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CARBORANYLPORPHYRINS AND USES THEREOF

[0001] The present invention was made with government support under Grant No.DE-
AC02-98CH10886 awarded by the U.S. Department of Energy. The United States

government has certain rights in the invention.

BACKGROUND OF THE INVENTION

[0002] The efficacy 6f 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
clinigally 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 pérphyrins to neoplastic tissues, there has been
intense interest in using porphyrins as delivery agents in the treatment of neoplasms in the
brain, head and neck, and related tumors. Porphyrins in general belong to a class of
colored, aromatic fetrapyrrolg compounds, some of which are found natﬁrally in plants

and animals, e.g., chlorophyll and heme, respectively.

[0004] Pbrphyrins and other tetrapyrroles with relatively long singlet 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



WO 2006/012140 PCT/US2005/022061

the light-excited porphyrin molecule to an oxygen molecule. However, PDT has been
limited predominantly by the photosensitizing compounds, which have lower than

zidequate selectivity to tumor cells and higher than optimal toxicity to normal tissue.

[0005] A promising new form of cancer therz{py 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 1B, in the tumor, folloﬁed by irradiation
of the tumor with thermalized neutrons. The thermalized neutrons impinge on the boron-
10, causing a nuclear fission (decay reaction). The nuclear fission reaction caﬁses the
highly localized release of vast amounts of energy in the form of high linear-energy-
transfer (LET) radiation, which can kill cells more efficiently (higher relative biological

‘ effect) than low LET radiation, such as x-rays.

[0006] In BNCT, the boyon—containing compound must be non-toxic or of low toxicity
when administered in ﬂxérapeutically effective amounts, as well as being capable of
selectively accumulating in cancerous tissue. For example, clinical BNCT for malignant
brain tumors was carried out at the Brookhaven National Laboratory Medical Department
using p-boronophenylalanine (BPA) as the boron carrier (Chanana et al., Neu}osurgery,
44,1182-1192, 1999). Although BPA has- the advantage of low chemi;:al toxicity, it
accumulates in critical normal tissues at levels that are less than desirable. In particular,
the tumor-to-normal brain and tumor-to-blood boron concentrations are in the ratio of
approximately 3:1. Such low specificity limits the maximum dose of BPA to a tumor

since the allowable dose to normal tissue will be the limiting factor.

[0007] A particular class of synthetic porphyrins, known as tetraphenyl porphyrins, have
garnered intense interest in the design of new boron carrier compounds for BNCT.
Tetraphenylporphyrins (TPPs) contain four phenyl groups, typically on the 5, 10, 15, and
20 ﬁositions of the porphyrin ring. An advantage of TPPs is their ease of synthesis.

[0008] The solubility of TPPs can be controlled by the substituents, generally on the

phenyl positions. Those TPPs containing sulfonates or carboxylates are water-soluble.

e
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However, some of the carborane-containing TPPs have high lipophilic properties, which
can require high amounts of non-aqueous excipients before administration into animals.
High amounts of excipients may reduce the biological effect of the porphyrin by, for
example, changing the microlocalization within the tumor cell such that it may be bound
to membranes instead of being homogeneously distributed throughout the cell. In
addition, the use of more hydrophilic bonds such as amide, ester, or urea bonds, although
signiﬁcaﬁtly more hydrophilic than carbon-carbon linkages, are known to hydrolyze
under numerous types of conditions. Such hydrolysis is particularly problematic when
such hydrophilic bonds are employed to attach the carboranyl group tb the porphyrin

molecule, since hydrolysis results in loss of the carbonyl group before reaching the target.

[0009] Therefore, there continues to be an effort to reduce the lipophilic behavior of
TPPs while not compromising their chemical stability. For example, international Patent
Application No. WO 01/85736 by Vicente et al describes the synthesis and use of
tetraphenylporphyrin 'bompounds that contain hydrophilic groups. A salient feature of the
Vicente compounds is the attachment of the carboranyl group to the phenyl group by,
exclusively, a carbon-carbon linkage. Although such a carbon-carbon linkage is not

prone to hydrolysis or other chemical attack, such a linkage is significantly hydrophobic.

[0010] Porphyrins also have the advantage of having the ability to chelate metal ions in -
its interior. Such chelated porphyrins can additionally function as visuélization tools for
real-time monitoring of porphyrin concentration and/or diagnoétic 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).

[0011] 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
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before and during the irradiation. Such diagnostic information allows BNCT treatment to
be performed more quickiy, 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 compoﬁnds that have longer tumor retention times would

become critical.

[0012] 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 minirhal 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 BNCT treatments and boron-delivery compounds used

therein.
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SUMMARY OF THE INVENTION

[0013] The present invention is directed to low toxicity boronated compounds and
methods for their use in the treatment, visualization, and diagnbsis of tumors. More
specifically, the present invention is directed to low toxicity boronated 5, 10, 15, 20~
tetraphenylporphyrin compounds and methods for their use particularly in boron neutron
capture therapy (BNCT) or photodynamic therapy (PDT) for the treatment of tumors of

the brain, head and neck, and surrounding tissue.

[0014] In particﬁlar, the present invention is directed to boron-containing 5, 10, 15, 20-

tetraphenyl porphyrins of the formula -

1)

wherein:

Y, Y?, Y3, and Y* are independently on the ortho, meta or para position on the phenyl
rings, and are independently hydrogen, alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl,
heteroaryl, or an alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, or heteroaryl group
substituted with 1 to 4 hydrophilic groups selected from hydroxy, alkoxy, -C(O)ORS, -
SOR6, —SOzRG, nitro, amido, ureido, carbamato, -SR’, NR®R®, or poly-alkyleneoxide; or

a substituent represented by the formula
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[xz—(CR?’R‘*)p——D]m

—X'—(CR'R?); 7 |
\ o)

wherein D represents independently, Z, hydrogen, or a substituent represented by the

formula

pm—— [XB_(CR1 OR11)§_____D|]
/ )
\_ 2.
/)

(WS), - 3),

provided that at least one D is Z or is represented by formula (3);

wherein D’ represents independently, Z, hydrogen, or a substituent represented by the

formula

— X4—(CR12R"®)—7Z],
/ .
\ ¥

(WO, | 4,

-

provided that when q is 0, or when q is not zero and D’ is solely hydrogen, then at least
one D is represented by Z, or when q is not zero and D’ is represented by formula (4) and

T is zero, then at least one D is represented by Z;

Y5, Y®, Y7, and Y® are independently on the ortho, meta or para position on the phenyl

rings, and are represented by the formula

X2—(CR®R");—Z );
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w!, W2, W3, w4, W, and W° are hydrophilic groups independently on the ortho, meta or
para position on the phenyl rings, and are independently selected from hydroxy, alkoxy, -
C(O)OR®, -SOR’, -SO,RS, nitro, amido, ureido, carbamato, -SR7, -NR®*R’, or
polyalkylene oxide; '

X? X!, X%, X°, and X* are independently oxygen or sulfur;

R% RY, RY, R, RY R4 R, R®, R’ R® R’ R R, R™, and R'? are independently selected
from hydrogen and C, to Cq alkyl;

7.1is 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;
n, p, S, t, and v independently represent 0, or an integer from 1 to 20;

m igdependently repreéents 1,2, 0r3;

q and r independently represent 0, 1, 2, or 3;

a,b, ¢, and d independently represent 1 or 2;

k, 1, u, and w independently represent 0, 1, or 2;

e, f, g, h, 1, and j independently represent 0, or an integer from 1 to 5,

provided that at least one of Y, Y% Y?, and Y* represents formula (2); each of the sums a
+e+k b+f+,c+g+u h+d+w,q+ir+j, independently represents an integer from

1 to 5; when any of’k, 1, u, or w is not zero, then at least one of Y, YZ, Y3, and Y*

-7-
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represents formula (2); 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; a radioactive metal ion useful in radioisotope-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) or photodynamic therapy (PDT); or a combination thereof;, wherein the
pc;xphyﬁn»metal compiéx 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.

[0015] Z is preferably selected from the carboranes ~CoFHBgH,p or -CoHB ¢ Hyg, wherem -
CoHByH g is nido ortho-, meta-, or para-carborane, and -CoHB,oHyp is closo ortho, meta-,

or para-carborane.
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[0016] M is preferably vanadinm (V), manganese (Mn), iron (Fe), ruthenium (Ru),
technetium (Tc), chromium (Cr), platinum (Pt), cobalt (Co), nickel (Ni}, copper (Cu),
zine (Zn), germanium (Ge), indium (In), tin (Sn), yttrium (Y), gold (Au), barium (Ba),
tungsten (W), or gadolinium (Gd). In a more ?refmed embodiment, M is copper (Cu) or
nickel (Ni).

[0017] In one embodiment, a,b, ¢, and d are 1, Y, Y% Y3, and Y are represented by
formula (2); Dis Z; X! and X? are O; R', R%, R® and R? are H; n and p are 1; mis 2; Y/,
Y2, ¥?, and Y* are in the meta position on the phenyl ring; the XE(CR*RH,-D
substituents are in the 3 and 5, or 3 and 4, positions on the phenylring, and e, f, g, h, k. 1,

u, and w are 0.

[0018] In another embodiment, a, b, ¢, d, e, f, g, and h are 1; k, 1, u, and w are 0; Y', Y2,
Y?, and Y* are in the para position on the phenyl ring, W', W%, W, and W* are in the
meta position of the phenyl ring, W', W2, W°, and W* are independently, hydroxy or
alkoxy, and the .2 (CR*R*),-D substituents are in the 3 and 5, or 3 and 4, positions of
the phenyl ring, and D is Z. Preferably, alkoxy is methoxy.

[0019] In another embodiment, k, 1, u, and w are 1;a,b, ¢,and d are 1, Y', Y2, Y*, and Y*
are represented by formula (2); X' and X® are O; R, R%, R® and R* are H; n and p are 1;
and mis 2; Y', Y2, Y®, and Y* are in the meta position on the phenyl rings; Y, Y%, Y7,
and Y® are in the para position on the phenyl rings; the X%(CR?R*),-D substituents are in
the 3 and 5, or 3 and 4, positions on the phenyl ring; D is Z; X" is O; R and R are H; v is

1,and e, f, g, and h are 0.

[0020] In yet another embodiment, a, b, ¢, and d are 2; Y, Y%, Y°, and Y* are represented
by formula (2); X' and X* are O; R, R% R? and R* are H; n and p are 1; mis 2; Y', Y7,

Y3, and 'Y* are in the meta positions on each phenyl ring; the ~X2—(CR3R4)9»D substituents
are in the 3 and 5, or 3 and 4, positions on the phenyl ring; D is Z; k, 1, u, and w are 0; and

e f, g and h are (.
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[0021] In yet another embodiment, a, b, ¢, and d are 1; e, £, g, h, k, 1, u, and w are 0; Y,
Y2, Y®, and Y* are represented by formula (2); X' and X2 are O; R!, R%, R® and R” are H;
nand p are 1; mis 2; Y, Y% Y°, and Y* are in a meta position on each phenyl ring; the _
X2~(CR3R4) oD substituents are in the 3 and 5, or 3 and 4, positions on the phenyl ring; D
is according to formula (3), wherein X% is O, R and R" are H, sis 1, D’ is Z, q is 2, and

iis 0. Sinceiis 0, W’ is not present.

[0022] 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 of the present invention, with the provise that

M is absent.

[0023] The present invention also includes methods of tumor imaging by SPECT, PET,
or MRI, as well as methods of bimodal cancer treatment such as BNCT 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.

-10 -
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DETAILED DESCRIPTION OF THE INVENTION

[0024] The invention relates to boron-containing 5, 10, 15, 20-tetraphenyl porphyrins
having the formula

(YA);} (W4) (Yﬁ)k
h

o

/ /:"\\'{/{Y'i )a
<X

() (Whe
. 6
(W EEM / ‘“‘/j(y )]
(Y3 L X K¢
\M <w2)f/ \(vz; )
b .

[0025] Y, Y2 Y?, and Y* are independently on the ortho, meta or para position on the
phenyl rings, and a, b, ¢, and d independently represent 1 or 2. v ¥% ¥e and Y* are
independently hydrogen, alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, heteroaryl, or an
alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, or heteroaryl group substituted with 110 4
hydrophilic groups selected from hydroxy, alkoxy, -C(OYOR?, -SORS, -SO,RE, nitro,
amido, ureido, carbamato, -SR’, -NR®R?, or poly-alkyleneoxide; or a substituent

represented by the formula
mg—-/ [X2-(CR®*R*)5—Dln
S, ¥ S— (CR”L Rz)n

\ / @),

provided that at least one of Yy, Y2 Y3, and Y* represents formula (2).

- 11~
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[0026] In formula (2), X! and X2 are independently oxygen or sulfur, and R', R% R?, and
R*are independently selected from hydrogen and alkyl groups as defined below, except
that the alkyl groups for R, R% R, and R* contain 1 to 4 carbon atoms. The subscripts n
and p independently represent 0, or an integer from 1 to 20, and m independently

represents 1, 2, or 3.

{6027] D represents independently, Z, hydrogen, or a substituent represented by the

formula

—\_O—(CRUR"—D,
L
/

(WP, (3),

provided that at least one D is Z or is represented by formula (3).

[0028] In formula (3), X is independently oxygen or sulfur; R'?and R" are
independently selected from hydrogen and alkyl groups as defined below, except that the
alkyl groups for R'®and R"' contain 1 to 4 carbon atoms; s independently represents 0, or
an integer from 1 to 20; and q independently represents 0, 1, 2, or 3, provided that when g
is 0, or when q is not zero and I’ is solely hydrogen, then at least one D is represented by
Z, or when q is not zero and D" is represented by formula (4) and r is zero, then at least

one D is represented by Z.

[0029] D’ represents independently, Z, hydrogen, or a substituent represented by the

formula

— /IX —(CRVR")—2],

\_Z

(WP, » @

-12-
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[0030] In formula (4), X* is independently oxygen or sulfur; R' and R® are
independently selected from hydrogen and alkyl groups as defined below, except that the
alkyl groups for R'* and R" contain 1 to 4 carbon atoms; t independently represents 0, or

an integer from 1 to 20; and r independently represents 0, 1, 2, or 3.

[0031] 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. Some examples of carborane clusters include the regular polyhedral carborane
clusters, also known as closo structures, as well as lonized fragments of the polyhedral
clusters, also known as nido structures, Some examples of the preferred carboranes of the |
present invention include -CyHBoH;o or ~-CoHB oH 0, wherein ~-CoHBgH g is nido ortho-,

meta-, or para-carborane, and ~-C;HB¢H,g is closo ortho-, meta-, or para-carborane.

{60321 W, W, W, W“,’ W*, and W® are hydrophilic groups independently on the ortho,
meta or para position on the phenyl rings. W', W2, W2, W*, W°, and W are
independently selected from hydroxy, alkoxy, -C(O)OR’, -SOR?, -SO:R", nitro, amido,
ureido, carbamato, -SR7, -NR®R’, or polyalkylene oxide. R®, R%, R7, R, R®, are
independently selected from hydrogen and alkyl groups as defined below, except that the
alkyl groups for R’, RE R”, RY, R® contain 1 to 4 carbon atoms. The subscripts e, f, g, b, 1,

and j independently represent 0, or an integer from 1 to 5.

[0033] Y*, Y%, Y7, and Y® are independently on the ortho, meta or para position on the
phenyl rings, and are represented by the formula ——X?—(CR?*RP);—Z 5).In
formula 5, X* is independently oxygen or sulfur; R* and R are independently selected
from hydrogen and alkyl groups as defined below, except that the alkyl groups for R* and
R contain 1 to 4 carbon atoms; v independently represents 0, or an integer from 1 to 20; |
k, 1, u, and w independently represent 0, 1, or 2; provided that each of the sums a + e +k,
b+ f+,c+g+u h+d+w, q+i,1+j, independently represents an integer from 1 to 5;
when any of k, 1, u, or w is not zero, then at least one of Y*, Y2, Y%, and Y* represents
formula (2).

-13 -
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[0034] When any of v YQ, Ys, orY'is alkyl, alkyl is a straight chain or branched alky]
group containing 1 to 20 carbon atoms including, optionally, up to three double or triple
bonds. Some examples of alkyl groups include methyl, ethyl, n-propyl, iso-propyl, n-
butyl, iso-butyl, sec-butyl, tert-butyl, propenyl, 2-butenyl, 3-butenyl, 3-butynyl, 2-methyl-
2-butenyl, n-pentyl, dodecyl, hexadecyl, octadecyl, and eicosyl.

[0035] The alkyl group may be unsubstituted or substituted with 1 to 4 hydrophilic
groups. Some examples of suitable hydrophilic groups include hydroxy, alkoxy, -
C(O)OR’, -SORS, -SO,R", nitro, amido, ureido, carbamato, -SR7, -NR®R?, and poly-
alkyleneoxide. R, R%, R”, R®, and R® are independently selected from hydrogen and alkyl
groups as defined above, except that the alkyl groups for R”, R% R, R® contain 1 to 4

carbon atoms.

[0036] The carbon atoms of the alkyl group may also be substituted with 1 10 4
heteroatoms. In this specification, heteroatoms are O, N, or S. The heteroatoms are not

adjacent, and are separated by at least one carbon atom.

[0037] When any of Y', Y?, ¥°, or Y* is cycloalkyl, the cycloalkyl ring is a 4, 5, 6, or 7
member cycloalkyl ring. The ring may be saturated, or may contain 1 to 4 unsaturated
(i.e., double or triple) bonds. Some aﬁamples of saturated cycloalkyl rings include
cyclobutane, cyclopentane, cyclohexane, and cyclopentane rings. Some examples of
unsaturated cycloalkyl rings include cyclobutene, cyclopentene, cyclohexene, and 1,3~

cycloheptadiene rings.

[0G38] The cycloalkyl ring may optionally be substituted with 1 to 4 heteroatoms of O, N,
or 8. Some examples of cycloalkyl rings substituted with heteroatoms include
pyrrolidine, piperidine, piperazine, tetrahydrofuran, furan, thiophene, 1,3-oxazolidine,
imidazole, and pyrrole ﬁngs. The cycloalkyl rings may be optionally substituted with
alkyl as defined above, or with 1 to 4 hydrophilic groups, also as defined above.

-14 -
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[0039] The cycloalkyl ring may be fused to 1 fo 3 additional 4, 5, 6, or 7 member
cycloalkyl or phenyl rings. Some examples of fused cycloalkyl rings are
bicyclo[3.3.0]octane, bicyclo[4.3.0]non-3-ene, triphenylene, and 1,2,3,4-

‘ tetrahydronaphthalene rings.

[0040] When any of Y', Y2, Y°, or Y*is aryl, arylis a 5, 6, or 7 member aromatic ring,
preferably a phenyl ring. The aryl rings may be optionally substituted with alky! as
defined above to produce alkylaryl or arylalkyl groups. The aryl, alkylaryl, and arylalkyl
groups may be substituted with 1 to 4 hydrophilic groups, as defined above.

[0041] The aryl ring may optionally be substituted with 1 to 4 heteroatoms of O,N,orS,
resulting in a heteroaryl ring. Some examples of heteroaryl rings include thiophene,
pyridine, oxazole, thiazole, oxazine, and pyrazine rings. The heteroaryl ring may be

substitnted with 1 to 4 hydrophilic groups, as defined above.

[0042] The aryl or heteroaryl ring may also be fusedto 110 3 é.d{iitioﬁal 5,6,or7
member aryl or heteroaryl rings. Some examples of fused aryl and heteroaryl rings
include napthalene, anthracene, phenanthrene, triphenylene, chrysene, indoline, quinoline,

and tetraazanaphthalene (pteridine) rings.

[0043] In this specification, an alkoxy group contains an alkyl portion as defined above.
Some examples of alkoxy groups include methoxy, ethoxy, propoxy, n-butoxy, t-butoxy,
and dodecyloxy. ‘

[0044] A polyalkylene oxide is defined according to the formula ~(CHy)¢-O-[(CHy)e-O-1-
[(CH2)¢-O-1+(CH,),-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 1 to 10, x and y are each independently 1 or
0, and R’ is either H or an alkyl group as defined previously, 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

yisl. -
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[0045] A preferable polyalkylene oxide of the invention is polyethylene oxide.
Polyethylene oxide is defined according to the formula -(CHy)g-O-[{CH)e-O-Jy-[(CH)
O-]y-(CHy)-OR’, wherein, independently, disOor2,eisOor2, fisOor2, gis 2, xand y
are each independently 1 or 0, and R’ is either H or an ethyl group, provided that when ¢
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,

thenyis 1.

[0046] In formula (1), M may be two hydrogen ions, & single monovalent metal ion, or
two monovalent metal ions. Some examples of suitable monovalent metal ions include
Li, Na™, K™, cu™, Ag™, Au™, and TT™. 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 jons,
and ammonium and phosphonium cations, such as tetramethylammonium,
tetrabutylammonium, and tetraphenylammonium. The counter cation may be either

bound or associated in some form with the porphyrin-metal complex.

[0047] M may also be a divalent metal ion. Some examples of suitable divalent metal
jons include V*%, Mn™, Fe™?, Ru?, Co™, Ni*%, Cu'?, Pd™, Pt™%, Zn™, C4™, M¢™, 81,

and Ba™.

{0048] Alternatively, M may be a trivalent, tetravalent, pentavalent, or hexavalent metal
ion. Some examples of suitable trivalent metal ions include Gd™, Y™, n™, Cr*?, Ga™,
Al Eu®, and Dy™. Some examples of suitable tetravalent metal ions include Tc*,
Ge™, Sn™, and Pt™. An example of a suitable pentavalent metal ion is T¢™. Some
examples of suitable hexavalent metal jons include W, T¢™, and Mo™S. The resulting
porphyrin-metal complex cation is charge-balanced by an appropriate number of counter
anions, dianions, or trianions. For example, a porphyrin-metal complex cation derived
from a trivalent metal ion may be charge-balanced by a single counter anion, and such a
complex derived from a tetravalent metal ion may, for example, be charge-balanced by a

single counter dianion or two counter anions, and so on.
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[0049] Some examples of suitable counter anions include chloride, perchlorate, sulfate,
nitrate, and tetrafluorcborate. 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 of the
present invention with the proviso that M is absent. An example of a suitable counter

trianion includes phosphate.

{0050} The counter anion, 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.

[0051} In addition, M may be a ﬁadioactiée metal ion imageable by single photon
emission computed tomography (SPECT) or positron emission tomography (PET). Some
examples of radioactive metals suitable for SPECT are ¥’Cu, *™Te, "n, and those for
PET include *Cu, ¥Co. M may also be a radioactive metal useful as a
fadiophamacéutieal for therapy. Some examples of radioactive metals suitable for such.

therapy include *Y, "¥Re, “Cu.

[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) or photodynamic thempy (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 than the dosage for PDT, a significant accumulation of photoactive

" metal in the skin could result if such photoactive metals were used in BNCT. Such an

accumulation of photoactive metal may cause biological damage.
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[0054] The invention also relates to methods of treating tumors. In a preferred
embodiment, the method of treating malignant fumors, especially brain tumors, is via
BNCT. BNCT is a bimodal cancer treatment based on the selective accumulation of a
stable nuclide of boron known as boron-10, or °B, in the tumor, followed by irradiation
of the tumor with thermalized neutrons. The thermalized neutrons impinge on the boron-
10, causing a nuclear fission reaction. The nuclear fission causes the highly localized
release of vast amounts of energy in the form of high linear-energy-transfer (LET)

radiation, which can more effectively kill cells than low LET radiation, such as x-rays.

{0055] Boron-10 undergoes the following nuclear reaction when captured by a}:her:r%al
neutron:

10 Y
B+n ~————» B

"B ——— "Li + *Het y (478 keV)

[0056] In this nuclear reaction, a boron-10 nucleus captures a neutron forming the
., 1 . . .. .
metastable nuclide B, which spontaneously and nearly instantaneously disintegrates into

a dHc and ?Li particle, which together possess an average total kinetic energy of 2.34
MeV. These two ionized particles travel about 9 pm and 5 pm (7 * 2 pmj in opposite

directions in soft tissue, respectively.

[0657] The distances traveled by the *He and 'Li 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 sm'roﬁnding normal

fissue.

[0058] 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
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thermalized (average energy approximately 0.04 £V) 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.

[0059] In BNCT of malignant brain tumors following the method of the present
invention, the patient is first given an infusion of a carbt)mné-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.

[0060] 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 rélative
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.

[0061} 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 6Iini.caliy
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.

[0062] An advantage of the present invention over the prior art for the {reatiment of
cancer is that the boron-containing porphyrins of the present invention selectively
accumulate in neoplasms in more preferred ratios than other known boron-containing

compounds.
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[0063] 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.

[0064] Another advantage of the carborane-containing porphyrins of the present
invention is their increased polarity, imparted by the hydrophilic groups W', W2, W°, W*,
W?, and W®, andfor the ether linkages. The greater polarity of such groups render the
tetraphenyl porphyrin compounds less lipophilic, which effects 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.

[0063] In addition, the e?her linkages in the carborane-containing porphyrins of the
present invention provide more chemical stability than, for example, ester or amide
linkages, which can much more easily hydrolyze, thereby causing the loss of the boron
funetionality. In fact, the ether linkages possess nearly the same resistance to hydrolysis

and other forms of chemical attack as a carbon-carbon linkage.

[0066] It is significant that some of the preferred carborane-containing porphyrins of the
present invention contain in excess of 8 carborane clusters (80 boron atoms). In fact, the
present invention provides for carborane-containing parphyrixi molecules containing in
excess of 16, 32, or even 64, carborane clusters, which is higher than any carborane-

containing porphyrins currently known.

[0067] Since such high carborane-containing porphyrin molecules deliver more boron to
a target, i.e., are more potent, they permit lower required molar doses of porphyrin as
compared to the porphyrin compounds in the prior art. The lower molar dose of
carborane-containing porphyrin allows the amount of boron at the target to be
significantly increased while keeping blood porphyrin concentrations well below toxic
threshold values.
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[0068] To accumulate 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 1 hour and

one week prior to the epithermal neutron irradiation.

[0069] The timing of the neutron exposure depends upon the concentration of the
porphyrin in the blood, which decreases more rapidly with time than the porphyrin
concentration in the tumor. The timing of the neutron exposure also depends on other
factors that are well known to those skilled in the art of clinical BNCT. These other
factors include 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.

[0070] In another preferred embodiment, the method of treating malignant tumors of the
present imvention is via 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 {riplet state. In the decay of the triplet back down to
the ground state singlet, it can transfer energy fo ground state triplet dioxygen which
forms the highly reactive singlet oxygen. Biomolecules that react most readily with
singlet oxvgen 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, especialljz to endothelial cell membranes, can lead to

local vascular thrombosis and shutdown of blood circulation.

-21-



WO 2006/012140 PCT/US2005/022061

[0071] In using PDT in the present invention, the patient is first given an injection 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 sufﬁcienﬂy long
wavelengths for maximum penetration to the depth of the tumor.

[0072) 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.

[0073] SPECT of the br:;:in is at least one order of magnitude more sensitive to isotopic
tracers than is conventional radiography or computerized tomography. In addition,
SPECT resulis, as opposed to results from conventional radiography, 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 scarming 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,

[0074] 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.

{0075] In another preferred embodiment, the therapeutic treatment of malignant fumors is
augmented by the use of MRI. In MR, a patient is first given an infusion or injection of a
solution containing a carborane-containing porphyrin of formula (I) chelated to a suitable

paramagnetic metal ion. For a brain tumor, the patient's head is then scanned and the
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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 irradiation in BNCT before,
during and after infusion when the boronated compound is being redistributed in blood,

tumor, and healthy tissue.

10076} 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 porphyrins of the
present invention. The synthetic summary provides general methods for synthesizing
compounds of the invention, and is thereby meant to encompass numerous ways for
synthesizing each compound. For example, different starting materials may be used to
synthesize the same product, and each starting material may require a different set of
reaction conditions such-as temperature, reaction time, solvents, and extraction and

purification procedures.

[0077] 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, assymmetric carborane-containing
tetraphenylporphyrin compounds can be synthesized by using a mixture of different
benzaldehyde or dibenzaldehyde starting materials and proceeding with a similar

synthetic reaction as shown in Reaction Scheme 8.

[0078] Reaction Scheme 1

\

N _x X
Coupling Agent\/

¥ R\/ﬁ“ e
Solvent A reflux

OH

where X is either O or S, solvent A is preferably a polar non-protic solvent such as
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acetone, and R is a halogen, preferably Cl. The coupling agent is any compound,
mixture, or sequence of compounds capable of coupling a phenol or thiophenol and an
alkyl halide to produce an ether. Some coupling agents may not require reflux conditions
or a polar non-protic solvent. Preferably, the coupling agent is 2 mixture of potassium
carbonate and potassium iodide (K,CO4/KI).

[0079] Reaction Scheme 2

N X ~X X x A
O O AcidCatalyst
+  R=C=0=C~R =i

OH : OCR

where X is either O or S, and the R groups on the anhydride may be the same or different,
and selected from alkyl, cycloalkyl or aryl. A preferred anhydride is acetic anhydride
wherein R is methyl. The acid catalyst may be any Bronsted-Lowry (proton donating)
acid that does not interfere with conversion of the alcohol to the ester product.

Preferably, the acid catalyst is sulfuric acid, Ho8O4.
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{0080] Reaction Scheme 3

X x A 2R N
\/ \/ Borane cluster
»..
O(;%R
. ‘ O

) Solvent B, reflux

OCR
i

O

where X is either O or S, solvent B is preferably a polar, aprotic solvent, preferably
acetonitrile, and R is as defined in reaction scheme 2. The borane cluster is any cluster
comprising at least three boron atoms within a cage structure. For example, the borane
cluster can be decaborane, BioH 4. The borane cluster reacts with the triple bond of the
propargy! starting material to form the carboranyl product. Thus, in the case of
decaborane, Z represents the carborane ~-CoHB oHyg. 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, For example, the
carborane cluster may be -C,HBoH g or -CoHB H o, wherein -CoHBoH g is nido ortho-,

meta-, or para-carborane, and -CoHBioH)y is ¢loso ortho-, meta-, or para-carborane.

[0081] [Reaction Scheme 4

AN A’ Z X X~
Protonating Acid
- .
Protic Solvent
O%R OH
0

where X, R, and Z are as defined above. The protonating acid is any acid, acid mixture,

or sequence of acid additions capable of converting the ester into the alcohol product.
Preferably, the protonating acid is concentrated HCIL. The protic solvent may be, for

example, an alcohol such as methanol.
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[0082] Reaction Scheme 5

X It X?
Halogenating Agent

where X and Z are as defined above, and D is a halogen. The halogenating agant is any

agent capable of converting the hydroxy substituent of the starting material to a halogen.
Preferably, the halogenating agent is a 1:1 mixture of carbon tetrabromide and

triphenylphosphine, wherein D becomes a bromide. The reaction is pfzrfdrmad preferably -
in an ether solvent, such as tetrahydrofuran (THF).

[0083] Reaction Scheme 6

\/
Coupling Agent
Y-
Solvent C reflux

OH
X,

)

z

where X, Z, and D are as defined previously. Solvent C is preferably a polar, aprotic
solvent such as acetone. The coupling agent is any compound, mixture, or sequence of
compounds capable of coupling a phenol or thiophenol and an alkyl halide to produce an

ether, Some coupling agents may not require reflux conditions or a polar, aprotic solvent.
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Preferably, the coupling agent is a mixture of potassium carbonate and potassium iodide

(KCOy/KT).

[0084] Reaction Scheme 7

) ' )
X A : , X
X Oxidant ' X
-
OH SolventD ‘?H
> ) O
yd : Z

where X and Z are as previously defined. The oxidant is any oxidizing compound
capable of selectively cohverting a primary alcohol to an aldehyde, preferably 2,3-
dichloro-5,6-dicyano-1.4-benzoquinone (DDQ) or pyridinium chlorochromate (PCC).

Solvent D is a non-polar aprotic solvent, preferably dichloromethane.
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{0085] Reaction Scheme 8

Z
Q : : Couplmg System
Smivemﬁ ‘

x>

Z

wherein Y', Y2, Y?, and Y* are represented by

><~—-—/Z

X
Z. X and Z have been previously defined. The coupling system

preferably comprises a Lewis acid (electron acceptor) such as boron trifluoride (BFz) or
trifluoroacetic acid (TFA) to form the intermediate porphyrinogen from the pyrrole, and
benzaldehyde and an oxidizing agent such as 2,3-dichloro-5,6-dicyano-1.4-benzoquinone
(DDQ) to oxidize the porphyrinogen to porphyrin. Solvent E is a nonpolar aprotic

solvent, preferably dichloromethane.
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10086] Reaction Scheme 9

Y“
‘3{1
Metal salt of metal
iom M
Solvent F
yﬁ
Y? Y?

where Y, Y2, Y?, and Y* are as defined above. In a preferred embodiment, M is selected
from the group consisting of vanadium (V), man ganese (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), yttrinm (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)2.HyO, may be used as the metal salt. Solvent F 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.

[0087] Por example, using schemes 1-8, and as will be seen through examples 1-8, the 8-
carborane-containing porphyrin, i.e., porphyrin (VIID), has been prepared. Porphyrin VII
has the following structure: ‘
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O—Ar

CoHBygHyg
)
o\
CoHB4gHyp

Ar-O

Porphyrin VI shown above, In this case, 8, b, ¢, and dare 1, v ¥?, ¥, and Y are
represented by formula (2); D is Z, wherein Z is the -CoHB oH o carborane; X! and X? are
0; R, R R® and R* are H; n and p are 1; m is 2; Y, ¥, Y*, and Y* are in the meta
position on the phenyl ring; the _x*.(CR*R*),-D substituents are in the 3 and 5 positions
on the phenyl ring, and ¢, £, g, b, k, 1, u, and w are 0.

[0088] Using similar reaction schemes as shown above, the inventors predict facile
syntheses of Porphyrins A, B, C, and D, which are shown below. In fact, starting

materials for each of these porphyrin compounds have either already. been synthesized or

are presently in the process of being synthesized.
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' [0089] Porphyrin A, an 8-carborane-containing porphyrin containing hydrophilic groups
wh W WR, and W

. CoHB4gH4g
O
Ar =
o

CaHB4oH1g

wh w2 W2, w*=0CH;

Tn the case of Porphyrin A above, a,b,¢,d, e, f, g and hare 1; k, [, u, and w are ; Y1, Y2,
Y3, and Y* (i.e., 0-Ar) are in the para position of each phenyl ring, the hydrophilic groups
W', W2 W2, and W* are in the meta position of each phenyl ring, wherein W', W*, W?,
and W* are methoxy; the XCR*RY,-D substituents are in the 3 and 5 positions of the
Ar phenyl rings; D is Z, wherein Z is the -C;HB gH,o carborane.
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[0090] Porphyrin B, a 12-carborane-containing porphyrin:

CoHB1gHg
O—Ar e CaHB1gH1g

O-—Ar CoHBanH
o/ 2HBygH1g
Ar =
1}\1‘ O
O CoHBgH1g
5 4
HioB1oCoH—" Ar-O

CoHB1gH4g

Tn the case of Porphyrin B above, k, 1, u, and w are 1; a, b, ¢, and d are 1, v, v? Y3 and
'v* are represented by formula (2); X' and X* are O; R', R% R® and R*are H; n and p are
1;and mis 2; Y', Y% Y, and Y* (i.e., O-Ar) are in the meta position of each phenyl ring;
v*, Y8 Y7, and Y® (in this case, O-CH,-CoHB gH)) are in the para position of each
phenyl ring; the X% (CR’R*),-D substituents are in the 3 and 5 positions of the Ar phenyl
rings; D is Z, wherein Z is the ~C,HB1oH;o carborane; X* is O; Riand R®are H; vis 1,

and e, f, g, and h are 0.
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[0091] Porphyrin C, an 8-carborane-containing porphyrin:

O—Ar Ar—Q
CoHB4gH1g
O
o\
CyHB1gH1g

O—Ar Ar-O

In the case of Porphyrin C above, a, b, ¢, and d are 2; Y, ¥2 Y3, and v (i.e., O-Ar) are
represented by formula (2); X' and X are O; R!, R* R*and R* are H; n and p are 1; m is
‘,)” 1 2 ?‘3 »84 . 4 PR » . ,

2;Y, Y5 Y, and Y are in the two meta positions on each phenyl ring; the ,.}xz_(cgi"g‘*);}.
D) substituents are in the 3 and 5 positions on the Ar phenyl rings; D is Z, wherein Z is the

-C,HB,oHyp carborane; k, 1, u, and w are 0; and e, f, g, andhare0.
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[0092] Porphyrin D, a 16-carborane containing porphyrin:

HipB1oCoH—\
O
CoHByoH1o
EO
| 0
OJCZHB10H1Q
J
HmBmCzH"‘“/

In the case of Porphyrin D above, a, b, ¢, and dare 156, £ g, h, k, 1, u, and w are 0, Y, Y%,
Y?, and Y* are representéd by formula (2); X' and X* are O; R, R%, R* and R* are H; n
and p are 1;mis 2; Y', Y2 Y°, and Y* (i.e., O-Ax) are in the meta positions on each
phenyl ring; the ,,XZ,,(QRBR‘*)F,D substituents are in the 3 and 5 positions on the phenyl
ring; D is aceording to formula (3), wherein X° is O, R and R" are H, s is 1, D" is Z

~wherein Z is the -C;HB oH g carborane; q is 2, and i is 0.
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[0093] The reaction scheme that is currently being employed for the attempied synthesis
of the 16-carborane-containing porphyrin above (Porphyrin D), is shown below:

1.Base

2. Oxidation j@
BrAr + HO N (seereacton H q
OH  schemes6&7) O—Ar
1. Pyrrole/Lewis acid
2. Oxidation
{see reaction scheme 8)
O—Ar HigB1oCoH—\

O

O Q 0 | MY

o SR N
LIRS T
Ar

O 0 O ~ O“/CZHBmHm

Ar—Q
H‘SOB'lGCEHj
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EXAMPLES

[0094] Bxamples have been set forth 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 3,5-dipropargyloxybenzylalcohol (I)

[0095] Finely powdered K2CO;, 14 grams (0.10 moles), and K1, 17 grams (0.10 moles)
were placed in a 500 mL round flask, and 200 mL acetone was added. Under a nitrogen
atmosphere, 3,5-dihydroxybenzylaleohol, 4.2 grams (0.03 moles), and propargy! chloride,
5.3 grams (0.07 moles) were then added. The resulting mixture was refluxed overnight.
The results from thin layer chromatography showed no starting materiail (3,5
dihydroxybenzylalcohol) as well as the presence of a new compound. The solution was
filtered, and the filtered solid washed with acetone. The acetone of the resulting filtrate
was removed by rotary evaporation, leaving an organic residue. Dichloromethane (50
mL) was added to dissolve the organic residue, and this was washed with water (30mL x
2), and then dried over anhydrous sodium sulfate. After filtering the organic phase, the
solvents were removed by rotary evaporation leaving a yellow oil, which solidified upon

standing. 6.3g of product was obtained, which corresponds to a 97% yield.
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[0096] The product had a melting point of 79-80°C and gave the following proton
nuclear magnetic resonance (*H NMR) spectrum in ppm (in CDCl3 solvent): 2.52 (triplet,
2H, alkynyl); 2.15 (broad singlet, 1H, hydroxyl); 4.65 (doublet, 4H, ArQOCH,); 4.60
(singlet, 2H, ArCHy); 6.52 (singlet, 1H, aryl); 6.60 (singlet, 2H, aryl). The product gave
the following proton-decoupled carbon-13 nuclear magnetic resonance (°C NMR)
 spectrum in ppm (in CDCls solvent): 56.1 (AtOCH,); 65.1 (ArCHy); 75.9 (alkynyl); 78.6
(alkynyl); 101.6 (aryl); 106.4 (aryl); 143.8 (aryl); 159.0 (aryl). The mass spectrum (FAB)
showed a parent ion peak of 217.5 that matched the molecular weight of the compound.

Example 2
Synthesis of 3,5-dipropargyloxybenzylacetate (II)

[0097] 33Sadipmpargyk)xbmzylaléohol D, 6.3 gﬁams (0.029 moles), was stirred in 7 mL
(0.07 moles) acetic anhydride. Two drops of concentrated sulfuric acid was then added to
the solution. The solution was stirred in a temperature range of 90-100° C for three hours.
The results from thin layer chromatography showed no starting material (I} as well as the
presence of a new compound, The solution was then poured into 50 mL of ice water.
Aqueous saturated sodium carbonate solution was added slowly until the pH of the
solution was at least 8, at which point there was no further release of carbon dioxide. The
aqueous solution was extracted with 50 mL x 2 of dichloromethane, and the ogganic
phase was washed with water (50 mL x 2) and then dried with anhydrous sodinm sulfate.
The desired product was purified using a pad of silica in a sintered glass furmel, the pad
of silica then washed with 200 mL dichloromethane. The dichloromethane of the filtrate
was removed by rotary evaporation, leaving a yellow oil, which solidified upon standing.

7.2g of product was obtained, which corresponds to a 96% yield.

[0098] The producthad a melting point of 65-66°C and gave the following proton

nuclear magnetic resonance (‘H NMR) spectrum in ppm (in CDCls solvent): 2.11

(singlet, 3H, CHa); 2.54 (triplet, 2H, alkynyl); 4.67 (doublet, 4H, ATOCHy); 5.05 (singlet, -
2H, ArCHa); 6.58 (singlet, 1H, aryl); 6.61 (singlet, 2H, aryl). The product gave the
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following proton-decoupled 13C NMR spectrum in ppm (in CDCls solvent): 21.3 (CHs);
56.0 (ATOCEHL); 66.2 (ArCHa); 76.2 (alkynyl); 78.6 (alkynyl); 102.3 (aryl); 108.0 (aryl);
138.8 (aryl); 159.0 (aryl); 171.1 (CO). The mass spectrum (FAB) showed a parent ion
peak of 259.5 that matched the molecular weight of the compound.

Bxample 3
Synthesis of 3,5-0-dicarboranylmethoxylbenzylacetate (II)

[0099] Decaborane, 2.70 grams, (0.022 moles) was dissolved in 80 mL dry toluene in a
200 mL round-bottomed flask and stirred at room temperature under a nitrogen
atmosphere. Acetonitrile, 12 mL (0.22 moles), was added to the solution by syringe. The
solution was then stirred for three hours. A solution composed of 2.84 grams (0.011

| moles) 3,5-dipropargyloxybenzylacetate (II) in 80 mL of toluene was then added to the
solution by syringe. The resulting mixture was slowly heated to 80-90°C and stirred in
that temperature range for two days. The results from thin layer chromatography showed
no starting material () as well as the presence of a new compound. The solvents were
then removed by rotary evaporation, Ieaifing an organic residue. The organic residue was
dissolved in approximately 50 mL of methanol and allowed to stir at reflux for 1 hour to
decompose excess decaborane. The methanol was then removed by rotary evaporation.
‘The organic residue was dissolved in 50 mL dichloromethane and then purified using a
pad of silica in a sintered glass funnel. The pad of silica was washed with an additional
200 mL of dichloromethane. The dichloromethane of the filtrate was removed by rotary
evaporation, leaving a yellow oil, which solidified upon standing. 4.40 grams of product

‘was obtained, which corresponds to an 81% yield.

[0100] The product had a melting point of 122-123°C and gave the following proton
nuclear magnetic Tesonance ("H NMR) spectrum in ppm (in CDCl; solvent): 2.12
(singlet, 3H, CHs); 4.06 (singlet, 2H, CCHB oHyo); 4.39 (singlet, 4H, ArOCH,); 5.01

. (singlet, 2H, AsCHy); 6.32 (singlet, 1H, aryl); 6.52 (singlet, 2H, aryl). The product gave
the following proton-decoupled B¢ NMR spectrum in ppm (in CDClz solvent): 21.4
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(CHs); 58.3 (ArOCH,); 65.8 (ATCHy); 69.6 (-CCHB gHyp); 71.5 (-CCHB ol e); 102.3
(aryD); 108.5 (aryl); 139.8 (aryl); 158.6 (aryl); 171.0 (CO). The mass spectrum (FAB)
showed a parent ion peak of 496.0 that matched the molecular weight of the compound.

Example 4
Synthesis of 3,5»o~disarboranyimaﬁmxyibanzylalcéhol avy

[0101] Concentrated hydrochloric acid, 4.0 mL, was added to a solution compz.)sed of 4.0
grams (8.0 millimoles) 3,5-o-dicarboranyloxymethylbenzylacetate (II) in 60 mL of
methanol, The mixture was refluxed for two hours, after which time the results from thin
layer chromatography showed no starting material (1) as well as the presence of anew
compound. The solvents were then removed by rotary evaporation leaving a yellow oil.
On standing at room temperature, the oil solidified to 2 white solid. 3.4 grams .of product

was obtained, which corfesponds to a 93% yield.

[0102] The product had a melting point of 267-269°C and gave the following proton
nuclear magnetic resonance ("H NMR) spéchfmn in ppm (in CDCl, solvent): 2.54 (broad
singlet, 1H, hydroxyl); 4.04 (singlet, 2H, CCHB1oH;p); 4.40 (singlet, 4H, AfGCHz)Q 4.65
(singlet, 2H, ArCHy); 6.28 (singlet, 1H, aryl); 6.54 (singlet, 2H, aryl). The product gave
the following proton-decoupled *C NMR spectrum in ppm (in CDCl; solvent): 58.0
(ArOCH,); 64.7 (ArCHy); 69.4 (-CCHB1oHio); 71.3 (-CCHB oHyo); 101.5 (aryl); 106.6
(aryl); 144.7 (aryl); 158.5 (aryl). The mass spectrum (FAB) showed a parent ion peak of
453.0 that matched the molecular weight of the compound.
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Example 5

Synthesis of 3,5-o-dicarboranylmethoxylbenzylbromide (V)

[0103] 3.5-dicarboranylmethoxylbenzylalcohol (IV), 0.454 grams (1.0 millimoles), and
carbon tetrabromide, 0.398 grams (1.2 millimoles), were dissolved in approximately 2
mL of dry tetrahydrofuran. Triphenylphosphine, 0.314 grams ( 1.2 millimoles), was added
to the mixture, and the resulting mixture stirred under an argon atmosphere for 20
minutes. The mixture was then poured into water and the product extracted with
 dichloromethane (7 mL x 3). The dichloromethane extract was dried with anhydrous
potassium carbonate and then purified using a silica pad. The silica pad was washed with
additional dichloromethane. The dichloromethane filtrate was evaporated to dryness,
leaving a white solid. 0.485 grams of product was obtained, which corresponds to a 92%

yield.

[0104] The product had a melting point of 230-232°C and gave the following proton
nuclear magnetic resonance ('H NMR) spectrum in ppm (in CDCl; solvent): 4.02
(singlet, 2H, CCHB woHio); 4.37 (singlet, 2H, CH,Br); 4.39 (singlet, 4H, ArOCH,); 6.26
(singlet, 1H, aryl); 6.55 (singlet, 2H, aryl). The product gave the following proton-
decoupled *C NMR spectrum in ppm (in CDCl; solvent): 32.4 (CH;Br); 58.0 (ArOCH);
69.5 (-CCHB\¢Hio); 71.1 (-CCHB gHyo); 102.3 (aryl); 109.2 (aryl); 141.2 (aryl); 158.4
(aryl). The mass spectrum (FAB) showed a parent ion peak of 516.9 that matched the

molecular weight of the corapound.
Example 6

Synthesis of 3-[3,5-o-dicarboranylmethoxybenzyloxylbenzylalcohol (VI)

[0105] K2CO3, 0.210 grams (1.5 millimoles), and KT, 0.25 grams (1.5 millimoles), were
placed in a 50 mL round-bottomed flask. 3,5-dicarboranyl- methoxylbenzyl bromide (V),
0.410 grams (0.80 millimoles), 3-hydroxybenzylaleohol, 0.100 grams (0.80 millimoles),

and 20 mL acetone, were then added. The mixture was refluxed under an argon

- 40 -



WO 2006/012140 PCT/US2005/022061

atmosphere for 24 hours. The solvent was removed by rotary evaporation, leaving an
organic residue. The residue was extracted with 10 mL of dichloromethane, and the
organic phase was washed with water in a separatory funnel. The organic phase was then
dried over anhydrous gﬁotassium carbonate. The dichloromethane was removed by rotary
evaporation, leaving a white solid. 0.430 grams of product was obtained, which

corresponds to a 96% yield.

[0106] The product had a melting point of 259-261°C and gave the following proton
nuclear magnetic resonance ("H NMR) spectrum in ppm (in CDCl; solvent): 1.70
(singlet, 1H, hydroxyl); 4.04 (singlet, 2H, CCHB1gHyg); 4.40 (singlet, 4H,

CH,CCHB ¢H0); 4.67 (singlet, 2H, ArCH,OH); 5.00 (singlet 2H, ArCH,Oar); 6.31
(singlet, 1H, aryl); 6.60 (singlet, 2H, aryl); 6.87 (multiplet, 1H, aryl); 7.00 (multiplet, 2H,
aryl); 7.26 (mﬁltip}.et, 1H, aryl). The product gave the following proton-decoupled Be
NMR spectrum in ppm (in CDCl; solvent): 58.2 (CH,CCHB gH,0); 65.5 (ArCH,OH);
69.6 (-CCHB:oHg); 71.4 (-CCHB oHy); 102.0 (aryl); 107.4 (aryl); 113.6 (aryl); 114.3
(aryD); 120.2 (aryl); 130.2 (aryl); 141.2 (aryl); 143.1 (aryl); 158.7 (aryl); 158.8 (aryl). The
mass spectrum (FAB) showed a parent jon peak of 559.0 that matched the molecular

weight of the compound.

Example 7
Synthesis of 3-[3,5-o-dicarboranylmethoxybenzyloxy]benzaldehyde (VII)

[0107] Pyridinum chlorochromate (PCC), 0.172 grams (0.80 millimoles), was dissolved
in 10 mL dichloromethane. The resulting solution was cooled in an ice water bath. A
solution of 0.223 grams (0.40 millimoles) of 3-[3,5-dicarboranylmethoxy benzyl]benzyl
aleohol (V) dissolved in 10 mL dichloromethane was added dropwise to the PCC
solution. The mixture was stirred for two hours. The results from thin layer
chromatography showed no starting material (VI) as well as the presence of a new
compound. The major product was puﬁﬁ.eé using a sintered glass funnel containinga2

centimeter-thick layer of silica. The flask and the layer of silica were washed thoroug%ﬂy‘
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with excess dichloromethane. The solvents were removed by rotary evaporation, leaving

a white solid. 0.220 grams of product was obtained, which corresponds to a 99% yield.

[0108]  The product had a melting point of 263-265°C and gave the following proton
nuclear magnetic resonance ('H NMR) spectrum in ppm (in CDCl, solvent): 4.04
(singlet, 2H, CCHB1oHio); 4.42 (singlet, 4H, ArOCH,); 5.00 (singlet, 2H, ArCH,0);
6.33 (singlet, 1H, aryl); 6.61 (singlet, 2H, aryl); 7.23 ( singlet, 1H, aryl); 7.44 (multiplet,
1H, aryl); 7.50 (multiplet, 2H, aryl); 9.98 (singlet, 1H, CHO). The product gave the
following proton-decoupled *C NMR spectrum in ppm (in CDCls solvent): 58.0
(CH;CCHB gHyo); 69.5 (|CCHB oH1o); 69.7 (ArCH,0A1); 71.2 (-CCHBoH10); 102.0
(aryl); 107.4 (aryl); 112.8 (aryl); 122.4 (aryl); 124.8 (aryD); 130.6 (aryl); 138.1 (aryl);
138.4 (aryl); 140.3 (aryl); 158.6 (aryl); 192.1 (CHO). Themass spectrum (FAB) showed

a parent ion peak of 558.0 that matched the molecular weight of the compound.
Example 8

Synthesis of meso-5 ,I0,15,2Q»ietrakis{3~(3,5-a~dicarbaranyimethoxybenzyloxy)phenyi}
porohyrin (VII)

[0109] 3-[3,5-o-dicarboranylmethoxybenzyloxylbenzaldehyde (VII), 337 milligrams
(0.60 millimoles), 100 mL of dichloromethane, and 420 microliters (0.60 millimoles) of
freshly distilled pyrrole, were sequentially transferred to a dry 300 mL round-bottomed
flask. The solution was deoxygenated by bubbling argon gas directly into the solution
while stirring for 15-20 minutes. BF3EO, 72 microliters of a 1M dichloromethane
solution (0.072 millimoles), was then added. The solution was allowed to stir under an
argon atmosphere overnight, after which time the solution became reddish brown. 2,3~
dichloro-5,6-dicyano-1.4-benzoquinone (DDQ), 150 milligrams (0.60 mﬂiimoles) was
then added, which immediately turned the solution very dark. The solution was stirred
under reflux for one hour. The major product in the solution was then purified using a 60
mL sintered glass funnel containing about40 mL of silica. The resulting dark filtrate was
rotary evaporated to dryness. The results from thin layer chromatography confirmed the
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presence of the new purple product as well as some contaminants. The solid was
redissolved in dichloromethane and then purified again using another short column of
sitica eluted with a 1:1 solvent mixture of dichloromethane to hexanes. The results from
thin layer chromatography confirmed the absence of the contaminants. The resulting dark
filtrate was rotary cvaporatedlto dryness, resulting in a purple product. 78 milligrams of

product was obtained, which corresponds to a 22% yield.

[0110] The product gave the following proton nu;:}aar magnetic resonance ("H NMR)
spectrum in ppm {in CDCl; solvent): -2.84 (singlet, 2H, NH); 3.97 (singlet, 8H,

CCHB ¢H1g); 4.35 (singlet, 16H, ArOCHy); 5.19 (singlet, 8H, ArCHy); 6.31 (singlet, 4H,
aryl); 6.65 (singlet, 8H, aryl); 7.40 (singlet, 45, aryl); 7.70 (multiplet, 4H, aryl); 7.79
(multiplet, 4H, aryl); 7.86 (multiplet, 4H, aryl); 8.84 singlet, 8H, pyrrole-H). The mass
spectrum (FAB) showed a parent ion peak of 2418.3 that maiched the molecular weight
of the compound. The ultraviolet-visible absorbance spectrum of the product
(dichloromethane) showed the following peaks in nanometers of wavelength: 420, 51 6,
550, 589, and 645.

' Example 9

Synthesis of copper meso»ﬁ,10,15,20—tetmkis{3-(3,5—o~dicai‘bomny£
methoxybenzyloxy)phenyl] porphyrin (IX)

EOiIl} A solution of Cu(OAc); - HyO (6 milligrams, 0.030 millimoles) in 5 L methanol
was added into a solution of porphyrin compound (VIII) (60 milligrams, 0 O’>5 millimoles
in 20 mL dichloromethane). The mixture was stirred for 20 minutes. The solvent was
then removed by rotary evaporation. The resulting residue was dissolved in
dichloromethane, washed with water and then dried over anhydrous sodium sulfate. The
drying agent was filtered off. The solvent of the filtrate was removed by rotary
evaporation, leaving a red solid residue, The solid was re-dissolved in dichloromethane
and purified using a silica pad eluting with a 1:1 solvent mixture of hexane and

dichloromethane. The solvents were removed by rotary evaporation, leaving the red
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copper porphyrin compound, 57 milligrams of product, which corresponds to a 92%

vield.

[0112] The mass spectrum (FAB) showed a parent jon peak of 2479.9 that matched the
molecular weight of the compound.- The ultraviolet-visible absorbance spectrum of the
product showed the following peaks in nanometers of Wavelengih (in dichloromethane
solvent): 416, 539.

Bxample 10

Preparation of boronated porphyrin solutions

[0113]  Porphyrin compound (IX) was emulsified in 9% Cremophor EL and 18%
propylene glycol in saline to give a porphyrin concentration of approximately 2.9
mg/mL. To prepare a solution of ~2.9 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 11

Biodistribution of porphyrin IX in mice bearing EMT-6 carcinomas

[0114] BALB/c mice bearing subcutaneously implanted EMT-6 mammary carcinomas
implanted on the dorsal thorax were given a total dose of 87 milligrams porphyrin
compound (IX) per kilogram body weight (30 mg B/kg) in 3 intraperitoneal (1.p.)
injections over a period of 8 hours. At two and four 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

44 «



WO 2006/012140 . PCT/US2005/022061

was analyzed for boron. Table 1 below shows the average boron concentrations for
different types of tissue in five of the BALB/c mice in milligram of porphyrin compound
(IX) per kilogram body weight.

TABLE 1

Averé,ge boron concentrations (ug/g) in various tissues in mice (n=5) given 87 mg/kg

porphyrin (IX) (30 mg B/kg) in 3 L.p. injections over a period of 8 hours.

Time after last injection | EMT-6 Tumor Blood Brain Liver
ngBig HgB/g Hg B/g g Blg

2 days 43.5+10.0 05402 0200 35355

4 days 27.8+7.6 0201 03x02 25070
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Example 12
Weight changes and hematologic parameters from porphyrin (IX)
TABLE 2

Weight changes and hematologic parameters in mice given 87 mg/kg porphyrin
(IX) (30 mg B/kg) or solvent only (9% Cremophor and 18% propylene glycol in saline) at

2 or 4 days after the last injection. Values are reported as median (and range).

ompound ime after umber of % Weight Platelets Lymphocytes  (Granulocytes
last injection jmice change
(10°/mm®) (% WBC) (% WBC)
Porphyrin 2 days 5 0.4 (-4.9-2.5) 193 (51-432) 44 (37-56) 53 (42-60)
compound (IX)
Solvent only 2 days 4 1.3 (+4.5-1.1) 640 (568-730) 68 (61-71) 28 (26-32)
Porphyrin 4 days 5 0.6 (-4.7-1.5) 917 (670-1128) 35 (30-39) 62 (57-67)
compound (IX)
Solvent only 4 days 4 0.7 (2.2-2.1y 527 (500-618) |71 (70-72) 26 (24-26)

[0115] The results of the preliminary biodistribution study showed that the tumor boron

concentrations are adequate for therapy, particularly at the two-day time-point. The

tumor to blood boron ratios are quite high, which are more than 80:1, and tumor to brain

ratios are even higher. The platelet data indicate a small but significant decrease in the

porphyrin-administered mice at the 2-day time point compared to the solvent-only mice.

However, by the 4-day time point, the platelet counts have rebounded to a level greater

than those from the solvent-only group. The weight data indicate that the level of toxicity

is very low if it exists at all since there were no differences between porphyrin- and
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solvent-injected mice. This, it is possible that the doses can be escalated significantly

without affecting toxicity.

[0116] Thus, while there have been described the preferred embodiments of the present
invention, those skilled in the art will realize that other embodiments can be made without
departing from the spirit of the invention, which includes all such further modifications

and chan‘es as come within the true scope of the claims set forth herein.

[0117] Throughout this specification and the claims which follow, unless the context
requires otherwise, the word "comprise", and variations such as "comprises" and
"comprising", will be understood to imply the inclusion of a stated integer or step or group
of integers or steps but not the exclusion of any other integer or step or group of integers or

steps.

[0118] The reference in this specification to any prior publication (or information derived
from it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general

knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A compound of the formula
.
(Y (Y%),

/j\j/(\ﬂ)a
\
=~ W,

(Y%
(W3 y(Y‘"’)x
(Ya)c/‘j\i/x / \;&7
O W N o
b 1

wherein:

Y', Y2, Y?, and Y* are independently on the ortho, meta or para position on phenyl rings,
and are independently hydrogen, alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, heteroaryl, or
an alkyl, cycloalkyl, aryl, alkylaryl, arylalkyl, or heteroaryl goup substituted with 1 to 4
hydrophilic groups selected from hydroxy, alkoxy, -C(0)OR?, -SORS®, -SO,R?, nitro, amido,
ureido, carbamato, -SR7, -NRSRg, or poly-alkyleneoxide; or a substituent represented by

the formula
CR3R4)‘;""'D]m
_._x1__..(CR1R2)n

)

wherein D represents independently, Z, hydrogen, or a substituent represented by the
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formula

m/{xsw(oR*"RWwD‘}q

\_ %

~ (WY, \ 3,
provided that af Jeast one D is Z or is represented by formula (3);

wherein D’ represents independently, Z, hydrogen, or a substituent represented by the

formula

preemmcvmteon / {x‘im(CRTZR’! 3):“"‘"“”21:

\_Z.

am
(Wb, @,

provided that when q is 0, or when q is not zero and D’ is solely hydrogen, then at least
one D) is represented by Z, or when g is not zero and D’ is represented by formula (4) and

1 is zero, then at least one D is represented by Z;

Y8, ¥, Y7, and Y? are independently on the ortho, meta or para position on the phenyl

rings, and are represented by the formula

Xa—(CRAR)—2 | )

W W2, W2, W, WS, and W* are hydrophilic groups independently on the ortho, meta or
para position on the phenyl rings, and are independently selected from hydroxy, alkoxy, -
C(O)OR?, -SORS, -SO,RS, nitro, amido, ureido, carbamato, -SR”, -NR*R’, or
polyvalkylene oxide;
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X X!, X%, 33, and X* are independently oxygen or sulfur;

R R R RE R BY RS, RO R RE RO R, RY, R, and R are independently selected
frora hydrogen and Cy to C4 alkyl;

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;
n,p, s, t, and v independently represent 0, or an integer from ‘i to 20;
m independently represents 1, 2, or 3;
© g and r independently represent 0, 1, 2, or 3;
a, b, ¢, and d independently represent 1 or Z;
k, 1, u, and w independently represent 0, 1, or 2;
e, f,g h i and]j inciependenﬂy represent 0, or an integer from 1o 5;

provided that at least one of Y', Y%, Y, and Y* represents formula (2); each of the sums a
+e+k b+ f+, e+ gtuh+d+w, q+i,r+], independently represents an integer from
1'to 5; when any of k, 1, 1, or w is not zero, then at least one of Y, Y?, Y*, and Y*

represents formula (2); and

M is either two hydrogen ions; a single monovalent metal jon: two monovalent metal
ions; a divalent metal ion; a trivalent metal ion; a tetravalent metal ion; a pentavalent

metal ion; 2 hexavalent metal ion; a radioactive metal ion useful in radioisotope-mediated
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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) or photodynamic therapy (PDT); or a combination thereof;, wherein the
porphyrin-metal ccmple:; derived from a single monovalent metal jon is charge-balanced
by a counter cation, and the porphyrin-metal complex derived from a trivalent,
tetravalent, pentavalent, héxavaient metal ion is charge-balanced by an appropriate

number of counter anions, dianions, or trianions.

2. The compound according to claim 1 wherein Z is selected from the
carboranes ~-CoHBgH g or ~CoHBjo Hig, wherein -CoHBoH g is #édo ortho-, meta-, or para-

carborane, and -C,HB oHyp is closo ortho-, meta-, or para-carborane.

3. The compound according to claim 1, wherein M is vanadium, manganese,
iron, ruthenium, technetium, chromium, platinum, cobalt, nickel, copper, zinc,

germanium, indium, tin, yttrium, gold, barium, tungsten, or gadolinium.

4, The compound according to claim 1 wherein a, b, ¢, and d are 1, and Y,

Y2, Y?, and Y* are represented by

“M/W“{CRBR"');?"“DIm

mx1w(CR‘t Rz)n
\_/ o
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5. The compound according to claim 4 wherein D is Z, wherein Z is selected
from the carboranes ~CoHBoH g or ~C2HB g Hig, wherein -CoHBgH) is nido ortho-, meta~

, or para-carborane, and -CoHB)¢Hiq is closo ortho-, meta-, or para-carborane.

6. The compound according to claim 5, wherein M is vanadium, manganese,
iron, ruthenium, technetium, chromium, platinum, cobalt, nickel, copper, zinc,

germanium, indium, tin, yttrium, gold, barium, tungsten, or gadolinium.

7. The compound according to claim 6, wherein X' and X? are O; R, R%, R

"and R*are H;nand p are 1; and m is 2.

8. The compound according to claim 7 wherein YLY?% Y3 and Yéareina

meta position on each phenyl ring.

9,  The compound according to claim 8 wherein the K2(CRRY,-D

substituents are in the 3 and 5 positions on each phenyl ring.

10.  The compound according to claim 8 wherein the _x%(CR’R*),-D

substituents are in the 3 and 4 positions on the phenyl ring.
11.  The compound according to claim 9 whereine, f, g, h, k, 1, u, and w are 0,

12.  The compound according to claim 7, wherein e, f, g, and hare 1 and k, |,

u, and w are 0.

13.  The compound according to claim 12, wherein W', W?, W*, and W* are
independently, hydroxy or alkoxy.

14, The compound according to claim 13, wherein W', W2, W, and W* are

alkoxy.
15. The compound according to claim 14, wherein alkoxy is methoxy.

16.  The compound according to claim 15, wherein Y', Y%, Y°, and Y* are in

-52-



WO 2006/012140 PCT/US2005/022061

the para position on each phenyl ring.

17.  The compound according to claim 16, wherein W', W?, W*, and W* are in

a meta position of each phenyl ring.

18.  The compound according to claim 17 wherein the -2 (CR’R%) D

substitnents are in the 3 and 5 positions of each phenyl ring.

19.  The compound according to claim 17 wherein the .x2(CR’R*),-D
- substituents are in the 3 and 4 positions of the phenyl ring.

20,  The compound according to claim 9 wherein k, 1, u, and w are 1.

21.  The compound according to ¢laim 20, wherein ¥°, v8, Y7, and Y* are in

the para position on each phenyl ring.

22.  The compound according to claim 21 wherein the _X%(CR*R®),-Z

substituents are in the 3 and 5 positions on each phenyl ring.

23.  The compound according to claim 21 wherein the _X°.(CR*R"),-Z

substituents are in the 3 and 4 positions on the phenyl ring.

24, The compound according to claim 22 or 23 wherein X" is O; R* and R® are
H; vis 1, and Z is selected from the carboranes -CoHBoHo or ~-CoHB1¢ H o, wherein -
C.HBoHjp is nido ortho-, meta-, or para-carborane, and -CoHBoHo is closo ortho-, meta-,

or para-carborane.

25.  The compound according to claim 24, wherein e, f, g, and h are 0.

 26.  The compound according to claim 1 wherein a, b, ¢, and d are 2, and Y,
Y?, Y?, and Y* are represented by



WO 2006/012140 PCT/US2005/022061

P~(CR3R YDl

—X—(CR'R?);
).

27.  The compound according to claim 26 wherein D is Z, and Z is selected
from the carboranes -C,HBgH ;o or -C;HB1g Hio, wherein -C;HBsH, is mido ortho-,

meta-, or para-carborane, and -C,HB,oHy is close ortho-, meta-, or para-carborane.

28.  The compound according to claim 27, wherein M is vanadium,
manganese, iron, ruthenium, technetium, chromium, platinum, cobalt, nickel, copper,

zine, germanium, indium, tin, yttrium, gold, barium, tungsten, or gadolinium.

29.  The compound according to claim 28, wherein X! and X are O; R', R?, R®

and R* are H: nand p are 1; and m is 2.

30.  The compound according to claim 29, wherein YL Y2 Y and Y are in

the two meta positions on each phenyl ring.

31.  The compound according to claim 30, wherein the X% (CR*R™Y),-D

substituents are in the 3 and 5 positions on each phenyl ring.

32.  The compound according to claim 30, wherein the _x* (CR*R),-D

substituents are in the 3 and 4 positions on the phenyl ring.
33.  The compound according to ¢laim 31 or 32, wherein k, I, u, and w are 0.
34,  The compound according to claim 33, wherein e, f, g, and h are 0.

35.  The compound according to claim 4, wherein X' and X* are O; R', R?, R?

and R® are H; n and p are 1; m is 2, and D is represented by
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— / {XS‘”(CR1 (}R’H )g_..__.gx}q

\_ A

> V
(WO, (3).

36,  The compound according to claim 35, wherein X’ is O, R and RY are H,
sis1,D’is Z, qis 2, and i is 0, wherein Z is selected from the carboranes ~CoHByH; g or
-C,HB o Hig, wherein -C,HBgHyg is nido ortho-, meta-, or para-carborane, and

-CoHRB oH ¢ is closo ortho-, meta-, or para-carborane.

37. . A method of imaging a tumor and surrounding tissue in a subject
comprising the administration to the subject of a composition comprising a compound

according to claim 1; and the imaging of said subject.

- 38, A method of imaging a tumor and surrounding tissue in a subject
comprising the administration to the subject of a composition comprising a compound

according to claim 11; and the imaging of said subject.

39. A method of imaging a tumor and surrounding tissue in a subject
comprising the administration to the subject of a composition comprising a compound

according to claim 18; and the hnéging of said subject.

40. A method of imaging a tumor and surrounding tissue in a subject
comprising the administration to the subject of a composition comprising a compound

according to claim 25; and the imaging of said subject.

41, A method of imaging a tumor and surrounding tissue in a subject
comprising the administration to the subject of a composition comprising a compound

according to claim 34; and the imaging of said subject.
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42. A method of imaging a tumor and surrounding tissue in a subject
comprising the administration to the subject of a composition comprising a compound

according to claim 36; and the imaging of said subject.

43.  The method according to any of claims 37, 38, 39, 40, 41, or 42 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.

44. A method of bimodal cancer treatment in a subject comprising the
administration to the subject of a composition comprising a compound according to claim

1; and the irradiation of said subject.

45, A method of bimodal cancer treatment in a subject comprising the
administration to the subject of a composition comprising a compound accerding to claim

11; and the irradiation of said subject.

46, A method of bimodal cancer treatment in a subject comprising the
administration to the subject of a composition comprising a compound according to claim

18; and the irradiation of said subject.

~ 47.  Amethod of bimodal cancer treatment in a subject comprising the
administration to the subject of a composition comprising a compound according to claim

25; and the irradiation of said subject.

48. A method of bimodal cancer treatment in a subject comprising the
administration to the subject of a composition comprising a compound according to claim

34; and the frradiation of said subject.
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49. A method of bimodal cancer treatment in a subject comprising the
administration to the subject of a composition comprising a compound according to claim

36; and the irradiation of said subject.

50. The method according to any of claims 44, 45, 46, 47, 48, or 49 wherein

said irradiation is by a method utilizing thermal or epithennal neutrons, or laser red light.

51.  The method according to claim 44, wherein said bimodal cancer treatment

comprises boron neutron capture therapy (BNCT).

52.  The method according to claim 44, wherein said bimodal cancer treatment

comprises photodynarnic therapy (PDT),

53.  The method according to claim 44, wherein said bimodal cancer treatment
utilizes single photon emission computed tomography (SPECT) or positron emission

tomography (PET) wherein M is a SPECT- and/or PET-imageable radioactive metal ion.

54.  The method according to claim 44, wherein said bimodal cancer treatment

utilizes magnetic resonance imaging (MRI) wherein M is a para-magnetic metal ion.

55.  The compound according to claim 1 wherein the counter dianion is a

porphyrin compound containing a divalent negative charge.
56. The compound according to claim 55, wherein the porphyrin compound
containing a divalent negative charge is the compound of claim 1, with the proviso that M

is absent.

57. A compound according to claim I substantially as hereinbefore described

with reference to any one of the Examples.
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