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Synthesis of an Oxyamide linked Nucleotide Dimer and Incorporation into Antisense

Oligonucleotide Sequences
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Two derivatives of thymidine, a 5'-protected 3'-hydroxylamine and 5'-carboxy-3'-protected compound, were
prepared and coupled to form an oxyamide-linked dinucleotide analogue; this dimer was incorporated into an
oligodeoxynucleotide then shown to anneal to complementary DNA with nearly the same affinity as the natural

sequence.

Structural modifications of oligonucleotides are becoming
increasingly important as possible clinical applications of
antisense DNA emerge.!-2 Backbone modifications wherein
phosphate linkages are replaced by neutral functionalities are
particularly important as they are frequently associated with
advantageous physical properties. Such analogues are less
susceptible to degradation by nucleases, more likely to cross
cell membrane due to their enhanced lipophilicity, and
encounter diminished charge—charge repulsion on binding to
complementary strands.

Some DNA surrogates with surprisingly little similarity to
natural oligonucleotides have interesting and potentially
useful bioactivities. Notable amongst these are ‘peptide
nucleic acids’, PNAs.34 These analogues anneal strongly to
DNA, although the interactions by which they do so are not
yet elucidated.s This communication describes a synthesis of a
dinucleotide surrogate which, unlike PNAs, retains the ribose
functionalities but it is linked by an amide bond. The effects of
incorporating this into small DNA fragments are discussed.

Scheme 1 depicts the synthesis of the dithymidine surrogate.
5'-Tritylated ara-thymidine 1 was prepared from 5'-trityl-
thymidineé according to a literature procedure, i.e. via an
anhydro intermediate.” Mitsunobu inversion® at the 3’-posi-
tion with N-hydroxyphthalimide (HONphth) introduced the
required masked hydroxylamine functionality giving the
inverted product 2.9-10 Transposition of the trityl group into
the more fragile dimethoxytrityl (DMT) ether functionality,
and removal of the phthalyl group gave the desired amine 3 in
26% overall yield from 1.

An acid component for coupling to amine 3 was prepared by
first adding a diphenyl-tert-butylsilyl group to the 3'-hydroxy
group of 5'-trityl thymidine to give the derivative 4. Diethyl-
aluminium chloride selectively removed the trityl group from
the 5’'-oxygen.!! exposing it for oxidation. Ruthenium tetra-
oxide with 5,042~ as a co-oxidant has been recommended for
oxidation of the 5'-hydroxy of nucleosides,!?2 and gave good
results in our system. The pH of this reaction was maintained
at 10 because more alkaline conditions caused loss of the silyl
functionality. Overall the yield of acid 6 was 50% from
5'-tritylthymidine.

Coupling of the amine 3 with the acid 6 proceeded
smoothly; the conversion to product 7 was 57% but the yield
based on starting materials consumed was 72% (i.e. significant
amounts of starting material were recovered in this reaction).
Replacement of the silyl group of ether 7 with a phosphor-
amidite gave the dinucleotide analogue 8 which is suitably
protected for incorporation into DNA strands via the auto-
mated phosphoramidite methodology.!3

An ABI 380B DNA synthesizer was used to prepare Ty
analogues each containing an oxyamide linkage. At the end of

Scheme 1 Synthcses of the oxyamide oligomimetic. Reagents and
conditions: i. ref. 7; ii. Ph,Bu'SiCl, imidazole, DMF; iii, HONphth,
PPh;. DEAD., 4 A sieves; iv, Et;AICI, CH,Cl,; v, TsOH, MeOH then
DMTCI, py then NH;NH,, THF; vi, RuCl; (catalyst). K;S,0g, 1
mol dm~3 KOH (aq), THF, pH 10; vii, benzotriazol-1-yloxytris-
(dimethylamino)phosphoniumhexafluorophosphate (BOP), BtOH,
N-methylmorpholine, DMF; viii, NBu,F, THF  then
CIP(OCH,CH,CN)(NPri,), NPri;Et, CH,Cly; Tr = trityl, Ts = tosyl.
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the automated sequence the 5'-dimethoxytrityl group was
retained, facilitating purification of the oligomers and simul-
taneous removal of the dimethoxytrityl protecting group by
loading the samples onto NENSORB reverse-phase columns,
treating with TFA, then eluting with 35% aqueous methanol.
Purities of the products were verified using analytical HPLC.
Table 1 shows the ‘oligomimetics’ produced, where T*T is
used to identify the oxyamide dimer derived from the
protected fragment 8.

Melting temperatures were determined (UV) by annealing
the modified T, oligomers to CGCA (CGC. The flanking
CGC functionalities were included to prevent formation of
partial double strands by annealing in such a way that
overhang and sliding occurs. Oxyamide linked T*T dimers
have one atom less than the natural TT phosphates in the
backbone chain. This shortening effect is somewhat offset by
the planarity of the amide linkage; nevertheless, it might be
expected that the analogues would anneal less strongly,
particularly if the T*T dimer were located in a central position
of the oligomer. In fact, there was no significant difference in
the melting temperatures observed for the positional isomers
of the oxyamide dimer. Natural T did bind to its complement
more strongly than any of the analogues, but the drop in
melting temperature was less than that which would be
observed if two mismatched bases were introduced.

Compound 8 is not the first dinucleotide analogue with an
amide bond connecting the two units,!# but it has attributes
not shared with some of the other members of this cate-
gory.15-20 Notably, the 3’-oxygen is retained so that it both

Table 1 Melting temperatures for DNA and analogues annealed to
CGCA ,CGCH

Entry Sequence Twt°C

1 Tw 25+0.5
2 T*TTg 18+1.0
3 T,T*TT, 20+1.0
4 T,T*TT, 19+0.5

a Melting temperatures were determined by adding equimolar
amounts of the complementary strands in a 10 mmol dm~3 phosphate
buffer (pH 7.0), 10 mmol dm~—3 MgCl, and 20 mmol dm—3 NaCl. The
solution was heated to 95 °C, slowly cooled to 25 °C over 30 min, then
to 4°C over 45 min. UV absorbances at 260 nm were recorded with
increasing temperature at regular intervals of 1°C. Temperature and
normalized absorbances were plotted to give melting curves.
b Determined via UV absorbance, errors quoted represent the range
of variation over at Icast three experiments for each of the entrics.
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increases the nucleophilicity of the amine functionality and
projects it away from the encumbering effects of the ribose
fragment. These properties are particularly attractive with
respect to projects involving generation of oxyamide linked
oligomimetics by the techniques typically used in solid-phase
peptide syntheses.
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