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SUMMARY 

2 Facile syntheses of [ 5-2H] - , [ 6- H] -uracil and [ 5-2H7-, 
[6- HI-cytosine were investigated. The catalytic reaction of 
uracil or cytosine with 2H2 gas in alkaline media gave rise 
to [6- HI-compounds almost exclusively. On the other hand, 
the reaction of 5-bromouracil or 5-bromocytosine with 
gave rise to a mixture of [5- H]-, 16- HI- and [5-2H,6-2H]- 
compounds depending on the experimental conditions. By 
controlling the temperature, the pressure of 2H2 gas and the 
amounts of catalyst, [5- HI-uracil and [5- HI-cytosine were 
obtained. The isotopic distribution in each product was 
measured by 'H NMR spectroscopy combined with an HPLC method. 

2 

2 

2 
H2 gas 

2 2 

2 2 

Key words: Deuterium, 5D-uracil, 5D-cytosine, 6D-uracil, 
6D-cytosine. 

INTRODUCTION 

B-Decay of tritium incorporated in nucleic acid plays 

an important role in producing lethal and mutagenic effects . 
These effects are critically influenced by the position of 

tritiation in the pyrimidine base of nucleic acid4") . The 
chemical effects of the decay were also investigated in 
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aqueous solution of tritiated 

bases triti-ced ;t R specific 

of 5-bromo-pyrimidine derivat 

but the isotopic distribution 

not reported in these papers. - 

uracil6). In such experiments, 

position are used. Tritiation 
7-10) ves has been carried out 4 

between 5 and 6 positions was 

L In the present work, H-labelled uracil and cytosine 

were synthesized by the reaction of uracil (Ur), cytosine (Cy), 

5-bromouracil (5-BrUr), or 5-bromocytosine (5-BrCy) with 

gaseous deuterium under various conditions. Similar procedures 

are likely to be useful in the syntheses of tritiated 5-Ur 

and 5-Cy, after taking into account the isotope effect. 

EXPERIMENTAL AND RESULTS 

Materials 

Ur, Cy, 5-BrUr, 5-BrCy, Pd/CaCOj, D20 ( 9 9 . 5 5 % )  and D2 

gas were purchased from commercial sources and used without 

further purification. 1 N NaOD was prepared by dissolving 

NaOH in D20. 

High Performance Liquid Chromatography 

Products were analyzed by HPLC using a Model M-6000 A 

chromatograph (Waters Associates Inc. USA), a separation 

column of reversed phase type (Unisil Q-C18, 25 x 4.0 cm, 

Gasukuro Kogyo) and a 0.01 M solution of NaH2POq as eluant. 

Peaks were observed at 210 or 260 nm and treated numerically 

(Chromatopac C-RlA, Shimadzu) . The experimental errors 
were 2 2 % .  

'x NMK SpectroscogX 

'H NMR spectra were taken under strongly alkaline 

conditions with a JEOL MH-100 spectrometer and TSP as an 
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internal standard at room temFerature. 'H NMR (D20) Ur 

6 = 5.8 (lH,d. J = 7.0 Hz, 5-CH), 7.8 (lH,d. J = 7.0 Hz, 

6-CH) Cy 6 = 5.9 (lH,d. J = 7.0 Hz, 5-CH), 7.9 (lH,d. 

J = 7.0 Hz, 6-CH). The experimental errors were 10%. 

Reactions of Ur and Cy with D7 gas 

A mixture of 58 mg of Ur (5.17 x lo-* mol), (Run 1-1, 
11-11 or Cy (5.22 x moll, (Run 1-2, 11-2) and 120 mg 

o f  10% Pd/CaC03, and 3 ml of 1N NaOD were placed in 

a 100 ml round-bottom flask with a magnetically stirring 

teflon rod. The flask was connected to a vacuum line and 

evacuated at -78 OC before admitting D2 gas (178 mmHg, 

1.05 x 

Each reaction mixture in the flask was stirred for 1 hr 

(Run I) or 20 hrs (Run 11) at 15 OC, then the content was 

taken o u t  and filtered. The filtrate was evaporated to 

dryness by a rotary evaporator. The precipitate was washed 

with distilled water, dried, then dissolved in 0.5 ml of 

D20, and put in a NMR tube with 10 mg (5.81 x mol) of 

TSP. The distribution and mount of 2H in Ur and Cy 

molecules were determined by 'H NMR spectroscopy under 

rnol (Run I) or 89 mmHg, 5.25 x lo'* mol (Run 11)). 

alkaline condition. After the 'H NMR analysis the solution 

was neutralized with 1N HC1 and the products in the solution 

were analyzed by HPLC; their retention volumes were compared 

with those of the authentic samples. The peaks of Ur and Cy 

represent the sum total of the four isomers, i.e. 5 H ,  6H-, 

5H, 6D-, 5D, 6H- and 5D, 6D-compounds. The yields of the 

first three were determined from the 'H NMR measurements, 

and therefore that of 5Dr6D-compound was estimated by 

sinple substraction. 
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1 
The 'H NMR spectra in Run I showed that H-D exchange 

occurred only at the 6 position, although the yields of 

6D-Ur and 6D-Cy were not high. The amount of 6D-Ur was 

larger th-n that of 6D-Cy. The products in Run 11, for the 

most part, were 6D-compounds, and the formation of as little 

as 4% of 5D-Cy was detected. SD,6D-Compounds were not formed 

in both Run I and TI. 60D-Ur, 60D-Cy were not detected, 

either. The results are summarized in Table I. 

Table I: The distribution of D in the products in the 
reaction of Ur or Cy with D2 gas 

Run No. 1-1 1-2 11-1 11-2 

Ur CY Ur CY 
Products : % 

5-D 6-H 0 0 0 4 (trace) 
5-H 6-D 38 25 96 79 (47) 
5-D 6-D* 0 0 0 0 152) 
5-H 6-H (unreacted) 62 75 4 17 (0) 

Conditions: 
D2/Ur (Cy) (mol/mol) 2 
Pd-Cat/Ur (Cy) (w/w) 2 
reaction time, hr 1 

15 0 temperature , C 

1 
2 
20 
15 

* I 0 0  - (the sum of the other 3 iscmers) 
( ) without NaOD, dissolved in 7.5 ml D20 

On the other hand, large amounts of 5Dr6D-Cy together 

with 6D-Cy were obtained from the reaction in a neutral 

solution (numbers in parentheses in Table I). The result 

indicates that NaOD has a strong effect on H-D exchange 

of Ur and Cy. However, there was no reaction when Ur or Cy 

was mixed with 1N NaOD in the absence of D2 and Pd/CaC03. 
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Reactions of 5-BrUr and 5-BrCy with D2 gas 

In a second way to deuterate Ur and Cy molecules, 

5-BrUr and 5-BrCy were used as starting material. They were 

allowed to react with DZ gas in the presence of Pd catalyst 

under alkaline condition. A mixture of 100 mg of 5-BrUr 

(5.24 x 

(Run 111-2) and 200 mg of 10% Pd/CaC03, and 3 ml of 1N NaOD 

were placed in a 100 ml round-bottom flask with a teflon 

magnetic stirrer. D2 gas (178 mmHg) was admitted into the 

flask as described above. The flask was sealed and then 

heated and stirred at 80 OC for 1 hr. The reactions at 15 OC 

were studied in Run IV. The results are shown in Table 11. 

moll (Run 111-1) or 5-BrCy (5.26 x lo-* mol) 

In Run 111, the H-D exchange occurred at both 5 and 

6 positions. Although the starting materials were completely 

consumed] the total yield of Ur or Cy calculated from the 

HPLC peaks was as low as 45-50% indicating that some 

undesirable substances might have been produced. The results 

in Run IV (total yield 70-80%) indicated that 5D-Ur was 

produced with high yield, but that both 5D-Cy and 6D-Cy were 

produced together with 5D16D-Cy in Run IV-2. Thus, we 

conclude that the reaction at room temperature is favorable 

for syntheses of 5D-Ur and 5D-Cy. The difference in the 

reactivity between 5-BrUr and 5-BrCy can be explained by the 

chemical effect of substituents at the 4 position. 

Another series of experiments was carried out under 

conditions milder than those of Run 111. In Runs V-VII the 

D2 gas pressure and/or the amount of the catalyst were 

reduced as shown in Table 11. Reduction in the quantities 

of D2 gas and of the catalyst was found to be advantageous 

with respect to the production of the 5D-compounds. Although 
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large amounts of unreacted 5-BrUr and 5-BrCy were recovered, 

especially in Run VI, D incorporation preferentizlly 

occurred at the 5 position. 

In Run VII (total yield 2, 85%), unreacted BrUr and BrCy 

were not detected, and the yields of 5D-compounds were 

1.5-2 times larger than those in Run VI. However, 6D- and 

5D,6D-compounds appeared. Apparently, a prolonged reaction 

results in a H-D exchange at their labile 6 positions. The 

reaction should be stopped within 2 hrs to avoid the formation 

of 6D-compounds. Thus, 6D-compounds could be conveniently 

obtained by a prolonged reaction of Ur and Cy. 

In conclusion, the conditions of Run IV (for Ur) and 

Run V (for Ur and Cy) were found to be optimum for obtaining 

the 5D-compounds. 

REFERENCES 

1. Biological Effects of Transmutation and Decay of 

Incorporated Radioisotopes. Proc. Panel IAEA Vienna 1967, 

p. 29 (1968). 

2. Krisch R.E. and Zelle M.R., Biological Effects of Radio- 

active Decay: The Role of the Transmutation Effects. 

Advanc. in Radiat. Biol. 3:  177 (1969). 

3 .  Halpern A. and Stocklin G., Chemical and Biological 

Consequences of B-Decay. - Part 1 ,  Rad. Environm. 

Biophys. 14: 167 (1977), Part 2, ibid. 3: 257 (1977). 
4. Funk F. and Person S .  - Science 166: 1629 (1969). 
5. Krasin F., Person S . ,  and Snipes W. - Int. J. Radiat. 

Biol. 2: 417 (1973). 
6. Asano T., Halpern A., and Stocklin G. - Radiochimica 

Acta 2: 75 (1983). 

213 



214 R. Kiritani et al. 

7. Ulbricht T.L.V. - Tetrahedron 6:  225 (1959). 
i?. Wacker A . ,  Kornhauser A., and Trager L. - Z. Natur- 

forsch. E: 1043 (1965). 

9. Mantescu C., Genunche A . ,  Balaban A.T. - J. Label. 
Compds. Radiopharm. 1: 1 7 3  (1965); 2: 261 (1966). 

10. Evans E.A. - Tritium and its Compounds, Butterworths 
& Co. Ltd., London, 2nd. Ed. 1974. 




