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DESCRI PTI ON HYDROLYS| S AND PHOTOCLEAVAGE OF
5 THIRSHEET HARETE US| NG A METAL COVPLEX
FI ELD OF THE | NVENTI ON This invention relates to nethods

for both catalytically hydr il “lu“ phot ocl eayi
ri bonucl ei c aWPSHHEh a si rﬂimmmm ‘ both catal yticall ?/ylﬁygrggﬁlzzslz ng 10
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agent . BACKGROUND OF THE | NVENTI ON

Texaphyrins are aromati c pentadentate macrocyclic "expanded porphyrins”
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BACKGROUND OF THE INVENTION
Tekaphyrins are aromatic pentadentate macrocyclic "expanded porphyrins”
 useful as MRI contrast agents, as radiosensitizers and in photodynamic therapy (PDT).
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 18%- and 22-electron delocalization pathways. See, e.g., Sessler, J.L.
et al., Accounts of Chemical Research, 1994, 27:43. Texaphyrin molecules absorb
strongly in the tissue-transparent 730-900 nm range, and they exhibit inherent selective
15 uptake or biolocalization in certain tissues, particularly regions such as, for example,
liver, atheroma or tumor tissue. Texaphyrins and water-sofuble texaphyrins, method of
preparation and various uses have been described in U.S. Patents Nos. 4,935,498;
5,162,509; 5,252,720; 5,256,399; 5,272,142; 5,292,414; 5,369,101; 5,432,171;
5,439,570; 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; 08/227,370; 08/207,845; 08/310,501; and 08/433,573; all of which are
incorporateﬁ herein by reference. '
Texaphyrins may be coupled to site-directing molecules to form conjugates for
targeted in vivo delivery. Site-specific ester hydrolysis of RNA with a lanthanide metal
25 texaphyrin complex-oligonucleotide conjugate has 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 texaphyrin complex-oligomicleotide
conjugate has also been carried out; see, Magda, D. et al., J. Am. Chem. Soc. 1995,
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5,162, 509; 5, 252, 720; 5, 256, 399; 5, 272, 142 5,292, 414; 5, 369, 101;

5,432, 171; 5, 439, 570; 5,,4,@ 6. 5,457,183; 5,475,104 and
.5, 504, 205; 5,599, 923 (USSN 25 SREEN 5, 559, 207 ( USSN
08/ 227, 370); 5,587, 463 (USSN 08/ 207, 845) P 687 ( USSN
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Repl acement She(photocleavage) of DNA and RNA (see, WO 96/09315), it has not been reviously 2
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conpl exes have been shown to act as catalysts for the I|ght-| nduced
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for example where the complex is an oligonucleotide conjugate, is quite expensive or
can be produced in only small quantities. Additionally, while two separate conjugates
15 could be employed to cover both photocleavage and hydrolysis activities, respectively,

the conjugates could compete with one another.

SUMMARY OF THE INVENTION
The inventors have now discovered a particular class of texaphyrin metal

20 complexes which both hydrolyzes and photocleaves RNA. This class of complexes also
both hydrolyzes RNA 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 ribomicleic 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 complex 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 hydroiyzing a polymer of ribonucleic acid and photocleaving a
polymer of deoxyribonucleic acid, the method comprising the steps of contacting a
mixture of the ribomucleic acid polymer and the deoxyribonucleic acid polymer with a
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“be necessary to performa variety of functions. This is especially
important in in vivo or THIS SHEET HAS BEEN treat nent situations where it
.is desirable for only a relativelREPSHeED® anmpunt of nmaterial to be present.
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bot b hydr ol yzes hiplblyza dheppladspliate-ester bohdléf the ribonucleic acid polymer, aridrexposing the
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acid, the netho Inscleie adi steps of contacting the

ri bonucleic acid with a texaphyrin net al conpl ex havi ng
catalytic activity for both hydrolysis and photocl eavage of ribonucleic

cinder condi 11 onETATED DESCRIFIION ORHE 0 RS 20 e
phosphat e ester bondTbé présentrimention disclosea thecyseafa singheotekaphytih metad copplexito
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the invention i shaslihiecabilitg tb effect both hydrolysis andnghoboitatape reactions) vl onle \teaction, a
et hod conpr i o1 OBNEESRIEE 0B ket b HedrolSis 6, BF closspiins Rutsobtie aci o
and the - reaction W2R1e/4 wafeh widl@ule i8 &ddéd Ucfols @n 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 damage, this damage in itself (e.g., modification of a nucleotide) is known to
25 inhibit biological function of the mcleic 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
- nm, 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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t exaphyrin netal conpl exTW§\r}j Eﬁ‘li c activity for both hydrolysis of a
-ri.bonucl eic acid-a phot ocl eavage of deoxyri bonucl eic acid,
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bond of the ri Bonucl ei c acid, and exposing the texaphyrin netal conplex to
light for a tine sufficient to photocl eave the ,
deoxyri bonucl ei oligomucleotide conjugate directed foFaltargeEFRMRBEASCRhis thétl complexEcorfiighte RRED
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depurinati on of xﬁa'j}%ﬂh'iﬁ! eic acid simlar to the Maxam and G | bert chem cal

cl eavage of DNA. It is inmportant to note that while strand
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the nucl ei 15 aci based, via hydrolytic and photocleavage action. RNA targets include those described
herein. Site-specific photocleavage of DNA has 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 expression 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 o effect the desired resuit.
The methods of the present invention are conducted under conditions sufficient
to hydrolyze the RNA and photocleave the DNA or RNA. Such conditions are known
25 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:
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ol i gonucl eot'i de conjugate dire
conpl ex-conj ugate is
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target mMRNA to cause photocl Ba
or a suspension of RNA or may b§
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I nplications for the treatng
destruction of retroviral RNA
RNA cofactors, transfer RNA, s
t hereby 10 provi di ng
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reaction, so that after the light is renoved; the conpl ex-conjugate remains
to cleave, via Iight-independent hydrolysis, any target RNA
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15 polymer. Metals useful in the present invention may include, but are not necessarily
limited to, cadmium(I), yttrium(III), indium(I), lanthanum(II), lutetium(III), and
other diamagnetic metal cations.
R;-R4, R; and R; are independently hydrogen, halide, lwdnnqﬂ alkyl, alkenyl;
alkynyl, aryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl,
20 hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy, carboxyalkyl, carboxyamide,
carboxyamidealkyl, amino, aminoalkyl, a site-directing molecule, a catalytic group, or
a couple that is coupled to a site-directing molecule or to a catalytic group.
R and R, are independently selected from the groups of Ry-R,, R; and Rg, with
the proviso that the halide is other than iodide and the haloalkyl is other than iodoalkyl.
25 R; and R,-R;, 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 saccharide, to a site-directing molecule or to a catalytic group.
) The charge, Z, is an integer value less than or equal to 5. 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 the 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 substituents R,-R,, and charges present on any covalently bound site-directing
molecule, for example charges of the phosphate groups on an oligonucleotide. For
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and t he
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15- cl eavage and destruction of two different targets, one

RNA- based and t he ot her D’\WHISSHEETHAS peeN Pbased, via hydrolytic and

phot ocl eavage action. RNA tar getrs AceEd (‘i:'e t hose descri bed
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“Alkenyl” means alkenyl 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.

*Alkynyl” 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. l‘Iitlydroxyalkyl”
is meant to include polyethers with one or more functional groups; diols of alkyls, with
diols of C,,, alkyls being preferred, and diols of C,; alkyls being more preferred; and

25  polyethylene glycol, polypropylene glycol and polybutylene glycol as well as
polyalkylene glycols containing combinations of ethylene, propylene and butylene.

"Oxyalkyl” 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

30 preferably is 23. A preferred oxyalkyl is O(CH,CH,0),CH; where x = 1-120,
preferably 1-10, and more preferably, 1-5.
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Mis a divalent netal cation or a trivalent netal cation having catalytic

-activity for both hydrolysis of RNA and phot ocl eavage of RNA
or DNA. Metals useful in the present invention may include
cadm unm(I11), En(lll) indiun(l11), lanthanun({I11), PCT/USI6/08262
lutetiunm(ll]1 other di amagnetic nmetal eations. 20

Rlerr]-Rerr], R[err] and Rl err] are independently hydrogen, halide,
][wdroryl, a: kyl al kEydtoxyalkoxy” means alkyl g‘bi!py‘asldes&lbﬂheﬂ&ﬁimhig)dthermrfelmr
or ny acy

hydr oxyal kenyl , Oxy%%ﬁ%&x‘“@g&ﬂ{i’ﬁ é‘g ﬁ‘ﬁﬁfxﬁcﬁf’%x%mﬂ groups,

carboxyam de, gnbstituted carboxyl Géupe 6y @idi1fkeal kyI am no, am noal kyl, a
site-directing nolecule, a cat al'ytic group coupl e t hat

is coupled to a sitSCarboxy? prypsBchide FarbexRy 1¥@°’és@§ﬂlﬂ aJkyls degerihed herein
Rlerr] andsRls Jfén 8 i1 BHGSE 3Bt Yoch b Bebth ™G0 RYP s alkyl grovps
S having hydroxyl groups, carboxyl or amide substituted ethers, ester linkages, tertiary
amide linkages removed from the ether or the like. Representative examples of
”carboxyamides” include primary carboxyamides (CONH,), 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 ﬁhose molecules have the ring structure
15 characteristic of benzene, naphthalene, phenanthrene, anthracene, and the like, i.e.,
either the 6-carbon ring of benzene 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 nitro, carboxy, sulfonic acid, hydroxy, oxyalkyl or
halide substituent. In this case, the substituent on the phenyl or naphthyl may be added
20 in a synthetic step after the condensation step which forms the macmcycie.
The term "saccharide” includes oxidized, 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-fructose; disaccharides such as sucrose, -
lactose, or maltose; derivatives such as acetals, amines, and phosphorylated sugars;
25 oligosaccharides; as well as open chain forms of various sugars, and the like.
Examples of amine-derivatized sugars are galactosamine, glucosamine, and sialic acid.
Hydrolytic cleavage of phosphate ester bonds, and particularly of RNA, by
texaphyrin 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, Bronsted acid, general base, Brensted 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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Conpl exes described in the present invention have one or nore

addi tional |igands dsdeedihereinepapitpedirecting molecule” megns a mplepule having aHinity:
chl or 1 do, i tr 2pa sPeckithy f6r d BB lardel Bt S Bl el Wifeckibs uschul
"Al kyl " ‘nmeans diexsin ingludepbut age nofilipited to, pelydronyrihomugleatides,i soners, with
general ly oligodeoxyribonucleatides, 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 further macrocycles such as
sapphyrins and rubyrins. It is understood that the terms "nucleotide”, ,
“polynucieotide” and "oligonucleotide”, as used herein and in the appended claims,

20 refer to both naturally-occurring and synthetic mucleotides, poly- and oligonucleotides
and to analogs and derivatives thereof such as methylphosphonates, phosphotriesters,
phosphorothioates, phosphoramidates and the like. Deoxyribonucleotides,
deoxyribonucleotide analogs and ribonucleotide analogs are contemplated as site-
directing molecules in the present invention.

25 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 iz vivo stability. CpG sequences may be derivatized to
minimize degradation; derivatization may be alkylation, and is preferably methylation.

30 Modifications of the phosphate groups are preferred in one embodiment of the
invention since phosphate linkages are sensitive to nuclease activity. Preferred
derivatives are the methylphosphonates, phosphotriesters, phosphorothioates, and
phosphoramidates. Derivatives may also contain alternating phosphorothioate and
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one to fifty, preferably one to thirty, nore preferably one to ten, carbon
at ons. "Al kenyl " nmeans al kenyl groups, straight,
branched or cyclic isonmers, with generally two to fifty,
preferably two to thirty, nore preferably two to ten, carbon 15

atons, and WyldbeR8fat 0 five or nore doubl e bonds, preferabl ycfoseiofski Ve,
nor e preferably one to three dogbl e bonds.

"Al kynyl " neans al kynyl groups, straight, branched or cyclic isomers, with

general ly two tamnhodifigd lipkapesrotlaltyrnating methylbhasphonatenind unmelified linkagesport 0

AN S T ME N (- AN T R

bonds. phosphate linkages gy B @ipletely subbRand withcinhosphhte Airkifes BHEH/ RS
Preferred are hydroxyal kyl : roups having one to twenty, nore
pref-erably one BBided drmg"-’%?ﬂ‘g‘&?f oligopucleotide chains also pravider ¢ o

wih o POYe kst Rlfafe, oS of 37 ad e 10 T ity WA o
Ckerr] al kyl s bphosphosamidage Hékage,cab; invensgd 28cleotide conjugatedioythe bligenuclegtide-via a
Bgl ﬂ:lr ﬁsﬂﬁgeg%ﬁfb"@%ﬁtg‘f#ﬁ’é%@ﬁﬁg#gﬁip@"\gﬁﬁj grs1e, pr opyl ene and

butyl ene. Sugar modificatiofdaisy ginde gRAPS, stk yd h:ds,cilind, sikenyt of alkoxy
described with oxggen atons, incl udi t he

number of repea oﬁﬁﬁﬁmmﬁﬁwi dbpse Moichy in a g mﬁbh‘lﬂf‘nrgﬂe%"’fm

200, pref ei(_ﬁb'I Y efribe@imlent, the’ Broup Wil be aftdched ) the P2* %ﬂ%en?o? te rittisé. TR Phrticular,

preferably is 2-3. 30 A preferred oxyal kK S

O( CH er r ] CH[ er r halogen miogtipesuch agflupre mkbqu@go,%rﬂils@vmuy may)be mgthexywor e

preferably, 1-5emoxy 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° linkage, or both types of linkages that
would allow the texaphyrin to be an internal residue in the conjugate. It can also refer
t0 a texaphyrin that is linked to an internal base of the oligomucleotide. - The
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 texaphyrin portion of a texaphyrin metal complex-
oligonucleotide conjugate is placed in the vicinity of the substrate upon binding of the
oligonucleotide to the targeted mucleic 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. The 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 éndorphin, an enkephalin, a growth factor, e.g. epidermal
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- " Hydr oxyal koxy" means al kyl groups as descri bed herein having ether or
ester | i nkages, as well as hydroxyl groups, substituted hydroxyl

gr oups, carWyﬁlmggoups subsi.tut ed carboxyl groupspéfusdensdss ke.
"Car boxy" groups 1nclude carboxylic acids @b the al kyls descrlbed herein as

5 wel | as aryl carboxylic acids such as benzoic acid. Carboxyalkyl
means al kyl gr gmyeh factor, polysh-lysinehy hemope, agpempsxegmmptotmmnhg&ke

From the. ot hor RepeesaiovF pxecdlSfRRen R s inginte b ity S5 L™

"car boxyam des kynthmi:@lypppﬁdm(qg.qdnduﬁmyﬂumiﬁ&sé Citid-g-esidokphin)and secondary
( CONHR ) and_terti ar CONR R") boxyam de wher eac R and
R' is a functional Wﬁﬁnﬁ?ﬁ amples af us M ﬁi?ysﬁ?‘ﬂg’ﬁ

nmeans al ky§ grwﬂﬁmwmgqmr&eg&:éar enkgﬁdﬂﬁrﬁog}%fiﬁd ﬂ&:&mﬂa& the
like. " Representatives use am nes 1 ncl ude a prinmary,
secondary or t Spaly agroprtisal. rmmeraocortw@fls gich g5 Rlylpstersm@e@éms aste

"Aryl" is an ar&w W% aﬁ%stﬂﬁl\é% rlebEadiding structure 15
characteristic o enzene, napht ene, enant hrene, anthracene, and the
like, i.e., amwﬂmbrarm Bmglﬁsitybemmc aetivit anay hecrovalently

Srif‘r;’??,u;' oy BP0, RBnyrin dirept e R a6 Y8 of oo Varf el K

Wi L ht fat ni tltt)o I m?ﬂrll@my betdeé?ir?et aag ldketrhyel{; Chewov?emapmlt formed by reaction ofie o
ngzdl zgen .inn ) cas%,e. g Su Sél uen on é eg@p‘g‘ﬁxﬁ r, naB %‘,% yt hg
macrocycl e. texaphynn macrocythe Eﬁdh&ﬁmm@& Scupldsiagd atflfIes, Adil, aadifidecduced

or substitut ed saccharl de; hexoses such as D- gl ucose, D- mannose or
D- gal act ose; etheh (esies %WM‘:@Y got bonds. In prefepedembodiments,ses such

as D-ri bul ose. ﬁgzwﬁm@@ﬁn@m&@ nidSd §H66 838phyrin vi a carB6h.OSe,
or nal tose; deri I ves as ac am es, 0S rylate gars

25 ol i Qés ac learbiodea cathen-pistogen, A m-aum or ﬁmnmmrbmdsmgngucfc
the like. being a carbon-oxygen or a carbon-nitrogen bond.

In the practice of the present invention, in a preferred embodiment at least one
of Ri-R;, is a site-directing molecule or is a couple to a site-directing molecule. Also
presently preferred are those compounds where R, is hydroxyalkyl and R,, R;, and R,

20 are alkyl. R, and R; may be hydroxyalkoxy or oxyalkyl. Alternatively, Ry, R; or R
may be a site-directing molecule or a couple to a site-directing molecule. Preferred
site-directing molecules are a hormone or an oligonuclieotide, more preferably an
oligonucleotide. The oligonucleotide may be a deoxyribonucleotide, a
deoxyribonucleotide 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 phosphoramidate. '

In a further preferred texaphyrin complex of the present invention, R, is
(CH,),CH,0H, R, and R; are CH,CH;, R, is CH;, and R, and R; are OCH,CH,CH,0H

30 or R, and R; are O(CH,CH,0),CH,CH,OR’ where t is zero to 10, preferably zero to 3,
and R’ is H or CH;. Alternatively, R, is a site-directing molecule or a couple thereto,
preferably an oligomcleotide or a couple thereto, more preferably O(CH,),CO-
oligonucleotide where n is 1-7 and preferably 1-3. Where R, is a site-directing



’Exarrpl es of amne-derivatized sugars are gal act osam ne, gl ucosam ne, and
sialic acid. THIS SHEEHHAS\REEN c| eavage of phosphate ester bonds,
-and particularly of RNA, byRE LACE t exaphyrin conpl exes may be enhanced by

additional catalytic g wﬁ o the t exaphyrin conpl ex or
to a texaphygihehoup 4mmm8ﬁ)m nol ecul e conj ugate. FBpudfdnszszt €7 M

"catal ytic group neans a chem cal functiongl group that assists catalysis
by acting as a general acid, Bronsted acid, general base, Bronsted
base, nucl eophinidecu¥f or a couple théxéto, m.hﬁy BEROCHY otlohe bF #hb Previduslyelisted
barrier to reaction js Iomered or the ground state energy of the

substrate is i REGTEHbLEPbSEYCIE,| ary catal ytic groups contenpl at ed

Repl acement Sheet A presently preferred metal is yttrium(Ti).
8 i ncl uIc’ie | my azol e; guanidine; substituted saccharides such

as D gl ucosani ne DWater-soluble texaphyrins-#re ofien pee ferred for thetapplisatipns descritedcani ne

and the |i Igllﬁi !I & Eaargl ni ne;
derivati ve§s< of "am r1 &%gﬁ;%ﬁ as}vﬁl S én&]strnag?nagq yners g#

ami Po acadgosumm-sphb;e”lméamsmuble htngbusl )%\ndsio abbinybhﬂﬂékb&ﬁabl r rSuchhere n
is from or ef er 0 a

derivatives t h&hagsteristics aflowy é‘%ﬁﬁ/ﬂ?ﬁ’ﬁﬁ%ﬁ a bidio @irﬁ?‘@?éé“‘“‘rhe term

"appended to t iimphswead Watdri solubilifp éﬂ‘besddlﬁvdlb ¥, Clot Bgamiphe, RGbStifuents chosen from
conj ugat e" neans t hat the cat aI gr oups are attached either directly to

t he t exaphyri n Sagsharides or hydroxyla -or to the texaphyrin conplex via

fil lgaﬂge[)ort i gﬁug:‘ ea tg@%ﬁf co %hy?ﬁlgcg 8°con] ube ﬁ"é%?ﬂﬁfwﬁﬂdfaﬁpe

or wthout a l |1nfoertemphyrmsp&1em RaRsabbR)-Baoare H, and M is as defined hereinaboves
used herei n. & pgld: Wkt BoviReb s xR s e Mool Srehtida SBuRbhidy b
use in the present invention, the invention is not limited thereto and any texaphyrin
complex that has activity both as a hydrolyzing agent for RNA polymers and as a
15 photocleaving agent for RNA or DNA polymers may be useful in the practice of the
invention.
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specificity for a particular target site.
nol ecul es useful herein 15 I ncl ude, but are not
- pol ydeoxyri bonucl eoti des, ol igodeoxyri bonucl eoti des,

pol yri bonucl eoti de anal ogs, oligoribonucl eoti de anal ogs,
i ncluding-p i

and proteingaéagﬁagg ant i bodi es,
derivati ves,

limted

having affinity for a biol
steroids and
hor nones such as estradiol & histam ne,

Exenpl ary site-directing

to,

pol yam des

YerfbenEr P! Of
sterol

hor mone m mi ¢cs such

as nor phi ne, and further macrocycles such as sapphyrins and
rubyrins. It is under h [ “nucl eotjde”
"pol ynucl eoti de" a , lasjused jhegel ala IIn
t he appended cl ai n¥ urfal hyfocdur {i.nglanqd $ynt hetfi c
nucl eoti des, poly- i dongickeotf d¢and |t o]l anajogs gnd
derivatives thereo hogphonat@s, ol N
phosphotri esters, . pHasphdl ani jdat e85 Tthe 1{Ked °| ©
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- unnodi fied |inkages,
| i nkages, or
| i nkages. Addjti
substituted ot"ﬁg%

L1y,

9

or alternating nmethyl phosphonate and unnodified
al ternati ng phosphorot hi oate and net hyl phosphonat e
t he

phosphat e |i nkages may bﬁcﬁﬁ ly
am de |%Eg§§§.

ﬁ-phosphate | i nkages such as

Appendages to the ends of the oligonucl ddide chains also provide 5
end may be derivatized or "capped"

exonucl ease resi stance.
with a

The 5'
phosphorani date |inkage _an inverted nucleotide conjugated to

or 3'

the oligonucl eotidf vfa a - I pkage, |n afi noacri di ne residue,
or poly-L-lysine. | _ Sygar nodlig}l catj ons may include groups,
such as hal o, al kyl}, Bl kehyl - pr al foxy grpupst attached to an oxygen
of a ribose moietyfin]asr|bonbcleot]ide. 1§ @ preferrgd 10 enbodi nment ,
the group will be jt# %%ej’io tthe 4'% oxyg¢ f th& rlbose. In particular
hal ogen noi eties sfichfas fluofo may be usg The| al kpxy group nay be
net hoxy, et‘oxy or | propoxy. |The al I g’ouphis preferably allyl.
The al kyl group is preferablly a met r hnd the nmethyl group is
attached to the 2'{. roeTTot—rire ™irose" | al kyl groups may be
et hyl or propyl. 15 4 ﬁ.TQ§ tq£n1'texaph/rin%oligonucleotide
conj ugate" mneans tHatfan BIgg)rﬂ@;’doﬂ@e - is fpttached to the
texaphyrin in a 5' Ii nkage, . a ﬁﬁln e |o%i both g §pes of |inkages that
woul d al |l ow the tegaph i1go o aﬁaﬁ res G‘J.rginthe conjugate. It
can al so refer ‘ of| go 6833 @rT.‘Fﬁ 3%&: $ || %8k to an internal base
of the oligonucleoida. The=s | Q13 @'ﬁ'g& eot | @&®pr other site-directing
nol ecul e may be at flached eiih prsdidlegtd § qogihe p@ Al texaphyrin or to the
texaphyrin via a |ijnkér of  @BIY Bfa vardi apl e |engfh. During
catal ysis, for exapgple¢, t ftexapfiyin pordtipn o} a Lexaphyrin met al
conpl ex- OW|g nucleotjae conjuagatqg 15 Pl ceajin the vicinity of the
substrate upon bin”i Of {the] = = oliéonuele)&idi to the targeted
nucleic acid subst‘at ) Thqg termla p;ptide having affinity
for a biol ogi cal rqceptor’ neTns that uporf nl '
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25 contacting the peptide with the biological receptor, for exanple,

under appropriate conditions of ionic strength, tenperature, p

.the like, specific binding w klhsoseeT.HASBEEN  The interacti on may occ

due to specific electrostatic, hydzEBpm&ﬂc entropi c or other

I nteraction ain amno a tic residues o SRk d
w th specif ﬁég&%& anm no acé@i‘ﬂ w I ¢ residues of i“Ftultta}g,f?abcept o]
on 4{

forma stable conplex under th ions effective to pronote
i nteraction. The interaction may aI ter th hr ee d| mensi onal

conf or mat ison and theg;é%hgﬁn
t he receptor i nvol ve I'n erac oﬁhe%%ﬁﬁf i ng J’?Wﬁ%
bi ol ogi cal byprqced;mtasrdem;bed m:thaqieteua and applichtions pmvmslbzamwpompda

growt h factor, pi I V\D 96/3
PCT/ US96/ 08262 bg' fi nce. For example, a nonaroia %exa;jabynnofstrucmrells 10

growth factor, miey-tbgethesiwith a mefaDsalt)n Bromtedtabé siel dreaHidit, 3h ad obgamicei N
the like. Represent ative ml es of useful pol ypeptides inclu

both natural |y $4yestand he mixture gﬁ%w@)}ﬂ%E%f%Iaymé@mPWMs

H and
ur

e
r to
t he

e and
r a

and
de
ulin,

ri bonucl egse, aggngIOF." W Refeed Heans is to stir the mixture at aFDRLERADE ﬁpir%’-ﬁxé’é‘d‘a”p' es

of wuseful ster0|ds I ncl ude any of the steroid hornones 5

fol | owi ng five best thegnixtwe apredlys Sor-ns desst twodtourss pr ogest er one,

gl ucocorti coi ds such as cortigsol, lneralocort|c0|ds such as
al dost er one, androgens such as testo or androst enedi one,
estrogens such as estrone or estradiol. A conj ugated gr

having site specificity or catal R§ ty be coval ently
coupled tQ a texaphyrin directly on RecC r er%cng ring or through
vari ous uples. A R, R
8
Ry Ry
R
Rg ©
20
Ky Ry
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: '
Re
HoN R
HzN R7
6
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 herein could extend and refine the above basic synthetic chemistry to
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10 coupl e may be described as a linker, i.e., the coval ent product
formed by reaction of a reactive group designed to attach
-coval ently another nolecule at a distance fromthe . t exaphyrin
macrocycle. Exenplary |inkers or couples are am des, am ne, disulfide,
thioether, eghfdemsfsit €+ Or phosphate coval ent bonds. In prgcgfossebs2e2
enbodi nent s, conj ugat es and appended groups are coval ently bonded
to the texaphyrin via a carbon- 15 carb a carbon-nitrogen, a
carbon-sul fur, or a carbon-oxygen bond, nore preferred being a

car bon- oxygen or prydaé teiphitihy REHZ Vafibe substituents. For example]) pbiyethey-Baleidce Of
t he present |nvent|on in a preferred enbodi nent at | east one of

Rlerr]-Rlerr] i sPelyaydrexyia %%%e@&r%bﬂm@wwwbmwh&ndw

si te-directing n%ﬁmev 8h 36btal like glycofiie Ride) aRoRERAlREiR & 4 Nose
conmpounds where err] Is hydroxya and R[err] err and Rlerr] 20
are al kyl . R[errPO M texaphysin. ok aubly icarboxy

Al ternati v R §F'§‘£’i' \ :ﬁi EE !%m i llgﬁ fe”hﬁn t

nol écul e o a coup 0'a sr(]I |rec | Porecure >£?’ref‘%‘r“? %%&wp
site-directing nethesswrdenctionalized dlgpmémrtodranoumesenﬁed
preferably an - ol.i gonycl eot The ol i gonuc b

deoxyri bonucl eotPﬁ’M he&m&xe i%‘gﬁ’ (5'8 llﬂggﬁf' &anly %ﬁ?ﬂ?og, or
a ribonucl eoti desnib%ﬁineﬂs /Pol}ih?&%ﬂ}lhwd &aphyrmrdeiﬁaﬁ@dnraybe@yﬂhmeda’mﬂel og,
for exanple, has groups , nor e prefer bly net hyl roups

the 2' oxygen of “’E *P‘E%’éﬁ’ figkages. | §aﬁ9ﬁ@?‘érmﬁlﬂu‘i§é%‘%‘?q P’H@e
anal og i s gy PhosghRsOtBdIPRiIRo ﬁ#ljﬂpﬁéﬁv econtamn:gb h drl
further preferred texaphyrin x?orrpl ex Sr esent In erﬁllmgﬁd e¥ ny”l

(CH err]) [ er r | CH(@alyghorbuaitemay be apperesh to]the: teaagdtia coteCHf eryl Ethem|arrester i s
CHerr], and R[eflﬁi:argggd Rlerr] are OCH err]CH err]CH err] OH 30 or

Rl err] and Rl err ‘CHerr]CHerr]O,CHerr]CHerr]OR where t is zero
to 10, preferably zer Treatméht of carboxylatedutegapRyrins with dkiofyitichloride or p-

breferabl y an’ ol PRSI atee vGRILEBemS warses B} ootss uBPLRDF atpipimentio
O( CH[ err] )1sr r ] Cayonoclonal anubdﬂxésqsimurekewmd@mw%fws Standard'id sith @baplig! v
1-3. Were R7 is a site-directing
ods (e.g., 1,1’-carbonyldiimidazole) could be used to effect the conjugation.
The selectivity of the texaphyrins may be enhanced by covalently linking
oligonucieotides 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 5’-end, the 3’-end, or internally
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 resuitant oligonucleotide-complex conjugates may be
designed so as to provide optimal catalytic interaction between a target mucleic
acid and the bound texaphyrin. The oligonucleotide may be large enough to bind
probably at least about 8 nucleotides of complementary mucleic 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 RNA and also photocleave
RNA or DNA in vivo as a treatment procedure relies on the effective Iocalization
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11 nol ecul e or a couple thereto, R err] may be H OCH err] or

. one of the previously |isted preferred substituents. 5

A presently preferred netal is yttriun(lll).

Wat er - sol ublvgowhyri ns are often preferred for the appl pepissssns262
descri bed herein, particularly when in vivo adm nistration

and treatnment is contenplated. "Water- 6 sol ubl e* means sol ubl e
in aqueous fluids to about 1 mMor better. Such characteristics

al | ow these t exapthe donfpldxCtoliBe sifecdfidesited cleabagt. 04isk bf Gedired CleawEE mayBer OVed
wat er 10 sol.ubility can be achieved by, for exanple, .substituents

chosen from sac®P9siigR oyl to undesired org f-health care,s & sitgfidesired

In presently pr egw%gqngyeggap ' m%gdjnggﬁédm § d
Rlerr] are as iﬁf Tabl e B G 1 for tex.aphyriﬂaéﬁ%%%ﬁ%[ﬂgﬁ??

Rlerr], and R emay-tejanpormahPNAor RN4 theti is deloterions incssqmeevayi. nbmsafing, native
compounds § or - 1506 8P DIe WG Eehtylf bARApIRRofokE St 1 B BxBiR,
limted ther et ocomjtigain hindingap aycomplementary RNA or DNAoseghence viadbe dppendesk i vi ty
agent Tor RuA oPERORIERHEE The lhli5yiR SpmBis Tk et B8 YNE or DN prgicat

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-oligomucleotide 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 texaphyrin-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 complementary to an
oncogene, for example) and inflammatory responses that are caused by the
overexpression of certain proteins. '

An exemplary method for delivering texaphyrin-oligonucleotide conjugates

20 . into a cell is the use of teiaphyrin—oligonucleoﬁde—g]ycoconjugates 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-lysine can be substituted by three components: an

25 oligonucleotide as a recognition signal, a therapeutic texaphyrin-metal complex,
and gluconoic acid as a neutralizing and solubilizing agent. This type of neutral,
highly water-soluble glycosylated polymer may be an efficient carrier to deliver
drugs into cells.

For the above-described uses, texaphyrins are provided as pharmaceutical

30 preparations. A pharmaceutical preparation of a texaphyrin may be administered
alone or in combination with pharmacentically 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 pharmaceutical
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 iniravenous, intraperitoneal, parenteral,
intramuscular, subcutaneous, oral, 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
isotonic with sufficient saline or glucose. These particular aqueous 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
surface areas of the body. Topical application may also be by iontophoresis.

For antisense applications, excipients and preservatives that preserve
oligomucleotide stability are chosen. The highly negatively charged phosphate or
sulfur groups of the backbone of the oligonucleotide may be irritating to epithelial -
or other surface cells. Counterions may be used for formulation purposes to
prevent irritation.

Pharmaceutical forms include sterile aqueous solutions or dispersions and
sterile powders for the extemporaneous preparation of sterile injectable solutions
or dispersions. In all cases the form must be sterile and must be fiuid to the
extent that easy use with a syringe exists. It must be stable under the conditions
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
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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Repl acenent Sheet . 14
The texaphyr&g%@l conpl exes of the present invention capchRssaidiesi zed
by cedures as described in the patents and applications
cited herein. For exanple, a 5 qgnaromatic t exaphyrin of
structure | is mxed together with a netal *Salt, a Bronsted

react To form. kbacteil & GLARRRF sk, RE rardlle, feifbefl Cilhinlsbol phelHRC 1 ©
preferred means sogbi¢ acid; thimerbsal,randtthe bkeat In many cases, it willchelprefatabledoper at ur e
or to heat the nﬂﬁiﬁ&r ﬁot%ﬁicragétlxté{)%o; %Emn%ie, ls&g%% s&cﬂoas rx1n(21h'trxr"?}il or d%)&rose or
i sodium chloride. A more preferable isotonic agent is a mannitol solution of about
5 2-8% concentration, and, most preferably, of about 5% concentration. Prolonged
absorption of the injectable compositions can be brought about by the use in the
éompositions of agents delaying absorption, for example, aluminum 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 sterilization. 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 soiution 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 agents 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 texaphyrin-
oligonucleotide conjugate is an assay for cleavage of a complementary ribonucleic
acid or deoxyribonucleic acid, respectively. A reliable assay for RNA hyqrolysis
is an assay for hydrolysis of a complementary ribomcleic acid as described in WO
30 94/29316, previously incorporated by reference herein. Cleavage by a conjugate
would demonstrate that the conjugate has the intended potency and activity.
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[err] .20 The nonaromatic texaphyrin | is
conveni ently produced by condensation of a tripyrrane al dehyde
-or. ketone having structure A and a substituted ortho-

phenyl enedi am ne B

[err] . WO 96/38461 PCT/US96/08262
19
“The following example is an illustration of the practice of the present
invention, and is intended neither to define nor to Timit the scope of the invention
in any manner.

5 | EXAMPLE 1

The present example illustrates site-specific, light-independent hydrolysis of
RNAAmdsh&qwdﬁcHgm%mNuanpmnmmﬁwqptflnh&byyuﬁmmﬂn)
texaphyrin-DNA oligomucleotide conjugates. The RNA hydrolysis properties of
the YTx conjugates are compared with those of analogous paramagnetic Dy(II)Tx

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

compared with those of analogous diamagnetic Lu(III)Tx conjugates.

The texaphyrin-oligonucleotide conjugate in each case had the following
formmla, where M is yttrium, dysprosium or lutetium:

15 OH

20

. 0--CH2 -CO-NH-oligonucleotide

OH

Methods for the preparation of the above texaphyrins, as well as those of
other texaphyrins and texaphyrin-oligonucleotide conjugates, are described in WO '
. 30 94/29316, the disclosure of which is incorporated herein by reference. Scheme A
shows yttrium(IIT) texaphyrin (YTx) DNA conjugates, dysprosium(IIl) texaphyrin
(DyTx) DNA conjugates and lutetinm(TI) texaphyrin (LuTx) DNA conjugates of
the present example, and complementary 5’-*P-labeled DNA 36-mers and 5°-*P-



25 One skilled in the art of organic synthesis in |ight
of the present disclosure and the disclosures in the patents,
-applications and publications cited herein could extend and
refine the above basic synthetic chem stry to WO 96/ 38461

PCT/ US96/ 082 . . . PCT/US9608262
produce texaphyrins having various substitents. For exanple,

pol yet her-1i nked pol yhydr oxyl at ed groups, saccharide substitutions
in which the sacharide is appended Fba an acetal -1i ke glycosidic

| i nkage, an oligosaccharide or a pol'ysaccharide may be simlarly

| i nked to a texaphScheme A doubly carboxylated 5 t exaphyrin in which

t he carboxyl groups are linked to the texaphyrin core via aryl

ethers or functionalized al kyl substituent® coul¥ be converved tesvarious
esterified products wherein the e2ter Ignkages ser@e t o @ppend

- further hydroxyl-eent&i nnges — o subst@tents Pol yhydroayl at esl

t exaphyrin deri va%v S mgy B s@nt dksi zed Gat @se ofgsecondary
am de |inkages. S c%ri"% r§i e%ine may be®Wappended vi a amide 10
bonds. Pol yhydr oxyhat&d Eexaghy& nglerivatives containi ng branched

pol yhydr oxyl -9 B(pHyd) Bubghits may be appended to the texaphyrin
core via aryl ethers or ester

Tz -

-

1
1
1

1A
1
1c
p
1e
I

Y

H
BANS,
3G CGC CAG AGA GGT GAG CCG GTA T

v
3-A AAT AAA ACC TCT GAA GTA GAC ACT CGG CCC ACA AC-5'

3-G CGC CAG AG? ﬁer GAG CCG GUA UCG CUU ACA AGA CA-5'

3-A AAU AAA ACC UCU GAA GUA GAC ACU CGG CCC ACA AC-5'

5-DyTxHN-(CH, ), -PQ, - CTC GGC CAT AGC GAA TGT TC-3

§-LuTxHN-(CH,)g-POy- CAT CTG TGA GCC GGG TGT TG-3
§-LuTxHN-(CH,)¢-PO, - CTC GGC CAT AGC GAA TGT TC-3

5 YTxHN-{CH,)g-PO;- CAT CTG TGA GCC GGG TGT TG-3
5 YIXHN-{CH,)5-PO,- CTC GGC CAT AGC GAA TGT TC-3'
5-DyTxHN-{CH, )5-PO - CAT CTG TGA GCC GGG TGT TG

DNA 36-mer
RNA 36-mer

DNA 36-mer
RNA 36-mer

~



| rnkages. Treat ment of carboxyl ated texaphyrins with
thi onyl chloride or p- ni trophenol acetate woul d generate
-activated acyl species suitabTHISISHEETHASBERMNt to 15 nonocl onal
anti bodi es or other bionol ecul es BEPMQEQ est. Standard in situ coupling

met hods (e. gwosjm&«tslcar bonyl dﬂﬁﬁmmm ‘ﬁirl d be used to epbpphosh

8432
conj ugati on. y of the texaphyrlns may be
enhanced by covalently |inkin ollgonucleotldes onto-the periphery
of the nacrocycle Ani des, ethers and t hi oethers are

representative hngs% es Hﬁsg 0

A i gonucl eoti des %ng*ﬁ%gjq'l Y80 Wth am nes at ﬁﬂé&c&ﬁ%&?ﬁiﬁg '-end, or
internally purchaget! feony Keystondobabs, MealodPatl, CAy atbtheRNA isepiences were
post-synthetically,wt ctivated car boxylic ester derivative
of the texaphyr |M%‘3@P§? aéﬂ 1Py JYldison, WI ol i gonucl eot i de anal ogs
cont ai ni ng one or nDRRadtidnaRRXATE WEre ai'dﬂllfy| UPEx Batjugate s DYTX

sel ectlvelg al kyl ated at the sul fur ato W|th an al kyl hallde Yeri vative

of the 25 iR looPplalx coningatects irila e selptionsiieade deam 6&- conpl ex
conj ugat es nmay bﬁ)OOOOcParofS’d”‘IﬁlaBEl@&im 36-nief lBroP“i' dg SOﬂi"lﬁﬁgedCﬁgﬁlgﬁt-' ¢

i nteracti on between a et nuclelic and th

t exaphyrin. The med lgmdcmmw AXybulfer (M@m@NAt(dﬂb) andl water to

Spectfi e o o broR i Wil e 0. ok CPRMRIE b ol Toe

conj ugates are 4% dhffercwasi 400\MEM3NaCl, mmm kuwmmrmrat ed
herei n by_reference, exaphyrin conpl exes to

ooy L B o ions, wre ieated dor 4 minunds st 5§56 ah aliows (8 Rl How ta gapient

t r eat nent proce%geﬁﬁkd es on the effective |ocalization

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/cm2.
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 pL) 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% formamide 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
conjugate. 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 YT'x and LuTx conjugates on DNA were essentially

Tl
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-of the complex to the site of desired cleavage. A site of desired cl eavage
may be : a position novel to undesired organismin ternms of health

care. A sit irﬂﬁ red cl eavage nmay be a DNA or %Bﬁ%@‘,&g ding a
product del 3’@1’\ éﬂ to the host or may be a nor nal or t hat

is deleterious in sone way. Treating nativg 5 RNA or DNA with a
t exaphyrin ol igonucl eoti de conjugate resul in the texaphyrin

conj ugat e bi ndi mﬁ'ﬁ a dmgypis %e??g nded
ol i gonucl eoti de %1,[ é(lﬁgp ren co#pﬁfex tﬁg Isea%ges eﬁﬂg&e

pr oxi mal from 25-85%s 'ﬂpemaf efficiencyeof DNA lthomdleuglgebyahmml@njugatem a
DNA doubl e hel i | fo atriple helix which has sufficient
stability for eﬁng%éhoglgﬁoa%age to occur. 10 The

t exaphyri n- o:c i gonucl msedbsecﬁﬁbn!{l}&beﬁnmlﬂﬁth;asﬁﬁtlldl wfh?febymjbﬁt%ﬁdﬁbﬁ gehe .
expressmrg o] aﬂ%e,g_i;gl n.an animal or in a particu I ssue, of an ani ma
They may SONUSA4ES 29 GOmPIRmENIALY, ghenees,of ] A effeets sita-ypseific| ul ar
mRNA hydr ol ysi s phdBmodification of RHATAS teSRMAY %m&%s{@w{fﬁcbuoﬂkfeﬁﬁ%e' ul ar

MRNA hydr ol ysi s and DNA phot ocl eavage.
t exaphyrin-ol i gmwewp@@d@dnfxegm@mn@mmz mmmomahem

hydrol ysi s and CReA e &gﬁﬁ,

anti-viral and 9963 Qﬁés anti - %ﬁw %erapy as we as” ca cergi't'san

ol i gonucl eoti deﬂmﬁk@ﬁaﬁnmlygmmeabletodamagnmnolgmrae;dsibgrtwemmbe) and
inf![a_rmat %/ reirpe%ﬂa%?s%lst &mﬁr.eag&u%%%ég m&oPﬁéetéfgx res.S| on of
certain protein r B9

Eexapﬂyrl n- o: | gmnml edﬁnﬂdmelmmm@?in an?logdiisQo ¥Tx¢ hhvel previbesly béenOf
exaphyrin-ol i gopucl eot | de- ates for ca

ol i gonucl eot | gjeéﬂ%‘b‘b ‘%I’%Pcéf‘ &7 f)Ny m%RNAtargets the

Texaphyrin-ol i gamlcﬁmnqﬁymmconjﬁgmwm&mbﬁt& Hﬁ bidtddieavdge! de

bridge to a gl ycocoAugate coul d be significant nore effective
I n reaching a t 8f @rgess.t han the corresponding free
ol i gonuclgpti de. PoI y-L-lysi ne can be substituted by three conponents: an

EXAMPLE 2
The present inventors have demonstrated that texaphyrin-oligomucleotide

conjugates are taken up: by eukaryotic cells, as observed by fluorescent
localization.

20 HIL~60 celis (human promyelocytic leukemia cell line) were incubated with
a solution (Sumol final conc.) of a texaphyrin-oligonucleotide conjugate complexed
with either a Y(III) metal ion or a Lu(III) metal ion (where the oligonncleotide is a
phosphorothioate 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. Fluorescence

25 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
wavelengths below 700 nm. The resulting fluorescence images showed diffuse
cytoplasmic fluorescence with some evidence of local "hot spots” of concentrated
fluorescence.

30 '
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25 ol i gonucl eotide as a recognition signal, a therapeutic

t exaphyri n-netal conpl ex, and gl uconoic acid as a neutralizing
-and solubilizing.agent. This type of neutral, hi ghly

wat er - sol ubl e gl ycosyl ated pol yner nay be an efficient carrier to deliver
drugs into cg} For the above descri bed /08262

t exaphyri ns V|ded as pharanmaceuti cal pr epar ati ons. K

pharmaceutical preparation of a texaphyri nzgay be adm nistered
al one or in conbination with pharmaceuticaltTy acceptable carriers, in

ei ther single or multiple dosesggoemitk 3kemighar maceutical carriers
I nclude inert solid diluents or WO 96/ 38461

PCT/ US96/ 08262 17
fillers, sgeril e équ%'omuusm STWTO™and various or gani ¢ solvents. The

phat maceut i cal {i) ARPOUERN: { Prapsadyolived Iag. conbi ni ng a texaphyrin of

the present invention and the Board of RageptsycBif UeiNergitaced Fesan &YaE4Pri ers
are then easily adnifihyStaigtod Rudantedn:CiabLef-MecranTsTIC ERSAER, Eﬂém@g

Adnini stra0i on nay be intravenous, | ntr aysIRG OBREAIN, MBTAL CIOMPLEXES

I ntranmuscul ar, subﬁ neous. oral. or topical, wth topical and |ntravenous
adm ni stration bei ghg W%r venous being nore preferred.

Sol utions of the texﬁphms sspeanut oi |, aqueous propyl ene
glycol, od3in sterile aqg dguerscPeld dedeR-

sol uti ons shoul bé’ﬁ?ﬁ,ﬁﬁf"ﬂﬁfxér qu §S§Sa9r°y and the liquid

diluent first rendered (D) STATE: Texas
{E) COUNTRY: United States of America
20 {F) 2IP: 78701

{v) COMPUTER READABLE FORM:
{A) MEDIUM TYPE: Floppy disk
. (B} COMPUTER: IEM PC compatible
25 (C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION MUMBER: PCT unknown
30 (B) FILING DATE: Concurrently herewith
(C) CLASSIFICATION: Unknown

(viii) ATTORNEY/AGENT INFORMATION:
_ (A) NAME: Norberg, Gloria L.
35 (B) REGISTRATION NUMBER: 36,706
(C) REFERENCE/DOCKET NUMBER: 43414.0007

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (512) 493-6200
40 (B) TELEFAX: (512) 499-6290
(C) TELEX: 79-0924

(2) INFORMATION FOR SEQ ID NO:1:

(i)} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 20 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
50 (D) TOPOLOGY: linear

45

{ii) MOLECULE TYPE: other nucléic acid
{(A) DESCRIPTION: /desc = "DNA®

55

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l:
60 CATCTGTGAG CCGGGTGTTG 20
" (2) INFORMATION FOR SEQ ID NO:2: '
{i) SEQUENCE CHARACTERISTICS:
65 | (A) LENGTH: 20 base pairs

{B} TYPE: nucleic acid
{C) STRANDEDNESS: single



10~ isotonic with sufficient saline or glucose. These particul ar

aqueous solutions are especially suitable for intravenous,

i ntrarmuscul ar, subcutaneous and intraperitoneal adm nistration. In
this connection, sterile aqueous nedi a which can be enpl oyed wil |
be known to tA9s&ssé; Skill in the art in light of the presegkmﬁ&ﬁﬁkﬂﬁure.
Topi cal creans, enul sions, solutions, and the |like are

contenpl ated for applications to 15 rface areas of the body.

Topi cal application may al so be by iontophdresis. ' For

antisense applications, @fChdtofddys BiHdaPr eservati ves that preserve

ol i gonucl eotide stabi]ity are chosen. The highly negatively charged .
phosphat e or (i) Eﬁ%@ﬁﬁﬁﬁeﬁzﬁéem%%ne of t.he oligonucl eotide
may be irrgtating to epithella ’ or “other surface cells.
Counterions may be used for fornulation purposes to 20 pr event
irritation. Phar maceutical forns include sterile agueous
sol utions or disper $k0Ngegdafcr DEScrRIPTIONS s8R fpeudi@wders for the

ext enpor ak@ous preparation of sterile injectable solutions or

di spersions. In %FE@E&E@ m nust be sterile and nust be fluid 8® the
extent that easy(djsensiririon Poki dMcT®Nbsi.s. It nust be stable under the
condi tiong,25 of manufacture and storage and must be preserved agai nst
the contafnating acﬁ’oﬁﬂg‘)’m"z %ﬁﬁ?ﬁgg gani sns, such as bacteria and
fungi. The carrier can b&,a%v&ggeg acid di spersi on nmedi um

containing, for exanple, (MaSTRANDEDNESSrOBingdel yol (for exanple,
gl ycerol, ogropyl ene gl yc o, TOROEOFY: gt ®®Pol yet hyl ene gl ycol, and the |ike),

sui tabl e i Mor@uld) 908N otraRthueeaR! akae Oi I's. The proper
fluidity can be mai nt ai néxl, DESCRIBIJON: /desxanyh®® by the use of a coating,
such as lecithin, by the naintenance of the required particle

size i.n tpR§ case of dispersion and by the use of surfactants. The

prevention of the action of mcr oorgani snms can be brought about by various
{xi) SEQUENCE DESCRIBPTION: SEQ ID NO:3:

CAACACCCGG CTCACAGATG AAGTCTCCAA AATAAA 36
(2) INFORMATION FOR SEQ ID NO:4:

30

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

{(ii) MOLECULE TYPE: other nucleic acid

40 {A) DESCRIPTION: /desc = "RNA"
45 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

CAACACCCGG CUCACAGAUG AAGUCUCCAA AAUARA 36
50 (2) INFORMATION FOR SEQ ID NO:5:

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

{ii) MOLECULE TYPE: other nucleic acid
{A) DESCRIPTION: /desc = *DNA®

65 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

ACAGAACATT CGCTATGGCC GAGTGGAGAG ACCGCG 36
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antibacterial and antifungal agents, for exanple, parabens, chlorobutanol,
phenol-, sorbic acid, thimerosal, and the like. In many cases, it

wi || be preferwbioe3gser i nclude isotonic agents, for exanple, sugars
such as mannitol or dextrose or sodi um chl ori de.- A 6% abl e
i sotonic agent is a mannitol solution of abo 5 2- 8% concentrati on,

and, nost preferably, of about 5% concentrati®n. Prol onged

absorption of the (2hj BFoRIHTZON GOR st 10RG: sCAN be brought about by the use
in the cConNposy;t i ents del ayi ng absorption, for- exanple,
al um num nongst ear st e t) Q(%)ﬁm?éx A ‘WFS%’ Sterile

sol utions art prepared by (Bhcryrpomablidig 3&5@ Hetive conpounds in the 10
requi red amount in the apqggpﬁ‘gﬂmﬂwsveﬁhgmﬂh various of the other

i ngredi ents enunerat & Ol inepr required, followed by filtered
steri.lizatign. Gener diiky MOLECULE TyPE(icth&s Si prepared by

i ncor por at iﬁg the vari ous ‘8t éﬁﬂﬁﬁ@@tm\hcldeég‘%@%an% fent's into a
sterile vehicle which contains the basic dispersion nmediumand the required
other ingredients fromthose enunerated above. In the case of sterile
powders forgsl5 ti}gl,prr ation of sterile injectable solutions, the
preferred nmet hodsaed D e atOR R be CRIPTION: SHQoINy sovkrm dryi ng and
freeze-drying techniq yi & GELRERAFIE ¢ he active 36
i ngredient plus any additional desired ingredient froma previously
sterile- filtered solution thereof. As used
herei n, "pharnmaceutically acceptable carrier” includes any and all 20

sol vents, dispersion nedia, coatings, perneation enhancers, antibacterial
and ) antifungal agents, isotonic and absorption del aying agents and
the like. The use of such nedi a and agents for pharmaceutically
active substances is well known in the




art. Except insofar as any conventional nedia or agent igml ' i th
t he active ingredient, its use in the therapeﬂﬂ!ll[“mi[“"“mm S
-contenpl ated. 25 Suppl mmssaEE{TWP%Ni ngredi ents alLsor bes ~ «

i ncorporated into the conpositi oREP ACED - A reliable assay for

conj et 1 SbEEE 0, 0 CINANFIRALEN oo, 11Tt ot

acid or deoxyribonucleic acid,” respectivel %‘9 A reliable assay for RNA

hydr ol ysi s is an assay for hydrolysis of a conplenentary
ri bonucl eic acid as described in WO 30 CLQ%Q?” 29316, previously
I ncorporated by reference herein. C eavage Dy a conjugate woul d

denonstrate that the conjugate has the intended potency and activity.
WO 96/ 38461 1. A method of both hydrolyzing and photocleaving a polymer of ribonucleic
PCT/ US96/ 08262 19

The foll ow ng e>?§¥9p|‘%°’i“§‘h3%°??%‘é’f%‘at lon of the practice of the present
i nvention,5and is i ntcomdetthgrthe pblgmet of risdnucieicraoid with b itexaphyrinanctsicoenpldx t he

i nvention I n any_ngnner. 5.. .
EXAMPLE 1 hawng cuayts actyity ferbath hydrplysis aud photecleavage qf 4.
| i ght -i ndependent hydr ol y$ibemitdeic acid pol and site-specific -

| i ght - dependent phot ocl eavage of DNA by yt'tri un( || ld)
incubating the polymer of ribonucleic acid and the metal complex under

conditions and for a time sufficient to hydrolyze the phosphate ester
10 bond of the polymer, and '
exposing the texaphyrin metal complex to light for a time sufficient to
photocleave the pol};mer.

2. A method of both hydrolyzing a polymer of ribonucleic acid and
15 photocleaving a polymer of deoxyribomucleic acid, the method comprising:
contacting a mixture of the ribonucleic acid polymer and the
deoxyribomucleic acid polymer with a texaphyrin metal complex
having catalytic activity for both hydrolysis of ribonucleic acid
polymers and photocleavage of deoxyribonucleic acid polymers,
20 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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- Dy(l111)Tx 10 conj ugat d&!IS §H\EE'EM@SﬁﬁNphot ocl eavage properties df the
YTx conjugates are conf&FEACER th those of anal ogous di amagnetic
Lu(l11)Tx CO&!S 1 t exaphyri n- ol i gonpelBsisinds2
conjugate in §W§se had hl}gj mi"cmﬁliﬂ" formula, where Mis
yttrium dysprosiumor lutetium - [err]

25 Met hods for the prepa2r7ation of the above texaphyrins,

as well as thosesof The method 8f SY8im 1 OF 2Whdrei theéilight has a wavelength range of
t exaphyri n-ol i gonucl eoti de conjugates, are described in WO

about 700-800 nm.

6. The method of claim 1 or 2 wherein the step of exposing the texaphyrin
. 5 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:
10
15
20
' wherein,

M is a divalent metal cation or a trivalent metal cation having catalytic
activity for both hydrolysis and photocleavage of an RNA polymer;
R,-R,, R, and R, are independently hydrogen, halide, hydroxyl, alkyl,
25 alkenyl, alkynyl, aryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl,
~ oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl,
saccharide, carboxy, carboxyalkyl, carboxyamide, ‘
carboxyamidealkyl, amino, aminoalkyl, a site-directing molecule, a
catalytic gronp, or a couple to a site-directing molecule or to a
. 30 catalytic group; |
R and R, are independently selected from the groups of Ri-R;, R; and Rg,
with the proviso that the halide is other than iodide and the
haloalkyl is other than iodoalkyl;

‘This Sheet Has Been Re[ilaced




30 94/ 29316, the disclosure of which is incorporate
reference. Scheme A THIS)SKERT HAS BEEN | | ) texaphyrl ﬂlﬂm‘mllmﬂnldllmll

-conj ugat es, dysprosiun(l11)texayRERLACED (Dy DNA coR] ugaties #an
lutetium(I11) texaphyrin (Lu'|r m tes of t he present
exanpl e, andgeQpmEENt ary SE miﬂmd DNA 36- mer s angetrised/iaéd P-
WO 96/ 38461dws b1 PCT/ US96/ 08262
20 Schenme A [err]

R; and R,,-R,, 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
5 molecule or 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:
10
15
20

wherein,

M is a divalent metal cation or a trivalent metal cation having catalytic
activity for both hydrolysis of an RNA polymer and photocleavage
25 of a DNA polymer;
R,-R,, R; and R, are independently hydrogen, halide, hydroxyl, alkyl,
alkenyl, alkynyl, aryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl,
"oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl,
saccharide, carboxy, carboxyalkyl, carboxyamide,
30 carboxyamidealikyl, amino, aminoalkyl, a site-directing molecule, a
catalytic group, or a couple to a site-directing molecule or to a
catalytic group;

This Sheet Has Been Replaced
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10

15

30

R and R, are independently selected from the groups of R;-R,, R; and R,,
with the proviso that the halide is other than iodide and the
haloalkyl is other than iodoalkyl;

R; and Ryy-R;, 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 vatue less than or equal to 5. 2

9. The method of claim 7 or 8 wherein M is yttrium(II).

10.  The method of claim 9 wherein R, is (CH,),CH,OH; R, and R, are
CH:CH;; R4 is CH;; Rs, R5, Rg, Rg, Rlo, R“, and Rn are H; and R-, is
OCH,CONH-oligonucleotide.

11,  The method of claim 7 or 8 wherein at least one of R-R;, is a site-

directing molecule, a catalytic group, a couple to a site-directing molecule ora
couple to a catalytic group.

12.  The method of claim 11 wherein the catalytic group is imidazole,
guanidine, an amino acid, an amino acid derivative, a polyamino acid, an amine-
substituted saccharide or a texaphyrin metal complex.

13.  The method of claim 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 R,-R,, is a site-directing
molecule, and the site-directing molecule is an oligonucleotide, which
oligonucleotide has binding affinity for RNA.

Il
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21- | abel ed RNA 36- mers. The DNA sequences

‘conj ugates were purchased IéEMstone Lab m“H""@ﬁHm””m\
.and the RNA sequences were purch%%%{ﬁ

Madi son, W . mxtures wer e prepared by addi ng

errt, o Liroeesie oo o aret TIMMUN AL o 2076 oottt

100, 000 cpm of 5' [err]P—IabeI DNA 36- ner 1[err]_or 1l err]
or 5 -[err]P-l1abeled RNA 36-nmer 1[err] or 1ferr] m xed with 4X

buffer (5[err]l {§.errThe meth6Ro6f ¢l&¥n Mhéﬁeixﬂhé]o drluclestide)is a@ettvasize®r to

produce a final vQlune 20 err] ([err]L). Final conjugate
concentration vvaghwm“dﬁ%aﬂﬂhm@“%@[’m Nadl , 200 mM
HEPES, pH 7.5, 100 [err]M EDTA. All reactions vvere heated for 4

mnutes at 58[err]C and allowed to cool slowy to ambient tenperature.

RNA hydrol ysis rd6ct i Shesmebed of elgim 83 wherein ﬁe@bamhm cif selected

at anbi ent 5t onpefSPR BB Yol ce ik ikl TbuhidBEE. T 5Ly Al o

CA) tuned. to 73ghosphorsthivgtes, ndvphospheramidatesof 150 mVcnferr].
At the end of the reaction time, the reaction sanplés containing
radi ol abel ed DNA were precipitated with ethanol, then Were

di ssol ved in 10‘mquewu§merhaebfdhm1s wherein the deriv#ti2bd!6li O@mﬂ&iﬁa&&r
([err]L)) and heated to 90[err], C for 30 mn. Water (500 [err]l [err]L))

was added 20 alkyl oligoripomygleoti sanpl es, which were then dried on a
Speedvac. jphe sanples fromthe RNA hydrol ysis reactions were
precipitated with ethanol usi standard net hods. Al l sanpl es
were resuspended1Bn 5Tbs m»?qbundwmgemmem@mwnmwmw err]C for
3 . pgoﬁﬂﬁoﬂal yzed by el ectrophoresis on a 20% denat uri ng

pol yacryl am de gel™~ The aut or adi ograph i ndi cat ed
substanti al cleavages only in those | anes which 25 cont ai ned t he

ol avages ocour T a8 ol bh8 ExpmvoR e Rolbica Hagl e 9T sty For 0th | 7
compl ex 1§ hydrolysa%drpubwdmgé opm ribbmicieic mpmﬁaéxeﬁ thé piepira€on of a

targets. The cl eava ocati ons qn -pers eire i ndi cat ed
by arrows in Schm%ﬂ““ﬂ‘f WDSIB%fQEmmHY@HWWM photocleaving a | eavage

bands co-m grat egolynied P FBEMcRR RIAL €d by dimethyl sulfate in the guanine-

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

30

wherein,
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“The YT and oype ¢ Sequi;;;%ig%;%;gﬁ acvare 22 AN EEREHY

“patternns generated by the conj ugdt e§ oh DNASwere

essentially WO 96/ 38461

PCT/ US96/ 082 u“llu l“l“ m| l“L PCTIUSSRR8262

I dentical. The tota effici rolysis by the YTX conjugates
ranged . from 25-35% The total effigiency of DNA photocl eavage by
t he YTx conjugates ranged from 50-60% These

olﬁservations are conSMSikerdlivaWntmmlmbﬂomdb?mmrdag?ﬂmﬁﬁmmﬂyﬁc f
the YTx conjugates to conpl ene equences 0 effects _sjite CI ic
phot onodi fi cati on of guanlaﬁ%“Weé’F%@ih %gﬁgslsrggmhpgoc ﬁ"agFP ag Pp

phot ocl eavage

a dark reaction, the \H'Rp(m Mm%&cgﬁm lgdl?,gécig St eq’gpem fic aSt '
hydrol ysis of conpl enent arajkemylaalirnyle axyl, rioalkyl, nitro, formylt, laeyly hydroxyaikyl,
ﬁ_gg g%?;renss,smﬁ;gr glbi/gi Fsoaﬁzﬁgﬁg* gé&%ﬁ%ﬁﬁ ers, as Co ] ug%ﬁ}%s?ydont ai ni ng
LuTx, a di amagnetic netal Isatchuﬁd;y:ar'bnxyi,rmkbmpalkyl; carbOkyamideye previously
gﬁint argets, ﬁgown to effe géntatg?ajfﬁc' f] ct- ho%eavaga of . bot g B#A and
ef fect site-specific phot qalafificaa6up, oracoupleQé a Bt direttifig nfolecule or to a

catalytic group;

10 R, and R, are independently selected from the groups of R-R,, R; and R,
with the proviso that the halide is other than iodide and the
haloalkyl is other than iodoalkyl;

R; and Ry-R;, are independently hydrogen, alkyl, alkenyl, alkynyl, aryl,
hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl,

15 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 5.

20 21.  Use of a texaphyrin metal complex having catalytic activity for both
hydrolysis of a ribonucleic acid polymer and photocleavage of a deoxyribomucleic
acid polymer in the preparation of a pharmaceutical composition for use in both
hydrolyzing a polymer of ribonucleic acid and photocleaving a polymer of
deoxyribonuclejc acid.

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

Thxs Sheet Has Been Reilaced




'é?;sent I nvent ors have denonstrated tha texapﬁif'rb\:vﬁl_gl |Zgonu l!ll““““‘él“““mmm
S

-canj ugates are taken up byr%ﬁﬁﬁifé'ﬂ@ as observed uor escent

| ocal i zation. 20 el | s (hurran pronyel ocyt ic | eukem a
cell Tine) Wpbodehengibat ed ﬁm“z sol ution (5[ err] npdrafdordgass ONC. )
of a texaphyrin-oligonucl m !“)m conpl exed wth elther a
Y(I1'1) metal ion or a Lu(ll nmetal ion (where the oligonucleotide is a
phosphorot hi oate with 15 bases). The cells were incubated for a m ni mum of

10 mn. and up to about 60 mn., after which the I1s were
washed. Fl uorescence 25 was rreasured with a confocal|®argon | aser;
which excites at 488 nm To view t Rg fluorescencqd created by t he

texaphyrin, a cut-off filter was used _to el i mi nat e wavel engt hs
bel ow 700 nm The resulting fluorescg | mages showed diffuse
cytopl asmic fluorescence w t h"™9dxe gt AGEe ¥ olﬁ)cal "hot spots" of

concentr atgd fl uorEscenc. WO 96/ 38461
PCT/ US96/ 08262 Rg -
=
Ry Ry
Rg Re
10
Ry Ry

15 whereiﬂ,

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;

R-Ry, R; and R, are independently hydrogen, halide, hydroxyl, alkyl,

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

oxyalkyl, 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

25 catalytic group;

Rs and R, are independently selected from the groups of R;-R,, R; and R,,
with the proviso that the halide is other than iodide and the
haloalkyl is other than iodoalkyl;

R; and Ry-Ry, are independently hydrogen, alkyl, alkenyl, alkynyl, aryl,

30 hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl,
hydroxyalkynyl, carboxyalkyl, carboxyamide, carboxyamidealkyl,

This Sheet Has Been Rerlaced




é%lilERAL | NFORIVATI ON: (1) APPEF&EFII\'ICEPh;rSI'L.y i:l“lﬂ l“l“ll“l ‘ﬂn “ l“l :

Board of Regents, The University of Texas System $i) TMTLE

I NVENTI ON: - MULTI - MECHANI STI C CHEM CAL CLEAVGE 10

USI NG CERTAI COVPLEXES (1i1) NUMBER OF W

(iv) CORRESP ! ADDRESS: 15 (A) ADDRESS In %amp
Strauss, Hauer & Feld, L.L.P. (B) STREET: 816 Congress
Avenue, Suite 1900 (0 a¥v: Austin (D)
STATE: Texas NEI%Y tb&actiatids 10h sitBirkGing20

(F) zIpP: 78701 W CR?I'E'kEABLE FORM

(A) MEDI UM TYPE: Fl oppy dmdxlecule or to a catalytic group; (@8 COVPUTER. | BM PC

(D) SoFTvare: pat ent ) e e YAl i gl i, 7 P8

¢ 5 23.  The use of claim 20 or 22 wherein M is yttrium.

24.  The use of claim 23 wherein R, is (CH,),CH,OH; R, and R, are CH,CH;;
R4 is CHS; RSs Rﬁv R89 R9v Rm, Rlls and R:z arc H; and R‘l is OCHZCONH'
oligonucleotide.



‘(vi) " CURRENT APPLI| CATI ON DATA: (A) APPLI CATI ON NUMBER: - .
PCT unkhown 30 (B) FILING DATE: Concurrently ?&:f '
(C) - CLASSI FI CATI ON: Unknown (viii) ATTORNEY/ AGE ﬁ\lé%tr??ﬁt

(A) NAME: Norberg, Goria L. 35 2 (B) REQ STRATI ON NUMBER:

36, 706 . C) REFERENCE/ DOCKET NUMBER: 43414. 0007

(i x) TELEGOUMEIOCAT KO 967 | ON: (A) TELEPHONE: (512)
499- 6200 40 TELEFAX: (,512), 49

629
(C) TELEX: 79- 093le many texaéhi(“‘k)’“qtﬂlfﬁﬁm ﬁi’é&’ d?‘PBT‘l\B prompie the

() SEQUE Irs
CB) TYPE: Hrar Gy OE phkptaté ester bonds (see, wo 94/7931 %IEI%N%I\%ES%HCQ ng})@s et

(D) TOPOL@oifipléxesdrave been shown to act s cétalVElsE'GUﬂE: iyREindatédcleavageei ¢ aci d

(A DESCRI(gg’oItgcﬁea\//adge) of DNA and RNA (see, WO 96/09315), it has not been previously
shown that a single texaphyrin metal complex would both hydrolyze and photocleave
RNA, or would both hydrolyze RNA and photocleave DNA. Such a texaphyrin

10 complex would be very useful in practical terms, since only one metal complex would
be necessary to perform a vériety of functions. This is especially important in in vivo or
ex 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

15 produced in only small quantities. Additionally, while two separate conjugates could be
employed to cover both photocleavage and hydrolysis activities, respectively, the

conjugates could compete with one another.

SUMMARY OF THE INVENTION

20 The inventors have now discovered a particular class of texaphyrin metal
complexes which both hydrolyzes and photocleaves RNA. This class of complexes also
both hydrolyzes RNA and photocleaves DNA.

In particular, in one embodiment, the present invention is directed to a method
) " for both hydrolyzing and photééleaving ribonucleic acid, the method comprising the

25 steps of contacting the ribonucleic acid with a texabhyrin metal complex having
catalytic activity for both hydrolysis and photocleavage of ribonucleic acid, incubafing |
the ribonucleic acid and the metal complex under conditions and for a time sufficient t(;_
hydrolyze the phosphate ester bond of the ribonucleic acid, and exposing the texaphyrin
metal complex to light for a time sufficient to photocleave the ribonucleic acid.

30 In another embodiment'éf the present invention, the invention is directed to a
method for both hydrolyzing ribonucleic acid and photocleaving deoxyribonucleic acid,

the method comprising the steps of contacting a mixture of the ribonucleic acid and the

deoxyribonucleic acid witha - | REPLACEMENT SHEET'

18 JUN 1997
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‘(xi) SEQUENCE DESCRI PTION: SEQ ID NO. 1: 60 CATCTGTGAG CCGGGTGTTG

20 . (2) I NFORVATI ON FOR SEQID—NOZ 'ﬁ (‘lg ENCE
CHARACTERI STI CS: 65 : (A)"LENGTH: 20. base pai r sfeplac mem heet
(B) TYPE: nucleic acid . _ 3(C) STRADEDNESS: single :

W) 96/ 38461 PCT/ US96/ 08262

24 texaphyrin metal cd le’x’@ﬁﬂ:@étal i@ @stivity for both hydrolyisiof dVEbdtididic
TYPE: ot her gucl ei € aci d@ n (A) DESCRI PTI ON: /desc = "DNA"

5 acid and photocleavage of deoxyribonucleic acid, incubating the mixture and the metal

5 - complex under conditions and for a time sufficient to hydrolyze the phosphate ester

bond of the r.bonucleic acid, and exposing the texaphyrin metal complex to light for a

time sufficient to photocleave the deoxyribonucleic acid.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 The present invention discloses the usé of a single texaphyrin metal complex to
perform two separate chemical rea.ctions. Specifically, the texaphyrin metal complex
has the ability to effect both hydrolysis and photocléavage 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

15 . hydrolytic reaction is particularly useful for cleaving the phosphate ester bonds 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 seweé to produce cytotoxic materials, such as
singlet oxygen, which products then cause strand damage or breakage, or

20 "photocleavage”, of DNA or RNA. Not wanting to be 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 damage, this damage in itself (é.g.,

25 modification of a nucleotide) is known to 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 nm, 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-

REPLACEMENT &HEET |
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io (xi) SEQUENCE DESCRI PTIONi SEQ I D NG 2: CTCGGCCATA

GCGATGITC .

| NFORMATI ON FOR SEQ I D NO 3: 15 (i) SEQUENCE CHARA’CGPéH §*ﬁ§’€§hw
(A) LENGTH: 36 base pairs 4 (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D TOPOLOGY: |inear 20

(i) I\/[J_E@!igbnﬁhfléﬁudotbgmgmdxmcmdam altarget mRNA. This metal oiiplEk-Sohjugateqy:

/[ desc =" (xi,) SE(%JENCE DESCRIPTION: SEQ ID NG 3: . 30
CAACACCC(I?@'F@N@!@\T‘G*’NQQF@T@@&AW is apphed in proximity to thé metal cgmplex

l NF(EJ;:\@L' % tgggt RENAR Quds photot: ,&fvﬁ:el\&flﬂ %%’Abase AR may be a solution

(B) TYPE: gtugk@dpensiéh éf RMA or may be cellular KNGk i@ WAADEDMwSSor &t helloe The
(D TOPOLOGY: |inear
ability to hydrolyze and cleave RNA has important implications for the treatment of
various diseases; for destruction of retroviral RNA, messenger RNA, ribosomal RNA,
RNA cofactors, transfer RNA, small nuclear RNA, and small cytoplasmic RNA, thereby
10 providing a multifactorial approach to eliminating diseased, cancerous or other unwanted
cells or tissues. The texaphyrin complex is not destroyed during the photocleavage
reaction, so that after the light is removed, the corhplex-conjugate remains to cleave, via
light-independent hydrolysis, any target RNA which méy remain.
In a second example, a single texaphyrin metal complex can be used in the
15 cleavage and destruction of two different targets, one RNA-based and the other DNA-
based, via hydrolytic and photocleavage action. RNA targets include those described
herein. Site-specific photocleavage of DNA has impdrtant ramifications in a variety of
applications. Potential particular applications include antisense applications,
photocieavage affecting recombination of DNA, destruction of viral DNA, or control of
20 gene expression at the cellular level. In contrast to using two agents, each targeting
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 sufi{cient
25 to hydtoiyze the RNA and photocleave the DNA or RNA. 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 cited herein.

Representatives of texaphyrin metal complexes included within
P P P REPLACEMENT SHEET

the present invention are encompassed within the following formula:
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(i) 'MOLECULE TYPE: other nucleic acid 40 ' (A) DESCRI PTI ON: -
/ desc - " RNA" 45 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 4:

CAACACCCGG CUCACAGAUG AAGUCUCCAA AAUAAA Replacermpant Spet
(2) | NFORMATI ON FOR SEQ I D NO 5: 5 (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH 36 base pairs

(3) TYPE: nucleic acid 55 (O STRANDEDNESS:Zsi ngl e

(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: oth nucleic acid
(A) DESCRIPTION: /desc = "DNA" R R (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 5: 65 ACAGAACAT‘I] T C GAGTGGAGAG A

36

10

Rg REPLACEMENT SHEES |

18 JUN 1997

M is a divalent metal cation or a trivalent metal cation having catalytic activity
for both hydrolysis of RNA and photocleavage of RNA or DNA. Metals useful in the
present invention may include cadmium(Il), yttrium(III), indium(III), lanthanum(III},
lutetium(III), and other diamagnetic metal cations.

20 R,-R,, R; and R, are independently hydrogen, halide, hydroxyl, alkyl; alkenyl,
alkynyl, éryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl, oxyalkyl, oxyhydroxyalky!,
hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy, carboxyalkyl, carboxyamide,
éarboxyanﬁ_dealkyl, amino, aminoalkyl, a site-directing molecule, a catalytic group, or a
couple that is coupled to a site-directing molecule or to a catalytic group.

25 . R and R, are independently selected from the groups of R,-R,, R, and R,; with

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

R, and R\-R,, are independently hydrogen, alkyl, alkenyl, alkynyl, aryl,
hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl hydroxyalkenyl, hydroxyalkynyl,
carboxyalkyl, carboxyamide, carboxyamidealkyl, amino, aminoalkyl, or a couple that is |

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

The charge, Z, is an integer value less than of equal to 5. In the context of the
basic macrocycle with a yttrium cation, Z is 1 or 2. However, the charge Z would be
altered so as to account for the choice of metal M, the pH ﬁnder consideration, and

~ charges present on any of substituents R,-R,, and charges present on any covalently
35 bound site-directing molecule, for example charges of the phosphate groups on an

oligonucleotide. For
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25 “(2) | NFORVATI ON FOR SEQ | D NG 6: ('k)v ‘%IénggNt .

CHARACTERI STI CS: (A) LENGTH: 36 base pai rs<~<Blacement Shee

(B) TYPE: nucleic acid , C) STRANDEDNESS: single

(D TOPOLOGY: |inear (i) ECULE TYPE: other nucleic acid

10 instance, if RAF darssi BEHGK\J R(zdﬁancyiﬂ anRI‘tHe metall®f = Lu*, and th¥isblution is

SEQUENCE DESCRI PTI ON: SEQ | D NO 6 GAACADU CGCUAUGGCC GAGUGGAGAG

ACCGCG pH = 7 (so that R, = CO,), the chagge Z would be zero. The charge would be negative

5 | when substituents have a sufficient number of negative charges, for example, when a

substituent is an oligunucleotide. The charge would b< +5, for example, when the M is
Lu* and the net charge of a substituent(s) is three positive charges. 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

10 chloride, nitrate, acetate, and hydroxide, for example.

“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 alkenyl 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.

"Alkynyl” means alkyny! groups, straight, branched or cyclic isomers, with
generally two to fifty, preferably two to thirty, fnore 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 twehty, more preferably one to ten, hydroxyls. "Hydroxyalkyl” is
meant to include polyethers with one or more functional groups; diols of alkyls, with
diols of C,,, alkyls being preferred, and diols of C,; alkyls being more preferreé; and

25 polyethylene glycol, polypropylene glycol and polybutylene glycol as well as '
polyalkylene glycols containing combinations of ethylene, propylene and butylene. _

"Oxyalkyl” 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.

30 A preferred oxyalkyl is O(CH,CH,0),CH, where x = 1-120, preferably 1-10, and more

preferably, 1-5.
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CLAIMS. =~ 5 1. A net hod of -Both hydtol yzi ng"'an'd“ ot ocl i n
ri bonucl ei c acid, the nethod - .Lonprising: . RQ&acemerﬁaQ/hee
contacting the ribonucleic acid with a texgphyrin netal conplex having
catalytic . activity for both hydrolysis and

phot ocl eavagdudé imidaooler geanidine; sybstituted saccharides such as Dygludvaaming, e
ribonucleic acid and the netal conplex under condi @Si?pns .and for 10

time suffi SRAARESIRING, [-galactasamine  Doglsramineand the Jikey agyng Acids sudh At Lai
agid, and 4:_.:: aroiminar | t | [ feelaali t

I Sght for (,Iiu stnldrlr%e grllﬁ Pi %%?e’tdg%m%sn& MEO Qf&sOMh & p%%t ocC egl\'/se&; he

ri bonucl ei gnilfé deids shéh as poly-L-lyside, (LysAld)gt(L3ELEORA RY! Whepedi @ froimng-30 or
ri bonucleic acid and photocleaV|ng o deoxyri bonucl ei ¢ acid, the
met hod conpréferably 1-10 or more preferably 2-7; derivativesrthergofii andutesapityrinhmetal

SRR B L A T G SRR S —-—

o o oS e BRSO MBILE e 85y S, apty

qonme metal complex or to the texaplpyiid complek tia ahlyniten|or z@uplecofpiariablelongtis toer

bond of the ribonucleic acid, . _ ) ) and, ) )

“exposi ng t Aee ettachpdh o the ligand pertieplafia texaphygin complex-ligand conjugate eitherywith

phot ocl eav g, LA 4P 1iier OF ¥5lik G Vakidble 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

15 include, but are not limited to, polydeoxyribonucleotides, oligodeoxyribonucleotides,
polyribonucleotide analogs, oligoribonucleotide analogs, polyamides including peptides
having affinity for a biological receptor-and proteins such as antibodies, steroids and
steroid derivatives, hormones such as estradiol 6r histamine, hormone mimics such as
morphine, and further macrocycles such as sapphyrins and rubyrins. It is understood

20 that the terms "nucleotide”, “polynucieotide™ and “oligonucleotide”, as used herein and
in the appended claims, refer to both naturally-occurring and synthetic nucleotides, poly-
and oligonucleotides and to analogs and derivatives thereof such as methylphosphonates,
phosphotriesters, phosphorothioates, phosphoramidates and the like.

. Deoxyribonucleotides, deoxyribonucleotide analogs and ribonucleotide analogs are
25 contemplated as site-directing molecules in the present invention. .
Oligonucleotides have sevéral 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

30 - minimize degradation; derivatization may be alkylation, and is preferably methylation.
Modifications of the phosphate groups are preferred in one embodiment of the invention
since phosphate linkages are sensitive to nuclease activity. Preferred derivatives are the
methylphosphonates, phosphotriesters, phosphorothioates, and phosphoramidates.

Derivatives may also contain alternating phosphorothioate and | REPLACEMENT SHEET
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25 | - 3. The net hod of cI aim1 or 2 wherein t he texaphyr| n

metal conplex is a t exaphyri n-di anagneti c netal
4. ° The nethod of claim1 or 2 wherein the t exaphyrin met alﬁ%ﬂﬁ% meny %1%‘
yttrium 30 t exaphyrin conpl ex. 11
Repl acenent Sheet '
27 molecul& or a cotple thetdto,dRpmay! = Hy DCEH, gr ghepéithe pregidushhlisteds a
wavel engt h range, of: about 700-800 nm . 5 6.
The net hodpfﬁ? P AMRSHYENS wherein the step of exposing the texaphyrin

tal - iﬁﬁ% out in the presence of
g;s.(}ygen. Apré‘sgﬁ’ﬂ%lﬁi‘ef&‘?ﬁ]g@?n%ltxh. o?ﬂ(gqgi m 1 wherein the texaphyrin

metal conpl ex ha¥ateheolublentekapiyHas 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 these texaphyrins to be useful in a 'biologic'al environment. Improved water
10 solubility can be achieved by, for example, substituents chosen from saccharides or
hydroxylated substituents.
In presently preferred texaphyrin compounds, R,-R,, R;, and R, are as in Table
1 for texaphyrins A1-A22, Ry, Ry, and Ry-R,, are H, and M is as defined hereinabove.-
However, while the above-described texaphyrins are presently preferred compounds for
15 use in the present invention, the invention is not limited thereto and any texaphyrin
complex that has activity both as a hydrolyzing agent for RNA and as a photocleaving
agent for RNA or DNA may be useful in the practice of the invention.
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'[err]' 20 wher ei n, ) . Mis a divalent ..

metal cation or a trivalent metal cation, having catalytic aCt.'R\éHa%ement Sheet

for both hydrolysis and photocl eavage of ri'bonucleic acid;’ 25
Rlerr]-Rlerr], Rerr] and Rlerr] are indepppdentl'y hydrogen, halide,
hydroxyl , al kyl, al kenyl, ' ) al kynyl , aryl,

hal oal kyl, nitrolhe taxaphyrimmetal conplexssaofkie presephingntion can be synthesized by

U PSSR AT MG Ll T

3 ecule or to a catalytic group;

Rl err] andbefeand anrcaidantcineandenghhic sodvent, &l fhreamixtine igrablopsedos react to form
Rlerr]-Rerr], Rerr] and Rerr], with ) ) . the
provi so t hal arg@aye|texaphysn metel camplexi odipsefersd means s to sti the mixturenat

than i Odoalah%liént temperature or to heat the mixture at reflux for at least two hours.

10
Rg
R
15 7
. I
20
The nonaromatic texaphyrin I is conveniently produced by condensation of a
tripyrrane aldehyde or ketone having structure A and a substituted ortho-
phenylenediamine B:
R 9 -
HoN Rs
HoN R7
6 :
A B
25

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

the disclosures in the patents, applications and publications cited herein could extend

and refine the above basic synthetic chemistry to REPL ACEMENT SHEET |
18 JUN 1952
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Repl acerrent Sheet
28 Rlerr] and Rerr]-Rerr] -are mdepeﬁdently

hydr ogen, al kyl, al kenyl, al kynyl, aryl, . Replacement Sheet
hydr oxyal kyl , oxyal kyl , oxyhydr oxyal kyl ,. gydroxyalkenyl, 5

hydr oxyal kynyl , carboxyal kyl, car boxyam d car boxyam deal kyl , am no,

ami noal kyl {abRled R NAUB6.5nérS. arh%qmmgéqi&@ncésq:sedshttﬁe @bﬁﬁghﬂeagvemlpafdﬂaee@r to

a catalytic group; -and is an integer value | ess than
or equal t from Keystone Labs, Meslo ParkTRé; matdibe RifJAcseaumc_tsmc giurchased from
Lgxaphyr i npfet oo ESF) Blsallls, WS formle o 1

Reaction mixtures were prepared by adding YTx ronjugate 1, or 15, DyTx .
conjugate 1. or 1, or LuTx conjugate 1; or 1; to solutions made from ca. 100,000 cpm
of 5’-32P-labeled DNA 36-mer 1 or 14 or 5°-*P-labeled RNA 36-mer 1, or 1, mixed
with 4X buffer (5ul (uL)), carrier DNA (1ul (uL)) and water to produce a final volume

10 of 20 pl (uL). Final conjugate concentration was 50 nM. The 4X buffer was 400 mM
NaCl, 200 mM HEPES, pH 7.5, 100 uM EDTA. All reactions were heated for 4
minutes at 58°C and allowed to cool slowly to ambient temperature.

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

_ DNA photocleavage reactions were irradiated “for 15 min. at ambient temperature using
15 a dye laser (Coherent, Palo Alto, CA) tuned to 732 nm using a power density of 150
mW/em?.

At the end of the reaction time, the react__ion samples containing radiolabeled
DNA were precipitated with ethanol, then were dissolved in 10% aqueous piperidine

~ solution (50 pl (uL)) and heated to 90°C for 30 min. Water (500 pl (pL)) was added
20 to the DNA samples, which were then dried on a Speedvac. The samples from the
RNA hydrolysis reactions were precipitated with ethanol using standard methods. All
samples were resuspended in 50% formamide 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 which
25 contained the appropriate complementary 20-mer YTx, DyTx, or LuTx conjugate. 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 by dimethylsulfate in the guanine-
30 specific sequencing lanes. 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
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wher ei n, ' Mis a d| \élarllmmmmmllm;m“fn or atrivalent
net al catlon ‘having catalytic activity 2 for

both hydrol ysis of ribonucleic acid and phbt dcl davlge® of cement Sheet
deoxyri bonucl ei ¢ aci d; seRlerr]-Rerr], R[err] and

Rlerr] are i ndependent | y hydrogen, halide, hydroxyl, alkyl, alkenyl,

al kynyl, aryl, haloalkyl, nitro, fornyl, GEAIMSedroxyal kyl, oxyal kyl,
oxyhydr oxyal kyl , hydroxyal kenyl , hydroxyal kynyl, sacchari de, carboxy, 30

car boxyal kyl , carboxyam de, car boxyam deal kyl , am no, am noal kyl, a

Sl 1§ i ecting Moegiod B BBURhYrf AP pRboRIGOHY Abbictid B, Hhe GRS
nol ecul e or to a catalytic group

Repl acenent Ebmptising:
29 err] and Rlerr] are independently selected from

the groups of R e CPPtagting the th@#qlﬁflca!ﬁui Wiithra }exaphymn metal r:omple>lc< having cﬁlytxc
t he proviso that the haﬁchgﬁytfﬁgﬁwleﬁvéﬁpﬁ'g}S'a% togleavage or}arﬂ?c%mc elnglflélp?] er

and Rlerr]-R err] im# lcon@i

aryl , ubatlﬂgl%heﬁﬁéﬁﬁdléicfégr oxyap}f @%&gf;fa ) éfﬁﬂoxy%‘ngr oxya o,r a
hyt® oxyal keny! | time sufficient to hydrolyze thei'phb"sphmlds;emblond@frth@ﬂb@h&&lem
car boxyam de, car boxyarraicgldeaalnﬁyl , am no,

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

photocleave the ribonucleic acid.

15 2. A method of both hydrolyzing ribonucleic acid and photocleaving
deoxyribonucleic acid, the method comprising:
contacting a mixture of the ribonucleic acid and the deoxyribonucleic acid with a
texaphyrin metal complex haviné catalytic activity for both hydrolysis of
ribonucleic acid and photocleavage of deoxyribonucleic acid,

20 incubating the mixture and the metal complex under conditions and for a time
sufficient to hydrolyze the phosphate ester bond of the ribonucleic acid, -
and

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

photocleave the deoxyribonucleic acid.

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 ﬁvherein the texaphyrin metal complex is a yttrium-
30 texaphyrin complex.
REPLACEMENT SHEET
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‘ani noal kyI or-a couple to a saccharid
10 a catal yt
is an integer value | ess than or equal
met hod of claim7 or 8 wherein Mis yt

met hod of claim9 wherein Rerr] is (CH[e
Rlerr] aresCH eﬁéthod ofcl?{x[r%”?rZ'\ﬁleg'ﬂh%E]I

Rerr], Rérr], err]
QOCH2 CONH- oI7OQ€8ﬁ(Dcﬂxmot i de.

wherein at |east one of R err]-Rerr]

are H,

UL e s

th 5 ¢
truuc;(m) 15
1)

eplacempat Sheet
10. The

[err]CH err]OH Rerr] and
rlgl%Rihgf b lwavRidgth raffle®8f dbout

11. The nethod of claim7 or 8

is a site-directing 20

mBl ecul e, a catalytic group, a couple~to a site-directing nolecule or a

couple to

of claim 11T wher etfen cat a

am no aci dcomplexio mqsda&wdl @t invie éﬁc

ani ne- substi tut ed 2- sacchari

method of @ @1% Y4 Wib8n the s

ic gfoup T's T

tep of exposm é% phgﬂﬁ HE{10d

séﬁbe'aﬂbnpgapl d an
or a texaphyrin netal

conpl ex.

13. The nethod of claim 11 wherein the site-directing nolecule is an

bi ol ogi cal 1 THe mek0q st I wheipi e ey HE el pomploobA G foffmufi:

| east one of Rlerr]-Rerr] is a

The nethod of claim7 wherein at
Site-directing

15

20

wherein,

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

for both hydrolysis and photocleavage of ribonucleic acid;

25 _ R,-Ry, R; and R; are independently hydrogen, halide, hydroxyl, alkyl, alkenyl,
alkynyl, aryl, haloalky, nitro, formyl, acyl, hydroxyalkyl, oxyalkyl,
oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkyny!, saccharide, carboxy,
carboxyalkyl, carboxyamide, carboxyamidealkyl, amino, aminoalkyl, a

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

30 molecule or to a catalytic group;
Rs and R, are independently selected from the groups of R;-R,, R, and R;, with
the proviso that the halide is other than iodide and the haloalkyl is other

than iodoalkyl;

AMENDED SHEET
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nblecﬁle, and the site-directing nol ecul g ' [ oti de, which
ol i gonucl'eot-i de has bi ndi nammmmﬂ ‘ﬁﬂlln E‘ri baonucl ei c
aci d. ¢ LN s replacement Sheet

Repl acenent Sheet - : 30
15. The nethod of claim 13 wherein the olTgonucleotide is a derivatized
ol i gonucl eoti de oR, afid ®,|-BQ 4 aépeifenily hydrogen, alkyl, alkenyl, alky@yl, aryile
nmet hod of claim 155Wherel!|’ srilk(?{]h,e derIi" vate?lg‘%dyol iggonu._c eoti dey 'S k;y??lectrgd
the group consisting ohydexiygikyhospfatiod; exyhydroxysikyl; hydraxyalkenyl,
phosphor ot hi oat es, and phosphoram dates.,. 10 . 7.
Thé method of o ai m 15DYSESAKYEHe caEioxy Ay bogr PX¥ATRdE S-'SPP&léa%dealkYﬁ amino,

2' - O al kyl ' [ jd 18, ] g |
13 wherein the oli gonu%?‘g%ct%yel’ ?gg;gr?lu g‘rﬁ flosiﬁgscghan&é 0 alﬂgdﬁewnﬂe&h@bmo
"ol igonucl eotide. 15 a catalytic groupPand Use of a texaphyrin netal conplex
having catalytic activity for %ot hydr ol ysi s ' and

phot ocl eavage of Ziipendsieger value dess or paegldeal.i on of a pharnaceuti cal
conposition for use in both hydrolyzing and phot ocl eavi ng ri bonucl ei ¢ aci d.

from

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

15
20
wherein, .
M is a divalent metal cation or a trivalent metal cation having catalytic activity
25 for both hydrolysis of ribonucleic acid and photocleavage of
deoxyribonucleic acid;

R;-Ri, R, and R, are independently hydrogen, halide, hydroxyl, alkyl, alkenyl,
alkynyl, aryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl, oxyalkyl,
oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy,

30 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;

REPLACEMENT SHEET
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20 - ' 20. The use of claim19 N“mﬂ"mmﬂlmﬂ hyrin metal conplex _
has the formula: Replaée%érit Sheet

30 vvhereln

R, and R, are independently selected from the groups of R-R,, R; and R,, with
" the proviso that the halide is other than iodide and the haloalky! is other
5 ' than iodoalkyl; -

R; and Riy-Ry, are inuependently 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

10 a catalytic group; and

Z is an integer value less than or equal to S.
9. The method of claim 7 or 8 wherein M is yttrium(III).

15 10.  The method of claim 9 wherein R, is (CH,),CH,0H; R, and R, are CH,CH;; R,
is CH,; Rs, R, Rg, Ry, Ry, Ry, and Ry, are H; and R, is OCH,CONH-oligonucleotide.

a

11.  The method of claim 7 or 8 wherein at least one of R,-R,, is a site-directing

20 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, guanidine, an
amino acid, an amino acid derivative, a polyamino acid, an amine-substituted ]

25 saccharide or a texaphyrin metal complex.

13.  The method of claim 11 wherein the site-directing molecule is an
oligonucleotide, a hormone, an antibody, a peptidé having affinity for a biological
receptor, or a sapphyrin molecule.

30
14.  The method of claim 7 whefein at least one of R;-R,, is a site-directing

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

has binding affinity for the ribonucleic acid. REPLACEMENT SHEET
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?I?(ipl acerrent Shee! Mis a dival ent neltlllllllclum I“u "lll MII[ ri \f%l fnt met§][l

cation having catalytic activity

hydrol ysi s and phot ocl eavage of the ribonugjeic acid;” 5

Rlerr]-Rerr], Rerr] and Rerr] are independently hydrogen, halide,
hydroxyl, ayl, The mnlwq of claim 13 wherein the ohgonucleotide isikldenivhtized y| |

hal oal kyl , j tro,, fQr hydr oxyal k oxyal kyl ,

oxyhydr oxyzﬂ WF‘“Clﬁ%‘?‘gz&aP P@B?F“d éyny saccharide, car boxy,

car boxyal kyl , carboxyam de, carboxyam deal kyl-, am' no, am noal kyl, a
si'te-directing nolecule, a catalytic Qroup, or a couple to a site-directing
10 16.  The method of claizh d5UvlerRin the derbatigéd bligogucdentide is selected from
Rlerr] and Rlerr] are_ i ndependently selected fromthe groups of

Rlerr] - R etthg grqz{;ecoqsm@ng q¥[methylphasplonates, phosphotriesters, phosphorothioates,eand
provi so tha e hald (ile I's other than iodide and the hal oal kyl is other

t han i odoaP@Qfpuoramdate Rlerr] and Rlerr]-Rerr] are

i ndependent | y hydrogen al kyl, al kenyl, al kynyl, aryl, 15

hydr oxyal kyl , oxyal kyl, oxyhydroxyal kyl, hydroxyal kenyl,

hpdr oxyal kyflyl , Tie method éfydiaine d5bwhetein the, decivatizedy eligoinrldoyide ie@Galkyl

am noal kyl, or a couple to a saccharide, to a site-directing nolecule or to

a catal yti @ngpabgnuqim e. Z is an integer value | ess than
or equal to 5. 20 21. Use of a texaphyrin netal conplex
having catalytic activity for both hydrolysis of ribonucleic

acid and phgt oclERvageod of t34iY 18 REREEInShE NgbudlBotidisPif Rtisehieon of a
pharmaceutical conposition for use in both hydrolyzing ribonucleic acid and

phot ocl eavpligontaientidebonucl ei ¢ acid. 25 - 22. The use of
({Isa'i m 21 wherein the texaphyrin netal conplex has the formula:

19.  Use of a texaphyrin metal complex having catalytic activity for both hydrolysis
and photocleavage of ribonucleic acid in the preparation of a pharmaceutical '

cbmposition for use in both hydrolyzing and pﬁotocleaving ribonucleic acid.

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

30

wherein,
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10

15

20

eplacement Sheet

et e BT T

31
M is a divalent rmetal cation or a trivalent metal cation having catalytic activity
' for both hydrolysis and photocleavage of the ribonucleic acid;

R-R,, R, and R; are independently hydrogen, halide, hydroxyl, alkyl, alkenyl,
alkynyl, aryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl, oxyalkyl,
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 group;

R¢ and Ry are independently selected from the groups of R;-R, R, and R4, with
the proviso that the halide is other than iodide and the haloalkyl is other
than iodoalkyl; '

R; and R,4-R;, are independently hydrogen, alkyl, alkenyl, alkynyl, aryl,
hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl, |
hydroxyalkynyl, carboxyalkyl, carboxyamide, carboxyamidealkyl, amino,
aminoalkyl, or a couple to a saccharide, to 2 site-directing molecule or to

: a catalytic group; and |
Z is an integer value less than or equal to 5.

21.  Use of a texaphyrin metal complex having catalytic activity for both hydrolysis
of ribonucleic acid and photocleavage of deoxyribonucleic acid in the preparation of a
pharmaceutical composition for use in both hydrolyzing ribonucleic acid and

photocleaving deoxyribonucleic acid.

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

REPLACEMENT SHEET
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~

L ot s RMIR 2 e e
net al - cat ion having catalytic activity 2 for bolsﬁ'eet

hydrol ysis of ribonucleic acid and photocleavage ot aceinert
deoxyri bonucl ei ¢ aci d; dR[err]-Rerr], R[err] and
Rlerr] are independently hydr ogen, halide, hydroxyl, aIkyI, al kenyl ,

al kynyl, aryl, haloal kyl, nitro, fornyl, acyl, hydroxya zéxyal kyl,
oxyhydroxyal kyl , hydroxyal kenyl, h droxyalkynyl saccharide1 car boxy, .25
r.boxyal kyl , carboxyam de, carbo m deaf*™yl , ami no, am nogl kyl, a

?e dlrectlng nol ecul e, a catalytic p, or a couple to a site-directing
m)l ecule or to acatalytic graoup Rlerr] and R err]
are independently selected frd 35r] Rlerr], Re[rr] and
Rlerr], with pro SOthatthehaHdels
other than iodide and the
t han i odoal kyl ; Rl err] an
al kyl , alkenyl, al kynyl , aryl
oxyal kyl , oxyhydroxyal kyl
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wherein,
M is a divalent metal cation or a trivalent metal cation having catalytic activity
20 for both hydrolysxs of ribonucleic acid and photocleavage of
- deoxyribonucleic acid;
R".R-‘ R, and R; are mdependently hydrogen, halide, hydroxyl, alkyl, alkenyl,
alkynyl, aryl, haloalkyl, nitro, formyl, acyl, hydroxyalkyl, oxyalkyl,
. _ oxyhydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl, saccharide, carboxy,
25 ' o 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;

.R, and Ry are independently selected from the groups 6f Ri-R,, R, and Rq, with
the proviso that the halide is other than iodide and the haloalkyl is other

30 : than iodoalkyl;

R; and R,;-Ry; are independently hydrogen, alkyl, alkenyl, alkynyl, aryl,
hydroxyalkyl, oxyalkyl, oxyhydroxyalkyl, hydroxyalkenyl,
hydroxyalkynyl, carboxyalkyl, carboxyamide, carboxyamidealkyl,
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83" ' am no, ami noal kyl, or a coupl
‘sacchari de, to a site-directing n%l:f ﬁ?‘e‘e/"or?to a

-=tajalytic group; and Z is an integer value |ess théRTmP oY
equal to 5. 5 23. The use of claim20 or 22 wherein e
24. The use of _claim 23 wherein Rerr] is (CHerr])[err]CH djmg
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