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CLEAVAGE OF RNA USING METAL COMPLEXES 

FIELD OF THE INVENTION 

PCT/US96/08262 

This invention relates· to methods for both catalytically hydrolyzing and 

photocleaving a polymer of ribonucleic acid with a single agent, and both catalytically 

hydrolyzing a polymer of ribonucleic acid and photocleavhlg a polymer of 

S deoxyribonucleic acid with a single ·agent. 

BACKGROUND OF THE INVENTION 

Texaphyrins are aromatic pentadentate macrocyclic •expanded porpbyrins" 

useful as MRI contrast agents, as radiosensitizers and in photodynamic therapy (PD'I). 

10 They have activity for phosphate ester and RNA hydrolysis, or in RNA and DNA light­

induced cleavage. Texaphyrin is considered as being an aromatic benzannulene 

containing both 1811'- and 22T-electron delocall7.ation pathways. See, e.g., Sessler, J.L. 

et al., AccollntS of Chemical Research, 1994, 27:43. Texaphyrln molecules absorb 

strongly in the tissue-transparent 730-900 nm range, and they exlu"bit inherent selective 

15 uptake or biolocalization in certain tissues, particularly regions such as, for example, 

liver, atheroma or tumor tissue. Texaphyrins and water-soluble texaphyrins, method of 

preparation and various uses have been described in U.S. Patents Nos. 4,935.498; 

5,162,509; 5,252,720; S,256,399; 5,272,142; 5,292,414; 5,369,101;· 5,432,171; 

S,439,S!O; 5,451,576; 5,457 ,183; 5,475,104 and 5,504,205; PCT publications WO 

20 90/10633, 94/29316, 95/10307, 95/21845, and 96/09315; and, U.S. Serial Nos. 

08/196,964; 081227 ,370; 081207 ,845; 08/310,501; and 08/433,573; all of which are 

incorporated herein by reference. 

Texaphyrins may be coupled to site-directing molecules to form coltjugates for 

targeted in vivo delivery. Site-specific ester hydrolysis of RNA with a lanthanide metal 

2S texaphyrin complex-oligonucleotide conjugate bas been shown; see, Magda, D. et al., 

J. Am. Chem. Soc., 1994, 116:7439; and PCT publication WO 94/29316 (the entire 

disclosure of which is incorporated herein by reference). Site-specific light-induced 

photocleavage of DNA with a diamagnetic metal texapbyrin complex-oligonucleotide 

conjugate bas also been carried out; see, Magda, D. et al., J. Am. Chem. Soc. 1995, 
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117:3629; and WO 96/09315 {the entire disclosure of which is incorpora~ herein by 

reference). 

While many texaphyrin metal complexes have been shown to promote the 

hydrolysis of phosphate ester bonds (see, WO 94/29316), and other texaphyrin metal 

complexes. have been shown to act as catalysts for the light-induced cleavage 

(photocleavage) of DNA and RNA (see, WO 96/09315), it bas not been previously 

~wn that a single texapbyrin metal complex would both hydrolyze and photocleave 

RNA, or would both hydrolyze RNA and photocleave DNA. Such a texaphyrin 

complex would be very useful in practical terms, since only one metal complex would 

10 be necessary to perform a variety of functions. This is especially important in in vivo 

or a vivo treatment situations where it is desirable for only a relatively small amount 

of material to be present. It is also desirable where the metal complex itself, such as 

for example where the complex is an oligonucleotide conjugate, is quite expensive or 

can be produced in ODly small quantities. Additionally, while two separate conjugates 

lS could be employed to cover both photocleavage and hydrolysis activities, respectively, 

the conjugates could compete with one another. 

SVMMAllY OF THE.INVENTION 

The inventors. havt now discovered a particular class of texaphyrin metal 

20 complexes which both hydrolyzes and photocleaves RNA. This class of complexes also 

both hydrolyzes ~A and photocleaves DNA. 

. In particular, in one embodiment, the present invention is directed to a method 

for both hydrolyzing and photocleaving a polymer of ribonucleic acid, the method 

comprising the steps of contacting the ribonucleic acid polymer with a texaphyrin metal 

25 complex having catalytic activity for both hydrolysis and photocleavage of a ribonucleic 

acid polymer, incubating the ribonucleic acid polymer and the metal complex under 

conditions and for a time sufficient to hydrolyze the phosphate ester bond of the 

polymer, and exposing the texaphyrin metal c<>mplex to light for a time sufficient to 

photocleave the ribonucleic acid polymer. 

30 In another embodiment of the present invention, the invention is directed to a 

method for both hydrolyzing a polymer of ribonucleic acid arid pbotocleaving a 

polymer of deoxyribonucleic acid, the method comprising the steps of contacting a 

mixture of the ribonucleic acid polymer and the deoxyribonucleic acid polymer with a 
----·--~---
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texaphyrin metal complex having catalytic activity for both hydrolysis of a ribonucleic 

acid polymer and photocleavage of a deoxyribonucleic acid polymer, incubating the 

polymer mixture and the metal complex under conditions and for a time sufficient to 

hydrolyze the phosphate ester bond of the ribonucleic acid polymer, and exposing the 

S texaphyrin metal complex to light for a time sufficient to photocleave the 

deoxyribonucleic acid polymer. 

DETAU.ED DESCRIPl'ION OF THE PREFERRED EMBODIMENTS 

The present invention discloses the use of a single texaphyrin metal complex to 

10 perform two separate chemical reactions. Specifically, the texaphyrin metal complex 

bas the ability to effect both hydrolysis and photocleavage reactions. In one reaction, a 

phosphate ester bond is cleaved by hydrolysis; that is, the cleavage is a hydrOlytic 

reaction where a water molecule is added across an ester bond to break the bond. This 

hydrolytic reaction is particularly useful for cleaving the phosphate ester bonds of a 

15 polymer of RNA, and is not dependent on the presence or absence of light. The 

second reaction, by comparison, is a photolytic cleavage reaction; that is, the 

texaphyrin metal complex, when irradiated in the presence of oxygen serves to· produce 

cytotoxic materials, such as singlet oxygen, which products then cause ·strand damage 

or breakage, or "photocleavage", of a polymer of DNA or RNA. Not wanting to be 

20 bound by theory, it is possible that singlet oxygen attacks a purine base, such as 

guanine for example, and causes depurination of the nucleic acid similar to the Maxam 

and Gilbert chemical cleavage of DNA. It is important to note that while strand 

breakage. as outlined herein, is useful for quantitating the extent of photochemically 

derived dam&ge, this damage in itself (e.g., modification of a nucleotide) is known to 

25 inhibit biological function of the nucleic acid (for example, translation of RNA, phage 

infectivity). This photocleavage reaction is dependent on the presence of light, and in 

particular light in the spectral range of about 650-900 nm, preferably about 700-800 

· mn, and most preferably about 730-770 nm, where living tissues are relatively 

transparent. 

30 The ability of a single agent to catalyze both types of reactions is especially 

useful in the design of therapy treatments that take advantage of both hydrolysis and 

photocleavage mechanisms. Thus, for example, a single texaphyrin metal complex can 

be targeted to a particular RNA, such as an antisense texaphyrin complex-
--~------
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oligomcleotide coltjugate directed to a target m.RNA. This metal complex-conjugate is 

administeJ:ed to a patient, after which light is applied in proximity to the metal complex 

and the target mRNA to cause photocleavage of the RNA. The RNA polymer may be 

a solution or a suspension of RNA or may be cellular RNA in vitro, in vivo, or ex 

S vivo. The ability to hydrolyze and cleave RNA bas important implications for the 

treatment of various diseases; for destruction of retroviral RNA, messenger RNA, 

n)osomal RNA, RNA cofactors, transfer RNA, small nuclear RNA, and small 

cytoplasmic RNA, thereby providing a multifactorial approach to eliminating diseased, 

cancerous or other unwanted cells or tissues. The texaphyrin complex is not destroyed 

10 during the photocleavage reaction, so that after the light is removed, the complex­

conjugate remains to cleave, via light-independent hydrolysis, any target RNA which 

may remain. 

In a second example, a single texapbyrin metal complex can be used in the 

cleavage and destruction of two different targets, one RNA-based and the other DNA-

15 based, via hydrolytic and photocleavage action. RNA targets include those described 

herein. Site-specific photocleavage of DNA bas important ramifications in a variety of 

applications. Potential particular applications include antisense applications, 

photocleavage affecting .recombination of DNA, destruction of viral DNA, or control of 

gene eipression at the cellular level. In contrast to using two agents, each targeting 

20 either RNA or DNA only, the use of one agent to target both RNA and DNA precludes 

the reduction in efficiency caused by the presence of two competing agents. 

Additionally, less total drug needs to be utilized to effect the desired result. 

The methods of the present invention are conducted under conditions suff"lcient 

to hydrolym the RNA and photocleave the DNA or RNA. Such conditions are known 

2S to those of skill in the art or can be .determined by such persons without undue 

experimentation. It has been found that such conditions include physiologic conditions. 

This is especially useful when the texaphyrin complexes are used in vivo or ex. vivo as a 

treatment procedure to hydrolyze RNA and also photocleave RNA or DNA. 

In the practice of the present _invention, the texaphyrin macrocycle to be 

30 complexed to the metal ion may be chosen from any texaphyrin molecule, including 

those now known and disclosed in the U.S. patents and patent applications incorporated 

by reference herein. Representatives of texaphyrin metal complexes included within 

the present invention are encompassed within the following formula: 

• 



.. 
s 

10 

W096J38461 

THIS SHEET HAS BEEN 
REPLACED 

\ \11\1\\ \Ill\\ l\\l li\ \Ill PCl'/US96/08262 

s 

M is a divalent metal cation_ or a trivalent metal cation having catalytic activity 

for both hydrolysis of an RNA polymer and photocleavage of an RNA or a DNA 

15 polymer. Metals useful in the present invention may include, but are not necessarily 

limited to, cadmium(II), yttrium(lll), indium(Ill), lanthanum(DI), lutetium(lll), and 

other diamagnetic metal cations. 

Ri-R.i. R., and Rs are independently hydrogen, halide, hydroxyl, alkyl, alkenyl; 

alkynyl, aryl, haloalkyl, pitro, formyl, acyl, hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, 

20 hydroxyalkenyl, bydroxyalkynyl, saccharide, carboxy, carboxyalkyl, carboxyamide, 

carboxyamidealkyl, amino, aminoalkyl, a site-directing molecule, a catalytic group, or 

a couple that is c0upled to a site-directing molecule or to a catalytic group. 

~ and R, are independently selected from the groups of Rs-~. &, and Rs, with 

the proviso that the halide is other than iodide and the haloalkyl is other than iodoalkyl. 

25 Rs and R10-R12 are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, 

hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, 

carboxyalkyl, carboxyamide, carboxyamidealkyl, amino, aminoalkyl, or a couple that is 

coupled to a saccbaride, to a site-directing molecule or to a catalytic group. 

The charge, Z, is an integer value less than or equal ~ S. In the context of the 

30 basic macrocycle with a yttrium cation, Z is 1 or 2. However, one skilled in the art in 

light of 1he ·present disclosure would realize that the charge Z would be altered so as to 

account for the choice of metal M, the pH under consideration; and charges present on 

any of sobstituents R1-R12 and charges present on any covaiently bound site-directing 

molecule, for example charges of the phosphate groups on an oligonucleotide. For 
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instance, if R1 = carboxyl and ~-R11 = alkyl and the metal M = r.u+3, and the 

solution is pH = 7 (so that R1 = COi)t the charge Z would be zero. The charge 

would be negative when substituents have ·a sufficient number of negative charges, for 

example, when a substituent is an oligonucleotide. The charge would be +~.for 

example, when the M is I.n+3 and the net charge of a substituent(s) is three positive 

chatges. 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/or coordinative saturation to the metal ion. Such ligands include chloride, nitrate, 

·acetate, and hydroxide, among others. 

10 •Alkyl" means alkyl groups, straight, branched or cyclic isomers, with 

generally one to fifty, preferably one to thirty, more preferably one to ten, carbon 

atoms. 

•Alkenyl" means aJkenyl groups, straight, branched or cyclic isomers, with 

generally two to fifty, preferably two to thirty, more preferably two to ten, carbon 

15 atoms, and with one to five or more double bonds, preferably one to five, more 

preferably one to three double bonds. 

•Aikynyl" means alkynyl groups, straight, branched or cyclic isomers, with 

generally two to fifty, preferably two to thirty,· more preferably two to ten, carbon 

atoms, and with one to five or more triple bonds, preferably one to five, more 

20 preferably one to three triple bonds. 

··Hydroxyalkyl" means alcohols of alkyl groups. Preferred are hydroxyalkyl 

groups having one to twenty, more preferably one to ten, hydroxyls. "Hydroxyalkyl" 

. is meant to include polyethers with one or more functional groups; diols of alk:yls, with 

diols of C1•10 alkyls being preferred, and diols of C1_, alkyls being more preferred; and 

25 polyethylene glycol, polypropylene glycol and polybutylene glycol as well as 

30 

polyalkylene glycols containing combinations of ethylene, propylene and ·butylene. 

•0xya11cyI" means alkyl groups as herein described with oxygen atoms, 

including ether linkages. The number of repeating oxyalkyls within a substituent may 

be up to 200, preferably from 1 to 20, more preferably from 1 to 7, and most 

preferably is 2-3. A preferred oxyalkyl is O(ClizCH20)llCH3 where x = 1-120, 

prefenbly 1-10, and more preferably, 1-5. 

.. 
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"Hydroxyalkoxy" means alkyl groups as described herein having ether or ester 

linkages, as well as hydroxyl groups, substituted hydroxyl groups, carboxyl groups, 

substituted carboxyl groups or the like. 

"Carboxy" groups include carboxylic acids of the alkyls described herein as 

well as aryl carboxylic acids such as benzoic acid. "Carboxyalkyl" means alkyl groups 

having.hydroxyl groups, carboxyl or amide substituted· ethers, ester linkages, tertiary 

amide linkages removed from the ether or the like. R.epl'esentative· examples of 

"carboxyamides" include primary carboxyamides (CO~, and secondary (CONHR') 

and tertiary (CONR'R") carboxyamides where each of R' and R" is a functional group 

10 as described herein. •carboxyamidealkyl" means alkyl groups with secondary or 

tertiary amide linkages or the like. 

Representatives of useful amines include a primary, secondary or tertiary amine 

of an alkyl as described hereinabove. 

• Aryl" is an aromatic group whose molecules have the ring structure 

15 characteristic of benzene, naphthalene, phenanthrene, antbracene, and the like, i.e., 

either the 6-carbon ring of bemene or the condensed 6-carbon rings of the other 

aromatic derivatives. For example, an aryl group may be phenyl or naphthyl, 

unsubstituted or.substituted with a Ditro, carboxy, sulfoDic acid, hydroxy; oxyalkyl or· 

halide substituent. In this case,· the substituent on the phenyl or naphthyl may be added 

in a synthetic step after the condensation step which forms the macrocycle. 

The term "saccharide" includes oxidi7.ed, reduced or substituted saccharide; 

hexoses such as D-glucose, D-mannose or D-galactose; pentoses such as D-ribose or D­

arabinose; ketoses such as D-ribulose or D-fmctose; disaccharides such as sucrose, · 

lactose, or maltose; derivatives such as acetals, amines, and phosphorylated sugars; 

2S oligosaccbarides; as well as open chain forms of various sugars, and the like. 

Examples of amine-derivatized sugars are gBlactosamine, glucosamble, and sialic acid. 

Hydrolytic cleavage of phosphate ester bonds, and particulariy of RNA, by 

texapbyrin complexes may be enhanced by additional catalytic groups appended to the 

texaphyrin complex or to a texaphyrin complex-site directing molecule conjugate. The 

30 term "catalytic group• means a chemical functional group that assists catalysis by 

acting as a general acid, Bnmsted acid, getieral base, Bnmsted base, nucleophile, or 

any other means by which the activation barrier to reaction is lowered or the ground 

state energy of the substrate is increased. Exemplary catalytic groups contemplated 
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include, but are not limited to, imidazole; guanidine; substituted saccharides such as D­

glucosamine, D-mannosamine, D-galactosamme, D-glucan>ine and the like; amino acids 

such as L-histidine and L-arginine; derivatives of amino acids such as histamine; 

polymers of amino acids such as poly-L-lysine, (LysAla)n, (LysLeuAla)n where n is 

S from 1-30 or preferably 1-10 or more preferably 2-7 and the like; derivatives thereof; 

and texaphyrin metal complexes. The term •appended to the texaphyrin complex-site 

diJ;ecting molecule conjugate" means that the catalytic groups are attached either 

directly to the texap~yrin metal complex or to the texaphyrin complex via a linker or 

couple of variable length, or are attached to the ligand portion of a texaphyrin compJex-

10 ligand conjugate either with or without a linker or couple of variable length. 

As used herein, a "site-directing molecule" means a molecule having affinity 

and specificity for a particular target site. Exemplary site-directing molecules useful 

herein include, but are not limited to, polydeoxyribonucleotides, 

oligodeoxyribonucleotides, polyribonucleotide analogs, oligoribonucleotide analogs, 

15 polyamides including peptides having affinity for a biological receptor and proteins 

such as antibodies, steroids and steroid derivatives, hormones such as estradiol or 

histamine, hormone mimics such as morphine, and farther macrocycles such as 

sapphyrins and rubyrins. It is understood that the terms •nuc1eotide", 

"polynucleotide" and •otigonucleotide", as used· herein and in the appended· claims, 

20 refer to both naturally-occurring and synthetic nucleotides, poly- and oligonucleotides 

and to analogs and derivatives thereof such as methylphospbonates, phosphotriesters, 

phosphorothioates, phosphoramidates and the like. Deoxyribonucleotides, 

deoxyribonucleotide analogs and rlbonucleotide analogs are contemplated as site­

directing molecules in the present invention. 

2S 

30 

Oligonucleotides have several advantages over traditional drugs, notably their 

exquisite specificity to target sites and their· ease of design. 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. CpG sequences may be derivatized to 

minimize degradation; derivatization may be alkylation, and is preferably methylation. 

Modifications of the phosphate groups are prefeued in one embodiment of the 

invention since phosphate linkages are sensitive to nucle8$e activity. Preferred 

derivatives are the methylphosphonates, phosphotriesters, phosphorothioates, and 

phospboramidates. Derivatives may also contain alternating phosphorothioate and 

.. 

.. 
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unmodified linkages. or alternating methylphosphonate and umnodified linkages, or 

alternating phosphorothioate and methylphosphonate linkages. 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. The 5' or 3' end may be derivatized or "capped n with a 

phospboramidate linkage, an inverted nucleotide conjugated to the oligonucleotide via a 

3':-3' linkage, an aminoacridine residue, or poly-L-lysine. 

Sugar modifications may include groups, such as halo, allcyl, alkenyl or alkoxy 

groups, attached to an oxygen of a ribose moiety in a ribonucleotide. In a preferred 

10 embodiment, the group will be attached to the 2' oxygen of the ribose. In particular, 

halogen moieties such as fluoro may be used. The alkoxy group may be methoxy, 

ethoxy or propoxy. The alkenyl group is preferably allyl. 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. 

15 The term "texaphyrin-oligonucleotide conjugate" means that an oligonucleotide 

is attached to the texaphyrin in a 5' linkage, a 3' lhlkage, or both types of linkages that 

would allow the texaphyrin to be an internal residue in the conjugate. It can also refer 

to a texaphyrin ·that is linked to an internal b8se of the oligonucleotide. 1be 

oligonucleotide or other site-directing molecule may be attached either directly to the 

20 texaphyrin or to the texaphyrin via a linker or a couple of variable length. During 

.catalysis, for example, the texaphyrln portion of a texaphyrin metal complex­

oligonucleotide conjugate is placed in the vicinity of the substtate upon binding of the 

oligonucleotide to the targeted nucleic acid substrate. 

The term "a peptide having affinity for a biological receptor" means that upon 

25 contacting the peptide with the biological receptor, for example, under appropriate 

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 amino acid or glycolytic .residues of the peptide with specific 

amino acid or glycolytic residues of the receptor to form a stable complex under the 

30 conditions effective to promote the interaction. 1be interaction may alter the three 

dimensional conformation and the function or activity of either or both the peptide and 

the receptor involved in the interaction. A peptide having affinity for a biological 

receptor may include an endorphin, an enkepbalin, a growth factor, e.g. epidermal 
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growth faCtor, poly-:L-Iysine, a hormone, a peptide region of a protein and the like. 

~resentative examples of useful polypeptides include both naturally occurring and 

synthetic polypeptides (e.g., insulin, n"bonuclease, and P-endorphin). 

Representative examples of useful steroids include any of the steroid hormones 

S of the .following five categories: progestagens such as progesterone, glucocorticoids 

such as cortisol, mineralocorticoids such as aldosterone, androgens such as testosterone 

or. androstenedione, ·and estrogens such as estrone or estradiol. 

A conjugated group having site specificity or catalytic activity may be covalently 

· coupled to a texaphyrin directly on the macrocycle ring or through various couples. A 

10 couple may be descnl>ed 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, disulfide, 

tbioetber, ether, ester, or phosphate covalent bonds. In preferred embodiments, 

conjugates and appended groups are covalently bonded to the texaphyrin via a carbon-

15 carbon, a carbon-nitrogen, a carbon-sulfur, or a carbon-oxygen bond, more preferred 

being a carbon-oxygen or a carbon-nitrogen bond. 

In the practice of the present invention, in a preferred embodhnent at least one 

of R1-R12 is a site-directing molecule or is a· couple to a site-directing molecule. Also 

presently preferred are those compounds where R1 is hydroxyalkyl and Rz, Rs. and R. 
20 are alkyl. R., and Ra may be bydroxyallcoxy or oxyalkyl. Alternatively, R3, ~or Ra 

may be a site-directing molecule or a couple to a site-directing molecule. Preferred 

site-directing molecules are a hormone or an oligonucleotide, more preferably an 

oligonucleotide. The oligonucleotide may be a deoxyribonucleotide, a 

deoxynoonucleotide derivative or analog, or a ribonucleotide analog. A presently 

25 preferred ribonucleotide analog, for example, has alkyl groups, more preferably methyl 

groups, on the 2' oxygen of the ribose. A presently preferred deoxyribonucleotide 

analog is a phosphorothioate or a phosphomnidate. 

In a further preferred texaphyrin complex of the present invention, R1 is 

(~CHaOH, Ki and ~ are CH2CH,, ~ is CH3, and R, and Rs are ~CH2CH20H 

30 or It, and Ra are O(CH2CH20),CH2~0R' where t is zero to 10, prefenbly zero to 3, 

and R' is Hor CH3• Alternatively, R-, is a site-directing molecule or a couple thereto, 

preferably an oligonucleotide or a couple thereto, more preferably O(CHz)nCO­

oligonucleotide where n is 1-7 and preferably 1-3. Where R, is a site-directing 

.. 
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molecule or a couple thereto, Rs may be H, OCH, or one of the previously listed 

preferred substituents. 

A presently preferred metal is yttrium(lll). 

Water-soluble texaphyrins are often preferred for the applications described 

herein, particularly when in vivo administration and treatment is contemplated. 

"Water-soluble" means soluble in aqueous fluids to about 1 mM or better. Such 

characteristics allow ~ texaphyrins to be useful in a biological. environment. 

Improved water solubility can be achieved by, for example, substituents chosen from 

saccharides or hydroxylated substituents. 

10 In presently preferred texaphyrin compounds, R1-R., R,, and Rs are as in Table 

1 for texaphyrins Al-A22, R,, ~. and R,-R12 are H, and M is as defined hereinabove. 

However, while the above-described texaphyrins are presently preferred compounds for 

use in the present invention, the invention is not limited thereto and any texaphyrln 

coo1plex that has activity both as a hydrolyzing agent for RNA polymers and as a 

lS photocleaving agent for RNA or DNA polymers may be useful in the practice of the 

invention. 
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TABLE 1. 
Representative Substituents for 

Texaphyrln Macrocycles of the Present Invention 
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CH.,CH~ CH2CH:1 CH .. O(CH.,) 30H 

II II II 0 ( ~CH20) :1CH... 

• " n 0 (CH2) nCON-linker-
site-directing 
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n n n 0 ( CH2 ) nCON-linker-
site-directing 
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II II n OCH~CO-ho:rmone 

II n n O(CllzCH20) 3CH .. 

II II " OCH2CON-linker-
site-directing 

molecule 

n II n OCH .. co-hormone 

n n " 0 (CH2CH20) uoCH3 

" • II saccharide 

II • • OCH .. CON (CILCH..OH) .. 
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(CHOH) 4CH20H 
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n 
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II 

II 
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A20 CffiCH, C& CHiCHiCOOH 
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A22 CH2 (Cffi) aOH CHiCH, CffiCH, 

R.. R. 

II OCH3 

II O(CH2 )nCOOH, n=l-
10 

II (CH2 ) n-CON-linker-
site-directing 

molecule, n=l-10 

It YCOCR.i-linker-
site-directing 

molecule 
Y=NH,O 

n O{Clli) 2~0H 
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The texapbyrin metal complexes of the present invention can be synthesized 

by procedures as descn"bed in the patents and applications previously incorporated 

herein by reference. For example, a nonaromatic texaphyrin of structure I is 

mixed together with a metal salt, a Bmnsted base· and an oxidant, in an organic 

solvent, and the mixture is allowed to react to form an aromatic texaphyrin metal 

10 complex. A preferred means is to stir the mixture at ambient temperature or to 

heat the mixture at reflux for at least two hours. 

15 

20 

I 

The nonaromatic texaphyrin I is conveniently produced by condensation of 

25 a tripyrrane aldehyde or ketone having structure A and a substituted ortho­

phenylenediamine B: 

A B 

One skilled in the art of organic synthesis in light of the present disclosure 

30 ·and the disclosures in the patents, applications and publications incorporated by 

reference hertjn could extend and refine the above basic synthetic chetrtistry to 
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produce texaphyrins having various substituents. For example, polyether-linked 

polyhydroxylated groups, saccharide substitutions in which the saccharide is 

appended via an acetal-like glycosidic linkage, an oligosaccharide or a 

polysaccharide ~y be similarly linked to a texaphyrin. A doubly carboxylat.ed 

5 texaphyrin in which the carboxyl groups are linked to the texaphyrin core via aryl 

ethers or functionalized alkyl substituents could be converted to various· esteritied 

products wherein the ester linkages serve to append further hydroxyl-containing 

substituents. Polyhydroxylated texaphyrin derivatives may be syntbesiml via the 

use of secondary amide linkages. Saccharide moieties may be appended via amide 

10 bonds. Polyhydroxylated texaphyrin. derivatives containing branched polyhydroxyl 

(polyol) subunits may be appended to the texaphyrin core via aryl ethers or ester 

linkages. 

Treatment of carbox.ylated texaphyrins with thionyl chloride or p­

nitrophenol acetate would generate activated acyl species suitable for attachment to 

15 monoclonal antibodies or other biomolecules of interest. Standard in situ coupling 

methods (e.g., 1,1'-carbonyldiimidazole) could be used to effect the conjugation. 

The selectivity of the texaphyrins. may be enhanced by covalently linking 

oligonucleotides onto the periphery of the macrocycle. Amides, ethers and 

thioethers are representative of linkages which may be used for this purpose. 

20 Oligonucleotides functionalized with amines at the S'-end, the 3'-end, or intemally 

at sugar or base residues may be modified post-synthetically with an_ activated 

carboxylic ester derivative of the texaphyrin complex. Alternatively, 

oligonucleotide analogs containing one or more thiophosphate or thiol groups may 

be selectively alkylated at the sulfur atom(s) with an alkyl halide derivative of the 

25 texaphyrin complex. The resultant oligonucleotide-complex conjugates may be 

designed so as to provide optimal catalytic interaction between a target nucleic 

acid and the bound texaphyrin. The oligonucleotide may be large enough to bind 

probably at least about 8 nucleotides of complementary nucleic acid. Specific 

methods for preparing texaphyrin-oligonucleotide conjugates are disclosed in WO 

30 94/29316, previously incorporated herein by reference. 

The use of texaphyrin complexes to hydrolyze RN~ and also photocleave 

RNA or DNA in vivo as a treatment procedure relies on the effective localization 
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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 or an RNA encoding a product deleterious to the host or 

may be a normal DNA·or RNA that is deleterious in some way. Treating native 

S RNA or DNA with a texaphyrin oligonucleotide conjugate results in the texaphyrin 

conjugate binding to a complementary RNA or DNA sequence via the appended 

oligonucleotide. The texaphyrin complex then cleaves the RNA or DNA proximal 

to this specific site. The binding of a conjugate to a DNA double helix will form 

a triple helix which has sufficient stability for effective cleavage to occur. 

10 The texaphyrin-oligonucleotide conjugates may be useful for inhibiting the 

expression of a gene in an animal or in a particular tissue of an animal. They may 

also be useful in a method for targeted intracellular mRNA hydrolysis and 

photocleavage. or for targeted intracellular mRNA hydrolysis and DNA 

photocleavage. The ~xaphyrin-oligonucleotide conjugates and present method of 

15 hydrolysis and photocleavage would have immediate applications for anti-viral and 

anti-bacterial therapy as well as cancers (an oligonucleotide complem.entaty to an 

oncogene, for example) and .inflammatory responses that are caused by the 

overexpression of certain.proteins. 

An exemplary method for delivering texaphyrin-oligonucleoticle coajugates 

20 . into a cell is the use of texaphyrin-oligonucleotide-glycoconjugates for carrying 

oligonucleotides specific for targeted sequences. Texaphyrin-oligonucleotide 

conjugates linked through a disulfide bridge to a glycoconjugate could be 

significantly more effective in reaching a target site than the corresponding free 

oligonucleotide. Poly-L-Jysine can be substituted by tbree components: an 

25 oligonucleoticle as a recognition signal, a therapeutic texaphyrin-metal complex, 

and gluconoic acid as a neutralizing and solubilizing agent. This type of neutral, 

highly water-soJuble glycosylated polymer may be an efficient carrier to deliver 

drugs into cells. 

For the above-descn"bed uses, texaphyrins are provided as pharmaceutical 

30 preparations. A pharmaceutical preparation of a texaphyrin may be administered 

alone or in combination with pharmaceutically acceptable carriers, in either single 

or multiple doses. Suitable pharmaceutical carriers include inert solid diluents or 
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fillers, sterile aqueous solution and various organic solvents. The pbannaceutical 

compositions formed by combining a texaphyrin of the present invention and the 

pharmaceutically acceptable carriers are then easily administered in a variety of 

dosage forms. Administration may be intravenous, intraperitoneal, parenteral, 

5 intramuscular, subcutaneous, Qral, or topical, with topical and :intravenous 

administration being preferred, and intravenous being more preferred. 

Solutions of the texaphyrin in sesame or peanut oil, aqueous propylene 

glycol, or in sterile aqueous solution may be employed. Such aqueous solutions 

should be suitably buffered if necessary and the liquid diluent first rendered 

10 isotonic with sufficient saline or glucose. These particular aqneous solutions are , 

especially suitable for intravenous, intramuscular, subcutaneous and intraperitoneal 

administration. In this connection, sterile aqueous media which can be employed 

will be known to those of skill in the art in light of the present disclosure. Topical 

creams, emulsions, solutions, and the like are contemplated for applications to 

15 surface areas of the body. Topical application may also be by iontophoresis. 

For antisense applications, excipients and preservatives that preserve 

oligonucleotide stability are chosen. · The highly negatively charged phosphate or 

sulfur groups .of the backbone .of the oligonucleotide may be irritating· to· epitbelial · 

or other surface cells. Counterions may be used for formulation purposes to 

20 prevent irritation. 

Pharmaceutical forms include sterile aqueous solutions or ~rsions and 

sterile powders for the extemporaneous preparation of sterile injectable solutions 

or dispersions. In all cases the fonn must be sterile and must be fluid to the 

extent that easy use with a syringe exists. It must be stable under the conditions 

25 of manufacture and storage and must be preserved against the contaminating action 

of microorganisms, such as bacteria and fungi. The carrier can be ·a solvent or 

dispersion medium containing, for example, water, ethanol, polyol (for example, 

glycerol, propylene glycol, and liquid polyethylene glycol, and the like), suitable 

mixtures thereof, and vegetable oils. The proper fluidity· can be maintained, for 

30 example, by the use of a coating, such as lecithin, by the maintenance of the 

required particle size in the case of dispersion and by the use of surfactants. The 

prevention of the action of microorganisms can be brought about by various 
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antibacterial and antifungal agents, for example, parabens, chlorobutanol, phenol, 

sorbic acid, thimerosal, and the like. In many cases, it will be preferable to 

include isotonic agents, for example, sugars such as mannitol or dextrose or 

sodium chloride. A more preferable isotonic agent is a mannitol solution of about 

S 2-8 % concentration, and, most preferably, of about S % concentration. Prolonged 

absorption of the injectable compositions can be brought about by the use in the 

compositions of agents delaying absorption, for example, a]umjnum monostearate 

and gelatin. 

Sterile solutions are prepared by incorporating the active compounds in the 

10 required amount in the appropriate solvent with various of the other ingredients 

enumerated above, as required, followed by filtered sterili7.ation. Generally, 

dispersions are prepared by incorporating the various sterilized active ingredients 

into a sterile vehicle which contains the basic dispersion medium and the required 

other ingredients from those enumerated above. In the case of sterile powders for 

15 the preparation of sterile injectable solutions, the preferred methods of preparation 

are vacuum-drying and freeze-drying techniques which yield a powder of the 

active ingredient plus any additional desired ingredient from a previously sterile­

filtered solution thereof. 

As used herein, "pharmaceutically acceptable carrier" includes any and all 

20 solvents, dispersion media, coatings, permeation enhancers, antibacterial and 

antifungal agents, isotonic and absorption delaying ag~ts and the like. The use of 

such media and agents for pharmaceutically active substances is well known in the 

art. Except insofar as any conventional media or agent is incompatible with the 

active ingredient, its use in the therapeutic compositions is contemplated. 

25 Supplementary active ingredients can also· be incorporated into the compositions. 

A reliable -assay for RNA or DNA photocleavage potency of a te:xaphyrin­

oligonucleotide conjugate is an assay for cleavage of a complementary ribonucleic 

acid or deoxyn"bonucleic aeid, respectively. A reliable assay for RNA hydrolysis 

is an ·asiay for hydrolysis of a complementary ribonucleic acid as described in WO 

30 94/29316, previously incorporated by reference herein. Oeavage by a conjugate 

would demonstrate that the conjligate has the intended pot.ency and activity. 
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·The following example is an illustration of the practice of the present 

inventiOn, and is intended neither to define nor to limit the scope of the invention 

in any manner. 

BXAMPl.Bl 

The present example illustrates· site--specific, light-independent hydrolysis of 

RNA and site-specific light-dependent photocleavage of DNA by yttrium(IIl) 

texaphyrin-DNA oligonucleotide conjugates. The RNA hydrolysis properties of 

the YTx conjugates are compared with those of analogous paramagnetic Dy(lll)Tx 

10 conjugates, and the DNA photocleavage properties of the YTx conjugates ate 

15 

20 

2S 

compared with those of analogous diamagnetic Lu(DI)Tx corgugates. 

The texaphyrin-oligonucleotide conjugate in each case had the. following 

formula, where M is yttrium, dysprosium or lutetium: 

Methods for the preparation of the above texaphyrins, as well as those of 

other texaphyrins and texaphyrin-<>ligonucleotide conjugates, are descn"bed in WO 

30 94/29316, the disclosure of which is incorporated herein by reference. Scheme A 

shows yttrium(lll) texaphyrin (YTx) DNA conjugates, dysprosium(Ill) texaphyrin 

(DyTx) DNA conjugates and lutetium(lll) texaphyrin (l»Tx) DNA conjugates of 

the present example, and complementary 5' -32J>-labeled DNA 36-mers and S' ~32p-



.. I 
I 
! 

~ 

5• .. YTxHN~C~)6·PO.t .. CAT CTG TGA GCC GGG TGT TG-3' 1A SEOIDNO: 1 I'll I 
f. 

0\ .... 
5• .. YTxHN-(C~)8-P04 • CTC GGC CAT AGC GAA TGT TC-3' 1e SEOiDN0:2 • 
5'-DyTxHN~Ct-'2)6-P04 - CAT CTG TGA GCC GGG TGT TG-3' 1c SEQ JD NO: 1 > 

5'-DyTxHN-{Cf-'2~·P04 ·C!C GGC CAT AGC GAA TGT TC-3' 1o SEQIDN0:2 

5'-LuTxHN-(CH2)e-Ptlt·CAT CTG TGA GCC GGG TGT TG-3' 1e SEO ID NO: 1 

5'-LuTxHN-(CH2)6-P04·CTC GGC CAT AGC GAA TGT TC-3' 1f SEQIDN0:2 

' ' ' DNA36-m8r 3'-A AAT MA ACC TCT GAA G_TA GAC ACT CGG CCC ACA AC-5' 1G SEQIDN0:3 

~ 

RNA36-Rl&r 3' .. A AAU AAA ACC UCU GAA GUA GAC ACU CGG CCC ACA AC -51 1H SEQIDN0:4 

tt 

' ' ' ' ' DNA3&-mer 31-G CGC CAG AGA GGT GAG CCG GTA TCG CTI ACA AGA CA-51 

11 SEQIDNO:S .,., 

~ 
l'IJ 

RNA36-mer 3'-G CGC CAG AGA GGU GAG CCG GUA UCG CUU ACA AGA CA -51 1J SEQIDN0:6 I ttft .... 
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labeled RNA 36-mers. The DNA sequences used in the conjugates were 

purchased from Keystone Labs, Menlo P~ CA; and the RNA sequences were 

purchased from Promega Corp., Madison, WI. 

Reaction mixtures were prepared by adding YTx conjugate lA or 18 , DyTx 

S conjugate le or 10 , or LuTx conjugate 12 or lr to solutions made from ca. 

100,000 cpm of 5'-32P-labeled DNA 36-mer 16 or lu or 5'-32P-labeled RNA 36-

mer 11 or 11 mixed with 4X buffer (SµL), cmier DNA (lµL) and water to 

produce a final volume of 20 f'L. Final conjugate concent:mtion was 50 nM. The 

4X buffer was 400 mM NaCl, 200 mM HBPES, pH 7.S, 100 p.M EDTA. All 

10 reactions were heated for 4 minutes at S8°C and allow~ to cool slowly to ambient 

temperature. 

RNA hydrolysis reactions were covered and incubated at 37°C for 22 hr. 

DNA photocleavage reactions were irradiated for 15 min. at ambient temperature 

using a dye laser (Coherent, Palo Alto, CA) tuned to 732 nm using a power 

15 density of 150 mW/cm.2• 

At the end of the reaction time, the reaction samples containing 

radiolabeled DNA were precipitated with ethanol, then were dissolved in 10% 

aqueous piperidine solution (50 µL) and heated to 90°C for 30 min. Water (500 

p.L) was added to the DNA samples, which were then dried on a Speedvac. The 

20 samples from the RNA hydrolysis. reactions were precipitated with ethanol using 

standard methods. All samples were resuspended in 50% formami~ loading 

buffer, denatured at 60°C for 3 min., and analyzed by electrophoresis on a 20% 

denaturing polyacrylamide gel. 

The autoradiograph indicated substantial cleavages only in those lanes 

25 which contained the appropriate complementary 20-mer YTx, DyTx, or LuTx 

coajugate. All cleavages occurred near the expected location of the YTx, DyTx, 

or LuTx complex upon hybridization of the conjugates with their targets. The 

cleavage locations on the 36-mers are indicated by arrows in Scheme A. The 

YTx- and LuTx-mediated DNA cleavage bands co-migrated with bands generated 

30 by dimethylsulfate in the guanine-specific sequencing Janes. The cleavage patterns 

generated by the YTx and DyTx conjugates on RNA were similar. Cleavage 

patterns generated by the YTx and LuTx conjugates on DNA were essentially 

1ili1iiflir 
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identical. The total efficiency of RNA hydrolysis by the YTx conjugates ranged 

from 25-35%. The total efficiency of DNA photocleavage by the YTx coJdugates 

ranged from 50-60%. 

These observations are consistent with a model whereby hybridization· of 

S the YTx conjugates to complementary sequences of DNA effects site-specific 

photomodification of guanine residues, and resUlts in site-specific photocleavage 

upon workup under basic conditions. By contrast, in a dark reaction, the YTx 

conjugates effect site-specific hydrolysis of complementary RNA targets. Thus, 

the YTx-DNA conjugates were able to damage nucleic acids by two distinct 

10 mechanisms, hydrolysis and photocleavage. Further, as conjugates containing 

LuTx, a diamagnetic metallotexaphyrin analogous to YTx, have previously been 

shown to effect. site-specific phot0cleavage of both DNA and RNA targets, the 

above data imply that YTx coajugates would also effect site-specific photocleavage 

of RNA targets. 

15 

20 

EXAMPLB2 

The ·present inventors have demonstrated that texaphyrin-oligonucleotide 

conjugates are taken up by eukaryotic cells, as observed by fluorescent 

localization. 

HL-60 cells (lmman promyelocytic leukemia cell line) were incubated with 

a solution (5µmol final cone.) of a texapbyrin-oligonucleotide conjugate complexed 

with either a Y(Ul) metal ion or a Lu(Ill) metal ion (where the oligonucleotide is a 

phosphorotbioate with 15 bases). The cells were incubated for a minimum of 10 

min. and up to about 60 min., after which the cells were washed. Fluo~ 

2S was measured with a confocal argon laser; which excites at 488 nm. To view the 

fluorescence created by the texaphyrin. a cut-off filter was used to· eliminate 

30 

wavelengths below 700 nm. The resulting fluorescence images showed diffuse 

cytoplasmic fluorescence with some evidence of local "hot spots" of concentrated 

fluorescence. 
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SEQOENCB Ll:STDIG 

(1) GBNBRAL INFORMATION: 

(i) APPLICAN'l': Pharmacyclics, Inc. 
Board of Regents, The 'University of Texas system 

(ii) TI'I'L"B OF INVBNTZON: MUI.'l'I-MECHANJ:S'l'IC CHEMICAL CLEAVAGE 
USING CER'l'AIN MB'l'AL COMPLEXES 

(iii) NCMBBR. OF SBQtJENCBS: 6 

(iv)" CORRBSPONDENCB J\DDRBSS: 
(A) Am>RBSSEB: Akin, Gump, Strauss, Bauer & Feld, L.L.P. 
(B) S"J.'RZE'l': 816 Congress Avenue, Suite 1900 
(C) CI:'l'Y: AUstin 
(D) STA'l'B: Texas 
(E) CO'ON'l'RY: ll'nited States of America 
(F) ZIP: 78701 

(v) COMPtJ'l'ER RBJU)ABLE FORM: 
(A) MEDIOM TYPE: Floppy disk 
(B) COMPtl'l'ER: IBM PC compatible 
(C) OPBRA'l'ING SYSTEM: PC-DOS/MS-DOS 
{D) SOl'TWARE: Patentln Release #1.0, Version 11.30 

(vi) ctlRRBNT APPLl:CATI:ON DATA: 
(A) APPLI:CATION HCMBBR.: PCT unknown 
(B) F:cx.ntG DATB: concurrently herewith 
(C) CLASSl:FICATION: Unknown 

(viii) A'l"l'ORNEY /Nl'Bl!rr DtFORMA'l'IOU: 
(A) HAMB: Norberg, Gloria L. 
(B) REGISTRATION NtJMBD.: 36, 706 
(C) REFEREHCB/DOCI<E'l' NOMBBR: 43414.0007 

(ix) TBLBCOMMDNICATION INFORMATION: 
(A) TELEPHONE: (512) 499-6200 
(B) TELBFAX: (512) 499-6290 
(C) 'l'BLBX: 79-0924 

(2) DIFORMA'l'ION FOR SBQ m NO: 1: 

(i) SBQUJmCB CBARAC'l'BRISTICS: 
(A) LENGTH: 20 base pairs 
(B) TYPE: nucleic acid 
{C) S'l'RAJID3DNBSS: single 
(D} TOPOLOGY: linear 

(ii) MOLECDLB ~E: other nucleic acid 
(A) DESCRIPTION: /deso - "DNA" 

(xi) SBQUBNCB DBSCR.IPTION: SBQ ID N0:1:· 

CATCTGTGAG CCGGG'l'G'rl'G 

(2) INPORMA'l'ION FOR SBQ D> -N0:2: 

(i) SBQlJBNCB CBARACTEllSTlCS: 
(A) LENQ'rH: 2 o J:>ase pairs 
(B) 'l'YPE: nucleic acid 
(C) S'mANI>BmlESS: single 

20 
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(D) TOPOLOGY: linear 

(ii) MOLECDLB T!'PE: other nucleic acid 
(A} DESCRIPTION: / desc .. "DNA" 

(xi) SEQUBNCB DBSCR:IPTION:· SEQ ID H0:2: 

CTCGGCCATA GCGAA'rG'l"rC 

(2} INFOBMA"l'ION FOR SEQ ID NO: 3 : 

(i) SEQUBNCB CBARACTBRIS'l'ICS: 
{A) LBNG'l'B: 36 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = •DNA11 

(xi) SBQ'DENCB DBSCR:IP'l'ION: SEQ ID H0:3: 

O.ACACCC!GG C'l'CACAGATG AAGTCTCCAA AATAAA 

(2) INl'ORMA'l'ION J!'OR SEQ ID N0:4: 

(i) SEQUENCE CBARACTBRISTJ:CS: 
(A) LENGTH: 36 base pairs 
(B) 'l'YPB: :nucleic acid 
(C) S'l'RANDBDNBSS: single 
(D) TOPOLOGY: linear 

(ii) MOLBctJLE 'l'YPB: other nucleic acid 
(A) DBSCRl:PTION: /desc = •RNA" 

(xi) SEQOENCB DBSCRJ:PTJ:ON: SEQ m N0:4: 

CAACACCCGG CIJCACAGAtJG AAGOCUCCAA AAUAAA 

(2) INFORMATION FOR SEQ m NO: 5: 

(i) SEQUENCB CBARAC'l'BRISTICS: 
(A) LBNGTB: 36 base pairs 
(B) TYPE: nucleic acid 
(C) STRANDBDNBSS: single 
(D) TOPOLOGY: linear 

(ii) MOLBCDLE TYPE: other nucleic acid 
(A) DESCRIPTION: /desc = "DNA" 

(xi) SEQ ID HO:S: 

ACAGAACA'J."r CGC'l'ATGGCC GAGTGGAGAG ACCGCG 

PCT/US96/08262 
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(2) mFORMATION FOR SEQ m NO: 6: 

(i) SEOOBNCB CHARACTERISTICS: 
(A) LENG'l'H: 36 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECOLB TYPE: other nucleic acid (A) DESCRIPTION: /desc ... 11RNA11 

(xi) SEQlJEHCE DESCRIPTION: SEQ ID N0:6: ACAGAACAtm CGCOAUGGCC GAGOGGAGAG ACCGCG 

PCI'/US9'/08262 
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1. A method of both hydrolyzing and photocleaving a polymer of ribonucleic 

acid, the method comprising: 

contacting the polymer of n'bonucleic acid with a texaphyrin metal complex 

having catalytic activity for both hydrolysis and photocleavage of a 

ribonucleic acid polymer, 

incubating the polymer of n"bonucleic acid and the metal complex under 

conditions and for a time sufficient to hydrolym the phosphate ester 

bond of the polymer, and 

exposing the texaphyrin metal complex to light for a time sufficient to 

photocleave the polymer. 

2. A method of both hydrolyzing a polymer of ribonucleic acid and 

15 photocleaving a polymer of deoxyribonucleic acid, the method comprising: 

20 

25 

contacting a mixture of the ribonucleic acid polymer and the 

deoxyn'bonucleic acid polymer with a texaphyrin metal complex 

having catalytic activity for both hydrolysis of ribonucleic acid· 

p~lymers and photocleavage of deoxyribonucleic acid polymers. 

incubating the polymer mixture and the metal complex under conditions 

and for a time sufficient to hydrolyze the phosphate ester bond of 

the ribonucleic acid polymer, and 

exposing the texaphyrin metal complex to light for a time sufficient to 

photocleave the deoxyribonucleic acid polymer. 

3. The method of claim 1 or 2 wherein the texaphyrin metal complex is a 

texaphyrin-diamagnetic metal complex. 

4. The method of claim 1 or 2 wherein the texaphyrin metal complex is a 

30 yttrium-texaphyrin complex. 

.· 
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S. The method of claim 1 or 2 wherein the light has a wavelength range of 

about 700-800 nm. 

6. The method of claim 1 or 2 wherein the step of exposing the te:xaphyrin 

metal complex to light is carried out in the presence of oxygen. 

7. The method of claim 1 wherein the texaphyrin metal complex has the 

formula: 

wherein, 

M is a divalent metal cation or a trivalent metal cation having catalytic 

activity for bo1h hydrolysis and photocleavage of an RNA polymer; 

R1-R.i, R., and Ra are independently hydrogen, halide, hydroxyl, alkyl, 

alkenyl, alkynyl, aryl, haloalkyl, Ditto, formyl, acyl, hydroxyalkyl, 

oxya1kyl, oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, 

saccharide, carboxy, carboxyalkyl, carboxyamide, 

carboxyamidealkyl, amino, aminoalkyl, a site-directing molecule, a 

catalytic group, or a couple to a site-directing molecule or to a 

catalytic groµp; 

~ and R, are independently selected from the groups of Rr~. R, and Rg, 

with the proviso that the halide is other than iodide and the 

haloalkyl·is other than iodoalkyl; 
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Rs and R10-R12 are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, 

bydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, 

. hydroxyalkynyl; carboxyalkyl, carboxyamide, carboxyamideaJkyl, 

amino, aminoalkyl, or a couple to a saccharide, to a site-directing 

molecule 0r to a catalytic group; and 

Z is an integer value less than or equal to S. 

8. The method of claim 2 wherein the texaphyrin metal complex has the 

formula: 

wherein, 

M is a divalent metal cation or a trivalent metal cation having catalytic 

activity for both hydrolysis of an RNA polymer and photocleavage 

of a DNA polymer; 

Ri-~, R7 and Ra are independently hydrogen, halide, hydroxyl, alkyl, 

alkenyl, alkynyl, aryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl, 

o~alkyl, oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, 

saccbaride, carboxy, carboxyalkyl, carboxyamide, 

carboxyamidealkyl, amino, aminoalkyl, a site-directing molecule, a 

catalytic group, or a couple to a site-directing molecule or to a 

catalytic group; 

.• 
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~ and R, ·are independently selected from the groups of Ri-~, R, and Rs, 
with the proviso that the halide is other than iodide and the 

haloalkyl is other than iodoalk:yl; 

R, and R10"'R12 are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, 

hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, 

hydroxyalkynyl, carboxyalkyl, carboxyamide, carboxyamidealkyl, 

amino, aminoalkyl, or a couple to a saccbaride, to a site-directing 

molecule or to a catalytic group; and 

Z is an integer value less than or equal to S. 2 

9. The method of clabn 7 or 8 wherein M is yttrium(lll). 

10. The method of claim 9 wherein R1 is (~2CHiOH; ~ and R, are 

CH2CH3; R.. is CH3; Rs, ~' Ra. R,, Rio• Ru, and R12 are H; and It, is 

15 O~CONH-oligonucleodde. 

20 

11. The method of claim 7 or 8 wherein at least one of Ri-R12 is a site-

directing molecule, a catalytic group, a couple to a site-directing molecule or a 

couple to a catalytic group. 

12. The method of claim 11 wherein the catalytic group is imidazole, 

gnanidine, an amino acid, an amino acid derivative, a polyamino acid, an amine­

substituted saccharide or a texaphyrin metal complex. 

25 13. The method of clabn 11 wherein the site-directing molecule is an 

oligonucleotide, a hormone, an antibody, a peptide having affinity for a biological 

receptor, or a sapphyrin molecule. 

14. The method of claim 7 wherein at least one of R1-R12 is a si~g 

30 molecule, and the site-directing molecule is an oligonucleotide, which 

oligonucleotide has binding affinity for RNA. 
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15. The method of claim 13 wherein the oligonucleotide is a derivatized 

oligomcleotide or an oligonucleotide analog. 

16. The method of claim 15 wherein the derivatized oligonucleotide is selected 

S from the group consisting of methylphosphonates, phosphotriesters. 

phosphorothioates, and phosphoramidates. 

17. The method of claim 15 wherein the derivatized oligonucleotide is 2' -Q .. 

alkyl oligon'bonucleotide. 

10 

18. The method of claim 13 wherein the oligonucleotide is an antisense 

oligonucleotide. 

19. Use of a texaphyrin metal complex having catalytic activity for both 

15 hydrolysis and photocleavage of a n'bonucleic acid polymer in the preparation of a 

pharmaceutical composition for use in both hydrolyzing and photocleaving a 

polymer of ribonucleic· acid. 

20. The use of claim 19 wherein the texaphyrin metal complex has the fonnula: 

20 

25 

30 

wherein, 

.?-
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M is a divalent metal cation or a trivalent metal cation having catalytic 

activity for both hydrolysis and photocleavage of an RNA polymer; 

R1-~, It, and Ra are independently hydrogen, halide, hydroxyl, alkyl, 

aJkenyl, alkynyl, aryl, baloalkyl, nitro, formyl, acyl, hydroxyalkyl, 

oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, hydrox.yalkynyl, 

saccharlde, carboxy, carboxyalkyl, carboxyamide, 

carbOxyamidealkyl, amino, aminoalkyl, a site-directing molecule, a 

catalytic group, or a couple to a site-directing molecule or to a 

catalytic group; 

~ and R, are :independently selected from the groups of R1-~. R, and Rg, 

with the proviso that the halide is other than iodide and the 

haloalkyl is other than iodoalkyl; 

Rs and R1o-R12 are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, 

hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, 

hydroxyalkynyl, carboxyalkyl, carboxyamide, carboxyamidealkyl, 

amino, aminoalkyl, or a couple to a saccharide, to a site-directing 

molecule. or to a catalytic group; and 

Z is an integer value less than or equal to S. 

20 21. Use of a texaphyrin metal complex having catalytic activity for both 

hydrolysis of a ribonucleic acid polymer and photocleavage of a ~xyribonucleic 

acid polymer in the preparation of a pharmaceutical composition for use in both 

hydrolyzing a polymer of noonucleic acid and photocleaving a polymer of 

deoxyribonucleic acid. 

2S 

22. The use of claim 21 wherein the texaphyrin metal complex has the formula: 

30 
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15 wherein, 

20 

2S 

30 

M is a divalent metal cation or a trivalent metal cation having catalytic 

activity for both hydrolysis of an RNA polymer and photocleavage 

of a DNA polymer; 

Ri-R.. R, and Rs are independently hydro~ halide, hydroxyl, alkyl, 

alkenyl, alkynyl, aryl. haloalkyl, nitro, formyl. acyl, hydroxyalkyl, 

oxyalkyl, oxyhydroxyalkyl, hydroxyaJkenyl, hydroxyalkynyl, 

saccharide, carboxy, carboxya1kyl, carboxyamide, 

carbo~l, amino, aminoalkyl, a site-directing molecule, a 

catalytic group, or a couple to a site-directing molecule or to a 

catalytic group; 

~ and R, are independently selected from the groups of R1-R.,, It, and Ra. 
with the proviso that the halide is other than iodide and the 

baloalkyl is other than iodoallcyl; 

Rs and R10-R12 are independently hydrogen, alkyl, alkenyl, alkynyl, aryl, 

hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, 

hydroxyalkynyl, carboxyalkyl, carboxyamide, carboxyamidealkyl. 
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amino, aminoalk:yl, or a couple to a saccbaride, to a site-directing 

molecule or to a catalytic group; and 

Z is an integer value less than or equal to S. 

23. The use of claim 20 or 22 wherein Mis yttrium. 

24. The use of claim 23 wherein R1 is (CH*CH20H; ~ and R, are C~CH,; 

R,. is CH3; Rs, Res, Rs, ~. Rio' Ru, and R12 are H; and R, is OCH2CONH­

oligonucleotide • 


