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TEXAPHYRINS AND USES THEREOF 

Research leading to the present invention was supported 
in part by the National Science Foundation (CHE 9122161) 
and the National Institutes of Health (AI 33577 and AI 
28845). The U.S. government therefore has certain rights in 
the invention. 

This application is a continuation-in-part application of 
U.S. Ser. No. 08/112,872, filed Aug. 25, 1993, now U.S. Pat. 
No. 5,451,576, and PCT/US94/06284 filed Jun. 9, 1994. 
U.S. Ser. No. 08/112,872, is a divisional application of U.S. 
Ser. No. 07/822,964, filed Jan. 21, 1992, since issued as U.S. 
Pat. No. 5,252,720, Oct. 12, 1993. PCT/US94/06284 is a 
continuation-in-part application of U.S. Ser. No. 08/227, 
370, filed Apr. 14, 1994. U.S. Ser. No. 08/227,370, is a 
continuation-in-part application of U.S. Ser. No. 08/075, 
123, filed Jun. 9, 1993, now abandoned. U.S. Ser. No. 
08/075,123, was a continuation-in-part of U.S. Ser. No. 
07/822,964, filed Jan. 21, 1992, since issued as U.S. Pat. No. 
5,252,720, Oct. 12, 1993. U.S. Ser. No. 07/822,964, was a 
continuation-in-part application of No. 07/771,393, filed 
Sep. 30, 1991, now abandoned, which was a continuation 
in-part of No. 07/539,975, filed Jun. 18, 1990, since issued 
as U.S. Pat. No. 5,162,509, on Nov. 10, 1992, and a 
continuation of international application No. PCT/US90/ 
O1208, filed Mar. 6, 1990. U.S. Ser. No. 07/539,975, was a 
divisional application of U.S. Ser. No. 07/320,293, filed 
Mar. 6, 1989, since issued as U.S. Pat. No. 4,935,498, Jun. 
19, 1990. All of the above-named patents are incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 

Photodynamic therapy (PDT) is a treatment technique that 
uses a photosensitizing dye, which localizes at, or near, the 
treatment site, and when irradiated in the presence of oxygen 
serves to produce cytotoxic materials, such as singlet oxy 
gen (O,(A)) from benign precursors (e.g. (O.(2)) Other 
reactive species such as superoxide, hydroperoxyl, or 
hydroxyl radicals may be involved. At the doses used, 
neither the light northe drug has any independent biological 
effect. In PDT, the photosensitizer acts in a 'catalytic way, 
since its function is not to react directly with the cellular 
targets, but to absorb light energy and to transfer it to 
molecular oxygen, regenerating ground state photosensi 
tizer. 
The effectiveness of PDT is due to three additional 

factors: i) The photosensitive dyes used in PDT must have 
the ability to localize at the treatment site relative to sur 
rounding tissue. ii) The high reactivity and short lifetime of 
activated oxygen means that it has a very short range and is 
unlikely to escape from the cell in which it is produced; 
cytotoxicity is therefore restricted to the precise region of 
tissue absorbing light, perhaps down to the cellular level. iii) 
Developments in lasers and fiber optics allow a beam of 
intense light to be delivered precisely to many parts of the 
body. 

For reviews of photodynamic therapy, see U.S. Pat. No. 
5,252,720 (incorporated by reference herein); Sindelaret al., 
(1991); Grossweiner, L.I., (1991); Henderson, B. W. and T. 
J. Dougherty, (1992); and Moan, J. and K. Berg, (1992). In 
recent years, considerable effort has been devoted to the 
synthesis and study of new photosensitizers (a review is 
found in Brown, S. B. and Truscott, T. G., 1993). The 
development of more effective photochemotherapeutic 
agents requires the synthesis of compounds which absorb in 
the spectral region where living tissues are relatively trans 
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2 
parent (i.e., 700-1000 nm), have high triplet quantum yields, 
and are minimally toxic. The present inventors' texaphyrin 
molecules absorb strongly in the tissue-transparent 730-770 
nm range. The photophysical properties of metallotexaphy 
rins parallel those of the corresponding metalloporphyrins 
and the diamagnetic complexes sensitize the production of 
'O, in high quantum yield The texaphyrins of the present 
invention, being completely synthetic, can be tuned so as to 
incorporate desired properties. 
The present invention also relates to catalysts for the 

cleavage of DNA, in particular, photo-induced site-specific 
cleavage of DNA in a biological system. An effective 
photocatalyst for PDT and DNA cleavage would have the 
following properties: 

1. Easily available 
2. Low intrinsic toxicity 
3. Long wavelength absorption 
4. Efficient photosensitizer for singlet oxygen production 
5. Fair solubility in water 
6. Selective uptake in lipophilic tissue such as atheroma 

or tumor tissue 
7. Showing high affinity for enveloped viruses 
8. Quick degradation and/or elimination after use 
9. Chemically pure and stable 
10. Easily subject to synthetic modification 
11. Efficient at physiological temperature and pH 
12. Specific for certain biological substrates 
13. Easy administered to a biological system 
The ability to specifically photo-cleave DNA has impor 

tant implications for the treatment of various diseases; for 
destruction of viral DNA; for construction of probes for 
controlling gene expression at the cellular level and for 
diagnosis; for footprinting analyses, DNA sequencing, chro 
mosome analyses, gene isolation, recombinant DNA 
manipulations, and for mapping of large genomes and 
chromosomes; in chemotherapy; and in site-directed 
mutagenesis. Potential particular applications for this pro 
cess further include the subsequent recombination of DNA. 

Photodynamic cleavage of DNA is known. For example, 
Praseuth et al., reported cleavage of plasmid DNA by 
synthetic water-soluble porphyrins with visible light in the 
presence of oxygen. Fiel, R. J. (1989) also reported the 
photosensitized strand cleavage and oxidative-reductive 
strand scission of DNA by iron porphyrins. In another 
example, Kobayashi et al. reported cleavage of plasmid 
DNA by sodium pheophorbide (a derivative of chlorophyll) 
with visible light in the presence of oxygen. Porphyrin 
oligonucleotide derivatives were reportedly used to effect 
sequence specific modifications of DNA substrates followed 
by cleavage using hot piperidine (Vlassov et al., 1991; Le 
Doan et al., 1990). The absorption wavelengths for these 
porphyrin conjugates were below 700 nm, a range that does 
not penetrate tissue as effectively as longer wavelengths of 
light. 
The use of ultraviolet light with the drug 8-methoxypso 

rallen to treat psoriasis is well established. Lee et al. relates 
to the interaction of psoralen-derivatized oligodeoxyribo 
nucleoside methylphosphonates with single-stranded DNA. 
Crosslinked photoadducts between pyrimidines and psor 
alen appear to form. This treatment may result in the 
development of cancerous cells. Furthermore, irradiation at 
the short wavelength of about 365 nm does not penetrate the 
body and is therefore only useful on the body surface. 
Psoralen-based treatments must allow the drug to leave the 
body before the patient is exposed to visible light or the 
reaction will continue on the skin surface. 
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Sequence specific cleavage of DNA has also been 
reported for dark reactions using oligonucleotides deriva 
tized with metal complexes. Some examples include oligo 
nucleotide-EDTA-Fe complexes (Strobel, D. A. and P. B. 
Dervan, 1989; Lin, et al., 1989; Dreyer, G. B. and P. B. 
Dervan, 1985), oligonucleotide-tricationic porphyrins with 
metal binding appendages (Groves, J. T. and T. P. Farrell, 
1989), oligonucleotide-phenanthroline-copper complexes 
(Chen, C. H. B. and D. S. Sigman, 1988), oligonucleotide 
manganese-porphyrins (Meunier, B. et al., 1993), and iron 
porphyrins linked to oligonucleotides (Le Doan et al., 1986, 
1987). 

Limitations of current photosensitive molecules include 
lack of good tumor selectivity, and the short wavelength of 
light required to effect the photoexcitation that is prerequi 
site to photosensitization. Therefore, characteristics sought 
in new photosensitizers are the retention or enhancement of 
tumor localization and absorption in the longer wavelength 
ranges up to about 800 nm as well as non-toxicity, lack of 
skin photosensitivity, and ease of production in a pure form. 

LIST OF ABBREWIATIONS 

DCA: Dichloroacetic acid 
DCC: Dicyclohexylcarbodiimide 
DMAP: Dimethylaminopyridine 
DMF: Dimethylformamide 
DMT: Dimethoxytrityl protecting group 
DMTC: Dimethoxytrityl chloride 
EDC: L-Ethyl-3-3-(dimethylamino)propyl) 

carbodiimide 
EDTA: Ethylenediamine tetraacetic acid 
IPA: Isopropylalcohol 
NHS: N-hydroxysuccinimide 
NM: Nanometers 
pTSA: p-Toluenesulfonic acid monohydrate 
TEA: Triethylamine 
TEAB; Triethylammonium bicarbonate 
TFA: Trifluoroacetic acid 
TSC: Tosyl chloride 
THF: Tetrahydrofuran 
Txp(txph)(TX): Texaphyrin 

SUMMARY OF THE INVENTION 

The present invention seeks to solve these problems by 
providing photosensitive texaphyrins and oligonucleotide 
conjugates thereof that provide localization to tumors, 
atheroma, or are site-directing; have absorption in the physi 
ologically important range of 700-900 nm, provide stable 
chelation for an otherwise toxic metallic cation; provide 
specificity for targeted sites in a therapeutic application, and 
are sufficiently nontoxic for in vivo use. 
The present invention also involves the discovery that 

photosensitive texaphyrins catalyze the cleavage of a poly 
mer of deoxyribonucleic acid. Cleavage is enhanced by the 
presence of oxygen, indicating that singlet oxygen or 
another oxygen byproduct is the likely toxic agent. A pho 
tosensitive texaphyrin may be a diamagnetic metal texaphy 
rin complex or may be metal-free. Texaphyrins are unique 
molecules in that they chelate a metal in a very stable 
complex and, furthermore, allow for derivatization for vari 
ous biological applications. 

U.S. Pat. No.5,252,720, incorporated herein by reference, 
provided data that demonstrated the stability and utility of 
texaphyrin metal complexes for in vivo use in magnetic 
resonance imaging protocols. The Y(III), Gd(III), and In(III) 
complexes of texaphyrin were found to be hydrolytically 
stable in 1:1 methanol-water mixtures with half-lives for 
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4 
decomplexation and/or ligand decomposition exceeding 3 
weeks in both cases. The Gd(III) complex of a tetrahydroxy 
lated texaphyrin derivative ("GdT2B2") showed low toxic 
ity and good tissue selectivity in magnetic resonance imag 
ing enhancement. The related texaphyrin diamagnetic metal 
complex-conjugates of the present invention are expected to 
have similar stability for chelating diamagnetic metal cat 
ions and similar low toxicity for in vivo applications. 

Texaphyrin metal complexes possess inherent biolocal 
ization specificity as described in the 720patent, localizing 
in lipid rich regions such as, for example, liver, kidney, 
tumor and atheroma. In one embodiment of the present 
invention, the texaphyrin metal complexes are further 
coupled to site-directing molecules to form conjugates for 
targeted in vivo delivery. "Specificity for targeted sites' 
means that upon contacting the texaphyrin metal complex 
conjugate with the targeted site, for example, under physi 
ological conditions of ionic strength, temperature, pH and 
the like, specific binding will occur. The interaction may 
occur due to specific electrostatic, hydrophobic, entropic or 
other interaction of certain residues of the conjugate with 
specific residues of the target to form a stable complex under 
conditions effective to promote the interaction. In a preferred 
embodiment of the present invention, the interaction 
between a texaphyrin-oligonucleotide conjugate and the 
complementary oligonucleotide is an example of antisense 
technology and will allow cleavage of a polymer of deox 
yribonucleic acid that is in the vicinity of the specific 
binding. The inherent biolocalization properties of texaphy 
rin further effect targeting of an antisense agent to lipophilic 
regions, especially tumors and atheroma, for example. 

Exemplary site-directing molecules contemplated in the 
present invention include but are not limited to: polydeox 
yribonucleotides, oligodeoxyribonucleotides, polyribo 
nucleotide analogs, oligoribonucleotide analogs; polya 
mides including peptides having affinity for a biological 
receptor and proteins such as antibodies; steroids and steroid 
derivatives, hormones such as estradiol, or histamine, hor 
mone mimics such as morphine; and further macrocycles 
such as sapphyrins and rubyrins. The oligonucleotides may 
be derivatized at the bases, the sugars, the ends of the chains, 
or at the phosphate groups of the backbone to promote in 
vivo stability. Modifications of the phosphate groups are 
preferred in one embodiment of the invention since phos 
phate linkages are sensitive to nuclease activity. Preferred 
derivatives are the methylphosphonates, phosphotriesters, 
phosphorothioates, and phosphoramidates. Additionally, the 
phosphate linkages may be completely substituted with 
non-phosphate linkages such as amide linkages. Appendages 
to the ends of the oligonucleotide chains also provide 
exonuclease resistance. Sugar modifications may include 
alkyl groups attached to an oxygen of a ribose moiety in a 
ribonucleotide. In particular, the alkyl group is preferably a 
methyl group and the methyl group is attached to the 2 
oxygen of the ribose. Other alkyl groups may be ethyl or 
propyl. 

It is understood that the terms "nucleotide', 'polynucle 
otide' and "oligonucleotide', as used herein and in the 
appended claims, refer to both naturally-occurring and syn 
thetic nucleotides, poly- and oligonucleotides and to analogs 
and derivatives thereof such as methylphosphonates, phos 
photriesters, phosphorothioates and phosphoramidates and 
the like. Deoxyribonucleotides and ribonucleotide analogs 
are contemplated as site-directing molecules in the present 
invention. r 

The term "texaphyrin-oligonucleotide conjugate” means 
that an oligonucleotide is attached to the texaphyrin in a 5' 
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or 3' linkage or both types of linkages to allow the texaphy 
rin to be an internal residue in the conjugate. The oligo 
nucleotide or other site-directing molecule may be attached 
either directly to the texaphyrin via a linker, or a couple of 
variable length. During catalysis, for example, the texaphy 
rin portion of a texaphyrin metal complex-oligonucleotide 
conjugate is placed in the vicinity of the substrate upon 
binding of the oligonucleotide to the targeted nucleic acid 
substrate. A "sapphyrin-oligonucleotide conjugate' is 
referred to in the same way as described above for a 
texaphyrin-oligonucleotide conjugate except that the texa 
phyrin is replaced with a sapphyrin. 
A couple may be described as a linker, i.e., the covalent 

product formed by reaction of a reactive group designed to 
attach covalently another molecule at a distance from the 
texaphyrin macrocycle. Exemplary linkers or couples are 
amides, amine, thioether, ether, or phosphate covalent bonds 
as described in the examples for attachment of oligonucle 
otides. In most preferred embodiments, oligonucleotides and 
other site-directing molecules are covalently bonded to the 
texaphyrin via a carbon-nitrogen, carbon-sulfur, or a carbon 
oxygen bond. 
The cleavage of DNA described herein is a photolytic 

cleavage. It is believed that the cleavage is not hydrolytic 
where a water molecule is added across a bond to break the 
bond, nor is the cleavage believed to be solely oxidative 
where an oxidation reaction in the absence of light causes 
breakage of the bond. 

It will be apparent to one of skill in the art in light of the 
present disclosure that the site-specific cleavage of DNA has 
important ramifications in a variety of applications. Potential 
particular applications for this process include antisense 
applications; the specific cleavage and possible subsequent 
recombination of DNA; destruction of viral DNA, construc 
tion of probes for controlling gene expression at the cellular 
level and for diagnosis; and cleavage of DNA in footprinting 
analyses, DNA sequencing, chromosome analyses, gene 
isolation, recombinant DNA manipulations, mapping of 
large genomes and chromosomes, in chemotherapy and in 
site-directing mutagenesis. 
An embodiment of the present invention is a preferred 

texaphyrin having the structure: 

-N: 

where M is H, a divalent metal cation selected from the 
group consisting of Ca(II), Mn(II), Co(II), Ni(II), Zn(II), 
Cd(II), Hg(II), Fe(II), Sm(II) and UO(II) or a trivalent metal 
cation selected from the group consisting of Mn(III), 
Co(III), Ni(III), Fe(III), Ho(III), Ce(III), Y(III), In(III), 
Pr(III), Nd(III), Sm(III), Eu(III), Gd(III), Tb(III), Dy(III), 
Er(III), Tm(III), Yb(III), Lu(III), La(III), and U(III). Pre 
ferred metals include Lu(III), Dy(III), Eu(III), or Gd(III). 
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6 
The nonmetallated form of texaphyrin may be used, in 
particular, where fluorescence is the preferred means of 
detection of the texaphyrin. M may be H or CH in a 
nonmetallated form of texaphyrin. A texaphrin having a 
methyl group attached to a ring nitrogen (M is CH3) is 
described in related copending application U.S. Ser. No. 
08/135,118, incorporated by reference herein. In the above 
texaphyrin, R is (CH4)2CH-OH, RandR are CHCH., R. 
is CH, RandR are O(CH2CH2O)2CHCHOCH and N 
is an integer less than or equal to 2. 
A method of treating a host harboring atheroma or benign 

or malignant tumor cells is an aspect of the present inven 
tion. The method comprises the steps of: i) administering to 
the host an effective amount of a photosensitive texaphyrin, 
and ii) photoirradiating the photosensitive texaphyrin in 
proximity to the atheroma or tumor cells. The term "pho 
tosensitive' means that upon irradiation, texaphyrin effects 
either the generation of oxygen products that are cytotoxic 
or means that the texaphyrin is fluorescent, or both. Cyto 
toxic oxygen products may be singlet oxygen, hydroxyl 
radicals, superoxide, or hydroperoxyl radicals. The texaphy 
rin may be a diamagnetic metal complex or a metal-free 
species. Diamagnetic metals would include preferably, 
Lu(III), La(III), InCIII), Zn(II) or Cd(II). Most preferably, the 
diamagnetic metal is Lu(III). 
The above-described method may further comprise the 

step of determining localization sites of the photosensitive 
texaphyrin in the host by reference to the texaphyrin. "By 
reference to the texaphyrin' as used herein means that the 
location may be found by localization such as magnetic 
resonance imaging if the texaphyrin contains a metal that is 
paramagnetic, gamma ray detection if the metal is gamma 
emitting, or by using monochromatic X-ray photon sources 
or fluorescent spectroscopy. Gamma emitting metals for 
radioimmunodiagnostics are described in U.S. Pat. No. 
5,252,720, incorporated by reference herein. A preferred 
gamma emitting metal is 'In(III). In the case of a texa 
phyrin that is non-metallated, fluorescence imaging is the 
preferred means of detection. 

"Selective biolocalization' means having an inherently 
greater affinity for certain tissues relative to surrounding 
tissues. Texaphyrins have biolocalization specificity for lipid 
rich tissue, such as atheroma and tumor, for example. 
Importantly, hydroxylated texaphyrins have a lipid-water 
distribution coefficient that is optimal for localization to 
lipophilic regions, yet sufficiently water soluble to allow 
ease of handling. 
The abovenamed method may further include a step of 

administering to the host a photosensitive texaphyrin dia 
magnetic metal complex. Preferably, the complex has essen 
tially identical biolocalization property to the texaphyrin 
administered in step (i). - 
These steps may be combined in a method of treating a 

host harboring atheroma or benign or malignant tumor cells. 
The method comprises the administration to the host as a 
first agent, a detectable texaphyrin; determining localization 
sites in the host by reference to such detectable texaphyrin, 
followed by administration to the host as a second agent, a 
texaphyrin-diamagnetic metal complex exhibiting the ability 
to generate singlet oxygen upon exposure to light, and 
photoirradiating the second agent in proximity to said 
atheroma or tumor cells. Preferably, the first and second 
agents are water soluble while retaining lipophilicity and 
exhibit selective biolocalization in such atheroma or tumor 
cells relative to surrounding tissue. A further preferred 
embodiment is where the host is harboring atheroma. 
The first agent is further defined in a preferred embodi 

ment as being a texaphyrin-paramagnetic metal complex, 
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said paramagnetic metal serving as a detectable metal. In 
this case, determination of localization sites occurs by 
magnetic resonance imaging. The paramagnetic metal is 
most preferably Gd(III). 

In another embodiment of this method, the first agent is a 
photosensitive texaphyrin that exhibits fluorescence. This 
may be a non-metallated texaphyrin or a texaphyrin-metal 
complex that exhibits fluorescence. Determination of local 
ization sites occurs by said fluorescence of the photosensi 
tive texaphyrin. In some instances, the first and second 
agents may be the same photosensitive agent. In this case, 
the step of administering the second agent following deter 
mination of localization sites may be eliminated. In a 
preferred embodiment, the first agent is a non-metallated 
texaphyrin and the second agent is a texaphyrin-diamagnetic 
metal complex. In another preferred embodiment, both the 
first agent and the second agent are texaphyrin-diamagnetic 
metal complexes, and more preferably they are the same 
complex. The diamagnetic metal is preferably Lu(III). 
A further variation of this method uses as a first agent a 

gamma-emitting radioisotope-texaphyrin complex, said 
gamma-emitting radioisotope serving as a detectable metal. 
Determination of localization sites occurs by gamma body 
scanning. 

"Essentially identical biolocalization property' means the 
second agent is a texaphyrin derivative having about the 
same selective targeting characteristics in tissue as demon 
strated by the first agent. 

In one embodiment of the above-described method, the 
complex of the first agent and the complex of the second 
agent independently have the structure: 

-N- 

wherein M is Hora detectable metal cation in the first agent 
and a diamagnetic metal cation in the second agent, R, R2, 
R, R R5 and R are independently hydrogen, hydroxyl, 
alkyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, Saccharide, car 
boxyalkyl, carboxyamidealkyl, a site-directing molecule, or 
a couple to a site-directing molecule where at least one of 
R, R2, R, R, R and R is hydroxyl, hydroxyalkoxy, 
saccharide, alkoxy, carboxyalkyl, carboxyamidealkyl, 
hydroxyalkyl, a site-directing molecule or a couple to a 
site-directing molecule; and N is an integer less than or equal 
to 2. The photoirradiating is preferably at wavelengths 
where biological tissue is relatively transparent, ie. the 
700-900 nm range and where laser excitation is possible. A 
preferred range of wavelength of light is 700-770 

In the detection and treatment of atheroma or benign or 
malignant tumor cells, a preferred paramagnetic metal con 
plex is the Gd(III) complex of 4,5-diethyl-10,23-dimethyl 
9,24-bis(3-hydroxypropyl)- 16,17-bis(2-2-(2-methoxy 
ethoxy)ethoxyethoxy)- 13,20,25,26,27-pentaazapentacyclo 
(20.2.1.1.18.0', heptacosa-1,3,5,7,9,11 (27), 12, 
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8 
14(19), 15, 17.20,22(25),23-tridecaene (“GdT2BET') and a 
preferred diamagnetic metal complex is the Lu(III) complex 
of 4,5-diethyl-10,23-dimethyl-9,24-bis(3-hydroxypropyl)- 
16, 17-bis(2-2-(2-methoxyethoxy)ethoxyethoxy- 13.20, 
25,26,27-pentaazapentacyclo[20.2.1.1.1.0'' hepta 
cosa-1,3,5,7,9,11(27),12,14(19), 15, 17,20.22(25),23-tride 
caene ("LuT2BET). 
A preferred method of treating a host harboring tumor 

cells or atheroma comprises the steps of administering to the 
host an effective amount of a texaphyrin-diamagnetic metal 
complex, the complex exhibiting selective biolocalization in 
the tumor cells or atheroma relative to surrounding tissue; 
and photoirradiating the texaphyrin-diamagnetic metal con 
plex in proximity to the tumor cells or atheroma. The 
photoirradiating is carried out preferably at about 700-900 
nm, and more preferably at 700–770 nm. 
A further embodiment of the present invention is a 

method of detecting the presence of a photosensitive texa 
phyrin in solution or in tissue comprising the steps of i) 
irradiating a solution or tissue in which presence of a 
photosensitive texaphyrin is suspected; and ii) monitoring 
fluorescence emitted from the irradiated solution or tissue 
wherein fluorescence indicates the presence of a photosen 
sitive texaphyrin. The irradiating is carried out using light of 
a wavelength range of about 700-800 nm while monitoring 
the emitted fluorescence at wavelengths that are about 5-40 
nm further to the red (i.e. longer wavelengths). For example, 
in aqueous solution, the fluorescence of LuT2BET is moni 
tored 14 nm to the red of the irradiation wavelength. 

In the above method of treating a host harboring atheroma 
or benign or malignant tumor cells, the localization sites of 
the texaphyrin may be determined by fluorescence. In this 
case, the texaphyrin may be metallated, provided the metal 
is diamagnetic, or may be metal-free. 
A further embodiment of the present invention provides a 

method of light-induced cleavage of a polymer of deoxyri 
bonucleic acid. The method comprises the steps of contact 
ing the polymer with a photosensitive texaphyrin and expos 
ing the photosensitive texaphyrinto light for a time sufficient 
to cleave the polymer. In a preferred embodiment, the 
exposing step is carried out in the presence of oxygen. A 
texaphyrin as used herein is an aromatic pentadentate 
expanded porphyrin analog with appended functional 
groups. Such pendant groups may enhance solubility or 
biolocalization or may provide coupling sites for site-direct 
ing molecules such as oligonucleotides. The texaphyrin may 
be a metal complex of texaphyrin, preferred metals are 
diamagnetic metals. 
The polymer may be a solution or a suspension of DNA 

or may be cellular DNA in vitro or in vivo. DNA is 
preferably cleaved over RNA. However, treatment of RNA 
with 1 M LuB2T2 results in hydrolysis products both in the 
presence and in the absence of light. This reaction with 
RNA, therefore, is not photoinduced and produces different 
products than the photocleavage reaction of the present 
invention. In the present light-dependent cleavage, the light 
may have a wavelength range of about 650-900 nm, pref 
erably 700–800 nm, and most preferably 730-770 nm. 
The texaphyrin metal complex for use in light-induced 

cleavage of a polymer of deoxyribonucleic acid may have 
the structure: 
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In this texaphyrin, M is H or a diamagnetic metal cation. R, 
R2, R2, R1, Rs and R are independently hydrogen, 
hydroxyl, alkyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, sac 
charide, carboxyalkyl, carboxyamidealkyl, a site-directing 
molecule or a couple to a site-directing molecule. A site 
directing molecule is the conjugate of a texaphyrin metal 
complex-conjugate. A preferred diamagnetic metal cation is 
Lu(III), La(III), InCIII), Zn(II) or CdCII). A most preferred 
diamagnetic metal cation is Lu(III). 
N will typically be an integer less than or equal to 2. In 

the context of the basic macrocycle with a divalent or 
trivalent metal cation, N is 1 or 2; however, one skilled in the 
art in light of the present disclosure would realize that the 
value of N would be altered due to charges present on 
substituents R-R and charges present on the covalently 
bound site-directing molecule, for example, charges of the 
phosphate groups on an oligonucleotide. 
R, R2, R, R R5 and R may also independently be 

amino, carboxy, carboxamide, ester, amide sulfonato, ami 
noalkyl, sulfonatoalkyl, amidealkyl, aryl, etheramide or 
equivalent structures conferring the desired properties. In a 
preferred embodiment, at least one of R, R2, R., R., Rs and 
R is a site-directing molecule or is a couple to a site 
directing molecule. For bulky R groups on the benzene ring 
portion of the molecule such as oligonucleotides, one skilled 
in the art would realize that derivatization at one position on 
the benzene portion is more preferred. 

Hydroxyalkyl means alkyl groups having hydroxyl 
groups attached. Alkoxy means alkyl groups attached to an 
oxygen. Hydroxyalkoxy means alkyl groups having ether or 
ester linkages, hydroxyl groups, substituted hydroxyl 
groups, carboxyl groups, substituted carboxyl groups or the 
like. Saccharide includes oxidized, reduced or substituted 
saccharide; hexoses such as D-glucose, D-mannose or D-ga 
lactose; pentoses such as D-ribose or D-arabinose, ketoses 
such as D-ribulose or D-fructose; disaccharides such as 
sucrose, lactose, or maltose; derivatives such as acetals, 
amines, and phosphorylated sugars, oligosacchrides, as well 
as open chain forms of various sugars, and the like. 
Examples of amine-derivatized sugars are galactosamine, 
glucosamine, and sialic acid. Carboxyamidealkyl means 
alkyl groups with secondary or tertiary amide linkages or the 
like. Carboxyalkyl means alkyl groups having hydroxyl 
groups, carboxyl or amide substituted ethers, ester linkages, 
tertiary amide linkages removed from the ether or the like. 

For the above-described texaphyrins, hydroxyalkoxy may 
be alkyl having independently hydroxy substituents and 
ether branches or may be Co-Ho-1-2. O,O, or 
OCH2)2O.O, where n is a positive integer from 1 
to T0, x is zero or a positive integer less than or equal to n, 
and y is zero or a positive integer less than or equal to 
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((2n+1)-2x). The hydroxyalkoxy or saccharide may be 
C.H.O.R., OCH2--OR", or (CH2)CO2R 
where n is a positive integer from 1 to 10,y is zero or a 
positive integer less than ((2n+1)-q), q is Zero or a positive 
integer less than or equal to 2n+1, and R' is independently 
H, alkyl, hydroxyalkyl, Saccharide, CH2--1-2O.O., 
O2CCon-w)Hon+1)-2O.O. Or N(R)OCC 
Ho-20O. In this case, m is a positive integer from 
1 to 10, w is zero or a positive integer less than or equal to 
m, Z is Zero or a positive integer less than or equal to 
((2m+1)-2w), and R is H, alkyl, hydroxyalkyl, or CH2. 
1-POR, where m is a positive integer from 1 to 10, Z is 
Zero or a positive integer less than ((2m+1)-r), r is zero or 
a positive integer less than or equal to 2m+1, and R is 
independently H, alkyl, hydroxyalkyl, or saccharide. 

Carboxyamidealkyl may be alkyl having secondary or 
tertiary amide linkages or (CH),CONHR, 
O(CH),CONHR, (CH2)CONCR), Or 
O(CH2)CONCR) where n is a positive integer from 1 to 
10, and R" is independently H, alkyl, hydroxyalkyl, saccha 
ride, Con-w)Hc(2m+1)-2wow0. O2CCon-whoam-1-2.O.O. 
N(R)OCCo-Ho-20O. or a site-directing mol 
ecule. In this case, m is a positive integer from 1 to 10, w is 
zero or a positive integer less than or equal to m, Z is Zero 
or a positive integer less than or equal to ((2m+1)-2w), and 
R is H, alkyl, hydroxyalkyl, or C.Hon. O.R. In this 
case, m is a positive integer from 1 to 10, Z is zero or a 
positive integer less than ((2m+1)-r), r is zero or a positive 
integer less than or equal to 2m+1, and R is independently 
H, alkyl, hydroxyalkyl, or saccharide. In a preferred embodi 
ment, R is an oligonucleotide. 

Carboxyalkyl may be alkyl having a carboxyl substituted 
ether, an amide substituted ether or a tertiary amide removed 
from an ether or CH2--OR or OCH (21 OR 
where n is a positive integer from 1 to 10; y is zero or a 
positive integer less than ((2n+1)-q), q is zero or a positive 
integer less than or equal to 2n+1, and R is (CH2)COR, 
(CH2)CONHR, (CH2)CONCR), or a site-directing mol 
ecule. In this case, n is a positive integer from 1 to 10, R 
is independently H, alkyl, hydroxyalkyl, saccharide, 
Con-whic(2n+1)-2wOO- O2CCon-whom+1)-2O.O. O 
N(R)OCCo-Ho-2O.O. In this case, m is a posi 
tive integer from 1 to 10, w is zero or a positive integer less 
than or equal to m, Z is Zero or a positive integer less than 
or equal to ((2m+1)-2w), and R is H, alkyl, hydroxyalkyl, 
O C.Hon. --OR, In this case, m is a positive integer 
from 1 to 10, Z is zero or a positive integer less than 
((2m+1)-r), r is zero or a positive integer less than or equal 
to 2m+1, and R is independently H, alkyl, hydroxyalkyl, or 
saccharide. In a preferred embodiment, R is an oligonucle 
otide. 

In presently preferred texaphyrins, R is hydroxyalkyl and 
R, R and Ra are alkyl, or at least one of R, R2, R, Ra, R 
and R is a site-directing molecule or a couple to a site 
directing molecule. Alternatively, R, R or R may be a 
site-directing molecule or a couple to a site-directing mol 
ecule. A site-directing molecule is a hormone oris preferably 
an oligonucleotide or a couple to an oligonucleotide. The 
oligonucleotide may be a deoxyribonucleotide or a ribo 
nucleotide analog. A preferred ribonucleotide analog, for 
example, has methyl groups on the 2' oxygen of the ribose. 

In a further preferred texaphyrin for the above-described 
method, R is (CH2)CH-OH, R and R are CHCH R is 
CH and Rs and Rare OCHCH2CH2OH. Alternatively, R 
is a site-directing molecule or a couple thereto, preferably an 
oligonucleotide or a couple thereto, more preferably 
O(CH2)CO-oligonucleotide where n is 1-7 and preferably 
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1-3; and R is H. In a further presently preferred embodi 
ment, R is (CH2)CHOH, R and R are CHCH, R is 
CH, Rs is O(CH2CH2O)CHCHOCH, and R is a site 
directing molecule or a couple thereto, preferably an oligo 
nucleotide or a couple thereto, more preferably O(CH2)CO 
oligonucleotide where n is 1-7 and preferably 1-3. In other 
presently preferred embodiments, R-R are as in Table 1 
for texaphyrins A1-A22. 

In a further preferred embodiment of the above described 
method, the oligonucleotide has complementary binding 
affinity for the DNA in a region proximal to the cleavage 
site. The oligonucleotide may have complementary binding 
affinity for viral DNA and upon cleavage by the texaphyrin 
oligonucleotide conjugate, the virus would be killed. The 
oligonucleotide may have complementary binding affinity 
for oncogenes or may have binding specificity for localiza 
tion to a treatment site. A hormone may have binding 
specificity for a biological receptor and the receptor is 
localized to a treatment site. The hormone or hormone 
mimic may be estradiol, histamine or morphine, for 
example. 

This method of site specific cleavage of DNA involves 
two sources of specificity. A complementary oligonucleotide 
is designed to base pair with the targeted substrate and the 
second source of specificity for in vitro or in vivo applica 
tions is the positioning of the laser light. Such positioning of 
laser light, either by manual or mechanical means, would be 
particularly advantageous when the oligonucleotide cleav 
age reaction in question is to be effected at a particular 
biological locus, such as, for instance, a deep-seated tumor 
site. Here, the fact that the texaphyrins absorb light at 
wavelengths where bodily tissues are relatively transparent 
(700-900 nm) is particularly advantageous. This procedure 
allows for the effective implementation of light-based oli 
gonucleotide strategies at loci deep within the body with 
relatively little deleterious light-based photosensitization of 
other tissues where the texaphyrin conjugates are not local 
ized. 
The use of texaphyrin metal complexes to cleave DNA in 

vivo as a treatment procedure relies on the effective local 
ization of the complex to the site of desired cleavage. A site 
of desired cleavage may be a position novel to undesired 
organisms in terms of health care. A site of desired cleavage 
may be a DNA encoding a product deleterious to the host or 
may be a normal DNA that is deleterious in some way. The 
binding of a conjugate to a DNA double helix will form a 
triple helix which has sufficient stability for effective cleav 
age to occur. 
The data of Examples 10 and 11 demonstrate that dia 

magnetic metal-texaphyrin-oligonucleotide conjugates may 
be developed into DNA antisense reagents. This antisense 
strategy provides a clear and rational method for new drug 
design because there is one requirement, namely that the 
antisense probe hybridize to its target molecule. The hybrid 
ization requirement is very well understood via complemen 
tary Watson-Crick or Hoogsteen base pairing. Unlike the 
present methods in the art which require screening of 
thousands of compounds and X-ray crystal structure analy 
sis, the information needed for antisense technology is the 
sequence of the target. Treating native DNA with this new 
texaphyrin-oligonucleotide conjugate results in the conju 
gate binding to a complementary DNA sequence via the 
appended oligonucleotide. The diamagnetic metal-texaphy 
rin complex then cleaves the DNA proximal to this specific 
site. Two texaphyrin molecules may be attached to a con 
jugated oligonucleotide enhancing the cleavage activity. 
Also, a greater number of texaphyrins attached to the 
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olignucleotide will cause the antisense agent to take on the 
pharmacodynamic and biodistribution properties of the texa 
phyrin such as selective localization in tumors. 
The texaphyrin oligonucleotide-conjugate would have 

immediate applications for anti-viral and anti-bacterial 
therapy as well as cancers (an oligonucleotide complemen 
tary to an oncogene, for example) and inflammatory 
responses that are caused by the overexpression of certain 
proteins. Antisense technology is discussed in U.S. Pat. Nos. 
5,194,428, 5,110,802 and 5,216,141, all of which are incor 
porated by reference herein. Metal-free and diamagnetic 
metallated texaphyrin compounds, methods for making and 
methods for using them are described in U.S. Pat. Nos. 
4,935,498, 5,162,509, 5,252,720, 5,272,142, 5,256,399, and 
5,292,414; and in pending applications U.S. Ser. No. 08/098, 
514,08/100,093, now U.S. Pat. No. 5,432,171,08/112,786, 
now U.S. Pat. No. 5,439,570, 08/112,786, 08/112,872, now 
U.S. Pat. No. 5,451,578, 08/135,118,08/168,668, now U.S. 
Pat. No. 5,369,101, 08/196,964, 08/227,370, 08/207,845, 
and 08/236,218; each patent and application is incorporated 
by reference herein. Sapphyrin compounds are disclosed in 
U.S. Pat. Nos. 5,041,078, 5,159,065, 5,120,411 and 5,302, 
714; and in application 07/964,607, now U.S. Pat. No. 
5,457,195; each patent and application is incorporated by 
reference herein. 
A further embodiment of the present invention is a 

method of incorporating sapphyrin or texaphyrin before, 
during, or after chemical synthesis of an oligomer to form a 
sapphyrin- or texaphyrin- oligonucleotide conjugate. This 
method comprises the steps of obtaining an automated or 
manual DNA synthesizer having a solid support. Further 
steps include reacting derivatized nucleotides, and a sap 
phyrin, or a texaphyrin in a desired order to form a sapphy 
rin- or a texaphyrin- oligonucleotide conjugate. For 
example, an oligonucleotide may be formed by repeated 
steps of reacting nucleotides on the solid support. Sapphyrin 
or texaphyrin may be coupled in the final step to form a 
conjugate with a 5" linkage. Alternatively, a sapphyrin or 
texaphyrin may be coupled to the solid support followed by 
the addition of nucleotides to form a conjugate with a 3' 
linkage. A third possibility is the coupling of nucleotides 
followed by a macrocycle, such as texaphyrin or sapphyrin, 
then followed by nucleotides to form a conjugate where an 
internal residue is a macrocycle. 
The oligonucleotide may be linked to the sapphyrin or 

texaphyrin in a 3" linkage, a 5" linkage, or a linkage internal 
to the oligonucleotide. The texaphyrin or sapphyrin may be 
coupled as a phosphoramidite, H-phosphonate, or phosphate 
triester derivative and may be coupled to the growing end of 
the oligonucleotide in the synthesizer during or in the final 
step of synthesis. 

Another embodiment of the present invention is a method 
for targeted intracellular DNA cleavage. The method com 
prises the introduction into a cell of a texaphyrin coupled to 
an oligonucleotide having complementary binding affinity 
for a targeted DNA, whereby cleavage of the targeted DNA 
is catalyzed by the texaphyrin. The DNA may be oncogene 
DNA or may be normal DNA which needs to be destroyed, 
for example, due to improper timing of expression. The 
oligonucleotide coupled to the texaphyrin may be DNA, a 
DNA analog, or an RNA analog oligonucleotide. The texa 
phyrin may be a free base texaphyrin or a metallated form 
of texaphyrin. The metal is preferably a diamagnetic metal, 
most preferably Lu(III). 
A method for inhibiting the expression of a gene in an 

animal comprising the administration to the animal of a 
texaphyrin oligonucleotide-conjugate is a further embodi 
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ment of the present invention. The oligonucleotide may have 
complementary binding affinity for regulatory regions of the 
gene or for regions encoding exons or introns. The oligo 
nucleotide may be complementary to either strand of the 
DNA or to the duplex DNA. A further embodiment of the 
present invention is a method for inhibiting the expression of 
a gene in a particular tissue of an animal comprising 
administering to the animal a texaphyrin having specificity 
for the tissue. The texaphyrin may have appended an oli 
gonucleotide complementary to the target gene. 
A further embodiment of the present invention is a 

texaphyrin conjugate wherein two or more separate texa 
phyrin complexes are attached to an oligonucleotide, one at 
the 3', one at the 5' end, and/or one or more at an internal 
residue. The texaphyrin may be metal free or may be 
metallated. A metalion of each of the texaphyrin complexes 
may be the same or it may be different. Similarly, each of the 
texaphyrins may be different. Use of a dual texaphyrin 
complex-conjugate should effect the cleavage of DNA with 
increased efficiency due to the concerted activity of the 
metal complexes. For diagnosis and treatment purposes, the 
administration of such a conjugate with one texaphyrin 
complex having a diamagnetic metal species and the other 
having a paramagnetic species would allow binding, imag 
ing, and cleavage, all effected by one conjugate. In this case, 
binding is effected by the oligonucleotide, imaging is 
accomplished by MRI due to the presence of the paramag 
netic metal ion, and cleavage is accomplished by the pho 
tosensitive texaphyrin containing a diamagnetic metal cat 
ion. Therefore, the biodistribution and cellular penetration of 
the conjugate may be determined. 

Following long-standing patent law convention, the terms 
'a' and "an' mean "one or more' when used in this 
application, including the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following drawings form part of the present specifi 
cation and are included to further demonstrate certain 
aspects of the present invention. The invention may be better 
understood by reference to one or more of these drawings in 
combination with the detailed description of specific 
embodiments presented herein. 

FIG. 1A and FIG. 1B schematically summarize the syn 
thesis of an oligonucleotide conjugate of a texaphyrin metal 
complex, 2. 

FIG. 2A, FIG. 2B and FIG. 2C demonstrate the covalent 
coupling of texaphyrin metal complexes with amine, thiol or 
hydroxy linked oligonucleotides. 

FIG. 3A, FIG. 3B, FIG. 3C, and FIG. 3D demonstrate the 
synthesis of diformyl monoacid tripyrrane 4 and oligo 
nucleotide conjugate 4. 

FIG. 4 shows texaphyrin-metal complexes useful for the 
present invention. 

FIG. 5A, FIG. 5B and FIG. 5C show the synthesis of a 
preferred texaphyrin of the present invention, T2BET. 

FIG. 6A, FIG. 6B, FIG. 6C, FIG. 6D, FIG. 6E, FIG. 6F 
and FIG. 6G show stepwise synthesis schemes for preparing 
texaphyrin metal complex-oligonucleotide conjugates and 
sapphyrin oligonucleotide conjugates. FIG. 6A shows the 
synthesis of a texaphyrin metal complex 3'-linked-oligo 
nucleotide conjugate. FIG. 6B and FIG. 60 show an 
approach that results in a 5" linked oligonucleotide conju 
gate. FIG. 6D shows the synthesis of a 5'-linked sapphyrin 
oligonucleotide conjugate. FIG. 6E shows the synthesis of a 
precursor sapphyrin that may be linked to two oligonucle 
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otides. FIG. 6F and FIG. 6G show the synthesis of sapphyrin 
oligonucleotide conjugate via the H-phosphonate method. 
Example 9 provides the details of these stepwise synthesis 
schemes. 

FIG. 7 shows site-specific cleavage of DNA by a Lu(II 
I)Txp-oligodeoxynucleotide conjugate. 

FIG. 8 shows lutetium texaphyrin-RNA analog oligo 
nucleotide conjugates hybridized to template DNA. The 
RNA analog is the 2'-O-methylated derivative of the ribo 
nucleotide. 

FIG. 9A, 9Bi and FIG. 9Bii depicts a texaphyrin "fluo 
rescent switch' for detecting a sequence in DNA as 
described in Example 15. "B” represents a base present in 
nucleic acid. 

FIG. 10A, FIG. 10Bi and FIG. 10Bi depicts a further 
texaphyrin "fluorescent switch' for detecting a sequence in 
DNA having a different texaphyrin at each end of the probe 
as described in Example 15. M is Hora diamagnetic metal 
cation, M2 is a paramagnetic metal cation or a diamagnetic 
metal cation with lower excited state energetics as compared 
to M. “B” represents a base present in nucleic acid. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention involves the use of photosensitive 
texaphyrins for the photodynamic treatment of tumor cells 
and atheroma in vivo and for the photoinduced cleavage of 
a polymer of deoxyribonucleic acid. The photosensitive 
texaphyrin may be a free base texaphyrin or may be met 
allated with a diamagnetic metal. 
More particularly, the invention involves the site-specific 

cleavage of a polymer of deoxyribonucleic acid using a 
photosensitive texaphyrin metal complex-oligonucleotide 
conjugate where the oligonucleotide is a site-directing mol 
ecule having sequence complementarity to a portion of the 
DNA to be cleaved. A preferred diamagnetic metal is 
Lu(III), La(III), In(III), Zn(II), or CdCI) and a most pre 
ferred diamagnetic metal is Lu(III). 
An individual skilled in the art of organic synthesis in 

light of the present disclosure is able to prepare a large 
variety of photosensitive texaphyrins, all of which are 
expected to cleave DNA, an important biological species. 
Potential particular applications for this process include the 
specific cleavage and possible subsequent recombination of 
DNA; destruction of viral DNA; construction of probes for 
controlling gene expression at the cellular level and for 
diagnosis; and cleavage of DNA in footprinting analyses, 
DNA sequencing, chromosome analyses, gene isolation, 
recombinant DNA manipulations, mapping of large 
genomes and chromosomes, in chemotherapy, and in site 
directing mutagenesis. 
The methods of the present invention are useful in pho 

todynamic therapy, the targeted light-induced killing of cells 
in the vicinity of a photosensitive molecule. Examples 
12-14 provide data demonstrating the in vivo killing of 
tumor cells and destruction of atheromatous plaque. 

Texaphyrins of the present invention may be metal free or 
may be in a complex with a metal. For generating singlet 
oxygen, the preferred metal is a diamagnetic metal. Divalent 
and trivalent metal complexes of texaphyrins are by con 
vention shown with a formal charge of N, where N=l or 2, 
respectively. It is understood by those skilled in the art that 
the complexes described in the present invention have one or 
more additional ligands providing charge neutralization and/ 
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or coordinative saturation to the metal ion. Such ligands 
include chloride, nitrate, acetate, and hydroxide, among 
others. 

Exemplary texaphyrins of the present invention are listed 
in Table 1. 

16 
The bacterial strain used to harbor the plasmid DNA, 

pGEM37, was E. coli DH5o. from Bethesda Research 
Laboratories (Gaithersburg, Md.). The plasmid used was 
pGEM37, from Promega (Madison, Wisc.) with the 4.3 kb 
fragment of mouse MDR1a inserted at the EcoRI site. 

TABLE 1. 

Representative Substituents for Texaphyrin Macrocycles of the Present Invention 

TXP R R2 R R Rs R6 

A1 CHCCH)OH CHCH CHCH, CH, O(CH)OH O(CH)OH 
A2 O(CHCHO)CH O(CHCHO)CH 
A3 O(CH),CON 

linker-site 
directing 

molecule, n = 1-7 
A4 O(CH),CON- H 

linker-site 
directing 
molecule 

A5 OCHCO-hormone 
A6 t t O(CH2CH2O)CH r 

AT r r OCHCON-linker- O(CHCHO)CH 
site-directing 
molecule 

A8 r r OCHCO-hormone r 

A9 t t f O(CH2CH2O)2CH O(CH2CH2O)CH 
CH-N-imidazole 

AO t saccharide H 

A11 OCHCONCCHCHOH), 
A12 CHCONCCH)CH 

(CHOH)CH-OH 
A13 COOH COOH CHCONCCH)CH 

(CHOH)CHOH 
A14 COOCHCH, COOCHCH CHCONCCH)CH 

(CHOH),CHOH 
A15 CHCHCONCHCHOH) CHCH CHCH CHCONCCHCH 

(CHOH)CHOH 
A16 CHCHONCH)CH- OCH OCH 

(CHOH)CHOH 
A17 CHCCH)OH r O(CH2)COOH, n = 1-7 H 
A18 r t (CH)-CON 

linker-site-directing 
molecule, n = 1-7 

A19 y YCOCH-linker 
site-directing 
molecule 
Y= NH, O 

A20 CHCH CH CHCHCOOH O(CH2)CHOH O(CH2)CHOH 
A21 CHCHCON-oligo t 

A22 CHCCH)OH CHCH CHCH O(CH2)CO-histamine H 

The following examples are included to demonstrate 
preferred embodiments of the invention. It should be appre 
ciated by those of skill in the art that the techniques 
disclosed in the examples which follow represent techniques 
discovered by the inventors to function well in the practice 
of the invention, and thus can be considered to constitute 
preferred modes for its practice. However, those of skill in 
the art should, in light of the present disclosure, appreciate 
that many changes can be made in the specific embodiments 
which are disclosed and still obtain a like or similar result 
without departing from the spirit and scope of the invention. 

EXAMPLE 

Cleavage of Plasmid DNA Using a 
Texaphyrin-Lu(III) Complex 

The present example demonstrates the use of a texaphyrin 
diamagnetic complex for the cleavage of DNA, in particular, 
the use of a Lu(III)txp complex for the cleavage of plasmid 
DNA, pGEM37, and pBR322. 

50 

55 

60 

65 

Growth conditions were LB (Luria broth) with amplicillin at 
100 g/mL. Cultures were inoculated and gently shaken 
overnight at 37° C. 
A mini-prep of plasmid pCEM37, DNA was obtained as 

follows. The pellet from 1.5 mL of an overnight culture was 
resuspended in 110 ul of solution A (25 mM Tris pH 8.9, 25 
mM EDTA, 20% glucose and 1 mg/mL lysozyme). This 
suspension was left 5 min at room temperature, then 220 ul 
of solution B (0.2N NaOH, 1% SDS) was gently added. The 
tubes were mixed well and left to stand 5 min at room 
temperature. Then, 180 l of 3M Na/KAcetate pH 5.2 (30 
mL of 5M potassium acetate (KAc) and 20 mL of glacial 
acetic acid) was added, the tubes were mixed well, and spun 
10 min. The cleared supernatant was transferred to fresh 
tubes and extracted with chloroform/isoamyl alcohol (24:1). 
The extracted aqueous layer was then precipitated with 1.0 
mL of ethanol (200 proof) at room temperature. Tubes were 
mixed well and spun 10 minutes at room temperature. 
Pellets were dried briefly and resuspended in 100 ul of 
XTE. 
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A large scale preparation of plasmid PGEM32 DNA was 
obtained as follows. The pellet from 1 L of an overnight 
culture was resuspended in 25 mL of solution A, lysed with 
50 mL of solution B, and precipitated with 40 mL of 3M 
Na/KAc. The cleared lysate was filtered through sterile 
gauze and extracted with 100 mL of chloroform. The 
cleared, extracted lysate was then precipitated at room 
temperature with 70 mL ofisopropyl alcohol. The pellet was 
then resuspended in 2 mL of 1XTE.2gm of CsCl was added 
and dissolved. The solution was loaded into ultracentrifuge 
tubes with 0.5 mL of 10% sarcosyl and 0.5 mL of ethidium 
bromide (15 mg/mL). A solution of CsCl in 1XTE (1 
gm/mL) was added as all overlay until the tube was full. 
Tubes were spun until equilibrium was reached. Bands were 
pulled with a needle and syringe and were rebanded with 
more fresh overlay solution in the same or smaller size tubes 
and spun again. The respun band was pulled again with a 
needle and syringe, extracted 6x with butanol, dialyzed 
against several changes of 1XTE, and ethanol precipitated. 
The pellet was resuspended in 1XTE and the concentration 
determined by UV spectroscopy. 

Approximately 800 ng of plasmid DNA (10 ul, 10 mM 
Tris, 1 mM EDTA) were mixed with stock solutions of 
LuB2T2 txp in DMSO to a final volume of 20 L. Concen 
trations of 50, 100, and 200 uM LuB2T2 txp were tested. A 
control containing DMSO only was also included. The tubes 
containing the mixtures were allowed to incubate for 3 hours 
at 37°C. All samples were in duplicate: one tube was left in 
a bacterial incubator wrapped in foil (the "dark” sample) and 
the second tube was kept in a tissue culture incubator with 
fluorescent lights on (the "light” sample). After 3 hours, the 
samples were loaded onto 0.8% agarose gels in 1XTAE and 
electrophoresis was carried out with ethidium bromide 
present. HindIII digested DNA was included as molecular 
weight markers. 
DNA bands were present in the control lane and in the 

lane for the 50 IM LuB2T2txp sample held in the dark. The 
sample exposed to light at 50 IM LuB2T2 was degraded. In 
all the other samples with greater concentrations of texa 
phyrin, the DNA was precipitated by the LuB2T2txp. 

Further samples of supercoiled plasmid pCEM32 was 
purified by cesium chloride density gradient centrifugation, 
after which ~200 ng was mixed with various concentrations 
of LuB2T2txp in distilled water to a final volume of 20 pull. 
Concentrations of 1, 5, 10, 25 and 50 iM of LuB2T2txp 
were tested. Following the procedures described above, light 
and dark samples were incubated for 2 hours and the 
samples were then applied to a 0.8%. 1XTAE agarose gel and 
electrophoresis was carried out in the presence of ethidium 
bromide. A control without LuTxp was also run. Hind III 
digested W. DNA was included as molecular weight markers. 
At 25 uM texaphyrin incubated in the light, less material 

was present in the lower band (supercoiled DNA) and it had 
shifted up to the higher band (nicked circle), indicating some 
DNA strand cleavage. There was no difference for the 25uM 
txp sample held in the dark or at lower concentrations of 
LuTxp compared to the control. Therefore, DNA is not 
degraded at these lower concentrations under these condi 
tions. At 50 IM LuB2T2txp, the DNA was precipitated. 
To determine the degradation potential of texaphyrins for 

linearized DNA, 250 ng of linearized DNA (obtained by 
digestion of pCEM37, plasmid and gel isolation) was mixed 
with either LuB2T2 txp or with lutetium acetate in distilled 
water to a final volume of 20 puL. The samples were: 50 M 
LuB2T2txp; 50 uM LuB2T2txp+ 25 mM EDTA; 50 M 
LuB2T2txp+free phosphate at 100, 10, or 1 uM; 25 uM 
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18 
LuB2T2txp; 25 M LuB2T2txp+25 mM EDTA; 50 plM Lu 
acetate; 50 uM Lu acetate-25 mM EDTA; 50 M Lu 
acetate-free phosphate at 100, 10 or 1 uM; and 100 uM 
phosphate only, as the control. Following the procedures 
described above, light and dark samples were incubated for 
2 hours and then individually separated by electrophoresis 
on a 0.8% 1XTAE agarose gel with ethidium bromide. 
LuB2T2txp precipitated the linearized DNA at 50 M 

with or without EDTA or free phosphate. At 25 uM 
LuB2T2txp, both with and without EDTA, there was a 
difference between the light and dark samples; the light 
reaction resulted in DNA degradation while the dark reac 
tion left the material intact. The presence of free phosphate 
had no effect on the degradation of DNA. Free lutetium, 
either alone or in the presence of phosphate, did not degrade 
DNA. The band containing free lutetium with EDTA showed 
a barely detectable loss of intensity and also smearing, so 
that there may have been some precipitation of DNA, 
possibly due to the high concentration of EDTA. 

In another experiment, 350 ng of linearized pGEM37. 
DNA were mixed with 1, 5, 10, 25, or 50 uM of LuB2T2txp, 
and samples were separated by electrophoresis on agarose 
gels as described above. At 50 uM LuB2T2 txp, the DNA 
was precipitated by the LuB2T2 txp. At 25 M of the 
texaphyrin in the light sample, there was a less intense 
signal, indicating degradation of the DNA. The DNA was 
not degraded for the 25 uM txp dark reaction or the lower 
concentrations of the texaphyrin. 

In a further experiment, pBR322 plasmid DNA was found 
to be cleaved by LuB2T2 Txp at a concentration of 4 uM. 
The experimental conditions were as follows: Irradiated 
solutions contained 100 ul 0.1 SSC buffer (saline sodium 
citrate: 15 mM NaCl, 1.5 mM sodium citrate, pH 7.0), 32 
uM pBR322 DNA phosphates and either 0 or 4 uM LuTxp. 
Plasmid pBR322 was purchased from Gibco BRL and 
contained greater than 90% supercoiled DNA. Solutions 
were irradiated at room temperature with a high pressure 
Xenon lamp through a pyrex filter to stop UV light of 
wavelengths below about 300 nM. Samples were inradiated 
in a quartz cuvette measuring 1 mm in diameter and received 
approximately 3400 W/m. After irradiation, 3 ul 50% 
glycerol/water loading buffer containing bronophenol blue 
was added to 9 ul irradiated solution. The samples were 
analyzed on a 0.8% agarose gel containing ethidium bro 
mide in tris-acetate buffer at 90 V for 30 minutes. The DNA 
was detected by fluorescence using a UV lamp. 
No nicking or cleavage was seen in a control sample 

without texaphyrin or in a control sample with texaphyrin 
but without light. In the presence of LuTxp and light for 5, 
10, and 20 minutes, the supercoiled form of the DNA 
gradually disappeared and the relaxed form appeared. A 
small amount of linear DNA was also formed. 

The mechanism of cleavage of DNA is not known at this 
time, however, it has been observed by the present inventors 
that light plays an important role in the cleavage mechanism 
since cleavage occurs in the light but not in the dark. 
Diamagnetic metal cations such as In(III), La(III), Zn(II), or 
Cd(II) may also effect cleavage since texaphyrin complexes 
of these metal cations are photosensitive. 

EXAMPLE 2 

A Texaphyrin-Paramagnetic Metal Complex Does 
Not Effect DNA Cleavage 

The present example demonstrates the activity of a dia 
magnetic metal Lu(III).texaphyrin complex for light-acti 
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vated cleavage of DNA, and compares it with the lack of 
cleavage activity by a paramagnetic metal Dy(III)texaphyrin 
complex. DNA samples were incubated with the diamag 
netic metal texaphyrin complex, LuB2T2, or the paramag 
netic metal texaphyrin complex, DyB2T2, in the dark or in 
the light and separated by electrophoresis on a polyacryla 
mide gel. 
Ten uL (approximately 200,000 cpm) of 5'-'P-labelled 

DNA 36-mer (A of FIG. 7) was added to a solution of 10 
L of 4x buffer (400 mM NaCl, 200 mM HEPES, pH 7.5, 
100 M EDTA). To this was added 20 L of either 2 uM 
lutetium(III) B2T2 texaphyrin (LuB2T2txp) or 2 uM dys 
prosium(III) B2T2 texaphyrin (DyB2T2txp) in deionized 
water to give a final volume of 40 L reaction solution in an 
Eppendorf tube. Final texaphyrin complex concentration 
was 1 uM. Two tubes of reaction mixture containing 
LuB2T2txp and two tubes of reaction mixture containing 
DyB2T2txp were prepared. An additional reaction mixture 
was prepared in the same way, except that an equal volume 
of water was substituted for the texaphyrin solution, as the 
control. One of each of the LuB2T2txp and DyB2T2txp 
tubes was left in a bacterial incubator wrapped in foil (the 
"dark” sample) and the second tube containing each com 
plex was kept in a tissue culture incubator with fluorescent 
lights on (the "light” sample). The control tube was kept in 
the light and was not incubated. The texaphyrin tubes were 
incubated overnight (ca. 14 hours) at 37°C., after which all 
samples were loaded onto a polyacrylamide gel and sepa 
rated by electrophoresis following procedures described 
herein. Lane 1, control; lane 2, LuB2T2 in the dark; lane 3, 
LuB2T2 in the light; lane 4, DyB2T2 in the dark; lane 5, 
DyB2T2 in the light. 

In the control sample, a DNA band was present corre 
sponding to the 36-mer substrate. In the DyB2T2txplanes, 
both light and dark, and the LuB2T2txp dark lane, a DNA 
band of the same size was present. However, the DNA was 
degraded in the LuB2T2txp sample exposed to light indi 
cating that, in the presence of light, the diamagnetic texa 
phyrin complex cleaved the DNA. 

EXAMPLE 3 

Synthesis of a T2B1 TXP metal 
complex-oligonucleotide conjugate 

The present example provides for the synthesis of a 
texaphyrin metal complex-oligonucleotide conjugate useful 
for site-directed cleavage of a complementary DNA (see 
FIG. 1A and FIG. 1B). 

4-Amino-1-1-(ethyloxy)acetyl-2-oxy-3-nitrobenzene 
2, n=1. Potassium carbonate (14.0 g, 101 mmol) and 
4-amino-3-nitrophenol 2 (10.0 g, 64.9 mmol) were sus 
pended in 150 mL dry acetonitrile. Ethyl-2-iodoacetate (10 
mL, 84.5 mmol) (or ethyl iodobutyrate may be used, in that 
case n=3) was added via syringe, and the suspension was 
stirred at ambient temperature for ca. 21 h. Chloroform (ca. 
375 mL) was added and was used to transfer the suspension 
to a separatory funnel, whereupon it was washed with water 
(2xca. 100 mL). The water washes were in turn washed with 
CHCl (ca. 100 mL) and the combined CHCl extracts were 
washed with water (ca. 100 mL). Solvents were removed on 
a rotary evaporator, and the residue was redissolved in 
CHCl (ca. 500 mL) and precipitated into hexanes (1.5 L). 
After standing two days, the precipitate was filtered using a 
coarse fritted funnel and dried in vacuo to provide 14.67 g 
compound 2, n=1 (94.1%). TLC: Rf=0.43, CHCl 
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20 
4-Amino-1-1-(hydroxy)acetyl-2-oxy-3-nitrobenzene 

2, n=1. 4-Amino-1-1-(ethyloxy)acetyl-2-oxy-3-nitroben 
Zene 2, n=1, (10.00 g, 37.3 mmol) was dissolved in 
tetrahydrofuran (100 mL), aqueous sodium hydroxide (1M 
solution, 50 mL) was added and the solution was stirred at 
ambient temperature for ca. 21 h. Tetrahydrofuran was 
removed on a rotary evaporator, and water (100 mL) was 
added. The solution was washed with CHCl (ca. 200 mL), 
then neutralized by addition of hydrochloric acid (1 M solu 
tion, 50 mL). The precipitate which formed was filtered after 
standing a few minutes, washed with water, and dried in 
vacuo to provide 8.913 g compound 2, n=1 (99.5%). TLC: 
Rf= 0.65, 10% methanol/CHCla. 

16-1-(Hydroxy)acetyl-2-oxy-9,24-bis(3-hydroxypro 
pyl)-4,5-diethyl-10,23-dimethyl-13,20,25,26,27-pentaazap 
entacyclo[2.0.2.1.1.1.0''' heptacosa-3,5,8,10,12, 
14(19), 15, 17.20,22,24-undecaene 2, n=1. 4-Amino-1-1- 
(hydroxy)acetyl-2-oxy-3-nitrobenzene 2, n=1 (1.800 g, 
8.49 mmol) was dissolved in methanol (100 mL) in a 1L. 
flask. Palladium on carbon (10%, 180 mg) was added, and 
the atmosphere inside the flask was replaced with hydrogen 
at ambient pressure. A grey precipitate was formed after ca. 
3 h, and the supernatant was clear. Methanol was removed 
in vacuo, taking precautions to prevent exposure to oxygen, 
and the compound was dried overnight in vacuo. Isopropyl 
alcohol (500 mL) and HCl (12M, 400 uL) were added, and 
the suspension was allowed to stir for ca. 15". 2,5-Bis(3- 
hydroxypropyl-5-formyl-4-methylpyrrol-2-yl)methyl-3,4- 
diethylpyrrole 2 (n=1) (4,084 g, 8.49 mmol) was added, 
and the reaction stirred at room temperature under argon for 
3 hours. Hydrochloric acid was again added (12M, 400 ul) 
and the reaction again was allowed to stir for an additional 
3.5h. The resulting red solution was filtered through celite, 
and the filtercake was washed with isopropyl alcohol until 
the filtrate was colorless. Solvent was reduced to a volume 
of ca. 50 mL using a rotary evaporator, whereupon the 
solution was precipitated into rapidly stirring Et2O (ca. 700 
mL). Compound 2 (n=1) was obtained as ared solid (5.550 
g,98.4%) upon filtering and drying in vacuo. TLC: R-069, 
20% methanol/CHCl (streaks, turns green on plate with I). 

Metal complex of 16-1-(hydroxy)acetyl-2-oxy)-9,24 
bis(3-hydroxypropyl)- 45-diethyl-10,23-dimethyl-13,20, 
25,26,27-pentaazapentacyclo 20.2.1.1.1.0''']hepta 
cosa- 1,3,5,7,9,11(27),12,14(1 9), 15, 17.20,22(25),23 
tridecaene 2, n=1. Approximately equal molar amounts of 
the protonated form of the macrocycle, 16-1-(hydroxy) 
acetyl-2-oxy-9,24-bis(3-hydroxypropyl)- 4,5-diethyl-10, 
23-dimethyl-13,20,25,26,27-pentaazapentacyclo 20.2. 
0.1.1.1.0', heptacosa-3,5,8,10,12,14(19), 15, 17.20, 
22,24-undecaene hydrochloride 2, n=1, and a metal acetate 
pentahydrate were combined with triethylamine in metha 
mol, and were heated to reflux under air for 5.5 h. The 
reaction was cooled to room temperature, and stored at -20° 
C. overnight. Solvent was removed on a rotary evaporator, 
acetone was added, and the suspension was stirred on a 
rotary evaporator for 2 h. The suspension was filtered and 
the precipitate dried briefly in vacuo, whereupon a solution 
was formed in methanol (ca. 250 mL) and water (25 mL). 
The pH was adjusted to 4.0 using HCl (1M), HCl-washed 
zeolite LZY54 was added (ca. 5 g) and the suspension was 
stirred on the rotary evaporator for ca. 6 h. AmberliteTM 
IRA-900 ion exchange resin (NaF treated, ca. 5 g) was 
added, and the suspension was stirred for an additional hour. 
The suspension was filtered, the resin was washed with 
methanol (ca. 100 mL), and the filtrate was adjusted to pH 
4.0 using HCl (1M). Solvents were removed on a rotary 
evaporator, using ethanol (abs.) to remove traces of water. 
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After drying in vacuo, the compound was dissolved in 
methanol (25 mL) and precipitated into rapidly stirring EtO 
(300 mL). Compound 2, n=1, was obtained as a precipitate 
after filtering and drying in vacuo. An analytical sample was 
prepared by treating 50 mg of 2, n=1, dissolved in methanol 
(25 mL) with acetic acid-washed zeolite, then acetic acid 
washed AmberliteTM for ca. 1 h. After reducing methanol to 
a minimum volume, the solution was precipitated into 
rapidly stirring EtO (70 mL), filtered, and dried in vacuo. 

Postsynthetic modification of oligodeoxynucleotide 
amine 2 with metal complex 2, n=1. The metal complex 
of 16-1-(hydroxy)acetyl- 2-oxy)-9,24-bis(3-hydroxypro 
pyl)-4,5-diethyl-10,23-dimethyl-13,20,25,26,27-pentaazap 
entacyclo 20.2.1.13.18.0'']heptacosa-1,3,5,79, 
11(27), 12, 14(19), 15, 17,20.22(25).23-tridecaene 2, n=1, 
(about 30 umol) and N-hydroxysuccinimide (43 umol) were 
dried together overnight in vacuo. The compounds were 
dissolved in dimethylformamide (anhydrous, 500 uL) and 
dicyclohexylcarbodiimide (10 mg, 48 umol) was added. The 
resulting solution was stirred under argon with protection 
from light for 8 h, whereupon a 110 ill aliquot was added to 
a solution of oligodeoxynucleotide 2 (87 nmol) in a volume 
of 350 pull of 0.4M sodium bicarbonate buffer in a 1.6 mL 
Eppendorf tube. After vortexing briefly, the solution was 
allowed to stand for 23 h with light protection. The suspen 
sion was filtered through 0.45 um nylon microfilterfuge 
tubes, and the Eppendorf tube was washed with 250 L 
sterile water. The combined filtrates were divided into two 
Eppendorf tubes, and glycogen (20 mg/mL, 2 L) and 
sodium acetate (3M, pH 5.4, 30 L) were added to each tube. 
After vortexing, ethanol (absolute, 1 mL) was added to each 
tube to precipitate the DNA. Ethanol was decanted follow 
ing centrifugation, and the DNA was washed with an addi 
tional 1 mL aliquot of ethanol and allowed to air dry. The 
pellet was dissolved in 50% formamide gel loading buffer 
(20 ul), denatured at 90° C. for ca. 2', and loaded on a 20% 
denaturing polyacrylamide gel. The band corresponding to 
conjugate 2, n=1, was cut from the gel, crushed, and soaked 
in 1XTBE buffer (ca. 7 mL) for 1-2 days. The suspension 
was filtered through nylon filters (0.45 um) and desalted 
using a Sep-pakTM reverse phase cartridge. The conjugate 
was eluted from the cartridge using 40% acetonitrile, lyo 
philized overnight, and dissolved in 1 mM HEPES buffer, 
pH 7.0 (500 L). The solution concentration was determined 
using UV/vis spectroscopy. 

EXAMPLE 4 

Synthesis of texaphyrin metal complexes with 
amine-, thiol- or hydroxy-linked oligonucleotides 

Amides, ethers, and thioethers are representative of link 
ages which may be used for coupling site-directing mol 
ecules such as oligonucleotides to texaphyrin metal com 
plexes (see FIG. 2A, FIG. 2B and FIG. 2C). 
Oligonucleotides or other site-directing molecules function 
alized with amines at the 5'-end, the 3'-end, or internally at 
sugar or base residues are modified post-synthetically with 
an activated carboxylic ester derivative of the texaphyrin 
complex. In the presence of a Lewis acid such as FeBr, a 
bromide derivatized texaphyrin (for example, 3 of FIG.2B) 
will react with an hydroxyl group of an oligonucleotide to 
form an ether linkage between the texaphyrin linker and the 
oligonucleotide. Alternatively, oligonucleotide analogues 
containing one or more thiophosphate or thiol groups are 
selectively alkylated at the sulfur atom(s) with an alkyl 
halide derivative of the texaphyrin complex. Oligodeoxy 
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22 
nucleotide-complex conjugates are designed so as to provide 
optimal catalytic interaction between the targeted DNA 
phosphodiester backbone and the texaphyrino 

Oligonucleotides are used to bind selectively compounds 
which include the complementary nucleotide or oligo- or 
polynucleotides containing substantially complementary 
sequences. As used herein, a substantially complementary 
sequence is one in which the nucleotides generally base pair 
with the complementary nucleotide and in which there are 
very few base pair mismatches. The oligonucleotide may be 
large enough to bind probably at least 9 nucleotides of 
complementary nucleic acid. 

Oligonucleotides are used, for example, as hybridization 
probes in blot analyses, primers for polymerase chain reac 
tion (PCR) amplification, and for site-specific mutagenesis. 
Oligonucleotide-derived products are being used for the 
detection of genetic diseases and for proviral HIV, the 
causative agent of Acquired Immunodeficiency Syndrome 
(AIDS). They are also being considered as potential che 
motherapeutic agents, for example, in gene therapy, and in 
an antisense capacity. 
For general reviews of synthesis of DNA, RNA, and their 

analogues, see Oligonucleotides andAnalogues, F. Eckstein, 
Ed., 1991, IRL Press, New York; Oligonucleotide Synthesis, 
M. J. Gait, Ed., 1984, IRL Press Oxford, England; Carac 
ciolo et al. (1989); Bioconjugate Chemistry, Goodchild, J. 
(1990); or for phosphonate synthesis, Matteucci, Md. et al., 
Nucleic Acids Res. 14:5399 (1986) (the references are incor 
porated by reference herein). 

In general, there are three commonly used solid phase 
based approaches to the synthesis of oligonucleotides con 
taining conventional 5'-3' linkages. These are the phos 
phoramidite method, the phosphonate method, and the 
triester method. 

A brief description of a current method used commer 
cially to synthesize oligomeric DNA is as follows: Oligo 
mers up to ca. 100 residues in length are prepared on a 
commercial synthesizer, eg., Applied Biosystems Inc. (ABI) 
model 392, that uses phosphoramidite chemistry. DNA is 
synthesized from the 3' to the 5' direction through the 
sequential addition of highly reactive phosphorous(III) 
reagents called phosphoramidites. The initial 3' residue is 
covalently attached to a controlled porosity silica solid 
support, which greatly facilitates manipulation of the poly 
mer. After each residue is coupled to the growing polymer 
chain, the phosphorus(III) is oxidized to the more stable 
phosphorus(V) state by a short treatment with iodine solu 
tion. Unreacted residues are capped with acetic anhydride, 
the 5'-protective group is removed with weak acid, and the 
cycle may be repeated to add a further residue until the 
desired DNA polymer is synthesized. The full length poly 
mer is released from the solid support, with concomitant 
removal of remaining protective groups, by exposure to 
base. A common protocol uses saturated ethanolic ammonia. 
The phosphonate based synthesis is conducted by the 

reaction of a suitably protected nucleotide containing a 
phosphonate moiety at a position to be coupled with a solid 
phase-derivatized nucleotide chain having a free hydroxyl 
group, in the presence of a suitable activator to obtain a 
phosphonate ester linkage, which is stable to acid. Thus, the 
oxidation to the phosphate or thiophosphate can be con 
ducted at any point during synthesis of the oligonucleotide 
or after synthesis of the oligonucleotide is complete. The 
phosphonates can also be converted to phosphoramidate 
derivatives by reaction with a primary or secondary amine in 
the presence of carbon tetrachloride. 
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In the triester synthesis, a protected phosphodiester nucle 
otide is condensed with the free hydroxyl of a growing 
nucleotide chain derivatized to a solid support in the pres 
ence of coupling agent. The reaction yields a protected 
phosphate linkage which may be treated with an oximate 
solution to form unprotected oligonucleotide. 
To indicate the three approaches generically, the incoming 

nucleotide is regarded as having an "activated” phosphite/ 
phosphate group. In addition to employing commonly used 
solid phase synthesis techniques, oligonucleotides may also 
be synthesized using solution phase methods such as diester 
synthesis. The methods are workable, but in general, less 
efficient for oligonucleotides of any substantial length. 

Preferred oligonucleotides resistant to in vivo hydrolysis 
may contain a phosphorothioate substitution at each base (J. 
Org. Chem, 55:4693-4699, (1990) and Agrawal, (1990)). 
Oligodeoxynucleotides or their phosphorothioate analogues 
may be synthesized using an Applied Biosystem 380B DNA 
synthesizer (Applied Biosystems, Inc., Foster City, Calif.). 

EXAMPLE 5 

Synthesis of diformyl monoacid tripyrrane 4 and 
oligonucleotide conjugate 4. 

The present example provides for the synthesis of a 
texaphyrin metal complex-oligonucleotide conjugate where 
the oligonucleotide is attached to the tripyrrane portion of 
the molecule (See FIG. 3A, FIG. 3B, FIG. 3C and FIG. 3D). 

Dimethylester Dibenzylester Dipyrromethane 4: A three 
neck 1000 mL round-bottom flask set with a magnetic 
stirring bar, a thermometer, a heating mantle, and a reflux 
condenser attached to an argon line was charged with 
methylester acetoxypyrrole 4 (100.00 g; 267.8 mmol), 200 
proof ethyl alcohol (580 mL), and deionized water (30 mL.) 
The reaction mixture was heated up and when the resulting 
solution began to reflux, 12N aq. hydrochloric acid (22 mL) 
was added all at once. The flask contents were stirred under 
reflux for two hours. The heating element was replaced by 
a 0° C. bath and the resulting thick mixture was stirred for 
two hours. prior to placing it in the freezer overnight. 
The mixture was filtered over medium fritted glass funnel, 

pressed with a rubber dam, and washed with hexanes until 
the filtrate came out colorless. The collected solids were set 
for overnight high vacuum drying at 30°C. to afford slightly 
yellowish solids (65.85g, 214.3 mmol, 80.0% yield.) 

Dimethylester Diacid Dipyrromethane, 4: All the glass 
ware was oven dried. A three-neck 2000 mL round-bottom 
flask set with a magnetic stirring bar, a hydrogen line, and 
a vacuum line was charged with dimethylesterdibenzylester 
dipyrromethane 4 (33.07 g., 53.80 mmol), anhydrous tet 
rahydrofuran (1500 mL), and 10% palladium on charcoal 
(3.15g.) The flask was filled with dry hydrogen gas after 
each of several purges of the flask atmosphere prior to 
stirring the reaction suspension under a hydrogen atmo 
sphere for 24 hours. 
The solvent of the reaction suspension was removed 

under reduced pressure. The resulting solids were dried 
under high vacuum overnight. 
The dry solids were suspended in a mixture of saturated 

aqueous sodium bicarbonate (1500 mL) and ethyl alcohol 
(200 mL), and stirred at its boiling point for five minutes. 
The hot suspension was filtered over celite. The filtrate was 
cooled down to room temperature and acidified to pH 6 with 
12N aqueous hydrochloric acid. The resulting mixture was 
filtered over medium fritted glass. The collected solids were 
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dried under high vacuum to constant weight (21.63g, 49.78 
mmol, 92.5% yield.) 

Methylester Dibenzylester Tripyrrane, 4. A three-neck 
2000 mL round-bottom flask set with a heating mantle, a 
magnetic stirring bar, a thermometer, and a reflux condenser 
attached to an argon line was charged with dimethylester 
diacid dipyrromethane 4 (21.00 g, 48.33 mmol), ethyl 
acetoxypyrrole 4 (30.50 g), p-toluenesulfonic acid mono 
hydrate (1.94 g), trifluoroacetic acid (39 mL), and methyl 
alcohol (1350 mL.) The flask contents were heated and 
stirred under reflux for two hours. The heating element was 
replaced with a 0° C. and the stirring was continued for half 
an hour prior to placing the resulting mixture in a freezer 
overnight. 
The cold mixture was filtered over medium fritted glass. 

The collected solids were washed with hexanes and dried 
under high vacuum overnight (13.05 g, 19.25 mmol, 39.8% 
yield.) 

Methylester Diacid Tripyrrane 4: All the glassware was 
oven dried. A three-neck 500 mL round-bottom flask set 
with a magnetic stirring bar, a hydrogen line, and a vacuum 
line was charged with methylester dibenzylester tripyrrane 
4 (12.97g, 19.13 mmol), anhydrous tetrahydrofuran (365 
mL), and 10% palladium on charcoal (1.13g.) The flask was 
filled with dry hydrogen gas after each of several purges of 
the flask atmosphere prior to stirring the reaction suspension 
for 24 hours under a hydrogen atmosphere at room tem 
perature. 
The reaction suspension was filtered over celite. The 

solvent of the filtrate was removed under reduced pressure 
to obtain a foam which was dried under high vacuum 
overnight (10.94 g, 21.99 mmol, 87.0% pure.) 
Monoacid Tripyrrane 4: All the glassware was oven 

dried. A three-neck 500 mL round-bottom flask set with a 
mechanical stirrer, a thermometer, a 0° C. bath, and an 
addition funnel set with an argon line was charged with 
methylester diacid tripyrrane 4 (10.20 g, 17.83 mmol). 
Trifluoroacetic acid (32.5 mL) was dripped into the reaction 
flask from the addition funnel over a 45 minute period 
keeping the flask contents below 5°C. The resulting reaction 
solution was stirred at 0°C. for 15 minutes, and then at 20 
C. for three hours. Triethylorthoformate (32.5 mL) was 
dripped into the flask from the addition funnel over a 20 
minute period keeping the flask contents below -25° C. by 
means of a dry ice/ethylene glycol bath. The reaction 
solution was stirred for one hour at -25 C. and then a 0° C. 
bath was setup. Deionized water (32.5 mL) was dripped into 
the reaction flask from the addition funnel keeping the flask 
contents below 10°C. The resulting two phase mixture was 
stirred at room temperature for 75 minutes and then added 
1-butanol (200 mL.) The solvents were removed under 
reduced pressure. The resulting dark oil was dried under 
high vacuum overnight to obtain black solids (11.64 g.) 
A three-neck 2000 mL round-bottom flask set with a 

thermometer, a heating mantle, a magnetic stirring bar, and 
a reflux condenser attached to an argon line, was charged 
with the crude methylester diformyl tripyrrane 4 (11.64g), 
methyl alcohol (900 mL), deionized water (60 mL), and 
lithium hydroxide monohydrate (4.7 g.) The flask contents 
were heated, stirred under reflux for two hours, cooled down 
to room temperature, added deionized water (250 mL), 
acidified with 12N aq. HCl to pH5, and then stirred at 0°C. 
for one hour. The resulting mixture was filtered over 
medium fritted glass funnel. The collected solids were dried 
under high vacuum to constant weight prior to their purifi 
cation by column chromatography (silica gel, MeOH in 
CHCl2, 0-10%; 3.64g, 8.06 mmol, 45.2% yield.) 
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The monoacid tripyrrane 4 is condensed with a deriva 
tized ortho-phenylene diamine, for example, 1 to form a 
nonaromatic precursor which is then oxidized to an aromatic 
metal complex, for example, 4. An oligonucleotide amine 
may be reacted with the carboxylic acid derivatized texa 
phyrin 4 to form the conjugate 4 having the site-directing 
molecule on the T (tripyrrane) portion of the molecule rather 
than the B (benzene) portion. 

EXAMPLE 6 

Synthesis of Texaphyrin-Oligonucleotide 
Conjugates having a Texaphyrin Attached to the 3' 

end 

Two oligodeoxyribonucleotides of 12 bases each were 
synthesized to contain alkylamine groups at the 3' terminal 
phosphate (Keystone Labs, Menlo Park, Calif.). Oligonucle 
otides were HPLC purified and precipitated using LiCl prior 
to use. Reaction of a carboxylic acid functionalized metal 
texaphyrin complex 5 (FIG. 4), such as the Lu(III)texa 
phyrin complex, with carbodiimide and N-hydroxysuccin 
imide produced the corresponding activated ester, which 
was added directly to a solution of the chosen oligodeoxy 
nucleotide amine. The resulting txp-metal complex-oligo 
nucleotide conjugates were purified by electrophoresis. 
These 3'-conjugates may be of particular importance in 

certain embodiments of the present invention, since attach 
ment of large groups (such as the present texaphyrin com 
plexes) to the 3' end of oligonucleotides renders the oligo 
nucleotide resistant to cellular exonucleases. 

In a similar manner, an embodiment of the present inven 
tion is the addition of particular ligands to the 3' end of an 
oligonucleotide having its 5' end conjugated to a texaphyrin. 
The function of the 3' ligand is to aid in the uptake of the 
conjugate into the cell. Such ligands are known in the art and 
include, but are not limited to, cholesterol and polylysine. 
A further embodiment of the present invention in the 

cleavage of DNA using texaphyrin metal complex-oligo 
nucleotide conjugates is the use of a set of two conjugates, 
one having the texaphyrin metal complex conjugated to the 
5' end of an oligomer and the other having a texaphyrin 
metal complex conjugated to the 3' end of an oligomer and 
the oligomers are complementary to the same DNA sub 
strate, one just upstream from the other, so as to position 
both texaphyrin metal complexes in proximity to the tar 
geted cleavage site. The distance separating the two catalytic 
groups may be varied by preparing a nested set of oligomer 
5'-conjugates of varying lengths and comparing the cleavage 
efficiencies that result upon the simultaneous binding of the 
two conjugates to the DNA template. 

EXAMPLE 7 

Synthesis of a Texaphyrin Metal 
Complex-Oligonucleotide Dual Conjugate 

An oligodeoxyribonucleotide having 12 bases was syn 
thesized to contain alkylamine groups at both the 3' and the 
5' ends (Keystone Labs, Menlo Park, Calif.). This oligomer 
was reacted with an excess of a carboxylic acid functional 
ized metal-texaphyrin complex5, following the procedures 
of Example 6, to give a dual conjugate having a texaphyrin 
metal complex at both the 3'- and the 5'-ends of the 12-mer. 
The use of two texaphyrin-metal complexes conjugated to 

the same oligonucleotide, one at each end, should effect the 
cleavage of DNA with increased efficiency due to the 
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concerted activity of the metal complexes. In this embodi 
ment, it is preferred that both of the texaphyrin complexes 
contain the same metal, preferably a diamagnetic metal 
cation and more preferably lutetium(III). 

Further, a dual conjugate provides versatility in the func 
tions that may be accomplished by this one molecule. For 
example, the oligonucleotide provides binding specificity, 
one texaphyrin metal complex may provide for imaging 
(having Gd(III) as the metal ion, for example) while the 
other provides for DNA cleavage. Such a dual conjugate 
allows for 2 functions, imaging and cleavage, to be effected 
by one molecule. 

EXAMPLE 8 

Synthesis of Texaphyrin T2BET Metal Complexes 
The synthesis of texaphyrins is provided in U.S. Pat. Nos. 

4,935,498, 5,162,509 and 5,252,720, all incorporated by 
reference herein. The present example provides the synthe 
sis of a preferred texaphyrin, named T2BET, having sub 
stituents containing ethoxy groups. 

Lutetium(III) acetate hydrate was purchased from Strem 
Chemicals, Inc. (Newburyport, Mass.) and gadolinium(III) 
acetate tetrahydrate was from Aesar/Johnson Matthey (Ward 
Hill, Mass.). The LZY-54 zeolite was purchased from UOP 
(Des Plaines, Ill.). Acetone, glacial acetic acid, methanol, 
ethanol, isopropyl alcohol, and n-heptanes were purchased 
from J. T. Baker (Phillipsburg, N.J.). Triethylamine and 
Amberlite 904 anion exchange resin were purchased from 
Aldrich (Milwaukee, Wisc.). All chemicals were ACS grade 
and used without further purification. 

Synthesis of the gadolinium (III) complex of 4,5-diethyl 
10,23-dimethyl-9,24-bis(3-hydroxypropyl)-16, 17-bis(2-(2- 
(2-methoxyethoxy)ethoxyethoxy)-pentaazapentacyclo (20.2.1.1.1.0'heptacosa-1,3,5,7,9,11(27),12,1416, 
18,20,22(25).23-tridecaene (6 FIG.5A, FIG.5B AND FIG. 
5C). The critical intermediate 1,2-bis(2-2-(2-methoxy 
ethoxy)ethoxy)ethoxy-4,5-dinitrobenzene, 6 was prepared 
according to the three-step synthetic process outlined in 
FIG. 5A. 

Synthesis of triethylene glycol monomethyl ether mono 
tosylate, 6: In an oven dried 12 L three-necked round 
bottom flask, equipped with a magnetic stir bar and a 1000 
mL pressure-equalizing dropping funnel, a solution of 
NaOH (440.0 g, 11.0 mol) in water (1800 mL) was added, 
and the mixture was cooled to 0°C. A solution of triethylene 
glycol monomethyl ether 6 (656.84 g, 4.0 mol) in THF 
(1000 mL) was added. The clear solution was stirred vig 
orously at 0°C. for 15 min and a solution of tosyl chloride 
(915.12, 4.8 mol) in THF (2.0 L) was added dropwise over 
a 1 h period. The reaction mixture was stirred for an 
additional 1 h at 0°C., and 10% HCl (5.0 L) was added to 
quench the reaction (to pH 5-7). The two-phase mixture was 
transferred to a 4 L separatory funnel, the organic layer 
removed, and the aqueous layer extracted with t-butylmethyl 
ether (3x250 mL). The combined organic extracts were 
washed with brine (2x350 mL), dried (MgSO), and evapo 
rated under reduced pressure to afford 6, 1217.6 g (95%) as 
a light colored oil. This material was taken to the next step 
without further purification. 

Synthesis of 1,2-bis(2-2-(2-methoxyethoxy)ethoxy 
ethoxybenzene 6. In a dry 5 L round-bottom flask 
equipped with an overhead stirrer, reflux condenser, and a 
gas line, KCO (439.47g, 3.18 mol) and MeOH (1800 mL) 
were combined under an argon atmosphere. To this well 
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stirred suspension, catechol 6 (140.24 g, 1.27 mol) was 
added, and the mixture was heated to reflux. 6 (1012.68 g, 
3.18 mol) was then added in one portion. The suspension 
was stirred at reflux for 24 h, cooled to room temperature, 
and filtered through Celite. The pad was rinsed with 500 mL 
of methanol and the combined filtrates were evaporated 
under reduced pressure. The resulting brown residue was 
taken up in 10% NaOH (800 mL), and methylene chloride 
(800 mL) was added with stirring. The mixture was trans 
ferred to a 2 L separatory funnel, the organic layer removed 
and the aqueous layer extracted with methylene chloride 
(3x350 mL). The organic extracts were combined, washed 
with brine (350 mL), dried (MgSO), evaporated under 
reduced pressure, and the residue dried in vacuo for several 
hours to yield 485.6 g (95%) of 1,2-bis(2-2-(2-methoxy 
ethoxy)ethoxyethoxybenzene 6. For 6 bp. 165-220 
C., (0.2-0.5 mm Hg); FAB MS, M: m/e 402; HRMS, M: 
402.2258 (calcd. for CHOs, 402,2253). 

Synthesis of 1,2-bis(2-2-(2-methoxyethoxy)ethoxy 
ethoxy-4,5-dinitrobenzene 6. In an oven dried 1 L round 
bottom flask, 6 (104 g., 0.26 mol) and glacial acetic acid 
(120 mL) were combined and cooled to 5° C. To this well 
stirred solution, concentrated nitric acid (80 mL) was added 
dropwise over 15-20 min. The temperature of the mixture 
was held below 40° C. by cooling and proper regulation of 
the rate of addition of the acid. After addition the reaction 
was allowed to stirfor an additional 10-15 min and was then 
cooled to 0° C. Fuming nitric acid (260 mL) was added 
dropwise over 30 min while the temperature of the solution 
was held below 30° C. After the addition was complete, the 
red colored solution was allowed to stir at room temperature 
until the reaction was complete (ca. 5h, TLC: 95/5; CHCl/ 
MeOH) and then poured into well stirred ice water (1500 
mL). Methylene chloride (400 mL) was added, the two 
phase mixture was transferred to a 2 L separatory funnel and 
the organic layer was removed. The aqueous layer was 
extracted with CHCl2(2x150 mL) and the combined 
organic extracts were washed with 10% NaOH (2x250 mL) 
and brine (250 mL), dried (MgSO4), and concentrated under 
reduced pressure. The resulting orange oil was dissolved in 
acetone (100 mL), and the solution layered with n-hexanes 
(500 mL), and stored in the freezer. The resulting precipitate 
was collected by filtration yield 101.69 g (80%) of 6, as a 
yellow solid. For 6:mp 43-45° C.; FABMS, (M+H)*: m/e 
493; HRMS, (M+H): 493.2030 (calcd. for CHNO, 
493.2033). 

Synthesis of 1,2-diamino-4,5-bis(2-2-(2-methoxy 
ethoxy)ethoxyethoxybenzene, 6, FIG. 5B. In an oven 
dried 500 mL round bottom flask, equipped with a Claisen 
adapter, pressure equalizing dropping funnel, and reflux 
condenser, 1,2-bis(2-2-(2-methoxyethoxy)ethoxyethoxy 
-4,5-dinitrobenzene 6 (20 g, 0.04 mol) was dissolved in 
absolute ethanol (200 mL). To this clear solution, 10% 
palladium on carbon (4 g) was added and the dark black 
suspension was heated to reflux under an argon atmosphere. 
Hydrazine hydrate (20 mL) in EtOH (20 mL) was added 
dropwise over 10 min to avoid bumping. The resulting 
brown suspension was heated at reflux for 1.5 h at which 
time the reaction mixture was colorless and TLC analysis 
(95/5; CHC/MeOH) displayed a low RUV active spot 
corresponding to the diamine. Therefore, the mixture was 
hot filtered through Celite and the pad rinsed with absolute 
ethanol (50 mL). The solvent was removed under reduced 
pressure and the resulting light brown oil was dried in vacuo 
(in the dark) for 24h to yield 15.55 g (89%) of 1,2-diamino 
bis(2-2-(2-methoxyethoxy)ethoxyethoxybenzene 6. For 
6:FABMS, M": m/e 432; HRMS, M:432.2471 (calcd. for 
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CHNO3,432.2482). This material was taken to the next 
step without further purification. 

Synthesis of 4,5-diethyl-10,23-dimethyl-9,24-bis(3-hy 
droxypropyl)- 16,17-bis(2-2-(2-methoxyethoxy)ethoxy 
ethoxy)-13,20,25,26,27-pentaazapentacyclo[20.2.1.1.18, 
11.014, 19 heptacosa-3,5,8,10,12,14,16,18,20,22,24 
undecaene (6). In an oven dried 1 L round-bottom flask, 
2,5-bis(5-formyl-3-(3-hydroxypropyl)- 4-methyl-pyrrol-2- 
yl)methyl-3,4-diethylpyrrole 6 (The synthesis of 6 is 
provided in U.S. Pat. No. 5,252,720, incorporated by refer 
ence herein.) (30.94) g, 0.0644 mol) and 4,5-diamino-bis(2- 
2-(2-methoxyethoxy)ethoxyethoxybenzene 6 (28.79 g, 
0.0644 mol) were combined in absolute methanol (600 mL) 
under an argon atmosphere. To this well stirred suspension, 
a mixture of concentrated hydrochloric acid (6.7 mL) in 
absolute methanol (200 mL) was added in one portion. The 
mixture was gradually heated to 50° C., at which time the 
reaction went from a cloudy suspension of starting materials 
to a dark red homogeneous solution as the reaction pro 
ceeded. After 3 h the reaction was judged complete by TLC 
analysis and UV/visible spectroscopy ( 369 nm). The 
reaction mixture was cooled to room temperature, 60 g of 
activated carbon (DARCOTM) was added, and the resulting 
suspension was stirred for 20 min. The dark suspension was 
filtered through Celite to remove the carbon, the solvent 
evaporated to dryness, and the crude 6 dried in vacuo 
overnight. 6 was recrystallized from isopropyl alcohol/n- 
heptane to afford 50 g (85%) of a scarlet red solid. For 6: 
H NMR (CDOD): 81.11 (t, 6H, CHCH.), 1.76 (p, 4H, 
pyrr-CHCHCH-OH), 2.36 (s, 6H, pyrr-CH), 2.46 (q, 4H, 
CHCH), 2.64 (t, 4H, pyrr-CHCHCH-OH), 3.29s, 6H, 
(CHCHO)CH), 3.31 (t, 4H, pyrr-CH CHCH-OH), 
3.43–3.85 (m, 20H, CHCHOCHCHOCH2CH2O), 4.0 (s, 
4H, (pyrr)-CH), 4.22 (t, 4H, PhOCHCHO), 7.45 (s, 2H, 
PhH), 8.36 (s, 2H, HC-N); UV/vis: (MeOH), nm): 
369; FAB MS, M+H: m/e 878.5; HRMS, M+H: m/e 
878.5274 (calcd. for ICHNO", 878.5279). 

Synthesis of the gadolinium (III) complex of 4,5-diethyl 
10,23-dimethyl-9,24-bis(3-hydroxypropyl)-16,17-bis(2-(2- 
(2-methoxyethoxy)ethoxyethoxypentaazapentacyclo 
(20.2.1.1.1.0'']heptacosa- 1,3,5,7,9,11(27),12,14, 
16,18,20,22(25),23-tridecaene 6 6 was prepared according 
to the process outlined in FIG.5C. In a dry 2 L three-necked 
round-bottom flask, 6 (33.0 g, 0.036 mol) and gadolin 
ium(III) acetate tetrahydrate (15.4g, 0.038 mol) were com 
bined in methanol (82.5 mL). To this well stirred red solu 
tion, gadolinium(III) acetate tetrahydrate (15.4g, 0.038 mol) 
and triethylamine (50 mL) were added and the reaction was 
heated to reflux. After 1.5 h, air was bubbled (i.e., at reflux) 
for 4h into the dark green reaction solution with aid of a gas 
dispersion tube (flow rate=20 cm/min). At this point, the 
reaction mixture was carefully monitored by UV/Visible 
spectroscopy (i.e., a spectrum is taken every 0.5-1 h, -1 
drop diluted in 4-5 mL MeOH). The reaction was deemed 
complete by UV/Vis (In MeOH ratio: 342 mm/472 
nm=0.22-0.24) after 4 h. The dark green reaction was 
cooled to room temperature, filtered through Celite into a 2 
L round-bottom flask, and the solvent removed under 
reduced pressure. The dark green solid was suspended in 
acetone (1 L) and the resulting slurry was stirred for 1 h at 
room temperature. The suspension was filtered to remove 
the red/brown impurities (incomplete oxidation products), 
the solids rinsed with acetone (200 mL), and air dried. The 
crude complex (35 g) was dissolved in MeoH (600 mL), 
stirred vigorously for 15 min, filtered through Celite, and 
transferred to a 2 LErlenmeyer flask. An additional 300 mL 
of MeOH and 90 mL water were added to the flask, along 
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with acetic acid washed LZY-54 zeolite (150 g). The sus 
pension was agitated with an overhead mechanical stirrer for 
approximately 3–4 h. The zeolite extraction is deemed 
complete with the absence of free Gd(III). To test for free 
gadolinium, the crude 6 was spotted heavily onto a reverse 
phase TLC plate (Whatman KC8F, 1.5x10 cm) and the 
chromatogram developed using 10% acetic acid in metha 
nol. The green complex moved up the TLC plate close to the 
solvent front. Any free gadolinium metal will remain at the 
origin under these conditions. After developing the chro 
matogram, the plate was dried and the lower 4 of the plate 
stained with an Arsenazo III solution in methanol (4 mg 
Arsenazo III in 10 mL methanol). A very faint blue spot 
(indicative of free metal) was observed at the origin against 
a pink background indicating very little free gadolinium 
metal. The zeolite was removed through a Whatman #3 
filter paper and the collected solids rinsed with MeOH (200 
mL). The dark green filtrate was loaded onto a column of 
Amberlite IRA-904 anion exchange resin (30 cm length}x2.5 
cm diameter) and eluted through the resin (ca. 10 mL/min 
flow rate) into a 2 L round bottom flask with 300 mL 
1-butanol. The resin was rinsed with an additional 100 mL 
of MeOH and the combined eluent evaporated to dryness 
under reduced pressure. The green shiny solid 6 was dried 
in vacuo for several hours at 40°C. To a well stirred ethanoic 
solution (260 mL) of 6, at 55°-60° C., n-heptanes (ca. 600 
mL) was added dropwise (flow-4 mL/min) from a 1 L 
pressure-equalizing dropping funnel. During the course of 
1.5 h (300 mL addition) the green complex, 6, began to 
crystallize out of the dark mixture. After complete addition, 
the green suspension was cooled and stirred for 1 h at room 
temperature. The suspension was filtered, the solids rinsed 
with acetone (250 mL), and dried in vacuo for 24 h to afford 
26 g (63%). UV/vis: ((MeOH), nm): 316, 350, 415, 
473, 739; FAB MS, (M-20 Ac)": m/e 1030; HRMS, (M-20 
Ac)": mle 1027.4036 (calcd. for CH'GdNOo 
1027.4016). Anal. calcd. for C.H.GdNO-0.5H2O: C, 
53.96; H, 6.36; N, 6.05, Gd, 13.59. Found: C, 53.73; H, 6.26; 
N, 5.82; Gd, 13.92. 

Synthesis of the Lutetium(III) Complex of 6. The mac 
rocyclic ligand 6 was oxidatively metallated using lute 
tium(III) acetate hydrate (9.75 g, 0.0230 mol) and triethy 
lamine (22 mL) in air-saturated methanol (1500 mL) at 
reflux. After completion of the reaction (as judged by the 
optical spectrum of the reaction mixture), the deep green 
solution was cooled to room temperature, filtered through a 
pad of celite, and the solvent removed under reduced pres 
sure. The dark green solid was suspended in acetone (600 
mL), stirred for 30 min at room temperature, and then 
filtered to wash away the red/brown impurities (incomplete 
oxidation products and excess triethylamine). The crude 
complex was dissolved into MeOH (300 mL), stirred for -30 
min, and then filtered through celite into a 1 L Erlenmeyer 
flask. An additional 50 mL of MeOH and 50 mL of water 
were added to the flask along with acetic acid washed LZY 
54 zeolite (40 g). The resulting mixture was agitated or 
shaken for 3 h, then filtered to remove the Zeolite. The 
zeolite cake was rinsed with MeOH (100 mL) and the rinse 
solution added to the filtrate. The filtrate was first concen 
trated to 150 mL and then loaded onto a column (30 cm 
lengthx2.5 cm diameter) of pretreated Amberlite IRA-904 
anion exchange resin (resin in the acetate form). The eluent 
containing the bis-acetate lutetium(III) texaphyrin complex 
was collected, concentrated to dryness under reduced pres 
sure, and recrystallized from anhydrous methanol/t-butylm 
ethyl ether to afford 11.7 g (63%) of a shiny green solid. For 
the complex: UV/vis: (MeOH), nm (log e)): 354,414, 
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474 (5.10), 672, 732; FAB MS, M-OAct: m/e 1106.4; 
HRMS, M-OAc): m/e 1106.4330 (calcd. for 
(CHNOLu(OAc)", 1106.4351). Anal. calcd. for 
CashNOLu(OAc)HO: C, 52.74; H, 6.30; N, 5.91. 
Found: C, 52.74; H, 6.18; N, 5.84. 

EXAMPLE 9 

Stepwise Synthesis of Texaphyrin- and 
Sapphyrin-Oligonucleotide Conjugates 

The present example provides synthetic procedures in 
which a texaphyrin or a sapphyrin is inserted directly into a 
nucleic acid synthesis scheme, preferably on a solid support. 
Texaphyrin and sapphyrin macrocycles were not known to 
be stable under the basic conditions employed in the syn 
thesis of oligonucleotides. For example, until the results 
presented herein were obtained, it was thought that texa 
phyrin, being a Schiff base, may be unstable to the basic 
conditions employed during oligonucleotide synthesis, spe 
cifically during the ammonia and ethanol cleavage and 
deprotection steps. It was also possible that the meso posi 
tions of sapphyrin would be unstable to the same basic 
conditions. Therefore, the stepwise synthesis of sapphyrin 
oligonucleotide conjugates presented herein was a surpris 
ing and unexpected result. The synthesis of sapphyrin 
nucleobase conjugates is described in U.S. Ser. No. 07/964, 
607 and PCT/US93/09994, incorporated by reference 
herein. 

It is contemplated that the stepwise synthesis provided 
herein may be performed manually or may be automated, 
and may be in a solution-phase or on a solid support. Solid 
support synthesis may be accomplished using an automated 
or a manual nucleic acid synthesizer. Common solid sup 
ports are CPG (control pore glass) and CPS (control pore 
silica). Other possible solid supports include polystyrene, 
polyamide/Kieselguhr, and cellulose paper. A preferred 
embodiment of this method is automated synthesis on a solid 
support. Attachment of a texaphyrin or sapphyrin to an 
oligonucleotide during stepwise synthesis obviates the need 
for a postmodification protocol and a second purification of 
the product. This results in an improved yield and greatly 
facilitates scale-up. The texaphyrin may be a free base 
texaphyrin or may be a texaphyrin metal complex. 
The finding that Ln(III) texaphyrins, notably DyT2B2 and 

EuT2B1, are stable to treatment with ethanolic ammonia for 
24 h at ambient temperature suggests that it is possible to 
derivatize oligomers with lanthanide(III) texaphyrin com 
plexes during stepwise synthesis. 
A texaphyrin or metal complex thereof may be inserted 

into the synthesis scheme of an oligonucleotide in a variety 
of ways. Possible linkages include amide, phosphate, thio 
ether, amino, and ether linkages. An amide linkage repre 
sents the reaction of an activated carboxylic acid derivative 
of a macrocycle and an amino linker attached to an oligo 
nucleotide. Activation may be achieved in solution phase or 
on a solid support using DCC and NHS, EDC, or activated 
esters of NHS, nitrophenyl, pentachlorophenyl, acid anhy 
dride, or sulfonyl chloride. In addition, for the solid support 
reaction, activation may be in the form of an acid chloride. 
A phosphate linkage represents the reaction of an activated 
phosphate derivative of a macrocycle and the 5’ hydroxyl 
group on an oligonucleotide. The activated phosphate may 
be a phosphoramidite, an H-phosphonate, a triester, or a 
diester. 
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Four representative synthetic schemes are discussed here. 
In the approach depicted in FIG. 6A, a metal-txp complex 
7A is attached to a solid support 7A via a six carbon amine 
linker. This amide-forming coupling reaction is currently 
employed to attach the complex post-synthetically. It is 
important to note that texaphyrin hydroxyl groups are pro 
tected as an ester on 7A for stepwise synthesis. These 
protecting groups are labile to the ethanolic ammonia treat 
ment. Such a metal-txp-derivatized support may be used for 
stepwise synthesis, and upon cleavage and deprotection, 
results in a 3'-linked metal-txp-DNA conjugate 7A. The 
amide-forming reaction may also occur at the conclusion of 
DNA synthesis before deprotection and cleavage from the 
solid support. 
As depicted in FIG. 6B, a phosphoramidite derivative of 

a metal texaphyrin complex 7B is prepared by reaction of 
the monoalcohol 7B with phosphitylating agent and diiso 
propylethylamine. The hydroxyl groups are again protected 
as the ester for this synthesis. The resulting phosphoramidite 
is coupled on the synthesizer as the final residue to form 7B. 
In this approach, deprotection results in a 5'-linked txp-metal 
complex-DNA conjugate 7C. This txp-conjugate has no 
amide bonds in the linker. 
Atxp-DNA conjugate having the texaphyrin in an internal 

linkage to the oligonucleotide may be synthesized using this 
stepwise approach. A dihydroxytexaphyrin is treated with 
dimethoxytritylchloride in the presence of dimethylami 
nopyridine and pyridine. The resulting monoprotected texa 
phyrin is treated with phosphitylating agent and diisopro 
pylethylamine tO produce 2 monoprotected 
phosphoramidite. This product is coupled to a growing 
oligonucleotide during synthesis in place of a nucleotide 
residue to insert a texaphyrin in an internal linkage. The 
monoconjugate may then be further coupled to nucleotides 
to produce atxp-DNA conjugate having the texaphyrin in an 
internal linkage to the oligonucleotide. Additionally, phos 
phonate or phosphodiester derivatives of texaphyrin may be 
utilized to form similar internal, 3', or 5' linkages by the 
phosphonate or triester methods, respectively. 

Oligonucleotide analog conjugates may be coupled to 
texaphyrins in a similar manner as herein described. In 
particular, phosphorothioates, 2'-O-methylated ribonucle 
otides, or other nucleic acid analogs such as methyl phos 
phonate derivatives are preferred due to the enhanced sta 
bility the derivatization provides towards nucleases in vivo. 

Other macrocycles may be coupled to oligomers to form 
macrocycle-nucleic acid conjugates in a similar manner, for 
example, Sapphyrin-oligonucleotide conjugates have been 
made using a direct coupling amide linkage method or by 
incorporation during oligonucleotide synthesis forming a 5' 
linkage via the H-phosphonate method as follows. 

Direct coupling method (amide linkage): Sapphyrin-oli 
gonucleotide conjugates with an amide linkage were formed 
on a solid support (FIG. 6D). Specifically, sapphyrin 
monoacid 7D (6.8 mg, 0.011 mmol, 50 eq) was dissolved 
in 2 mL of methylene chloride in a 4 mL glass vial with a 
small stirbar followed by cooling to 0°C. with an ice bath. 
Dicyclohexylcarbodiimide (4.5 mg, 0.022 mmol, 100 eq), 
dimethylaminopyridine (0.001 mg, catalytic amount), and 
N-hydroxysuccinimide (2.5 mg, 0.022 eq, 100 eq) were 
added to the solution which was then stirred for 30 min. 
Protected amino- derivatized oligonucleotide attached to 
CPG solid support (7D 2.5 mg, 0.108 mol, 1 eq) was 
added to the solution which was stirred overnight at room 
temperature. The solution was filtered and the conjugate 
attached to the CPG (7D) was washed once with methylene 
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chloride and twice with methanol. The green solids were 
then suspended in conc. ammonium hydroxide for 4 h at 
room temperature after which the green solution was filtered 
and evaporated to afford the crude Sapphyrin-oligonucle 
otide conjugate 7D. The conjugate 7D could be purified by 
fplc on a C column using acetonitrile/100 mM triethylam 
monium acetate, pH 7.0. 

This method is similar to that described to form texaphy 
rin-oligonucleotide conjugates. The coupling step in this 
case was done on a solid support although it may be done in 
solution. This procedure attaches sapphyrin to the 5' end, of 
the oligonucleotide and could be modified to link macro 
cycles to the 3' end, or internal to an oligonucleotide. 

Incorporation during oligonucleotide synthesis (phos 
phate linkage): The monoprotected sapphyrin H-phospho 
nate 7F (7E) was synthesized for incorporation during 
oligonucleotide synthesis (FIG. 6E). A sapphyrin-conjugate 
7G1 was synthesized in a solid-phase manual oligonucle 
otide synthesizer via the H-phosphonate method (FIG. 6F 
and FIG. 6G). The oligonucleotide was assembled on a solid 
support such as controlled pore glass (CPG) by a cycle of 
steps. The 5' end of the growing oligonucleotide was depro 
tected, the reaction phase was neutralized, and the activated 
monoprotected nucleotide H-phosphonate was coupled at 
the 5' end of the oligonucleotide. Derivatized sapphyrin 7F 
(7E) was incorporated at the 5' end of the oligonucleotide 
7F during the last step of the synthesis in place of a 
nucleotide (FIG. 6F). 

Specifically, the desired oligonucleotide was synthesized 
on a CPG solid support on a 0.2 uM scale. The derivatized 
sapphyrin 7F (7E) was attached to the oligonucleotide 7F 
on a manual oligonucleotide synthesizer (Cruachem PS 150 
DNA Synthesizer, Sterling, Va.). The synthesis was run 
under argon (5 psi). Syringes were oven-dried and kept in a 
desiccator until use. The following sequence was used for 
coupling: 
1. Wash-acetonitrile-2 min. 
2. Deblock-3% dichloroacetic acid in methylene chlo 

ride-3 min. 
3. Wash-acetonitrile-2 min. 
4. Wash-acetonitrile/pyridine (1:1)-2 min. 
5. Couple-4 mM derivatized sapphyrin 7F (7E) (1 eq) in 

methylene chloride and 65 mM pivaloyl chloride in 
acetonitrilelmethylene chloride (1:1)-30 u, solution 
alternating for 1.5 min. 

6. Wait-15 min. 
7. Wash-acetonitrile, acetonitrile/pyridine (1:1), acetoni 

trile-2 min, 1 min, 2 min. 
8. Deprotect-3% dichloroacetic acid in methylene chlo 
ride-3 min. 

9. Wash-acetonitrile, acetonitrile/pyridine (1:1)-2 min, 2 
1. 

10. Oxidize-0.1M iodine in water/pyridine/N-methylimi 
dazole/THF (5/4/1/90), 0.1M iodine in water?triethy 
lamine/THF (5/5/90)-2 min, 2 min. 

11. Wash-acetonitrile/pyridine (1:1), acetonitrile, metha 
nol-2 min, 1 min, 2 min. 

The conjugate 7F attached to CPG was added to 2 mL conc. 
ammonium hydroxide for 4 h. The solution was filtered and 
the filtrate was evaporated to afford crude sapphyrin-oligo 
nucleotide conjugate 7G which could be purified by fplc on 
a C column using acetonitrile/100 mM triethylammonium 
acetate pH 7.0. 

This method may be used to synthesize any type or length 
of oligonucleotide with macrocycle modifications at the 5' 
end or in the interior of the oligonucleotide. Additionally, the 
oligonucleotide could be modified with multiple macro 
cycles. 
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A further method for the synthesis of macrocycle-oligo 
nucleotide conjugates is to incorporate nucleotides enzy 
matically. A variety of DNA and RNA polymerases may be 
used, however, the Klenow fragment of DNA polymerase I 
from E. coli and terminal deoxynucleotidyl transferase are 
preferred. Goodchild, J. (1990) provides a general discus 
sion of the enzymatic synthesis of oligonucleotides and is 
incorporated by reference herein. 

EXAMPLE 10 

Site-Specific Light-Dependent Cleavage of DNA by 
LuTxp-Oligonucleotide Conjugate 

The present example provides for the site-specific light 
dependent cleavage of DNA by Lutetium(III) texaphyrin 
oligonucleotide conjugate. DNA samples were incubated 
with LuB2T2txp, or LuTxp-complementary oligonucleotide 
conjugate, under an oxygen or argon atmosphere and sepa 
rated by gel electrophoresis. 
A reaction mixture was prepared by adding ca. 300,000 

cpm of 5'-'P-labeled DNA 36-mer (8 of FIG. 7) (4 uL) to 
a solution made from lutetium(III) texaphyrin conjugate (8. 
of FIG.7 where LuTx is 5 of FIG.4, M is Lu) (2.5 L, 407 
nM stock solution), 4x buffer (5ul) and water (8.5 uL) to 
produce a final volume of 20 pull. Final conjugate concen 
tration was 50 nM. The 4x buffer is 400 mM. NaCl, 200 mM 
HEPES, pH 7.5, 100 M EDTA. Eight reaction mixtures 
were pipetted into O-ring type Eppendorf tubes (1.6 mL). 
Two additional reaction mixtures (tubes 1 and 6) were 
prepared in the same way, except that an equal volume of 
water was substituted for the LuTx-DNA conjugate. Tubes 
1-5 were covered with an atmosphere of oxygen, and tubes 
6-10 with an atmosphere of argon. Samples were sealed 
with parafilm, vortexed and centrifuged briefly, and then 
irradiated with laser light via the side of the Eppendorf tube. 
The laser was set at 752 nm and a power density of ca. 150 
mWlcm was used (ca. 20% reduction of laser power density 
is estimated to occur due to attenuation by the Eppendorf 
tube). Samples were irradiated for 1, 5, 10, or 30 minutes, 
whereupon the DNA was precipitated with ethanol using 
standard methods. The samples were resuspended in 50% 
formamide loading buffer, denatured at 90° C. for 5 minutes, 
and analyzed by electrophoresis on a 20% denaturing poly 
acrylamide gel. Lanes l and 6, no conjugate control; lanes 
2-5, LuTxp-oligonucleotide conjugate in the presence of 
oxygen and irradiated for 1, 5, 10' and 30'; lane 7-10, 
LuTxp-oligonucleotide conjugate in the presence of argon 
and irradiated for 1, 5, 10' and 30'; lanes 11 and 16, no 
LuTxp controls; lanes 12-15, free LuB2 T2 in the presence 
of oxygen and irradiated for 1', 5, 10' and 30'; and lanes 
17–20, free LuB2T2 in the presence of argon and irradiated 
for 1, 5", 10' and 30'. 

Control reactions containing free lutetium(III) B2T2 texa 
phyrin were prepared by adding ca. 300,000 cpm of 5'-'P- 
labeled DNA 36-mer 8 (4 ul) to a solution made from 
lutetium(III) texaphyrin B2T2 (5 L, 2 uM stock solution), 
4x buffer (5 L) and water (6 uL) to produce a final volume 
of 20 L. Final LuB2T2Tx complex concentration was 500 
nM. Eight reaction mixtures were pipetted into O-ring type 
Eppendorf tubes (1.6 mL). Two additional reaction mixtures 
(tubes 11 and 16) were prepared in the same way, except that 
an equal volume of water was substituted for the LuB2T2Tx 
solution. Tubes 11-15 were covered with an atmosphere of 
oxygen, and tubes 16–20 with an atmosphere of argon. 
Samples were irradiated, ethanol precipitated, and analyzed 
by electrophoresis as described above. 
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The autoradiograph indicated substantial cleavage only in 

those lanes (2–5, 7-10) which contained the 12-mer LuTx 
DNA conjugate. The cleavage sites covered four residues, 
proximal to the anticipated location of the LuTx-DNA 
conjugate. Both the location of cleavages and the much 
greater efficiency of conjugate cleavage relative to that 
caused by free complex are consistent with a model whereby 
hybridization of the DNA increases the local concentration 
of the LuTx and effects site-specific cleavage. 
The autoradiograph also contained information regarding 

cleavage mechanism: The presence of oxygen in reactions 
2-5 clearly increased the efficiency of DNA strand breakage. 
That cleavage occurred at all in lanes 7-10 is presumably 
attributable either to ambient light prior to the layering with 
argon, or else to incomplete replacement of the atmosphere 
in these tubes. The positive effect of oxygen on cleavage 
implicates singlet oxygen or other oxygen product as the 
intermediary species responsible for DNA strand breakage. 
The maximal extent for cleavage observed was roughly 

5% and was obtained after 5 minutes of laser irradiation. It 
is possible that the actual yield of reaction is far greater, 
since the initial step in cleavage is likely a nicking step and 
complete cleavage would be facilitated, for example, in 
vitro, by an organic base such as piperidine. Not wanting to 
be bound by theory, it is possible that singlet oxygen attacks 
a purine base, adenine for example, and causes depurination 
of double-stranded DNA similar to the Maxam and Gilbert 
chemical cleavage of DNA. 

Further irradiation had no effect on the amount of cleav 
age. This observation is consistent with self-destruction of 
the 12-mer LuTx conjugate (which is also composed of 
DNA) or may reflect an instability of the LuTx complex 
towards laser light. The disappearance of low mobility 
material assigned as non-denatured DNA-LuTx conjugate 
duplex at greater laser irradiation times provides additional 
support for these possibilities. 

EXAMPLE 11 

Sequence Specific Light-Dependent Cleavage of 
DNA by LuTxp Conjugated to 2'-O-Methyl RNA 

The present example provides for the site-specific light 
dependent cleavage of synthetic DNA 36-mers 11 and 11 
by lutetium(III) texaphyrin-2'-O-methyl RNA 15-mer con 
jugates 11A and 11. 

Reaction mixtures were prepared by adding ca. 100,000 
cpm of 5'-'P-labeled DNA 36-mer 11 or 11 to solutions 
made from lutetium(III) texaphyrin conjugate 11 (1.0 L, 
968 nM stock solution) or 11c (3.0 uL, 335 nM stock 
solution), 4X buffer (5 ul) and water to produce a final 
volume of 20 ul. Final conjugate concentration was 50 nM. 
The 4x buffer is 400 mM. NaCl, 200 mM HEPES, pH 7.5, 
100 M EDTA. Two conjugate-free controls (samples 1 and 
8) were prepared by substituting water for conjugate solu 
tion. Samples 1, 4-8, and 11-14 were irradiated for 4.5 
hours at 37° C. using a 75 watt incandescent light at ca. 9 
inches above the heating block. Samples 2,3,9, and 10 were 
incubated without exposure to light at 37°C. The DNA was 
precipitated with ethanol using standard methods following 
incubation. Samples 6, 7, 13, and 14 were dissolved in 10% 
aqueous piperidine solution (50 L), heated at 90° C. for 30 
minutes, then freeze-dried. All samples were resuspended in 
50% formamide loading buffer, denatured at 90° C. for 5' 
and analyzed by electrophoresis on a 20% denaturing poly 
acrylamide gel. Lanes 1-7, substrate 11D; lanes 8-14, 
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substrate 11B. Lanes 1 and 8, oligodeoxyribonucleotide-free 
controls; lanes 2, 4, 6, 9, 11, and 13, 50 nM 11; lanes 3, 5, 
7, 10, 12, and 14, 50 nM 11, lanes 2, 3,9, and 10, no light 
controls; lanes 1, 4-8, and 11-14, 4.5 hour treatment with 
light; lanes 6, 7, 13, and 14, samples treated with 10% 
piperidine prior to electrophoresis 
The autoradiograph indicated substantial cleavage only in 

those lanes (5, 7, 11, and 13) that contained the appropriate 
complementary 15-mer LuTxp 2'-O-methyl RNA conjugate. 
The cleavage sites covered three to four residues, proximal 
to the anticipated location of the LuTxp complex. These 
cleavages are consistent with a model whereby hybridization 
of the 2'-O-methyl-LuTxp conjugates to their complemen 
tary sequences of DNA increases the local concentration of 
the LuTxp and effects site-specific cleavage. 
The autoradiograph also contained information regarding 

cleavage mechanism: Certain positions within the cleavage 
site are clearly more reactive to cleavage than others. 
Definitive identification of these more reactive bases awaits 
further experimentation, but are tentatively assigned to posi 
tions containing purine bases. 
The maximal extent of cleavage observed was roughly 

10%, and was obtained using a piperidine treatment of the 
light-exposed samples. The effect of this piperidine treat 
ment is at least a 10-fold increase in cleavage products, 
indicating that initial DNA lesions formed by the photo 
chemical reaction require base assistance to efficiently pro 
duce strand breaks. As the extent of light-induced cleavage 
in non-piperidine-treated lanes is far lower than that 
obtained using laser irradiation (cf., Example 10) it may be 
possible to observe an increase in the yield of cleavage 
products by using both laser and piperidine treatments. 
A txp-oligonucleotide conjugate of a derivatized RNA 

such as the 2'-O-methyl RNA analog used herein may 
provide stability against self-cleavage. RNA is hydrolyzed 
by LuTxp, however, the 2'-O-Me RNA lacks a 2'-OH and, 
therefore, is stable to hydrolysis. Therefore, an RNA analog 
oligomer may be more stable than a DNA oligomer for the 
Txp-oligonucleotide conjugate. The synthesis of RNA ana 
log-conjugates is the same as for Txp-DNA conjugates 
discussed previously herein. An RNA-analog conjugate may 
be complementary to an antisense or a sense strand of DNA 
and forms a triple helix in the process of binding to a double 
helix. 

EXAMPLE 12 

Photodynamic Therapy using LaB2T2 and LuB2T2 
The present example provides data demonstrating that 

diamagnetic complexes of texaphyrin are effective in treat 
ment of tumor cells in vitro and in vivo. 

In vitro data and experiments. The lanthanum complex of 
B2T2 (4,5-diethyl-10,23-dimethyl-9,24-bis(3-hydroxypro 
pyl)- 6,17-(3-hydroxypropyloxy)-13,20,25,26,27-pentaaza 
pentacyclo (20.2.1.1.18.0', heptacosa-1,3,5,7,9, 
11(27), 12,14(19), 15,17.20,22 (25),23-tridecaene (LaB2T2) 
was used at concentrations of 5.0, 1.0 or 0.1 micromolar in 
tissue culture medium. The murine mammary carcinoma 
cell line designated EMT-6 was cultured in medium con 
taining LaB2T2 for 1 hour or 3 hours in the dark. Experi 
mental cultures were irradiated with 10 Joules/cm” using an 
arc lamp with a 750 nanometerband pass filter. Cell survival 
was measured using a cell cloning assay. There was no dark 
toxicity indicating that LaB2T2 had no direct toxicity to the 
cells. Cultures which were irradiated with the visible red 
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light showed viabilities of 3%, 50% and 100% for concen 
trations of LaB2T2 of 5.0, 1.0 and 0.1 micromolar respec 
tively. The results were similar for 1 and 3 hour incubation 
periods. The results established that LaB2T2 was phototoxic 
to these tumor cells in vitro. 

In vivo experiments. Murine adenocarcinoma cells were 
inoculated into both flanks of Balb/c mice. Four days later, 
palpable tumor masses were present on both flanks of the 
mice. Ten mg/kg of lutetium B2T2 (LuB2T2) in aqueous 
solution was injected IV. Seven hours later, one tumor mass 
was irradiated with 500 Joules of Argon laser light at 746 
nanometers. The unirradiated tumor served as a control. 
Animals were monitored daily and tumor measurements 
were made using calipers. Following a single treatment, 
65% cell kill was estimated based on the reduction in size of 
the treated tumors. No phototoxicity of skin or normal 
tissues surrounding the tumors was observed indicating 
relatively selective uptake of the LuB2T2 in the tumors. This 
experiment established the in vivo photodynamic activity of 
LuB2T2. 

EXAMPLE 13 

Photodynamic Therapy with LuT2BET 
The present example demonstrates the effectiveness of 

using a preferred lutetium-texaphyrin T2BET complex for 
photodynamic treatment of tumor cells in vivo. 
SMT6 mammary tumor cells were inoculated subcutane 

ously into the right rear flank of DBA/2Ha mice. When the 
tumors were approximately 0.5 cm in diameter, the mice 
were injected with either 40 mg/kg LuT2BET (2 mg/mL in 
5% mannitol) or 5% mannitol alone (control) by IV injection 
in the tail vein. In each treatment group, four mice were 
injected with the texaphyrin material and two mice with the 
control material. Laser treatment was given at 1 hr after 
injection (Group I), 3 hr after injection (Group II), 5hr after 
injection (Group III) or 14 hr after injection (Group IV). The 
tumors were irradiated with approx. 150 J/cm of 732 nm 
laser light. An additional control group (Group V) received 
no injection and no light treatment. Tumor size was mea 
sured prior to irradiation, then again at 24 and 72 hr after 
laser irradiation and three times a week thereafter. 
The laser treatment 1 hr post injection proved to be too 

soon at this dose level; all animals died from toxicity within 
one day. The animals irradiated at 3 hr post injection 
appeared ill. Ulceration was visible in the area of tumor 
following laser exposure in most of the mice in all groups 
that received the texaphyrin. No phototoxicity of skin or 
tissues at or near the tumor was observed in the control mice, 
which received no texaphyrin. At day 7 following laser 
treatment the survival rate and the average increase in tumor 
size for the surviving animals are shown in Table 2 below. 

TABLE 2. 

Survival and Tumor Size at Day 7 

Avg. "% Increase 
Treatment Dead/Alive Tumor Volume 

Control - no mannitol, no laser Of4 465 
Control - mannitol + taser 2/6 61 
Grp I: LuTxp + laser 40 - 
1 hr post 
Grp II: LuTxp + laser 113 -23 
3 hr post 
Grp III: LuTxp + laser Of4 194 
5 hr post 
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TABLE 2-continued 

Survival and Tumor Size at Day 7 

Avg. 76 Increase 
Treatment Dead/Alive Tumor Volume 

Grp IV: LuTxp + laser 113 
14 hr post 

399 

As can be seen from the Table, the tumors of those 
animals exposed to light at 5 hr post injection had a much 
smaller increase in tumor volume after 7 days and all 
surviving animals exposed at 3 hr post had actual decreases 
in tumor size. At the termination of the experiment sixty 
days following injection and treatment, two of the mice in 
Group III (laser at 5 hr) were still alive and with no visible 
signs of a tumor. The deaths of the animals in Group II (laser 
at 3 hr) were likely due to toxicity from laser treatment too 
soon after texaphyrin dosing. 

Following the above procedures, SMT6 tumor-being mice 
were treated with different doses of LuT2BET (2 mg/mL in 
5% mannitol), as follows: Group I40 umol/kg; Group II, 20 
umol/kg, Group III, 10 pumol/kg; and Group IV, 5 umol/kg. 
All of the mice, including controls, were irradiated at 5 hours 
post-injection with a single laser dose of 150J/cm of 732 
nm light. Ulcers were observed after laser treatment in all 
mice from Group II and in all but one mouse from Group I. 
No ulcers were observed in mice from Groups III or IV or 
the controls. All four of the mice in Group II (20 umol/kg) 
and three of the four mice in Group I (40 umol/kg) were still 
alive and without recurrence of the tumor 57 days post 
injection. A 10 umol/kg dose of the texaphyrin inhibited 
growth of tumor as compared to the controls but did not 
eradicate the tumor. At 5 pmol/kg of the texaphyrin there 
was a marginal effect. 

EXAMPLE 14 

In vivo MRI and PDT for Atheroma using 
GdT2BET and LuT2BET 

The present example demonstrates the effectiveness of 
using a gadolinium texaphyrin T2BET metal complex for 
imaging and a diamagnetic texaphyrin T2BET metal com 
plex for treating atheromain vivo. Atheromatous plaque was 
removed in vivo from the aorta of a rabbit by photodynamic 
therapy using a texaphyrin diamagnetic-metal complex. 
A New Zealand white rabbit was fed a high cholesterol, 

atherogenic diet (2% cholesterol U.S.P. diet for rabbits (ICN 
Animal Research Diets, Calif.)) for 4 months. GdT2BET (20 
Imol/kg of 2 mM txp complex in 5% mannitol) was then 
injected intravenously into the rabbit two weeks prior to an 
MRI scan. The MRI showed an intense contrast enhance 
ment which was related to the Gd-Txp that had accumulated 
in the atheromatous plaque in the wall of the aorta. In further 
experiments, successful MRI scans were run at 1 h, 1 day 
and 1 week post-injection. 
The rabbit was then injected intravenously with 

LuT2BET (20 umol/kg of 2 mM txp complex in 5% man 
nitol). Five hours following injection, through a laparotomy 
incision, red laser light (732 nm) was projected onto a 
segment of the abdominal aorta. Light exposure was per 
formed for 17 minutes. Subsequently, the laparotomy was 
closed and the animal was returned to its cage. Four days 
later, the animal was again injected with GdT2BET, and 1 
hour after this final injection the animal was sacrificed and 
the aorta was removed. There was no gross hemorrhage or 
damage to the aortain the vicinity where the laser irradiation 
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38 
had been applied. Axial MRI scans were then obtained at 
intervals throughout the course of the aorta. 

In scans taken both above and below the area of aorta that 
had been treated with laser light, there was intense contrast 
enhancement similar to that observed prior to irradiation, the 
enhancement being caused by the gadolinium texaphyrin 
accumulation in atheromatous plaque. However, there was 
no contrast enhancement in the area of the aorta that had 
been irradiated, indicating that no GdTxp had accumulated 
in the treated area, which in turn indicates that exposure of 
a segment of a lutetium texaphyrin-containing aorta to laser 
light at 732 nm had obliterated the plaque circumferentially 
in the aorta. Control rabbits (not on an atherogenic diet) 
injected with GdT2BET had no image contrast enhance 
ment, indicating that GdT2BET had not collected in the 
walls of their aortas. 

This example illustrates the diagnostic potential of an 
MRI detectable paramagnetic metal texaphyrin complex in 
detecting atheromatous plaque and also the potential of 
using a texaphyrin-diamagnetic metal complex and light 
irradiation to eradicate the atheromatous material. This 
treatment would be useful for removing atheromatous 
plaque from other occluded blood vessels as well as an 
occluded aorta. The light may be localized to the tissue being 
treated by the use of fiber optics and a laser, for example. 
The texaphyrins of the present invention may also be used 

as detectable probes for high density lipoproteins (HDL) or 
low density lipoproteins (LDL). A paramagnetic metal 
texaphyrin complex bound to either HDL or LDL would be 
detectable using MRI, or a free base texaphyrin bound to 
either would be detectable using fluorescence. HDL and 
LDL may be distinguished to the extent that selective 
binding to texaphyrin occurs. 

EXAMPLE 1.5 

Fluorescence Detection of Texaphyrins 
Fluorescent molecules contain chromophores that can be 

photochemically promoted to an excited state, or higher 
energy level, by irradiating them with light. Excitation 
wavelengths are generally in the UV, blue, or green regions 
of the spectrum. Chromophores can remain in the excited 
state for about 10 seconds before releasing their energy 
and returning to the ground state. Those chromophores that 
dissipate their energy as emitted light are fluorescent. The 
wavelength distribution of the outgoing photons forms the 
emission spectrum, which peaks at longer wavelengths 
(lower energies) than the excitation spectrum, but is equally 
characteristic for a particular fluorophore. 

Texaphyrins are unique as chromophores in that they both 
absorb and emit light in the red light region, about 700-800 
nm wavelengths. The fluorescence emission for texaphyrins 
occurs about 5-40 nm farther to the red wavelengths in 
relation to the absorbing wavelengths. Thus, texaphyrins 
have particular utility in biolocalization and clinical diag 
nostics and also in in vitro applications such as laboratory 
and medical research, industry, and agriculture. 

Optical characteristics of certain texaphyrin complexes 
are described in Sessler et al. (1991), incorporated herein by 
reference. The absorption and emission wavelengths and the 
amount of fluorescence exhibited by the texaphyrins will 
vary, depending on the substituents attached to the texaphy 
rin molecule, the metal with which the texaphyrin forms a 
complex, and other factors. It has been found that the 
presence of a metal will often decrease the fluorescence of 
texaphyrins and that certain Cd-texaphyrin complexes have 
a comparatively weak fluorescence (Sessler, et al., 1991). 
The Lu-T2BET complex has a very strong fluorescence with 
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a maximum at 747 nm and a lifetime of (380+15)ps (mea 
sured by time-correlated, single-photon counting), whereas 
the Gd-T2B2 complex has very weak fluorescence. 
A particular use of the present invention is the detection 

and diagnosis of certain types of tissue such as tumors and 
tumor cells and atheromatous tissue. Texaphyrin compounds 
show a high intrinsic biolocalization selectivity for lipid-rich 
tissues such as tumors or neoplastic tissues and atheromas. 
A texaphyrin complex which exhibits fluorescence is admin 
istered to a host, after which the host is exposed to activating 
light in the 700–800 nm range and the location of the tumor 
or atheroma is observed as a result of fluorescent light 
emitted by the localized texaphyrin. A particular advantage 
to this technology is in cardiovascular applications where 
atheromatous plaque is "seen” and "obliterated' using only 
one agent for both detection and treatment. An automated 
feedback loop is envisioned where the light dose is con 
trolled by the amount of fluorescence emitted. Therefore, 
light would be provided only to those sites where high initial 
fluorescence is seen. Such an automated irradiation system 
has the advantage of using only a single catheter in a clinical 
Setting. w 

Another embodiment of the use of the present invention 
is in the detection and subsequent destruction of tumor or 
atheromatous tissue. A texaphyrin-diamagnetic metal com 
plex which exhibits fluorescence and also exhibits biolocal 
ization in atheromatous and tumor tissue relative to sur 
rounding tissue is administered to a host. Localization sites 
of the complex in the host are determined by fluorescence of 
the complex. The complex is then photoirradiated in prox 
imity to the localization sites, such as with the use of a laser 
or fiber optics, to cause tumor or atheroma tissue destruction 
by photodynamic therapy. 

In another use of the present invention, a texaphyrin 
molecule, either alone or conjugated to a site-directing 
molecule, provides a probe, reagent, or assay for detection 
of a particular target by fluorescence scanning technology. In 
some instances, such as with certain viruses, the texaphyrin 
itself attaches to the target without the need for an additional 
site-directing molecule. 
Using stepwise DNA synthesis, a DNA probe may be 

prepared which bears a metallotexaphyrin chromophore on 
either the 5'- or the 3' end and an amine on the other end. The 
sequence is designed as a partial inverted repeat sequence 
such that the DNA probe forms a relatively weak intramo 
lecular complex called a hairpin, which brings the texaphy 
rin and amine groups into close proximity (12 of FIG.9A, 
FIG. 9Bi, and FIG. 9Bi). As a consequence of this prox 
imity, the excited electronic state produced by irradiation of 
the texaphyrin chromophore is rapidly quenched by an 
electron from the amine group, and is not able to fluoresce 
or phosphoresce. When a second nucleic acid is present, 
however, which is complementary in sequence to the probe, 
a duplex forms that is stronger in its absolutely binding 
affinity than the intrastrand hairpin which, in effect, sepa 
rates the texaphyrin chromophore from the amine (12 of 
FIG. 9A, FIG. 9Bi, and 9Bi). The excited electronic state 
produced by irradiation of the texaphyrin chromophore is no 
longer quenched by the amine group and is able to fluoresce. 
The probe as described thus acts as a "molecular switch', 
Such that an observable signal is returned upon irradiation 
only in the presence of the complementary nucleic acid. In 
Some applications, mismatches would be allowed in the 
inverted repeat since it is known that nucleic acids having 
mismatches will hybridize to each other, albeit less strongly 
than a perfect match. 
A modification of this concept is illustrated in FIG. 10A, 

FIG. 10Bi, and FIG. 10Bii. Here, two different texaphyrin 
chromophores are used. The first of these (the one with M) 
is fluorescent by virtue of either containing a diamagnetic 
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metal such as Lu(III) or La(III) or no metal at all (M=H). 
The second texaphyrin (the one with M2) contains a para 
magnetic metal center such as, e.g., Gd(III), Eu(III), etc. It 
thus replaces the tertiary amine of FIG.9A, FIG.9Bi, and 
FIG.9Bii, but would quench the fluorescence in the hairpin 
"state' as the result of energy or exciton transfer from the 
diamagnetic (M) texaphyrin excited state produced by 
irradiation to the paramagnetic (M) texaphyrin. In the 
duplex form (13), such energy transfer fluorescence 
quenching would be precluded as a result of the larger 
spatial separation between the diamagnetic M texaphyrin 
donor and the paramagnetic M2 texaphyrin acceptor. Thus, 
the "switch' is "turned on' due to the greater fluorescence 
lifetime of the M texaphyrin and is further able to perform 
repeatedly. 

Such a probe might find application in developing an in 
vitro assay for the presence of a particular nucleic acid 
sequence. For example, a probe might be designed which 
fluoresces only upon hybridizing with an invariant sequence 
from the HIV genome, and thus may serve as an efficient 
way of Screening for this virus in blood. Other chro 
mophores such as porphyrins and other fluorescent dyes may 
serve the purpose, but the texaphyrin has the advantage of a 
red shifted absorbance. Other groups besides an amine may 
serve as the electron donor, eg., a carotenoid. A key feature 
of the system as described is that a positive signal (eg., 
phosphorescence or fluorescence) is given in the presence of 
the analyte. It is important to note that the intermolecular 
duplex is able to compete with the intramolecular hairpin 
due to the extra stability obtained by binding to the bases in 
the loop region. Also, as an intramolecular complex (the 
hairpin) is by definition concentration-independent, the 
assay can be carried out at a sufficiently low concentration 
of probe such that intermolecular quenching by another 
probe does not occur. Thus the equilibrium between open 
(fluorescent) and closed forms of the probe depends solely 
on the concentration of the analyte. 
The following references are incorporated in pertinent 

part by reference herein for the reasons cited below. 
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All of the compositions and methods disclosed and 

claimed herein can be made and executed without undue 
experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been 
described in terms of preferred embodiments, it will be 
apparent to those of skill in the art that variations may be 
applied to the composition, methods, and in the steps or in 
the sequence of steps of the method described herein without 
departing from the concept, spirit, and scope of the inven 
tion. More specifically, it will be apparent that certain agents 
which are both chemically and physiologically related may 
be substituted for the agents described herein while the same 
or similar results would be achieved. All such similar 
substitutes and modifications apparent to those skilled in the 
art are deemed to be within the spirit, scope, and concept of 
the invention as defined by the appended claims. 

SEQUENCE LISTING 

( . ). GENERAL INFORMATION: 

( i i i NUMBER OF SEQUENCES: 6 

( 2) INFORMATION FOR SEQ ID NO:l: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 20 basc pairs 
(B) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULE TYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:l: 

C T C G GC CATA G C GAA T G TTC 

( 2) INFORMATION FOR SEQ ID NO:2: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 12 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULE TYPE: DNA (gcnonic) 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

C T C G GCC AT A G C. 

( 2) INFORMATION FOR SEQID NO:3: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 36 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULE TYPE: DNA (genomic) 

( x i ) SEQUENCE DESCRIPTION: SEQ HD NO:3: 

GAA CAT T C GC TA T G GCC GAG AAGAT GT CAC CAT G GA 

( 2) INFORMATION FOR SEQ ID NO:4: 

( i ) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 base pairs 
(B) TYPE: nucleic acid 
( C ) STRANDEDNESS: single 
(D) TOPOLOGY: Einear 

2 0 
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-continued 

( i i ) MOLECULETYPE: RNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

CAU CUG UGA G CCG GG 

( 2) INFORMATION FOR SEQ ID NO:5: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 36 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: DNA (genomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:5: 

5 

CAACA C C C G G CT CACAGA T G AA GT C T C CAA AATAAA 3 6 

( 2) INFORMATION FOR SEQ ID NO:6: 

( i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 basc pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: lincar 

( i i ) MOLECULETYPE: RNA (gcnomic) 

( xi ) SEQUENCE DESCRIPTION: SEQID NO:6: 

CUC GGC CAUA GC GAA 

What is claimed is: 
1. A method of light-induced cleavage of a polymer of 35 

deoxyribonucleic acid, the method comprising: 
contacting the polymer with a photosensitive texaphyrin; 

and 
exposing the photosensitive texaphyrin to light for a time 

sufficient to cleave the polymer. 
2. The method of claim 1 wherein the exposing step is 

carried out in the presence of oxygen. 
3. The method of claim 1 where the texaphyrin has the 

Structure: 

- N+ 45 

55 

where: 
M is H or a diamagnetic metal cation; 
R, R2, R, R R5 and R are independently hydrogen, 

hydroxyl, alkyl, hydroxyalkyl, alkoxy, hydroxyalkoxy, 
saccharide, carboxyalkyl, carboxyamidealkyl, a site 

15 

directing molecule or a couple to a site-directing mol 
ecule; and 

N is an integer less than or equal to 2. 
4. The method of claim 3 wherein at least one of R, R2, 

R3, R, R and R is a site-directing molecule or a couple to 
a site-directing molecule. 

5. The method of claim 4 wherein the site-directing 
molecule is an oligonucleotide. 

6. The method of claim 5 wherein the oligonucleotide is 
a 2'-O-alkylated ribonucleotide. 

7. The method of claim 3 wherein one of R, Rs, and R. 
is an oligonucleotide or a couple to an oligonucleotide. 

8. The method of claim 3 wherein R is (CH2)CHOH, 
R and R are CHCH, R is CH, R is a site-directing 
molecule or a couple to a site-directing molecule and R is 
H. 

9. The method of claim3 where R is (CH2)CH-OH, R 
and R are CHCH, R is CH3, Rs is 
O(CH2CH2O)CHCHOCH, and R is a site-directing 
molecule or a couple to a site-directing molecule. 

10. The method of claim 3 wherein R is (CH2)CHOH, 
R and Ra are CHCH, R is CH, and Rs and R are 
O(CHCHO),CHCHOCH. 

11. The method of claim3 wherein R-R are as in Table 
1 for texaphyrins A1-A22. 

12. The method of claim 3 wherein M is a diamagnetic 
metal cation and the diamagnetic metal is Lu(III), La(III), 
In(III), Zn(II) or Cd(II). 

13. The method of claim 1 wherein the light has a 
wavelength range of about 700 to 800 nanometers. 

ck k k k k 
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