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o-Hydroxyphosphonate Oligonucleotides:
A Promising DNA Type?

Sarka Kralikova, Milo§ Bud&insky, and Ivan Rosenberg™*

Institute of Organic Chemistry and Biochemistry, Academy of Sciences,
Prague, Czech Republic

ABSTRACT

The synthesis of monomers (S)-1, (R)-1 and 2 derived from (5'S)-, (5’ R)-2'-deoxy-
thymidine-5'-C-phosphonic acids and 2',5'-dideoxythymidine-5'-C-phosphonic
acids was elaborated. The protection of the 5'-hydroxyl by the methoxycarbonyl
group was a key step of the synthesis. Prepared monomers were used for the
solid-phase assembly of several types oligothymidylate 15-mers (S)-3, (5)-4, (S)-5,
(R)-4 and (R)-5 containing the chiral 3'-O-P-CH(OH )-5" internucleotide link-
age. Their hybridization properties with dA;s and rA;s were studied as well as
their resistance against nuclease cleavage.

Key Words: Isopolar phosphonate oligonucleotides; Geminal hydroxyphospho-

nates; Nonisosteric internucleotide linkage; Nucleoside 5'-phosphonic acids;
Phosphotriester method; Reversed phosphoramidites; Triplex; Hybridization.

RESULTS AND DISCUSSION

The search for antisense and triplex-forming-oligonucleotides (TFO) with
enhanced nuclease resistance, increased hybridisation properties as well as high
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selectivity in discrimination between RNA and DNA, has led to many structural
alterations of phosphodiester internucleotide linkage.!""* The phosphonate analogs
of oligonucleotides featuring enzyme-resistant, bridging P-C internucleotide linkage
have attracted our attention for a long time.** The recent study on hybridisation
properties of r(ApA) and d(ApA) analogues, featuring one bridging atom shorter
3'-0-P-CH(OH) -5" internucleotide linkage, with polyU revealed remarkable differ-
ences in stabilities of the complexes depending on the 5”-carbon atom configura-
tion.l”! To proove the usefulness of this modification in oligonucleotide chemistry,
we synthesized modified oligothymidylate 15-mers, differing in a number and distri-
bution of the chiral 3'-O-P-CH(OH )-5" internucleotide linkage along the chain, in
both (S)- and (R)-series. For a comparative study, the oligothymidylate 15-mer with
the non-chiral 3’-O-P-CH,-5" internucleotide linkage lacking the 5”-hydroxyl was
also prepared.

('DMOP OMOP OMOP
HO~-P=0 HO— P o HO— P (0] OCHZCHzCN
OMC T MCO O T p 0 o T
(CaH7)zN
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.. 4-methoxy-1-oxido-2-picolyl; MC..... methoxycarbonyl DMTr..... dlmethoxytntyl
Thus, the synthesis of monomers (S)-1, (R)-1 and 2 was elaborated starting in all

cases from the 3'-protected dimethyl-(5'RS)-2'-deoxythymidine-5'-C-phosphonate.
The protection of the 5'-hydroxyl was a key step at the preparation of monomers,
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and we have selected, from many others, the methoxycarbonyl protecting group as
a group which does not participate at the activation of phosphorus moiety during
the condensation step. Its quantitative introduction was accomplished using
methoxycarbonyl tetrazole as acylating agent.!”’

The step-by-step synthesis of oligonucleotides was performed on GeneSyn DNA
synthesizer using LCAA-CPG (500 A) with attached 2'-deoxy-3'-O-dimethoxytrityl-
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Table 1. Hybridization properties of modified oligothymidylates (2:1 complexes® with
natural oligoadenylates).

A-STRAND
2'-DeoxyriboA;s RiboA 5
M g2+ Na+ M g2+ N a+

T-STRAND Tm [°C] Tm [°C]
dT s 45 36 36 34
S)-3 10 — — —
(S)-4 69 53 45 44
S)-5 60 47 — —
(R)-4 22 — — —
(R)-5 29 — — —
6 17 no complex — —
7 49 27 — —
8 47 27 — _

44 uM total strand concentration, measured in 50 mM TRIS/HCI pH 7.2, 1 mM EDTA,
10mM Mg>* or 100mM Na™.

5'-O-hemisuccinylthymidine. The synthesis was driven from the 5'- to the 3’-end
using the phosphotriester method for introduction of monomers (S)-1, (R)-1 and
2, and the phosphoramidite method to introduce reversed phosphoramidite 2a.
Thus, the 15-mers (S)-3, (S)-4, (S)-5, (R)-4, (R)-5, 6, 7 and 8 were prepared and their
hybridization properties studied (Table 1).

Remarkable differences in hybridization properties of the modified oligonucleo-
tides (Table 1) depending on the configuration at the 5'-carbon atom (Table 1) were
found. Whereas fully modified 15-mer (S)-3 exhibits only a week hybridization with
very low T, value, the oligomer (S)-4 containing equal number of both phosphonate
and phosphodiester internucleotide linkages in alternating mode exhibits, surpris-
ingly, very high T,, value. Reduction of the number of phosphonate linkages in oli-
gomer (S5)-5 leads only to a little decrease of the T, value. On the other hand, both
(R)-4 and (R)-5 oligomers show a very week hybridization. The explanation of these
phenomena could be seen in preorganization of shorter sugar phosphonate back-
bone in both (S)- and (R)-configured oligomers due to a suppressing of a free rota-
tion around the C4'-C5' linkage.” In the former case, the preorganization of the
chain is strongly stabilizing but in the latter case strongly destabilizing for complex
formation. It could be supported by hybridization properties of oligomers 7 and 8
lacking the 5'-hydroxyl; their Ty, values are almost identical with the T, value found
for the natural dT;s. The total shortening of the sugar-phosphonate backbone in
fully modified oligomers (5)-3 and 6 leads to dramatic decreasing of hybridization
abilities. Melting curves of complexes of prepared oligomers with dA;s exhibited
only a single transition profile corresponding apparently to only one type of complex
(duplex or triplex). The mixing curves measured at 0°C had one minimum signalizing
the 2T:1A stoichiometry of complexes (triplex structure). Despite of these findings
we cannot also eliminate the presence of duplexes that can melt simultaneously
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with triplexes. It would mean that in complexes of homooligomers the stability of
Hoogsteen and Watson-Crick hydrogen bonds is very similar. In order to find out
equilibrium concentration of duplexex, triplexes and free complementary oligomers
in a mixture, we have applied recently published mathematical method for the quan-
titative analysis of Raman spectral data of ApA—polyU complexes:®! such study with
mixtures of modified dT;s and natural dA ;5 or rA;s is underway.

Concerning the nuclease resistance of oligomer (S)-4, we found complete stabi-
lity of this compound against snake venom exonuclease (EC 3.1.30.1) and endonu-
clease P1 (EC 3.1.3.16) cleavage. From the facts mentioned above we could
conclude that this (S)-configured type of modification of internucleotide linkage
seems to be very promising for its further evaluation in TFO and also antisense
oligonucleotides.
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