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The y-Irradiation Induced Addiiion of Ethanol to Thymine

Abstract, When thymine, in dilute, deaerated, aqueous solution was
irradiated with y-rays in the prescnce of ethanol a high yield of products
containing both the thymine and ethanol moleties was obtained, These were
shown to be isomers formed by the addition of H' and CH3CHOH radicals to
the 5,6 double bond of thymine. A similar reaction was observed with N,N'=
dimethylthymine, but 0,0'-dimethylthymine did not react., The reaction may

be relevant.to the resistance of certain cells to ionizing radiation.

During the course of a search for the sensitized photodimerisation of
thymine and the sengitized photodissaciation of the thymine dimer, ethanol
was used as cosolvent for some of the materials (1), Although as yet no pho=
tosensitization reactions have been seen a particularly efficient reaction
leading to the disappearance of thymine was observed and was traced to the
presence of small amounts of ethanol rather than any of the other consti-
tuents, We wish to report here the nature of that reaction, and to indicate
its possible role in blological systems.

Solutions of thymine-Z—Clh (1 mg/ml, luc/ml} were deoxygenated in a
stream of hitrogen, treated with ethanol (5 ul/ml) and irradiated with y-rays
from a 0060 source, The total doses varied fram 0,066 to 9.6 megarads at

a dose rate of O.MQ Mrad/hr, The resultant solutions were subjected to two-

way paper chromatography on Ederol paper., The solvent in the first direction

was n-butanol: fomic acid: water (77:13:10 v/v) and in the second direction °

was propanol: concentrated ammonia; water (6:3:1 v/v). Spots were detected
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oy radioautography and after elution their radioactivity was determined

by liquid scintill&tion counting using a dioxanerngphthaiehe!ééﬁhtiiigtdnﬁ
The results of this experiment showed that under these conditions thymine
was converted into three new compounds (A,B, and C), as shown in Figure 1.

The appropriate R, values are given in Table 1, The nature of these com=-

f
pounds was investigated after large scale irradiations,

For the large scale experiment a solution of thymine (1.35 g.) in
water (450 ml) was deoxygenated in a stream of nitrogen for at least one
hour. Ethanol (13.5 ml) and ethanol-1-c1¥ (135 pl, 0.102 pc/ul) were added
and the solution irradiated (13.2 Mrad.) Solvents were removed by rotary
evaporation and the residual white solid dried as far as possible under '
vacuum, The product was treated with hot methanol and a small insoluble
portion discarded. The solvent was removed and replaced with chloroform-
methanol (9:1 v/v; 50 ml) and the solution chromatographed on silica-gel
(280 g.) Only one significant fraction was eluted (821 mg, 55%) and this
could not he resolved by thin—lﬁyer chromatography. However, even after
several rec?ystallizations from methanol, this material had a wide melting
change of 20°C, indicating a mixture of compounds., Two-way paper chroma-
tography as before revealed the presence of fwo compounds whose Rf values
corresponded to those of compounds A and B in the initial experiment,

The spots were detected both by radioautography and by spraying with .

0,5 M sodium hydrdxide solution followed by an acidic solution of p-dimethyla=-

minobenzaldehyde. The latter reagent detects dihydropyrimidines and the
characterization of compounds A and B as dihydropyrimidines was confirmed
by the absence of a band at about 265 mp in the ultraviolet spectrum. The
similarity of the physical properties of A and B suggested that they were

isomers and this received some support from elemental analysis which agreed







with that required for a 1:1 addition product between thymine and ethanol
(Found: C, 49.05; H, 6.94; N, 16,31, C7H12N203 requires C, 48.83; H, 6.97;
N, 16.27%). The infrared spectrum revealed the presence of a hydroxyl

"l), two carbonyl groups (1700 and 172k em™!) and smino

group (3450 em
groups (3280 cm™!) whilst the n.m.r. spectrum (in D20) showed the pre-
sence of several CCily groups (overlapping bands between 1= 8.75 and 8.98)
as well as several unresolved CH groups (betwéen 25,5 and 6.9).

The p-nitrobenzoyl derivatives of this mixture were prepared using
p-nitrobenzoyl chloride and pyridine.- The product was recrystallized from
ethanol and gave colorless crystals (141 mg) whose m.p. (207-230°C,) indi-
cated a mixture of campounds. Elemental analysis agreed with this mixture
being p-nitrobenzoyl derivatives of the above alcohols (Found: C, 51.61;
H,4.66; N, 12,92, C)yHy 5506 requires C, 52.3; H, 4.6T; N, 13.1%), and the | |
infrared spectrum now lacked the 3450 cm™} hydroxyl band. Preparative o i
thin-layer chromatography of this material on silica-gel in chloroformrmephgyéiz:}‘
(95:5 v/v) y%elded two compounds. The first separated from ethanol as color- |
less prisms (1.6 mg), m.p. 212-213°C. The second compound separated from .  ' /
ethanol as colorless needles (3.6 mg), m.p. 235-237°C whose n.m.r. spectrum '
(in D2O) showed two doublets due to CC§3>groups, each split by an adjacent " E
CH group, confirmed that the two compounds, A and B are cis and Ezggg isomers

of the addition product of thymine and ethanol (I).

O (3?1:5
HN H

(1) )\N A _ony

H \OH
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By using a computer of averagze transients (CAT) further resolution
of theL;;;:::;n.m.r. spectrum was achieved, the signals confirming this
structure, Bands were observed at 1=0.4 (CONHCO, singlet), 2.1 (aromaticb
CH, split), 5.1, 6,75 and 7.5 (three Ci, all split), 9.0 and 9.3 (two
CCHy, both doublets),

Because of the small amounts of material available further confirma-
tion of the structures was not possible., However, by using N,N'-dimethyl-
thymine, separation and identification of the reaction products was made
easier and .information concerning the structural requirements for reactionm
was obtained. The reaction with N,N'-dimethylthymine also supported the

ot

allocation of structure I to the products A and B.

A solution of N,N'-dimethylthymine (2,25 g) in water (450 ml) was
deoxygenated in a stream of nitrogen. Ethanol (22.5 ml) was added and the
solution irradiated (24 Mrad.) after which solvents were removed by rotary
evaporation., The resultant colorliess oil was dissolved in chloroform, dried,
and chromatographed on silicic acid (200 g) on which separation into three .
components wt;.s achieved. N

Component I (1.1l g, 31%) was recrystallized from carbon tetrachloride
to give colorless needles, m.p. 153-155°C, and mixed m.p. with starting
material 153-154°C., Comporent III (550 mg, 16%) was a colorless gum which
could not be caused to crystallize and was not investigated further.

Component II (1,85 g, 53%) was shown to contain hydroxyl groups by
infrared (band at 3500 cm~l) and n.m.r. spectroscopy (band at 1=6.2 removed
by shaking with deuterium oxide). The presence of at least two compounds
was suspected from the complex CC!_I_j signals in the n.m.r. spectrum and this
was caonfirmed by thin-layer chromatography. This material was acetylated
using acetic anhydride and pyridine and the product rechrcomatographed on

silicic acid in diethyl ether when three fractions were obtalned.
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The first fraction (110 mg, 21%) was recrystallized twice fram

petroleum ether-ethanol to give cis or trans 6-a-acetoxyethyl- 5,6-di-

hydro-l,3-dimethylthymine (II) as colorless needles, m.p. 101-102°C

(Found: C, 54.93; H, 7.Wb; N, 11.59%; MW 248 (Rast), 242 (mass spec.)

CyH1gN,0, requires C, 54.50; H, 7,30: N, 11.k5%; MW 242), A .. 222mp

(loge3.64), v__. 1740, 1720 and 1680 ca™,t values b.9 (C;H, quartet),

6.4 (CGH, quartet), 6.9 two liMe, singlet), 7.13 CsH, doublet), 8.0

(ococH, singlet), 8.2 and 8.92 (two CCH,, both doublets, J=T c.p.s.).

The second fraction (225 mg, 43%) separated from petroleum ether -

ether as colorless needles of the iscmer, m.p. 118°C (Found: C, 54.49;

H, 7.31: N, 11.54%, MW 240 (Rast), 242 (mass speé)), Aase 222 my ‘~.‘ |

(1035:3.26),vm5xr. 1750, 1718 and 1675 cm™t,t values 4.93, 6,66, 6.86,
6492, 7.2, 8,75 and 8.85,

0 |
CH
m G,
; H |
0~ N CI-TCHs ?(

Me  “SococHs

The third fraction (185>mg, 36%) could not be caused to crystallize.
iWo further resolution was achieved by thin-layer chromatography and the
n.m,r. spectrum showed peaks at 1=8,0 (OOOCEB) and 8,8 (CCﬂB) vhose re-
~otive intensities (1:2) indicated that one mole of ethanol had reacted

with one mole of thymine,
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Wnen 0,0'-dimethylthymine (III) was treated in the same way thin-
layer chromatography revealed tnat no recaction had taken place,

The above results show thnt tue radiation induced addition of ethanol
to certain pyrimidines is a sursriving.y efficient reaction, G values being
in the range normally found for resdiation chemistry (2.3 for dimethylthymine,
0.9 for thymine). The reaction arpears to proceed by attack of the hydro-
xyethyl radical on the electronageative C6 of the pyrimidine deivative, as

shown in the scheme below:

i) H20_1-—>H‘ + oH'

ii) CiL,CH 0l + H'—->CH30H'0}{ + . H
- , CH3CH20H ,+‘ 0H'—-9'CH30H'O§ . + Hao B

O§ CH 0

HN | j | HN -CH3

| ~ H
i ) H OH J OH
O CHz
. CHz H H

HN . ‘ |
A\ H. c +H — H '
H ' ' CH
0~ N ~v3 0" N —3
N7 el Nt
The inability of 0,0'-dimethylthymine (IIT) to react is evidently

caused by the absence of the Ch carbonyl group, Such & group is required

to activate the Cé'positiou to radical attack by electron withdrawal,

OH : OH
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Donnellan and Setlow have recently reported the formation of thymine
pnotoproducts other than thymine dimers in ultraviolet-irradiated bacterial
spores (2), Since bacterial spores are resistant to the deleterious effects
of both ultraviolet light and ionizing radiation the formation of large amounts
of such photoproducts implies either that these products do not interfere
with DNA synthesis or that the cells have a very efficient repair mechanism
for dealing with them., It follows that those cells which are resistant to
ultraviolet light and ionizing radiation should form non-harmful products
in preference to lethal thymine dimers. Such a preferential reaction im=
plies an efficient chemical act between substances present in relatively
high emounts within the cell,

The reaction described above is such an efficient reaction and re-
quires only the presence of hydroxyl groups. Since these are present in
large amounts within cells (e.g. sugars) it is possible that this type of

reaction plays a part in the high dose radiation chemistry of cells.

P,E. Brown,
M. Calvin,

J.F. Newnark,

Lawrence Radiation Laboratory,
University of California

Berkeley, California
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Table 1

Rf values of compounds A, B, C, and thymine on Ederol

Compound Rf‘- in bu-formic 5fin AprOp-—NHB
A 0.54 0.71
B | 0.45 0.67
c 0.71 0.75

- Thymine 0.51 0.59
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