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(57) ABSTRACT 

The invention relates to a pentopyranosylnucleoside of the 
formula (I) or of the formula (II) 

Oscl 

0501' 

0502' 

their preparation and use for the production of a therapeutic, 
diagnostic and/or electronic component. 
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PROCESS FOR THE PREPARATION OFA 
PENTOPYRANOSYL CONJUGATE 

[0001] The present invention relates to a pentopyranosyl 
nucleoside of the formula (I) or of the formula (II) 

(I) 

0501 

(II) 

O 

0501' 

0502' 

[0002] its preparation and use for the production of a 
therapeutic, diagnostic and/or electronic component. 

[0003] Pyranosylnucleic acids (p-NAs) are in general 
structural types Which are isomeric to the natural RNA, in 
Which the pentose units are present in the pyranose form and 
are repetitively linked by phosphodiester groups betWeen the 
positions C-2‘ and C-4‘ (FIG. 1). “Nucleobase” is under 
stood here as meaning the canonical nucleobases A, T, U, C, 
G, but also the pairs isoguanine/isocytosine and 2,6-diami 
nopurine/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 ?rst 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). 

[0004] They exclusively form so-called Watson-Crick 
paired, i.e. purine-pyrimidine- and purine-purine-paired, 
antiparallel, reversibly “melting”, quasi-linear and stable 
duplexes. Homochiral p-RNA strands of the opposite sense 
of chirality likeWise pair controllably and are strictly non 
helical in the duplex formed. This speci?city, Which is 
valuable for the construction of supramolecular units, is 
associated With the relatively loW ?exibility of the ribopy 
ranose 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 ?nally be attributed to the partici 
pation of a 2‘,4‘-cis-disubstituted ribopyranose ring in the 
construction of the backbone. These signi?cantly better 
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pairing properties make p-NAs pairing systems to be pre 
ferred compared With DNA and RNA for use in the con 
struction 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 ?eld. 

[0005] Eschenmoser et al. (1993, supra) has for the ?rst 
time prepared a p-RNA, as shoWn in FIG. 2 and illustrated 
beloW. 

[0006] In this context, a suitable protected nucleobase Was 
reacted With the anomer mixture of the tetrabenZoylribopy 
ranose by action of bis(trimethyl-silyl)acetamide and of a 
LeWis acid such as, for example, trimethylsilyl tri?uo 
romethanesulphonate (analogously to H. Vorbriiggen, 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 under 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, eg With 
tri?uoro-acetic acid in methanol, and reacted With 
dimethoxy-trityl chloride. The 2‘Q3‘migration of the ben 
Zoate Was initiated by treatment With p-nitrophenol/4-(di 
Methylamino) pyridine/triethylamine/pyridine/n-propanol. 
Almost all reactions Were Worked up by column chroma 
tography. The key unit synthesiZed in this Way, the 4‘-DMT 
3‘-benZoyl-1‘-nucleobase derivative of the ribopyranose, 
Was then partly phosphitylated and bonded to a solid phase 
via a linker. 

[0007] In the folloWing automated oligonucleotide synthe 
sis, the carrier-bonded component in the 4‘-position Was 
repeatedly acidically deprotected, a phosphoramidite Was 
coupled on under the action of a coupling reagent, eg a 
tetraZole derivative, still free 4‘-oxygen atoms Were acety 
lated and the phosphorus atom Was oxidiZed in order thus to 
obtain the oligomeric product. The residual protective 
groups Were then removed, and the product Was puri?ed and 
desalted by means of HPLC. 

[0008] The described process of Eschenmoser et al. (1993, 
supra), hoWever, shoWs the folloWing disadvantages: 

[0009] 1. The use of non-anomerically pure tetraben 
Zoylpento-pyranoses G. Fletcher, J. Am. Chem. 
Soc. 1955, 77, 5337) for the nucleosidation reaction 
With nucleobases reduces the yields of the ?nal 
product oWing to the necessity of rigorous chromato 
graphic cuts in the folloWing Working steps. 

[0010] 2. With ?ve reaction stages, starting from 
ribopyranoses Which have a nucleobase in the 1‘-po 
sition, 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 case of the pyrimidine unit uracil. 

[0011] 3. In the synthesis of the oligonucleotides, 
5 -(4-nitrophenyl)-1H-tetraZole is employed as a cou 
pling reagent in the automated p-RNA synthesis. The 
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concentration of this reagent in the solution of tet 
raZole 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 contami 
nated With 5-(4-nitrophenyl)-1H-tetraZole. 

[0012] 4. The described Work-up of p-RNA oligo 
nucleotides, 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. 

[0013] It Was therefore the object of the present invention 
to make available a novel process for the preparation of 
pentopyranosylnucleosides by means of Which the prepara 
tion of knoWn and novel pentopyranosylnucleosides on a 
larger scale than in knoWn processes is to be made possible 
and the disadvantages described above are avoided. 

[0014] A subject of the present invention is therefore a 
process for the preparation of a pentopyranosylnucleoside, 
in Which, starting from the unprotected pentopyranoside, 

[0015] (a) in a ?rst step the 2‘-, 3‘-or 4‘-position of the 
pentopyranoside is ?rst protected, and 

[0016] (b) in a second step the other position is 
protected on the 2‘-, 3‘-or 4‘-position. 

[0017] In a preferred embodiment, a pentopyranosyl 
nucleoside of the formula (I) 

(I) 

0501 

0502 

[0018] 
[0019] R1 is equal to H, OH, Hal Where Hal is equal to Br 
or Cl, or a radical selected from 

in Which 

O O 

[0020] or-O—P[N(i-Pr)2]—(OCHZCHZCN) Where i-Pr is 
equal to isopropyl, R2, R3 and R4 independently of one 
another, identically or differently, are in each case H, Hal 
Where Hal is equal to Br or Cl, NR5R6, OR7, SR8, =O, 
CnH2n+1 Where n is an integer from 1-12, preferably 1-8, in 
particular 1-4, a [3-eliminable group, preferably a group of 
the formula —OCH2CH2R18 Where R18 is equal to a cyano 
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or p-nitrophenyl radical or a ?uorenylmethyloXycarbonyl 
(Fmoc) radical, or (CnH2n)NR10R11 Where RloR11 is equal to 
H, CnH2n+1 or RloR11 linked via a radical of the formula 

(III) 

[0021] in Which R12, R13, R14 and R15 independently of 
one another, identically or differently, are in each case H, 
OR7, Where R7 has the abovementioned meaning, or CDHZD+ 
1, or CnH2n_1, Where n has the abovementioned meaning, 
and 

[0022] R5, R5, R7 and R8 independently of one 
another, identically or differently, is in each case H, 
CnH2n+1, or CnH2n_1, Where n has the abovemen 
tioned meaning, —C(O)R9 Where R9 is equal to a 
linear or branched, optionally substituted alkyl or 
aryl radical, preferably a phenyl radical, 

[0023] X, Y and Z independently of one another, 
identically or differently, is in each case =N—, 
=C(R16)— or —N(R17)— Where R16 and R17 inde 
pendently of one another, identically or differently, is 
in each case H or CnH2n+1or (CDHZQNRMJR11 having 
the abovementioned meanings, and SC1 and Sc2 inde 
pendently of one another, identically or differently, is 
in each case H or a protective group selected from an 
acyl, trityl or allyloXycarbonyl group, preferably a 
benZoyl or 4,4‘-dimethoXytrityl (DMT) group, 

[0024] or of the formula (II) 

(II) 

0501' 

0502' 

[0025] In Which R1’ is equal to H, OH, Hal Where Hal is 
equal to Br or Cl or a radical selected from 
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[0026] or-O—P[N(i-Pr)2]—(OCHZCHZCN) Where i-Pr is 
equal to isopropyl, R2’, R3’ and R4’ independently of one 
another, identically or differently, are in each case H, Hal 
Where Hal is equal to Br or Cl, :0, CDH2n+1 or CnH2n_1, a 
[3-eliminable group, preferably a group of the formula 
—OCH2CH2R18 Where R18 is equal to a cyano or p-nitro 
phenyl radical or a ?uorenylmethyloxycarbonyl (Fmoc) 
radical or (CHHZQNRWRHV, Where R10’, R11’, independently 
of one another, has the abovementioned meaning of R10 or 
R11, and 

[0027] X‘ is in each case =N—, =C(R16')— or 
—N(R17')—, where R16 and R17'independently of 
one another have the abovementioned meaning of 
R or R17, and Sol, and SCZv have the abovementioned 
meaning of SC1 and SCZ. 

[0028] The pentopyranosylnucleoside according to the 
invention is in general a ribo-, arabino-, lyxo- and/or xylopy 
ranosylnucleoside, preferably a ribopyranosyl-nucleoside, 
Where the pentopyranosyl moiety can be in the D con?gu 
ration, but also in the L con?guration. 

[0029] Customarily, the pentopyranosylnucleoside 
according to the invention is a pentopyranosylpurine, -2,6 
diaminopurine, -6-purinethiol, -pyridine, -pyrimidine, -ad 
enosine, -guanosine, -isoguanosine, -6-thioguanosine, -xan 
thine, -hypoxanthine, -thymidine, -cytosine, -isocytosine, 
-indole, -tryptamine, -N-phthaloyltryptamine, -uracil, -caf 
feine, -theobromine, -theophylline, -benZotriaZole or -acri 
dine, in particular a pentopyranosylpurine, -pyrimidine, -ad 
enosine, -guanosine, -thymidine, -cytosine, -tryptamine, 
-N-phthalotryptamine or -uracil. 

[0030] The compounds also include pentopyranosyl 
nucleosides Which can be used as linkers, ie as compounds 
having functional groups Which can bond covalently to 
biomolecules, such as, for example, nucleic acids occurring 
in their natural form or modi?ed nucleic acids, such as DNA, 
RNA but also p-NAs, preferably pRNAs. This is surprising, 
as no linkers are yet knoWn for p-NAs. 

[0031] For example, these include pentopyranosylnucleo 
sides in Which R2, R3, R4, R2’, R3’ and/or R4’ is a 2-phthal 
imidoethyl 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 
modi?ed, e.g. N-phthaloylaminoethyluracil, but also indole 
based linkers, preferably tryptamine derivatives, such as, for 
example, N-phthaloyltryptamine. 
[0032] Surprisingly, by means of the present invention 
more easily handleable pentopyranosyl-N,N-diacylnucleo 
sides, preferably purines, in particular adenosine, guanosine 
or 6-thioguanosine, are also made available, Whose nucleo 
base can be completely deprotected in a simple manner. The 
invention therefore also includes pentopyranosylnucleosides 
in Which R2, R3, R4, R2’, R3’ and/or R4’ is a radical of the 
formula —N[C(O)R9]2, in particular N6, N6-dibenZoyl-9 
([3-D-ribopyranosyl)-adenosine. 
[0033] It is furthermore surprising that the present inven 
tion 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, exclu 
sively on the 3‘-oxygen atom of the pentopyranoside moiety. 
These compounds serve, for example, as starting substances 
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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 puri?ca 
tion steps. 

[0034] Moreover, the present invention makes available 
pentopyranosylnucleosides Which carry a protective group, 
preferably an acid- or base-labile protective group, in par 
ticular a trityl group, particularly preferably a dimethoxytri 
tyl group, exclusively on the 4‘-oxygen atom of the pento 
pyranoside 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 par 
ticular of an acyl group, particularly preferably of a benZoyl 
group, eg on the 2‘-oxygen atom of the pentopyranoside 
moiety, Without additional steps Which reduce the yield, 
such as, for example, additional puri?cation steps. 

[0035] In general, the pentopyranosidenucleosides accord 
ing to the invention can be reacted in a so-called one-pot 
reaction, Which increases the yields and is therefore particu 
larly advantageous. 
[0036] The folloWing compounds are preferred examples 
of the pentopyranosylnucleosides: 

[0037] A) [2‘,4‘-Di-O-benZoyl)-[3-ribopyranosyl] 
nucleosides, in particular a [2‘,4‘-di-O-benZoyl)-[3 
ribopyranosyl]-adenine, -guanine, -cytosine, -thymi 
dine, -uracil, -xanthine or -hypoxanthine, and an 
N-benZoyl-2‘,4‘-di-O-benZoylribopyranosylnucleo 
side, in particular an -adenine, -guanine or -cytosine, 
and an N-isobutyroyl-2‘,4‘-di-O-benZoylribopyrano 
sylnucleoside, in particular an -adenine, -guanine or 
-cytosine, and an O6-(2-cyanoethyl)-N2-isobutyroyl 
2‘,4‘-di-O-benZoylribopyransylnucleoside, in par 
ticular a -guanine, and an O6(2-(4-nitrophenyl 
)ethyl)-N2-isobutyroyl-2‘4‘-di-O 
benZoylribopyranosyl-nucleoside, in particular a 
-guanine. 

[0038] B) [3-Ribopyranosylnucleosides, in particular 
a [3-ribopyranosyladenine, -guanine, -cytosine, -thy 
midine or -uracil, -xanthine or hypoxanthine, and an 
N-benZoyl-, N-isobutyroyl-, O6-(2-cyanoethyl)- or 
O6-(2-(4-nitrophenyl)ethyl)-N2-isobutylroyl-[3-ri 
bopyranosylnucleoside. 

[0039] C) 4‘-DMT-pentopyranosylnucleosides, pref 
erably a 4‘-DMT-ribopyranosylnucleoside, in par 
ticular a 4‘-DMT-ribopyranosyladenine, -guanine, 
-cytosine, -thymidine, -uracil, -xanthine or -hypox 
anthine, and an N-benZoyl-4‘-DMT-ribopyranosyl 
nucleoside, in particular an N-benZoyl-4‘-DMT-ri 
bopyranosyladenine, -guanine or -cytosine, and an 
N-isobutyroyl-4‘-DMT-ribopyranosyl-nucleoside, in 
particular N-isobutyroyl-4‘-DMT-ribopyranosylad 
enine, -guanine or -cytosine and an O6-(2-cyanoet 
hyl)-N2-isobutyroyl-4‘-DMT-ribopyranosyl-nucleo 
side, in particular an O6-(2-cyanoethyl)-N2 
isobutyroyl-4‘-DMT-ribopyranosylguanine, and an 
O6-(2-(-4-nitrophenyl)ethyl)-N2-isobutyroyl-4‘ 
DMT-ribopyranosylguanine, in particular an O6-(2 
(-4-nitrophenyl)ethyl)-N2-isobutyroyl-4‘-DMT-ri 
bopyranosylguanine. 
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[0040] D) [3-Ribopyranosyl-N,N‘-dibenZoyladenos 
ine or [3-ribo-pyranosyl-N, N‘-dibenZoylguanosine. 

[0041] Suitable precursors for the oligonucleotide synthe 
sis are, for example, 4‘-DMT-pentopyranosyl-nucleoside-2‘ 
phosphitamide/-H-phosphonate, preferably a 4‘DMT-ri 
bopyranosylnucleoside-2‘-phosphitamide/-H-phosphonate, 
in particular a 4‘-DMT-ribopyranosyladenine-, -guanine-, 
-cytosine-, -thymidine-, -xanthine-, hypoxanthine-, or 
-uracil-2‘-phosphitamide/-H-phosphonate and an N-ben 
Zoyl-4‘-DMT-ribopyranosyladenine-, -guanine- or -cy 
tosine-2‘-phosphitamide/-H-phosphonate and an N-isobutyl 
royl-4‘-DMT-ribopyranosyladenine-[sic], -guanine- or 
-cytosine-2‘-phosphitamide/-H-phosphonate, O6-(2-cyano 
ethyl)-4‘-DMT-ribopyranosylguanine-, -xanthine-, -hypox 
anthine-2‘-phosphitamide/-H-phosphonate or O6-(2-(4-ni 
trophenyl)ethyl)-N2-isobutyroyl-4‘-DMT 
ribopyranosylguanine, 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-ribopyranosyladine-, 
-guanine-, -cytosine-, thymidine-, -xanthine-, -hypoxan 
thine- or -uracil-2‘-succinate and an N-benZoyl-4‘-DMT 
ribopyranosyl-adenine-, -guanine- or -cytonsine-2‘-succi 
nate[sic] and an N-isobutyroyl-4‘-DMT 
ribopyranosyladenine-, -guanine- or -cytosine-2‘-succinate, 
O-(2-cyanoethyl)-4‘-DMT-ribopyranosylguanine-2‘-succi 
nate and an O6-(2-(4-nitrophenyl)ethyl)-N2-isobutyroyl-4‘ 
DMT-ribopyranosylguanine-2‘-succinate. 
[0042] The process according to the invention is not 
restricted to the nucleobases described in the cited literature, 
but can surprisingly be carried out successfully using a large 
number of natural and synthetic nucleobases. Moreover, it is 
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 literature, Which is particularly advanta 
geous for industrial application. In addition, using the pro 
cess according to the invention the puri?cation steps nec 
essary in the process described in the literature, e.g. 
chromatographic intermediate puri?cations, are not neces 
sary and the reactions can in some cases be carried out as a 

so-called one-pot reaction, Which markedly increases the 
space/time yields. 
[0043] In a particular embodiment, in the case of a 2‘-pro 
tected 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 base, in particular 
in the presence of N-ethyldiisopropylamine and/or triethy 
lamine. According to the present invention, this reaction can 
be carried out particularly advantageously in the same 
reaction container as the one-pot reaction. 

[0044] In a further preferred embodiment, the pyranosyl 
nucleoside is protected by a protective group Sol, SCZ, Sol, or 
SCZv Which is acid-labile, base-labile or can be removed With 
metal catalysis, the protective groups SC1 and ScTpreferably 
being different from the protective groups S02 and SCZ“ 
[0045] 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 [3-eliminable group, pref 
erably a group of the formula OCHZCHZR18 Where R18 is 
equal to a cyano or p-nitrophenyl radical or a ?uorenylm 
ethyloxycarbonyl (Fmoc) group. 
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[0046] It is particularly preferred if the 2‘- or 3‘-position is 
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, pref 
erably by a trityl and/or Fmoc group, in particular by a DMT 
group. 

[0047] 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 puri 
?cations and con-sequently alloWs the reactions to be carried 
out as one-pot reactions With surprisingly high space/time 
yields. 
[0048] The protective groups mentioned are preferably 
introduced at loW temperatures, as by this means they can be 
introduced surprisingly selectively. 

[0049] 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. ADMT group can be introduced, for example, 
by reaction With DMTCl in the presence of a base, eg of 
N-ethyldiisopropylamine (Hiinig’s base), and, for example, 
of pyridine, methylene chloride or a pyridine/methylene 
chloride mixture at room temperature. 

[0050] 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 puri?ed by 
chromatography. Puri?cation after the tritylation is not nec 
essary according to the process according to the invention, 
Which is particularly advantageous. 

[0051] The ?nal product, if necessary, can additionally be 
further puri?ed by crystalliZation. 

[0052] Another subject of the present invention is a pro 
cess for the preparation of a ribopyranosyl-nucleoside, in 
Which 

[0053] (a) a protected nucleobase is reacted With a 
protected ribopyranose, 

[0054] (b) the protective groups are removed from 
the ribopyranosyl moiety of the product from step 
(a), and 

[0055] (c) the product from step (b) is reacted accord 
ing to the process described above in greater detail. 

[0056] In this connection, in order to avoid further time 
and material-consuming chromatography steps, it is advan 
tageous only to employ anomerically pure protected pento 
pyranoses, such as, for example, tetrabenZoylpentopyra 
noses, preferably [3-tetrabenZoylribopyranoses (R. JeanloZ, 
J. Am. Chem. Soc. 1948, 70, 4052) 

[0057] In a further embodiment, a linker according to 
formula (II), in Which R4’ is (CnH2n)NR1O' R11’ and R10’ R11’ 
is linked by means of a radical of the formula (III) having the 
meaning already designated, is advantangeously prepared by 
the folloWing process: 

[0058] (a) a compound of the formula (II) Where R4’ 
is equal to (CnH2n)OSc3 or (CnH2n)Hal, in Which n 
has the above-mentioned meaning, 5C3 is a protective 
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group, preferably a mesylate group, and Hal is 
chlorine or bromine, is reacted With an aZide, pref 
erably in DMF, then 

[0059] (b) the reaction product from (a), is preferably 
reduced With triphenylphosphine, eg in pyridine, 
then 

[0060] (c) the reaction product from (b) is reacted 
With an appropriate phthalimide, e.g. N-ethoxycar 
bonylphthalimide, and 

[0061] (d) the reaction product from (c) is reacted 
With an appropriate protected pyranose, e.g. ribose 
tetrabenZoate, and ?nally 

[0062] (e) the protected groups are removed, for 
example With methylate, and 

[0063] the further steps are carried out as already 
described above. 

[0064] In addition, indole derivatives as linkers have the 
advantage of the ability to ?uoresce and are therefore 
particularly preferred 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. 
HoWever, there is no analogous process for preparing 3-sub 
stituted derivatives. In general, their preparation takes place 
via the formation of an aminal of the unprotected sugar 
component and an indoline, Which is then converted into the 
indole-i-riboside by oxidation. For example, indole-l-gluco 
sides and -1-arabinosides have been described V. Dobriy 
nin et al. Khim.-Farm Zh. 1978, 12, 33), Whose 3-substituted 
derivatives Were usually prepared by means of Vielsmeier’s 
reaction. This route for the introduction of aminoethyl units 
into the 3-position of the indole is too complicated, hoWever, 
for industrial application. 

[0065] In a further preferred embodiment, a linker accord 
ing to formula (I), in Which X and Y independently of one 
another, identically or differently, are in each case =C(R16) 
Where R16 is equal to H or CDH2n and Z =C(R16)— Where 
R16 is equal to (CnH2n)NR1OR11 is therefore advantageously 
prepared by the folloWing process: 

[0066] (a) the appropriate indoline, e.g. N-phthaloyl 
tryptamine, is reacted With a pyranose, e.g. D-ribose, 
to give the nucleoside triol, then 

[0067] (b) the hydroxyl groups of the pyranosyl moi 
ety of the product from (a) are preferably protected 
With acyl groups, eg by means of acetic anhydride, 
then 

[0068] (c) the product from (b) is oxidiZed, eg by 
2,3-dichloro-5,6-dicyanoparaquinone, and 

[0069] (d) the hydroxyl protective groups of the 
pyranosyl moiety of the product from (c) are 
removed, for example, by means of methylate and 
?nally 

[0070] (e) the further steps as already described 
above are carried out. 

[0071] This process, hoWever, cannot only be used in the 
case of ribopyranoses, but also in the case of ribofuranoses 
and 2‘-deoxyribofuranoses or 2‘-deoxyriboypranoses, Which 
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is particularly advantageous. The nucleosidation partner of 
the sugars used is preferably tryptamine, in particular N-acyl 
derivatives of tryptamine, especially N-phthaloyl 
tryptamine. 

[0072] In a further embodiment, the 4‘-protected, prefer 
ably, the 3‘,4‘-protected pentopyranosylnucleosides are 
phosphitylated in a further step or bonded to a solid phase. 

[0073] 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 
?rst case, the product is a phosphoramidite and in the second 
case an H-phosphonate. The bonding of a protected pento 
pyranosyl-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). 

[0074] The compounds obtained serve, for example, for 
the preparation of pentopyranosylnucleic acids. 

[0075] A further subject of the present invention is there 
fore a process for the preparation of a pentopyranosylnucleic 
acid, having the folloWing steps: 

[0076] (a) in a ?rst step a protected pentopyranosyl 
nucleoside is bonded to a solid phase as already 
described above and 

[0077] (b) in a second step the 3‘-,4‘-protected pen 
topryanosylnucleoside bonded to a solid phase 
according to step (a) is lengthened by a phosphity 
lated 3‘-,4‘-protected pentopyranosylnucleoside and 
then oxidiZed, for example, by an aqueous iodine 
solution, and 

[0078] (c) step (b) is repeated With identical or dif 
ferent phosphitylated 3‘-,4‘-protected pentopyrano 
sylnucleosides until the desired pentopyranosyl 
nucleic acid is present. 

[0079] Acidic activators such as pyridinium hydrochlo 
ride, particularly benZimidaZolium tri?ate, are suitable as a 
coupling reagent When phosphoramidites are employed, 
preferably after recrystalliZing in acetonitrile and after dis 
solving 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. 

[0080] Arylsulphonyl chlorides, diphenyl chlorophos 
phate, pivaloyl chloride or adamantoyl chloride are [sic] 
particularly suitable as a coupling reagent When H-phospho 
nates are employed. 

[0081] Furthermore, it is advantageous by means of addi 
tion of a salt, such as sodium chloride, to the protective 
group-removing hydraZinolysis of oligonucleotides, in par 
ticular 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. 

[0082] In a further particular embodiment, pentofurano 
sylnucleosides, e.g. adenosine, guanosine, cytidine, thymi 
dine and/or uracil occurring in their natural form, can also be 
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incorporated in step (a) and/or step (b), Which leads, for 
example, to a mixed p-NA-DNA or p-NA-RNA. 

[0083] In another particular embodiment, in a further step 
an allyloxy linker of the formula 

[0084] in Which S04 and Sc7 independently of one another, 
identically or differently, are in each case a protective group 
in particular selected from Fmoc and/or DMT, 

[0085] SC5 and SC6 independently of one another, 
identically or differently, are in each case an allyloxy 
and/or diisopropylamino group, can be incorporated. 
n has the meaning already mentioned above. 

[0086] A particularly preferred allyloxy linker is (2-(S)— 
N-Fmoc-Ol-DMT-O2-allyloxydiisopropylaminophos 
phinyl-6-amino-1,2-hexanediol). 
[0087] Starting from, for example, lysine, in a feW reac 
tion steps amino-terminal linkers 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 linker, 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 oligonucleotide 
method (R. Noyori, J. Am. Chem. Soc. 1990, 112, 1691-6). 

[0088] 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. 

[0089] Such pairing systems are supramolecular systems 
of non-covalent interaction, Which are distinguished by 
selectivity, stability and reversibility, and Whose properties 
are preferably in?uenced thermodynamically, i.e. by tem 
perature, 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 ?eld of nanotechnology, for 
example for the preparation of novel materials, diagnostics 
and therapeutics and also microelectronic, photonic or opto 
electronic 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 ?eld, 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, 
WO93/20242). 
[0090] Abiomolecule, e.g. DNA or RNA, can be used for 
non-covalent linking With another biomolecule, e.g. DNA or 
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RNA, if both biomolecules contain sections Which, as a 
result of complementary sequences of nucleobases, can bind 
to one another by formation of hydrogen bridges. Biomol 
ecules of this type are used, for example, in analytical 
systems for signal ampli?cation, Where a 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 is to be bonded to 
a signal-amplifying branched DNA molecule (bDNA) (see, 
for example, S. Urdea, Biol/Technol. 1994, 12, 926 or US. 
Pat. 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) Mullis, Methods EnZy 
mol. 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 speci?cally, as a result of Which a 
mixing of the functions “sequence recognition” and “non 
covalent bonding” occurs. The use of p-NAs as an orthogo 
nal pairing system Which does not intervene in the DNA or 
RNApairing process solves this problem advantageously, as 
a result of Which the sensitivity of the analytical processes 
described can be markedly increased. 

[0091] The pentopyranosylnuclosides or pentopyranosyl 
nucleic acids prepared according to the process according to 
the invention are therefore suitable for the-production of a 
medicament, such as, for example, of a therapeutic, diag 
nostic and/or electronic component, for example in the form 
of a conjugate, i.e. in combination With a biomolecule. 

[0092] 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, for example, Fv fragments 
(Skerra & Pliiickthun (1988) Science 240, 1038), single 
chain Fv fragments (scFv; 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). 
[0093] Biomolecule Within the meaning of the present 
invention is understood as meaning a naturally occurring 
substance or a substance derived from a naturally occurring 
substance. 

[0094] In a preferred embodiment, they are in this case 
p-RNA/DNA or p-RNA/RNA conjugates. 

[0095] 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. 

[0096] Both sequential and convergent processes are suit 
able for the preparation of conjugates. 

[0097] In a sequential process, for example after auto 
mated synthesis of a p-RNA oligomer has taken place 
directly on the same synthesiZer—after readjustment of the 
reagents and of the coupling protocol—a DNA oligonucle 
otide, for example, is additionally synthesiZed. This process 
can also be carried out in the reverse sequence. 
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[0098] In a convergent process, for example, p-RNA oli 
gomers having aminoterminal linkers and, for example, 
DNA oligomers having, for example, thiol linkers are syn 
thesiZed in separate operations. An iodoacetylation of the 
p-RNA oligomer and the coupling of the tWo units according 
to protocols knoWn from the literature (T. Zhu et al., 
Bioconjug. Chem. 1994, 5, 312) is then preferably carried 
out. 

[0099] Convergent processes prove to be particularly pre 
ferred on account of their ?exibility. 

[0100] The term conjugate Within the meaning of the 
present invention is also understood as meaning so-called 
arrays. Arrays are arrangements of immobiliZed recognition 
species Which, especially in analysis and diagnosis, play an 
important role in the simultaneous determination of ana 
lytes. Examples are peptide arrays (Fodor et al., Nature 
1993, 364, 555) and nucleic acid arrays (Southern et al. 
Genomics 1992, 13, 1008; Heller, US. Pat. No. 5,632,957). 
A higher ?exibility of these arrays can be achieved by 
binding the recognition species to coding oligonucleotides 
and the associated, complementary strands to certain posi 
tions on a solid carrier. By applying the coded recognition 
species to the “anti-coded” solid carrier and adjustment of 
hybridiZation conditions, the recognition 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 simulta 
neously on a solid carrier by use of hybridization conditions 
(see FIG. 3). As a prerequisite for this, hoWever, codons and 
anticodons are necessary Which are extremely strong and 
selective—in 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 advantageously 
suitable for this. 

[0101] The term “carrier” Within the meaning of the 
present invention is understood as meaning material, in 
particular chip material, Which is present in solid or alter 
natively gelatinous form. Suitable carrier materials are, for 
example, ceramic, metal, in particular noble metal, glasses, 
plastics, crystalline materials or thin layers of the carrier, in 
particular of the materials mentioned, or (bio)molecular 
?laments such as cellulose, structural proteins. 

[0102] The present invention therefore also relates to the 
use of pentopyranosylnucleic acids, preferably ribopyrano 
sylnucleic acids, for encoding recognition species, prefer 
ably natural DNA or RNA strands or proteins, in particular 
antibodies or functional moieties of antibodies. These can 
then be hybridiZed With the appropriate codons on a solid 
carrier according to FIG. 4. Thus arrays Which are novel and 
diagnostically useful can 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 is then recorded indirectly (eg by ?uorescence 
labelling of the recognition species) or directly (eg 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 
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is 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 recog 
nition 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). 
[0103] A further subject of the present invention therefore 
also relates in particular to a diagnostic comprising a pen 
topyranosylnucleoside described above or a conjugate 
according to the invention, as already described above in 
greater detail. 

[0104] The folloWing ?gures and examples are intended to 
describe the invention in greater detail, Without restricting it. 

DESCRIPTION OF THE FIGURES 

[0105] 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). 
[0106] FIG. 2 schematically shoWs the synthesis of a 
p-ribo-(A,U)-oligonucleotide according to Eschenmoser et 
al (1993). 
[0107] FIG. 3 schematically shoWs an arrangement of 
immobiliZed recognition structures (arrays) on a solid car 
rier. 

EXAMPLES 

Example 1 

Synthesis of 1-{3‘-O-benZoyl-4‘-O-[(4,4‘-dimethox 
ytriphenyl) methyl]-,[3-D-ribopyranosyl}thymine 

[0108] First 4‘-substitution, then 2‘-substitution, then 
migration reaction: 

Schemel 

/ O three-step, 
one-pot procedure 

0 

[IO/W N NH OH \H/ 
OH O 

A 

O 
/ 

O 

OH \H/ 
OBZ O 

B 

[0109] 51.6 g (200 nmol) of 1-([3-D-ribopyranosyl)thym 
ine AWere dissolved in 620 ml of anhydrous pyridine under 
an argon atmosphere, 71.4 ml (2.1 eq.) of N-ethyldiiosopro 
pylamine and 100 g of molecular sieve (4 Were added and 
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the mixture Was stirred for 15 min using a KPG stirrer. 92 
g (272 mmol; 1.36 eq.) of dimethoxytrityl chloride (DMTCl) 
Were dissolved in 280 ml (freshly distilled from solid 
NaHCO3) of chloroform and this solution Was added drop 
Wise 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 DMTCl in 70 ml of chloroform Were 
added. The mixture Was alloWed to come to RT. and Was 
stirred for 4 h. 

[0110] A small sample Was taken, subjected to aqueous 
Work-up and chromatographed in order to obtain the ana 
lytical data of the 1-(4‘—O-(4,4‘-dimethoxytriphenyl)m 
ethyl)-[3-D-ribopyranosyl}thymine: 
[0111] 1H-NMR(300 MHZ, CDC13): 1.70 (bs, 2H, 0H), 
1.84 (d, 3H, Me); 2.90 (bs, 1 H, 011), 3.18, 3.30 (2m, 2H, 
11(5)), 3.62 (bs, 1H, 11(3)); 3.70-3.82 (m, 8H, 2 OMe, 11(4‘), 
11(2)); 575 (d, J=9.5 111, 111, 11(1)), 6.85 (m, 41111110111), 
6.96 (m, 1H, Harom), 7.20 (m, 9H, Harom, H(6)), 8.70 (bs, 
1H, 11(3).) 
[0112] 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 eq.) 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 ?nally stirred for 20 min. 

[0113] 460 ml of anhydrous pyridine, 841 ml (11.2 mol; 56 
eq.) of n-propanol, 44 g (0.316 mol; 1.58 eq.) of p-nitro 
phenol, 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 l of ethyl acetate, the molecular sieve Was 
?ltered off, the org. phase Was extracted three times With 1 
l of Water each time and extracted once by stirring With 1.2 
l of 10% strength citric acid and the org. phase Was again 
separated off, extracted once With 1 l of Water and ?nally 
With 1 l of saturated NaHCO3 solution. The org. phase Was 
dried using sodium sulphate, ?ltered and concentrated (220 
g of residue). 

[0114] The residue Was ?rst ?ltered through silica gel 60 
(20x10 cm) using a step gradient of heptane/ethyl acetate, 
1:1 to 0.1) for prepuri?cation, then chromatographed on 
silica gel 60 (30x10 cm; step gradient of dichloromethane/ 
ethyl acetate, 1:0 to 1:1). 

[0115] The folloWing Were obtained: 

[0116] 40 g of non-polar fractions 

[0117] 52.9 g of 1-{3‘-O-benZoyl-4‘-O-[(4,4‘ 
dimethoxytriphenyl)methyl ]-[3-D-ribopyranosyl} 
thymine B 

[0118] 34.5 g of impure B 

[0119] 3.4 g of polar fractions 

[0120] The impure fraction Was chromatographed again 
(SG 60, 45x10 cm; dichloromethane/ethyl acetate, 3:1) and 
yielded a further 11.3 g of B. 
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[0121] Total yield: 64.2 g (97 mmol) of B. i.e. 48% yield. 
1H-NMR corresponds. 

Example 2 

Synthesis of N4-benZoyl-1-{3‘-O-benZoyl-4‘-O-[(4, 
4‘-dimethoxytriphenyl)methyl ]-[3-D 

ribopyranosyl}cytosine 

[0122] First 2‘-substitution, then 4‘-substitution, then 
migration reaction: 

SchemeZ 

NHBZ 

KY 0 | 

OH \H/ 
OH O 

1 

NHBZ 

KY 0 l 

OBZ \H/ 
OH O 

2 

NHBZ tWo step, 
/ one-pot 

O I procedure 

N\"/ N OH 
OBZ 

DMTO 

3 

[0123] All batches Were carried out under an N2 atmo 
sphere. 

N4-BenZoyl-1 -(2‘-O-benZoyl-[3 —D-ribopyranosyl] 
cytosine 2 

[0124] 54.0 g (0.155 mol) of N4-benZoyl-1-([3-D-ribopy 
ranosyl)cytosine 1 Were dissolved in 830 ml of dimethyl 
formamide (DMF) and 1.5 l of pyridine (both solvents dried 
and stored over molecular sieve 3 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 CH2Cl2, extracted tWice by stirring 
With 300 ml of half-concentrated NaHCO3 solution each 
time, and the precipitated solid Was ?ltered off and dried: 
60.7 g of residue. The CH2Cl2 phase Was concentrated: 25.0 
g. Separate chromatography on silica gel 60 (40x10 cm) 
With gradients (AcOEt/isohexane, 4:1, then pure AcOEt, 
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then AcOET/MeOH, 19:1 to 2:1) yielded (TLC (silica gel, 
AcOET)): 
[0125] 16.8 g of 2‘,4‘dibenZoate (24%) Rf 0.5 

[0126] 12.4 g of 1 (23%) Rf 0.0 

[0127] 35.4 g of 2 (51%) Rf 0.14 

N4-BenZoyl-1-{3‘-O-benZoyl-4‘-O-[(4,4‘-dimethyoX 
ytriphenyl)methyl]-[3—D-ribopyranosyl}cystosine 3 

[0128] 35.4 g (78 mmol) of 2 Were dissolved in 390 ml of 
CHZCl2 and 180 ml of pyridine (both anhydrous) and 0.94 
[lacuna] (7.8 mmol; 0.1 eq.) of DMAP, 34.6 ml (203 mmol; 

N 
o /\ o 

BZO/F/ N / NHBZ HO/F/ OBZ | 

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. 

[0129] TLC (silica gel, AcOEt): Rf 0.6. 

[0130] CHZCl2 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 Et3N, 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 l of CH2Cl2, eXtracted three times 
by stirring With 500 ml of dilute NaHCO3 soln. each time, 
and the org. phase Was dried using NaZSO4 and concen 
trated: 92.5 g of residue. Chromatography on silica gel 60 
(50x10 cm) using gradients (methyl tert-butyl ether/isoheX 
ane, 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-con 
taining fraction, Which Was recrystalliZed from 540 ml of 
CHZClZ/methyl tert-butyl ether, 1:5. The crystalliZate Was 
recrystalliZed again from 300 ml of CH2Cl2/methyl tert 
butyl ether, 1:1. 
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[0131] 3: TLC (silica gel, CHCl3/i-PrOH 49:1): Rf 0.14. 
[0132] The folloWing Was obtained: 30.0 g of N4-benZoyl 
1-{3‘—O-benZoyl-4‘-O[(4,4‘-dimethoXytriphenyl)methyl]-[3 
D-ribopyranosyl}cytosine 3 

[0133] i.e. 51% yield based on 2. 1H-NMR corresponds. 

Example 3 

Synthesis of N6-benZoyl-9-{3‘-O-benZoyl-4‘-O-[(4, 
4‘-dimethoXytriphenyl)methyl]—[3—D 

ribopyranosyl}adenine 
[0134] First 2‘-substitution, then 4‘-substitution, then 
migration reaction: 

9-([3-D-Ribopyranosyl)adenine 2 

[0135] 68.37 g (100 mmol) of N6-benZoyl-9-(2‘,3‘,4‘-tri 
O-benZoyl-[3-D-ribopyranosyl)adenine 1 Was [sic] stirred 
overnight at RT. in 300 ml of NH3-saturated MeOH and the 
crystalliZate Was ?ltered off: 23.5 g (88%) of 2. 

[0136] TLC (silica gel, AcOEt/MeOH 2:1): Rf 0.23/ 

[0137] 1H-NMR (300 MHZ, DMSO): 3.56-3.78 (m, 3H, 
11(4), 11(9)); 4.04 (m, 1H, H(3‘)); 4.23 (ddd, J=2.5, s, 9.5 
HZ, 11(2)), 4.89 (d, J=6 HZ, 1H, on), 5.07 (d, J=7 HZ, 1H, 
on), 5.12 (d, J=4 HZ, 1H, on), 5.63 (d, J=9.5 HZ, 1H, 
11(1)), 7.22 (s, 2H, NH2), 8.14 (s, 1H, H(2)), 8.29 (s, 1H, 
H(8)) 
[0138] 13C-NMR (75 MHZ, DMSO): 65.0 (1, C(5‘)); 66.6 
(s, c(4)), 68.1 (s, c(3‘), 71.1 (s, c(2)), 79.6 (s, C(1‘)); 118.6 
(c(5)); 139.5 (s, c(s)), 149.9 (s, c(4)), 152.5 (s, c(2)), 155.8 
(S, C(6)) 

N6,N6-DibenZoyl-9-([3-D-ribopyranosyl)adenine 3 
[0139] 16.8 g (62.9 mmol) of 2 Were suspended in 500 ml 
of anhydrous pyridine under an N2 atmosphere and cooled to 
—4 to —10° C. 40 ml (199 mmol; 5 eq.) of trimethylchlo 
rosilane Were added dropWise in the course of 20 min and 
the miXture Was stirred for 2.5 h With cooling. 
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[0140] 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 H20 (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 in 200 ml of toluene each 
time and evaporated again. The mixture Was treated With 
500 ml each of Et2O and H20, stirred mechanically for 2 h, 
and the product Which Was only slightly soluble in both 
phases Was ?ltered off, Washed With Et2O and H20 and dried 
over P205 in a high vacuum: 23.8 g (80%) of 3. 

[0141] TLC (silica gel, AcOEt/MeOH 9:1): Rf 0.35. 

[0142] 1H-NMR (300 MHZ, DMSO): 3.60-3.80 (m, 3H, 
11(4), 11(9)); 4.06 (bs, 111, 11(3)); 4.30 (ddd, J=2.5, 8, 9.5 
HZ, 11(2)), 4.93 (d,J=6 HZ, 1H, 011), 5.20 (d, J=4 HZ, 1H, 
011), 5.25 (d, J=4 HZ, 1H, 011), 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, 11-c(2), 8.79 (s, 1H, H(8)). 
[0143] 13C-NMR (75 MHZ, DMSO): 66.2 (1, C(5‘)); 66.5 
(s, c(4)), 68.0 (s, C(3‘)), 71.0 (s, c(2)), 80.4 (s, C(1‘)); 
112.42 (c(5)); 126.9 (s, c(5‘)), 126.9, 128.9, 133.3, 133.4 
(aI‘OIIl. 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=o)). 

[0144] 26.4 g (55,5 mmol) of 3 Were dissolved in 550 ml 
of anhydrous CHZCl2 and 55 ml of pyridine (in each case 
stored over a molecular sieve) under an N2 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 (20x10 
cm) using gradients (AcOEt/heptane, 1:1 to 9:1) yielded 
23.2 g of 4. 

[0145] 4: TLC (silica gel, AcOEt): Rf 0.34. 

[0146] 23.2 g (40 mmol) of 4 Were dissolved in 160 ml of 
anhydrous CHZCl2 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 RT for 2 h, a 
further 4.0 g (11.8 mmol; 0.3 eq.) of DMTCl Were added and 
the mixture Was stirred for a further 40 min. The batch Was 
concentrated in a Rotavapor at 350-520 mbar and 35° C. 

[0147] TLC (silica gel, AcOEt/heptane 1:1): Rf 0.18. 
[0148] 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 
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With 200 ml of toluene each time and concentrated, dis 
solved in CHZCl2 and extracted three times With Water. 

[0149] Chromatography on silica gel 60 (30x10 cm) using 
gradients (AcOEt/heptane, 1:2 to 1:0; then AcOEt/MeOH, 
1:0 to 9:1) yielded 13 g of 5. 

[0150] 5: TLC (silica gel, AcOEt/heptane 4:1): Rf 0.2. 

[0151] The folloWing Was obtained: 13 g of N6-benZoyl 
9-{3‘-O-bynZoyl-4‘-O-[(4,4‘-dimethoxytriphenyl)methyl-p 
D-ribo-pyranosyl}adenine 5 

[0152] i.e. 30% yield based on 3. 1H-NMR corresponds. 
Time saving compared With process knoWn from the litera 
ture: 50%. 

Example 4 

Synthesis of 9-[3‘—O-benZoyl-4‘-O-((4,4‘-dimethox 
ytriphenyl)methyl)-[3-D ribopyranosyl]-6-O-allyl-2 

N-insobutyroylgunine 

[0153] First 3‘-substitution, then 4‘-substitution: 
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9-[3‘-O-BenZoyl-[3-D-ribopyranosyl]-2-O-allyl-2-N 
isobuytyroylgunine B 

[0154] The G triol A(393 mg, 1.0 mmol) Was dissolved in 
4 ml of dry dichloromethane. The solution Was treated With 25 
trimethyl orthobenZoate (0.52 ml, 3.0 mmol) and camphor O 

sulphonic acid (58 mg, 0.25 mmol) and stirred for 15 h at 
room temperature. The mixture Was then cooled to 0° C. and O 

O 

treated With 2 ml of mixture of acetonitrile, Water and 
tri?uoroacetic acid (5051), Which Was precooled to 0° C. 
The mixture Was stirred for 10 min and the solvent Was 26 
removed in vacuo. The residue Was puri?ed by ?ash chro- 0N9 
matography on silica gel (23x21 cm) using dichlo 
romethane/methanol 100:3. 25 mg (5%) of 4-O-benZoyl O / 
compound 139 mg (28%) of mixed fractions and 205 mg 
(41%) of the desired 3-O-benZoyl compound B Were 
obtained. 

[0155] 1H-NMR (300 MHZ, CDC13): 1.12, 1.14 (2d, J=7.0 i 
HZ, 2><3 H, NHCOCHMeZ), 2.78 (hep, J=7 HZ, 1 H, NHCO- O HN 
CHMCZ), 3.85 (dd, J=6.0, 11.0 HZ, 1 H, H-5‘eq), 3.94 (app. 
T, J=11.0 HZ, 1 H, H=5‘,X), 4.12 (ddd, J=2.5, 6.0, 11.0 HZ, / 

O 

O 

27 

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, A11), 5.19 (dq, J=1.5, 10.0 HZ, 1 H, A11), 5.39 
(dq, 1.5, 16.5 HZ, 1 H, A11), 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=6.0, 10.0, 16.5 
HZ, 1 H, A11), 7.40-7.58 (m, 3 H, BZ), 8.10-8.16 (m, 2 H, 
BZ), 8.28 (s, 1 H, H-8). OH 

9-[3‘-O-BenZoyl-4‘-O-((4,4‘-dimethyloxytriphenyl)- )\ 
methyl)- [3-D-ribopyranosyl]-2-O-allyl-2-N-isobuty- O 

roylguanine C 

[0156] The diol B (101 mg, 0.2 mmol) Was suspended in a) b) C) 
3.2 ml of dry dichloromethane. The suspension Was treated p- 72 p- 74 p- 74 
With 171 pl (1.0 mmol) of N-ethyldiisopropylamine, 320 pl 
(3.96 mmol) of pyridine and 102 mg (0.3 mmol) of DMTCl a) NaOMe, HCOOMe, E20, 72%; 
and stirred at room temperature. After 24 h, a further 102 mg b) “m, Ha H10’ 49%; 
(0.3 mmol) of DMTCl Were added and the mixture Was C)Na0Et’ EtOH’A’36% 
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 MgSO4 
and concentrated in vacuo. The residue Was puri?ed by ?ash 
chromatography on silica gel (23x20 cm) using dichlo 
romethane/methanol 100:1. 39 mg of the knoWn, desired 
product C (24%) Were obtained. OH 

HN I 

28 

28 

Example 5 

Synthesis of p-RNA Linker Systems 
29 

[0157] Three Ways are described beloW Which make pos- 0 
sible the provision of linkers Which have an amino terminus, 
Which can then be used for the linkage of functional units: OMS 

HN 

[0158] 5.1 Uracil-Based Linker )\ | 
[0159] on the basis of the modi?cation of the 5-position of O 
the uracil. 

E2 
30 

[0160] The preparation of hydroxyethyluracil 28 is pos 
sible on a large scale according to a knoWn method (J. D. 
Fissekis, A. Myles, G. B. BroWn, J. Org. Chem. 1964, 29, HN 
2670). g-Butyrolactone [sic] 25 Was formulated With methyl )\ I 
formate, the sodium salt 26 Was reacted to give the urea 
derivative 27 and this Was cycliZed to give the hydroxy 
ethyluracil 28 (Scheme 4). 
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31 
O 

NH2 
HN l 

0% N 
H 

32 
O 

NPht 
HN l 

0% N 
H 

a b d 
28 ) 29 ) 30 c) 31 ) 32 

p. 77 p. 80 p. 82 p. 84 

a) MsCl, py, 0g, 50%; 
b) NaN3, DMF, 60g, 71%; 
c) 1. PPh3, py; 2. NH3/HZO, 85%; 
d) PhLNCOZEt, NaZCO3, H20, 91% 

[0161] HydroXyethyluracil 28 was mesylated with meth 
anesulphonyl chloride in pyridine to give 29 (J. D. Fissekis, 
F. Sweet, J. Org. Chem. 1973, 38, 264). 
[0162] 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 ?nally protected with N-ethyoXycarbonylphtalimide 
[sic] (Scheme 5). Nucleosidation of ribose tetrabenZoate 33 
with N-phtaloylaminoethyluracil [sic] 32 yielded the ribose 
tribenZoate 34 in good yields. The anomeric center 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 [3 con?guration. 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 is 
obtained. 4‘-DMT-3‘-benZoate 38 was ?nally reacted with 
ClP(OAll)N(iPr)2 in the presence of Hiinig’s base to give the 
phosphoramidite 39 (Scheme 6). This can be employed for 
the automated oligonucleotide synthesis without changing 
the synthesis protocol. 

O Kif 
HN\H/ NH 

O 

O 
BZO 

OBZ OBZ 
OBZ 

/ 
O 

BZO N 

OBZ \H/ 
OBZ O 

O 

[10% Link OH 
OH 

O 
HO Link 

OBZ 
OH 

DMTO Link 3i OB 
OH 

DMTO Link a O 
OBZ 

DMTO Link a 
OBZ I 
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32 + 33 a) 34 b) 35 c) 6 d) 
p. 86 p. 89 Ch. 41/b Ch. 43/11 

7 L 38 L 39 
STS 192 STS 189 

a) BSA, TMSOTf, CH3CN, 50g, 86%; 
b) NaOMe, MeOH, 93%; 

d) DMTCl, EtNiPrZ, CHZClZ; 
e) DMAP, pNOZphenol, EtNiPrZ, py, nPrOH, 70g; 
1) ClP(OAll)NiPrZ, EtNiPrZ, CHZClZ 

[0163] Procedure: 

[0164] Synthesis of a Uracil Linker Unit 

5-(2-AZidoethyl)uracil (30) 

[0165] 

29 
O 

OMs 

HN l 

O N 
H 

30 

N3 
HN l 

O N 
H 

E 
[0166] 1. Procedure 

[0167] 26.0 g (0.11 mol) of 29 Were dissolved in 250 ml 
of DMF in a 500 ml three-necked ?ask equipped With an 
internal thermometer and re?ux condenser and the mixture 
Was treated With 10.8 g (0.166 mol) of sodium aZide. The 
suspension Was subsequently stirred at 60° C. for 4 hours 
(TLC checking, CHCl3zMeOH 9:1). The DMF Was distilled 
off and the residue Was stirred With 150 ml of Water. The 
solid Was ?ltered 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) 

[0168] M.p. 230-235° C. With decomp. 

[0169] TLC: CHCl3/MeOH 9:1, Rf 0.48 

[0170] UV (MeOH): 21m 263.0 (7910). 
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[0171] IR (KBr): 3209s, 3038s, 2139s, 1741s, 1671s, 
1452111, 1245111, 1210111 

[0172] 1H-NMR (300 MHZ, dG-DMSO): 2.46 (1, 2H, 
J(CH2CH2N, CH2CH2N)=7.0, CHZCHZN); 3.40 (1, 2H, 
J(CH2CH2N, CH2CH2N)=7.0 CHZCHZN); 7.36 (s, 
H—C(6)); 11.00 (111. s, 2H, H—N(1), H—N(3). 

[0173] MS (ESP): 180.0 [M+H]. 

5 -(2-Aminoethyl)uracil (3 1) 

[017 4] 

30 

HN l 

31 

NH2 
HN I 

[0175] 1. Procedure 

[0176] 14.2 g (78.0 mmol) of 30 Were suspended in 175 ml 
of pyridine in a 250 ml three-necked ?ask equipped With an 
internal thermometer and re?ux condenser and the mixture 
Was treated With 61.4 g (234 mmol) of triphenylphosphinez). 
It Was heated at 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 suspen 
sion, Which then clari?ed. The solvents Were removed in 
vacuo in a rotary evaporator. The residue Was stirred at room 

temp. for 30 min in 200 ml of CH2Cl2/MeOH 1:1, and the 
precipitate Was ?ltered off and Washed With CH2Cl2. After 
drying in vacuo in a desiccator over phosphorus pentoxide, 
10.0 g (85%) of 31 of m.p. 214-220° C. Were obtained. 

2. Analytical Data 

5 -(2-Aminoethyl)uracil (3 1) 
[0177] M.p. 214-220° C. With evolution of gas, presinter 
ing. 

[0178] 
0.07 

[0179] UV (MeOH): 21mm, 263.0 (6400). 

[0180] IR (KBr): 3430111, 3109s, 1628s, 1474111, 1394s, 
1270s, 1176W, 1103111, 1021111, 966111, 908111, 838111. 

[0181] 1H-NMR (300 MHZ, dG-DMSO): 2.21 (1, 2H, 
J(CH2CH2N, CH2CH2N)=6.8, CHZCHZN); 2.59 (1, 2H, 
J(CH2CH2N, CH2CH2N)=6.8 CHZCHZN); 5.90 (v. 111. s, 4H, 
H—N(1), H—N(3), NHZ); 7.19 (s, H—C(6)). 
[0182] MS (ESI‘): 153.9 [M-H]. 

TLC: CHCl3/MeOH/HOAc/H2O 85:20:1012, Rf 
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5-(2-Phtalimidoethyl)uracil (32) 

[0183] 

31 
o 

NH2 
HN I 

0% N 
H 

32 
o 

NPht 
HN I 

o N 
H 

[0184] 1. Procedure 

[0185] 9.6 g (61.8 mmol) of 31 Were suspended in 100 ml 
of Water in a 250 ml round-bottomed ?ask and treated With 

6.64 g (62.6 mmol) of Na2CO3. After stirring at room temp. 
for 15 min, 14.3 g (65 mmol) of N-ethoxycarbonylphtalim 
ide [sic] Were added in portions and the mixture Was stirred 
for three hours at room temp. (TLC checking, CHCl3/MeOH 
5:1). The noW viscous, White suspension Was carefullyl) 
adjusted to pH 4 using conc. hydrochloric acid and the White 
precipitate Was ?ltered 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) 

[0186] M.p. 324-327° C. With decomp. 

[0187] TLC: CHCl3/MeOH 5.1, Rf 0.51 

[0188] 
1380). 

UV (MGOH): Am 263.0 (5825); A 298.0 (sh., 

[0189] IR (KBr): 3446111, 3216111, 1772111, 1721s, 1707s, 
1670s, 1390111. 

[0190] 1H-NMR (300 MHZ, d6-DMSO): 2.49 (1, 2H, 
J(CH2CH2N, CH2CH2N)=6.0, CHZCHZN); 3.71 (1, 2H, 
J(CH2CH2N, CH2CH2N)=6.0 CHZCHZN); 7.24 (s, H—C(6) 
), 7.84 (111C, 4H, NPht) , 10.76 (61, s, H—N(1) , H—N(3)) 

[0191] MS (ESI‘): 284.0 [M-H]. 
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1 -(2,3,4-Tri-O-benZoyl-[3 -D-ribopyranosyl)-5-(2 
phtalimidoethyl)uracil (34) 

[0192] 

32 
O 

NPht 
HN I 

0% N 
H 

33 
0 

B20 

B20 
B20 OBZ 

34 
NPht 

1, 0 

B20 \H/ 
BZO O 

@ 

[0193] 1. Procedure 
[0194] 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 ?ask, 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 clari?ed. 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. Sub 
sequently, 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. NaHCO3 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 MgSO4 and the solvents Were removed in 
vacuo in a rotary evaporator. After drying in an oil pump 
vacuum, 20.9 g of crude product Were obtained. Chroma 
tography on silica gel (h=25 cm, ¢=5 cm, AcOEt/n-heptane 
1:1) yielded a TLC-uniform, foamy product, Which Was 
digested using EtZO. Fitration and drying in an oil pump 
vacuum afforded 15 g (86%) of 34. 



US 2005/0053945 A1 
15 

2. Analytical Data 

1 -(2,3,4-Tri-O-benZoyl-[3 -D-ribopyranosyl)-5-(2 
phtalirnidoethyl)uracil (34) 

[0195] M.p. 124° C. (sintering) 

[0196] TLC: AcOEt/n-heptane 1:1, Rf 0.09. 

[0197] UV (MeOH): Am 263.0 (11085): A 299.0 (511., 
1530) 

[0198] IR (KBr): 3238W, 3067W, 1772rn, 1710s, 1452rn, 
1395rn, 1266s, 1110s, 1070rn, 1026rn. 

[0200] 13c-NMR (75 MHZ, CDCl3): 21.19 (CHZCHZN); 
36.33 (CHZCHZN); 64.07 (C(5‘)); 66.81, 68.22 (C(4‘), 
C(2‘)); 6929 (c(3‘)); 78.59 (c(1‘)); 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, 162.78 (c(4)); 
164.64, 165.01, 165.41 (3c, OZCPh); 168.43 (2c, CO-Pht). 

[0201] MS (ESI+): 730.2 [M+H]. 

[0202] Anal.: calc. for C4OH31N3O11 (729.70): C, 65.84; 
H, 4.28; N, 5.76; found: C, 65.63; H, 4.46; N, 5.53. 

5 -(2-Phtalirnidoethyl)- 1 -([3 -D-ribopyranosyl)u 
racil(35) 

[0203] 

34 
NPht 

O 
/ 

O 
BZO N NH 

BZO \H/ 
BZO 0 
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35 
NP ht 

O Ké O 

[10% N NH OH \H/ 
HO O 

[0204] 1. Procedure 

[0205] 15 g (20 rnrnol) of 34 Were dissolved in 500 ml of 
MeOH in a 1 lround-bottorned ?ask, treated With 324 mg (6 
rnrnol) of NaOMe and stirred at room-temp. overnight With 
exclusion of Water (TLC checking, AcOEt/n-heptane 1:1). 
Arnberlite IR-120 Was added to the resulting suspension 
until the pH Was <7. The solid Was dissolved in the presence 
of heat, ?ltered 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 re?ux 
in 90 ml of MeOH for 10 min. After cooling to room temp, 
the mixture Was treated With 60 ml of Et2O and stored 
overnight at 4° C. Filtration, Washing With Et2O and drying 
in an oil pump vacuurn yielded 7.8 g (93%) of 35. 

2. Analytical Data 

5 -(2-Phtalirnidoethyl)- 1-([3 -D-ribopyranosyl)uracil 
(35) 

[0206] M.p. 137° C. (sintering) 

[0207] TLC: CHCl3/MeOH 5.1, Rf 0.21. 

[0208] UV (MeOH): Am 263.0 (8575): A 299.0 (511., 
1545). 
[0209] IR (KBr): 3458s, 1772w, 1706s, 1400rn, 1364rn, 
1304rn, 1045rn. 

[0210] 1H-NMR (300 MHZ, d6-DMSO+2 Tr. D20: 2.55 

[0211] 13C-NMR (75 MHZ, dG-DMSO): 25.63 
(CHZCHZN); 36.62 (CHZCHZN) , 64.95 (C(59); 66.29 
(c(4‘)); 67.37 (c(2‘)); 71.12 (C(39); 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-Pht). 

[0212] MS (ESI‘): 416.1 [M-H]. 




















