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Preparation of 5-Fluoro- and 5-Alkyl-2'-deoxyuridine
5’-Phosphates free of 3'-Phosphates via
Phosphorodiamidates

J. Lupwis, J. TOMASZ*

Institute of Biophysics, Biological Research Centre, Hungarian Acad-
emy of Sciences, H-6701 Szeged, Hungary

5-Fluorc- and 5-alkyl-2’-deoxyuridine 5'-phosphates have ac-
quired widespread application for in viiro enzyme specificity
studies"2 A simple and frequently used method for the pre-
paration of these compounds is the Yoshikawa-procedure: the
phospherylation of unblocked 2'-deoxyribonucleosides with
phospheryl chloride in trialkyl phosphates®. This procedure,
when combined with hydrolysis, gives predominantly the 5'-
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phosphates in high yields with the concomitant formation of
the 3'-phosphates and 3',5'-diphosphates to a much smaller
but not negligible extent®. The main drawback of this proce-
dure is the problematic separation of the isomeric 5'- and 3'-
phosphates.

In general, preparative paper chromatography®®’ or ion-exchange co-
lumn chromatography® are used despite the fact that no clear-cut sep-
aration can be attained by either of these two methods. By preparative
paper chromatography, only the separation of the mixtures of 3'- and
5'-phosphates from the 3',5'-diphosphates can be achieved®. There-
fore, it seems very likely that in earlier works all the 5'-phosphates iso-
lated by paper chromatography and used for enzymic studies had
been contaminated with 3'-phosphates. Ion-exchange column chroma-
tography allows a partial resolution of 5’- and 3’-phosphates, the 3'-
phosphates appearing as a tail of the peak of 5'-phosphates*®. Sagi et
al. isolated 5’-phosphates free of 3'-phosphates by repeated fractional
precipitation by ethanol of the barium salts from aqueous solution®.

The present paper offers an alternative method for obtaining
pure 5-fluoro- and 5-alkyl-2’-deoxyuridine 5'-phosphates 3
free of 3'-phosphates via phosphorodiamidates, according to
the following Scheme.
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Phosphorylation of 2'-deoxyribonucleosides 1 according to
the Yoshikawa-procedure followed by in situ ammonolysis
yields mixtures of 5'-phosphorodiamidates 2, 3’-phosphoro-
diamidates 4, and 3',5'-bis|phosphorodiamidates] 5 as well as
hydrolysis products, mainly phosphoramidates (Table).
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The phosphorodiamidates can be clearly separated by partition chro-
matography on a cellulose column with a mixture of n-butanol/etha-
n01/0.1 molar triethylammonium hydrogen carbonate, pH 7.5, in the
order of 4>2>5 (see R; values in Table). A column of 2.2 x40.0 cm
gives a clear-cut resolution of reaction mixtures produced from 1.0
mmol of 1a or 1c, 0.5 mmol of 1b, and 0.1 mmol of 1d. Unreacted
starting materials 1 are eluted ahead of the phosphorodiamidates'’.
The structure of the phosphorodiamidates was confirmed by hydroly-

tical degradations and *'P-N.M.R. spectrometry.

The desired 5'-phosphates 3 were obtained by hydrolyzing the
5'-phospharodiamidates 2 in 50% aqueous acetic acid at 50°C
for 5 h. The absence of 3'-phosphates in the 5’-phosphates was
checked by hydrolysis with a 5-nucleotidase specific for
P—O—C* phosphomonoester bonds.

Y'P-N.M.R. spectra were recorded under proton decoupling on a
JEOL FX60 spectrometer in FT mode at 24.2 MHz.

5-Fluoro-2'-deoxyuridine 5'-Phosphorodiamidate (2a):

Freshly distilled phosphoryl chloride (0.2 mi, 2.2 mmol) is added to a
well-stirred solution of compound 1a (246 mg, 1.0 mmol) in trimethyl
phosphate (2.5 ml), at 0°C. Stirring is continued at 0°C for 24 h, 7.0
normal aqueous ammonium hydroxide (10.0 ml) is then added under
vigorous stirring at 0°C, and the solution is evaporated to dryness un-
der reduced pressure. The residue is dissolved in deionized water (50.0
mi). The solution is percholated through a DEAE-cellulose [HCOY?]
column (1.6 x 53.0 cm), and the column is washed with water (elution
rate: 20.0 ml/20 min/fraction). The first nine fractions containing am-
monium hydrogen carbonate, phosphoric triamide and practically no
U.V.-absorbing material are discarded. The mixture of compounds 2a,
4a, 5a, and 1a (about 88% of the total absorbancy applied) emerge in
fractions 10-30. These are pooled and evaporated to dryness under re-
duced pressure. The residue is applied onto a cellulose (Whatman CC
31) column (2.2x40.0 cm) equilibrated with n-butanol/ethanol/0.1
molar triethylammonium hydrogen carbonate, pH 7.5, 16:2:5, v/v,
and the column is developed with the same solvent mixture (elution
rate: 4.5 ml/20 min/fraction). Four large peaks appear between frac-
tions 12-31 (1a), 42-50 (4a), 52-80 (2a), and 124-160 (5a). T.L.C.
pure, solid phosphorodiamidates can be obtained by evaporating the
appropriate fractions under reduced pressure; yield of 2a: 0.155 g
(45%).

CoH 4sFN,O,P-H,0 calc. C 31.55 H 4.67 N 16.36
(342.2) found 31.95 4.82 15.90
UV. (pH=2.0): 1,,=268 nm, 1,,=233.5 nm; (pH=10.0):
Amax =268 nm, 1,,;, =247 nm.

Y'P-N.M.R. (D,0, pD=7.0/H;P0,): §=20.61 (2a), 19.79 (4a), 19.79
and 20.24 ppm (two signals of equal intensity, 5a).

After standing 12 h, at pD=1.0 and 25°C'":

Y'P-N.M.R. (D;0, pD=1.0/H;P0,): 6= ~0.16 (2a), —-0.89 (4a),
—0.26 and —0.93 ppm (two signals of equal intensity, 5a)"*.

Compounds 2a, 4a, and 5a are quantitatively converted to 1a upon
standing in 0.1 normal aqueous sodium hydroxide at 25°C for §
min'’. The alkaline hydrolysis of 5a proceeds via 2a and 5a (as de-
tected by T.L.C.).

2'-Deoxynucleoside 5'~Phosphorodiamidates 2b, 2c, and 24:

The syntheses are performed with 1.0 mmol of Ic, 0.5 mmol of 1b,
and 0.1 mmol of 1d as described for 2a except that the reaction time is
only 7 h for 1b and 1¢. Except for the partition column, everything is
proportionally reduced.

Yield of 2b: 0.091 g (56%).

CoH,sN,0.P- H,0 calc. C3331  H524  N17.27
(324.2) found 33.52 538 16.99
Yield of 2e: 0.177 g (52%).

Yield of 2d: 0.016 g (43.1%).

CiHyN,OP-H,0  cale. C3934 H627 N I528

(366.3) found 39.50 6.32 15.04
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Table. Distribution [%]* of Intermediary Phosphorodiamidates (cf.
Scheme) and their R, values®

R= F (a) H (b) CH; (9 i-C3H, (d)

Compound | (%] R, [%] Ry [%] R ] R

186 0.63 | 6.7 050 19.1 066 | 26.6 0.67
634 02614 813 020} 695 028 | Si.1 038
65 031] 24 021 44 035]| 86 045
76 013 63 009 52 012) 114 0.18

[7 B0 N

* Determined by U.V. spectrophotometry at A"\ assuming the
absorptivities to be identical to that of the respective nucleoside.
Hydrolysis products (5-20%) were neglected for calcuiation, i.e.
100% is equal to the sum of the absorptivities of the compounds 1,
2, 4, and 5. Differences from 100% were caused by slight degrada-
tion during the separation of reaction mixtures.

® On cellulose (MN-300)/silica gel (HF.s,), 8:2. w/w, home-made
thin-layer plates in n-butanol/ethanol/0.1 molar triethylammon-
tum hydrogen carbonate, pH 7.5, 16:2:5, v/v.

5-Fluoro-2'-deoxyuridine 5'-phosphate (3a):

Compound 2a produced (~0.45 mmol) is dissolved in 50% aqueous
acetic acid (45 ml), the solution is left at 50°C for 5 h, and then evapo-
rated to dryness under reduced pressure. Last traces of acetic acid are
removed by repeated evaporation with water. The residue is dissolved
in deionized water (10.0 m}). The solution is applied onto a DEAE-cel-
lulose [HCO?] column (1.6 x 53.0 cm). Elution is carried out with a li-
near gradient of deionized water/0.2 molar aqueous triethylammon-
ium hydrogen carbonate, pH 7.5 (2000 ml, elution rate: 20 ml/20 min/
fraction). The main peak is pooled and evaporated to dryness under
reduced pressure. Triethylammonium hydrogen carbonate is removed
by repeated evaporation with methanol. Finally the residue is dis-
solved in a small amount of water. The solution is freeze-dried to give
the bis-triethylammonium salt of 3a; yield: 0.231 g (97%); homogene-
ous by T.L.C. on silica gel (Kieselgel 60 F:s;) in n-propanol/conc.
aqueous ammonium hydroxide/water, 11:7:2, v/v.

3P-N.M.R. (D0, pD=1.0/H;PO,): 6= ~0.26 ppm"*.

On treatment with 5'-nucleotidase from Crotalus atrox venom (Sigma),
3a is quantitatively hydrolysed to 1a (1.0 A, unit of 3a, 1.0 unit of
the enzyme in 10 ul of 0.1 molar aqueous glycine/sodium hydroxide
buffer, pH 9.0, 37°C, 6 h, detected by T.L.C.).

2’-Deoxynucleoside 5'-Phosphates 3b, 3¢, and 3d:

These compounds are prepared from the respective phosphorodiami-
dates 2b, 2¢, and 2d in exactly the same manner as described for 3a;
vield of 3b: 0.133 g (93%); of 3c: 0.260 g (95%); of 3d: 0.023 g
(95%).

3P.N.M.R. (D,0, pD=1.0/H;P0,s): 6=-0.22 (3b), —-028 (3¢),
—0.3 ppm (3d).

Enzymic hydrolysis with 5'-nucleotidase yielded the respective nucleo-
sides 1b, 1¢, and 1d. .

3 p.N.M.R. measurements performed by Dr. W. S. Zieliriski (Centre of
Molecular and Macromolecular Studies, Polish Academy of Sciences,
Lodz, Poland) are gratefully acknowledged.

Received: April 3, 1981
(Revised form: May 26, 1981)

' P. V. Danenberg, Biochim. Biophys. Acta 473, 73 (1977) and refer-

ences cited therein.
2 E. DeClerq, P. F. Torrence, J. Carbohydrates. Nucleosides, Nucleo-

tides 5, 187 (1978) and references cited therein.
* M. Yoshikawa, T. Kato, T. Takenishi, Bull. Chem. Soc. Jpn. 42,
3505 (1969).

0039-7881/82/0132-0034 $ 03.00

SYNTHESIS

* W. H. Dawson, R. L. Cargill, R. B. Dunlap, J. Carbohydrates, Nu-

cleosides, Nucleotides 4, 363 (1977).

A. Holy, 1. Votruba, Collect. Czech. Chem. Commun. 39, 1646

(1974).

* T. M. K. Chiu, R. B. Dunlap, J. Med. Chem. 17, 1029 (1974).

7 J. H. Gallivan, G. F. Maley, F. Maley, Biochemistry 15, 356
(1976).

* G. M. Tener, J. Am. Chem. Soc. 83, 159 (1961).

® J. T. Sagi, A. Szabolcs, A. Szemzd, L. Otvos, Nucleic Acids Res. 4,

2767 (1977).

A more laborious adsorption column chromatographic method

combined with fractional crystallization has recently been de-

scribed for the isolation of compound 2¢, S. Bottka, J. Tomasz, Te-

trahedron 35, 2909 {1979).

" Nucleoside phosphorodiamidates are quantitatively converted to

nucleoside phosphates under these conditions'?.

A. Simoncsits, J. Tomasz, Nucleic Acids Res. 2, 1223 (1975).

Phelps ct al. have recently reported on the synthesis of 2a from 5-

fluoro-2'-deoxy-3'-0-acetyluridine and found the compound to be

stable in normal sodium hydroxide solution at 65°C for 2 h: M. E.

Phelps, P. W. Woodman, P. V. Danenberg, J. Med. Chem. 23, 1229

(1980).

On the basis of our present and previous results we think, that the

compound in the hands of Phelps et al. was not 2a, but the alkali

stable 5'-phosphoramidate, which might be formed e.g. during de-

acetylation, by the participation of the $§'-diamidophosphoryl

group in the hydrolysis of the 3'-O-acetyl group.

3 For *'"P-N.M.R. chemical shifts of nucleotides see: P. J. Cozzone,
O. Jardetzky, Biochemistry 15, 4853 (1976).

5

10

© 1982 Georg Thieme Verlag - Stuttgart - New York

Downloaded by: University of Arizona Library. Copyrighted material.



