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UNIVERSAL SOLID SUPPORTE FOR SOLID PHRSE CLIGOSYNTIEESIS
AND METHODS FOR THEIR PREPARATION AND USE

TECHRICAL FIELD

This invention pertains generally to the field of z=plid-phase
cligosynthesis, and more particularly to universal solid
supports for golid-phase oligonucleotide synthesis, methods

for their preparation, and methods for their use.
BACKGROUND

The widespread use of modified and unmeodified
oligonuclectides as probes and primers in the field of
wolecular biclogy as well as the potential applications of
antisense and antigene aligeonuclectides as therapsutics make
the continuous development of new and improved synthetic
methods for these molecules increasingly important.

Some procedures in oligonucleotide synthesis require that the
sclid support contain the first nucleoside which is destined
to¢ become the nucleoside at the 3'-—terminus of the synthetic
oligenucleptide. Such progedures regquire an inventory of all
eight regular nucleoside supperts (four for DNA and four for
RNA} to be maintained. Mareover, uvnusual nuclecsides are
often available only as phosphoramidites and not as supports,
and thus sligonuclectides with unuswval nuclecsides at the 37 -
terminus can not be readily prepared. Furthermore, another
drawkack of such methods is the potential for an errer in the
selection of the column containing the 237 -nucleoside.
Although this potential for error may ke fairly low in
regular colum-type synthesizers, it iz especially
significant in the new generation of parallel svnthesizers
where 2Z4, 95, or 192 wells may contain the four supports in a
definaed grid.

In order to alleviate these problems, various “universgl”
solid supports have kbeen developed. Thess universal solid
supports can be used o synthesize any oligonuclectide

regardless of the meture of the 3'-terminal nucleoside,
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DeBear =L 2l., 1987, describe a universal solid support in
which a protected uridine group is linked via a succinyl
group Lo a solid support. The support is prepared by, first,
reacting protected uridine with succinic anhydride in the
presence of 4-dimethylaminopyridine, second, actlvating the
resulting succinate half-esters with p-teoluenesulfonyl
nitrotriazole, and third, reacting the active esters with
pendant amino groups of a solid support. These steps require
more than two days, and include purification by washing with
vyridine, methanol, and chlorcform, followed by vacuum
degiccarion. In no instance was excess reagent removed by

evaporation or solely by evaporaticon.

Webb et al., 1587, deecribe methods of preparing universal
solid supperts which employ solid supperts hearing oxirans,
aziridine, or episulfide groups, linker compounds having
nucleophilic groups, for example, free amino groups, and
activated mucleosides bearing pentachlorophenyl succinates.
Although the universal solid supporks are apparently prepared
without the need for chromatographic separation (col. 4,
lines 41-42}, the synthesis dees regquire many purification
steps {e.g., Filtering, washing, drying] and at Ieaet two
daye time (Exemple 1). Nowhere ig there any mention of using
evapcrative methods for raomoval.

Nelgon et al., 1389, describe an adapter compound which has
two different protected groups, one (-G-DMT) for
oligeonucleotide synthesis and cone (-NHFmoco) for other use,
e.g., label attachmeat. The adapter is first derivatized to
bear an activated succinyl group, and subseguently coupled to
the sclid support. These steps require wany purification
steps (e.g., washing, drying, filtering}. In ne instance was
exregs reagent removed by evaporation or sclely by
evapcration. Succinylation and coupling to ths support
required more than 20 hours, and often mach longer.

Letginger =t al., 19292, describe universal solid supports
swployving, for exampls, oxalyl linker arms (E=e Fig-1C and

2
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Fig-2 therein}. The oxalyl linker arm ia introduced uvsing an
activated oxalyl derivative {cel, 4, lines 63-€4). Oxalyl
chloride is converted to a less reactive triazolide
derivative prior to use (col. 5, lines 30-37}. The
nucleogide loaded oxzlyl support apparently can be prepared
in one to eight hourg {col, 5, lines 43-45), and reguired 2.5
hours in Example 1 (col. &, lines 4¢-5&). The universal
solid support was prepared in a syringe apparatus, with
reactants (either ligquid, or in solution) being injected,
excess reactants subsequently ejected, and the residue rinsed
or washed several times with solvent {(=.g., acetonitrile,
pyridine, methylene chloride, diethyl sther). Many
purification steps {e.g., rinsing, washing) are reguired.
Nowhere ie there any mention of using evaporative methods for
removal.

Arnald, 1994 and Arncld, 19%6, describs universal sclid
supports which xely on selective oxidaticn in crder to
achieve final cleavage of the oligonuclectide. In each case,
the primer moiety {e.g., riboside}, which links the
oligonuclectide to the seolid support, possssses one or wore
oxidizable gubstituents {(col. &, lines 52-62). The synthesis
requires many purification stepe (e.g., washing, filtering,
drying, centrifugation, partirtioning, and column
chromatography) (ses Exawples 1, 3, 5, and 7). In no
instance was axcess reagent removed by evaporation or solely
by evaporation. Forming the linkages betwsen the solid
support, the linker group, and the primer group required more
than 6 hours, and often much longer.

Vu et al., 1%95, describe a number of differept primers which
have two different protected groups, one for oligonuclectide
synthesis and one for cother use, e.g., label attachmepnt. In
each case, the primer is first attached to a linker group
{suocinylation) and subeeguently coupled to the support in
the final step, and these steps recuired many purification
steps (e.g., filtering, washing, drying, and column
chromatography] (see synthesgis for compounds 4, 5, & 6; 12 &
12; 18 & 19; 25 & 2&; and 31 & 32). In no instance was

3
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excess reagent remcoved by evaporation or golely by
svaporation. BSucecinylation and coupling to the suppeort

required more than € hours, and often much lopnger.

Schwartz et al., 1995, describe a vniversal adapter compound
which can convert a nuclecside-bearing scolid support to a
universal solid suppeort. The linker compound, a fully
protected 27 (37)-O-dimethoxytrityl-37{2")-0-benzoyluridine-
5’ -0-({2-cyanoethyl K, N-diisopropylphosphoramidite), is linked
to the nuclecside-bearing solid support weing conventicnal

phosphoramidite methods.

Mclean et al., 1997, describe universal eclid supports in
which a hemocyelic (e.g., cyclohexyl) or heterocyclia

{e.g., furan, pyran) ring bearing a nuclecphilic group

(2.g., hydroxyl or protected hydroxyl) is tethered to a solid
support by a spacer group (e.g., succinyl). The universal
golid supports are synthesized by first =zttaching a. linker
group to the cyclie group, and then attaching the linker-
cyelic group to the solid suppert. The synthesis requires
many purification steps (e.g., filtering, washing, drying,
column chromatography, partitioning) (see Examples 1&2,
13814, 16&17, 19, 20&21, 23&24, and 26}). In no instance was
excess reagent removed by evaporation or zolely by
svaporatlion. Coupling of the linker group to the oyelic
group, and subseguent coupling to the solid support reguired
wore than 26 hours, and often much longer.

Dyttle st al., 1296, describe universal sclid supports in
which a propyl group bearing a protected hydroxy group

{as -0-TMT) for oligosynthesis, and a protected amino group
{ze ally) carbamate) to asseist with the cleavags mechanism,
wherein the propyl group is bound to the solid support via a
zuccinyl group. The zupports are prepared uging 2 universal
linker, 1-0-{4,4'-gimsthorytrityl}-2-0O-sucainoyl-3-N-
allyloxycarbonylpropans. Formation of the succinate
derivative {compound 5 to compound 1} reguired over 12 hours
and several purlfication steps, including column
chromatography. In no instance was excess reagent removed by

4
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evaporation or sclely by evaporation. Subseguent coupling to

a sclid support regquired ancothsr 12 hours.

Scheuver-Larsen et al., 1997, describe a universal solid
support in which a D-ribose group, bearing a protected
hydroxy group {as -0-DMT) for oligonuclectide synthegis and a
protected hydroxyl group {as chlorocacetyl), is linked to a
solid support by a succinyl group. Formation of the
succinate derivative and subseguent coupling the sclid
support {(compound 5 te &, steps £ and g, in Scheme 1}
raquired several purification steps [e.g., washing,
partitioning, and drying) and more than 44 bours. In no
instance was eXcess reagent removed by evaporation or salely

by evaporation.

Reddy et al., 1997, deecribe universal solid supports in
which a ring moisty (-F, preferably a riboside), bearing

vicinal groups (-%x8! and -¥R®), is linked, for example, by an

. egter linkage, a phosphate linkage {e.g., Example 8}, a

phosphoramidate linkage le.g., BExample 11}, or an esker
linkage {e.g., Example 13), to a sclid suppcrt, typically via
a succinyl group. In Example 13, the solid support is
derivatlized with succinic anhydride and subsequantly reacted
with 27, 37 =pzotected uridine. The orocess reguires more than
three days, and many purification steps (e.g., filtering,
waghing, and dryipg). In ne instapce was excess reagent
removed by evaporation or sclely by evaporaticn.

Known methods for the preparation and use of the universal
solid supports, including theose described above, are complex
and time-consuming, aod there i= a great need for universal
golid supports for oligonuclestide synthesis which may be
prepared sasily and guickly, in fewer steps, with fewer and
simpler purification steps, and which facilitate simple and
faat cleavage and deprotection of the synthesized
oligonuclectide.

By employing a2 method in which {(a) the selid support is first
reacted with a linker reagent (to form a pendant linker

5
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group) and then reacted with a cyelic reagent (to form a
pendant cyclis greup), and (k) the linker reagent is selected
both (i) to be wveolatile, or, more preferably, a velatile
liguid, and (ii) te yileld a linkage group which ia readily
cleaved undexr mild conditiens, it iz possible to greatly
simplify the synthesls by removing, or substantially
removing, excess linker reagent by evapeoratien, even solesly
by evaporation. Until now, such methods have not bsen taught

or suggested.

Thus, one aim of the pregent ipvention ig the provision of
wethods for the preparatien of a universal sclid support for
oligonucleotide synthegig, which methods are rapid

{e.g., less than about 3 hr).

Another aim of the prasent invention ig the proviegion of
methods for the preparation of a universal solid support for
oligonucleotide synthesis, which methods employ only one
purificaticn step (e.g., filtration), for example, for the
removal of excess unreacted cyclic reagent, capping reagent
{if applicable}, and by-products therect.

Znother aim of the prasent inventien is the provisicn of
methode for the preparation of a universal solid support for
oligenuaelectide synthesis, which methods give such supports
in high yield and with high loading (e.g., about &0 wnole/g).

Another aim of the present inventien is the provisicn of
methods for the preparation of a umiversal solid supports for
oligonuclectide synthesig, which methods permit the use of a
substantially reduced cleavage time following oligonuclectide
gynthesis (e.g., about 1 hr at 7SECY.

Enother aim of the present imvention is the provision of
methods for the preparation of a universal solid supports for
oligomiclectide symthesis, which methods satisfies ons or
more of the above aims.

JP 2004-503560 A 2004.2.5
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Figure 1 is a chemical scheme illustrating the preparation of
a preferred class of universal solid supporte of the present

invention.

Figure 2 is a chemical scheme illustrating the preparation of
the universal sclid support described in the Example.

Figure 3 is a chemical achems illustrating the first cycle of
a phosphoramidite oligonuclectide eynthesis method, starting
with one preferred universal solid support of the present

invention.

Figure 4 is a chemical scheme illustrating the cleavage step
for an oligonucleoiide grown in a 365" direction using a

preferred universal solid support of the present invention.

Figure & 1s & chemical scheme illustrating the cleavage step
for an oligonucleotide grown in a 543" direction using a

preferred universal solid support of the present inventicn.
BUMMARY OF THE INVENTION

dne aspect of the present invention pertains to methods for
the preparation of a universal sclid support for
cligosynthesis, which support iz ugeful, for example, in
aolid-phage oligonucleotide synthesis.

Thus, in one embodimesnt, the present inventicon pertains to a
method for the preparation of a solid support suitable for
use in sclid-phase oligosynthesis, which wethod comprises the
steps of:

{a) reacting a pendant functional group of a solid
support with a linker reagent, thereky forming a pendant
linker group;

{P) rewoving at least a portion of excess unreacted
linker reagent by evaporation; and,

{¢) reacting said pendant linker group with a cyclic

reagent, thereby forming a pendant cyclic group.

7
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In cne embodiment, the present invention pertains to a method
for the preparation of a solid support suitzble for use in
solid-phase cligonucleotide synthesis, which method comprises
the steps of:

{a} reacting a pendant functional group of a solid
support. with a lanker reagent, thereby forming a pendant
linker group;

{b) removing at least a portion of excess unreacted
linker reagent by ovaporaticn:

(o) reacting maid pendant linker group with a cyclic
reagent, thereby forming a pendant cyclic group; and,

(d) removing at least a portion of excess unreacted

cyclic reagent and/or by-products thereof.

In one embodiment, the method further comprises, after said
step of reacting a pendant functionzl group of a solid
support with a linker reagent, a step of:

{1) reacting at least a portion of any remaiming pendant
functienal groupsg of said solid support with a capping

reagent, therveby forming pendant capped functienal groups.

In one embodiment, the method further comprises, after said
step of removing at least a portion of excess unreacted
linker reagent by evaporation, a step of:

(1) reacting at least a portion of any remaining pendant
functional groupe of said solid support with a capping
reagent, thereby forming pendant capped functional groups.

In cne ewmhodiment, the methed further comprises, after said
step of reacting said pendant linker group with a cyclic
reagent, a step of:

(i) reacting at least a porticn of any remaining pendant
linker groups of said solid support with a capping reagsnt,

thereby forming pendant capped linker groups.

In one embodiment, sald step of removing at least a portion
of excess unreacted linker reagent by evaporation is achieved

with the application of reduced pressure and/or increased

E]
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temperature.

In one embodiment, said step of removing at least a portion
of excess unreacted linker reagent by evapcration invelves
removing & substantisal portion of excess unreacted linker

reagent.

In one embodiment, said srep of removing at least a portion
of excess unreacted linker reagent is achleved solely by

evaporation.

In one embodiment, ons or more steps of sald method are
performed waing an evaporation apparatus. In cne embodiment,
said method is performed using a rotavapor apparatus or a
distillation apparatus. In one embodiment, said method is

performed u=ing a rotavapor apparatus.

In one embodiment, said linker reagent has the formula;

o] &)
X—G— R C—X
wherein:

x' and ¥? are independently -Cl, -Br, or -I; and,

r* denctes a covalent bond or a divalent group whigh is
an organic group comprising from 1 to 10 carbon atoms .and
from 0 to S heterxocatoms aelected from N, ©, and =;

and wherein said linker reagent is & wvelatile liquid.

In one embodiment, said linker reagent has the formola:
P9
X—C—R—Cc—x*
wherein X* and %° are independently -Cl, -Br, or -I, and n is

an integer from O to 2,
In one preferred embodiment, said linker reagent is:

1l 1l
Cl—C—C—CI

In one embodiment, said pendant functional group of said

aolid support is ~-J*-H, wherein J' is -NH-, -0-, or -8-. In

9
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one embodiment, said pendant functional group of said solid

support ig -0H.

In one embodiment, said eyclic reagent has the formula:

Wz
Y
wherein;
Q dencteg a cyclic group;
B denotes a base group;
W denotes a reactive conjugating group;
¥ denotes an cligosynthesis group; and,

3, i1f present, denctes an auxiliary group.

In one embodiment, said cyclic reagent has the formula:

i

W—?”Z
Y
wherein:

0 denotes a cyclic group. which has a asingle
non-arcmatic ring, which ring has from 5 to 7 ring atoms,
which ring aktoms are:

{a} &ll cazbon ztoms; ox,

(b)) carkon atoms and one or two hetercatoms selected
from oxygen, nitrogen, and gulfur;

W denctes a reactive conjugating group and is -0H, -NH;,
ot -3H;

B denotes a base moiety, which is a purine or pyrimidine
or & derivative or analog thereof;

¥ dencotes an cligosynthesis group, which is -0H, -NH,, or
-8H, or a protected form thereof; and,

Z, if present, denctes an auxiliary group, which is -OH,
-NH:, or -8B, or a protectad form thereof;

wherein said W, B, ¥, and Z, if present, are each
separately attached to a carbon ring atom of said @, either
directly, wviz a covalent bond, or indirectly, wvia an
intermediate covalent linkage selected from -CHp- and
~CHzCH;z- .

T
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In one preferred embodiment, said cyclic reagent is:

In one embodiment, said step of reacting said pendant linker

group with a ¢ycli¢ reagent is performed in the present of an
5 added base. In cone enmbodiment, =aid added base is

dimethylaminopyridine (DMAF} or N-methylimidazole (NMI).

Ancther aspect of the preseat invention pertains to a solid
support suitable for use in solid-phase oligesynthesis,

18 preferably oligonucleotide synthesis, which suppert has the
following formula:

g .0 .7
(:}ﬂLc—RLc—ﬁ—g—z

wherein Jl, Jg, R“, Q, B, ¥, and Z are as defined heresin.

In one preferred embodiment, the so0lid support has the
15 following formula:

Another aspect of the present invention pertains to a solid

suppert suitable for use in solid-phase oligosynthesis,

preferably oligenuclectide synthesis, prepared by a wmethod as
T
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described herein.

Another aspect of the present invention pertains to a method
of oligogynchesis, preferably oligomicleotide synthesis,
which method employs a method for the preparation of a
unjversal sclid gupport as describeqd herein.

Another aspect of the present invention pertains to a method
of oligosynthesis, preferably oligonucleotide synthesis,
which method employs a universal solid support as deseribed

heresin.

Another aspect of the present invention pertains to an
oligonuelectide which has been prepared using a method of
oligoayntheeid, preferably oligonuclecotide gynthesis, which
methed employs a method for the preparation of a universal

solid suppoxt as described herein.

hnother aspect of the present inveotion pertains to an
ocligonuclectide which has been prepared using a method of
oligosynthesis, preferably oligonucleotide synthesis, which

method employs a universal sclid support as described herein.

It will be apparent to the skilled artisgan that particular
featuraes of individual aspects and embodiments of the
invention will slse pertain to other aspechs and embodiments
of the inventicn.

DETAILED DESCRIPTICN OF THE INVENTION

One aspect af the present invention pertains to methods for
the preparation of a universal solid support for
oligosynthesis, which support is useful, for example, in
solid-phase oligonucleotide synthesis.

The tarm “oligosynthesis,” as used herein, psrtaing to the
synthesis of oligomers or polymers, typically, though not
exclusively, from menomer units, without reference to the

conpesition of the cligomar or polymer. A preferrzed

12
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oligosynthesis i1s oligonuclectide synthesis.

The term "oligonuclectide synthesis,” as used herein,
pertains to the syntheesis of cligonucleotides, and analogs,
wmimics, and derivatives therecf, typically, though noct
exclusively, from monomer units (=.g., nucleoside

phosphoramidites) .

As used herein, the term “sclid-phase cligonucleotide
synthesis” is vsed in the conventional sense Lo describe
synthetic methods in which the growing oligomer

{e.g., cligonucleoctide) is supported or otherwiee attached
{i.e., covalently linked) toc a solid support, in contrast to
the case for well-known “solutieon-phase eligonucleniide

synthesis” methods.
Bolid Support

The term “30lid supporit” is used herein in the conventional
sense, and refera to =0lid supporta conventicnally used in
organic chemical synthesis, and more particularly, solid-

rhase oligaonuclectide synthesis.

The solid support is typically formed from one or more
inscluble or a substantially inscluble materials, which
materials may be incrganic or organic, which materials are
chemically inert (or substantially chemically inert) with
respect bto the reagents and conditions used during
oligomuclestide ayntheesis l(e.q., deprotection, coupling,
oxidation, eleavage, and the like).

In one embodiment, the solid support is formed from an
inerganic macroporous material . Examples of inorganic
materiale include, but are not limited to, silica,
kiegelguhr, porous glase, alumincsilicate, borogilicate,
metal oxides (for example, aluminium oxide, nickel oxide, and

iron oxide), and/or clay.

In one etbodiment, the solid support is Formed frow an

13

JP 2004-503560 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

23

ElY

35

(62)

WO 0146357 PUTITRO1392

organic polymeric material, which polymeric wmaterial is
optionally crossliniked. 3Sxamples of organic polymeric
materiale include, but are not limited to, geliulose,
polysaccharide, crosslinked polysaccharides, polystyrene,
crosslinked polystyrene, polyacryloylmorpholide, polyamide
resin, polyacryloyl pyrollidone, polyethylens glycol,
crosslinked polyethylene glycol, polyebthylens glycol-
polyvstyrene, cross-linked dextran, and/or cross-linked
agarcse.

In one embodiment, the golid support is foxmed from both an
inerganic material and an organiec polymeric materiazl.
Examples of such solid supports include, but are not limited
to, acrylamide-kieselguhr rezins, PEPSYN K resins, and
PCLYHIFE resins.

Commonly-used solid supports, which are suitable for use in
the present invention, include but are not limited to,
vontrolled pore glass beads (CPEd) (for example, from
Cruachen®), silica gel beads {for =sxample, from Merck® or
CPG, Inc.®}, and polystyrene beads (for example, Porasil C@.

Other known sclid supports which have been usged in connectioen
with oligonuclectide synthesis are also suitable for use in
accordance with the present invention {see, for sxample,
Gait, 19284 and Keester et al., 18590},

The sclid suppert may be in any suitable form, including but
not limited te, resins, particles, beads, fibres, filmz, and
the like.

For uge in the present inwvention, the salid support must be
“functionalized,” that is, be in a form, or be derivatized to
ba in a form, in which one or wore pendant functicnal groups
are covalently linked to the solid support. These pendant
functional groups permit attachment, synthesis, extension,
and/or growth of a moleculs te the solid support, as in, for

example, solid phase oligorucleotide synthesis.

Examples of pendant functional groups inelude, bub axe not

14
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limited To, -NHz, -OH, and -SH, also denoted herein as -J'-H,
wherein J° is —tli-, -0-, or -5-, respectively. In these
cases, the solid support and the pendant functional group may
be denoted as shown below. In a8 preferred embodiment, the
pendant functional group is -NHz2.

1

JLH
Ow O (O
Gt o= —NE- gt = -0- J* = -5-

Examples of how solid supports may be functicnalized are
described in G2ift et al., 1984, Zor example, in one
embodirent, aminc pendant functional groups may be linked to

the solid support via siloxy groups, as shown below (ses

page 46 of Gait et al., 1384).
Me
Me—Si—Me
é OEt

L
O*?PO\M/\N/NW

D-8i-0. . _NH,
OEt

Pendant groups may be used to attach molecules via a covalent
linkage using routine metheds. Exampies of such linkages
include, but are not limited to, an amide linkage (-NR-CO-),
an ester lirkage [(-0-CO-), and a thicester linkage {-5-CO-)
{all derolted nerein ags -J'-C0-)

JP 2004-503560 A 2004.2.5
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The Linker Reagent and the Linker Group

The term “linker reagent,” a5 used herein, pertaine to a
compound of the formuila:

8L

X G—R~—Cc—1

wherein % and ¥° denote halogen atoms and are independently
-F, -Cl, -Br, or -I, and R" denctes & covalent bond or a
divalent group. In one preferred embodiment, X" and X* are

independsntly -Cl, -Br, or -I.

The tozm “pendant linker group,” as used herein, pertains to
a monovalent moiety which is derived from a linker reagent,
and which has the following formula:

q T
—C—R—6—x

The term “linker group,” as used herein, pertains to a
divalent moiety which is derived from a linker reagent, and
which has the following formula;

2 9

—C—R—C—
In one embodiment, as discussed below, RY iz a covalent bongd.

In cne embodiment, R* denctes a divalent group which is an
organic group comprising from 1 to 10 carbon atoms and frem
¥ to 5 hetercatoms sslected from oxygen, nitreogen, and
sulfur.

In one embodiment, R denotes a divalent Ci.-palkylene group.
The term "divalent Ci.ipalkylene group,” asz used herein,
pertains to divalent moieties chbtained by removing one
hydrogen atom from each of two different carbon atoms of 2

Cy-yealkane.

The termn "Cy.i¢alkane,” as used herein, pertains to hydrocacbon
compounds (compounds containing only hydrogen and carbon

atoms) having from 1 to 10 carbon atoms, which compounds may

16
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be aliphatic or alicyclic, or a combinabion therecf, and
which may be saturated, partially unsaturated, or fully
unsaturated.

The texm “aliphatic,” as used hersin, pertains to groups
which are linear or branched, but not cyclic. The kterm
malicyclic,” as used herein, pertains to groups which have
one ying, or LWo or more rings {e.g., gpiroe, fusged, bridged),
Lbut which zre not aromatic., The texm “sgturated,” as used
harein, pertaing to groups which do nct have any carbon-
carbon double bondz or carben-carbon triple bonds. The term
tunsaturated,” as used herein, pertains to greoups which have
at least one carbon-carbon double bond or carbon-caxbon
triple bond.

Examples of saturated linear Cijpalkanes include, but are not
limited to, methane, ethane, n-propane, n-butane. n-pentane,
and n-hexane.

Examplee of saturated branched C.pgalkanes include, but are
not limited to, iso-butane, isc-pentane, nso-pentane, and

isc-hexane.

Buamples of saturated alicylic {carbocyelic) Ci.palkanes {(also
referred to as “Ciaecycloalkanes”) include, but are not
limited to, cyclopropans, cyclobutane, cyclopentane,
cyclohexane, as well as wethylcyclopropane,

methyloyclobutane, methyleyclopentane, and methyleyclohexane.

Examples of unsaturated C;,palkanes which have one or more
carbor—carbon dovhle bonds {alse referred to as “Cz.alkenes”)
include, but are nct limited to, ethene, propene, butens, and

butadiene.

Examples of unsaturated C_jpalkyanes which have cne or more
carbon-carbon triple kbonds (aslac referred to as “Uisalkynes”)
include, but are not limited to, ethyne, propyne, butyne, and
butadiyne.

Examples of unsaturatsd alicylic (oarbocyclic) Ciagalkanse

17

JP 2004-503560 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

0

25

0

35

(66)

WO 0146357 PUTITRO1392

which hawe one ot more carbon-carbon double bonds {also
refarred to as “Ciycycloalkenss”) include, but are not
limited to, cyclopropene and cyclohexene, as well as groups
which comprise such groups, including but not limited to

methylcyclopropene and methylcyclohexene.

In cne preferred embodiment, the Cigalkane is = saturated
linear alkane of the formula CH: (CH;)oCH;, wherein n is an
integer from I to 8. Examples of such satureted linear
Ciealkanes inelude, but are not limited to, methane, ethane,
propane, n-butane, and n-pentana.

In one preferred embodiment, R* has the formula - (CHg),-,

wherein n is an integer from 1 to 10. In one preferred

embodimenk, n is an integer from 1 to 8. In one preferred
empcdiment, n is an integer from 1 to 6. In one preferred
embodiment, n is an integer from 1 to 4. In one preferred
embodiment, n is an integer from 1 to 3. In cne preferred
embodiment, n ig an integer from 1 to 2. Examples of such

groupe include, but are not limiked to, wethylene (n=1, -CH:-
), ethylene [n=2, -CH,CHp-), trimethylene (n=3, -CHCH;CH;-)},
tetramethylene (nm=2, -CH;CH,CH:CH,-), and pentamethylene (n=5,
- CHaCHCHaCHaCHy - ) .

In ons preferred embodiment, RE* ieg -{CH:)p- wherein n is an
integer from 0 to 10 (when n is 0, E* iz a covalent bond). In
one preferrsd embodiment, n is azn integer from 0 to 8. In
one preferred embodiment, n ie an integer from € to 6. In
one preferred embodiment, n is an integer from 0 to 4. In
one preferyred embodiment, n is an ioteger from 0 to 3. In
one preferred embodiment, n is an integer from 6 to 2, In
one preferred embodiment, n is 0 or 1. In one preferred

embodiment, n ie 0, and R* is a covalent bond.

In one preferred embadiment, the linker reagent has the

formula:

g f
] |
x‘—c‘—{cn-«z)n—cfx2

JP 2004-503560 A 2004.2.5
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wherein ¥ and X° are independently -01, -Br, or -I, and o is
an integer from 0 to 10, more preferably from 0 to 2, mors
preferably from 0 to 6, more preferably from 0 to 4, more
preferably fxom 0 te 3, more preferably 0 to z. In one
preferred embodiment, n is ¢ or 1. In one preferred

embodiment, n i3 0.

In one preferred embodiment, X* and ¥X° are independantly -C1
or -Br. In one preferred ambodiment, X" and ¥° are the same.
In ocne preferred embediment, ¥* and ¥* ars both -€1 or both -

Br. In ome preferred embodiment, X' and X° are bokth -1,

In one preferred embodiment, R iz a covalent bond and the
linker reagent has the structure X'-CO-CO-X*. Such compounds
may be conveniently referred to =s “oxalyl dihalides.” In
one preferred embodiment, R* i= a covalent bond and X' and X°
are the same. In one preferred embodiment, E® is a covalent
bond and X' and ¥* are both -Cl or both -Br. In one preferred
embediment, RY is a covalent bond and X and X* are both -1,
and the linker reagent is as shown below, and is aoften
referred to as oxalyl dichicride, shown below, which has a
melting peint of -16EC and a boiling point of about §4EC

{1 atm) .

i
Cl—C—C—C1

In cne preferred embodiment, R is -CH;- and the linker
reagent ha# the structure X'-C0-CH,-CO-X°. Such compounda
may be ceonveniently referred te as “malonyl dihalides.” 1In
one preferred embodiment, R* is -CHs;- and X' and X° are the
same. In one preferred embodiment, R" 15 -CH.- and %' and
are both -T1 or bkoth -Br. In che preferred embodiment, ' iz
-CH;- and X' and X° are both -C1, and the linker reagent is as
shown below, and is often referred to as malonyl dichloride,
shown below, which has a boiling point of about SE8EC (26 mm
Hg, 3.5 kPa).

I I
C—C—CHy—C—C!

JP 2004-503560 A 2004.2.5
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In one preferred embodiment, B* is -CH:- and the linker
reagent has the styucture X'-CO-CH»CHz-CO-%X?. Such compounds
may be conveniently referred to as “succinyl dihalides.” 1In
one preferred embodiment, R" is -~UH;CHs- and X' and X° are the
same. In one preferred embodiment, R iz -CHCH- apd %' and
¥? are both -Cl ar both -Br. In one preferred embodiment, o
18 -CHaCHz- and X' and ¥® are both -Cl, and the linker reagent
iz as shown below, and is often referred to as succinyl
dichloride, shown below, which has a melting point of ZOEC
and a bhoiling point of apout 124BC (1 atm).

I ]
C1-—C—CH;~CH;—C—Cl

In cne embodiment, RB® denotes a divalent group which i an
organic group comprising from 1 to 10 carbon atoms and Erom

0 to 5 hetercatoms selected from oxygyen, nitrogen, and
gulfur, which divalent group, R¥, compriees one or more
moieties selescted from optionally substituted Oy calkylens
groups and optionally substituted Cy parylens groups, which
groups (if there are a plurality} are linked via a covalent
bond or via a covalent linkage, and which divalent group, R,
optionally includes a terminal covalent hetsrostom linkage at
one or both termini, in which casge it may copticnally form a
larger covalent linkage with the adjacent carbonyl groups.
Brawmples of covalent hetercateom linkages include, but are not
limited to, an ether linkage (-0-} and a thioether linkage
{-S5-}. When positicned at a teyminus, these linkages form
egter {~C{=0}0-) and thicester (-C{=0J5-) linkages,
respectively.

The term “Ci gsarylene growp,” as usad herein, partailns teo a
divalent moiety obtained by removing one hydrogen atom from
each of two different carbon atoms of an opbionally
substituted Cs.gearene.

In one embodimznt, R* denotes the following group, referred to

ag 2-(2-nitrephenyllethyl. See, for example, Eritja et al.,
1891,

20
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—O—CH;—CH;

In one embodiment, R* denotes the Following group, referred to

as Q-support. B8es, for example, Pen et 2l., 1527
0N

—CH;—0 7N Q—CH;—

In one embodiment, R® denctes the following group, referred to
a3 37-alkylcarboxylic acid. See, for example, Tracy et al.,
1597,
S e e e
[w]

Methods of syntheeis for the linker reagents are known in the
art. Indeed, many of the linker reagents are commercially

available.

Preferably, the linker reagent is selected tc be a liquid at
normal pressure (1 atm) and the relevant bemperabure,
specifically, the temperature at which the step of reacting a
pendant functional group of a solid support with a linker
reagent is performed, and/oxr the temperature at which the
step of remowving at least a portion of excess unreacted
linker reagent by evaporation is performed, preferably the
lattear.

Preferably, the linker reagent iz selected to be a volatile
compound at the relevant temperature. The term “volatile,”
as used herein, descrikes a compound {e.g., a linker reagent)
which has a substantial vapour pressure at the relevant
temperature, preferably at least 10 Ba [~0.075 mm Hg), mors
preferably at least 100 Pa (-0.75 mm Hg), more preferably at
least 1006 Pa {~7.5 mm Hg).

More preferably, the linker reagent ie selected to be a

volatile liguid at the relevant temperature.
21
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Cyclic Reagent

The term “¢yclic reagent,” as used herein, pertains to a
compound of the formula:

wherein:
Q denotea a <yclic groups
B denotes a base group;
W denotes a reactive conjugating aroup;
¥ denotas an coligosynthesis group; and,

Z, 1f present, denotes an auxiliary group.

Cyclic Group, ©

The temm “cyclic group,” as used herein, pertains to a moiety
which bag a single non-arcmatic ring, which ring has from S
te 7 ring atoms, which ring atoms are (a) all carbon atoms
tin which case the ring may be referred to as a “rcarbocyeclic
ring”), or (b} carbon atomg and cne or two hetercatoms
selected from oxygen, nitregen. and sulfur {in which case the
ring may ke referred to as a “heterocyclic ring”).

The ring bonds, which join the ring stoms, may be single,
double, or triple bonds, but the ring itself must not he
aromatic. In one preferred embodiment, the ring bonds are
aingle or double bonds. In one preferred embodiment, the
Ting hends are all single bends.

In one preferred embodiment, the cyclic group has a Single
non-arcmatic ring, which ring hae 5 or 6 ring atoms, which
ring atoms are (&) all carbon atoms or (h) carbon atoms and
ene or two heteroatoms selected from exygen, nitrogen, and

sulfur, and all ring bonds are gingle bonds.

In one preferred embodiment, the cyelic group has a single

non-arcmatic ring, which ring has 5 or 6 ring atoms, which

22
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ring atoms are (a) all carbon atoms or [(b) carbon atome and

one oxygen atom, and all ring bonds are single bonds.

In one prefexrred embodiment, tke cyclic group has a =ingle
5 non-arematic ring, which ring hasg § ring atoms, which ring
aroms are [(a) all carbon atoms or (b) carbon atomz and one

oxygen atom, and all ring bonds are single bonds.

In cne preferrsd embodiment, the cyclic group has a single
10 non-aromatic ring, which ring has & ring atoms, which ring
atomg are {a}) all carbon atomse or (b) carbon atomz and one

oxygen atom, and all ring bonds are single bonds.

In oue preferred embodiment, the cyclic group has a single
15 non-aromatic ring, which ring has 5 ring atoms, which ring
atoms are a1l carbon atoms, and all ring bonds are =ingle
bomds. In this case, the ring is a cyclopentans ring.
)

4(i?

a K

In cne preferrsd embodiment, the cyclic group has a single
2} mnon-aromatic ring, which ring has 6 ring atoms, which ring
atoms are all carbon atoms, and all ring bonds are single
honds. In this case, the ring :F.exs a cyclohexanes ring.
s,
e 1
Q
In one preferred embodiment, the cyclic group has a single
non-aromatic ring, which ring has 5 ring atoms, which ring
75 atoms are carbon atomsg and one oxygen atow, and all ring
bonds are single bonds. In this case, the ring iz a
tetrahydrofuran ring.
4 1
U
in one preferred embodiment, the cyclic group has 2 gingle
3¢ non-arcmabic ring, which ring has 6 ring atoms, which ring
atomg are carbon atoms and one oxygen atom, and ail ring
23
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hends are single bonds. In this case, the ring is a

3 2

tetrahydropyran ring.

The base group, B, the reactive conjugating group, W, the
oligosynthesis group, ¥, and the auxiliary group, %, if
present, are each separately attached to a carbon ring atom
of the cyclic group, Q, either directly (via a covalent
bend), or indirectily (via a2n intermediate covalent linkage) .
Examples of intermediate covalent linkages includs, but are
not limited te, -(CHzlp-, wherein n is an integer from 1 to 4,
for example, -CH:- and -CH:CH.-. 1n one preferred embediment,
these groups are attached directly.

In one preferred embodiment, the oligosyntheszis gxoup, ¥, and
the auxiliary group, Z, which is present, are sach directly
attached to vicinal carbon ring atoms of the ¢yelic group, Q.
In one preferred embodiment, these groupas are attached with a
<ls orientation.

The cyclic group may alsc have other optional substituents,
that is, pubgtituents other than B, W, ¥, and Z. Examples of
such optional eubstituents include, but are not limited to,

Ci-ya2lkyl groups, Cisalkoxy groups, and acyl gooups,

The Base Sroup, B

The base group, B, is a derived from a nucleic acid base.
The terms “nucleic acid base,” "nucleotids bhase,” and
“muclecside base” are used herein in the conventionzl sense
to refer to purine and pyrimidine bases, and derivatives and
analoge thereof, such a3 those typically found in nucleic
acids.

Preferred nuclaic acid bases include the well-known naturally
occurring purines: adenine and guanine; and pyrimidines:

cytosine, thymine, and uracil. Other sxamples of the nucleic

24
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acid bases known in the art include purine and pyrimidine
derivatives and amalogs, including but not limited Lo,
sarcine (also known as hypoxanthine or sarkin),
aziridinylcytosine, 4-acetyleyteosine, 5-Eluerouracil,
5-bromouracil, S-carboxymethylaminomethyl-z-thiouracil,

5 -carboxymethylaminomethyluracil, Ns—isopentenyladenine,
1-methyladsnins, l-methylpseudouracil, l-methylguanine,
1-methylinosine, 2,2-dimethylguanine, 2z-methyladenine,
2-methylguanine, 3-methyleoytosine, S-methylaytosine,
N6-methyladenine, 7-methylguanine, S-methylaminomethyluracil,
5 -methoxyaminomethyl-2-thicuracil, beta-D-mannosylgueosine,
S-methoxyuracil, Z-methylthio-N°-isopentenyladenine, uracil-
S-oxyacetic acid methylester, pseudouracil, queosine,
Z-thiocytosine, S-wethyl-2-thicuracil, 2-thicuracil,
4-trhiovracil, S5-methyluzracil, uracil-5-oxyacetic acid,

S-pentynyluracil and 2,6-diamincpurine.

In one preferred embodiment, the basa greup, B, is derived
from a nucleic acid base selected from the group consisting
of: adenine, guanine, cytosine, thymine, uracil, and sarcine
(the base asseociated with the nucleoside incsina), or a
protected form thereof. In one preferred embodiment, the
bage moisty, B, is derived from sarcine, or a protected form
thereof.

The base moiety, B, Lor which the ring atoms are
conventionally numbered with unprimed numbers, is preferably
covalently attached to the cyclic reagent via a ring atom of
the base. The base is preferably attached via a ring
nitrogen atom of the base. Por pyrimidines, attachment at
the {M)-1-position is preferred, whereas for purines,
attachment at the (M) -9% position is preferrad.

In one preferred ewbodiment, the base group, B, iz selected

from the following, or a protected form theresof:

25
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NH, 0 NH,
s
N 5N N N 7
LY &.\ C ]
KN N Hy/kw T d)\&

I

(from adenine} {from guanine) (from cytosine)

o] e}

GH.,
HNG \ N HNY |

0¥ N OJ\I‘Q

{from thymine) {from wracil)

{frem sarcine)

In one preferred embodiment, the base group, B, iz the

following, or a protected form thereof:

o
IV
Nyl h?‘>

{from sarcine)}

5 The reactliwve functicpnal groups of the base group, B, may be
in protected or unprotected forme., Protected forme of such
functicnal groups are well known in the art. For example,’
primary amines {(-¥NH;}, such as those found in adenine,
guanine, and cytosine, may be protected as an amide, for

16 example, as isobutyramide or benzamide. 3Such protection is

often employed during oligopuclectide synthesis.

The term “protected,” as used hersin, refers to functional
groups which are espgentially unreactive towards other

15 available functicnal groups under gpecifisd conditions. The
term “functional group protection” is used herein in the
conventional chemical sense to refer toc common chemical
methods employed to reversibly render unreactive a functicnal
group, which otherwise would he reactive, under specified

20 conditions {such as pH, temperature, radiation, solvent, and
the like). A wide variety of such “protecting,” “blocking,”

26
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or “masking” methods are widely uwssd and well known in
crganic synthesis. For example, 2 compound which has bwo
nonequivalent reactive functiomal groups, both of which would
be reactive under specified conditions, may be derivatized to
render one of the functicnal groups “protected,” and
therefore unreactive, under the specified conditiens; so
protected, the cowmpound may be used as a reactant which has
effectively only one reactive functional group. After the
desired reacticon {inveoiwving the other functional group) is
complete, the protected group may be “deprotected” to return
it to ite original functionality.

Reactive Conjugating Group, W

w

The term “reactive conjugating group,” as used herein, relers
to a funcktional group which reacts with the -C(=0)%* group of
the linker reagent to form & covalent linkage, and thereby

form a conjugate therewith.

In a preferred embediment, the reactive conjugating group, W,
is -J%-H, wherein J° is -0-, -NH-, or -S-, that ise, the
reactive conjugating group, W, ies -0H, -NH;, or -SH,
respectively. In this case, the cyclic reagent has the

follewing formula:
2]

Hfﬁ—c'?—z
¥

In cone preferred embodiment, the reactive conjugating group
ise ~0OH or -NHz. In one preferred ambodiment, the reactive

conjugating group is -0H.

When the reactive conjugating group is -J°-H, the covalent
linkage formed upcon reaction with -C0{=0)X® is -C{=0)-J3%, that
is, -C(=0}-0-, -C(=Q)-NH-, and -C(=0) -5-, respectively.

As discussed below, the reactive conjugating group may be

activated, for example, by the presence of a base such as

W-methylimidazole {(NMI1} and/or 4-dimethylaminopyridine
.

JP 2004-503560 A 2004.2.5



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

35

(76)

WO 0146357 PUTITRO1392

{DMEP} . Suech activation facilitates andfor accelerates the
reaction between the reactive conjugating group end the
-C(=0} & group of the linker reagent,

Qligosynthesis Group, ¥

The Term “oligeosynthesis group,” as used herein, refers to a
functicnal group, or a protected functiconal group, which
facilitates oligosynthesis, that is, a group which, when in a
deprotected and/or derivatized form, will react with a

suitable monomer to initiate growth of desired oligower .

in cne embodiment, the cligosynthesis group, ¥, is -0H, -NHj,
or -SH, or a protected form therecf. In cne embodiment, the
¢ligosynthesis group, ¥, ig -0H or a protected form thereof,

In ons embediment, the oligosynthesis group, ¥, is -0H, -NH;,
or -SH in a protected form, and which is deprotected under
the deprotection conditione ueed in oligosynthesis, For
example, the group may be deprotected under the conditions
used in the deprotecticn step in conventicnal cligonuclectide
(e_g., phosphoramidite) synthesis cycle, and thus he
available as the anchor for attachment of the first
nuclaotide. Typically and preferably, the deprotection step

amploys acidic conditions.

Bramples of suitable protecting groups. R, which protect -OH
as -0OR, include, but are not limited to:

t-butyl (tBu);

4-dimethoxytrityl (MMT};

4, 4! ~dimethoxytrityl (DMT):

4,47 , 4" —tris~(benzyloxy) krityl (TETE);

4,4' , 4" ' —tris-{4,5-dichlorophtalimido) trityl (CPTr);
4,47, 4" —tris- {levulinyloxy) trityl {TLTr} ;
3-{imidazolylmethyl)-4-47 dimethoxytrityl (IDTr);
9-phenylxanthen-3-y1 (pixyl);

2- {p-methoxyphenyl) xanthen- -yl (Mox};
4-decvyloxytrityl (C.TT);

4-hexadecyloxyorityl (CyeTr);

28
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9-(4—nctadecyloxyphenyl)xanthene79/y1 {CaPx}; and,
1,1-bis- {4-methotyphenyl} -1/ —pyrenyl methyl [DMEMY.

Examples of suitable protecting groups, -C(=0)GR, which

protect -NH; as -NH-C(=0)-OR, include, but are not limited to:

tert-butoxy carbonyl (-C(=0)-CC(CHy),, t-BOC); and,
benzyloxy carbonyl (-C{=(}-0OCE;Ph, CBZ).

These and other suitable protecting wroups are degevibad, for
example, in Beaucage et al., 19%2.

Auxiliary Group, Z

The term “awxiliary group,” as used herein, refers to a qroup
which is optional, and which, if present, ies a functicnal
group or, mare preferably, a protected functicnal group. In
one embodiment, the auxiliary greup is protected and is
stable during conventional (e.g., phospheramidite)
cligonucleotide synthesis, and, following synthesis, is
deprotected concurrently with cleavage, that is, under
conventional cleavage conditions. Thus, the auxiliary group,
in protected form, is typically different from the
oligosynthesis group, in protected form, sinece the former is
sktable during oligosynthesis and the latter is deprotected,
or in a deprotecied form, during one oY more steps of
oligosynthesis.

The auxiliary gyoup, %, fmay, in protected or deprotected
form, interact with, and/ocr form a functicpal group together
with, the oligosynthesis group, Y.

In cne embodiment, the auxiliary groug, &, ie -OH, -NH,, or
-8, or a protected form thereof. In one preferred
embodiment, the auxiliary group is -OH or a protected form
thereof.

In one preferred embodiment, both the auxiliary group, %, and
the olignsynthesis group, ¥, in deprotected form, ares -0 ,
and, in protected form, together form part of a ayolic
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structure with an 0-0-methexyethylidene group, shown bslow:

T T T TN e T

OH aH (8] Q
Me OMe

In one preferred embodiment, the auxiliary group, in
deprotected form, is -CH, and in protected form is -OR.
wherein R ig an acyl group, a Cp.7alkyl group, or a silyl

group.

In one preferred embodiment, the auxiliary group, in
deprotected form, is -0H, and in protected form is -OR,

wherein R iz an acyl group.

The term “acyl group,” as nsed hersin, pertains to a moisty
of the formula -C{=0)R, wherein R i2 an acyl zubstituent, for
example, a Cisalkyl group (to give a group referred to as
Cy.zalkylacyl), a Ciphetercooyclyl group (to give a group
refarred to as O yphaterocyclylacyl), or & Cs.earyl group (to
give a group referred to as CUs.gearylacyl), preferably a
Cizalkyl group. Exawmples of acyl groups include, but are not
limited to, -C{=0)CH; {acetyl), -C(=0)CHyCH; (proplcnyl},
-C(=0) CE;CH:CH; {n-butanoyl}, -CT(=0)C(CH;l; {t-butanoyl}, and
-C(=0)Ph {(benzoyl).

The term “Cisalkyl group,” as used hersin, pertains to
monovalent alkyl groups having from 1 to 7 carxbon atomg,
which may be aliphatic or alicyclic, or a combination
thersof, and which may be saturatsd, partially ungaturated,

or fully unsaturated.

Examples of saturated lipear C;.,alkyl groups include, but are
not limited to, methyl, ethyl, n-propyl, n-butyl, and
n-pentyl (amyl).

Bxamples of saturated branched €.salkyl groups include, but
are not limited to, iso-propyl, iso-butyl, sec-butyl,
30
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tert-butyl, and neo-pentyl.

Examples of saturated alicylic {carhocyclic) Cisalkyl groups
{also referred to as “Ciacyclealkyl” groups) include, but are
not limited to, cycleopropyl, cyclobutyl, cyclopentyl, and
cycelohexyl, as well as groups which comprise such groups,
including, but not limited to, cyclopropylmethyl and

cyclobhexylmethyl .

Exampies of unsaturated Ci-salkyl) groups which have one ox
more carbon-carbon double bonds (alsc referred to as
"C;.palkenyl” groups) include, but are not limited to, ethenyl

(vinyl} =nd z-propenyl (aliwyl).

Examplea of unsaturated Cisalkyl groups which hawve ones or
more carbon-carbon triple bonde (alec referred to as
"Ca.palkynyl” greups) include, but are not limited {o, ethynyl
{ethinyl) and 2-propynvl (propargyl).

Examples of unsaturated alicylic {(carbocyclic) Cposalkyl
groups which have ope or more carbon-caxbon double bonds
(also referred to as “Ciscycloalkenyl” groups) include, but
are not limited to, cyclopropenyl and cyclohsxenyl, as well
a5 groups which comprise such groups, including but not
limited to ecyeclopropenylmethyl and cyclohexenylmethyl.

The torm "“Ci; zheterccyeclyl,” as used herein, pertains to a
moncvalent molety obtained by removing a hydrogen atom from a
ring atom of an alicyclic {i.e., non-aromatic cyclic)
compound, said ceompound having one ring, or twe or more rings
(e.g., spiro, fused, bridged), having from 3 to 20 ripg
atoms, of which from 1 ko 10 are ring hetercatoms, including,
but not limited to, nitrogen, oxygen, and sulfur.

Freferably, each ring has from 3 to 7 ring atoms, of which
from 1 te ¢ are ring hetercatoms. ™“C; " denotes ring atoms,

whether carbon atoms or hetercatoms.

Examples of Cischetercoyelyl groups having oné nitrogen ring
atom include, but are not limited to, those derived from
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aziridine, azetidine, pyrralidine, pyrroline, pyrrolinine,

piperidine, dihydropyridine, and tetrahydropyridine,

Bxamples of Ci.psheterocyclyl greupsz having one oxygen ring
atom include, but are not limited te, thoge derived from
oMirane, oxetans, o¥oclane (tetrahydrofuran), cxole
{dihydrofuran) , oxane (tetrahydrocpyran), dinydropyran, and

pyran.

Examples of Cigpgheterocyclyl groups having one sulfur ring
atom include, bubt are not limited to, those derived from
thiclane and tstrahydrothiopyran.

Bxamples of Ci gpchetercoyclyl groups having two oxygen ring
atoms include, but are not limited to, those derived from
dioxane.

Bxamples of Cipgheterocyclyl groups having two nitrogen ring
atoms include, but are not limited to, those derived EFrom

imidazelidine, imidazoline, and piperazine.

Examples of Cigheterocyclyl groups having ome nibtrogen ring
atom and one oxygen ring atom include, but are not limited
to, those derived from tetrahydroozazoles, dihydroozazole,
tetrahydroisoxazole, dihydroicsowazole, morpholine,
tetrahydrocxazine, and dihydrooxazine.

Examples of Ciheterocyclyl groups having ons oxygen ring
atom and one sulfur ring atom inelude, butb are not limited

to, oxathiclans and oxatlhiiane.

The term “Cp.aryl,” as usad herein, psriains to a monovalent
noliety obtained by removing a hydrogen atem from a ring atom
of an aromatic compound {a Cyasarene), said compound having
one ring, or two or wmore fused rings, and having from & to 20
ring atcm=. The ring atoms may bs all carbon atoms, as in
*carboaryl groups,” or may include one or more heterocatoms
{including but not limited to oxygen, nitrogen, and sulfur),

as in “hetercaryl groups.” 1In the latter case, the group may
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conveniently be referred Lo as a “Cs.ueheteroaxyl” group,
wherein “Cs " denctes ring atoms, whether carbon atoms or
hekberocatoms. Preferably, each ring has from 3 to 7 ring

atoms, of which from 0 to 4 are ring hetercatoms.

Examples of Cs2aryl groups which deo not have hetercatoms
{i.e., {carbearyl groups) include, but are not limited to,
phenyl, naphthyl, anthracenyl, phenanthrenyl, and pyrene.

Examples of Cs.ppghetercaryl groups include, but are not limited
to, pyrrolyl, imidazolyl, pyrazelyl, triazolyl, pyridyl,
pyrazinyl, pyrimidinyl, pyrigazinyl, triazinyl, furanyl,
thienyl, thiazelyl, isothiazolyl, pyranyl, pyronyl,
benzopyronyl, oxazolyl, iscxazolyl, oxadiazolyl,

oxatriazolyl, oxathiazclyl, and oxathiazinyl.

The term “s5ilyl group,” as used herein, pcrtzins to a molety
af the formula -SiR,, where R is a =ilyl subkstituent, for
example, -H, a CiLalkyl group, & Ciopheterocyclyl group, or a
Cs-zearyl group, preferably -H, a Cisalkyl group, or a Cgpparyl
group. Examples of 3ilyl groups includa, but are not limited
to, ~SiHz, -SiHz(CH,), -SiH{CH;zla, -Si({CHa)z ., -8i(t-Bu) (CHy)a.,
-8i(i-Pr):;, and -2i(t-Bu),.

Examples of Cyclic Reagents

In one preferred embodiment, the oligosynthesis group, ¥, and
.the eoptional auwxiliary group, &, are linked directly to
cyclic group, R, by a covalent bhond, and are poaitiened
“vicingl” (i.2., Y and % avre attached teo agdjacent carhon ring
atome of the cyclic group, Q). Examples of cyclic moieties,
Q, with vicinally attached Y and Z groups, include, but are

not limited to, the following.
% 0.
4 1 A , * 1

E £ 3 A 3 z

Y@ ) Y@ Z(Y) Yz ) Yooy

The notation “Y(Z})” and “2({¥)" indicates all four of the
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possibilities: 37-¥-27-2; 3'-2-2'-Y; 3'-¥-2'-H {(where [ is
absent, i.e., & is -H); and 3'-H-2’'-Y ({(where 3 is absent,

i.e., % is -H).

In one preferred embodiwent, the ¥ and Z groups are alzo
positicned “¢is.” Examples of such cyclic meleties, @, with
ciz-vicinally attached ¥ and Z grouws (both “down,” below the

ring}, include, but are not limited fo, the following:
Q

Y2} AY) YZ)  Z(Y) Y@y 20 Y@y ZY)

In cone preferred embodiment, the W group is cvovalently linked
to the cyclic group, @, via & -CH:- grcup, and the B group ie
directly linked to the cyclic moiety, €. Examples of such

cyclic resgents includs, bubk are not limited te, the

following:
W—CH,
W—CH B
B
Y(Z) Z(Y)
YiZy  2y)
O W—CH,
W—CH; =) (o]
B
Y@@ Ay)
Y(Z) Z(Y}

In one embodiment, the cyclic reagent resembles a
menosaccharide sugar. Sugars, in cyclic form, are
conventiconally named according te the number of ring atoms.
For example, a furancse has a S-membered ring and a2 pyrancse
hazs a é-membered ring. Sugars are alsc conventionally named
azocording to the overall number of carbon atoms, For
example, a pentoss hag 5 carbon atoms and & hexose has &
carbon atoms. Sugars, in cyclic form, are further
conventionally named using prefixes, such as riboe-, lywxo-,
xylo-, galacto-, sucro-, fructo-, and arabine-, accordiang
both to number of carbon atems and the orientation of the

ring substituents. Furtherwsrs, sugars may be in any of
34
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their enantiomexiec, diasteriomeric or stereciscmeric forms
(e.g., D-, L-, ¥-, 3-, and combinabions thersocf).

In one preferred embodiment, the cyclic reagent resembles
3-D-ribofuranose {also referred to as 3-D-ribose),

2/ -deoxy-3-D-ribofuranose {also referred Lo as 2/ -deoxy-3-D-
vibose), or 3’ -decxy-3-D-ribofurancse {algc referred to as
3" -deoxy-3-TO-ribose), whiclh have the follewing structures:

HO—CH, HO—CH, HO—CH,
: OH

5 & T

OH

3-D-riboae 2" —deory-3-D- 3* —deoxy-3-D-
ribose ribose

Thua, in one preferred embodiment, the cyeclic reagent has the
following structure. When Z is present, the compound is a
3-D-ribcnuclecside. When Z is absent (i.e., Z is -H), the
compound iz @ 2’ -deoxy-J-D-ribenuclecside.
W-CH,
A

4

Y2 ZY)

In ons preferred embodiment, W is -OH, Y is -OH or a
protected form thereof, and Z, if pressnt, is -CH or a
protected form therecf, for example, as shown in the
following structures:
RO—CH, HO_GHE HO—CH,
X B &

5 B i

r

OH OH

In one preferred ewbodiment, the cyclic reagent is ino=ine,

shown below, or a protected form thereof.
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CH OH

In one praferred embodiment, the cyclic reagent is the
inosine derivative, 9-3-p-(2' -3 -0-0O-methoxysthylicene-
rihofuranceyl) hypoxanthine, shown below, in which the 2'- and
37— hydroxzyl groups have been jointly protected as an

C-0-methoxyethylidene group.

Reaction Apparatus

As menticned above, one step of the preparation of a eclid
support suitable for uwse in solid-phase cligosynthesis
involves: removing at least a portion of excess unxeacted
linker reagent by evaporation, as may be zchieved, for

example, by using an evaporation apparatus.

Thus, in one embodiment, one or more steps of the method is
performed using (i.e., within) an evaporation apparatus.

In one embodiment, at least the step of removing at least a
portion ©f exoess unreackted linker reagent by evaporation is
performed using an evaporation apparatus.

In cne embodiment, at least the step of reacting a pendant

functicnal group of a selid support with a linker reagent,
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and the step of removing at least =z portion of excess
unreacted linker reagent by evaporation, are performed using

an evaporaktion zpparatus.

In one embodiment, at least the steps of reazciing a pendant
functional group of a solid support with a linker reagent,
removing at least a portion of excess unreacted linkexr
reagent by evaperation, and reacting said pendant linker
group with a cyeclie reagent, are performed using an

evaporation apparatus.

In another embodiment, all of the steps of the method are

performed using an evaporation apparatus.

The term “evaporation apparatus,” &s uwsed herein, perteins to
any apparatus suitable for carrying out chemical reactions,
such as thoee in the steps of the present method, which
faepilitates both airtight anhvdrous cenditions (e.g., =
sealed envirvonment under a dry atmospherxre, such as dry air,
dry nitrogen, dry argon) and evaporative remcval of one or
more reaction mixture components (e.g., reagent, product,
by-product, solvent, and the like), particularly excess
linker reagent.

Examples of suitable apparati include, but are not limitad
to, a rotavapcry apparatus and a diestillation apparatus. In
one preferrad embodiment.,, the apparatus is a rotavapor
apparatus, for example. Model R-114, from Bichi®.

Reaction of Support with Linker Reagent

Ag menrioped sbove, one step of the preparation of a solid
suppurt suitable for use in solid-phase cligoeynthesis
involves an “activating” step: reacting a pendant functional
group of a sclid support with a linker reagent, thersby

forming & pendant linker group.
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Examples of thig reaction are shown below.

1 ‘ L (‘j] 2
X ~C—R—C—X

? a

| il
CRE-C— + HY

In general, the linker reagent is reactive towards water, and
this is particularly true for the oxalyl dihalides, where R®
is a covalent bond. Consequently, in order to avoid
degradation of the linker reagent, the activating atep is
preferably performed under anhydrous conditions, for example,
in a sealed, airtigbht envivonment, under an dry atmogphere
te.g., dry ailr, dry nitrogen, dry argon), as way be achisved,
for example, by using an evaporation apparatus. Higher
yields are obtained using more anhydrous conditions.

As mentioned azbove, one step of the prepazration of a solid
support suitable for use in sclid-phase oligosynthesis
involves: removing at least a portion of excegs unreacted
linker reagent by evaporation.

The term “evapaoration,” as used berein, pertains to the
removal of a reaction mixture component (=.g., reagent,
product, by-product, =solvent, and the like), from the deaired

product, as a gas or vapour, via the gas or vapour phase,

Preferably, the linker reagent is gelected Lo ke a volatile
compound, more preferably a velatile liguid, at the relevant
temperature. Waen the linker reagent is so gelected; excess
linker reagent may be eagily removed from the reaction
wixture by evaporation, for example, by the application of
reduced pressure andfoy incresased temperature. In this way,
no additional purification 1s required, and this provides a
substantial advantage over methods which require a separate,
intengive, and often time consuming, purification step, to
remove excess activating agent {e.g., linker reagent) which

would otherwise lead to undesired side-reacticns and
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by-products. For example, prior art methods invariably
redquire a separate purification step between activabien of
the 20lid support and subeseguent reaction with an initiating
compound {e.g., cycli¢ reagent), or bstween activaticn of an
initiating compound and subsegquent reactlon with the solid
support .

Thus, in one smbodiment, the evaporaticn is achieved by the
application of reduced pressure and/or increased temperature.
In cne preferred embodiment, the evaporation is achieved by
the application of reduced pressure. In one preferred
embodiment, the evaporation is achieved by the application of

inereased temperature.

In one embodiment, the step of removing at least a portion of
excess unreacted linker reagent is achieved solely by
evaporation, that is, by evaporation and without the use of
other non-evaporative methods of purification, such as
filtration, blotting, washing (e.g., with one ar more
solvents or solvent mixtures), drving (e.g., over MgSQ,) .
solvent partitioning (e.g., between two or more solvents or
solvent mixtures), tritvration, or chromatography (e.g.,

column chromatography) .

In one embodiment, the step of removing ab lsast a portion of
excess unreacted linker reagent by evaporation {or solely by
evaporation) invelves removing a substantial portion of
excess unreacted linker reagent, preferably at least 50% of
excess unreacted linker, more preferably at least 60%, more
preferably at least 70%, more preferably at least 80%, more
prafarably at least 50%.

In one embodiment. the step of removing at least a portion of
excess unreacted linker reagent is achieved by evaporation.
{or solely by evaporaricon}, and, additionally, without the
additicn of a selvent or co-solvent (e.g., pyridine,

methancl), as used, for example, in co-evaporation methods.

In one embodiment, the step of removing at least a portion of
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excess tnreacted linker reagent is achieved by evaporation
(or selely by evaporation), and, additicnally, without the
uee of a degiccant (e.g., P20}, ag used, for example, in
desiccation methods.

Preferably, the seolid support is =suvbstantially dry before
use, ag may be achieved, for example, by drying in an eoven
{e.g., 30 min at 100BC}.

Suitable relative ameunte of reagents and reaction conditicns
{e.g., temperature, time, and the like) may readily be
determined by the skilled artisan.

In one preferred embodiment, from about 100 to about 1500 mL
of linker compound is used for each 100 g of sgolid supporkt,
more preferably from about 200 to about 1000 mh of linker
compound, wore preferzbly from about 300 to about 800 wlL of
linker compound.

In cne preferred embodiment, the reaction is carried cut at a
reaction temperature of from about OFE to about 100BC, mare
preferably from about 20E to about 1G0LCC.

In one preferred embodiment, the reaction is carried ocut for
a resaction tims cof from about L to about 240 win, more
preferably from azbout 5 to akout 120 min.

Opticnal Capping

As mentioned above, the preparation of a solid support
suitable for use in solid-phase oligosynthesis optionally

includes a “capping step” for pendant functiomal groups.

Thus, in one ewmbodiment, the wethod further comprises, after
said step of reacting a pendant functional group of a solid
support with a linker reagent, or, after said step of
removing at least 2 portion of excess unreacted linker
reagent by evaporation, a step of:

fi) reacting at least a portiocn of any remaining pendant
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functional groups of said solid support with a capping

reagent, thereby forming pendant capped functiocnal groups.

Following the reaction of the pendant funchbional grour of a
s0lid support with s linker reagent, an optional “capping™
step may be performed, in which “unused” pendant functionzl
groups (i.e., pendant Iunctional groups which have not
reacted with a linker reagent} are converted to a protected

or otherwise unreactive form.

For example, where the pendant functional group i= -NHa,
acetic anhydride {Ac,D, CH;C(=0)-0-C{=0}CH;) may be used, as

shown in the folleowing reaction,

I q_l

NG & N—C—R—C—x°
ol — L

NH, + AcQ NHAc  +  AcOH

Gther suitable capping reagents and conditicons are well known

in the art, and may be used where appropriate.

Where the pendant functional group is -OH, examples of
guitable capping reagents include, but are not limited to,
aphydrides and esters,

Where the pendant functional group iz -SH, examples of
#uitable capping reagents include, but are not limited to,

haloacetamides.

In one praeferred embodiment, the capping reagent is selected
to be a volatile liguid at, or near to, room Lemperature, so
that excess capping reagent, and possibly <apping
by-producte, ¢an also be removed by evaporation, as describad
above for the exceszs linker reagent.

Suitable relative amounts of reagents and reaction conditiona
{e.g., temperature, time, and the like) may readily be
determined by the skillad artisan.
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In one preferred embodiment, from about 10 te about 200 mb of
acetic anhydride, as capping reagent, and from about 1 to
about 2¢ wh of N-methylimidazole (MMI) and/or from about 0.5
to about 2 g of 4-dimethylaminepyridine (DMAF) is used for
each 100 g of solid support. In one preferred embodiment.
from about 20 to about 190 mL of acetic anhydride. as capping
reagent, and frowm zbout 2 to about 10 mL of N-methylimidazole
(NMI) and/or about 1 g of 4-dimethylaminopyridine (DMap) ie
ueed for each 100 g of solid supperk.

In one preferred embodiment, the reaction is carried out at a
reaction temperature of from about OE to about S0EC, more
preferably from about 20E to about 40EC.

In ong preferred embodiment, the reaction is carried ont for
a reaction time of from about 1 teo zbout 60 min, more

preferably fzrom about 2 to about 30 min.

Reaction of Linker with Cyclic Reagent

As mentioned above, one step of the preparation of a2 sclid
support suitable for use in solid-phase oligosymthesis
invelves a “coupling” step: reactirg the pendant linker group
with a cyclic reagent, thereby forming a pendant cyclic

group .

Examples of this reaction, wherein the reactive conjugating

group, W, is -J°-H and J° is -NH-, -0-, or -g- {i.e., W is
-NH;, -OH, or -8H) are shown below.
s} B
n . z )
—o—x 4+ H+J~C|Q—2
Y
g 7 .7
C—R=C J-’—tl)—z + u¥é
Y

The reactiwve conjugating group may be activated, for example,
by the presence of a base sguch as N-methylimidazole (HMI)
and/or 4-dimethylaminopyridine (DMAP). Such activation
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facilitates and/or accelerates the reaction between the
reactive conjugating group and the ~C(=0}X* group of the
linker reagent. This base may also combine with the H5°
{e.g., HCl, HBr, HI) liberated Ly reaction with the -c(-0}x*
group of the linker reagent. Examples of zuch bases include,
but are not limited to, aguecus MaOH, aquecus KOH, pyridine,
dimethylaminopyridine (DMAP), and N-methylimidazole (MMI).

Suitable relative amounts of reagents and reaction conditions
le.g., temperature, time, and the like} may readily be

determined by the skilled artisan.

In one preferred embodiment, from about 5 to about 8 g of
cycelic reagent in from about 200 to about 600 mL of pyridine,
and from about 20 to about 60 mL of K-wmethylimidazole (NMI)
iz used for each 100 g of sclid support. In one preferrsd
embodiment, from about 6 to about 7 g of oyelic reagent in
from about 300 te about 500 b of pyridine, and from about 30
to about 50 mL of N-methylimidazcls (MMI) is used for each
100 g of solid support.

In one preferred embodiment, the reaction is carried out at a
reaction temperature of from about DE to about 50EC, mwore
preferably from about 20E to about 40EC.

In one preferred embodiment, the rsaction is carried out for
a reaction time of from about 5 to about €0 min, more
preferably from about 10 to aboubt 30 min.

tional Cappin

2s mentioned above, the preparation of a solid support
suitable for use in solid-phase oligosynthesis optiocnally
includes a "capping stap” for pendant linker groups.

Thus, in one emboediment, the method further comprises, after
said step of reacring said pendant linker group with a cyclic
reagent, a step of:

(i} reacting at least a portion of any remaining pendant
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linker groups of said solid support with a capping reagent,

therepy forming pendant capped linker groups.

Following the reaction of the pendant linker groups with a
cyclic reagent, an optional “ecapping” step may be performed,
in which “unused” pendant linker groups (i.e., pendant linker
groups which have not reacted with a cyclic reagent) are

convertaed to a protected or otherwise unreactive form.

Examples cf suitable capping reagents and conditions are
described above.

Optional Purification

he wentioned above, the preparation of a solid suppoxrt
suitable for use in solid-phase cligosynthesis optionally
includes & step of: removing at least a portion of excess
unreacted cyclic reagent, capping reagent (if applicable),
and by-preducts theresof.

hny suitable method may be used to effect this removal.

In one preferred embediment, the removal is achiewved by
filtration, for example, using a fritted glass fumnel, for
example, ROBU-POER-28& from Elvetec®.

A chemical scheme illustrating the preparation of a preferred
class of universal esclid supports-of the present inventien is
ghown in Figure 1, including an opticnal final deprotection
step, which is typically the first step of oligonuclectide
synchesis.

2 chemical scheme illustrating the preparation of the
universal solid support described in the Example is shown in
Figure 2, including an optional final deprotection step,
which is typically the first step of oligonucleotide
synthesis.

Univereal Solid Supportsg
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e mentioned ahove, one aspect of the present invention
pertains to universal sclid 2uppeorts, for example, as
wrepared by the methods described herein.

i In one ewbodiwent, the universal solid support has the

fellowing fCormula:

o] 9] B
s S
O*J*C‘R*CV.J*?*Z

Y
wherein J*, 7%, R®, @, B, ¥, and % are as defined hereim.
0 In one preferred embodiment, the universal scolid support is

the following, or a protected form thereof, wherein J' and R”

are as defined herein, or more preferably, J' is -NH- and RY

ig - {CHz)n-, wherein n is an integer from 0 toc 10:

N
) 0 TNH
L0 0 ¢ /J\Tﬁ\
OfJ—c—R—c:v—-:J;c:H2 4 N/J

u]

(AcOIHO CAS{OH)

15 In one preferred embodiment, the universal solid support is
the following, wherein J* and R" are as defined herein, or
more preferably, o' is -NH- and R" is - ({(H3)n-, wherein n is an
integer from ¢ to 10:

o
N
o 0 NH
I il 4 '
O—J’—C—R“*C*O—CHz <&I:L/J

o}

20 In one preferred embodiment, the universal solid suppert is
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the following, or a protected form thersof:
N
G
Oy A
N C—-C"O‘;CH2 N e

{ACOO QAc(OH}
In cne preferred embodiment, the universal solid support is
the following:

o]
N
Oy bd fﬁ
N—C—C-0—¢H, Ry
Q
3 S
o) (o]
Me Ohte
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Oligonucleotides

As used herein, the terms "oligonucleokide” and
“polynucieotide”™ are usad interchangeably in the conventicnal

sense to refer to molecules comprising twe (hence 2-mer) or

more {hence n-mer} mucleosid each micleoside being linked
ta at least one other nucleoside by an internuclecside
linkags. The term “nuclsocside” is used heréin in the
conventional senge and generally refers to compounds
comprising a “sugar” neiety te.q., ribose, 2'-deoxyribose)
linked to 2 “nucleic acid kase” (e.4., purines, pyrimidines),
Examples of well-known nucleogides formed from ribose and
adenine, guanine, uracil, and cytosine are, respectively, the
“ribonuclecsides”: adenosine, guanosine, uridine, and
cytidine. Examples of well-known nuclecsides formed from
dzoxyribose and adenine, guanine, thymine, and cytosine are
respectively, the “desmyribenuclecsides”: deoxysddencsine,
deoXyguancsine, deoxythymidine, and deoxycytidine. EBxamples
of well-known intermuclecside linkages include phosphate
diester groups, -OF{=0} (CH)O-; phosphate triester groups,

-OF {=0} (OR' )0O-: phoephite diester groups, -OF{CH)O-;
phosphite triester groups, -0OP{OR')0-; and phosphonats
groups, -OFP (=0} {(R)O~-.

Oligonuclsctides may conveniently be considered tc be
“nuclectide” polymers, that is, polymers comprised of
nucleotide monomer units. The oligonuclectide may be lipear,
branched, or ayclic, but is typically linear. The term
“nucleotide” conventionally refers toc a phosphate ester of a
nucleoside; that is, a chemical moiety comprising a phosphate
group {i.e., -OPF(=0} (OR),, where each R wmay independently be
-H, a cation, or an organic group), a sugar moiety,. and a
nucleic acid base. Examples of well-known nucleotides formed
from ribose and adenine, guanine, uracil, and cyteosine are,
respectively, the "5’ (or 3/)-ribonucleotides”: adencsine

5" {(or 3')-monophosphate, guanosine 5 (or 3*)-monophosphate,
uridine 5’ (or 3')-mMonophosphate, and cytidine 37 {oxr 3/)-
monaphogphate. Examples of well-known nuelectidss formed
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Erom deoxyribose and adenine, guanins, thymine, and cytosine
are respectively, the ™57 {or 3’')-2'-deoxyribonuclectides”;
deoxyadencsine 3’ {or 37} -meonophosphate, deoxyguanosine 2’ {or
39)-wmenophesphate, deoxythymidine 57 (or 37 }-monophosphate,
and deoxycytidine 57 {or 37} -woncphosphate.

Deoxyribonucleic acid (DNA} and ribonucleic acid (RNR) are
important examples of cligonuclectides. In these
cligonucleotides, a1l internuclecside bridges are phosphate
diester linkages (-OF(=0) [0H}O-} and are uniformly in a 57-3*
orientation; DNA is a polymer of decxyribonucleotides
involving primarily the mucleic acld bases adenine, guanine,
cytosine, and thymine, whereas RNA 1g a polymer of
ribonucleotides invelving primarily the nucleic acid bases
adenine, guanine, cytosine, and uwracil. As a matter of
convention, simple ribo- and decxyribonuclechtides and their
polymers are represented by their hases {(i.e., A, G, ¢, and
U; or dA, dG, dC, and T (or dT}, respectively}, listed from
the 57 ~end of the cligonucleotide to the 37 -end of the
cligonucleotide, wherein “d” denctes a deoxyribeonuclectide.
(Note that thymidine is often referred te “deoxythymidine”
and abbreviated as “dT”.) For example, dGT is the
dinuclectide of formed from decxyguanosine snd
denxythymidine, wherein the decxygnanosine 5 -pasitien is 57 -
OH; the 3’ -pesition of deoxyguancsine is linked to the 5 -
position of the thymidine via a phosphate diester group; and
the 3" -pesition of ths thymidine is 37-0K.

Oligosynthesis Using the Universal Sclid Support

The universal solid support may be used in any method of -
golid-phase oligosynthesis capable of utilizing an protected
or unprotected oligosynthesis group, Y, for example, -OH,
-NHz, -8H, or a protected form thereof. For example, the
universal solid support may be used in solid-phase
oligonucleotide synthesis.

Typically, the first step of any oligomucleotide synthesis
method 12 an acid treatment of a functionalized saolid
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supporkt, to deprobtect a functiomal group (& g., an
eligosynthesis group) for reacticn with bthe first monomer
reagent. Thus, if the oligosynthesis group, ¥, iz in &
protected form, is it preferably deprotected by the zawe acid
treatment used in oligonuclecotide synthesis ocycle.

Sclid-phase oligonuclectide syntheses initially employed the
uge of phosphate triesters {the “triester method”) or
phosphites (the “phesphite nethod’). With the discovexy of
relatively stable woncnuclecsicde phosphoramidite coupling
units (eee, for example, Beaucage et al., 1981}, salid-phase
oligonuclectide synthesie became practical and common.
Typical solid-phase oligomucleotide synthezis invelves
reiteratively performing four steps: deprotection, coupling, '
capping, and oxidation,

Standard methods involve gtepwise synthesis of the
oligomuclestide in the 5/ -diraction (i.e., 365). 1In the
first step (“deprotection”}, the growing oligonuclectide,
which is attached at the 3'-end viz a 3°-0D group to a solid
support, is 5 -deprotected to provide a reactive grouwp (i.e.,
a 5°-0H group}. For example, the 5'-0H group is often
protected by reactien with 4,47 -dimethoxytrityl chloride
(DMT-C1} in pyridine, to yield a 5'-0-DMT group, which is
stable under basic conditions, but which is easily
deprotected under acid conditions, for example, in tha
presence of dichloroacetic acid (DCA) or trichloroacetic acid
(TCa) .

In the second step (“coupling”), the 5’ -deprotected supported
cligonuclectide is reacted with the desired nucleotide
nonomer, which itself has first heen convarted to a 5 -
protected, 37 -ponosphoramidite. For exarple, the 5'-0H group
may be protected in the form of a 5/ -0DMT group and “he 3'-0H
group may converted to a 3’ -—phosphoramidite, such as

-OP {CR” ) ¥Ry, where R ie, far example, an isopropyl group,
-CH{CH;),, an ethyl group, -CH,CH;,or a methyl group, -CB., and
B’ is, for example, -H (yielding a phosphoramidite diegter),
or -CHs, -CHxCH;, the J-cyancethyl group, -CHUH2ON, or -C.H,C1
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{yielding a phosphoramidite triester). The

3’ -phosphoramidite group of the monomsr reacts with the
deprotected 5 -CH group of the growing oligonucleotide to
yield the phosphite linkage 5°-02(OR7)0-37. See, for
example, Caruthers st al., 1995.

Wot all of the growing oligomalectides will couple wibh the
previded monomer; those which have not “grown” would yield
incemplete cligonuclectides and therefore must be withdrawn
from further synthesis. This is achieved by the third step
“mapping”), in whick all remaining -OB groups (i.e.
unreacted 5°-0H groups) are capped, for example, in the form
af scetates (57 -0C(0)CHz,) by reaction with acetic anhyﬂride
[CH2C {=0) -0-C(=0)CH:z). Mote that, in soms cases, this
deprotection step follows, rather than precedes, the
axidation step discussed below.

in the fourth step (“oxidation”)}, the newly formed phosphite
group {(i.e., 5'-0OP{(OR")CG-3"} of the growing oligonuclecotide
ie converted teo a phosphate group {i.e., 5'-0P(=0) (DR’ )0-37),

for example, by reaction with agueous icdine and pyridine,

The four-step process may then be reiterated, since the
oligonucleotide obtained after exidation remsins 5'-protected
fe.g., 5'-0DMT) and is ready for use in the first

deprotecticn step described above.

As example illustrating the first cycle of a phosphoramidite
oligepuclestide synthesis wmethod, starting with one preferred
universgal so0lid support of the present invention, is shown in
Figure 1.

Although the phosphoramidite method has been discussed in
detail above, the universal sclid support deseribed herein
may also be used in other methods of selid-phase
oligonuclestide gynthesis., Examples of such methods include,
but are not limited to, H-phosphonate methods (also knowm as
phosphite methods; see, for example, Froehler et al., 1990;
Froehler &t al., 1286); and phosphate triester methods (see,
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for example, Stec et al., 1985; Galla =t al., 1986; Gait,
1984} .

The universzal solid support described hersin may alse be umead
in cther metheds of solid-phase oligosynthesis to yield
oligomuclectide derivatives and analogs. Examples of such
producte include, but are not limited to: DNA and RNA with
verious modiflceticns at the 37'- and/ocr 5’ -terminus;
oligonmuclecside methylphosphonates (Agarwal et al., 1987);
phosphorothioate (Beaucage et al., 1950); phosphorodithicate
{Bjergarde et al., 1931); DNA/RNA. copolymers;
phesphodiester/phosphorothicate copolymers; cyclic
oligonuclectides (Wang et al., 18%4}); 2/ -O-methyl RKR (Sproat
et al, 1983}; products containing peptide nucleic acids
{Nielson et al, 18%24); and, morpholine-type backbone modifisd
mucleic acids (Gtirchak et al, 1589; Sunmerton eb al., 199iY.

Cleavage from Solid support

Following oligosynthesis, For example, when the degired
cligonuclectide has been obiained, 1t may be cleaved from the
solid support by treatwent with a c¢leavage reagent in a
cleavage step. The cleavage step is performed for a cleavage

time, at a cleavage temperature.

The cleavage step achieves aone or mors, and preferably all,
of the following reaults, in a single fast step:

(a) cleavage cof the oligomer from the solid support,
more particulzrly, cleavage of the bond between the bond

between the linker group and the ecyolicz group,

(b) cleavage of the cyoelic group from the oligomer, more
particularly, cleavage of the bond between the phosphate and
the oligomer. For sxawmpla, 2 3-elimination reaction may
vield a cyclic group with a eoyelic phosphate group and the
oligomer with a free -OH group.

{c) conversion of phosphate triesters (-0F (=0} {QR")0-
where R’ is not H} to the phosphate diesters {(-0P({=0),0-}, if

Bl
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present . Phosgphate triegters may be present, for example, if

a phosphoramidite synthesis methed was used,

{d) deprotection of base-labile protected amine groups
of nucoleotide bases, if present. For example, if the primary
amines of adenine, guanine, and cytesine had been protected
ae amides during oligecaynthesis, they may be depreotected to

vield free aminc groups.

Two examples of the cleavage step are shown in Figures 2 and
3. 1o Figure 2, the oligomer is a oligonucleotide grown in a
3'65' directicn, and attached te the solld support via a 5/-0
group. The oligonuclectide cleavage product has a 5'-0H
grouwp. In Figure 3, the oligomer is a oligonuclectide grown
in a 57637 direction, and attached te the solid support via a
37 -0 group. The oligenucleotide cleavage product has a 3'-0H

group.

The cleavage 18 achieved by contacting the universal solid
support bearing the oligonuclectides with a suitable cleavage
reagent. In one embodiment, the cleavage reagent comprises
one or moxe of the following: (a) a tertiary amine (NR,),

(b} a secondary amine (NHR:), () a primary amine (RNHp), and
(d] ammonivm hydroxide [(NH,OH) .

Examples of suitable tertiary amines include, but are not
limited teo, triethylamine, diisopropylethylamine, . .
N-methylpiperidine, and W-wmethylpvrrolidine. Examples of
suitable secondary amipes include, but are not limited Lo,
dimethylamine, diethylamine, diiscpropylamine, and
piperidine. Examples of sultable primary amines include, but
are not limited to, methylamine, ethylamine, and n-
propylamine.

The relative amounts of (a) through {d) in the cleavage
reagant may vary cenziderably, for example, from 1% to 99%,
on a molar basis, if present. One of skill in the art is

readily able to determine acceptshle or optimum amounts.

In one preferred embodiment, the cleavage reagent comprises a
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mixture of [i) a tertiary amine (NR:) or a secondary amine
{WHRz) , and {1i} a primary amine (RMHz), or ammonium hydroxids
{NH,OH) .

In one preferred embodiment, the cleaving reagent comprises
methylamine. In one preferred embodiment, the cleaving
reagent comprises methylamine and one or more other
components .

Suitable relative amounts of reagents and reaction conditions
fe.g., temperature, time, and the like) may readily be

determined by the skilled artisan.

Preferably, the cleavage temperaturs 1s above room
temperature. In one embodiment, the cleavage temperature is
20EC or greater {e.g., 30-100EC), In one embodiment, the
cleavage temperature is SO0BEC or greater (e.g., 50-1008C}. In
one embodiment, the cleavage temperature is 60EC or greater
{e.g., 60-100EC}. 1In cne embodiment, the clesavage
temperature is 70EC or greater {e.g., 70-100EC}. In one
embediment, the cleavage tewperature is 8S0EC or greater
(e.g., 89-100EC).

The cleavage time will vary according the cleavage reagent
and cleavage temperature chosen. Typically, the cleavage
time is from 15 min te 24 hours. At a temperature of about
75BC, the cleavage time is about 1 hr.

As discussed above, in one preferred embodiment, the linker
qroup, R*, is a covalent bond, and the linker reagent is an
oxalyl dihalide. In this embodiment, the resulting oxalyl
linkage is particularly advaptageous in that (a)} it has =
high reactivity ilmparted by an ester group adjagent to a
carbonyl group, and a8 a2 consequence of starecelectronin
effects related to this positioning, it is highly susceptible
to cleavage by mucleophiles such as hydroxide, ammonia, and
primary and secondary amines; and (b) it is stable to
ftertiary amines {for example, pyridine, lutidine) which are
used in conventiocnal DNA and RNA synthesis.
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Loading

The universal solid supports of the present invention may be
prepared with a high loading. In one embodiment, the solid
support has a loading of mere than 30 pmolelg {(e.¢., 30-100
umale/g). In one embodiment, the solid suppert has a loading
of more than 40 pmele/qg {e.g., 40-100 pmole/g}. In one
cmbodiment, the selid support has a leoading of more than

50 pmole/g (e.g., 50-100 pmole/g}. In one embodiment, the

solid support has a leading of 49-70 pmole/q.
ERAMPLE

The following example is provided sgolely to illugtrate the
present inventicn and is not intended to limit the scops of

the invention, as described herein.

A universal selid support was prepared as deecribed below,

and as illustrated in the chemical scheme in Figure 2.

Oven-dried {(100FEZ, 30 min) amincpropyl-COPG {100 g,

250 pmele/g, Cruachem®) was suspended in 500 mL (727.7 g) of
oxalyl chleoride (CLC{=0)-C{=0}Cl, Aldrich®} in a 2 litre
flask uzing a rotavapor system (R-114, Bichi®}, at high speed
{240 rev/min) at room temperature under reduced pressure
{approx. 500 mbax). After 10 min, the mixture was heated to
100EC over 120 min. Excess oxalyl chloride was evaporated
after about 2.5 hr, to give a dry activated CP3 (i.e., CPG
with pendant linker groups).

A fresh solution of {a) 2¢-37-0-O-methoxyethylidene inceine
in {b} dry pyridine and {c) N-methylimidazole {400 mL, 5.7 g
of {a); 360 mL of (b), and 40 mL of (c¢)) was preparsd
immediately before uee.

The above solution was added to the activated CPE in the
retavapor flask at high speed (240 rev/min;) and at room

temperature., The slurry was mixed for 20 min under redyced
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pressure (approx. 500 mbar) .

40 mL of acetic anhydride (10% of the volume of inosine
darivative) was added to the mixture, and the miXture allowed
to stand for 5 min a high speed (240 rev/wmin) wnider reduced
pressure [approx. 500 mbar) .

The resuliting beads were filtered on a glass-fritted funnel
and washed several times with pyridine {2 x 300 mL} and
acetonitrile (z x 200 mL). The bezads were dried {rocom

temperature) in vacuum and stored under vacuum at 4EC.

The 160 g of universal CPG thus obtained. The loading of
this CPG was controlled and showed that it was &0 pmole/qg.
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CLAIME
1. B wmethod for the preparation of a solid gumport suitable

for use in selid-phase oligosynthesie, which method
comprises the steps of:

{a) reacting a pendant functional group of a solid
suppart wikh a linker reagent, thereby forming a pendant
linker group;

(b} remeving at least a porkbion of excess wnreactsd
linker reagent by evaporation; and,

{c) rescting said pendant linker group with a

cyclic reagent, thereby forming a pendant cyelic group.

A method for the preparation of a solid support suitable
for use in zolid-phase cligonuclectide synthesis, which
methed cowmprices the steps of:

{a) reacting a pendant functional group of a sclid
support with a linker reagent, thereby forming & pendant
linker group;

(b} removing at least a portion of excess unreacted
linker reagent by evaporation;

(2) reacting said pendant linker group with a
cyclic reagent, thereby forming a pendant cyclic group;
and,

{d) removing at least a portion of excess unreacted

eyelic reagent and/or by-products theresof .

A method according to ¢laim 1 ar 2, further comprising,
aftar said step of reacting a pendant functional group
of a salid support with a linker reagent, a step of:
(1} zeacting &t least a portion of any remaining
pendant functicnal groups of said solid support with a
capping reagent, thersby forming pendant capped

functional groups.

A method according to any one of claims 1 to 3, further
comprising, after said step of removing at least a
porticn of excess unreacted linker reagent by
evaporation, a step of:

54
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10.

11.

(1) reacting at least & partion of any remaining
pendant functional groups of said sclid support with a
capping reagent, thereby forming pendant capped
funcrional groups.

A method zecording to any ons of claims 1 to 4, further
comprising, after said step of reacting said pendant
linker group with a cyclic reagent, a step of:

(i) reacting at least a2 portion of any remaining
pendant linker arcups of sald sollid support with a
capping reagent, thereby forming pendant capped linker

groups.

A methed according to any one of claims 3, 4, and 5,
wherein said capping reagent is &cetic anhydride,

A method according to any one of claims 1 to 6, wherein
said step of removing at least a portion of excess
unreacted linker reagent by evaporation is achieved with
the application of reduced pressure and/or increased

temperature.

A method aceording te any one of claims 1 te 7, wharein
said step of removing at least a portion of excess
unreacted linker reagent by evaporation involves
removing a substantial porticn of excess unreacted
linker reagent.

A method according to any one of claims 1 to 8, wherein
said step of removing at least a portion of excess
unreacted linker reagent is achieved solely by
evaporation.

A wethod aceording to any one of claims 1 to 9, wherein
one or more steps of said method are performed using an
evaporation apparatus.

A method according to any cne of «laims 1 to %, wherein

said method is performed using 2 rotavapor apparatus or

6l
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& digtillation apparatus.

i2. A wethed according to any one of claims 1 teo 9, wherein

said methed is performed using a rotavapor apparatus.

12. B methed secording te any ome of claims 1 to 12, wherein
said linker reagent has the formula:

I I
LC—R—C—¥?

X
wherein
¥ ang x* are independently -Cl, -Br, or -I; and,
10 ®rY denotes a covalent bond or a divalent group which
i= an organic group comprising from 1 to 10 carbon atoms
and from D to 5 hetercatems selected from N, &, and 8;

and wherein said linker reagent is & volatile liguid.

15 14. A method according to any one of claims 1 teo 12, wherein

said linker reagent has the formula:

i i
X —C—(CH)—C—X¢

wherein X* and X’ are independently -Cl, -Br, or -I, and

n iz an integer from 0 to 2.

20
1%, A methed according to claim 12, wherein said linkexr
reagent iz one of:
o Qa
1] 1]
Sl—C—C—Cl
0 i
Cl—C—CH;—C—Cl
I i
Cl—C—CH— CH—C—Cl
16. A method according to claim 14, whereln sald linker
25 reagent is:
fl
Cl—C—C—Cl

17. A method accorxding to any one of claimg 1 to 16, wherein
al

JP
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518,
is.
10
&)
20
25
30

said pendant functional group of said solid support is
-J*-H, wheresin I s -WH-, -0-, or -5-, denoted as

Ot

A wetitod according to <¢laim 17, wherein said pendant

functional group of said sclid support is -Wi, denoted

as focllowe:
O

A method according to any one of claime 1 to 18, wherein

follows:

2aid cyclic reagent has the formula:

i
W*(ll!*Z
Y

wherein:

Q denotes a cyclic group, whicn has a single
non-arcmatic ring, which ring has from 5 to 7 ring
atoms, which ring atoms are:

{a) all carbon atoms; cor,

{b) carbon atoms and one or two hetercatoms

selected from oxygen, nitregen, and sulfur;

W denctes a reactive conjugabing group and is -0H,
-NHz, or -SH;

E denctes a base moiety, which is a purine or
pyriwmidine cr a derivative or analog thereot;

Y denctes an oligosynthesis group, which is -COH,
-NHz, or -8H, or a protected form thereeof: and,

Z, 1f present, denotes an auxiliary group, which is
-0H, -NH:, or -3H, or a protected form therecf;

wherein said W, B, ¥, and 7, if present, are each

separately attached to a varbon ring atem of said Q,
62
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either directly, wvia a covalent bond, or indirectly, wvia
anl intermediate covalent linkage selected from -CH,- and
-CHACH; -

5 20. & method accoxding to claim 1%, wherein Q is selected

from:
E 5, ] &
O O O
4 1 4 1
z 2 3 2 : o k)

a

21. & wmethod according to claim 20, the molety Y-0-Z of the

cyclic reagent has a structurs selected from:

¢ o 5
[ i + * Q
he 1 4 1

A A 2 fe 3) i ,

Yizi oY) v@  zyy Y@ A vz oz

10
22. A method according to claim 21, the molety Y-Q-Z of the
’ gyclic reagent has a structure selected from:
Q Q
Y@ N vz oz Y@ Y vz 2w
23, A method according to claim 22, wherein the cyclie
15 reagent is selected from:
W—GCH,
W—CH B
B
Y& Z(Y)
YiZy o Z(Y)
Q W—CH,,
W—CH B
B
YZy  Z(Y)
YiZy &Yl

24. A method according t¢ ¢laiw 22, wherein the cyclie

reagent is selected from:
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Y@y &Y)

25. A method according be any one of ¢laims 1 to 24, wheXein

B is selectad from the following, or a protected form

thereof:
,Tf 0 NH,,
N’:[: N N N
S )ﬁ» N
S e o
0 Q
HN S EH; HNS N>
\ A l .
N
|

0 T 0 ?

26. A method according to claim 25, wherein B is the
following, or a protected form thereof:

HN

A

27. B method according teo any cne of claima 1 to 28, wherein
10 W is -OH.

ae.

o

method aceording teo any one of claimg 1 to 27, wherein

¥ is ~0OH or a protected form thersof.

15 2%, A method according to any one of olaimg 1 to 28, wherein
Z, i1f present, 1s& -OH or a protected form thereof.

64
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30, A method according to any one of claims 1 to 29, wherein
5, if present, is -0OH protected in the form of -OR,
wherein R is an acyl group, a Ci.alkyl group, or a silyl

group.

31. A mekhed according to any one of claimzs 1 to 30, wherein
both 2 and ¥, in deprotected form, are -CH, and, in
protected form, together form part of a cyclic structure
with an O-CG-methoxyethylidene group of the structure:

P i N N

o} Q
Me>x<OMe

32. A methed according to any one of claims 1 to 29, whersin
said cyeclic reagent ia:

o
<N l“mH
HO—FH2 i N/

or a protected form thereot.

15 33. A method aceceording te claim 22, wherein said cyelic
reagent ia:

34. A method accerding to any one of claims 1 to 33, vherein
65
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grid step of reactiny said pendant linker group with a
cyclic reagent is performed in the present of an added
base.

3 35, A method according te claim 34, wherein saild added base
is dimethylaminopyridine (DMAP) or N-methylimidazole

(FMI) .

38. A salid support of the formula:

0 o} NH
il i d !
O—JLC—RL—C—O—RCHZ <§' ; N/)

{AcOHO QAG{OH)
10 wherein:
g ig -NH- ;
B® i5 - (CHz)e- 5 amd,
n ig an integer from 9 to 10;

or a protected form kthereof.

37. A sclid support of the formula:

wherein:
gt is -NH-
BY i - (CHa- and,
20 n is an integer from 0 to 1D.

a6
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3B.

39,

40.

41,

43

44.

A =clid support of the formula:

G
"
-
N
(AcOHO CAc{OR)
or a protected form thereof.
A 20lid support of the formula:
8]
L
o
N

A solid support suitable for use in solid-phase
cligomuclectids synthesis prepared by a method as
deszcribed in any one of claims 1 to 25,

A method of oligonuclectide synthesis, which method
employe a method for the preparation of a universal
sclid support as described in any one of claims 1 o 35.

A method of oligemuclectide synthesis, which method
employs @ universal solid support as described in any

one of c¢laims 36 to 38,

An oligenuclectide which has been prepared using a
methed of oligonuclectide synthesis, which method
employs a method for the preparation of a universal

solid support as described in any one of claims 1 to 35.

an oligenuclectide which has been prepared ueing a

a7
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universal solid support as described in any one of
claims 3& to 3%.
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