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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 oligoadenylatesl. A recent report, however, describes the potential advantages of acyclic 

oligonucleotide analogues : stabilisation against ~tic degradation, triple helix fo~ation of the acyclic 

polyadenylates with natural o~goth~dyla~ and their use as universal nucleosides for the synthesis of 

degenerate probes2. 

The observation of Nielsen er uL3 that peptide nucleic acids (PNA) having an ~-(2-~oet~l~~y~ine 

backbone are able to hybridize strongly with the ~rnpl~~t~ natural oligo~~l~tide in a sequence specific 

manner4 increased the interest in the synthesis of acyclic oligonucleotides with an amide-containing 

backbones. 

In a follow up of our recent work on N-substituted guanidines as neutral backbones in 

oligonucl~ides6, we became interested in the synthesis of acyclic oligonuci~tide analogues having this 

&mctionality. With these syntheses, we decided to further exploit the beneficial characteristics of these N- 

substituted guaoidines fbnctionalities: a planar geometry, restricted rotation, nuclease stability and good 

hyb~~~tion properties of o~gonucl~tides having this backbone structure. 

Here we describe the synthesis and phy~w~e~c~ ~~e~sti~s of oligonucleotides where the 

natural deoxyribose moiety is partially replaced by acyclic nucleosides of d&rent 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 hction either by an amide lbnction. 

The synthesis of the starting material 1, is essentially that described by Azymah et al.7. To~Iation of 1 

with tosylchloride in pyriclme afforded 2 which was reacted with sodium azide in DMF for 4 hours at 80% 

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, pyridiie). The azido group of 5 was 

reduced under catalytic conditions (Hz, PdK). 
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Reaction of S’-amino-S-deoxythymidime 7 8 with $S-dimethyl-iV-cyanodithioimidocarbonate in ethanol at 

room temperature afforded l-cyano-3-(5’-deoxythymidm-5’-yl)-2-methylisothiourea 8. Reaction of 8 with 6 

in a mixture of DMF:TEA (1: 1) containing AgN03 (1 1 equiv.) afforded diier 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-carbethoxyphtahmide, EtOAc, 

H20, 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-~,Wdiisopropykhlorophosphoramidite and the 

oligonucleotides were assembled on an automated DNA synthesizer (ABI 381A) and were purified on a 

Mono Q@ HR lO/lO column (Pharmacia). 
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Duplex stability of oligonucleotide analogues containing dimer 9 (t*T) and 17 (z*T) were compared 

with natural oligonucleotides having a normal phosphodiester backbone and with oligonucleotides where only 

the internucleotide linkage (cyanoguanidme backbone) is modified. 

An oligonucleotide with one or two cyanoguanidme linkages gives only a slight decrease in melting point 

(entries 1, 2, 5) and even the presence of eight modified intemucleotide 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 intluence on duplex stability which 

can be seen from the large drop in T, 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)13 or (dA)17 as complementary strand at 4pM each, in a 0.02 M 

phosphate buffer pH 7.5 containing 0.1 M NaCl and 0.1 mM EDTA.. 
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Therefore, it can be concluded that this new intemucleotide liige 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 nucleosides2, it will not be easy to construct a mixed oligonucleotide, 

differently modified at several positions, with good hybridization properties. 
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