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Abstract : Synthetic routes for oligonucleotides which have isoxazoline or isoxazole linkage have been
developed, and di- and tri-nucleotides with thymine bases have been prepared. © 1998 Elsevier Science Ltd. All rights

reserved.

Modified oligonucleotides at the phosphodiester linkage are important class of
compounds especially in the field of antisense and antigene oligonucleotides.! We are
interested in the replacement of the phosphodiester linkage of the natural oligonucleotide with
novel, neutral, and heterocyclic linkages based on their stability and regidity and report here an
efficient synthesis of the monomeric units, and facile chain-extension steps to prepare di- and

tri-nucleotides 1-4.
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The synthesis of the dimer 1 and trimer 2 is depicted in Scheme 1. Selective protection
of 5’-hydroxyl group of thymidine with 4,4’-dimethoxytrityl (DMTr) group followed by
silylation of 3’-hydroxyl group with #-butyl dimethyl silyl chloride (TBDMSCI) provided the
fully protected compound 6. Selective deprotection of 5 -position with ZnBr,, and the
modified Moffatt oxidation with 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydro-
chloride (EDC) gave the key intermediate 8.2 The aldehyde 8 was further reacted with
hydroxylamine hydrochloride to give the mixture of syn and anti oxime 9. Nitrile oxide
was in situ generated from the crude mixture of oxime 9 using 4% aqueous NaQOCI solution
and cycloadded with methyl propiolate to afford the cycloadduct 10 and its N-chlorinated
compound. This N-chlorinated compound was easily converted to the desired product 10 by
the treatment with methyl sulfide. The monomeric building block 11 was prepared by
hydrolysis of the ester 10 using LiOH-H,O. Coupling between the monomer 11 and 5’-DMTr
thymidine using 2,4,6-trichlorobenzoyl chloride (TBC)® provided the dinucleotide analog 1* in
8 steps (overall yield=31%) from thymidine. Deprotection of 3'-TBDMS group with
tetrabutyl ammonium fluoride (TBAF) followed by repetitive coupling with the monomeric
unit 11 provided trinucleotide analog 2* in 10 steps (overall yield=15%) from thymidine.
There is every reason to believe that further elaboration of the oligonucleotides beyond the
trimer stage will be possible through the deprotection/coupling sequences in repetitive fashion.

Scheme 1 o
0

T HO, S
T
R'OWT . H)k(iy (e N'—\C’JI ® QN— T
: (@ TBDMSO 8 TBDMSO )
RO 9 TBDMSO
R"=Me; 10
R=H, R'=H ; Thymidine DMTrO o 7 j (@
@ \(_\/ R'=H ;11
R=H, R = DMTr .5
e ox° (h)
R=TBDMS, R'=DMTr ; 6
c 0]
R=TBDMS, R=H ; 7 :() & ;1

®

HO 2
12

Reagents and conditions: (a) DMTrCl, triethylamine, DMAP, Py, 93%; (b) TBDMSCI,
diisopropylethylamine, DMF, 97%; (c) ZnBr;, CHCl:/MeOH (9:1), 89%,; (d) EDC, DMSO, Py,
Trifluoroacetic acid; () NH;OH-HCI, Na,COs, MeOH/H,O (1:1), 70% [ (d) and (e), overall]; (f)
1. NaOCl, Methyl propiolate, CH,CL,, (0°C), 2. CH;SCH;, 70% (g) LiOH'H,O, THF/H,O (5:1),
89%; (h) 5, TBC, DMAP, CHCl,, (0°C), 88%, (i) TBAF, THF, (0°C), 60%,; (j) 11, TBC, DMAP,
DMSO, CH.Cl,, (0°C), 82%.
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Synthesis of oligonucleotides 3 and 4 which possess a novel, neutral and chiral
internucleoside linkage is outlined in Scheme 2. Starting from the oxime 9 prepared through
the previous synthetic route in Scheme 1, diastereoselective cycloaddition of in situ generated
nitrile oxide to N-acryloyl (2R)-bornane-10,2-sultam was carried out’  The major
cycloadduct 13 with R configuration in the 5 position of isoxazoline ring was purified by
recrystallization of the 90:10 diastereomeric mixture from dichloromethane-diethyl ether-
hexane (1:1:1) solution. Removal of the chiral auxiliary from compound 13 afforded the
enantiomerically pure monomeric unit 14 in good yield. ~As previously described, coupling
between the monomer 14 and 5 -DMTr thymidine 5 provided the dinucleotide analog 3*in3
steps (overall yield=53%) from the oxime 9. Further deprotection and repetitive coupling
afforded the trinucleotide analog 4* in 5 steps (overall yield=38%) from the oxime 9.

Scheme 2
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Reagents and conditions: (a) 1. NaOCl, N-acryloyl (2R)-bornane-10,2-sultam, CHxCl,, (0°C), 2.
CH;SCH3, 72%; (b) LiOH*H,0, THF/H,0 (5:1), 100%; (c) 5, TBC, DMAP, CH,Cl,, (0°C), 74%;
(d) TBAF, THF, (0°C), 74%; (e) 14, TBC, DMAP, DMSO, CH,Cl,, (0°C), 96%.

In summary, we have developed efficient synthetic routes for oligonucleotides with
isoxazole/isoxazoline heterocyclic linkage. These synthetic pathways which consist of high
yielding monomer formation and chain extension provide a unique oligonucleotide system
with heterocyclic linkage for the first time. The resulting oligonucleotides should be useful
as bioactive compounds and their biological activities will be reported in due course.
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