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Abstract: Arbuzov reaction of phenyl phosphorodichloridite withrm_:‘diates in chemistry, and to find the new synihetic
an equivalent of allyl alcohol antért-butyl alcohol produced routes to these compounds constitutes a valuable target. In

pheny! allyl H-phosphonate and the subsequent ester-exchange Witf Past two decades, studies on H-phosphonate deriva-
various nucleosides produced nucleoside allyl H-phosphonaté¥/€s have greatly progressédi? Advances on the devel-
Antherton-Todd reaction of the nucleoside allyl H-phosphonat@pment of a comprehensive H-phosphonate methodology
with 3-amino-3-deoxythymidine yielded dideoxyribonucleotide gnd the underlying chemistry for the preparation of bio-
N3'—P5 phosphoramidates, and the repetition of this proceduregica“y |mportant phosphate esters and their analogues

provided trideoxyribonucleotide KPS phosphoramidates. The ave been discussed by Stawinski and KraszeiRski
method can be used for the synthesis of oIigodeoxyribonucIeotig? :

g : : : Stawinski and co-workers have developed H-phosphonate
IS\:S,;;PS' phosphoramidates without any protection for all nUdeOmethods to synthesize dideoxynucleotidé-NB5 phos-
phoramidates through reaction of nucleoside H-phos-
phonate monoester with aminonucleoside in the presence
of Me,;SiCl and }?* or exchange of aryl H-phosphonates
with aminonucleoside and the following oxidatin.

. . . However, all these methods required the protection of
Oligonucieotide N3>P5 phosphoramidates have beer} ctional groups in nucleosides. Here we would like to

attracted considerable attention as a class of compounds ; Hici hesis of did
of potential therapeutic valde® since these oligonucle- réport a convenient and efficient synthesis of dideoxy-
otide analogues are resistant towards various nucFéase”sbonuqleo:,'de N3|_>P5. phosphoramidates without any
and hybridize to complementary DNA or RNA targetgmtec'[Ion or nucleosides.

with much higher affinity than their natural congenerReaction of phenyl phosphorodichloridit&) (with one
do? Some synthetic methods of these phosphoramidagguivalent of allyl alcohol and one equivalentenf-buty!
have been developed using phosphotriester cherfiistrglcohol in CHCI, at room temperature under nitrogen
via the Staudinger type of reactidor by the phosphora- atmosphere provided phenyl allyl H-phosphonate diester
midite method'. Gryaznov and co-workers have prepare€®) in 90% yield with minor diallyl H-phosphonate diester
oligonucleotide N3-P5 phosphoramidates via oxidativeappearing (determined B NMR). The reaction could
coupling of aminonucleosides with H-phosphonate dindergo the formation of the corresponding magot-
esters under Antherton-Todd oxidation conditibifs’® butyl phenyl allyl phosphite triestel’{ and phenyl diallyl
Stec and co-workers synthesized a kind of compounds pjosphate triester 2 intermediates, followed by
using 2-alkylamino-2-thio-1,3,2-oxathiaphospholdfhesArbuzov rearrangement by the reaction of HCI
as the starting materii H-phosphonates are useful inter{Scheme 1).
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Scheme 2 shows the synthetic route of di- and trideoxyiie. ester exchange reaction dfwith 6 yielded 7, and
bonucleotide N3-P5 phosphoramidates. The displaceAtherton—-Todd reaction o¥ with 3-amino-3-deoxy-
ment reaction o2 with nucleoside in dry pyridine at room thymidine &) produced trinucleotide N3>P5 phos-
temperature provided nucleoside allyl H-phosphonate gihoramidate 8 in 58-70% vyield after silica gel
ester(4) in 73—-89% yield (determined BYP NMR). The chromatography using CHESIMeOH (3:1) as eluent.
chemoselectivity observed fof-Bydroxyl in non-protect- |, cqnclusion, we have developed a new convenient and
ed nucleoside, leadingto nucleoside allyl 5phospho-  gficient synthetic method that provides a facile access to

nate diesters, is different fromeactivity and steric di- and trideoxyribonucleotide NK3P5 phosphorami-
hindrance among'8H, 3-OH and amino group of base. yates. |n these reactions, phenyl allyl H-phosphonate is a

The °J,_, coupling between "8CH, and P in'H NMR 4404 phosphonylating agent of nucieosides. The method

spectra of compoundbwas observed. is simple and efficient, and makes use of readily available
Tablel Isolated Yields of Synthesized Di- and Trideoxyribonucle-nUC:l(_:‘OS!deS H_phOSphon.ates without any prot_ectlon fqr
otide N3—P5 Phosphoramidate$ Gndg)?* nucle05|d_es. It is al_so suitable to the prepfaratlon of oli-
godeoxyribonucleotide N3>P5 phosphoramidates.
Compound Yield ob (%)* Yield of 8 (%)
a 70 64 General Procedurefor Preparation of Di- and Trideoxyribo-
b 78 70 nucleotide N3'—P5" Phosphor amidates
To a flask containing phenyl phosphorodichloridite (195 mg, 1
c 64 61 mmol) in 2 mL of CHCI,, mixture of allyl alcohol (1 mmol) and
tert-butanol (1 mmol) in 3 mL of C¥€l, was added dropwise at r.t.,
d 60 58 and the solution was stirred at that temperature for 20 min. After
evaporation of the solvent in vacuo, the residue was dissolved in 2
e 6 69 mL of pyridine and added td-8eoxynucleoside (1 mmol) in 2 mL
aOverall yield froml to 6. of pyridine, and the mixture was stirred at r.t. for 2 h. Then, the
b Overall yield fromé to 8. solvent was removed by evaporation, the residue was dissolved in 2

mL of THF, and the solution was added dropwise to the mixture of

3-amino-3-deoxythymidine (241 mg, 1 mmol), carbon tetra-
Antherton—Todd reaction of with 3-amino-3-deoxy- chloride (308 mg, 2 mmol), B (202 mg, 2 mmol), small amount
thymidine 5 in THF, in the presence of carbon tetraof HO (1 mL) and THF (4 mL). The resulting solution was stirred
chloride, trimethylamine and small amount of,CH at r.t. for 30 min. Then, the solvent was removed in vacuo, and
(almost quantitatively) yielded dinucleotide NP5 dideoxyribonucleotide N3>P5 phosphoramidatg$a—e) are puri-

. fied over silica gel chromatography using CE®leOH (3:1) as
phosphoramidate$&—e, Scheme 2t room temperature, eluent. Repeating the above procedure, ester exchange rea&ion of

and purification by silica gel column ch.romatography USwith 6 yielded7, and Atherton—Todd reaction @fwith 3-amino-

ing CHCL-MeOH (3:1) as eluent providegh— in 60— 3-deoxythymidine produce8, and trinucleotide N3>P5 phos-
78% vyields (see Table 1). The repetition of the abovsoramidate was obtained in 58-70% yield after silica gel chroma-
procedure gave trinucleotide N3P5 phosphoramidate, tography using CHGHMeOH (3:1) as eluent.
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Scheme2 Synthetic route of di- and trideoxyribonucleotide’N®5 phosphoramidates

Synlett 2005, No. 12, 1930-1932 © Thieme Stuttgart - New York

Downloaded by: University of Queensland. Copyrighted material.



1932 X. Tang et al.

LETTER

Acknowledgment

(18) Froehler, B. C.; Matteucci, M. Detrahedron Lett. 1986,

27, 469.

This work was supported by the Excellent Dissertation Foundation19 Froehler, B. C.; Ng, P. G.; Matteucci, M. Bucleic Acids

of the Chinese Ministry of Education (No. 200222), the Excellent
Young Teacher Program of MOE, P. R. C., and the National Natura(izo)

Science Foundation of China (Grant No. 20472042).

References

(1) Gryaznov, S. M.; Skérski, T.; Cucco, C.; Nieborowska-
Skoérska, M.; Chin, C. Y.; Lloyd, D.; Chen, J.-K;
Koziélkiewicz, M.; Calabretta, BNucleic Acids Res. 1996,

24, 1508.

(2) Riordan, M. L.; Martin, J. QNature (London) 1991, 350,
442.

(3) Gryaznov, S. M.; Lloyd, D. H.; Chen, J.-K.; Schultz, R. G.;
DeDionisio, L. A.; Ratmeyer, L.; Wilson, W. Proc. Natl.
Acad. Sci. U.SA. 1995, 92, 5798.

(4) Giovannangeli, C.; Diviacco, S.; Labrousse, V.; Gryaznov,
S.; Charneau, P.; Helene, B@oc. Natl. Acad. <i. U.SA.
1997, 94, 79.

(5) Gryaznov, S. M.; Letsinger, R. Nucleic Acids Res. 1992,

20, 3403.

(6) Rigl, C. T.; Lloyd, D. H.; Tsou, D. S.; Gryaznov, S. M;
Wilson, W. D.Biochemistry 1997, 36, 650.

(7) Escude, C.; Giovannangeli, C.; Sun, J. S; Lloyd, D. H.;
Chen, J. K.; Gryaznov, S. M.; Garestier, T.; Helen®rGc.
Natl. Acad. Sci. U.SA. 1996, 93, 4365.

(8) Mungall, W.S.; Greene, G. L.; Heavner, G. A,; Letsinger, R.

L. J. Org. Chem. 1975, 40, 1659.
(9) Maag, H.; Schmidt, B.; Rose, STétrahedron Lett. 1994,
35, 6449.

(10) Chen, J.-K.; Schultz, R. G.; Lloyd, D. H.; Gryaznov, S. M.
Nucleic Acids Res. 1995, 23, 2661.

(11) Gryaznov, S.; Chen, J.-B. Am. Chem. Soc. 1994, 116,
3143.

(12) Chen, J.-K.; Schultz, R. G.; Lloyd, D. H.; Gryaznov, S. M.
Nucleic Acids Res. 1995, 23, 2661.

(13) Schultz, R. G.; Gryaznov, S. Mucleic AcidsRes. 1996, 24,
2966.

(14) Uznanski, B.; Grajkowski, A.; Krzyzanowska, B.;
Kazmierkowska, A.; Stec, W. J.; Wieczorek, M. W.;
Blaszczyk, JJ. Am. Chem. Soc. 1992, 114, 10197.

(15) Baraniak, J.; Korczyfiski, D.; Stec, WJ.JOrg. Chem. 1999,
64, 4533.

(16) Garegg, P. J.; Lindh, I.; Regberg, T.; Stawinski, J.;
Strémberg, R.; Henrichson, Tetrahedron Lett. 1986, 27,
4051.

(17) Garegg, P. J.; Lindh, I.; Regberg, T.; Stawinski, J.;
Strémberg, R.; Henrichson, Tetrahedron Lett. 1986, 27,
4055.

Synlett 2005, No. 12, 1930-1932 © Thieme Stuttgart - New York

Res. 1986, 14, 5399.

Stawinski, J.; Kraszewski, Acc. Chem. Res. 2002, 35, 952.
Kers, I.; Stawinski, Jetrahedron Lett. 1998, 39, 1219.
Kers, |.; Stawinski, Jetrahedron 1999, 55, 11579.
Spectral data for the representative prodéiztandgb.
Compoundsb: 3P NMR (121.5 MHz, DMSQt): § =
10.37, 10.26 ppniH NMR (300 MHz, DMSO¢): 5 = 1.76
(s, 3H, 5-CH of 3-amino-3-deoxythymidine), 1.78 (s, 3 H,
5-CH,; of 3-deoxythymidine), 2.11-2.17 (m, 5 H; of 3-
amino-3-deoxythymidine and’3eoxythymidine and’H
of 3-amino-3-deoxythymidine), 3.50-3.65 (m, 2 H;13 of
3-amino-3-deoxythymidine and’a3H of 3-
deoxythymidine), 3.65-3.93 (m, 2 H;8 of 3-amino-3-
deoxythymidine), 4.01 (m, 1 H;-# of 3-deoxythymidine),
4.01-4.11 (m, 2 H,"8H of 3-deoxythymidine), 4.21-4.30
(m, 1 H, 3-NH of 3-amino-3-deoxythymidine), 4.39-4.47
(m, 2 H, O®,-CH=CH,), 5.17-5.35 (m, 2 H, OCH
CH=CH,), 5.88-6.00 (m, 1 H, OCHCH=CH,), 6.12 (t, 1 H,
3J = 6.18 Hz, 1-H of 3-amino-3-deoxythymidine), 6.19 (t,
1 H,3)=6.87 Hz, -H of 3-deoxythymidine), 7.52 (s, 1 H,
6-H of 3-amino-3-deoxythymidine), 7.73 (s, 1 H, 6-H ot 3
deoxythymidine), 11.29 (s, 1 H, 3-H of&mino-3-
deoxythymidine), 11.32 (s, 1 H, 3-H of@oxythymidine)
ppm.13C NMR (75 MHz, DMSOd,): § = 12.11, 12.26,
60.39, 65.58, 65.97, 66.05, 70.21, 70.30, 83.24, 83.88,
84.69, 85.80, 109.21, 109.83, 117.04, 133.53, 133.62,
135.81, 136.18, 150.35, 150.42, 163.70, 163.76 ppm. ESI-
MS: m/z=586.4 [M + H}, 608.2 [M + Nal.

Compoundb: 3P NMR (121.5 MHz, DMSQt): § =
10.08, 10.30 pprtH NMR (300 MHz, DMSO¢): 6 = 1.76
(s, 3H, 5-CH of 3-amino-3-deoxythymidine), 1.78 (s, 6 H,
5-CH, of 3-deoxythymidine and’3&amino-3-
deoxythymidine), 1.99-2.35 (m, 6 Hx&H-2'), 3.54-3.86
(m, 5 H, H-4 of 3-deoxythymidine and & H-5), 3.87-4.33
(m, 8 H, 2x H-4’, 4x H-5" and 2x H-3" of 3-amino-3-
deoxythymidine), 4.33-4.50 (m, 3 H, 2 8ECH=CH, and
H-3" of 3-deoxythymidine), 5.10-5.38 (m, 4 H, 2 O¢H
CH=CH,), 5.83-6.02 (m, 2 H, 2 OGHCH=CH,), 6.04-6.26
(m, 3 H, H-1), 7.54 (s, 2 H, H-6 of'deoxythymidine and
3-amino-3-deoxythymidine), 7.74 (s, 1 H, H-6 of8mino-
3-deoxythymidine), 11.23-11.36 (m, 3 Hx3¥ of NH-3)
ppm.13C NMR (75 MHz, DMSOd): § = 12.60, 12.73,
50.82, 51.22, 60.76, 65.61, 65.76, 66.21, 66.51, 66.57,
66.74, 66.80, 70.59, 70.61, 79.75, 83.72, 83.97, 84.40,
85.03, 85.10, 86.35, 86.49, 109.72, 110.25, 110.34, 117.57,
117.74, 133.90, 133.97, 136.30, 136.72, 150.75, 150.84,
164.18 ppm. ESI-MSwz = 951.9 [M + Na}.
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