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Description

FIELD OF THE INVENTION

[0001] The present invention is directed to methods for
synthesizing sulfurized oligonucleotides and analogs
thereof. The methods employ a phenylacetyl disulfide
reagent in a simplified solvent system and produce oli-
gonucleotides having phosphorothioate groups with
great efficiency and improved yields.

BACKGROUND OF THE INVENTION

[0002] Modified oligonucleotides are of great value in
molecular biological research and in applications such
as anti-viral therapy. Modified oligonucleotides which can
block RNA translation, and are nuclease resistant, are
useful as antisense reagents. Sulfurized oligonucle-
otides, which contain phosphorothioate (P-S) linkages,
are of interest in these areas. Phosphorothioate-contain-
ing oligonucleotides are also useful in determining the
stereochemical pathways of certain enzymes which rec-
ognize nucleic acids.
[0003] Standard techniques for sulfurization of phos-
phorous-containing compounds have been applied to the
synthesis of sulfurized oligonucleotides. Examples of sul-
furization reagents which have been used to synthesize
oligonucleotides containing phosphorothioate bonds in-
clude elemental sulfur, dibenzoyl tetrasulfide, 3-H-1,2-
benzidithiol-3-one 1,1-dioxide (also known as Beaucage
reagent), tetraethylthiuram disulfide (TETD), and
bis(O,O-diisopropoxy phosphinothioyl) disulfide (known
as Stec reagent). Most of the known sulfurization rea-
gents, however, have one or more significant disadvan-
tages.
[0004] Elemental sulfur presents problems and is not
suitable for automation because of its insolubility in most
organic solvents. Furthermore, carbon disulfide, a pre-
ferred source of sulfur, has undesirable volatility and an
undesirably low flash point. Unwanted side products are
often observed with the use of dibenzoyl tetrasulfide.
Beaucage reagent, while a relatively efficient sulfuriza-
tion reagent, is difficult to synthesize and not particularly
stable. Furthermore, use of Beaucage reagent forms a
secondary reaction product which is a potent oxidizing
agent. (R.P. Iyer et al., J. Am. Chem. Soc. 112, pp.
1253-1254 (1990); R. P. lyer et al., J. Org. Chem.
55,4693-4699 (1990)). This can further lead to unwanted
side products which can be difficult to separate from the
desired reaction product. Tetraethylthiuram disulfide,
while relatively inexpensive and stable, has a sulfuriza-
tion reaction rate which can be undesirable slow.
[0005] A method for producing a phosphorothioate es-
ter by reaction of a phosphite ester with an acyl disulfide
is disclosed in Dutch patent application No. 8902521.
The disclosed method is applied to a purified phosphot-
riester dimer utilizing solution phase chemistry. The
method is time and labor intensive in that it was only

shown to work in a complex scheme which involved car-
rying out the first stage of synthesis (formation of a phos-
phite) in acetonitrile, removing the acetonitrile, purifying
the intermediate phosphotriester, and proceeding with
the sulfurization in a solvent mixture of dichloroethane
(DCE) and 2,4,6-collidine. Furthermore, the method was
demonstrated only with a dinucleotide. There was no
suggestion that the Dutch method could be employed
with larger nucleic acid structures, that the same could
employ a common solvent throughout all steps of syn-
thesis, that improved yields could be obtained, or that
the method could be adapted for conventional automated
synthesis without extensive modification of the scheme
of automation. Although acetonitrile is mentioned as one
of several possible solvents, utility of the method for car-
rying out all steps of the synthesis in acetonitrile as a
common solvent was not demonstrated. While other pub-
lications (Kamer et al., Tetrahedron Letters 30(48), pp.
6757-6760 (1989); Roelcn et al., Rech. Trav. Chim. Pays-
Bas 110, pp. 325-331 (1991)) show sulfurization of oli-
gomers having up to 6 nucleotides, the foregoing short-
comings are not overcome by the methods disclosed in
these references.
[0006] Thus, there remains a need for improved meth-
ods and reagents for preparing sulfur-containing phos-
phorous groups, such as phosphorothioate linkages, in
oligonucleotides and other organic compounds. The
present invention is directed to these, as well as other,
important ends.

SUMMARY OF THE INVENTION

[0007] The present invention provides methods for
synthesis of phosphorothioate oligonucleotides with im-
proved yields as compared to those obtained with prior
methods. Moreover, the present methods are useful for
the synthesis of not only phosphorothioate oligonucle-
otides having relatively large numbers of nucleotide
and/or nucleoside units therein, e.g. from about 6 to about
50, and even more, and particularly from about 8 to about
30 nucleotide and/or nucleoside units. The methods of
the present invention employ a greatly . simplified solvent
system, one which is compatible with automated synthet-
ic reaction schemes and commercial synthesizers. The
resulting improvement in synthetic opportunities permits
wide application of the present methods throughout nu-
cleic acid chemistry.
[0008] One aspect of the present invention discloses
a method for the preparation of phosphorothioate oligo-
nucleotides said method comprising:

phosphitylating the 5’-hydroxyl of a nucleic acid moi-
ety in acetonitrile to form a phosphite intermediate,
said nucleic acid moiety being bound to a solid sup-
port; and
oxidizing said phosphite intermediate with an ary-
lacetyl disulfide in a solvent mixture of acetonitrile:
lutidine, or acetonitrile: picotine in a volume ratio of
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1.5:1 to 1:1.5, for a time sufficient to effect conversion
of said phosphite intermediate to said phospho-
rothioate. Phosphorothioate oligonucleotides having
a predetermined length and sequence can be pre-
pared by repeating the phosphitylating and oxidizing
steps.

[0009] In further aspects of the present invention,
methods for the synthesis of phosphorothioate oligonu-
cleotide analogs are disclosed, comprising the substitu-
tion of modified nucleotides, nucleosides, oligonucle-
otides and oligonucleosides for nucleotides, nucleo-
sides, oligonucleotides or oligonucleosides. Modifica-
tions to nucleotides, nucleosides, oligonucleotides and
oligonucleosides are well known in the art. As used herein
the term "phosphorothioate oligonucleotide" is meant to
include analogs as defined above.
[0010] The term "phosphite moiety" as used herein is
meant to include phosphite moieties within nucleosides,
nucleotides, oligonucleosides and oligonucleotides. In a
preferred embodiment, phosphite moieties are in an ac-
tivated state such as a dimethoxytritylphosphoramidite.
The terms "nucleotide, nucleoside, oligonucleotide or an
oligonucleoside" as used herein are intended to include
both naturally occurring species and non-naturally occur-
ring or modified species as is known to those skilled in
the art. Common modifications include sugar modifica-
tions such as 2’ modifications and base modifications or
the use of substitute bases. When an oligonucleotide or
modified oligonucleotide is used as the phosphite moiety,
modified linkages as is commonly known in the art may
also be present.
[0011] The present methods have demonstrated lower
levels of impurities and higher yields compared to when
DCE is used as a solvent for the oxidation step. The
present methods have also shown, unexpectedly, that
yields of about 99% can be obtained in acetonitrile/pico-
line. Acetonitrile/picoline is entirely compatible with au-
tomated synthesis without extensive modification to the
synthetic routine, so that the present methods can be
advantageously used in an automated synthesizer. For
example, extensive washes are not required because a
single solvent or mixture having a common solvent is
used in all automated synthetic steps. Thus, solvent re-
moval and wash steps can be eliminated. It has also been
surprisingly discovered that high yields can be achieved
when synthesizing phosphorothioate oligonucleotides or
oligonucleotide analogs having from about 8 nucleotides
and up to about 30 nucleotides.
[0012] Suitable solvent systems for use in the oxidation
ofthe phosphite intermediate of the present invention in-
clude mixtures of acetonitrile and picoline, or acetonitrile
and lutidine, in a volume ratio of from about 1:1.5 to about
1.5:1, preferably about 1:1.
[0013] Sulfurization (oxidation utilizing a sulfurizing re-
agent), according to the methods of the present inven-
tion, is carried out by contacting an oligonucleotide or
analog with an acetyl disulfide for a time sufficient to effect

formation of a phosphorothioate functional group. Pre-
ferred reagents include phenylacetyl disulfide, arylacetyl
disulfide, and aryl substituted phenylacetyl disulfides.
[0014] Contacting the phosphite moiety with acetyl di-
sulfide can be done using procedures and equipment
known to those skilled in the art. For example, a glass
reactor such as a flask can be suitably employed. Pref-
erably, solid phase synthesis procedures are employed,
and a solid support such as controlled pore glass. Even
more preferably, the methods of the present invention
can be carried out using automatic DNA synthesizers.
Suitable solid phase techniques, including automated
synthesis techniques, are described in F. Eckstein (ed.),
Oligonucleotides and Analogues, a Practical Approach,
Oxford University Press, New York (1991).
[0015] The methods of the present invention can be
suitably carried out at room temperature. "Room temper-
ature" includes ambient temperatures from about 20°C
to about 30 °C. Reaction times are on the order of min-
utes, such as, for example, 2, 3, 4, or 5 minutes, or even
as short as about 100 seconds.
[0016] Generally, methods of the present invention in-
clude phosphitylating the 5’-hydroxyl group of a nucleic
acid moiety to form a phosphite intermediate and oxidiz-
ing the phosphite intermediate with an acetyl disulfide for
a time sufficient to effect conversion of the phosphite in-
termediate to a phosphorothioate. The phosphite inter-
mediate can be, for example, a phosphite linked dinucle-
otide, or an oligonucleotide or oligonucleoside having at
least one phosphite linkage therein. The phosphitylation
and oxidation steps of the method are both performed in
a system that includes acetonitrile. Repetition of the
phosphitylation and oxidation steps will give the phos-
phorothioate oligonucleotide having a predetermined
length. Reaction progress can be monitored by well-
known techniques such as proton or 31P NMR. The re-
action product can be treated with a base such as, for
example, ammonium hydroxide solution at a concentra-
tion of about 30 percent. The desired product can be
readily isolated by, for example, standard filtration tech-
niques.
[0017] The following examples are merely illustrative
of the present invention and should not be considered
limiting of the scope of the invention in any way. These
examples and equivalents thereof will become more ap-
parent to those skilled in the art in light of the present
disclosure and the accompanying claims.

Example 1

Synthesis of 5’-TTTTTTT’-3’ phosphorothioate hep-
tamer:

[0018] 50 milligram (2 mmole) of 5’-O-dimethoxytrit-
ylthymidine bound to CPG (controlled pore glass)
through an ester linkage is taken up in a glass reactor,
and a dichloromethane solution of 2% dichloroacetic acid
(volume/volume) is added to deprotect the 5’ hydroxyl
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group. The product is washed with acetonitrile. Then, a
0.2 M solution of 5’-O-(4,4’-dimethoxytrityl)thymidine-3’-
O-(2-cyanoethyl N,N-diisopropylphosphoramidite) in ac-
etonitrile and a 0.4 M solution of 1H-tetrazole in ace-
tonitrile is added, and allowed to react at room temper-
ature for 5 minutes. The product is washed with ace-
tonitrile, and then a 0.2 M solution of phenylacetyl di-
sulfide in acetonitrile:3-picoline (1:1 v/v) is added and
allowed to react at room temperature for 3 minutes. This
sulfurization step is repeated one more time for 3 min-
utes. The support is washed with acetonitrile, and then
a solution of acetic anhydride/lutidine/THF (1:1:8), and
N-methyl imidazole/THF is added to cap any unreacted
5’-hydroxyl group. The product is washed with ace-
tonitrile.
[0019] This complete cycle is repeated five more times
to produce the completely protected thymidine heptamer.
The carrier containing the compound is treated with 30%
aqueous ammonium hydroxide solution for 90 minutes
at room temperature. The aqueous solution is filtered,
and concentrated under reduced pressure to give a phos-
phorothioate heptamer, TTTTTTT.

Example 2

Synthesis of 5’-d(GACT)-3’phosphorothioate tetram-
er:

[0020] 50 milligram (2 3 10-6 mole (2 mmole)) of 5’-O-
dimethoxytritylthymidine bound to CPG (controlled pore
glass) through an ester linkage is taken up in a glass
reactor, and a dichloromethane solution of 2% dichloro-
acetic acid (volume/volume) is added to deprotect the 5’-
hydroxyl group. The product is washed with acetonitrile.
Then, a 0.2 M solution of 5’-O-(4,4’-dimethoxytrityl)thy-
midine-3’-O-(2-cyanoethyl N,N-diisopropylphosphora-
midite) in acetonitrile and a 0.4 M solution of 1H-tetrazole
in acetonitrile is added, and allowed to react at room tem-
perature for 5 minutes. The product is washed with ace-
tonitrile, and then a 0.2 M solution ofphenylacetyl di-
sulfide in acetonitrile:3-picoline (1:1 v/v) is added and
allowed to react at room temperature for 3 minutes. This
sulfurization step is repeated one more time for 3 min-
utes. The support is washed with acetonitrile and then a
solution of acetic anhydride/lutidine/THF (1:1: 8), and N-
methyl imidazole/THF is added to cap the unreacted 5’-
hydroxyl group. The product is washed with acetonitrile.
[0021] A solution of 2% dichloroacetic acid (vol-
ume/volume) is added to deprotect the 5’-hydroxyl group-
The product is washed with acetonitrile. Then, a 0.2 M
solution of N4-benzoyl-5’-O-(4,4’ dimethoxytrityl)-2’-de-
oxycytidine-3’-O-(2-cyanoethyl N,N’diisopropyl phos-
phoramidite) in acetonitrile and a 0.4 M solution of 1H-
tetrazole in acetonitrile is added, and allowed to react at
room temperature for 5 minutes. The product is washed
with acetonitrile, and then a 0.2 M solution of phenylacetyl
disulfide in acetonitrile:3 picoline (1:1 v/v) is added and
allowed to react at room temperature for 3 minutes. This

sulfurization step is repeated one more time for 3 min-
utes. The support is washed with acetonitrile and then a
solution of acetic anhydride/lutidine/THF (1:1:8), and N-
methyl imidazole/THF is added to cap any unreacted 5’-
hydroxyl group. The product is washed with acetonitrile.
[0022] A solution of 2% dichloroacetic acid (vol-
ume/volume) is added to deprotect the 5’-hydroxyl group.
The product is washed with acetonitrile. Then, a 0.2 M
solution of N6-benzoyl-5’-O-(4,4’ dimethoxytrityl)-2’-de-
oxyadenosine-3’-O-(2-cyanoethyl-N,N’ diisopropylphos-
phoramidite) in anhydrous acetonitrile and a 0.4 M solu-
tion of IH-tetrazole in acetonitrile is added, and allowed
to react at room temperature for 5 minutes. The product
is washed with acetonitrile, and then a 0.2 M solution of
phenylacetyl disulfide in acetonitrile:3-picoline (1:1 v/v)
is added and allowed to react at room temperature for 3
minutes. This sulfurization step is repeated one more
time for 3 minutes- The support is washed with ace-
tonitrile and then a solution of acetic anhydride/luti-
dine/THF (1: 1:8), and N-methyl imidazole/THF is added
to cap the unreacted 5’-hydroxyl group. The product is
washed with acetonitrile.
[0023] A solution of 2% dichloroacetic acid (vol-
ume/volume) is added to deprotect the 5’-hydroxyl group.
The product is washed with acetonitrile. Then, a 0.2 M
solution of N2-isobutyryl-5’-O-4,4’ dimethoxytrityl-deox-
yguanosine-3’-O-(2-cyanoethyl N,N’ diisopropyl phos-
phoramidite) in acetonitrile and a 0.4 M solution of 1H-
tetrazole in acetonitrile is added, and allowed to react at
room temperature for 5 minutes. The product is washed
with acetonitrile, and then a 0.2 M solution of phenylacetyl
disulfide in acetonitrile: 3 picoline (1: 1 v/v) is added and
allowed to react at room temperature for 3 minutes. This
sulfurization step is repeated one more time for 3 min-
utes. The support is washed with acetonitrile and then a
solution of acetic anhydride/lutidine/THF (1:1:8), and N-
methyl imidazole/THF is added to cap any unreacted 5’-
hydroxyl group. The product is washed with acetonitrile.
[0024] The carrier containing the compound is treated
with 30% aqueous ammonium hydroxide solution for 90
minutes at room temperature and then incubated at 55°
C for 24 hour. The aqueous solution is filtered, concen-
trated under reduced pressure to give a phosphorothio-
ate tetramer of 5’-dG-dA-dC-T-3’.

Example 3

Synthesis of fully-modified 5’-d(TCC-CGC-CTG-
TGA-CAT-GCA-TT)-3’ phosphorothioate 20-mer

[0025] The synthesis ofthe above sequence was per-
formed on a Pharmacia OligoPilot II Synthesizer on a
620 mmole scale using the cyanoethyl phosphoramidites
and Pharmacia’s primar support. Sulfurization was per-
formed using a 0.2 M solution ofphenylacetyl disulfide in
acetonitrile:3-picoline (1:1 v/v) for 2 minutes. At the end
of synthesis, the support was washed with acetonitrile,
cleaved, deprotected and purified as has been previously

5 6 
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illustrated above.

Example 4

Synthesis of fully-modified 5’d(GCC-CAA-GCT-
GGC-ATC-CGT-CA)-3’phosphorothioate 20-mer

[0026] The synthesis of the above sequence was per-
formed on a Pharmacia OligoPilot II Synthesizer on a
620 mmole scale using the cyanoethyl phosphoramidites
and Pharmacia’s primar support. Sulfurization was per-
formed using a 0.2 M solution of phenylacetyl disulfide
in acetonitrile:3-picoline (1:1 v/v) for 2 minutes- At the
end of synthesis, the support was washed with ace-
tonitrile, cleaved, deprotected and purified as has been
previously illustrated above.

Example 5

Synthesis of fully-modified 5’-d(GCG-TTT-GCT-CTT-
CTT-CTT-GCG)-3’ phosphorothioate 21-mer

[0027] The synthesis of the above sequence was per-
formed on a Pharmacia OligoPilot II Synthesizer on a
620 mmole scale using the cyanoethyl phosphoramidites
and Pharmacia’s primar support. Sulfurization was per-
formed using a 0.2 M solution of phenylacetyl disulfide
in acetonitrile:3-picoline (1:1 v/v) for 2 minutes. At the
end of synthesis, the support was washed with ace-
tonitrile, cleaved, deprotected and purified as has been
previously illustrated above.

Example 6

Synthesis of fully-modified 5’d(GTT-CTC-GCT-GGT-
GAG-TTT-CA)-3’ phosphorothioate 20-mer

[0028] The synthesis of the above sequence was per-
formed on a Pharmacia OligoPilot II Synthesizer on a
620 mmole scale using the cyanoethyl phosphoramidites
and Pharmacia’s primar support. Sulfurization was per-
formed using a 0.2 M solution of phenylacetyl disulfide
in acetonitrile:3-picoline (1:1 v/v) for 2 minutes. At the
end of synthesis, the support was washed with ace-
tonitrile, cleaved, deprotected and purified as has been
previously illustrated above.

Example 7

Synthesis of fully-modified 5’d(TCC-CGC-CTG-
TGA)-2’-methoxyethyl-(CAU-GCA-UU)-3’ phospho-
rothioate 20-mer

[0029] The synthesis of the above sequence was per-
formed on a Milligen 8800 Synthesizer on a 282 mmole
scale using the cyanoethyl phosphoramidites and Phar-
macia’s primar support. Sulfurization was performed us-
ing a 0.4 M solution of phenylacetyl disulfide in ace-

tonitrile:3-picoline (1:1 v/v) for 6 minutes. At the end of
synthesis, the support was washed with acetonitrile,
cleaved, deprotected and purified as has been previously
illustrated above.

Example 8

Synthesis of fully-modified 5’d(TCC-CGC-GTG-
TGA)2’methoxyethyl-(CAU-GCA-UU)-3’ phospho-
rothioate 20-mer

[0030] The synthesis of the above sequence was per-
formed on a Pharmacia OligoPilot II Synthesizer on a
250 mmole scale using the cyanoethyl phosphoramidites
and Pharmacia’s primar support. Sulfurization was per-
formed using a 0.4 M solution of phenyl acetyl disulfide
in acetonitrile:3-picoline (1:1 v/v) for 10 minutes. At the
end of synthesis, the support was washed with ace-
tonitrile, cleaved, deprotected and purified as has been
previously illustrated above.

Example 9

Synthesis of fully-modified 5’-[2’-methoxye-
thyl(GCGUUUG)-d[CTCTTCT]-[2’-methoxye-
thyl-(UCUUGC)-dG-3’ phosphorothioate 21-mer

[0031] The synthesis of the above sequence was per-
formed on a Pharmacia OligoPilot II Synthesizer on a
250 mmole scale using the cyanoethyl phosphoramidites
and Pharmacia’s primar support. Sulfurization was per-
formed using a 0.4 M solution of phenylacetyl disulfide
in acetonitrile:3-picoline (1-1 v/v) for 6 minutes. At the
end of synthesis, the support was washed with ace-
tonitrile, cleaved, deprotected and purified as has been
previously illustrated above.

Example 10

Synthesis of fully-modified 5’-d(GCC-CAA-GCT-
GGC)-2’-methoxyethyl-(AUC-CGU-CA)-3’ phospho-
rothioate 20-mer

[0032] The synthesis of the above sequence was per-
formed on a Milligen 8800 Synthesizer on a 565 mmole
scale using the cyanoethyl phosphoramidites and Phar-
macia’s primar support. Sulfurization was performed us-
ing a 0.4 M solution of phenylacetyl disulfide in ace-
tonitrile:3-picoline (1:1 v/v) for 6 minutes. At the end of
synthesis, the support was washed with acetonitrile,
cleaved, deprotected and purified as has been previously
illustrated above.
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Example 11

Synthesis offully-modified 5’-d(GCC-CAA-GCT-
GGC)-2’-methoxyethyl-(AUC-CGU-CA)-3’ phospho-
rothioate 20-mer

[0033] The synthesis of the above sequence was per-
formed on a Pharmacia OligoPilot II Synthesizer on a
680 mmole scale using the cyanoethyl phosphoramidites
and Pharmacia’s primar support. Sulfurization was per-
formed using a 0.4 M solution of phenylacetyl disulfide
in acetonitrile:3-picoline (1:1 v/v) for 6 minutes. At the
end of synthesis, the support was washed with ace-
tonitrile, cleaved, deprotected and purified as has been
previously illustrated above.
[0034] Those skilled in the art will appreciate that nu-
merous changes and modifications may be made to the
preferred embodiments of the invention and that such
changes and modifications may be made without depart-
ing from the spirit of the invention. It is therefore intended
that the appended claims cover all such equivalent var-
iations as fall within the true spirit and scope of the in-
vention.
[0035] Various modifications of the invention, in addi-
tion to those described herein, will be apparent to those
skilled in the art from the foregoing description. Such
modifications are intended to fall within the scope of the
appended claims.

Claims

1. A method for the preparation of phosphorothioate
oligonucleotides said method comprising:

phosphitylating the 5’ hydroxyl of a nucleic acid
moiety in acetonitrile to form a phosphite inter-
mediate, said nucleic acid moiety being bound
to a solid support; and
oxidizing said phosphite intermediate with an ar-
ylacetyl disulfide in a solvent mixture of
acetonitrile : lutidine, or acetontrile : picoline in
a volume ratio of 1.5:1 to 1:1.5, for a time suffi-
cient to effect conversion of said phosphite in-
termediate to said phosphorothioate.

2. The method of claim 1, comprising repeating said
phosphitylating and said oxidizing to give said phos-
phorothioate oligonucleotide having a predeter-
mined length.

3. The method of claim 1, wherein said phosphite in-
termediate is a dinucleotide.

4. The method of claim 1, wherein said phosphite in-
termediate is an oligonucleotide.

5. The method of claim 1, wherein said phosphitylating

is performed using a phosphite moiety.

6. The method of claim 5, wherein said phosphite moi-
ety is a phosphoramidite.

7. The method of claim 1, wherein said arylacetyl di-
sulfide is phenylacetyl disulfide.

Patentansprüche

1. Verfahren für die Herstellung von Phosphorothioat-
Oligonukleotiden, das Verfahren umfassend:

Phosphitylierung der 5’ Hydroxylgruppe eines
Nukleinsäureabschnittes in Acetonitril, um ein
Phosphit-Intermediärprodukt zu bilden, wobei
der Nukleinsäureabschnitt an einem festen Trä-
ger gebunden ist; und
Oxidierung des Phosphit-Intermediärproduktes
durch ein Arylacetyl-disulfid in einem Lösungs-
system bestehend aus Acetonitril: Lutidin oder
Acetonitril: Picolin in einem Volumenverhältnis
von 1,5:1 bis 1:1,5, für einen Zeitraum, der aus-
reichend ist, die Umwandlung des Phosphit-In-
termediärproduktes in das Phosphorothioat zu
bewirken.

2. Verfahren nach Anspruch 1, das das Wiederholen
der Phosphitylierung und der Oxidierung umfasst,
um dem Phosphorothioat-Oligonukleotid eine vor-
bestimmte Länge zu geben.

3. Verfahren nach Anspruch 1, wobei das Phosphit-
Intermediärprodukt ein Dinukleotid ist.

4. Verfahren nach Anspruch 1, wobei das Phosphit-
Intermediärprodukt ein Oligonukleotid ist.

5. Verfahren nach Anspruch 1, wobei die Phosphitylie-
rung unter Verwendung eines Phosphit-Restes
durchgeführt wird.

6. Verfahren nach Anspruch 5, wobei der Phosphit-
Rest ein Phosphoramidit ist.

7. Verfahren nach Anspruch 1, wobei das Arylacetyl-
disulfid Phenylacetyl-disulfid ist.

Revendications

1. Procédé pour la préparation d’oligonucléotides à
phosphorothioate, ledit procédé comprenant :

la phosphitation du groupe 5’-hydroxyle d’une
partie acide nucléique dans l’acétonitrile pour
former un intermédiaire phosphite, ladite partie
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acide nucléique étant liée à un support solide ; et
l’oxydation dudit intermédiaire phosphite avec
un disulfure d’arylacétyle dans un mélange de
solvants acétonitrile/lutidine ou acétonitrile/pi-
coline dans un rapport de 1,5/1 à 1/1,5 en volu-
me, pendant une durée suffisante pour effectuer
une conversion dudit intermédiaire phosphite en
dit phosphorothioate.

2. Procédé de la revendication 1, comprenant la répé-
tition de ladite phosphitation et de ladite oxidation
pour donner ledit oligonucléotide à phosphorothioa-
te ayant une longueur prédéterminée.

3. Procédé de la revendication 1, dans lequel ledit in-
termédiaire phosphite est un dinucléotide.

4. Procédé de la revendication 1, dans lequel ledit in-
termédiaire phosphite est un oligonucléotide.

5. Procédé de la revendication 1, dans lequel ladite
phosphitation est effectuée en utilisant une partie
phosphite.

6. Procédé de la revendication 5, dans lequel ladite par-
tie phosphite est un phosphoramidite.

7. Procédé de la revendication 1, dans lequel ledit di-
sulfure d’arylacétyle est le disulfure de phénylacéty-
le.
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