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S;unm_ac_x: The two diastereoisomers of various uracil glycoside photo-
hydrates have been separated by thin=layer chromatography, and one of the
isomeric photohydrates of deoxyuridine isolated in crystalline form, The
ratios of the two isomers formed are independent of the wavelength of
irradiation. The dark dehydration of each of the isomers follows a different
pathway, both in acid and alkaline media, the nature of which is described.

Ultraviolet irradiation of uridine {or other uracil glycosides)
in aqueous medium leads largely to formation of the photohydrate, S-~dihydro-
6=hydroryhydrouridine (Shugar, 1960). The water adduct may subsequently be
eliminated in the dark, in neutral or acid medium, by what is essentially
an acid-base catalyzed reaction {Wierzchowski and Shugar, 1961) to rezene~
rate the parent glycoside, In alkaline medjum the dark elimination reaction
is more complex and, in the presence of vat or i cations, is not
quantitative, a fact made use of by Schuster (1964) to estimate the number
of uracil hydrates formed in an irradiated polynucleotide. Catalysis by
NH4+, however, leads to quantitative regeneration of the parent glycoside
by two different pathways (Pikus and Shugar, 1966): (a2) direct elimination
of the water adduct, and (b) via an intermediate with an absorption band
at 290 mp, due to opening of the Nl-C6 bond of the uracil ring, followed
by dehydration and subsequent ring closure,

No consideration has been given, in the foregoing, vo the
possible formation of two diastereoisomers of the photohydrates, as

follows:
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The first evidence for the existence of such a mixture of stereoisomerc

was provided by Chambers (1968) for hydrated UMP on the basis of its NIR
spectrum in D20. This was subsequently confirmed for hydrated uridine (U)
by Wechter and Smith (1968). We have now found that the diastereoisomers of
various uracil glycoside photohydrates may be separated by thin-layer
chromatography, and have isolated one of these in crystalline form, The

two isomers differ in stability under various conditions, and each undergoes
alkali=catalyzed elimination of the water adduct by one of the two pathways
referred to above,

A 107 aqueous unbuffered solution of 2! wdeoxyuridine (aU) was
irradiated with a mercury resonance lamp (254 mu), from which radiation
below 230 mu was eliminated by means of a sodium acetate filter {McLaren
and Shugar, 1964), until 80-90% of the dU had béen photochemically
transformed. The irradiated solution was concentrated at room temperature

and chromatographed on HF2 silica gel 3 times in the same direction with

54

chloroform~methanol (85:15, v/v). Under these condstions, only one spot,
corresponding to unchanged dU, was visible under a dark UV lamp, with an

R OH fumes for 20-30 minutes brought

£ 4

out two additional spois with Rf values of 0,22 and 0.67 which, on elution,

proved to be dU, These two spots must, therefore, have been formed by the

of 0.47. Exposure of the plate to NH

alkali-catalyzed elimination of HZO from the two dU-HZO isomers I (Rf=0.22)
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and IT (R.=0.67)%,

Irradiation of dU in heavy water also gave the D_0 adducts, the

2

two isomers being formed in the same ratio as in H, O, Irradiation at longer

2

vavelengths pgave almost identical results, either in H

20 or DZOC

By direct elution and spectral estimation, the ratio of the two
isomers was found Yo be I:II = 70320, However, due to the slight alkaline
reaction of the silice gel, and the greater alkaline lability of isomer II
(see below), about 60% of the latter reverts to dU during deposition of the
mixture of isomers on the plate. “he T70:30 ratio of the two isomeric photo-
hydrates ic to be compared with that inferred indirectly by Wechter and
Smith (1968) from the MMR spectrum of a mixture of the isomers of uridine
photohydrate, 60:40.

The more pronounced stability of isomer I pointed to the
possibility of isolating it in purified form. About 40 mg. dU, at a concen-
tration of lO-BM in water, was irradieted in a reactor at. 254 mp until the

bsorption at 262 mp had decreased almost to zero. The solution was then

I

concentrated at room temperature under reduced pressure, and developed

three times in the same direction on thick TIC HF254 plates with chloroform-
methanol as above. The same solvent was used for elution of isomer I from
the chromatograms. Following removal of solvent under reduced pressure, the
residue was washed with anhydrous ethancl, dissolved in the minimal quantity
of anhydrous ethanol, and left overnmight in the cold room to give a deposit

7

{20 mg.) of tiny platelets which were extremely hygroscopic. On a microscope

hot stage the crystals did not exhibit a defined melting point, but, at 530
suddenly elimineted water to form dropleis of a highly concentrated solution

of dau.

XProlonged exposure of the chromatogram to the UV lamp brought out an
additional spot, with an R, of 0.10, corresponding to dU photodimer, which
accounted for about 85 of the photochemically trarsformed dU, in agreement
with previous observations on dimerization of uracil glycosides in aqueous
medium at a concentration of 10_3M (Pixus and Shugar, 1966).
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Pige. 1: Alkali-catalyzed dehydration of isomer II of dU+H_0O in 0.001N
NaOHl at 22% (a) absorption spectrum of dU*H,0 atpH 7; (b)
absorption spectrum of partially »egenerated dU after 1 min,
exposure to sllkkali; (c) absorption spectrum of fully regsnerated
AU after 2 mins, 3n alkali; (d) neubtral absorption spectrum of
regenerated dU.

The difference in stability, and in pathways for elimination of
the water adduct, between the two isomers is strikingly illustrated by
their behaviour in alitaline medium. At pH 12, at room temperature, isomer IT
reverts directly and rapidly (in less than one minute) to dU; this is
jllustrated in PFig. 1, where the pH is 11, in order to reduce the rate of
dehydration, which is a first-order reaction. Elimination of the water
adduct is gquantitative in the presence of either Nat and K+, or NH +,

cations; so that the ratio & m of the regenerated dU

ax( pH 12)/5 max{pH 6)
is 0476=0.78 as compared to 0,76 for control dU.

Under the same conditions, the rate of dehydration of isomer I
is not only much slower, but the reaction proceeds via an intermediate with
an absorption meximum at 290 mp which is, in turn, transformed to dU. This

is shown in Fig. 2, at a pH of 11 to slow down the reaction sequence.
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Purthermore, the allkali-catalyzed dehydration of isomer I is quantitative
only in the presence of NH +, but not Na© or K+, ions {ef, Pikus and Shugar,

1966).

300 20

20 0 Ame) 20

Pir, 21 Course of alkali-catalyzed dehydration of isomer I of dU~H20
in 0.O001N NaOl at 22°; (a) absorption spectrum of dUH,0
at neutral pii; (b) to (1) are spectra after exposure t0 alkali
for 0.5, 2, 3, 4, 5, 8, 15, 30 mins., respectively; curve (i) is
the alkaline absorption spectrum of fully regenerated dU which,
on neutralization, gives curve (3), the neutral absorption
gnectrum of dU.

. . ; O .
Tn acid medimm {1 N HC1l) at room temperature {22°), isomer I
appears to revert direcetly to AU with a first-order rate constant of
73 =l s a2y om . . . , o w .
7,8510° " sec ~ (Pig. 3). The reaction is readily followed by measuring

the rate of eppcarance of the AU absorption meximum at 262 ma. By contrast

isomer IT exhibits a pronocunced initial lag vnder the same conditions, the
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rate of dehydration gradvally increasing umtil it approximetes the value

~

Tor icomer I (Pig. 3).

—’_:_'

04 1 1 1 1
25 35 45 65 mins.
Fig. 2: Acid-catalyzed dehydratlon of dU+H,0 diastereoisomers I and II

in M 101 at 22°, Course of reactién followed by rate of
appearance of 262 np absorption maximum of regenerated dU.,

. reasonable interpretation of the foregoing is that isomer IT
iz unable to eliminate the water adduct directly, and that the lag period
iz due Vo iis isomerization to I, which then dehydrates directly. The
following experiment supports such an interpretation. An aqueous neutral

solution of isomer IT was acidified to pH O and kept at this pH for 10
mine, at room temp.; during this period only about 10-15% reverts to dU
{see Piz. 3). ™e solution was then broucht rapidly to pil 12, and the
course oi alkeline dehydration examined, This was now found to correspond
to the bshaviouwr of a mixtwe of the two icomers of dU-1120: about 605 of
the photoh yarate reveried very rapidly to (U; the remeining 409 was
initially transformed to the intermediate with an absorption maximum at
29C oy, following which the latter was slowly converted to daU, i.e, 4060
of whas warn initinlly isomer IT now behaved in alkali like isomer I.
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Purthermore, it has been shown that the formation of isomeric

photohydrates is by no means confined to dU, but is the rule amongst uracil

TABIE T
Percentages of diastereoisomeric photohydrates I and TI of uracil
plycosides formed by irradiation in aqueous neutral medium at 254 mpu, or at

wavelengths to red of 265 mp.

Isomer Uridine Hemethyluridine A -dU /S-dU
I 65 25 45 70
11 35 7 55 30

glycosides, This is illustrated in Table I, Hote, in particular that,
whereas there is litile difference in the proportion of the two isomers
between vridine and deoxyuridine, the ratio is apprecizbly modified on
I'=methylation of the aglycon or by a change in the anomeric configuration
from F to & , The & -dU in Table I was not obtained by direct synthesis,
but by photochemical de-ethylation (Pietrzyl:owska and Shugar, 1968) of

o ~5-ethyldeoxyuridine {Swiertowslzi and Shugar, 1969).

It is clear from the foregoing that photohydrate isomers will
almost certainly be formed on irradiation of cytosine glycosides, Dut these
will be considerably more difficult to identify, and even more so to
isolate, because of their lower stability, i.e. their tendency to rapidly
dehydrate, In this instance, however, resort may be had to alltylaminocyto-
sine glycosides, the photohydrates of which are enormously more stzble
(#ilus et al., 1962).

It remains to establish which of the two isomeric 4U photohydrates
is I, and which is YI, Attempts are therefore under way to isolate the

latter on a preparative scale. On the basis of the observed behaviour of
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‘the isomeric dU photohydrates in alkaline medium, in particular as regards
the absence of quantitative dehydration of the isomer we refer to as I in
the presence of ¥a' or x (cf. Pikus and Shugar, 1966), it may readily be
inferred from the data of Schuster (1964) that this isomer is formed in
ultraviolet irradiated nucleic acids, It will be of interest to see whether

isomer II is also formed,
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