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EP 2 099 304 B1
Description

[0001] The invention was made with government support under Contract No.DE-AC02-98CH10886 awarded by the
U.S. Department of Energy. The Government has certain rights in the invention.

BACKGROUND OF THE INTENTION

[0002] Theefficacy of radiation and chemical methods in the treatment of cancers has been limited by a lack of selective
targeting of tumor cells by the therapeutic agent. In an effort to spare normal tissue, current tumor treatment methods
have therefore restricted radiation and/or chemical treatment doses to levels that are well below optimal or clinically
adequate. Thus, designing compounds that are capable, either alone or as part of a therapeutic method, of selectively
targeting and destroying tumor cells, is a field of intense study.

[0003] Because of the known affinity of porphyrins to neoplastic tissues, there has been intense interest in using
porphyrins as delivery agents in the treatment of neoplasms in brain, head and neck, and related tumors. Porphyrins in
general belong to a class of colored, aromatic tetrapyrrole compounds, some of which are found naturally in plants and
animals, e.g., chlorophyll and heme, respectively.

[0004] Porphyrins and other tetrapyrroles with relatively long triplet lifetimes have already been used to treat malignant
tumors using photodynamic therapy (PDT). In PDT, the patient is first injected with a photosensitizing drug, typically a
porphyrin. The tumor cells, now photosensitized, are susceptible to destruction when exposed to an intense beam of
laser red light. The biochemical mechanism of cell damage in PDT is believed to be mediated largely by singlet oxygen,
which is produced by transfer of energy from the light-excited porphyrin molecule to an oxygen molecule. However, PDT
has been limited predominantly by the limited penetration of red light, which is only a few millimeters in depth.

[0005] X-ray radiation therapy (XRT) is the most commonly used radiation treatment for numerous forms of cancer.
In conventional XRT, a patient is irradiated by fractionated X-ray radiotherapy without a radiosensitizing drug. However,
if a radiosensitizing drug is injected prior to irradiation, the tumor cells, now radiosensitized, are more susceptible than
surrounding tissues to destruction when exposed to X-ray radiation. X-rays are classified as low linear-energy-transfer
(LET) radiation because of the rate at which the type of radiation deposits energy as it passes through tissue. The
compounds currently used in clinical XRT have not yet demonstrated a high rate of tumor control in the treatment of
head and neck and other deadly cancers.

[0006] A promising new form of high LET radiation cancer therapy is boron neutron-capture therapy (BNCT). BNCT
is a bimodal cancer treatment based on the selective accumulation of a stable nuclide of boron known as boron-10, or
10B, in the tumor, followed by irradiation of the tumor with thermalized neutrons. The thermalized neutrons impinge on
the boron-10, causing nuclear fission (decay reaction). The nuclear fission reaction causes the highly localized release
of vastamounts of energy in the form of high (LET) radiation, which can kill cells more efficiently (higher relative biological
effect) than low LET radiation, such as X-rays.

[0007] Boron-10 undergoes the following nuclear reaction when captured by a thermal neutron:

108+n 5 118
1B 5 7Li*He+y(478keV)

In this nuclear reaction, a boron-10 nucleus captures a neutron forming the metastable nuclide 1B, which spontaneously
and nearly instantaneously disintegrates into a 4He and 7Li particle, which together possess an average total kinetic
energy of 2.34 MeV. These two ionized particles travel about 9 pm and 5 pum (7 = 2 pm) in opposite directions in soft
tissue, respectively.

[0008] The distances traveled by the #He and 7Li particles are comparable to the diameter of many tumor and tumor-
associated cells. Therefore, the efficacy of BNCT resides in the production of highly localized, high LET ionizing radiation
within the tumor. The targeted tumor thus receives a large dose of radiation while sparing surrounding normal tissue.
[0009] In the case of brain tumors, after administration of the boron compound, the patient’s head is irradiated in the
general area of the brain tumor with an incident beam or field of epithermal (0.5 eV-10 keV) neutrons. The neutrons
become progressively thermalized (average energy approximately 0.04 eV) as they penetrate deeper into the head. As
the neutrons become thermalized, they are more readily captured by the boron-10 concentrated in the tumor cells and/or
tumor supporting tissues, since the capture cross section is inversely proportional to the neutron velocity.

[0010] In BNCT, the boron-containing compound must be non-toxic or of low toxicity when administered in therapeu-
tically effective amounts, as well as being capable of selectively accumulating in cancerous tissue. Although BPA has
the advantage of low chemical toxicity, it accumulates in critical normal tissues at levels that are less than desirable. In
particular, ratios of boron concentration in tumors relative to normal brain and tumors relative to blood are approximately
3:1. Such low specificity limits the maximum dose of BPA to a tumor since the allowable dose to normal tissue is the
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limiting factor.

[0011] Porphyrins are not only usefulin the treatment of tumors, but these compounds are also usefulin the visualization
and diagnosis of tumors. A porphyrin molecule has the advantage of having the ability to chelate metal ions in its interior.
Such chelated porphyrins can additionally function as visualization tools for real-time monitoring of porphyrin concen-
tration and/or diagnostic agents. For example, when chelated to paramagnetic metal ions, porphyrins may function as
contrast agents in magnetic resonance imaging (MRI), and when chelated to radioactive metal ions, porphyrins may
function as imaging agents for single photon emission computed tomography (SPECT) or positron emission tomography
(PET).

[0012] In addition, by using chelated boron-containing porphyrins in BNCT, boron concentration and distribution in
and around the tumor and all tissues within the irradiated treatment volume can be accurately and rapidly determined
noninvasively before and during the irradiation. Such diagnostic information allows BNCT treatment to be performed
more quickly, accurately, and safely, by lowering exposures of epithermal neutrons in regions of tissues known to contain
high levels of boron. Short irradiations would obviate the inconvenience and discomfort to the patient of long and often
awkward positioning of the head at a reactor port. However, the anticipated use of accelerator-generated neutrons would
likely produce a significantly lower flux and hence effect longer irradiation times, so that compounds that have longer
tumor retention times would become critical.

[0013] Accordingly, there is a need for new compounds, especially boron-containing porphyrins, with long retention
times in tumors, and that selectively target and destroy tumor cells with minimal damage to normal tissue. In addition,
there is a need for more effective methods for the treatment of brain, head and neck, and related tumors, and more
particularly, more effective XRT and BNCT treatments and boron-delivery compounds used therein.

[0014] Meso-substituted porphyrins carrying carboranes and oligo(ethylene glycol) units for use in BNCT are described
by Frixa etal 2003; Organic & Biomolecular Chemistry, vol. 1,306-317. US 2005/0260128 discloses carborane-containing
5, 10, 15, 20-tetraphenylporphyrin compounds for use in BNCT and PDT. Porphyrins containing one or more neutral or
negatively-charged, closo- or nido-carborane substituents linked to the porphyrin ring by carbon-carbon bonds are
disclosed in US 2004/0106592.

SUMMARY OF THE INVENTION

[0015] Thepresentinventionisdirected to low toxicity boronated compounds and methods for their use in the treatment,
visualization, and diagnosis of tumors. More specifically, the present invention is directed to low toxicity carborane
containing nitroporphyrin compounds and methods for their use particularly in boron neutron capture therapy (BNCT)
or X-ray radiation therapy (XRT) for the treatment of tumors of the brain, head and neck, and surrounding tissue.
[0016] In particular, the present invention is directed to carborane-containing porphyrin compounds of the formula:

Ry R

0]
wherein:

R, R2, R3, and R* are independently -NO,, -NH,, halogen, or a substituent represented by the following formula

— ()

\ _/

2);
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wherein Y are independently on the ortho, meta or para position on the phenylrings, and are independently hydrogen
or a substituent represented by formula (3)

-X-(CR10R™)-Z (3);

provided that at least one of R1, R2, R3, and R# is the substituent represented by formula (2) wherein Y represents
formula (3);
wherein:

X is oxygen or sulfur;

R10, and R are independently selected from hydrogen and C, to C, hydrocarbyl;

Z is a carborane cluster comprising at least two carbon atoms and at least three boron atoms, or at least one
carbon atom and at least five boron atoms, within a cage structure;

ris 0 or an integer from 1 to 20;

a represents an integer from 1 to 4; and

provided also that at least one of R1, R2, R3, and R4 is the substituent represented by -NO,, -NH,, or halogen; and
M is either two hydrogen ions, a single monovalent metal ion, two monovalent metal ions, a divalent metal ion, a
trivalent metal ion, a tetravalent metal ion, a pentavalent metal ion, a hexavalent metal ion, wherein the porphyrin-
metal complex derived from a single monovalent metal ion is charge-balanced by a counter cation, and the porphyrin-
metal complex derived from a trivalent, tetravalent, pentavalent, hexavalent metal ion is charge-balanced by an
appropriate number of counter anions, dianions, or trianions.

[0017] Z s preferably selected from the carboranes -C,HBgH;4 or -C,HB,gH o, wherein - C,HBgH, is nido ortho-,
meta-, or para-carborane, and -C,HB45H g is closo ortho-, meta-, or para-carborane.

[0018] M is preferably vanadium (V), manganese (Mn), iron (Fe), ruthenium (Ru), technetium (Tc), chromium (Cr),
platinum (Pt), cobalt (Co), nickel (Ni), copper (Cu), zinc (Zn), germanium (Ge), indium (In), tin (Sn), yttrium, (Y), gold
(Au), barium (Ba), tungsten (W), or gadolinium (Gd). In a more preferred embodiment, M is copper (Cu) or nickel (Ni).
[0019] Inoneembodiment, twoof R1, R2,R3, and R4 are substituents represented by formula (2); ais 1;Y is represented
by -X-(CR1OR1) -Z; R0 and R are H; ris 1; Zis - C,HB4H ¢ the -X-(CRORM) -Z substituents are in the meta positions
of the phenyl rings; the two R - R4 not represented by formula (2) are -NO, or -Br; and the substituents represented by
formula (2) are in the cis conformation on the porphyrin ring.

[0020] In another embodiment, two of R', R2, R3, and R#* are substituents represented by formula (2); a is 1; Y is
represented by -X-(CR10R1)-Z; R10 and R'' are H; ris 1; Z is - C,HBgHg. the -X-(CR19R"),-Z substituents are in the
meta positions of the phenyl rings; the two R - R4 not represented by formula (2) are -NO, or -Br; and the substituents
represented by formula (2) are in the trans conformation on the porphyrin ring.

[0021] In yet another embodiment, when the porphyrin compound requires a counter dianion, the counter dianion is
a porphyrin compound containing a divalent negative charge. The porphyrin compound containing a divalent negative
charge may be a carborane-containing porphyrin compound as described herein, with the proviso that M is absent.
[0022] Also described herein are methods of tumor imaging by SPECT, PET, or MRI, as well as methods of bimodal
cancer treatment such as BNCT, XRT, and PDT that require the administration to a subject of a composition that
comprises one or more of the porphyrin compounds described above. In a preferred embodiment, the composition is
essentially one or more of the porphyrin compounds described above.

DETAILED DESCRIPTION OF THE INVENTION

[0023] The invention relates to carborane-containing nitroporphyrin compounds having the formula
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Rq Rs
)

R!, R, R3, and R4 are independently -NO,, -NH,, halogen, or a substituent represented by the following formula

N M.

\_/

provided that at least one of R, R2, R3, and R# is a substituent represented by formula (2) and provided also that at
least one of R, R2, R3, and R* is the substituent represented by - NO,, -NH,, or halogen

[0024] Y are independently on either or both of the ortho and/or meta positions or on the para position on the phenyl
rings and a represents an integer from 1 to 4. Y are hydrogen or a substituent represented by formula (3)

- (2);

-X-(CR10R11) -Z 3);

provided that at least one of Y is a substituent represented by formula (3).

[0025] In formula (3), X is oxygen or sulfur, R1%, and R are independently selected from hydrogen and C4 to Cy4
hydrocarbyl, and r is 0 or an integer from 1 to 20.

[0026] Zisacarborane cluster. Acarborane clusteris composed of boron and carbon atoms. Carboranes are polyhedra.
[0027] Z comprises at least two carbon atoms and at least three boron atoms, or at least one carbon atom and at least
five boron atoms, within a cage structure. Some examples of carborane clusters include the regular polyhedral carborane
clusters, also known as closo structures, as well as ionized fragments of the polyhedral clusters, also known as nido
structures. Some examples of the preferred carboranes of the present invention include -CoHBgH g or -C,HBgH g,
wherein -C,HBgH,q is nido ortho-, meta-, or para-carborane, and -C,HB,oHq is closo ortho-, meta-, or para-carborane.
[0028] The addition of an electron-withdrawing group such as a nitro group or halogen directly attached at the meso
positions on the porphyrin ring would increase the electron affinity of the porphyrin macrocycle and therefore render the
resulting compound a more effective X-ray radiation sensitizer.

[0029] Theelectron-withdrawing groups canbe -NO,, -NH,, or halogen. The halogen can be chlorine, fluorine, bromine,
or iodine. The halogen is preferably bromine.

[0030] In a preferred embodiment, two of R, R2, R3, and R4 are -NO,_ In another preferred embodiment, two of R,
R2, R3, and R4 are -Br.

[0031] Hydrocarbyl is straight chain or branched hydrocarbyl group containing 1 to 20 carbon atoms including, option-
ally, up to three double bond or triple bonds. Some examples of hydrocarbyl groups include methyl, ethyl, n-propyl, iso-
propyl, n-butyl, isobutyl, sec-butyl, tert-butyl, propenyl, 2-butenyl, 3-butenyl, 3-butynyl, 2-methyl-2-butenyl, n-pentyl,
dodecyl, hexadecyl, octadecyl, and eicosyl.

[0032] The hydrocarbylgroup may be unsubstituted or substituted with as many hydrophilic groups that the hydrocarbyl
group can tolerate, e.g. 1to 4. Some examples of suitable hydrophilic groups include hydroxy, alkoxy, -C(O)ORS, -SORS,
-SO,4R8, nitro, amido, ureido, carbamato, -SR7, -NR8R?, and poly-alkyleneoxide. R3, RS, R7, R8, and R9are independently
selected from hydrogen and hydrocarbyl groups as defined above, except that the hydrocarbyl groups for RS, R8, R7,
and R8 contain 1 to 4 carbon atoms.

[0033] The carbonatoms of the hydrocarbyl group may also be substituted with 1 to 4 heteroatoms. In this specification,
heteroatoms are O, S, N, or NR'0, R0 is selected from hydrogen and hydrocarbyl groups as defined above. The
heteroatoms are generally not adjacent, and are preferably separated from each other by at least one carbon atom.
Preferably, there is no more than one heteroatom for each two carbon atoms.
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[0034] The non-aromatic carbocyclic or heterocyclic ring is a 4-, 5-, 6-, 7-, or 8-membered carbocyclic or heterocyclic
ring. The ring may be saturated, or may contain as many unsaturated (i.e., double or triple) bonds as a carbocyclic ring
can tolerate.

[0035] Some examples of saturated carbocyclic rings include cyclobutane, cyclopentane, cyclohexane,, and cyclopen-
tane rings. Some examples of unsaturated carbocyclic rings include cyclobutene, cyclopentene, cyclohexene, and 1,3-
cycloheptadiene rings.

[0036] The heterocyclic ring comprises as many heteroatoms, i.e. O, S, N, or NR10, as the heteroatom can tolerate,
e.g. 1to4. Some examples of saturated and unsaturated non-aromatic heterocyclic rings include pyrrolidinyl, piperidine,
piperazine, tetrahydrofuran, furan, thiophene, 1,3-oxazolidine; imidazole, and pyrrole rings. The heterocyclic rings may
be optionally substituted with hydrocarbyl as defined above, or with 1 to 4 hydrophilic groups, also as defined above.
[0037] The non-aromatic carbocyclic or heterocyclic ring may be a bicyclic ring. Some examples of carbocyclic rings
are bicyclco[2.2.2.]octane, bicyclo[3.1.1.]heptane, bicyclo[3.3.0.]Joctane, and bicyclo[4.3.0.]Jnon-3-ene. Examples of non-
aromatic heterocyclic rings include 1,4 azabicyclo[2.2.2.]octane and 2-azabicyclo[3.1.1.]heptane.

[0038] Anarylgroup can be either aromatic carbocyclic or heterocyclic group. An aromatic carbocyclicring is preferably
phenyl.

[0039] The arylrings may be optionally substituted with hydrocarbyl as defined; above to produce alkylaryl or arylalky!
groups. The aryl, alkylaryl, and arylalkyl groups may be substituted with 1 to 4 hydrophilic groups, as defined above.
[0040] Aromatic heterocyclic rings comprise 1 to 4 heteroatoms, i.e. O, S, N, or NR19, The rings are typically 5-, 6-,
or 7- membered. Some examples of aromatic heterocyclic rings include thiophene, pyridine, oxazole, thiazole, oxazine,
and pyrazine rings. The aromatic heterocyclic ring may be substituted with 1 to 4 hydrophilic groups, as defined above.
[0041] Any of the above rings may also be fused to 1 to 3 additional 5-, 6-, or 7-membered aryl rings. Some examples
of fused rings include napthalene, anthracene, phenanthrene, triphenylene, chrysene, indoline, quinoline, and tetraa-
zanaphthalene (pteridine) rings.

[0042] Inthis specification, an alkoxy group contains a hydrocarbyl portion as defined above. Some examples of alkoxy
groups include methoxy, ethoxy, propoxy, n-butoxy, t-butoxy, and dodecyloxy.

[0043] A polyalkylene oxide is defined according to the formula -(CHg)d-O-[(CH2)0-0-],(-[(CHz)f-O-]y-(CHz)g-OR’,
wherein, independently, d is 0, or an integer from 1 to 10, e is 0, or an integer from 1 to 10, fis 1 to 10, gis 110 10, x
andy are each independently 1 or 0, and R’ is either H or a hydrocarbyl group as defined previously, provided that when
e is 0, then xis 0; when fis 0, then y is O; when e is not 0, then x is 1; and when f is not 0, then y is 1.

[0044] A preferable polyalkylene oxide is polyethylene oxide. Polyethylene oxide is defined according to the formula
~(CH2)¢-O-[(CH2)-O-],-[(CH,)-O-],-(CH,) ,-OR’, wherein, independently, dis Oor 2, e is O or 2, fis O or 2, gis 2, x and
y are each independently 1 or 0, and R’ is either H or an ethyl group, provided that when e is 0, then x is 0; when fis 0,
then y is 0; when e is not 0, then x is 1; and when fis not 0, then y is 1.

[0045] In formula (1), M may be two hydrogen ions, a single monovalent metal ion, or two monovalent metal ions.
Some examples of suitable monovalent metal ions include Li*1, Na*1, K*1, Cu*1, Ag*1, Au*!, and TI*1. When M is a
single monovalent metal ion, the resulting porphyrin-metal complex anion is charge-balanced by a counter cation. Some
examples of counter cations include any of the foregoing monovalent metal ions, and ammonium and phosphonium
cations, such as tetramethylammonium, tetrabutylammonium, tetraphenylammonium, tetramethylphosphonium,
tetrabutylphosphonium, and tetraphenylphosphonium. The counter cation may be either bound or associated in some
form with the porphyrin-metal complex.

[0046] M may also be a divalent metal ion. Some examples of suitable divalent metal ions include V*2, Mn*2, Fe*2,
Ru*2, Co*2, Ni*2, Cu*2, Pd*2, Pt*2, Zn*2 Ca*2, Mg*2, Sr*2, and Ba*2,

[0047] Alternatively, M may be a trivalent, tetravalent, pentavalent, or hexavalent metal ion. Some examples of suitable
trivalent metal ions include Gd*3, Y*3, In*3, Cr*3, Ga*3, AI*3, Eu*3, and Dy*3. Some examples of suitable tetravalent
metal ions include Tc*4, Ge*4, Sn*4, and Pt*4. An example of a suitable pentavalent metal ion is Tc*5. Some examples
of suitable hexavalent metal ions include W*6 , Tc*6, and Mo™*S.

[0048] The resulting porphyrin-metal complex cation is charge-balanced by an appropriate number of counter anions.
The anions may be monoanions, dianions, or trianions. For example, a porphyrin-metal complex cation derived from a
trivalent metal ion may be charge-balanced by a single counter monoanion, and such a complex derived from a tetravalent
metal ion may, for example, be charge-balanced by a single counter dianion or two counter monoanions, and so on.
[0049] Some examples of suitable counter monoanions include chloride, perchlorate, sulfate, nitrate, and tetrafluor-
oborate. Some examples of suitable counter dianions include oxide, sulfide, or a porphyrin compound containing a
divalent negative charge. The porphyrin compound containing a divalent negative charge may be a porphyrin compound
as described herein with the proviso that M is absent. An example of a suitable counter trianion includes phosphate.
[0050] The counter monoanion, dianion, or trianion may be either bound or associated in some form with a carborane-
containing porphyrin compound of the present invention. The carborane-containing porphyrin compound may also be
bound to or associated with neutrally charged molecules, such as molecules of solvation, for example, water, acetonitrile,
methanol, and so on.
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[0051] M may be a radioactive metal ion imageable by single photon emission computed tomography (SPECT) or
positron emission tomography (PET). Some examples of radioactive metals suitable for SPECT are 67Cu, 9mT¢, 111|n,
and those for PET include #4Cu, 55Co. M may also be a radioactive metal useful as a radiopharmaceutical for therapy.
Some examples of radioactive metals suitable for such therapy include 90Y, 188Re, 67Cu.

[0052] M may also be a paramagnetic metal ion detectable by magnetic resonance imaging (MRI). Some examples
of such metals include Mn, Fe, Co, and Gd.

[0053] In addition, M may be a metal ion suitable for boron neutron capture therapy (BNCT), X-ray radiation therapy
(XRT), or photodynamic therapy (PDT); or a combination thereof. The metal ions suitable for BNCT include those
described thus far, with the exclusion of those that are photoactive, such as Zn and Sn. Such photoactive metals, and
particularly those with long-lived triplet states, are preferable for PDT. Since the dosage for BNCT is 100 to 1000 times
greater thanthe dosage for PDT, a significantaccumulation of photoactive metalin the skin could result if such photoactive
metals were used in BNCT. Such an accumulation of photoactive metal may cause biological damage. For these reasons,
photoactive metals such as Zn and Sn are not desirable for BNCT or XRT since even low accumulations in skin can
cause skin damage. Non-photoactive metals such as Cu, Co, or Ni would be preferable. Moreover, for XRT, high Z ions
such as Pt or Au, may even provide additional cell killing effects if the X-ray energies are above their K edge.

[0054] Also described herein are particular methods of treating tumors. In a preferred embodiment, the method of
treating malignant tumors, especially brain tumors, is BNCT. Clinical BNCT for malignant brain tumors was carried out
at the Brookhaven National Laboratory Medical Department usingp-boronophenylalanine (BPA) as the boron carrier
(Chanana et al., Neurosurgery, 44, 1182-1192, 1999).

[0055] The description of BNCT from the Chanana et al. article is incorporated herein by reference. Those having
ordinary skill in the art can readily adapt the method to the compounds of the invention.

[0056] In BNCT of malignant brain tumors the patient is first given an infusion of a carborane-containing porphyrin of
formula (1), which is highly enriched in boron-10. The carborane-containing porphyrin is then concentrated preferentially
in the brain tumor within the effective irradiation volume, which, for brain tumors may be a substantial part of the brain.
For example, tumors located in most or all of one hemisphere and some or all of the contralateral hemisphere of the
brain can accumulate boronated porphyrins.

[0057] The tumor area is then irradiated with thermalized neutrons (primary irradiation), some of which are captured
by the boron-10 concentrated in the tumor. The relative probability that the slow-moving thermal neutrons will be captured
by the boron-10 nuclide is high compared to the probability of capture by all of the other nuclides normally present in
mammalian tissues, provided that boron-10 concentrations in tumor tissues is greater than 30 pg/g.

[0058] Since a minuscule proportion of the boron-10 nuclei in and around a tumor undergoes the nuclear reaction
immediately after capturing a neutron, a high concentration of boron-10 in the targeted tissue is necessary for BNCT to
be clinically effective. Therefore, to maximize the concentration of boron-10 in the targeted tissue, the carborane clusters
are highly enriched in boron-10. Specifically, the boron in the carborane cluster is enriched to at least 95 atom% in boron-
10.

[0059] An advantage of the present invention over the prior art for the treatment of cancer is that the boron-containing
porphyrins of the present invention selectively accumulate in neoplasms in higher concentration and with higher tumor
to normal brain and blood boron ratios than the currently clinically used boron-containing compounds.

[0060] Additionally, the porphyrin compounds of the present invention that have been tested in vivo are non-toxic at
theoretically therapeutic effective doses. The higher selectivity and lower toxicity of the carborane-containing porphyrins
of the present invention allow for the selective destruction of tumor tissue with minimal disruption of normal tissues and
tissue function when irradiated.

[0061] Another advantage of the carborane-containing porphyrins of the present invention is their increased polarity,
imparted through polar groups NO,, NH,, and halogen. The greater polarity of such groups render the porphyrin com-
pounds less lipophilic, which can effect a reduction of the amount of an emulsifying co-solvent during administration.
Therefore, the microlocalization within the tumor cell may be improved yielding a higher relative biological effect. HPLC
results show that the dinitro porphyrins and dibromo porphyrins are more polar as they have shorter retention times than
copper tetra-phenyl-carboranyl porphyrin (CuTCPH) or copper octabromo-tetra-carboranyl-phenyl porphyrin (CuTCPBr).
[0062] In addition, when X of the porphyrins is oxygen, the ether linkages in the carborane-containing porphyrins of
the presentinvention are more polar than carbon-carbon linkages and therefore, provide a further reduction in lipophilicity.
At the same time, the ether linkages possess nearly the same resistance to hydrolysis and other forms of chemical
attack as a carbon-carbon linkage.

[0063] Toaccumulate the requisite amount of a compound of the present invention in a tumor, generally a systemically
injected or infused dose of about 10-50 milligrams of boron-10 per kg body weight in a pharmaceutically acceptable
carrier is administered to a patient. The carrier may include such commercially available solvents as Cremophor EL,
propylene glycol, Tween 80, polyethylene glycol, or liposomes. The compound is administered in one or more doses,
the last dose being given between about one hour and one week prior to the epithermal neutron irradiation.

[0064] The timing of the neutron exposure depends upon the concentration of the porphyrin in the blood, which
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decreases more rapidly with time than the porphyrin concentration in the tumor. However, the timing of the administration
of the carborane-containing porphyrin depends on various considerations that are well known to those skilled in the art
of clinical BNCT, including the pharmacokinetic behavior of the compound, (e.g., the rate of absorption of the compound
into the tumor and into the tumor vasculature) and the rate of excretion, from and/or metabolism of the compound in,
the tumor and various other tissues that absorb the compound.

[0065] Inanother preferred embodiment, the method of treating malignanttumors is XRT. Typically, XRT is conventional
radiotherapy that involves low LET X-ray radiation given in multiple fractions over a period of weeks. Additionally, it can
also encompass radiosurgery, such as gamma knife, which is given in significantly fewer fractions or even a single
fraction. In any case, a radiation enhancement agent can be given prior to irradiation as a bimodal treatment. Currently,
such enhancement agents have comprised compounds such as nitroimidazole or Gd texaphyrin. In the method described
herein, the enhancement is based on the selective accumulation of the porphyrin in tumor tissue within the treatment
volume, so that subsequent irradiation would selectively damage tumor tissue over normal surrounding tissues.
[0066] In another preferred embodiment, the method of treating malignant tumors is PDT. PDT is a bimodal cancer
treatment based on the selective accumulation of a porphyrin in a tumor, followed by irradiation of the tumor with laser
red light. Upon activation with light, an electron of the porphyrin is excited from the singlet ground state to a singlet
excited state. The electron then can either return to the singlet ground state with the emission of light causing fluorescence,
or it can change its spin via intersystem crossing to the triplet state. In the decay of the triplet back down to the ground
state singlet, it can transfer energy to ground state triplet dioxygen which forms the highly reactive singlet oxygen.
Biomolecules that react most readily with singlet oxygen include unsaturated lipids and alpha amino-acid residues, both
of which are major constituents of biological membranes. Beyond a certain reversible or repairable threshold, damage
to membranes, especially to endothelial cell membranes, can lead to local vascular thrombosis and shutdown of blood
circulation.

[0067] Inusing PDT the patientis firstgiven aninjection or infusion of a photosensitizing carborane-containing porphyrin
of formula (1). Fiber-optic probes are then used to illuminate the tumor tissue. For malignant tumors, it is preferable that
the PDT photosensitizers have optical absorbance peaks at sufficiently long wavelengths for maximum penetration to
the depth of the tumor.

[0068] In a preferred embodiment, the therapeutic treatment of malignant tumors is augmented by the use of SPECT
or PET. In SPECT, the patient is first given an infusion or injection of a compound of formula (1) wherein M is a gamma-
emitting radioactive metal ion. The patient’s head is then scanned noninvasively and the radionuclide concentration,
and hence indirectly, the average boron concentration, in each pixel or voxel representing brain or brain tumor tissue is
imaged. Contour lines representing zones of equal boron-10 concentration can thereby be drawn on each image of the
brain.

[0069] SPECT of the brain is at least one order of magnitude more sensitive to isotopic tracers than is conventional
radiography or computerized tomography. In addition, SPECT results, as opposed to results from conventional radiog-
raphy, can be analyzed to provide quantitative information either in defined volumes or voxels of the brain images, in
the concentrations of boron relevant to BNCT treatment planning and implementation. SPECT scanning can indicate
the presence of a tumor in the patient, as well as its location in the brain or elsewhere in the body. SPECT scanning is
noninvasive, fast, and convenient.

[0070] However, the positron emitting PET-imageable radioisotope Cu-64, is more readily available than is Cu-67,
used in SPECT. Because of the much greater availability of Cu-64, we have carried out preclinical PET studies using a
Cu-64 labeled porphyrin.

[0071] In another preferred embodiment, the therapedutic treatment of malignant tumors is augmented by the use of
MRI. In MRI, a patient is first given an infusion or injection of a solution containing a carborane-containing porphyrin of
formula (1) chelated to a suitable paramagnetic metal ion. For a brain tumor, the patient’s head is then scanned and the
paramagnetic metal ion concentration, and thus, boron concentration in the brain is imaged and quantified. MRI utilizing
the compounds of the present invention may permit rapid enhanced targeting and treatment planning for neutron irra-
diation in BNCT before, during and after infusion when the boronated compound is being redistributed in blood, tumor,
and healthy tissue.

[0072] The carborane-containing porphyrins of the present invention are synthesized through a series of separate
steps. Provided below is first, a summary of the synthetic steps required for the preparation of the preferred carborane-
containing nitroporphyrins of the present invention, wherein two of R1, R2, R3, and R# are carboranylmethoxyphenyl
groups and two are nitro groups. Those skilled in the art will readily be able to ascertain such reaction conditions.
[0073] The specific examples describe a preferred method for synthesizing the compounds of the present invention.
The scope of this invention is not to be in any way limited by the examples set forth herein. For example, carboranyl-
porphyrinamines and carboranylporphyrinhalides can be synthesized by using a mixture of different starting materials
and proceeding with a similar synthetic reaction such as the Lindsey cyclization as shown in reaction scheme 2.



10

15

20

30

35

40

45

50

55

EP 2 099 304 B1

Reaction Scheme 1

x—/z

= = . 1. TFA, CH.Cl,
\ NH HN /
2. p~chloranil

CHO

[0074] where X is either O or S and Z represents any carborane cluster comprising at least two carbon atoms and at
least three boron atoms, or at least one carbon atom and at least five boron atoms, within a cage structure. Using Lindsey
cyclization conditions, a Lewis acid such as boron trifluoride or a Bronsted acid such as trifluoroacetic acid is used as
an acid catalyst in a nonpolar aprotic solvent such as dichloromethane (DCM). For example, the carborane cluster may
be -C,HBgH g or - C,HBgH o, wherein -C,HBgH g is nido ortho-, meta-, or para-carborane, and - C,HBoH,q is closo
ortho-, meta-; or para-carborane.

Reaction Scheme 2

Z\‘ —
& A

[0075] where X and Z are as previously defined. Q is -NO,, -NH,, or a halogen. See examples 4 and 6 below for
reaction details.

Reaction Scheme 3

Metal salt of
metal ion M

Z

where X, Z, and Q are as previously defined. In a preferred embodiment, M is selected from the group consisting of
vanadium (V), manganese (Mn), iron (Fe), ruthenium (Ru), technetium (Tc), chromium (Cr), platinum (Pt), cobalt (Co),
nickel (Ni), copper (Cu), zinc (Zn), germanium (Ge), indium (In), tin (Sn), yttrium (Y), gold (Au), barium (Ba), tungsten
(W), and gadolinium (Gd). In a more preferred embodiment, M is copper (Cu) or nickel (Ni). The metal salt used contains
the metal ion M chelated to the porphyrin. For example, for the compound where M is desired to be copper, copper
acetate, i.e., Cu(OAc),.H,0, may be used as the metal salt. Solvent A is any solvent or solvent mixture capable of at
least partially solubilizing the porphyrin and metal salt, and that does not interfere with incorporating the metal into the
porphyrin.

[0076] Porphyrin V was prepared using reaction schemes 1-3. See examples 1-5 below for details of the synthesis.
Porphyrin V has the following structure:
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[0077] In Porphyrin V above, R! and R3 are -NO,; R2 and R* are represented by formula (2); Y is represented by
formula (3); R10and R are H; ris 1; Zis -C,HB4H qcarborane; Y are on the meta position of the phenylrings; and Mis Cu.
[0078] Porphyrin VII was prepared using reaction schemes 1-3. See examples 1-4 and 6-7 below for details of the
synthesis. Porphyrin VII has the following structure:

(A

B1o
Hyo

B1o
Hig

[0079] In Porphyrin VIl above, R! and R3 are -Br; R2 and R* are represented by formula (2); Y is represented by
formula (3); R'%and R are H; ris 1; Zis -C,M4gH;, carborane; Y are on the meta position of the phenyl rings; and Mis Cu.

EXAMPLES

[0080] Examples have been setforth below for the purpose of illustration and to describe the best mode of the invention
at the present time. The scope of the invention is not to be in any way limited by the examples set forth herein.

Example 1

Synthesis of Pyrromethane (1)

[0081] Pyrromethane | was prepared according to the procedures in Clezy and Smythe, Aust J Chem, 1969, 22, 239
and Bruckner et al, J Porph Phthal, 1998, 2, 455. Briefly, a dipyrrylthione, which was synthesized from pyrrole and
thiophosgene, was reduced with sodium borohydride to yield pyrromethane ().

Example 2

Synthesis of 3-o0-Carboranylmethoxybenzaldehyde (ll)

[0082] 3-o-Carboranylmethoxybenzaldehyde (1) was synthesized using the method described in Miura et al, Tet Let,
1990, 31, 2247-2250.

10
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Example 3

Synthesis of Dicarboranylphenylporphyrin (I11)

[0083] A procedure similarto thatdescribed by Bruckner et al, J Porph Phthal, 1998, 2, 455 was followed. Pyrromethane
(1) (97 mg, 0.66 mmol) was dissolved in anhydrous DCM (120 mL) in a clean dry 250 mL flask equipped with a magnetic
stir bar. The solution was deoxygenated by bubbling nitrogen into the stirring solution for 10 min. 3-o-Carboranylmeth-
oxybenzaldehyde (1) (172 mg, 0.699 mmol) was added and the solution was deoxygenated for another 5 min. Trifluor-
oacetic acid [TFA] (11.5 mL, 0.155 mmol) was added and the solution was allowed to stir under a nitrogen atmosphere
at room temperature overnight. After ~18 hours, p-chloranil (500 mg, 2.03 mmol) was added, after which the solution
immediately turned to a dark burgundy color. The solution was allowed to reflux for 1 hour when the optical absorption
spectrum showed the desired porphyrin. Aqueous sodium bisulfite was added to reduce excess p-chloranil to the hyd-
roquinone for easier purification. After 10 min, the reaction was worked up by dilution with DCM, washing the organic
layer with water/brine afew times and drying the organic layer with anhydrous sodium sulfate. The solvents were removed
and the red residue was triturated with methanol to remove the hydroquinone. The purple solid was purified by flash
chromatography (silica, 30% hexane/DCM) yielding ~27 mg (~9% yield).

[0084] The product gave the following proton nuclear magnetic resonance (*H NMR) spectrum in ppm (in CDCl,4
solvent): 10.344 (s, 2H, methine H); 9.419 (d (J = 4.6 Hz), 4H, pyrrole H); 9.058, (d (J = 4.6 Hz), 4H, pyrrole H); 7.973
(d (J = 7.1 Hz), 2H, ArH); 7.720-7.768 (m, 6H, ArH); 4.656 (s, 4H, OCH,-carborane); 4.220 (s, 2H, carborane CH);
1.5-2.9 (brm, 20H, BH)-3.177 (s, 2H, NH). The ultraviolet-visible absorbance spectrum of the product (in dichloromethane
solvent) showed the following peaks in nanometers of wavelength: 406, 502, 535, 574.

Example 4

Synthesis of 5,15-Dinitro-10.20-bis(3-[o-carboranylmethoxylphenyl)porphyrin (1V)

[0085] A procedure similar to that described in Arnold et al, Aus J Chem, 1997, 50, 495-503 was followed. Dicarbo-
ranylphenylporphyrin (Ill) (20 mg, 0.025 mmol) was dissolved in anhydrous 1,2-dichloroethane (DCE) (15 mL) and
anhydrous acetonitrile (15 mL) in a clean, dry 100 mL flask equipped with a stir bar under a nitrogen atomosphere. lodine
(64 mg, 0.25 mmol) dissolved acetonitrile (5 mL) was added to the porphyrin solution, which was then allowed to stir at
reflux for 1 hour. At this time silver nitrite (80 mg, 0.53 mmol) in acetonitrile (5 mL) was added to the porphyrin solution,
whichwas allowed to stir atreflux for another 2 hours and then room temperature overnight. TLC (silica, 30% hexane/DCM)
showed a new product at almost the same Rf, but was green instead of red. The optical spectrum showed what appeared
to be desired product. The reaction mixture was filtered through sintered glass and the solvents removed in vacuo. The
residue was dissolved in chloroform and eluted through a short silica pad.

[0086] The product gave the following proton nuclear magnetic resonance (*H NMR) spectrum in ppm (in CDCly
solvent): 9.31 (d (J = 4.1 Hz) 4H, pyrrole H); 9.00 (d (J = 4.1 Hz), 4H, pyrrole H); 7.889 (m, 2H, ArH); 7.739-7.778 (m,
2H, ArH); 7.65-7.671 (m, 2H, ArH); 7.339-7.365 (m, 2H, ArH); 4.650 (s, 4H, OCH,-carborane); 3.490 (s, 2H, carborane
CH); 1.5-2.9 (br m, 20H, BH); -3.10 (s, 2H, NH). The ultraviolet-visible absorbance spectrum of the product (in dichlo-
romethane solvent) showed the following peaks in nanometers of wavelength: 421, 513, 555, 589, 652.

Example 5

Synthesis of Copper (1) 5,15-dinitro-10.20-bis(3-[o-carboranylmethoxylphenyl)porphyrin (V)

[0087] Free base 5,15-dinitro- 10,20-bis(3-[o-carboranylmethoxy]phenyl)porphyrin (IV) was dissolved in chloroform
and to it was added copper (ll) acetate monohydrate. The mixture was allowed to stir at reflux overnight. Optical spec-
troscopy showed metallation was complete. Reaction was worked up by diluting with DCM and washing three times with
water, drying (anhydrous sodium sulfate) and removal of solvents.

[0088] The ultraviolet-visible absorbance spectrum of the product (in dichloromethane solvent) showed the following
peaks in nanometers of wavelength: 426, 545, 583.

Example 6

Synthesis of 5.15-dibromo-10,20-bis(3-[o-carboranylmethoxylphenyl)porphyrin (V1)

[0089] The dicarboranylporphyrin Il was treated with N-Bromosuccinimide (NBS) in a procedure similar to that de-
scribed by C. Liu et al. (Chem Comm 2006, 770 - 772) whereby the starting porphyrin IV (126 mg, 0.156 mmol) was
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dissolved in a DCM:methanol mixture (9/1 v/v; 30 mL). To this stirring solution at room temperature, NBS (55.6 mg,
0.312 mmol) was added. After ~15 minutes the optical absorption spectrum and TLC (in 50% hexane in DCM) showed
showed no starting material. The optical spectrum showed the Soret band had red-shifted from 406 to 421 nm and the
TLC showed a less polar product. The reaction was quenched by the addition of water and the reaction was worked up.
The crude product was purified using a pad of silica eluting with DCM. Further purification was done by filtering off
product (48 mg) that was not soluble in DCM and combining it with product (44 mg) that was purified by preparative TLC
(silica; 10% ethyl acetate in hexane). By HPLC analyses, the filtered product was 90% pure and that from TLC was 83%
pure. The combined yield for 100% purity was 84 mg (53% yield).

[0090] Proton NMR showed that the meso protons were no longer present. (*H NMR) spectrum in ppm (in CDCly
solvent): 9.628 (d (J = 3.6 Hz) 4H, pyrrole H); 8.815 (d (J = 4.4 Hz), 4H, pyrrole H); 7.867 (d, 2H, ArH); 7.654-7.725 (m,
4H, ArH); 7.296-7.324 (m, 2H, ArH); 4.628 (s, 4H, OCH,-carborane); 4.190 (s, 2H, carborane CH); 1.5-3.0 (br m, 20H,
BH); -2.766 (s, 2H, NH).

Example 7

Synthesis of copper (1I) 5.15-dibromo-10,20-bis(3-[o-carboranylmethoxy] phenyl)porphyrin (V1I)

[0091] The dibromoporphyrin VI free base was metallated to form the Cu(ll) porphyrin with copper acetate using the
same procedure described in Example 5. 124, mg of copper porphyrin VIl was obtained that was 90% pure by HPLC
analysis. UV -Vis spectrumin DCM 5, (nm): 418, 546. C3gH4oN,O,B,oBroCurequires 1026.330; MALDI-TOF indithranol
matrix: m/z = 1026.93.

Example 8

Preparation of porphyrin solutions

[0092] Porphyrin compound (V) was emulsified in 9% Cremophor EL and 18% propylene glycol in saline.

[0093] To prepare a solution of ~3.7 mg/mL porphyrin in 9% Cremophor EL (CRM) and 18% propylene glycol (PRG),
the porphyrin was dissolved in tetrahydrofuran (THF) (1.5% of the total volume) and then heated to 40°C for 15 min.
CRM (9% of total volume) was then added and the mixture was heated to 60°C for 2 hours, which removed most of the
THF. After cooling to room temperature, PRG (18% of total volume) was added, followed by slow dropwise addition of
saline (71.5% of total volume) with rapid stirring. The solution was degassed by stirring under vacuum (~30 mm Hg) for
30 - 60 min and then filtered (Millipore, 8 pm).

Example 9

Biodistribution of Porphyrin Compound V in mice bearing EMT-6 carcinomas

[0094] BALB/c mice bearing subcutaneously implanted EMT-6 mammary carcinomas implanted on the dorsal thorax
were given a total dose of 105 milligrams porphyrin compound V per kilogram body weight (23.7 mg B/kg). At one and
two days after the last injection, mice were euthanized, and tumor, blood, brain, and liver were removed for boron
analyses. The blood was first analyzed for hematologic parameters that indicate toxicity before it was analyzed for boron.
Table 1 shows the average boron concentrations for different types of tissue from BALB/c mice.

TABLE 1
Average boron concentrations (ng/g wet tissue) in various tissues in mice (n=5) given 105 mg/kg porphyrin compound
V (23.7 mg B/kg) in 3 i.p. injections over a period of 8 hours at either 1 or 2 days after the last injection. Values are
reported as mean and standard deviation.
Time after last injection (days) 1 2
Number of mice 5 5
Tumor (ng B/g) 39.2+144 49.8 = 12.9
Blood (ug B/g) 34.6 =26.9 1.5+x04
Skin (pinna) (png B/g) 3.6 = 13.0 4.8+ 1.6
Brain (p.g B/g) 05+04 0.1 +01
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(continued)
Time after last injection (days) 1 2
Liver (g B/g) 145 + 38 226 + 25
Spleen (ng B/g) 76.1 = 8.6 158 =19
Kidneys (pg B/g) 12.7 + 6.9 7.1*+05
Lungs (g B/g) - 8.5+ 3.0
Heart (p.g B/g) 9.1+3.8 75+ 0.6
Feces (pg B/g) - 15.2 + 20.8
Example 10
[0095] Weight changes and hematologic parameters from Porphyrin V
TABLE 2
Weight changes and hematologic parameters in mice given 105 mg/kg porphyrin compound V (23.7 mg B/kg) at 1
or 2 days after the last injection. Values are reported as mean and standard deviation.
Compound Porphyrin compoundV | Control Porphyrin compoundV | Control
Time after lastinjection | 1 1 2 2
(days)
% Weight change -0.8 1.8 0+27 1.7 1.7 21+14
Platelet count (m/m3) 1349 + 294 1276 = 83 515 + 160 1138 + 258
White blood count 99+26 49+22 118+ 1.8 75+20
(m/m3)

[0096]

The results of the preliminary biodistribution study showed that porphyrin compound V appears to be a promising

candidate as a sensitizer for both BNCT and XRT. Although the tumor:blood boron ratio is only 1:1 one day after the
injections, it increased to >30:1 two days after the injections. From a relatively low porphyrin dose of only ~100 mg/kg
(24 mg/kg B), a considerable amount of boron, ~50 ppm, was delivered to the tumor. By contrast, liver and spleen values
are lower than would be expected even from this low dose. The boron and porphyrin tumor targeting capability as
measured by the percentage of injected dose in tumor per gram of wet tissue (~10.5%/g) would be considered quite
efficient in comparison to CuTCPH, the most studied porphyrin in this class, which has a value of 6.1%/g in the same
tumor model.

Example 11

Biodistribution of Porphyrin Compound VII in mice bearing EMT-6 carcinomas

[0097] Similar to Example 8, Compound VIl was given to tumor-bearing mice except at a slightly higher total dose of
143 mg/kg body weight in 3 i.p. injections given over a period of 8 hours.

TABLE 3

Average boron concentrations (ng/g wet tissue) in various tissues in mice (n=5) given 143 mg/kg porphyrin compound
VIl (30 mg B/kg) in 3 i.p. injections over a period of 8 hours at either 1 or 2 days after the last injection. Values are
reported as mean and standard deviation.

Time after last injection (days) 1 2

Number of mice 5 5

Tumor (png B/g) 67.1 +85 76.9 + 14.1
Blood (g B/g) 105 = 20 121+ 9.7
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(continued)
Time after last injection (days) 1 2
Skin (pinna) (ng B/g) 9.2+ 1.8 7.7 +1.7
Brain (g B/g) 1.9+05 0.1+0.2
Liver (ng B/g) 183 + 19 263 + 34
Spleen (png B/g) 107 = 11 160 + 15
Kidneys (n.g B/g) 38.7+7.0 13.0 + 3.6
Lungs (pg B/g) 35.8 +3.7 17.8 £ 6.2
Heart (g B/g) 204 + 4.6 94 +11
Feces (ng B/g) 11.2+23 49+ 0.6
Example 12
[0098]
TABLE 4

Weight changes and hematologic parameters in mice given 143 mg/kg porphyrin compound VI (30 mg B/kg) at 1 or
2 days after the last injection. Values are reported as mean and standard deviation.

Compound Porphyrin compound Control Porphyrin compound Control

Vil Vil
Time after lastinjection | 1 1 2 2
(days)
% Weight change -03+14 0+27 02+22 21+1.4
Platelet count (m/m3) 1461 £229 1276 * 83 790 + 227 1138 = 258
White blood count 8.8+ 13 4922 11.8 1.8 11.0 + 0.7
(m/m3)

[0099] The biodistribution data from porphyrin VIl in Table 3 indicate that high amounts of boron and porphyrin can
be delivered to tumor tissue similar to other lipophilic porphyrins that possess four tetracarboranylphenyl moieties at the
meso position instead of the two in this invention. Although the tumor:blood boron ratio was less than 1:1 at 1 day after
the last injection, after one more day it increased to ~7:1 with a slightly higher tumor boron concentration. There was
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little if any toxicity associated with the porphyrin at this dose.

Claims

1. A compound of the formula
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(M

wherein:

R, R2, R3, and R*are independently -NO,, -NH,, halogen, or a substituent represented by the following formula

NV,

\_/

wherein Y are independently on the ortho, meta or para position on the phenyl rings, and are independently
hydrogen or a substituent represented by formula (3)

2);

-X-(CR1O0R1)-Z (3);
provided that at leastone of R1, R2, R3, and R4 is the substituent represented by formula (2) wherein Y represents
formula (3);
wherein:

X'is oxygen or sulfur;

R0 and R are independently selected from hydrogen and C4 to C, hydrocarbyl;

Z is a carborane cluster comprising at least two carbon atoms and at least three boron atoms, or at least
one carbon atom and at least five boron atoms, within a cage structure;

ris 0 or an integer from 1 to 20;

a represents an integer from 1 to 4; and

provided also that at least one of R1, R2, R3, and R# is the substituent represented by -NO, -NH,, or halogen; and
M is either two hydrogen ions, a single monovalent metal ion, two monovalent metal ions, a divalent metal ion,
a trivalent metal ion, a tetravalent metal ion, a pentavalent metal ion, a hexavalent metal ion, wherein the
porphyrin-metal complex derived from a single monovalent metal ion is charge-balanced by a counter cation,
and the porphyrin-metal complex derived from a trivalent, tetravalent, pentavalent, hexavalent metal ion is
charge-balanced by an appropriate number of counter anions, dianions, or trianions.

The compound according to claim 1 wherein Z is selected from the carboranes - Co,HBgH g or -C,HBgH4 o, Wherein
-C,HBgH4q is nido ortho-, meta-, or para-carborane, and -C,HB4H1, is closo ortho-, meta-, or para-carborane.

The compound according to claim 1 wherein M is a radioactive metal ion useful in radicisotope-mediated radiation
therapy or imageable by single photon emission computed tomography (SPECT) or positron emission tomography
(PET), a paramagnetic metal ion detectable by magnetic resonance imaging (MRI), a metal ion suitable for boron
neutron capture therapy (BNCT), X-ray radiation therapy (XRT), or photodynamic therapy (PDT), or a combination
thereof.
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4. The compound according to claim 3, wherein M is vanadium, manganese, iron, ruthenium, technetium, chromium,
platinum, cobalt, nickel, copper, zinc, germanium, indium, tin, yttrium, gold, barium, tungsten, or gadolinium.

5. The compound according to claim 1 wherein

i. two of R, R2, R3, and R4 are substituents represented by formula (2);

ii.ais 1;

iii. Y is represented by formula (3);

iv. Y is in the meta positions of the phenyl rings; and

v. two of R1-R4 not represented by formula (2) are -NO,, -NH,, or halogen.
6. The compound according to claim 5 wherein the substituents represented by formula (2) are in the cis configuration.
7. Thecompound according to claim 5 wherein the substituents represented by formula (2) are in the trans configuration.

8. The compound according to claim 7 wherein the two of R1-R# not represented by formula (2) are -NO, or -Br.

9. The compound according to claim 8 wherein Z is selected from the carboranes - C,HBgH 4 or -C,HB4 o Hyg, wherein
-C,HBgH 4 is nido ortho-, meta-, or para-carborane, and -C,HB,H,4 is closo ortho-, meta-, or para-carborane.

10. The compound according to claim 9, wherein M is vanadium, manganese, iron, ruthenium, technetium, chromium,
platinum, cobalt, nickel, copper, zinc, germanium, indium, tin, yttrium, gold, barium, tungsten, or gadolinium.

11. The compound according to claim 10, wherein X is oxygen, R10 and R'! are hydrogen, and ris 1.

12. A composition comprising a compound of the formula

(D
wherein:

R, R2, R3, and R4 are independently -NO, -NH,, halogen, or a substituent represented by the following formula

NV,

\ 7/

wherein Y are independently on the ortho, meta or para position on the phenyl rings, and are independently
hydrogen or a substituent represented by formula (3)

2);

X-(CR1R11)-Z (3);
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provided that at least one of R1, R2, R3, and R4is the substituent represented by formula (2) wherein Y represents
formula (3);
wherein:

X is oxygen or sulfur;

R10, and R are independently selected from hydrogen and C4 to C, hydrocarbyl;

Z is a carborane cluster comprising at least two carbon atoms and at least three boron atoms, or at least
one carbon atom and at least five boron atoms, within a cage structure;

ris 0 or an integer from 1 to 20;

a represents an integer from 1 to 4; and

provided also that atleast one of R1, R2, R3, and R4 is the substituent represented by -NO,, -NH,,, or halogen; and
M is either two hydrogen ions, a single monovalent metal ion, two monovalent metal ions, a divalent metal ion,
a trivalent metal ion, a tetravalent metal ion, a pentavalent metal ion, a hexavalent metal ion, wherein the
porphyrin-metal complex derived from a single monovalent metal ion is charge-balanced by a counter cation,
and the porphyrin-metal complex derived from a trivalent, tetravalent, pentavalent, hexavalent metal ion is
charge-balanced by an appropriate number of counter anions, dianions, or trianions; for use in the imaging of
a tumour and surrounding tissue in a subject.

13. A composition for use according to claim 12, wherein:

i. two of R1, R2, R3, and R4 are substituents represented by formula (2);

i.ais 1;

iii. Y is represented by formula (3);

iv. Y is in the meta positions of the phenyl rings;

v. two of R'-R4 not represented by formula (2) are -NO, or -Br;

vi. the substituents represented by formula (2) are in the trans configuration;

vii. Z is selected from the carboranes -C,HBgH or -CoHB 4 Hyg, wherein - C,HBgH g is nido ortho-, meta-, or
para-carborane, and -C,HB4H,, is closo ortho-, meta-, or para-carborane;

viii. M is vanadium, manganese, iron, ruthenium, technetium, chromium, platinum, cobalt, nickel, copper, zinc,
germanium, indium, tin, yttrium, gold, barium, tungsten, or gadolinium; and

ix. X is oxygen, R0 and R are hydrogen, and r is 1.

14. A composition for use according to any of claims 12 or 13 wherein said imaging is by a method selected from
magnetic resonance imaging (MRI), single photon emission computed tomography (SPECT), or positron emission
tomography (PET) methods.

15. A composition comprising a compound of the formula

wherein:

R, R2, R3, and R* are independently -NO,, -NH,, halogen, or a substituent represented by the following formula

17
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N\ (Y,
i \ /
2);
wherein Y are independently on the ortho, meta or para position on the phenyl rings, and are independently
hydrogen or a substituent represented by formula (3)
10
-X-(CR'0R1)-Z (3);
provided that at leastone of R1, R2, R3, and R4 is the substituent represented by formula (2) wherein Y represents
formula (3);
15 wherein:

X is oxygen or sulfur;

R0, and R are independently selected from hydrogen and C4 to C4 hydrocarbyl;

Z is a carborane cluster comprising at least two carbon atoms and at least three boron atoms, or at least
20 one carbon atom and at least five boron atoms, within a cage structure;

ris 0 or an integer from 1 to 20;

a represents an integer from 1 to 4; and

provided also that atleast one of R1, R2, R3, and R4 s the substituent represented by -NO,, -NH,, or halogen; and
25 M is either two hydrogen ions, a single monovalent metal ion, two monovalent metal ions, a divalent metal ion,

a trivalent metal ion, a tetravalent metal ion, a pentavalent metal ion, a hexavalent metal ion, wherein the

porphyrin-metal complex derived from a single monovalent metal ion is charge-balanced by a counter cation,

and the porphyrin-metal complex derived from a trivalent, tetravalent, pentavalent, hexavalent metal ion is

charge-balanced by an appropriate number of counter anions, dianions, or trianions; for use in bimodal cancer
30 treatment of a subject wherein said bimodal cancer treatment optionally comprises

i. boron neutron capture therapy (BNCT), or
ii. photodynamic therapy (PDT), or
iii. X-ray radiation therapy (XRT).

35
16. A composition for use according to claim 15, wherein:
i. two of R, R2, R3, and R# are substituents represented by formula (2);
ii.ais 1;
40 iii. Y is represented by formula (3);

iv. Y is in the meta positions of the phenyl rings;

v. two of R1-R4 not represented by formula (2) are -NO, or -Br;

vi. the substituents represented by formula (2) are in the trans configuration;

vii. Z is selected from the carboranes -C,HBgH 4 or -C,HB4 4 Hyq, wherein - Co,HBgH  is nido ortho-, meta-, or
45 para-carborane, and -C,HB44H, is closo ortho-, meta-, or para-carborane;

viii. M is vanadium, manganese, iron, ruthenium, technetium, chromium, platinum, cobalt, nickel, copper, zinc,

germanium, indium, tin, yttrium, gold, barium, tungsten, or gadolinium; and

ix. X is oxygen, R1% and R"! are hydrogen, and ris 1.

50 17. A compound according to claim 1, wherein
M is a trivalent, tetravalent, pentavalent, or hexavalent metal ion; and
wherein the porphyrin-metal complex is charge-balanced by one or more porphyrin compounds containing a divalent
negative charge.

55 18. The compound according to claim 17 wherein the porphyrin compounds containing a divalent negative charge are
represented by the formula

18
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(D
wherein:

R, R2, R3, and R*are independently -NO,, -NH,, halogen, or a substituent represented by the following formula

P (Y)a

\_/

wherein Y are independently on the ortho, meta or para position on the phenyl rings, and are independently
hydrogen or a substituent represented by formula (3)

2);

-X-(CR1O0R1)-Z (3);
provided that at leastone of R1, R2, R3, and R4 is the substituent represented by formula (2) wherein Y represents
formula (3);
wherein:

X'is oxygen or sulfur;

R10, and R are independently selected from hydrogen and C4 to C4 hydrocarbyl;

Z is a carborane cluster comprising at least two carbon atoms and at least three boron atoms, or at least
one carbon atom and at least five boron atoms, within a cage structure;

ris 0 or an integer from 1 to 20;

a represents an integer from 1 to 4; and

provided also that at least one of R1, R, R3, and R# is the substituent represented by -NO,, -NH,, or halogen.

Patentanspriiche

1. Eine Verbindung mit der Formel:
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(1

wobei:

R4, Ry, Rzund Ry sind unabhéngig voneinander -NO,, -NH,, Halogen oder ein Substituent der folgenden Formel

N (Ya

\_/

wobei Y sind unabh&ngig voneinander an ortho-, meta- oder para-Stellung der Phenylringe und sind unabh&ngig
voneinander Wasserstoff oder ein Substituent dargestellt durch die Formel (3)

(2);

X-(CR10R1)-Z (3);

mit der Massgabe, dass wenigstens einer von Ry, Ry, Rz und R, ein Substituent dargestellt durch die Formel
(2) mit Y dargestellt durch die Formel (3) ist;
wobei:

X ist Sauerstoff oder Schwefel;

R0 und R sind unabhéngig voneinander ausgewahlt aus Wasserstoff und C4 bis C, Kohlenwasserstoff;
Z ist ein Carboran-Cluster umfassend mindestens zwei Kohlenstoffatome und mindestens drei Boratome,
oder mindestens ein Kohlenstoffatom und mindestens fiinf Boratome, in einer Kafigstruktur;

r ist 0 oder eine ganze Zahl von 1 bis 20;

a stellt eine ganze Zahl von 1 bis 4 dar; und

weiter mit der Massgabe, dass wenigstens einer von Ry, Ry, Rz und R, ein Substituent dargestellt durch -NO,,
-NH,, oder Halogen ist; und

M entweder zwei Wasserstoffionen, ein einzelnes einwertiges Metallion, zwei einwertige Metallionen, ein zwei-
wertiges Metallion, ein dreiwertiges Metallion, ein vierwertiges Metallion, ein finfwertiges Metallion, ein sechs-
wertiges Metallion ist, wobei der Porphyrin-Metall-Komplex abgeleitet aus einem einwertigen Metallion durch
eine Gegenkation ladungsausgeglichen ist, und der Porphyrin-Metall-Komplex abgeleitet aus einem dreiwerti-
gen, vierwertigen, finfwertigen, sechswertigen Metallion durch eine entsprechenden Anzahl von Gegenionen,
Dianionen oder Trianionen ladungsausgeglichen ist.

Die Verbindung nach Anspruch 1, wobei Z ausgewahlt ist aus Carboran-C,HBgH,, oder -C,HB4oH44, wobei
-C,HBgH 4 €in nido ortho-, meta-, oder para-Carboran ist, and -C,HBgHq ein closo ortho-, meta-, oder para-

Carboran ist.

Die Verbindung nach Anspruch 1, wobei M ein radioaktives Metallion ist, welches niitzlich fir radioisotop-vermittelte
Strahlentherapie oder abbildungsfahig durch Einzelphotonen-Emissionscomputertomographie (SPECT) oder Po-
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sitronen-Emissionstomographie (PET) ist, ein paramagnetisches Metallion ist, welches durch Magnetresonanzto-
mographie (MRI) nachweisbar ist, ein Metallion, welches fur Bor-Neutronen-Einfang-Therapie (BNCT), Rontgen-
Bestrahlungstherapie (XRT) oder photodynamische Therapie (PDT) geeignet ist, oder eine Kombination davon.

Die Verbindung nach Anspruch 3, wobei M Vanadium, Mangan, Eisen, Ruthenium, Technetium, Chrom, Platin,
Kobalt, Nickel, Kupfer, Zink, Germanium, Indium, Zinn, Yttrium, Gold, Barium, Wolfram oder Gadolinium ist.

Die Verbindung nach Anspruch 1 wobei:
i. zwei aus R4, Ry, R3 und R, sind Substituenten dargestellt durch die Formel (2);
i. aist1;
iii. Y ist dargestellt durch die Formel (3);
iv. Y ist in der meta-Stellung der Phenylringe;

v. zwei von Ry bis Ry, nicht durch Formel (2) dargestellt, sind -NO,, -NH,, oder Halogen.

Die Verbindung nach Anspruch 5, wobei die durch die Formel (2) dargestellten Substituenten in der cis-Konfiguration
sind.

Die Verbindung nach Anspruch 5, wobei die durch die Formel (2) dargestellten Substituenten in der trans-Konfigu-
ration sind.

Die Verbindung nach Anspruch 7, wobei zwei von R bis Ry, nicht durch Formel (2) dargestellt, sind -NO, oder -NH,.
Die Verbindung nach Anspruch 8, wobei Z ausgewahlt ist aus Carboran-C,HBgH,, oder -C,HB4oH o, Wobei
-C,HBgH g ein nido ortho-, meta-, oder para-Carboran ist, und -C,HBgH;q ein closo ortho-, meta-, oder para-

Carboran ist.

Die Verbindung nach Anspruch 9, wobei M Vanadium, Mangan, Eisen, Ruthenium, Technetium, Chrom, Platin,
Kobalt, Nickel, Kupfer, Zink, Germanium, Indium, Zinn, Yttrium, Gold, Barium, Wolfram oder Gadolinium ist.

Die Verbindung nach Anspruch 10, wobei: X ist Sauerstoff, R4y und R4 sind Wasserstoff, und r ist 1.

Eine Zusammensetzung umfassend die Verbindung mit der Formel:

(M
wobei:

R4, Ry, Rzund R, sind unabhéngig voneinander -NO,, -NH,, Halogen oder ein Substituent der folgenden Formel
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/ (Y)a

: \_/

wobei Y sind unabhangig voneinander an ortho-, meta- oder para-Stellung der Phenylringe und sind unabhéngig
voneinander Wasserstoff oder ein Substituent dargestellt durch die Formel (3)

(2);

10
-X-(CR10R™) .7 (3);
mit der Massgabe, dass wenigstens einer von R4, Ry, Rz und Ry ein Substituent dargestellt durch die Formel
(2) mit Y dargestellt durch die Formel (3) ist;
15 wobei:

X ist Sauerstoff oder Schwefel;

R0 und R sind unabhéngig voneinander ausgewahlt aus Wasserstoff und C4 bis C,4 Kohlenwasserstoff;

Z ist ein Carboran-Cluster umfassend mindestens zwei Kohlenstoffatome und mindestens drei Boratome,
20 oder mindestens ein Kohlenstoffatom und mindestens funf Boratome, in einer Kafigstruktur;

rist 0 oder eine ganze Zahl von 1 bis 20;

a stellt eine ganze Zahl von 1 bis 4 dar; und

weiter mit der Massgabe, dass wenigstens einer von Ry, Ry, R3 und R, ein Substituent dargestellt durch -NO,,
25 -NH,, oder Halogen ist; und

M entweder zwei Wasserstoffionen, ein einzelnes einwertiges Metallion, zwei einwertige Metallionen, ein zwei-

wertiges Metallion, ein dreiwertiges Metallion, ein vierwertiges Metallion, ein finfwertiges Metallion, ein sechs-

wertiges Metallion ist, wobei der Porphyrin-Metall-Komplex abgeleitet aus einem einwertigen Metallion durch

eine Gegenkation ladungsausgeglichen ist, und der Porphyrin-Metall-Komplex abgeleitet aus einem dreiwerti-
30 gen, vierwertigen, flinfwertigen, sechswertigen Metallion durch eine entsprechenden Anzahl von Gegenionen,

Dianionen oder Trianionen ladungsausgeglichen ist;

zur Verwendung bei der Bildgebung eines Tumors und umgebendem Gewebe in einem Subjekt.

13. Eine Zusammensetzung zur Verwendung nach Anspruch 12, wobei:
35
i. zwei aus Ry, Ry, Rz und R, sind Substituenten dargestellt durch die Formel (2);
ii.aist1;
iii. Y ist dargestellt durch die Formel (3);
iv. Y ist in der meta-Stellung der Phenylringe;
40 v. zwei von Ry bis Ry, nicht durch Formel (2) dargestellt, sind -NO,, -NH,, oder Halogen;
vi. die Substituenten dargestellt durch Formel (2) sind in der trans-Konfiguration;
vii. Z istausgewahlt aus den Carboranen -C,HBgH 44 oder -C,HB gH o, wobei -C,HBgH o €in nido ortho-, meta-,
oder para-Carboran ist, and - C,HB4H, €in closo ortho-, meta-, oder para-Carboran ist;
viii. M ist Vanadium, Mangan, Eisen, Ruthenium, Technetium, Chrom, Platin, Kobalt, Nickel, Kupfer, Zink,
45 Germanium, Indium, Zinn, Yttrium, Gold, Barium, Wolfram oder Gadolinium; und
ix. X ist Sauerstoff, Ry und Rq4 sind Wasserstoff, und r ist 1.

14. Eine Zusammensetzung zur Verwendung nach einem der Anspriiche 12 oder 13, wobei die Bildgebung ein Verfahren
ausgewahlt aus Magnetresonanztomographie (MRI), Einzelphotonen-Emissionscomputertomographie (SPECT)

50 oder Positronen-Emissionstomographie (PET) ist.

15. Eine Zusammensetzung umfassend die Verbindung mit der Formel:

55
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(1)

wobei:

R4, Ry, Rzund Ry sind unabhéngig voneinander -NO,, -NH,, Halogen oder ein Substituent der folgenden Formel

N~V

\_/

wobei Y sind unabh&ngig voneinander an ortho-, meta- oder para-Stellung der Phenylringe und sind unabh&ngig
voneinander Wasserstoff oder ein Substituent dargestellt durch die Formel (3)

2);

X-(CR10R1)-Z (3);

mit der Massgabe, dass wenigstens einer von Ry, Ry, Rz und R, ein Substituent dargestellt durch die Formel
(2) mit Y dargestellt durch die Formel (3) ist;
wobei:

X ist Sauerstoff oder Schwefel;

R0 und R sind unabhéngig voneinander ausgewahlt aus Wasserstoff und C4 bis C, Kohlenwasserstoff;
Z ist ein Carboran-Cluster umfassend mindestens zwei Kohlenstoffatome und mindestens drei Boratome,
oder mindestens ein Kohlenstoffatom und mindestens fiinf Boratome, in einer Kafigstruktur;

r ist 0 oder eine ganze Zahl von 1 bis 20;

a stellt eine ganze Zahl von 1 bis 4 dar; und

weiter mit der Massgabe, dass wenigstens einer von Ry, Ry, Rz und R, ein Substituent dargestellt durch -NO,,
-NH,, oder Halogen ist; und

M entweder zwei Wasserstoffionen, ein einzelnes einwertiges Metallion, zwei einwertige Metallionen, ein zwei-
wertiges Metallion, ein dreiwertiges Metallion, ein vierwertiges Metallion, ein finfwertiges Metallion, ein sechs-
wertiges Metallion ist, wobei der Porphyrin-Metall-Komplex abgeleitet aus einem einwertigen Metallion durch
eine Gegenkation ladungsausgeglichen ist, und der Parphyrin-Metall-Komplex abgeleitet aus einem dreiwerti-
gen, vierwertigen, finfwertigen, sechswertigen Metallion durch eine entsprechenden Anzahl von Gegenionen,
Dianionen oder Trianionen ladungsausgeglichen ist;

zur Verwendung bei der bimodalen Krebsbehandlung eines Subjekts, wobei die bimodale Krebsbehandlung
optional umfasst:

i. Bor-Neutronen-Einfang-Therapie (BNCT), oder

ii. photodynamische Therapie (PDT), oder
iii. Réntgen-Bestrahlungstherapie (XRT).
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16. Eine Zusammensetzung zur Verwendung nach Anspruch 15 wobei:

i. zwei aus R4, Ry, R5 und R, sind Substituenten dargestellt durch die Formel (2);

i. aist1;

iii. Y ist dargestellt durch die Formel (3);

iv. Y ist in der meta-Stellung der Phenylringe;

v. zwei von Ry bis Ry, nicht durch Formel (2) dargestellt, sind -NO,, -NH,, oder Halogen;

vi. die Substituenten dargestellt durch Formel (2) sind in der trans-Konfiguration;

vii. Z istausgewahlt aus den Carboranen -C,HBgH 4 oder -C,HB gH o, wobei -C,HBgH 4 €in nido ortho-, meta-,
oder para-Carboran ist, and - C,HByH ¢ €in closo ortho-, meta-, oder para-Carboran ist;

viii. M ist Vanadium, Mangan, Eisen, Ruthenium, Technetium, Chrom, Platin, Kobalt, Nickel, Kupfer, Zink,
Germanium, Indium, Zinn, Yttrium, Gold, Barium, Wolfram oder Gadolinium; und

ix. X ist Sauerstoff, Ry und Ry4 sind Wasserstoff, und r ist 1.

17. Eine Verbindung nach Anspruch 1, wobei M ist ein dreiwertiges, vierwertiges, flnfwertiges, oder sechswertiges
Metallion; und wobei der Porphyrin-Metall-Komplex durch eine oder mehrere Porphyrin-Verbindungen mit einer
zweiwertigen negativen Ladung ladungsausgeglichen ist.

18. Die Verbindung nach Anspruch 17, wobei die Porphyrin-Verbindungen mit einer zweiwertige negative Ladung dar-
gestellt sind durch die Formel
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(1)

wobei:

R4, Ry, Rz und Ry sind unabhéngig voneinander -NO,, -NH,, Halogen oder ein Substituent der folgenden Formel

/ (Y)a

\_/

wobei Y sind unabhangig voneinander an ortho-, meta- oder para-Stellung der Phenylringe und sind unabhéngig
voneinander Wasserstoff oder ein Substituent dargestellt durch die Formel (3)

2);

-X-(CR10R)-Z (3);
mit der Massgabe, dass wenigstens einer von Ry, Ry, Rz und Ry ein Substituent dargestellt durch die Formel
(2) mit Y dargestellt durch die Formel (3) ist;

wobei:

X ist Sauerstoff oder Schwefel;
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R0 und R sind unabhangig voneinander ausgewahlt aus Wasserstoff und C4 bis C, Kohlenwasserstoff;
Z ist ein Carboran-Cluster umfassend mindestens zwei Kohlenstoffatome und mindestens drei Boratome,
oder mindestens ein Kohlenstoffatom und mindestens fiinf Boratome, in einer Kafigstruktur;

rist 0 oder eine ganze Zahl von 1 bis 20;

a stellt eine ganze Zahl von 1 bis 4 dar; und

weiter mit der Massgabe, dass wenigstens einer von Ry, R,, R3 und R, ein Substituent dargestellt durch -NO,,
-NH,, oder Halogen ist.
Revendications

1. Composé de formule

dans laquelle :

R, R2, R3 et R* sont indépendamment -NO,, -NH,, un halogéne ou un substituant représenté par la formule
suivante

PraAsr

\_/ o

dans laquelle les Y sont indépendamment sur la position ortho, méta ou para des cycles phényle et sont
indépendamment un hydrogéne ou un substituant représenté par la formule (3)

X-(CR10RM)-Z (3);

3 condition qu'au moins un parmi R, R2, R3 et R4 soit le substituant représenté par la formule (2) dans laquelle
Y représente la formule (3) ;
dans laquelle :

X est un oxygéne ou un soufre ;

R0 et R sont indépendamment choisis parmi un hydrogéne et un hydrocarbyle en C; & Cy;

Z est un agrégat de carborane comprenant au moins deux atomes de carbone et au moins trois atomes
de bore, ou au moins un atome de carbone et au moins cing atomes de bore, au sein d’'une structure de cage ;
r est 0 ou un nombre entierde 1420 ;
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a représente un nombre entierde 1a4 ; et

a condition également qu'au moins un parmi R, R2, R3 et R4 soit le substituant représenté par -NO,, -NH, ou
un halogéne ; et

M est deux ions d’hydrogéene, un unique ion métallique monovalent, deux ions métalligues monovalents, un ion
meétallique divalent, un ion métallique trivalent, un ion métallique tétravalent, un ion métallique pentavalent, un
ion métallique hexavalent, dans lequel le complexe porphyrine-métal dérivé d’'un unique ion métallique mono-
valent est équilibré en termes de charge par un contre-cation, et le complexe porphyrine-métal dérivé d’un ion
métallique trivalent, tétravalent, pentavalent, hexavalent est équilibré en termes de charge par un nombre
approprié de contre-anions, -dianions ou -trianions.

Composé selon la revendication 1, dans lequel Z est choisi parmi les carboranes -C,HBgH,, ou -C,HBgH(, dans
lesquels -C,HBgH, est un nido ortho-, méta- ou para-carborane et -C,HB4Hq est un closo ortho-, méta- ou para-
carborane.

Composé selon la revendication 1, dans lequel M est un ion de métal radioactif utile en radiothérapie médiée par
radio-isotope ou visualisable en tomographie par émission de photon unique (TEPU) ou entomographie par émission
de positons (TEP), un ion de métal paramagnétique détectable en imagerie par résonance magnétique (IRM), un
ion de métal approprié pour la boroneutrothérapie (BNCT), la radiothérapie X (XRT) ou la thérapie photodynamique
(TPD), ou une combinaison de ceux-ci.

Composeé selon larevendication 3, dans lequel M est le vanadium, le manganése, le fer, le ruthénium, le technétium,
le chrome, le platine, le cobalt, le nickel, le cuivre, le zinc, le germanium, l'indium, 'étain, I'yttrium, I'or, le baryum,
le tungstene ou le gadolinium.

Composé selon la revendication 1, dans lequel
i. deux parmi R1, R2, R3 et R4 sont des substituants représentés par la formule (2) ;
ii.,aest1;
iii. Y est représenté par la formule (3) ;
iv. Y est en position méta des cycles phényle ; et

v. deux parmi R' & R* non représentés par la formule (2) sont NO,, -NH, ou un halogéne.

Composé selon la revendication 5, dans lequel les substituants représentés par la formule (2) sont en configuration
cis.

Composé selon la revendication 5, dans lequel les substituants représentés par la formule (2) sont en configuration
trans.

Composé selon larevendication 7, dans lequel deux parmi R'a R4 non représentés par laformule (2) sont-NO, ou-Br.
Composé selon la revendication 8, dans lequel Z est choisi parmi les carboranes -C,HBgH ou -C,HB,oH;o, dans
lesquels -C,HBgH ¢ est un nido ortho-, méta- ou para-carborane et -C,HBgH ¢ est un closo ortho-, méta- ou para-
carborane.

Composé selon larevendication 9, dans lequel M est le vanadium, le manganése, le fer, le ruthénium, le technétium,
le chrome, le platine, le cobalt, le nickel, le cuivre, le zinc, le germanium, l'indium, 'étain, 'yttrium, I'or, le baryum,
le tungstene ou le gadolinium.

Composé selon la revendication 10, dans lequel X est un oxygéne, R10 et R11 sont des hydrogénes et r est 1.

Composition comprenant un composé de formule
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(D)

dans laquelle :

R, R2, R3 et R4 sont indépendamment NO,, -NH,, un halogéne ou un substituant représenté par la formule
suivante

dans laquelle les Y sont indépendamment sur la position ortho, méta ou para des cycles phényle et sont
indépendamment un hydrogéne ou un substituant représenté par la formule (3)

-X-(CR10R11) .Z (3);

3 condition qu'au moins un parmi R, R2, R3 et R4 soit le substituant représenté par la formule (2) dans laquelle
Y représente la formule (3) ;
dans laquelle :

X est un oxygéne ou un soufre ;

R0 et R sont indépendamment choisis parmi un hydrogéne et un hydrocarbyle en C; a Cy;

Z est un agrégat de carborane comprenant au moins deux atomes de carbone et au moins trois atomes
de bore, ou au moins un atome de carbone et au moins cing atomes de bore, au seind’une structure de cage ;
r est 0 ou un nombre entierde 1420 ;

areprésente un nombre entierde 1a 4 ; et

a condition également qu’au moins un parmi R, R2, R3 et R4 soit le substituant représenté par NO,, -NH, ou
un halogéne ; et

M est deux ions d’hydrogéne, un unigue ion métalligue monovalent, deux ions métalligues monovalents, un ion
meétallique divalent, un ion métallique trivalent, un ion métallique tétravalent, un ion métallique pentavalent, un
ion métallique hexavalent, dans lequel le complexe porphyrine-métal dérivé d’un unique ion métallique mono-
valent est équilibré en termes de charge par un contre-cation, et le complexe porphyrine-métal dérivé d’un ion
métallique trivalent, tétravalent, pentavalent, hexavalent est équilibré en termes de charge par un nombre
approprié de contre-anions, -dianions ou -trianions ;

pour une utilisation dans 'imagerie d'une tumeur et des tissus environnants chez un sujet.

13. Composition pour son utilisation selon la revendication 12, dans laquelle :
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i. deux parmi R1, R2, R3 et R4 sont des substituants représentés par la formule (2) ;

ii.aest1;

iii. Y est représenté par la formule (3) ;

iv. Y est en position méta des cycles phényle ;

v. deux parmi R' & R4 non représentés par la formule (2) sont -NO, ou -Br ;

vi. les substituants représentés par la formule (2) sont en configuration trans ;

vii. Z est choisi parmi les carboranes -C,HBgH, o ou -C,HB,gH 4o, dans lesquels -C,HBgH 4 st un nido ortho-,
méta- ou para-carborane et -C,HB,oH¢q est un closo ortho-, méta- ou para-carborane ;

viii. M est le vanadium, le manganése, le fer, le ruthénium, le technétium, le chrome, le platine, le cobalt, le
nickel, le cuivre, le zinc, le germanium, I'indium, I'étain, I'yttrium, I'or, le baryum, le tungsténe ou le gadolinium ; et
ix. X est un oxygeéne, R10 et R'! sont des hydrogénes et r est 1.

14. Composition pour son utilisation selon la revendication 12 ou 13, dans laquelle ladite imagerie est par un procédé
choisi parmi les procédés d’imagerie par résonance magnétique (IRM), de tomographie par émission de photon

unique (TEPU) ou de tomographie par émission de positons (TEP).

15. Composition comprenant un composé de formule
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dans laquelle :

R, R2, R3 et R4 sont indépendamment -NO,, -NH,, un halogéne ou un substituant représenté par la formule
suivante

Pl

\_/

dans laquelle les Y sont indépendamment sur la position ortho, méta ou para des cycles phényle et sont
indépendamment un hydrogéne ou un substituant représenté par la formule (3)

-X-(CR1oR1)-Z (3);
3 condition qu’au moins un parmi R', R2, R3 et R4 soit le substituant représenté par la formule (2) dans laquelle
Y représente la formule (3) ;

dans laquelle :

X est un oxygéne ou un soufre ;
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R0 et R sont indépendamment choisis parmi un hydrogéne et un hydrocarbyle en C;a C4;

Z est un agrégat de carborane comprenant au moins deux atomes de carbone et au moins trois atomes
de bore, ou au moins un atome de carbone et au moins cing atomes de bore, au sein d’une structure de cage ;
r est 0 ou un nombre entierde 1420 ;

a représente un nombre entierde 1a 4 ; et

a condition également qu'au moins un parmi R1, R2, R3 et R4 soit le substituant représenté par -NO,, -NH, ou
un halogéne ; et

M est deux ions d’hydrogéne, un unique ion métalligue monovalent, deux ions métalligues monovalents, un ion
métallique divalent, un ion métallique trivalent, un ion métallique tétravalent, un ion métallique pentavalent, un
ion métallique hexavalent, dans lequel le complexe porphyrine-métal dérivé d’un unique ion métallique mono-
valent est équilibré en termes de charge par un contre-cation, et le complexe porphyrine-métal dérivé d’un ion
meétallique trivalent, tétravalent, pentavalent, hexavalent est équilibré en termes de charge par un nombre
approprié de contre-anions, -dianions ou -trianions ; pour une utilisation dans un traitement anticancéreux
bimodal d’'un sujet dans lequel ledit traitement anticancéreux bimodal comprend éventuellement

i. une boroneutrothérapie (BNCT), ou
ii. une thérapie photodynamique (TPD), ou
iii. une radiothérapie X (XRT).

16. Composition pour son utilisation selon la revendication 15, dans laquelle :

i. deux parmi R1, R2, R3 et R4 sont des substituants représentés par la formule (2) ;

ii.aest1;

iii. Y est représenté par la formule (3) ;

iv. Y est en position méta des cycles phényle ;

v. deux parmi R a R4 non représentés par la formule (2) sont -NO, ou -Br;

vi. les substituants représentés par la formule (2) sont en configuration trans ;

vii. Z est choisi parmi les carboranes -C,HBgH, o ou -C,HB,gH4q. dans lesquels -C,HBgH 4 est un nido ortho-,
méta- ou para-carborane et -C,HB4H o est un closo ortho-, méta- ou para-carborane ;

viii. M est le vanadium, le manganése, le fer, le ruthénium, le technétium, le chrome, le platine, le cobalt, le
nickel, le cuivre, le zinc, le germanium, I'indium, I'étain, I'yttrium, l'or, le baryum, le tungsténe ou le gadolinium ; et
ix. X est un oxygéne, R10 et R!! sont des hydrogénes et r est 1.

17. Composé selon la revendication 1, dans lequel
M un ion métallique trivalent, tétravalent, pentavalent ou hexavalent ; et
dans lequel le complexe porphyrine-métal est équilibré en termes de charge par un ou plusieurs composés de
porphyrine contenant une charge négative divalente.

18. Composé selon la revendication 17, dans lequel les composés de porphyrine contenant une charge négative diva-
lente sont représentés par la formule
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dans laquelle

R, R2, R3 et R4 sont indépendamment -NO,, -NH,, un halogéne ou un substituant représenté par la formule
suivante

P

\_/

3

dans laquelle les Y sont indépendamment sur la position ortho, méta ou para des cycles phényle et sont
indépendamment un hydrogéne ou un substituant représenté par la formule (3)

X-(CR10R1)-Z (3);

4 condition qu'au moins un parmi R, R2, R3 et R4 soit le substituant représenté par la formule (2) dans laquelle
Y représente la formule (3) ;
dans laquelle :

X est un oxygéne ou un soufre ;

R10 et R sont indépendamment choisis parmi un hydrogéne et un hydrocarbyle en C;a C, ;

Z est un agrégat de carborane comprenant au moins deux atomes de carbone et au moins trois atomes
de bore, ou au moins un atome de carbone etau moins cing atomes de bore, au sein d’une structure de cage ;
r est 0 ou un nombre entierde 1420 ;

areprésente un nombre entierde 1a 4 ; et

a condition également qu'au moins un parmi R1, R2, R3 et R4 soit le substituant représenté par -NO,, -NH, ou
un halogéne.
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