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2-Alkoxy- and 4-alkoxyuridines were converted into isocytidine and cytidine by reaction with ammonia at
room temperature. Reaction with hydrogen sulfide produced 2-thio- and 4-thiouridine but the reaction was
incomplete. The reaction may be helpful in the identification of alkylated pyrimidine nucleosides in DNA.

J. Heterocyclic Chem., 17, 1601 (1980).

Alkylation of DNA by carcinogens can result in the
formation of covalent adducts or alkylated derivatives with
all bases (3,4). The base adducts that carry the alkyl moiety
on an oxygen have attracted particular interest because of
their ability to miscode in vitro (5-7) and their suspected
importance in carcinogenesis (8). The reaction described
here offers a means to derivatize O-alkylated uridines and
thymidines to known cytidines and isocytidines and thus
derives the structure in cases where the O-alkylated
nucleoside is not known.

The exchange of an alkoxy- against an amino group has
been described for alkoxyuracils (9) but more vigorous
conditions were required.

Both 2-O-methyluridine and 4-O-methyluridine are
smoothly converted into isocytidine and cytidine respec-
tively by reaction with liquid ammonia in a sealed tube at
20° with half-times of about 20 hours (Figure 1). Both
reactions are essentially completed after one week (data
points not shown).

Hydrogen sulfide converts both 2-O-methyluridine and
4-Q-ethyluridine into 2-thiouridine and 4-thiouridine. The
reaction is about 50% complete after 18 hours at 110° but
no kinetics was studied because of the objectionable smell.
The products were identical to the known reference com-
pounds in their retention volumes on cation exchange and
reverse phase hplc and uv spectra. There was no evidence
of de-pyrimidation and the respective cytidine was the
only product in the reaction with ammonia according to
cation exchange chromatography. The reaction with
hydrogen sulfide, even though incomplete, was free of any
free pyrimidine by-products according to reverse phase
chromatography and boronate chromatography. Such free
pyrimidine by-products are reported to occur and even
predominate in the hydrolysis of alkoxyuridines in
aqueous buffers (10).

EXPERIMENTAL

Reaction with Ammonia.

Solutions containing 0.25 umoles of 4-O-methyluridine or 2-O-methyl-
uridine were dried in a thick-walled vial. About 0.5 ml. of ammonia was
condensed into each vial and the vial sealed, leaving a 1 ml. air space.
Sealed samples were reacted at 20° and then opened. The entire sample
was dissolved in 0.4 ml. of buffer for spectroscopic analysis.
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Figure 1. Reaction of 2-O-methyluridine (A) and
4-0-methyluridine (o) with ammonia expressed as percent
conversion to isocytidine and cytidine, respectively.

Reaction with Hydrogen Sulfide.

Solutions containing 1.0 pmole of 2-O-methyluridine or 4-O-ethyl-
uridine were dried in a thick-walled glass tube, one drop of acetic acid
was added and about 1 ml. of liquid hydrogen sulfide was condensed into
the tube under dry ice-acetone cooling. The tubes were sealed and heated
at 110° for 18 hours. They were then cooled again, opened and the
hydrogen sulfide allowed to escape. Pyridine, 0.3 ml., and acetic
anhydride, 0.1 ml., were added and allowed to react for 18 hours at room
temperature and then evaporated under vacuum. The nucleoside tri-
acetates were then analyzed by reverse-phase Hplc-chromatography.

Cation Exchange Hplc-chromatography.

The system of Uziel and Cohn (11) was used to analyze the products. At
a flow rate of 0.38 ml./minute, the elution volumes for 2-O-methyluridine,
4-O-methyluridine, cytidine and isocytidine were 5.7 ml., 9.6 ml., 20.4 ml.
and 9.0 ml,, respectively.

Reverse-phase Hplc-chromatography.

A Whatman Partisil PXS 10/25 ODS-2 was eluted with a linear gra-
dient of 40 ml. of 10% aqueous ethanol to 40 ml. of 50% aqueous
ethanol. Both reservoirs also contained 0.15% of acetic acid. At a flow
rate of 1.5 ml./minute, the elution volumes for the triacetates of uridine,
2-O-methyluridine, 4-O-ethyluridine, 2-thiouridine and 4-thiouridine
were 32 ml., 42 ml., 50 ml., 52 ml. and 40 ml. respectively.

Polyacrylamide Boronate Chromatography.

Bio-Rad Affi-Gel 601 boronate resin was loaded into 0.1 ammonium
acetate, pH 10.5, and the ribonucleosides were eluted in 1M acetic acid.
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1602 Notes

With this regimen the resin had a capacity of 0.8 mmoles of guanosine
per 5 g. of dry resin. One gram of this resin was used to separate nucleo-
sides from non-nucleosides.

Acknowledgment.

The authors thank Drs. B. Singer, J. J. Fox and Tohru Ueda for
generous gifts of uridine derivatives, and Drs. J. J. Fox, B. Otter and R.
S. Klein for helpful discussions.

REFERENCES AND NOTES

(1) This investigation was supported in part by grants from the
American Cancer Society, BC-208, and Grants CA 19667 and CA 08748
from the National Cancer Institute, DHEW.

(2) Mailing address: Sloan-Kettering Institute for Cancer Research,
Walker Laboratory, 145 Boston Post Road, Rye, New York 10580.

Vol. 17

(3) B. Singer, Nature 264, 333 (1976).

(4) R. A. Mathews and G. Stshrer, Chem.-Biol. Interactions, 29, 57
(1980).

(5) L. L. Gerchman and D. B. Ludlum, Biochim. Biophys. Acta, 308,
310 (1973).

(6) B. Singer, H. Fraenkel-Conrat and J. T. Kusmierek, Proc. Natl.
Acad. Sci. US.A., 75, 1722 (1978).

(7) P. J. Abbot and R. Saffhill, Biochim. Biophys. Acta, 562, 51
(1979).

(8) R. Goth and M. T. Rajewsky, Proc. Natl. Acad. Sci. U.S.A., 71, 639
(1974).

(9) 1. Wempen, R. Duschinsky, L. Kaplan and J. J. Fox, J. Am. Chem.
Soc., 83, 4755 (1961). Reviewed in D. J. Brown, **The Pyrimidines’’, Sup-
plement 1, John Wiley, 1970.

(10) B. Singer, M. Krtger and M. Carrano, Biochemistry, 17, 1246
(1978).
(11) M. Uziel, C. Koh and W. E. Cohn, 4nal. Biochem., 25, 77 (1968).



