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Abstract: A series of novel thymidine-thymidine dimers containing 3'-allylether, 3'-allylsulfide connections and their
saturated derivatives have been prepared and incorporated into oligodeoxynucleotides (ODNs). The 3'-allylether analog results in only
a modest destablization of double belix formation with a comptementary ssRNA relative (o the phosphodiester linkage. This fact
coupled with its facile synthesis may point to an application of this linkage in oligonucleotide-based therapeutics.

Oligodeoxynucleotide (ODN) analogs bearing neutral phosphodiester mimics are of interest for theoretical
and practical reasons!. Many achiral mimics have been synthesized? including 5'-sulfide,3 siloxane,4 sulfone.5
methylhydroxylamine,$ thio- and formacetal.”? We now report the synthesis and the hybridization properties of
ODNs containing thymidine-thymidine dimers bearing 3'-allylether 1. 3"-allylsulfide 2. and their saturated
derivatives 3 and 4,8 replacing the phosphodiester linkages.
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The 5§’ hydroxyl of 3'-O-r-butyldiphenylsilyl-thymidine § (Scheme 1) was oxidized to the aldehyde, and
then condensed with Ph3P=CHCHO to give the unsaturated aldehyde 6.9 Reduction of 6 with NaBH4/Et3SiH
in THF gave the allylic alcohol 7. Compound 7 was then converted to the allyl bromide 8 using PhyP/CBry4 in
DMEF. Condensation of the allyl bromide 8 and 5'-O-DMT-thymidine 9 (Scheme 2) was carried out by adding
8 to the solution of 9, which was pretreated with tive equivalents of NaH in THF at 0°C. The reaction gave the
desired dinucleoside 11 (55% yicld). Coupling of 10 with 8 to yield the 3-allylsulfide 13 went smoothly in
CH2Cl» using diisopropylethylamine (DIPEA) as the base (75% yield). Both 11 and 13 were desilylated to
1219 and 1411 followed by conversion to the dinucleotides H-phosphonates 15 and 16.

The saturated derivatives of the allylic dinucleoside 1712 and 2213 were synthesized in different manners
(Scheme 3 and Scheme 4). Compound 17 was obtained by ambient pressure hydrogenation of 12. The
saturated sulfur analog was prepared via a alternate route given sulfur would likely poison the hydrogenation
catalyst. The allyl alcohol 7 was hydrogenated to 19 followed by bromination to the compound 20. The
bromide was condensed with mercaptan 10 using 1.0M sodium trimethylsilanolate in THF as the base to yield
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a. DMSO/DCC, &: PhaP=CHCHO, 65% for two steps; ¢. NaBH/Et;SiH/THF, 90%;
d. Ph3P, CBryDMF, 70%.
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11 X =0. R = (BuPh,Si
b':ux=o. R=H 15 X=0

13 X =S, R=tBuPh,Si 16 X=S

14 X=S, R=H <_—| b
a. For X =0: NaH/THF, 55%; for X = S: DIPEA/CHACl», 75%; ». TBAF/THF, 70-80%;

¢. 2-chloro4-H-1,3,2-henzadiox aphosphorin-4-one, pyridine/CHaCls, 75%-80%.

21 (80% yield), desilylated and converted to the H-phosphonate 23.14 The sequences listed in Table 1 were
prepared by standard H-phosphonate protocoll® and characterized by digestion with nuclease and phosphatase
followed by HPLC analysis of the monomers and dimers. All ODNs showed the expected ratios.
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a. Hp, PWUC, 85%; b. 2-chloro-4-H-1,3,2-benzoadioxaphosphorin-4-one, pyridine/
CH,Clz, 75%.
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a. Hz, PA/C, E\OH, 95%; b. PhaP, CBry, DMF, 80%; c¢. 10, TMSONa, THF, 80%; d. TBAF, THF, 75%.
e. 2-chloro-4-H-1,3,2-benzodioxaphosphorin-4-one, pyridine/CHaCla, 75%.

The hybridization properties were examined by thermal denaturation studies on the duplexes formed
between the test ODN and its complement (Table 1). These data demonstrated that the allyl and propyl
containing ODNss result in somewhat less affinity toward ssRNA relative to the control phophodiester. Further
destablization resulted when the analogs were hybridized to ssDNA. This "selectivity" favoring RNA was
recently also reported for a 5'-sulfide ODN analog.16

Table 1 Tm Analysis of ODNs Containing Backbone-Modified Dimeric Nucleotides
sSRNA(ATm/subst.) ssDNA(ATm/subst.)
Complement 3" ApGpApGpApGpApGpApGpApApApAPpA §'
phosphodiester ~ 5* TpCpTpCpTpCpTpCpTpCpTpTpTpTpT 3 62.5 + 0.5°C §5.5 4 0.5°C
Allylether 5" TpCpTpCpTpCpTpCpTpCpTSTpT*TpT 3' 60.5 (-1.0) 49.0(-3.25)
Allylsulfide 5" TpCpTpCpTpCpTpCpTpCpT«TpTeTpT 3 59.5 (-1.5) 49.5(-3.0)
propylether 5 TpCpTpCpTpCpTpCpTpCpT*TpT*TpT 3' 8.5 (-2.0) 49.0(-3.25)
propyl sulfide S TpCpTpCpTpCpTpCpTpCpT*TpToTpT 3 59.0 (-1.75) 49.X-3.25)

» = modified linkage; p = phosphodiester bond; C = 5 Methyl-2'-deoxycytidine
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Among this series of novel thymidine-thymidine dimers, the 3-allylether analog results in only a modest

destablization of helix formation with a complementary ssRNA relative to phosphodiester linkages. This fact
coupled with its facile synthesis may point to an application of this linkage in oligonucleotide-based therapeutics.
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