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(57) ABSTRACT

The present invention is directed to new 5-ALA derivatives,
particles and formulation thereof, related methods of prepa-
ration and methods of use thereof. In particular, the inven-
tion relates to compounds of the invention, particles and
formulation thereof useful in the treatment of a cancer
and/or the diagnosis of a cancer cell such as in photody-
namic therapy or photodynamic diagnosis.
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5-ALA DERIVATIVES AND USE THEREOF

FIELD OF THE INVENTION

[0001] The present invention is directed to 5-Aminolevu-
linic acid (5-ALA) mediated photodynamic therapy (PDT)
and fluorescence photodetection (FD) of neoplastic diseases.

BACKGROUND OF THE INVENTION

[0002] Photochemotherapy or photodynamic therapy is a
technique based on the discovery that cancer cells treated
with certain chemicals will die when exposed to light. This
technique consists in the administering of a tumor-localizing
photosensitizer (photochemotherapeutic) followed by the
irradiation of the targeted tumor site with photoactivating
light of a suitable wavelength, in order to activate the
photosensitizing agent that in turn converts oxygen into
cytotoxic forms, whereby the affected cells are killed or their
proliferative potential diminished.

[0003] 5-ALA is known to specifically induce the in-situ
formation of high amounts of photoactive porphyrins in
neoplastic and (non-) neoplastic cells with high cellular
turnover. Beside the use of 5-ALA for treatment by PDT the
use of its ability to induce preferential accumulation of
photoactive porphyrins in neoplasia was suggested for
improving detection of neoplastic lesions in order to guide
biopsies, improve surgery, or allow for appropriate patient’s
management. However, the clinical development of 5-ALA-
mediated phototherapy and fluorescence photodetection
(FD) of neoplastic diseases, which are those of the most
selective cancer treatment techniques, have been hampered
by the limited local bioavailability of 5-ALA. In fact, the
short plasma half-life of 5-ALA and its low bioavailability
largely hinders its application for neoplastic lesions that are
not accessible by topical administration.

[0004] The development of 5-ALA derivatives and espe-
cially 5-ALA esters (WO 96/28412, WO 02/10120, Fotinos
et al., 2006, Photochemistry and Photobiology, 82: 994-
1015) such as methylaminolevulinate (MAL) and hexylami-
nolevulinate (HAL), led to market approval of those for the
treatment of actinic keratinosis and difficult-to-treat basal
cell carcinoma (Metvix®; Galderma, Switzerland) and for
improving detection of superficial bladder cancer (Hexvix®;
Photocure ASA, Oslo, Norway), respectively. Acid addition
salts of 5-ALA and 5-ALA derivatives (WO 2005/092838)
have been further developed for improving their physico-
chemical properties such as for increasing their stability (e.g.
lower hygroscopicity), notably for topical formulations (e.g.
creams) as compared to the corresponding hydrochloride
salts.

[0005] However, the use of 5-ALA esters remains
restricted to organs that are accessible by topical adminis-
tration as they have been shown to be unstable in the
gastrointestinal tract when given orally or in the blood
plasma. Their systemic use has shown to induce acute
toxicity after bolus injections in numerous in vivo models
(Perotti et al., 2002, British Journal of Cancer, 87: 790-795;
Di Venosa et al., 2006, Cancer Chemotherapy and Phar-
macology, 58, 478-486 or Fotinos et al., 2006, Photochem-
istry Photobiology, 82: 994-1015). Furthermore, the sys-
temic use of 5-ALA esters induces the formation of
porphyrins in a much less effective way than 5-ALA.
Finally, those compounds have been shown to be poorly
stable overtime.
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[0006] Therefore, important life-threatening diseases
including brain cancer, prostate cancer, mama carcinoma,
breast cancer, ovarian cancer, lung cancer, and lymphoma
can hardly be detected/treated by 5-AL.A-mediated photo-
therapy technology. Thus, there is a big need for alternative
photochemotherapeutic agents or agents for fluorescence
photodetection via parenteral routes, namely oral, intrave-
nous, intraperitonal, intramuscular, or subcutaneous.

SUMMARY OF THE INVENTION

[0007] The invention relates to the unexpected finding of
specific 5-ALA derivatives according to the invention which
are particularly suitable for injection route, presenting unex-
pected stability over months and which, for some deriva-
tives, can form nanoparticles which lead to the in vivo
release of 5-ALA through a mechanism of activation by
enzymes ubiquitously expressed in mammalian cells. The
invention is further related to the unexpected finding of
formulations of 5-ALA derivatives according to the inven-
tion comprising nanoparticle-forming 5-ALA derivatives
according to the invention presenting a controlled release of
5-ALA once systemically administrated, an increased bio-
availability and increased plasma half-life together with a
reduced toxicity as compared to formulations comprising
known 5-ALA esters. According to a particular aspect, the
compounds of the invention provide stable and non-toxic
prodrugs of 5-ALA which lead to the release of 5-ALA with
controllable release profiles and reduced systemic toxicity.
The invention further relates to 5-ALA derivatives, formu-
lations thereof, related methods of preparation and methods
of use thereof, those derivatives presenting a substantially
increased ability in inducing the formation of photoactive
porphyrins in cancer cells as compared to their correspond-
ing esters. In particular, the methods, uses, formulations and
compositions according to the invention are useful in
patients in the diagnosis of cancer cells and/or treatment of
a cancer or other pathologies.

[0008] As a consequence, formulations according to the
invention advantageously present an increased therapeutic
index as compared to known agents useful for photochemo-
therapy and fluorescence photodetection of neoplastic dis-
eases.

[0009] One aspect of the invention provides new 5-ALA
derivatives and pharmaceutically acceptable salts thereof.
[0010] Second aspect of the invention provides new
5-ALA derivatives according to the invention for use as a
medicament.

[0011] Another aspect of the invention provides a phar-
maceutical formulation comprising at least one 5-ALA
derivative according to the invention and at least one phar-
maceutically acceptable carrier.

[0012] Another aspect of the invention provides a particle
formed by at least one 5-ALA derivative according to the
invention.

[0013] Another aspect of the invention provides a kit
comprising in one or more container(s) a formulation or a
particle according to the invention together with instruction
of use of said formulation.

[0014] Another aspect of the invention provides a formu-
lation or a particle according the invention for use as a
medicament.

[0015] Another aspect of the invention provides a com-
pound, a particle or a formulation according the invention
for the treatment or repression of a disease or disorder
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including any malignant, pre-malignant and non-malignant
abnormalities responsive to photochemotherapy, including,
but not limited to, tumors or other hyperproliferative con-
ditions such as cancers, skin disorders such as psoriasis, skin
cancer, or actinic keratosis, infectious diseases (e.g. viral,
bacterial, fungal infections), inflammatory diseases like
Morbus Crohn, arthritis and rheumatoid arthritis, Barrett’s
esophagus or arterial restenosis.

[0016] Another aspect of the invention provides a com-
pound, a particle or a formulation according the invention
for the treatment or repression of a cancer or for the
detection of a cancer cell. Another aspect of the invention
provides a use of a compound, a particle or a formulation of
the invention for the preparation of a pharmaceutical com-
position for the treatment or repression of a disease or
disorder including any malignant, pre-malignant and non-
malignant abnormalities responsive to photochemotherapy,
including, but not limited to, tumors or other hyperprolif-
erative conditions such as cancers, skin disorders such as
psoriasis, skin cancer, or actinic keratosis, infectious dis-
eases (e.g. viral, bacterial, fungal infections), inflammatory
diseases like Morbus Crohn, arthritis and rheumatoid arthri-
tis, Barrett’s esophagus or arterial restenosis.

[0017] Another aspect of the invention provides a use of a
compound, a particle or a formulation according to the
invention for the preparation of a pharmaceutical composi-
tion for the treatment or repression of a cancer or for
detection of a cancer cell.

[0018] Another aspect of the invention provides a process
for the preparation of a compound according to the inven-
tion.

[0019] Another aspect of the invention provides interme-
diate compounds for the preparation of compounds of the
invention.

[0020] Another aspect of the invention provides a process
for the preparation of a particle according to the invention.
[0021] Another aspect of the invention provides a method
of treating or repressing a disease or disorder including any
malignant, pre-malignant and non-malignant abnormalities
responsive to photochemotherapy, including, but not limited
to, tumors or other hyperproliferative conditions such as
cancers, skin disorders such as psoriasis, skin cancer, or
actinic keratosis, infectious diseases (e.g. viral, bacterial,
fungal infections), inflammatory diseases like Morbus
Crohn, arthritis and rheumatoid arthritis, Barrett’s esopha-
gus or arterial restenosis, said method comprising adminis-
tering in a subject in need thereof a therapeutically effective
amount of a compound, a particle or a pharmaceutical
formulation according to the invention and exposing malig-
nant, pre-malignant or non-malignant abnormal cells to
light.

[0022] Another aspect of the invention provides a method
of treating or repressing a cancer, said method comprising
administering in a subject in need thereof a therapeutically
effective amount of a compound, a particle or a pharmaceu-
tical formulation according to the invention and exposing
cancer cells to light.

[0023] Another aspect of the invention provides a method
of diagnosis of a cancer cell, said method comprising the
following steps:

[0024] a) administering to a subject in need thereof a
detectably effective amount of a compound, a particle
or a pharmaceutical formulation according to the inven-
tion;
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[0025] D) exposing the site of investigation of the sub-
ject’s body to light.

[0026] Another aspect of the invention provides a method
of treating or repressing a cancer, said method comprising
administering in a subject in need thereof a therapeutically
effective amount of a compound, a particle or a pharmaceu-
tical formulation according to the invention in combination
with a metal ion or a radioisotope thereof.

[0027] Another aspect of the invention provides a method
of diagnosis of a cancer cell, said method comprising the
following steps:

[0028] a) administering in a subject in need thereof a
detectably effective amount of a compound, a particle
or a pharmaceutical formulation according to the inven-
tion;

[0029] D) administering in a subject in need thereof a
radioisotope of a metal ion;

[0030] c) detecting the distribution of the radioisotope
within said subject;

[0031] wherein administrations under steps a) and b) may
be carried out simultaneously or sequentially.

DESCRIPTION OF THE FIGURES

[0032] FIG. 1 represents the chemical stability of com-
pounds of the invention versus the ester 5-AL A-hexyl ester
(ALA-hex) (C) at 5 mM at 37° C. as described in Example
8 as measured by % of compound remaining in solution
versus time (in min) at various pH. A: compound 1; B:
compound 7.

[0033] FIG. 2 represents the in vitro enzymatic activation
of compounds of the invention in presence of a phosphatase
as described in Example 8 as measured by % of compound
remaining in solution versus time (in min). A: compound 1;
B: compound 7.

[0034] FIG. 3 represents the size distribution of the par-
ticles formed by the compounds of the invention (in %)
versus the size of the diameter measured by DLS as
described in Example 11. A: compound 4; B: compound 6.
[0035] FIG. 4 shows the in vivo fluorescence of CAM
U87Mg spheroid tumor as described in Example 14. Injec-
tion of non-fluorescent Compound 7 (100 umol/kg, top),
Compound 1 (300 pmol/kg, middle) and fluorescent PpIX
(100 umol/kg, bottom). Tumor auto-fluorescence images at
time O (left) and fluorescence images at times 0, 30, 60 and
120 min.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] The term “non-peptidic moiety cleavable by ubig-
uitous enzymes present in mammalian cells” comprises
non-peptidic moiety that are cleavable by enzymes including
phosphatases (e.g. alkaline phosphatases, acid phos-
phatases), phosphoamidases, nitroreductases, azoreductases,
glycosidases (e.g. mono-, di-, tri-, poly-saccharides glycosi-
dases), glucuronisidases and those as described in Rautio et
al., 2010, Prodrugs and targeted delivery,; towards better
ADME properties; Wiley with the proviso that the non-
peptidic moiety cleavable by ubiquitous enzymes present in
mammalian cells is not an acetyl group. Those groups are
well known to the person skilled in the art (Casas et al.,
2002, Curr Med Chem Anticancer Agents, 2(4):465-75;
Giuntini, 2009, J. Med. Chem., 9, 52(13):4026-37; Berger et
al., 2003, Bioorg. Med. Chem., 3, 11(7):1343-51). Those
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groups includes one or more phosphate groups, phospho-
amide groups, P-D-glucuronic acid groups, a-glycosyl
groups, carbohydrates, mono-, di-, tri-saccharides groups,
diazo groups, nitro groups and the like

[0037] The term “self-removable” linker includes any
moiety that is spontaneously self-removable upon cleavage
of the group B from the compound of the invention.
Examples of reaction mechanism of self-removal of the
linkers of the invention are provided herein.

[0038] The term “biocompatible™, refers to an agent that
does not induce an adverse response when inserted or
injected into a living subject, for example, without inducing
significant inflammation and/or acute rejection of the agent
by the immune system, for instance, via a T-cell response. As
opposed, a non-biocompatible material implanted/adminis-
tered into a subject provokes an immune response in the
subject that can be severe enough such that the rejection of
the material by the immune system cannot be adequately
controlled, and often is of a degree such that the material
must be removed from the subject. Biocompatibility can be
determined for example by exposing an agent to cells in
vitro where biocompatible agents are agents that typically
will not result in significant cell death at moderate concen-
trations. Biocompatibility may be assayed as described in
Williams, 2008, Biomaterials, 29: 2941-2953 or Ignatius et
al., 1996, Biomaterials, 17: 831-9, for example. The term
“biodegradable” as applied to particles of the invention
means compounds of the invention, i.e. compounds which
are degradable within a physiological environment, such as
within the body, either enzymatically or non-enzymatically
to produce biocompatible or non-toxic by-products which
can be further metabolized or excreted via normal physi-
ological pathways.

[0039] The term “5-ALA ester” includes esters of 5-Ami-
nolevulinic acid such as those described in WO 96/28412,
WO 02/10120 or Fotinos et al., 2006, above and derivatives
thereof. Exemplary 5-ALA esters include hexyl aminolevu-
linate and methyl aminolevulinate.

[0040] The term “S5-ALA ester derivative” refers to any
derivative of a 5-ALA ester, which is capable of providing
directly or indirectly, the activity disclosed herein.

[0041] The term “cancer” includes metastatic and non-
metastatic cancers such as colon cancer, rectal cancer, breast
cancer, mama carcinoma, lymphoma, brain cancer, ovarian
cancer, non-small cell lung cancer, colorectal carcinoma,
glioblastoma, gastric, bronchus cancer, pancreatic cancer,
urinary bladder cancer, hepatic cancer, non-melanoma skin
cancer, oesophageal cancer, oral cancer, duodenal cancer,
cervix cancer, uterus cancer, kidney cancer and prostate
cancer. “Cancer cells” can occur in form of tumor tissue, be
present as isolated cells in a subject (e.g., leukemia cells), or
be cell lines derived from a cancer.

[0042] As used herein, “treatment” and “treating” and the
like generally mean obtaining a desired pharmacological and
physiological effect. The term “treatment” as used herein
covers any treatment of a disease in a mammal, particularly
a human, and includes inhibiting the disease, i.e., arresting
its development; or relieving the disease, i.e. causing regres-
sion of the disease and/or its symptoms or conditions such
as tumor growth arrest or tumor regression. Diseases or
disorders, which may be treated or diagnosed according to
the present invention include any malignant, pre-malignant
and non-malignant abnormalities responsive to photo-
chemotherapy.
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[0043] The term “subject” as used herein refers to mam-
mals. For examples, mammals contemplated by the present
invention include human, primates, domesticated animals
such as cattle, sheep, pigs, horses, laboratory rodents and the
like.

[0044] The term “effective amount™ as used herein refers
to an amount of at least one particle or a pharmaceutical
formulation thereof according to the invention that elicits the
biological or medicinal response in a tissue, system, animal,
or human that is being sought. In one embodiment, the
effective amount is a “therapeutically effective amount” for
the alleviation of the symptoms of the disease or condition
being treated. Typically, an effective amount can be used to
inhibit the growth of cancer cells, e.g., prostate cancer cells,
i.e. any slowing of the rate of cancer cell proliferation and/or
migration, arrest of cancer cell proliferation and/or migra-
tion, or killing of cancer cells, such that the rate of cancer
cell growth is reduced in comparison with the observed or
predicted rate of growth of an untreated control cancer cell.
The term “inhibits growth” can also refer to a reduction in
size or disappearance of a cancer cell or tumor, as well as to
a reduction in its metastatic potential. Preferably, such an
inhibition at the cellular level may reduce the size, deter the
growth, reduce the aggressiveness, or prevent or inhibit
metastasis of a cancer in a patient. Those skilled in the art
can readily determine, by any of a variety of suitable indicia,
whether cancer cell growth is inhibited.

[0045] The term “efficacy” of a treatment according to the
invention can be measured based on changes in the course
of'a disease in response to a use or a method according to the
invention. The efficacy of a treatment of a cancer according
to the invention can be measured by a reduction of tumor
volume, and/or an increase of progression free survival time
and/or increased health and well-being of the subject (e.g.
repressing a cancer). Inhibition of cancer cell growth may be
evidenced, for example, by arrest of cancer cells in a
particular phase of the cell cycle, e.g., arrest at the G2/M
phase of the cell cycle. Inhibition of cancer cell growth can
also be evidenced using well known imaging methods such
as magnetic resonance imaging, computerized axial tomog-
raphy, PET, SPECT, photoacustic imaging, X-rays and fluo-
rescence imaging/detection. Cancer cell growth can also be
determined indirectly, for example by determining the levels
of circulating carcinoembryonic antigen, prostate specific
antigen or other cancer-specific antigens that are correlated
with cancer cell growth.

[0046] The term “detectably effective amount” as used
herein refers to an amount of at least one particle or a
pharmaceutical formulation thereof according to the inven-
tion that elicits a detectable fluorescence emission response
in a cancer cell from a tissue, system, animal, or human that
is being investigated. In one embodiment, the “detectably
effective amount™ is an amount necessary for the detection
of a fluorescence emission signal between about 600 and
about 750 nm in a cancer cell from a tissue, system, animal
or human that is being investigated induced by the exposure
of said tissue, system, animal or human to an excitation
signal at about 300 and about 700 nm.

[0047] The term “radioisotope of a metal ion” includes a
radioisotope of a metal ion useful in imaging and/or therapy,
notably in cancer imaging and/or therapy such as radioiso-
topes of Mg?*, Fe**, Ca**, Gd**, Ga’*, and Zn** (for
example Ga®’, Ga®® Zn®®, Fe>®). Detection techniques useful
in metal ion imaging include MRI (Magnetic Resonance
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Imaging), SPECT (Single-photon emission computed
tomography), and X-ray imaging techniques as described in
Textbook of in vivo Imaging in Vertebrates Edited by Vasilis
Ntziachristos, Anne Leroy-Willig and Bertrand Tavitian
ISBN: 978-0-470-01528-5. Metal ions according to the
invention and isotopes thereof include metal ion salts such
as citrate, nitrate, chloride, maltolate, bromide, sulfate, or
phosphate salts.

[0048] The term “particle” according to the invention
means particles which are solid, semi-solid or liquid and
which are formed in aqueous solution, i.e. particles that are
formed by compounds of the invention and are not soluble
in aqueous solution. For example, solid particles according
to the invention may be characterized by scanning electron
microscopy, transmission electron microscopy, imaging or
light scattering, sedimentation velocity. According to a par-
ticular aspect, particles of the invention have a diameter
comprised from about 10 nm and about 800 nm.

[0049] The term “self-removable linker” according to the
invention refers to a “self-immolative linker” which means
a linker which forms a stable bond between protecting and
leaving groups, which becomes labile upon activation, lead-
ing to the rapid disassembly of the parent molecule.
Examples of self-removable linker are described in Self-
immolative linkers in polymeric delivery systems Blencowe
at al., 2011, Polym. Chem., 2, 773-790.

[0050] The term “C,-C,, alkyl” when used alone or in
combination with other terms, comprises monovalent
straight chain or branched alkyl groups having 1 to 30
carbon atoms. This term is exemplified by groups such as
methyl, ethyl, n-butyl, sec-butyl, iso-butyl, propyl, tert-
butyl, t-butyl, n-pentyl, 1-ethylpropyl, 2-methylbutyl,
3-methylbutyl, 2,2-dimethylpropyl, n-hexyl, 2-methylpen-
tyl, 3-methylpentyl, 4-methylpentyl, n-heptyl, 2-methyl-
hexyl, 3-methylhexyl, 4-methylhexyl, 5-methylhexyl, n-oc-
tyl, n-nonyl, n-decanyl and the like. Particularly, those
include C,-Cy alkyl, in particular C,-C, alkyl, which, by
analogy, refer respectively to monovalent straight chain or
branched alkyl groups having 1 to 8 and 1 to 6, respectively
carbon atoms.

[0051] The term “C,-C;, alkenyl” when used alone or in
combination with other terms, comprises a straight or
branched alkenyl chains with a carbon number of 2-30
having any available number of double bonds in any avail-
able positions, and the configuration of the double bond may
be the (E) or (Z) configuration. This term is exemplified by
groups such as vinyl, allyl, isopropenyl, 1-propenyl and the
like.

[0052] The term “C,-C;, alkynyl” when used alone or in
combination with other terms, comprises a straight or
branched alkynyl chains with a carbon number of 2-30
having any available number of triple bonds in any available
positions. This term is exemplified by groups such as
ethynyl (—C=CH), 1-propynyl, 2-propynyl (propargyl:
—CH,C=CH), 2-butynyl, 2-pentene-4-ynyl, and the like.
[0053] The term “aryl” refers to an unsaturated aromatic
carbocyclic group of from 6 to 30 carbon atoms having a
single ring (e.g., phenyl) or multiple condensed rings (e.g.,
indenyl, naphthyl). In a particular embodiment, aryl refers to
aromatic carbocyclic group of from 6 to 12 carbons, typi-
cally 6 to 10 carbons. Aryl include phenyl, naphthyl, anthryl,
phenanthrenyl and the like.

[0054] The term “heteroaryl” refers to a monocyclic het-
eroaromatic, or a bicyclic or a tricyclic fused-ring heteroaro-
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matic group. Particular examples of heteroaromatic groups
include optionally substituted pyridyl, pyrrolyl, pyrimidinyl,
furyl, thienyl, imidazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyl, pyrazolyl, 1,2,3-triazolyl, 1,2.4-triazolyl, 1,2,
3-oxadiazolyl, 1,2,4-oxadia-zolyl, 1,2,5-oxadiazolyl, 1,3,4-
oxadiazolyl, 1,34-triazinyl, 1,2,3-triazinyl, benzofuryl,
[2,3-dihydro]benzofuryl, isobenzofuryl, benzothienyl, ben-
zotriazolyl, isobenzothienyl, indolyl, isoindolyl, 3H-indolyl,
benzimidazolyl, imidazo[1,2-a]pyridyl, benzothiazolyl, ben-
zoxa-zolyl, quinolizinyl, quinazolinyl, pthalazinyl, quinox-
alinyl, cinnolinyl, napthyridinyl, pyrido[3,4-b]pyridyl,
pyrido[3,2-b]pyridyl, pyrido[4,3-b]pyridyl, quinolyl, isoqui-
nolyl, tetrazolyl, 5,6,7,8-tetrahydroquinolyl, 5,6,7,8-tetrahy-
droisoquinolyl, purinyl, pteridinyl, carbazolyl, xanthenyl or
benzoquinolyl.

[0055] The term “C3-C8-cycloalkyl” refers to a saturated
carbocyclic group of from 3 to 8 carbon atoms having a
single ring (e.g., cyclohexyl) or multiple condensed rings
(e.g., norbornyl). C3-C8-cycloalkyl includes cyclopentyl,
cyclohexyl, norbomyl and the like.

[0056] The term “heterocycloalkyl” refers to a C3-C8-
cycloalkyl group according to the definition above, in which
up to 3 carbon atoms are replaced by heteroatoms chosen
from the group consisting of O, S, NR, R being defined as
hydrogen or methyl. Heterocycloalkyl include pyrrolidinyl,
piperidinyl, piperazinyl, morpholinyl, tetrahydrofuranyl and
the like. The term “alkoxy” refers to the group —O—R
where R includes “C,-C; alkyl”, “aryl”, “heteroaryl”, “aryl
C,-C; alkyl” or “heteroaryl C,-Cq alkyl”. Preferred alkoxy
groups include for example, methoxy, ethoxy, phenoxy and
the like.

[0057] The term “aryl C1-C6 alkyl” refers to C1-C6 alkyl
groups having an aryl substituent, including 3-phenylpro-
panyl, benzyl and the like.

[0058] The term “C,-Cq alkyl aryl” refers to aryl groups
having a C,-C; alkyl substituent, including methyl phenyl,
ethyl phenyl and the like.

[0059] Unless otherwise constrained by the definition of
the individual substituent, all the above substituents should
be understood as being all optionally substituted.

[0060] Unless otherwise constrained by the definition of
the individual substituent, the term “substituted” refers to
groups substituted with from 1 to 5 substituents selected
from the group consisting of “C1-C6 alkyl,” “C2-C6 alk-
enyl,” “C2-C6 alkynyl,” “C3-C8-cycloalkyl,” “heterocy-
cloalkyl,” “C1-C6 alkyl aryl,” “C1-C6 alkyl heteroaryl,”
“C1-C6 alkyl cycloalkyl,” “C1-C6 alkyl heterocycloalkyl,”
“cycloalkyl C1-C6 alkyl,” “heterocycloalkyl C1-C6 alkyl,”
“amino,” “amido”, “aminosulfonyl,” “ammonium,”
“alkoxy,” “acyl amino,” “amino carbonyl,” “azido”, “diaza”,
“aryl,” “aryl C1-C6 alkyl,” “C1-C6 alkyl aryl,” “heteroaryl,”
“heteroaryl C1-C6 alkyl,” “C1-C6 alkyl heteroaryl,” “sulfi-
nyl,” “sulfonyl,” “sulphonamide”, “alkoxy,” “alkoxy carbo-
nyl,” “carbamate,” “sulfanyl,” “halogen,” “carboxy,” triha-
lomethyl, cyano, hydroxy, mercapto, nitro, ether, ester,
reverse ester, carboxylic acid, carboxylic ester, carbonate,
acetal, hemiacetal, ketal, thiol, thioether, N-oxide, disulfide,
sulfone, sulfonate, sulfoxide, sulfonamide, imine, carbam-
ide, aziridine, nitro, ketoxime, aldoxime, nitroso, hydrox-
ylamine, phosphodiester, phosphonate, and phosphate, and
the like. The term “halogen” refers to fluoro, chloro, bromo
and iodo atoms.

[0061] The term “lipidic group” includes alcohols or
amino derivatives of unbranched or branched, saturated or

2 <
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(poly)unsaturated C,, to C;, lipids such as squalenol,
squalanol, squalene amine, farnesol, geraniol, myristyl alco-
hol, phytol, stearyl alcohol, palmityl alcohol, arachidyl
alocohol and the like.

[0062] The term “pharmaceutical formulation” refers to
preparations which are in such a form as to permit biological
activity of the active ingredient(s) to be unequivocally
effective and which contain no additional component which
would be toxic to subjects to which the said formulation
would be administered.

[0063] According to one aspect, the invention provides a

5-Aminolevulinic derivative of Formula (I) and any phar-
maceutically acceptable salts thereof:

@

[0064] wherein B is a biocompatible non-peptidic moiety
cleavable by ubiquitous or specific enzymes present in
mammalian cells, L is a biocompatible self-removable linker
and R! is selected from H, optionally substituted C1-C30
alkyl (such as C1-C6 alkyl, like hexyl or methyl), optionally
substituted C,-C,, alkenyl (e.g. C,-C, alkenyl), optionally
substituted C,-C;, alkynyl (e.g. C,-C, alkynyl), optionally
substituted alkoxy, optionally substituted aryl and optionally
substituted aryl C1-C6 alkyl (e.g. such as benzyl) and n is an
integer selected from 0 and 1.

[0065] According to a particular embodiment, B is a
biocompatible non-peptidic moiety cleavable by phos-
phatases or glycosidases.

[0066] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention, n
is 0.

[0067] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention, n
is 1.

[0068] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention,

wherein the biocompatible self-removable linker L is of
Formula (L):

[0069] wherein R* is selected from H, optionally substi-
tuted C,-C;, alkyl (e.g. C,-C; alkyl such as methyl), option-
ally substituted C,-C;, alkenyl (e.g. C,-C alkenyl), option-
ally substituted C,-C,, alkynyl (e.g. C,-Cg alkynyl),
optionally substituted alkoxy, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted
C,-C; alkyl aryl and optionally substituted aryl C,-C, alkyl,
X is absent or selected from O and S and X, is selected from
the following groups:

@
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oﬂ(xzf‘%

[0070] and wherein m is an integer selected from O or 1
and p is an integer selected from O or 1, X, is selected from
0, S and NH, R*? is selected from H, optionally substituted
C,-C;, alkyl (e.g. C,-Cg alkyl), optionally substituted
C,-C;, alkenyl (e.g. C,-C; alkenyl), optionally substituted
C,-C,, alkynyl (e.g. C,-Cg alkynyl), optionally substituted
alkoxy, optionally substituted aryl and optionally substituted
C,-C, alkyl aryl and A is an optionally substituted aromatic
ring.

[0071] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention,
wherein B is a phosphate group.

[0072] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention,
wherein B is at least one glucuronic acid group.

[0073] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention,
wherein B is at least one glycoside group.

[0074] According to a particular aspect, is provided a
5-Aminolevulinic derivative according to the invention,
wherein B is at least one glycoside group as follows:

HO HO
HO 0 O
0
HO OH HO OH |

[0075] wherein y is an integer selected from O and 1'000,
for example from 0 to 50, such as from 0 to 10 or from 0 to
1.

[0076] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention,
wherein B is a group selected from the following groups:

(X1b)

B

I
Ry,—Z—P and
}
$:2)]
R
R;,0
0
Rj00 ORg
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[0077] wherein Z is selected from O and NH and E is
selected from —OR? and a group D2:

O
H
LN _Rlp
q O
O

[0078] R? and R® are independently selected from H,
optionally substituted C,-C,, alkyl (e.g. C,-C4 alkyl),
optionally substituted C,-C,, alkenyl (e.g. C,-C alkenyl),
optionally substituted C,-C;, alkynyl (e.g. C,-C; alkenyl),
optionally substituted alkoxy, optionally substituted aryl,
optionally substituted heteroaryl, optionally substituted
C;-Cy-cycloalkyl, optionally substituted heterocycloalkyl
and a lipidic group; Rip is selected from H, optionally
substituted C1-C30 alkyl (e.g. C,-C; alkyl), optionally sub-
stituted C2-C30 alkenyl (e.g. C,-C, alkenyl), optionally
substituted C2-C30 alkynyl (e.g. C,-Cq alkynyl), optionally
substituted alkoxy, optionally substituted aryl, optionally
substituted heteroaryl and optionally substituted aryl C1-C6
alkyl (e.g. such as benzyl), q is an integer selected from O
and 1 and L, is a biocompatible self-removable linker, R is
selected from —COOR® and —CH,OH, R®, R'° and R!! are
independently selected from H, or an appropriate protective
group for hydroxyl groups such as for example optionally
substituted C,-C, alkyl, optionally substituted C,-C4 alk-
enyl, optionally substituted C,-Cg alkynyl, optionally sub-
stituted acyl, optionally substituted acyl sulfonyl, optionally
substituted acyl, optionally substituted alkoxy, optionally
substituted aryl, optionally substituted heteroaryl, for
example forming some of the following groups: esters such
as formate, benzoyl formate, optionally substituted acetate
such as chloroacetate, dichloroacetate, trichloroacetate, tri-
fluoroacetate, methoxyacetate, phenoxyacetate, phenylac-
etate, 4-penenoate, 4-oxopentanoate, benzoate, 4-phenyl-
benzoate, 4-bromobenzoate, 4-nitrobenzoate, picolinate,
nicotinate, propanoate, 2-(azidomethyl)benzoate, 4-azi-
dobutyrate, 2-iodobenzoate, 2-(allyloxy)phenylacetate,
4-benzyloxybutyrate, 4-nitro-4methylpentanoate, 2(chloro-
acetoxymethyl)benzoate, 4-(methylthiomethoxy )butyrate,
4-trialkylsiloxybutyrate, 2-formylbenzenesulfonate, tosy-
late, allylsulfonate, isobutyrate, 2-chlorobenzoate, 2-trifluo-
romethylsulfonate, isobutyrate, or carbonates such as
methoxymethyl, ethyl, optionally substituted ethyl such as
bromoethyl, 2-(methylthiomethoxy)ethyl, 2,2,2-trichloro-
ethyl, 2-(phenylsulfonyl)ethyl, isobutyl, t-butyl, vinyl, allyl,
propargyl, 4-chlorophenyl, 4-nitrophenyl, benzyl, 2-ni-
trobenzyl, 4-nitrobenzyl, 2-(4-nitrophenyl)ethyl, 2-(2,4-
dinitrophenyl)ethyl, 2-(2-nitrophenyl)propyl, 2-cyano-1-
phenylethyl, phenacetyl, S-benzyl thiocarbonate and R® is
selected from H, optionally substituted C,-C,, alkyl, option-
ally substituted C,-C;, alkenyl, optionally substituted
C,-C;, alkynyl, optionally substituted alkoxy, optionally
substituted aryl, optionally substituted heteroaryl, optionally
substituted C;-Cq-cycloalkyl and optionally substituted het-
erocycloalkyl.

[0079]
H

[0080] According to a particular embodiment, B is a group
BI.

D2)

According to another specific embodiment, R* is
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[0081] According to a further particular embodiment, B is
a group B1 wherein E is —OR?.

[0082] According to a further particular embodiment, B is
a group Bl wherein Z is —O.

[0083] According to a further particular embodiment, R? is
H.

[0084] According to a further particular embodiment, B is
a group B1, wherein E is —OR? and at least one group from
R? and R? is selected from the following group: H, option-
ally substituted C,-C;, alkyl, optionally substituted C,-C;
alkenyl, optionally substituted C,-C;, alkynyl, optionally
substituted aryl (e.g. optionally substituted phenyl such as
phenyl), optionally substituted heteroaryl, optionally substi-
tuted C;-Cq-cycloalkyl, optionally substituted heterocy-
cloalkyl and a lipid group.

[0085] According to a further specific embodiment, R? is
an optionally substituted phenyl (e.g. phenyl).

[0086] According to another specific embodiment, R? is a
lipid group.

[0087] According to a further specific embodiment, R? is
a squalene.

[0088] According to another specific embodiment, R? is
H

[0089] According to another specific embodiment, R? is
H.

[0090] According to another specific embodiment, R" is an
optionally substituted C1-C30 alkyl such as an optionally
substituted C1-C8 alkyl such as methyl, ethyl and hexyl.
[0091] According to a further particular embodiment, B is
a group Bl wherein E is a group D2.

[0092] According to a further particular embodiment, B is
a group Bl wherein E is a group D2 and q is 0.

[0093] According to another particular embodiment, B is
a group B2.
[0094] According to another particular embodiment, B is

a group B2 wherein R is —COOR?, in particular —COOH

[0095] According to another particular embodiment, R® is
[P(I).096] According to another particular embodiment, R® is
.[P(I).097] According to another particular embodiment, R'°
1[?)(?58] According to another particular embodiment, R! is
[P(I).099] According to another further particular embodi-

ment, B is a group B2 wherein R is —COOR® and R®, R,
R' and R'! are H.

[0100] According to another particular embodiment, n is
0

[0101] According to another particular embodiment, n is
1.

[0102] According to another particular embodiment, n is 1
and X is O.

[0103] According to another particular embodiment, X, is
Xla.

[0104] According to another particular embodiment, m is
0

[0105] According to another particular embodiment, m is
1

[0106] According to another particular embodiment, X, is
Xlaand mis 1.

[0107] According to another particular embodiment, X, is
X1b.
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[0108] According to another particular embodiment, p is
0.
[0109] According to another particular embodiment, p is
1.
[0110] According to another particular embodiment, X, is

X1b and p is 0.

[0111] According to another particular embodiment, X, is
X1b and p is 1 According to another particular embodiment,
X, is X1b and X, is NH.

[0112] According to another particular embodiment, X is
0.
[0113] According to a particular embodiment, is provided

a 5-Aminolevulinic derivative according to the invention,
wherein the biocompatible self-removable linker L, is of
Formula (L) or (LD):

Yoﬁ

Rdp Xp

D)

[0114] wherein R*” is selected from H, optionally substi-
tuted C,-C,, alkyl (e.g. methyl), optionally substituted
C,-C;, alkenyl, optionally substituted C,-C,, alkynyl,
optionally substituted alkoxy, optionally substituted aryl and
optionally substituted alkyl-aryl, X, is absent or selected
from O, NH, and S and X, ,, is selected from

%%ﬁolyog .

(XDa)

R12p

[0115] and wherein d is an integer selected from 0 or 1 and
e is an integer selected from 0 or 1, X, , is selected from O,
S, NH and AD is an optionally substituted aromatic ring,
R!'?P is selected from H, optionally substituted C,-C,,, alkyl
(e.g. methyl), optionally substituted C,-C;, alkenyl, option-
ally substituted C,-C;, alkynyl, optionally substituted
alkoxy, optionally substituted aryl and optionally substituted
alkyl.

[0116] According to another further specific embodiment,
A is an optionally substituted phenyl ring (e.g. phenyl, nitro
phenyl).

[0117] According to another further specific embodiment,

A is an optionally substituted phenyl ring selected from the
following group:

(X1b)
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Al

g

K
X /_//<

A2

~

4
Y,

!

Q\C

RS

\

A3

\ /_//{E

R6

[0118] wherein R?, R® and R are independently selected
from H, halogen (such as F, Cl, Br, I), amino (such as NH,),
nitro and the like or optionally at least one group among R”,
R® and R7 is a group of Formula D3:

O
H
LN _Rly
r O
O

[0119] R1,is R* or is selected from H, optionally substi-
tuted C1-C30 alkyl, optionally substituted C2-C30 alkenyl,
optionally substituted C2-C30 alkynyl, optionally substi-
tuted alkoxy, optionally substituted aryl, optionally substi-
tuted C1-C6 alkyl aryl and optionally substituted heteroaryl,
r is an integer selected from O and 1 and L, is a biocom-
patible self-removable linker.

[0120] According to a particular embodiment, is provided
a 5-Aminolevulinic derivative according to the invention,
wherein the biocompatible self-removable linker L, is of
Formula (L) Formula (LD) or (LT):

YOW\%

R4r Xr

d3)

@D

[0121] wherein R, is selected from H, optionally substi-
tuted C,-C;, alkyl (e.g. methyl), optionally substituted
C,-C,, alkenyl, optionally substituted C,-C,, alkynyl,
optionally substituted alkoxy, optionally substituted aryl and
optionally substituted alkyl-aryl, X, is absent or selected
from O and S and X,, is absent or selected from the
following groups:
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XTa)
and
e}

(XTb)

[0122] and wherein fis an integer selected from O or 1 and
g is an integer selected from 0 or 1, X, ; is selected from O,
S, NH and AT is an optionally substituted aromatic ring,
R'?% is selected from H, optionally substituted C,-C5, alkyl
(e.g. methyl), optionally substituted C,-C;, alkenyl, option-
ally substituted C,-C;, alkynyl, optionally substituted
alkoxy, optionally substituted aryl and optionally substituted
alkyl-aryl.

[0123] According to another further specific embodiment,
AD is an optionally substituted phenyl ring.

[0124] According to another further specific embodiment,
AD is an optionally substituted phenyl ring selected from the
following group:

Al
R7
L
AP
RS
A2
R7
[
/\/\R6
RS
A3

=
[*)}

\_
\/jﬁ

[0125] wherein R, RS and R” are independently selected
from H, halogen (such as F, Cl, Br, I), amino (such as NH,),
nitro and the like or optionally at least one group among R°,
R® and R is a group of Formula D4:

(D4)
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[0126] R1, is selected from H, optionally substituted
C1-C30 alkyl, optionally substituted C2-C30 alkenyl,
optionally substituted C2-C30 alkynyl, optionally substi-
tuted alkoxy, optionally substituted aryl and optionally sub-
stituted heteroaryl, q is an integer selected from 0 and 1 and
L, is a biocompatible self-removable linker.

[0127] In particular, AT is an optionally substituted phe-
nyl.
[0128] According to a further aspect, the invention pro-

vides a 5-AL A derivative selected from the following group:

(a)

0
B—X 0—R,
0
(Ib)
0
o) o)
g \r \[|7g/\n/\)‘\o_Rl
R, 0 0
(Ie)
Rpp
0
0 7
g |
S N
9 O O (R
0 R, O
(Id)
0 0
o—#
/.
v \/\| o” ¥ 0—R,
Rs e}
Ry
(Ie)
0 0
Bg ) )]\
5
[\\ 0 N 0—R,
N ©
R
(If)
o 0
R4 o—<
g O—R;
B/o 2 0 0 0
Rs/\/\| Ong 0—R,
Rg S
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-continued
(Ig)
(@] (@]
_ O)I\N/\'(\)‘\O_Rl
P 2 \Y v,
B
YA E
(@]

[0129] Wherein R', R?, R3 R* R®, R® and R'? are as
defined in the present description and R4' can be R* or
selected from H, optionally substituted C,-C;, alkyl (e.g.
methyl), optionally substituted C,-C,, alkenyl, optionally
substituted C,-C;, alkynyl, optionally substituted alkoxy,
optionally substituted aryl and optionally substituted alkyl-
aryl.

[0130] According to a particular embodiment, R, is R* or
selected from H, optionally substituted C,-C,, alkyl, option-
ally substituted C,-C;, alkenyl, optionally substituted
C,-C;, alkynyl, optionally substituted alkoxy, optionally
substituted aryl and optionally substituted alkyl-aryl, R> and
R® are independently selected from H, halogen, amino, nitro
or optionally at least one group among R5 and R® is a group
of Formula D3 as defined above.

[0131] According to another further aspect, the invention
provides a 5-ALA derivative of Formula (I), wherein R! is
H.

[0132] According to another further aspect, the invention
provides a 5-ALA derivative of Formula (I), wherein R! is
an optionally substituted C1-C30 alkyl (such as C1-C6
alkyl, like hexyl or methyl).

[0133] According to another further aspect, the invention
provides a 5-ALA derivative of Formula (I), wherein R* is
an optionally substituted aryl C1-C6 alkyl (e.g. such as
benzyl).

[0134] According to a further aspect, the invention pro-
vides a 5-AL A derivative selected from the following group:

(IB1al)

0
ﬁ H
o) N 0
e \T/
0 o)
3 gy
(IB1a2)
0
ﬁ H
o) N 0
e \T/
HN o)
0 gy
0
o
\
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-continued
(IB1b)

0
O\\ o o N 0
-
SACTY
/0 Ry 0 O

& R1

(IBlc)

RZ\O
\

Rpp
_0 & o)
R LB petv | a
0 \\O 5 \/\ 0. 0 N (o}
R6 \( T
O R O N

(IB1d)
Ry

~ 0
=Y _o—~ | 0

R3\ /P RS/

SN \/\ 0" "N )

Rg
R4 (@)
SR1

[0135] Wherein R', R? R? R* R>, R® and R'? are as

defined in the present description. The following Schemes 1,
2 and 3 illustrate the mechanisms of activation of a com-
pound of the invention (IBlal), (IBlc) and (IB1d), respec-
tively:

Scheme 1
e}
ﬁ H
O N O
RZ/ ~ I|,/
O O
R3 - ~ R1
(IBlal)
phosphatase
phosphoamidase
I I
HN O + R2 P
~ O/ |\O'
O,
< 3
Ry

(5-ALA ester)
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Scheme 2

Phosphatase

10

O
T
R4 e}
Rs
Ry—g 0, =\= 9
\ _om - >—<t>—<
Ry g —P"
R\ o \ \/ R, N4
e} H Rg
Scheme 3
(IB1D)
Phosphatase

OH + HO
R3\O/P/ 4<>_/
O
)J\ N o—
Ry H H
(@]

[0136] According to another further aspect, the invention
provides a 5-AL A derivative of Formula (IBla).

[0137] According to another further aspect, the invention
provides a 5-ALA derivative of Formula (IBla) selected
from the following group:

COORg
R;0

RO
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(Ible)

(€]
O
O
\Rl
(€]
TN O—RI
) x Z/Y\)‘\
(6]
[0138] tricthylammonium salt of hexyl 5-((hydroxy(phe-

noxy ))phosphoryl)amino)-4-oxopentanoate;

[0139] triethylammonium salt of methyl 5-((hydroxy(phe-
noxy)phosphoryl) amino)-4-oxopentanoate

[0140] triethylammonium salt of benzyl 5-((hydroxy(phe-
noxy)phosphoryl) amino)-4-oxopentanoate and

[0141] hexyl 5-((hydroxy(((4E,8E,12E,16E)-4,8,13,17,
21-pentamethyldocosa-4,8,12,16,20-pentaen-1-yl)oxy)
phosphoryl)amino)-4-oxopentanoate.

[0142] According to another further aspect, the invention

provides a 5-ALA derivative of Formula (IB1b) selected

from the following group:

[0143] Bis(thexyl) 5-((hydroxy(phenoxy)phosphoryl)bis
(amino)-4-oxopentanoate) and Bis-hexyl 5-((hydroxy
(((4E,8E,12E,16E)-4,8,13,17,21 -pentamethyldocosa-4,8,
12,16,20-pentaen-1-yl)oxy)phosphoryl)bis-amino)-4-
oxopentanoate.

[0144] According to another further aspect, the invention

provides a 5-ALA derivative of Formula (IBlc) selected

from the following group:

[0145] Triethylammonium salt of hexyl 4-oxo-5-
((((phosphonooxy )methoxy)carbonyl)amino) pentanoate;
and

[0146] Triethylammonium salt of methyl 4-oxo-5-
((((phosphonooxy )methoxy)carbonyl)amino) pentanoate.

[0147] According to a further aspect, the invention pro-

vides the 5-ALA derivative selected from the following

group:
O
/\“/\)ko —=x,

e}

(IB2d)






