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SOLID PHASE CONJUGATION CHEMISTRY:
USE OF ALLOC AS A PROTECTING GROUP FOR 2'-AMINOLINKER
CONTAINING OLIGONUCLEOTIDES

Isabelle Barber-Peoc'h, Muthiah Manoharan* and P. Dan Cook
Isis Pharmaceuticals, 2292 Faraday Ave. Carlsbad, CA 92008 USA

The drug properties of antisense and antigene oligonucleotides can be enhanced by
strategic positioning of ligands capable of ameliorating these properties."”? Certain ligands may
improve the cellular delivery of oligomers and increase their affinity for the target gene and
resistance to nucleases. The 2'-O-position is an attractive modification site." Oligonucleotides
possessing the 2'-O-alkyl modifications exhibit higher chemical stability under depurination
conditions, higher stability to enzymatic cleavage by both endo- and exonucleases, and increased
affinity for target mRNA. In addition, they form highly stable triple helices. Thus they promise
to be versatile compounds in controlling gene expression by antisense and antigene technologies.

Conjugation of different ligands to modulate the function of oligonucleotides via suitable
reactive groups (-NH, or -SH) is of significant value in antisense technology. Often this chemistry
requires introducing a suitable tether containing the reactive group (e.g., -NH,) to the
oligonucleotide and post-synthetically adding the ligand of interest (intercalators, chemical
nucleases, cellular permeation and targeting agents) as an active ester and carrying out the
conjugation reaction in solution. Although this method is widely used, it suffers from the
disadvantage of requiring several steps for purification of the conjugate.

Conjugations at the 2'-position of the carbohydrate moiety may interfere less with base
pairing and/or stacking interactions than do conjugations at the internucleotide backbone sites or
nucleobase sites. Secondly, this site provides a way to perform multiple conjugations in the
minor groove. Thirdly, one can augment the desired properties of the 2'-O-alkyls by 2'-O-alkyl-

ligand conjugates.
Recently, we described* a new approach to functionalize oligonucleotides at the 2-O-

carbohydrate site via an alkyl aminolinker and an alkyl thiol tether placed at the adenosine
nucleoside. In this report we describe the synthesis and incorporation into oligonucleotides of
nucleosides containing an O-aminohexyl moiety either at the 2' or 3' position of uridine. The O-
aminohexyl moiety can be used as such to produce amphipathic oligonucleotides.” The resulting

aminotether? has also been used as a site of conjugation.’
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Figure 1

An alternative approach is to generate the free amino group while the oligonucleotide 1s stll
bound to the solid support and then carry out conjugation chemistry at the solid support,  while all
other protecting groups are intact. To use this approach, The base labile trifluoroacetyl group is
not compatible with this approach. The FMOC appeared as another group to evaluate for for this
purpose, but we had limited success with this group with the commercial solid supports. The acid
labile MMT (monomethoxytrityl) group for amino group protection is a possibility but it limits the

use of the aminolinker only at the 5'-end of the oligonucleotide.
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In order to place aminolinker-containing nucleosides at any position of oligonucleotides
(internal and terminal positions), we synthesized alloc-protected compounds I and II and used
them to make oligonucleotide phosphorothioates. Before cleavage of the oligo from CPG, the
alloc group was conveniently removed with Pd(0). The free amine was then further conjugated
with pyrene butyric acid to demonstrate its utility as a linker. While the alloc group is convenient

for use on solid support, it may also be used for solution-phase conjugation chemistry.



15:56 26 January 2011

Downl oaded At:

1410 BARBER-PEOC’H, MANOHARAN, AND COOK

REFERENCES

1) Cook, P. D. Anti-Cancer Drug Des. 1991, 6, 585.

2) .Manoharan, M. Antisense Research and Applications, Crooke, S. T., Lebleu, B.
Eds.;CRC Press: Boca Raton, FL, 1993, pp. 303-349.

3) a) Sproat, B. S., Lamond, A. L. Antisense Research and Applications, Crooke, S. T.

and Lebleu, B., Eds.; CRC Press: Boca Raton, FL, 1993, pp. 351-362. b) Lesnik, E.

A., Guinosso, C. J., Kawasaki, A. M., Sasmor, H., Zounes, M. A., Cummins, L. L.,

Ecker, D. 1., Cook, P. D., Freier, S. M. Biochemistry 1993, 32, 7832. ¢) Monia, B.

P., Lesnik, E. A,, Gonzalez, C., Lima, W. F., McGee, D., Guinosso, C. J., Kawasaki,

AM., Cook, P. D., Freier, S. J. Biol. Chem., 1993, 268 14514. d) Keller, T. H.,

Haner, R. Helv. Chim. Acta 1993, 76, 884. ¢) Keller, T. H.,, Haner, R. Nucl. Acids

Res. 1993, 19, 4499.

4) a) Manoharan, M., Guinosso, C. J., Cook, P.D. Tetrahedron Lett. 1991, 32, 7171.

b) Manoharan, M., Johnson, L. K., Tivel, K. L., Springer, R. H. Cook, P.D. BioMed.

Chem. Lerr. 1993, 13, 7265.

5) Hashimoto, H., Nelson, M. G., Switzer, C. J. Am. Chem. Soc. 1993, 115, 7128.

6) Aurup, H., Tuschl, T., Benseler, F., Ludwig, J., Eckstein, F. Nucleic Acids Res.

1994, 22, 20.



