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Sterol derivatives and use thereof for treating diseases involving transformed

astrocyte cells or for treating malignant haemopathies

The invention relates to novel sterol derivatives, the preparation method
thereof, the pharmaceutical compositions containing them and use thereof for
treating diseases involving astrocyte cells transformed into cancer cells, and in
particular for treating glioblastoma multiforme, or for treating malignant
haemopathies, in particular involving transformed myeloid cells, or for treating
lymphomas.

Cellular transformation corresponds to the transition from a normal
eukaryotic cell to an immortalized cell and/or a cancerous eukaryotic cell. The
terms "transformed cell" or "cancer cell" will be used synonymously hereinafter.

Glioblastoma multiforme (GBM), also known as grade IV astrocytoma,
is a brain tumour characterized by transformation of astrocyte cells into cancer
cells, in particular passing through gliomas of grade |, grade 1l and grade Il

Despite the substantial scientific and therapeutic advances in the area
of oncology, GBM is still an incurable cancer. At best, researchers and doctors are
satisfied when the median life of patients can be prolonged by some months, at
most fifteen months.

One of the problems encountered in the treatment of GBM is relapse
caused by stem cells. In fact, even when the existing therapies succeed in
eradicating most of the tumour, the stem cells often cause the development of a
new tumour (1,2). ‘

Current therapies always consist of resection of the tumour, if its
location allows this, followed by radiotherapy and/or chemotherapy as appropriate.
In chemotherapy, one of the leading treatments is bitherapy, which consists of
administering Avastin (inhibition of binding of VEGF to its receptors) and irinotecan
(inhibitor of topoisomerase |). Tritherapy of the PCV type, which is a combination
of procarbazine (DNA alkylating agent), lomustine (CCNU; nonspecific alkylating
agent) and vincristine (inhibition of microtubule polymerization) is at present very

controversial. Temozolomide, a guanine alkylating agent, in combination with
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radiotherapy, shows an increase in median survival especially for patients with
hypermethylated DNA. Clinical trials (phase llI), testing cilengitide (inhibition of
some integrin receptors) and talampanel (blocking of glutamate channels of the
AMPA type), are in progress.

Immunotherapy studies and clinical trials are of two types:

- adaptive immunotherapy, in which cells activated in vitro are injected
into the patient, such as lymphokine-activated killer cells (LAK; phase lI clinical
trials) or cytotoxic T Ilymphocytes (CTL; phase | clinical trials) injected
intracranially. At present, observations show a survival of 20 months, which is very
marginal.

- active immunotherapy, which consists of using vaccines (phase 1) and
dendritic cells (phase Il). This does not show a significant improvement in patient
survival. These trials have been halted.

Gene therapies, which consist of using adenoviruses, retroviruses or
measles viruses as vectors of molecules with anti-cancer potential, show an
improvement in survival of only 6 to 11 months. Cell therapy that proposes the use
of neuronal stem cells as transporters of medicaments in GBMs is still at the
demonstration stage in basic research.

An approach that has been somewhat neglected in recent decades, and
is again envisaged, consists of action at the level of glycolysis and oxidative
phosphorylation. Cancer cells increase their consumption of glucose because they
tend to modify their metabolism towards anaerobic metabolism, even if oxygen
supply is not a limiting factor. This phenomenon, observed by Warburg (3), is due
to overexpression of HIF (Hypoxia Induced Factor) and of the Myc pro-oncogene.
HIF increases the conversion of pyruvate to lactate, anaerobically, by inactivating
pyruvate dehydrogenase, which is a key enzyme in aerobic respiration. Myc
stimulates the biosynthesis of glutamine, which is involved in anaerobic respiration
(4).

In this context, clinical trials acting on energy metabolism are in
progress. There may be mentioned, as examples (4):

- metformin: inhibitor of mitochondrial respiratory complex |, which in its

turn induces AMPK, which slows down cell proliferation;
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- phoretine: agent for reducing glucose import;

- phenylacetate: agent for reducing the glutamine level;

- dichloroacetate: inhibitor of pyruvate dehydrogenase.

All these molecules, except dichloroacetate, are being tested (phase Il
clinical trials) and the observations are not yet known at present.

It has now been found that sterol derivatives targeting a specific aspect
of the energy metabolism of astrocytes, the cell type at the origin of GBMs, could
be used for treating glioblastoma multiforme.

The original aspect of the invention consists of using the particular
energy metabolism of the astrocyte cell (of glial origin), the transformation of which
ultimately leads to the formation of GBMs.

In fact, the astrocyte cell at the same time uses the supply of energy, in
the form of ATP, via oxidative phosphorylation (Krebs cycle coupled to electron
transport in the mitochondrion) and via the glycolysis: in the latter, pyruvate does
not enter the Krebs cycle but is reduced to lactate by the enzyme lactate
dehydrogenase (LDH) of type 5. In addition to ATP supply, the astrocyte uses
glycolysis, via the production of lactate, to supply the adjacent cell, the neuron,
with neurotransmitter (glutamate).

In the following table, the energy metabolism of the astrocyte, normal or

cancerous, is compared schematically with that of other cells:

Astrocytes Other cells
Mitochondrial . Mitochondrial .
- Glycolysis . Glycolysis
respiration respiration

Normal cells 50% 50% 90% 10%
GBM GBM

Cancer cells 1% 99%
1% 99%

The energy metabolism of the astrocyte is special: in fact, mitochondrial
respiration and glycolysis function in concert.
It is this specific metabolic duality of the normal astrocyte cell, namely

mitochondrial respiration on the one hand, and glycolysis on the other hand, that
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forms the basis for the strategy of preparing the sterol derivatives according to the
invention.

In fact, the inventors put foward the working hypothesis according to
which the sterol derivatives according to the invention can orient the energy
metabolism of cancerous astrocyte cells from glycolysis to mitochondrial
respiration, a process that would lead to their death.

7B-Hydroxycholesterol (73-OHCH), a molecule with high anti-cancer
potential (5,6), shows remarkable cytotoxicity on immortalized (spontaneously
transformed) rat astrocyte lines (7,8) and GBMs (rat line C6) "in vitro" (9). Studies
demonstrate that esterification of 78-OHCH at C3-OH by the intracellular fatty
acids (formation of 7B-OHCH-C3-ester) was strongly implicated in the toxic effect

of the parent molecule, 73-OHCH (7, 8, 10).

However, the mechanism of action of 7p-OHCH, whether or not
esterified at C3-OH, on GBMs "in vitro" was far from being elucidated. Recently,
studies carried out on the C6 lines have shown that 7p-OHCH modulates the
architecture and the dynamics of the rafts, microdomains in the plasma
membrane, sites of initiation of certain cellular messengers including that of
protein kinase Akt, a key enzyme in cellular energy metabolism (11). In fact,
oxysterol, by disturbing the architecture of the rafts, would consequently affect the
activity of Akt, particularly during the transformation of normal cells into cancer
cells: Akt regulates the capture of glucose and the glycolysis activity in these cells.

Surprisingly, it has now been found that the sterol derivatives according
to the invention, having a 7beta-hydroxycholesterol basic structure bearing
substituents in position 3 and protective groups in position 7, would simultaneously
permit inhibition of glycolysis, essential for the energy supply of the high-grade
cancerous astrocyte and, at the same time, restore mitochondrial respiration,
which is also "lethal" for this cell.

In fact, this dual action leads to "overheating" of the cancer cell, leading
to its death.

Moreover, it has been shown that the sterol derivatives according to the
invention also have activity with respect to stem cells, thus permitting total
destruction of the glioblastoma cells.



The activity of the sterol derivatives according to the invention with respect
to glioblastoma also means that their use can be envisaged in the treatment of
malignant haemopathies of the myeloid type, owing to the similarity of the cell
metabolism of the myeloid cell with that of the astrocyte; in the treatment of
neuroblastomas, the neurons having the same embryological and cellular origin as
the astrocyte; and in the treatment of melanomas, since the melanocytes have the
same embryological origin as the astrocytes, as will be explained later.

Moreover, the fact that the myeloid line and the lymphoid line have a
common origin, namely the pluripotent haematopoietic stem cell, means it is also
possible to envisage the use of the sterol derivatives according to the invention for

treating lymphomas.

The invention therefore relates to a compound of formula (1) having a

7beta-hydroxysterol basic structure

in which

- A represents

an -(R1)n- group in which R1 is an amino acid residue bound by its
C-terminal end and n = 1 or 2, each R+ being identical or different, in which the
N-terminal end of said amino acid can be substituted with a -C(O)-R2 group in
which Rz is a mono- or polycyclic Cs-C14 arylalkyl group or with an R3-C(O)-O- or
R3-C(0O)- group in which Rs is a C1-Cs alkyl which is unsubstituted or substituted

with at least one group selected from OR, NHR and SR, where R represents

CA 2871714 2018-08-09



hydrogen, a linear C1-C12 alkyl or an unsubstituted Cs-C14 aryl; or R3 is a Cs-C14
aryl or Cs-C14 heteroaryl group, which are unsubstituted or substituted with at least
one linear or branched C+-Ce alkyl or with at least one group selected from OR,
NHR and SR;

an -(Ri)»- group in which R: is an amino acid residue,
n =1 or 2 and the N-terminal end of said amino acid is substituted with an
arylalkoxycarbonyl group, or with an R3-C(O)-O- or R3-C(O)- group in which Rs is
a C1-Cs alkyl, unsubstituted or substituted with at least one group selected from
OR, NHR and SR, where R represents hydrogen, a linear C1-C12 alkyl or an
unsubstituted Ce-C14 aryl; or R3 is a Ce-C14 aryl or Cs-C14 heteroaryl group, which
are unsubstituted or substituted with at least one linear or branched C+-Cs alkyl, or
with at least one group selected from OR, NHR and SR, where R represents
hydrogen, a linear C1-C12 alkyl or an unsubstituted Cs-C14 aryl;

an alanyl radical linked to a glycinyl radical, optionally substituted on its
N-terminal end with an arylalkoxycarbony! group;

a methionyl radical linked to a glycinyl radical, optionally substituted on
its N-terminal end with an arylalkoxycarbonyl group;

a mono- or polycyclic Cs-C14 heteroarylalkyl group that can comprise
one or more heteroatoms, which may be identical or different, which is
unsubstituted or substituted with at least one linear or branched C1-Ca alkyl group;
a mono-or polycyclic Cs-C14 arylalkyloxy group or a mono- or polycyclic Cs-C1a
heteroarylalkyloxy group that can comprise one or more heteroatoms, which may
be identical or different, which are unsubstituted or substituted with at least one
linear or branched C1-Ca4 alkyl group;

a -C(0)-NH-R4 or -C(S)-NH-R4 group in which Ra is hydrogen; a C1-C12
alkyl group, linear or branched, unsubstituted or substituted with at least one group
selected from OR, NHR and SR, as defined above; a Cs-C14 aryl group,

unsubstituted or substituted with at least one linear or branched C1-Cs alkyl or at

CA 2871714 2018-08-09



least one group selected from OR, NHR and SR, where R represents hydrogen, a
linear C1-C12 alkyl or an unsubstituted Ces-C14 aryl; an acyl group; a formyl group;
a sulphonyl group; a sulphinyl group; or else R4 represents an allyl group or a sugar
residue;

a C(O)-ORs group in which Rs is a C1-C12 alkyl, linear or branched,
unsubstituted or substituted with at least one group selected from OR, NHR and
SR, where R represents hydrogen, a linear C1-C12 alkyl or an unsubstituted Cs-C14
aryl; or

a -C(0O)-Re group in which Re is a saturated heterocycle comprising 5 to
14 members and including 1 or 2 heteroatoms, unsubstituted or substituted with at
least one linear or branched C1-Cs alkyl or at least one group selected from OR,
NHR and SR, where R represents hydrogen, a linear Ci-C12 alkyl or an
unsubstituted Ce-C14 aryl; or Re represents a linear or branched C1-C12 alkyl group
unsubstituted or substituted with a group selected from OR, NHR and SR, where
R represents hydrogen, a linear C1-C12 alkyl or an unsubstituted Ce-C14 aryl; a Cs-
C14 aryl group or a Cs-C14 heteroaryl group, which are unsubstituted or substituted
with at least one linear or branched C1-Cs alkyl or with at least one group selected
from OR, NHR and SR, where R represents hydrogen, a linear C1-C12 alkyl or an
unsubstituted Ce-C14 aryl; or else a sugar residue; and

- B represents a -C(O)-R7 group in which Rz is hydrogen; a C1-C12, alkyl,
linear or branched, unsubstituted or substituted with at least one group selected
from OR, NHR and SR, where R represents hydrogen, a linear C1-C12 alkyl or an
unsubstituted Ce-C14 aryl; a Ce-C14 aryl group, unsubstituted or substituted with at
least one linear or branched C1-Cs alkyl or at least one group selected from OR,
NHR and SR, where R represents hydrogen, a linear C1-Ciz alkyl or an
unsubstituted Cs-C14 aryl; or R7 represents ORs, in which Rgis a linear or branched,
C1-C1z alkyl,

CA 2871714 2018-08-09
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provided that :

- when B is—C(O)-Ry7 in which Rris methyl, propyl or an unsubstituted
phenyl group and A is—C(O)-Rs, then Re is not methyl, propyl or an unsubstituted
phenyl group;

- when B is—C(0O)-R7 where Rz is ORs and Rs is ethyl, then A is different from —
C(0)-ORs where Rs is ethyl.

The alkyl group denotes a linear or branched C+-C12 group such as the
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl,
isopentyl, sec-pentyl, tert-pentyl, neo-pentyl, hexyl, isohexyl, sec-hexyl, tert-hexyl,
heptyl, octyl, nonyl, decyl, undecyl or dodecyl groups, the linear or branched C1-
Cs alkyl groups being preferred.

The aryl group denotes an unsaturated, monocyclic or polycyclic,
carbocyclic, Cs-C14 group, such as the phenyl, naphthyl, indenyl, anthracenyl
groups and more particularly the phenyl group.

The heteroaryl group denotes an unsaturated, monocyclic or polycyclic, Cs-
C14 group, comprising one or more heteroatoms, which may be identical or
different, and more particularly a purine or pyrimidine base.

By "heteroatom" is meant an oxygen, nitrogen or sulphur atom.

By "sugar residue" is meant, for example, a unit of the glucose, ribose or
arabinose type.

Advantageous amino acid residues are, for example, methionyl, glycinyl or
alanyl units.

Preferred compounds of formula (l) are those in which at least one of the
following conditions is fulfilled:

- Arepresents an -(R1)n- group in which R1 is an amino acid residue and n
=1or2

CA 2871714 2018-08-09
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- A represents an -(R1)n- group in which R1 is an amino acid residue, n =1 or
2 and the N-terminal end of said amino acid is substituted with an arylalkoxycarbonyl
group, in particular benzyloxycarbonyl; or with an R3-C(O)-O-or R3-C(O)- group in
which R3 is a C1-Cs alkyl, unsubstituted or substituted with at least one group selected
from OR, NHR and SR, as defined above; or R3 is a Ce-C14 aryl or C5-C14 heteroaryl
group, which are unsubstituted or substituted with at least one linear or branched C1-
Cs alkyl, or with at least one group selected from OR, NHR and SR, as defined above;

CA 2871714 2018-08-09
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- A represents an alanyl radical linked to a glycinyl radical, optionally
substituted on its N-terminal end with an arylalkoxycarbonyl group, in particular
benzyloxycarbonyl;

- A represents a methionyl radical linked to a glycinyl radical, optionally
substituted on its N-terminal end with an arylalkoxycarbonyl group, in particular
benzyloxycarbonyl;

- A represents a -C(0O)-Rg group in which Rs is a 2,2-dimethyl-1,3-
dioxolane group, or a linear or branched C-Cs alkyl group, unsubstituted or
substituted with at least one group selected from OR, NHR and SR, as defined
above; a Cs-C14 aryl group or a Cs-Cq4 heteroaryl group, which are unsubstituted
or substituted with at least one linear or branched C;-Cg alkyl, or with at least one
group selected from OR, NHR and SR, as defined above; or else a sugar residue.

Advantageously, B represents an acyl group in which the alkyl group is
C+-Ce, in particular acetyl or an alkoxycarbonyl group in which the alkyl group is
C1-Cs, in particular a fert-butoxycarbonyl group.

B can also, in particular, represent a C4-Cs alkyl group, unsubstituted or
substituted with at least one group selected from OR, NHR and SR, as defined
above; or a Cg-C14 aryl group, unsubstituted or substituted with at least one linear
or branched C4-Cg alkyl or with at least one group selected from OR, NHR and
SR, as defined above.

Preferred compounds of formula (l) are as follows:

- 7-((tert-butoxycarbonyl)oxy)-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopentalalphenanthren-3-yl 2-(2-(((benzyloxy)carbonyl)amino)-
acetamido)propanoate (molecule 1.a);

- 7-acetoxy-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopentala]phenanthren-3-yl 2-(2-(((benzyloxy)carbonyl)amino)-
acetamido)propanoate (molecule 1.b);

- 7-((tert-butoxycarbonyl)oxy)-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-



CA 02871714 2014-10-27

WO 2013/168096 9 PCT/1B2013/053669

cyclopenta[a]phenanthren-3-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate (molecule
2.a);

- 7-acetoxy-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopentala]phenanthren-3-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate (molecule
2.b).

The compounds of formula (I) can be obtained from cholesterol by a
method comprising the following steps:

- protection of the hydroxyl function in position 3 of cholesterol with a
protective group, such as, for example, an acyloxy Rg-C(O)- group in which the Rg
group is a substituted or unsubstituted C;-Cs alkyl, or a substituted or
unsubstituted aryl group, in particular an arylalkoxycarbonyl group,

- introduction of a ketone function in position 7,

- reduction of the ketone function to a hydroxy! function,

- introduction of a protective group on the hydroxyl function in position
7, corresponding to the B group, such as for example an acyl, aryl or
alkoxycarbonyl group, or an acyloxy R;o-C(O) group in which Ry is a substituted
or unsubstituted C4-Cg alkyl, an aryl, unsubstituted or substituted with at least one
linear or branched C4-Cs alkyl, or a Cs-C+4 heteroaryl, unsubstituted or substituted
with at least one linear or branched C4-C¢ alkyl or at least one group selected from
OR, NHR and SR, as defined above,

- deprotection of the hydroxyl function in position 3.

After deprotection of the hydroxyl function in position 3, said hydroxyl
function can be substituted with the desired A group.

The introduction of a ketone function in position 7 can be carried out by
usual oxidation methods.

The reduction of the ketone function to a hydroxyl function, selectively
in position B, can be carried out for example by Luche's method using NaBH, in
the presence of cerium chloride heptahydrate (12).

The invention also relates to the pharmaceutical compositions or
medicaments comprising at least one compound of formula (I) and a
pharmaceutically acceptable vehicle.
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The pharmaceutical composition according to the invention can consist
of a liposomal preparation comprising at least one compound of formula (I).
The liposomes can be produced by various techniques known to a person skilled
in the art. Various lipids constituting the liposomes can be used [Medical
Application of Liposomes (1986) edited by Kunio Yagi, Japan Scientific Societies
Press, Tokyo, Karger].

Alternatively, said liposome can consist of a so-called "improved"
liposome having a size distribution predominantly between 40 and 80 nm and with
a composition that is stable over time or of a so-called "concentrated" liposome
having the same size distribution but comprising a higher concentration of active
molecule, in particular 50% higher than that of the "improved" liposome.

The "improved" liposome can be obtained by a preparation method
comprising the following steps:

- contacting the active molecule to be included in the liposome and the
phospholipid in an organic solvent,

- evaporating the solvent under a nitrogen stream so as to obtain a lipid
film,

- dissolving the lipid film in an organic solvent,

- evaporating said solvent under a nitrogen stream and taking up the
lipid film in an aqueous buffer

- sonication in an ultrasonic bath,

- obtaining the vesicles by extrusion.

Preferably, sonication is carried out for 10 pulses of one min at a
temperature of about 20°C. Extrusion can be carried out on a PVDF-type
membrane having a pore size of 200 nm.

The "concentrated"” liposomes can be obtained by a preparation method
comprising the steps of;

- contacting the active molecule to be included in the liposome and a
quantity of phospholipid which is higher than the one used in the usual techniques,
notably twice the usual quantity, in an organic solvent,

- evaporating the solvent under reduced pressure so as to obtain a lipid

film,
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- dissolving the lipid film in an organic solvent,

- evaporating said solvent under reduced pressure and taking up the
lipid film in an aqueous buffer,

- sonication in an ultrasonic bath,

- obtaining the vesicles by extrusion.

Preferably, sonication is carried out for 20 pulses of one min at a
temperature of about 20°C. Extrusion can be carried out on a PVDF-type
membrane having a pore size of 200 nm.

Preferably, evaporation is carried out at a pressure below about 3kPa
(30 mbar) and at a bath temperature of 25°C. A rotary evaporator is preferably
used.

The amount of active molecule with respect to the phospholipid can be,
for example, of approximately 15%, expressed in wt%.

A preferred medicament of the invention consists of a liposome charged
with at least one compound of formula (1).

Preferably, the compound(s) of formula (l) constitute the only active
ingredient(s) contained in the pharmaceutical composition according to the
invention, in particular when said pharmaceutical composition is a liposome. Said
liposome comprising at least one compound of formula (1) can be administered, for
example, by oral route or by parenteral route.

Alternatively, the compound of formula (I) can be used in combination
with another active ingredient, such as for example an anticancer agent, in
particular avastin, irinotecan, temozolomide or taxol derivatives.

The pharmaceutical compositions according to the invention can be in
any suitable form for oral administration or for parenteral administration, in
particular by injection, infusion or inhalation, known to a person skilled in the art.

In  particular, said pharmaceutical composition can be a
pharmaceutically acceptable solution, in particular an alcoholic solution, of at least
one compound of formula (l), alone or in combination with another active
ingredient, which can be administered to a patient by transfusion or infusion.

Said pharmaceutical composition can, in particular, be suitable for
administration by oral or sublingual route. Besides the usual pharmaceutical forms,
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for example tablets, capsules, powders, granules, solutions, emulsions, oral
suspensions, drops, syrups, etc., the oral pharmaceutical compositions according
to the invention can comprise complexes of compounds of formula (l) with biliary
salts, or, for example, combinations of compounds of formula (I) with
phospholipids, such as phosphatidyicholine, in liposomal or non-liposomal form.

The compounds of formula (1), for use in the treatment of diseases
involving transformed astrocyte cells, in particular in the treatment of glioblastoma
multiforme or grade IV astrocytoma (GBM), are also a subject of the invention. In
particular, the compounds of formula (I) can be injected directly into the cerebral
cortex, at the treatment site.

The invention also relates to the treatment of diseases involving
transformed astrocyte cells, in particular the treatment of glioblastoma multiforme
or grade IV astrocytoma (GBM), by administering an effective amount of at least
one compound of formula ().

The invention also relates to the treatment of other cancers, namely
malignant haemopathies of the myeloid type and lymphomas, neuroblastomas and
melanomas.

The compounds of formula (1), for use in the treatment of malignant
haemopathies of the myeloid type, are also a subject of the invention.

The invention also relates to the treatment of malignant haemopathies
of the myeloid type, by administering an effective amount of at least one
compound of formula (1).

Malignant pathologies of the myeloid type develop from a normal
myeloid cell. Now, this cell type, in the normal state, has an energy metabolism
fairly similar to that of the astrocyte: it produces its energy from mitochondrial
respiration and from glycolysis (lactate pathway; LDH) (13). In the case of cancers
of myeloid origin, the cancer celis produce their energy from glycolysis. As for
GBM, the anti-cancer activity of the compounds of formula (I) would be due to
inhibition of LDH (glycolysis) and, consequently, overheating of the cell caused by
a high burst of mitochondrial respiration.

The compounds of formula (1), for use in the treatment of lymphomas,

are also a subject of the invention.
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The invention also relates to the treatment of lymphomas, by
administering an effective amount of at least one compound of formula (I).

In fact, as the myeloid line and the lymphoid line have a common
origin, which is the pluripotent haematopoietic stem cell, the activity of the
compounds of formula (I) on malignant haamopathies of the myeloid type means
their use can ailso be envisaged for treating lymphomas.

The compounds of formula (I), for use thereof in the treatment of
neuroblastomas, are also a subject of the invention.

The invention also relates to the treatment of neuroblastomas, by
administering an effective amount of at least one compound of formula (1).

Regarding neuroblastomas, which mainly affect the extracranial
sympathetic nervous system, the compounds of formula (I) display an anti-
tumour activity because, as with the astrocyte, the neuron has the same
embryological origin, on the one hand, namely the ectoderm, and cellular origin,
on the other hand, namely the neuroepithelial cells (14). In short, the astrocyte
and the neuron are both nerve cells and are equally susceptible to the
compounds of formula (l).

The compounds of formula (1), for use in the treatment of melanomas,
are also a subject of the invention.

The invention also relates to the treatment of melanomas, by
administering an effective amount of at least one compound of formuia (l).

In fact, the melanocytes, which are at the origin of melanomas, are
derived from the neural crest, itself derived from the ectoderm (14). Since the
astrocytes and the neurons are also derived from the ectoderm, and the
compounds of formula (l) display anti-GBM and anti-neuroblastoma activity,
these compounds are also likely to have anti-cancer properties with respect to
melanomas.

According to an alternative, said treatment is a sequential treatment
that comprises at least one step of administering a first compound of formula (I)
and at least one step of administering a second compound of formula (1),
different from the first.

The present invention also relates to the following embodiments:

CA 2871714 2019-12-16
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Item 1. Pharmaceutical composition as defined herein for use in the
treatment of diseases involving transformed astrocytes.

Item 2. Pharmaceutical composition as defined herein for use in the
treatment of for the treatment of glioblastoma multiforme.

Item 3. Compound of formula (I) as defined herein, for use in the treatment
of diseases involving transformed astrocytes.

Item 4. Compound of formula (I) as defined herein, for use in the treatment
of glioblastoma multiforme.

iftem 5. At least a first compound of formula (l) as defined herein, and at
least a second compound of formula (I) as defined herein, said second
compound being different from the first, for use in the treatment of
diseases involving transformed astrocytes, wherein said first and second
compounds are for sequential use.

Item 6. At least a first compound of formula (l) as defined herein, and at
least a second compound of formula (I) as defined herein, said second
compound being different from the first, for use in the treatment of
glioblastoma multiforme, wherein said first and second compounds are for
sequential use.

Item 7. Compound of formula (1) as defined herein, for use in the treatment
of malignant haemopathies.

item 8. Compound of formula (I) as defined herein, for use in the treatment
of malignant haemopathies.

ftem 9. Compound of formula (I) as defined herein, for use in the treatment
of malignant haemopathies of the myeloid type.

Item 10. Compound of formula (I) as defined herein, for use in the treatment
of lymphomas.

Iltem 11. Compound of formula (I) as defined herein, for use in the treatment
of neuroblastomas.

Item 12. Compound of formula (I) as defined herein, for use in the treatment

of melanomas.

CA 2871714 2019-12-16
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Item 13. Use of a compound of formula (l) as defined herein, for the
treatment of diseases involving transformed astrocytes.

Item 14. Use of a compound of formula () as defined herein, for the
treatment of glioblastoma multiforme.

Item 15. Use of at least using a first compound of formula (I) as defined
herein, and at least using a second compound of formula () as defined
herein, different from the first for the treatment of diseases involving
transformed astrocytes, wherein said first and second compounds are for
sequential use.

Item 16. Use of at least using a first compound of formula (l) as defined
herein, and at least using a second compound of formula (I) as defined
herein, different from the first for the treatment of glioblastoma muiltiforme
wherein said first and second compounds are for sequential use.

Item 17. Use of a compound of formula (I) as defined herein, for the
treatment of malignant haemopathies.

Item 18. Use of a compound of formula (I), as defined herein, for the
treatment of malignant haemopathies of the myeloid type.

ltem 19. Use of a compound of formula (I) as defined herein, for the
treatment of lymphomas.

Item 20. Use of a compound of formula (I) as defined herein, for the
treatment of neuroblastomas.

ltem 21. Use of a compound of formula () as defined herein, for the
treatment of melanomas.
Iltem 22. Use of a compound of formula (I) as defined herein, for the

manufacture of a medicament for the treatment of diseases involving
transformed astrocytes.

ltem 23. Use of a compound of formula (I) as defined herein, for the
manufacture of a medicament for the treatment of glioblastoma
multiforme.

Item 24. Use of a compound of formula () as defined herein, for the
manufacture of a medicament for the treatment of malignant
haemopathies.

CA 2871714 2019-12-16
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Item 25. Use of a compound of formula (I) as defined herein, for the
manufacture of a medicament for the treatment of malignant
haemopathies of the myeloid type.

Item 26. Use of a compound of formula (I) as defined herein, for the
manufacture of a medicament for the treatment of lymphomas.

Item 27. Use of a compound of formula () as defined herein, for the
manufacture of a medicament for the treatment of neuroblastomas.

Item 28. Use of a compound of formula (I) as defined herein, for the
manufacture of a medicament for the treatment of melanomas.

The following examples illustrate the invention but do not limit it.

Section | concerns chemical synthesis.

CA 2871714 2019-12-16
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Examples 1 and 2 concern the preparation of synthesis intermediates
used for preparing the compounds of formula (I). Examples 3 to 6 concern the
preparation of compounds of formula (1).

Section |l concerns the biological activity of the compounds of formula

().

I/ Chemical synthesis

Example 1: Preparation of 7beta-acetylcholesterol (compound 1.4)

The reaction diagram is shown in Figure 1.

1) Preparation of compound 1.1

NaCIO2/NHP|
o Dioxane/Water o
O [0]
(o]

The following reagents were used:

MW Nb mol. eq Mass or Volume
Cholesteryl benzoate 490.78 100 mmol - 509
Sodium Chlorite 90.44 300 mmol 3eq 28g
N-Hydroxyphthalimide | 163.13 10 mmol 0.1eq 179
Dioxane/Water 3/1 500 ml

The cholesteryl benzoate, dioxane/water mixture, sodium chiorite and
N-hydroxyphthalimide are placed in that order in a 1-litre three-necked flask
equipped with a condenser. This mixture is heated at 50°C for 6h. The progress of
the reaction is monitored by silica plate TLC (TLC silica gel 60 F254, Merck) in
hexane/Et20 8/2.
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When the rate of formation reaches an acceptable value, the crude
reaction mixture is poured into a 10% solution of sodium sulphite (500 ml), and
then extracted with ether. The organic phase obtained is washed with a saturated
solution of sodium hydrogen carbonate, then with water and finally with brine. This
organic phase is then dried over sodium sulphate, filtered and then evaporated
under reduced pressure.

The coloured oily residue obtained is then purified by recrystallization
from ethanol. As the white solid obtained is not of sufficient purity, it is purified
again by silica gel chromatography (silica SDS 60A, 35-70 um). A solid deposit is
obtained by taking up this oil in dichloromethane. Purification is carried out in an
eluent ranging from 98/2 hexane/ethyl acetate to 90/10. The product is obtained in
the form of a white solid.

Yield: 23%

Analyses: Analysis by '"H NMR in CDCl;, BRUKER 400 MHz. HPLC
column normal phase CHIRALCEL O-DH (ODHOCE-CE026 column), eluent 9/1
Hexane/iProH, 20 min, wavelength 190 nm.

Retention time 6.682 min, HPLC purity 99.2%.

'H NMR (CDCl;, 400.13 MHz): & 0.71 (s, 3H, CH3), 0.89 (dd, 6H,
2CHs), 0.94 (d, 3H, CH3), 1.02-2.78 (m, 26H), 1.27 (s, 3H, CHs;), 4.99 (m, 1H, CH),
5.76 (d, 1H, CH), 7.44-8.05 (m, 5H, CHAr).

2) Preparation of compound 1.2

NaBH4/CeCI3 7H20
THF/ MeOH

The following reagents were used:
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MW Nb mol. eq Mass or Volume
Ketocholesteryl
benzoate 504.76 15.8 mmol - 8¢
NaBH, 37.83 7.9 mmol 0.5eq+05eq 03g+03g
CeCl;.7H20 372.60 14.2 mmol 0.9 eq 53¢
THF/MeOH 1:1 200 ml

The ketocholesteryl benzoate, the THF/MeOH solvent mixture and the
hydrated cerium chloride are placed in a 500-ml flask. The crude reaction mixture
is then cooled to 0°C with an ice bath, before slowly adding sodium borohydride.
Emission of gas is observed, the ice bath is maintained for 1h, then it is stirred at
ambient temperature for 18h. The progress is monitored by TLC (TLC silica gel 60
F254, Merck) in 80/20 Hexane/EtOAc eluent. If the rate of formation is insufficient,
0.5 eq of sodium borohydride is added.

50 m! of water and 200 ml of dichloromethane are added to the crude
reaction mixture. After transfer to a separating funnel, the organic phase is
recovered. The aqueous phase is extracted with DCM again. The organic phases
are combined, washed with a 1N hydrochloric acid solution and then with a
saturated solution of NaCl.

The organic phase is then dried over sodium sulphate, filtered and
evaporated under reduced pressure, giving a slightly coloured oil, which
crystallizes spontaneously.

A solid deposit is obtained by taking up the residue in DCM. This crude
product is purified on a silica gel column (silica SDS 60A, 35-70 um) in 9/1
hexane/EtOAc eluent. The product is obtained in the form of a white solid.

Yield: 89%

Analysis: Analysis by 'H NMR in CDCls, BRUKER 400 MHz. HPLC
column normal phase CHIRALCEL O-DH (ODHOCE-CE026 column), eluent 9/1
hexane/iProH, 20 min, wavelength 190 nm.

Retention time 7.076 min, HPLC purity 98.8%.
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'H NMR (CDCl;, 400.13 MHz): 5 0.63 (s, 3H, CHs), 0.79 (dd, 6H,
2CHs), 0.85 (d, 3H, CHs), 0.89-2.43 (m, 27H), 1.04 (s, 3H, CHz), 3.81 (d, 1H, CH),
4.81 (m, 1H, CH), 5.29 (d, 1H, CH), 7.34-7.99 (m, 5H, CHAY).

3) Preparation of compound 1.3

Ac20/Pyridine

A, ~AATI R

The following reagents were used:

MW Nb mol. eq Mass or Volume
7-B-Hydroxycholesteryl 505.76 9.9 mmol - 59
benzoate
Acetic anhydride 20 mi
Pyridine 20 ml

The 7-B-hydroxycholesteryl benzoate, pyridine, and then the acetic
anhydride are placed in a 100-mi flask. This mixture is stirred at ambient
temperature for 16h. The progress is monitored by TLC (TLC silica gel 60 F254,
Merck) in 9/1 hexane/EtOAc eluent.

The crude reaction mixture is evaporated under reduced pressure. Two
coevaporatibns with ethyl acetate are carried out. The residue obtained is taken up
in ethyl acetate. The organic phase thus obtained is washed with 1N hydrochloric
acid, dried over sodium sulphate and then evaporated under reduced pressure.

The white solid obtained is used in the next step directly, without
additional purification.

Yield: 100%
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Analysis: Analysis by '"H NMR in CDCl;, BRUKER 400 MHz. HPLC
column normal phase CHIRALCEL O-DH (ODHOCE-CE026 column), eluent 9/1
hexane/iProH, 20 min, wavelength 190 nm.

Retention time 4.972 min, HPLC purity 99.6%.

'H NMR (CDCl;, 400.13 MHz): 5 0.63 (s, 3H, CHs), 0.79 (dd, 6H,
2CHa), 0.84 (d, 3H, CH3), 0.91-2.41 (m, 26H), 1.06 (s, 3H, CH3), 1.95 (s, 3H, CHs
acetyl), 4.78 (m, 1H, CH), 4.99 (d, 1H, CH), 5.21 (s, 1H, CH), 7.33-7.98 (m, 5H,
CHAr). '

4) Preparation of compound 1.4

1%NaOH/MeOH

©/°LO Y o oA

The following reagents were used:

Mw Nb mol. eq Mass or Volume
7-B-Acetylcholesteryl 548.81 9.1 mmol - 59
benzoate
1% NaOH in methanol 50 mi

The 7-B-acetylcholesteryl benzoate and 1% sodium hydroxide solution
in methanol are placed in a 100-ml flask. This mixture is stirred at ambient
temperature until completely dissolved. The progress is monitored by TLC (TLC
silica gel 60 F254, Merck) in a 7/3 hexane/EtOAc eluent.

In order to complete the reaction, the crude mixture can be heated at
40°C, in that case monitoring by TLC is carried out every 20 minutes.

200 ml of ethyl acetate and 50 mi of water are added, followed by

transfer to a separating funnel and separation of the phases. The agueous phase
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is extracted with ethyl acetate again. The organic phases are combined, dried over
sodium sulphate, filtered and then evaporated under reduced pressure, giving an
oily residue.

The residue is taken up in ethyl acetate in order to prepare the solid
deposit. Purification is carried out on a silica gel column (silica SDS 60A, 35-70
pm) in hexane/EtOAc eluent ranging from 9/1 to 7/3. The expected product is
obtained in the form of a colourless oil which crystallizes spontaneously, giving a
white solid. The column is washed with 100% ethyl acetate in order to recover the
7-B-hydroxycholesterol formed.

Yield: 38%

Analysis: Analysis by 'H NMR in CDCl;, BRUKER 400 MHz. HPLC
column normal phase CHIRALCEL O-DH (ODHOCE-CE026 column), eluent 9/1
hexane/iProH, 20 min, wavelength 190nm.
Retention time 6.186 min, HPLC purity 91.7%.

'H NMR (CDCI3;, 400.13 MHz): & 0.62 (s, 3H, CHs), 0.78 (dd, 6H,
2CHzs), 0.85 (d, 3H, CHzs), 0.86-2.28 (m, 27H), 1.03 (s, 3H, CH3), 1.96 (s, 3H, CH3
acetyl), 3.47 (m, 1H, CH), 4.94 (td, 1H, CH), 5.13 (t, 1H, CH).

Example 2: Preparation of 7beta-tert-butyloxycarbonylcholesterol

(compound 1.6)
The reaction diagram is shown in Figure 2.
Compound 1.6 is prepared from compound 1.2 from Example 1.

1) Preparation of compound 1.5

Boc2O/DMAP
o Hexane/THF Q 0
o o
o) OH
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The following reagents were used:

Mw Nb mol. eq Mass or Volume
7-B-Hydroxycholesteryl
benzoate 505.76 1.29 mmol - 065¢g
Boc20 218.25 2.8 mmol 2.2eq 061g
DMAP 122.17 0.13 mmol 0.1eq 0.016 g
Hexane/THF 5:2 42 mi
The 7-B-hydroxycholesteryl benzoate, solvent, 2,6-

dimethylaminopyridine and then the tert-butyloxycarbonyl anhydride are placed in
a 100 ml single-necked flask. This mixture is stirred at ambient temperature until
completely dissolved. The progress is monitored by TLC in 8/2 hexane/EtOAc
eluent.

50 ml of EtOAc and 10 ml of water are added. The organic phase thus
obtained is dried over sodium sulphate, filtered and then evaporated under
reduced pressure, giving an oily residue.

The residue is taken up in EtOAc in order to prepare the solid deposit.
Purification is carried out on a silica gel column in 95/5 hexane/EtOAc eluent.

Analysis: Analysis by '"H NMR in CDCls.

'H NMR (CDCl3, 400.13 MHz): 3 0.59 (s, 3H, CHs), 0.77 (dd, 6H,
2CHs;), 0.84 (d, 3H, CHg;), 0.86-1.98 (m, 24H), 1.09 (s, 3H, CHs), 1.41 (s, 9H,
3CHjs, t-Boc), 2.42 (m, 2H, CH,), 4.80 (m, 1H, CH), 4.91 (d, 1H, CH), 5.18 (s, 1H,
CH), 7.34-7.97 (m, 5H, CHAr).

2) Preparation of compound 1.6
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1%NaOH/MeOH

©/U\o O/U\o—é "o O/”\o‘é

The following reagents were used:

Mw Nb mol. eq Mass or Volume
7-B-t-Butyloxycarbonyl-
cholestery! benzoate 606.89 1.64 mmol - 19
1% NaOH MeOH 50 ml

The 7-B-t-butyloxycarbonylcholesteryl benzoate and 1% sodium
hydroxide solution in methanol are placed in a 50 ml single-necked flask. This
mixture is stirred at ambient temperature until completely solubilized. The progress
is monitored by TLC in a 7/3 hexane/EtOAc eluent. In order to complete the
reaction, the crude mixture can be heated to 40°C.

100 mi of EtOAc and 20 mi of water are added. The aqueous phase is
extracted again with EtOAc. The organic phases are combined, dried over sodium
sulphate, filtered and then evaporated under reduced pressure, giving an oily
residue.

The residue is taken up in EtOAc in order to prepare the solid deposit.
Purification is carried out on a silica gel column in hexane/EtOAc eluent ranging
from 9/1 to 7/3. The column is washed with 100% EtOAc in order to recover the 7-

B-hydroxycholesterol formed.

Analysis: Analysis by '"H NMR in CDCls.

'H NMR (CDCl;, 400.13 MHz): & 0.60 (s, 3H, CH3), 0.78 (dd, 6H,
2CHs), 0.84 (d, 3H, CH3), 0.91-2.29 (m, 27H), 0.97 (s, 3H, CHs), 1.41 (s, 9H,
3CH3, t-Boc), 3.47 (m, 1H, CHg), 4.77 (td, 1H, CHc), 5.17 (, 1H, CHap).
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Example 3: Preparation of 7-((tert-butoxycarbonyl)oxy)-10,13-dimethyl-
17-(6-methylheptan-2-yl)-2,3,4,7,.8.9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopentalalphenanthren-3-yl 2-(2-

(({(benzyloxy)carbonyl)amino)acetamido)propanoate (molecule 1.a)

Simplified name: 3-benzyloxycarbonyl-glycinyl-alanyl-7-8-O-tert-
butyloxycarbonyl-cholesterol

Z-Gly-Ala-COCOH
DCC/DMAP fo)

N ] j\o_é THF/DCE @/\OJ\?{/TH\[/KO O’U\o wé

Molecule 1.a is prepared from intermediate compound1.6.

The following reagents were used:

MW Nb mol. eq Mass or Volume

7-B-t-Butyloxycarbonyl-
cholesterol 502 0.16 mmol - 80 mg
(compound 1.6)

Z-Gly-Ala-COOH 280.28 | 0.24 mmol | 1.5eq 68 mg
DCC 206.3 0.24 mmol 1.5 eq 50 mg
DMAP 122.17 | 0.24mmol | 1.5eq 30 mg
THF/DCE 1:1 6 ml

80mg (0.16 mmol) of 7-B-t-butyloxycarbonylcholesterol, 68 mg
(0.24 mmol, 1.5eq) of dipeptide, 6 mi of solvent mixture (THF/DCE 1:1), 50 mg
(0.24 mmol, 1.5eq) of DCC, and 30 mg (0.24 mmol, 1.5eq) of DMAP are placed in
a 10-ml Wheaton bottle. The crude reaction mixture is stirred for 24h at ambient
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temperature. The progress is monitored by TLC in a 7/3 hexane/ethyl acetate
eluent.

30 ml of ethyl acetate and 10 ml of water are added to the crude
reaction product. The organic phase is separated, dried over sodium sulphate,
filtered and then evaporated under reduced pressure. The oily residue obtained is
taken up in ethyl acetate in order to prepare the solid deposit.

Purification is carried out on a silica gel column in 7/3, then 6/4,
hexane/ethyl acetate eluent.

Analysis: Analysis by "H NMR in CDCl.

'H NMR (CDCls, 400.13 MHz): & 0.60 (s, 3H, CHs), 0.79 (dd, 6H,
2CHg), 0.83 (d, 3H, CH3), 0.94-1.88 (m, 24H), 0.98 (s, 3H, CH3), 1.19 (s, 3H, CH3
Ala), 1.40 (s, 9H, 3CHjs, t-Boc), 2.27 (m, 2H, CHy), 3.83 (m, 2H, CHy), 4.47 (td, 1H,
CH Ala), 4.47 (m, 1H, CH), 4.78 (id, 1H, CH), 5.07 (s, 2H, CH; Gly), 5.22 (t, 1H,
CH), 5.23 (m, 1H, NH), 6.41 (sl, 1H, NH), 7.29 (m, 5H, CHAr).

Example 4: Preparation of 7-acetoxy-10.13-dimethyl-17-(6-
methylheptan-2-vi)-2.3,4,7.8,.9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopentalalphenanthren-3-yi 2-(2-(((benzyloxy)carbonyl)amino)-

acetamido)propanoate (molecule 1.b)
Simplified name: 3-benzyloxycarbonyl-glycinyi-alanyl-7-3-O-acetyl-

cholesterol

HO

Z-Gly-Ala-COOH /d@\/ﬁ/
DCC/DMAP o o 3
H
THF/DCE PR i Iy
0" N o
O/[OJ\ @\ N /\[O]/ \K‘L o

Molecule 1.b is prepared from intermediate compound 1.4.

The following reagents were used:
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24
MW Nb mol. eq Mass or Volume
7-B-Acetylcholesterol 444 0.18 mmol - 80 mg
Z-Gly-Ala-COOH 280.28 0.27 mmol 1.5eq 76 mg
DCC 206.3 0.27 mmol 1.5 eq 56 mg
DMAP 122.17 0.27 mmol 1.5eq 33 mg
THF/DCE 1:1 6 mi

60 mg (0.13 mmol) of 7-B-acetylcholesterol, 70 mg (0.19 mmol, 1.5 eq)
of dipeptide, 6 ml of solvent mixture (THF/DCE 1:1), 42 mg (0.19 mmol, 1.5 eq) of
DCC, and 25 mg (0.19 mmol, 1.5 eq) of DMAP are placed in a 10-ml Wheaton
bottle. The crude reaction mixture is stirred for 24h at ambient temperature.

The progress is monitored by TLC in 7/3 hexane/ethyl acetate eluent.

30 ml of ethyl acetate and 10 ml of water are added to the crude
reaction product. The organic phase is separated, dried over sodium sulphate,
filtered and then evaporated under reduced pressure. The oily residue obtained is
taken up in ethyl acetate in order to prepare the solid deposit.

Purification is carried out on a silica gel column in 7/3, then 6/4
hexane/ethyl acetate eluent.

Analysis: Analysis by '"H NMR in CDCls.

'H NMR (CDCls, 400.13 MHz): 8 0.62 (s, 3H, CHs), 0.78 (dd, 6H,
2CHz), 0.84 (d, 3H, CHzs), 0.91-1.83 (m, 25H), 1.01 (s, 3H, CH3), 1.17 (s, 3H, CH3
Ala), 1.94 (s, 3H, CHz acetyl), 2.27 (m, 2H, CHy), 3.82 (m, 1H, CH), 4.47 (id, 1H,
CH Ala), 4.56 (m, 1H, CH), 4.95 (id, 1H, CH), 5.06 (s, 2H, CHz Gly), 5.17 (sl, 1H,
CH), 5.37 (t, 1H, CH), 6.49 (dI, 1H, NH), 7.24 (m, 5H, CHAr).

Example 5: Preparation of 7-((ferf-butoxycarbonylyoxy)-10,13-dimethyl-

17-(6-methylheptan-2-y1)-2,3.4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopentalalphenanthren-3-yl 2.2-dimethyl-1,3-dioxolane-4-carboxylate (molecule

2.a)
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Simplified name: 3-(S)-2,2-dimethyl-1,3-dioxolane-4-carboxyl-7-3-O-

tert-butyloxycarbonyl-cholesterol

1) Preparation of the dimethyl -1,3-dioxolane-4-carboxylate group

O O

/——-HL OMe LiOH.H20 /——%L OH

O7<O MeOH O7<O

The following reagents were used:

MW Nb mol. eq Mass or Volume
(-)-Methyl (S5)-2,2-dimethyl- 160.17 | 31.2 mmol - 59
1,3-dioxolane-4-carboxylate
LiOH.H,0 41.96 78 mmol 2.5 3.34¢g
eq
Methanol 25 ml

The acetal, methanol and then the lithium hydroxide are placed in a 50-
ml flask. This mixture is stirred at ambient temperature for 16h.

The crude reaction mixture is evaporated under reduced pressure. The
residue obtained is taken up in 75 ml of water. This phase is then acidified at 0°C
to pH 1 with 1N hydrochloric acid, then extracted with 2 x 100 mi of ethyl acetate.
The organic phases are combined, dried over sodium sulphate, filtered and then
evaporated under reduced pressure, giving a slightly coloured oily residue.

The residue is used directly in the coupling step without additional
purification.

Analysis: Analysis by 'H NMR in DMSO, BRUKER 400 MHz.

'H NMR (CDCl3, 400.13 MHz): 5 1.32 (d, 3H, CH3), 1.42 (s, 3H, CHa),
4.14 (AB, 2H, CHy), 4.55 (dd, 1H, CH), 10.30 (sl, 1H, OH), 7.24 (m, 5H, CHAX).

Yield: 94%

2) Preparation of molecule 2.a
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AcétallDCC/DMAP
THF/DCE O 0
o . {

O

Molecule 2.a is prepared from intermediate compound 1.4.

The following reagents were used:

MW Nb mol. eq Mass or Volume
7-B-Acetylcholesterol 444 3.4 mmol - 1.5¢9
sozaoment s L orr [01mma| sea | raso
DCC 206.3 | 10.1 mmol 3 eq 219
DMAP 122.17 | 10.1 mmol 3 eq 1.24 mg
THF/DCE (1:1) ‘ 50 ml

50 mg (9.9 mmol) of 7-B-t-butyloxycarbonyicholesterol, 6 mi of solvent
mixture (THF/DCE 1:1), and 16 mg (11.9 mmol, 1.2eq) of 3-(S)-2,2-dimethyl-1,3-
dioxolane-4-carboxylic acid are placed in a 10-ml Wheaton bottle.

24.5 mg (11.9 mmol, 1.2eq) of DCC and 14.5 mg (11.9 mmol, 1.2eq) of
DMAP are added, before stirring the crude reaction mixture for 24h at ambient
temperature. The progress is monitored by TLC in 8/2 hexane/ethyl acetate eluent.
It is heated at 50°C for 2h in order to end the reaction.

30 ml of ethyl acetate and 10 ml of water are added to the crude
reaction product. The organic phase is separated, dried over sodium sulphate,
filtered and then evaporated under reduced pressure. The oily residue obtained is

taken up in ethyl acetate in order to prepare the solid deposit.
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Purification is carried out on a silica gel column in 95/5, then 9/1
hexane/ethyl acetate eluent.

Analysis: Analysis by '"H NMR in CDCls.

'H NMR (CDCls, 400.13 MHz): 8 0.60 (s, 3H, CHs), 0.79 (dd, 6H,
2CHs), 0.83 (d, 3H, CH3), 0.74-1.97 (m, 25H), 0.98 (s, 3H, CHs), 1.33 (s, 3H, CH;
Acetal), 1.40 (s, 9H, 3CHjs, t-Boc), 1.42 (s, 3H, CH3 Acetal), 2.29 (m, 2H, CH,),
4.08 (AB, 2H, CH; Acetal), 4.48 (ddd, 1H, CH Acetal), 4.63 (m, 1H, CH), 4.78 (id,
1H, CH), 5.22 (d, 1H, CH).

Example 6: Preparation of 7-acetoxy-10,13-dimethyl-17-(6-
methylheptan-2-y1)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cvclopentalalphenanthren-3-yi 2.2-dimethyl-1,3-dioxolane-4-carboxylate (molecule

2.b)

Simplified name: 3-(S)-2,2-dimethyl-1,3-dioxolane-4-carboxyl-7-3-O-

acetyl-cholesterol

Acetal{DCC/DMAP
IR
0
3 THF/DCE ,ﬂ\
Jj\ 0 o
HO 0 o%/ S

Molecule 2.b is prepared from intermediate compound 1.4.

The following reagents were used:
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28
Mw Nb mol. eq Mass or Volume

7-B-Acetylcholesterol 444 3.4 mmol - 1.5¢
3-(S)-2,2-Dimethyl-1,3-

dioxolane-4-carboxylic acid 146.17 1 10.1 mmol 3eq 1.35¢

DCC 2063 | 101 mmol | 3eq 21g
DMAP 122.17 | 10.1 mmol 3eq 1.24 mg
THF/DCE (1:1) 50 ml

The cholesterol, the solvent mixture and the acid are placed in a 100-ml
flask. DCC and DMAP are added, before stirring the crude reaction product for
24h at ambient temperature. The progress is monitored by TLC (TLC silica gel 60
F254, Merck) in 8/2 hexane/EtOAc eluent.

100 mi of ethyl acetate and 50 ml of water are added to the crude
reaction mixture. The organic phase is separated, dried over sodium sulphate,
filtered and then evaporated under reduced pressure.

The oily residue obtained is taken up in ethyl acetate in order to prepare
the solid deposit. Silica gel column (silica SDS 60A, 35-70um) in 95/5, then 9/1
hexane/EtOAc eluent.

Yield: 68%

Analysis: Analysis by 'H and *C NMR in CDCl; BRUKER 400 MHz.
HPLC column normal phase CHIRALCEL O-DH (ODHOCE-CE026 column), eluent
9/1 hexane/iProH, 20 min, wavelength 190 nm.

Retention time 5.291 min, HPLC purity 98.7%.

'H NMR (CDCl5, 400.13 MHz): 5 0.62 (s, 3H, CH3), 0.79 (dd, 6H,
2CHs), 0.84 (d, 3H, CH3), 0.91-2.30 (m, 27H), 1.01 (s, 3H, CH3), 1.33 (s, 3H, CH3
Acetal), 1.42 (s, 3H, CH3 Acetal), 1.93 (s, 3H, CH3 acetyl), 4.09 (AB, 2H, CH,
Acetal), 4.48 (dd, 1H, CH Acetal), 4.62 (m, 1H, CH), 4.96 (td, 1H, CH), 5.18 (d, 1H,
CH).

I/ Biological activity
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Al Protocols
The following protocols were used for all the experiments:

1) Cell cultures

Plastic flat-bottomed 96-well culture plates (NUNC, USA) treated for cell
culture (Sigma-Aldrich, ref. 114754) are used; 1500 cells are seeded per well in
200 ul of culture medium. At the time of treatment, 100 pl of pure culture medium,
100 pi of culture medium containing ethanol, or liposomes, or 100 pl of culture
medium containing the active ingredients are added per well; the final volume of
the culture medium, after treatment, is therefore 300 pl for all the wells.

The cultures are incubated in a Sanyo incubator (Japan, model MCO-
19AIC-UV) at 37°C and in an atmosphere with 5% CO; and saturated in humidity.
The cells are observed with an inverted microscope (Nikon Eclipse TS100, Japan)
and the photographs are taken with a camera (DIGITAL camera with c-mount;
LABOVER, France). The culture hood is a microbiological safety hood MSC
(thermo SCIENTIFIC, model HERA SAFE KS12, France).

The cell doubling time is calculated using the formula:

Doubling time = (tb - ta) log(2) / (log(b) — log(a))
where (a) and (b) represent the number of cells at times ta and tb (tb>ta) (15).

Transition is carried out by dissociation with trypsin (bovine pancreas
Type 3, Sigma, France). Cell dissociation is carried out at ambient temperature, for
30 minutes, with a 0.04% (w/v) Tyrode KCI solution containing 0.05% (w/v) trypsin.

After dissociation, the cells are suspended in the culture medium
appropriate for the cells and counted using a THOMA cell and diluted in the same
medium in order to obtain 1500 cells per well.

a) Cell lines

The following glioblastoma cells were used:

+ C6lines.

The type C6 cell line was obtained by Benda et al. (16) from rat brain
tumours, induced by N-methylnitrosourea. This cell type is used as "in vitro" and
"in vivo" model for evaluating anti-GBM potential. The lines originate from the
former Strasbourg Neurochemistry Centre (U44 INSERM and UPR 416 CNRS).
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The culture medium is made up of 70% Minimum Essential Medium
(MEM; (Fischer Scientifique, ref. 61100) and 30% Hanks solution (SIGMA, ref. H
9269). The following are added to the culture medium: foetal calf serum (FCS;
Fischer Scientifique, ref. 10108165) at a final concentration of 5% (v/v), an
antibiotic solution of ciprofloxacin hydrochloride 5 pg/mL (EUROMEDEX, ref.
UC5074) and a solution of Fungizone 2.5 ug/mL (INVITROGEN, ref. 15290-026).
The doubling time of this cell type is 17 h.

» GBM lines of human origin

The human glioblastoma lines (GBM, line U-87 MG) and their culture
medium (Eagle's Minimum Essential Medium or EMEM) were obtained from ATCC
(USA, ref. ATCC- HTB-14). Culture of the cells is started and maintained
according to the recommendations of the ATCC. These lines are commonly used
"in vitro" and "in vivo" for testing anti-GBM potential. The doubling time of these

lines is 16 h.

The following primary cultures of human cells were also used:

» Astrocyte cells

The astrocyte cells of human origin used were obtained from ScienCell,
USA (ref. 1800) as well as their culture medium, made up of basic medium
containing 2% (v/v) FCS serum (ref. 0010), astrocyte growth proteins (AGS, ref.
1852) and a solution of penicillin/streptomycin (ref. 0503). The doubling time of
these human astrocytes is 96 h.

* Hepatic cells

Of human origin, they were obtained from ScienCell, USA (ref. 50200)
as was the culture medium (ref. 5201), which contains 10% (v/v) FCS. The
doubling time of these cells is 24 h.

* Renal cells

These cells, of human origin, were obtained from ScienCell, USA (ref.
4120) as was the culture medium (ref. 4101), which contains 10% (v/v) FCS. The
doubling time is 96 h.

+ Cardiac cells
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These cells, of human origin, were obtained from ScienCell, USA (ref.
6300) as was the culture medium, which contains 10% (v/v) FCS. The doubling
time is 72 h.

» Skeletal muscle cells

Of human origin, they were obtained from ScienCell, USA (ref. 3500) as
was the culture medium (ref. 3501), which contains 10% (v/v) FCS. The doubling

time for these cells is 72 h.

The following cultures of cancer cells of human origin were also used:

» Liver cancer cells

They were obtained from ATCC (ref. ATCC-HB-8065). The culture
medium consists of MEM (Gibco, USA; ref. 51200) and 10% (v/v) FCS. The
doubling time is 60 h.

* Prostate cancer cells

They were obtained from ATCC (ref. ATCC-HTB-81). The culture
medium is the same as that used for the liver cancer lines. The doubling time is
60 h.

+ Breast cancer cells
They were obtained from ATCC (ref. ATCC-HTB-19). The culture
medium is the same as that used for the liver cancer lines. The doubling time is

20 h.

e Colon carcinoma (line HT29/219)
They were obtained from the ECACC collection (Ref. ECACC-
85061109). The culture conditions are based on the recommendations in the

Sigma-Aldrich information leaflet.

s Neuroblastoma (line SH-SY5Y)
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They were obtained from the ATCC collection (Ref. ATCC-CRL-2266).
The culture conditions are based on the recommendations in the ATCC

information leaflet.

¢ Chronic Myelomonocytic Leukaemia (CMML)

The cells purified from blood samples of patients suffering from Chronic
Myelomonocytic Leukaemia (CMML) were obtained by the Clinical Haematology
Centre and the Biotherapy Centre of the Saint Eloi Hospital (CHU de Montpellier).
Culture was carried out by the technique of seeding on a feed layer. The cells are
seeded on a feed layer that is not affected by the treatments intended for the cells
of interest and that does not greatly alter the physiology of the cells of interest. The
CMML cells were cultured on cell lines originating from human embryo spinal cord

(17).

For all these cultures, culture was started and maintained according to

the suppliers' recommendations.

b) Treatment of the cultures

The active ingredients are either dissolved in absolute ethanol (AnalaR,
NORMAPUR, VWR, France) or in the form of a liposomal solution, such as 10 yl
of the stock solutions diluted in 990 ul and then added to the cuiture wells (200 pl
of culture medium) giving concentrations of 30.0, 15.0, 7.5 and 3.3 yM (final

volume of culture medium per well BI-GBM: 300 ul).
When the active ingredients are in ethanolic solution, the culture

medium contains 3.3% ethanol (v/v).

2) Preparation of the liposomes

a) The basic methodology is described by Werthle et al. (10).

Briefly, the compounds to be tested, namely the compounds according
to the invention (active ingredients) or 7B-OHCH-C3-ester (a derivative of
7beta-hydroxysterol esterified in position 3 with an oleate group, the synthesis of

which is described by Rakotoarivelo et al. (18) and used as control), soya
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phosphatidylcholine (Sigma) as well as cholesteryl-3-suiphate (Sigma) are taken
from their stock solutions prepared from dichloroethane in the case of the active
ingredients and the 78-OHCH-C3-ester, a chloroform : methanol mixture (9:1, v/v)
in the case of phosphatidylcholine and chloroform in the case of cholesteryl-3-
sulphate. The molar ratios are 1 M/0.1 M/0.25 M for phosphatidyicholine,
cholesteryl-3-sulphate and the 7B-OHCH-C3-ester and the active ingredients
respectively.

After evaporation, a solution of PBS saline, without Ca®** and Mg%,
pH7.2 (BioRad) is added to the dry compound. The volume of buffer and the mass
of the products are adjusted so that 20 or 10 ul of liposomes added to 90 ul of
culture medium gives the desired final concentrations. The liposomes are formed
by the extrusion technique with Liposofast (Sodexim, SA Muizon, France). The
solution is passed through polycarbonate filtration membranes (100 nm) 41 times.
The liposomes are sterilized by filtration on 22 pm Millipore membranes.

For the tests of activities of the molecules on other human cell types "in
vitro”, the manufacture of the liposomes was optimized in two different ways, as
described above, namely with respect to homogeneous size distribution, on the
one hand, and with respect to the concentration of active molecule, on the other
hand.

b) Obtaining liposomes with identical size distribution and with a

composition that is stable over time ("improved liposomes").

After evaporation of the solvents, the lipid film is again dissolved in
dichloroethane : ethanol (3.3 : 1.5; v:v) and the solution is evaporated again under
a nitrogen stream. One ml of PBS is added while stirring vigorously, the lipid
residue is scraped so that it dissolves again, followed by vigorous stirring for 5
min, and then sonication of 10 pulses of 1 min is applied at a temperature not
exceeding 20°C (Elma, S 60H, Elmasonic). The vesicles obtained are extruded
and sterilized as described above, except that the solution is only passed through

the filtration membranes twice.
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These liposomes have a size distribution from 40 to 80 nm and contain

0.086 mg/ml of molecules 2.b.

c) Obtaining liposomes with a higher concentration of molecules 2.b.
("concentrated liposomes").

For the preparation of the lipid film, the concentration of
phosphatidylcholine is doubled; the concentration of the other compounds remains
identical to that described above for the improved liposomes.

The procedure for producing these liposomes is identical to that
described for the improved liposomes, except that (1) sonication is 20 pulses
of 1 min and (2) the solvents are evaporated under reduced pressure (about 3
kPa; 30 mbar) using a rotary evaporator (Buchi, models V 850 and R 215).

These liposomes have a size distribution from 40 to 80 nm and contain
0.133 mg/ml of molecule 2.b.

Characterization of the molecules making up the liposomes,
investigation of stability and of the composition of the liposomes are carried out
after extraction of the lipid compounds according to the method of Folch et al. (19),
except that before extraction, 500 pl of the solution of liposomes is incubated with
10 pl of 2% (v:v) Triton X-100 (Sigma) at 40°C for 18 h.

Analysis of the fatty acids making up the phosphatidylcholine, after
methylation according to routine techniques, is carried out by gas chromatography
coupled to mass spectrometry (GC/MS).

Characterization of the choline group of phosphatidylcholine is carried
out according to the method of Reineckate (20).

Molecule 2.b is quantified by HPLC as described above (preparation of
the compounds) or by silica thin-layer chromatography as described in point 5)
below.

The size distribution of the liposomes is measured on fluorescent
liposomes and morphometric analysis is carried out by the Sert program after
obtaining images with the epifluorescence microscope (Axivert, Zeiss).

The fluorescent liposomes are produced with the same quantity of
phosphatidylcholine described for the improved or concentrated liposomes except
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that the phosphatidylcholine used contains 5.0% fluorescent phosphatidyicholine
(NBD-PC-oleyl; Avanti; Excitation/Emission = 460 nm/534 nm) in the case of the
improved liposomes and 2.5% in the case of the concentrated liposomes.

The liposomes are sedimented on glass culture slides coated firstly with
poly-D-lysine (Sigma, 1% in water, w:v) and then with faminin (Sigma, 0.6% in
water). The liposomes are fixed with glutaraldehyde (Merck) (liposomes :
glutaraldehyde : PBS; 15 : 37.5 : 97.5, v:v.v) before obtaining the images.

3) Measurement of activity and toxicity
The same methods are used for both cases. For the activity, the anti-

GBM potential of the test compounds is used, and the toxicity, is tested on normal

cells of human origin maintained "in vitro".

The following measurement methods are used:

a) Cell counting

A method of cell counting on photographs was used.

For example, in the case of the cultures in 96-well plates and as a
function of the magnification of the microscope used (objectives x 10 or x 20,
oculars x 10), a photograph taken represents a field of view with a diameter equal
to 1/5 of the diameter of a well. Therefore the total number of cells in a well is
equal to 5 times the number of cells per photograph. This technique was
compared with a standard technique (trypsinization of the cell layer, centrifugation
of the cells, suspension of the cells in physiological saline solution and counting
with a THOMA cell) in the case of the C6 cells. The results obtained are identical
for both methods.

b) Protein assay
The culture medium is withdrawn from each well and 50 pl of Laemmli

buffer (0.1 ml of Tris, 0.8 ml of glycerol, 1.6 mL of 10% SDS, 8 ml q.s.f ultrapure
water) is added per well.

In control wells, 10 pyl of a solution of bovine serum albumin range
(crystallized BSA, Sigma) is added; the range is from 0 to 20 ug per well. The
wells are then supplemented with 40 pyl of Laemmli buffer. Finally, 200 uyl of
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solution of BCA reagent is added (Pierce, USA; BCA Protein Assay Kit;
ThemoScientific, France).

The culture plates are incubated for 30 min at 37°C. The optical density
for each well is read and quantified by a plate reader (BioRad, USA, iMark
Microplate reader 12222) at 570 nm.

c) Cell viability (MTT test)

This test makes it possible to detect the cellular respiration, especially
the mitochondrial respiration. The stock solution of tetrazolium salt MTT (3-(4,5-
dimethyithiazol-2-yl)-2,5-diphenyl tetrazolium bromide, Sigma-Aldrich, USA, ref.
M5655) is prepared with 10 mg of MTT/ml of PBS buffer (phosphate-buffered
saline, SIGMA, ref. D 1408). This solution is added directly to the culture medium
in each well; the final concentration of MTT is 25 yg/ml. The plate is then
incubated at 37°C for at least 1 h.

After blue formazan grains appeared, produced mainly by mitochondrial

electron transport, photographs were taken in order to count the cells with a high
density of formazan grains; this technique is used in the case of the U87-MG lines.
Then for this line and the other cultures, the media are removed and 100 pl of
dimethylsulphoxide (DMSO, SDS CARLO ERBA, ltaly) is added to dissolve the
formazan deposits.

The optical density is read and quantified using the plate reader
(BioRad, iMark Microplate reader) at 490 nm.

The viability is sometimes also tested by the trypan biue exclusion

technique.

4) Immunolabelling of the cells and obtaining images

The anti-CD133 (poly, Abnova), anti-GFAP (poly, Sigma), anti-NFL
(mono, Santa Cruz) and anti-fibroblast (ERTR7, Santa Cruz) primary antibodies
are diluted to 1/100 in the case of the first three antibodies and to 1/50 in the case

of the last.
For detecting IDH-R132H (marker of low-grade gliomas (21)), and
CD31 (marker of endothelial cells (22)), the primary antibodies used were obtained
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from Clinisciences (mouse, dilution 1/20) and from Spring Bioscience (rabbit,
dilution 1/250), respectively.

The secondary antibodies corresponding to recognition of the primary
antibodies are anti-rabbit antibodies coupled to peroxidase (goat, Sigma), anti-
mouse coupled to Dylight 488 (sheep, Sigma), anti-mouse coupled to Dylight 488
(sheep, Sigma) and anti-rat coupled to FITC (rabbit, Sigma). The dilutions are
1/4000, 1/1000, 1/4000 and 1/400 respectively.

IDH1-R132H and CD31 are detected using peroxidase-coupled
secondary antibodies. They are obtained from Fischer Scientific (anti-mouse,
dilution 1/1000) and from Sigma (anti-rabbit, dilution 1/5600) respectively.

The cells are permeabilized for 5 min with 0.1% Triton X-100 (Sigma) in
PBS (Fisher Scientific). The nonspecific sites are blocked with 2% BSA (Sigma) in
PBS. Incubations are carried out for 1 h at ambient temperature, 48 h at 4°C, 24 h
at 4°C and 1 h at ambient temperature for the anti-CD133, anti-GFAP, anti-NFL
and anti-Fibroblast antibodies respectively. Incubation with the secondary
antibodies is carried out for 1h at ambient temperature. The CD133 positive cells
are detected by the DAB/H,0O, system (Sigma), and observed with an optical
microscope.

Colorimetric detection of the markers IDH1-R132H and CD31 is carried
out with the substrate NOVARED Vector (Eurobio). The coloured cells are also
detected by optical microscopy. The fluorescence is detected and the images are
obtained using an epifiluorescence microscope (Axiovert, Zeiss, Germany).

5) Extraction of the lipids and identification of the oxysterols
The cells are washed with 0.9% NaCl, collected mechanically,
suspended in Tris-HCI buffer (10 mM; pH 7.4) and homogenized with a Potter
(1000 rp.m. and 13 reciprocations). Homogenization is carried out in ice.
Extraction is carried out at 4°C after adding 19 volumes of chloroform : methanol

(2:1, viv) for 1 volume of cell suspension according to Folch et al. (19). The

organic phase and the aqueous phase are separated by adding 0.2 volume of

0.74% KCI (wiv).
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After evaporation of the organic phase in a rotary evaporator (Buchi, R-
215, Switzerland), the lipid residue is taken up in chloroform. The TLC layers are
prewashed with chloroform : methanol (1:1, v/v) and activated at 100°C
for 1 h. The lipids are eluted with the following system: petroleum ether (boiling
point: 60-70°C) : ether : acetic acid (80:20:1.3, v/v/v). The standards deposited are
cholesterol, 7-keto-cholesterol, 7beta-OHCH, 7beta-OHCH-C3-ester and the
molecule 2.b. The lipids and standards are detected with Maccala reagent. The Rf
values are 0.21, 0.09, 0.08, 0.27 and 0.23 for cholesterol, 7-keto-cholesterol,
7beta-OHCH, 7beta-OHCH-C3-ester and molecule 2.b respectively. Calibration
ranges from 0.5 to 2ug for each standard are carried out separately. The
intensities of the spots of interest are calculated relative to the standards after
scanning the developed thin layers of silica.

The solvents used are of AnalAR or HPLC grade.

6) Analysis__of the activity and the inhibition of LDH (lactate
dehydrogenase; EC 1.1.1.27)

The measurements of the activity of LDH and of its inhibition by a
routine inhibitor, oxamate (23), were validated by the spectrometric method (24)
using the purified LDH of Lactobacillus leichmannii (LL) (Sigma) as standard.

Next, the LDH activities and their inhibition were detected by the "in gel
assay" technique (25). The source of activity used was LDH LL and LDH, partially
purified, from human GBM lines U87-MG (LDH GBM). "In gel assay" detection was
carried out after isoelectric focusing (IEF) on electrophoresis gels of the LDH LL
and LDH GBM samples.

a) Partial purification of LDH GBM

The celis collected in phosphate buffer (50 mM, Ph 7.2.Pi) undergo
several freeze (-20°C)/thaw cycles and the cellular material is homogenized. After
centrifugation at 10,000g for 45 min at 4°C, the supernatant is collected and
aliquots containing 10% glycerol (v.v) are frozen at -80°C. At the desired time, the

aliquots, after thawing, are chromatographed on a filtration column (Biogel P-60,
BioRad) prepared in Pi. The volume of gel is 9 ml and the inside diameter of the
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column is 0.4 cm. Elution is carried out at atmospheric pressure. The first fraction
of 1.4 ml is removed and the LDH activity is collected in the next 2 ml. The protein
components of this fraction (LDH GBM) were characterized by the SDS PAGE
technique, followed by silver nitrate staining, or by Western blot. The molecular
weights characteristic of LDH are found (31 kDa, for the sub-unit, or 62 kDa for its

association in a dimer).

b) IEF

The mini-gels of 7.5 (T%) and of 2.6 (C%) are poured into Pi with the
Ampholines (BioRad) making it possible to form a pH gradient in the range from 7
to 5 after pre-focusing in a cold chamber. The containers used are of the mini-
protean 3 type (BioRad). The anode buffer has a pH of 2.0 and the cathode buffer
has a pH of 10.0. The LDH LL and LDH GBM samples are deposited without
denaturation and focusing is carried out for 210 min increasing the voltage from

100V to 300V in the cold chamber.

¢) LDH activity
The LDH activity is detected by the lactate/NAD/MTT/phenazine

methosulphate system (formation of a precipitate of the formazan type in the IEF
gel); this system is described in reference (25).

Addition of oxamate (18 mM) or of molecule 2.b, in ethanolic form
(36 mM) makes it possible to measure the degree of inhibition of the LDH LL and
LDH GBM activities.

B/ Anti-GBM activity "in vitro"

B.1. The animal model
Cultures of C6 cells (rat) were used under the operating conditions

mentioned above (section ll, A).

Example 7: Anti-GBM activity "in vitro" on culfures of C8 cells (rat)
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The results obtained are summarized in Table 1 below as well as in

Figure 3.
Table 1
Molecules tested (ethanol 3%) 1a(Ex.3) | 2.a(Ex. 5) 1.athen2.a
15 ym 15 um 15 um +7.5 ym
Live residual cells 3% 100% 0%

Figure 3 (magnification 20 x 10) shows the appearance of the cultures
of C6 cells under the operating conditions mentioned above (section I, A) in the
presence of molecule 1.a (Ex.3) or after sequential treatment with molecule 1.a
and then molecule 2.a (Ex.5), at 19 days and at 35 days.

The results (Table 1) show that molecule 1.a, in ethanolic form, is
cytotoxic, after 19 days of treatment. At 15 uM of 1.a and after 14 days of
treatment, the number of cells, the level of proteins and the MTT assay is reduced
by 30% and reach 97% reduction, at least, at 19 days. At 19 days of treatment,
dose-dependence is also observed for 7.5 and 3.3 yM of 1.a and at 15 yM an
increase of the MTT/cell ratio of 20% relative to the control cultures is observed.

In order to remove the residual cells, a sequential treatment was used.
The cells are first treated with 15 yM of molecule 1.a and on the 18th day of
treatment, molecule 2.a is added at a concentration of 7.5 uM.

No viable cell is observed; only cell "cadavers” adhere to the solid
substrate of the cell culture (bottom of the well) as shown in Figure 3.

To summarize, sequential treatment with molecule 1.a and then
molecule 2.a shows complete efficacy against this cell type. The observations

indicate an increase in overall respiration of the cells prior to their destruction.

B.2. The human model: anti-GBM activity "in vitro" on cultures of human cells
{line U-87 GM)
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B.2.1 Definition of the model "in vitro" and of expression of the results

a) Characterization of the different cell types
The U-87GM cells were cultured under the operating conditions

described above (section Il, A).

The cultures are made up of two cellular components: a cell layer
composed of cells behaving as normal (non-cancerous) cells and cell aggregates
composed of GBM type cells.

Figure 4 shows an optical image (10 x 10) that is characteristic of the
culture. A cell layer (CL) can be seen, on which cell aggregates (CA) of
hemispherical shape become fixed. Figure 5 (20 x 10) shows, by immunolabelling,
that the CD133+ cells (stem cells), described in human GBMs, are located in the
cell aggregates and not in the CL. Immunofluorescence labelling shows the
presence of GFAP, a marker of normal astrocytes (Figures 6 and 7; 20 x 10) (26)
in the CL and CA (Figures 6 and 7; 20 x 10) and of neurofilaments in CL and CA.
However, specific labelling of fibroblasts, cells with high potential for multiplication,
is only found in the case of CA. Very few IDH1-R132H-positive cells are observed
in CL and CA. Conversely, CD31-positive cells are present in CL and CA.

Observation by optical microscopy clearly shows that the cells of the
CAs divide very rapidly (doubling time of at most 16h), whereas the cells making
up the CL have a doubling time of 96 h.

These observations justify the cell counting method (cells labelled or not
with formazan grains) that has been developed; in fact, counting after
trypsinization cannot distinguish between the cells of CL and CA. The images also
show that only the CAs have a GBM character (short doubling time, presence of
stem cells and fibroblasts). The results obtained are therefore those of the effect of

the molecules tested on CA.

b) Expression of the results

The results are expressed according to the following parameters:
(i) Efficacy of the molecules according to the invention

- Quantification of the residual cells, the stem cells in particular.




CA 02871714 2014-10-27

WO 2013/168096 PCT/1B2013/053669

42

- Efficacy of the molecules according to the invention over time

The culture medium containing the molecules according to the invention
is replaced with fresh medium and the "de novo" cell multiplication is examined: no
"de novo" multiplication signifies total destruction of the GBM cells, including the
stem cells.

(ii) Effect of the molecules on the total respiration of the GBM cells.

(iii) Comparison of the results obtained with the molecules according to
the invention with those obtained with 73-OHCH-C3-ester (control).

B.2.2 Results

Cultures of U87-MG (human) cells were used under the operating
conditions mentioned above (section I, A).

The 7beta-OHCH-C3-ester was used as control.

Example 8: study of the anti-GBM activity "in vitro" of molecule 2.a

(Ex.5) in liposomal form

The results obtained are presented in Table 2 below.

Table 2
Molecule 2.a (15 pM) 7B-OHCH-C3-ester (80 pM)
in liposomal form in liposomal form
Days of . .
treatment Proteins MTT/cell Proteins MTT/cell
6 70 100 70 100
8 25 140 20 100
13 15 120 15 100
15 0 0 15 100

These results are the mean value of three independent experiments
carried out in triplicate. The results are expressed as a percentage relative to the

controls.
The observations show that 15 yM of molecule 2.a, in liposomal form,
reduces the presence of GBM cells (CA) to zero after 15 days of treatment.
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Only the cells with slow division (CL) remain. The effect is not dose-
dependent. The 73-OHCH-C3-ester does not act in ethanolic form on the GBMs
(CA) (see also Example 9), and only acts in liposomal form, namely at 80 uM. Its’
efficacy is not better, or even decreases, on increasing the dose of
7B-OHCH-C3-ester in liposomal form.

However, if on the 13th day of treatment the culture medium containing
the 7B-OHCH-C3-ester is removed and is replaced with a fresh culture medium
not containing this drug, cell multiplication is observed, and, in parallel, an increase
in the MTT test after two days; this increase is 40%. This is not the case for
molecule 2.a: in the absence of this molecule, no cell multiplication is observed.

Table 2 also shows a large increase in MTT/cell (140% relative to the
controls) at the time when most of the cells disappear (8 days of treatment). This is
not the case for the liposomal 7B-OHCH-C3-ester: even at 80 uM, the MTT/cell
ratio does not vary.

This observation shows a different action between the two molecules:
the overall cellular respiration increases before massive death of the cells. This is

not the case for the 78-OHCH-C3-ester.

Example 9: Study of anti-GBM activity "in vitro" of molecule 2.b (Ex.6) in

ethanolic form
The results obtained are presented in Table 3 below.

Table 3
Molecuie 2.b (30 uM) 7B-OHCH-C3-ester (30 uM)
in ethanolic form in ethanolic form
Days of . .

treatment Proteins MTT/cell Proteins MTT/cell

4 100 100 100 100

6 100 100 100 100

9 90 160 100 100

15 50 130 100 100

22 0 0 100 100
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These results are the mean value of three independent experiments
each carried out in triplicate. The results are expressed as a percentage relative to
the controls. Above 30 uM, the 7B-OHCH-C3-ester is no longer soluble in ethanol.

The observations show that molecule 2.b is completely effective at 30
MM in ethanolic form: no GBM cell remains, even after removing the active
ingredient. Just as for molecule 2.a, in liposomal form, cellular respiration
increases before cell death. This is not the case for the ethanolic 7-OHCH-C3-
ester, no anti-tumour activity is observed.

Moreover, replacement of the culture medium with fresh medium not

containing compound 2.b at 22 days does not lead to any cellular multiplication.

Example 10: immunolabelling of the CD133+ stem cells with the A/B

peroxidase system

The immunolabelling is carried out as described above (section Il, A).

The results obtained are presented in Table 4 below.

Table 4
CD133+ cells
Days of
reaiment | Untreated Molecle 2. 7B-OHCH-Ca-ester

cultures (30 uM) (80 M)
(Controis) in ethanolic form in liposomal form

4 100 100 100

22 100 0 50

These results are the mean value of two independent experiments each
carried out in triplicate. The results are expressed as a percentage of CD133
positive cells relative to the controls. These experiments are independent of those
described in Examples 8 and 9.

As in the observations described in Tables 2 and 3, 78-OHCH-C3-ester
in liposomal form and molecule 2.b in ethanolic form reduce the level of proteins

by 85% and by 100% relative to the untreated control cells.
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The results show that the stem cells are completely destroyed by
molecule 2.b This is not the case for the 7B-OHCH-C3-ester, even when
administered in liposomal form.

Figure 9 (immunolabelling of the CD133" cells) clearly shows their
disappearance after 22 days of treatment. This is not the case for the
7p-OHCH-C3-ester in liposomal form (Figure 10, immunolabelling of the CD133"
cells); in this case, 50% of the CD133" cells are still present among the residual
cells. Replacing the culture medium with fresh medium not containing compound
2.b at 22 days does not lead to the appearance of CD133+ stem cells.

Example 11: Study of the fate of molecule 2.b (Ex. 6) in ethanolic form

"in vitro" in GBMs of human origin

Extraction and analysis of the lipids from GBM treated with 30 uM of
molecule 2.b in ethanolic form does not show the presence of
7beta-OHCH-C3-ester after 24 h or 10 days of treatment, the latter time being that
when cell death is initiated. However, 0.12% and 0.18% of molecule 2.b
transformed into 7beta-OHCH is observed after 1 day and 10 days of treatment
respectively. Control experiments show that these very low levels of 7beta-OHCH

do not induce any death of GBMs.

Example 12: Study of toxicity
Toxicity was tested "in vitro" on various normal cell types of human

origin.

a) On astrocytes

The cells used are cells of human origin (ScienCell, USA, ref. 1800),

mentioned above (section I, A).
The astrocyte type is validated by the presence of GFAP, the standard

marker of normal astrocytes (Figure 11; magnification x 200).
Molecules 2.a (liposomal form) and 2.b (ethanolic form) are not toxic on

primary cultures of normal (non-cancerous) human astrocytes at 30 uM, after 30

days of treatment.
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b) On other cells

The cells used are liver cells (ScienCell, USA, ref. 50200), kidney cells
(ScienCell, USA, ref. 4120), skeletal muscle cells (ScienCell, USA, ref. 3500) and
cardiac cells (ScienCell, USA, ref. 6300), of human origin, mentioned above
(section Il, A).

Molecules 2.a (liposomal form) and 2.b (ethanolic form) are not toxic at
30 gM and after at least 30 days of treatment, on primary cultures of liver cells,

kidney cells, skeletal muscle cells and cardiac cells of human origin.

Example 13: Study of the activity of molecule 2.b (Ex.6) "in vitro" on

other cancers
The cancer cells used are from liver (ref. ATCC-HB-8065), prostate (ref.
ATCC-HTB-81), breast (ref. ATCC-HTB-19) cancer cells, and from colon cancer

cells (ECACC-HT29/219) of human origin, mentioned above.
At 30 uM and in ethanolic form, molecule 2.b shows no effect on celiular

division and respiration of liver, prostate or breast cancer cells of human origin.
At 15 yM, molecule 2.b in improved liposomal form is not toxic to colon

cancer cells.

Example 14. Study of the activity of molecule 2.b in improved liposomal

form "in vitro” on Chronic Myelomonocytic Leukaemia (CMML)

The white blood cells are isolated from a blood sample collected from a
patient suffering from CMML. The cells are treated once with 10 uM of molecule
2.b in improved liposomal form 24 hours after culturing by seeding on

a feed layer (17).

The results are shown in the photographs in Figure 12 (magnification
20 x 10).

The controls are cells treated with empty liposomes: the upper left hand
photograph marked with the letter A was taken after 48 h of treatment and the

lower left hand photograph with the letter B after 72 h of treatment.
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For the cells treated with 2.b, the upper right hand photograph marked
with the letter C was taken after 48 h of treatment and the lower right hand
photograph with the letter D after 72 h of treatment.

The results show a remarkable effect of molecule 2.b after 72 h of
treatment. Cell multiplication is slowed considerably relative to the control and

many cells with a necrotic appearance are observed.

Example 15. Study of the activity of molecules 1.b and 2.b "in vitro" on
human neuroblastomas (ATCC-CRL-2266)

The neuroblastomas were treated with empty liposomes (controls) or
with liposomes containing molecule 1.b or 2.b, 24 h after starting the cuiture. The
cells are treated once with 22 uM of molecule 1.b or 22 uM of molecule 2.b. The

liposomal form is concentrated.
The results are shown in the photographs in Figure 13 (magnification

10 x10).

For the control cells, the upper left hand photograph marked with the
letter A was taken after 7 days of treatment; the lower left hand photograph
marked with the letter B was taken after 28 days of treatment.

For the cells treated with the concentrated liposomal molecule 1.b, the
photograph marked with the letter C (in the middle, at the top) was taken after 7
days of treatment and the photograph marked with the letter D (in the middle, at
the bottom) after 28 days of treatment. For the cells treated with the concentrated
liposomal molecule 2.b, the upper right hand photograph marked with the letter E
was taken after 7 days of treatment.

The results show remarkable activity of molecule 2.b relative to
molecule 1.b. After 28 days of treatment, molecule 1.b is toxic to almost all the
cells, compared to the control cells. For molecule 2.b, a radical toxic effect is

already observed after 7 days of treatment; no viable cell is observed.
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Example 16. Study of the inhibition of the activity of LDH extracted from
human GBH "in vitro" (U87-MG lines) by molecule 2.b

The objective of these experiments was to demonstrate the potential for
inhibition of the enzymatic activity of LDH of the series 2 molecules. The study was
carried out with molecule 2.b and its inhibitory potential was tested on LDH from
Lactobacillus leichmannii (LL) and partially purified LDH from human GBM lines
(U87-MG) as described above in the section "A/ PROTOCOLS 6)".

The activity of LDH is detected by the "in gel assay” technique on IEF
electrophoresis gels, which were described in the section "A/ PROTOCOLS 6)" (25);
the precision of this technique is 0.2 unit of pH. The activity of LDH is detected by a
dark blue precipitate, of the formazan type, the site where LDH activity is located.

Figure 14 (A) shows LDH activity for LDH LL at pHi 6.2 and for LDH GBM
at pHi 6.4.

The results show that the addition of oxamate, in aqueous form (18 mM),
or of molecule 2.b, in ethanolic form (36 mM), inhibits the enzymatic activity of LDH
LL almost completely and that of LDH GBM (B) partially.

The potential for inhibition of the enzymatic activity of LDH GBM by
molecule 2.b combined with the increase in MTT staining before cell death of GBM
(Tables 2 and 3; Figures 8 and 9) validates the hypothesis of the mechanism of
action of the compounds of formula (I): the molecules of the invention would inhibit
the activity of LDH and, consequently, would cause a burst of mitochondrial

respiration.

Kok
In some aspects, embodiments of the present invention as described herein include

the following items:

1. Compound of formula (1) having a 7beta-hydroxysterol basic structure
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in which

- Arepresents

an -(Ri)n- group in which R1 is an amino acid residue bound by its
C-terminal end and n = 1 or 2, each R1 being identical or different, in which the N-
terminal end of said amino acid can be substituted with a -C(O)-R2 group in which
Rz is @ mono- or polycyclic Ce-C14 arylalkyl group or with an R3-C(O)-O- or R3-C(O)-
group in which Rs is a C1-Ce alkyl which is unsubstituted or substituted with at least
one group selected from OR, NHR and SR, where R represents hydrogen, a linear
C1-C12 alkyl or an unsubstituted Cs-C14 aryl ; or Rs is a Cs-C14 aryl or Cs-Ci4
heteroaryl group, which are unsubstituted or substituted with at least one linear or
branched C1-Cs alkyl or with at least one group selected from OR, NHR and SR,
where R is as defined above;

an -(Rin- group in which Ri is an amino acid residue,
n =1 or 2 and the N-terminal end of said amino acid is substituted with an
arylalkoxycarbonyl group, or with an R3-C(O)-O- or R3-C(O)- group in which Rs is a
C1-Ce alkyl, unsubstituted or substituted with at least one group selected from OR,
NHR and SR, where R is as defined above; or Rz is a Ce-C14 aryl or Cs-C14 heteroary!
group, which are unsubstituted or substituted with at least one linear or branched
C1-Ce alkyl, or with at least one group selected from OR, NHR and SR, where R is
as defined above;

an alanyl radical linked to a glycinyl radical, optionally substituted on its N-

terminal end with an arylalkoxycarbonyl group;
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a methionyl radical linked to a glycinyl radical, optionally substituted on its
N-terminal end with an arylalkoxycarbonyl group;

a mono- or polycyclic Cs-C14 heteroarylalkyl group that can comprise one
or more heteroatoms, which may be identical or different, which is unsubstituted or
substituted with at least one linear or branched Ci1-C4 alkyl group; a mono-or
polycyclic Ce-C14 arylalkyloxy group or a mono- or polycyclic Cs-Ci4
heteroarylalkyloxy group that can comprise one or more heteroatoms, which may be
identical or different, which are unsubstituted or substituted with at least one linear
or branched C1-C4 alky! group;

a -C(O)-NH-R4 or -C(S)-NH-R4 group in which R4 is hydrogen; a C1-C12
alkyl group, linear or branched, unsubstituted or substituted with at least one group
selected from OR, NHR and SR, as defined above; a Ces-Ci4 aryl group,
unsubstituted or substituted with at least one linear or branched C1-Cs alkyl or at
least one group selected from OR, NHR and SR, where R represents hydrogen, a
linear C1-C12 alkyl or an unsubstituted Ce-C14 aryl; an acyl group; a formyl group; a
sulphonyl group; a sulphinyl group; or else R4 represents an allyl group or a sugar
residue;

a C(0)-ORs group in which Rs is a C1-C12 alkyl, linear or branched,
unsubstituted or substituted with at least one group selected from OR, NHR and SR,
where R represents hydrogen, a linear C1-C12 alkyl or an unsubstituted Ce-C14 aryl;
or

a -C(0)-Rs group in which Re is a saturated heterocycle comprising 5 to 14
members and including 1 or 2 heteroatoms, unsubstituted or substituted with at least
one linear or branched C1-Cs alkyl or at least one group selected from OR, NHR and
SR, where R represents hydrogen, a linear C1-C12 alkyl or an unsubstituted Cs-C14
aryl; or Re represents a linear or branched C1-C12 alkyl group unsubstituted or
substituted with a group selected from OR, NHR and SR, where R is as defined
above; a Ce-C14 aryl group or a Cs-C14 heteroaryl group, which are unsubstituted or

substituted with at least one linear or branched C1-Cs alkyl or with at least one group

Date Regue/Date Received 2021-08-26



51

selected from OR, NHR and SR, where R is as defined above; or else a sugar
residue; and

- B represents a -C(0)-R7 group in which R7 is hydrogen; a C1-C12, alkyl,
linear or branched, unsubstituted or substituted with at least one group selected from
OR, NHR and SR, where R is as defined above; a Cs-C14 aryl group, unsubstituted
or substituted with at least one linear or branched C1-Ces alkyl or at least one group
selected from OR, NHR and SR, where R is as defined above; or R7 represents ORs,
in which Rs is a linear or branched, C1-C12 alkyl,

provided that:

-when B is—C(O)-R7 in which Rz is methyl, propyl or an unsubstituted
phenyl group and A is—C(O)-Rs, then Rs is not methyl, propyl or an unsubstituted
phenyl group;

- when B is—C(0O)-R7 where Rz is ORs and Rs is ethyl, then A is different
from —C(0O)-ORs where Rs is ethyl.

2. The compound of formula (I) according to item 1, in which at least one of the
following conditions is fulfilled:

- Arepresents an -(R1)n- group in which R1 is an amino acid residue and n
=1or2;

- A represents an -(R1)n- group in which R1 is an amino acid residue, n = 1
or 2 and the N-terminal end of said amino acid is substituted with an
arylalkoxycarbony!| group; or with an R3-C(0O)-O- or R3-C(O)- group in which Rs is a
C1-Ce alkyl, unsubstituted or substituted with at least one group selected from OR,
NHR and SR, where R represents hydrogen, a linear C1-C12 alkyl or an unsubstituted
Ce-C14 aryl; or Rs is a Ce-C14 aryl or Cs-C14 heteroaryl group, which are unsubstituted
or substituted with at least one linear or branched C1-Cs alkyl, or with at least one
group selected from OR, NHR and SR, where R is as defined above |;

- A represents an alanyl radical linked to a glycinyl radical, optionally

substituted on its N-terminal end with an arylalkoxycarbony! group; or
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- A represents a methionyl radical linked to a glycinyl radical, optionally

substituted on its N-terminal end with an arylalkoxycarbony! group.

3. The compound of formula (l) according to item 1, in which A represents a
-C(0O)-Rs group in which Rs is a 2,2-dimethyl-1,3-dioxolane group; or a linear or
branched C1-Cs alkyl group unsubstituted or substituted with a group selected from
OR, NHR and SR, where R represents hydrogen, a linear C1-C12 alkyl or an
unsubstituted Ce-C14 aryl; a Ce-C14 aryl group or a Cs-C14 heteroaryl group, which
are unsubstituted or substituted with at least one linear or branched C1-Ce alkyl, or
with at least one group selected from OR, NHR and SR, where R is as defined above;

or else a sugar residue.

4, The compound of formula (I) according to item 1, in which at least one of the
following conditions is fulfilled:

- A represents an -(R1)n- group in which R1 is an amino acid residue and n
=1or2;

- A represents an -(R1)n- group in which R1 is an amino acid residue,
n =1 or 2 and the N-terminal end of said amino acid is substituted with
benzyloxycarbonyl; or with an R3-C(0O)-O- or R3-C(O)- group in which Rz is a C1-Cs
alkyl, unsubstituted or substituted with at least one group selected from OR, NHR
and SR, where R represents hydrogen, a linear C1-C12 alkyl or an unsubstituted Ce-
Ci4 aryl; or Rz is a Cs-C14 aryl or Cs-C14 heteroaryl group, which are unsubstituted or
substituted with at least one linear or branched C1-Ce alkyl, or with at least one group
selected from OR, NHR and SR, where R is as defined above;

- A represents an alanyl radical linked to a glycinyl radical, optionally
substituted on its N-terminal end with a benzyloxycarbonyl; or

- A represents a methionyl radical linked to a glycinyl radical, optionally

substituted on its N-terminal end with a benzyloxycarbony!.
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. The compound of formula (l) according to item 1, in which A represents a
-C(0)-Re group in which Re is a 2,2-dimethyl-1,3-dioxolane group; or a linear or
branched C1-Cs alkyl group unsubstituted or substituted with a group selected from
OR, NHR and SR, where R is as defined above; a Cs-C14 aryl group or a Cs-Ci4
heteroaryl group, which are unsubstituted or substituted with at least one linear or
branched C1-Ce alkyl, or with at least one group selected from OR, NHR and SR,

where R is as defined above or else a sugar residue.

B. The compound of formula (l) according to any one of items 1 to 5, in which B
represents an acyl group in which the alkyl group is C1-Cs, or an alkoxycarbonyl

group in which the alkyl group is C1-Ce.

7. The compound of formula (l) according to any one of items 1 to 5, in which B

represents an acyl group which is acetyl.

8. The compound of formula (l) according to any one of items 1 to 5, in which B

represents an alkoxycarbonyl group which is a tert-butoxycarbonyl group.

9. The compound of formula (1), which is:

- 7-((tert-butoxycarbonyl)oxy)-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17 -tetradecahydro-1 H-cyclopenta[a]phenanthren-
3-yl 2-(2-(((benzyloxy)carbonyl)amino)-acetamido)propanoate (molecule 1.a);

- 7-acetoxy-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17 -tetradecahydro-1H-cyclopenta[a]phenanthren-
3-yl 2-(2-(((benzyloxy)carbonyl)amino)-acetamido)propanoate (molecule 1.b);

- 7-((tert-butoxycarbonyl)oxy)-10,13-dimethyl-17-(6-methylheptan-2-yI)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17 -tetradecahydro-1H-cyclopenta[a]phenanthren-

3-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate (molecule 2.a); or
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- 7-acetoxy-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17 -tetradecahydro-1H-cyclopentala]-
phenanthren-3-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate (molecule 2.b).

10.  Method for the preparation of the compound of formula (l) as defined in any
one of items 1 to 9, which comprises the following steps:

- protection of the hydroxyl function in position 3 of cholesterol with a
protective group,

- introduction of a ketone function in position 7,

- reduction of the ketone function to a hydroxyl function,

- introduction of a protective group on the hydroxyl function in position 7,
corresponding to the B group,

- deprotection of the hydroxyl function in position 3, and

- after deprotection, the hydroxyl function in position 3 is substituted with

the desired A group.

11.  Pharmaceutical composition comprising the compound of formula (I) as

defined in any one of items 1 to 9 and a pharmaceutically acceptable vehicle.

12. The pharmaceutical composition according to item 11, which consists of a
liposome comprising at least one compound of formula (1), alone or in combination

with another active ingredient.
13.  The pharmaceutical composition according to item 11, which consists of an
alcoholic solution comprising at least one compound of formula (I), alone or in

combination with another active ingredient.

14.  The pharmaceutical composition according to items 12 or 13, which is suitable

for administration by oral route.
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15.  The pharmaceutical composition according to item 14, for administration by
oral route, selected from tablets, capsules, powders, granules, solutions, emulsions,
oral suspensions, drops, syrups, complexes of compounds of formula (1) with biliary
salts and combinations of compounds of formula (1) with phospholipids, in liposomal

or non-liposomal form.

16. The pharmaceutical composition according to any one of items 11 to 15,
wherein said pharmaceutical composition comprises the compound of formula (1) as

the only active ingredient.

17.  The pharmaceutical composition according to any one of items 11 to 15,
wherein said pharmaceutical composition comprises the compound of formula () in

combination with an anti-cancer agent.

18.  The pharmaceutical composition according to any one of items 11 to 17 for

use in the treatment of diseases involving transformed astrocytes.

19.  The pharmaceutical composition according to any one of items 11 to 17 for

use in the treatment of glioblastoma multiforme.

20. Compound of formula (l) as defined in any one of items 1 to 9, for use in the

treatment of diseases involving transformed astrocytes.

21.  Compound of formula (l) as defined in any one of items 1 to 9, for use in the

treatment of glioblastoma multiforme.
22. At least a first compound of formula (l) as defined in any one of items 1 to 9,

and at least a second compound of formula (1) as defined in any one of items 1 to 9,

said second compound being different from the first, for use in the treatment of
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diseases involving transformed astrocytes, wherein said first and second

compounds are for sequential use.

23. At least a first compound of formula (l) as defined in any one of items 1 to 9,
and at least a second compound of formula (l) as defined in any one of items 1 to 9,
said second compound being different from the first, for use in the treatment of
glioblastoma multiforme, wherein said first and second compounds are for sequential

use.

24.  Compound of formula (l) as defined in any one of items 1 to 9, for use in the

treatment of malignant haemopathies.

25.  Compound of formula (I) according to item 24, for use in the treatment of

malignant haemopathies of the myeloid type.

26. Compound of formula (I) according to item 24, for use in the treatment of

lymphomas.

27.  Compound of formula (l) as defined in any one of items 1 to 9, for use in the

treatment of neuroblastomas.

28.  Compound of formula (l) as defined in any one of items 1 to 9, for use in the

treatment of melanomas.

29.  Use of the compound of formula (1) as defined in any one of items 1 to 9, for

the treatment of diseases involving transformed astrocytes.

30. Use of the compound of formula (I) as defined in any one of items 1 to 9, for

the treatment of glioblastoma multiforme.
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31.  Use of at least a first compound of formula (I) as defined in any one of items
1t0 9, and at least a second compound of formula (1) as defined in any one of items
1 to 9, different from the first for the treatment of diseases involving transformed

astrocytes, wherein said first and second compounds are for sequential use.

32. Use of at least a first compound of formula (I) as defined in any one of items
1t0 9, and at least a second compound of formula (1) as defined in any one of items
1 to 9, different from the first for the treatment of glioblastoma multiforme wherein

said first and second compounds are for sequential use.

33.  Use of the compound of formula (I) as defined in any one of items 1 to 9, for

the treatment of malignant haemopathies.

34.  The use of the compound of formula (1) according to item 33, for the treatment

of malignant haemopathies of the myeloid type.

35. The use of a compound of formula (I) according to item 33, for the treatment

of lymphomas.

36.  Use of the compound of formula (I) as defined in any one of items 1 to 9, for

the treatment of neuroblastomas.

37.  Use of the compound of formula (l) as defined in any one of items 1 to 9, for

the treatment of melanomas.
38.  Use of the compound of formula (l) as defined in any one of items 1 to 9, for

the manufacture of a medicament for the treatment of diseases involving

transformed astrocytes.
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39.  Use of the compound of formula (I) as defined in any one of items 1 to 9, for

the manufacture of a medicament for the treatment of glioblastoma multiforme.

40. Use of the compound of formula (1) as defined in any one of items 1 to 9, for

the manufacture of a medicament for the treatment of malignant haemopathies.

41.  Use of the compound of formula () according to item 40, for the manufacture

of a medicament for the treatment of malignant haemopathies of the myeloid type.

42.  Use of the compound of formula (1) according to item 40, for the manufacture

of a medicament for the treatment of lymphomas.

43.  Use of the compound of formula (1) as defined in any one of items 1 to 9, for

the manufacture of a medicament for the treatment of neuroblastomas.

44.  Use of the compound of formula (1) as defined in any one of items 1 to 9, for

the manufacture of a medicament for the treatment of melanomas.
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CLAIMS
1. Compound of formula (l) having a 7beta-hydroxysterol basic structure
~
A B
\0 3 7 0/ ()
in which

- A represents

an -(R1)n- group in which R1 is an amino acid residue bound by its
C-terminal end and n = 1 or 2, each R1 being identical or different, in which the
N-terminal end of said amino acid can be substituted with a -C(O)-Rz2 group in
which Rz is a mono- or polycyclic Ce-C14 arylalkyl group or with an R3-C(O)-O-
or R3-C(O)- group in which Rs is a C1-Cs alkyl which is unsubstituted or
substituted with at least one group selected from OR, NHR and SR, where R
represents hydrogen, a linear C1-C12 alkyl or an unsubstituted Ces-C14 aryl ; or
Rs is a Ce-C14 aryl or Cs-C14 heteroaryl group, which are unsubstituted or
substituted with at least one linear or branched C1-Cs alkyl or with at least one
group selected from OR, NHR and SR, where R is as defined above;

an -(Ri)»- group in which Rs is an amino acid residue,
n =1 or 2 and the N-terminal end of said amino acid is substituted with an
arylalkoxycarbonyl group, or with an Rs-C(O)-O- or R3-C(QO)- group in which Rs
is a C1-Cs alkyl, unsubstituted or substituted with at least one group selected
from OR, NHR and SR, where R is as defined above; or Rs is a Ce-C14 aryl or
Cs-C14 heteroaryl group, which are unsubstituted or substituted with at least one
linear or branched C1-Cs alkyl, or with at least one group selected from OR,
NHR and SR, where R is as defined above;

an alanyl radical linked to a glycinyl radical, optionally substituted on

its N-terminal end with an arylalkoxycarbonyl group;
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a methionyl radical linked to a glycinyl radical, optionally substituted
on its N-terminal end with an arylalkoxycarbonyl group;

a mono- or polycyclic Cs-C14 heteroarylalkyl group that can comprise
one or more heteroatoms, which may be identical or different, which is
unsubstituted or substituted with at least one linear or branched C1-C4 alkyl
group; a mono-or polycyclic Ce-C14 arylalkyloxy group or a mono- or polycyclic
Cs-C14 heteroarylalkyloxy group that can comprise one or more heteroatoms,
which may be identical or different, which are unsubstituted or substituted with
at least one linear or branched C+-C4 alkyl group;

a -C(0O)-NH-R4 or -C(S)-NH-R4 group in which R4 is hydrogen; a C1-
C12 alkyl group, linear or branched, unsubstituted or substituted with at least
one group selected from OR, NHR and SR, as defined above; a Cs-C14 aryl
group, unsubstituted or substituted with at least one linear or branched C1-Cs
alkyl or at least one group selected from OR, NHR and SR, where R represents
hydrogen, a linear C1-C12 alkyl or an unsubstituted Ce-C14 aryl; an acyl group;
a formyl group; a sulphonyl group; a sulphinyl group; or else R4 represents an
allyl group or a sugar residue;

a C(0)-ORs group in which Rs is a C1-C+2 alkyl, linear or branched,
unsubstituted or substituted with at least one group selected from OR, NHR and
SR, where R represents hydrogen, a linear C1+-C12 alkyl or an unsubstituted Cs-
Ci4 aryl; or

a -C(0)-Rs group in which Re is a saturated heterocycle comprising
5to 14 members and including 1 or 2 heteroatoms, unsubstituted or substituted
with at least one linear or branched C1-Cs alkyl or at least one group selected
from OR, NHR and SR, where R represents hydrogen, a linear C1-C12 alkyl or
an unsubstituted Ces-C14 aryl; or Rs represents a linear or branched C1-C12 alkyl
group unsubstituted or substituted with a group selected from OR, NHR and
SR, where R is as defined above; a Cs-Ci4 aryl group or a Cs-C14 heteroaryl
group, which are unsubstituted or substituted with at least one linear or
branched C1-Ce alkyl or with at least one group selected from OR, NHR and
SR, where R is as defined above; or else a sugar residue; and

- B represents a -C(O)-R7 group in which Rz is hydrogen; a C1-Ciz2,
alkyl, linear or branched, unsubstituted or substituted with at least one group

selected from OR, NHR and SR, where R is as defined above; a Ce-C14 aryl
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group, unsubstituted or substituted with at least one linear or branched C1-Cs
alkyl or at least one group selected from OR, NHR and SR, where R is as
defined above; or R7 represents ORs, in which Rs is a linear or branched, C1-
C12 alkyl,

provided that:

- when B is—C(O)-R7 in which Rzis methyl, propyl or an unsubstituted
phenyl group and A is—C(O)-Rs, then Res is not methyl, propyl or an unsubstituted
phenyl group;

-when B is—C(0)-R7 where Rz is ORs and Rs is ethyl, then A is
different from —C(0O)-ORs where Rs is ethyl.

2. The compound of formula (l) according to claim 1, in which at least one
of the following conditions is fulfilled:

- A represents an -(R1)n- group in which R+ is an amino acid residue
andn=1or2;

- A represents an -(R1)n- group in which R+ is an amino acid residue,
n =1 or 2 and the N-terminal end of said amino acid is substituted with an
arylalkoxycarbonyl group; or with an R3-C(QO)-O- or R3-C(QO)- group in which Rs
is a C1-Cs alkyl, unsubstituted or substituted with at least one group selected
from OR, NHR and SR, where R represents hydrogen, a linear C1-C+2 alkyl or
an unsubstituted Cs-C14 aryl; or Rs is a Cs-C14 aryl or Cs-C14 heteroaryl group,
which are unsubstituted or substituted with at least one linear or branched C1-
Ce alkyl, or with at least one group selected from OR, NHR and SR, where R is
as defined above |

- A represents an alanyl radical linked to a glycinyl radical, optionally
substituted on its N-terminal end with an arylalkoxycarbonyl group; or

- A represents a methionyl radical linked to a glycinyl radical,

optionally substituted on its N-terminal end with an arylalkoxycarbonyl group.

3. The compound of formula (1) according to claim 1, in which A represents
a

-C(O)-Re group in which Re is a 2,2-dimethyl-1,3-dioxolane group; or a linear or
branched C+-Cs alkyl group unsubstituted or substituted with a group selected

from OR, NHR and SR, where R represents hydrogen, a linear C1-C12 alkyl or
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an unsubstituted Cs-C14 aryl; a Ce-C14 aryl group or a Cs-C14 heteroaryl group,
which are unsubstituted or substituted with at least one linear or branched C1-
Cs alkyl, or with at least one group selected from OR, NHR and SR, where R is
as defined above; or else a sugar residue.

4. The compound of formula (l) according to claim 1, in which at least one
of the following conditions is fulfilled:

- A represents an -(R1)n- group in which R+ is an amino acid residue and
n=1or2;

- A represents an -(R1)n- group in which R+ is an amino acid residue,
n =1 or 2 and the N-terminal end of said amino acid is substituted with
benzyloxycarbonyl; or with an R3-C(O)-O- or R3-C(O)- group in which Rz is a
C1-Cs alkyl, unsubstituted or substituted with at least one group selected from
OR, NHR and SR, where R represents hydrogen, a linear C4-C12 alkyl or an
unsubstituted Ce-C14 aryl; or Rz is a Ce-C14 aryl or Cs-C14 heteroaryl group,
which are unsubstituted or substituted with at least one linear or branched C1-
Cs alkyl, or with at least one group selected from OR, NHR and SR, where R is
as defined above;

- A represents an alanyl radical linked to a glycinyl radical, optionally
substituted on its N-terminal end with a benzyloxycarbonyl; or

- A represents a methionyl radical linked to a glycinyl radical, optionally

substituted on its N-terminal end with a benzyloxycarbonyl.

5. The compound of formula (1) according to claim 1, in which A represents
a

-C(O)-Re group in which Re is a 2,2-dimethyl-1,3-dioxolane group; or a linear or
branched C+-Cs alkyl group unsubstituted or substituted with a group selected
from OR, NHR and SR, where R is as defined above; a Cs-C14 aryl group or a
Cs-C14 heteroaryl group, which are unsubstituted or substituted with at least one
linear or branched C1-Cs alkyl, or with at least one group selected from OR,

NHR and SR, where R is as defined above or else a sugar residue.
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6. The compound of formula (I) according to any one of claims 1 to 5, in
which B represents an acyl group in which the alkyl group is C1-Cs, or an

alkoxycarbonyl group in which the alkyl group is C1-Ces.

7. The compound of formula (I) according to any one of claims 1 to 5, in

which B represents an acyl group which is acetyl.

8. The compound of formula (I) according to any one of claims 1 to 5, in

which B represents an alkoxycarbonyl group which is a tert-butoxycarbonyl

group.

9. The compound of formula (1), which is:

- 7-((tert-butoxycarbonyl)oxy)-10,13-dimethyl-17-(6-methylheptan-
2-y)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1 H-
cyclopenta[a]phenanthren-3-yl 2-(2-(((benzyloxy)carbonyl)amino)-
acetamido)propanoate (molecule 1.a);

- 7-acetoxy-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,89,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl 2-(2-(((benzyloxy)carbonyl)amino)-
acetamido)propanoate (molecule 1.b);

- 7-((tert-butoxycarbonyl)oxy)-10,13-dimethyl-17-(6-methylheptan-
2-y)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
cyclopenta[a]phenanthren-3-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate
(molecule 2.a); or

- 7-acetoxy-10,13-dimethyl-17-(6-methylheptan-2-yl)-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-cyclopenta[a]-

phenanthren-3-yl 2,2-dimethyl-1,3-dioxolane-4-carboxylate (molecule 2.b).

10.  Method for the preparation of the compound of formula (I) as defined in
any one of claims 1 to 9, which comprises the following steps:

- protection of the hydroxyl function in position 3 of cholesterol with a protective
group,

- introduction of a ketone function in position 7,

- reduction of the ketone function to a hydroxyl function,
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- introduction of a protective group on the hydroxyl function in position 7,
corresponding to the B group,

- deprotection of the hydroxyl function in position 3, and

- after deprotection, the hydroxyl function in position 3 is substituted with the
desired A group.

11.  Pharmaceutical composition comprising the compound of formula (1) as

defined in any one of claims 1 to 9 and a pharmaceutically acceptable vehicle.

12. The pharmaceutical composition according to claim 11, which consists
of a liposome comprising at least one compound of formula (I), alone or in

combination with another active ingredient.

13. The pharmaceutical composition according to claim 11, which consists
of an alcoholic solution comprising at least one compound of formula (1), alone

or in combination with another active ingredient.

14. The pharmaceutical composition according to claims 12 or 13, which is

suitable for administration by oral route.

15. The pharmaceutical composition according to claim 14, for
administration by oral route, selected from tablets, capsules, powders,
granules, solutions, emulsions, oral suspensions, drops, syrups, complexes of
compounds of formula (1) with biliary salts and combinations of compounds of

formula (1) with phospholipids, in liposomal or non-liposomal form.

16. The pharmaceutical composition according to any one of claims 11 to
15, wherein said pharmaceutical composition comprises the compound of

formula (1) as the only active ingredient.

17.  The pharmaceutical composition according to any one of claims 11 to
15, wherein said pharmaceutical composition comprises the compound of

formula (1) in combination with an anti-cancer agent.
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18. The pharmaceutical composition according to any one of claims 11 to 17

for use in the treatment of diseases involving transformed astrocytes.

19. The pharmaceutical composition according to any one of claims 11 to 17

for use in the treatment of glioblastoma multiforme.

20. Compound of formula (I) as defined in any one of claims 1 to 9, for use

in the treatment of diseases involving transformed astrocytes.

21.  Compound of formula (I) as defined in any one of claims 1 to 9, for use

in the treatment of glioblastoma multiforme.

22. Atleast a first compound of formula (I) as defined in any one of claims 1
to 9, and at least a second compound of formula (l) as defined in any one of
claims 1 to 9, said second compound being different from the first, for use in
the treatment of diseases involving transformed astrocytes, wherein said first

and second compounds are for sequential use.

23. Atleast a first compound of formula (I) as defined in any one of claims 1
to 9, and at least a second compound of formula (l) as defined in any one of
claims 1 to 9, said second compound being different from the first, for use in
the treatment of glioblastoma multiforme, wherein said first and second

compounds are for sequential use.

24.  Compound of formula (I) as defined in any one of claims 1 to 9, for use
in the treatment of malignant haemopathies.

25.  Compound of formula (I) according to claim 24, for use in the treatment

of malignant haemopathies of the myeloid type.

26.  Compound of formula (I) according to claim 24, for use in the treatment
of lymphomas.
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27.  Compound of formula (I) as defined in any one of claims 1 to 9, for use

in the treatment of neuroblastomas.

28. Compound of formula (I) as defined in any one of claims 1 to 9, for use

in the treatment of melanomas.

29. Use of the compound of formula (I) as defined in any one of claims 1 to

9, for the treatment of diseases involving transformed astrocytes.

30. Use of the compound of formula (l) as defined in any one of claims 1 to

9, for the treatment of glioblastoma multiforme.

31.  Use of at least a first compound of formula (l) as defined in any one of
claims 1 to 9, and at least a second compound of formula (I) as defined in any
one of claims 1 to 9, different from the first for the treatment of diseases
involving transformed astrocytes, wherein said first and second compounds are

for sequential use.

32.  Use of at least a first compound of formula (l) as defined in any one of
claims 1 to 9, and at least a second compound of formula (I) as defined in any
one of claims 1 to 9, different from the first for the treatment of glioblastoma

multiforme wherein said first and second compounds are for sequential use.

33.  Use of the compound of formula (l) as defined in any one of claims 1 to

9, for the treatment of malignant haemopathies.

34. The use of the compound of formula (I) according to claim 33, for the

treatment of malignant haemopathies of the myeloid type.

35.  The use of a compound of formula (1) according to claim 33, for the

treatment of lymphomas.

36. Use of the compound of formula (l) as defined in any one of claims 1 to

9, for the treatment of neuroblastomas.
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37. Use of the compound of formula (l) as defined in any one of claims 1 to

9, for the treatment of melanomas.

38.  Use of the compound of formula (l) as defined in any one of claims 1 to
9, for the manufacture of a medicament for the treatment of diseases involving
transformed astrocytes.

39.  Use of the compound of formula (l) as defined in any one of claims 1 to
9, for the manufacture of a medicament for the treatment of glioblastoma

multiforme.

40. Use of the compound of formula (I) as defined in any one of claims 1 to
9, for the manufacture of a medicament for the treatment of malignant

haemopathies.

41. Use of the compound of formula (I) according to claim 40, for the
manufacture of a medicament for the treatment of malignant haemopathies of

the myeloid type.

42. Use of the compound of formula (I) according to claim 40, for the

manufacture of a medicament for the treatment of lymphomas.

43.  Use of the compound of formula (I) as defined in any one of claims 1 to

9, for the manufacture of a medicament for the treatment of neuroblastomas.

44.  Use of the compound of formula (I) as defined in any one of claims 1 to

9, for the manufacture of a medicament for the treatment of melanomas.
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