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ALDEHYDIC OLIGONUCLEOTIDE: A KEY INTERMEDIATE FOR THE

PREPARATION OF OLIGONUCLEOTIDE CONJUGATES THROUGH

OXIME BOND FORMATION

N. Spinelli, Y. Singh, E. Defrancq, and P. Dumy � Département de Chimie
Moléculaire-UMR CNRS 5250, ICMG FR2607, Université Joseph Fourier, BP 53,
38041 Grenoble Cedex 9, France

� Oligonucleotides functionalized with an aldehyde group are the key intermediates used for
the preparation of peptide-oligonucleotide conjugates through the formation of an oxime linkage.
Herein, we describe a brief overview of various synthetic protocols developed in our laboratory for the
preparation of aldehyde containing oligonucleotides and their subsequent conjugation with peptides.
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The synthesis of peptide-oligonucleotide conjugates (POC)[1] has attracted
significant research interest. This is due to the fact that POCs have been
shown to improve the cell specific targeting, cellular uptake efficiency and
intracellular stability of natural oligonucleotides (ODN). Besides, increased
binding strength with the target sequence has also been observed in some
cases. The major approach being employed for the synthesis of POCs in-
volves the separate assembly of peptide and oligonucleotide fragments fol-
lowed by their solution-phase coupling.[2] This is accomplished by incorpo-
rating mutually reactive groups into each fragment leading usually to the
formation of chemical linkages such as amide,[3] thioether,[4] disulfide,[5]

and oxime.[6] Oxime linkage formed by the reaction between an aldehyde
and an aminooxy group has become preferred method for ODN conjuga-
tion. In fact, the formation of oxime bond is chemoselective, can be carried
out in aqueous medium without the use of activators and give high coupling
efficiency. Furthermore, the oxime bond is stable over a wide pH range.
ODN conjugation through oxime bond formation utilizes ODNs modified
with an aldehydic functionality as key intermediate molecule. Our research
efforts over the past few years have focused toward the development of facile
and convenient synthetic procedures for ODN functionalization with alde-
hyde group and their subsequent use in the preparation of POCs. The main
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strategy for incorporating an aldehyde group on oligonucleotides consists
in the oxidation of a 1,2-diol. We describe herein a brief overview of work
accomplished in our laboratory using this strategy.

ALDEHYDIC OLIGONUCLEOTIDE FOR 3′-CONJUGATION

(SCHEME 1A)

The method utilizes a commercially available modified solid support (3-
[(4,4′-dimethoxytrityl]-glyceryl-1-succinyl) long chain alkylamino controlled
pore glass (1) to incorporate the protected diol group at 3′-terminus of
ODN.[7] Briefly, automated DNA synthesis is carried out on this support by
using the standard protocol. Subsequent treatment with ammonia cleaves
the free 3′-diol containing ODNs (2) from support and releases it into
the solution. Periodate oxidation then affords quantitatively the 3′-aldehyde
containing ODNs (3). Further reaction with aminooxy containing peptide
in aqueous buffer at slightly acidic pH leads to the formation of ODN-3′-
conjugates (4).

ALDEHYDIC OLIGONUCLEOTIDE FOR 5′-CONJUGATION

(SCHEME 1B AND C)

An elaborate preparation of modified phosphoramidite synthons is re-
quired to incorporate the masked reactive moieties at the 5′-terminus of

SCHEME 1 Synthesis of 3′-POCs through oxime bond formation.
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ODNs. Two modified phosphoramidite derivatives have been successfully
developed in our laboratory that are capable of introducing the aliphatic
aldehyde and glyoxylic aldehyde precursors at the 5′-end.

5′-Aliphatic Aldehyde Oligonucleotide (Scheme IB)

The phosphoramidite derivative (5) was designed for incorporating the
benzylidene-protected diol at 5′-terminus of ODN.[8] This derivative is intro-
duced into the growing support bound ODN chain during the last coupling
step. It would be relevant to mention that this benzylidene protected phos-
phoramidite derivative similar to DMT group aids in the HPLC purification
of oligonucleotide (6) on account of its hydrophobic character. The ben-
zylidene protection is removed by treatment with 80% aqueous acetic acid
thereby generating free diol at 5′-terminus (7). The ODNs with 5′-aldehyde
(8) are prepared by periodate oxidation of 5′-diol. Subsequent conjugation
with aminooxy containing peptide leads to the formation of 5′-conjugates
with aldo-oxime bonds (9).

5′-Glyoxylic Aldehyde Oligonucleotide(Scheme IC)

Glyoxylic oxime linkage has been shown to be more stable than aldo-
oxime. The glyoxylic aldehyde functionality is routinely prepared by peri-
odate oxidation of a serine moiety. Consequently, a new phosphoramidite
synthon (10) was prepared from serine.[9] This was added to the growing
ODN chain during the last coupling step to incorporate serine modified
phosphoramidite at the 5′-terminus. Further treatment with ammonia and
acetic acid removes the Fmoc- and DMT- protection respectively present on
the serine moiety. The ODNs with 5′-glyoxylic aldehyde (13) are prepared
by periodate oxidation of oligonucleotide containing the modified serine
linker. This is further reacted with aminooxy containing peptide to obtain
5′-conjugates with glyoxylic oxime bond (14). The stability of ODN conju-
gates containing glyoxylic oxime bond was compared to similar conjugate
containing aldo-oxime bond. The glyoxylic oxime bonds were found to show
higher stability in acidic to neutral media.

ALDEHYDIC OLIGONUCLEOTIDE FOR 3′, 5′-BIS-CONJUGATION

(SCHEME 2)

The above-mentioned procedure described for the preparation of
3′- or 5′-conjugates can easily be applied in sequential fashion for the
preparation of 3′,5′-bis-conjugates.[10] Briefly, solid-phase ODN synthesis
is carried on modified solid support (1). The modified phosphoramidite
derivative (5) is added to the growing ODN chain during the last cou-
pling step. The support bound ODNs are treated with ammonia to achieve
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SCHEME 2 Synthesis of 3′,5′-bis-conjugates.

base deprotection, cleavage and releases of ODNs (15) with free 3′-diol
into the solution. This is easily converted to 3′-aldehyde ODN (16) by pe-
riodate oxidation. Reaction with appropriately functionalised peptide gives
the 3′-conjugates (17). The benzylidene protection is removed next by
treatment with 80% acetic acid and the 5′-aldehyde functionality (19) is
generated by periodate oxidation. This is subsequently reacted to appro-
priately functionalised similar or different peptide to obtain the 3′-,5′

bis-conjugates (20).
In conclusion, we have designed and developed several convenient syn-

thetic procedures to incorporate aldehyde functionality at 3′- and/or 5′- ter-
mini of ODNs. These ODNs containing aldehyde functionality are crucial
intermediates required for the preparation of POCs through oxime bond
formation. The efficiency of the procedure so developed has been demon-
strated by utilizing these for the preparation of oligonucleotide 3′- and/or
5′- conjugates with peptides through aldo-oxime linkages. The ODNs con-
taining 5′-glyoxylic aldehyde have been successfully prepared and we are
now engaged in developing method to synthesize 3′-glyoxylic aldehyde
containing ODNs. Moreover, the procedure described herein have been
successfully employed by our group for the preparation of various other
oligonucleotides conjugates also besides POCs.[11,12]
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