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Abstract : Mixed oligonucleotide analogues having a backbone structure with a N-cyanoguanidine functionality
and an acyclic sugar moiety were synthesized. This combination, however, has a detrimental effect on duplex
stability of DNA-DNA hybrids.

The synthesis of acyclic oligonucleotide analogues with phosphodiester internucleotide linkages has

been discouraged because of reports on the absence of duplex formation between acyclic oligothymidylates
and natural oligoadenylates!. A recent report, however, describes the potential advantages of acyclic
oligonucleotide analogues : stabilisation against enzymatic degradation, triple helix formation of the acyclic
polyadenylates with natural oligothymidylates and their use as universal nucleosides for the synthesis of
degenerate probes2.
The observation of Nielsen ef al.3 that peptide nucleic acids (PNA) having an N-(2-aminoethyl)glycine
backbone are able to hybridize strongly with the complementary natural oligonucleotide in a sequence specific
manner? increased the interest in the synthesis of acyclic oligonucleotides with an amide-containing
backbone?,

In a follow up of our recent work on N-gubstituted guanidines as neutral backbones in
oligonucleotides, we became interested in the synthesis of acyclic oligonucleotide analogues having this
functionality. With these syntheses, we decided to further exploit the beneficial characteristics of these N-
substituted guanidines functionalities: a planar geometry, restricted rotation, nuclease stability and good
hybridization properties of oligonucleotides having this backbone structure.

Here we describe the synthesis and physicochemical characteristics of oligonucleotides where the
natural deoxyribose moiety is partially replaced by acyclic nucleosides of different chain length and where the
phosphate backbone is partially replaced by the substituted guanidine moiety. The thymine base is connected
to the backbone either by an ether function either by an amide function.

The synthesis of the starting material 1, is essentially that described by Azymah et al.7. Tosylation of 1
with tosylchloride in pyridine afforded 2 which was reacted with sodium azide in DMF for 4 hours at 80°C.
The silyl protecting group was removed with tetrabutylammonium fluoride in THF for 1 hour at room
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temperature, yielding 4 which was dimethoxytritylated (DMTrCI, pyridine). The azido group of § was
reduced under catalytic conditions (Hp, Pd/C).
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Reaction of 5'-amino-5'-deoxythymidine 7 8 with S,S-dimethyl-N-cyanodithioimidocarbonate in ethanol at
room temperature afforded 1-cyano-3-(5'-deoxythymidin-5'-yl)-2-methylisothiourea 8. Reaction of 8 with 6
in a mixture of DMF.TEA (1:1) containing AgNO3 (1 1 equiv.) afforded dimer 9.
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Reaction of 8 with 14 using identical reaction circumstances as described for the synthesis of 9 yielded dimer
17. The starting material 14 was obtained from diethylenetriamine 10 by monomethoxytritylation (5 eq. of 10
in pyridine), protection of the other primary amine function as a phtalimide (N-carbethoxyphtalimide, EtOAc,
Hp0, NaOH; AT, toluene), introduction of the methylenecarbonyl linked thymine and removal of the
phtalimide protecting group with hydrazine.

The dimers 9 and 17 were phosphitylated with 2-cyanoethyl-N, N-diisopropylchlorophosphoramidite and the
oligonucleotides were assembled on an automated DNA synthesizer (ABI 381A) and were purified on a
Mono Q® HR 10/10 column (Pharmacia).
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Duplex stability of oligonucleotide analogues containing dimer 9 (t*T) and 17 (t*T) were compared
with natural oligonucleotides having a normal phosphodiester backbone and with oligonucleotides where only
the internucleotide linkage (cyanoguanidine backbone) is modified.

An oligonucleotide with one or two cyanoguanidine linkages gives only a slight decrease in melting point
(entries 1, 2, 5) and even the presence of eight modified internucleotide linkages yields an oligonucleotide
which is still able to hybridize with its complementary sequence (entries 8, 9).

However, the introduction of an acyclic nucleoside has a more detrimental influence on duplex stability which
can be seen from the large drop in Ty, by introducing one or two of these constructs (entries 3, 4, 6, 7) and
by the absence of hybridization by introducing five cyanoguanidine bearing acyclic nucleosides (entry 10). As
could be expected, increasing the chain length did not alter the melting point behaviour. (entry 4)

Melting points were determined with (dA)q3 or (dA);7 as complementary strand at 4uM each, in 2 0.02 M
phosphate buffer pH 7.5 containing 0.1 M NaCl and 0.1 mM EDTA..

entry oligonucleotide 5'—»3' Tn°C AT
1 Ti3 33.0
2 T5(T*T)Tg 29.8 -32
3 T(t*T)T5 227 -10.3
4 Te(t*T)Ts 22.6 -10.4
5 (T*T)Tg(T*T)T 312 - 18
6 (*THTR(t*T)T 23.5 - 17
7 Tg(t*TXt*T)T 15.1 -16.1
8 T17 43.0
9 (T*T)gT 240 -19.0
10 To(t*TpT)s - -
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Therefore, it can be concluded that this new internucleotide linkage with restricted rotation is not able
to compensate for the loss in entropy on duplex formation between oligonucleotides containing acyclic
nucleosides and natural oligonucleotides. As also demonstrated by the synthesis of mixed oligonucleotides
containing acyclic and pyranose nucleosides?, it will not be easy to construct a mixed oligonucleotide,
differently modified at several positions, with good hybridization properties.

Acknowledgement

A. Van Aerschot is a Research Associate of the Belgian National Fund of Scientific Research. We wish to
thank Mieke Vandekinderen for editorial assistance. This work was supported in part by grant 3.0076.92 of
the National Science Foundation.

References

Schneider, K.C.; Benner, S.A. J. Am. Chem. Soc. 1990, 112, 453-455.
2 Vandendriessche, F.; Augustyns, K.; Van Aerschot, A.; Busson, R.; Hoogmartens, J. and Herdewijn, P.
Tetrahedron 1993, 49, 7223-7238.
3 a. Nielsen, P.E..; Egholm, M.; Berg, R.H.; Buchardt, O. Science 1991, 254, 1497-1500.
b. Burchardt, O.; Egholm, M.; Nielsen, P.; Berg R. PCT Int. Appl. WO 9220702 C.A. 1993, 119,
181235z.
4  Egholm, M.; Buchardt, O.; Christensen, L.; Behrens, C.; Freier, S.; Driver, D.; Berg, R.; Kim, S ;
Norden, B.; Nielsen, P. Nature 1993, 365, 566-568.
5 a. Garner, P ; Yoo, J.U. Tetrah. Lett. 1993, 34, 1275-1278.
b. Lewis, J. Tetrah. Lett. 1993, 34, 5697-5700.
6 a. Pannecouque, C.; Wigerinck, P.; Van Aerschot, A. and Herdewijn, P. Tefrah. Lett. 1992, 33, 7609-
7612.
b. Vandendriessche, F.; Voortmans, M.; Hoogmartens, J.; Van Aerschot, A. and Herdewijn, P. Bioorg.
Med. Chem. Lett. 1993, 3, 193.
¢. Vandendriessche, F.; Van Aerschot, A.; Voortmans, M.; Janssen, G.; Busson, R.; Van Overbeke, A.;
Vanden Bossche, W.; Hoogmartens, J. and Herdewijn, P. J. Chem. Soc. Perkin Trans I, 1993,
1567-1575.
7  Azymah, M,; Chavis, C.; Lucas, M.; Morvan, F.; Imbach, J.-L. Nucleosides and Nucleotides 1992, 11,
1241-1255.
8 Horwitz, J.P.; Tomson, A.J.; Urbanski, J.A.; Chua, J. J. Org. Chem. 1962, 27, 3045-3048.

(Received in Belgium 30 November 1993; accepted 29 March 1994)



