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A number of reagents have been developed for tﬂé phosphorylation of
nucleosides and other compounds of biological interest. Among them are several

1-7) which have been employed for the selective phosphorylation of the

reagents
5'-0H of unprotected nucleosides but they have the disadvantages of requiring
excess reagent for driving the reaction to completion.

In this communication, we report on the preparation of 2-(N,N-dimethylamino)-
4-nitrophenyl dihydrogen phosphate (3) as a new phosphorylating reagent which
could be used in the selective phosphorylation of the 5'-OH of unprotected
nucleosides whithout unfavorable interaction with the amino group of the
reactant. The reagent 3 was prepared from 2-amino-4-nitrophenol via 3 steps.
2-Amino-4-nitrophenol (0.1 mol) was methylated with methyl. iodide (0.25 mol) in
acetone (100 ml) in the presence of triethylamine (0.15 mol) under reflux for 4
hr to give 2-(N,N-dimethylamino)-4-nitrophenol (2) as the hydrochloride in 58%
yield. The phosphorylafion of 2 (0.15 mol) was carried out by refluxing with 10
equiv. of phosphoryl chloride in the presence of KC1 (1.5 g). After removal of
excess phosphoryl chloride by evaporation, the viscous residue was poured into
a mixture of ice water (500 g)—pyridine (16 g), and the solution was allowed
to stand at room temperature for 30 min. The solution was passed through a
column (2.2 x 50 cm) of Amberlite IR-45 resin (OH form). Conc. NH4OH (4 ml)
was added to the combined eluates, and this solution was passed again through a

+

column of Dowex 50 (NH4 form, 1.4 x 45 cm). Concentration of the eluate gave

the monoammonium salt of 3 (34 g, 81%) as pale yellow prisms; mp 171-172.5°.
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The phosphorylating reactions with this reagent were successfully carried out in
pyridine in the presence of acidic catalyst, such as AcOH, CFSCOOH, BFs'EtZO,
8)

which evidently enhanced the reactivity of the reagent by protonation.
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In a typical run a solution of 3 monotriethylammonium saltg) (0.01 mol), the
alcohol (0.01 mol), AcOH (0.03 mol), and triethylamine (0.01 mol) in anhydrous
pyridine was refluxed for 3 hr. The concentrated reaction mixture was dissolved
in HZO (50 ml) and the solution was passed through a column (1.0 x 50 cm) of
Dowex 50 (H+ form). The eluate was neutralized with aniline. Concentration of
the solution and recrystallization of the residue from 95% EtOH gave the corres-

10) in good yields. In

ponding alkyl dihydrogen phosphates monoanilinium salts
the case of 2-aminoethyl dihydrogen phosphate,ll) the isolatiqn was achieved

mérely by neutralization with barium hydroxide and subsequent concentration of
the aqueous solution after removal of insoluble substance. Interestingly, the

12)'select:ively and this

reaction with glycerin afforded glycerol-1l-phosphate
prompted us to investigate the selective phosphorylation of the 5'-OH of
unprotected nucleoside. A solution of adenosine (0.01 mol), the monotriethyl-
ammonium salt of 3 (0.01 mol), AcOH (0.03 mol), and triethylamine (0.01 mol)} in
.anhydrous pyridine (30 ml) was refluxed for 3 hr and concentrated under reduced
pressure. The residue was washed with acetone and dissolved in water (50 ml).
The aqueous solution was passed through a column (1.0 x 30 cm) of Amberlite

IRC-50 resin (H+ form). The eluate was concentrated to dryness under reduced

pressure at a temperature below 40°, Crystallization of the residue from
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aqueous acetone gave adenosine 5'-phosphate in 77% yield. The formation of the
other phosphorylated product was not detected with the worked up mixture on ppc.
These results suggested that the nucleoside-5' 2-(N,N-dimethylamino)-4-nitro-
phenylphosphate, which might be obtained by the DCC(dicyclohexylcarbodiimide)
coupling reaction of the nucleoside with 3, would afford the 3',5'-cyclic
phosphate. Thus, adenosine (10 mmol) was subjected to the DCC (10 mmol)
coupling reaction with 3 (5 mmol) in DMF (150 ml). The mixture was allowed to
stand at room temperature for 24 hr and concentrated to dryness under reduced
pressure. The residue was dissolved in anhydrous pyridine (1000 ml) containing
AcOH (0.3 g). After removal of insoluble dicyclohexylurea by filtration, the
filtrate was added dropwise to the boiling anhydrous pyridine (1000 ml) during
3 hr with stirring and the mixture was further refluxed for 3 hr. The con-
centrated mixture under reduced pressure was dissolved in H20‘(300 ml) and the
precipitates were removed by filtration. The filtrate was extracted with EtOAc
to remove the 2-(N,N-dimethylamino)-4-nitrophenol formed. The aqueous solution
thus obtained was worked up and chromatographed on the DEAE cellulose column as
described in the literature,ls) the eluates being followed spectrophoto-

metrically at 260 nm. The nucleotide fractions were combined and concentrated

Phosphorylation Products

Compd. 42§ 6 Yield () MP.(°C) REP)
Isobutylphosphate 86 154-156 0.53°)
2-Aminoethylphosphate 79 234-235 0.129
Glycerol-l-phosphatef) 88 0.25e)
Adenosine 5'-phosphate . 77 195-199 (dec.) 0.16d)
Adenosine 3',5'-cyclic phosphate 64 229-232(dec.) 0.41d)

a) The compounds were identified with authentic samples. b) Paper chro-

matography was carried out by the descending technique using Toyo Roshi

No.51A paper. The solvent systems used were solvent A,isopropanol-conc.

NH40H-H20(7:1:2); solvent B,1-propanol-conc.NH40H—H20(6:3:1); solvent C,
isopropanol-5N NH40H(2:1). c) solvent B. d) solvent A. e) solvent C.

f) This compound was isolated as disodium salt.
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to dryness under reduced pressure at a temperature below 40°. Treatment of the
residue with 50% aqueous EtOH (10 ml, pH 2.0) gave crystalline adenosine 3',5'-
cyclic phosphate (1.11 g, 64%).
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