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(57) ABSTRACT 

The present invention provides compounds of the general 
Formula D1: 

(D1) 

along With methods of making such compounds, formula 
tions containing the same, and methods of using the same 
(e.g., in photodynamic therapy, for the production of solar 
cells, etc.). 
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SYNTHESIS OF CHLORINS AND PHORBINES 
WITH ENHANCED RED SPECTRAL 

FEATURES 

RELATED APPLICATIONS 

[0001] This application is related to: 
[0002] H. J. Kim and J. S. Lindsey, De Novo Synthesis of 
Bacteriochlorins, US. Provisional Patent Application No. 
60/654,270; Filed Feb. 18, 2005 (Docket No. 5051-713Pr); 
and H.-J. Kim and J. S. Lindsey, De Novo Synthesis of Bac 
teriochlorins, US. Provisional Patent Application No. 
60/720,175, ?led Sep. 23, 2005 (Docket No. 5051-713Pr2); 
[0003] J. Lindsey, M. Taniguchi,A. Balakumar, and D. Fan, 
Methods and Intermediates for the Synthesis of Porphyrins, 
US. patent application Ser. No. 11/193,562, ?led Jul. 29, 
2005 (Docket No. 5051-727); 
[0004] K. E. Borbas and J. S. Lindsey, SWalloWtail motifs 
for imparting Water solubility to porphyrinic compounds, 
US. Provisional Patent Application Ser. No. 60/728,558, 
Filed Oct. 20, 2005 (Docket No. 5051-730Pr); and 
[0005] J. Lindsey, Porphyrinic compounds for use in How 
cytometry, (Attorney Docket No. 5051-741Pr), ?led concur 
rently hereWith. 
[0006] This invention Was made With Government support 
under Grant No. GM36238 from the National Institutes of 
Health. The US Government has certain rights to this inven 
tion. 

FIELD OF THE INVENTION 

[0007] The present invention concerns porphyrinic com 
pounds having fused “E” rings, along With methods and inter 
mediates for making the same. 

BACKGROUND OF THE INVENTION 

[0008] The fundamental chromophore of the chlorophylls 
is a chlorin, Which differs from a porphyrin in having one 
pyrrole ring reduced at the [3-positions (Chart 1). 

Chart 1 

In addition, chlorophylls contain an annulated cyclopentyl 
ring bearing a 13l-oxo group (knoWn as the isocyclic ring) at 
the periphery of the macrocycle (Scheer, H. In Chlorophylls; 
Scheer, H. Ed.; CRC Press, Inc.: Boca Raton, Fla., USA, 
1991; pp 3-30). Chlorophyll a exhibits a strong B band at 430 
nm and a strong Qy band at 662 nm (FIG. 3). 
[0009] The 13l-oxo group, Which is conjugated With the 
J's-electron of the macrocycle, causes a signi?cant redshift of 
the long Wavelength absorption band (Qy band) and increases 
the intensity of the Qy band compared to synthetic chlorins 
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lacking a 13l-oxo substituent. That the hyperchromic and 
bathochromic effects stem from the keto group and not the 
annulated cyclopentanyl ring alone has been proved by direct 
comparison of chlorophyll analogues (Chart 2). Indeed, a 
nickel pyropheophorbide (NiMPPh) absorbs at 638 nm 
(e~50,000 M_lcm_l) Whereas the deoxo analogue (NiD 
MPPh) absorbs at 608 nm (e~25,000 M_lcm_l) (Boldt, N. J et 
al., J. Am. Chem. Soc. 1987, 109, 2284-2298). 

Chart 2 

NiMPPh 

NiDMPPh 

[0010] The design and synthesis of molecules With intense 
absorption in the red or near-IR regions enables a variety of 
applications encompassing solar cells (Linke-SchaetZel, M. 
et al., Thin Solid Films 2004, 451, 16-21), medical imaging 
(Licha, K. Top. Curl. Chem. 2002, 222, 1-29) and photody 
namic therapy (Pandey, R. K.; Zheng, G. In The Porphyrin 
Handbook; Kadish, K. M.; Smith, K. M.; Guilard, R., Eds.; 
Academic Press: San Diego, 2000; Vol. 6, pp. 157-230). The 
ability to install the isocyclic ring in hydroporphyrins (chlo 
rins and bacteriochlorins) is of considerable interest, given 
the bene?cial spectral effects of the conjugated keto group. In 
addition, the keto group is expected to shift the oxidation 
potential to more positive values, thereby stabiliZing the mac 
rocycle to oxidation. HoWever, only a feW routes are knoWn 
for the construction of the isocyclic ring (Scheme 1). 
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Scheme 1 
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-continued 

[0011] A review of synthetic manipulations of chlorophyll 
compounds is available (Pavlov, V. Y.; Ponomarev, G. V. 
Chemistry ofHeterocyclic Compounds 2004, 40, 393-425). 
Fischer reported the dehydration of a (hydroxymethylcarbo 
nyl)porphyrin using conc. H2SO4 to give the “pheoporphy 
rin” bearing the isocyclic ring (AQB)(Fischer, H.; Laub 
ereau, O. Justus Liebigs Ann. Chem. 1938, 535, 17-37), and 
Dieckmann cycliZation to convert chlorin e6 trimethyl ester to 
methyl pheophorbide a (CQD) (Fischer, H.; Oestreicher, A. 
Justus Liebigs Ann. Chem. 1941, 546, 49-59). The Dieck 
mann cycliZation initially Was carried out using KOH/pyri 
dine or sodium methoxide in methanol/acetone, but since 
then has been performed With milder bases such as potassium 
tert-butoxide/pyridine (Smith, K. M. et al., Bioorg. Chem. 
1980, 9, 1-26; Smith, K. M. et al., J Am. Chem. Soc. 1980, 
102, 2437-2448; J. Org. Chem. 1980, 45, 2218-2224), 
sodium bis(trimethylsilylamide) (Gerlach, B.; Brantley, S.; 
Smith, K. M. J. Org. Chem. 1998, 63, 2314-2320), or potas 
sium tert-butoxide/collidine (Pallenberg, A. J.; Dobhal, M. P.; 
Pandey, R. K. Org. Process Res. Dev. 2004, 8, 287-290). 
Kenner employed the oxidative cycliZation of a [3-ketoester at 
the 13-position of a porphyrin to give the pheoporphyrin 
(Cox, M. T. et al., J. Am. Chem. Soc. 1969, 91, 1232-1233; 
Kenner, G. W. et al., J Chem. Soc. Chem. Comm. 1972, 
844-845; Cox, M.T. et al.,J Chem. Soc. Perkin Trans. 1 1974, 
512-516; Kenner, G. W. et al., J Chem. Soc. Perkin Trans. 1 
1974, 527-530), Which Smith extended to conversion of a 
chlorin to the methyl pheophorbide a (EQF) (Smith, K. M.; 
LeWis, W. M. Tetrahedron 1981, 37 Supp. 1, 399-403). 
Finally, a dipyrromethane bearing an annulated cyclopentane 
ring (G) has provided an intriguing route to deoxophyllo 
erythroetioporphyrin (II), although this macrocycle does not 
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contain the desired 13l-oxo functionality (Flaugh, M. E.; 
Rapoport, H. J Am. Chem. Soc. 1968, 90, 6877-6879; Li, W.; 
Lash, T. D. Tetrahedron Lett. 1998, 39, 8571-8574; Lash, T. 
D.; Catarello, J. J. Tetrahedron 1993, 49, 4159-4172). Each of 
these routes has certain attractions; hoWever, none appeared 
compatible With our existing synthetic route to chlorins. 

SUMMARY OF THE INVENTION 

[0012] Examples of porphyrinic macrocycles containing a 
fused “E” ring useful for carrying out the present invention 
include compounds of Formula DI: 

(DI) 

Wherein: 
[0013] M is a metal or is absent; 
[0014] X1, X2, X3 and X4 are each independently selected 
from the group consisting of Se, NH, CH2, 0 and S; 

R1’ R2’ R3’ R4’ R5’ R6’ R7’ R8’ R11’ R12’ R13’ R14’ 
R15, R16, R21, R22, R31 and R32 are each independently 
selected from the group consisting of H, alkyl, alkenyl, alky 
nyl, cyclo alkyl, cycloalkylalkyl, cyclo alkyl alkenyl, 
cycloalkylalkynyl, heterocyclo, heterocycloalkyl, heterocy 
cloalkenyl, heterocycloalkynyl, aryl, acyloxy, arylalkyl, ary 
lalkenyl, arylalkynyl, heteroaryl, heteroarylalkyl, heteroary 
lalkenyl, heteroarylalkynyl, alkoxy, halo, mercapto, aZido, 
cyano, acyl, formyl, carboxylic acid, acylamino, ester, amide, 
hydroxyl, nitro, alkylthio, amino, alkylamino, arylalky 
lamino, disubstituted amino, acyloxy, sulfoxyl, sulfonyl, sul 
fonate, sulfonic acid, sulfonamide, urea, alkoxylacylamino, 
aminoacyloxy, linking groups, surface attachment groups, 
bioconjugatable groups, targeting groups (in protected or 
unprotected form), and Water soluble groups; 
[0016] Wherein each pair of R1 and R2, R3 and R4, R11 and 
R12, R13 and R14, R21 and R22, or R31 and R32, can together 
form :0; 
[0017] Wherein each ofRl and R2, R3 and R4, R1 l and R12, 
or R13 and R14, can together form spiroalkyl; 
[0018] Wherein R2 and R3 can together form a double bond; 
and wherein R12 and R13 can together form a double bond; 
[0019] or a salt thereof; 
[0020] In some embodiments, such compounds are subject 
to the proviso that: (i) neither Rl nor R2 is H; or neither R3 nor 
R4 is H; or neither Rll nor R12 is H; or neither Rl3 nor R14 is 
H. 
[0021] Some embodiments of the foregoing are subject to 
the proviso that: (i) at least one of R1, R2, R3, R4, R5, R6, R7, 
R8’ R11’ R12’ R13’ R14’ R15’ R16’ R21’ R22’ R31 and R32 is a 
group of the Formula: 
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Alk”R” 

—CH 

AlkbRb 

[0022] wherein R“ and Rh are each an independently 
selected ionic group, polar group, bioconjugatable group, or 
targeting group (in protected or unprotected form), and Alk“ 
and Alkb are each an independently selected C1-C50 alky 
lidene chain. 
[0023] Some embodiments of the foregoing are subject to 
the proviso that at least one pair of R11 and R12, R13 and R14, 
R2 1 and R22, and R23 and R24 are both independently selected 
Alk'R', Wherein Alk' is a C1-C50 alkylidene chain, and R' is 
an ionic group, polar group, bioconjugatable group, or target 
ing group (in protected or unprotected form). 
[0024] A further aspect of the invention is a method for 
treating a target in a subject in need thereof, comprising: (i) 
administering to the subject the active compound as described 
herein or a pharmaceutically acceptable conjugate thereof 
that preferentially associates With the target, and (ii) irradiat 
ing the target With light of a Wavelength and intensity su?i 
cient to treat the target. Suitable subjects include but are not 
limited to subjects afflicted with opportunistic infections, 
With burns (particularly burns that have become infected), 
sepsis, With ulcers, periodontal disease, atherosclerosis, cos 
metic and dermatologic conditions, acne, infectious diseases, 
tissues that require sealing such as in Wounds or surgical 
incisions, and subjects afflicted with neoplastic disease or 
cancer. 

[0025] A further aspect of the invention is a photodynamic 
therapy method for treating hyperproliferative tissue in a 
subject in need thereof, comprising: (i) administering to the 
subject an active compound as described herein or a pharma 
ceutically acceptable conjugate thereof that preferentially 
associates With the hyperproliferative tissue, and (ii) irradiat 
ing the target With light of a Wavelength and intensity su?i 
cient to activate the compound, and thereby treat the hyper 
proliferative tissue. 
[0026] A further aspect of the invention is a method for 
detecting the presence of a target such as hyperproliferative 
tissue in a subject, comprising: (i) administering to the subject 
an active compound as described herein or a pharmaceuti 
cally acceptable conjugate thereof that preferentially associ 
ates With the target; and then (ii) visualiZing the compound 
Within the patient. 
[0027] A further aspect of the present invention is a kit to 
treat hyperproliferative disorders, comprising the active com 
pound described herein or a pharmaceutically acceptable 
conjugate thereof and instructions teaching a method of pho 
todynamic therapy. 
[0028] A further aspect of the present invention is a kit to 
label speci?c tissues for diagnosis comprising the active com 
pound described herein or a pharmaceutically acceptable 
conjugate thereof and instructions teaching a method of 
imaging (e.g., magnetic resonance imaging). 
[0029] The foregoing and other objects and aspects of the 
invention are explained in greater detail in the speci?cation 
set forth beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1. Absorption spectra of 13-acetylchlorin Zn-8 
(Qy at 632 nm) vs. the chlorin lacking the 13-acetyl group 
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Zn-1 1 (Qy at 608 nm). The spectra Were obtained in toluene at 
room temperature and are normaliZed at the B bands. 
[0031] FIG. 2. Absorption spectra of oxophorbine 10 (Qy at 
660 nm) vs. the chlorin lacking the 131-oxo group 11 (Qy at 
641 nm. The spectra Were obtained in toluene at room tem 
perature and are normalized at the B bands. 
[0032] FIG. 3. Absorption spectra of chlorophylls a and b 
(in diethyl ether at room temperature). The Qy band in chlo 
rophyll a or b appears at 662 or 644 nm, respectively. 
[0033] FIG. 4. Absorption spectra in toluene at room tem 
perature of a selection of Zinc chlorins (10-mesityl family) 
bearing substituents at the 3- and/ or 13-positions (normalized 
at the B bands). The chlorins (b-f) and their Qy bands include 
ZnC-Ml0 (a) 606 nm; ZnC-V3M1O (b) 621 DM; ZnC-E3Ml0 
(c) 627 nm; ZnC-MIOAl3 (d) 632 nm; ZnC-E3M1OEl3 (e) 646 
nm; and ZnC-El3M1OAl3 (f) 652 nm. The B/Qy band intensity 
ratio decreases from 4.2 in ZnC-Ml0 to 1.5 in ZnC 
E3M1OA13 ' 

[0034] FIG. 5. Absorption spectra in toluene at room tem 
perature of Zinc chlorins (10-unsubstituted family) bearing 
substituents at the 3,13-positions (normaliZed at the B bands). 
The chlorins (b, c) and their Qybands include ZnC (a) 603 nm; 
ZnC-E3El3 (b) 645 nm; and ZnC-E3Al3 (c) 655 nm. The B/Qy 
band intensity ratio decreases from 3.2 in ZnC to 1.2 in 
ZnC-E3Al3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] The disclosures of all United States patent refer 
ences cited herein are to be incorporated by reference herein 
as if fully set forth. 
[0036] “Halo” as used herein refers to any suitable halogen, 
including iF, 4C1, iBr, and fl. 
[0037] “Mercapto” as used herein refers to an iSH group. 
[0038] “AZido” as used herein refers to an iN3 group. 
[0039] “Cyano” as used herein refers to a 4CN group. 
[0040] “Hydroxyl” as used herein refers to an iOH group. 
[0041] “Nitro” as used herein refers to an iNOZ group. 
[0042] “Alkyl” as used herein alone or as part of another 
group, refers to a straight or branched chain hydrocarbon 
containing from 1 or 2 to 10, 20 or 50 carbon atoms (e. g., C1 
to C4 alkyl; C4 to C10 alkyl; C11 to C50 alkyl). Representa 
tive examples of alkyl include, but are not limited to, methyl, 
ethyl, n-propyl, iso-propyl, n-butyl, sec-butyl, iso-butyl, tert 
butyl, n-pentyl, isopentyl, neopentyl, n-hexyl, 3-methyl 
hexyl, 2,2-dimethylpentyl, 2,3-dimethylpentyl, n-heptyl, 
n-octyl, n-nonyl, n-decyl, and the like. “LoWeralkyl” as used 
herein, is a subset of alkyl, in some embodiments preferred, 
and refers to a straight or branched chain hydrocarbon group 
containing from 1 to 4 carbon atoms. Representative 
examples of loWeralkyl include, but are not limited to, 
methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, tert 
butyl, and the like. The term “alkyl” or “loWeralkyl” is 
intended to include both substituted and unsubstituted alkyl 
or loWeralkyl unless otherWise indicated and these groups 
may be substituted With groups selected from halo, alkyl, 
haloalkyl, alkenyl, cycloalkyl, cycloalkylalkyl, aryl, aryla 
lkyl, heterocyclo, heterocycloalkyl, hydroxyl, alkoxy, alk 
enyloxy, alkynyloxy, haloalkoxy, cycloalkoxy, cycloalkyla 
lkyloxy, aryloxy, arylalkyloxy, heterocyclooxy, 
heterocycloalkyloxy, mercapto, alkyl-S(O)m, haloalkyl-S(O) 
m, alkenyl-S(O)m, alkynyl-S(O)m, cycloalkyl-S(O)m, 
cycloalkylalkyl-S(O)m, aryl-S(O)m, arylalkyl-S(O)m, hetero 
cyclo-S(O)m, heterocycloalkyl-S(O)m, amino, carboxy, alky 
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lamino, alkynylamino, alkynylamino, haloalkylamino, 
cycloalkylamino, cycloalkylalkylamino, arylamino, aryla 
lkylamino, heterocycloamino, heterocycloalkylamino, dis 
ubstituted-amino, acylamino, acyloxy, ester, amide, sulfona 
mide, urea, alkoxyacylamino, aminoacyloxy, nitro or cyano 
Where m:0, 1, 2 or 3. 
[0043] “Alkylene” as used herein refers to a difunctional 
linear, branched or cyclic alkyl group, Which may be substi 
tuted or unsubstituted, and Where “alkyl” is as de?ned above. 
[0044] “Alkenyl” as used herein alone or as part of another 
group, refers to a straight or branched chain hydrocarbon 
containing from 1 or 2 to 10, 20 or 50 carbon atoms (e.g., C1 
to C4 alkenyl; C4 to C10 alkenyl; C11 to C50 alkenyl) (or in 
loWeralkenyl 1 to 4 carbon atoms) Which include 1 to 4 double 
bonds in the normal chain. Representative examples of alk 
enyl include, but are not limited to, vinyl, 2-propenyl, 3-bute 
nyl, 2-butenyl, 4-pentenyl, 3-pentenyl, 2-hexenyl, 3-hexenyl, 
2,4-heptadienyl, and the like. The term “alkenyl” or “loWer 
alkenyl” is intended to include both substituted and unsubsti 
tuted alkenyl or loWeralkenyl unless otherWise indicated and 
these groups may be substituted With groups as described in 
connection With alkyl and loWeralkyl above. 
[0045] “Alkenylene” as used herein refers to a difunctional 
linear, branched or cyclic alkyl group, Which may be substi 
tuted or unsubstituted, and Where “alkenyl” is as de?ned 
above. 
[0046] “Alkynyl” as used herein alone or as part of another 
group, refers to a straight or branched chain hydrocarbon 
containing from 1 or 20 to 10, 20 or 50 carbon atoms (e.g., C1 
to C4 alkynyl; C4 to C10 alkynyl; C11 to C50 alkynyl) (or in 
loWeralkynyl 1 to 4 carbon atoms) Which include 1 triple bond 
in the normal chain. Representative examples of alkynyl 
include, but are not limited to, 2-propynyl, 3-butynyl, 2-bu 
tynyl, 4-pentynyl, 3-pentynyl, and the like. The term “alky 
nyl” or “loWeralkynyl” is intended to include both substituted 
and unsubstituted alkynyl or loWeralknynyl unless otherWise 
indicated and these groups may be substituted With the same 
groups as set forth in connection With alkyl and loWeralkyl 
above. 
[0047] “Alkynylene” as used herein refers to a difunctional 
linear, branched or cyclic alkynyl group, Which may be sub 
stituted or unsubstituted, and Where “alkynyl” is as de?ned 
above. 
[0048] “Alkylidene chain” as used herein refers to a difunc 
tional linear, branched, and/or cyclic organic group, Which 
may be substituted or unsubstituted, Which may be saturated 
or unsaturated, and Which may optionally contain one, tWo or 
three heteroatoms selected from the group consisting of N, O, 
and S. Examples include but are not limited to alkylene, 
alkenylene, alkynylene, arylene, alkarylene, and aralkylene. 
See, e.g., U.S. Pat. No. 6,946,533. The alkylidene chain may 
contain any suitable number of carbon atoms (e. g., a C1 to C4; 
C4 to C10; C10 to C20; C20 to C50). 
[0049] “Alkoxy” as used herein alone or as part of another 
group, refers to an alkyl or loWeralkyl group, as de?ned 
herein, appended to the parent molecular moiety through an 
oxy group, iOi. Representative examples of alkoxy 
include, but are not limited to, methoxy, ethoxy, propoxy, 
2-propoxy, butoxy, tert-butoxy, pentyloxy, hexyloxy and the 
like. 
[0050] “Acyl” as used herein alone or as part of another 
group refers to a 4C(O)R radical, Where R is any suitable 
substituent such as aryl, alkyl, alkenyl, alkynyl, cycloalkyl or 
other suitable substituent as described herein. 
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[0051] “Haloalkyl” as used herein alone or as part of 
another group, refers to at least one halogen, as de?ned 
herein, appended to the parent molecular moiety through an 
alkyl group, as de?ned herein. Representative examples of 
haloalkyl include, but are not limited to, chloromethyl, 
2-?uoroethyl, tri?uoromethyl, penta?uoroethyl, 2-chloro-3 
?uoropentyl, and the like. 
[0052] “Alkylthio” as used herein alone or as part of 
another group, refers to an alkyl group, as de?ned herein, 
appended to the parent molecular moiety through a thio moi 
ety, as de?ned herein. Representative examples of alkylthio 
include, but are not limited to, methylthio, ethylthio, tert 
butylthio, hexylthio, and the like. 
[0053] “Aryl” as used herein alone or as part of another 
group, refers to a monocyclic carbocyclic ring system or a 
bicyclic carbocyclic fused ring system having one or more 
aromatic rings. Representative examples of aryl include, aZu 
lenyl, indanyl, indenyl, naphthyl, phenyl, tetrahydronaph 
thyl, and the like. The term “aryl” is intended to include both 
substituted and unsubstituted aryl unless otherWise indicated 
and these groups may be substituted With the same groups as 
set forth in connection With alkyl and loWeralkyl above. 
[0054] “Arylalkyl” as used herein alone or as part of 
another group, refers to an aryl group, as de?ned herein, 
appended to the parent molecular moiety through an alkyl 
group, as de?ned herein. Representative examples of aryla 
lkyl include, but are not limited to, benZyl, 2-phenylethyl, 
3-phenylpropyl, 2-naphth-2-ylethyl, and the like. 
[0055] “Amino” as used herein means the radical iNHZ. 
[0056] “Alkylamino” as used herein alone or as part of 
another group means the radical iNHR, Where R is an alkyl 
group. 
[0057] “Arylalkylamino” as used herein alone or as part of 
another group means the radical iNHR, Where R is an ary 
lalkyl group. 
[0058] “Disubstituted-amino” as used herein alone or as 
part of another group means the radical iNRaRb, Where Ra 
and Rb are independently selected from the groups alkyl, 
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, 
arylalkyl, heterocyclo, heterocycloalkyl. 
[0059] “Acylamino” as used herein alone or as part of 
another group means the radical iNRaRb, Where Ra is an 
acyl group as de?ned herein and Rb is selected from the 
groups hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkylalkyl, aryl, arylalkyl, heterocyclo, het 
erocycloalkyl. 
[0060] “Acyloxy” as used herein alone or as part of another 
group means the radical iOR, Where R is an acyl group as 
de?ned herein. 
[0061] “Ester” as used herein alone or as part of another 
group refers to a 4C(O)OR radical, Where R is any suitable 
substituent such as alkyl, cycloalkyl, alkenyl, alkynyl or aryl. 
[0062] “Formyl” as used herein refers to a iC(O)H group. 
[0063] “Carboxylic acid” as used herein refers to a 4C(O) 
OH group. 
[0064] “Sulfoxyl” as used herein refers to a compound of 
the formula iS(O)R, Where R is any suitable substituent 
such as alkyl, cycloalkyl, alkenyl, alkynyl or aryl. 
[0065] “Sulfonyl as used herein refers to a compound of the 
formula iS(O)(O)R, Where R is any suitable substituent 
such as alkyl, cycloalkyl, alkenyl, alkynyl or aryl. 
[0066] “Sulfonate” as used herein refers to a compound of 
the formula iS(O)(O)OR, Where R is any suitable substitu 
ent such as alkyl, cycloalkyl, alkenyl, alkynyl or aryl. 



US 2012/0245508 A1 

[0067] “Sulfonic acid” as used herein refers to a compound 
of the formula iS(O)(O)OH. 
[0068] “Amide” as used herein alone or as part of another 
group refers to a 4C(O)NRaRb radical, Where Ra and Rh are 
any suitable substituent such as H, alkyl, cycloalkyl, alkenyl, 
alkynyl or aryl. 
[0069] “Sulfonamide” as used herein alone or as part of 
another group refers to a iS(O)2NRaRb radical, Where Ra 
and Rh are any suitable substituent such as H, alkyl, 
cycloalkyl, alkenyl, alkynyl or aryl. 
[0070] “Urea” as used herein alone or as part of another 
group refers to an iN(RC)C(O)NRaRb radical, Where Ra, Rb 
and R6 are any suitable substituent such as H, alkyl, 
cycloalkyl, alkenyl, alkynyl or aryl. 
[0071] “Alkoxyacylamino” as used herein alone or as part 
of another group refers to an iN(Ra)C(O)ORb radical, 
Where Ra, Rb are any suitable substituent such as H, alkyl, 
cycloalkyl, alkenyl, alkynyl or aryl. 
[0072] “Aminoacyloxy” as used herein alone or as part of 
another group refers to an iOC(O)NRaRb radical, Where Ra 
and Rb are any suitable substituent such as H, alkyl, 
cycloalkyl, alkenyl, alkynyl or aryl. 
[0073] “Cycloalkyl” as used herein alone or as part of 
another group, refers to a saturated or partially unsaturated 
cyclic hydrocarbon group containing from 3, 4 or 5 to 6, 7 or 
8 carbons (Which carbons may be replaced in a heterocyclic 
group as discussed beloW). Representative examples of 
cycloalkyl include, cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, cycloheptyl, and cyclooctyl. These rings may be 
optionally substituted With additional substituents as 
described herein such as halo or loWeralkyl. The term 
“cycloalkyl” is generic and intended to include heterocyclic 
groups as discussed beloW unless speci?ed otherWise. 
[0074] “Heterocyclic group” or “heterocyclo” as used 
herein alone or as part of another group, refers to an aliphatic 
(e.g., fully or partially saturated heterocyclo) or aromatic 
(e.g., heteroaryl) monocyclic- or a bicyclic-ring system. 
Monocyclic ring systems are exempli?ed by any 5 or 6 mem 
bered ring containing 1, 2, 3, or 4 heteroatoms independently 
selected from oxygen, nitrogen and sulfur. The 5 membered 
ring has from 0-2 double bonds and the 6 membered ring has 
from 0-3 double bonds. Representative examples of monocy 
clic ring systems include, but are not limited to, aZetidine, 
aZepine, aZiridine, diaZepine, 1,3-dioxolane, dioxane, 
dithiane, furan, imidaZole, imidaZoline, imidaZolidine, 
isothiaZole, isothiaZoline, isothiaZolidine, isoxaZole, isox 
aZoline, isoxaZolidine, morpholine, oxadiaZole, oxadiaZo 
line, oxadiaZolidine, oxaZole, oxaZoline, oxaZolidine, pipera 
Zine, piperidine, pyran, pyraZine, pyraZole, pyraZoline, 
pyraZolidine, pyridine, pyrimidine, pyridaZine, pyrrole; pyr 
roline, pyrrolidine, tetrahydrofuran, tetrahydrothiophene, tet 
raZine, tetraZole, thiadiaZole, thiadiaZoline, thiadiaZolidine, 
thiaZole, thiaZoline, thiaZolidine, thiophene, thiomorpholine, 
thiomorpholine sulfone, thiopyran, triaZine, triaZole, 
trithiane, and the like. Bicyclic ring systems are exempli?ed 
by any of the above monocyclic ring systems fused to an aryl 
group as de?ned herein, a cycloalkyl group as de?ned herein, 
or another monocyclic ring system as de?ned herein. Repre 
sentative examples of bicyclic ring systems include but are 
not limited to, for example, benZimidaZole, benZothiaZole, 
benZothiadiaZole, benZothiophene, benZoxadiaZole, benZox 
aZole, benZofuran, benZopyran, benZothiopyran, benZodiox 
ine, 1,3-benzodioxole, cinnoline, indaZole, indole, indoline, 
indoliZine, naphthyridine, isobenZofuran, isoben 
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Zothiophene, isoindole, isoindoline, isoquinoline, phthala 
Zine, purine, pyranopyridine, quinoline, quinoliZine, qui 
noxaline, quinaZoline, tetrahydroisoquinoline, 
tetrahydroquinoline, thiopyranopyridine, and the like. These 
rings include quatemiZed derivatives thereof and may be 
optionally substituted With groups selected from halo, alkyl, 
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, 
arylalkyl, heterocyclo, heterocycloalkyl, hydroxyl, alkoxy, 
alkenyloxy, alkynyloxy, haloalkoxy, cycloalkoxy, cycloalky 
lalkyloxy, aryloxy, arylalkyloxy, heterocyclooxy, heterocy 
cloalkyloxy, mercapto, haloalkyl-S(O)m, alkenyl-S(O)m, 
alkynyl-S(O)m, cycloalkyl-8(0),", cycloalkylalkyl-S(O)m, 
arylalkyl-8(0),", heterocyclo-S(O)m, heterocycloalkyl-S(O) 
m, amino, alkylamino, alkenylamino, alkynylamino, 
haloalkylamino, cycloalkylamino, cycloalkylalkylamino, 
arylamino, arylalkylamino, heterocycloamino, heterocy 
cloalkylamino, disubstituted-amino, acylamino, acyloxy, 
ester, amide, sulfonamide, urea, alkoxyacylamino, aminoa 
cyloxy, nitro or cyano Where m:0, l, 2 or 3. Preferred het 
erocyclo groups include pyridyl and imidaZolyl groups, these 
terms including the quaterniZed derivatives thereof, including 
but not limited to quaternary pyridyl and imidaZolyl groups, 
examples of Which include but are not limited to: 

r R 

Where R and R' are each a suitable substituent as described in 

connection With “alkyl” above, and particularly alkyl (such as 
methyl, ethyl or propyl), arylalkyl (such as benZyl), option 
ally substituted With hydroxy (iOH), phosphoric acid 
(iPO3H2) or sulfonic acid (iSO3H), and X“ is a counte 
rion. 

[0075] “Spiroalkyl” as used herein alone or as part of 
another group, refers to a straight or branched chain hydro 
carbon, saturated or unsaturated, containing from 3 to 8 car 
bon atoms. Representative examples include, but are not lim 
ited to, iCHzCHzCHzi, %H2CH2CH2CH2i, 
%H2CH2CH2CH2CH2i, iCHzCHzCHCHCHzi, 
4CH2CH2CH2CH2CH2CH2i, etc. The term “spiroalkyl” is 
intended to include both substituted and unsubstituted 
“spiroalkyl” unless otherWise indicated and these groups may 
be substituted With groups selected from halo, alkyl, 
haloalkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl, aryl, 
arylalkyl, heterocyclo, heterocycloalkyl, hydroxyl, alkoxy, 
alkenyloxy, alkynyloxy, haloalkoxy, cycloalkoxy, cycloalky 
lalkyloxy, aryloxy, arylalkyloxy, heterocyclooxy, heterocy 
cloalkyloxy, mercapto, alkyl-S(O)m, haloalkyl-S(O)m, alk 
enyl-S(O)m, alkynyl-S(O)m, cycloalkyl-8(0),", 
cycloalkylalkyl-S(O)m, aryl-8(0),", arylalkyl-8(0),", hetero 
cyclo-S(O)m, heterocycloalkyl-S(O)m, amino, alkylamino, 
alkenylamino, alkynylamino, haloalkylamino, cycloalky 
lamino, cycloalkylalkylamino, arylamino, arylalkylamino, 
heterocycloamino, heterocycloalkylamino, disubstituted 
amino, acylamino, acyloxy, ester, amide, sulfonamide, urea, 
alkoxyacylamino, aminoacyloxy, nitro or cyano Where m:0, 
l or 2. 
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[0076] “Aldehyde” as used herein refers to a group of the 
formula: 

H 

\\O 
[0077] “Acetal” as used herein refers to a group of the 
formula: 

H 

/OR 
\OR' 

Where R and R' are each suitable groups, e.g., groups inde 
pendently selected from the group consisting of alkyl, aryl, 
alkylaryl, or Where R and R' together form a group iR"i 
Where R" is an alkylene (i.e., cycloalkyl). The acetal is pref 
erably reasonably robust, and hence it is preferred that at least 
one, or more preferably both, of R and R' is not methyl, and it 
is particularly preferred that neither R nor R' is H. 
[0078] “Bronsted acid” as used herein refers to a molecular 
entity (and corresponding chemical species) that is a proton 
donor to a base. Any suitable Bronsted acid may be used as a 
catalyst, With examples including but not limited to: tri?uo 
roacetic acid, trichloroacetic acid, oxalic acid, taurine, mal 
onic acid, formic acid, acetic acid, and NH4Cl. 
[0079] “LeWis acid” as used herein refers to a molecular 
entity (and corresponding chemical species) that is an elec 
tron-pair acceptor and therefore able to react With a LeWis 
base to form a LeWis adduct, by sharing the electron pair 
furnished by the LeWis base. Any suitable LeWis acid may be 
used as a catalyst, examples including compounds of the 
general formula LnX3 Where Ln is a lanthanide and X is halo 
such as Cl, Br, 1, etc., tri?ate or OTf, etc., and With examples 
speci?c examples including but not limited to: Yb(OTf)3, 
lnCl3, Sc(OTf)3, MgBr2 and CeCl3. 
[0080] “Porphyrinic macrocycle” refers to a porphyrin or 
porphyrin derivative, and are discussed in greater detail 
beloW. 
[0081] “Macrocyclic ligand” as used herein means a mac 
rocyclic molecule of repeating units of carbon atoms and 
hetero atoms (e.g., O, S, or NH), separated by the carbon 
atoms (generally by at least tWo or three carbon atoms). 
Macrocyclic ligands exhibit a conformation With a so-called 
hole capable of trapping ions or molecules, particularly cat 
ions, by coordination With the electrons of the hetero atom 
(e.g., a lone pair of electrons on the oxygen atoms When the 
hetero atoms are oxygen). In general, the macrocyclic ring 
contains at least 9, 12 or 14 carbon atoms and hetero atoms 
(e. g., 0, S, NH), each hetero atom in the ring being separated 
from adjoining hetero atoms in the ring by tWo or more carbon 
atoms. The macrocyclic ring may be substituted or unsubsti 
tuted, and may be fused to additional rings (e.g., 1 to 4 
additional rings such as phenylene, naphthylene, phenan 
thrylene, and anthrylene rings). The macrocyclic ligand may 
be in the form ofa substituent. See, e.g., US. Pat. No. 6,411, 
164 to Sibert. 
[0082] “CroWn ether” as used herein means a macrocyclic 
polyether Whose structure exhibits a conformation With a 
so-called hole capable of trapping cations by coordination 
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With a lone pair of electrons on the oxygen atoms (see gen 
erally McGraW-Hill Dictionary of Scienti?c and Technical 
Terms (3d ed. 1984)). CroWn ethers are a species of macro 
cyclic ligand. The croWn ether may be in the form of a sub 
stituent. See, e.g., US. Pat. No. 6,411,164 to Sibert. 
[0083] “Polar group” as used herein refers to a group 
Wherein the nuclei of the atoms covalently bound to each 
other to form the group do not share the electrons of the 
covalent bond(s) joining them equally; that is the electron 
cloud is denser about one atom than another. This results in 
one end of the covalent bond(s) being relatively negative and 
the other end relatively positive; i.e., there is a negative pole 
and a positive pole. Examples of polar groups include, With 
out limitations, hydroxy, alkoxy, carboxy, nitro, cyano, amino 
(primary, secondary and tertiary), amido, ureido, sulfona 
mido, sul?nyl, sulfhydryl, silyl, S-sulfonamido, N-sulfona 
mido, C-carboxy, O-carboxy, C-amido, N-amido, sulfonyl, 
phosphono, morpholino, piperaZinyl, tetraZolo, and the like. 
See, e.g., US. Pat. No. 6,878,733, as Well as alcohol, thiol, 
polyethylene glycol, polyol (including sugar, aminosugar, 
uronic acid), sulfonamide, carboxamide, hydraZide, N-hy 
droxycarboxamide, urea, metal chelates (including macrocy 
clic ligand or croWn ether metal chelates) 
[0084] “Ionic group” as used herein includes anionic and 
cationic groups, and includes groups (sometimes referred to 
as “ionogenic” groups) that are uncharged in one form but can 
be easily converted to ionic groups (for example, by protona 
tion or deprotonation in aqueous solution). Examples include 
but are not limited to carboxylate, sulfonate, phosphate, 
amine, N-oxide, and ammonium (including quaterniZed het 
erocyclic amines such as imidaZolium and pyridinium as 
described above) groups. See, e.g., US. Pat. Nos. 6,478,863; 
6,800,276; and 6,896,246. Additional examples include 
uronic acids, carboxylic acid, sulfonic acid, amine, and moi 
eties such as guanidinium, phosphoric acid, phosphoric acid, 
phosphatidyl choline, phosphonium, borate, sulfate, etc. Note 
that compounds of the present invention can contain both an 
anionic group as one ionic substituent and a cationic group as 

another ionic substituent, With the compounds hence being 
ZWitterionic. Note also that the compounds of the invention 
can contain more than one anionic or more than one cationic 

group. 

[0085] “Protecting group” as used herein includes any suit 
able protecting group; “protected form” refers to a substituent 
in Which an atom such as hydrogen has been removed and 
replaced With a corresponding protecting group. Protecting 
groups are known. See generally T. H. Greene and P. G. M. 
Wuts, Protective Groups in Organic Synthesis, 3rd edition, 
John Wiley & Sons, NeW York (1999). Examples include but 
are not limited to: hydroxy protecting groups (for producing 
the protected form of hydroxy); carboxy protecting groups 
(for producing the protected form of carboxylic acid); amino 
protecting groups (for producing the protected form of 
amino); sulfhydryl protecting groups (for producing the pro 
tected form of sulfhydryl); etc. Particular examples include 
but are not limited to: benZyloxycarbonyl, 4-nitrobenZyloxy 
carbonyl, 4-bromobenZyloxycarbonyl, 4-methoxybenZy 
loxycarbonyl, methoxycarbonyl, tert-butoxycarbonyl, iso 
propoxycarbonyl, diphenylmethoxycarbonyl, 2,2,2 
trichloroethoxycarbonyl, 2-(trimethylsilyl)ethoxycarbonyl, 
2-furfuryloxycarbonyl, allyloxycarbonyl, acetyl, formyl, 
chloroacetyl, tri?uoroacetyl, methoxyacetyl, phenoxyacetyl, 
benZoyl, methyl, t-butyl, 2,2,2-trichloroethyl, 2-trimethylsi 
lyl ethyl, 1 , 1 -dimethyl -2 -prop enyl, 3 -methyl -3 -butenyl, allyl, 
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benzyl, para-methoxybenzyldiphenylmethyl, triphenylm 
ethyl (trityl), tetrahydrofuryl, methoxymethyl, methylthiom 
ethyl, benzyloxymethyl, 2,2,2-triehloroethoxymethyl, 2-(tri 
methylsilyl)ethoxymethyl, methanesulfonyl, para 
toluenesulfonyl, trimethylsilyl, triethylsilyl, 
triisopropylsilyl, acetyl (Ac or iC(O)CH3), benzoyl (Bn or 
iC(O)C6H5), and trimethylsilyl (TMS or iSi(CH3)3), and 
the like; for'myl, acetyl, benzoyl, pivaloyl, t-butylacetyl, phe 
nylsulfonyl, benzyl, t-butyloxycarbonyl (Boc), and benzy 
loxycarbonyl (Cbz) and the like; and hemithioacetals such as 
1 -ethoxyethyl and methoxymethyl, thioesters, or thiocarbon 
ates and the like. See, e.g., U.S. Pat. Nos. 6,953,782; 6,951, 
946; 6,951,942; and 6,051,724. 
[0086] “Treatment” as used herein means any manner in 
Which one or more of the symptoms of a disease or disorder 

are ameliorated or otherWise bene?cially altered. Treatment 
also encompasses any pharmaceutical use of the composi 
tions herein, such as use for treating hyperproliferating tissue 
or neovascularization mediated diseases or disorders, or dis 
eases or disorders in Which hyperproliferating tissue or 

neovascularization is implicated. As used herein, ameliora 
tion of the symptoms of a particular disorder by administra 
tion of a particular compound or pharmaceutical composition 
refers to any lessening, Whether permanent or temporary, 
lasting or transient that can be attributed to or associated With 
administration of the composition. 

[0087] “Prodrug” as used herein is a compound that, upon 
in vivo administration, is metabolized by one or more steps or 
processes or otherWise converted to the biologically, pharma 
ceutically or therapeutically active form of the compound. 

[0088] “Antibody” as used herein refers generally to immu 
noglobulins or fragments thereof that speci?cally bind to 
antigens to form immune complexes. The antibody may be 
Whole immunoglobulin of any class, e. g., lgG, lgM, lgA, lgD, 
lgE, chimeric or hybrid antibodies With dual or multiple 
antigen or epitope speci?cities. It can be a polyclonal anti 
body, preferably an af?nity-puri?ed antibody from a human 
or an appropriate animal, e.g., a primate, goat, rabbit, mouse 
or the like. Monoclonal antibodies are also suitable for use in 

the present invention, and are preferred because of their high 
speci?cities. They are readily prepared by What are noW con 
sidered conventional procedures of immunization of mam 
mals With immunogenic antigen preparation, fusion of 
immune lymph or spleen cells With an immortal myeloma cell 
line, and isolation of speci?c hybridoma clones. More uncon 
ventional methods of preparing monoclonal antibodies are 
not excluded, such as interspecies fusions and genetic engi 
neering manipulations of hypervariable regions, since it is 
primarily the antigen speci?city of the antibodies that affects 
their utility. NeWer techniques for production of monoclonals 
can also be used, e.g., human monoclonals, interspecies 
monoclonals, chimeric (e.g., human/mouse) monoclonals, 
genetically engineered antibodies and the like. 
[0089] “lrradiating” and “irradiation” as used herein 
includes exposing a subject to all Wavelengths of light. Pref 
erably, the irradiating Wavelength is selected to match the 
Wavelength(s) Which excite the photosensitive compound. 
Preferably, the radiation Wavelength matches the excitation 
Wavelength of the photosensitive compound and has loW 
absorption by the non-target tissues of the subject, including 
blood proteins. 
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[0090] “Biological materials” as used herein refers to both 
tissues (such as biopsy tissues) and cells, as Well as biological 
?uids such as blood, urine, plasma, cerebrospinal ?uid, 
mucus, sputum, etc. 
[0091] Irradiation is further de?ned herein by its coherence 
(laser) or non-coherence (non-laser), as Well as intensity, 
duration, and timing With respect to dosing using the photo 
sensitizing compound. The intensity or ?uence rate must be 
suf?cient for the light to reach the target tissue. The duration 
or total ?uence dose must be suf?cient to photoactivate 
enough photo sensitizing compound to act on the target tissue. 
Timing With respect to dosing With the photosensitizing com 
pound is important, because 1) the administered photosensi 
tizing compound requires some time to home in on target 
tissue and 2) the blood level of many photosensitizing com 
pounds decreases With time. The radiation energy is provided 
by an energy source, such as a laser or cold cathode light 
source, that is external to the subject, or that is implanted in 
the subject, or that is introduced into a subject, such as by a 
catheter, optical ?ber or by ingesting the light source in cap 
sule or pill form (e.g., as disclosed in. Us. Pat. No. 6,273,904 
(2001)). 
[0092] “Coupling agent” as used herein, refers to a reagent 
capable of coupling a photosensitizer to a targeting agent 
[0093] “Targeting agent” refers to a compound that homes 
in on or preferentially associates or binds to a particular 
tissue, receptor, infecting agent or other area of the body of 
the subject to be treated, such as a target tissue or target 
composition. Examples of a targeting agent include but are 
not limited to an antibody, a ligand, one member of a ligand 
receptor binding pair, nucleic acids, proteins and peptides, 
and liposomal suspensions, including tissue-targeted lipo 
somes. 

[0094] “Speci?c binding pair” and “ligand-receptor bind 
ing pair” as used herein refers to tWo different molecules, 
Where one of the molecules has an area on the surface or in a 

cavity Which speci?cally attracts or binds to a particular spa 
tial or polar organization of the other molecule, causing both 
molecules to have an af?nity for each other. The members of 
the speci?c binding pair are referred to as ligand and receptor 
(anti-ligand). The terms ligand and receptor are intended to 
encompass the entire ligand or receptor or portions thereof 
suf?cient for binding to occur betWeen the ligand and the 
receptor. Examples of ligand-receptor binding pairs include, 
but are not limited to, hormones and hormone receptors, for 
example epidermal groWth factor and epidermal groWth fac 
tor receptor, tumor necrosis factor-alpha. and tumor necrosis 
factor-receptor, and interferon and interferon receptor; avidin 
and biotin or antibiotin; antibody and antigen pairs; enzymes 
and substrates, drug and drug receptor; cell-surface antigen 
and lectin; tWo complementary nucleic acid strands; nucleic 
acid strands and complementary oligonucleotides; interleu 
kin and interleukin receptor; and stimulating factors and their 
receptors, such as granulocyte-macrophage colony stimulat 
ing factor (GMCSF) and GMCSF receptor and macrophage 
colony stimulating factor (MCSF) and MCSF receptor. 
[0095] “Linkers”, or “linker groups” are aromatic or ali 
phatic groups (Which may be substituted or unsubstituted and 
may optionally contain heteroatoms such as N, O, or S) that 
are utilized to couple a bioconjugatable group, cross-cou 
pling group, surface attachment group, hydrophilic group or 
the like to the parent molecule. Examples include but are not 
limited to aryl, alkyl, heteroaryl, heteroalkyl (e.g., oligoeth 
ylene glycol), peptide, and polysaccharide linkers, etc. 
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[0096] “Water soluble group” as used herein generally 
includes substituents containing at least one ionic or polar 

group, coupled to the parent molecule directly or by means of 
an intervening linker. Examples include but are not limited to 

groups of the formula: 

Wherein R“ and Rh are each independently an ionic group or 
polar group, and Alk“ and Alkb are each independently a 
C1 -C50 alkylidene chain. 

l.ActiVe Compounds: Phorbines and Related Compounds. 

[0097] Porphyrinic macrocycle compounds useful for car 
rying out the present invention include compounds of general 
Formula DI and D1‘: 

(D1) 

(131') 
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With particular embodiments of the foregoing including: (a) 
17,18-didehydrophorbines of Formula Dla and Dla‘: 

(Dla) 

(Dla') 

(b) phorbines of Formula Dlb and Dlb': 

(DIb) 
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and (d) opp-chlorins, or opp-phorbines, of Formula Dld and 
Dld': -continued 

(DIb') 

(DId) 

(DId') 

(D10) 

wherein: 
[0098] M is a metal or is absent; 
[0099] X1, X2, X3 and X4 are each independently selected 
from the group consisting of Se, NH, CH2, 0 and S; 
[0100] R1’ R2’ R3’ 4’ R5’ R6’ R7’ R8’ R11’ R12’ R13’ R14’ 
R15, R16, R21, R22, R31 and R32 are each independently 
selected from the group consisting of H, alkyl, alkenyl, alky 
nyl, cycloalkyl, cycloalkylalkyl, cyclo alkylalkenyl, 
cycloalkylalkynyl, heterocyclo, heterocycloalkyl, heterocy 
cloalkenyl, heterocycloalkynyl, aryl, aryloxy, arylalkyl, ary 

(DIc') lalkenyl, arylalkynyl, heteroaryl, heteroarylalkyl, heteroary 
lalkenyl, heteroarylalkynyl, alkoxy, halo, mercapto, aZido, 
cyano, acyl, formyl, carboxylic acid, acylamino, ester, amide, 
hydroxyl, nitro, alkylthio, amino, alkylamino, arylalky 
lamino, disubstituted amino, acyloxy, sulfoxyl, sulfonyl, sul 
fonate, sulfonic acid, sulfonamide, urea, alkoxylacylamino, 
aminoacyloxy, linking groups, surface attachment groups, 
bioconjugatable groups, targeting groups (in protected or 
unprotected form), and Water soluble groups; 
[0101] Wherein each pair ofRl and R2, R3 and R4, R11 and 
R12, R13 and R14, R21 and R22, or R31 and R32, can together 
form :0; 
[0102] Wherein each ofRl and R2, R3 and R4, R1 l and R12, 
or R13 and R14, can together form spiroalkyl; 
[0103] Wherein R2 and R3 can together form a double bond; 
and wherein R12 and R13 can together form a double bond; 
[0104] or a salt thereof. 
[0105] Some embodiments are subject to the proviso that: 
(i) neither Rl nor R2 is H; or neither R3 nor R4 is H; or neither 
Rll nor R12 is H; or neither Rl3 nor R14 is H. 
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[0106] Some embodiments are subject to the proviso that at 
least one ofRl, R2, R3, R4, R5, R6, R7, R8, Rl 1, R12, R13, R14, 
R15, R16, R21, R22, R21 and R32 is a group ofthe Formula: 

Alk”R” 

—CH 

AlkbRb 

[0107] Wherein R“ and Rb are each an independently 
selected ionic group, polar group, bioconjugatable group, or 
targeting group (in protected or unprotected form), and Alk“ 
and Alkb are each an independently selected Cl-C50 alky 
lidene chain. 
[0108] Some embodiments of the foregoing are subject to 
the proviso that at least one pair of R11 and R12, R13 and R14, 
R2 1 and R22, and R23 and R24 are both independently selected 
Alk'R', WhereinAlk' is a Cl-C50 alkylidene chain, and R is an 
ionic group, polar group, bioconjugatable group, or targeting 
group (in protected or unprotected form). 
[0109] In some embodiments, R1 and R2 are both indepen 
dently selected from the group consisting of alkyl, alkenyl, 
alkynyl, cycloalkyl, cycloalkylalkyl, cycloalkylalkenyl, 
cycloalkylalkynyl, aryl, arylalkyl, arylalkenyl, arylalkynyl, 
and linking groups; or 
[0110] R3 and R4 are both independently selected from the 
group consisting of alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkylalkyl, cycloalkylalkenyl, cycloalkylalkynyl, aryl, 
arylalkyl, arylalkenyl, arylalkynyl, and linking groups; or 
[0111] R11 and R12 are both independently selected from 
the group consisting of alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkylalkyl, cycloalkylalkenyl, cycloalkylalkynyl, aryl, 
arylalkyl, arylalkenyl, arylalkynyl, and linking groups; or 
[0112] R13 and R14 are both independently selected from 
the group consisting of alkyl, alkenyl, alkynyl, cycloalkyl, 
cycloalkylalkyl, cycloalkylalkenyl, cycloalkylalkynyl, aryl, 
arylalkyl, arylalkenyl, arylalkynyl, and linking groups. 
[0113] In some embodiments, R1 and R2 are both indepen 
dently selected from the group consisting of alkyl, cycloalkyl, 
aryl, arylalkyl, and linking groups; or 
[0114] R3 and R4 are both independently selected from the 
group consisting of alkyl, cycloalkyl, aryl, arylalkyl, and 
linking groups; or 
[0115] R11 and R12 are both independently selected from 
the group consisting of alkyl, cycloalkyl, aryl, arylalkyl, and 
linking groups; or 
[0116] R13 and R14 are both independently selected from 
the group consisting of alkyl, cycloalkyl, aryl, arylalkyl, and 
linking groups. 
[0117] In some embodiments of the foregoing, at least one 
or tWo ofRl, R2, R3, R4, R5, R6, R7, R8, R11, R12, R13, R14, 
R15, R16, R17, R18, R21, R22, R31 and R32 is, or are, indepen 
dently selected bioconjugatable groups, targeting groups (in 
protected or unprotected form), surface attachment groups, or 
Water soluble groups. 
[0118] In some embodiments of the foregoing, at least one 
OfRI’ R2’ R3’ R4’ R5’ R6’ R7’ R8’ R11’ R12’ R13’ R14’ R15’ R16’ 
R17, R18, R21, R22, R31, and R32 is a bioconjugatable group or 
targeting group (in protected or unprotected form), and at 
least one other thereof is a Water soluble group. 

[0119] In some embodiments of the foregoing, one of R3 
and R4 can be a Water soluble group, and the other of R3 and 
R4 can be a bioconjugatable group or targeting group 
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[0120] In some embodiments of the foregoing, one of R13 
and R14 can be a Water soluble group, and the other of R13 and 
R14 can be a bioconjugatable group or targeting group. 

[0121] In some embodiments, such as some of the chlorins 
of Formulas DIb, DIb', and some of the bacteriochlorins of 
Formulas DIc, DIc', neither Rl nor R2 is H. 
[0122] In some embodiments, such as some of the chlorins 
of Formulas DIb, DIb', and some of the bacteriochlorins of 
Formulas DIc, DIc', neither R3 nor R4 is H. 
[0123] In some embodiments, such as some of the chlorins 
of Formulas DIb, DIb', and some of the bacteriochlorins of 
Formulas DIc, DIc', none of R1, R2, R3 and R4 is H. 
[0124] In some embodiments, such as some of the bactero 
chlorins Formulas DIc, DIc', and some of the opp-chlorins of 
Formulas DId, DId', neither Rll nor R12 is H. 
[0125] In some embodiments, such as some bacterochlor 
ins Formula DIc, DIc', and some of the opp-chlorins of For 
mulas DId, DId', neither Rl3 nor R14 is H. 
[0126] In some embodiments, such as some of the bactero 
chlorins Formula DIc, DIc', and some of the opp-chlorins of 
Formulas DId, DId', none of R11, R12, R13 and R14 is H. 
[0127] In general, compounds of Formula DI as described 
above may be produced by (a) providing a compound of 
Formula DII: 

(DII) 

Wherein: Z is H or halo (such as bromo); and M, X1, X2, X3, 
X4 R1 R2 R3 R4 R5 R6 R7 R8 R11 R12 R13 R14 R15 
R16, R31 and R32 are as given above; 
[0128] (b) cycliZing said compound of Formula DII, typi 
cally by an intramolecular alpha arylation, to produce a 
cycliZed product (that is, including the “E” ring as shoWn in 
DI); and 
[0129] (c) optionally deoxygenating the cycliZed product; 
and then 

[0130] (d) optionally metalating the cycliZed product to 
produce the compound of Formula DI. In some embodiments, 
R31 and R32 are each independently H, alkyl, or aryl; or one of 
R31 and R32 is H and the other is cyano; or one of R3 l and R32 
is H and the other is ester. 

[0131] The cycliZing step is generally carried out in an 
organic solvent, optionally including Water, by any suitable 
technique as discussed furtherbeloW. For example, the cycliZ 
ing step may be carried out With a palladium catalyst in the 
presence of a base. 
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[0132] As also discussed further below, the compound of 
Formula D11 may be produced by halogenating a compound 
of Formula D111: 

(D111) 

wherein M, X1, X2, X3, X4, R1, R2, R3, R4, R5, R6, R7, R8, 
R11, R12, R13, R14, R15, R16, R31 and R32 are as given above. 
The compound of Formula D111 can be produced in accor 
dance With knoWn techniques or variations thereof Which Will 
be apparent to those skilled in the art based upon the present 
disclosure. 
[0133] lntramolecular ot-Arylation (Pd-Coupling): 
[0134] The intermolecular and intramolecular ot-arylation 
of certain ketones With a halo group (e.g., Cl, Br, I) present at 
a suitable position is knoWn. 
[0135] The intramolecular cycliZation step of the present 
invention can be carried out in like manner, or variations 
thereof that Will be apparent to those skilled in the art in vieW 
of the present disclosure. 
[0136] In general the reaction involves a palladium catalyst 
and a base. Suitable palladium-catalysts include, but are not 
limited to, Pd2(dba)3/BlNAP, Pd2(dba)3/Tol-BINAP, 
Pd(OAc)2, Pd2(dba)3, Pd2(dba)3/2-(dicyclohexylphos 
phino)-biphenyl, Pd(OAc)2/2-(dicyclohexylphosphino)-bi 
phenyl, Pd(OAc)2/2-(di-t-butylphosphino)-2'-methylbiphe 
nyl, Pd(dba)2/DTPE, Pd(dba)2/DPPF, Pd(OAc)2/Xantphos, 
Pd(OAc)2/n-butylbis(1-adamantyl)-phosphine, Pd(dba)2/n 
butylbis(1-adamantyl)-phosphine, Pd(OAc)2/PPh3, Pd(OAc) 
2/(4-XC6H4)3P, Pd2(dba)3/Xantphos, Pd(OAc)2/2-(Dicyclo 
hexylphosphino)-2-methylbiphenyl, Pd(OAc)2/DPPP, PdCl2 
(Ph3P)2, PdCl2[(o-Tol)3]2, Pd(Ph3P)4, Pd(OAc)2/P(t-Bu)3, 
Pd2(dba)3/CHCl3/B1NAP, and combinations thereof. 
[0137] Suitable bases include, but are not limited to, 
t-BuONa, NaN(SiMe3)2, KN(SiMe3)2, Cs2CO3, K2CO3, 
K3PO4, diisopropylamine, NaH, NaOH, t-BuOK, TBAF, and 
combinations thereof. 
[0138] Any suitable organic solvent, including polar and 
nonpolar, and protic or aprotic solvents, may be used for the 
reaction, optionally including Water, With examples including 
but not limited to THF, toluene, benZene, xylene, DMF, diox 
ane, DMSO, 1-Butyl-3-methylimidaZolium tetra?uorobo 
rate, and combinations thereof. The reaction may be carried 
out at any suitable temperature, typically from 20 or 400 C. up 
to 1400 C., or more. 

[0139] See, e.g., Muratake, H. et al., Tetrahedron Lett. 
1997, 38, 7577-7580; Muratake, H.; Natsume, M. Tetrahe 
dron Lett. 1997, 38, 7581-7582; Muratake, H.; Nakai, H. 
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Tetrahedron Lett. 1999, 40, 2355-2358; Muratake, H. et al., 
Tetrahedron 2004, 60, 11783-11803; Sole, D. et al., Adv. 
Synth. Catal. 2001, 343, 439-442; Sole, D. et al.,J.Am. Chem. 
Soc. 2003, 125, 1587-1594; Sole, D. et al., Chem. Commun. 
2001, 1888-1889; Sole, D. et al., Org. Lett. 2000, 2, 2225 
2228; Ciufolini, M. A. et al., J. Org. Chem. 1988, 53, 4151 
4153; Honda, T.; Sakamaki, Y. Tetrahedron Lett. 2005, 46, 
6823-6825; See also, Palucki, M.; BuchWald, S. L. J Am. Soc. 
Chem. 1997, 119, 11108-11109; Fox, J. M. etal., J. Am. Soc. 
Chem. 2000, 122, 1360-1370; Hamann, B. C.; HartWig, J. F. 
J. Am. Soc. Chem. 1997, 119, 12382-12383; Carril, M. et al., 
Org. Lett. 2005, 22, 4787-4789; Ehrentraut, A. et al., Adv. 
Synth. Catal. 2002, 344, 209-217; Satoh, T. et al., J. Orga 
nomet. Chem. 2002, 653, 161-166; Wills; M. C. et al.,Angew. 
Chem. Int. Ed. 2005, 44, 403-406; Diedrichs, N. et al., Eur J. 
Org. Chem. 2005, 1731-1735; Mo, J. et al., Tetrahedron 2005, 
61, 9902-9907; Singh, R.; Nolan, S. P. J. Organomet. Chem. 
2005, 690, 5832-5840; Kosugi, M. et al., J. Chem. Soc., 
Chem. Commun. 1983, 344-345; KuWajima, 1.; Urabe, H. J. 
Am. Soc. Chem. 1982, 104, 6831-6833. 
[0140] An e?icient reaction condition Was reported for the 
direct arylation of ketones by the use of aryl chlorides in the 
presence of the carbene-palladium catalyst [(Pd(OAc)2/N,N' 
(2,6-diisopropyl phenyl)imidaZole-2-ylidene] (Singh, R.; 
Nolan, S. P. J Organomet. Chem. 2005, 690, 5832-5840), and 
the cycliZing step of the present invention can be carried out 
in like manner. Alternatively, the reaction of tributyltin eno 
lates, prepared either from tributyltin methoxide and enol 
acetates or from silyl enol ethers and Bu3 SnF, in the presence 
of PdCl2[P(o-tolyl)3]2 is reported to give ot-arylated ketones 
(KuWajima, 1.; Urabe, H. J Am. Soc. Chem. 1982, 104, 6831 
6833), and the cycliZing step of the present invention can be 
carried out in like manner. 

[0141] Photodriven Nucleophilic Aromatic Substitution 
Reaction: 

[0142] The ot-arylation of ketones (intermolecular or 
intramolecular) has been studied by photostimulated nucleo 
philic aromatic substitution reaction of enolate anion With 
aryl halides, and the cycliZing step of the present invention 
can be carried out in like manner. The reaction is generally 
carried out in the presence of a base (suitable examples 
including but not limited to t-BuOK, KNH2, NaNH2, K, Na, 
Li, KH, Ag2O, and mixtures thereof) in an organic solvent 
(suitable examples including but not limited to (liquid ammo 
nia, THF, DME, ether, DMF, DMSO, benZene are commonly 
used solvents). 
[0143] Still another approach for the intramolecular ot-ary 
lation of ketones involves the reaction of silyl enol ethers With 
the PET-generated arene radical cations. 

[0144] See, e.g., Rossi, R. A.; Bunnett, J. F. J Org. Chem. 
1973, 38, 3020-3025; Bunnett, J. F.; Sundberg, J. E. J. Org. 
Chem. 1976, 41, 1702-1706; Komin,A. P.; Wolfe, J. F.J Org. 
Chem. 1977, 42, 2481-2486; Moon, M. P.; Wolfe, J. F. J. Org. 
Chem. 1979, 44, 4081-4085; Sommelhack, M. F.; Bargar, T. 
M. J. Org. Chem. 1977,42, 1481-1482; Semmelheck, M. F.; 
Bargar, T. J. Am. Soc. Chem. 1980, 102, 7765-7774; Pandey, 
G.; Karthikeyan, M.; Murugan, A. J Org. Chem. 1998, 63, 
2867-2872. 

[0145] Other Methods for ot-Arylation: 
[0146] A number of alternative routes have also been 
reported for the ot-arylation of ketones, and the cycliZing step 
of the present invention can be carried out in like manner. For 
example: 
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[0147] (i) A nucleophilic aromatic substitution via Ni(ll) 
catalyzed reaction of aryl halides With ketones has been 
reported (See, e.g., Semmelhack, M. E; Stauffer, R. D.; Rog 
erson, T. D. Tetrahedron Lett. 1973, 4519-4522). 
[0148] (ii) An alternative approach for the intramolecular 
ot-arylation Without halo substituents has been achieved With 
Mn(lll) catalyst (See, e.g., Snider, B. B.; Cole, B. M. J. Org. 
Chem. 1995, 60, 5376-5377). 
[0149] (iii) The electroreductive intramolcular cycliZation 
of a carbonyl group to an activated carbon-carbon double 
bond has been described (no aryl halide is involved here) 
(See, e.g., Kise, N.; SuZumoto. T.; Shono, T. .1. Org. Chem. 
1994, 59, 1407-1413). 
[0150] (iv) The electrophilic aromatic substitution of 
[3-keto sulfoxides or tris(phenylthio)methane derivatives in 
the presence of an acid is knoWn to give ot-arylated ketones 
(no aryl halide is involved here) (See, e.g., OikaWa, Y.; Yone 
mitsu, O. Tetrahedron 1974, 30, 2653-2660; OikaWa, Y.; 
Yonemitsu, O. J. Org. Chem. 1976, 41, 1118-1124; Tamura, 
Y. et al., Tetrahedron Lett. 1981, 22, 81-84; Bin Manas, A. R.; 
Smith, R. A. J. Tetrahedron 1987, 43, 1856-1856). 
[0151] In a particular embodiment, our synthetic route for 
installing the isocyclic ring entails four steps in addition to 
those required for macrocycle formation. The route is illus 
trated for chlorins in the Scheme A beloW, With substituents 
omitted for clarity. 
[0152] Step 1: introduction of a halogen, preferably a bro 
mine atom, at the 8-position of an Eastern half precursor to the 
chlorin (not shoWn). (Note that the Eastern half ordinarily 
incorporates a bromine atom at the 9-position for macrocycle 
formation; hence, the Eastern half used herein contains tWo 
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bromine substituents.) The chlorin macrocycle is then formed 
in the usual Way, affording the corresponding 13-bromo 
chlorin (Brl3-chlorin). 
[0153] Step 2: Pd coupling With tributyl(ethoxyvinyl)tin, 
Which upon acidic Workup affords the corresponding 
13-acetyl-chlorin (Ac 1 3 -chlorin). 
[0154] Step 3: Halogenation of the chlorin, Which occurs 
preferentially at the 15-position, affording the 13-acetyl-15 
halo-chlorin (Ac13Xl5-chlorin). Bromination is preferred. 
Note that the sites ?anking the reduced, pyrroline ring are 
more reactive than any other sites in the macrocycle. The 
preference for 15- versus 20-substitution stems from steric 
hindrance imparted by the geminal dimethyl group at the 
18-position. 
[0155] Step 4: lntramolecular ot-arylation via Pd coupling, 
Which creates a carbon-carbon bond betWeen the methyl 
group of the acetyl moiety, and the meso (C15) carbon, yield 
ing the 13l-oXophorbine. 
[0156] An analogous approach is employed for synthesis of 
porphyrins or bacterichlorins bearing an isocyclic ring. A 
[3-halo-dipyrromethane or dihydrodipyrrin precursor is pre 
pared and employed to give the corresponding 13-halo-por 
phyrin or bacteriochlorin. The remaining steps 2-4 proceed as 
shoWn for the chlorin. 
[0157] The keto group can be deoxygenated to give the 
phorbine (not shoWn). Typical methods of deoxygenation 
include (1) TFA/NaBH4, or (2) reduction With LiAlH4 (Abra 
ham et al., J. Chem. Soc. Perkin Trans. 2, 1993, 1047-1059), 
or (3) reduction With LiAlH4, tosylation, and reduction With 
LiAlH4. Abraham et al. found that a chlorophyll analogue 
underWent deoxygenation upon treatment With LiAlH4. A 
Wide variety of other methods are knoWn for deoxygenation 
of ketones. 

Scheme A 

Acetylation 
via 

Pd coupling 
<— 

Halo genation 

(for 5-unsubstituted chlorins: R I H) 
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Pd coupling 
—> 

Compounds marked With asterisk "*", have been previously disclosed in lectures/poster presentation 

E. Metalation, Linking Groups, and Further Substitutions. 

[0158] Porphyrinic compounds as described above may be 
metalated With any suitable metal in accordance With knoWn 
techniques. See, e.g., US. Pat. No. 6,208,553. Suitable met 
als include but are not limited to Pd(II), Pt(H), Mg(H), Zn(H), 
Al(HI), Ga(HI), Sn(IV), Cu(H) (less preferred), Ni(H), and 
Au(IH). Where the metal is trivalent or tetravalent a counte 
rion is included as necessary in accordance With known tech 
niques. 
[0159] Linking Groups for Conjugates. 
[0160] Linking groups are included in compounds of the 
invention to provide a reactive site for conjugation so that the 
compounds may be coupled to or conjugated to other groups 
such as proteins, peptides, targeting agents such as antibod 
ies, polymers, particles such as nanoparticles, organic, poly 
meric or inorganic beads, other solid support surfaces, etc., to 
form additional active compounds of the invention. In general 
each group is attached to a linking group including a linker 
Which can be aryl, alkyl, heteroaryl, heteroalkyl (e.g., oligo 
ethylene glycol), peptide, polysaccharide, etc. The linking 
group may be simply a reactive attachment group or moiety 
(e. g., iR' Where R' is a reactive group such as bromo), or may 
comprise a combination of an intervening group coupled to a 
reactive group (e.g., iR"R', Where R' is a reactive group and 
R" is an intervening group such as a hydrophilic group). 
[0161] For bioconjugation purposes, the choice of Water 
solubiliZing group(s) and conjugation groups is made so as to 
achieve orthogonal coupling. For example, if a carboxylic 
acid is used for Water solubility, an aldehyde might be used for 
bioconjugation (via reductive amination With an amino-sub 
stituted biomolecule). If a carboxylic acid is used for biocon 
jugation (via carbodiimide-activation and coupling With an 
amino-substituted biomolecule), then a complementary 
group can be used for Water solubility (e.g., sulfonic acid, 
guanidinium, pyridinium). Bioconjugatable groups include 
amines (including amine derivatives) such as isocyanates, 
isothiocyanates, iodoacetamides, aZides, diaZonium salts, 
etc., acids or acid derivatives such as N-hydroxysuccinimide 
esters (more generally, active esters derived from carboxylic 
acids; e.g., p-nitrophenyl ester), acid hydraZides, etc., and 
other linking groups such as aldehydes, sulfonyl chlorides, 
sulfonyl hydraZides, epoxides, hydroxyl groups, thiol groups, 
maleimides, aZiridines, acryloyls, halo groups, biotin, 2-Imi 

-continued 
R 
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(for 5-substituted chlorins) 

Western half 8-brorno 
Eastern half 

13 l—oxophorbine 

nobiotin, etc. Linking groups such as the foregoing are knoWn 
and described in US. Pat. Nos. 6,728,129; 6,657,884; 6,212, 
093; and 6,208,553. 
[0162] Conjugates. Other groups can be attached to the 
active compounds to form a conjugate by means of a linking 
group to tune or adjust the solubility properties of the active 
compounds, including hydrophobic groups, hydrophilic 
groups, polar groups, or amphipathic groups. The polar 
groups include carboxylic acid, sulfonic acid, guanidinium, 
carbohydrate, hydroxy, amino acid, pyridinium, imidaZo 
lium, etc. Such groups can be attached to substituents that are 
linear or branched alkyl (e.g., sWalloWtail), aryl, heteroaryl, 
heteroalkyl (e. g., oligoethylene glycol), peptide, polysaccha 
ride, etc. Targeting groups such as antibodies, proteins, pep 
tides, and nucleic acids may be attached by means of the 
linking group. Particles such as nanoparticles, glass beads, 
etc. may be attached by means of the linking group. Where 
such additional compounds are attached to form a conjugate 
that may be attached directly to the active compound or 
attached by means of an intervening group such as a hydro 
philic group, depending upon the particular linking group 
employed (as noted above). 
[0163] Hydrophilic Groups. 
[0164] Compounds of the present invention may include 
hydrophilic groups coupled at the linking sites noted above, 
e.g., covalently coupled thereto, to facilitate delivery thereof, 
or improve stability, in accordance With knoWn techniques 
(e.g., to the N-terminus of the peptide). Suitable hydrophilic 
groups are typically polyols or polyalkylene oxide groups, 
including straight and branched-chain polyols, With particu 
larly examples including but not limited to poly(propylene 
glycol), polyethylene-polypropylene glycol or poly(ethylene 
glycol). The hydrophilic groups may have a number average 
molecular Weight of 20,000 to 40,000 or 60,000. Suitable 
hydrophilic groups and the manner of coupling thereof are 
knoWn and described in, for example, US. Pat. Nos. 4,179, 
337; 5,681,811; 6,524,570; 6,656,906; 6,716,811; and 6,720, 
306. For example, compounds can be pegylated using a single 
40,000 molecular Weight polyethylene glycol moiety that is 
attached to the compound by means of a linking group. 
[0165] Surface Attachment Groups. 
[0166] As noted above, compounds of the invention can be 
substituted With a surface attachment group, Which may be in 
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[0202] 4-[3 -(2-hydroxyethyl)-1,5 -dihydroxypent-3-yl] 
phenyl, 

[0203] 4-[3 -(2-hydroxyethyl)-1,5 -dihydroxypent-3-yl]bi 
phen-4'-yl, 

[0204] 4-(3 -hydroxypropyl)- 1 ,7-dihydroxyhept-4-yl, 
[0205] 4-[4-(3-hydroxypropyl)-1,7-dihydroxyhept-4-yl] 

phenyl, 
[0206] 4-[4-(3-hydroxypropyl)-1,7-dihydroxyhept-4-yl] 

biphen-4'-yl, etc., 
Thiol surface attachment groups (1 , 2, 3 carbons) such as: 
[0207] 2-(mercaptomethyl)- 1 ,3 -dimercaptoprop -2 -yl, 
[0208] 4-[2-(mercaptomethyl)-1,3-dimercaptoprop-2-yl] 

phenyl, 
[0209] 4-[2-(mercaptomethyl)-1,3-dimercaptoprop-2-yl] 

biphen-4'-yl, 
[021 0] 3 -(2-mercaptoethyl)-1,5 -dimercaptopent-3 -yl 
[021 1] 4-[3 -(2-mercaptoethyl)-1,5-dimercaptopent-3 -yl] 

phenyl, 
[0212] 4-[3 -(2-mercaptoethyl)-1,5-dimercaptopent-3 -yl] 

biphen-4'-yl, 
[0213] 4-(3 -mercaptopropyl)-1,7-dimercaptohept-4-yl, 
[0214] 4-[4-(3-mercaptopropyl)-1,7-dimercaptohept-4-yl] 

phenyl, 
[0215] 4-[4-(3-mercaptopropyl)-1,7-dimercaptohept-4-yl] 

biphen-4'-yl etc., 
Selenyl surface attachment groups (1 , 2, 3 carbons), such as: 
[021 6] 2-(selenylmethyl)-1,3 -diselenylprop-2-yl, 
[0217] 4-[2-(selenylmethyl)-1,3-diselenylprop-2-yl]phe 

nyl, 
[0218] 4-[2-(mercaptomethyl)-1,3-dimercaptoprop-2-yl] 

biphen-4'-yl, 
[0219] 3 -(2-selenylethyl)-1,5 -diselenylpent-3-yl, 
[0220] 4-[3 -(2-selenylethyl)-1,5-diselenylpent-3 -yl]phe 

nyl, 
[0221] 4-[3 -(2-selenylethyl)-1,5-diselenylpent-3 -yl]bi 

phen-4'-yl, 
[0222] 4-(3 -selenylpropyl)-1,7-diselenylhept-4-yl, 
[0223] 4-[4-(3-selenylpropyl)-1,7-diselenylhept-4-yl]phe 

nyl, 
[0224] 4-[4-(3-selenylpropyl)-1,7-diselenylhept-4-yl]bi 

phen-4'-yl, etc. 
Phosphoric, surface attachment groups (1 , 2, 3 carbons), such 
as: 

[0225] 2-(phosphonomethyl)-1,3 -diphosphonoprop -2 -yl, 
[0226] 4-[2-(phosphonomethyl)-1,3 -dipho sphonoprop -2 

yllphenyl, 
[0227] 4-[2-(phosphonomethyl)-1,3 -dipho sphonoprop -2 

yl]biphen-4'-yl, 
[0228] 3 -(2-phosphonoethyl)-1,5 -diphosphonopent-3 -yl, 
[0229] 4-[3 -(2-phosphonoethyl)-1,5-diphosphonopent-3 - 

yllphenyl, 
[023 0] 4-[3 -(2-phosphonoethyl)-1,5-diphosphonopent-3 - 

yl]biphen-4'-yl, 
[023 1] 4-(3 -phosphonopropyl)-1,7-diphosphonohept-4-yl, 
[0232] 4-[4-(3-phosphonopropyl)-1,7-diphosphonohept 

4-yl]phenyl, 
[0233] 4-[4-(3-phosphonopropyl)-1,7-diphosphonohept 

4-yl]biphen-4'-yl, etc., and 
Carboxylic acid surface attachment groups (1 , 2, 3 carbons), 
such as: 

[0234] 2-(carboxymethyl)-1,3 -dicarboxyprop -2 -yl, 
[0235] 4-[2-(carboxymethyl)-1,3 -dicarboxyprop-2-yl] 

phenyl, 
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[0236] 4-[2-(carboxymethyl)-1,3-dicarboxyprop-2-yl]bi 
phen-4-yl, 

[0237] 3-(2-carboxyethyl)-1,5-dicarboxypent-3-yl, 
[0238] 4-[3-(2-carboxyethyl)-1,5-dicarboxypent-3-yl] 

phenyl, 
[0239] 4-[3-(2-carboxyethyl)-1,5-dicarboxypent-3-yl]bi 

phen-4'-yl, 
[0240] 
[0241] 4-[4-(3-carboxypropyl)-1,7-dicarboxyhept-4-yl] 

phenyl, 
[0242] 4-[4-(3-carboxypropyl)-1,7-dicarboxyhept-4-yl] 

biphen-4'-yl, etc. 
[0243] It is to be understood that the compounds provided 
herein may contain chiral centers. Such chiral centers may be 
of either the (R) or (S) con?guration, or may be a mixture 
thereof. Thus, the compounds provided herein may be enan 
tiomerically pure, or be stereoisomeric or diastereomeric 
mixtures. It is to be understood that the chiral centers of the 
compounds provided herein may undergo epimeriZation in 
vivo. As such, one of skill in the art Will recogniZe that 
administration of a compound in its (R) form is equivalent, for 
compounds that undergo epimeriZation in vivo, to adminis 
tration of the compound in its (S) form. 
[0244] Active compounds of the invention can be provided 
as pharmaceutically acceptable salts. Such salts include, but 
are not limited to, amine salts, such as but not limited to 
N,N'-dibenZylethylenediamine, chloroprocaine, choline, 
ammonia, diethanolamine and other hydroxyalkylamines, 
ethylenediamine, N-methylglucamine, procaine, N-ben 
Zylphenethylamine, 1 -para-chlorobenZyl-2-pyrrolidin-1'-yl 
methyl-benZimidaZole, diethylamine and other alkylamines, 
piperaZine and tris(hydroxymethyl)aminomethane; alkali 
metal salts, such as but not limited to lithium, potassium and 
sodium; alkali earth metal salts, such as but not limited to 
barium, calcium and magnesium; transition metal salts, such 
as but not limited to Zinc; and other metal salts, such as but not 
limited to sodium hydrogen phosphate and disodium phos 
phate; and also including, but not limited to, salts of mineral 
acids, such as but not limited to hydrochlorides and sulfates; 
and salts of organic acids, such as but not limited to acetates, 
lactates, malates, tartrates, citrates, ascorbates, succinates, 
butyrates, valerates and fumarates. Pharmaceutically accept 
able esters include, but are not limited to, alkyl, alkenyl, 
alkynyl, aryl, heteroaryl, aralkyl, heteroaralkyl, cycloalkyl 
and heterocyclyl esters of acidic groups, including, but not 
limited to, carboxylic acids, phosphoric acids, phosphinic 
acids, sulfonic acids, sulfonic acids and boronic acids. 

[0245] 
[0246] In another embodiment, the disclosed compounds 
may be targeted to speci?c target tissues or target composi 
tions using ligands speci?c for the target tissue or target 
composition, for example, using ligands or ligand-receptor 
pairs such as antibodies and antigens. Antibodies against 
tumor antigens and against pathogens are knoWn. For 
example, antibodies and antibody fragments Which speci? 
cally bind markers produced by or associated With tumors or 
infectious lesions, including viral, bacterial, fungal and para 
sitic infections, and antigens and products associated With 
such microorganisms have been disclosed, inter alia, in 
Hansen et al., US. Pat. No. 3,927,193 and Goldenberg, US. 
Pat. Nos. 4,331,647; 4,348,376; 4,361,544; 4,468,457; 4,444, 
744; 4,818,709 and 4,624,846.Antibodies against an antigen, 

4-(3-carboxypropyl)-1,7-dicarboxyhept-4-yl, 

Ligands. 




























































































