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OLIGONUCLEOLOTIDES HAVING SITE 
SPECIFIC CHIRAL PHOSPHOROTHIOATE 

INTERNUCLEOSIDE LINKAGES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This patent application is a continuation-in-part of appli 
cation Ser. No. 09/115,027, ?led Jul. 14, 1998, now US. Pat. 
No. 6,242,589 entitled “Phosphorothioate Oligonucleotides 
Having Modi?ed Internucleotide Linkages”, the content of 
which is incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

This invention relates to the design and synthesis of 
nuclease resistant phosphorothioate oligonucleotides which 
are useful for therapeutics, diagnostics and as research 
reagents. Phosphorothioate oligonucleotides are provided in 
which all of the internucleoside linkages are chiral. Such 
compounds are resistant to nuclease degradation and are 
capable of modulating the activity of DNA and RNA. 

BACKGROUND OF THE INVENTION 

It is well known that most of the bodily states in multi 
cellular organisms, including most disease states, are 
effected by proteins. Such proteins, either acting directly or 
through their enzymatic or other functions, contribute in 
major proportion to many diseases and regulatory functions 
in animals and man. For disease states, classical therapeutics 
has generally focused upon interactions with such proteins 
in efforts to moderate their disease-causing or disease 
potentiating functions. In newer therapeutic approaches, 
modulation of the actual production of such proteins is 
desired. By interfering with the production of proteins, the 
maximum therapeutic effect can be obtained with minimal 
side effects. It is therefore a general object of such thera 
peutic approaches to interfere with or other-wise modulate 
gene expression, which would lead to undesired protein 
formation. 

One method for inhibiting speci?c gene expression is with 
the use of oligonucleotides, especially oligonucleotides 
which are complementary to a speci?c target messenger 
RNA (mRNA) sequence. Several oligonucleotides are cur 
rently undergoing clinical trials for such use. Phosphorothio 
ate oligonucleotides are presently being used as therapeutic 
agents in human clinical trials against various disease states, 
including use as antiviral agents. 

In addition to such use as both indirect and direct regu 
lators of proteins, oligonucleotides also have found use in 
diagnostic tests. Such diagnostic tests can be performed 
using biological ?uids, tissues, intact cells or isolated cel 
lular components. As with gene expression inhibition, diag 
nostic applications utilize the ability of oligonucleotides to 
hybridize with a complementary strand of nucleic acid. 
Hybridization is the sequence speci?c hydrogen bonding of 
oligomeric compounds via Watson-Crick and/or Hoogsteen 
base pairs to RNA or DNA. The bases of such base pairs are 
said to be complementary to one another. 

Oligonucleotides are also widely used as research 
reagents. They are useful for understanding the function of 
many other biological molecules as well as in the prepara 
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2 
tion of other biological molecules. For example, the use of 
oligonucleotides as primers in PCR reactions has given rise 
to an expanding commercial industry. PCR has become a 
mainstay of commercial and research laboratories, and 
applications of PCR have multiplied. For example, PCR 
technology now ?nds use in the ?elds of forensics, 
paleontology, evolutionary studies and genetic counseling. 
Commercialization has led to the development of kits which 
assist non-molecular biology-trained personnel in applying 
PCR. Oligonucleotides, both natural and synthetic, are 
employed as primers in such PCR technology. 

Oligonucleotides are also used in other laboratory proce 
dures. Several of these uses are described in common 
laboratory manuals such as Molecular Cloning, A Labora 
tory Manual. Second Ed., J. Sambrook, et al., Eds., Cold 
Spring Harbor Laboratory Press. 1989; and Current Proto 
cols In Molecular Biology. F. M. Ausubel, et al., Eds., 
Current Publications, 1993. Such uses include as synthetic 
oligonucleotide probes, in screening expression libraries 
with antibodies and oligomeric compounds. DNA 
sequencing, in vitro ampli?cation of DNA by the poly 
merase chain reaction, and in site-directed mutagenesis of 
cloned DNA. See Book 2 of Molecular Cloning. A Labo 
ratory Manual, supra. See also “DNA-protein interactions 
and The Polymerase Chain Reaction” in Vol. 2 of Current 
Protocols In Molecular Biology, supra. 
A number of chemical modi?cations have been intro 

duced into oligonucleotides to increase their usefulness in 
diagnostics, as research reagents and as therapeutic entities. 
Such modi?cations include those designed to increase bind 
ing to a target strand (i.e. increase melting temperatures, 
Tm), to assist in identi?cation of an oligonucleotide OR an 
oligonucleotide-target complex, to increase cell penetration, 
to stabilize against nucleases and other enzymes that 
degrade or interfere with the structure or activity of the 
oligonucleotides, to provide a mode of disruption 
(terminating event) once sequence-speci?cally bound to a 
target, and to improve the pharmacokinetic properties of the 
oligonucleotide. 
The complementarity of oligonucleotides has been used 

for inhibition of a number of cellular targets. Complemen 
tary oligonucleotides are commonly described as being 
antisense oligonucleotides. Various-reviews describing the 
results of these studies have been published including 
Progress In Antisense Oligonucleotide Therapeutics, 
Crooke, S. T., and Bennett. C. F., Annu. Rev. Pharmacol. 
Toxicol., 1996, 36, 107*129. These oligonucleotides have 
proven to be powerful research tools and diagnostic agents. 
Certain oligonucleotides that have been shown to be ef?ca 
cious are currently in human clinical trials. 

The pharmacological activity of oligonucleotides, like 
other therapeutics, depends on a number of factors that 
in?uence the effective concentration of these agents at 
speci?c intracellular targets. One important factor for oli 
gonucleotides is the stability of the species in the presence 
of nucleases. It is unlikely that unmodi?ed, naturally 
occurring oligonucleotides will be useful therapeutic agents 
because they are rapidly degraded by nucleases. The limi 
tations of available methods for modi?cation of the phos 
phate backbone of unmodi?ed oligonucleotides have led to 
a continuing and long felt need for other modi?cations 
which provide resistance to nucleases and satisfactory 
hybridization properties for antisense oligonucleotide diag 
nostics and therapeutics. 

Oligonucleotides having phosphorothioate modi?ed 
backbones have shown therapeutic effects against numerous 
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targets. This success is due in part to the increased nuclease 
resistance of the phosphorothioate backbone relative to the 
naturally occurring phosphodiester backbone. The phospho 
rothioate linkage unlike the phosphodiester linkage has 2 
enantiomers, RP and SP. It has been shoWn that a 3'-RP 
linkage is labile to at least one exonuclease in the cytosol of 
HUVEC cells (KiziolkieWicz et al. Nucleosides and 
Nucleotides, 1997, vol. 16, pp. 167741682). See also Kozi 
olkieWicz et al., Antisense Nucleic Acid Drug Dev., 1997, 7, 
43448; KoziolkieWicz, Maria, GendaszeWska. Edyta, 
MaszeWska, Maria, Stability of Stereoregular Oligo 
(nucleoside phosphorothioate)s in Human Cells; Diastereo 
selectivity of Cellular 3'-Exonuclease, Nucleosides Nucle 
otides 1997, 16(7*9) 167741682. 
A speci?c feature of oligonucleotides as drugs is that they 

must be stable in vivo long enough to be effective. 
Consequently, much research has been focused on enhanc 
ing the stability of oligonucleotide therapeutics While main 
taining their speci?c binding properties. Recently, several 
groups have reported that chiral phosphorothioate oligo 
nucleotide analogs have enhanced binding properties (Rp 
isomer) to the target RNA as Well as signi?cant stabilization 
to exonucleases (Sp isomer) (See KoziolkieWicz et al., 
Antisense & Nucleic acid drug development, 1997, 7, 4348; 
Burgers et al., J. Biol. Chem., 1979, 254, 6889493; and 
Grif?ths et al., Nucleic Acids Research, 1987, 15, 
41452462). 

Presently, there is no method to prepare P-chiral oligo 
nucleotides in large scale. Current methods include synthe 
sis and chromatographic isolation of stereoisomers of the 
chiral building blocks. (Stec et al., Angers: Chem. Int. Ed. 
Engl., 1994, 33, 709; Stec et al., J. Am. Chem. Soc., 1995, 
117, 12019; and Stec W. J., Protocols for Oligonucleotides 
and Analogs: Synthesis and Properties, edited by Sudhir 
AgraWal, p. 63480, (1993, Humana Press) and references 
cited therein). This method suffers from the non 
stereospeci?c synthesis of the synthon. Recently, Just and 
coWorkers presented the use of a chiral auxiliary to form 
dinucleotide phosphorothioate triesters in 97% ee (Wang, J. 
C., and Just G., Tetrahedron Letters, 1997, 38, 7054708). 
HoWever, there Was reported di?iculty in removing the 
chiral auxiliary protecting group at phosphorous. This 
method has yet to be tested for convenient large scale 
automated synthesis. 

Stereoregular phosphorothioate analogs of pentadecamer 
5'-d(AGATGTlTGA GCTCT)-3' Were synthesized by the 
oxathiaphospholane method (KoziolkieWicz et al., Nucleic 
Acids Res., 1995, 23, 500045005). There diastereomeric 
purity Was assigned by means of enzymic degradation With 
nuclease P1 and independently, With snake venom phos 
phodiesterase. DNA-RNA hybrids formed by phospho 
rothioate oligonucleotides (PS-oligos) With the correspond 
ing complementary pentadecarbonucleotide Were treated 
With bacterial RNase H. The DNA-RNA complex contain 
ing the PS-oligo of [all-RP] con?guration Was found to be 
more susceptible to RNase H-dependent degradation of the 
pentadecarbonucleotide compared With hybrids containing 
either the [all-SP] counterpart or the so called ‘random 
mixture of diastereomers of the pentadeca(nucleoside 
phosphorothioate). This stereodependence of RNase H 
action Was also observed for a polyribonucleotide (475 nt) 
hybridized With these phosphorothioate oligonucleotides. 
The results of melting studies of PS-oligo-RNA hybrids 
alloWed a rationalization of the observed stereodilferentia 
tion in terms of the higher stability of heterodimers formed 
betWeen oligoribonucleotides and [all-RP]-oligo(nucleoside 
phosphorothioates), compared With the less stable het 
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erodimers formed With [all-SP]-oligo(nucleoside 
pho sphorothioates) or the random mixture of diastereomers. 

(S)-1-(indol-2-yl)-propan-2-ol Was used as a chiral aux 

iliary to form a dinucleotide phosphorothioate triester in 
97% ee (Wang et al., Tetrahedron Lett., 1997, 38, 7054708). 
A stereoselective preparation of dinucleotide phospho 

rothioates With a diastereomeric excess of >98%, using 
hydroxy(indolyl)butyronitrile 1 as chiral auxiliaries, is 
reported (Wang et al., Tetrahedron Lett., 1997, 38, 
379743800). 

1,2-O-Cyclopentylidene-5-deoxy-5-isopropylamino-D 
xylofuranose and its enantiomer Were used as chiral auxil 
iaries to form, respectively, Sp and Rp dithymidine phos 
phorothioates in 98% diastereomeric excess, using 
phosphoramidite methodologies and 2-bromo-4.5 
dicyanoimidazole as catalyst (Jin et al., J. Org. Chem., 1998, 
63, 364743654). 

Oligonucleotide phosphorothioates Were synthesized 
using prokaryotic DNA polymerase and oligonucleotide 
template/primer (Lackey et al., Biotechnol. Lett., 1997, 19, 
4754478). The method facilitates the recovery of DNA 
polymerase and template/primer and is successful at the 
milligram scale. Thus, reusable template/primers Were 
designed to specify the synthesis of an oligonucleotide 
(GPs0193) complementary to a sequence in exon 7 of the 
human immunode?ciency virus genome. Extension of the 
3'-terminus by DNA polymerase utilizing dNTPS(Rp+Sp) 
substrates produced the speci?ed oligonucleotide phospho 
rothioate With the chirally pure (Rp) stereochem. The bio 
chemical synthesis Was essentially complete Within 60 min 
(compared With 24 h for automated solid phase synthesis). 
and produced <5% intermediate length oligonucleotide 
products, corresponding to a stepWise yield of >99.7% for 
the addition of each nucleotide. 

Phosphorothioate oligodeoxyribonucleotides Were tested 
for their ability to recognize double-helical DNA in tWo 
distinct triple helix motifs (Hacia et al., Biochemistry, 1994, 
33, 536745369). Purine-rich oligonucleotides containing a 
diastereomeric mixture of phosphorothioate or stereoregular 
(all Rp) phosphorothioate linkages are shoWn to form triple 
helical complexes With af?nities similar to those of the 
corresponding natural phosphodiester oligonucleotides. In 
contrast, pyrimidine-rich phosphorothioate oligonucleotides 
containing a mixture of diastereomeric or stereoregular (all 
Rp) linkages do not bind to double-helical DNA With 
measurable a?inity. These observations have implications 
for triple helix structure and for biological applications. 
An enzymatic protocol has been established for the syn 

thesis of Stereoregular (all Rp) oligodeoxyribonucleotide 
phosphorothioates. A 25-mer oligodeoxynucleotide phos 
phorothioate has been synthesized and studied for biophysi 
cal and biochemical properties (Tang et al., Nucleosides and 
Nucleotides, 1995, 14, 9854990). 

Stability of oligo(nucleoside phosphorothioate)s (PS 
oligos) in HUVEC (human umbilical vein endothelial cells) 
has been studied (KoziolkieWicz et al., Nucleosides and 
Nucleotides, 1997, 16, 167741682). Cytosolic fraction of 
HUVEC possesses 3'-exo-nucleolytic activity Which is 
responsible for degradation of natural and PS-oligomers. 
The enzyme is Rp-speci?c, i.e. it cleaves intemucleotide 
phosphorothioate function of Rp- and not Sp-con?guration 
at phosphorus atom. 

Enzymatic hydrolysis of stereoregular oligodeoxyribo 
nucleoside phosphorothioates (PS-oligos) synthesized via 
the oxathiaphospholane method has been used for assign 
ment of their diastereomeric purity (KoziolkieWicz et al., 
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Antisense Nucleic Acid Drug Dev., 1999, 9, 171*181). For 
this purpose, tWo Well-knoWn enzymes of established 
diastereoselectivity, nuclease P1 and snake venom phos 
phodiesterase (svPDE) have been used. However, because 
of some disadvantageous properties of svPDE, a search for 
other [Rp]-speci?c endonucleases Was undertaken. Extra 
cellular bacterial endonuclease isolated from Serratia marce 
scens accepts PS-oligos as substrates and hydrolyzes phos 
phorothioate bonds of the [Rp] con?guration, Whereas 
internucleotide [Sp]-phosphorothioates are resistant to its 
action. Cleavage experiments carried out With the use of 
unmodi?ed and phosphorothioate oligonucleotides of dif 
ferent sequences demonstrate that the Serratia nuclease is 
more selective in recognition and hydrolysis of oligodeox 
yribonucleotides than previously reported. The substrate 
speci?city exhibited by the enZyme is in?uenced not only by 
the nucleotide sequence at the cleavage site but also by the 
length and base sequence of ?anking sequences. The Ser 
ratia nuclease can be useful for analysis of diastereomeric 
purity of stereode?ned phosphorothioate oligonucleotides, 
but because of its sequence preferences, the use of this 
enZyme in conjunction With svPDE is more reliable. 

The ?rst NMR solution structure of a DNA/RNA hybrid 
containing stereoregular Rp-phosphorothioate modi?cations 
of all DNA backbone linkages is presented. 

The complex of the enZymically synthesiZed phospho 
rothioate DNA octamer (all-Rp)-d(GCGTCAGG) and its 
complementary RNA r(CCUGACGC) had an overall con 
formation Within the A-form family (Bachelin et al., Nat. 
Struct. Biol., 1998, 5, 271*276). Most helical parameters 
and the sugar puckers of the DNA strand assume values 
intermediate betWeen A- and B-form. The close structural 
similarity With the unmodi?ed DNA/RNA hybrid of the 
same sequence may explain Why both the natural and the 
sulfur-substituted complex can be recogniZed and digested 
by RNase H. 
NeW monomers, 5'-O-DMT-deoxyribonucleoside 3'-O 

(2-thio-“spiro”-4,4-penta-methylene-1,3,2 
oxathiaphospholane)s, Were prepared and used for the 
stereo-controlled synthesis of PS-Oligos via the oxathia 
phospholane approach (Stec et al., J. Am. Chem. Soc., 1998, 
120, 7156*7167). These monomers and their 2-oxo analogs 
Were used for the synthesis of “chimeric” constructs (PS/ 
PO-Oligos) possessing phosphate and P-stereo-de?ned 
phosphorothioate inter-nucleotide linkages. The yield of a 
single coupling step is approximately 92*95%, and resulting 
oligomers are free of nucleobase- and sugar 
phosphorothioate backbone modi?cations. Thermal disso 
ciation studies shoWed that for hetero-duplexes formed by 
[Rp]-, [Sp]-, or [mix]-PS/PO-T10 With dA12, dA30, or 
poly(dA), for each template, the melting temperatures as 
Well as free Gibbs’ energies of dissociation process, are 
virtually equivalent. Stereochemical evidence derived form 
crystallographic analysis of one of the oxathiaphospholane 
monomers strongly supports the participation of pentacoor 
dinate intermediates in the mechanism of the oxathiaphos 
pholane ring-opening condensation. 

The DBU-assisted 1,3,2-oxathiaphospholane ring open 
ing condensation of the separate diastereomers of 5'-O 
DMT-2'-O-TBDMS-ribonucleoside-3'-O-(2-thiono-1,3,2 
oxathiaphospholane)s With 2'-TBDMSi-protected 
ribonucleoside bound to the solid support via the 3'-oxygen 
occurs With 96*100% stereospeci?city and gives, after 
deprotection, [Rp]- or [SP]-diribonucleoside 3',5' 
phosphorothioates I (B=adenine, cytosine, guanine, uracil) 
in 65*97% yield (SierZcha-la et al., J. Org. Chem. 1996,61, 
6713*6716). Attempts to improve these yields by increasing 
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6 
either the coupling time or DBU concentration Were unsuc 
cessful. The absolute con?guration at phosphorus of the 
dimers (1) Was assigned by treatment With the stereospeci?c 
nucleases snake venom PDE or nuclease P 1. Discrimination 
of [Rp]- vs [Sp]-diastereomers of the folloWing dimer by 
nuclease P1 is much less profound than that observed for 
dideoxyribonucleoside 3',5'-phosphorothioates. 

HO B 
O 

(I) OH 
HS — 1|’ : O 

O B 
O 

HO OH 

Diastereomerically pure 5'-O-DMT nucleoside 3'-O-(2 
thio-1,3.2-oxathiaphospholanes) (B=T, AdebZ, CytbZ) Were 
used for the synthesis of stereo-regular phosphorothioates 
(Stet et al., J. Am. Chem. Soc., 1995, 117, 12019*12029). 
The oxathiaphospholane ring-opening condensation 
requires the presence of strong organic base, preferably 
DBU. The yield of a single coupling step is ca. 95% and 
resulting S-Oligos are free of nucleobase- and sugar 
phosphorothioate backbone modi?cations. The diastereo 
meric purity of products Was estimated on the basis of 
diastereoselective degradation With Nuclease P1 and a mix 
ture of snake venom phosphodiesterase and Serratia marce 
scens endonuclease. Thermal dissociation studies of hetero 
duplexes phosphorothioates/DNA and phosphorothioates/ 
RNA shoWed that their stability is stereochemical- and 
sequence-dependent. 

DMTO B 

It has been previously reported that four membered cyclic 
sulfur compounds are kinetically and thermodynamically 
facile compounds to form (Eliel et al., J. Am. Chem. Soc., 
1985, 107, 2946*2952). A combination of product and rate 
studies including Hammett LFER for k and ks for 
p-substituted 3-(arylthio)-3-methyl-1-Bu tosylates and the 
solvent and salt effects on product ratio indicate that anchi 
meric assistance in the solvolysis of branched 3-(alkylthio) 
and (3-arylthio)propyl tosylates is real and that a marked 
Thorpe-lngold e?fect is evident. This observation led us to 
design compounds shoWn in FIGS. 2 to 7 as chiral auxil 
laries to synthesiZe chiral phosphorothioates. In a similar 
publication the neighboring group participation of oxygen in 
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the solvolysis of acyclic-alkoxy substituted 
p-toluenesulfonates Was illustrated (Eliel et al., J. Org. 
Chem, 1985, 50, 2707*2711). Methanolysis of 
PhCH2OCRR1CR2R3CHR4OTs (R=Me, R1*R4=H; 
R=R1=Me, R2*R4=H, R=R1=R4=Me, R2=R3=H; R=R1= 
R3=R4=H, R2=Me; R=R1=R4=H, R2=R3=Me; 
Ts=O2SC6H4Me—p) proceeds With partial rearrangement. 
implying neighboring-group participation, only When there 
are geminal Me groups in the 2- or 3-position (R2=R3=Me 
or R=R l=Me). 

In a recent revieW article entitled “New gem- and vic 
disubstituent effects on cycliZations”. (Jung, Michael E., 
Synlett, 1999, 843*846 a summary of several neW gem 
disubstituent effects on cyclisations are illustrated, e.g., the 
gem-dialkoxy, -dicarboalkoxy, and -dithioalkoxy effects, 
have been discovered. In addition they have also observed a 
neW vicinal disubstituent effect. A novel ring siZe effect of 
ketals on radical cycliZations has been investigated. In a 
similar article by the same author it Was disclosed that While 
reaction of the bromoalkene With a 5-membered ketal I 
(R=Br, n=1) With tributyltin hydride gave only the acyclic 
product I (R=H, n=1), reaction of the corresponding bro 
moalkene With a 6-membered ketal I (R=Br, N=2) gave good 
yields of the cyclobutane II, in a novel ketal ring siZe effect. 
Also the gem-dicarboalkoxy effect Was operative in these 
systems, e.g., cycliZation of the bromo alkene triester, (E) 
MeO2CCH:CHCH2C(CO2Et)2CH2OC(:S)OPh, afforded 
reasonable yields of the cyclobutane III. 

O O 

CHZBr 

COZMe 

o; ;o 
HZCCOZMe 

III 
EtOZC COZEt 

v 
HZCCOZMe 

In accordance With this theory, the structures 3, 8, 14, 18, 
20, and 25 all have geminal disubstituents. Use of this 
concept to synthesiZe chiral phosphorothioates With the 
concurrent formation of 4-membered cyclic thio compounds 
is novel. 

Oligonucleotides that have chiral Sp phosphorothioate 
internucleotide linkages at the 3'-terminus are disclosed in 
International Application WO 99/05160, published by the 
PCT Feb. 4, 1999. 

SUMMARY OF THE INVENTION 

The present invention provides nuclease resistant phos 
phorothioate oligonucleotides Which are useful for 
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8 
therapeutics, diagnostics and as research reagents. In pre 
ferred embodiments, the invention provides oligomeric 
compounds comprising a plurality of covalently-bound 
nucleosides, Which have the formula: 

Wherein: 

T1 and T2 are each, independently, hydroxyl, a protected 
hydroxyl, a covalent attachment to a solid support, a 

nucleoside, an oligonueleoside, a nucleotide, an 
oligonucleotide, a conjugate group or a 5' or 3' sub 
stituent group; 

each Sp is a chiral Sp phosphorothioate intemucleoside 
linkage; 

each Lp is, independently, a chiral Rp phosphorothioate 
intemucleoside linkage, a racemic phosphorothioate 
intemucleoside linkage or an intemucleoside linkage 
other than a chiral phosphorothioate intemucleoside 
linkage.; 

each n and m is, independently, from 1 to 100; 

each p is from 0 to 100, Where the sum of n, m and 1) is 
from 3 to about 200; 

each NM independently, has the formula: 

Wherein: 

BX is a heterocyclic base moiety; and 

R1 is H, hydroxyl, a protected hydroxyl, a 2'-substituent 
group or a protected 2'-substituent group. 

In some preferred embodiments, each R1 is H or 
hydroxyl. In further preferred embodiments. R1 is CFC1O 
O-alkyl or CFC1O substituted O-alkyl, With 2'-O 
methoxyethyl or 2'-O-methyl being moire preferred. 

In some preferred embodiments, each Nu is, 
independently, adeno sine, guanosine, uridine, 
5-methyluridine, cytidine, 5-methylcytidine or thymine. 

In some more preferred embodiments, p is 1 or 2. In 
further more preferred embodiments, n and p are each 1 and 
m is from 3 to about 20. 

In some preferred embodiments, T1 and T2 are, 
independently, hydroxyl or a protected hydroxyl. In further 
preferred embodiments, each Lp is an Rp phosphorothioate 
internucleoside linkage. In still further preferred 
embodiments, at least one Lp is a racemic phosphorothioate 
internucleoside linkage. In still further preferred 
embodiments, at least one Lp is an internucleoside linkage 
other than a chiral phosphorothioate internucleoside linkage. 

In some preferred embodiments, R1 is a 2'-substituent 
group or a protected 2'-substituent group other than H, 
hydroxyl or a protected hydroxyl. 
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The present invention also provides compounds having 
the formula: 

R2 

Wherein: 

Bx is a heterocyclic base moiety; 
R4 is a hydroxyl protecting group; 
R1 is H, hydroxyl, a protected hydroxyl, a 2'-substituent 

group or a protected 2'-substituent group; and 

R2 is an Sp chiral auxiliary group. 
In some preferred embodiments, the chiral auxiliary 

group has one of formulas I, II, III, IV, V or VI: 

I 
I CH3 
P\ 

s/ S CH3 
0 

CH3 
II 

I CH3 

P\\S CH3 
0 

CH3 
III 

I $H3 CH3 
S%P\N CH3 

0 

CH3. 
IV 

CH3 I 

S /P\ CH3 s 
0 

CH3 
V 

CH 

3 IP13 I 
CH3 /P 

N / 
0 

CH3 
VI 

CH3 I 

CH3 S/P\ 
S. 

0 

CH3 

In further preferred embodiments, BX is adenosine, 
guanosine, uridine, 5-methyluridine, cytidine, 
5-methylcytidine or thymine. 

In further preferred embodiments, each R1 is H or 
hydroxyl. In still further preferred embodiments, R1 is 
Cl£lo O-alkyl or Cl£lo substituted O-alkyl, With 2'-O 
methoxyethyl or 2'-O-methyl being more preferred. 
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10 
In some preferred embodiments, at least one R1 is 2'-O 

methoxyethyl or 2'-O-methyl. In further preferred embodi 
ments. R1 is a 2'-substituent group or a protected 

2'-substituent group other than H, hydroxyl or a protected 
hydroxyl. 

The present invention also provides pharmaceutical com 
positions comprising one or more compounds of the 
invention, and an acceptable pharmaceutical carrier. 
The present invention also provides methods for prepar 

ing an oligomeric compound of formula: 

Wherein: 

each T1 and T2 is, independently, hydroxyl, a protected 
hydroxyl, a covalent attachment to a solid support, a 

nucleoside, an oligonucleotide, a nucleotide or an 

oligonucleotide, a conjugate group or a 5' or 3' sub 

stituent group; 

each Sp is an Sp phosphorothioate intemucleoside link 
age; 

each Lp is, independently, an Rp phosphorothioate inter 
nucleoside linkage, a racemic phosphorothioate inter 
nucleoside linkage or an intemucleoside linkage other 
than a chiral phosphorothioate internucleoside linkage; 

each n and m is, independently, from 1 to 100; 

each p is from 0 to 100 Where the sum of n, m and p is 

from 3 to about 200; 

each NM independently, has the formula: 

Wherein: 

BX is a heterocyclic base moiety; and 

R1 is H, hydroxyl, a protected hydroxyl, a 2'-substituent 
group or a protected 2'-substituent group; 

comprising the steps of: 
(a) providing a compound of formula: 

Wherein: 

R4 is a labile hydroxyl protecting group; 

R3 is a covalent attachment to a solid support; 
(b) deblocking said labile hydroxyl protecting group to 
form a deblocked hydroxyl group; 

(c) optionally treating said deblocked hydroxyl group 
With a further compound having the formula: 
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wherein: 

R2 is an Sp chiral auxiliary group; 

and a condensing reagent to form an extended compound: 
(d) optionally repeating steps (b) and (c); 
(e) treating said deblocked hydroxyl group With a 
compound having the formula: 

Wherein: 

R5 is an Rp chiral auxiliary group or an activated phos 
phorus group; 

and a condensing reagent to form a further extended 
compound; 
(f) optionally repeating steps (e) and (f) to add further 

nucleosides; 
(g) deblocking said labile hydroxyl protecting group to 
form a deblocked hydroxyl group; 

(h) treating said deblocked hydroxyl group With a 
further compound having the formula: 

Wherein: 

R2 is an Sp chiral auxiliary group; 
and a condensing reagent to form a protected oligomeric 

compound; and 
(i) optionally repeating steps (h) and (i) to add at 

additional nucleosides thereby forming a further 
protected oligomeric compound. 

Preferably, the method further comprises the step of 
deblocking the product of step (i). 

In some preferred embodiments of the methods of the 
invention, the Sp chiral auxiliary group has one of formulas 
I, II or III: 

CH3 

s CH3 

CH3 
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-continued 
II 

I CH3 
P\S CH3 
0 

CH3 
III 

I IH} CH3 
S&P\N CH3 

0 

CH3_ 

or one of formulas IV, V or VI: 

IV 
CH3 I 

CH3 s 
0 

CH3 
V 

CH3 $H3 I 
CH3 N71’ 

0 

CH3 
VI 

CH3 I 

CH3 S/P\S 
O . 

CH3 

More preferred embodiments of the methods of the 
invention, further comprise one or more capping steps, 
Which include treatment With a capping agent. Preferably, 
such capping steps are performed after a coupling step, e.g., 
one or more of steps c, d, e, f, h, and/or i. 

In some preferred embodiments, the methods of the 
invention further comprising one or more oxidation steps: 
said oxidation steps comprising treatment With an oxidiZing 
agent. In some preferred embodiments, such oxidiation steps 
are performed after a coupling step, e.g., one or more of 
steps c, d, e, f, h, and/or i. 

In some preferred embodiments of the methods of the 
invention, said labile hydroxyl protecting group is 
dimethoxytrityl, monomethoxy trityl, trityl or 9-phenyl 
xanthene. In further preferred embodiments of the methods 
of the invention, said heterocyclic base moiety is a purine or 
a pyrimidine, Which is preferably, independently, adenosine, 
guanosine, uridine, 5-methyluridine, cytidine, 
5-methylcytidine or thymine. 

In some preferred embodiments of the compounds and 
methods of the invention, the sum of n, m, and p is from 5 
to about 50, With 8 to about 30 being more preferred, and 
With 10 to about 25 being even more preferred 

In further preferred embodiments of the methods of the 
invention, T1 and T2 are, independently hydroxyl or a 
protected hydroxyl. 

In still further preferred embodiments of the methods of 
the invention, each Lp is a racemic phosphorothioate inter 
nucleoside linkage. 
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In still further preferred embodiments of the methods of -Continued 
the invention, at least one Lp is a racemic phosphorothioate V 
internucleoside linkage. CH3 CH3 I 

In some more preferred embodiments, of the methods of 5 CH3 N//P 
the invention, n and p are each 1 and m is from 3 to about 0 
20. In further more preferred embodiments n and p are each 
2 and m is from 3 to about 20. CH3 

In further preferred embodiments, p is 0. CH3 VI 

In some preferred embodiments, at least one R, is a 10 I 
2'-substituent group or a protected 2'-substituent group other CH3 S/P\S_ 
than H, hydroxyl or a protected hydroxyl. O 

In further preferred embodiments, the activated phospho- CH3 
rus group is a phosphoramidite, an H-phosphonate or a 15 

phosphate triester. 
Also provided in accordance With the invention are com 

In still further preferred embodiments, the covalent _ 
pounds hav1ng the formula: 

attachment to a solid support is a sarcosinyl-succinonyl 

linker. 20 R62_O 
In further preferred embodiments, compounds are pro- B 

vided having the formula: 0 

R62—O 
B 

O 25 

‘F R1 

Rs3—I|’=S 
O 

0 R1 30 q 

R61 B 
O 

Wherein: 

R62 is H or a hydroxyl protecting group; 35 
. . O R 

R1 1s H, hydroxyl, a protected hydroxyl, a 2'-subst1tuent 1 
group or a protected 2'-substituent group; R64 

B is a heterocyclic base moiety; and 

R62 is a chiral auxiliary selected from formulas liVz 40 

Wherein: 
I 

CH3 
I q is 0 to about 50; 

¢P\S _ _ S 0 CH3 45 R62 is H or a hydroxyl protecting group; 

CH3 R1 is H, hydroxyl, a protected hydroxyl, a 2'-substituent 
H group or a protected 2'-substituent group; 

CH . . . . 

I 3 R641s H, a hydroxyl protecting group, or a linker to a sol1d 

P\\ S CH3 50 support; 
0 R63 is a radical selected from the group consisting of 

CH3 CH3 CH3 

III 55 HIL CH3 

I r13 XX \0 S%P\N CH3 _0 SH 
0 

CH3 
CH3_ 60 CH3 CH3 CH3 

IV HS NH CH3 
I \O CH3 H3C O/ and 
P / 

CH3 S \s 
O 65 
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-continued 
CH3 

SH 

H30 0 

H30 

In some preferred embodiments, each R1 is H or 
hydroxyl. In further preferred embodiments, R1 is Cl£lo 
O-alkyl or Cl£lo substituted O-alkyl, With 2'-O-methyl 
being preferred. 

In some preferred embodiments. B is independently, 
adenine, guanidine, uridine, 5-methyluridine, cytidine, 
5-methylcytidine or thymine. 

In further preferred embodiments, q is 5 to about 50, With 
8 to about 30 being preferred, and 10 to about 25 being more 
preferred. In some particularly preferred embodiments, q is 
0 or 1. 

Also provided by the present invention are methods of 
modulating the production or activity of a protein in an 
organism, comprising contacting said organism With a com 
pound of the invention, and methods of treating an organism 
having a disease characteriZed by the undesired production 
of a protein, comprising contacting said organism With a 
compound of the invention. 

The present invention further provides methods of assay 
ing a nucleic acid, comprising contacting a solution sus 
pected to contain said nucleic acid With a compound of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs the structure of an Rp and an Sp chiral 
phosphorothioate internucleotide linkage. 

FIG. 2 shoWs the chiral adjuvant (R)-4-mercapto-4 
methyl-2-pentanol and the chiral building block derived 
therefrom Which leads to Rp chiral phosphorothioate inter 
nucleotide linkages. 

FIG. 3 shoWs the chiral adjuvant (S)-4-mercapto-4 
methyl-2-pentanol and the chiral building block derived 
therefrom Which leads to Sp chiral phosphorothioate inter 
nucleotide linkages. 

FIG. 4 shoWs (+)-5-methyl-2-(l-methyl-l-thioethyl) 
cyclohexanol, Which is obtained from (+)-pulegone, and the 
chiral building block derived therefrom Which leads to Rp 
chiral phosphorothioate internucleotide linkages. 

FIG. 5 shoWs (—)-5-methyl-2-(l-methyl-l-thioethyl) 
cyclohexanol, Which is obtained from (—)-pulegone, and the 
chiral building block derive therefrom Which leads to Sp 
chiral phosphorothioate internucleotide linkages. 

FIG. 6 shoWs 5C-methyl-2t-[(l-methyl-l-benZylamino) 
ethyl]-cyclohexan-lt-ol Which is obtained from (+) 
pulegone, and the chiral building block derived therefrom 
Which leads to Rp chiral phosphorothioate intemucleoside 
linkages. 

FIG. 7 shoWs 5C-methyl-2t-[(l-methyl-l-benZylamino) 
ethyl]-cyclohexan-lt-ol Which is obtained from (—) 
pulegone, and the chiral building block derive therefrom 
Which leads to Sp chiral phosphorothioate internucleotide 
linkages: 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides oligomeric compounds 
having a ?rst 5'-region that has at least one chiral Sp 

20 

25 

30 

35 

40 

45 

50 

55 

60 

16 
internucleoside linkage, and a second region that has chiral 
Rp internucleoside linkages, racemic phosphorothioate 
internucleoside linkages or intemucleoside linkages other 
than chiral or racemic phosphorothioate intemucleoside 
linkages. The present invention further provides oligomeric 
compounds having 3 regions Where the ?rst and second are 
as described above, and the third region has one or more Sp 
phosphorothioate intemucleoside linkages. Also provided in 
accordance With the present invention are methods for the 
preparation of such oligomeric compounds having 2 or 3 
regions. The presence of Sp geometry at the 5'-end of the 
oligomeric compound (2 regions) or at the Wings of the 
oligomeric compound (eg at the 3' and 5' ends of 3-region 
compounds) reduces the susceptibility of the compound to 
exonuclease degradation. The presence of Rp geometry in 
the second region increases the af?nity of the compound to 
complementary nucleic acid. 

In one aspect of the invention chimeric compounds are 
prepared having Rp and Sp internucleoside linkages of high 
chiral purity (i.e., “chiral Sp”. “chiral Rp” “Sp” or “Rp” 
linkages). High chiral purity as used here is meant to 
indicate a percentage of the indicated enantiomer of 90% or 
greater. The preparation of timers and oligomers having Sp 
internucleoside linkages is described in US. Pat. Nos. 
5,212,295, 5,587,361 and 5,599,797, the contents of Which 
are incorporated herein by reference. 

As Will be recogniZed, this invention concerns oligonucle 
otides that exhibit increased stability relative to their natu 
rally occurring counterparts. Extracellular and intracellular 
nucleases generally do not recognize (and, therefore, do not 
bind to) the compounds of the invention. 

The present invention further includes methods of pre 
paring oligomeric compounds having at least one Sp inter 
nucleoside linkage at the 5' and at the 3' ends. In preferred 
embodiments the oligomeric compounds have one or more 
Sp intemucleoside linkages at the 5' and at the 3' ends and 
the internal internucleoside linkages are all Rp phospho 
rothioate linkages. Such oligomeric compounds are prepared 
by treating a solid support bound monomer With monomers 
having reactive phosphorus moieties that give de?ned ste 
reochemistry at the resultant internucleoside linkages. The 
?rst monomer or monomers are selected to give Sp inter 
nucleotide linkages. The next section is prepared to have Rp 
or racemic intemucleoside link-ages With the ?nal section 
prepared as the ?rst section to one or more Sp internucleo 
side linkages. The monomers are prepared as illustrated in 
the examples beloW. 

Gem dialkyl substitutents located in selected chiral aux 
iliary groups favor product formation With the release of 
4-membered oxathiane, 6-membered oxaZine or amide 
structures. These compounds can be conveniently synthe 
siZed from (+)-pulegone and (—)-pulegone ((R)-4-mercapto 
4-methyl-2-pentanol and (S)-4-mercapto-4-methyl-2 
pentanol). 

In some preferred embodiments, methods are provided for 
preparing an oligomeric compound of formula: 

Wherein: 

each T1 and T2 is, independently, hydroxyl, a protected 
hydroxyl, a covalent attachment to a solid support, a 
nucleoside, an oligonucleotide, a nucleotide or an 




















































