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A NOVEL AMINO-ON CPG-SUPPORT FOR THE SYNTHESIS OF
3’-AMINOALKYLATED OLIGONUCLEOTIDES

Michael Leuck 5 Proligo Biochemie GmbH, Hamburg, Germany

Rubina Giare 5 Proligo LLC, Boulder, Colorado, USA

Nicole Zien, Matthias Paul, and Andreas Wolter 5 Proligo Biochemie GmbH,
Hamburg, Germany

5 The synthesis of a novel amino-ON CPG support and its application in the synthesis of
3’-aminoalkylated oligonucleotides is reported. The release of oligonucleotides with free 3’-amino groups
is accomplished by treatment with concentrated ammonia for 2 h at 55�C.

Keywords Amino-ON CPG, 3’-Amino-Modifier, 3’-Aminoalkylated Oligonucleotide

INTRODUCTION

The increased demand of chemical ly modified oligonucleotides in molecular
biology and DNA-based diagnostics applications led to the development of novel
processes for their synthesis. 3’-Aminoalkylated oligonucleotides are particularly
useful for the preparation of 3’,5’-doubly labeled detection probes, such as the
Taqman probes or molecular beacons employed in common RT-PCR assays. 3’-
Amino modified oligonucleotides are conveniently prepared using amino-ON CPG
supports containing an immobilized amino protective group. The amino-oligo-
nucleotide is released during the ammonia deprotection process, which usual ly
requires long deprotection times. We report here the development of a novel
amino-ON CPG support (Figure 1), which enables the release of 3’-aminoalkylated
oligonucleotides within 2 h at 55�C in concentrated aqueous ammonia.

The amino-ON CPG support 1 was prepared in four steps from the DMT-
protected aminolinker and 6-nitrophthalide as described previously.[1] The loading
of 1 was determined by a photometric DMT-assay to be 36 mmol/g. The amino-ON
support 1 was employed in solid-phase oligonucleotide synthesis applying the

Nucleosides, Nucleotides, and Nucleic Acids, 24 (5–7):989–992, (2005)
Copyright D Taylor & Francis, Inc.
ISSN: 1525-7770 print/ 1532-2335 online
DOI: 10.1081/NCN-200059388

Address correspondence to Michael Leuck, Proligo Biochemie GmbH, Georg-Heyken-Str. 14, Hamburg
21149, Germany.

989

Order reprints of this article at www.copyright.rightslink.com

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
3
0
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1

https://s100.copyright.com/AppDispatchServlet?publisherName=tandf&publication=LNCN&contentID=10.1081/NCN-200059388&mac=&numPages=4&orderBeanReset=true


phosphoramidite approach (Scheme 1). Cleavage of the oligonucleotide from the
support was accomplished by treatment with concentrated ammonia for 40 min or
AMA for 5 min at ambient temperature, respectively. Cleavage and complete
deprotection of the amino group was achieved by treatment with concentrated am-
monia for 2 h at 55�C or 24 h at ambient temperature, respectively. Alternatively,
application of AMA reagent for 30 min at 65�C led to complete deprotection.

The deprotection reaction conditions are compatible with the fast deprotection
schemes employing a set of dAbz-, dCbz-, dGdmf- and dT-phosphoramidites. For
validation, the model sequence 3’-aminohexyl-AAC TCC GAG CGA CTC TC 2
was synthesized on amino-ON support 1. Complete deprotection was achieved
after treatment with concentrated ammonia for 2 h at 55�C. Anion-exchange HPLC
revealed that the 3’-aminoalkylated sequence 2 was obtained in 80% purity. The
structure of 2 was confirmed by MALDI-TOF MS analysis: 5294.5 (calcd); 5294.2
(found) (Figure 2).

The performance of the novel support was demonstrated by a competition
experiment. A synthesizer was programmed to prepare a dT15-sequence on a 1:1
mixture of commercial ly available phthalimidyl-CPG (to give H2N-dT14) and
standard CPG-dT (to give dT15) employing the standard synthesis protocol. After
deprotection with concentrated ammonia (15 h, 55�C), the products were analyzed
by anion-exchange HPLC (Figure 3A). The experiment was repeated exactly using
a 1:1 mixture of CPG support 1 and standard CPG-dT (Figure 3B). The
approximately 1:1 ratio of oligonucleotide products obtained in the example where
support 1 was employed demonstrates that the efficiency of oligonucleotide
synthesis with 1 is comparable to syntheses with standard CPG supports.

FIGURE 1 Structure of amino-ON CPG 1.

SCHEME 1
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In a second experiment, the deprotection efficiency was investigated.
Therefore, a 1:1 mixture of dT8 bound to phthalimidyl-CPG and dT10 bound to
CPG support 1, respectively, was treated with concentrated ammonia for 24 h at
ambient temperature (Figure 4A) and 2 h at 55�C (Figure 4B), respectively. Anion-
exchange analysis of the products revealed that the release of oligonucleotides
bound to phthalimidyl-CPG was far from being complete under the deprotection
reaction conditions applied in the experiment.

The application of a post-synthetic labeling reaction of 3’-aminoalkyated
oligonucleotides prepared on amino-ON support 1 with dye NHS-esters was
exemplified by the synthesis of a dT10 model sequence on 0.2 mmol scale. After
cleavage and deprotection with concentrated ammonia the crude oligonucleotide
was dissolved in 500 mL of NaHCO3/Na2CO3 buffer, pH 9, and treated with a
mixture of TAMRA NHS-ester (6 equivalents) in DMSO at 37�C overnight.
Subsequently, the product was separated by size exclusion chromatography using
NAP-columns and analyzed by anion-exchange HPLC. The purity of the obtained
oligonucleotide was 80.6%. The product was further characterized by MALDI-TOF
MS: 3571.6 (calcd.); 3575.2 (found) (Figure 5).

In conclusion, the novel amino-ON CPG support 1 is compatible with standard
solid-phase synthesis conditions employing the phosphoramidite method. The
observed coupling efficiencies and yields are comparable to those obtained with

FIGURE 2 Anion-exchange HPLC-chromatogram of model sequence 2 prepared on amino-ON CPG support
1 employing a fast deprotection protocol.

FIGURE 3 Anion-exchange HPLC-chromatograms of oligonucleotide products obtained from a competition
experiment. A: dT15-Synthesis on a 1:1 mixture of phthalimidyl-CPG and standard CPG-dT. B: dT15-Synthesis on a
1:1 mixture of amino-ON CPG 1 and standard CPG-dT.
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standard nucleoside-loaded CPG supports. The application of mild cleavage/
deprotection conditions al lows the use of CPG 1 in high throughput synthesis
protocols and the on-support preparation of labile 5’-modified oligonucleotides with
3’-aminoalkyl chains.
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FIGURE 4 Anion-exchange HPLC-chromatograms of oligonucleotide products obtained from the concentrated
ammonia treatment of a 1:1 mixture of dT8 bound to phthalimidyl-CPG and dT10 bound to CPG support 5,
respectively. A: 24 h at ambient temperature. B: 2 h at 55�C.

FIGURE 5 Anion-exchange HPLC-chromatogram of the TAMRA-labeled dT10-sequence obtained after
oligonucleotide synthesis on support 1 and post-synthetic TAMRA-labeling.
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