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The dimerisation of pyrimidines plays a major role in the
ultraviolet ( UV ) photochemistry of the nucleic eLc:Lds.1 In 1960,
Beukers and Berenr:ls2 reparted the photodimerisation of thymine by
UV irradiation of a frozen aqusous solution, and since then many
other pyrimidines have been shown to behave simill..s.rly.3 Dimerisation
can lead in theory to any of four stereoisomers having the cyclobutane
structure although the product from intrastrand dimerisation in
nucleic acids should have gig-syn stereochemistry.l' This prediction
has been vverified5 for the thymine dimer obtained from irradiated DNA,
While the structures of a number of dimers have bheen postulated from
the crystal structure of the monomer,3 an unambiguous chemical
assignment has been achieved6 only for thymine photo-dimer (1a).

Dimers of uracil are formed naturally in UV.irradiated RNA7
and are also produced by deamination of cytosine dimers in irradiated

DNA. 1 '»Ia.ng3 »8

has shown that uracil and a number of its derivatives
display photodimerisation similar to that of thymine on irradiation
in ice. The uracil dimer so produced has usually been treated as

8-10

being homogeneous and shows no change in infrared absorption on

repeated crystallisation, The apparent inhomogeneity of this material

“n
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as <:1erluced11

from its paper chromatographic properties is readily
demonstrated to result from overloading of chromatograms, Also,
although-the dimer is partially degraded by formic acid treatment,ﬁ we
have found that undegraded material is identical with the starting
material, There is, accordingly, no evidence for inhomogensity in
uracil ice-dimer,

The dimer forms a disodium salt with 4N sodium hydroxide but
does not undergo a reaction with bromine and alkali parallel to the
rearrangement shown by thymine di:mar.6 An alternative approach to the

elucidation of its stereochemistry is necessary.
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Uracil dimer is readily methylated in N alkali to give
3,3'-dimethyl uracil-dimer (Zb) in 65% yield, which on photoreversion
gives only 3-methyluracil. The n.u.r. spectrum of this dimer, in
CF3COOD solution, sinows the N-lie protons as a sharp singlet at €,70 ¢

with the cyclobutanz protons at ca. 5.6t comprisin: 2n A2B2 nattern too

A
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complex for interpretation. ilowever, Anet ~ wzs able to determin: the
coupling constant between the identical cyclobutanc protons in tetramsthyl

thymine-dimer (1b) by making use of the 3

C-H satellite n.m,r., 207 it

appeared that 2 similar result could be zcileved il two of the cyclobubane

protons in uracil dimer were to be isotopically substituted by deuteriua.
Decarboxylation ol 5-carboxyur'zcil“' on heatin: in

15

deuterophosphoric 1¢id 7 ¢ave 5-deuterouracii, Tuais waig char.cterised
by conversion into 5-deutere-1,3-dimetvayluracil, shown by masz spectrometry
to contain 95% deuteriusu in the 5-position.  Its n.m.r. spectrum, in D20
solution, showed a singlet at 2,33t and there was no evidence for any
deuterium in the ()--pos:i.t:i.on.16

Dimerisation of thie 5-deuterouracil in the usual way gave a
rreduct which npon methylation afforded 5,5'-dideutero-3,3'-dimethyl
uracil-dimer (3). The n.m.r. spectrum of thic dimer, in CF3C00D, shoued
2 hread singlet ot 5,601 replacing the A2 ' system seen in the protium
compornd (2h).  The lou-field 1301 satellite was ohserved ueing a Varian
Cormuter of Average Transienis to effect spectrum accumvlation, It
anpeared as a Goublst shouing a eoupling constant JH6P16, of 5 of/sec, soms
fin~ structure beinc attributable to coupling with neighbouring denterons.
The By p coupling constant was 166 ¢/sec,

The mgnitule of the H6H6' conpling constant is consistent only
with these hydrogens being vieinel,  Moreover, it is the same as that
observed'? in the case of tetramethyl thymine-dimer (1b), which iz Ynown

to have gis-sy ﬁterenchemistry.é It is clear, therefore, that wracil
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ice-dimer (2a) has the same stereochemistry.* This isomer is that most
likely to arise from solid state dimerisation of crystallins uracil.>?!?

Ultraviolet irradiation of 1 -methyluracilm or of 3-mathyluracil 19
in an ice matrix leeds to lcss than 3% dimerisation under cenditions which
give 71% dimer from thymine.

Tt is not at present nossible to correlate uracil dimer with
either of the twe dimers obtained3 from dimethyluracil since attempts to
prevare 1,1',3,3'-tetramethyl vrocil-dimer (2¢) by alkylation of uracil

ice-~dimer have been unsuccescaful,

Aclmowledgementss de grotefully record the assistance of Dr, J, Feeney
of Varian Associates in determining the CAT spzetrum and than 5.R,C, for

the award to one of us (R.J.H.D.) of a Research Studentship,

During the course of this work, Dbnges and I“ahr10 commmicated
results of a chemical desradation of wracil dimer which also proves its

cig-gyn gtereochemisztry,
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