
      

Synthesis of a novel triphosphate analogue: nucleoside a-P-borano,
a-P-thiotriphosphate

Jinlai Lin and Barbara Ramsay Shaw*

Paul M. Gross Chemical Laboratory, Department of Chemistry, Duke University, Durham, North Carolina
27708-0346, USA. E-mail: brs@chem.duke.edu

Received (in Covallis, OR, USA) 22nd June 2000, Accepted 10th August 2000
First published as an Advance Article on the web 11th October 2000

The first boranothiotriphosphate compound, thymidine 5A-
[a-P-borano, a-P-thio]triphosphate, in which borane and
sulfur replace the two non-bridging oxygens of the a-
phosphate in natural nucleoside triphosphates (NTPs), has
been synthesized; some chemical properties of this borane–
sulfur disubstituted nucleoside triphosphate analogue have
been investigated. The synthetic approach reported here
should be applicable for preparation of any a-borano, a-thio
modified NTP or deoxy NTP; potential applications are
discussed.

Modifications of nucleoside triphosphates (NTPs) [Fig. 1a]
have received much attention in searches for potential diag-
nostic and therapeutic agents and as probes in a multitude of
biological processes.1,2 Of these modified NTPs, only the
nucleoside 5A-[a-thio]triphosphates1 [Fig. 1b] and nucleoside
5A-[a-borano]triphosphates2 [Fig. 1c] can substitute for normal
NTP and be readily incorporated into DNA and RNA by DNA
or RNA polymerases.1,2 Yet once in DNA or RNA, the
phosphorothioate3 and boranophosphate4 linkages are more
resistant to exo- and endo-nucleases than normal phosphate
diesters. By structurally combining the phosphorothioate [S–
PNO]2 and boranophosphate [ONP–BH3]2, we recently re-
ported the first example of a boranothiophosphate moiety [SNP–
BH3]2, dithymidine boranphosphorothioate,5 which is stable
from pH 3 to 11 and is a more nuclease resistant and highly
lipophilic phosphodiester analogue of DNA. We expected that
the corresponding NTP analogue, nucleoside [a-borano, a-
thio]triphosphate (Fig. 1d), wherein one of the two non-bridging
oxygen atoms of the a-phosphate group is replaced by a sulfur
atom and the other is replaced by a borane group, should be
more lipophilic than the parent NTP and have other useful
properties. The borano-, thio-disubstitution of nucleoside
triphosphate could greatly increase the stability of the molecule
against enzymatic cleavage, thus facilitating studies of enzymes
which utilize NTPs and enabling studies of the nature of
phosphate ester bond formation and cleavage.

Here, we report the first example of a novel boranothio-
triphosphate compound, specifically the thymidine 5A-[a-P-
borano, a-P-thio]triphosphate 5, its synthesis and properties.

The general procedure6 for the one-pot synthesis of nucleo-
side 5A-[a-borano, a-thio]triphosphates shown in Scheme 1 is
an extension of a method reported by us2c,d for the synthesis of
boranotriphosphates and by Ludwig and Eckstein1c for the
synthesis of thiotriphosphates. The overall yield of thymidine
5A-[a-P-borano, a-P-thio]triphosphate 5 (TTPaBS) was about
26%. The chemical structure of 5 (31P NMR, d: 153.1 ppm(br)
for disubstituted a-P) was established via spectroscopic
methods.7 Successful separation of the two diastereomers (Rp
and Sp) of 5 was achieved by reverse-phase HPLC.7b The first
eluted isomer TTPaBS I (5a) and second eluted isomer TTPaBS
II (5b) were characterized by 31P NMR and 1H NMR.7c The
method here should be applicable for the synthesis of any
deoxy- or ribonucleoside [a-borano, a-thio]triphosphate.

The [SNP–BH3]2 a-triphosphate is the only known non-
bridging-disubstituted chiral a-triphosphate with a negative
charge.8 The borano-, thio-disubstitution in a nucleotidic
linkage will result in changes in polarity of the phosphate, as
well as its interactions with metal ions.2f,g These properties
coupled with ready synthesis of isotopic [NTPa35SNP–BH3]
compounds from Li2S* (S* = 35S) could make this modification
useful as a probe for nucleotide binding sites in enzymes, for
elucidating the stereochemical course and role of metal ions of
phosphoryl and nucleotidyl transfer reactions, and for probing
whether a non-bridging oxygen is absolutely necessary in these
reactions.

To summarize, the synthesis of a new type of doubly
modified nucleoside triphosphate analogue, the first [SNP–
BH3]2 triphosphate, opens the possibility of preparing an
entirely new and intriguing class of borane–sulfur modified
phosphate analogues. Their potential utility as substrates,
cofactors, or inhibitors of polymerases and nucleotide binding
and metabolizing enzymes, as molecular probes, and as carriers
of 35S for radiolabeling and radiation therapy,9 make the

Fig. 1 Nucleoside triphosphate analogue structures and abbreviations. (a)
Nucleoside triphosphates (NTP). (b) Nucleoside [a-thio]triphosphates
(NTPaS). (c) Nucleoside [a-borano]triphosphates (NTPaB). (d) Nucleo-
side [a-borano, a-thio]triphosphates (NTPaBS). Scheme 1 Synthesis of thymidine [a-P-borano, a-P-thio]triphosphate.
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nucleoside boranothiotriphosphate a promising candidate for
further mechanistic, diagnostic and therapeutic applications.
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thio]triphosphates is representative: 3A-O-acetylthymidine (0.5 mmol,
142 mg) was phosphitylated with 2-chloro-4H-1,3,2-benzodioxaphos-
phorin-4-one (0.55 mmol, 112 mg in 0.8 ml anhydrous DMF) at 0 °C for
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appearance of a doublet around 127 ppm in the 31P NMR spectra. Instead
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tributylammonium pyrophosphate (240 mg in 1.0 ml anhydrous DMF)
and 0.15 ml triethylamine at rt for 1 h to form a cyclic intermediate 2. The
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together with a doublet around 218 ppm for pentavalent phosphorus PV
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