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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not’
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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The chemical evidence is that both the ﬁydrated electron, e;q, and the
hydroxyl radical, OH, which are formed as: the principal intermediates in water
radiolysis, react rapidly.with_the pyrimidine bases through preferential addition

to the 5, 6 double bond to give the hydropyrimidyl radical, BH, and the hydroxy-

. pyrimidyl radical, BOH, respectively.l_h The yields for base destruction

(molecules/lOO eV) in oxygen-freevsolutions under -y-rays are, however, consistently

5-6

when. compared to primary yieids.of the radical species dérived
from water, Ge_ i 2‘85, GOH = 2.9;7 recent.work indicates that secondary reactions
of éH and éOH ?géd to regeneration of the parent com.pound.l+ In-oxygen-saturated
solutions, Q;q,~is scavenged by O2 Fo form O;(HOQ), the regeneration reaction is
quenched, and the yield for base destruction increases to G(-B)~2 through reactions
involving the peroxy radical, B(dH)éz. ‘Howevér,‘a multiplicity of organic proqucts:
are formed in the removal of the intermediate, B(OH)éa, and the overali product 
stoichiometries are’&et'to be fully elucidated. N

We find that'£he use of a transition metal ion sp.ch‘las.Cqu2 and Fe+3 in
the place of molecular oxygen aS'g‘scavenger of intermediate radicals leads to'a
considerable simplifiéation in Ehe.radiétion chemistry of agqueous sdlutions_of
the representative baées, uracil and cytosine. The specific chemical effects of

Cu+2 in these systems invblve the preferential oxidation of'the hydroxypyrimidyl



" . 1 and 2 have been observed in other systems.
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radicals to give the cbrresponding glycols as the principal products of radiolysis o ;
R < H
N/ | N/
N AN
j OH +cd'? 4 HO - o +cut + H' (1)
A e
H S OH

as evidenced by the data of Table I for both uracil and cytosine. Formation of
the isobarbituric acid derivatives (5- hydroxypyrimidines) with G < 0.5 in each

case mayvbe attributed to a parallel branching reaction

\c/H ' \\d/m

\oﬂ TR _Il +out + H (2)'
ocr c. | |
/ Ng ‘ | e Ny

Hence, in the presence of Cd+2 the pyrimidine nucleus is quantitatively oxidized

in accord with the stoichiometry G(1)+G(2) ~ Gog = 2.9. Reactions akin to steps ‘
9-11 | | | ,

ugr2(12) i

The velocity constants for reaction of e;q with C and with the _ i

‘ pyrimidine'basesl5 are such that aﬁ thé low [base]/[Cu+2] ratios of Table 1,
capture of e;q is predoginantly by Cu+2 + e;é -;Cu+. However, at the higher
[base]/[Cu+2] values, e;q is-scavénged almost exclusively by the base. Such
reaction does noﬁ lead to net'chemical change in the base since reaction 6f the
2 2

+ H20 -

BH(oH) + cu'+ H", BH(OH) =B + H,O leads to base regeneration. | ' o Q

hydropyrimidyl radical, BH, with Cu'> via BH + Cu'® - B.+ cu'

In the present experimenté,~the glycol and‘isobarbituric’acid derivatives

werevsepafated from the parent compounds and from Cu+2 by chromatogfaphy on Dowex-50’
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lon-exchange resin (hydrogen form) Aliquots of the irradiated solutions were
- placed diroctly on the column and in the case: of uracil, the product species were

fractlonally eluted w1th water. Product separatlon in the case of cyt051ne was

l effected with dilute hydrochloric eCidQ'at gradually increasing concentrations
over the range O to 2N. The yield of h-amino4isobarbituric acid from cytosine’

and of 1sobarbitur1c ac1d from uracil were calculated on the ba51s of e}OOmu

= 5.Mx103(pH<1) and € 6.6xlO (pH<1) - 1 respectlvely. Fractlons contalnlng,'

cytosine glycol and urac1l -glycol were heated in 2N HCl after the method of

2
Ekert and Monier %o quantltatlvely convert those products to the 1sobarb1tur1c

S ant s

‘acid forms for assay.
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Table 1

UCRL-16772

Product yields in the y-radiolysis of P,yrirnidirie-Cu.+2 solutions..

Base (md) = cut2(md)  pH G(glycol) ~ G(isobarbituric) SG(Products)
uracil 30 | 2. 5 2.3 o .0550 2.8
% 30 1 5 2.3 0.60 2.9
% 30 0.5 5 2.3 ~0.7 3.0
§ 10 10 3.5 2.4 0.45 2.85
| cytosine 10 2 3.7 2;28 o.ha_ 2.70
20 1 3.1 2.25 0.45 2.70
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mation, apparatus, method, or process disclosed in
this report.

used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-

mission, or employee of such contractor, to the extent that
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