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Summary : The preparation of palymeric supports containing a base labile 22 nitropheny!) ethyl linkage and
the attachment of prolected nucleosides is deseribed together with their application to oligonucleatide
synihesis.

Solid-phase methodology has become the most used technigue for the preparation of peptides and
oligemucleotides. Generally, the nucleoside at the 3-end of the oligonucleotide and the C-terminal aminoacid of
the peptide are linked through its 3-hydroxyl and its carboxyl group to a suitable functionalized support. In
oligonueleatide synthesis the most commaonly used linkage is the suecinale linkage although some alternatives
has been proposed (1), Several sperial linkages have been described to obtain pliponucleotides bearing 3

phosphates (2), 3-amino and 3'-thiol groups (3} and to prepare cyclic oligonucleotides (4}

In peptide synthesis, the choice of the linkage between polymetic support and peptide depends on the
natute of the peptide and the strategy used during the synthesis for the protection of the c-amino and lateral

chain functions (5).

In this and the following paper we describe the preparation of new polymeric supports (NFE-resin) thal
contain a ?-(2-nitrophenyDethyl linkage labile to bases through a B-elimination process and the use of these

supports for the synthesis of oligonucleotides and protected peptides.

The choice of the p-nitrophenylethyl linkage is based on the work of Ileiderer whe has described the
preparation of a varicty of substituted phenylethyl groups as amino, aleohol and phosphate protecting groups in
oligonuclectide synthesis (8). We were interested in the properties of the {(4-cyano-2-nitrophenyluthyl
protecting group 3. We thought that by converting the cyano function to carboxylic acid 4 we would obtain a
compound that could be attached 1o the standard aminag polymeric supports and  retain the interesting properties

of forming phosphates, esters or carbonats linkages labils to strong non-nucleophilic bases.

Starting from 2-phenylethanol, 4-(2-hydroxyethyl)-3 -nitrobenzonitrile 3 was prepared as described in
ref. 6a. 4-(Z-hydroxyethyl)-3 nitrobenzoic acid 4 was prepared by hydrolysis of compound 3 or directly from 4-
{2-acetyloxyethyl)-3-nitrnbenzonitrile 2 obtained after nitration of 4-(2-hydroxyethyllbenzonitrile 1. 1f

removal of the acetyl group of compound 2 is done by transesterification with methanol in the presence of

anhydrony HC, the methyl ester G s obtained in a 85 % yield (7). Finally, Lhe active ester 5 was prepared by
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reaction of the carboxylic acid and 24 5-trichlorophenol catalyzed by dicyclohexylearbodiimide (DCCY (7).
The anchoring of 4-(2-hydroxyethyl}-3-nitrobenzoic acid 10 long chain aminoalkyt controlled pore glass (LCAA-
CPGY was achieved by DCC mediated-coupling of compound 4 or directly with the active ester 5 using MN,N-
dimethylformamide as solvent in the presence of 1 equivalent of 1-hydroxybenzotriazole {(HOBt). NI'E-CPG
support 12 was used directly on a DNA synthesizer and standard 2-cyanoethyl phosphoramidites to prepare
aligonuclentides bearing a phosphate in the 3'-end (see below).
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A rarbonate linkage is needed to prepare oligonucleotides non-phosphorylated at the 3-end. Reaction of
methyt and trichiorophenyl esters 5 and g with phosgene affords in quantitative yield the corresponding
chioroformates 6 and 7. Subscquent reaction of the chloroformates with 5-O-dimethoxytrityl thymidine in
pyridine gave the carbonates 8 and 10 in moderate yvields (45-60 %). The carbonate 10 was attached directly o
LCAA-LPG-support. The carbonale 8 was treated with 0,033 M NaOH in dioxang/ water /acctonitrite (1:1:1) to
selectively hydrolyse the methyl ester, and the resulting, carboxylic acid 8 was attached to LCAA-CPG-support
by DCC mediated coupling.
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The new carbonate linkage 11 was stable under all the conditions encountered during oligonucleotide
synthesis (R), and stable to a solution of 40% tricthylaming in pyridine (16 hrs, R.T.). But, on the other hand, the
carbonate linkage in DMT-T-NPE-CPG was cleaved in less than 1 hour when it was treated with 0.5 M DBU
solution in dioxane or pyridine. When ethanal was used as solvent, 3 hours were needed to break the nucleoside-
resin bond. We also found that ammmonia (5 hrs, 55 °C) and 20% piperidine/LDME (3hrs, R.T.) were able to ceave

the nuclecside from the resin,

To test the utility of the slid support 11 for the synthesis of oligonucleolides two sequences d(CAGACGT)
and A(ATGACTCAATATAAACTTGT) were synthesized using a 0.2 pmot scale and standard 2-cyanocthyl



phasphoramidites. The woupling efficiency per cycle based on the absorbanee of released 4.4'-dimethoxytrityl
cation was found to be greater than 98%. At the end of the synthoses, the supports were treated with conc.
ammonia for 16 hrs at 55 °C, and oligenucleotides were purified by reversed-phase HPLC. HPLC profiles were

similar to the crudes obtained using standard CPG supports containing ¥-O-succinyl nucleosides.

As mentioned before, polymer 12 can be used as an universal support (or the proparation of oligonucleotides
bearing a phosphate group at the 3'-end. Reaction of 2-cyanoethyl phosphoramidites with the primary alcohol
function on the support and subscequent oxidation give a phosphate triester linkage 13 that is stable during the
synthesis and it is cleaved by conc, ammonia. Using this methodology the sequence d{TpTpTpTpTpTpCp) was
prepated on a DNA synthesizer. Coupling yiclds were greater than 98%. After purification, the pure product
was subject to complete digestion with spleen phosphodiesterase giving a mixture of nuclecside 3'-

monophosphates Tp and Cp in a &1 ratio.
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An important application of 2-(2-nitrophenylethyl linkages is that these supports can be used together
with p-nitrophenylethyl (NPE)-protected nucleoside 2-cyanoethyl phosphoramidites for the preparation of
oligonucleotides without using cone. ammonia, because all protecting groups will be cleaved by DBU. This
mathodology will be of interest for the preparation of oligonuclestides containing ammonia-sensitive compounds

such as base analogues, fluotescent compounds and so on.

To test the utility of this method, the preparation of three sequences dAIGACCACTT), d(CAGACGT) and
ACATACGT) was performed using 1 pmol of the derivatized support 11 and NPE-protected nucleoside 2-
cyanoethyl phosphoramidites (2, 10) on a home-made manual synthesizer, Coupling efficiency per cycle was
about 95%. The supports were treated first with a 40% triethylamine sohition in pyridine (3 x 1 hr, R.T.) in order
to remove the 2-cyanoethyl phosphate protecting groups {11} and second a 3 hr treatment with a 0.5 M DBU
solution in pyridine. The resulting solutions were neutralized wilh acetic acid, concentrated and desalted on a
Sephadex G-10 column, Reversed phase HPLC purification of the crudes gives a major peak that was
characterized by snake venom phosphodicsicrase and alkaline phosphatase digestion followed by HPLC

analysis of the digest.

In conclusion, we have described a basc labile linkage that allows the preparation of oligonucleotides and
oligonucleotide 3'-phosphates and its use, together with p-nitrophenylethyl base protecting groups, permits the

synthesis of oligonucleotides without using conc. ammonia during the final deblocking.
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