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Abstract—A novel improved controlled pore glass (CPG) support based on the 2-(hydroxymethyl)-6-nitrobenzoyl (HMNB) pro-
tecting group was developed for the synthesis of 3’-aminoalkylated oligonucleotides. The release of oligonucleotides with free
3’-amino groups from the support is complete within 2h at 55°C in concentrated ammonia.

© 2003 Elsevier Ltd. All rights reserved.

A number of methods in molecular biology and DNA-
based diagnostics to amplify, detect, analyze, and
quantify nucleic acids require chemically synthesized
and modified oligonucleotides. 3’-Modifications are
particularly useful to stabilize oligonucleotides against
exonucleolytic degradation! and are required for the
synthesis of doubly-labeled probes with two different
covalently-bound reporters at their 3’- and 5-termini.
Doubly labeled oligonucleotides such as molecular
beacons’ or Taqman® hydrolysis probes are widely
employed in oligonucleotide-based diagnostic assays,
especially in real-time quantitative PCR methods.

Oligonucleotides with 3’-modifications are conveniently
prepared through standard solid-phase synthesis on
speciality 3’-amino supports, which release the oligo-
nucleotides with an attached 3’-aminoalkyl tail during
the deprotection process. Suitable supports must be fully
compatible with the chemistry cycle of the solid-phase
synthesis and the formation of the oligomers with free
3’-amino groups should be complete under the standard
deprotection conditions for oligonucleotides. In addi-
tion, the attached amino linker should not introduce
chiral centers to the oligomer and should not be prone
to side reactions that result in dysfunctional oligo-
nucleotide modifications such as alkylated or acylated
3’-amino groups.
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Various solid-phase supports for the synthesis of
3’-amino oligonucleotides have been described,* but
none of these supports displays all of the desirable fea-
tures for their routine application in a high-throughput
oligonucleotide synthesis laboratory. For instance, the
synthesis of 3’-amino oligonucleotides on a support
loaded with a cleavable 3-aminopropane-1,2-diol
linker*® resulted in the formation of 3’-acetamido oli-
gonucleotides as side products.’ The 3-aminopropane-
1,2-diol structure also introduces a chiral center to the
oligonucleotides, which complicates their analysis by
HPLC. The 3’-amino support based on an immobilized
phthalimido protective group® requires long deprotec-
tion times in concentrated aqueous ammonia for the
formation of the free 3’-amine (17 h at 55 °C still leaves
10-20% of the oligonucleotides attached to the support),
which reduces the throughput in oligonucleotide pro-
duction and makes the support incompatible with base-
sensitive modifications.

In this communication we report on the development
of an improved 3’-amino CPG support that releases
3’-aminoalkyl oligonucleotides within 2h at 55°C in
concentrated aqueous ammonia. The novel support is
based on the 2-(hydroxymethyl)-6-nitrobenzoyl (HMNB)
protecting group for the amino function. A similar
group, the 2-(acetoxymethyl)benzoyl (AMB) group
has been utilized as a very base-labile ‘protected pro-
tecting group™® and has been employed for the exocyclic
amino groups of nucleobases in the synthesis of base-
sensitive oligonucleotides, for example, methylphospho-
nates.”
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Scheme 1. Synthesis of 3’-amino CPG support 5 and solid-phase oligonucleotide synthesis on 5. Reagents and conditions: (a) AlICl;, Et;N, 1,2-
dichloroethane, rt, 16 h, 8%:;® (b) succinic anhydride, Ets;N, DMAP, EtOAc, 50 °C, 2 h; (c) 4-nitrophenol, DCC, 1,4-dioxane, rt, 16 h, 87% over two
steps;’ (d) amino modified CPG, Et;N, DMF, rt, 16h; (e) Ac,0, pyridine, NMI, THF, rt, 2h;'° (f) solid-phase oligonucleotide synthesis (SPOS)
employing DMT-protected dT-, dA%-, dC%-, and dG%™-phosphoramidites; (g) NH4OH, rt, 40 min or AMA, rt, 5min; (h) NH,OH, 55°C, 2h or

AMA, 65°C, 30 min.

The CPG support 5 was prepared in four steps
employing 6-nitrophthalide 1 and the DMT-protected
amino linker 2!' as starting materials (Scheme 1). The
synthesis proceeded smoothly despite a rather poor yield
in the aminolysis of phthalide 1 with 2, which can be
attributed to the presence of the acidic catalyst AICl; in
the reaction medium, resulting in partial detritylation.
The resulting CPG 500 support 5 had a loading of
36.0 umol/g.

The novel support 5 releases oligonucleotides with free
amino groups 8 in two steps (Scheme 1). First, treatment
of support-bound oligonucleotides 6 with concentrated
ammonia cleaves HMNB-protected 3’-amino oligo-
nucleotides 7 from the support. In the second step the
hydroxymethyl group in the ortho position of the aro-
matic ring removes the HMNB group through an
intramolecular attack on the amide bond. 6-Nitroph-
thalide 1 is formed as a by-product.

The cleavage of oligonucleotides from support 5 and the
removal of the HMNB moiety were investigated
through 3’-aminoalkyl poly-dT model oligonucleotides.

The kinetics under various deprotection conditions were
easily monitored by HPLC analysis of the released
oligomers and by photometric measurements of the
support to determine the amount of uncleaved oligo-
nucleotides. As expected, the HMNB-protected oligo-
nucleotides were completely released into solution
within 40 min in concentrated ammonia or within 5 min
in AMA reagent'? (40% aqueous methylamine/concen-
trated aqueous ammonia 1/1, v/v) at room temperature.
The complete removal of the HMNB protecting group
from the released oligonucleotides required 2h in con-
centrated ammonia at 55°C or 30 min in AMA reagent
at 65 °C. Complete cleavage and deprotection could also
be accomplished at room temperature within 24h in
concentrated ammonia. In contrast, the complete
removal of the similar 2-(hydroxymethyl)benzoyl group
lacking the nitro substituent from 3'-amino oligonucleo-
tides required 6 h in concentrated ammonia at 55 °C.

The utility of support 5 was demonstrated by the syn-
thesis of a poly-dT sequence on a 1:1 mixture of support
5 with a commercially available dT support. The syn-
thesizer was programmed to prepare a dT;, oligomer,
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Figure 1. RP-HPLC chromatogram of the crude oligonucleotide 12 after post-synthetic conjugation with QSY7-NHS ester. The UV-vis spectra of
the main components are displayed as inserts: (A) nonreacted oligonucleotide with 5-FAM modification, (B) 12 with 5-FAM and 3'-QSY7
modifications, (C) oligonucleotide without 5-FAM, but with 3’-QSY modification.

which gave a mixture of 3’-aminohexyl-d(TTT TTT
I'TT TTT TTT TTT TTT TTT TTT TT) 9 and d(TTT
ITTTTTTTTTTT TTT TTT TTT TTT TTT) 10 after
deprotection with concentrated ammonia for 16h at
55°C. The ratio of the obtained oligonucleotides 9 and
10 was determined by anion exchange HPLC as
0.96:1.00. The approximately 1:1 ratio of products 9 and
10 demonstrates that the 3’-amino-CPG 5 is compatible
with standard solid-phase synthesis conditions applying
the phosphoramidite method. The yields and coupling
efficiencies are comparable to syntheses on standard
CPG supports. A repetition of the experiment with a
commercially available phthalimidyl CPG support as a
substitute for support 5 gave a ratio of 0.45:1.00 for the
oligonucleotide products 9 and 10. This result can be
explained by the stability of the phthalimido group in
concentrated ammonia and indicates that the release of
the 3’-aminoalkyl-dT» oligonucleotide 9 from the
phthalimidyl support is far from being complete under
standard deprotection conditions.

Support 5 can be favorably applied in fast deprotection
synthetic schemes as exemplified in the preparation of
the oligonucleotide 3’-aminohexyl-d(AAC TCC GAG
CGA CTC TCO)-5 11. A set of dT-, dA®*-, dC"-, and
dG_phosphoramidites'? was employed in the synthe-
sis to ensure complete base deprotection while applying
limited exposure to concentrated ammonia. The crude
11 was obtained after incubation with concentrated
ammonia for 2h at 55°C in 80% purity (MALDI-TOF
MS: caled 5294.5; found 5294.2).

The 3’-aminoalkylated oligonucleotides synthesized on
the CPG support 5 were successfully employed in post-
synthetic labeling experiments with dye NHS esters. For
instance, the conjugation with TAMRA NHS ester
proceeded with more than 90% labeling efficiency under
standard conditions, as determined by RP-HPLC. In
another example the molecular beacon sequence

5-FAM-d(GCG AGT TTT TTT TTT TTT TTC TCG
C)-QSY7-3' 12 was synthesized employing dG™ -phos-
phoramidite for oligonucleotide synthesis and FAM
phosphoramidite for 5'-functionalization. After the
deprotection with concentrated ammonia for 2h at
55°C the crude oligonucleotide 12 was conjugated at its
3'-terminus with QSY7 NHS ester. The synthesis and
the post-synthetic conjugation reaction proceeded with
high efficiency as demonstrated in Figure 1. The HPLC-
purified molecular beacon 12 (MALDI-TOF MS: calcd
8950.4; found 8939.6) displayed a sharp increase in
fluorescence upon incubation with a poly-dA sequence
under hybridization conditions.

In conclusion, the novel amino-ON CPG support 5 is
compatible with standard solid-phase oligonucleotide
synthesis conditions employing the phosphoramidite
method, and the observed coupling efficiencies and
yields are comparable to those obtained with standard
deoxynucleoside-loaded CPG supports. The application
of mild cleavage and deprotection conditions allows the
use of 5 in high throughput oligonucleotide synthesis
and the on-support preparation of labile 5-modified
oligonucleotides with 3’-aminoalkyl chains.
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