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Abstract: A convenient synthesis is described for thymine, cytosine, adenine, and guanine containing, glucosamine-based
N-Fmoc protected amino acids. These molecules are building blocks for the construction of novel oligonucleotide analogs
via N-Fmoc type peptide chemistry. © 1997 Elsevier Science Ltd.

In recent years much attention has been focused on the discovery

and development of modified oligonucleotide backbone structures in Ot
hopes of improving upon the properties of the presently most useful class HOHO o)
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of antisense agents, the phosphorothioates.' The research in this field

has been driven by the desire to provide agents which are more stable, less o N

toxic and more selective binders of ribo-oligonucleotide targets than HO&/
phosphorothioates. It has been our strategy to develop a new class of HO Base
antisense agents according to a common set of design principles; these o NH

new agents should be uncharged, amide linked, optically pure, cyclic and
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Figure 1 GNA 1

oligonucleotide systems.” It was along these lines that the glucosamine-
based oligonucleotide analog 1 (GNA) was conceived in our laboratories.
The glucosamine 6-membered ring appeared to fulfill the requirements of
an optically pure and somewhat constrained conformational scaffolding for the attachment of nucleobases.
Further, hoping to improve some of the physico-chemical properties of PNA, it was thought that the two
hydroxy! groups per nucleobase residue would increase the aqueous solubility of the oligomer and serve as
potential pro-drug functionalization sites on the oligomer.

Here we report the method by which the protected amino acid building blocks for thymine 2a, cytosine
2b, adenine 2¢, and guanine 2d have been synthesized (Figure 2). We have determined a preference for Fmoc-
type peptide chemistry for assembly of these oligomers on solid phase resins. This type of chemistry is
advantageous for several reasons, particularly the mild and compatible nature of the conditions needed for
removal of the Fmoc group. The use of terr-butyldimethylsilyl ether (TBDMS) as the 3' and 4' hydroxy
protecting group was found to be optimal for reasons of convenience in the synthesis of the building blocks (vide
infra), for its stability during oligomerization, and for its ease of removal after oligomerization (standard RNA
synthesis protocols).
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The four building blocks were synthesized in a parallel fashion in several general steps: a) glycosylation
of the nucleobase, b) interchange of protecting groups, c) selection of the primary alcohol (C-6’), d) oxidation as
a final step (Scheme 1). The choice of the initial amino protecting group was a significant consideration given the
requirements for beta stereochemistry of the nucleobase at the anomeric position. After some investigation, N-
trifluoroacetamido (N-TFA) was chosen over N-phthalimido. Treatment of the common intermediate 3° under
Vorbriiggen conditions* with persilylated thymine and cytosine resulted in good coupling yields of the beta
coupled products 4a and 4b. With adenine, the formation in CH3;CN of a complex with SnCls not only
solubilized the N-benzoyladenine, but also effected the desired coupling in good yield with carbohydrate 3.
When carbohydrate 3 was treated with persilylated N-acetylguanine, a 2:1 mixture of the desired N-9 to the N-7
linked nucleoside was obtained. The regioisomers were separated using silica gel flash column chromatography
providing the N-9 product (4d) in 36-43% yield on multi-gram scale.” No significant quantities of the alpha-
stereochemistry product were observed for any of the four glycosylation reactions generating 4a-d.

Subsequent to glycosylation, the O-acetyl, N-TFA, and nucleobase protecting groups were removed
under based catalyzed hydrolysis conditions to afford the amino triols 6a-d. Shifts in UV absorption as a
function of solution pH provided an opportunity to confirm the N-9 substitution pattern for the adenine and
guanine containing intermediates®. Carbon-13 chemical shifts of the guanine and adenine moieties of 6¢ and 6d
were nearly identical to those reported for similar compounds.” *®  The greater reactivity of the 2’-deoxy-2’-
amino group was advantageous for its selective reaction with N-Fmoc-O-succinimide in aqueous dioxane (7a-d).
The protection of amino functionalities for the cytosine, adenine, and guanine heterocycles was achieved
according to known procedures’ generating triols 8b-d. The 3', 4', and 6' hydroxyl goups of 8a-c were
protected as  tert-butyldimethylsilyl ethers by treatment with  excess fert-butyldimethylsilyl
trifluoromethanesulfonate in presence of 2,6-lutidine. In the case of the guanine analog (8d) good yields of the
trisilyl product (9d) were obtained by initial treatment with rers-butyldimethylsilyl chloride and imidazole in
DMF, followed by work-up and subsequent treatment with 4.0 eq of ferr-butyldimethylsilyl
trifluoromethanesulfonate in presence of 8.0 eq of 2,6-lutidine in CHzCly. It was possible to crystallize 8d from
CD30D; an X-ray crystal structure confirmed the N-9 substitution.  Tri-silyl ethers 9a-d were treated with
camphor sulfonic acid, cleanly producing the primary alcohol in each case (10a-d). The protected amino acid
nucleobases (2a-d) were obtained by oxidation of the primary alcohol. Of several methods surveyed, it was best
to oxidize the alcohol to the aldehyde using TEMPO (2,2,6,6-tetramethyl- [ -piperidinyloxy free radical) catalyzed
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a) N,O-Bis(trimethyisilyl}acetamide (BSA), thymine, CH3CN, then 3, trimethylsily! trifiluoromethanesulfonate
(TMSOTY), 80%. b) BSA, N-benzoylcytosine, CICH,CH,Cl, then 3, SnCly, 85%. ¢) N-Benzoyladenine, SnCly,
CHLCN, then 3, 79%. d) BSA, 2-acetylamino-6-hydroxypurine, CH3CN, then 3, TMSOTY, 43%. e) EtsN, H,O
CHaOH (1:4:5 by vol), 70-100%. f) NH,OH,70-90%. g) N-(9-Fluorenylmethoxycarbonyloxy)succinimide,
NaHCOj3, H,0, dioxane, 60-70%. h) Benzoic anhydride, EtOH reflux, 70%. i) Trimethylsilyl chloride TMS-CI,
pyridine, then benzoyl chloride, then ag. NaHCOj3, 65%. j) (TMS-CI), pyridine, then iso-butyric anhydride,
then ag. NaHCO3, 75%. k)tert-Butyldimethylsilyi trifluoromethanesulfonate, 2,6-lutidine, CH,Cl,, 70-86%.

I} Camphor sulfonic acid, CHzOH / CHoCl, (1:1), 70-90%. m) TEMPO, KBr,(BuyN)2SO4, NaOCI, NaCl,
NaHCO3; , H,0, CH,Clp; then NaClO,, NaH,PO,, 2-methyl-2-butene, tert-butyl alcohol, H,O, 50-90%.
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NaClO conditions, '’ followed by treatment with NaClO;. The compatibility of this mild oxidation method with

both purine and pyrimidine substrates is significant.'' The carboxylic acid products were purified in each case by

silica gel column chromatography.

In conclusion, we have shown a convenient method to generate novel amino acids ready for

oligomerization according to standard Fmoc based peptide chemistry. This approach should accommodate a wide

variety of substituents at the anomeric position. The successful solid phase oligomerization of these building

blocks and purification of the resultant oligomers is reported in the subsequent communication along with DNA

and RNA binding affinity and selectivity data.
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