Synthesis of ao-L-Threofuranosyl
Nucleoside Triphosphates (tINTPs)
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The a-L-threofuranosyl nucleoside triphosphates of T, G, and D ({TTP, tGTP, and tDTP) were synthesized from the described 2
protected derivatives using the Eckstein method, while the corresponding C derivative (tCTP) was prepared from the 2
The prepared o-L-threofuranosyl nucleoside triphosphates, despite being one carbon shorter than the native 2

triphosphates, are effective substrates for selected DNA polymerases.

"-O-DMT-
'-O-acetyl derivative.
"-deoxyfuranosyl nucleoside

Unnatural (3 — 2)-a-L-threose oligonucleotides (TNA
oligos) are linked together through thelr and 2-hydroxyls

suggested new questions regarding the prebiotic development
of these fundamental biological molecules. The property of

and create a nucleic acid polymer with a backbone consistingintersystem base-paring, together with the structural simplic-

of five bonds rather than the six-bond backbone of DNA
and RNA. Even with the shorter backbone, TNA oligos were
observed to cross-hybridize with complementary DNA, RNA,
and TNA itself during a systematic study of alternative
carbohydrate-based nucleic acid&.¢ These findings have
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ity of the TNA-based oligomers relative to natural RNA
oligomers, suggests that TNA might be a candidate for an
evolutionary progenitor of the proposed “RNA work# 3.
Nucleic acids such as the TNAs would have carried out
fundamental recepteiligand binding as well as catalytic
reactions in such an early stage in the evolution of life. The
ability to select functional TNA moleculdn vitro*2¢ from
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random pools of TNA sequences would provide some the reaction sequence (—~ 3, Scheme 1) do not damage
evidence for the plausibility of such a proposal. The ability the 3-triphosphate. Using these late-stage intermediates for
to select functional TNA molecules requires the availability T, G, anda-L-threofuranosyl 2,6-diaminopurine (DAP), we
of the TNA building blocks, the nucleosidé-Biphosphates  first removed the nucleobase protecting groups in 8 M
(tINTPs), and their ability to function with modern protein- methylamine-ethanol/12 M methylaminewater 1:1. We
based polymerization catalysts. Recently, we and others havehen prepared the desired triphosphates using Eckstein’s
observed that certain DNA polymerases can incorporate tTTPmethod and subsequently removed th®RT group under
or tUTP to extend a DNA or RNA primer in response to a mild acidic conditions with no observable cleavage of the
dA or A template>® ¢ Synthetic studies on these materials triphosphate 3, Scheme 1).
include the preparation of thé-@-DMT 2'-phosphoramidites The triphosphate products were purified by anion exchange
necessary for the chemical synthesis of TNA oligonters. yp|c chromatography (DEAE Sephadex), and after the
Here we describe the synthesis of théN8TP analogues and  fractions containing product were pooled and reduced in
their substrate activity. volume, desalting was performed using a 20200 mm

In the described syntheses of the TNA phosphoramiéfites, column of polydivinyl-benzene eluting with aqueous triethyl-
a DMT group was used as a temporary protecting group for ammonium acetate. The products were lyophilized to dryness
the secondary'30H, but since the remaining-®H is also and stored at20 °C.
a secondary hydroxyl, this protection reaction typically  this strategy failed in the case of tCTP, where the 3

resulted in a mixture of regioisomeric products. In most protected nucleosided( Scheme 2) was the major
cases, the two DMT isomers'¢2and 3-) could be chro-

matographically resolved, but in the caseont-threofura-
nosyl cytosine, the 'dsomer was preferentially obtainétl. _

The 3-DMT isomers were subsequently converted to the Scheme 2. Synthesis of-L-Threofuranosyl Cytosine
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5 & &N f product® and the presence of the'-&zgioisomer was
OH negligible. We therefore prepared theDBVIT derivative of

the nucleobase-protectattL-threofuranosyl cytosine and
then acylated the'zhydroxyl group = 5). Removal of the
DMT group generated thé-2cetate ). This derivative was
used to prepare the corresponding triphosphate using
Eckstein’s method (tTTP has also been prep&reding

. ) - ; POCE), after which concentrated aqueous ammonia was
was potentially problematic for the TNA building blocks with used to deprotect the nucleobase and generate the final

two secondary hydroxyls. Additionally, the acid-labile DM.T, product8, which could be purified and desalted as described
group would be lost during such procedures. Eckstein’s above

method (Scheme 1) can be more generally used, but it . L i
requires protection of the nontarget hydroxyl groups. To probe the activity of these derlvgmves with a selected
DNA polymerase, we prepared a primer sequence and a

For three of the tNTPs, this strategy could work using the . .
, o - ., series of five templates. Four of the templates were used for
2'-DMT-protected TNA derivatives, providing that the acid . o . .
single-nucleotide incorporation studies of each of the four

conditions necessary for DMT removal after completion of iNTPs, and the fifth template was used with all four tNTPs
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Syntheses of nucleosidé-Biphosphates using POQh
trimethyl phosphate rely upon the greater reactivity and lesser
steric hindrance of the primary 5-hydroxyl. That approach
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Figure 1. Radiolabeled annealed primer/template (250 nM).
Position 1 in each template (lanes2) provided the corresponding
Watson-Crick complementary deoxynucleoside to test elongation
of the DNA primer by one residue. Each reaction included 20 mM
Tris-HCI, 10 mM KCI, 10 mM (NH),SO,, 20 mM MgSQ, 0.1%
Triton X-100, 0.2ug/uL BSA, 100uM DTT, 0.2 units (37 nM) of
Therminator Polymerase, 1.25 mM K and 0.5uM tNTP and
were incubated at 55C for 15 min. Lane 1: Radiolabeled primer.
Lane 2: tGTP (no M#"). Lane 3: tDTP. Lane 4: tTTP. Lane 5:
tCTP. Lane 6: tGTP, tDTP, tTTP, and tCTP with an incubation
time of 120 min.

permitted an examination of single-nucleotide extension

elongation reactions were observed to occur essentially
guantitatively within 15 min. Although most reactions
functioned best in the presence of the divalent metal ions
Mg?" and Mr#*, tGTP only required the former. In the
presence of all four tNTPS, the primer could be fully
elongated by eight residues within 120 min.

The procedures described here provide a straightforward
approach to the preparation of thergicleoside triphosphate
derivatives of thea-L-threofuranosyl sugars. These build-
ing blocks will be important for the study of polymerase
activity as well as for the selection of functional TNA
sequences.
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