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Abstract: The synthesis of diimidotriphosphoric acid and a series of regioselectively protected esters
is described. This opens an unprecedented route for the preparation of various nucleotide and
dinucleotide analogs and related compounds.

Till the early sixties, much attention has been paid to phosphate-modified nucleotide analogs. Organic
chemists have synthesized a series of these compounds that already allowed certain key questions to be
answered concerning the role of nucleotides in many biological processes. The first phosphate-modified
nucleotide to be prepared was adenylyl methylene diphosphonate (AMP-PCP) and later on, a number of mono-
and bis-methylene triphosphate analogs and related haloderivatives have been synthesized and their biological
properties studied.' However the structural characteristics of the P-C-P group are substantially different from
that of the pyrophosphate they replace so that often these analogs are ineffective as substrates, effectors or
inhibitors. Other structural modifications of the triphosphate sequence aimed to better mimic the steric,
electronic and ionization characteristics of the natural occurring pyrophosphate chain. They led to
thiophosphates and B, y-imido analogs of nucleotide triphosphates. 2

The later compound series (nucleoside-PPNP) showed very interesting biological properties so that we
were naturally tempted to investigate toward o, P, y-bis imidotriphosphate compounds 1 (Figure 1).
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Up to now there is no report in the literature on the synthesis of a linear P-N-P-N-P sequence. Here we
wish to describe an original synthetic pathway for the preparation of diimidotriphosphoric acid 2 and some of
its esters, providing a straightforward access to the synthesis of P-N-P-N-P-nucleosides. * Elaboration of the
linear P-N-P-N-P skeleton was realized starting from o-xylenediamine 3° that was phosphorylated with
dibenzyl chlorophosphate (Figure 2).
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Cyclization of the resulting bis-phosphoramide 4a was achieved using benzyl dichlorophosphite and gave 5a
that was oxidized as 6a. Catalytic hydrogenation of 6a using the Pearlman catalyst® in /BuOH/water 1:1 under
hydrogen pressure (70 psi) afforded diimidotriphosphoric acid 2.”

Regioselectively monodeprotected precursors of 2 could be prepared from compounds 6b and 6c¢ using
differently substituted chlorophosphates and dichlorophosphites (Figure 3).%

9 9 9
BnO—P~ oy BnO —P\ 0B BnO—P~ g,
KCN N ,O _PhaP,DEAD _
6b —» ~ \ \
DMF N oBn T mon Zoen e Zoen
70°C Bno —p—OMe BnO— r'OMe 70°C BnO— P’OH
i I
704%) © 8(87%) O 9 (97%) o
o) 0
f []]
BnO—P~opg, BnO—P< oy
N o KCN Dabco N o
FXon 6c > Fom
DMF toluene e
Bno—p-08Bn 70°C A Bno—p—OBN
i I
10 (95%) © 11 (98%) ©

Figure 3



4239

In conclusion, diimidotriphosphoric acid 2 provides a rapid access to P-N-P-N-P-nucleosides extrapolating
well established procedures.’® More interesting are compounds 7, 8, 10 and 11'® that allow multiple
regioselective esterification with nucleosides or any other aglycone moiety (Figure 4). This opens an
unprecedented route to a series of new substances, like nucleotide and dinucleotide analogs and related
compounds for example. The different chemical transformations can be realized in classical organic solvents
without any solubility problems generally met with non-protected polyphosphate analog species and final
removal of remaining benzyl groups can be performed by catalytic hydrogenation.
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(€] Selected analytical data. 4a: {H-NMR (CDCl3, 200 MHz) 8 7.32-7.15 (24 H, m); 493 (8 H, AB part of ABX syst.,
Jap=11.8, Jax=15, Jpx=1.5 Hz, 5=4.98, vg=4.88); 4.06-3.96 (6 H, m). 13C-NMR (CDCl3, 50 MHz) § 137.21 (d,
J=6.2 Hz); 13633 (d. J=7.3 Hz); 129.10; 128.24; 127.93; 127.58; 67.79 (d, J=5.1 Hz); 42.24. 3'P-NMR
(CDC!3/H3PQy, 81.015 MHz) 3 9.72 (s). 4b: TH-.NMR (CDCl3, 200 MHz) § 7.40-7.11 (14 H, m); 4.96 (8 H, AB part
of ABX syst, Jap=11.7. Jax="7.7, Jpx=8.6 Hz, v4=5.01, vp=4.91); 4.14-4.04 (4 H, m); 3.64 3 H, d. J=11.3 Hz); 3.56-
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3.50 (2 H, m). 13C-NMR (CDCl3, 50 MHz) & 137.25 (d, /=6.4 Hz), 136.45 (d, J=7.3 Hz); 129.13; 128.44; 128.17;
128.00; 127.74; 67.95 (d, J=4.9 Hz); 53.07 (d, J=5.5 Hz); 42.42. 3IP-NMR (CDCl3/H3PO4, 81.015 MHz) & 10.65 (s).
5a: |H-NMR (CDCl3, 200 MHz) & 7.37-7.09 (29 H, m); 5.25-4.79 (10 H, m); 4.61 (2 H, dd, J=6.5, J=11.6 Hz); 4.12 2
H, m). 3IP-NMR (CDCl3/H3POy4, 81.015 MHz) § 8.36 (2 P, s); 7.51 (1 P, s). 6a: 'H-NMR (CDCl3, 200 MHz) &
7.29-7.08 (29 H, m); 5.04 2 H, d, J=7.5 Hz); 4.99-4.83 (8 H, m); 4.81-4.52 (4 H, m). I3C-NMR (CDCl3, 50 MHz) &

135.84; 135.67; 135.06; 128.92; 128.44; 128.40; 128.28; 128.00; 127.91; 127.83; 69.16; 69.09; 68.83; 49.01. 31p.
NMR (CDCl3/H3POy4, 81.015 MHz) 8 8.11 (1 P, t, J=18.9 Hz); 4.09 (2 P, d, J=18.9 Hz). 6b (mixture of diastereomers):

!H-NMR (CDCl3, 200 MHz) § 7.50-7.14 (19 H, m); 5.44-4.46 (10 H, m); 3.68, 3.63, 3.56 and 3.44 (6 H, 4d, J=11.8
Hz). 13C-NMR (CDCl3, 50 MHz) 6 135.97-135.11 (m); 129.01-128.90 (m); 128.5-127.73 (m); 69.15-68.88 (m); 54.10,
54.04, 53.85 and 53.80 (4d, J=5.3 Hz); 48.96 (m). 31P-NMR (CDCl3/H3POy4, 81.015 MHz) & 8.15, 7.67, 7.09 and 7.18
(1P, 4t,J=17.6, 19.1, 18.1 and 18.1 Hz resp.); 5.38, 5.36, 5.32 and 5.26 (2 P, 4d, J=18.1, 19.1, 17.6 and 18.1 Hz resp.).
6¢: !H-NMR (CDCl3, 200 MHz) § 7.35-6.81 (24 H, m); 5.03 (4 H, AB part of ABX syst., Jag=11.8, Jax=7.9, Jgx =
7.7 Hz, 04=5.08, u=4.99). 4.86 (4 H, m); 4.77-4.47 (4 H, 1d, J=31.0, J=16.3 Hz); 3.69 (3 H, d, J=11.7 Hz). 13C-NMR
(CDCl3, 50 MHz) & 13590 (d, J/=7.5 Hz); 135.69 (d, J/=7.9 Hz), 135.05; 128.85; 128.38; 128.32; 128.25; 128.19;
127.95; 127.79; 69.11 (d, J=5.7 Hz); 68.88 (d, J=5.5 Hz); 53.86 (d, J=5.5 Hz); 48.91. 3IP-NMR (CDCl3/H3P0Oy4, 81.015
MHz) 9.25 (1 P, t, J=18.9 Hz); 4.14 (2 P, d, J=18.9 Hz). 2: 3IP.-NMR (D,0/H3POy, 81.015 MHz)  4.01 (2 P, m);
0.23 (1 P, m). MS (FAB-, TEA): 2549 [M-H").

Selected analytical data. 7 (mixture of diastereomers): IH-NMR (CDCl3, 200 MHz) § 11.32 (1 H, s broad); 7.44-7.05 (19
H, m); 5.37-4.40 (10 H, m); 3.63-3.28 (3 H; m). 13C.NMR (CDCl3, 50 MHz) & 135.86-134.80 (m); 128.97-127.51 (m);
69.02-68.29 (m); 54.07; 48.83-48.40 (m). 31P-NMR (CDCIl3/H3POg4, 81.015 MHz) & 11.19-10.83 (m); 9.46-7.76 (m);
7.03-5.85 (m); 5.54-5.04 (m); 4.85-3.13 (m); 2.70-2.41 (m); 1.57-1.42 (m). 8 (mixture of diastercomers): !H-NMR
(CDCl3, 200 MHz) & 7.31-7.26 (24 H, m); 5.08-4.86 (12 H, m); 3.60 and 3.48 (3 H, 2d, J=11.5 Hz). 13C.NMR
(CDCl3, 50 MHz) 6 136.01; 135.81; 135.65; 135.35; 135.19; 135.07; 133.87; 132.21; 132.01; 128.99; 128.91; 128.57;
128.43; 128.37; 128.33; 128.30; 128.24; 128.09; 128.00; 127.90; 127.84; 69.21; 69.10; 69.03; 68.99; 68.93; 68.88;
53.98; 53.87; 53.32; 48.95. 3!P-NMR (CDCl3/H3POy4, 81.015 MHz) & 8.12-7.26 (1 P, m); 5.50-5168 (1 P, m); 4.15-
3.60 (1 P, m). 9 (mixture of diastereomers): |H-NMR (CDCl3, 200 MHz) § 7.37-7.01 (24 H, m); 5.12-4.82 (8 H, m);
4.80-4.57 (4 H, m). 13C-NMR (CDCl3, 50 MHz) & 135.93-134.81 (m); 128.87-127.19 (m); 69.32-68.33 (m); 48.83-
48.48 (m). 3IP-NMR (CDCl3, 81.015 MHz) § 11.88 and 10.47 (1 P, 2 t, J=19.7 Hz); 5.72 and 3.81 (1 P, 2 d, J=20.4
Hz); -0.05 and -0.96 (1 P, 2 d, J=19.7 Hz). 10: 'H-NMR (CDCl3, 200 MHz) 8 7.26-7.03 (24 H, m); 4.90 (8 H. AB pan
of ABX syst., Jap=11.7, Jax =5.6, Jgx=8.0 Hz, v4=4.91, vg=4.86); 4.66 (4 H,z , J=15.2 Hz). 13C-NMR (CDCl3, 50
MHz) 8 135.38; 135.22; 135.07; 129.07; 128.37; 128.32; 127.88; 69.06 (d, J=5.2 Hz); 48.69. 3/P-NMR (CDCl3,

81.015 MHz) 8 6.36 (1 P, 1, /=23.4 Hz), 457 (2 P, d, J=23.4 Hz).
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