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Abstract: A 5’ -deoxy-5’ -methylphosphonate linked thymidine dinucleotide was synthesized and its
3’ -phosphoramidite used to synthesize oligenucleotides.

One of the major requirements for antisense oligonucleotides is stability against enzymatic degradation of
the phosphate diester internucleotide linkage.! Depending upon the nuclease, the P-O(5/ ) or P-O(3 ) bond is
cleaved and the 3/ or 5¢ deoxymononucleotide, respectively, is released. Therefore, we expected that a formal
replacement of 05 by a CH, group, i.e. substitution of the backbone phosphate by a 5/ -deoxy-5' -
methylphosphonate (5 “mp) (Figure 1a, b), would increase stability against nucleases. Further, we assumed that a
5 "mpDNA strand would hybridize with DNA and that the melting temperature (Tp,) of such a duplex would be
similar to the Ty of the corresponding DNA.DNA duplex. This assumption was based on the observations of
Heinemann et al.2 with 3 “mpDNA where an x-ray analysis and a Ty, study revealed only minor influences of a
single 3 “mp linkage in a DNA octamer. Recently Stawinski and Szabo have recognized the potential usefulness of
this analog as well but have not published any oligonucleotide synthesis strategies.?

Within the 5 ’mp series, only ribomono- and dinucleotides are described*’ (Figure 1 ¢, d). To obtain these
5 “mp dinucleotides, coupling of two monomers was achieved via the phosphodiester methodology.5 Since today,
the phosphotriester protocol?.s for DNA synthesis is regarded as superior to this approach, we expected to improve
the coupliag yield for the 5 “mp analogs by using the phosphotriester chemistry.
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Figure 1. DNA Analogs: a): 5 “mpDNA; b): DNA; c) and d): 5 “mp nucleotides.*S B: A, T, or U.

5’ -Deoxy-5' -methylphosphonate linked thymidine deoxyoligonucleotides were synthesized as described
in Figure 2. Silylation of 16 with TBDMSi-triflucromethanesulfonate (1.3 eq) in pyridine (Figure 2, reaction (i):
95% 2) followed by treatment with 80% HOACc at 60° afforded 3 in its crystalline form ((Gi): 85% 3). The
oxidation of 3 to the aldehyde 5 is described by M.-J. Camarasa et al.; 0 but, we never were able to achieve the
same results. Much better yields were obtained with a Pfitzner-Moffat oxidation!! followed in sifu by protection
of the aldehyde § as the imidazolidine 4, as described for a similar compound by A. Montgomery et al.12 ((iii):
90% 4).
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Figure 2. Synthesis of 5 ’mp Linked Di- and Oligonucleotides. (Analytical data in references and notes')

The crystalline imidazolidine 4 was converted to the aldechyde 5 by treatment with p-toluenesulfonic acid

(@v): 76% 5).1+ In a Wittig reaction, the freshly prepared aldchyde § was converted with 8 to 9 ((vii): 83% 9).
The C5* -C6* double bond in 9 appeared to be trans because of the coupling constants in the 1H-NMR spectra
(57 - =17.5 Hz). The Wittig reagent 8 was devived from 715 by quarternization of triphenylphosphine and
obtained in its crystalline form ((vi): 45% 8).¢ Under treatment of 9 with H2-Pd in MeOH and 1% HOAc, the
C5’-C6’ double bond was reduced ((viii): 97% 10) and, unfortunately, the 3’ -O-protecting group, TBDMSi, was
cleaved. Therefore, 10 was silylated to 11 using the same conditions as conversion of 1 to 2 ((ix): 87% 11).
Selective deprotection of one CIPh group of 11 was achieved by treatment with a mixture of 2-nitrobenzaldoxime
and 1,1,3,3-tetramethylguanidine (1.2 eq each) in dioxane/H20, 3:116 ((x): 98% 12). In CH2CI2, 12 was
converted with 1 eq 1, 5.7 eq 2,4,6-triisopropylbenzenesulfonyl chloride and 11.4 eq 1-methylimidazole to 13ah
((xi): 78% 13a,b) which was obtained as a 1:1 mixture (31P-NMR) of the two diastereomers (characterized by
31p, 13C and 1H-NMR and tlc). Attempted cleavage of the TBDMSi group of 13a,b with BusNF-3H20 resulted
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in a rapid cleavage of the CIPh. Thus, 13a,b was deprotected with 0.5 M HC1 in MeOH at 40° to obtain 14a,b
((xii): 93% 14a,b). With an excess of DMTCI and BugNCIO4 (2.8 eq each), 15a,b was prepared ((xiif): 76%
15a,b).17 Finally, 16a-d was derived from 15a,b with 2-cyanoethyl-N,N-diisoprophylchlorophosphoramidite
((xiv): 76% 16a-d).18 After chromatography and precipitation, the amidite 16a-d was isolated as 1:1:1:1 mixture
of its 4 diastercomers (31P-NMR).

On a DNA synthesizer and using the phosphoramidite methodology,! dT6(TS /mpT)Tg (17),
dT(TS5 *mpT)gT (18), and dT 4 were prepared with 16a-d and commercially available 2-
cyanoethylphosphoramidite of thymidine as building blocks. The coupling time was extended from 53 sec to 138
sec. The trityl assays of all three syntheses did not differ. The 5’ -O-DMT groups were then cleaved from the
fully assembled oligonucleotides still linked to the solid support. For dT6(T5 ‘mpT)Tg and dT(TS mpT)gT,
deprotection at phosphorus and cleavage from the support were achicved by treatment with a 0.5 M solution of 2-
nitrobenzaldoxime and tetramethylguanidine in dioxane/H20, 3:1,1620 followed by the usual NH3 treatment. All
oligonucleotides were purified by ion exchange HPLC and desalted by Sep-Pak® cartridges. Chromatograms of
the crude material revealed equal coupling efficiency for dT(TS *mpT)gT, dT6(TS “mpT)Tg and dT 14 (Figure 3.a).
Analytical HPLC of the purified oligonucleotides indicated 98% purity for dT(T5 ‘mpT)gT, dT(T5’mpT)T¢ and
dT14. Polyacrylamide gel electrophoresis under native and denaturing conditions yielded similar results (Figure
3.b)
Tm studies, nuclease digestion and RNase H stimulation experiments for the potential use of 5 “mpDNA as an
antisense oligonucleotide are currently underway.
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Flow: 1 ml/min, b) Denaturing pol dnctmplxﬁm. 19:1 crosslinking, 8 M urea.
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