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(57) ABSTRACT 

Oligomers which have Substituents on the 2 position are 
resistant to oligonucleases and furthermore can be deriva 
tized to deliver reagents or drugs, to carry label, or to 
provide other properties. 
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2’ MODIFIED OLGONUCLEOTDES 

0001 U.S. Ser. No. 08/467,422 is incorporated herein by 
reference. 

TECHNICAL FIELD 

0002 The invention relates to modified oligo-nucleotides 
useful in technologies which rely on complementarity or 
Specificity of oligomer Sequences for drug delivery or for 
direct interference with nucleic acid activity. More specifi 
cally, the invention concerns oligomers derivatized at the 2 
position, which are Stable to nuclease activity. 

BACKGROUND ART 

0003. There has been considerable activity in recent years 
concerning the design of nucleic acids as diagnostic and 
therapeutic tools. One aspect of this design relies on the 
Specific attraction of certain oligomer Sequences for nucleic 
acid materials in Vivo which mediate disease or tumors. This 
general approach has often been referred to as “anti-Sense” 
technology. An oversimplified Statement of the general 
premise is that the administered oligomer is complementary 
to the DNA or RNA which is associated with, and critical to, 
the propagation of an infectious organism or a cellular 
condition Such as malignancy. The premise is that the 
complementarity will permit binding of the oligomer to the 
target nucleic acid, thus inactivating it from whatever its 
ordinary function might have been. 
0004. A simple illustration would be the administration 
of a DNA oligomer complementary to an mRNA which 
encodes a protein necessary to the progress of infection. This 
administered DNA would inactivate the translation of the 
mRNA and thus prevent the formation of the protein. 
Presumably the DNA could be directly administered, or 
could be used to generate an mRNA complement to the 
target mRNA in situ. There is by now extensive literature 
concerned with this general approach, and the methods of 
utilizing oligomers of this type which are complementary to 
target RNA or DNA sequences are set forth, for example, in 
van der Krol, A. R., et al., Biotechniques (1988) 6:958-976; 
Stein, C. A., et al., Cancer Research (1988) 48:2659-2668; 
Izant, J. G., et al., Science (1985) 229:345-352; and Zon, G., 
Pharmaceutical Research (1988) 5:539-549, all incorpo 
rated herein by reference. In addition, a bibliography of 
citations relating to anti-Sense oligonucleotides has been 
prepared by Dr. Leo Lee at the Frederick Cancer Research 
Facility in Frederick, Md. 
0005 There are two conceptual additions to the general 
idea of using complementarity to interfere with nucleic acid 
functionality in vitro. The first of these is that strict comple 
mentarity in the classical base-pairing Sense can be Supple 
mented by the Specific ability of certain oligonucleotide 
Sequences to recognize and bind Sequences in double-helical 
DNA and to insert itself into the major groove of this 
complex. A fairly recent but reasonably definitive Series of 
paperS has elucidated the current rules for Such specificity. 
These papers take account of very early work by, for 
example, Arnott, S., et al., J Mol Biol (1974) 88:509-521, 
which indicates the general principle of binding as triplexes 
poly-dT/poly-dA/poly-dT, and the corresponding analogous 
triplex involving poly-dC as summarized by Moser, H. E., et 
al., Science (1987) 238:645-650. More recent studies show 
that the earlier rule (which was that recognition could be 
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achieved by a homopyrimidine oligomer to homopurine/ 
homopyrimidine Stretches in the duplex) could be extended 
to patterns whereby mixed Sequences can also be recognized 
(Griffin, L. C., et al., Science (1989) 245:907-971. Further 
Summaries of these phenomena are given, for example, in a 
review article by Maher III, L. J., et al., Science (1989) 
245:725-730. Additional related disclosures of triple-helix 
formation are those by Cooney, M., et al., Science (1988) 
241:456-459; Francois, J.-C., Nucleic Acids Res (1988) 
16:11431-11440; and Strobel, S.A., et al., JAm Chem SOC 
(1988) 110:7927-7929. While further details are needed to 
provide exact Sequence Specificity Studies in this context, it 
is clear that the rules for “complementarity” in this sense of 
Specific embedding into the major groove of the double 
helix are rapidly emerging. 
0006 The second aspect of anti-sense technology which 
deviates from the Simple concept of base-pair complemen 
tarity in native oligonucleotides results from the early rec 
ognition that oligonucleotides, especially RNAS, are highly 
Susceptible to nuclease cleavage in biological Systems. In 
order for these materials to remain active drugs, it would be 
necessary to Stabilize the administered oligonucleotides 
against this degradation. The approach that has So far been 
used has been to modify the phosphodiester linkages So as 
to be resistant to attack by these enzymes. In particular, the 
phosphodiester linkage has been replaced by phosphorami 
date linkages, methylphosphonate linkages, and phospho 
rothioate linkages. These approaches have certain results 
with regard to Stereoisomerism and its associated impact on 
hybridization to the target Sequences that make them leSS 
than completely Satisfactory. An alternate approach has been 
to modify the nucleosides by using 2'-O-methyl ribose or the 
alpha-anomers of the conventional nucleoside residues. In 
addition, oligomers containing 2 amino groups have been 
prepared via their triphosphate analogs and enzyme-cata 
lyzed polymerization by Hobbs, J., et al., Biochemistry 
(1973) 12:5138-5145. Some of these approaches have been 
Summarized in the Zon review cited in the previous para 
graph. 
0007. The present invention provides additional 2'-Sub 
Stituted pentose moieties for inclusion in the oligomers 
useful in this technology which are resistant to nuclease 
activity, and may optionally be combined with additional 
modifications Such as those Set forth above. 

DISCLOSURE OF THE INVENTION 

0008. The invention is directed to nucleosides and nucle 
otides of the formula: 

(1) 

0009 wherein 
0010 B is a purine or pyrimidine residue or analog 
thereof; 

0.011) W is H., (PO),’ wherein m is an integer of 
1-3, a protecting group, or a group reactive to link 
hydroxyl groups, 
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0012 W, is H, POf, a protecting group, or a group 
reactive to link hydroxyl groups, 

0013 X is O, S, NR or CR wherein each R is 
independently H or alkyl (1-6 C); 

0014 Y is a linker moiety, a drug residue optionally 
attached through a linker moiety, a label optionally 
attached through a linker moiety, or a property 
affecting residue optionally attached through a linker 
moiety, wherein said X-Y substituent renders an 
oligomer in which said nucleoside or nucleotide of 
formula (1) is included more stable to treatment with 
nuclease than Said oligomer which incorporates a 
corresponding nucleotide having-H or -HOH at 
the 2-position. 

0.015 These materials are useful as intermediates in the 
Synthesis of the oligomers of the invention, which are 
oligomers of the formula: 

(2) 

W/ OCH2 O 

WO A. 

0016 wherein each B is independently a purine or 
pyrimidine residue or analog thereof; 

0017 W. and W are each independently H, POf 
a protecting group, or a group reactive to link 
hydroxyl groups, 

0018 n is an integer of 1-200; 
0019 each Z is independently a nucleotide linking 
residue covalently conjugating the hydroxyl groups 
of Sequential nucleotide residues; 

0020 each A is independentlv selected from the p y 
group consisting of H, OH, OH derivatized to a 
protecting group, and X-Y wherein 

0021 X is O, S, NR, or CR wherein each R is 
independently H or alkyl (1-6 C); and 

0022 Y is a linker moiety, a drug residue optionally 
attached through a linker moiety, a label optionally 
attached through a linker moiety, or a property 
affecting group optionally attached through a linker 
moiety; 

0023 wherein at least one A is X-Y, and 
0024 wherein the oligomer is more stable to 
nuclease than the corresponding oligomer wherein 
all A are H or OH. 
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0025 The oligomeric materials of formula (2) are useful 
as therapeutic or prophylactic agents in protocols which are 
directed against infectious disease or malignancy by target 
ing Specific DNA and/or RNA sequences associated with the 
condition, as well as in diagnostic applications. 

MODES OF CARRYING OUT THE INVENTION 

0026 A. Definitions 
0027. The oligomers of the invention contain the residue 
of at least one nucleotide of formula (1). In this formula, and 
in the oligomers, B represents a conventional purine or 
pyrimidine base Such as adenine (A), thiamine (T), cytosine 
(C), guanine (G), or uracil (U) or protected forms thereof. 
Suitable protecting groups include acyl, isobutyryl, benzoyl, 
and the like. B can, however, also represent a modified or 
protected form or related derivative of these conventionally 
occurring bases, i.e., an “analog. A wide range of these 
analogous heterocyclic bases is known in the art. For 
example, commonly encountered among Such analogs are 
those which include: 5-fluorouracil, 5-bromouracil, 5-chlo 
rouracil, 5-iodouracil, hypoxanthine, Xanthine, 4-acetylcy 
tosine, 5-(carboxyhydroxylmethyl)uracil, 5-carboxymethy 
laminomethyl-2-thioridine, 
5-carboxymethylaminomethyluracil, dihydrouracil, beta-D- 
galactosylcqueoSine, inosine, N6-isopentenyladenine, 1-me 
thyladenine, 1-methylpseudouracil, 1-methylguanine, 1-me 
thylinosine, 2,2-dimethylguanine, 2-methyladenine, 
2-methylguanine, 3-methylcytosine, 5-methylcytosine, 
N6-methyladenine, 7-methylguanine, 5-methylaminom 
ethyluracil, 5-methoxyaminomethyl-2-thiouracil, beta-D- 
mannosylcqueosine, 5 -methoxycarbonylmethyluracil, 
5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, 
uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid 
(v), Wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 
5-methyl-2-thiouracil, 2-thiouracil, 4-thiouracil, 5-methylu 
racil, uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic 
acid (v), Wybutoxosine, pseudouracil, queosine, 2-thiocy 
tosine, 5-methyl-2-thiouracil, 2-thiouracil, 3-(3-amino-3-N- 
2-carboxypropyl)uracil, (acp3)w, and 2,6-diaminopurine. 

0028. As the modification of these bases affects both the 
Stability of the resulting oligomer and the hybridization 
ability of the Sequence, in many instances only a limited 
number of Such Substitutions in a particular oligomer is 
desirable. However, there are other instances when an entire 
oligomer may be composed of nucleotide residues contain 
ing an analog. For example, DNA polymers of uridine and 
oligomers of 5-bromouridine, and 5-methyl cytidine have 
been shown to be therapeutically and diagnostically useful. 
AS will be apparent to practitioners of the art, a Sensible 
approach must be used in designing oligomers containing 
either conventional or modified base forms so that the 
properties of the resulting monomer are in the desired range. 
Therefore, in Some cases, less than 10% of the bases 
indicated as “B” in the sequence of formula (2) will be 
replaced by analogous bases, preferably less than 5%, more 
preferably less than 1%, and most preferably none at all. 
However, in other cases, complete replacement by analogs is 
desirable. 

0029. Similar comments apply to the substitution for the 
bases of nonfunctional Substituents Such as alkyl or aryl 
nonheterocyclic groups; however, Such Substitutions may be 
permissible to a highly limited extent, for example one 
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residue per 20 or So without actually destroying the func 
tionality of the oligomer. It does not appear there is any 
particular advantage in making these replacements, and they 
are permissible only because the replacement may be over 
whelmed by the functionality of the remainder of the mol 
ecule. 

0030) Substituents designated W-W may be H, POf, 
(PO4), f, protecting groups, or groups reactive to link 
hydroxyl group. 

0031. A “protecting group” in the context of W is a 
substituent which prevents the reactivity of the -OH to 
which it is bound in a chemical reaction, typically a reaction 
to link Sequential nucleotides, and which can be removed 
when the reaction is completed. Typical protecting groups in 
the compounds of the invention include 4,4'-dimethoxy trityl 
(DMT), 4-monomethoxytrity1 and trity1. 
0032. A “group reactive to link hydroxyls” is an inter 
mediate residue in the formation of an internucleotide link 
between the 5' and 3' hydroxyls. Thus, the reaction of said 
group with the appropriate -OH of the adjacent nucleotide 
results in the nucleotide linking residue, Z. 
0033. The linking residue represented by Z is typically 
P(O)O in naturally occurring oligonucleotides, but can also 
be P(O)S, P(O)NR, P(O)R, or P(O)OR', or can be CO or 
CNR, wherein R is H or alkyl (1-6C) and R is alkyl (1-6C) 
or can be -CX-- wherein each X is independently an 
electron-withdrawing Substituent as described in copending 
application attorney docket 4610-0005, filed on even date 
herewith, assigned to the same assignee and incorporated 
herein by reference. In general, Z can be any nucleotide 
linking moiety conventionally used to conjugate nucleotide 
residues to form oligonucleotides. 
0034) A linker moiety, as represented by Y (Y" when 
covalently bound to an additional Substituent), is any biva 
lent bridging residue used to attach a desired Substituent to 
the monomer or oligomer. The linker may be simply binding 
methylene groups—i.e., -(CH), or may include het 
eroatoms and functional groups, e.g., -CHOCH2CHO 
or -CHO-CHCH-NH- or -COOCHCH-O-. The 
linker residue may also be a residue derived from a com 
mercially available bifunctional linker such as the hetero 
and homo-bifunctional linkers marketed by Pierce Chemical 
Co., Rockford, Ill. 

0.035 A“drug residue,” represented by Y, is the attached 
portion of a drug useful in conjunction with the oligomer, 
Such as a drug capable of intercalation or of insertion into the 
minor groove of a DNA-DNA or DNA-RNA double helix or 
which can effect oligonucleotide cleavage. Examples of 
Such drugs are Set forth hereinbelow. 
0.036 A“label residue” is the attached portion of a label 
Such as a moiety containing a radioisotope, a fluorophore, a 
chromophore, an enzyme and the like. Such labels may be 
desirable if this oligomer is to be used in diagnosis. 
0037. A “property-affecting” residue is a residue which, 
by Virtue of its presence, results in changed properties of the 
oligomer. Such changed properties include, but are not 
limited to, enhancement of cell permeation properties, 
enhancement of the ability of the oligomer to hybridize to or 
otherwise bind to oligonucleotide Sequences and enhance 
ment of Stability to nucleases. 
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0038 Compounds of the invention that contain groups 
which are negatively charged at neutral pH can be prepared 
as their Salts. The Salts are formed from inorganic bases, 
such as NaOH, KOH or Ca(OH), or organic bases, such as 
caffeine, various alkylamines, TEA, and DBU. 

0039 Compounds of the invention that contain groups 
which are positively charged at neutral pH can be prepared 
as acid-addition Salts formed from inorganic acids Such as 
HCl, HSO or HSO, or from organic acids Such as acetic, 
Succinic or citric. 

0040 Thus, the nucleotides and their corresponding oli 
gonucleotides may exist as Salts depending on the pH at 
which they find themselves or at which they are prepared. 
The phosphate and phosphodiester moieties associated with 
these molecules permits the formation of basic Salts. Such as 
those formed from inorganic ions Such as Sodium, potas 
sium, ammonium ions, but especially divalent ions Such as 
calcium and magnesium ions. It is possible, but leSS com 
mon, to form Salts of these materials with organic bases Such 
as organic amines or heterocycles. 

0041. The invention compounds differ from those of the 
prior art by having in the 2' position, at either chirality, a 
Substituent which conferS nuclease Stability and, optionally, 
provides the capacity to deliver a drug, for example, a 
reagent which is effective to interact with duplex DNA in its 
minor groove, provides a label, or provides Some additional 
property. While the remainder of the molecule in formula (2) 
is Sometimes shown for convenience as having the features 
of the native oligonucleotides, and, indeed, this is often the 
most preferred embodiment, also included within the inven 
tion are molecules which contain the 2' extensions and 
Substitutions of the invention, but also contain additional 
modifications Such as replacement of one or more of the 
phosphodiester linkages with, for example, a phosphorothio 
ate or methyl phosphonate linkage; a phosphoramidate link 
age, including those containing organic amino Substituents, 
Such as morpholidates, replacement of all beta-anomers by 
the alpha-anomer, and the presence or absence of protecting 
groups or phosphate residues at the 5'- and 3'-termini. 

0042. At the 2' position, the invention discloses several 
general categories of Substituents, which share a common 
type of linkage to the 2 carbon through a Substituent Selected 
from O, S, R and CR, wherein each R is independently 
selected. In all embodiments, X-Y represents a substituent 
which is capable, by virtue of its presence, of inhibiting the 
cleavage of the oligomer in which it is included by 
nucleases. All of the oligomers of the invention are relatively 
Stable to nucleases. 

0043. The stability of the oligomers to nucleases can be 
determined using any convenient assay, but is conveniently 
assessed using the Snake Venom assay illustrated hereinbe 
low. This assay is conducted as follows: The assay buffer is 
0.5 M Tris HCl, pH 8.0, containing 100 uM/MgCl. Com 
mercially available phosphodiesterase isolated from Croata 
lus durissus is obtained from Boehringer Mannheim as a 
50% (v/v) solution in glycerol, pH 6, with a specific activity 
of approximately 1.2 U/mg. One ul of the phosphodi 
esterase-containing Solution is added to 100 ul buffer, and 
oligomers are tested by reconstituting 0.15 OD of oligomer 
in the 100 ul buffer/venom prepared above. Degradation is 
monitored by observing the disappearance of the 260 nm 
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absorption of the oligomer at its characteristic retention time 
on HPLC, and measuring the appearance of degradation 
products. 

0044) The oligomers of the invention which contain at 
least one nucleotide residue containing the 2. Substituent are 
more stable to nuclease as judged by the foregoing assay 
than the corresponding oligomer containing an unsubstituted 
2 position in place of the Substituted positions in the 
invention compounds. By comparing the rate of hydrolysis 
in the Snake Venom assay with the invention compound, with 
that of the corresponding oligomer which is not derivatized 
in the 2' position, it can be assessed whether the presence of 
the 2. Substituent(s) stabilized the oligomer to cleavage by 
nucleases. 

0.045 Typical embodiments of Y, when its sole function 
is to alter the properties of the oligomer, include alkyl or 
alkenyl (2-20C), preferably 2-6C, which may or may not be 
substituted with noninterfering substituents, such as -OH, 
=O, carboxyl, halo, amino groups and the like, aryl or 
substituted aryl (6-20C), various alkyl silyl derivatives of 
the formula SiR (wherein each R is alkyl of 2-6C), and 
similar Substituents which also contain heteroatoms. If Y 
includes a linker moiety, this portion of Y (Y) will provide 
functional group(s) for conjugation to additional Substances. 
For example, an embodiment of Y" of 1-20C may contain a 
hydroxyl, amino, mercaptyl, carboxy, keto, or other func 
tional group or Several of these in combination. Typical 
examples include -CHCOOH, -CHCONH; 
-CHCOOEt; -CHCONHCHCH-NH; and the like. 
0046) The linker moiety may be utilized to couple the 
nucleoside, nucleotide or residue within the oligomer to a 
reagent or drug, Such as a drug which is known to interact 
with the minor groove of duplex DNA or DNA/RNA. A 
wide variety of these reagents and Substances is known and 
the function, in vivo, is generally to inactivate the DNA 
duplex with which these reagents interact. Typical examples 
of Such agents include netropsin and its derivatives, anthra 
mycin, quinoxaline antibiotics, actinomycin, pyrrolo (1-4) 
benzodiazepine derivatives and intercalating agents. 

0047. Other drugs, besides those which seek the minor 
groove, may also be used. Intercalators, toxins, degradation 
inducers, and the like can also be used. Furthermore, the 
drug need not be linked through the linker moiety, but may 
be directly associated with the Substituent X, depending on 
the chemistry of the particular drug. 

0.048 Another embodiment of Y represents label option 
ally linked to X through a linker moiety, but also possibly 
directly attached, again depending on the chemistry in the 
particular case. Suitable labels include radioisotopes, fluo 
rescent labels, Such as fluoroscein and dansyl, chro 
mophores, enzymes and the like. A wide variety of labels is 
known and can be used to provide detectability when the 
oligomers of the invention are used as probes or in other 
Specific binding diagnostic assayS. 

0049 Finally, Y can be a substituent which confers 
altered properties on the oligomer. It has already been noted 
that all of the Substituents, including drugs and label, confer 
increased nuclease Stability. However, additional properties 
may also be affected-for example, agents which cleave 
asSociated nucleotide chains may be attached; cell perme 
ation enhancement may occur by virtue of the Substituent, or 
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Y may enhance the hybridization of the oligomer to comple 
mentary oligonucleotides or to a DNA/DNA or DNA/RNA 
helix. As with all of the foregoing embodiments of Y, the 
activity or property-changing Substituent may be directly 
bound to X or may be conjugated through a linker moiety. 
0050) B. Preperation of the Invention Compounds 
0051. Some of the compounds of the invention which are 
nucleosides or nucleotides are prepared by reacting the 
corresponding nucleotide or nucleoside having OH in the 2 
position with Suitable reagents to effect conversion to the 
Substituted form. In Some cases, the 2' Substituent may be 
derived from cyclic forms of the nucleoside or nucleotide. 
Further conversions may be required, as illustrated below, to 
activate the nucleotide or nucleoside for inclusion into the 
oligomer. The techniques for these conversions are generally 
understood in the art, as are the techniques for Sequential 
Synthesis of the oligomers. 
0052. In particular, dimers may be synthesized to evalu 
ate the effect of the 2' substituent on nuclease activity. In the 
formation of the dimer, the converted nucleoside or nucle 
otide of the invention, protected at the 5' position and 
containing a group reactive to link hydroxyl groups at the 3' 
position, is reacted with, for example, thymidine or cytidine 
linked at the 3' position to Solid Support and the resulting 
dimer is cleaved from the Support and deprotected. 
0053. In all of the foregoing cases, conversions to change 
the functionality and character of the 2' substituent can be 
conducted either at the monomer or oligomer level. Thus, a 
2' substituent which has the formula for X-Y OCHCOOEt 
can be converted to an embodiment wherein the Substituent 
is the free acid or the amide either when the ester is a 
Substituent of the Single nucleoside or nucleotide, of a dimer, 
or contained in the oligomeric chain. 
0054 The compounds of the invention which are oligo 
mers are obtained by inclusion of the derivatized nucleotide 
or nucleoside into the oligomer using Standard Solid phase 
oligonucleotide Synthesis techniques. Such techniques are 
commercially available for formation of both standard phos 
phodiester linkages and the conventional Substitute linkages 
described above. 

0055 C. Utility and Administration 
0056. The compounds of the invention are useful in a 
manner known in the art for nuclease-inhibited, Specifically 
complementary or binding, oligomers. AS Set forth above, 
the general methods for utilization of these compounds are 
known, and their application to Specific diseases or condi 
tions depends on the ascertainment of the appropriate bind 
ing Specificity. The determination of this binding Specificity 
does not affect the manner of preparation or application of 
the modified compounds of the invention. 
0057 Accordingly, the modified oligomers of the inven 
tion are useful in therapeutic, diagnostic and research con 
texts. In therapeutic applications, the oligomers are utilized 
in a manner appropriate for antisense therapy in general-as 
described above, antisense therapy as used herein includes 
targeting a specific DNA or RNA sequence through comple 
mentarity or through any other specific binding means, for 
example, Sequence-specific orientation in the major groove 
of the DNA double-helix, or any other specific binding 
mode. For Such therapy, the oligomers of the invention can 
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be formulated for a variety of modes of administration, 
including Systemic and topical or localized administration. 
Techniques and formulations generally may be found in 
Remington's Pharmaceutical Sciences, Mack Publishing 
Co., Easton, Pa., latest edition. 
0.058 For systemic administration, injection is preferred, 
including intramuscular, intravenous, intraperitoneal, and 
Subcutaneous. For injection, the oligomers of the invention 
are formulated in liquid Solutions, preferably in physiologi 
cally compatible buffers such as Hank's solution or Ringer's 
Solution. In addition, the oligomerS may be formulated in 
Solid form and redissolved or Suspended immediately prior 
to use. Lyophilized forms are also included. 
0059 Systemic administration can also be by transmu 
cosal or transdermal means, or the compounds can be 
administered orally. For transmucosal or transdermal admin 
istration, penetrants appropriate to the barrier to be perme 
ated are used in the formulation. Such penetrants are gen 
erally known in the art, and include, for example, for 
transmucosal administration bile Salts and fusidic acid 
derivatives. In addition, detergents may be used to facilitate 
permeation. Transmucosal administration may be through 
nasal Sprays, for example, or using Suppositories. For oral 
administration, the oligomers are formulated into conven 
tional oral administration forms Such as capsules, tablets, 
and tonics. 

0060 For topical administration, the oligomers of the 
invention are formulated into ointments, Salves, gels, or 
creams, as is generally known in the art. 
0061. In addition to use in therapy, the oligomers of the 
invention may be used as diagnostic reagents to detect the 
presence or absence of the target DNA or RNA sequences to 
which they specifically bind. Such diagnostic tests are 
conducted by hybridization through base complementarity 
or triple helix formation which is then detected by conven 
tional means. For example, the oligomerS may be labeled 
using radioactive, fluorescent, or chromogenic labels and the 
presence of label bound to Solid Support detected. Alterna 
tively, the presence of a double or triple helix may be 
detected by antibodies which specifically recognize these 
forms. Means for conducting assays using Such oligomers as 
probes are generally known. 

0.062. In addition to the foregoing uses, the ability of the 
oligomers to inhibit gene expression can be verified in in 
Vitro Systems by measuring the levels of expression in 
recombinant Systems. 

0.063. It may be commented that the mechanism by which 
the Specifically-binding oligomers of the invention interfere 
with or inhibit the activity of a target RNA or DNA is not 
always established, and is not a part of the invention. If the 
oligomer Seeks, for example, a target mRNA, translation 
may be inhibited. In addition, by binding the target, the 
degradation of the mRNA message may be enhanced, or the 
further processing of the RNA may be inhibited. By forma 
tion of a triple helix, the transcription or replication of the 
subject DNA may be inhibited; furthermore, reverse tran 
scription of infectious RNA or replication of infectious DNA 
is interfered with. It is also thought that the immune function 
may be modulated through physiological mechanisms simi 
lar to those induced by double-stranded RNA as exemplified 
by the “ampligen” System or Similar to those used to 
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SuppreSS Systemic lupus erythematosus. The oligomers of 
the invention are characterized by their ability to target 
Specific oligonucleotide Sequences regardless of the mecha 
nisms of targeting or the mechanism of the effect thereof. 
0064. Finally, it is understood that the oligonucleotide 
can be derivatized to a variety of moieties which include, 
intercalators, chelators, lipophic groups, label, or any other 
substituent which modifies but does not materially destroy 
the oligomeric character of the backbone. 
0065. The following examples are intended to illustrate 
but not to limit the invention. In all Synthesis reactions, a dry 
argon atmosphere was used. 

EXAMPLE 1. 

Preparation of Nucleotides and Oligomers 
(A=NHAc) 

0066 2'-N-acetaminouridine was protected at the 5'-po 
Sition and made reactive at the 3'-position for formation of 
a phosphodiester linkage conjugating the residues in an 
oligomer as follows: 
0067 2'-N-Acylaminouridine. To 152 mg of 2'-N-acy 
lamino-3',5'-O-diacyluridine (Verheyden, J. P. H., et al., Org 
Chem (1971) 36:250-254) (0.411 mmol) in 25 ml of MeOH 
was added a catalytic amount of KCN. After 15 h, 1.00 g of 
Silica gel was added, and the reaction was concentrated. The 
powder was added to the top of a 20 mm column of silica gel 
that had been equilibrated in 5% HO in CHCN. The 
column was eluted with 5% HO in CH3CN using standard 
flash chromatography conditions (Still, W. C., et al., J Org 
Chem (1978) 43:2923–2925). Isolation 30 and concentration 
of the product afforded 59.5 mg (50.8% yield) of product. 
0068 2'-N-Acylamino-5'-O-(4,4'-dimethoxytrityl)-uri 
dine. To 59.5 mg of 2'-N-acylaminouridine (0.208 mmol) in 
2.5 ml of dry pyridine (that was first concentrated from dry 
pyridine) was added 77.6 mg (0.229 mmol, 1.10 equiv) of 
4,4'-dimethoxytritylchloride. The reaction was stirred a 
room temperature for 15 h and then diluted with 3.0 ml of 
HO. The mixture was partitioned between HO and EtO, 
Shaken and Separated. The aqueous layer was extracted with 
EtO, and the combined organics were washed with 1% 
aqueous NaHCO, dried (Na2SO), filtered, and concen 
trated. The residue was purified by flash chromatography on 
a 20 mm column using first one column Volume of CH2Cl2 
and then 8% MeOH in CHCl as eluants. Isolation and 
concentration afforded 70.7 mg of product (56.6% yield) as 
a colorless foam. 

0069. 2'-N-Acylamino-5'-O-(4,4'-dimethoxyerityl)-uri 
din-3-yl-hydrogenphosphonatetriethylammonium Salt. To a 
mixture of 132 mg of 1,2,4-triazole (1.91 mmol) and 0.476 
ml of anhydrous 4-methylmorpholine (4.33 mmol) in 2.40 
ml of dry CH2Cl was added 0.236 ml of a 2.0 M solution of 
PCls in CHCl (0.472 mmol). The mixture was then cooled 
on an ice-water bath for 30 min. To this mixture was added 
a solution of 70.7 mg of 2'-N-acylamino-5'-O-(4,4'- 
dimethoxytrityl)-uridine (0.188 mmol, previously concen 
trated from dry pyridine) in 0.523 ml of dry pyridine, 
dropwise over Several minutes. The reaction was stirred for 
20 min and then poured onto 16.8 ml of cold 1 M aqueous 
triethylammonium bicarbonate (TEAB.pH=9.0). The mix 
ture was rapidly stirred for 15 min and then extracted with 
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2x17 ml of CH-Cl. The combined organics were washed 
with 11.7 ml of 1 M aqueous TEAB, dried (NaSO), 
filtered, and concentrated. The residue was purified by flash 
chromatography on a 20 mm column using one column 
volume of 1% TEA in CHCl, then one column volume of 
1% TEA and 2.5% MeOH in CHCl, and then 1% TEA and 
10% MeOH in CHCl2. The product was isolated and 
concentrated. The residue was partitioned between CH2Cl2 
and 1 M aqueous TEAB, Shaken and Separated. The organic 
layer was dried (NaSO), filtered and concentrated. The 
product was concentrated from dry CHCN affording 41.9 
mg (43.6% yield) of product as a slightly yellow foam. 
0070 The resulting title compound is coupled into oli 
gomers using the method of Froehler, B. C., et al., Nucleic 
Acids Res (1986) 14:5399-5407. 

EXAMPLE 2 

Preparation of Nucleotides and Oligomers 

0.071) 

0072 2-S-phenylcytidine was prepared from 2,2'-anhy 
dro-(1-B-D-arabinofuranosyl) cytosine-HCl (a cyclic 
nucleoside) by Suitable treatment with thiophenol. The 
-NH of cytosine and 5'-hydroxy were protected and the 
3'-OH activated as follows: 

0073 2'-S-Phenylthiocytidine. To a solution of 500 mg 
(1.91 mmol) of 2,2'-anhydro-(1-B-D-arabinofuranosyl)-cy 
tosine hydrochloride (purchased from Sigma) in 50 ml of 
dry DMF and 1.86 ml of dry TEA (13.3 mmol) was added 
0.980 ml (9.54 mmol, 5.0 equiv) of thiphenol. The reaction 
was stirred for 5 h and then concentrated. The residue was 
concentrated from MeOH onto 2.00 g of silica gel. The 
powder was added to the top of a 30 mm column of Silica gel 
that was equilibrated with CHCl2. The column was then 
eluted with one column volume of CHCl, then one column 
volume of 6.25% MeOH in CHCl, then one column 
volume of 12.5% MeOH in CHCl, and then 25% MeOH 
in CHCl2. Concentration of the product fractions afforded 
529 mg (82.5% yield) of product as a near colorless oil. 
0074) N-'-Benzoyl-2'-S-pheylthiocytidine. The method 
of transient protection (Ti, G. S., et al., J Am Chem Soc 
(1982) 104:1316-1319) was used to prepare the title com 
pound. To 429 mg (1.28 mmol) of 2'-S-phenylthiocytidine 
(first concentrated from dry pyridine) in 12.2 ml of dry 
pyridine that was cooled on an ice-water bath was added 
0.832 ml (6.56 mmol) of chlorotimethylsilane. The reaction 
was stirred for 15 min, and then 0.767 ml (6.61 mmol) of 
benzoyl chloride was added. The ice bath was removed and 
Stirring continued for 2.5 h. The reaction was again cooled 
on an ice-water bath, and 2.56 ml of HO added. The 
reaction was stirred for 5 min, and then 2.56 ml of concen 
trated acqueous NH OH was added. Stirring was continued 
for 30 min, and then the mixture was partitioned between 
EtOAc and H2O, Shaken and Separated. The aqueous layer 
was extracted with EtOAc, and the combined organics were 
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washed with HO, dried (NaSO) filtered, and concen 
trated. The residue was purified by flash chromatography on 
a 30 mm column using one column volume of CH2Cl and 
then 5% MeOH in CHCl as eluants. Concentration of the 
product fractions afforded 138 mg (32.2% yield) of product 
as an oil. 

0075) 5'-O-(4,4'-Dimethoxytrityl)-2'-S-phenylthio cyti 
dine. To 138 mg (0.314 mmol) of N-benzoyl-2'-S-phenylth 
iocytidine (that was first concentrated from dry pyridine) in 
2.00 ml of dry pyridine was added 128 mg (0.377 mmol, 1.2 
equiv) of 4,4'-dimethoxytritylchloride. The reaction was 
stirred for 18 h at room temperature and then diluted with 
2.00 ml of HO. The mixture was partitioned between EtO 
and H2O, Shaken and Separated. The aqueous layer was 
extracted with EtO, and the combined organics washed 
with 1% aqueous NaHCO, dried (Na2SO), filtered, and 
concentrated. The crude product was purified by flash chro 
matography on a 30 mm column using one column Volume 
of CHCl, then 2.5% MeOH in CHCl, and then 5% 
MeOH in CHCl as eluants. Concentration of the product 
fractions afforded 206 mg (88.4% yield) of product. 
0.076 5'-O-(4,4'-Dimethyoxytrityl)-2'-S-phenylthiocyti 
din-3-yl-hydrogenphosphonate triethylammonium salt. The 
preparation of this hydrogenphosphonate was the Same as 
that described above except that 206 mg (0.278 mmol) of 
5'-O-(4,4'-dimethoxytrityl)-2'-S-phenylthiocytidine WS 
used, and the reagents were adjusted to the 0.278 mmol 
Scale. After the TEAB workup, the organics were washed 
with 1 M aqueous TEAB, dried (NaSO) filtered, and 
concentrated. The residue was purified on a 30 mm column 
using one column volume of 2% TEA in CHCl, then 2% 
TEA and 5% MeOH in CHClt and then 2% TEA and 10% 
MeOH in CHCl as eluants. The product fractions were 
concentrated to a foam which was partitioned between 
CHCl and 1 Maqueous TEAB, shaken, and separated. The 
organic layer was dried (NaSO), filtered, and concen 
trated. The product was concentrated from dry CHCN 
affording 165 mg (65.5% yield) of product as a foam. 
0077. The resulting title compound is coupled into oli 
gomers using the method of Froehler, B. C., et al., Nucleic 
Acids Res (1986) 14:5399-5407. 

EXAMPLE 3 

Preparation of Additional Nucleotides and 
Oligomers 

0078 A. (A=OCHCOOEt) 
0079 The 2'-derivatized nucleoside was prepared from 
N'-benzoyl-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-cyti 
dine by reaction with ethyl iodoacetate and deprotection of 
the 2' and 5’ hydroxyls. The 5' position was protected and the 
3' position converted to a group reactive to link hydroxyl 
groupS. 

0080 N-'-Benzoyl-2'-O-(ethoxycaronylmethyl)-3',5'-O- 
(tetraisopropyldisiloxane-1,3-diyl)-cytidine. The prepara 
tion of this compound was an adaptation of a similar reaction 
used for the preparation of the 2'-OMe (Inoue, H., et al., 
Nucleic Acids Res (1987) 15:6131-6149). To 250 mg of N 
-benzoyl-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-cyti 
dine (Markiewicz, W.J., J Chem Res (1979) 181-196) (0.424 
mmol; first concentrated from benzene) was added 1.00 ml 
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(8.45 mmol, 19.9 equiv) of ethyl iodoacetate, followed by 
294 mg of AgO (1.27 mmol, 2.99 equiv). The mixture was 
rapidly stirred and heated at 42 C. for 32 h. The mixture was 
then filtered-and concentrated. The residue was taken up in 
CHClf treated with HS, and concentrated. The dark 
residue was purified by flash chromatography on a 25 mm 
column using one column volume of CH2Cl2, then one 
column volume of 2.5% MeOH in CHCl, and the 5% 
MeOH in CHCl as eluants. Concentration of the product 
fractions afforded 270 mg (94.4% yield) of product as a 
foam. 

0081) N-'-Benzoyl-2'-O-(ethoxycarbonylmethyl)-cyti 
dine. To 170 mg of N'benzoyl-2'-O-(ethoxycarbonylm 
ethyl)-3',5'-O-(tetraisopropyldisiloxane-1,3-diyl)-cytidine 
(0.252 mmol) in 1.70 ml THF was added 0.126 ml of a 1.0 
M solution of tetrabutylammonium fluoride in THF (0.126 
mmol, 0.50 equiv). The reaction was stirred at room tem 
perature for 70 min. Then 3.4 ml of pyridine/EtOH/HO 
3/1/1 (v/v/v) was added and stirring continued for 5 min. 
Then approximately 10 ml of Amberlyst A-21 ion-exchange 
resin (pyridinium form) was added and stirring continued for 
5 min. The mixture was filtered, and the resin rinsed with 
EtOH. The combined filtrates were concentrated. The resi 
due was then concentrated from EtOH onto 1.00 g of silica 
gel. This powder was loaded onto the top of a 25 mm column 
of silica gel that had been equilibrated with CHCl2. The 
column was eluted with one column volume of CH-Cl 
then one column volume of 2.5% MeOH in CHCl, and 
then 5% MeOH in CHCl2. Concentration of the product 
fractions afforded 40.7 mg (37.6% yield) of product as an 
oil. 

0082) N-'-Benzoyl-5'-O-(4,4'-dimethoxytrityl)-2'-O- 
(ethoxycarbonylmethyl)-cytidine. To 40.7 mg of N-ben 
Zoyl-2'-O-(ethoxycarbonylmethyl)-cytidine (0.0939 mmol, 
first concentrated from dry pyridine) in 1.00 ml dry pyridine 
was added 38.3 mg of 4,4'-dimethoxytritylchloride (0.113 
mmol, 1.2 equiv). The reaction was stirred at room tem 
perature for 20 hand then diluted with 0.50 ml of HO. The 
mixture was partitioned between Et2O and H2O, Shaken and 
Separated. The aqueous layer was extracted with EtO. The 
combined organics were washed with 1% aqueous NaHCO, 
dried (Na2SO), filtered, and concentrated. The residue was 
purified by flash chromatography on a 20 mm column using 
one column volume CHCl, then 2.5% MeOH in CHCl, 
and then 5.0% MeOH on CHCl as eluants. Concentration 
of the product fractions afforded 55.2 mg (79.9% yield) of 
product. 

0083) N-'-Benzoyl-5'-O-(5,5'-dimethoxytrityl)-2'-O- 
(ethoxycarbonylmethyl)-cytidin-3-yl-hydrogenphospho 
nate triethylammonium Salt. The preparation of this com 
pound was the same as described in the earlier preparation 
of hydrogenphosphates except that in this case 55.2 mg 
(0.0750 mmol) of N-benzoyl-5'-O-(4,4'-dimethoxytrityl)- 
2'-O-(ethoxycarbonylmethyl)-cytidine was used, and the 
reagents adjusted for the 0.0750 mmol scale. After the 
TEAB workup, the organic layer was washed with 1 M 
aqueous TEAB, dried (NaSO), filtered, and concentrated. 
The residue was purified by flash chromatography on a 25 
mm column using one column volume of 1% TEA in 

Aug. 4, 2005 

CHCN, then one column volume of 1% TEA and 5% HO 
in CHCN, and then 1% TEA and 10% HO in CHCN. 
Concentration of the product fractions afforded a foam 
which was partitioned between CH2Cl and 1 M aqueous 
TEAB, Shaken, and Separated. The organics were dried 
(Na2SO), filtered, and concentrated. The product was con 
centrated from dry CHCN affording 23.8 mg (35.2% yield) 
of product. 

0084. The derivatized resulting compound of the previ 
ous paragraph was included in an oligomer as described 
above. 

0085 B. (A=OEt) 
0.086 N4-Benzoyl-2'-O-ethyl-3',5'-O-(tetraisopropyldisi 
loxane-1,3-diyl)-cytidine was prepared similarly to N-ben 
Zoyl-2'-O-(ethoxycarbonylmethyl)-3',5'-O-(tetraisoproyld 
isiloxane-1,3-diyl)-cytidine except that iodoethane was used 
in place of ethyl iodoacetate. The title compound was then 
converted to N-benzoyl-5'-O-(4,4'-dimethoxytrityl)-2'-O- 
ethyl-cytidin-3-yl-hydrogenphosphonate triethylammo 
nium Salt using the same Sequence of Steps as for the 
2'-O-(ethoxycarbonylmethyl)-compound, and further 
included in oligomers as described above. 

0087) C. (A=OCHCHCHCH.) 
0088 N -Benzoyl-2'-O-butyl-3',5'-O-(tetraisoprooyldisi 
loxane-1,3-diyl)-cytidine was prepared similarly to N-ben 
Zoyl-2'-O-(ethoxycarbonylmethyl)-3',5'-O-(tetraisopropyld 
isiloxane-1,3-diyl)-cytidirne except that iodobutane was 
used in place of ethyl iodoacetate. The title compound was 
then converted to N-benzoyl-5'-O-(4,4'-dimethoxytrityl)- 
2'-O-butyl-cytidin-3'-yl-hydrogenphosphonate triethylam 
monium Salt using the same Sequence of Steps as for the 
2'-O-(ethoxycarbonylmethyl)-compound, and further 
included in oligomers as described above. 

0089) D. (A=O-SiMe2tBu) 
0090) 5'-O-(4,4'-Dimethoxytrityl)-2'-O-t-butyldimethyl 
silyluridin-3,-yl-hydrogenphosphonate DBU salt. This com 
pound was prepared differently than described in the litera 
ture. The preparation of this compound was the same as for 
the above compound except that 400 mg (0.606 mmol) of 
5'-O-(4,4'-dimethoxytrityl)-2'-O-t-butyldimethylsilyluridine 
(purchased from Peninsula Labs) was used and the rest of 
the conditions were scaled to the 0.606 mmol scale. After the 
TEAB workup, the organic layer was dried (NaSO), 
filtered and concentrated. The residue was purified by flash 
chromatography on a 35 mm column using one column 
volume of 1% TEA in CHCl, then one column volume of 
1% TEA and 4% MeOH in CHCl, and then 1% TEA and 
8% MeOH in CH2Cl as eluants. The product was isolated 
and concentrated. The foam-was partitioned between 
CHCl and 1 M aqueous 1,8-diazatlicyclo[5.4.0]undec-7- 
ene bicarbonate (DBU bicarbonate, pH=9.0), shaken and 
Separated. The organic layer was again washed with 50 mL 
of 1 M aqueous DBU bicarbonate, dried (NaSO), filtered 
and concentrated. The product was concentrated from dry 
CHCN affording 435 mg (81.9% yield) of product as an oil. 
The resulting derivative is included in an oligomer Synthe 
sized by Standard methods. 
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EXAMPLE 4 

Conversion of 2' Substituents in Oligomers 

0091) 

A = OCHCOOEt -- OCHCOOH 
-> OCH2CONH 
-- OCH2CONHCH2CH2NH2 

0092 N4-Benzoyl-5'-O-(4,4'-dimethoxytrityl)-2'-O- 
(ethoxycarbonylmethyl)-cytidin-3-yl-hydrogenphospho 
nate triethylammonium Salt was coupled into oligonucle 
otides using the hydrogen phosphonate method. 

0093. In order to generate the 2'-OCH-COH, the oligo 
was deprotected, cleaved from the Support, and the 
2'-OCHCOEt hydrolyzed to the 2'-OCHCOH using 0.1 
Maqueous NaOH at 45° C. for 4.5 h. 

0094) In order to generate the 2'-OCHCONH, the above 
oligo containing the 2'-OCH2COEt was deprotected, 
cleaved from the Support and the 2'-OCH2COEt converted 
to the 2'-OCHCONH using NH in MeOH at 45° C. for 29 
h., the corresponding amide of the formula 
—OCHCONHCHCH-NH, was prepared similarly. 

EXAMPLE 5 

Resistance to Nuclease Activity of the Compounds 
of the Invention 

0.095 The ability of dimers of the compounds synthe 
sized in Example 1 to resist the activity of nucleases was 
determined. The illustrated compounds of Formula 1 were 
coupled to an additional unmodified thymidine using Stan 
dard procedures to obtain compounds of the formula: 

(2) 
CH2OH 

OH 

0096. The resulting dimeric compounds were tested for 
Stability with respect to nuclease from Snake Venom as 
described above. The following results are shown in Table 1. 

TABLE 1. 

Snake Venom 
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% dimer 
after Time for 100% 

-X-Y-Z 5 min. degradation 

-H O% <5 min. 
-OCH 20% 
-SPh 75% >140 min. 
-OCHCO2H 40% 46 min. 
–OCHCONH 51% >42 min. 
-OTBS >99% >>140 min. 

(77% dimer 
after 140 min.) 

–OCHCONHCHCH-NH, 100% >>140 min. 
(>99% dimer 
after 140 min. 

0097 As shown in Table 1, the addition of the substituent 
to the 2'-position greatly enhances the Stability of the result 
ing dimer to nuclease cleavage. 

1-63. (canceled) 
64. A mixed Sequence oligonucleotide having the for 

mula: 

or a Salt thereof, wherein: 
each Bindependently is a protected or unprotected purine 

or pyrimidine base in the B-anomeric configuration; 
W. and W are each independently H, POf, a protecting 

group, or an intermediate moiety in the formation of an 
internucleotide link which when reacted with the 
appropriate -OH results in Z; 

n is an integer of 1-200; 
each Z is independently is P(O)O, P(O)S or P(O)N(R); 
each R is independently H or alkyl (C); 
each A is H, OH, O-Pr wherein Pr is a protecting group, 

or X-Y wherein: 

X is O, S or NH; and 
Y is a bivalent bridging moiety, including methylene 

groups of the formula: 
-(CH2) , 
wherein nn is 1, 2, 3 or 4, 

and at least one A is X-Y. 

k k k k k 

  


