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ATP + H2O ADP + Pi + energy

Pi:  inorganic phosphate

PPi:  inorganic pyrophosphate

ATP + H2O AMP + PPi + energy

NTP: ATP, GTP, CTP, UTP

dNTP: dATP, dGTP, dCTP, dTTP
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Nucleoside Triphosphate  (NTP):

← Source of energy

← Signaling molecules

← Protein regulators

← Cofactors

← Precursors of DNA and RNA
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Polymerase Chain Reaction (PCR)

← DNA template

← Buffer 

← DNA polymerase

← DNA primers

← dNTPs
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Covid-19 Screening: rRT-PCR

(real-time Reverse Transcription PCR)

Why NOT 3' to 5' ??

cDNA
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Tetrahedron Lett. 1984,  25, 4055.
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nucleoside triphosphate (NTP)
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Natural NTPs: from enzymatic methods

← DNA sequencing

← PCR

← Therapeutic nucleoside 

← Inhibitors of polymerase 

← Ingredients in biological assay kits

Modified NTPs: from chemical synthesis

← Genome analysis

← Medical diagnostics and therapeutic agents

← DNA re-engineering

Synthetic difficulties:

← Different intrinsic reactivity

← Protecting groups 

← Problematic purification

← Stability issue

Chem. Rev. 2000, 100, 2047; Chem. Rev. 2016, 116, 7854.
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Ludwig, Biophys. Acad. Sci. Hung. 1981, 16, 131.

Synthesis via a Phosphorodichloridate Intermediate
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Synthesis via a Phosphoramidate Intermediate

Moffatt, J. Am. Chem. Soc. 1961, 83, 649.

 Boom, Tetrahedron Lett. 1975, 16, 2779.
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Hoard and Ott, J. Am. Chem. Soc. 1965, 87, 1785.

Bogachev, Bioorg. Khim. 1996,  22,  699.
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Sun, Org. Lett. 2008, 10, 1703.
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1

Chaput, J. Am. Chem. Soc. 2019, 141, 13286.
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10



Synthesis via a Mixed P(III)-P(V) Intermediate
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 Solid-Supported Synthesis
Synthesis Involving a Polymer-Bound Reagent.

Parang, Org. Lett. 2005, 7, 5589.
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Synthesis Involving Attachment of the Base Moiety to the Support

Kore, Tetrahedron Lett. 2014, 55, 5088.
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Synthesis Involving Attachment of the Sugar Moiety to the Support
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DBU, DCM, rt, 45-120 min
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O

O

O
P

Cl

X

X = Cl or MeSO2

O

O

O
P

X
O

 Meier, Chem. Eur. J. 2011, 17, 9832.
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