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(7) ABSTRACT

Novel orthoesters are provided which can be used as a
2'-hydroxyl protecting groups or 2'-modification in the syn-
thesis of polymers containing ribonucleic acid (RNA) nucle-
otides. The RNA comprising the orthoester can be handled
and analyzed while 2'-modified, thereby minimizing poten-
tial degradation. The orthoester is stable during oligonucle-
otide synthesis. The orthoester is subsequently modified and
can then be removed under mild acidic conditions. The ease
and dependability of this process and the quality of the RNA
product synthesized with this invention are comparable to
that previously associated only with DNA synthesis.
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ORTHOESTER PROTECTING GROUPS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 09/503,559, filed Feb. 14, 2000, which
is a continuation of U.S. patent application Ser. No. 09/032,
623, filed Feb. 27, 1998, now issued as U.S. Pat. No.
6,111,086, each of which is specifically incorporated herein
by reference.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to the field of pro-
tecting groups in organic synthesis and, more particularly, to
the use of these compounds as ribonucleoside protecting
groups and as 2'-modifications. Still more specifically, the
protecting groups are used in the synthesis of oligonucle-
otides containing ribonucleotide subunits.

[0004] 2. Description of the State of the Art

[0005] The ability to routinely synthesize ribonucleic acid
(RNA) has become increasingly important as research
reveals the multitude of RNA’s biological functions. There
are many types of RNA including ribosomal RNA, transfer
RNA and messenger RNA. RNA also is important in various
structures and functions as well as being a catalyst in
enzymatic reactions, as in the case of ribozymes. Because of
the important biological roles RNA plays, both known and
unknown, it is of considerable utility to be able to synthesize
short (2-300 nucleotides) defined sequences of RNA, com-
monly referred to as RNA oligonucleotides or oligoribo-
nucleotides. Over the past 25 years, many chemical
approaches have been explored for synthesizing RNA oli-
gonucleotides. Because deoxyribonucleic acid (DNA) meth-
odologies have progressed more rapidly, the usual strategy
for the synthesis of RNA has been to adapt DNA chemistries
to RNA synthesis. Consequently, most approaches have
focused on retaining the 5'-dimethoxytrityl (DMT) ether and
adding a compatible 2'-hydroxyl protecting group such as
fluoride-labile silyl ethers, photo-labile moieties, and acid-
labile acetals. A delicate balance has been required to
successfully utilize the acid-labile 2'-acetals in conjunction
with the acid-labile 5'-DMT ether. Therefore, other
approaches have involved retaining the 2'-acetal while
replacing the 5-DMT.

[0006] The acid-labile acetals have many attractive fea-
tures. For example, it has been reported that it is possible to
chromatograph some 2'-acetal-protected RNA. However,
the subsequent removal of these acetals, which are used with
the DMT group, requires acidic conditions which subse-
quently cause degradation of the RNA, or require extremely
long periods of time to remove (>24 hours). Therefore,
although it may be possible to safely handle and purify some
2'-acetal-protected RNAs, the harsh conditions required for
rapid deprotection may require further purification of the
RNA, thereby negating this advantage. Milder conditions
can be used but these are inconvenient, requiring more than
24 hours. More-labile acetals can not be used as they would
not be sufficiently stable to the DMT acid-deprotection
conditions during RNA synthesis.

[0007] Of all of the RNA synthesis methods reported to
date, only the 5'-DMT-2"-t-butyldimethylsilyl (TBDMS) and
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the 5-DMT-2'-[1-(2-fluorophenyl)-4-methoxypiperidin-4-
yl] (FPMP) chemistries are readily available commercially.
Unfortunately, neither of these methods allows RNA syn-
thesis to be as routine and dependable as DNA synthesis.
The impediments facing 5'-DMT-2'-FPMP chemistry are
related to the problem of balancing two acid-labile protect-
ing groups. One of the major difficulties with the 2'-TBDMS
approach is that stepwise coupling yields are only 96-98%
under routine conditions compared to >99% for DNA. These
methods enable the synthesis of RNA in acceptable yields
and quality, but a high level of skill and significant invest-
ments in training and experience are required to deliver
adequate results.

[0008] One of the most desirable conditions for the final
2'-deprotection of synthesized RNA is an extremely-mildly-
acidic aqueous solution. In the optimal scheme, the 2'-pro-
tecting groups only have to be stable to withstand oligo-
nucleotide synthesis conditions. Scaringe and Caruthers
(U.S. Pat. No. 5,889,136, incorporated herein by reference)
recently reported a novel RNA synthesis strategy similar to
such a scheme. Their investigations led to the development
of silyl ethers for protection of the 5'-hydroxyl. However,
this 5'-silyl ether oligonucleotide synthesis chemistry was
not compatible with mildly acid-labile 2'-acetals. Acid-labile
orthoester protecting groups were investigated and discov-
ered to have potential for use at the 2'-hydroxyl. The
2'-orthoesters that were developed in conjunction with 5'-si-
1yl ethers enabled the synthesis of RNA oligonucleotides.
Scaringe and Caruthers disclose specific orthoester protect-
ing groups at the 2'-position of ribonucleotides. However,
they do not disclose the orthoesters of the present invention.

[0009] No prior art anticipates that the 2'-modification
shown in Formula (1):

®

O

\(0\/\0}1

O
\/\OH

[0010] would be advantageous to RNA synthesis. This
2'-modification is the result of using an orthoester of the
general Formula (2):

@

[0011] where R represents protecting groups which can be
removed prior to removing the orthoester.

[0012] The prior art has provided several means to syn-
thesize RNA oligonucleotides. However, none have enabled
the synthesis, handling, analysis and use of RNA oligonucle-
otides to be as robust and dependable as DNA synthesis, nor
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produced RNA comparable to the high quality in which
DNA can be produced. No prior art has disclosed a modi-
fication of RNA that enables the RNA to be easily handled
and then where the modification, e.g., a protecting group,
can be removed under mild conditions to yield fully depro-
tected RNA. The present invention, therefore, provides more
robust RNA synthesis methods which consistently produce
higher quality RNA on a routine basis.

SUMMARY OF THE INVENTION

[0013] The present invention provides an orthoester moi-
ety that serves as a protecting group, particularly for RNA
synthesis. Also provided in this invention is RNA compris-
ing the protecting group which possesses novel advantages
and useful features, e.g., a modified RNA oligonucleotide
that is easily handled and analyzed with minimal concern
about degradation. The protecting groups can be readily
cleaved (<10 minutes), if so desired, under extremely mild
conditions that cause no detectable degradation of the RNA.

[0014] Accordingly, it is an object of this invention to
provide useful protecting groups for the improved synthesis,
analysis, handling and use of RNA oligonucleotides or other
polymers containing ribonucleotides. It is a further objective
of this invention to provide RNA, comprising such protect-
ing groups, that can be easily analyzed, handled and used
without requiring extensive safeguards against degradation.
The protecting groups can be subsequently removed if
desired under extremely mild conditions to yield high-
quality fully deprotected RNA. Those skilled in the art can
use these protecting groups in other organic synthesis meth-
odologies as well. Therefore, this invention is not limited to
the field of nucleic acid and oligonucleotide chemistry.

[0015] The present invention achieves these and other
objectives by the provision of novel orthoester protecting
groups with innovative and useful features.

[0016] This invention further provides, for example, the
O-bis(2-acetyl-ethoxy)methyl (ACE) orthoester having For-
mula (3):

©)

Base

[e]
0] O O )I\
e Y \/\O CH,
O
O\/\O
CH;

[0017] that is stable to nucleoside and oligonucleotide
synthesis conditions but is modified via ester hydrolysis
during base deprotection of the oligonucleotide or polymer.
The resulting compound having a 2'-bis(2-hydroxyethyl)m-
ethyl orthoester protecting group (2'-EG) as shown in For-
mula (4):
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*

Base

[0018] is 10 times more labile to acid than it’s precursor,
the ACE orthoester. Complete cleavage of the 2'-EG orthoe-
ster group can be effected using extremely mild conditions
(e.g., pH 3, <10 min., 55° C.). The innovative features of this
chemistry have enabled the synthesis of RNA oligonucle-
otides surpassing results in the prior art in terms of quality.

[0019] The orthoesters of the present invention are illus-
trated as shown by Formula (2):

@

.

PO
O\/\OR

[0020] where R represents protecting groups which can be
removed prior to removing the orthoester.

[0021] An example of an orthoester with appropriate R
groups is shown by Formula (5):

®

[0022] where X, X,, and X, are appropriate atoms or
ligands. Several suitable orthoesters are illustrated by For-
mulas (6), (7) and (8):
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[0023] The general structure of a ribonucleoside of this
invention is illustrated by Formula (9):

©)

Base

[0024] where exocyclic amines, 5'-hydroxyl and the 3'-hy-
droxyl groups are appropriately protected and/or function-
alized for use in oligonucleotide synthesis and R represents
protecting groups which can be removed while leaving the
2'-orthoester moiety intact. More specifically, the general
structure of a ribonucleoside of this invention has the
Formula (10) where the R groups from above are acyl
protecting groups and X, X,, and X, are appropriate atoms
or ligands:
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[0025] The ACE orthoester comprises protecting groups.
No prior art describes the use of protected orthoesters in
oligonucleotide synthesis. It was not known that an orthoe-
ster utilizing, for example, protected ethylene glycol ligands
would be stable to oligonucleotide synthesis conditions. It
also was not known that orthoesters would be significantly
more labile once protecting groups were removed from the
ethylene glycol ligands. The novel orthoesters have been
utilized for the synthesis of RNA of higher quality than that
disclosed in prior art. Furthermore, this invention has made
it possible to synthesize, handle, analyze and use RNA with
ease comparable to DNA. Some useful aspects of this
invention are as follows:

[0026] (1) It is possible to analyze and handle RNA while
it is still 2'-protected. The structure of a typical ribonucle-
otide in a polymer of the present invention has the 2'-EG
modified structure shown in Formula (4):

*

Base

[0027] The ability to analyze and handle polymers con-
taining the 2'-EG-modified ribonucleotide subunit is impor-
tant for two major reasons: (a) The 2'-modified RNA is
relatively stable to degradation. Therefore, it is not neces-
sary to observe stringent sterile conditions while handling,
analyzing and purifying 2'-modified RNA synthesized using
this invention. (b) While the RNA is still 2'-modified, it is
possible to analyze and purify the oligonucleotides. Over
200 sequences have been synthesized according to this
invention and it has been possible to resolve every oligo-
nucleotide into a major product during analysis. (To those
skilled in the art, it is known that a percentage of RNA
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oligonucleotides, approximately 5-10%, can not be resolved
under routine analysis conditions if the RNA is fully depro-
tected because of strong secondary structures and folding
common to RNA.) Thus, it is possible to synthesize RNA
sequences without concern over whether it will be possible
to analyze the final product.

[0028] (2) The RNA quality is consistent with any
sequence. For comparison, it has been reported that a 27-mer
was synthesized with standard 5'-silyl-2'-orthoester chemis-
try in 35% overall yield. The same 27-mer was synthesized
with 5'-DMT-2'-TBDMS chemistry in 45% overall yield.
Using a novel orthoester of the invention, a comparable
27-mer was synthesized in >70% overall yield. A 36-mer
described in a following example was routinely synthesized
in 65-70% overall yield. Coupling yields of >99% were
possible in <90 seconds. For many applications using RNA
synthesized with this invention, it is no longer necessary to
purify the RNA after synthesis as the quality of the crude
RNA synthesized is sufficient for subsequent use. The high
quality and high yields of RNA observed with such short
coupling times are comparable with those routinely experi-
enced in DNA synthesis.

[0029] (3) The final 2'-deprotection conditions of the RNA
oligonucleotide are the mildest ever reported for this appli-
cation by an order of magnitude. For example, 2'-ACE-
uridine has a half life of about 7.5 minutes at pH 2, 25° C.,
which is comparable to previously reported orthoesters and
acetals that have been used in oligonucleotide synthesis.
However, when the ACE orthoester is modified by ester
hydrolysis, the 2'-modified uridine is 10 times more labile
with a half-life of <45 seconds at pH 2, 25° C. Several assays
demonstrated that there was no detectable degradation or
isomerization under the extremely mild conditions used to
2'-deprotect RNA oligonucleotides synthesized according to
this invention.

[0030] This invention includes several other protecting
groups. For example, the 2'-acetal protecting group as shown
in Formula (11) is included within this invention and can be
synthesized by those skilled in the art utilizing the present
specification and well-known synthetic techniques.

1)

Base

(0]

O\/\O)I\

A OY
[0031] This protecting group, or variations thereof, would
exhibit similar properties to the orthoester protecting groups

of this invention. Therefore, this invention includes other
classes of protecting groups.

CH,

[0032] The present invention also provides polymers and
oligonucleotides that comprise an acid-labile protecting
group wherein the half life of the protecting group is as
follows: the half life of that protecting group, when on the
2'-hydroxyl of a uridine nucleoside, is <3 minutes at pH 2,
25° C.
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[0033] The invention also provides oligonucleotide com-
prising an acid-labile 2'-hydroxyl protecting group wherein
the half life of the protecting group is as follows: the half life
of that protecting group, when on the 2'-hydroxyl of a
uridine nucleoside, is <3 minutes at pH 2, 25° C.

[0034] Further, the invention provides an oligonucleotide
comprising an acid-labile 2'-hydroxyl protecting group
which is itself protected by a second protecting group, and,
wherein upon removal of the second protecting group(s) on
the first protecting group, yield an acid-labile first protecting
group wherein the half life of the first protecting group is
now as follows: the half life of the deprotected first protect-
ing group, when on the 2'-hydroxyl of a uridine nucleoside,
is <3 minutes at pH 2, 25° C.

[0035] The features of the novel orthoesters of the present
invention have made it possible to routinely synthesize RNA
in high quality. Following synthesis, it is now possible to
analyze almost any RNA oligonucleotide. Prior to this
invention, this was not always possible. The RNA synthe-
sized with this invention can be handled without the need for
sterile conditions. When ready for use, the RNA is easily
deprotected under extremely mild conditions that do not
degrade the RNA nor contribute any detectable impurities.
Oligonucleotides and polymers synthesized with this inven-
tion may be used for a wide array of purposes in various
applications, including as antisense molecules, enzymatic
molecules, diagnostic molecules, therapeutic molecules and
research molecules. All of these uses are well known to
those skilled in the art. The 2'-modification can be left on for
subsequent applications, for example, analysis and purifica-
tion, or it may be removed, if desired, to yield RNA with
2'-hydroxyl groups.

[0036] Additional advantages and novel features of this
invention shall be set forth in part in the description that
follows, and in part will become apparent to those skilled in
the art upon examination of the following specification or
may be learned by the practice of the invention. The advan-
tages of the invention may be realized and attained by means
of the instrumentalities, combinations, compositions, and
methods particularly pointed out in the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

[0037] The accompanying drawings, which are incorpo-
rated in and form a part of the specification, illustrate
non-limiting embodiments of the present invention, and
together with the description serve to explain the principles
of the invention.

[0038]

[0039] FIG. 1is an anion-exchange HPLC chromatograph
of unpurified 2'-protected SEQ ID NO: 1 prepared using
2'-ACE chemistry.

[0040] FIG.2 is an anion-exchange HPLC chromatograph
of fully deprotected SEQ ID NO: 1 prepared using 2'-ACE
chemistry.

[0041] FIG. 3 is an anion-exchange HPLC chromatograph
of fully deprotected SEQ ID NO: 1 prepared using 5'-DMT-
2'-TBDMS chemistry.

[0042] FIG. 4 is an anion-exchange HPLC chromatograph
of unpurified 2'-protected SEQ ID NO: 2.

In the Figures:
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[0043] FIG. 5 is an anion-exchange HPLC chromatograph
of fully deprotected SEQ ID NO: 2.

DETAILED DESCRIPTION OF THE
INVENTION

[0044] As used herein, the following terms have the speci-
fied meanings.

[0045] By “atom” is meant a single element unit, either
neutral or with charge, that is appropriate for the indicated
position within the structure. For example, an “atom” with
one bond to it may be chlorine, or hydrogen, or oxygen with
a single minus charge. An “atom” with two bonds to it can
be oxygen, or sulfur, or nitrogen with a minus charge.

[0046] By “ligand” is meant an organic structure compris-
ing up to 30 atoms (not including hydrogen) of which the
majority are carbon, oxygen, and nitrogen.

[0047] By “orthoester” is meant a moiety or molecule
comprising the following generic structure (12):

(12)

[0048] wherein three oxygen atoms are bonded to a central
carbon atom and R is an atom or ligand, preferably hydro-
gen.

[0049] By “oligonucleotide” is meant a molecule compris-
ing two or more nucleotides. The polynucleotide can be
single, double or multiple stranded and may comprise modi-
fied or unmodified nucleotides or non-nucleotides or various
mixtures and combinations thereof. Preferably the oligo-
nucleotide comprises about 2-50 nucleotides.

[0050] By “polymer” is meant a molecule containing one
or more types of subunits which may occur one, two or
multiple times within the molecule, e.g. a ribonucleic acid,
a peptide-nucleic acid hybrid.

[0051] By “phosphorus moiety” is meant a group of atoms
comprising one or more phosphorus atoms. Preferably, the
total number of all atoms in this group is less than 40 (not
including hydrogen).

[0052] By “protecting group” is meant a group of atoms
which purpose is to temporarily mask the functionality of
the site to which it is attached on a molecule. Prior to the use
of the molecule in a subsequent analysis or application, the
protecting group may or may not be removed.

[0053] By “functional group” is meant a site on a molecule
that has, as known to those skilled in the art, the potential to
participate in reactions. Functional groups include, for
example, hydroxyls, amines, thiols, halogens, and phos-
phoramidites.

[0054] By “nucleotide” is meant, as recognized in the art,
natural bases (standard), and modified bases well known in
the art. Such bases are generally located at the 1' position of
a sugar moiety. A nucleotide generally comprises a base,
sugar and a phosphate group. The nucleotides can be
unmodified or modified at the sugar, phosphate and/or base
moiety (also referred to interchangeably as nucleotide ana-
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logs, modified nucleotides, non-natural nucleotides, non-
standard nucleotides and the like).

[0055] The symbol “” as used in structural drawings
represents that the line that is immediately perpendicular to
this symbol is a bond to another atom or atom within a larger
molecule.

[0056] By “phosphoramidite” is meant the functional moi-
ety as first disclosed by Caruthers and Beaucage (U.S. Pat.
No. 4,415,732, incorporated herein by reference).

[0057] By “enzymatic nucleic acid molecule” is meant a
molecule, comprising at least one nucleic acid, capable of
catalyzing (altering the velocity and/or rate of) one or more
reactions, for example, the cleavage of separate nucleic acid
molecules in a nucleotide specific manner. The term enzy-
matic nucleic acid molecule can be used interchangeably, for
example, with phrases such as ribozymes, catalytic RNA,
enzymatic RNA, catalytic DNA, catalytic oligonucleotides,
nucleozyme, DNAzyme, RNA enzyme, endoribonuclease,
endonuclease, minizyme, leadzyme, oligozyme, or DNA
enzyme.

[0058] By “modified nucleoside” or “modified nucleotide”
is meant any nucleoside or nucleotide subunit that contains
a modification in the chemical structure of the unmodified
base, sugar and/or phosphate.

[0059] The general process for utilizing this invention is as
follows. Nucleosides are suitably protected and functional-
ized for use in solid-phase or solution-phase synthesis of
RNA oligonucleotides. The 2'-hydroxyl group in a ribo-
nucleotide is modified using a tris orthoester reagent of this
invention. (The 2'-hydroxyl is modified to yield a 2'-O-
orthoester nucleoside of this invention by reacting the ribo-
nucleoside with the tris orthoester reagent in the presence of
an acidic catalyst, e.g., pyridinium p-toluene sulfonate. This
reaction is known to those skilled in the art.) The product is
then subjected to further protecting group reactions (e.g.,
5'-O-silylation) and functionalizations (e.g., 3'-O-phosphi-
tylation) to produce a desired reagent (e.g., nucleoside
phosphoramidite) for incorporation within an oligonucle-
otide or polymer by reactions known to those skilled in the
art.

[0060] A preferred embodiment of this invention is an
orthoester comprising ethylene glycol ligands that are pro-
tected with acyl or ester protecting groups. More specifi-
cally, the preferred acyl group is acetyl. The nucleoside
reagents may then be used by those skilled in the art to
synthesize RNA oligonucleotides on commercially available
synthesizer instruments, e.g. Gene Assembler Plus (Phar-
macia), 380B (Applied Biosystems). Following synthesis
(either solution-phase or solid-phase) of an oligonucleotide
or polymer using a compound of this invention, the product
is subjected to one or more reactions using non-acidic
reagents. One of these reactions may be strong basic con-
ditions, for example, 40% methylamine in water for 10
minutes at 55° C., which will remove the acyl protecting
groups from the ethylene glycol ligands but leave the
orthoester moiety attached. The resultant orthoester may be
left attached when the polymer or oligonucleotide is used in
subsequent applications, or it may be removed in a final
mildly-acidic reaction, for example, 10 minutes at 55° C. in
50 mM acetic acid, pH 3.0, followed by addition of equal
volume of 150 mM TRIS buffer for 10 minutes at 55° C.

[0061] The following examples serve to explain and illus-
trate the present invention. The examples are not to be
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construed as limiting of the invention in anyway. Various
modifications are possible within the scope of the invention.

EXAMPLE 1

Synthesis of Orthoester Reagent and 5'-silyl-2'-
ACE-3"-O-(N,N-diisopropylamine)methoxyphos-
phineuridine
[0062] The reagents in this example can be obtained from
a variety of commercial sources, ¢.g., Aldrich Chemical
(Milwaukee, Wis.), TCI America (Portland, Oreg.) and

Monomer Sciences (New Market, Ala.).

[0063] Synthesis of tris(2-acetyl-ethoxy) orthoformate,
ACE orthoester reagent: Acetic acid ethyl ester (85%) (5
equivalents, 323 g) was treated with pyridinium p-toluene
sulfonate (0.2 equivalents, 30.8 g) and trimethyl orthofor-
mate (1 equivalent, 67.8 ml). The reaction was heated to
distill off the methanol product. The reaction was cooled and
then neutralized with base. The product was purified by
column chromatography and high vacuum distillation. Final
yield of product was 20%.

[0064] Synthesis of 2'-O-bis(2-acetyl-ethoxy)methyl uri-
dine (representative of general 2'-protection reaction): 5'-O-
3'-O-tetraisopropyldisiloxyl ~uridine (TIPS-uridine) (1
equivalent, 4.86 g) was reacted neat with tris(2-acetyl-
ethoxy) orthoformate (2.8 equivalents, 9 g) and pyridinium
p-toluene sulfonate (0.2 equivalents, 0.5 g) at 55° C. for 3
hours under high vacuum (<15 microns of Hg). The reaction
was cooled to room temperature and neutralized with base.
The crude reaction was passed over silica gel to do a crude
purification to remove the neutralized catalyst. The enriched
mixture was treated with a premixed solution of N,N,N',N'-
tetramethylethylendiamine (TEMED) (9.05 ml) and 48%
hydrofluoric acid (1.08 ml) in acetonitrile (100 ml) for 6
hours. The product, 2'-O-bis(2-acetylethoxy)methyl uridine,
was purified by column chromatography. The yield for the
combined two reactions was 65%. Adenosine (N-benzoyl),
cytidine (N-acetyl) and guanosine (N-isobutyrl) 2'-ACE
nucleosides were similarly synthesized and similarly carried
through the next two reactions to produce final nucleoside
phosphoramidites for use in RNA synthesis.

[0065] Synthesis of 5'-O-silyl-2-O-ACE-uridine: To 2'-O-
ACE-uridine (1 equivalent, 4.9 g) and imidazole (4 equiva-
lents, 2.8 g) in tetrahydrofuran was added bis(trimethylsi-
loxy)-cyclooctoxysilylchloride (OCT-C1) (1.5 equivalents,
5.86 g in 20 ml tetrahydrofuran) over 30 minutes with
stirring. OCT-C1 can be synthesized by those skilled in the
art from bis(trimethylsiloxy)-dichlorosilane and cyclooc-
tanol. The 5'-silyl-2'-ACE uridine product was purified by
silica gel chromatography and isolated in 75-85% yield.
[0066] Synthesis of 5'-O-silyl-2'-ACE-uridine-3'-O-(N,N-
diisopropylmethoxy)-phosphoramidite: To a solution of
5'-0-silyl-2'-O-ACE-uridine (1 equivalents, 6 g) in 20 ml of
dichloromethane was added first bis(N,N-diisopropy-
lamine)methoxyphosphine (1.3 equivalents, 2.7 g) followed
by tetrazole (0.8 equivalents, 0.45 g) with stirring. After 2
hours the reaction was quenched and the product isolated in
80-90% yield via silica gel chromatography.

EXAMPLE 2

Synthesis of Oligonucleotide 36 Bases in Length
(SEQ ID NO: 1)
[0067] Oligonucleotide synthesis conditions were adapted
from Scaringe and Caruthers, supra. Syntheses were per-
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formed on derivatized polymer supports using either a Gene
Assembler Plus synthesizer (Pharmacia) or a 380B synthe-
sizer (ABI). The protocols can be adapted by those skilled in
the art to any commercially available synthesizer. The
following changes were made to the protocols of Scaringe
and Caruthers. The silyl deprotection reagent was replaced
by 1.0 M aqueous HF, 1.6 M triethylamine (TEA) in
dimethylformamide (DMF). The reaction time was 30-35
seconds. Oxidation was effected during every cycle using 3
M t-butylhydroperoxide (tBuOOH) in toluene. The wash
solvents, DMF and acetonitrile (MeCN), were used between
the reactions. The synthesis cycle is as follows:

Reaction Reagent Time (Seconds)
5'-silyl 1.0 M HF and 30-35
deprotection 1.6 M TEA in DMF
Wash DMF 10
Wash MeCN 40
Couple 1.5 equivalents amidite/100 90
equivalents S-ethyltetrazole
Wash MeCN 30
Oxidize tBuOOH 40
Wash MeCN 30
Capping 10% acetic anhydride and 30
10% N-methylimidazole
Wash MeCN 30
Wash DMF 5

[0068] Following synthesis on the synthesizer, the poly-
mer support is treated for 30 minutes using a 1 M solution
of disodium-2-cobamoyl-2-cyanoethylene-1,1-dithiolate tri-
hydrate (S,Na,) in DMF. For a 0.2 micromole synthesis of
SEQ ID NO: 1, 1 ml of this reagent was used to cleave the
methyl protecting groups from the phosphates. The S,Na,
reagent was washed out with water and acetone. The dried
support was treated with 1 ml of 40% N-methylamine in
water for 10 minutes at 55° C. to cleave all base-labile
protecting groups and release the 2'-protected RNA oligo-
nucleotide (SEQ ID NO: 1) into solution. The crude reaction
mixture was analyzed by anion exchange high pressure
liquid chromatography (HPLC) and the result illustrated in
FIG. 1. From these results it can be seen that the 2'-protected
oligonucleotide can be clearly analyzed by HPL.C. The crude
reaction in methylamine and water was dried down in vacuo.
The pellet was resuspended in 1.6 ml of 50 mM acetic acid,
pH 3.0, and incubated for 10 minutes at 55° C. To this was
added 1.6 ml of 150 mM TRIS, pH 8.7, (Final pH of solution
7.7-8.0) for 10 minutes at 55° C. An aliquot of this solution
was then analyzed by identical HPLC conditions and the
result illustrated in FIG. 2.

[0069] The same SEQ ID NO: 1 was synthesized and
provided from a commercial source which synthesized the
oligonucleotide using commercially available 5'-DMT-2'-
TBDMS chemistry. The crude product was analyzed under
identical HPLC conditions and the result illustrated in FIG.
3. Direct analytical comparison of the crude SEQ ID NO: 1
produced using this invention (FIG. 2) and the current
state-of-the-art 5-DMT-2'-TBDMS chemistry (FIG. 3)
demonstrates the improved quality now possible with this
invention.
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EXAMPLE 3

Synthesis and HPLC Analysis of SEQ ID NO: 2

[0070] SEQ ID NO: 2 was synthesized using the method-
ology in Example 2. The 2'-orthoester crude RNA was
analyzed by HPLC (FIG. 4). The HPLC result illustrates a
clear major product in 85% yield. The 2'-orthoester crude
RNA was treated as in example II to remove the 2'-orthoester
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[0073] The “comprise,”“comprising,”“include,

including,” and “includes” when used in this specification

words

and in the following claims are intended to specify the
presence of stated features, integers, components, or steps,
but they do not preclude the presence or addition of one or
more other features, integers, components, steps, or groups
thereof.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2

<210> SEQ ID NO 1

<211> LENGTH: 36

<212> TYPE: RNA

<213> ORGANISM: Artificial
<220> FEATURE:

<223> OTHER INFORMATION: Synthesized to validate synthetic methodology

<400> SEQUENCE: 1

ucuccaucug augaggccga aaggccgaaa aucccc

<210> SEQ ID NO 2

<211> LENGTH: 14

<212> TYPE: RNA

<213> ORGANISM: Artificial
<220> FEATURE:

36

<223> OTHER INFORMATION: Synthesized to validate synthetic methodology

<400> SEQUENCE: 2

gggaacgucu aggg

14

modification. The product was then analyzed under identical
HPLC conditions (FIG. 5) but no major product was
observed. The product was also analyzed under highly
denaturing conditions using polyacrylamide gel electro-
phoresis (PAGE) with 7 M urea at 60° C. In this analysis a
major distinct product band was observed as would be
expected for a 14-nucleotide RNA oligonucleotide (results
not shown).

[0071] All other commercially available means of synthe-
sizing RNA produce RNA that can only be easily analyzed
when fully deprotected. When the final RNA product can not
be easily analyzed, then these results illustrate the need for
this invention to provide a dependable and conclusive means
to analyze RNA oligonucleotides. As this example demon-
strates it is of significant utility to use this invention to be
able to handle and analyze RNA while still 2'-modified.

[0072] The foregoing description is considered as illustra-
tive only of the principles of the invention. Further, since
numerous modifications and changes will be readily appar-
ent to those skilled in the art, it is not desired to limit the
invention to the exact construction and process shown as
described above. Accordingly, all suitable modifications and
equivalents may be resorted to falling within the scope of the
invention as defined by the claims that follow.

What is claimed is:

1. A compound of the formula:
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wherein R; and R, are the same or different and are pro-
tecting groups or phosphorus moieties, B is selected from a
purine, pyrimidine or modification thereof and X,, X,, and
X, are each independently an atom or a ligand.



