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SYNTHESIS OF N-(2-DEOXY-B-D-RIBOSYL) 4-THIOMETHYLINDOLE:
A PURINE SURROGATE FOR INCORPORATION INTO OLIGONUCLEOTIDES.
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ABSTRACT: Efficient, high-yielding syntheses of S-acetyl-N-(2-deoxy-p-D-ribosyl) 4-thiomethyl-
indole (9) and the corresponding 5"-O-trityl-3-O-phosphoramidite ester 11 are reported, suitable
for direct incorporation into oligodeoxynucleotides by standard solid-phase synthesis techniques.

In extension of our recent work on the development of modified oligonucleotides containing
functionality suitable for site-specific post-synthetic modification,2.3 we are exploring the use of the indole ring
system as a purine surrogate in oligodeoxynucleotides. Recent work on synthetic incorporation of non-natural
nucleic acids into oligonucleotides# has detailed the introduction of 5-substituted pyrimidines,5 nucleotide-PAH
metabolite adducts,6 an aminopyrene-guanosine adduct,? the photoactive probe 8-bromo-2’-deoxyadenosine,8
the DNA methyltransferase suicide substrate 5-fluoro-2’-deoxycytidine,? and a variety of other substituted
nucleic acids including 4-substituted thymidines, 10 6-O-(pentafluorophenyl)-2"-deoxyguanosine,!! and several
thionucleic acids.!2 This recent work includes our introduction of the S-cyanoethyl protecting group’ for
incorporation of 2’-deoxy-4-thiouridine into oligonucleotides.2 Our interest in the development of indoles as
purine surrogates arises from the capability to readily synthesize regioisomerically substituted indole systems,
thereby allowing chemically reactive functionality or reporter groups to be positioned in different topographical
areas of an indole-containing DNA duplex. Furthermore, the indole ring system lacks the functionality that
complicates manipulation and incorporation of purines into oligonucleotides. Our prototype system, 4-thio-
methylindole, was developed as a scaffolding molecule to position a reactive thiol group in the major groove of
duplex DNA. The thiol functionality will be used for the site-specific
incorporation of tethered functionality by direct S-alkylation or mixed CHySH

disulfide formation, in a manner analogous to our published strategy for y i

post-synthetic modification of the thiocarbonyl group of a 2’-deoxy-
4-thiouridine-containing oligonucleotide.2 Herein we report an effective HO= o
synthesis of N-(2-deoxy-g-D-ribosyl) 4-thiomethylindole (1), and the _k_j
corresponding phosphoramidite for incorporation of this heterocycle OH
into oligonucleotides using standard solid-phase synthesis protocols.13
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N-Ribosylation of methyl indole-4-carboxylate!4 (3) with the protected a-chlororiboside 2!5 using the
conditions of Robins!6 (NaH, CH3CN, 0 — 25 °C) afforded the B-N-glycoside 4 as a single diastereomer in
86% yield. Protecting group interchange to a more suitable silyl ether was accomplished by deacylation of 4
with catalytic sodium methoxide (CH30H, 25 °C, 8 h) to provide diol 5§ (91%) followed by silylation of 5 under
standard conditions (-BuMe;SiCl, imidazole, DMF, 25 °C)17 to afford 6 in quantitative yield. Alternatively,
the toluoy! esters of 4 could be selectively removed by reduction with LiAlH4 (1.1 equiv, THF, 0 °C) to afford
§ (70%) without significant reduction of the poorly electrophilic indole-4-carboxylate carbonyl group, which is
unreactive towards reduction as a result of resonance with the indole nitrogen lone-pair. Reduction of the
methyl carboxylate of 6 to the alcohol 7 with i-BupAIH (2.5 equiv, Et;0, —-78 °C, 100%) was followed by
one-pot conversion of the alcohol to the corresponding thioacetate by treatment of 7 with methanesulfony!
chloride (1.2 equiv) and Et3N (2 equiv, 43 °C, 30 min) followed by the addition of thiolacetic acid (1.2 equiv,
—43 - 25 °C). This simple procedure afforded the thioacetate 8 in 84% yield. Removal of the silyl ether
protecting groups using the conditions described by Gaffney and Jones!8 (n-BugyNF/HF in pyridine, 25 °C,
40 h) afforded the diol 919 (93%). The S-acetyl ester of 9 was hydrolyzed by treatment with conc. NH;OH
(25 °C), which are the reaction conditions used for cleavage of an oligonucleotide from the CPG support at the
completion of the synthesis. B-N-Ribosylindole 9 proved stable to I in HoO/pyridine/THF, P(OCH3)3, and 2%
trichloroacetic acid, thereby demonstrating the suitability of this system for direct introduction into an
oligonucleotide using standard solid-phase synthesis conditions.20
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Introduction of a 5’-O-protecting group and 3’-O-phosphoramidite proceeded without complication.
Selective alkylation the 5”-hydroxyl group of 9 with dimethoxytrityl chloride (1.5 equiv, 2.5 equiv i-ProNEt,
pyridine 24 °C, 86%)2! afforded the dimethoxytrityl (DMTr) ether 10. The 3’-O-phosphoramidite necessary
for oligonucleotide synthesis!3 was introduced by acylation of 10 with O-(2-cyanoethyl) N,N,N’,N”tetra-
isopropylphosphorodiamidite (1.2 equiv, 0.5 equiv i-ProNH, 0.5 equiv tetrazole, CH2Cly, 71%)22 to provide the
desired phosphoramidite 1123 in good yields.
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The synthesis of 9 proceeds from methyl indole-4-carboxylate 314 in six steps, with an overall yield of
61%. The protected phosphoramidite derivative 11 represents a substrate suitable for direct introduction into an
oligodeoxynucleotide using standard solid-phase synthesis protocols. Subsequent to chain elongation, cleavage
of the newly synthesized oligonucleotide from the support with NH4OH will unmask the thiol group, thereby
providing functionality for attachment of chemically reactive or reporter groups. With the purine surrogate 1,
this tethered functionality will be positioned within the major groove of duplex B-form DNA. The chemically
unique reactivity of thiol group of 1 will likely prove ideal for introduction of a variety of pendant side-chains
within an oligonucleotide. Incorporation of this 4-thiomethylindole system into oligodeoxynucleotides and
related studies on the use of 1 as a purine surrogate will be reported separately.20
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