' and 4H phenyl), 7.50 {(m,
64, phenyl), 6.77 (d, 1H, H3'), 6.57 (g, 1H, H6), 5.50
(s large, 1H, H5), 3.51 (m, 2H, H,C10' and HC8), 3.10
(m, 4H, H,Cl3', HCS8 and HC12), 2.78 (4, 4H, citrate),
2.67 (m, 4H, citrate), 2.37 (m, 4H, bicyclopentyl),
25 2.10-1.50 (m, 10H, 6H bicyclopentyl, HCll' and
H,Cl12') .
MS (ES) m/z (%): in positive mode 622.3 (M)
in negative mode 191.2 (citrate)
The trioxaguine 14b (28 mg, unprocessed mixture)
30 is placed in solution in acetone (1 ml). Citric acid

(30 mg, 4.0 equiv.) in solution in acetone (2 ml) 1is



-H2C13', HC12 and HN14'), 1.75-1.10 (m 5H 20 bicyclopentyl, H2Cl11'" and
‘H2C12') . M5 (DCI/NH3+) mz (9% : 622 (M#) The ketone lib (26 ng, 0.070
mmol) and the primary amne 8 (21 ng, 0.084 mml) are placed in solution
in CH2Cl12 (15 m). Sodiumtriacetoxyborohydride (18 ng, 25 0.085 mml) is
added. The m xture is kept under stirring at anbient tenperature for 48
hours. The reaction mediumis then waghed with distilled water; the
organi c phase is dried and the solvent is evaporated to dryness. The

m xture obtained contains 30 70% trioxaquine 12b and is used as is in the
next step. 26 NVR 1H (250 MHz, CDC13) b, ppn1 8.44 (d, 1H, H2') , 7.90 (d,

1H H'), 7.75.(d, 1H H5'), 7.65 7, 3 OH 6. 30
(m 3H )H3add¢~|é( arfdie Rig: ?)"a@uﬁle(s ‘g%ég}’lt Bji%{@plgggié( mﬂgﬁPgHZClO ),
5 3.20 (d, odkkrHeBYed3: QRshad Mvidd HEBHieR2h@h @mhéH%amdcyatupmﬂtyl)

2.65-2.0 (n1 9H, 5 blcyclopentyl H2C13', HC12 and RN14'), 1.8-1.6 (m 5H
bi cycl opendyied. 1H bi cycl opentyl, HzZCl11' and HzC12') , 1.24 (m 3H

breyclopent /) o et 18202t VBRRSSRL S 1 RBLET AT T ackibne (0.4
m). C'”'ﬁzaf'ds(%% My, 2ud ey, )7ie3sqkyticm, i Hsaget onerq O(@, m) is
added 54, H6' and 4H phenyl), 7.51 (m, 6H, phenyl), 6.70 (d,

1H, H3'), 6.61 (q, LH, H6), 5.52 (s large, 1H, HS5),

4.0-3.0 (m, 7H, H,Cl0', H,C1l3', H;C8 and HC12), 2.75 (d,

44, citrate), 2.65 (m, 4H, citrate), 2.55-2.05 (m, 6H,

10 Dbicyclopentyl), 1.90-1.30 (m, B8H, 4H bicyclopentyl,
.HZCll' and H,C12').
MS (ES) m/z (%): in positive mode 622.4 (M*)

in negative mode 191.2 (citrate)

15 Example 6: trioxagquine 18

Synthesis of trioxane functionalised with a ketone 16

A mixture of «-terpinene (420 mg, 3.0 mmol) and
tetraphenylporphyrine (5 mg) in dichloromethane (5 ml)

20 is irradiated in the presence of molecular oxygen
(1.15 bar) for 7 hours, at 5°C, with a white bulb

(200 W). The peroxide is obtained with a quantitative
yield. The unprocessed peroxide in solution in
dichloromethane is placed in a bath at -70°C; 6 molar

25 equivalents of 1,4-cyclohexadione (2.05 g, 18.3 mmol)
and 0.4 equivalent of trimethylsilyl trifluoromethane
sulphonate (200 ul, 1.1 mmol) are added and the
reaction mixture is kept under stirring at -70°C for 2
hours. The reaction is stopped by adding triethylamine

30 (400 pl). After returning to ambient temperature, the

reaction medium is washed with distilled water, dried



15 The trioxaquine dicitrate precipitates; it is 20 centrifuged, washed
‘twice in diethyl ether and vacuum dried. NVR 1H (250 WVHz, DMS(D-d6) S,
ppm 8.59 (d, 1H, H21), 8.48 (d, 1H, H5'), 8.17 (s large, 1H, RN9'), 7.97
(d, 1H H8'), 7.70 (m 5H, H6' and 4H phenyl), 7.50 (m 6H, phenyl), 6.77
(d, 1H, H31), 6.57 (q, 1H, H6), 5.50 (s large, 1H, H5) , 3.51 (m 2H
H2C10' and HC8) , 3.10 (m 4H, H2C1328 HC8 and HC12), 2.78 (d, 4H,
citrate), 2.67 (m 4H, citrate), 2.37 (m 4H, bicyclopentyl), 25 2.10-1.50
(m 10H, 6H bicyclopentyl, H2Cl1' and HzC1l2') . M5 (ES) mz (% : in
positive node 622.3 (M) in negative node 191.2 (citrate) The trioxaquine
14b (28 ng, unprocessed m r i 8l wr dan. atkeeone (1
m) . Ctrom a@gdle(s\’}@mhgsuipg g&w‘?% 2 g %fcf%t(:ilelgnn ?n acg??ne g1y is 27

added. The tri oxgg%h ngdi Ci t patexpheci p| Lat es; lst i spueéﬁtlﬁfif uged? washed
twice in

her and vacuum dried. N 25 O.d6) b, ppm
8.57 (d, lé‘i’xro&'?!al:Bg}c;:lpliy4L-'9rqds:.'11.|,.|ca|_|5:c3 un?nglg (nﬁ_{/)e%\f‘g;]) QL}@?O e 50
H6' and 4H phen I) 51 6 Yl9g516. 70 (d iH H3'), 6.61 (q, 1H,
), 5 52 gsuraree. i Hg’)/ P (m7H N 2CL0' | H2C13' . HeCs and
HCL2), 2.75 (d, #HaCibiR! Quz 2- 85ciim &H ppint r &t.a)p, Cu5512 0BS{m 6H
4.00 (m, 1H, H5), 2.67 (m, 1H), 2.41 (m, 4H), 2.22 (m,
4H), 2.00 (m, 3H), 1.50 (m, 1H), 0.99 (m, 9H) .
MS (DCI/NH3+) m/z (%): 297 (26), 298 (MNH,*, 100),
299 (48), 300 (8), 301 (L) .
10 |
Coupling of primary amine with the ketone by reductive

amination: production of trioxagquine 17

The ketone 16 (113 mg,'0.40 mmol) and the primary
amine 1 (115 mg, 0.52 mmol) are placed in solution in
15 CH,Cl, (10 ml). Sodium triacetoxyborohydride (109 mg,
0.51 mmol) is added. The mixture is kept under stirring
at ambient temperature for 20 hours. The reaction
medium is then washed with distilled water; the organic
phase is dried and the solvent is evaporated to dryness
20 (yield: 82%) .
NMR H (250 MHz, CDCliy) 8, ppm: 8.50 (2 x d, 1H,
H2'Y), 7.92 (2 X d, 1H, H8'), 7.69 (2 x d, 1H, H5'},
5 35 (2 x dd, 1H, He'), 6.36 (2 x d, 1H, H3'), 5.95 (s
large, 1H, HN9'), 5.41 (m, 1H, H6), 4.00 (m, 1H, HS),
25 3.29 (m, 2H, H,C10'), 3.02 (m, 2H, H,C11'), 2.63 (m,
2H), 2.43 (m, 1H), 2.20-1.90 (m, sH), 1.85 (m, S5H) ,
1.50 (m, 4H), 1.02 (m, 9H). | _
MS (DCI/NH3+) m/z (%): 484 (2), 485 (6), 486 (MH',
100), 487 (36), 488 (42), 489 (12), 490 (2).



10 bicyclopentyl), 1.90-1.30 (m 8H, 4H bicyclopentyl, H2Cl1 ' and H2Cl12
")y . MS(ES) mz (% : in positive node 622.4 (M+) in negative node 191.2
(citrate) 15 Exanple 6: trioxaquine 18 Synthesis of trioxane functionalised
with a ketone 16 A mixture of cc-terpinene (420 ng, 3.0 nmol) and

‘t et raphenyl porphyrine (5 ng) in dichloronmethane (5 m) 20 is irradiated in
t he presence of nol ecul ar oxygen (1.%@ bar) for 7 hours, at 5C, with a
white bulb (200 W. The peroxide is obtained with a quantitative vyield.
The unprocessed peroxide in solution in dichloromethane is placed in a
bath at -70C, 6 nolar 25 equival ents of 1,4-cyclohexadione (2.05 g, 18.3

mol ) and, 0. 4 eguj yal ent.. o bEiABkhdigilHatly ifd uor omet hane  sul phonat e
(200 |, 1.2% reaction mxture |s kept uynder
stirring at -70fhéotr2oxhquise THe (¥Sadd-on % §P%§%%dl%ypggﬂ?agln
triethylamne 30 (400 Al). After,retukrning {0 I efatuseo the
reaction ne@lyhRiers Mhh@éeﬁnoflﬁ dflst%nﬁl)éd%%%?n%ﬁgj %gmén 9f]lngnesi um

sul phat e an fvapoqg{egoggtthnQ§$.aEbeonbﬂﬁﬁioﬂali$edadd%&anﬁh§6 is
purified by* chronat ography on silica colum (hexane/eth E ﬁggggge el uent,
85/ 15, 5- v/ wyidyhahdne38tici tBraneR AFeF DBEEMES | CBELS)S b?e% ni-5720° (m 1H,

H6), 4.00 (m 1H _H5) . 2 67 _ - ooh (M
(m) 3H), 1wé§heﬁq tYHf?e érlgglﬁrf%]@l@&mgé)her 2 JBuddrida22 (m  4H)

NMR 'H (250 MHz, DMSO-ds) 8, ppm: 8.62 (2 X d, 1H,

H2'), 8.35 (2 x 4, LlH, HS'), 7.97 (2 x 4, 1H, H8'),
7.69 (2 x dd, 1H, He'), 6.75 (2 x d, 1€, H3'), 5.45 (m,
10 1H, H6), 4.17 (m, 1H, H5), 3.75 (m, 2H, H,C10"'), 3.35

(m, 2H, HCil1'), 3.05 (m, 1H), 2.76 (4, 4H, citrate),
2.65 (d, 4H, citrate)} 2.29 (m, 3H), 2.07 (m, 4H) , 1.72
(m, 3H), 1.57 (m, 3H), 1.10 (m, S9H) .
MS (ES) m/z (%): in positive mode 486.2 (M%)
15 Theor. %: C 53.84 H 6.03 N 4.83
Exper. %: C 54.25 H 5.43 N 5.04

Example 7: trioxaquine 20

20 Coupling of primary amine with the ketone by reductive

amination: production of trioxaguine 19

The ketone 16 (100 mg, 0.36 mmol) and the primary
amine 8 (115 mg, 0.46 mmol) are placed in solution in
CH,Cl, (10 ml). Sodium triacetoxyborohydride (101 mg,

25 0.48 mmol) is added. The mixture is kept under stirring
at ambient temperature for 15 hours. The reaction
medium is then washed with distilled water; the organic
phase is dried and'the solvent is evaporated to dryness
(yield: 62%).

30 NMR lH (250 MHz, CDCl;) 8, ppm: 8.47 (2 x d, 1H,
H2'), 7.89 (2 x d, 1H, H8'), 7.74 (2 x d, 1H, HS'),



MS (DCI/NH3+) mz (% : 297 (26), 298 (MMH4+, 100), 299

(48), 3

*(1). 10 Coupling of primary amne with the ketone by reductive
production of trioxaquine 17 The ketone 16 (113 ng, 0.40 mmol) and the

primary amne 1 (115 ng, 0.52 nmol) are placed in soluti

on in

00 (8), 301

an nati on

15 CH2C12

(10 m). Sodium triacetoxyborohydri de;{ 109 ng, 0.51 mmol) is added. The
m xture is kept under stirring at anbient tenperature for 20 ho

reaction mediumis then washed with distilled water; the organic

dried and the solvent is evaporated to dryness 20 (yield: 62%

(250 MHz, CDC13) S, ppm 8.50 (2 x d, 1H ~ H2')

,792(2x

7.69 (2 x d3glH 2 Heldd, IHSSI—(Q x of.34H(2H81Y, BH36HY I - S?Lﬁ

5.95 (s large, 1H, RN9'

urs. The

NI\/RlH
:-18")

Te) |

1H, . H6) .. 4.00 5 3.29
(m 2H, HZGLO'DH, eﬂb@kmSﬁP i@cﬁ gé 63)(910 (EH)(ﬂ}z }l‘?’(m _ﬁf

2.20-1.90 50 3,02 -9HBS M ,( DCl / NH3+
; Y ?% P}}’rﬁg (6) :5“?4’36 %ﬂwzﬁmlo%;d)l,z 287 z%;n " ¢ :
"8

mz (%
(12) , 49@[{ 2,) 2 29 Rr@@uct(mon iﬂ ttrlloﬁéqw(‘ﬁe ARitr
17 (45 ny,

(1m)

488 (42), 489
(fe 454 oxaqui ne

Ctric

pl ac d soI yion igy a :
acid (53 r’f@Clé 0 “é’q 9?')2 ut| Sk |Lr11!itdccrait odrpe @? ﬁ?? i s added. The 5
tri oxaqui ne di gid re@b@IpN@[@,upl tza;/gs, (%)t: is1censni,fuged, (MH®, 100),

516 (28), 517 (36), 518 (11).

Production of trioxaquine dicitrate 20

10 The trioxagquine 19 (46 mg, 0.09 mmol) is placed in

solution in acetone (1 ml). Citric acid (44

equiv.) in solution in acetone (1 ml) 1is added.

ng, 2.

6

The

trioxaquine dicitrate precipitates; it is centrifuged,

washed twice in diethyl ether and vacuum-dried.

15 NMR ‘H (250 MHz, DMSO-dg) &, ppm: 8.56 (2

x d, 1H,

H2'), 8.45 (2 X d, 1H, H5'), 7.95 (2 x d, 1H, H8!'),
5.45 (m,

7.67 (2 x dd, 1H, Hé'), 6.72 (2 x d, 1H, H3'"),

14, H6), 4.15 (m, 1H, H5), 3.50 (m, 2H, HCl0'"),

(m, 1H), 3.05 (m, 2H, H,C13'), 2.76 (d, 4H,
20 2.65 (d, 4H, citrate), 2.29 (m, 34), 2.07 (m,
(m, 74), 1.55 (m, 3H), 1.10 (m, 9H).

4H) ,

MS (ES) m/z (%): in positive mode 514.4 (M%)

Elementary microanalysis: for C41Hss017N3CL
Theor. %: C 54.83 H 6.29 N 4.68
25 Exper. %: C 54.32 H 5.80 N 4.52

3.20
citrate),

1.80

phase is



washed twice in diethyl ether and vacuumdried. NVR 1H (250 MHz, DWVBO- d6)
‘S, ppm 8.62 (2 x d, 1H H2'), 8.35 (2 x d, 1H H5'), 7.97 (2 x d, 1H,
H8'), 7.69 (2 x dd, 1H H6'), 6.75 (2 x d, 1H H3"), 5.45 (m 10 1H H6),
4.17 (m 1H, H5) , 3.75 (m 2H, H2C10'), 3.35 (m 2H, H2Cl1') , 3.05 (m
"1H) , 2.76 (d, 4H, citrate) , 2.65 (d, 4H, citrate),. 2.29 (m 3H), 2 .07
(m 4H , 1.72 (m 3H), 1. 57 (m m@l 1.10 (m 9m . M5 (ES) nmz (% :
in positive node 486.2 (M+) 15 Theor. % C 53.84 H 6.03 N 4.83 Exper. %
C 54.25 H5.43 N 5.04 Exanple 7: trioxaquine 20 20 coupling of primary
amne with the ketone by reductive am nation production of trioxaquine 19

The ketone 16 (100 ng, . 36 mMmuol qﬁﬂ t [ﬁ'gmary amne 8 (115 ng, O0.46
mmol ) are Bkaovpdei §: qﬁm X%qq*ng%}m¢4¢ {10—mt). Sodi um

triacet oxyborohydride (101 ng, 25 0.48 nnDI) is added. The m xture is kept
under stirring at anbient tenperature for 15 hours. The reagld@pe medi um
i s then waghadhwitils dbStitreaXaReer . £y %%Eﬁﬂéiﬁii——ﬁhase—rs-drled and the

solvent is evaporate%ﬁtg ryness (y|eId 6299 . 30 NWVR 1H (250 MHz, CDC13)
S, ppm 8.2%2(224by 29P1) 7.89 (2 x d, 1H H8') | 774§2xd 1H,
H5') , 30 7.35 (2 xl%ré%fH@_ker  riehe 2 ( xz@l mgH, H3§, meedisand (m 1H,
RN9'), .39 (m “1H 4.00 (m TH Fb6) , 3.27 (m 2H HGLO\)). 2.70
(m 2H, H2CL3'rhpheh8pck@t/fimne (5 mg) in dichlorome

is irradiated in the presence of molecular oxygen
(1.15 bar) for 7 hours, at 5°C, with a white bulb
(200 W) . The peroxide is obtained with a quantitative
10 yield. The unprocessed peroxide 1in solution in
dichloromethane is placed in a bath at -70°C; 4 molar
equivalents of 'cisbicyclo(3.3.0)octane—3,7—dlone
(L.62 g, 11.7 mmol) and 0.5 equivalent of
trimethylsilyl trifluoromethane sulphonate (250 ul,
15 1.38 mmol) are added and the reaction mixture is kept
under stirring at -70°C for 4 hours. The reaction is
stopped by adding triethylamine (400 pl). After
returning to ambient temperature, the reaction medium
is washed with distilled water, dried on magnesium
20 sulphate and evaporated to dryness. Chromatography on
silica column (hexane/ethyl acetate eluent, 70/30, v/v)
is used to separate three isomer trioxanes 2la, 21lb and

21c, in order of elution (overall yield: 35%).

Isomer 2la:

25 NMR 'H (250 MHz, CDCly) &, ppm: 5.37 (d large, 1H,
He), 3.85 (d large, 1H, HS5), 3.10-2.60 (m, 3H), 2.48
(m, 2H), 2.16 (m,. 6H), 1.90-1.40 (m, 4H), 0.99 (m, 9H).
MS (DCI/NH3+) m/z (%): 323 (4), 324 (MNH,*, 100),

325 (21), 326 (5).



3H) 2.30-1.95 (m 5H), 1.83 (m 3H) 1.67 (m 4H, 5 HzZCl1l' and H2C12') ,
"1.50 (m 4H) , 1.00 (m 9H). M5 (DCI/NH3+) mlz (% : 514 (3) , 515 (M,
100) , 516 (28), 517 (36), 518 (11). Production of trioxaguine dicitrate
20 10 The trioxaquine 19 (46 ng, 0.09 mmol) is placed in solution in
acetone (1 m) . Gtric acid (44 ng, %6 equiv.) in solution in acetone (1
m) is added. The trioxaqui ne di citra?e precipitates; it is centrifuged,
washed twice in diethyl ether and vacuumdried. 15 NVR 1H (250 MHz,
DMSO-d6) 6, ppm 8.56 (2 x d, 1H H2') , 8 .45 (2 x d, 1H H5') , 7.95 (2
x d, 1H H8) , 7.67 (2 x dd, 1H H61l), 6.72 (2 x d, 1H, H31), 5.45 (m

1H, He), 4.15 (m._1H, H3): 3.50 (m 2H, HZCLO'), 3.20 (m 1H), 3.05 (m
OH, H2C13') , 2 8?5,

4H, citrate), 20 2.65 (d, 4H, citrate), 9 (m
3H), 2.07 (m 4KMr ‘& 8@50( WMHZH)CDAL:)55 ,( BP®H)S5 ;34 ?@oaer’rﬁ)egHiH.z' M5 ( ES)
mz (% : in positive node 514.4 (M) |l e ary.m chpanapygh s:(uof Or
CALHS60L7NBEL, Thed?. @ kardeg3 llg—"'G.%é))EN geg% 2§mEx%§9.’ % C 5432 H 5.80
N 4.52 31 nple B f r4 oxaqui s, 28a7 andm23bH By nthesi dwof 1fi0XalRés
functional E?Zd \ﬁi'tSﬁ 2a‘ cLe{%g’ne Z)ia, 21b and 21c 5 A mixture of a-terpinene
(320 myz 2.(46 mmpl) and tetraphenyl porphyrine (5 ng) in dichloronethane

(0 m) isi rr?d%i a(tDech N4 he presence ghymliggul ajp Hxy@en,*, 100),
325 (23), 326 (5), 327 (1).
Isomer 21cC:
NMR 'H (250 MHz, CDCly) 8, ppm: 5.23 (m, 1H, H6),
10 4.40 (m, 1H, HS), 3.10-2.6 (m, 3H), 2.49 (m, 2H), 2.17
(m, 6H), 1.9-1.5 (m, 4H), 1.37 (s, 3H), 1.00 (m, 6H).
MS (DCI/NH3+) m/z (%): 323 (26), 324 (MNH,*, 100),
325 (19), 326 (5), 327 (1).

15 Coupling of primary amine with the ketone by reductive

amination: production of trioxaquines 22a and 22b

The ketone 2la (70 mg, 0.23 mmol) and the primary
amine 1 (66 mg, 0.30 mmol) are placed in solution in
CH,Cl, (5 ml). Sodium triacetoxyborohydride (61 mg,

50 0.29 mmol) is added. The mixture is kept under stirring
at ambient temperature for one week. The reaction
medium is then washed with distilled water; the organic
phase is dried and the solvent is evaporated to dryness
(vield: 70%).

25 NMR 'H (250 MHz, CDCly) 8, ppm: 8.45 (d, 1H, H2'),
7.85 (4, 1H, H8'), 7.70 (4, 1H, HS'), 7.29 (dd, 1H,
He'), 6.31 (d, 1H, H3'), 6.09 (s large, 1H, HN9'), 5.36
(d large, 1lH, H6), 3.87 (d large, 1H, H5), 3.31 (m, 2H,
H,C10'), 3.11 (m, 2H), 2.99 (m, 2H, H;C11i'), 2.75-2.35

30 (m, 3H), 2.20 (m, 6H), 1.90-1.40 (m, 4H), 1.21 (m, 2H),

0.98 (m, 9H).



(1.15 bar) +4or ﬂﬁimnws, at 5C, with a white bulb (200 W . The peroxide is
‘obtained with a quantitative 10 yield. The unprocessed peroxide in solution
in dichloronmethane is placed in a bath at -70C, 4 nolar equivalents of
cisbicyclo(3.3.0)octane-3,7-dione (1.62 g, 11.7 mmol) and 0.5 equival ent
of trimethylsilyl trifluoronethane sulphonate (250 Al, 15 1.38 muol ) are
added and the reaction mxture is kep?3 under stirring at -70C for 4 hours.
The reaction is stopped by adding triethylamne (400 |). After returning
to anbient tenperature, the reaction nedium is washed with distilled

wat er, dried on magnesi um 20 sul phate and evaporated to dryness.

Chr omat ogr aphy o 4 | u ( aneé € hyMmacetiat® el 6ebt ,(320/,30, v/v)
is used to sepawgtgaé#égyfg%ne thﬁgxanes 2la, 21b and 21c, in order of

i on (ol s s lmrsie 8t (e 09 8
2P48 tn1 2H) , zggémgﬁoqeE#%b,li$9%gi.§oqghmm { pggt%%]%gﬁggQgE ,
(DO /NHB+) iz (% 3323440, 182¢mbWNHaime 19Dhced25 ( 28pIuBREN( 5y, 32
| somer 21b?TRIVR éL E%go ﬁé&, CDC13) 6, ppm 5,38 (d |arge, H6), 3.88
(d large, &H,cHb) & 8&l(m gﬁﬁipﬂg_Ggi@ﬁ@tOfMppq?Q¥%g ?n]&g%HF?’l.72 (m
19, .49 %Tﬁ41ﬂ%b1?'%% 5%448.5¥ﬁe mixture is kept under stirring
at ambient temperature for geveral weeks. The reaction
medium is then washed with distilled water; the organic
phase is dried and the solvent is evaporated to dryness
10 (yield: 75%).
NMR 'H (250 MHz, CDCl,;) o, ppm: 8.46 (d, 1H, H2'),
2 90 (d, 1H, H8'), 7.76 (d, 1H, H5'), 7.35 (dd, 1H,
HG'), 6.34 (4, 1H, H3'), 6.03 (s large, 1H, HN9'), 5.42
(d large, 1H, H6), 3.83 (d large, 1H, H5), 3.26 (m, 2H,
15 H,C10'), 2.97 (m, 3H, H,Cll' and 1H), 2.7-1.9 (m, 11H),
1.70 (m, 2H), 1.50 (m, 2H), 1.24 (m, 2H), 0.98 (m, 9H).
MS (DCI/NH3+) m/z (%): 510 (10), 512 (MH", 100),

513 (35), 514 (51), 515 (16), 516 (7).

20 production of trioxaguine dicitrates 23a and 23Db

The trioxaquine 22a (82 mg, 0.16 mmol) is placed
in solution in acetone (5 ml). Citric acid (90 mg, 2.9
equiv.) in solution in acetone (5 ml) 1is added. The
trioxaguine dicitrate precipitates; it is centrifuged,

25 washed twice in diethyl ether and vacuum-dried.

NMR H (250 MHz, DMSO-ds) 8, ppm: 8.62 (d, 1H,
H2'), 8.40 (d, 1H, HS'), 7.97 (d, 1H, H8'), 7.69 (dd,
1H, He6'), 6.78 (d, 1H, H3'), 5.49 (d large, 1H, HE),
4.02 (& large, 1H, HS), 3.78 (m, 2H, H;CL0'), 3.65 {m,

30 1H), 3.32 {(m, 2H, HCl1l'), 2.79 (d, 4H, citrate), 2.68



MS (DCl/NH3+) e (% : 323 (14), 324 (MNH4+, 100), 325 (23) , 326 (5) ,
"327 (1) Isomer 21c: NMR 1H (250 MHz, CDC13) 8, ppm 5.23 (m 1H, H6), 10

4.40 (m 1H, H5), 3.10-2.6 (m 3H) , 2.49 (m 2H) , 2.17

(m 4H), 1.37 (s, 3H), 1.00 (m 6H). MS (DCI/NH3+) mz (%

(m 6H), 1.9-1.5
323 (26), 324

(MNH. 1+, 100), 325 (19) , 326 (5) , 827 (1) . 15 Coupling of primary am ne
with the ketone by reductive amnation: production of trioxaquines 22a and
22b The ketone 2l1a (70 ng, 0.23 mml) and the primary amne 1 (66 ng, 0.30

mml) are placed in solution in CH2C12 (5 m). Sodium
triacet oxyborohydride (61 ng, 20 0.29 nnDI) i s added. The

under stir(dngaHat canbaerd t @neérat-Fe for Bhe week? fHe f

i xture.is kept
Ct¥0§0 medi um

is then mashed mnth distilled water; the organic phase is dried and the

sol vent is(@vaPdtated to dryness (yield: 70%. 25 NMR 1H

250 MHz, CDC13)

5, ppm 8 .45 ([q% %ﬁs g%/)fH ) 7. BR pdslﬁtdveH&o)ie BI20 Y dM1IH, H5'), 7 29

(dd, 1H, H61),

. "'1H, H3') , 6.09 (s | H,
large, 1H, H6), 3.87 (d |arge, 1?41 Plsgatévglm?#}.e ﬁjo 8!4;%0&3“563 11 (m
2hy, 299 (I 2th Hestisd B%%Eééqgﬁgél@ <frar( #2061, 190-1. 40

(m 4HP, 1.21 (RreDEp-2* 33 M
100) , 513 (32)7nhe5%4 646) C 52596154 6.886 (7)N 4.69

Exper. %: C 55.07 H 6.15 N 4.52

DTN mz (% : 512 (M

The trioxaquine 22b (44 mg, 0.09 mmol) is placed

in solution in acetone (4 ml). Citric acid (50 mg, 3.0

10 equiv.) in solution in acetone (4 ml) is added. The

trioxaguine dicitrate precipitates; it is centrifuged,

washed twice in diethyl ether and vacuum-dried.

NMR H (250 MHz, DMSO-ds) &, ppm: 8.62 (d, 1H,

2'), 8.36 (4, 1H, H5'), 7.96 (d, 1H, H8'), 7.70 (dd,

15 1, H6'), 6.75 (4, 1H, H3'), 5.48 (d large, 1H, H6),
4.05 (d large, 1H, HS), 3.73 (m, 2H, H,C10'), 3.45 (m,

1H), 3.29 (m, 2H, HCLl'), 2.80 (d, 4H, citrate), 2.68

(d, 4H, citrate), 2.31 (m, 6H), 2.06 (m, 4H), 1.8-1.4

(m, 5H), 1.10 (m, 9H) .

20 MS (ES) m/z (%): in positive mode 512.5 (M%)
in negative mode 191.2 (citrate)
Elementary microanalysis: for C41Hs4017N3Cl, 2 H20
Theor. %: C 52.81 H 6.27 N 4.51
Exper. %: C 52.93 H 5.49 N 5.18
25
Example 9: trioxaquines 25a and 25b
Coupling of primary amine with the ketone by reductive
amination: production of trioxaquines 24a and 24Db
30 The ketone 2la (70 mg, 0.23 mmol) and the primary

amine 8 (71 mg, 0.28 mmol) are placed in solution in



Thngﬁcme 21b (35 ng, 0.11 mmol) and the primary amne 1 (32 ng, 0.14
‘Mol ) are placed in solutionin 5 CH2Cl12 (5 m). Sodium

tri acet oxyborohydride (30 ng, 0.14 mmol) is added. The mixture is kept
under stirring at anbient tenperature for several weeks. The reaction
‘mediumis then washed with distilled g%ter; the organic phase is dried and
the solvent is evaporated to dryness 0 (yield: 75%9. NWR 1H (250 MHz,
CDC13) S, ppm 8 .46 (d, 1H, H2') , 7.90 (d, 1H, H8'), 7.76 (d, 1H, H5'),
7.35 (dd, 1H, H6') , 6.34 (d, 1H, H31), 6.03 (s large, 1H RN9'), 5.42 (d
| arge, 1H, H6), 3.89 (d large, 1H H5), 3.26 (m 2H, 15 H2C10') , 2.97 (m

3H, H20 | canel 1H)(s &1)7- 188dhmm 1tk ace chupbofmny2idd. 561 mma2H) , 1. 24
(m 2H), 0.98 (m 9H) I\/B(DCI/NH3+) mz (% : 510 (10) 512 (NH+, 100) 513
(35), 514 ¢52p, mews)( 16 a@ﬁﬁﬁ(7@ke2mﬁ¥#%ﬁﬁc%$oheBF HRAS¥a§Gik&18Fci tr at es

23a and 23p Th%ﬁ% E%é?ngaﬁe%%g %%3 g%r oné6 agl), '?h@laQQQCtthSO|Ut'On

in acetone 55 acl equiv.) in solution in acetone
(5 m) is pddedm The than meaqwmeﬂrumidimelbe@cwgteatesm prigenic
centrifuged 25 washed tmnce in dlgﬁﬁg et her and vacgug}déled NVR 1H
(250 M%, Divseede)s gir isgnang olyEnt | ps)evapopatqd 1R IEETFSS7 97 (d,
1H, H8'), ggl@dﬁ o1H H6'), 6 78 (d, 1H H3'), 5.49 (d large, 1H, He6),
402(d|ar§e ﬁs) 378(m 2H, HzCl10') , 3.65 (m 30 1H) , 3.32 (m
2H, H2Cl11') 2NM§9lﬁd(2éH MElzt, I ame)l,) 3,6@p3d 8.49 (4, 1H, H2'),

7.92 (d, 14, H8'), 7.74 (d, 1H, H5'), 7.32 (m, 1H,
H6'), 6.35 (m, 1H, E3'), 6.0-5.8 (m, 1H, HNS'), 5.39 (d
10 large, 1H, H6), 3.88 (d large, 1H, H5), 3.26 (m, 2H,
H,C10'), 2.91 (m, 2H), 2.68 (m, 2H, H,C11'), 2.48 (m,
34), 2.20 (m, 6H), 1.90-1.40 (m, 8H), 1.22 (m, 2H),
0.97 {(m, O9H).
MS (DCI/NH3+) m/z (%): 538 (7), 539 (5), 540 (MH",
15 100), 541 (37), 542 (70), 543 (21), 544 (13).

The ketone 21b (35 mg, 0.11 mmol) and the primary
amine 8 (40 mg, 0.16 mmol) are placed in solution in
CH.,Cl, (5 ml). Sodium triacetoxyborchydride (33 mg,
0.16 mmol) is added. The mixture is kept under stirring

20 at ambient temperature for several weeks. The reaction
medium is then washed with distilled water; the organic
phase is dried and the solvent is evaporated to dryness
(yield: 76%) . |

NMR 'H (250 MHz, CDCli;) &, ppm: 8.48 (d, 1H, H2'),

25 7.90 (d, 1H, H8'), 7.75 (d, 1H, HS'), 7.33 (dd, 1H,
H6'), 6.33 (d, 1H, H3'), 6.02 (s large, 1H, HN9'), 5.41
(d laxrge, 1H, H6), 3.90 (d large, 1H, H5), 3.25 (m, 2H,
H,C10'), 2.93 (m, 1H), 2.67 (m, 2H, H,C11'), 2.45 (m,
34), 2.20 (m, 6H), 2.00 (m, 2H), 1.8-1.6 (m, 6H), 1.48

30 (m, 1H), 1.25 {(m, 2H), 1.00 (m, 9H).



(d, 4H, citrate) , 2.60-1.90 (m 9H) , 1.80 (m 4H) , 1.10 (m 9H) . M
(ES) mMz (% : in positive node 512.3 (M+) in negative node 190.8 (citrate)
5 Elenentary mcroanal ysis: for C41H54017N3Cl Theor. % C 54.95 H 6.08 N
4.69 Exper. % C 55.07 H 6.15 N 4.52 The trioxaquine 22b (44 ng, 0.09
mmol) is placed in solution in acetogf (4mM) . Ctric acid (50 ng, 3.0
10 equiv.) in solution in acetone (4 i s added. The tri oxaqui ne
dicitrate precipitates; it is centrifuged, washed twi ce in diethyl ether
and vacuumdried. NVR 1H (250 MHz, DVsO- d6) 5, ppm 8.62 (d, 1H H2'),
8.36 (d, 1H, H5'), 7.96 (d 1H, H8"), 7.70 (dd, 15 1H, H6'), 6.75 (d, 1H,
H3'), 5.48 (d I%{%e & ) 4% (ds) argeng LH10HE) 533.789(m 249 H2CL0')
, 3.45 (m B |41 2H H2C11') , 2. 80 gd 4H, mtrat@13 2.6 (d 4H,
citrate) , 34}31 wLmo)GH)54 2. 0050)(m5442L|) (40),85%24 ( °(7 o

20 M5 (ES) Mz (% : in positive node 512.5 (M) in negatlve node 191 2
(citrate) (@4mentary mcroanal ysis: for C41H54017N3Cl, 2 H2O Theor. % C
52.81 H6.27 N 4.51 Exper. % C 52.93 H 5.49 N 5.18 25 Exanple 9:

trioxaqui nes 25a and 25b Coupling of primary amne with, t ket one by
reductive pamchatiiom @f oemtpkaauspe; di 2
The trioxaquine 24a (63 mg, 0.12 mmol) is placed

in solution in acetone (5 ml). Citric acid (70 mg, 3.0
equiv.) in solution in acetone (5 ml) is added. The
trioxaquine dicitrate precipitates; it is centrifuged,
10 washed twice in diethyl ether and vacuum-dried.
NMR 'H (250 MHz, DMSO-ds) 8, ppm: 8.58 (d, 1H,
u2'), 8.49 (d, 1H, HS'), 8.14 (s large, 1H, HN9'), 7.97
(d, 1H, H8'), 7.70 (dd, 1H, H6'), 6.77 (d, 1H, H3'),
5.48 (d large, 1H, H6), 4.03 (d large, 14, HS), 3.50
15  (m, 2H, H,Cl0'), 3.36 (m, 1H), 3.04 (m, 2H, H,C13'),
2.75 (d, 4H, citrate), 2.65 (d, 4H, citrate), 2.60-1.95
(m, 9H), 1.90-1.45 (m, 10H), 1.10 (m, 9H) .
MS (ES) m/z (%): in positive mode 540.3 (M")

in negative mode 191.2 (citrate)

20 Elementary microanalysis: for Cy3Hsa017N3CL
Theor. %: C 55.88 H 6.33 N 4.55
Exper. %: C 55.35 H 6.27 N 4.37

The trioxagquine 24b (47 mg, 0.03 mmol) is placed

in solution in acetone (4 ml). Citric acid (50 mg, 3.0

25 equiv.) in solution in acetone (4 ml) is added. The

trioxaquine dicitrate precipitates; it is centrifuged,
washed twice in diethyl ether and vacuum-dried.

NMR H (250 MHz, DMSO-ds) &, ppm: 8.58 (d, 1H,

H2'), 8.45 (4, 1H, H5'), 8.01 (s large, 1H, HN9'), 7.95

30 (d, 1H, H8'), 7.69 (dd, 1H, He'), 6.75 (4, 1H, H3'),

5.47 (d large, 1H, H6), 4.05 (d large, 1H, HS5), 3.48



30 The ketone 21a (70 ng, 0.23 mmol) and the primary amne 8 (71 ng, O0.28
‘mol ) are placed in solution in 35 CH2C12 (5 nl) . Sodium

triacet oxyborohydride (61 ng, 0.29 mol) is added. The mixture is kept
under stirring at anbient tenperature for one week. The reaction nedium
is then washed with distilled water; t organic 5 phase is dried and the
sol vent is evaporated to dryness (y|e d: 5196). NWR 1H (250 MHz, CDC13) 8,
ppm 8 .49 (d, 1H, H2') , 7.92 (d, 1H, H8 ), 7.74 (d, 1H, H5'), 7.32 (m
1H, H6'), 6.35 (m 1H, H3"), 6.0-5.8 (m 1H, RN9' ) 5 39 (d 10 |l arge, 1H,
H6), 3.88 (d large, 1H, H5) , 3.26 (n1 2H, H2C10' : g F% 2 .68
(m 2H, |-1(%p112H) H,2148 )(,m 3385 ,(rD. ODH[ m 36193 (r:n 9@*& 462 n‘hﬂ H 1.22

2H 0.9 oH) (Da/ N+ % . 5 5 540
EWH , H)15 moas(m(cs414t137)c1 545 ) (70% 6@5%% (31 ﬁ%&%ﬁﬁ) ?zlq'h:(edS%(etone 21b

(35 ng, 0.1 th ri papy . amipe 8H(401ny9 Ond6 3HIDI ) are pl aced
in soIutioﬁﬂfnnq%ﬁ5%1§“(5$ﬁr Sodi um tri acet ox borohydrlde (33 ng, O0.16

mol ) is added. yEhe(méXxtmre (%) ket peebElve|PeiagS38-4t Frbi ent

tenperature for several weeks. The r UGk S ot hen cwaghked with
distill&d water; the organic pha%% ?§§%¢?Q an‘g!E Eg sol Sent i s evaporated

to dryness (yi gl J5% rvNWR-252250sMslz, FERCLRHBO1 PPAL, 814829d, 1H, H2')
Theor. %: C 54.80 H 6.42 N 4.46
Exper. %: C 54.93 H 6.0l N 4.44

10 Example 10: trioxaquines 28a and 28b

Synthesis of trioxanes functionalised with a ketone 26a

and 26b
A mixture of 1,3-cyclohexadiene (400 mg, 5 mmol)

15 and tetraphenylporphyrine (5 mg) in dichloromethane
(10 ml) is irradiated in the presence of molecular
oxygen (1.15 bar) for 1 hour, at 5°C, with a white bulb
(200 W). The peroxide is obtained with a gquantitative
yield. The unprocessed peroxide in solution in

20 dichloromethane is placed in a bath at =-70°C; 4 molar
equivalents of 1,4 cyclohexanedione (2.3 g, 20 mmol)
and 0.4 equivalent of trimethylsilyl trifluoromethane
sulphonate (500 ul, 2.8 mmol) are added and the
reaction mixture is kept under stirring at -70°C for 4

25 hours. The reaction is stopped by adding triethylamine
(1000 pl). After returning to ambient temperature, the
reaction medium 1is washed with distilled water, dried
on magnesium éulphate and evaporated to dryness.
Chromatography on silica column (hexane/ethyl acetate

30 eluent, 70/30, v/v) 1is used to separate the two isomer

trioxanes 26a and 26b (overall yield: 2%).



25 7.90 (d, 1H, H8'), 7.75 (d, 1H, H5'), 7.33 (dd, 1H, H61), 6.33 (d, 1H,
‘H31), 6.02 (s large, 1H, HT9'), 5.41 (d large, 1H H6),. 3.90 (d large,
1H, HS), 3.25 (m 2H, H2C10') , 2.93 (m 1H , 2 .67 (m 2H H¢C11') , 2
.45(m3H),2.20(m6H),200(m2H),1816(m 30 (m 1H), 1.25
(m 2H), 1.00 (m 9H). 6H) , 1.48 36 M5 (DCI/NH3+) mlz (% : 538 (10) , 539
(9) , 540 (M, 100) , 541 (40) , 542§ 40) , 542 (67) , 543 (23) , 544
(14) 5 Production of trioxaquine dicitrates 25a and 25b The trioxaqui ne 24a
(63 nmg, 0.12 mmol ) is placed in solution in acetone (5 mM) . Ctric acid
(70 ng, 3.0 equiv.) in solution in acetone (5 m) is added. The

tri oxaqui ne d|C|trate p cipitates; it is centrifuged, 10 washed twice in
di ethyl ether ar® ¥ried. NVR 1H (250 MHz, DMSO- d6) 5, pp@% 8.58 (d,
1H, H2-), 8.49 ) r81-_uﬁc(1 | @r g mlHSRN@)m71917 H 1H,

H8'), 7.70 (dd, &ﬁ% %gi f@o M} 1FF H3 P 5. 48 (d Iargg 1H, 4.03
(d large, EHs57H5)Xm, 3ﬁ® 15{70m QL—EOHZKBLOllg'I ?H%B (4 a4, 04”Pm 2H,

H2C131), 2. 75(d, 4H, Clt 2 5 it raf ey, 2260-1.9%3 (M 9H)
1.90-1. 45 (Hn‘ho 1:0I—§ 64 1@ R‘/g ég) g Bajlknmpos?lgl ve nmode 540. 3
(M) in rmdf §@1 2 (@H;ra1e$5 a0 EHeerrentary m croanal ysis: for
C13H580'—17N3 eor % C 55.88 H 6.33 N 4, 55

MS (DCI/NH3+) m/z (%): 241 (2), 242 (MNH,", 100),
243 (16), 244 (5).
Isomer 26Db:
NMR H (250 MHz, CDCls) 5, ppm: 6.00 (m, 1H), 5.73
10 (m, 1H), 4.50 (m, 14), 4.20 (m, 1H), 2.60-1.80 (m,

12H) .
MS (DCI/NH3+) m/z (%): 241 (2), 242 (MNH,", 100),

243 (17), 244 (5).

15 Coupling of primary amine with the ketone by reductive

nation: production of trioxaquines 27a and 27b

The ketone 26a (9 mg, 0.04 mmol) and the primary
amine 1 (12 mg, 0.05 mmol) are placed in solution in
CH,Cl, (3 ml). Sodium triacetoxyborohydride (21 mg,

50 0.10 mmol) is added. The mixture is kept under stirring
at ambient temperature for 15 hours. The reaction
medium is then washed with distilled water; the organic

phase is dried and the solvent is evaporated to dryness

(yield: 35%) .

25 NMR 'H (250 MHz, CDCli;) &, ppm: 8.49 (d, 1H, H2'),
7.93 (2 x 4, 1H, H8'), 7.75 (2 x d, 1H, H5'), 7.37 (m,
14, H6'), 6.35 (m, 2H, H3' and HNO'), 5.66 (d large,

18, H6), 5.55 (d large, 1H, H7), 4.48 (d large, IH,
Hs), 4.15 (d large, 1H, H10), 3.38 (m, 2H, HCL0'),

20  3.10 (m, 2H, HyCll'), 2.67 (m, 2H), 2.49 (m, 3H), 2.30
(m, 2H), 2.10-1.30 (m, 7H).




Exper. % C 55.35 H 6.27 N 4.37 The trioxaquine 24b (47 ng, 0.09 mol ) is
"placed in solution in acetone (4 m). Ctric acid (50 ng, 3.0 25 equiv.)
in solution in acetone (4 m) is added. The trioxaquine dicitrate
precipitates; it is centrifuged, washed twice in diethyl ether and
‘“vacuumdried. NVR 1H (250 MHz, DVsO-d6) & ppm 8.58 (d, 1H, H2-), 8.45
(d, 1H, H5') , 8.01 (s large, 1H RN9 ? 7.95 30 (d, 1H, HS'), 7.69 (dd,
1H, H6'), 6.75 (d, 1H, H3'), 5.47 (d large, 1H H6), 4.05 (d large, 1H,
H5), 3.48 37 5 (m 2H, H2C1O), 3.35 (m 1H) , 3.03 (m 2H H2Cl13') 2.76
(d, 4H, citrate), 2.65 (d, 4H, citrate), 2.30 (m ©6H), 2 .06 (m 4H ,

1.9-1 .4 (m 9H)q éjec%qﬁ?%gm/gvs(éﬁs)wbz B*,: 100ppsiBilve(Imde 540. 4

(M) in negative ™o citrate) Elenentary mcroanal ysis: for
C43H58017N3Gh, (kH2O Theor. % C 54.80 H 6.42 N 4.46 Exper. % C 54.93 H

6.01 N 4.44 10 Exanple 10: trioxaguines_2 an 8b n Si S, 4 I oxanes
functional i sed Aeh %?R%?%n@6%6d%gdﬁa’28bgi ﬁwg?érea%% %E%— y@ﬁ%ﬁé&adiene
(400 ng, SSH?HQ 113 %nqm%ptbaghemﬂdyyrﬁw@ipeaeédnﬁniBodhmhbordnethane
(10 M) is |rradiate& in the presence of nolecul ar xygen gﬁ 15 bar) for 1
hour, a$ S5CGH,0ilth & while. bLﬂdﬁiL(PQO(FI\A)aC.e‘?H%‘é’bﬁé’?‘?M‘g’é S obthi i with a

quantltatl%gos mmol) is added. The mixture is kept under stirring

at ambient temperature for one week. The reaction

medium is then washed with distilled water; the organic

phase is dried and the solvent is evaporated to dryness
10 (yield: 45%) .

NMR *H (250 MHz, CDCl;) 8, ppm: 8.50 (2 x d, 1H,
w21y, 7.92 (2 % d,- 1H, H8'), 7.70 (2 x d, 1H, H5'),
7.36 (2 x dd, 1H, He'), 6.34 (2 x 4, 1H, H3'), 6.06 (s
large, 1H, HN9'), 5.99 (m, 1H, H6), 5.72 (m, 1H, H7),

15 4.41 (m, 1H), 4.10 (m, 1H), 3.32 (m, 2H, H,C10'), 3.05
(m, 2H, H,C1l1'), 2.63 (m, 2H), 2.30 (m, 4H), 2.10 {m,
1H), 2.00-1.35 {(m, 7H) .

MS (DCI/NH3+) m/z (%): 428 (15), 429 (9), 430

(MH*, 100}, 431 (30), 432 (49), 433 (14) .
20
Production of trioxaguine dicitrate 28Db

The trioxaquine 27b (6 mg, 0.014 mmol) is placed

in solution in acetone (1 ml). Citric acid (10 mg, 3.7

equiv.) 1in solution in acetone (1 ml) is added. The

25 trioxaquine dicitrate precipitates; it is centrifuged,
washed twice in diethyl ether and vacuum-dried.

NMR 'H (250 MHz, DMSO-d¢) &, ppm: 8.65 (d, 1H,

H2'), 8.37 (4, 1H, H5'), 7.98 (4, 1H, H8'), 7.69 (dd

1H, H6'), 6.75 (d, 1H, H3'), 6.05 (m, 1H), 5.80 (m,

30 1H), 4.57 (m, 1H), 4.30 (m, 1H), 3.75 (m, 2H, H,C10'),



yi el d. The unprocessed peroxide in solution in 20 di chl oronethane is placed
“in a bath at -70C, 4 nolar equivalents of 1,4 cyclohexanedione (2.3 g, 20
mmol) and 0.4 equivalent of trinmethylsilyl trifluoronethane sulphonate
(500 1, 2.8 mmol) are added and the reaction mxture is kept under
‘stirring at -70C for 4 25 hours. The pgaction is stopped by adding
triethylamne (1000 |). After returning to anbient tenperature, the
reaction nediumis washed with distilled water, dried on rmagnesi um
sul phate and evaporated to dryness. Chromatography on silica colum
(hexane/ et hyl acetate 30 eluent, 70/30, v/v) is used to separate the two
k;gge'rszt rBoxane&nZGamndHBﬁm (owedal 1HY] el2d802%d, 38tH sonerr26a) , NMR 1H
CDC13 (m 1H H6 557 1H, H7) , 4.50 (m
1H, HbB), 42268(é6d 4%& Clﬁﬁﬁte 2 %® )%ﬁﬁ %é (m 5H), )2.32 (n1(2H)
2.03 5 (m 2Hpyg }E%? 9ga f o id églﬁhvEHhodéwiidxal +) mz (9% @ 241
(2) , 242 (MNH4+, 10 43 (16), 244 (5). |soner 26b: NVR 1H (250 VHz,
S:Dgé?)) go ppm 6.00 (m 1H) , 5. 18 ngga(:mwelmpd«ﬂa 30Y.M WHhtrate)20 (m 1H
. 60-1. DCl./ N % 42 (MNH4', 100
243 (17), 244 (gfle_g‘?§t65& F‘l’"ﬁ&oﬁf?a&riﬁsﬁﬁr féJm %élm ?)I)VDE ke§ one by :

reductive Theor. %: C 51.65 H 5.45 N 5.17
Exper. %: C 51.69 K 5.18 N 4.66

Example 1ll: trioxaquine 32

10

Synthesis of oxoaldehyde 4-oxopentanal 29

To a suspension of pyridinium chlorochromate PCC
(6.4 g, 30 mmol) in dichloromethane (25 ml) 3-
acetylpropan-1-ol (2.0 g, 20 mmol) is slowly added. The
15 reaction mixture is left under stirring at ambient
temperature for 2 hours and is then filtered on a
silica gel with ether. The black residue is washed
twice with ether and the filtered ether-treated phases
are pooled and evaporated. The aldehyde is obtained in
20 the form of dark liquid (80% purity, 84% yield).
NMR ‘H (250 MHz, CDCl;) &, ppm: 9.75 (S, 1H), 2.70
(s large, 4H), 2.14 (s, 3H).

Synthesis of trioxane functionalised with a ketone 30

25 A mixture of 2,3-dimethylbut-2-ene (270 mg,
3.2 mmol) and tetraphenylporphyrine (5 mg) in
dichloromethane (5 ml) is irradiated in the presence of
molecular oxygen (1.15 bar) for 7 hours, at 5°C, with é
white bulb (200 W). The peroxide is obtained with a

30 quantitative yield. The unprocessed peroxide in

solution in dichloromethane is placed in a bath at -



amriation production of trioxaguines 27a and 27b The ketone 26a (9 ng,
"0.04 mol) and the primary amne 1 (12 ng, 0.05 mmol) are placed in
solution in CH2Cl12 (3 m). Sodiumtriacetoxyborohydride (21 ng, 20 0.10
Mol ) is added. The m xture is kept under stirring at anbient tenperature
for 15 hours. The reaction nediumis then washed with distilled water; the

organic phase is dried and the sol ven Lis evaporated to dryness (yield:

35%9. 25 NWMR 1H (250 MHz, CDC13) S, ppm 8.49 (d, 1H H21), 7.93 (2 x d,
1H, H8') , 7.75 (2 x d, 1H, H5') , 7.37 (m 1H, H6'), 6.35 (m 2H H3' and
hN9'), 5.66 (d large, 1H, H6), 5.55 (d large, 1H H7) 4.48 (d |l arge, 1H,

H5) , 4. 15 A d arge mdthy HIQhiva188c6Mof 2k, okdEEAthnall B 1k (mH,
HzC11') , 2.67'(m 2H), 2.49 (m 3H), 2.30 (m 2H), 2.10-1.30 (m_7H). 39
MG (DCl/ NHZ€) mmol()%) andi3@ ( NMew s 81 E3dfluprraesnic wridket one

26b (7 nyg, 1) and ¢ P&y rar v jne; 0 75[‘@5),1 re

pl aced in g%hggpgfgoﬁ%e 5 12{"?6%'3#))(}:"{‘%5&%]%1 Esrl:?'sz%%xf}goro y rrlltge (12
ng, 0.06 Mpnpdrafdaedtodheo nnkhutesi ankiephenndercstiivalieng s atf afbi ent
tenperature for one week., The reaction_ nedi Lsm IS theg wgshed W t h
distill®d vied@suatini i (1 pitasE i s8 dri%H Jan@ Ene2d8FFent s Wtrapor at ed

to dryness ;10 (M & &' 850 0na bR AT £2R0 MG pEBELRL Y TRIR Wit (2 x 4,

for 3 hours, after which the reaction medium is washed
with 20% sodium thiosulphate followed by distilled
water. After drying on sodium sulphate and evaporation
10 to dryness, the functionalised trioxane 30 is purified
by chromatography on alumina column (hexane/ether
eluent, 50/50, v/v). (yield: 14%).
NMR ‘H (250 MHz, CDCl;) &, ppm: 5.39 (t, 1H, H3),
3.31 (d, 20w = 11 Hz, 1H, HC10), 3.12 (4, *Jw = 11 Hz,
15 1H, HC10), 2.55 (m, 2H, H,C12), 2.15 (s, 3H, H;Cl4),
1.83 (m, 2H, H,C1l), 1.48 (2 s, 6H, H;C8 and H;C7), 1.06
(s, 3H, H;C9).
MS (DCI/NH3+) m/z (%): 359 (22), 360 (MNH,*, 100),
361 (14), 362 (2).
20

Coupling of primary amine with the ketone by reductive

amination: production of trioxagquine 31

The ketone 30 (13 mg, 0.04 mmol) and the primary

amine 1 (15 mg, 0.07 mmol) are placed 'in solution in

25 CH,Cl, (4 ml). Sodium triacetoxyborohydride (11 mg,
0.05 mmol) is added. The mixture is kept under stirring

at ambient temperature for 7 days. The reaction medium

is then washed with distilled water; the organic phase

ig dried and the solvent 1is evaporated to dryness

30 (yield: 59%).



H2') , 7.92 (2 x d, 1H H8) , 7.70 (2 x d, 1H, H5 7.36 (2 X
H6') . 6.34 (2 x d. 1H H31), 6.06 (s large, 1H, RN%)) 5. 99 Em 1&?1Hé;-t
5.72 (m 1H, .H7)’ 15 4.41 (m 1H), 4.10 (m 1H), 3.32 (m 2H, H2C10'), 3. 05
(m 2H H2C11') , 2.63 (m 2H), 2.30 (m 4H), 2.10 (m 1H), 2.00-1.35 (m
7H). M5 (DCI/NH3+) mlz (96): 428 (15), 429 (9), 430 (M, 100), 431 (30)
432 (49), 433 (14). 20 Production of t%4 oxaqui ne dicitrate 28b The 1
tri oxaquine 27b (6 ng, 0.014 mmol) is placed in solution in acetone (1 m)
Citric acid (10 ng, 3.7 equiv.) in solution in acetone (1 m) is added
The 25 trioxaquine dicitrate preci pitates it is centrifuged, washed tvvii:e

@ 1 i) “er.a”q V“aib”‘v&%‘ yoonthH O, S (O Y o (AR )
6.75 (d, 1
i ,(3 75H( 3" ) (ﬁ H2C10 ,1H) .75. 84, (mH 38s1M) 7.89572m diH) 1H,4. 30 (m

i) g e bl 20 e e o (5
m cr oanal ysi-s: 8‘? C%gkmigis? %i%rh or. %525 1%}%&0'%?%1&5;313?@&;3/ %
C 51.6%H 5(d1,8 zb‘ﬂé-@ﬁlﬁxmpl arll:Hdrdloxatudde (82 2H, HCll'), 2.74
(m, 1H, HC13), 1.8 (s large, 1H, HN12'), 1.65-1.55 (m,
4H, H,C1l and H,Cl2), 1.50 (2 s, 6H, HC8 and FCT),
1.10 (d, 3H, HCl4), 1.05 (s, 3H, HC9).
MS (DCI/NH3+) m/z (%): 547 (6), 548 (MH', 100),

10 549 (29), 550 (37), 551 (9).

Production of trioxaquiné dicitrate 32

The trioxagquine 31 (40 mg, 0.073 mmol) is placed
in solution in acetone (1 ml). Citric acid (52 mg, 3.7
15 equiv.) in solution in acetone (1 ml) is added. The
trioxaquine dicitrate precipitates; it is centrifuged,
washed twice in diethyl ether and vacuum-dried.
NMR H (250 MHz, DMSO-ds) &, ppm: 8.63 (d, 1H,
H2'), 8.37 (4, LlH, HS'), 7.99 (4, 1H, H8'), 7.71 (dd,
20 1H, He6'), 6.77 (d, 1H, H3'), 5.37 (t, 1H, H3), 3.7 (m,
4H, H,C10', HC10 and HC13), 3.34 (m, 3H, HCll' and
HC10), 2.78 (4, 4H, citrate), 2.67 (d, 4H, citrate),
2.0-1.6 (m, 4H), 1.54-1.35 (m, 6H), 1.22 (m, 6H).
MS (ES) m/z (%): in positive mode 548.2 (M*)
25 in negative mode 191.2 (citrate)
Elementary microanalysis: for Ci4Hy70:17N3Cl
Theor. %: C 43.81 H 5.08 N 4.51
Exper. %: C 44.08 H 4.69 N 4.72



10 Synt hesis of oxoal dehyde 4-oxopentanal 29 To a suspension of pyridinium
“chl orochromate PCC (6.4 g, 30 mml) in dichloronethane (25 m) 3-

acetyl propan-1-01 (2.0 g, 20 mol) is slowy added. The 15 reaction m xture
is left under stirring at anbient tenperature for 2 hours and is then
filtered on a silica gel with ether. The black residue is washed tw ce
with ether and the filtered ether- treéted phases are pooled and

evapor at ed. The al dehyde is obtained in 20 the formof dark liquid (80%
purity, 84%yield) NWR 1H (250 MHz, CDC13) S, ppm 9.75 (S, 1H , 2.70 (s
| arge, 4H) , 2.14 (s, 3H). Synthesis of trioxane functionalised with a

ket one 30 5 A n‘ixfzuf f oxbada fhaespyl but - 2-ene (270 ng, 3.2 mmol) and
tetrapheny%—ﬁe—&ﬁm% - | oronmethane (5 m) is irradiated in
the presence of nolecular oxygen (1 15 bar) for 7 hours, at 5C, with a

white bulb (200 , The per OXI d Q\F}.ttEH V\ké@oﬁeBQJ Lpe_rudé@we/e yi el d.
The unpr oc &3y S 4 S i aced in a

bath at 4 %d@@l‘é‘idﬁl @ﬂtSrDébxdqoxnﬁeEﬁanal 29 (2 2 g, 22
mrol ) and éql%%tuﬁ%zn%r Trifluoroacetic aC| d <§53 ?Pd‘djﬁﬂa R;r

m xt ur e5| s stirrmeck a]teacnneeﬁto &?e?‘rﬁéﬁ?at Qr &7f & n‘?ﬂﬁt “a

equi valents of N 5 iqdosucci 1393 8 13 ahe sadded oandirt he
m xture is JEEpe ubddr 'stTFr | ﬁg gmg?giot ect edgf rom | ight

CH,Cl, (5 ml). Sodium triacetoxyborohydride (27 mg,

0.13 mmol) is added. The mixture is kept under stirring

at ambient temperature for 10 days. The reaction medium

10 is then washed with distilled water; the organic phase

is dried and the solvent is evaporated to dryness
(yield: 10%).

NMR H (250 MHz, CDCl;) 8, ppm: 8.50 (d, 1H, H2'),

7.90 (4, 1H, H8'), 7.75 (d, 1H, HS'), 7.34 (2 x dd, 1H,
15 He'), 6.38 (2 x d, 1H, H3'), 6.00-5.70 (s large, 1H,
HN9'), 5.35 (t, 1H, H3), 3.30 (m, 3H, H,C10' and HC1Q),

3.11 (d, 2*Juwg = 11 Hz, 1H, HCl0), 2.71 (m, 2H, H,C13'),

2.51 (m, 1H, HC13), 1.78 (m, 4H), 1.65 (m, 4H), 1.48 (2

s, €H, H;C8 and HyC7), 1.25 (m, 3H), 1.09 (s, 3H, H,C9) .
20 MS (DCI/NH3+) m/z (%): 576 (MH").

Production of trioxaguine dicitrate 34

The trioxaguine 33 (20 mg, 0.035 mmol) is placed

in solution in acetone (1 ml). Citric acid (24 mg, 4.5

25 equiv.) in solution in acetone (1 ml) is added. The

trioxaquine dicitrate precipitates; it 1is centrifuged,
washed twice in diethyl ether and vacuum-dried.

NMR lH (250 MHz, DMSO-ds) 8, ppm: 8.62 (d, 1H,

H2'), 8.46 (d, 1H, Hs'), 7.96 (m, 2H, H8' and HN9'),

30 7.70 {(m, 1H, H6'), 6.73 (d, 14, H3'), 5.50 (t, 1H, H3),

4.0-3.0 (m, 7H, HCl0', HC13, H,C10' and HC13), 2.77



_fo_r 3 hours, after which the reaction nediumis washed wth 20% sodi um
thi osul phate followed by distilled water. After drying on sodium sul phate
and evaporation 10 to dryness, the functionalised trioxane 30 is purified
by chromat ography on alum na colum (hexane/ether eluent, 50/50,
viv).(yield: 14%. NVR''H (250 MHz, CDC13) S, ppm 5.39 (t, 1H H3) ,
3.31 (d, 2JHH = 11 Hz, 1H, HCl0) , 3.%£2 (d, 2JHH = 11 Hz, 15 1H, HC10) ,
2.55 (m 2H, H2C12), 2.15 (s, 3H, H3Cl4), 1.83 (m 2H, H2011) , 1.48 (2 s,
6H, H3C8 and H3C7), 1.06 (s, 3H, H3C9) . M5 (DCI/NH3+) mlz (% : 359 (22)
ih26ge§NNH4+, igg), 361 (14), 362 (2). 20 Coupling of primary amne with
one Qy reduct nati @n: (pro ti ghwof i OX Lneg3lkpThe ket one

30 (13 ng,<g!04_nhDF;E§ﬁééghe %i?ﬁaée' gﬁ?heg%t?fg%ﬂd, ggg7ﬂhgoﬁy'are
%acgdogn sa:);,lt !1Qr53ljgmd256_ll_-gl-120;24(14.1m jm, Seidl um tri acet oxybor ohydride (11

, 0. no is a : e uxture is _kept under iLrj at anbi en
tenperature for M7 d&ys. Tiyffe Q'%g]a‘ctlinoﬁ’oﬁé&illyprﬁ RS %hsef]é V\éfaspgg with di s'?iltled
water; the organic phase is dried and the solvent is evaporated to dryness
30 (yield: 599% . 42 NMR 1H (250 MHz, CDC13) S, ppm 8.50 (d, 1H, H2")
7.95 (& 1Bkak®le , 13.:72Stddy1rpf Hghe aptigrpdarigl AGtivigy) of 37 (2 x

d 1H H3 ?:’rig'x(a)l%u'%elsar e’P.ll_kaiél%qum-

The in vitro results obtained on P. falciparum

cultured in human red blood cells are given below.

10 Experimental section

The P. falciparum strains are cultured
continuously according to Trager and Jensen's method 5, |
with the following modifications 6: the parasites are
maintained in human red blcod cells (Of), diluted to 1%

15 haematocrit in RPMI 1640 medium supplemented with 25 mM
Hepes + 30 mM NaHCO; and complemented with 5% AB+ human
serum. The parasite populations are synchronised over a
4 hour period by flctation with a gelatine solution,
followed by lysis with 5% D-sorbitol 7,8. The Nigerian

20 strain is considered to be susceptible to chloroquines
and the FcM29-Cameroon and FcBl-Columbia strains are
chloroquine-resistant (ICso for chloroguine > 100 nM)
9,10. The anti-malarial activity tests are performed
using Desjardins' radioactive micromethod 11. The tests

25 are performed in triplicate, in 96-well microplates,
the readings being at 1% haematocrit and 0.5-1%
parasitaemia. For each test, the parasites are
incubated with decreasing concentrations of drug for
either 32 hours and 72 hours (4 wells contain

30 chloroquine diphosphate as a reference). The first

dilution of the drug is performed at 10 mg/ml in



5.37 (t, 1H, H3) , 3.30 (m 3H H2C10' and HCl0), 3.11 5 (d, 2JHH = 11 Hz,
*1H, HC10) , 3 .00 (m 2H, HC11') , 2.74 (m 1H HC13) , 1.8 (s large, 1H,
RN12') , 1.65-1.55 (m 4H, H2Cl1 and H2C12) , 1.50 (2 s, 6H, H3C8 and
H3C7) , 1.10 (d, 3H H3Cl4) , 1.05 (s, 3H, H3C9) Ms (DCI/NH3+) m'z (%
547 (6) , 548 (MH', 100) , 10 549 (29) , 550 (37) , 551 (9) . Production
of trioxaguine dicitrate 32 The trioxaquine 31 '(40 ng, 0.073 mml) is
placed in solution in acetone (1 m) . Gtric acid (52 ng, 3.7 15 equiv.)
in solution in acetone (1 m) is added. The trioxaquine dicitrate
precipitates; it is centrifuged, washed twice in diethyl ether and
vacuum dr i ed.md¥iy Udh (2o M , abBSthd6fobloppng 8i83i(idnslre HEde 8. 37
(d, 1H, H5'), 7.99 %d, 1H, H8'), 7.71 (dd, 20 éH" H6') ., 6.77 (d,. 1H H3")
5 37 (taWE-PJf,h HRFME 3 64P ( P RAHPAAGIFS  FEIET n&mcﬁ%f,s%.e& “%ﬂih 3H,

1" an Cl, JSad fon 46k cLiraherd ByBéxblrhibe @ t2.0-1.6
(m 4H), 1.t§?-]11%°5°(&m 5H) . 1,22 (m 6H). M5 (ES) mz (g?;::&ﬁilﬁgdpositive
nmode 548. 2 ifdgrEradrigregdtt véhepdebsence (eftrdrey EF At afy be

44,08 He4, 392 72 143 EXRpl 0 12: CRibxadli R34 GBI | A B Rar y i ne
with the ketQns ik rBAUS i yEot fhgathenpepreduagion fofi nvilbaxaqui me 33
a function of the drug concentration. The ICsy; values
measured after 32 hours, equivalent to the end of the
trophozoite stage, are used to evaluated the influence
10 of the compound on parasite maturation, the ICs values
measured after 72 hours, corresponding to 1.5 of the
life cycle in red blood cells, indicate a possible

effect on erythrocyte reinvasion.

15 Trioxaguine structures tested:

Results

Trioxagquines 9, 3 and 6 and trioxaquine citrate 4

were tested independently on the Nigerian, FcBl and

20 FcM29 strains; the results obtained were compared to

those of chloroquine diphosphate and to those of two

trioxaquine fragments: gquinoline-amine 1 (n=2) and
trioxane-ketone 2.

The results are summarised in the following table:

25 Table. ICs, values measured for 9, 3, 6, 4 tested

independently on three Plasmodium falciparum strains.



5 The ketone 30 (23 ng, 0.07 nrnol) and the primary amne 8 (27 ng, 0.11
*mmol ) are placed in solution in CH2C12 (5 m). Sodium

tri acet oxyborohydride (27 ng, 0.13 nmol) is added. The m xture is kept
under stirring at anbient tenperature for 10 days. The reaction nmedi um 10
‘is then washed with distilled water; tdw organic phase is dried and the
solvent is evaporated to dryness (yield: 10%. NWMR 1H (250 MHz, CDCl13) 6,
ppm 8.50 (d, 1H, H2') , 7.90 (d, 1H, H81), 7.75 (d, 1H, H5') , 7.34 (2 X
dd, 1H, 15 H6'), 6.38 (2 x d, 1H H3'), 6.00-5.70 (s large, 1H, RN9') ,
5.35 (t, 1H..H3) 3 30 (m 3H H?("Iﬂ' and HC10) 311 (d, 2JHH = 11 Hz,
1H, HC10) , 2.71 (m 2H, H2CL3' bcBl- (m 1IHCM-2@13) 1. NAggmhamH) , 1. 65

4,1.482,6HHSC8d 3H |
|(4g]c:9) o W (DEZI/NIS-13+) 2 (% - §H§%H5ﬂ#5  Crisfodt) | of(ch‘?goxaqw ne

dicitrate 34 The trioxaquine 33 (2Qagr) 0. 035 (0DRk) 2is placed in solution
in acetone (1 nl) . Ctric acid (24 ng,_4.5 25eqU|v)|nsqut|onin
acetone (1 m) is added. The tri ox3jui n& di cPrate /g eci pi% at ed2 i's
centrifuged, washed twice in die I er % m 1H (250
MHz, DMSO-_d6) 5., ppm 8.62 (d, 1HhméH2ﬁl):rg B%E;g(daﬁyly-l gé*% 7111\%% (m 2H,
H8' and RN®'), 30 7.70 (mg/An, H&tQ, &%¥3 (ds 1H 1E3'), 55.50 60, 1H, H3),
4.0-3.0 (m, 7H, H2C10', H2Cl3, H2Cl0' and HC13), 2. .77 44 (6d 4H, citrate) ,
2.66 (d, 4kP=éltrate) 1.9-%e (m 09 60 4377 17 8 86

9 ng/ml 16 10 22 20 20 20
(n=4) nM 27 17 37 34 34 34
3 ng/ml 15 5 18 10 1 1
(n=2) nM 26 9 32 i8 1.8 1.8
4 ng/ml 35 20 n.d.® n.d.® 33 7
(n=2), citrate nM 37 21 35 8
Quinoline- ng/ml 35 20 n.d.? n.d.® 33 7
aminel
Trioxane- nM 113 36 n.d.®” n.d.® 149 45
ketone 2
Chloroquine ng/ml 75 60 100 80 45 10
diphosphate® nM 145 116 194 155 87 19

® CQR = chloroquine resistant strain. CQR + =
highly chloroquine resistant strain, CQS = chloroguine

¢ @Given for

susceptible strain. P Not determined.
comparison purposes.,

5 The ICsq values obtained for the compounds 3, 4, 6
and 9 are between 5 and 50 ng/ml, which is equivalent
to a concentration of 8 to 86 nM.

All the trioxaquine samples are more active than
chloroquine, on both susceptible and resistant strains

10 (except for 6 on the Nigerian susceptible strain). The
high efficacy of 9, 3 and 4 on the susceptible and

resistant strains, significantly greater than the



8H), 1.53 (m 6H), 1.4-1.1 (m 6H). M5 (ES) mz (% : in positive node
*576.2 (M) 5 Exanple 13: Study of the anti-malarial activity of
trioxaquines on P. falciparum The in vitro results obtained on P.

fal ciparum cultured in human red blood cells are given below. 10 _
"Experinmental section The P. falciparum tra| ns are cultured continuously
according to Trager and Jensen's met hd with the foll ow ng

nodi fications 6: the parasites are nalntalned in human red bl ood cells
(0), diluted to 1% 15 haematocrit in RPM 1640 medi um suppl enented with 25
nmvM Hepes + 30 nM NaHCO3 and conpl enented with 5% AB+ human serum The

parasite paopuyl I BoBY RO ISES-&YEInd, &u@ﬂﬁl$@rbﬁdeawwlqﬁalion
with a gel 5t:énl§’tls ??oﬁo f ol Iygwed b @?‘im s wth S%Ds?rbl . The

Ni geri an Zthratwm s ﬁ::rmgnetet:@d téltlbéloslde'\?e‘pﬁnilﬁ}% t & chiBFo UI and the

FcM29- Canmer oon and FcBl - Col hy are reqpy e- resistant (10
for chIoro&Ghﬂ%%ﬁgﬂﬁ?QR@e Iﬁ%éﬁﬁ |-ﬁhl§§@ﬁaé%n|V|t;S?gsts are

performed using Deghandiens’ Eadl oagtiareame cr eet hodhlbrofhe nadsine 25 are
performed in triplicate, in 96-well mcropl ates, the readings being at 1%
haemat o%r i tf rahelnths 196 P3| CABPPUdFor each test, the parasites are

i ncubated with creaS|n conqﬁPL{aQ; NS o O hprlﬂaﬁéggeﬁznhnurs and
72 hours (4 well ot i 30 rqu?ne di'phosphate as a reference). The

first dilwdiemiofidhe diosesidepeoTor nedh at aiemysnt itpdia  while

retaining a high activity. Protonation by other acids
than citric acid produces salts offering the same

10 advantages (hydrochloride, sulphate, tartrate).
The low ICs; values obtained with trioxaguine 3 on
the FecBl, FcM29 strains and on the Nigerian strain (9
nM, 18 nM and 1.8 nM respectively) and with 9 and the
citrate 4, indicate that the efficacy of these

15 compounds is retained for a wide spectrum of parasites.

Example 14: Preparation of pharmaceutical formulations

pased on molecules according to the invention.

- in the form of scored tablets
20 . active ingredient: 100 mg
excipients: starch, hydrated silica, amylaceous
ground sugar, gelatine, magnesium stearate.
- in the form of film-coated tablets
active ingredient: 300 mg
25 . excipients: Core: wheat starch, amylaceous
ground sugar (sucrose powder supplemented with starch),
hydrated silica, gelatine, magnesium stearate. Coating:
methylhydroxy | propylcellulose, poloxyethyleneglycol
20 000.
30 - in the form of syrups

active ingredient: 25 mg/ml



45 di nmet hyl sul phoxi de and the following dilutions are nade wth RPM 1640.
*The parasite growh is neasured with the incorporation of tritiated
hypoxant hi ne conpared to incorporation in the absence of drug (taken to be
5 100% . 12 and the ICSO values are determined graphically by plotting the
"percentage of inhibition as a functiggl of the drug concentration. The |1C50
val ues neasured after 32 hours, equivalent to the end of the trophozoite
stage, are used to evaluated the influence 10 of the conpound on parasite
maturation, the IC50 values neasured after 72 hours, corresponding to 1.5
of the life cycle in red blood cells, indicate a possible effect on
erythrocyte reinvasion: 19,d&k Oxagitfic St raecitdir es SUEBIRE . Re§QELES

Tri oxaqui nes 9, "3 and épand trioxaquine citrate 4 were tested independently
on the Ni gegtafctFcBhramel 2@ WENEEEStWaiSis; the results obtai ned were

conpared to those of chl oroqui i docibase of two
GRS ior{fg?sé%% b}ié( Ay A

tri oxaqui ne fragnéﬁt§heq n=2) and trioxane-ketone 2. The
results are sumarisgd,d niAdveed pdhiowi DgOt abl €or 231Tabl Bl POBOWEl ues

measured for 9, 37 6, 4 tested _ndependently on thr I di ugn
f al ci pay unesbr ahgs.£ot6 I@@BI-2F(§TI\J'29_ampouq.e, Yo8" 44T 82, 8aEP

ampoule.

excipients: sodium chloride and water for

injections.
in the form of 25% solutions for injection

10 . active ingredient: 500 mg

excipients: lactic acid (solubilising agent),

formic acid, water for injections.

Preservative: anhydrous sodium sulphite equivalent
to 0.61 mg sulphur anhydride/amp.
15 - in the form of 100 mg/ml oral suspensions:
active ingredient: 20 mg/ml. '
excipients: microcrystalline cellulose and
sodium carboxymethylcellulose, propylene glycol,
sorbitol, anhydrous citric acid, sodium citrate, sodium

20 benzoate, banana-vanilla flavour, dimethylpolysiloxane

emulsion, purified water.

25

30



N gerian Col onbi a Caneroon (CQS)a (CQR) a( CQR+)a 327232723272
*hrshrshrshrshrshrs 6 ng/ m 403525105050 (n=3) nM596043178686 9

Nng/ m 161022202020 (n=4) n~M271737343434 3 ng/ m 155181011 (n=2)
nVM26932181.81.8 4 ng/n135.20n.d.n.d.3§# (n=2), citrate nM3721358 Qui nol i ne-
“ng/ m 3520n. d.n. d.337 aminel Trioxane- nML1336n. d. ~. d14945 ket one 2

Chl oroqui ne ng/ m 7560100804510 di phosphatec nML451161941558719 a CQR =

chl oroqui ne resistant strain. CQR + = highly chloroqui ne resistant strain,

Cs = chlorqu|ne susceftlble strain. conparison purposes. b Not
determined. C @ The 1 C50 val ues obtained for the cogpounds 3, 4,
6 and 9 are beAé/@ﬁpléyancbéso Ra/ i ixaqutineh dis vedid valdent O7 umarn

isolates
Trioxaguine-citrate 4, referred to as DU-1102, was

5 tested on human plasmodium falciparum igsolates, some of
which were chloroquine- and/or pyrimethamine-resistant.
The median inhibitory concentration values, IC5Q,
obtained are 11 tO 68 ng/ml, corresponding to &
geometric mean of 41 ng/ml, i.e. 43 nM. |
10 The activity of DU-1102 on these isolates 1S
independent of their susceptibility or their resistance
to the other anti-malarial agents tested.
There is no correlation between DU-1102 on the one
nard and chlorcquine or pyrimethamine on the other,
15 which indicates the absence of the probability of
cross-resistance between DU-1102 and said anti-malarial
agents already used.
These results indicate the satisfactory efficacy
of trioxaquines on wild P. falciparum strains.

20 Activity of trioxagquine-citrate DU-1302,

represented below:

25 +§2 O——ﬁ;;;%:_—
AN
H 0—0
~
OH

' HOOC
2 - OH
N oo COCH
cl COOH
30
o co0H
0



to a concentration of 8 to 86 nM All the trioxaquine sanples are nore
*active than chloroquine, on both susceptible and resistant strains 10
(except for 6 on the N gerian susceptible strain) . The high efficacy of 9,
3 and 4 on the susceptible and resistant strains, significantly greater
‘than the 47 activity of not only chIonguine, but al so of each of the two
fragnments, quinoline-amne 1 (n=2) an tri oxane-ketone 2, indicates a
significant synergic effect between the trioxane and chloroquinoline 5
fragnents of these conpounds. The citrate form of conpound 4 increases its
solubility considerably in aqueous nmedia while retaining a high activity.
Protonation by gther B¢i ¢strih)antieisricompeiuhdr sdawes aal astaviiéying the
sane 10 advantages (hydrochloride, sulphate, tartrate). The |ow I C50

val ues obtaCBed=wbst BM ono¥aquiaie Pagi™ tHe FEBUTEcM9 strains and on the

Ni gerian strain EﬁéﬁJ{%é?&giﬁhge8Cgpggggpg@Lugﬂgoigngcmﬁyg 9nand the

(
citrate 4, indi%a?e efficacy of these 15 conpounds is retained for
a W de spegi{gmief Rarasiirfectatmpienls. Priopakati dif 4ofdphhr kaEsuti cal
fornul ations based on nolecul es according to the inventian. kgukge f or m of
scoredSt abtzeatmeot, &eFi v | FRARFEMVE 10074 SAPIE s““starch, hydrated

silica, anylageoys gnaunds URiundgaatddie TRgnesi um st ear at e.
. ED50 = 5 mg/kg/day, or 6 umol/kg/day, Dby the
intraperitoneal route, with no observable re-emergence

for 2 months,
10 - EDS0 = 18 mg/kg/day, or 20 umol/kg/day, by the
oral route.

2.3. The trioxagquine-citrate DU-1302 does not shoy
any apparent toxicity after administration to healthy
mice, at a dose of 100 mg/kg/day by the oral route, for

15 three consecutive days.

3. Absence of mutagenicity of trioxaquine-citrates
DU-1102 and DU-1302

The above two compounds do not induce DNA repair
(no SOS response in E. coli GE864 at concentrations of

20 5, 10, 15 and 20 uM: the control used is 3 uM mitomycin

C). Therefore, they are non-mutagenic for E. coli at

these concentrations.



inthe formof filmcoated tablets active ingredient: 300 ng 25
“excipients: Core: wheat starch, anylaceous ground sugar (sucrose powder
suppl enented with starch), hydrated silica.s9¢lat idBec T itegnési WM st ear at e.
.Coating:Fogﬁhgylbydﬂmwyu@¢%69FcﬁPF | ose, " pol oxyet hyl enegl ycol 20 000. 30 -
in the,faes of syrups . active ingredient: 25 ng/m 48 excipients: citric

aci d, sucrose, coffee extract, car I&ﬁpurified water. in the form of
solutions for injection active ing¥edient: 100 ng for one 1 m anpoule, 5
200 ng for one 2 m anpoule, 4 for one 4 m anpoul e. excipients:

sodi um chl ori de and water forF ihnec i'ons. kn the formof 25% sol utions for
injection 10 . active ingredi : ng excipients: lactic acid

(solubilising agent), forfc acid, water for injections. Preservative:

anhydr ous sodi um sul phite equivalent to 0.61 ng sul phur anhydride/anp. 15
- in the formof 100 ng/m oral suspens;gﬁ§: active ingredient: 20 ng/m.
exci pients: mcrocrystalline celluloge qu sodi um car boxynet hyl cel | ul ose,

propyl ene gl ycol, " 00
o
Or

C()-‘ COOH
HOOC
HOOC




sorbitol, anhydrous citric acid, sodiumcitrate, sodium 20 -benzoate,
“banana-vanilla flavour, di met hyl pol ysigd,oxane emul sion, purified water. 25
30 | 49 Exanple 15 Activity of trioxaquine-citrate 4 on human isol ates
JTrioxaquine-citrate 4, referred to as DU-118253was 5 tested on human

Pl asnmodi um fal ci parum i sol ates, sone of; ' wer e chl oroqui ne- and/ or
pyri net ham ne-resistant. The nadla 15y ofy concentration val ues, |C50,

obtained are 11 to 68 ng/ m or aon~ g to a 43 nNt. geonetric nmean of
41 ng/m, i.e. 10 Th agtL»Tqua %%'
it Tests

Qn these isolates is independent
of their susceptibilit y of't to the other anti-malaria
agents tested. The RO correléati on bekx en DU- 1102 on the one hand and
chl oroqui ne or p t hdm ne on the ot her, QBQlecates t he absence
of the probabidg; NCT 0SS- reS|stmeEK%Etmeen and said
anti-malarial agents already &#% hese rEGOCtg I ndi cate the satisfactory
efficacy of trioxaquines on d j2. falcip%&ﬂﬂg trains. 20 Activity of
trioxaquine-citrate DU 1302, r0oOC

N

(l)H COOH




represented below. 25 0-0 30 d - OOC OH HOOC \ /OH COOH COON 50 2.1. In
“vitro, this compound shows an acti vi ég LC50 = 6 nMon P. falciparumin
culture. 2.2. The trioxaauine citrate DU 1302 is active in vivo in mce
infected with P. vinckei ("4 day" test: 5t ment for 4 consecutive days
starting 24 hours after inoculation of j{helparasite). - ED50 = 5
ng/ kg/ day, or 6 nol/kg/ day, by the o 1Nt ritoneal route, with no

observabl e re-energence mfor\HZ 0 ED50 =,18, @ kg/ day, or 20
nol / kg/ day, by the onm,[/\r.ﬁut rate DU- 1302 does

’T éNtrj oxaawln‘%

not show any apparsent | t oxi citty af T erPz tration to healthy mce, at a
dose of 100 ng/ kg by}'t he oral route, 15 three consecutive days. 3.
Absence of nut a? «of trioxaquine-citrates DU 1102 and DU- 1302 The

above two conpélinds® do''not induce DNA repair
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(no SCS response in E. coli GE864 at concentrations of 20 5, 10, 15 and 20
‘M the control used is 3 Mnitonycin Cp4. Therefore, they are non-nutagenic
for E. coli at these concentrationsy t~esis is described in the .~
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according to the invention

58

CLAIMS

1. Dual molecules according to the invention
characterised in that they consist of coupling products
5 complying with the formula (I)
R,

-

Z
A-—-Yf—t}—4Y>x<\i><\ (1)

II.Z2

LZ
wherein
-A represents a residue of molecule with anti-
malarial activity,

10 -Y, and Y., identical or different, represent a
linear or ramified alkylene chain at Cl to Cs,
containing if applicable one or more amine, amide,
sulphonamide, carboxyl, hydroxyl, ether or thiocether
radicals, said alkylene chain at Cl1 to C5 being

15 gubstituted if applicable by an alkyl radical at Cl to
Cc5, with the possibility of either Y, or Y, being

absent,



characterised in that they consist of coupling products 5 conplying with
"the formula (I) R (1) wherein -A represents a residue of nolecule with
anti- malarial activity, 10 -Y1 and Y2, identical or different, represent a
,Jinear or ramfied alkylene chain at Cl to C5, containing if applicable
‘one or nore amine, anide, sul phonani & carboxyl, hydroxyl, ether or

thi oether radicals, said alkylene chain at C1 to C5 being 15 substituted
if applicable by an alkyl radical at d to C5, with the possibility of
either Y1 or Y2 being absent, 59 -Uis an am ne, am de, sul phonam de,

carboxyl, —ether or thioether. function, saigf hd | N o¥%d1 ,and Y2,
-71 and 72, idenlichfF oRdidTErent @ r?eprese%ﬁdﬂgﬁéékutwate or d%saturated

linear, ragified 9 €YGbictned yE@Re: 0snal leylienefuadtah, Liitkinchel,
p033|b|I|ty of elther Z1 or Z2 being absent, or Z1 + Z2 together

represent angolyycyclic structure I ncl udi ng the junction carbons G and G

10 -R1 and Rz, |dent|c or e rgsepka thydf@gggsghgwupr a
functional groupZa Zéf ‘%%ﬁ%ﬁ%t%gcﬁﬁeﬁﬁ grgsg ubiTity of the dual

nDIecuh?, saturate or unsaturated, linear, ramified or cyclic
arylene or alkylene radical, with the possibility of
either 2, or Z, being absent, or Z, + Z, together
represent a polycyclic structure including the junction
carbons Ci and Cj, )

10 -R; and R2, identical or different, zrepresent a
hydrogen atom oxr & functional group capable of
increasing the hydrosolubility of the dual molecule,
advantageously éelected from -COOQOH, -OH, -N(Ra, Rp)
where R, and Ry, identical or different, represent a

15 hydrogen atom or an alkyl radical at Cl to C53,

-R, and Ry, form a cyclic peroxide with 4 to 8
chain links, which may comprise 1 or 2 additional
oxygen atoms in the cyclic structure, Cj being one of
the peaks of said cyclic peroxide, or

20 -Rx or R, is a cyclic peroxide with 4 €o 8 chain
links, which may comprise one or morel or 2 additional
oxygen atoms in the cyclic structure, and one oOr more
substituents Ri, identical or different, occupying any
separate positions on the cycle, at least one

25 representing a halogen atom, an -OH group, & -CF;
group, an aryl radical, an alkyl or alkoxy radical at
c1 to C5, an -NO, group, the other substituent(s)
having one of these correspondences or a hydrogen atom,
with the possibility of substituting the carbonated

30 peaks of the cyclic peroxide if applicable by one or

more substituents as defined for Rj, with the



advant ageously selected from-COOH, -OH -N(Ra, Rb) where Ra and Rb,
*identical or different, represent a 15 hydrogen atomor an al kyl radical
at d to C5, -Rx and Ry forma cyclic peroxide with 4 to 8 chain |links,
Which may conprise 1 or 2 additional oxygen atons in the cyclic structure,
G being one of the peaks of said cyddc peroxide, or 20 -Rx or R is a
cyclic peroxide with 4 to 8 chain |inks, which may conprise one or norel
or 2 additional oxygen atons in the cyclic structure, and one or nore
substituents R3, identical or different, occupying any separate positions
on the cycle, at |east one 25 representing a hal ogen ato an -CH group, a
-CF3 groupossnbalylty adifcaltwoan agijiaaersry — 4eSHE Uil BRTMEE t & ¢S, an
-NO2 group, the other s ituepts) . havi e he r-esp ences or
a hydr ogencXFgr]nc ]?'hc‘il{%%é pvégéﬁbl'%l ittoy%\(;f&gau st}?%}f%hggt%ﬁgqrgé%?o%aifed 30
peaks of t e seyeldat deer oxf dappfl iapiliec abhles byt oned oby nome substirtuents as

defined for R3, with the 60 possi bi Iit% of two adjacent subs i.rlu?:nts
forming a SePeLi&uentfct T el GRS PISEEERR) n Wiithk s 18 a PR &G 1o-Y

unsat urated, it _apphj dtuted Iy ONB@hg R e substituents R3 in
any possﬁtigﬁ, ltvfr\]'lletlgl,%t egﬁa;t;!o@'él ity 5 of the gt hg?@%ubstituent R, or Ry

being R3, and theidr addiid oradditsomi tdabhar nesbhogbbalrmagedesiabile aci ds.
2. Mol ecul es accorq_i nga to,claim1, characterised
acceptable acids.
2. Molecules according to claim 1, characterised
in that A represents a nitrous heterocycle selected
10 from an aminoquinoline according to formula (II) or a

1,5-naphtyridine according to formula (III) below

. s

XNy AR
R]
= = N =
| 5 N N
(Ila) * (1Ib) (III)
wherein
-R; represents one or more identical or different
15 substituents occupying separate positions, at least one
representing a halogen atom, an -OH group, a -CF,
group, an aryl radical, an alkyl or alkoxy radical at
Cl to C5, an -NO, group, the other substituent(s)
having one of these correspondences or a hydrogen atom,
20 -R, represents a linear, ramified or cyclic alkyl
radical at Cl to C5, or a hydrogen atom.
3. Molecules according to claim 1, characterised
in that, A represents a radical according to formula
(IV)

Rs———CHOH——— (IV)
25



in that A represents a nitrous heterocycle selected 10 from an
"am noqui nol i ne according to fornmula (I1) or a 1,5-naphtyridine according

jo formula (111) below N~ p/ -N NRA R4 R3 (lI1a) 3 (11 b)

(111) wherein

,-R3 represents one or nore identical or different 15 substituents occupying
Separate positions, at |east one repesenting a hal ogen atom an -OH

group, a -CF3 group, an aryl radical, an al kyl or al koxy
C5, an -NQ2 group, the other substituent(s) having one of
correspondences or a hydrogen atom 20 -R4 represents a |

cyclic alkyl radical at C1 to C5, or a hydrogen ataqm

3.
according to clhaidpdin charosprsssrts #n ekl TAMSHeNtS

radical at d to
t hese

near, ramfied or
Mol ecul es

A FEgtRal

according to formula (I1V) RS CHOH (IV) 25 a 61 wherein R5 represents an
aryl ram¢h§t&roqy¢ﬂ¥¢oﬂ§SIHEFerocyclic residue. 4. Ml ecules according to

claim3, characersed o<t hatcRBdisgatsd plenant brenyhavacaegisedl ei nyl

in that Rs 1s a

9-phenanthrenyl or 4-quinoleinyl

5 radical, possibly substituted by one or more R; groups.
5. Molecules according to claim 1, characterised
in that A represents a phenol-2(aminomethyl) residue
according to formula (V)
OH
Ry ARa
N
\\R

10 wherein Ri,
6. Molecules according to claim 1,

in that A repres
proguanil derivatives according to formula (VI)
CH,

H
§ ¢ ——N—CH

\

LT\

H
N

Ry

15 or cycloguanil according to formula (VII)
NH,

iy w—
e
H3

R, CH,

(VII)

wherein R3 is as defined in claim 1.

R, and Ry are as defined in claim 1.

characterised

ents a biguanide residue selected £from



5 radical, possibly substituted by one or

nore R3 groups.

5. M©ol ecul es

“according to claiml,

char acteri sed

in that A represents a

phenol - 2( am nonet hyl)

resi due

according to fornmula (V) (V)

10 wherein R3,

Ra and Rb are as defined in claim1. 6. Ml ecules according to claim1,

‘characteri sed
pr oguani
or cycl oguani
defined in claim1. 62 7. Ml ecul es according
that A represents a residue of pyrimdine anq
pyri met hami ne agcorgbhgctibetormmdarding | 9 &

in that A represents 2 residue of

in that A represents aghi guani de residue selected from
derivatives according to fornmula (VI)
according to formula (M1) (VI) (M1)

HHH N-CNCNCHCH3 is
wherein R3 is as
to claim1, characterised
nore. panild o add s of
aé'nbrlfofcrrkrltur;alg(IX) NH(IX R

pyrimidine and more

in

particularly of pyrimethamine according to formula
(VIII)
NH,
N
Ccl / \>——N
R] R3
(VIII)
5
or formula (IX)
HN
' N
cl / \>—NH2 (IX)
—N
RJ R3
wherein R3 1is as defined in claim 1.
8. Molecules according to claim 1, characterised
10 in that A represents an acridine residue according to
formula (X)
: \/R*
N
AN
R,
R3 _
N
(X)
wherein Ry and R4 are as defined in claims 1 and
2, respectively. 8
15 9. Molecules according to any of claims 1 to o,

characterised in that

together.

R, and R, form a cyclic peroxide



wherein R3 is as defined in claim1. 8. Mdlecules according to claim1,
"characterised 10 in that A represents an acridine residue according to
formula (X) /R, N (X) wherein R3 and R4 are as defined in clains 1 and
2, respectively. 15 9. Mol ecules according to any of clains 1 to 8,
characterised in that R and Ry forma3cyclic peroxide together. 63 10.
Mol ecul es according to claim9, characterised in that R, and Ry represent
a trioxane substituted by one or nore substituents R3. 11. Ml ecul es
according to any of clainms 1 to 10, 5 characterised in that R3 represents

a single substituent, said substituyent being_a halog Lect ed
fromF, d, Sr,l@-oMoie§m%ﬁﬁt%ﬁﬁﬁggﬁ%%u5§iﬁgalgéggTaggaggggkfgﬁs, one

representing a, hal agen_ato celeef romFiokhneBrsubbst andtedebyt her an
al coxy 10" rBGﬁ% %gﬁéﬁﬁﬁegglggkhccording to any of clains 1 to 11,

characteriggd bp kbat ZlbandtIZoteprfasent a cycl ohexyl or bi-cycl opentyl
radi cal. 13. Method to prepare dual

mol ecul g5, a¢G0rAiNgnd 01 18 gboai m 1
wherein Ais anlhﬂiﬂ6l&ﬁq%ﬂqrﬁ?%ﬂﬁp¥&ga§§ %@Y .

5 characterised in that R; represents a single
substituent, said substituent being a halogen atom
selected from F, Cl, Br, I or 2 substituents occupying
separate positions, one representing a halogen atom
selected from F, Cl, Br, I, and the other an alcoxy

10 group.
12. Molecules according to any of claims 1 to 11,

characterised in that Z, and Z, represent a cyclohexyl

or bi-cyclopentyl radical.
13. Method to prepare dual molecules according to

15 claim 1 wherein A is an amino-quinoline and R, and Ry

form a trioxane, characterised in that a compound

according to formula (XI)
hal

N
(XI)
wherein Ry 1s as defined above and "hal"
20 represents a halogen atom, 1s reacted with a diamine
derivative according to formula (XII)
R,—NH—Y7U, (XII)
where Ry and Y, are as defined above and U
represents -an -NH,; group, producing a compound

25 according to formula (XIII)




forma trioxane, characterised in that a conpound according to fornula
“(XI') hal (XI) wherein R3 is as defined above and "hal" 20 represents a

hal ogen atom is reacted with a diamne derivative according to fornula
(XI'1) R-NHY-,-Ul (XIl) where R4 and Yl are as defined above and Ul
‘represents -an -NH2 group, produci ng &4conpound 25 according to formula
(XI11) 64 RA N ~Y--NHS (XIl11) N wherein R3, R4 and Yl are as defined above,
b)-irradiation in the presence of nol ecul ar oxygen and a photosensiti sing
agent, of a derivative according 5 to formulas. (XIV) to (XVIl) bel ow Ph
Ph (XIV) followed (XV) by the (XVII) reaction with a di ketone, such as

1, 4- cycl ohexadi one accordin&r&QTPd¥ﬁﬁUéz(XVIII) or cis-

X

(XIII)
R3 P

N

wherein R;, R4 and Y, are as defined above,

b) -irradiation in the presence of molecular oxygern

and a photosensitising agent, of a derivative according

5 to formulas (XIV) to (XVII) below

Q@ 5 =

(XIV) (XV) (XVI) (XVII)

followed by the reaction with a diketcone, such as

1,4-cyclohexadione according to formula (XVIII) or Cls-

bicyclo(3.3.0]octane—3,7—dione according to formula

)
o::::3<:::>:::::o o 0
(XVIII) (XIX)

producing trioxanes functionalised with a ketone,

10 (XIX

according to the general formula (XX)

: 0 R,
o”"’<<j;:><i S (XX)
2 O—0

Z, and Ry are as defined above,

15 wherein Zi,
e derivative according to formula

(XX), by

c) -coupling of th
(XITI) with the trioxane according to formula

reductive amination, followed if applicable by 2



bi cycl o( 3. 3. 0] oct ane- 3, 7-di one according to formula 10 (XIX) 00 - 0O O
P(XVIT1) (XIX) producing trioxanes functionalised with a ketone, according
to the general forrmula (XX) 0 0 R (XX) 15 wherein Z1, Z2 and R3 are as
defined above, <c)-coupling of the derivative according to formula (XI11)
with the trioxane according to formul@s(XX), by reductive am nation,
followed if applicable by a 65 reaction with a pharmaceutically acceptable
acid, to obtain the coupling product in salt form 14. Pharnaceuti cal
formul ations characterised in that they conprise an effective quantity of
at least 5 one coupling product as defin ai tesl2,
aSSOC|atedr@a&hlanphawm®c6mtPB%FW?C?HEFFafgghl% gp%%bgéhégﬁgieu$lcal
formul ati ons accor irthsdmey dhermdm ni stered by the oral
rect al 100%Fa%ﬁjég P@pro ﬁ?PH&CﬁMl

6. Fornul ati ons accordln to(fl m 15,
characterised iyt hathd heyceonpecase Fapr vl PR GharEd

gre i ent per
fosage unlth;gréﬁgg comprise an effective quantity of at least
5 one coupling product as defined in any of claims 1
to 12 associated with a pharmaceutically inert
vehicle. |
15 Pharmaceutical formulations according to
claim 14, which may be administered by the oral, rectal
10 or injectable route.

16. Formulations according to claim 15,

characterised in that they comprise 10 to 100 mg of

active ingredient per dosage unit for oral
administration.
15 17. Formulations according to claim 16,

characterised in that, for oral administration, they
are presented in the form of tablets, pills, capsules
or drops.
18. Formulations according to claim 15,
20 characterised in that they comprise 10 to 50 Tg of
active ingredient per dosage unit for administration by
injection.
19. Formulations according to claim 15,
characterised in that, for administration by injection,
25 they are presented in the form of solutions for
injection by the intravenous, subcutane?us or
intramuscular route, produced from sterile or
sterilisabie solutions, or suspensions Or emulsions. |
20. Pharmaceutical formulations according O

30 claim 14 or 15 intended for the rreatment of malaria.



adm nistration. 15 17. Formul ati ons according to claim 16, characterised
*in that, for oral admnistration, they are presented in the form of
tablets, pills, capsules or drops. is. Formulations according to claim 15,
,20 characterised in that they conprise 10 to 50 ng of active ingredient
per dosage unit for adm nistration bywsinjection. 19. Formul ations
according to claim15, characterised in that, for adm nistration by
injection, 25 they are presented in the formof solutions for injection by
the intravenous, subcutaneous or intranuscular route, produced from
sterile or sterilisable solutions, or suspension qﬁl ey si;p 020

Phar maceut i cal 405 mysat i ofis dcebr dILES-S ()%ﬁ%ﬁ?ﬁﬁ.g 15 |ntended for
the treatnment of malaria, 66_2 e #Hall ﬁ@dheﬁsaocbﬂdlﬁg to any
of clainxlains 12 t% p?‘add:coe él c%%al“%&lg{diuct rsm%m th an anti-nalari al

activity. anti-malarial activity.



