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(54) Bezeichnung: PENTOPYRANOSYL-NUCLEOSID, SEINE HERSTELLUNG UND VERWENDUNG

(57) Abstract

The invention relates to a pentopyranosyl
nucleoside of formula (I) or formula (II), to the
production of said pentopyranosyl nucleoside, and to
its use for producing a therapeutic agent, a diagnostic
agent and/or an electronic component,

(§7) Zusammenfassung

Die Erfindung betrifft ein Pentopyra-
nosyl-Nucleosid der Formel (I) oder der Formel
(II), deren Herstellung und Verwendung zur
Herstellung eines Therapeutikums, Diagnostikums
und/oder elektronischen Bauteils.
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Abstract

The invention relates to a pentopyranosyl-

nucleoside
of the formula (I) or of the formula (II)
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their preparation and use for the production of a

therapeutic, diagnostic and/or electronic component.
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Pentopyranosylnucleoside, its preparation and use

The present invention relates to a pentopyranosyl-
nucleoside or a derivative thereof of the formula (I)

or of the formula (II)

M an.

its preparation and use for the production of a
-therapeutic, diagnostic and/or electronic component.
Pyranosylnucleic acids (p-NAs) are 1in general
structural types which are isomeric to the natural RNA,
in which the pentose units are present in the pyranose
form and are repetitively 1linked by phosphodiester
groups between the positions C-2’' and C-4’ (Fig. 1).
“Nucleobase” is understood here as meaning the
canonical nucleobases A, T, U, C, G, but also the pairs
isoguanine/isocytosine and 2,6-diaminopurine/xanthine
and, within the meaning of the present invention, also
other purines and pyrimidines. p-NAs, namely the p-RNAs
derived from ribose, were described for the first time
by Eschenmoser et al. (see Pitsch, S. et al. Helv.
Chim. Acta 1993, 76, 2161; Pitsch, S. et al. Helv. Chim
Acta 1995, 78, 1621; Angew. Chem. 1996, 108, 1619-
1623). They exclusively form so-called Watson-Crick-
paired, i.e. purine—pyrimidine- and purine—pprine-
paired, antiparallel, reversibly “melting”, quasi-
linear and stable duplexes. Homochiral p-RNA strands of

opposite sense of chirality likewise pair
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controllably and are strictly non-helical in the duplex
formed. This specificity, which is wvaluable for the
construction of supramolecular units, 1is associated
with the relatively low flexibility of the ribopyranose
phosphate backbone and with the strong inclination of
the base plane to the strand axis and the tendency
resulting from this for intercatenary base stacking in
the resulting duplex and can finally be attributed to
the participation of a 2’,4’-cis-disubstituted ribo-
pyranose ring in the <construction of the backbone.
These significantly better pairing properties make
p-NAs pairing systems to be preferred compared with DNA
and RNA for use in the construction of supramolecular
units. They form a pairing system which is orthogonal
to natural nucleic acids, i.e. they do not pair with
the DNAs and RNAs occurring in the natural form, which
is of importance, in particular, in the diagnostic
field. '

Eschenmoser et al. (1993, supra) has for the
first time prepared a p-RNA, as shown in Fig. 2 and
illustrated below.

In this context, a suitable protected
nucleobase was reacted with the anomer mixture of the
tetrabenzoylribopyranose by action of bis(trimethyl-
silyl)acetamide and of a Lewis acid such as, for
example, trimethylsilyl trifluoromethanesulphonate
(analogously to H. Vorbriuggen, K. Krolikiewicz,
B. Bennua, Chem. Ber. 1981, 114, 1234). Under the
action of base (NaOH in THF/methanol/water in the case
of the purines; saturated ammonia in MeOH in the case
of the pyrimidines), the acyl protected groups were
removed from the sugar, and the product was protected
in the 3’,4’-position wunder acidic catalysis with
p-anisaldehyde dimethyl acetal. The diastereomer
mixture was acylated in the 2’-position, and the
3’ ,4’ -methoxybenzylidene-protected 2' -benzoate was
deacetalized by acidic treatment, e.g. with trifluoro-
acetic acid in methanol, and reacted with dimethoxy-
trityl chloride. The 2’'—=3’ migration of the benzoate
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was initiated by treatment with p-nitrophenol/4- (di-
methylamino) pyridine/triethylamine/pyridine/n-propanol.
Almost all reactions were worked up Dby column
chromatography. The key unit synthesized in this way,
5 the 4’'-DMT-3’-benzoyl-1’-nucleobase derivative of the
ribopyranose, was then partly phosphitylated and bonded

to a solid phase via a linker.
In the following automated oligonucleotide
synthesis, the carrier-bonded component in the
10 4’-position was repeatedly acidically deprotected, a
phosphoramidite was coupled on under the action of a
coupling reagent, e.g. a tetrazole derivative, still
free 4’'-oxygen atoms were acetylated and the phosphorus
atom was oxidized 1in order thus to obtain the
15 oligomeric product. The residual protective groups were
then removed, and the product was purified and desalted

by means of HPLC.

The described process of Eschenmoser et al.
(1993, supra), however, shows the following

20 disadvantages:

1. The use of non-anomerically pure tetrabenzoylpento-
pyranoses (H.G. Fletcher, J. Am. Chem. Soc. 1955, 77,
5337) for the nucleosidation reaction with nucleobases
25 reduces the yields of the final product owing to the
necessity of rigorous chromatographic «cuts in the
following working steps.
2. With five reaction stages, starting from
ribopyranoses which have a nucleobase in the 1’-posi-
30 tion, up to the protected 3’-benzoates, the synthesis
is very protracted and carrying-out on the industrial
scale is barely possible. In addition to the high time
outlay, the yields of monomer units obtained are low:
29% in the case of the purine unit adenine, 24% in the
35 case of the pyrimidine unit uracil.
3. In the synthesis of the oligonucleotides, 5-(4-
nitrophenyl)-1H-tetrazole 1is employed as a coupling
in the automated p-RNA synthesis. The
joncentration of this reagent in the solution of
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tetrazole in acetonitrile is in this case so high that the
5-(4-nitrophenyl) -1H-tetrazole regularly crystallizes out in
the thin tubing of the synthesizer and the synthesis thus
comes to a premature end. Moreover, it was observed that
the oligomers were contaminated with 5-(4-nitrophenyl)-1H-
tetrazole.

4. The described work-up of p-RNA oligonucleotides,
especially the removal of the base-labile protective groups
with hydrazine solution, is not always possible if there is
a high thymidine fraction in the oligomers.

Advantageously, at least one embodiment of the present
invention may make available novel pentopyranosylnucleosides
and a process for their preparation in which the preparation
of the pentopyranosylnucleosides on a larger scale than by
known processes is to be made possible and at least one of
the disadvantages described above may be avoided.

According to a first aspect of the present invention
there 1is provided conjugate comprising a biomolecule
selected from the group consisting of a nucleic acid,
peptide or protein and a pentopyranosylnucleoside of the
formula (I)

0S4
Oscz
)
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in which
R'! is equal to H, OH, Hal where Hal is equal to Br or Cl or a

radical selected from

O o] 0o (0]
[ [ I I
-O0——C—(CH,)s—C——0 NO, = —0—C—CH;—CH,—C——O0H
5
or -0-P[N(i-Prx),} - (OCH,CH,CN) where i-Pr 1is equal to

isopropyl, or OS_,, where S_, is equal to a protective group,
R’, R’ and R' independently of one another, identically or
10 differently, are in each case H, Hal where Hal is equal to
Br or Cl, NR°R®’, OR’, SR®, =0, CH,,., where n is an integer

from 1-12, preferably 1-8, in particular 1-4, a B-eliminable

:':.: group, preferably a group of the formula -OCH,CH,R'® where R'*®
.:3:.: is equal to a cyano or p-nitrophenyl radical or a
E.:: 15 fluorenylmethyloxycarbonyl (Fmoc) radical, or (C,H, )NR*R"
.".i where R' and R are independently equal to H, CMH,, or R

and R' are linked via a radical of the formula

e} R12

Ry R

..... m

cese o R1S

R 20
in which R', RY, R"™ and R" independently of one another,
identically or differently, are in each case H, OR’, where R’
has the abovementioned meaning, or C,H,.,, or CH, ,, where n
has the abovementioned meaning, and

éi R°, R®, R’ and R® independently of one another, identically or

ﬁaﬁﬁdifferently, is in each case H, CH,,,, or CH, ,, where n has
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the abovementioned meaning, -C(O)R’ where R’ is equal to a
linear or branched, optionally substituted alkyl or aryl
radical, preferably a phenyl radical, '

X and Y independently of one another, identically or
differently, is in each case =N-, =C(R'®)- or -N(R')- where
R'®* and R!Y independently of one another, identically or
differently, is in each case H or CH,,, or (C.H,)NR'R"
having the abovementioned meanings,

Z is =N-, =C(R'®)- or -N(R')- where R' and R' independently
of one another, identically or differently, is in each case
H or CH,, or (CH,)NRR" having the abovementioned
meanings, and wherein when Z is =N- or =C(R')- the double
bond is formed with the carbon atom bearing R®,

=----- 1is an optional double bond, and

S.. and S, independently of one another, identically or

differently, 1is 1in each case H or a protective group

" selected from an acyl, trityl or allyloxycarbonyl group,

preferably a benzoyl or 4,4'-dimethoxytrityl (DMT) group,

or of the formula (II)

(i
OSc1'

0S¢y

in which R' is equal to H, OH, Hal where Hal is equal to Br
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(o] (0] o} (0]
-o—lcl—(CHz)s—lcl,——o NO, -O—lcl,—CHz—CHz——lcl—OH
or -0-P[N(i-Pr),]- (OCH,CH,CN) where 1i-Pr 1is equal to
isopropyl, or OS, where S, is equal to a protective group,
R*’, R’ and R" independently of one another, identically or
differently, are in each case H, Hal where Hal is equal to
Br or Cl, -NR°R®, OR’, =0, CMH,,, or CH, ,, a B-eliminable
group, preferably a group of the formula -OCH,CH,R'®* where R'®
is equal to a cyano or p-nitrophenyl radical or
fluorenylmethyloxycarbonyl (Fmoc) radical or (C,H,,)NR!?'R!’,
where R and R'', independently of one another have the
abovementioned meaning of R' or R'!, and
X' is =N-, =C(R*)- or -N(R')-, where R and R
independently of one another have the abovementioned meaning
of R' or RY,

----- is an optional double bond, and

S.,. and S, have the abovementioned meaning of S, and S_;
wherein a nucleic acid is conjugated through a
phosphodiester group in the position 2' or 4' and/or a
nucleic acid, peptide or protein is conjugated through an
amide group derived from an amino-terminal 1linker in the
position 2', 3', 4', 5', 2, 6 or 8 for compounds derived
from formula (I) and in the position 2', 3', 4', 5', 2, 4 or
5 for compounds derived from formula (II).

The pentopyranosylnucleoside or derivative thereof
according to the invention is in general a ribo-, arabino-,
lyxo- and/or xylopyranosylnucleoside, preferably a
ribopyranosylnucleoside, where the pentopyranosyl moiety can
be in the D configuration, but also in the L configuration.




10

15

20

25

30

P:\OPER\Kbin\10245-99 spe3.doc-24/12/02

-7A -

Customarily, the pentopyranosylnucleoside or derivative

thereof according to the invention 1is a pentopyranosyl

derivative of purine, -2,6-diaminopurine, -6-purinethiol,
-pyridine, -pyrimidine, -adenosine, -guanosine,
-isoguanosine, -6-thioguanosine, -xanthine, -hypoxanthine,
-thymidine, -cytosine, -isocytosine, -indole, -tryptamine,
-N-phthaloyltryptamine, -uracil, -caffeine, -theobromine,
-theophylline, -benzotriazole or -acridine, in particular a

pentopyranosylpurine, -pyrimidine,
-adenosine, -guanosine, -thymidine, -cytosine,
-tryptamine, -N-phthalotryptamine or -uracil.

The compounds according to the invention also
include pentopyranosylnucleosides which can be used as
linkers, i.e. as compounds having functional groups
which can bond covalently to biomolecules, such as, for
example, nucleic acids occurring in their natural form
or modified nucleic acids, such as DNA, RNA but also
p-NAs, preferably pRNAs. This 1is surprising, as no
linkers are yet known for p-NAs.

For example, these include pentopyranosyl-
nucleosides in which R?, R3, R%?, R?, R*¥ and/or RY is a
2-phthalimidoethyl or allyloxy radical. Preferred
linkers according to the present invention are, for
example, uracil-based linkers in which the 5-position
of the uracil ' has preferably been modified,
e.g. N-phthaloylaminoethyluracil, but also indole-based
linkers, preferably tryptamine derivatives, such as,
for example, N-phthaloyltryptamine.
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Surprisingly, by means of the present invention
more easily handleable pentopyranosyl-N,N-diacylnucleo-
sides, preferably purines, 1in particular adenosine,
guanosine or 6-thioguanosine, are also made available,
whose nucleobase can be completely deprotected in a'
simple manner. The invention therefore also includes -
pentopyranosylnucleosidés according to the invention,
in which R%, R?}, R%*, R¥, R¥ and/or R" is a radical of

the formula -N[C(O)R%],, in particular N®, N5—dibenzoyl-
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9- (B-D-ribopyranosyl)adenosine.

It is furthermore surprising that the present
invention makes available ©pentopyranosylnucleosides
which carry a protective group, preferably a protective
group which can be removed by base or metal catalysis,
in particular an acyl group, particularly preferably a
benzoyl group, exclusively on the 3’-oxygen atom of the
pentopyranoside moiety. These compounds serve, for
example, as starting substances for the direct
introduction of a further protective group, preferably
of an acid- or base-labile ©protective group, in
particular of a trityl group, particularly preferably a
dimethoxytrityl group, onto the 4’-oxygen atom of the
pentopyranoside moiety without additional steps which
reduce the yield, such as, for example, additional
purification steps.

Moreover, the present invention makes available
pentopyranosylnucleosides which carry a protective
group, preferably an acid- or base-labile protective
group, in particular a trityl group, particularly
preferably a dimethoxytrityl group, exclusively on the
4’ -oxygen atom of the pentopyranoside moiety. These
compounds too serve, for example, as starting
substances for the direct introduction of a further |
protective group, preferably of a protective group
which can be removed by base or metal catalysis, in
particular of an acyl group, particularly preferably of
a benzoyl group, e.g. on the 2’-oxygen atom of the
pentopyranoside moiety, without additional steps which
reduce the yield, such as, for example, additional
purification steps.

In general, the pentopyranosidenucleosides
according to the invention can be reacted in a so-
called one-pot reaction, which increases the yields and
is therefore particularly advantageous.

The following compounds are preferred examples

of the pentopyranosylnucleosides according to the

=~ iNvention:
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A) [2',4’-Di-0-Benzoyl)-B-ribopyranosyl]nucleosides,
in particular a [2’,4’-di-O-benzoyl)-B-ribopyranosyl]-
adenine, -guanine, -cytosine, -thymidine, -uracil,
-xanthine or -hypoxanthine, and an N-benzoyl-2’,4’
-di-O-benzoylribopyranosylnucleoside, in particular an
-adenine, -guanine or -cytosine, and an N-isobutyroyl-
2, 4’ -di-O-benzoylribopyranosylnucleoside, in
particular an -adenine, -guanine or -cytosine, and an
06—(2—cyanoethyl)—Nz—isobutyroyl—Z’,4’—di—O—benzoyl—
ribopyranosylnucleoside, - in particular a -guanine, and
an 0° (2-(4-nitrophenyl)ethyl)-N?-isobutyroyl-2',4’-di-

O-benzoylribopyranosylnucleoside, in particular a
-guanine.
B) B-Ribopyranosylnucleosides, in particular a

B-ribopyranosyladenine, -guanine, -cytosine, -thymidine
or -uracil, -xanthine or hypoxanthine, and an
N-benzoyl-, N-isobutyroyl-, 0%~ (2-cyanoethyl) - or
06—(2—(4—nitrophenyl)ethyl)—N2—isobutylroyl—B—ribo—
pyranosylnucleoside.

C) 4’ -DMT-pentopyranosylnucleosides, preferably a
4’ -DMT-ribopyranosylnucleoside, in particular a 4’-DMT-

ribopyranosyladenine, -guanine, -cytosine, -thymidine,

-uracil, -xanthine or -hypoxanthine, and an N-benzoyl-
4’ -DMT-ribopyranosylnucleoside, in particular an
N-benzoyl-4’-DMT-ribopyranosyladenine, -guanine or

-cytosine, and an N-isobutyroyl-4’-DMT-ribopyranosyl-

nucleoside, in particular N-isobutyroyl-4’-DMT-
ribopyranosyladenine, -guanine or -cytosine and an
06—(2—cyanoethyl)—Nz—isobutyroyl—4'—DMT—ribopyranosyl—
nucleoside, in particular an 06—(2-cyanoethyl)—
Nz—isobutyroyl—4’—DMT—ribopyranosylguanine, and an
0%-2- (-4-nitrophenyl)ethyl)-N*-isobutyroyl-4’-DMT-ribo-
pyranosylnucleoside, in particular an

06—(2—(—4—nitrophenyl)ethyl)—Nz—isobutyroyl—4'—DMT—ribo—
pyranosylguanine.
D) B-Ribopyranosyl-N,N’-dibenzoyladenosine or p-ribo-

pyranosyl-N, N’ -dibenzoylguanosine.

Suitable precursors for the oligonucleotide
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synthesis are, for example, 4’ -DMT-pentopyranosyl-

nucleoside-2’ -phosphitamide/-H-phosphonate, preferably

a 4’ DMT-ribopyranosylnucleoside-2’ -phosphitamide/-
H-phosphonate, in particular a 4’ -DMT-ribo-
pyranosyladenine-, -guanine—-, -cytosine-, -thymidine-,
-xanthine-, or hypoxanthine-, or -uracil-
2’ -phosphitamide/-H-phosphonate and an N-benzoyl-
4’ -DMT-ribopyranosyladenine-, -guanine- or -cytosine-
2’ -phosphitamide/-H-phosphonate and N-isobutylroyl-
4’ -DMT-ribopyranosyladenine-, -guanine- or -cytosine-
2’ -phosphitamide/-H-phosphonate, 0%-(2- cyanoethyl)-
4’ -DMT-ribopyranosylguanine-, -xanthine-,
-hypoxanthine-2’-phosphitamide/-H-phosphonate or

0%- (2- (4-nitrophenyl)ethyl) -N’-isobutyroyl-4’ -DMT-ribo-
pyranosylguanine, and for the coupling to the solid
carrier, for example, 4’'-DMT-pentopyranosylnucleoside-

2’ -succinate, preferably a 4’ -DMT-ribopyranosyl-
nucleoside-2’ -succinate, in particular a 4’ DMT-
ribopyrandsyladenine—, -guanine-, -cytosine-,
thymidine-, -xanthine-, -hypoxanthine- or -uracil-

2’ -succinate and an N-benzoyl-4’-DMT-ribopyranosyl-

adenine-, -guanine- or -cytonsine-2’-succinate and an

N-isobutyroyl-4’-DMT-ribopyranosyladenine-, -guanine-
or -cytosine-2’-succinate, O-(2-cyanoethyl) -4’ -DMT-
ribopyranosylguanine-, -xanthine- or -hypo-xanthine-2’-
succinate and an 06—(2—(4—nitrophenyl)ethyl)—

Nz—isobutyroyl—4’—DMT—ribopyranoSylguanine—
2’ -succinate. '

In a second aspect, the present invention provides
process for the preparation of a conjugate according to
the invention, said process comprising combining a
pentopyranosylnucleoside or a derivative thereof or a
pentopyranosylnucleic acid or a derivative thereof with
a biomolecule.

A further subject of the present invention is a
process for the preparation of a pentopyranosyl-
nucleoside of the formula (I) or (II) according to the

invention, 1in which, starting from the unprotected

\\ pentopyranoside,
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(a) in a first step the 2'-, 3'- or 4'-position of the
pentopyranoside is first protected, and preferably
(b) 1in a second step the other position is protected in the
2'-, 3'- or 4'-position.

5 The process according to the invention is not

restricted to the nucleobases described in the cited
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literature, but can surprisingly be carried out
successfully wusing a large number of natural and
synthetic nucleobases. Moreover, it 1s particularly
surprising that the process according to the invention
can be carried out in high yields and with a time
saving of on average 60% in comparison with the process
known from the 1literature, which 1is particularly
advantageous for industrial application. In addition,
using the process according to the invention the
purification steps necessary in the process described
in the 1literature, e.g. chromatographic intermediate
purifications, are not necessary and the reactions can
in some cases be carried out as a so-called one-pot
reaction, which markedly increases the space/time
yields.

In a particular embodiment, in the case of a
2’ -protected position a rearrangement of the protective
group from the 2’-position to the 3’-position takes:
place, which in general is carried out in the presence
of a  Dbase, in particular in the presence of
N—ethyldiisoptopylamine and/or triethylamine. According
to the present invention, this reaction can be carried
out particularly advantageously in the same reaction
container as the one-pot reaction.

In a further preferred embodiment, the
pyranosylnucleoside is protected by a protective group
Scir Sc2, Sci1r or Ser which is acid-labile, base-labile
or can be removed with metal catalysis, the protective
groups Sc1 and Scir preferably being different from the
protective groups Sc; and Scp-.

In general, the protective groups mentioned are
an acyl group, preferably an acetyl, benzoyl,
nitrobenzoyl and/or methoxybenzoyl group, trityl
groups, preferably a 4,4’'-dimethoxytrityl (DMT) group
or a P-eliminable group, preferably a group of the
formula -OCH,CH,R'® where R'® is equal to a cyano or p-

nitrophenyl radical or a fluorenylmethyloxycarbonyl

p —\
,Q;RAL&%A(Fmoc) group.

It is particularly preferred if the 2’- or 3’-
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position 1is protected by a protective group which is
base-labile or can be removed with metal catalysis,
preferably by an acyl group, in particular by an
acetyl, benzoyl, nitrobenzoyl and/or methoxybenzoyl
group, and/or the 4’-position is protected by an acid-
or base-labile protective group, preferably by a trityl
and/or Fmoc group, in particular by a DMT group.

Unlike the process known from the literature,
the process according to the invention consequently
manages without acetal protective groups, such as
acetals or ketals, which avoids additional
chromatographic intermediate purifications and con-
sequently allows the reactions to be carried out as
one-pot reactions with surprisingly high space/time
yields.

The protective groups mentioned are preferably
introduced at low temperatures, as by this means they
can be introduced surprisingly selectively.

Thus, for example, the introduction of a
benzoyl group takes place by reaction with benzoyl
chloride in ©pyridine or in a pyridine/methylene
chloride mixture at low temperatures. A DMT group can
be introduced, for example, by reaction with DMTCl in
the presence of a base, e.g. of N-ethyldiisopropylamine
(Hinig’s Dbase), and, for example, of pyridine,
methylene chloride or a pyridine/methylene chloride
mixture at room temperature.

It is also advantageous if after the acylation
and/or after the rearrangement of the 2’- to the 3’-
position which is optionally carried out, the reaction
products are purified by chromatography. Purification
after the tritylation is not necessary according to the
process according to the invention, which is
particularly advantageous.

The final product, if necessary, can
additionally be further purified by crystallization.

Another subject of the present invention is a

\ Process for the preparation of a ribopyranosyl-

ucleoside, in which
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(a) a protected nucleobase is reacted with a protected
ribopyranose,

(b) the protective groups are removed from the
ribopyranosyl moiety of the product from step (a), and
(c) the product from step (b) is reacted according to
the process described above in greater detail.

In this connection, in order to avoid further
time- and material-consuming chromatography steps, it
is advantageous only -to employ anomerically pure
protected pentopyranoses, such as, for example, tetra-
benzoylpentopyranoses, preferably f-tetrabenzoylribo-
pyranoses (R. Jeanloz, J. Am. Chem. Soc. 1948, 70,
4052).

In a further embodiment, a linker according to
formula (II), in which R* is (CpHp,)NR!¥'R!Y" and R!'9'R!Y’
is linked by means of a radical of the formula (III)
having the meaning already designated, 1is advan-
tageously prepared by the following process:

(a) a compound of the formula (II) where R* is equal to
(CnH2n)0Sc3 or (ChpH2n)Hal, in which n has the above-
mentioned meaning, Sc3 is a protective group, preferably
a mesylate group, and Hal is chlorine or bromine, 1is
reacted with an azide, preferably in DMF, then

(b) the reaction product from (a), is preferably
reduced with triphenylphosphine, e.g. in pyridine, then
(c) the reaction product from (b) is reacted with an
appropriate phthalimide, e.g. N-ethoxycarbonylphthal-
imide, and

(d) the reaction product from (c) is reacted with an
appropriate protected pyranose, e.g. ribose tetra-
benzoate, and finally

(e) the protected groups are removed, for example with
methylate, and

(f) the further steps are carried out as already
described above.

In addition, indole derivatives as linkers have



10

15

20

25

30

35

~ Mmoiety of

- 14 -

of the fluoresce and

particularly preferred

the

therefore

advantage ability to are

for nanotechnology
applications in which it may be a matter of detecting

very small amounts of substance. Thus indole-1-

ribosides have already been described in N.N. Suvorov
et al., Biol. Aktivn. Soedin., Akad. Nauk SSSR 1965, 60
and Tetrahedron 1967, 23, 4653.

analogous preparing

there is no
3-substituted

their preparation takes place

However,
process for
derivatives. In general,
via the formation of an aminal of the unprotected sugar
component and an indoline, which is then converted into
the
indole-1-glucosides -l-arabinosides been
(Y.V. Khim.-Farm Zh. 1978,

whose 3-substituted derivatives were usually

indole-1l-riboside by oxidation. For example,

and have
described
12, 33),

prepared by means of Vielsmeier reaction.

Dobriynin et al.

This route
for the introduction of aminoethyl units into the 3-
position of the indole is too complicated, however, for

industrial application.

In a further preferred embodiment, a linker
according to formula (1), in which X and Y
independently of one another, identically or

differently, are in each case =C(R!®) where R!® is equal
to H or CpHaya and 2 =C(R!®)-
(CoH2n) NR'R!!  is therefore advantageously prepared by

the following process:

where R!* is equal to

(a) the

tryptamine,

N-phthaloyl-

e.g. D-ribose,

appropriate indoline, e.qg.
is reacted with a pyranose,
then

(b) the hydroxyl groups of the pyranosyl moiety of the

to give the nucleoside triol,

are preferably protected with acyl
then

e.g.

product from (a)
e.g. by means of acetic anhydride,
(b) 1is

dichloro-5, 6-dicyanoparaguinone,

groups,

(c) the product from oxidized, by 2,3-
and
(d) the hydroxyl protective groups
the

ample, by means of methylate and finally

of the pyranosyl

product from (c) are removed, for

8) the further steps as already described above are
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carried out.

This process, however, cannot only be used in
the case of ribopyranoses, but also in the case of
ribofuranoses and 2’-deoxyribofuranoses or 2’-deoxy-
ribopyranoses, which is particularly advantageous. The
nucleosidation partner of the sugar used is preferably
tryptamine, in particular N-acyl derivatives of
tryptamine, especially N-phthaloyltryptamine.

In a further -embodiment, the 4’'-protected,
preferably, the 3’,4’-protected pentopyranosylnucleo-
sides are phosphitylated in a further step or bonded to
a solid phase.

Phosphitylation is carried out, for example, by
means of monoallyl N-diisopropylchlorophosphoramidite
in the presence of a base, e.g. N-ethyldiisopropylamine
or by means of phosphorus trichloride and imidazole or
tetrazole and subsequent hydrolysis with the addition
of a base. In the first case, the product 1is a
phosphoramidite and in the second case an H-
phosphonate. The bonding of a protected pentopyranosyl-
nucleoside according to the invention to a solid phase,
e.g. “long-chain alkylamino-controlled pore glass”
(CPG, Sigma Chemie, Munich) can be carried out, for
example, as described in Eschenmoser et al. (1993).

The compounds obtained serve, for example, for
the preparation of pentopyranosylnucleic acids.

A further subject of the present invention is
therefore a process for the preparation of a

pentopyranosylnucleic acid, having the following steps:

(a) in a first step a protected pentopyranosyl-
nucleoside 1is bonded to a solid phase as already
described above and

(b) in a second step the 3’-,4’'-protected pento-
pyranosylnucleoside bonded to a solid phase according
to step (a) is lengthened by a phosphitylated 3’-, 4’-
protected pentopyranosylnucleoside and then oxidized,

for example, by an aqueous iodine solution, and
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(c) step (b) is repeated with identical or different
phosphitylated 3’-,4’-protected pentopyranosylnucleo-
sides until the desired pentopyranosylnucleic acid 1is

present.

Acidic activators such as pyridinium
hydrochloride, particularly benzimidazolium triflate,
are suitable as a coupling reagent when
phosphoramidites are employed, preferably after
recrystallizing in acetonitrile and after dissolving in
acetonitrile, as in contrast to 5-(4-nitrophenyl)-1H-
tetrazole as a coupling reagent no blockage of the
coupling reagent lines and contamination of the product
takes place.

Arylsulphonyl chlorides, diphenyl
chlorophosphate, pivaloyl chloride or adamantoyl
chloride is particularly suitable as a coupling reagent
when H-phosphonates are employed.

Furthermore, it 1is advantageous by means of
addition of a salt, such as sodium chloride, to the
protective-group-removing hydrazinolysis of oligo-
nucleotides, 1in particular of p-NAs, preferably of
p-RNAs, to protect pyrimidine bases, especially uracil
and thymine, from ring-opening, which would destroy the
oligonucleotide. Allyloxy groups can preferably be
removed by palladium [Pd(0)] complexes, e.g. before
hyrazinolysis.

In a further particular embodiment, pento-
furanosylnucleosides, e.qg. adenosine, guanosine,
cytidine, thymidine and/or uracil occurring in their
natural form, can also be incorporated in step (a)
and/or step (b), which leads, for example, to a mixed
p—-NA-DNA or p-NA-RNA.

In another particular embodiment, in a further
step an allyloxy linker of the formula

Sc‘lNl'I (CnHZn) CH (OPSCSSCG) CnHZnSc7

(IV)
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in which S.; and S.7 independently of one another,
identically or differently, are 1in each case a
protective group in particular selected from Fmoc
and/or DMT,

Scs and Sc¢ independently of one another, identically or
differently, are 1in each <case an allyloxy and/or
diisopropylamino group, can be incorporated. n has the
meaning already mentioned above.

A particularly preferred allyloxy linker is (2-
(S)—N—Fmoc—Ol—DMT—Oz—allyloxydiisopropylaminophosphinyl—
6-amino-1, 2-hexanediol) .

Starting from, for example, lysine, in a few
reaction steps amino-terminal 1linkers can thus be
synthesized which carry both an activatable phosphorus
compound and an acid-labile protective group, such as
DMT, and can therefore easily be used in automatable
oligonucleotide synthesis (see, for example,
P.S. Nelson et al., Nucleic Acid Res. 1989, 17, 7179;
L.J. Arnold et al., WO 8902439). The repertoire was
extended in the present invention by means of a lysine-
based 1linker, in which instead of the otherwise
customary cyanoethyl group on the phosphorus atom an
allyloxy group was introduced, and which can therefore
be advantageously employed in the Noyori oligonucleo-
tide method (R. Noyori, J. Am. Chem. Soc. 1990, 112,
1691-6) .

A further subject of the present invention is
therefore also a pentopyranosylnucleic acid which
contains at least one pentopyranosylnucleoside
according to the invention and, if appropriate, at
least one allyloxy linker.

p-NAs and in particular the p-RNAs form stable
duplexes with one another and in general do not pair
with the DNAs and RNAs occurring in their natural form.
This property makes p-NAs preferred pairing systems.

Such pairing systems are supramolecular systems
of non-covalent interaction, which are distinguished by
electivity, stability and reversibility, and whose
roperties are preferably influenced thermodynamically,
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i.e. by temperature, pH and concentration. Such pairing
systems can also be used, for example, on account of
their selective properties as "“molecular adhesive” for
the bringing together of different metal clusters to
give <cluster associates having potentially novel
properties [see, for example, R.L. Letsinger et al.,
Nature 1996, 382, 607-9; P.G. Schultz et al., Nature
1996, 382, 609-11). Consequently, the p-NAs are also
suitable for use in the field of nanotechnology, for
example for the preparation of novel materials,
diagnostics and therapeutics and also microelectronic,
photonic or optoelectronic components and for the
controlled bringing together of molecular species to
give supramolecular units, such as, for example, for
the (combinatorial) synthesis of protein assemblies
[see, for example, A. Lombardi, J.W. Bryson,
W.F. DeGrado, Biomolekiils (Pept. Sci.) 1997, 40, 495-
504], since p-NAs form pairing systems which are
strongly and thermodynamically controllable. A further
application therefore arises, especially in the
diagnostic and drug discovery field, due to the
possibility of providing functional, preferably
biological units such as proteins or DNA/RNA sections
with a p-NA code which does not interfere with the
natural nucleic acids (see, for example, W093/20242).

Another subject of the invention is therefore
the use of a pentopyranosylnucleoside according to the
invention of the formula (I) or (I1) or of a
pentopyranosylnucleic acid according to the invention
for the production of a drug, such as, for example, a
therapeutic, a diagnostic and/or an electronic
component.

A biomolecule, e.g. DNA or RNA, can be used for
non-covalent linking with another biomolecule, e.g. DNA
or RNA, if both biomolecules contain sections which, as

a result of complementary sequences of nucleobases, can

ind to one another by formation of hydrogen bridges.

iomolecules of this type are used, for example, in

Analytical systems for signal amplification, where a
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DNA molecule whose sequence is to be analysed is on the
one hand to be immobilized by means of such a non-
covalent DNA linker on a solid support, and on the
other hand 1is to be bonded to a signal-amplifying
branched DNA molecule (bDNA) (see, for example, S.
Urdea, Biol/Technol. 1994, 12, 926 or US Patent No.
5,624,802). An essential disadvantage of the last-
described systems is that to date they are subject with
respect to sensitivity to the processes for nucleic
acid diagnosis by polymerase chain reaction (PCR)
(K. Mullis, Methods Enzymol. 1987, 155, 335). This is
to be attributed, inter alia, to the fact that the non-
covalent bonding of the solid support to the DNA
molecule to be analysed as well as the non-covalent
bonding of the DNA molecule to be analysed does not
always take place specifically, as a result of which a
mixing of the functions “sequence recognition” and
“non-covalent bonding” occurs. The use of p-NAs as an
orthogonal pairing system which does not intervene in
the DNA or RNA pairing process solves this problem
advantageously, as a result of which the sensitivity of
the analytical processes described can be markedly
increased.

A further subject of the present invention is
therefore the use of a pentopyranosylnucleoside
according to the invention of the formula (I) or (II)
or of a pentopyranosylnucleic acid according to the
invention for the preparation of a conjugate comprising
a pentopyranosylnucleoside according to the invention
of the formula (I) or (II) or a pentopyranosylnucleic
acid according to the invention and a biomolecule.

Conjugates within the meaning of the present
invention are covalently bonded hybrids of p-NAs and
other biomolecules, preferably a peptide, protein or a
nucleic acid, for example an antibody or a functional
moiety thereof or a DNA and/or RNA occurring in its

natural form. Functional moieties of antibodies are,

 Q§3 L&%’ for example, Fv fragments (Skerra & Pliickthun (1988)

Science 240, 1038), single-chain Fv fragments (scFv;
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Bird et al. (1988), Science 242, 423; Huston et al.
(1988) Proc. Natl. Acad. Sci. USA, 85, 5879) or Fab
fragments (Better et al. (1988) Science 240, 1041).

Biomolecule within the meaning of the present

5 invention is understood as meaning a naturally

occurring substance or a substance derived from a
naturally occurring substance.

In a preferred embodiment, they are in this
case p-RNA/DNA or p-RNA/RNA conjugates.

10 Conjugates are- preferably used when the
functions “sequence recognition” and “non-covalent
bonding” must be realized in a molecule, since the
conjugates according to the invention contain two
pairing systems which are orthogonal to one another.

15 Both sequential and convergent processes are
suitable for the preparation of conjugates.

In a sequential process, for example after

automated synthesis of a p-RNA oligomer has taken place

directly on the same synthesizer - after readjustment
20 of the reagents and of the coupling protocol - a DNA
oligonucleotide, for example, is additionally

synthesized. This process can also be carried out in
the reverse sequence.
In a convergent process, for example, p-RNA
25 oligomers having amino-terminal linkers and, for
example, DNA oligomers having, for example, thiol
linkers are synthesized 1in separate operations. An
iodoacetylation of the p-RNA oligomer and the coupling
of the two units according to protocols known from the
30 literature (T. Zhu et al., Bioconjug. Chem. 1994, 5,
312) is then preferably carried out.
Convergent processes prove to be particularly
preferred on account of their flexibility.
The term conjugate within the meaning of the
35 present invention ‘is also understood as meaning so-
called arrays. Arrays are arrangements of immobilized

récognition species which, especially in analysis and

Qﬁ%agnosis, play an important role in the simultaneous

ddtermination of analytes. Examples are peptide arrays

ZRA
Slade
&
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(Fodor et al., Nature 1993, 364, 555) and nucleic acid
arrays (Southern et al. Genomics 1992, 13, 1008;
Heller, US Patent No. 5,632,957). A higher flexibility
of these arrays <can be achieved by binding the
5 recognition species to coding oligonucleotides and the
associated, complementary strands to certain positions
on a solid carrier. By applying the coded recognition
species to the “anti-coded” solid carrier and
adjustment of hybridization conditions, the recognition
10 species are non-covalently bonded to the desired
positions. As a result, various types of recognition
species, such as, for example, DNA sections,
antibodies, can only be arranged simultaneously on a
solid carrier by use of hybridization conditions (see
15 Fig. 3). The prerequisite for this, however, are codons
and anticodons which are extremely strong and selective
- 1in order to keep the coding sections as short as

possible - and do not interfere with natural nucleic
: acid. p-NAs, preferably p-RNAs, are particularly
n 20 agvantageously suitable for this.
°° The term “carrier” within the meaning of the
seee present invention is understood as meaning material, in

particular chip material which is present in solid or
alternatively gelatinous form. Suitable carrier
25 materials are, for example, ceramic, metal, in
particular noble metal, glasses, plastics, crystalline
materials or thin layers of the carrier, in particular
&f of the materials mentioned or thin layers of the

*
o oo carrier, in particular of the materials mentioned, or
.

30 (bio)molecular filaments such as cellulose, structural
proteins.

The present invention therefore also relates to
the use of the pentopyranosylnucleic acids according to
the invention, preferably ribopyranosylnucleic acids

35 for encoding recognition species, preferably natural
DNA or RNA strands or proteins, in particular
antibodies or functional moieties of antibodies. These

g2\can then be hybridized with the appropriate codons on a

éﬁolid carrier according to Fig. 3. Thus arrays which

—&
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are novel and diagnostically useful’ban'always be built
up in the desired positions on a solid carrier which is
equipped with codons in the form of an array only by
adjustment of hybridization conditions using
combinations of recognition species which are always
novel. If the analyte, for example a biological sample
such as serum or the like, is then applied, the species
to be detected are bonded to the array in a certain
pattern which 1is then recorded indirectly (e.g. by
fluorescence labelling of the recognition species) or
directly (e.g. by impedance measurement at the linkage
point of the codon). The hybridization is then
eliminated by suitable conditions (temperature, salts,
solvents, electrophoretic processes) so that again only
the carrier having the codons remains. This 1is then
again loaded with other recognition species and is
used, for example, for the same analyte for the
determination of another sample. The always new
arrangement of recognition species in the array format
and the use of p-NAs as pairing systems is particularly
advantageous compared with other systems, see, for
example, WO 96/13522 (see 16, below).

A further subject of the present invention
therefore also relates in particular to a diagnostic
comprising a pentopyranosylnucleoside described above
or a conjugate according to the 1invention, as already
described above in greater detail.

The following figures and examples are intended
to describe the invention 1in greater detail, without

restricting it.
DESCRIPTION OF THE FIGURES

Fig. 1 shows a section of the structure of RNA in its
naturally occurring form (left) and in the form

of a p-NA (right).

2 schematically shows the synthesis of a p-ribo-

(A,U) -oligonucleotide according to Eschenmoser
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et al (1993).
Fig. 3 schematically shows an arrangement of
immobilized recognition structures (arrays) on

a solid carrier.

EXAMPLES

Example 1

Synthesis of 1-{3’-0O-benzoyl-4’-0-[(4,4’-dimethoxytri-
phenyl)methyl]-p-D-ribopyranosyl }thymine

First 4’ -substitution, then 2" -substitution, then

migration reaction:

Kl\(o three-step, one-pot procedure ’)\(0
\n,NH DMTO N\",NH
o) (o]

o ="
OH OH

OH 0Bz

A B

Scheme 1

51.6 g (200 mmol) of 1-(B-D-ribopyranosyl)thy-
mine A were dissolved in 620 ml of anhydrous pyridine
under an argon atmosphere, 71.4 ml (2.1 -eq.) of
N-ethyldiiosopropylamine and 100 g of molecular sieve
(4 &) were added and the mixture was stirred for 15 min
using a KPG stirrer. 92 g (272 mmol; 1.36 eq.) of
dimethoxytrityl chloride (DMTCl) were dissolved 1in
280 ml (freshly distilled from solid NaHCO3) of
chloroform and this solution was added dropwise to the
triol solution at -6 to -5°C in the course of 30 min.
It was stirred at this temp. for 1 h, then stirred
overnight at room temperature (RT.), cooled again, and
a further 25 g (74 mmol; 0.37 eq.) of DMICl in 70 ml of
chloroform were added. The mixture was allowed to come
to RT. and was stirred for 4 h.

A small sample was taken, subjected to aqueous work-up
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and chromatographed in order to obtain the analytical
data of the 1-{4’-0-(4,4’-dimethoxytriphenyl)methyl]-B-
D-ribopyranosyl}thymine:

'H-NMR (300 MHz, CDCl3): 1.70 (bs, 2H, OH); 1.84 (d,
3H, Me); 2.90 (bs, 1 H, OH); 3.18, 3.30 (2m, 2H,
H(5")), 3.62 (bs, 1H, H(3’)); 3.70-3.82 (m, 8H, 2 OMe,
H(4'), H(2’')); 5.75 (d, J = 9.5 Hz, 1lH, H(1')), 6.85
(m, 4H, Harom); 6.96 (m, 1H, Harom), 7.20 (m, O9H,
Harom, H(6)), 8.70 (bs, 1H, H(3).)

The reaction mixture was treated with 2.46 g
(20.5 mmol; 0.1 eq.) of 4-dimethylaminopyridine (DMAP),
cooled to =-6°C and 27.9 ml (0.24 mol; 1.2 eqg.) of
benzoyl chloride (BzCl) in 30 ml of pyridine were added
dropwise between -6 and -1°C in the course of 15 min
and the mixture was stirred for 10 min. To complete the
reaction, a further 2.8 ml (24 mmol; 0.12 eq.) of BzCl
were in each case added with cooling at an interval of
25 min and the mixture was finally stirred for 20 min.

460 ml of anhydrous pyridine, 841 ml (11.2 mol;
56 eq.) of n-propanol, 44 g (0.316 mol; 1.58 eqg.) of
p-nitrophenol, 21.7 g (0.18 mol; 0.9 eq.) of DMAP and
136 ml (0.8 mol; 4 eq.) of N-ethyldiisopropylamine were
then added at RT. and the mixture was stirred at
61 - 63°C for 48 h. The mixture was then allowed to
stand at RT. for 60 h. The reaction mixture was again
heated to 61 - 63°C for 24 h, cooled to RT. and
concentrated on a Rotavapor. The residue was taken up
in 2 1 of ethyl acetate, the molecular sieve was
filtered off, the org. phase was extracted three times
with 1 1 of water each time and extracted once by
stirring with 1.2 1 of 10% strength citric acid and the
org. phase was again separated off, extracted once with
1 1 of water and finally with 1 1 of saturated NaHCO;
solution. The org. phase was dried wusing sodium
sulphate, filtered and concentrated (220 g of residue).

The residue was first filtered through silica

gel 60 (20 x 10 cm) using a step gradient of

\ heptane/ethyl acetate, 1:1 to 0.1) for prepurification,
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then chromatographed on silica gel 60 (30 x 10 cm; step
gradient of dichloromethane/ethyl acetate, 1:0 to 1:1).

The following were obtained:
40 g of non-polar fractions
52.9 g of 1-{3"-0-benzoyl-4’-0-[(4,4’'-dimethoxy-
triphenyl)methyl]-B-D-ribopyranosyl}-
thymine B
34.5 g of impure B
3.4 g of polar fractions
The impure fraction was chromatographed again
(SG 60, 45 x 10 cm; dichloromethane/ethyl acetate, 3:1)
and yielded a further 11.3 g of B.

\

Total yield: 64.2 g (97 mmol) of B, i.e. 48% yield.

'H-NMR corresponds.

Example 2

Synthesis of Aﬁ—benzoyl—l—{3’—O—benzoyl—4’—O—[(4,4’—
dimethoxytriphenyl)methyl]-f-D-ribopyranosyljcytosine
First 2’-substitution, then 4’'-substitution,

then migration reaction:

NHBz NHBz

HO o O HO o T
/:>%A/erN /\>%§,NTrN

on ot T L

(o}

NHB:z
=
o l/\lr two step, one-pot procedure

N N
OBz OH \[g

DMTO

3

Scheme 2

All batches were carried out under an N

atmosphere.
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N‘-Benzoyl-1- (2’ -O-benzoyl-B-D-ribopyranosyl]lcytosine 2:

54.0 g (0.155 mol) of N‘-benzoyl-1- (B-D-
ribopyranosyl)cytosine 1 were dissolved in 830 ml of
dimethylformamide (DMF) and 1.5 1 of pyridine (both
solvents dried and stored over molecular sieve 3 A)
with warming to 124°C. 23.0 g (0.163 mol; 1.05 eq.) of
BzCl, dissolved in 210 ml of pyridine, were added
dropwise at -58° to -63°C in the course of 3.5 h. The
batch was stirred overnight in a cooling bath. 90.3 g
(1.5 mol; 10 eq.) of n-propanol were stirred in and the
batch was concentrated at 40°C in a high vacuum.
Pyridine residues were removed by twice adding 150 ml
of toluene and concentrating again. 124.3 g of residue
were dissolved in 500 ml of CH,Cl,, extracted twice by
stirring with 300 m1 of half-concentrated NaHCO;
solution each time, and the precipitated solid was
filtered off and dried: 60.7 g of residue. The CH,Cl,
phase was concentrated: 25.0 g. Separate chromatography
on silica gel 60 (40 x 10 cm) with gradients
(AcOEt/isohexane, 4:1, then pure AcOEt, then
AcCOET/MeOH, 19:1 to 2:1) yielded (TLC (silica gel,
AcOET)) :

16.8 g of 2’,4’ dibenzoate (24%) R¢ 0.5
12.4 g of 1 (23%) Rf 0.0
35.4 g of 2 (51%) Re¢ 0.14

N‘-Benzoyl-1-{3’-O-benzoyl-4'-0-[ (4,4’ -dimethyoxytri-
phenyl)methyl] -f-D-ribopyranosyl}cystosine 3:

35.4 g (78 mmol) of 2 were dissolved in 390 ml
of CHzCl; and 180 ml of pyridine (both anhydrous) and
0.94 [lacuna] (7.8 mmol; 0.1 eq.) of DMAP, 34.6 ml
(203 mmol; 2.6 eq.) of N-ethyldiisopropylamine and
33.1 g (98 mmol; 1.25 eq.) of DMTCl were added and the
mixture was stirred at RT. for 2 h.

TLC (silica gel, AcOEt): Rf 0.6.
CH,Cl, was stripped off at 30°C, the residue was treated

\with 640 ml of pyridine, 9.37 [lacuna] (78 mmol;

1.0 eq.) of DMAP, 32.5 ml (234 mmol; 3.0 eq.) of EtsN,
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21.7 g (156 mmol; 2.0 eq.) of p-nitrophenol and 93.8 g
(1.56 mol; 20 eq.) of n-propanol and stirred at 65°C
for 42 h. The batch was concentrated in a high vacuum
at 50°C, treated twice with 250 ml of toluene each time
and concentrated. The residue was taken up in 1 1 of
CH,Cl,, extracted three times by stirring with 500 ml of
dilute NaHCO3 soln. each time, and the org. phase was
dried using Na,SO,; and concentrated: 92.5 g of residue.
Chromatography on silica gel 60 (50 x 10 cm) wusing
gradients (methyl tert-butyl ether/isohexane, 2:1 to
4:1, then methyl tert-butyl ether/AcOEt, 1:4, then
AcOEt/MeOH, 1:1 to 1:3) yielded 44.7 g of product-
containing fraction, which was recrystallized from
540 ml of CHyCl,/methyl tert-butyl ether, 1:5. The
crystallizate was recrystallized again from 300 ml of
CH,Cl,/methyl tert-butyl ether, 1:1.

3: TLC (silica gel, CHCl3/i-PrOH 49:1): R¢ 0.14.

The following was obtained: 30.0 g of N!-
benzoyl-1-{3’-0-benzoyl-4’'-0[ (4,4’ -dimethoxytri-
phenyl)methyl]-B-D-ribopyranosyl}cytosine 3

i.e. 51% yield based on 2. 'H-NMR corresponds.

Example 3

Synthesis of N°-benzoyl-9-{3’-O-benzoyl-4’-0-[(4,4"-

dimethoxytriphenyl)methyl]-f-D-ribopyranosyl}adenine
First 2’-substitution, then 4’-substitution,

then migration reaction:

0 /=N N
u.0 ( r= /=N
- N N 110 "N — e uo 9
Z NIt N NH2
Obe ) Z : 4 :
. Olle (M1 | ! [§111 )
NN on No N on
T NN

-
[
[}

OMTO o =N two step, one-pot procedure Y
%NWN“BK HOWN NBz
on I ORe Z ! !

n
&

Scheme 3
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9- (B-D-Ribopyranosyl) adenine 2:

68.37 g (100 mmol) of N°-benzoyl-9-(2’,3’,4’-
tri-O-benzoyl-B-D-ribopyranosyl)adenine 1 was stirred
overnight at RT. in 300 ml of NHi-saturated MeOH and
the crystallizate was filtered off: 23.5 g (88%) of 2.
TLC (silica gel, AcOEt/MeOH 2:1): Rf 0.23/

'H-NMR (300 MHz, DMSO): 3.56-3.78 (m, 3H, H(4'),
H(5")); 4.04 (m, 1H, H(3")); 4.23 (ddd, J = 2.5, 8,
9.5 Hz, H(2')), 4.89 (d, J = 6 Hz, 1H, OH), 5.07 (d,
J 7 Hz, 1H, OH), 5.12 (d, J = 4 Hz, 1H, OH), 5.63 (d,
J 9.5 Hz, 1H, H(1’)), 7.22 (s, 2H, NH2), 8.14 (s, 1H,
H(2)), 8.29 (s, 1H, H(8)).
c-NMR (75 MHz, DMSO): 65.0 (t, C(5')); 66.6 (s,
c(4’)), 68.1 (s, C(3'), 71.1 (s, C(2")), 79.6 (s,
C(1”7)); 118.6 (C(5)); 139.5 (s, C(8)), 149.9 (s,
c(4)), 152.5 (s, C(2)), 155.8 (s, C(6)).
N°®,N°-Dibenzoyl-9- (B-D-ribopyranosyl)adenine 3:

16.8 g (62.9 mmol) of 2 were suspended in
500 ml of anhydrous pyridine under an N, atmosphere and
cooled to -4 to -10°C. 40 ml (199 mmol; 5 eq.) of
trimethylchlorosilane were added dropwise in the course
of 20 min and the mixture was stirred for 2.5 h with
cooling.
36.5 ml (199 mmol; 5 eq.) of benzoyl chloride,
dissolved in 73 ml of pyridine, were added at -10 to
-15°C in the course of 25 min, and stirred for 10 min
with cooling and 2 h at RT. (TLC checking (silica gel,
AcOEt/heptane 1:1): Rf 0.5). The mixture was cooled
again to -10°C, 136 ml of H,0 (temp. max. +8°C) were
allowed to run in and the mixture was stirred overnight
at RT. After converesion was complete, the solvent was
stripped off and the residue was taken up twice 1in
200 ml of toluene each time and evaporated again. The
mixture was treated with 500 ml each of Et,0 and H0,
stirred mechanically for 2 h, and the product which was

only slightly soluble in both phases was filtered off,

washed with Et;0 and H;O0 and dried over P;0s in a high

(80%) of 3.
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'H-NMR (300 MHz, DMSO): 3.60-3.80 (m, 3H, H(4'),
H(5')); 4.06 (bs, 1H, H(3')); 4.30 (ddd, J = 2.5, 8,
9.5 Hz, H(2')), 4.93 (d, J = 6 Hz, 1H, OH), 5.20 (d,
J = 4 Hz, 1H, OH), 5.25 (d, J = 4 Hz, 1H, OH), 5.77 (d,
J 9.5 Hz, 1H, H(1")), 7.47 (m, 4H, Harom), 7.60 (m,
2H, Harom), 7.78 (m, 4H, Harom), 8.70 (s, 1H, H-C(2),
8.79 (s, 1H, H(8)).
13c-NMR (75 MHz, DMSO): 66.2 (t, C(5')); 66.5 (s,
c(4’)), 68.0 (s, C(3")), 71.0 (s, C(2')), 80.4 (s,
C(17)); 112.42 (C(5)); 126.9 (s, C(5")), 126.9,
128.9, 133.3, 133.4 (arom. C), 146.0 (s, C(8)),
150.7 (s, C(4)), 151.8 (s, C(2)), 153.3 (s, C(6)),
172.0 (s, C=0)).

Nsﬂﬁ-Dibenzoyl-Q—(2'-O-benzoyl—B—D—ribopyranosyl)-
adenine 4:

26.4 g (55,5 mmol) of 3 were dissolved in
550 ml of anhydrous CH;Cl, and 55 ml of pyridine (in
each case stored over a molecular sieve) under an N
atmosphere, treated with 0.73 g (5.55 mmol; 0.1 eq.) of
DMAP and cooled to -87 to -90°C. 8.58 g (61 mmol;
1.1 eq.) of BzCl in 14 ml of pyridine were added
dropwise in the course of 1 h and the mixture was left
at -78°C over a period of 60 h (week-end). The batch
was concentrated, treated twice with 100 ml of toluene
each time and evaporated in order to remove pyridine.
Chromatography on silica gel 60 (20 x 10 cm) wusing
gradients (AcOEt/heptane, 1:1 to 9:1) yielded 23.2 g
of 4.
4: TLC (silica gel, AcOEt): Rf 0.34.

N°-Benzoyl-9-{3’-O-benzoyl-4’-0-[ (4,4’ -dimethoxytri-
phenyl)methyl] -B-D-ribopyranosyl }adenine 5:

23.2 g (40 mmol) of 4 were dissolved in 160 ml
of anhydrous CH;Cl; and subsequently treated with 14.9 g
(56 mmol; 1.1 eq.) of DMTCl and 17.7 ml (104 mmol;
2.6 eq.) of N-ethyldiisopropylamine. After stirring at

ZXRT for 2 h, a further 4.0 g (11.8 mmol; 0.3 eq.) of

DMTC1l were added and the mixture was stirred for a
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further 40 min. The batch was concentrated in a
Rotavapor at 350-520 mbar and 35°C.

TLC (silica gel, AcOEt/heptane 1:1): Rf 0.18.

The residue was dissolved in 260 ml of anhydrous
pyridine and subsequently treated with 51 ml (679 mmol;
17 eq.) of n-propanol, 16.6 ml (120 mmol; 3 eq.) of
Et3N, 11.1 g (80 mmol; 2 eq.) of p-nitrophenol and
5.3 g (44 mmol; 1.1 eq.) of DMAP and stirred at 60-63°C
for 23 h. The batch then remained at RT. for 21 h. The
reaction mixture was concentrated in a Rotavapor. The
residue was treated twice with 200 ml of toluene each
time and concentrated, dissolved in CH,Cl, and extracted
three times with water.

Chromatography on silica gel 60 (30 x 10 cm) using
gradients (AcOEt/heptane, 1:2 to 1:0; then AcOEt/MeOH,
1:0 to 9:1) yielded 13 g of 5.

5: TLC (silica gel, AcOEt/heptane 4:1): R 0.2.

The following was obtained: 13 g of N®-benzoyl-9-{3’-0-
benzoyl-4’-0-[ (4,4’ -dimethoxytriphenyl)methyl-f-D-ribo-
pyranosylladenine 5

i.e. 30% yield based on 3. 'H-NMR corresponds.
Time saving compared with process known from the

literature: 50%.

Example 4
Synthesis of 9-[3’-0O-benzoyl-4’-0-((4,4’~-dimethoxytri-

phenyl)methyl)-p-D-ribopyranosyl]-2-0-allyl-2-N-
isobutyroylguanine
First 3’-substitution, then 4’ -substitution:
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N
(6] = 0 )
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9-[3’' -0-Benzoyl-B-D-ribopyranosyl]-2-0-allyl-2-N-iso-
butyroylguanine B

The G triol A (393 mg, 1.0 mmol) was dissolved
in 4 ml of dry dichloromethane. The solution was
treated with trimethyl orthobenzoate (0.52 ml,
3.0 mmol) and camphorsulphonic acid (58 mg, 0.25 mmol)
and stirred for 15 h at room temperature. The mixture
was then cooled to 0°C and treated with 2 ml of mixture
of acetonitrile, water and trifluoroacetic acid
(50:5:1), which was precooled to 0°C. The mixture was
stirred for 10 min and the solvent was removed in
vacuo. The residue was purified by flash chromatography
on silica gel (2.3 x 21 cm) using dichloro-
methane/methanol 100:3. 25 mg (5%) of 4-O-benzoyl
compound 139 mg (28%) of mixed fractions and 205 mg
(41%) of the desired 3-O-benzoyl compound B were

obtained.

'H-NMR (300 MHz, CDCls): 1.12, 1.14 (2d, J = 7.0 Hz,
2 x 3 H, NHCOCHMe;), 2.78 (hep, J = 7 Hz, 1 H,
NHCOCHMe,), 3.85 (dd, J = 6.0, 11.0 Hz, 1 H, H-5"¢q),
3.94 (app. T, J = 11.0 Hz, 1 H, H=5".), 4.12 (ddd,
J=2.5 6.0, 11.0 Hz, 1 H, H-4’), 4.52 (dd, J = 3.5,
9.5 hz, 1 H, H-2’), 5.00 (dt, J = 1.5, 6.0 Hz, 2 H,
All), 5.19 (dgq, J = 1.5, 10.0 Hz, 1 H, All), 5.39 (dq,

\1.5, 16.5 Hz, 1 H, All), 5.85 (bt, J = 3.0 Hz, 1 H,
>H—3’), 5.97 (d, J = 9.5 Hz, 1 H, H-1’), 6.07 (ddd, J =
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6.0, 10.0, 16.5 Hz, 1 H, All), 7.40-7.58 (m, 3 H, Bz),
8.10-8.16 (m, 2 H, Bz), 8.28 (s, 1 H, H-8).

9-[3’ -O-Benzoyl-4’'-0-((4,4’' -dimethyloxytriphenyl) -
methyl) -f-D-ribopyranosyl] -2-0-allyl-2-N-isobutyroyl-
guanine C

The diol B (101 mg, 0.2 mmol) was suspended in
3.2 ml of dry dichloromethane. The suspension was
treated with 171 upul (1.0 mmol) of N-ethyldiisopropyl-
amine, 320 pl (3.96 mmol) of pyridine and 102 mg
(0.3 mmol) of DMTCl and stirred at room temperature.
After 24 h, a further 102 mg (0.3 mmol) of DMTCl were
added and the mixture was again stirred for 24 h. It
was then diluted with 30 ml of dichloromethane. The
solution was washed with 20 ml of 10% strength aqueous
citric acid solution and 10 ml of saturated sodium
bicarbonate solution, dried over MgSOs and concentrated
in vacuo. The residue was purified Dby flash
chromatography on silica gel (2.3 x 20 cm) using
dichloromethane/methanol 100:1. 39 mg of the known,
desired product C (24%) were obtained.

Example 5

Synthesis of p-RNA linker systems

Three ways are described below which make
possible the provision of linkers which have an amino
terminus, which can then be used for the linkage of

functional units:

5.1 Uracil-based linker
on the basis of the modification of the 5-position of
the uracil.

The preparation of hydroxyethyluracil 28 is
possible on a large scale according to a known method
(J.D. Fissekis, A. Myles, G.B. Brown, J. Org. Chem.
1964, 29, 2670). g-Butyrolactone 25 was formylated with

methyl formate, the sodium salt 26 was reacted to give
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the urea derivative 27 and this was cyclized to give

the hydroxyethyluracil 28 (Scheme 4).

0 0
0 O ONa L _
O HN~ "NH OH
yZ 2 HN i
0 O
Y
b/ o™y
25 26 27 28
a) - b) c)
a) NaOMc, HCOOMg, Et,0, 72%; b) urea,
H*, H,0, 49%; c) NaOE1, EtOH, A, 36%.

Scheme 4: Synthesis of hydroxyethylﬁracil 28.

oM
HN l OH HN l s HN l N,
O)\N 28 OJ\” 2 OJ\N 30
H o o H
NPh
HN I NH, ;j;\ , t
041\” 31 o H 32
a) b) c) d)
28 > 77 29 o 80 30 o 82 31 —’9,84 32

a) MsCL, py, 0°, 50%: b) NaN,, DMF, 60°, 71%; c) 1. PPh,,
py: 2. NH,/H,0, 85%; d) PRtNCO,Et, Na,CO,, H,0, 91%.

e

Scheme 5: Synthesis of N-phthaloylaminoethyluracil 32.
Hydroxyethyluracil 28 was mesylated with
methanesulphonyl chloride in pyridine to give 29
(J.D. Fissekis, F. Sweet, J. Org. Chem. 1973, 38, 264).
The following stages have been newly invented:
using sodium azide in DMF, 29 was reacted to give the
azide 30 and this was reduced with triphenylphosphine
in pyridine to give the aminoethyluracil 31. The amino
function in 31 was finally protected with N-
ethyoxycarbonylphthalimide (Scheme 5). Nucleosidation of
ibose tetrabenzoate 33 with N-phthaloylaminoethyluracil
yielded the ribose tribenzoate 34 1in good yields.
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The anomeric centre of the pyranose ring, as can be
clearly seen from the coupling constant between H-C(1’)
and H-C(2’) of J = 9.5 Hz, has the B configuration.
Subsequent removal of the benzoate protective groups
with NaOMe in MeOH yielded the linker triol 35. 35 was
reacted with benzoyl chloride at -78°C in
pyridine/dichloromethane 1:10 in the presence of DMAP.
In this process, in addition to the desired 2’-benzoate
36 (64%), 2’ ,4’-dibenzoylated product (22%) was
obtained, which was collected and converted again into
the triol 35 analogously to the methanolysis of 34 to
35. The 2’-benzoate 36 was tritylated in the
4’ -position in yields of greater than 90% |using
dimethoxytrityl chloride in the presence of Hiinig’s
base in dichloromethane. The rearrangement of 4’-DMT-
2’ -benzoate 37 to the 4’-DMT-3’-benzoate 38 was carried
out in the presence of DMAP, p-nitrophenol and Hiinig’s
base in n-propanol/pyridine 5:2. After chromatography,
38 1is obtained. 4’'-DMT-3’-benzoate 38 was finally
reacted with ClP(OAll)N(iPr), in the presence of
Hinig’s base to give the phosphoramidite 39 (Scheme 6).
This can be employed for the automated oligonucleotide

synthesis without changing the synthesis protocol.
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CH,Cl,. -78°: d) DMTCl EtNiPr,, CH,Cl,; ¢) DMAP, pNO,phenol. FN:Pr,.

by, nPrOH. 70°; ) CIP(OAIN:Pr, EtNiPr,, CH,Cl,

Scheme 6: Synthesis of the linker phosphoramidite 39

Procedure:

Synthesis of a uracil linker unit
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5-(2-Azidoethyl)uracil (30)

0 0]
OMs N,y
HN HN
l
A A
o7 N 0 N
29 30

29 — 30

1. Procedure

26.0 g (0.11 mol) of 29 were dissolved in
250 ml of DMF in a 500 ml three-necked flask equipped
with an internal thermometer and reflux condenser and
the mixture was treated wifh 10.8 g (0.166 mol) of
sodium azide. The suspension was subsequently stirred
at 60°C for 4 hours (TLC checking, CHCl3;:MeOH 9:1). The
DMF was distilled off and the residue was stirred with
150 ml of water. The solid was filtered off, washed
with about 50 ml of water and dried overnight over
phosphorus pentoxide in vacuo in a desiccator. 14.2 g
(71%) of 30 were obtained in the form of a colourless
solid of m.p. 230-235°C (with dec.).

2. Analytical data

5-(2-Azidoethyl)uracil (30)

M.p. 230-235°C with decomp.

TLC: CHCl3/MeOH 9:1, Rf 0.48

UV (MeOH) : Amax 263.0 (7910).

IR (KBr): 3209s, 3038s, 2139s, 1741s, 1671s,

1452m, 1245m, 1210m
'H-NMR (300 MHz, de-DMSO): 2.46 (t, 2H, J(CH,CHN,
CH,CHpN) = 7.0, CHCH,N); 3.40 (t, 2H,
J (CH2CH;N, CH,CHzN) = 7.0 CHCH,N); 7.36
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(s, H-C(6)); 11.00 (br. s, 2H, H-N(1),
H-N(3) .
MS (ESI'): 180.0 [M+H]..

5 5-(2-Aminoethyl)uracil (31)
0 0]
HN HN
A A
0" N ON
H

30 31

, NH,

30 ——— 31

1l. Procedure

10 14.2 g (78.0 mmol) of 30 were suspended in
175 ml of pyridine in a 250 ml three-necked flask
equipped with an internal thermometer and reflux
condenser and the mixture was treated with 61.4 g
(234 mmol) of triphenylphosphine”. It was heated at

15 60°C for 5 hours and stirred overnight at room temp.
(TLC checking, CHCl3/MeOH 5:1). 40 ml of 25% strength
ammonia solution were added to the suspension, which
then clarified. The solvents were removed in vacuo in a
rotary evaporator. The residue was stirred at room

20 temp. for 30 min in 200 ml of CH,Cl,/MeOH 1:1, and the
precipitate was filtered off and washed with CH,Cl,.
After drying in vacuo in a desiccator over phosphorus
pentoxide, 10.0 g (85%) of 31 of m.p. 214-220°C were

obtained.
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2. Analytical data

5-(2-Aminoethyl)uracil (31):

5 M.p. 214-220°C with evolution . of gas,
presintering.
TLC: CHC13/MeOH/HOAC/H;0 85:20:10:2, R¢ 0.07
UV (MeOH) : Amax 263.0 (6400).
IR (KBr) : 3430m, 3109s, 1628s, 1474m, 1394s,
10 1270s, 1176w, 1103m, 1021m, 966m, 908m,
838m.
lH-NMR (300 MHz, d¢-DMSO): 2.21 (t, 2H, J (CH,CH>N,
CH,CH,N) = 6.8, CHCH;N); 2.59 (t, 2H,
J (CH,CH;N, CH,CHyN) = 6.8 CH2CH2N); 5.90
15 (v. br. s, 4H, H-N(1), H-N(3), NHp);
7.19 (s, H-C(6)). '
MS (ESI): 153.9 [M-H].

5-(2-Phtalimidoethyl)uracil (32)

seeoe . 20
.o .-: O O
NH NPht

O O)\H| OJ\QI

31 32

R 31— 32

te®’, 1. Procedure

9.6 g (61.8 mmol) of‘ 31 were suspended in
S 25 100 ml of water in a 250 ml round-bottomed flask and
treated with 6.64 g (62.6 mmol) of Na,COs. After
stirring at room temp. for 15 min, 14.3 g (65 mmol) of
N-ethoxycarbonylphthalimide was added in portions and

the mixture was stirred for three hours at room temp.
(TLC checking, CHCl3/MeCH 5:1). The now viScous, white

suspension was carefully'’ adjusted to pH 4 using conc.
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hydrochloric acid and the white precipitate was
filtered off. After washing with water, the solid was
dried over phosphorus pentoxide in a desiccator in
vacuo. This yielded 16.0 g (91%) of 32 of m.p. 324-
327°C.

2. Analytical data

5-(2-Phtalimidoethyl)uracil (32):

M.p. 324-327°C with decomp.

TLC: CHC1l3/MeOH 5:1, R¢ 0.51

UV (MeOH) : Amax 263.0 (5825); A 298.0 (sh., 1380).
IR (KBr): 3446m, 3216m, 1772m, 1721s, 1707s,

1670s, 1390m.
H-NMR (300 MHz, de-DMSO): 2.49 (t, 2H, J(CH,CH>N,
CH,CH,N) = 6.0, CH,CHpN); 3.71 (t, 2H,
J (CH,CH,N, CH,CHN) = 6.0 CH,CHoN); 7.24
(s, H-C(6));.7.84 (me, 4H, NPht); 10.76
(br, s, H-N(1), H-N(3)).
MS (ESI): 284.0 [M-H].

1-(2,3,4-Tri-O-benzoyl-p-D-ribopyranosyl) -5-(2-
phtalimidoethyl)uracil (34)

NPht
0]
NPht
0
BzO
@) B N NH
y e 82008 20T NN
BzO o)
34

32 33

32+ 33 ——» 34

1. Procedure
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7.00 g (24 mmol) of 32 and 13.6 g (24 mmol) of
33 were suspended in 120 ml of acetonitrile in a 250 ml
three-necked flask, equipped with an argon lead-in,
internal thermometer and septum. Firstly 12.2 ml
(50 mmol) of BSA and, after stirring for 30 min, a
further 7 ml (28 mmol) of BSA were then added by means
of syringe. After heating to 40°C for a short time, the
reaction mixture clarified. 13 ml (72 mmol) of TMSOTf
were added by means of syringe at room temp. After one
hour, no product formation was yet observed (TLC
checking, AcOEt/n-heptane 1:1). A  further 13 ml
(72 mmol) of TMSOTf were therefore added. Subsequently,
the reaction mixture was heated to 50°C. After stirring
at 50°C for 2.5 h (TLC checking), the mixture was
cooled to RT., put into an ice-cold mixture of 250 ml
of AcOEt and 190 ml of satd. NaHCO; solution and
intensively extracted by stirring for 10 min. It was
again washed with 100 ml of NaHCO3; solution and the
aqueous phases were again extracted with 100 ml of
AcOEt. The dil. org. phases were dried using MgSO; and
the solvents were removed in vacuo 1in a rotary
evaporator. After drying in an o0il pump vacuum, 20.9 g
of crude product were obtained. Chromatography on
silica gel (h = 25 cm, @ = 5 cm, AcOEt/n-heptane 1:1)
yielded a TLC-uniform, foamy product, which was
digested using Et;0. Fitration and drying in an oil
pump vacuum afforded 15 g (86%) of 34.

2. Analytical data

1-(2,3,4-Tri-O-benzoyl-B-D-ribopyranosyl)-5-(2-
phtalimidoethyl)uracil (34):

M.p. 124°C (sintering)

TLC: AcOEt/n-heptane 1:1, R¢ 0.09.

UV (MeOH) : Amax 263.0 (11085): A 299.0 (sh., 1530)
IR (KBr): 3238w, 3067w, 1772m, 1710s, 1452m,

1395m, 1266s, 1110s, 1070m, 1026m.
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IH-NMR (300 MHz, CDCls): 2.79 (me, 2H, CH,CH,N); 3.96
(me, 2H, CH,CH,N); 4.06 (dd, J(Heq-C(5'),

Hax=C(5")) = 11.0, J(Heq-C(5"), H-C(4'))
= 6.0, Heq=C(5")); 4.12 (t, J(Hax-C(57),
5 Heq=C(57)) = J(Ha-C(5"), H-C(4')) =

11.0, Hax-C(5’)); 5.39 (dd, J(H-C(2"), H-
C(1")) = 9.5, J(H-C(2’), H-C(3")) = 2.9
H-C(2")); 5.46 (ddd, J(H-C(4'), Hax-

C(5')) = 11.0, J(H-C(4’'), He-C(57)) =
10 6.0, J(H-C(4’), H-C(3')) = 2.9, H-
C(4’)); 6.26 (yt, J = 2.6, H-C(3'));
6.36 (d, J(H-C(1’), H-C(2’)) = 9.5, H-

C(1’)); 7.24-7.40, 7.44-7.56, 7.61-7.66,
7.72-7.80, 7.84-7.90, 8.06-8.13 (6m,

15 16H, 3 Ph, H-C(6)); 7.70, 7.82 (2 mg,
4H, NPht); 8.37 (s, H-N(3)).
13coNMR (75 MHz, CDCl,) : 21.19 (CH,CH,N) ; 36.33

(CHCH;N) ; 64.07 (C(5")); 66.81, 68.22
(C(4'), C(2')); 69.29 (C(3")); 178.59
20 (C(17)); 112.42 (C(5)); 123.31, 132.05,
133.89 (6C, Pht) ; 128.33, 128.47,
128.47, 128.83, 128,86, 129.31, 129.83,
129.83, 129.94, 133.55, 133.62, 133.69
(18C, 3 Ph); 135.87 (C(6)); 150.39,

25 162.78 (C(4)); 164.64, 165.01, 165.41
(3C, 0,CPh); 168.43 (2C, CO-Pht).
MS (ESI'): 730.2 [M+H].
Anal.:

calc. for C40H31N3011 (729.70): C 65.84, H 4.28, N 5.76;
30 found: C 65.63, H 4.46, N 5.53.
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5-(2-Phtalimidoethyl) -1- (B-D-ribopyranosyl)uracil (35)

NPht NPht

o %ff" 0 /('f
BZO%N NH HO%N NH
B0 I on I
0 0

BzO HO
34 35

34— 35

1. Procedure

15 g (20 mmol) of 34 were dissolved in 500 ml
of MeOH in a 1 1 round-bottomed flask, treated with
324 mg (6 mmol) of NaOMe and stirred at room-temp.
overnight with exclusion of water (TLC checking,
AcOEt/n-heptane 1:1). Amberlite IR-120 was added to the
resulting suspension until the pH was <7. The solid was
dissolved in the presence of heat, filtered off hot
from the ion exchanger and washed with MeOH. After
removing the solvent, the residue was co-evaporated
twice using 150 ml of water each time. This yielded 9 g
of crude product, which was heated under reflux in
90 ml of MeOH for 10 min. After cooling to room temp.,
the mixture was treated with 60 ml of Et,O0 and stored
overnight at 4°C. Filtration, washing with Et,0 and
drying in an oil pump vacuum yielded 7.8 g (93%) of 35.

2. Analytical data
5-(2-Phtalimidoethyl) -1- (B-D-ribopyranosyl)uracil (35):
137°C (sintering)

CHC1l3/MeOH 5:1, Re¢ 0.21.
Amax 263.0 (8575): A 299.0 (sh., 1545).
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IR (KBr): 3458s, 1772w, 1706s, 1400m, 1364m,
1304m, 1045m.

lH-NMR (300 MHz, de-DMSO + 2 Tr. D,0: 2.55 (me, 2H,
CH,CH;N); 3.28-3.61 (m, 4H, H-C(2'), H-

S C(47), Heq=C(S"), Hax-C(5")); 3.73 (mg,
2H, CH,CH,N); 3.93 (m, H-C(3’)); 5.50 (d,
J(H-C(1"), H-C(2")) = 9.3, H-C(1"));

7.41 (s, H-C(6)); 7.84 (s, 4H, NPht).
| YC-NMR (75 MHz, de-DMSO): 25.63 (CHCHN);  36.62
‘ 10 (CH,CHpN) ;. 64.95 (C(57)); 66.29 (C(4’));

67.37 (C(27)); 71.12 (C(3")): 79.34
(C(1")); 110.39 (C(5)); 122.85, 131.54,
134.08 (6C, Pht); 137.92 (C(6)); 150.84
(C(2)); 163.18 (C(4)); 167.74 (2C, CO-
15 Pht) .
MS (ESI): 416.1 [M-H].

1- (2’ -0-Benzoyl-B-D-ribopyranosyl)-5- (2-phtalidmido-
ethyl)uracil

20 10.6 g (0.025 mmol) of 5-(2-phtalimidoethyl)-1-
(B-D-ribopyranosyl)uracil were dissolved in 20 ml of
pyridine in a heated and argon-flushed 1 1 four-necked
flask and mixed with 200 ml of dichloromethane. The
mixture was cooled to -70°C, 3.82 ml (0.033 mmol) of

25 benzoyl chloride in 5 ml of pyridine and 20 ml of
dichloromethane were slowly added dropwise with cooling
and the mixture was stirred at -70°C for 35 min. The
reaction mixture was poured onto 600 ml of cooled
ammonium chloride solution and the aqueous phase was

30 extracted with ethyl acetate. The combined organic
phases were washed with water, dried and concentrated
to dryness in vacuo. Chromatography on silica gel
(ethyl acetate/heptane 1:1) yielded 7.9 g (60%) of
1- (2’ -0O-benzoyl-B-D-ribopyranosyl)-5- (2-phtalimido-

35 ethyl)uracil.
TLC: Re 0.24 (ethyl acetate/heptane 4:1)

'H-NMR (300 Mhz, de-DMSO): 2.67 (me, 2H, CH,CH,N); 3.66-

398 (m, 5H, H-C(4’), Heq-C(5’), Hax=C(5’), CHyCH,N);

(¢, 1H, H-C(3")); 4.98 (dd, 1H, H-C(2')); 6.12 (d,
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1H, H-C(1’)); 7.19 (s, 1H, H-C(6)); 7.29-7.92 (m, O9H,
OBz, NPht).

1-(2-0-Benzoyl-4-0- (4,4’ -dimethoxytrityl) -pf-D-
ribopyranosyl) -5- (2-phtalimidoethyl)uracil

5.6 g (10.73 mmol) of 1-(2-O-benzoyl-f-D-
ribopyranosyl-5-(2-phtalimidoethyl)uracil were
dissolved in 60 ml of dichloromethane, treated with
4.72 g (13.95 mmol) of 4,4’-dimethoxytrityl chloride
and 2.4 ml (13.95 mmol) - of N-ethyldiisopropylamine and
stirred at RT for 20 min. The reaction mixture was
diluted with 100 ml of dichloromethane, washed with
sodium hydrogencarbonate solution and 20% citric acid
solution, dried and concentrated to dryness in vacuo.
Chromatography on silica gel (ethyl acetate/heptane 1:1
+ 2% triethylamine) yielded 7.7 g (87%) of 1-(2-0-
benzoyl-4-0- (4,4’ -dimethoxytrityl)-B-ribopyransoyl)-5-
(2-phtalimidoethyl)uracil.
TLC: R¢ 0.53 (ethyl acetate/heptane 1:1 + 2

o°

triethylamine).

'H-NMR (300 MHz, CDCl3): 2.64 (me, 2H, CH,CH,N); 3.12
(me, 1H, H-C(4’)); 3.59-3.63 and 3.72-3.92 (m, 5H,
H-C(3’), Heq-C(5’), Hax-C(5’), CH,CH,N); 3.81 and 3.82
(s, 6H, CH30); 4.70 (dd, 1H, H-C(2')); 6.09 (d, 1H,
H-C(1’)), 7.05 (s, 1H, H-C(6)); 6.84-7.90 (m, 22H,
ODmt, OBz, NPht).

1- (3-0-Benzoyl-4-0- (4,4’ -dimethoxytrityl)-f-D-ribo-
pyranosyl) -5- (2-phtalimidoethyl)uracil

3 g (3.63 mmol) of 1-(2-O-Benzoyl-4-0-(4,4'-
dimethoxytrityl)-B-D-ribopyranosyl)-5-(2-phtalimido-
ethyl)uracil, 1 g (7.26 mmol) of 4-nitrophenol, 0.44 g
(3.63 mmol) of 4-(dimethylamino)pyridine and 3.75 ml
(21.78 mmol) of N-ethyldiisopropylamine were dissolved
in 5.6 ml of isopropanol and 25 ml of pyridine, heated
to 65°C and stirred at 65°C for 3 days. The solution
was concentrated to dryness in vacuo and the residue
was dissolved in 150 ml of dichloromethane. After

ashing with 20% citric acid solution and sodium
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hydrogencarbonate solution, the solution was dried over

magnesium sulphate. Chromatography on silica gel (ethyl

acetate/dichloromethane/isohexane 2:1:1) yielded 2.27 g

(76%) of 1-(3-O-benzoyl-4-0-(4,4’'-dimethoxytrityl)-B-D-
5 ribopyranosyl)-5-(2-phtalimidoethyl)uracil.

TLC: Rf 0.27 (ethyl acetate/isohexane 2:1 + 1

o°

triethylamine) .

'H-NMR (300 MHz, CDCls): 2.39 (me, 2H, CH,CH.N); 2.53

(me, 1H, Heq-C(57)); 3.30 (dd, 1H, H-C(2’)); 3.55 (mc,
10 1H, Hax-C(5’)); 3.69 (m,-2H, CH,CH,N); 3.78 and 3.79 (s,

6H, CH30); 3.79-3.87 (m, 1H, H-C(4’)); 5.74 (d, 1H,

H-C(1')); 5.77 (me, 1H, H-C(3")); 6.92 (s, 1H, H-C(6));
6.74-8.20 (m, 22H, ODmt, OBz, NPht).

15 1-{2’'-0-[(Allyloxy) (diisopropylamino)phosphino]-3’0-
benzoyl-4’'-0-[ (4,4’ -dimethoxytriphenyl)methyl]-f-D-
ribopyranosyl}-5-(2-phtalimidoethyl)uracil
88 mg (0.11 mmol) of 1-(3-O-benzoyl-4-0-(4,4"' -
dimethoxytrityl)-B-D-ribopyranosyl)-5-(2-phtalimido-

20 ethyl)uracil were dissolved in 5 ml of dichloromethane,
treated with 75 pl (0.44 mmol) of
N-ethyldiisopropylamine and 70 pl (0.3 mmol) of
allyloxychloro (diisopropylamino) phosphine and stirred
for 3 h at room temperature. After addition of a

25 further 35 ul (0.15 mmol) of allyloxychloro(diiso-
propylamino) phosphine to complete the reaction, it was
stirred for a further 1 h at room temperature and the
reaction mixture was concentrated in vacuo.
Chromatography on silica gel (ethyl acetate/heptane:

30 gradient 1:2 to 1:1 to 2:1, 1in each case with 2%
triethylamine) yielded 85 mg (76%) of 1-{2'-0-
[ (allyloxy) (diisopropylamino) phosphino]-3’0-benzoyl-4'-
O-[ (4,4’ -dimethoxytriphenyl)methyl]-B-D-ribopyranosyl}-
5-(2-phtalimidoethyl)uracil.

35 TLC: Re 0.36 (ethyl acetate/heptane 2:1).

'H-NMR  (CDCl;, 300 MHz,): selected characteristic

positions: 2.28, 2.52 (2 dd, J = 5.0, 11.0 Hz, 2 H,

2 H-5"), 3.79, 3.78 (app. 2 s, 12 H, OMe), 6.14 (1 bs,
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3lp_NMR (CDCl3) : 149.8, 150.6

5.2 Indole-based linker
N-phthaloyltryptamine is obtained from phthalic
5 anhydride and tryptamine as described (Kuehne et al J.
Org. Chem. 43, 13, 1978, 2733-2735). This 1is reduced
with borane-THF to give the indoline (analogously to
A. Giannis, et al., Angew. Chem. 1989, 101, 220).
The 3-substituted 1indoline 1is first reacted
10 with ribose to give the nucleoside triol and then with
acetic anhydride to give the triacetate. The mixture is
oxidized with 2,3-dichloro-5,6-dicyanoparaquinone and
the acetates are cleaved with sodium methoxide,
benzoylated selectively in the 2’ -position, DM-
15 tritylated selectively in the 4’-position, and the
migration reaction is carried out to give the
3’ -benzoate. The formation of the phosphoramidite is
carried out 1in the customary manner. This can be
employed for the automated oligonucleotide synthesis
20 without alteration of the synthesis protocols.

Procedure

3- (N-Phthaloyl-2-aminoethyl) indoline

TPhth NPhth

-

e
Z - ‘L\ 22N /L\
g . I
N N
H

A B

25

51.4 g (177 mmol) of phthaloyltryptamine A were
dissolved in 354 ml of 1M borane-THF solution (2 eq.)
under a nitrogen atmosphere and cooled to 0°C. 354 ml

30 of trifluoroacetic acid were slowly added dropwise at
0°C (caution: evolution of gas) and the mixture was
stirred for 30 min. (TLC checking: EtOAc). 17.3 ml of
water were then added, and the mixture was stirred for

10 min and concentrated 1in vacuo. The residue was
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dissolved in 10% ' strength NaOHT'solution/dichloro—
methane, and the organic phase was separated off, dried
over Na,SO,, filtered and concentrated in vacuo. The
residue [50.9 g] was recrystallized from hot ethanol (3
1). 41.4 g of B were obtained, m.p. 161-162°C. The
mother liquor was concentrated in vacuo and the residue
was again recrystallized from ethanol. A further 3.2 g
of B were obtained, m.p. 158-159°C.

Total yield: 44.6 g (153 mmol) of B, i.e. 86%.

'"H-NMR (CDCl;, 300 MHz):.1.85-2.00, 2.14-2.28 (2 m, 2 x
1 H, CH:CHpNPhth), 2.70 (bs, 1 H, NH), 3.24-3.38, 3.66-
3.86 (2 m, 5 H, CHCH,NPhth, H-2a, H-2b, H-3), 6.62 (d,
J = 8.0 Hz, 1 H, H-7), 6.66-6.72 (m, 1} H, H-5), 6.99
(app t, J 7.5 Hz, 1 H, H-6), 7.14 (d, J = 8.0 Hz,
1 H, H-4), 7.64-7.74, 7.78-7.86 (2 m, 2 x 2 H, Phth).
’C-NMR (CDCl3, 75 MHz): 32.70, 36.10 (2 t, C-2,
CH,CH;NPhth), 39.62 (d, C-3), 53.04 (t, CH;NPhth),
109.65 (d, c-7), 118.74 (d, C-5), 123.25 (d, Phth),
123.92, 127.72 (2 4, ¢c-4, C-6), 131.81 (s, C-3a),
132.14 (s, Phth), 133.99 (d, Phth), 151.26 (s, C-7a),
168.38 (s, C=0).

Calc.: C: 73.96, H: 5.52, N: 9.58; found: C: 73.89, H:
5.57, N: 9.55.

MS (ES”): 293 (MH', 100%)

3-(N-Phthaloyl-2-aminoethyl)-1-(2’,3’ ,4’'-tri-O-acetyl-

B-D-ribopyranosyl) indole
NPhth NPhth
(
: \
r/f ' /
2 \ =
S o T §
"N C ~-N_ \
A B

45.2 g (155 mmol) of A and 23.2 g (155 mmol;
1.0 eq.) of D-ribose were suspended in 750 ml of dry
ethanol and heated to reflux for 4 h under a nitrogen

atmosphere (TLC checking: CH;Cl,/MeOH 10:1). After

cooling to RT, the mixture was concentrated in vacuo.
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treated with 155 ml of acetic anhydride with ice-
cooling. After 15 min., the ice bath was removed and
the mixture was stirred at RT for 18 h (TLC checking:
EtOAc/isohexane 1:1). This solution was concentrated in
vacuo and co-evaporated three times with 300 ml of
toluene each time. The o0il obtained 1is dissolved in
800 ml of dichloromethane and treated with 38.8 g
(171 mmol; 1.1 eq.) of 2,3-dichloro-5,6-dicyano-
paraquinone with ice-cooling. After 15 min., the ice
bath was removed and the mixture was stirredAat RT for
1.5 h (TLC checking: EtOAc/isohexane 1:1). The
deposited precipitate was filtered off with suction and
washed with dichloromethane and discarded. The filtrate
was washed with 600 ml of satd. NaHCO; solution. The
precipitate deposited in the course of this was again
filtered off with suction and washed with
dichloromethane and discarded. The combined organic
extracts were dried over Na,SO, and concentrated in
vacuo. The residue (90.9 g) was purified by flash
chromatography on silica gel 60 (10 x 25 cm;
EtOAc/isohexane 2:3).

The following were obtained: 21.5 g of pure B and
46.83 g of mixed fractions, which after fresh
chromatography yielded a further 20.4 g of pure B.

Total yield: 41.9 g (76 mmol) of B, i.e. 49%.

'"H-NMR (CDCl;, 300 MHz): 1.64, 1.98, 2.19 (3 s, 3 x 3 H,
Ac), 3.06 (t, J = 8.0 Hz, 2 H, CH,CH,NPhth), 3.81-4.00
(m, 4 H, H-5"ax, H-5'eq, CH,NPhth), 5.13 (ddd, J = 2.5,
6.0, 10.5 Hz, 1 H, H-4’), 5.36(dd, J = 3.5, 9.5 Hz,
1 H, H-2"), 5.71(d, J = 9.5 Hz, 1 H, H-1"), S5.74(app t,
J = 3.0 Hz, 1 H, B-3’), 7.02(s, 1 H, H-2), 7.04-7.10,
7.13-7.19 (2 m, 2 x 1 H, H-5, H-6), 7.33 (d, J =
8.0 Hz, 1 H, H-7), 7.58-7.66, 7.72-7.80(2 m, 5 H, Phth,
H-4) .

13C-NMR (CDCl;, 75 MHz): 20.23, 20.65, 20.87 (3 g, Ac),
24.41, 38.28 (2 t, CH,CHp), 63.53 (t, C-5"), 66.24,
68.00, 68.64 (3 4, c-2’, Cc-3’, C-4'), 80.33 (d, C-1"),

QST&@9K39 (d, ¢€-7), 113.95 (s, C-3), 119.33, 120.39,

2
1222@4, 122.47 (4 4, c-4, C-5, C-6, C-7), 123.18 (d,
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Phth), 128.70, 132.17 (2 s, C-3a, Phth), 133.87 (d,
Phth), 136.78 (s, C-7a), 168.243, 168.77, 169.44,
169.87 (4 s, C=0).

Calc.: C: 63.50, H: 5.15, N: 5.11; found: C: 63.48, H:
5.16, N: 5.05.

MS (ES*): 566 (M+NH,', 82%), 549 (MH', 74%), 114 (100%).

3-(N-Phthaloyl-2-aminoethyl)-1-B-D-ribopyranosylindole

NPhth NPhi)
\\
y )
oo =2 — AN,
\(/\‘\‘-,— N ~ //\“ ]'/ O W \/ i
5 OAc 1§ HO SNy
~
A B
44.1 g (80 mmol) of A were dissolved in 400 ml

of anhydrous methanol under a nitrogen atmosphere. The

mixture was treated with
methoxide solution with
for 18 h at RT.

off with suction

and washed with

4.0 ml of 30% strength sodium

ice-cooling and then stirred

The deposited precipitate was filtered

cold ethanol. The

filtrate was concentrated in vacuo. The residue was

taken up in dichloromethane. This solution was washed
with satd. NaHCO, solution, dried over Na,SO, and

obtained was
with the
solution.

The mother

concentrated in vacuo. The residue

recrystallized from hot ethanol together
from the reaction

m.p. 196-198°C.
ligquor was concentrated in vacuo and the residue was
again recrystallized from ethanol. A further 9.2 g of B
188-194°C.

i.e. 76%.

precipitate deposited

22.6 g of B were obtained,

were obtained, m.p.
Total yield: 25.8 g of B,

'H=NMR (MeOD, 300 MHz): 3.09 (app. t, J = 7.0 Hz, 2 H,
CH,CH,NPhth), 3.64-3.98 (m, 5 H, H-4’, H-5’ax, H-5'eq,
CH,NPhth), 4.05 (dd, J = 3.5, 9.5 Hz, 1 H, H-2’), 4.22
J = 3.0 Hz, 1 H, H-3"), 5.65 (d, J = 9.5 Hz, 1

H-1"), 6.95-7.05, 7.09-7.16 (2 m, 2 x 1 H, H-5, H-

(s, 1 H, H-2), 7.44 (d, J = 8.0 Hz, 1 H, H-7),
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7.60 (d, J = 8.0 Hz, 1 H, H-4), 7.74-7.84 (m, 4 H,
Phth) .

13c-NMR  (d¢-DMSO, 75 MHz): 23.87, 37.79 (2 t,
CH,CH,NPhth), 64.82 (t, C-5'), 66.74 (d, C-4’), 68.41
(d, c-2’), 71.42 (d, C-3"), 81.37 (d, C-1'), 110.42 (d,
c-7), 111.05 (s, Cc-3), 118.17, 119.21, 121.36, 122.92,
123.80 (5 4, c-2, c-4, C-5, C-6, NPhth), 127.86, 131.59
(2 s, C-3a, Phth), 134.27 (d, Phth), 136.62 (s, C-7a),
167.72 (s, C=0).

MS(ES7): 457 (M+OH +H,0, 49%), 439 (M+OH™, 100%), 421
(M-H*, 28%)

1- (2’ -0-Benzoyl-f-D-ribopyranosyl)-3- (N-phthaloyl-2-

amlnoethyl)lndole
NPhth NPhth

<

HO/Y;" (;é;\x —_— HO EEENC?

HO
B

10.6 g (25 mmol) of A was taken up in 250 ml of dry
dichloromethane under a nitrogen atmosphere. The
mixture was treated with 305 mg of DMAP (2.5 mmol) and
20 ml of pyridine. It was heated until everything was
in solution and then cooled to -78°C. 3.35 ml of
benzoyl chloride (28.8 mmol) dissolved in 8 ml of
dichloromethane were now added dropwise in the course
of 15 min. TLC checking (EtOAc/hexane 3:1) after a
further 30 min indicated complete reaction. After
45 min, the cold solution was added directly to 200 ml
of satd. NH4Cl solution through a folded filter and the
filter residue was washed with dichloromethane. The
organic phase was washed once with water, dried over
MgSOs and concentrated. The residue was co-evaporated
twice with toluene .and purified by flash chromatography
on 10 x 20 cm silica gel using EtOAc/hexane 3:1. 8.1 g
of B (64%) were obtained.

'H-NMR (CDCl;, 300 MHz): 2.45, 2.70 (2 bs, 2 x 1 H, OH),
(t, 3 = 8.0 Hz, 2 H, CH,CH,NPhth), 3.80-4.20 (m, 5
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H, H-4’, H-5’ax, H-5’eq, CH,NPhth), 4.63 (bs, 1 H, H-
3'), 5.46 (dd, J = 3.5, 9.5 Hz, 1 H, H-2'), 6.03 (d, J
= 9.5 Hz, 1 H, H-1’), 7.08-7.31 (m, 5 H, H-2, H-5, H-6,
Bz-m-H), 7.41-7.48 (m, 1 H, H-Bz-p-H), 7.50 (d, J = 8.0
Hz, 1 H, H-7), 7.64-7.79 (m, 7 H, Phth, H-4, Bz-o0-H).
1I3C-NMR  (d¢-DMSO, 75 MHz): 24.40, 38.22 (2 t,
CH,CH,NPhth), 65.95 (t, C-5’), 66.65 (d, C-4’), 69.55
(d, c-3"), 71.87 (d, C-2’), 79.57 (d, C-1"), 109.96 (d,
c-7), 113.70 (s, C-3), 119.21, 120.21, 122.11, 122.41,
123.14, (5 d4, c-2, c-4, C-5, C-6, NPhth), 128.28 (d,
Bz), 128.58, 128.59, (2 s, C-3a, Bz), 129.62 (d, Phth),
132.05 (s, Phth), 133.81 (Bz), 136.97 (s, C-7a),
165.12, 168.29 (2 s, C=0).

MS(EST): 525 (M-H', 12%), 421 (M-PhcO*, 23%), 107
(100%) .

1-{3’-0-Benzoyl-4'0-[ (4,4’ -dimethoxytriphenyl)methyl-f3-
D-ribopyranosyl}-3- (N-phthaloyl-2-aminocethyl) indole

<Tth NPhth
0 —_— ey

HO/S:ZPL,N _— oMTo/YFiél,N P

\

“ HO 0Bz 820 OH \‘QU/

' A B

8.9 g (16.9 mmol) of A was suspended in 135 ml
of dry dichloromethane under a nitrogen atmosphere. The
mixture was treated with 206 mg of DMAP (1.68 mmol),
5.8 ml of N-ethyldiisopropylamine (33.7 mmol) and about
12 ml of pyridine (until solution was complete). It was
now treated with 34 g of molecular sieve 4A and stirred
for 30 min. After cooling to 0°C, it was treated with
11.4 g of DMTCl (33.7 mmol) and stirred for 75 min
after removing the cooling bath. A further 1.94 g
(0.34 eq) and, after a further 40 min, 1.14 g (0.2 eq)
and, after a further 65 min, 1.14 g of DMTC1l (0.2 eq)
were then added. After 4.25 h the reaction was

complete. The mixture was then treated with 25.3 ml of

s N\ N-propanol (20 eq), stirred for a further 30 min and
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then concentrated cautiously (foam formation). The
residue was dissolved in 100 ml of pyridine. It was
treated with 1.85 g of DMAP (15.1 mmol; 0.9 eq), 13.05
ml of N-ethyldiisopropylamine (101 mmol; 6.0 eqg), 71 ml
of n-propanol (940 mmol; 56 eq) and 3.74 g of p-
nitrophenol (26.9 mmol; 1.6 eq). This mixture was
stirred wunder nitrogen for 96 h at 75-80°C. After
cooling to room temperature, the mixture was filtered
through Celite and concentrated. The residue was
purified by flash chromatography on 9 x 17 cm silica
gel using toluene/diethyl ether/triethylamine 90:10:1.
The product-containing fractions (9.25 g) were first
recrystallized from EtOAc and then reprecipitated from
toluene/methanol. 5.86 g of B (42%) were obtained.

'H-NMR (CDClj, 300 MHz): 2.64 (bs, 1 H, OH), 2.68 (dd, J
= 5.0, 11.5 Hz, 1 H, H-5’eq), 2.94 (dd, J = 7.5, 16.0
Hz, 1 H, CH,CH,NPhth), 3.03 (dd, J = 8.0, 16.0 Hz, 1 H,
CH,CH,NPhth), 3.67-3.74 (m, 1 H, H-5’ax), 3.69, 3.70 (2
s, 2 x 3 H, OMe), 3.85 (t, J = 7.5 Hz, 2H, CH,CH,NPhth),
3.94 (ddd, J = 3.0, 5.0, 10.5 Hz, 1 H, H-4’), 4.03 (dd,
J=3.5, 9.0 Hz, 1 H, H-2’), 5.51 (d, J = 9.0 Hz, 1 H,
H-1'), 5.86 (bs, 1 H, H-3"), 6.68-7.66 (m, 25 H), 8.19-
8.30 (m, 2 H).

'3C-NMR (CDCl3, 75 MHz): 24.16, 38.80 (2 t, CH,CH,NPhth),
55.25, 55.26 (2 g, Ome), 65.58 (t, C-5’), 68.29, 69.19,
73.83 (3 d4, c-2’, c-3’, Cc-4’), 83.03 (d, c-1’), 87.31
(CAr3)110.03 (d, c-7), 113.37, 113.47 (2 d), 113.53 (s,
c-3), 118.95, 120.20, 122.28, 122.31, 123.10, 127.07,
128.02, 128.08, 128.68 (9 d), 128.74 (s), 130.02,
130.19, 130.22 (3 d), 130.37, 131.95 (2 s), 133.40,
133.83 (2 d), 135.98, 136.14, 136.56, 145.12, 158.82,
166.76, 168.52 (7 s, C-7a, 2 COMe, 2 C=0).

1-{2’0-(Allyloxy) (diisopropylamino)phosphino) -3’ -0-
benzoyl-4’'0-[ (4,4’ -dimethoxytriphenyl)methyl]-pf-D-ribo-
pyranosyl}-3- (N-phthaloyl-2-aminoethyl) indole

(2 diastereomers)



10

15

20

25

- 53 -

NPhth
NPhth {
/———“ ] /V/ O a
\ o R ——» DMTO A N__-
DMTO/ﬁ::;;L,N\$. r/i;“' \( \
' OH ‘\‘ \\ BzO s S !
BZO %’
iPL,N" O
A B\~

1658 mg of alcoﬁol A (2.0 mmol) was dissolved
in 10 ml of dry dichloromethane under an argon
atmosphere. The solution was treated with 1.03 ml of
N-ethyldiisopropylamine (6.0 mmol) and 0.63 ml of
monoallyl n—diisopropylchlorophosphoramidite (2.8 mmol)
and stirred for 1 h at room temperature. The excess
phosphorylation reagent was then destroyed by addition
of 61 pl (0.8 mmol) of isopropanol. After 10 min, the
mixture was concentrated in vacuo and the residue was
purified by flash chromatography on 3.3 x 21 cm silica
gel wusing hexane/EtOAc/NEt; (75:25:1). The product-
containing fractions were concentrated, taken up in
CCly and concentrated again. 2.04 g of an almost
colourless foam (quant.) were obtained, which can be
used thus directly for oligomerization and can be kept
at -20°C for a number of weeks.

TLC on silica gel (EtOAc/hexane/NEt; 33:66:1): 0.41
'H-NMR  (CDCl;, 300 MHz): selected characteristic
positions: 2.42, 2.53, (2 dd, J = 5.0, 11.0 Hz, 2 H, 2
H-5'eq), 3.76, 3.77, 3.78, 3.79 (4 s, 4 x 3 H, OMe),
5.70, 5.73 (2 d, J = 9.0 Hz, 2 H, 2 H-1"), 6.16, 6.29
(2 bs, 2 H, 2 H-3').

*’P-NMR (CDCl;3): 150.6, 151.0

5.3 Lysine-based linker
The synthesis is depicted in Scheme 7 and is

described in detail below.
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Scheme 7: Synthesis of the lysine linker

6-Amino-2 (S) -hydroxyhexanoic acid (1) was
prepared from L-lysine in a manner known from the
literature by diazotization and subsequent hydrolysis
(K.-I. Aketa, Chem. Pharm Bull. 1976, 24, 621).

2-(S) -N-Fmoc-6-amino-1, 2-hexanediol (2)

3.4 g of LiBH4; (156 mmol, 4 eq) are dissolved
under argon in 100 ml of abs. THF (exothermic!). After
cooling to about 30°C, 39.6 ml of TMSCl (312 mmol,
8 eq) are slowly added dropwise (evolution of gas!), a
precipitate being formed. 5.74 g of 6-amino-2(S)-
hydroxyhexanoic acid (1) (39 mmol) are added in
portions in an argon countercurrent and the mixture is
heated to 65°C until the TLC (silica gel; i-PrOH/conc.
NH4OH/water 7:2:1; staining with ninhydrin) no longer
shows any starting material (about 3 h). The mixture is
cautiously treated with 120 ml of methanol with ice-
cooling (strong evolution of gas!). The solvent is
concentrated in vacuo, and the residue is co-evaporated
three times with 200 ml of methanol each time and then
dissolved in 100 ml of abs. DMF. After addition of
16 ml of ethyldiisopropylamine (93.6 mmol, 2.4 eq), the
mixture is cooled to 0°C and treated in portions with
12.1 g of FmocCl (46.8 mmol, 1.2 eq). After 15 minutes,
the cooling bath is removed and the mixture is stirred
at room temperature until the starting material has

30 %'been consumed (about 3 h; TLC checking: silica gel;

/1
;C/
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CHCl3/MeOH/HOAc/water 60:30:3:5)? The reaction solution
is added to 600 ml of satd. NaHCO3 solution. The
precipitate is filtered off, washed with 200 ml of
water and dried at 50°C in a high vacuum until the
weight is constant (about 6 h). 13.9 g of a colourless
solid is obtained, which 1is recrystallized from ethyl
acetate (40 ml)/n-hexane (35 ml). Yield: 9.05 g (65%).

'H-NMR (300 MHz, CDCl3): 7.68, 7.51 (2 d, J = 8.0 Hz, in
each case 2 H, Ar-H), 7.32 (t, J = 8.0 Hz, 2 H, Ar-H),
7.23 (dt, J = 1.6, 8.0 Hz, 2 H, Ar-H), 4.92 (bs, 1 H.
NH), 4.32 (d, J = 7.0 Hz, 2 H, OCOCH,), 4.13 (bt, J =
7.0 Hz, OCOCH,CH), 3.64-3.58 (m, 1 H, H-1, H-1', H-2,
H-6, H-6’), 3.54 (dd, J = 3.2, 11.0 Hz, 1 H, H-1, H-1',
H-2, H-6, H-6’), 3.35 (dd, J = 7.4, 11.0 Hz, 1 H, H-1,
H-1’, H-2, H-6, H-6’), 3.16-3.06 (m, 2 H, H-1, H-1’, H-
2, H-6, H-6’), 3.0-2.0 (bs, 2 H, OH), 1.52-1.18 (m, 6
H, H-3, H-3’, H-4, H-4'’, H-5, H-5').

2-(S) -N-Fmoc-0'-DMT-6-amino-1, 2-hexanediol (3) was DM-
tritylated according to WO 89/02439.

2-(S) -N-Fmoc-0'-DMT-0°-allyloxydiisopropylamino-
phosphinyl-6-amino-1, 2-hexanediol (4)

0.51 ml of ethyldiisopropylamine (3.0 mmol,
3 eq) and 0.33 ml of chloro-N,N-diisopropylaminoallyl-
oxyphosphine (1.5 mmol, 1.5 eq) are added under argon
to a solution of 670 mg of the alcohol (3) (1.02 mmol)
in 10 ml of abs. dichloromethane. The mixture is
stirred at room temperature for 2 h, the solvent is
stripped off in vacuo and the residue obtained is
purified by flash chromatography on 3.2 x 16 cm silica
gel (EtOAc/isohexane/NEt3 20:80:1). 839 mg (97%) of a
slightly yellowish o0il are obtained.

silica gel; EtOAc/isohexane/NEt;y; 50:50:1; UV;
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'H=NMR (300 MHz, CDCl3): 7.70-6.68 (m, 21 H, Ar-H),
4,92-4.62 (m, 1 H. NH), 4.31 (d, J = 7.0 Hz, 2 H,
OCOCHz), 4.13 (t, J = 7.0 Hz, 1 H, OCOCH,CH), 3.98-3.40
(m, 5 H), 3.77 (2 s, in each case 3 H, OMe), 3.16-2.86
(m, 4 H), 2.58 (t, J = 7.0 Hz, 1 H, CHCN), 2.38 (t, 1
H, CHCN), 1.80-1.20 (m, 6 H), 1.20, 1.18, 1.17, 1.16,
1.15, 1.13, 1.08, 1.06 (8 s, 12 H, NMe).

3p-NMR (300 MHz, CDCl3): 149.5, 149.0 (2 s)

Example 6

Synthesis of a p-RNA oligo of the sequence 4’-indole
linker-A8-2’ using benzimidazolium triflate as a
coupling reagent.

108 mg of indole 1linker phosphoramidite and
244 mg of A phosphoramidite are weighed into a
synthesizer vial and left in a high vacuum for 3 h in a
desiccator over KOH together with the column packed
with 28.1 mg of CPG support, loaded with A unit. The
phosphoramidites are dissolved in 1 ml (indole 1linker)
or 2.5 ml (A phosphoramidite) of acetonitrile and a few
beads of the molecular sieve are added and left closed
in a desiccator over KOH.
200 mg of iodine are dissolved in 50 ml of acetonitrile
with vigorous stirring. After everything has dissolved
(visual control), 23 ml of water and 4.6 ml of sym-
collidine are added and the solution is thoroughly
mixed once. For detritylation, a 6% strength solution
of dichloroacetic acid in dichloromethane is employed.
The capping reagent (acetic anhydride + base) 1is
purchased and used as customary for oligonucleotide
synthesis.
Benzimidazolium triflate 1is recrystallized from hot

acetonitrile and dried. Using the almost colourless

crystals, a 0.1 M solution in anhydrous acetonitrile is

ZZARANS

‘@wepared as a coupling reagent. During the synthesis,
7z
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this solution always remains clear and no blockages in
the synthesizer tubing occur.
Modified DNA coupling cycle in the Eppendorf Ecosyn
300+ (DMT-one) :

Detritylation 7 minutes

Coupling 1 hour

Capping 1.5 minutes

Oxidation 1 minute
200 mg of tetrakis(triphenylphosphine)palladium is
dissolved in 1.5 ml of dichloromethane, 20 mg of
diethylammonium hydrogencarbonate, 20 mg of
triphenylphosphine and the glass support carrying the
oligonucleotide are added, tightly sealed (Parafilm)
and the vial is agitated for 5 h at RT. The glass
support is then filtered off with suction by means of
an analytical suction filter, and washed with
dichloromethane, with acetone and with water.

The support 1is suspended using aqueous 0.1
molar sodium diethyldithiocarbamate solution and 1left
at RT. for 45 min. It is filtered off with suction, and
washed with water, acetone, ethanol and
dichloromethane. The support is suspended in 1.5 ml of
24% strength hydrazine hydrate solution, shaken for
24-36 h at 4°C and diluted to 7 ml with 0.1 molar
triethylammonium hydrogencarbonate buffer (TEAB
buffer). It was washed until hydrazine-free by means of
a Waters Sep-Pak cartridge. It is treated with 5 ml of
an 80% strength formic acid solution, and concentrated
to dryness after 30 min. The residue is taken up in
10 ml of water, extracted with dichloromethane, and the
aqueous phase is concentrated and then HPL
chromatographed (tR = 33 min, gradient of acetonitrile
in 0.1M triethylammonium acetate buffer). Customary
desalting (Waters Sep-Pak cartridge) yields the
oligonucleotide.

Yield: 17.6 OD
Substance identity proved by ESI mass spectroscopy:

QA(\\ M(calc.) = 3082 D, (M+2H)?*(found) = 1541.9 D.

%Exam Example 7
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Preparation of conjugates

1. Sequential process

5 A p-RNA oligomer of the sequence A3, i.e. an
octamer, 1is first prepared on the Eppendorf Ecosyn D
300+ as described in Example 2 and the following
reagents are then exchanged: 6% strength dichloroacetic
acid for 2% strength trichlorocacetic acid, iodine 1in

10 collidine for iodine in ©pyridine, benzimidazolium
triflate solution for tetrazole solution. After
changing the synthesis programme, a DNA oligomer of the
sequence GATTC 1is further synthesized according to
known methods (M.J. Gait, Oligonucleotide Synthesis,

15 IRL Press, Oxford, UK 1984). The deallylation,
hydrazinolysis, HPL chromatography and desalting is
carried out as described for the p-RNA oligomer (see

above) and yields the desired conjugate.

20 2. Convergent process
As described in Example 2, a p-RNA oligomer
having the sequence 4’-indole linker-Ag-2’ 1is prepared,
purified, and iodoacetylated. A DNA oligomer of the
sequence GATTC-thiol linker is synthesized according to
25 known methods (M.J. Gait, Oligonucleotide Synthesis,
IRL Press, Oxford, UK 1984) and purified (3’-thiol
linker from Glen Research: No. 20-2933). On allowing
the two fragments to stand (T. Zhu et al., Bioconjug.
Chem. 1994, 5, 312) in buffered solution, the conjugate
30 results, which is finally purified by means of HPLC.

Example 8
Conjugation of a biotin radical to an amino-modified
P—-RNA:

35 First, analogously to the procedure described

in Example 6, a p-RNA oligomer of the sequence
TAGGCAAT, which is provided with an amino group at the

ARAY 4’-end by means of the 5’-amino modifier 5 of
S ) .
Q> 1’//,Eurogentec (2-(2- (4-monomethoxytrityl)aminoethoxy)ethyl
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2-cyanoethyl (N,N-diisopropyl)phosphoramidite), was
synthesized and worked up. The oligonucleotide
(17.4 oD, 0.175 uymol) was taken up in 0.5 ml of basic
buffer, 1.14 mg (2.5 pmol) of biotin-

N-hydroxysuccinimide ester were dissolved in 114 pl of
DMF (abs.) and the solution was allowed to stand at RT
for 1 h. The resulting conjugate was purified by means
of preparative HPLC and the pure product was desalted
using a Sepak.

Yield: 8.6 OD (49%)

M (calc.) = 3080 D, M (fef)[sic] = 3080.4 D

Example 9

Preparation of cyanine or biotin-labelled p-RNA online

The various A,T,G,C and Ind (Ind = aminoethyl-
indole as a nucleobase) phosphoramidites were first
prepared according to known processes. Cyanine (Cy3-CE)
and biotin phosphoramidite were obtained from Glen
Research.

The fully automatic solid-phase synthesis was
carried out using 15 pmol in each case. One synthesis
cycle consists of the following steps:

(a) Detritylation: 5 minutes with 6% DCA (dichloro-
acetic acid) in CHCl; (79 ml);

(b) Washing with CHyCl, (20 ml), acetonitrile (20 ml)
and then flushing with argon;

(c) Coupling: washing of the resin with the activator
(0.5 M pyridine.HC1l in CH,Cl,, 0.2 ml;

30 minutes’ treatment with activator (0.76 ml) and
corresponding phosphoramidite (0.76 ml : 8 eqg;
0.1 M in acetonitrile) in the ratio 1:1;

(d) Capping: 2 minutes with 50% Cap A (10.5 ml) and
50% Cap B (10.5 ml) from Perseptive (Cap A: THF,
lutidine, acetic anhydride; Cap B: 1l-methyl-
imidazole, THF, pyridine).

(e) Oxidation: 1 minute with 120 ml of iodine solution

(400 mg of iodine in 100 ml of acetonitrile, 46 ml

of H;O0 and 9.2 ml of sym-collidine).

Washing with acetonitrile (22 ml).
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To facilitate the subsequent HPLC purification
of the oligonucleotides, the last DMT (dimethoxytrityl)
or MMT (monomethoxytrityl) protective group was not
removed from biotin or cyanine monomers. The detection
of the last coupling with the modified phorphoramidites
is carried out after the synthesis with 1% of the resin
by means of a trityl cation absorption in UV (503 nm).

Work-up of the oligonucleotide:

The allyl ether . protective groups were removed
with a solution of tetrakis (triphenylphosphine) -
palladium (272 mg), triphenylphosphine (272 mg) and
diethylammonium hydrogencarbonate in CH;Cl, (15 ml)
after 5 hours at RT. The glass supports are then washed
with CH,CL, (30 ml), acetone (30 ml) and water (30 ml).
In order to remove palladium complex residues, the
resin was rinsed with an aqueous 0.1 M sodium
diethyldithiocarbamate hydrate solution. The
abovementioned washing operation was carried out once
more in a reverse order. The resin was then dried in a
high wvacuum for 10 minutes. The removal step from the
glass support with simultaneous debenzoylation was
carried out in 24% hydrazine hydrate solution (6 ml) at
4°C. After HPLC checking on RP 18 (18-25 hours), the
oligonucleotide "Trityl ON" was freed from the
hydrazine by means of an activated (acetonitrile,
20 ml) Waters Sep-Pak Cartridge. The hydrazine was
washed with TEAB 0.1 M (30 ml). The oligonucleotide was
then eluted with acetonitrile/TEAB 0.1 M (10 ml). The
mixture was then purified by means of HPLC (for the
separation of fragment sequences) and the DMT
deprotection (30 ml of 80% strength aqueous formic
acid) was carried out. Final desalting (by means of
Sep-Pak Cartridge, with TEAB buffer 0.1 M/acetonitrile:
1/1) yielded the  pure cyanine- or biotin-labelled
oligomers.

An aliquot of this oligo solution was used for

calculated M = 3026,
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found (M+H)' = 3027
4’ Biotin-TAGGAAINndT 2’: calculated M = 3014,
found (M+2H)2* m/e 1508 and (m+H)* m/e 3015.

The oligos were freeze-dried for storage.

Example 10
Iodoacetylation of p-RNA with N-(iodoacetyloxy) -
succinimide

P-RNA sequence: 4’ AGGCAINndT 27 M. =

2266.56 g/mol (Ind = indole-CH,-CH,-NH,-linker)

1 eg. of the p-RNA was dissolved (1 ml per
350 nmol) in a 0.1 molar sodium hydrogencarbonate
solution (pH 8.4) and treated (40 ul per mg) with a
solution of N-(iodoacetyloxy)succinimide in DMSO. The
batch was blacked out with aluminium film and it was
allowed to stand at room temperature for 30-90 minutes.

The progress of the reaction was monitored by
means of analytical HPLC. The standard conditions are:
Buffer A : 0.1 molar triethylammonium acetate buffer in
water
Buffer B : 0.1 molar triethylammonium acetate buffer in
water:acetonitrile 1:4
Gradient : starting from 10% B to 50% B in 40 minutes
Column material : 10 pM LiChrosphere® 100 RP-18 from
Merck Darmstadt GmbH; 250 x 4 mm
Retention time of the starting materials : 18.4 minutes
Retention time of the products in this case : 23.1
minutes

After reaction was complete, the batch was
diluted to four times the volume with water. A Waters
Sep-Pak Cartridge RP-18 (from 15 OD 2 g of packing) was
activated with 2 x 10 ml of acetonitrile and 2 x 10 ml
of water, the oligo was applied and allowed to sink in,
and the reaction vessel was washed with 2 x 10 ml of
water, rewashed with 3 x 10 ml of water in order to
remove salt and reagent, and eluted first with 5 x 1 ml

RAQf\SO 1 water : acetonitrile and then with 1:1 water

adé tionitrile. The product eluted in the 1:1 fractions

i
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the cold and in the dark, combined, and concentrated
again.

The vyields were determined by means of UV
absorption spectrometry at 260 nm.

5 Mass spectrometry:

Sequence: 4’ AGGCAInd (CH,CH;NHCOCH,-I)T 2’
calculated mass: 2434.50 g/mol
found mass MH?*: 1217.9 g/mol = 2433 g/mol

10 Example 11
Conjugation of p-RNA to a peptide of the sequence
CYSKVG:

The iodoacetylated p-RNA (M, = 2434.50 g/mol)
was dissolved in a buffer system (1000 pl per 114 nmol)
15 and then treated with a solution of the peptide in
buffer (2 mol of CYSKVG peptide; M, = 655.773 g/mol;
228 nmol in 20 pl of buffer).
Buffer system: Borax/HCl buffer from Riedel-de Haén,
pH 8.0, was mixed in the ratio 1:1 with a 10 millimolar
20 solution of EDTA disodium salt and adjusted to pH 6.3
using HCl. A solution was obtained by this means which
contained 5 mM Na,EDTA.
The batch was left at room temperature in the
dark until conversion was complete. The reaction was
25 monitored by means of HPLC analysis.
The standard conditions are:
Buffer A: 0.1 molar triethylammonium acetate buffer in
water
Buffer B: 0.1 molar triethylammonium acetate buffer in
30 water:acetonitrile 1:4
Gradient: starting from 10% B to 50% B in 40 minutes
Column material: 10 pM LiChrosphere® 100 RP-18 from
Merck Darmstadt GmbH; 250 x 4
Retention time of the starting material : 17.6 minutes
35 Retention time of the product : 15.5 minutes
After reaction was complete the batch was
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The fractions were concentrated in the cold and
in the dark, combined and concentrated again. The
residue was taken up in water and desalted. A Waters
Sep-Pak Cartridge RP-18 (from 15 OD 2 g of packing) was
activated with 2 x 10 ml of acetonitrile and 2 x 10 ml
of water, the oligo was applied and allowed to sink in,
and the reaction vessel was washed with 2 x 10 ml of
water, rewashed with 3 x 10 ml of water in order to
remove the salt, and eluted with water : acetonitrile
1:1. The product fractions were concentrated, combined,
and concentrated again.

The yields were determined by means of UV
absorption spectrometry at 260 nm. They reached 70-95%

of theory.

Mass spectrometry:

Sequence: 4’ AGGCAInd (CH,CH,NHCOCH,-CYSKVG)T 2’
calculated mass: 2962.36 g/mol

found mass MH,**: 1482.0 g/mol = 2962 g/mol

Example 12

Conjugation of p-RNA to a peptide library

The iodoacetylated p-RNA (M, = 2434.50 g/mol
was dissolved (1300 pl per 832 nmol) in a buffer system
and then treated in buffer (8 mol; mean molecular mass
Mn = 677.82 g/mol; 4.5 mg = 6.66 ymol in 200 pl of
buffer) with a solution of the peptide library (CKR-XX-
OH); X = Arg, Asn, Glu, His, Leu, Lys, Phe, Ser, Trp,
Tyr) .
Buffer system: Borax/HCl buffer from Riedel-de Haen,
pH 8.0, was mixed in the ratio 1:1 with a 10 millimolar
solution of EDTA disodium salt in water and adjusted to
PH 6.6 using HCl. A solution was obtained by this means
which contained 5 mM Na,EDTA.

The batch was left at room temperature in the
dark until conversion was complete. The reaction was
monitored by means of HPLC analysis. In this case, the
sstarting material had disappeared after 70 hours.

4 The standard conditions of the analytical HPLC
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Buffer A: 0.1 molar triethylammonidm acetate buffer 1in
water
Buffer B: 0.1 molar triethylammonium acetate buffer in
water:acetonitrile 1:4
S5 Gradient: starting from 10% B to 50% B in 40 minutes
Column material: 10 pM LiChrosphere® 100 RP-18 from
Merck Darmstadt GmbH; 250 x 4
Retention time of the starting material : 18.8 minutes
Retention time of the product : several peaks from
10 13.9-36.2 minutes |
After reaction was complete, the batch was
diluted to four times the volume using water. A Waters
Sep-Pak Cartridge RP-18 (from 15 OD 2 g of packing) was
activated with 3 x 10 ml of écetonitrile and 3 x 10 ml
15 of water, the oligo was applied and allowed to sink in,
the reaction vessel was rewashed with 2 x 10 ml of
water, and the cartridge was rewashed with 3 x 10 ml of
water in order to remove salt and excess peptide, and
eluted with 1:1 water : acetonitrile until no more
20 product eluted by UV spectroscopy. The fractions were
concentrated in the cold and in the dark, combined, and
concentrated again.
Throughout this specification and the claims which
follow, unless the context requires otherwise, the word
25 "comprise", and variations such as ‘"comprises" and
"comprising”, will be understood to imply the inclusion
of a stated integer or step or group of integers or
steps but not the exclusion of any other integer or
step or group of integers or steps.

The reference to any priox art in this

30

specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that that prior

art forms part of the common general knowledge in

Australia.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Conjugate comprising a biomolecule selected from the
group consisting of a nucleic acid, peptide or protein and a
pentopyranosylnucleoside of the formula (I),

R4

0801

OS,
@D

in which
R' is equal to H, OH, Hal where Hal is equal to Br or Cl or a
radical selected from

o] o]
-o—!:l—(cuz)5—c—o NO,  -0—C—CH,—CH,—C——0H
or -0O-P[N(i-Pr),]-(OCH,CH,CN) where i-Pr 1is equal to
isopropyl, or OS.,, where S, is equal to a protective group,
R?’, R’ and R' independently of one another, identically or
differently, are in each case H, Hal where Hal is equal to
Br or Cl, NR°R®, OR’, SR®, =0, CH,,.., where n is an integer
from 1-12, a B-eliminable group, or (C.H,,)NRR'' where R’ and
R are independently equal to H, CH,,. or R and R' are
inked via a radical of the formula
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R13

. ()
(0] R

in which R, RY, R and R' independently of one another,
identically or differently, are in each case H, OR’, or
C.H,,.,, or CH,.,, where n has the abovementioned meaning, and
R>, R®, R’ and R® independently of one another, identically or
differently, is in each case H, CH,,,,, or CH, ,, where n has
the abovementioned meaning, -C(O)R’ where R’ is equal to a
linear or branched, optionally substituted alkyl or aryl
radical,

X and Y independently of one another, identically or
differently, is in each case =N-, =C(R!*)- or -N(RY)- where
R** and RY independently of one another, identically or
differently, is in each case H or CH,,, or (C.H,,)NR*R"
having the abovementioned meanings,

Z is =N-, =C(R')- or -N(RY)- where R' and R' independently
of one another, identically or differently, is in each case
H or CpH,. or (CH,)NRYR" having the abovementioned
meanings, and wherein when Z is =N- or =C(R')- the double
bond is formed with the carbon atom bearing RY,

--==-- 1is an optional double bond, and

S, and S_,, independently of one another, identically or
differently, 1is 1in each case H or a protective group
selected from an acyl, trityl or allyloxycarbonyl group,

or of the formula (II)
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in which R' is equal to H, OH, Hal where Hal is equal to Br
or Cl, or a radical selected from

-0——C—(CHp)s—C—0 NO, -O—C—CHZ—CHz—C!—OH

or -0O-P[N(i-Pr),]- (OCH,CH,CN) where i-Pr is equal to

<. isopropyl, or OS,, where S, is equal to a protective group,
R*, R’ and R' independently of one another, identically or

10 differently, are in each case H, Hal where Hal is equal to
Br or Cl, -NR°R®, OR’, =0, CH,,, or -CH, ,, a PB-eliminable
group, or (CH, )NRYR', where R' and R'', independently of
one another have the abovementioned meaning of R' or R, and
X' is =N-, =C(R*')- or -N(R7')-, where RY* and R

15 independently of one another have the abovementioned meaning

of R' or RY,

=== 1is an optional double bond, and

S.,. and S, have the abovementioned meaning of S, and S,;

wherein a nucleic acid is conjugated through a

R4
<ﬁ%osphodiester group in the position 2' or 4' and/or a
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amide group derived from an amino-terminal linker in the
position 2', 3', 4', 5', 2, 6 or 8 for compounds derived
from formula (I) and in the position 2', 3', 4', 5', 2, 4 or
5 for compounds derived from formula (II).

2. Conjugate according to claim 1 wherein the protective
group in S_,, can be removed by base or metal catalysis.

3. Conjugate according to claim 2 wherein the protective

group is an acyl group.

4. Conjugate according to claim 2 wherein the protective
group is a benzoyl group.

5. Conjugate according to claim 1 wherein n is an integer

from 1-8.

6. Conjugate according to claim 5 wherein n is an integer
from 1-4.

7. Conjugate according to claim 1 wherein the B-eliminable
group is a group of the formula -OCH,CH,R'® where R is equal
to a cyano or p-nitrophenol radical or a
fluorenylmethyloxycarbonyl (FMOC) radical.

8. Conjugate according to claim 1 wherein R’ is a phenyl
radical.
9. Conjugate according to claim 1 wherein the protective

group in S, or S_,, is a benzoyl or 4,4'-dimethoxytrityl (DMT)
group.

10. Conjugate according to any one of claims 1-8,
comprising at least one pentopyranosylnucleoside or

derivative thereof.

Conjugate according to claim 10 wherein at least one of
R®> and R* or R?, R’ and R" is an allyloxy radical.
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12. Conjugate according to any one of claims 1-11, wherein
the pentopyranosylnucleoside or derivative thereof is a
ribo-, arabino-, 1lyxo- and/or xylopyranosylnucleoside or

derivative thereof.

13. Conjugate according to claim 12 wherein the
pentopyranosylnucleoside or derivative thereof is a
ribopyranosylnucleoside or derivative thereof.

14. Conjugate according to any one of claims 1-13, wherein
the pentopyranosyl moiety of the pentopyranosylnucleoside 1is
in the D or L configuration.

15. Conjugate according to any one of claims 1-14, wherein
the pentopyranosylnucleoside or derivative thereof employed
is a pentopyranosyl derivative of purine, 2,6-diaminopurine,
6-purinethiol, pyridine, pyrimidine, adenine, guanine,

isoguanine, 6-thioguanine, xanthine, hypoxanthine, thymine,

cytosine, isocytosine, indole, tryptamine, N-
phthaloyltryptamine, uracil, caffeine, theobromine or
theophylline.

16. Conjugate according to any one of claims 1-15, wherein
R’, R’, R*, R*, R and/or R* is a 2-phthalimidoethyl or
allyloxy radical or a radical of the formula -N[C(O)R’],.

17. Conjugate according to any one of claims 1-16, wherein
the pentopyranosylnucleoside or derivative thereof is a
[2',4'-di-0-benzoyl-B-ribopyranosyl]nucleoside, an N-benzoyl-

2',4'-di-O-benzoylribopyranosylnucleoside, an N-isobutyroyl-

2',4'-di-O-benzoylribopyranosylnucleoside, an 0%~ (2-
cyanoethyl) -N*-isobutyroyl-2',4'-di-0O-benzoylribopyrano-

sylnucleoside, an 0°-(2- (4'-nitrophenyl)ethyl) -N*-
isobutyroyl-2',4'-di-O-benzoylribopyranosylnucleoside, a B-
ribopyranosylnucleoside, an N-benzoyl-, N-isobutyroyl-, O0°-
(2-cyanoethyl) - or 0°-(2- (4-nitrophenyl)ethyl) -N*-

isobutyroyl-B-ribopyranosyl-nucleoside, a 4'-DMT-
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pentopyranosylnucleoside, an N-benzoyl-4'-DMT-
ribopyranosylnucleoside, an N-isobutyroyl-4'-DMT-
ribopyranosylnucleoside, an 0°-(2-cyanoethyl) -N*-isobutyroyl-
4'-DMT-ribopyranosyl-nucleoside, an 0°%- (2-(4-
nitrophenyl)ethyl) -N*-isobutyroyl-4'-DMT-
ribopyranosylnucleoside or a B-ribopyranosyl-N,N' -
dibenzoyladenosine or a B-ribopyranosyl-N,N'-

dibenzoylguanosine.

18. Conjugate according to claim 17 wherein the [2',4'-di-
O-benzoyl-B-ribopyranosyllnucleoside is [2',4'-di-O-benzoyl-
B-ribopyranosyl] -adenine, -guanine, -cytosine, -thymidine, -

uracil, -xanthine or -hypoxanthine.

19. Conjugate according to claim 17 wherein the N-benzoyl-
2',4'-di-O-benzoylribopyranosylnucleoside is an adenine,

guanine or cytosine nucleoside.

20. Conjugate according to claim 17 wherein the N-
isobutyroyl-2',4'-di-O-benzoylribopyranosylnucleoside 1is an

adenine, guanine or cytosine nucleoside.

21. Conjugate according to claim 17 wherein the O0°-(2-
cyanoethyl) -N?-isobutyroyl-2',4'-di-0O-benzoylribopyrano-
sylnucleoside is a guanine nucleoside.

22. Conjugate according to claim 17 wherein the 0°-(2-(4'-
nitrophenyl)ethyl) -N*-isobutyroyl-2',4'-di-0O-
benzoylribopyranosylnucleoside is a guanine nucleoside.

23. Conjugate according to claim 17 wherein the JB-
ribopyranosylnucleoside is B-ribopyranosyl-adenine, -guanine,

-cytosine, -thymidine, -uracil, -xanthine or -hypoxanthine.

24. Conjugate according to claim 17 wherein the 4'-DMT-
pentopyranosylnucleoside is a 4'-DMT-

ribopyranosylnucleoside.
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25. Conjugate according to claim 24 wherein the 4'-DMT-
ribopyranosylnucleoside 1is 4'-DMT-ribopyranosyl-adenine, -
guanine, -cytosine, -thymidine, -uracil, -xanthine or -

hypoxanthine.

5 26. Conjugate according to claim 17 wherein the N-benzoyl-
4'-DMT-ribopyranosylnucleoside is N-benzoyl-4'-DMT-

ribopyranosyl-adenine, -guanine or -cytosine.

27. Conjugate according to «claim 17 wherein the N-

P isobutyroyl-4'-DMT-ribopyranosylnucleoside is N-isobutyroyl-
.:y. 10 4'-DMT-ribopyranosyl-adenine, -guanine or -cytosine.
oot 28. Conjugate according to claim 17 wherein the 0°-(2-

cyanoethyl) -N*-isobutyroyl-4'-DMT-ribopyranosyl-nucleoside is
0°- (2-cyanoethyl) -N*-isobutyroyl-4'-DMT-ribopyranosylguanine.

29. Conjugate according to claim 17 wherein the O0°-(2-(4-

15 nitrophenyl)ethyl)-N’-isobutyroyl-4'-DMT-ribopyranosyl -
nucleoside is O0°-(2-(4-nitrophenyl)ethyl)-N?-isobutyroyl-4"'-
DMT-ribopyranosylguanine.

*e %ot 30. Conjugate according to any one of claims 1 to 29,
sgesed wherein the biomolecule is an antibody or a functional
“:?° 20 moiety thereof or a DNA and/or RNA occurring in its natural
R form.

31. Process for the preparation of a conjugate according to
any one of claims 1-30, said process comprising combining a
pentopyranosylnucleoside or a derivative thereof or a

25 pentopyranosylnucleic acid or a derivative thereof with a
biomolecule selected from the group consisting of a nucleic
acid, peptide or protein.

32. Use of a conjugate according to any one of claims 1-30
for the production of a medicament and/or diagnostic.

é:33. Use of a conjugate according to any one of claims 1-30

for the production of an array.
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34. Diagnostic comprising a conjugate according to one of
claims 1-30.

35. Conjugate substantially as hereinbefore described with

reference to the Examples.

36. Process for the preparation of a conjugate according to
claim 31 substantially as hereinbefore described with

reference to the Examples.

37. Conjugate prepared by the process of claim 31 or claim
36.

DATED this 24" day of December, 2002
Nanogen Recognomics GmbH

By DAVIES COLLISON CAVE

Patent Attorneys for the Applicants
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