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The y-Irradiation Induced Addition of Ethanol to Thymine ~—— 7.

“Abstract, When thymine, in dilute;deaerated, aqueous solution was
irradiated with Y—raye in the prescnce of ethanol a high_yield of products
containing both the thymine and ethanol moieties was obtained, These were
shown to be isomers formed by the addition of H' end 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 resistence of certain cells to ionizing radiation.

During the course of a search for the sensitized photodimerisation of
g

thymine and the’ sen81t1zed photodiasociation of the thymine dimer, ethanol -

was used as cosolvent for samé of the materials (1). Although as yet no pho= ',

tosensitization reactions have been seen a particularly efficient reaction fﬂu"

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- o A

tuents, We wish to report here the nature of that reaction, and to indicate é

~its possible role in biological systems.

 Solutions of thymine-2-Clh (1 mg/ml, luc/ml) were deoxygenated in &

streanm of'hitrogen, treated with ethanol (5 ul/ml) and irradiated with y-rays “’ *

fram & Co®0 source., The total doses varied from 0.066 to 9.6 megarads at
a dose rate of 0,40 Mrad/hr. The resultant solutions vere subjected to. two-

way paper chramatography on Ederol paper. The solvent in the first direction

was propanolz‘concentreted ammonia; water (6,3:1 v/v). Spots were detected

é

;??;@IT
was n-butanol: fommic acid: water (77:13:10 v/v) " and in the eecond direction e




corresponded to those of compounds A and B in the initial experiment,

- L

by radioautography and after elution their radioactivity was deterﬁined

by liquid scintillétion counting using a dioxane&népbﬁhgiéhé:é;iﬁ%iii;fgiA'
The results of this experiment showed that under these conditions thymine |
vas 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 ':::f J
water (450 ml) was deoxygenated in a stream of nitrogen for at least onet -
hour. Ethanol (13.5 ml) and ethanol-1-C1¥ (135 pl, 0.102 pe/ul) vere added
and the solution irradiated (13.2 Mrad.) Solvents were removed by rotary '::'-f
evaporation and the residual white solid dried as far as possible underliku! Mﬂ; %T}
vacuum, 'The product was treated with hot methanol and a small insoluble‘ :f‘: Ti’
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 be resolved by thin-layer chromatography. However, even after . ;. """1:
several recrystallizations from methanol, this material had & wide melting :
change of 20°C, indicating a mixture of compounds, Two-way paper chrana-‘}Vﬁ;‘ﬁggﬁ"

tography as before revealed the presence of fwo compounds whose Rf values

The spots were detected both by radioautography and by spraying with . '":;cgﬂ\

0,5 M sodium hydroxide solution followed by an acidic solution of p-dimethyla=. /..

minobenzaldehyde., The latter reagent detects dihydropyrimidines and the ﬁi iﬁ
characterization of compounds A and B.as dihydropyrimidines was confirmed o
by the absence of a band at about 265»mu 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 \L\&'g

. -~ e N 9 . .
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with that required for a 1l:1 addition product between thymine and ethanol

(Found: C, 49.05; H, 6.94; N, 16.31. CoH)oNp0, requires C, 48.83; i, 6.97;

N, 16.,27%). The infrared spectrum revealed the presence of a hydroxyl .

..1)’

group (3450 em two carbonyl groups (1700 and 1724 em™1) and amino

groups (3280 cm~}) whilst the n.m.r. spectrum (in D20) ghowed the pre-

N sence of several CCi; groups (overlapping bands between 1= 8.75 and 8.98) . '
as well as several unresolved CH groups (betwéen t=5.5 and 6.9). e

The p-nitrobenzoyl derivatives of this mixture were prepared using- . -3 
p-nitrobenzoyl chloride and pyridine.- The product was recrystallized from'v
ethanol and gave colorless crystals (141 mg) whose m.p. (207-230°C.) indi-
cated a mixture of campounds. Elemgntal analysis agreed with this mixtur;
being p-nitrobenzoyl derivatives of the above alcohols (Found: C, 51.61;
H,k.66; N, 12,92, CthlSNBOG requires C, 52.3; H, 4.67; N, 13.1%), and the |
infrared spectrum now lacked the 3450 cm™l hydroxyl band. Preparative ' ffffff

\

thin-layer chromatography of this material on silica-gel in chloroform-methanoi Séinﬂ

fe -
KRR T

(95:5 v/v) yielded two compounds. The first separated.from ethanol as color- ? ffff
less prisms (1.6 mg), m.p. 212-213°C. The second compound separated from - ;;fﬁ;fy
ethanol as colorless needles (3.6 mg), m.p. 235-237°C whose n.m.r. spectrum »
(in D,0) showed two doublets due tovCC§3)groups, each_split‘by en adjacent }i,;%’
CH group, confirmed that the two compounds, A and B‘aré cls ahd'traﬁs isomers :

of the addition product of thymine and ethanol (I). i,
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By using a computer of average transients (CAT) further resolution

of thgf'“‘ inm.r. spectrun was achieved, the signals confirming this
structure, Bands vere observed at t=0.4 (CONHCO, singlet), 2.1 (arcmatic
CH, split), 5.1, 6.75 and 7.5 (three CH, all split), 9.0 and 9.3 (two

CQEB, both doublets),

Because of the small amounts of material available further confirma- ;’ﬂ"'"f;'

tion of the structures was not possible, However, by'using N,N'-dimethyl-‘f

thymine, separation and identification of the reaction products was made

easier and .information concerning the structural requirements for reactiou

was obtained. The reaction with N,N'-~dimethylthymine also supported the

+

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 Soive e
solution irradiated (24 Mrad.) after wnich solvents were removed by rotary - '7“2
evaporation. The resultant colorless oil was dissolved in chloroform, dried, . °

and chromatographed on silicic acid (200 g) on which separation into three -
{ S

components was achieved.

Component I (1,11 g, 31%) was recrystallized from carbon tetrachloride

to give colorless needles, m.p. 153-155°C, and mixed m.p. with starting

could not be caused to crystallize and was not investigated further.

. . / .
Component IT (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‘ffgif'“”

by shaking with deuterium oxide). The presence of atAleast two compounds
was suspected from the complex chg_3 signalﬂ'in the n.m.r. spectrumn and this
was confirmed by thin~layer chromatography. This material was acetylated
using acetic anhydride and pyridine and the product:rechromatographgd on

silicic acid in diethyl ether when three fractions were obtained. 0

i
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‘material 153-154°C., Component III (550 mg, 16%) was a colorless gum which '
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The first fraction (110 mg, 21%) was recrystallized twice from o R

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, T.4l; N, 11.59%; Mw 248 (Rast), 242 (mass spec.) . ..
Cy1HgN,0y requires C, 54,505 H, 7,30: N, 11.k5%; MW 242), A ... 200my f {
(10g €:3.64), vy < 1740, 1720 and 1680 eu™,t values k.9 (C/H, quartet), .
6.4 (CgH, quartet), 6.9 two lie, singlet), 7.13 CsH, doublet), 8.0
(0COCH, singlet), 8.2 and 8.92 (two CCH,, both doublets, J=T c.p.s.). - = - '~ 7
The second fraction (225 mg, 43%) separated from petroleum ether IR
ether as colorless needles of the iscmer, m.p. 118°C (Found: C, 5&.&9;_': :'-5;
H, 7.3L: K, 11.54%, MW 240 (Rast), 242 (mass spee)), e 222 my ‘h
(10g€:3,26),v - . -+ 1750, 1718 and 1675 cm~l,t values 4.93, 6,66, 6.86, L
6.92, 7.2, 8,75 and 8,85, ' |

5 A et . et iy e ety 1o .- b b e e i ekt
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The third fraction (185 mg, 36%) could not be caused to crystallize. "'fz}flf

No further resolution was achieved by thin-layer chromatography.'and the e J(L s

A T T B |

n.n.r, spectrum showed peaks at t=8,0 (OOOCEB) énd_8,8 (cha) vhose re= %? ufoE§

Lative intensities (1:2) indicated that one mglé3of_éthqnol»had reacted’

|
.o N
' Pl B
: t

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 reaction had taken place.

The above results show thai the radiation induced addition of ethanol
to certain pyrimidines is a surprizingly efficient reaction, G values being
in the range normally found for rediation chemistry (2.3 for dimethylthymine.v'
0.9 for thymine), The reaction appears to proceed by attack of the hydro=-
xyethyl radical on the electrcnegative 06 of the pyrimidine deivative, as

"shown in the scheme below:

i) H,0 X H' + on’ ' S
» [y . . '
ii) cu3c;{20n + H -—-->cn3cx OH + Ha
CH CHOH + OH'—> CH.CH'OH + HO

372 _ 3 2

0

Ho ~OH

o~

| _.' C |
' H “OH o "on

— o S e

O

" The inability of 0,67-dimethyl¥hymine;(IIi}ftgw}éaég—is evidently

caused by the absence of the C, carbonyl group, Such & group is required’ 131'53

to activate the cslposition to radical ﬁttack‘byfelectron withdrawal.
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Donnellan and Setlow have recently reported the formation of thymine

. ~ photoproducts other than thymine dimers in ultrnviolet—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 td .
ultraviolet light and ionizing radiation should form non-harmful products =
in preference to lethal thymine dimers. Such a preferential reaction imé‘
plies an efficient chenical act between substances present in relatively
high amounts 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 smounts within cells .(e.g. sugars) it is possible that this type of IR

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

P,E. Brown,
M. Calvin,

J.F, Newnmark,

Lawrence Radiation Laboratory,

University of California

' Berkeley, California
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: Table 1L
Rp values of compounds A, B, C, ard thymine on Ederol
Compouhd . Rf:in'bﬁ-férmié
) A 0.5k
B ‘ 0.45
" c 0.71
Thymine 0.51
.

0.71

0.67
0.75
0.59
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