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s-x: The two diastereoisomers of various uracil elycoside photo- 
hydrates have been separated by thin-layer cbromatopaphy, 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 dsrk dehydration of each of the isomers follows a different 
pathway, both in acid snd alkaline media, the nature of which is described. 

Ultraviolet irradiation of uridine (or other uracil glycosides) 

in aqueous medium leads lsrgely to formation of the photohydrate, %Iihydro- 

6-hydsoxyhydrouride (Shugar, 1960). Th e 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 regene- 

rate the parent glycoside. In alkaline medium the da& elimination reaction 

is more complex and, in the presence of Da+ or K+ cations, is not 

quantitative, a fact made use of bjr Schuster (1964) to estimate the number 

of vracil hydrates formed in an irradiated poly-nucleotide. Catalysis by 

NH + 
4 ’ 

however, leads to quantitative regeneration of the parent &coside 

by two different pathways (Fikus end Shugar, 1966): (a) direct elimination 

of the water adduct, and (b) via an titermediate with an absorption band 

at 290 q, due to opening of the Bl -C bond of the uracil ring, followed 6 

by dehydration and subsequent ring closure. 

MO consideration has been @ .ven, in the foregoing, to the 

possible formation of two diastereoisomers of the photohydrates, as 

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

ms provided by Clambers (1968) 0 ror hydrated UKJ? on the basis of its MB? 

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, end have isolated one of these in crystalline form. The 

two isomers differ in stability under various conditions, and each undcrSoes 

alkali-catalyzed elimination of the water adduct by one of the two pathways 

referred to above. 

A 10-3iX aqueous unbuffered solution of 2'-deoxyuridine (dU) was 

irradiated with a mercury resonance lamp (254 mu), from which radiation 

below 230 mu was eliminated by means of a sodium acetate filter (XcLaren 

and Shugar, 1964), until 80+X$ of the dU had been photochemically 

transformed. The irradiated solution was concentrated at room temperature 

and chromatographed on HE'254 silica gel 3 times in the same direction with 

chloroform-methanol (85:15, v/v). Under these conditions, only one spot, 

corresponding to unchanged dU, wati G visible under a dark UV lamp, with an 

Rf of 0.47. Exposure of the plate to KH40H fumes for 20-30 minutes brou&t 

out two additional spots with Rf values of 0.22 and 0.67 which, on elution, 

proved to be dU. !Chese two spots must, therefore, have been formed by the 

alkali-catalyzed elimination of II20 from the two dU*H20 isomers I (Rf=0.22) 
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and II (a,=oe67)“. 

Irradiation of dU in heavy water also gave the D20 adducts, the 

two isomers beirl;: formed in the same ratio as in H20. Irradiation at longer 

wavelengths ,yave almost identical results, either in H20 or D20, 

3y tiirect elution and spectral estimation, the ratio of the two 

isomers was found to be I:11 = 70:30. Iiowever, due to the slight alkaline 

reaction of the silica Gel, and the seater alkaline lability of isomer II 

(see below), about 6q-3 of the latter reverts to dU during deposition of tne 

mixture of isomers on the plate. Yhe 70:30 ratio of the two isomeric photo- 

h-Crates is to be compared with that inferred indirectly by Vechter end d 

Znith (1968) from the W:B spectrum of a mixture of the isomers of uridine 

photohydrate, 60:40, 

The more pronounced stability of isomer I pointed to the 

possibility of isolatw it in purified form. About 40 mg. dU, at a concen- 
7 

tration of lo--'I1 in water, was irradiated in a reactor at.254 rm.z until the 

absorption at 262 rnil had decreased almost to zero. The solution was then 

concentrated at room temperature under reduced pressure, and developed 

three times in the ssme direction on thick TLC HY 
254 

plates with chloroform- 

methanol as abovo. The same solvent was used for elution of isomer I from 

the chromatogrsms. Followkg removal of solvent under reduced pressure, the 

residue was washed with anhydrous ethanol, dissolved in the minimal quantity 

of anhydrous ethanol, and lenA II, overni&t in the cold room to give a deposit 

(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 53’ 

suddenly eliminated water to form droplets of a hi&-&jr concentrated solution 

of dU . 

x 
Prolonged exposure of the chromatogram to the W  lamp brought out an 
additional spot, with an Rf of 0.10, corresponding to dU photodimer, which 
accounted for about 8:; of the photochemically trezisformed dU, in agreement 
with previous observations on dimerization of uracil glycosides in aqueous 
medium at a concentration of lO"M (Pikus and Shugsx, 1966). 
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Fig. 1: Alkali-catalyzed dehydration of isomer II of dU*II20 in O.OOlN 
ma011 at 22O; (a) absorption spectrum of dU*H20 at pH 7; (b) 
absorption spectra of partially regenerated dU after 1 min. 
exposure t 0 alkali; (c) absorption spectrum of fully regenerated 
dU after 2 mins. in alkali; (d) neutral absorption spectrum of 
regenerated dU. 

The difference in stability, and in pathways for elimination of 

the water adduct, betneen the two isomers is strikingly illuctratcd by 

their behaviour in alkaline medium. At pl-I 12, at room temperature, isomer II 

rever-ts directly and rapidly (in less than one minute) to dU; this is 

illustrated in IFig. 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 quantitative in the presence of either Wa+ end K+, or M4+, 

cations; so that the ratio E mm(pH 12j/E maJr(pH (5) of the regenerated dU 

is 0.76-0.78 as compared to 0.76 for control dU. 

Under the ssme conditions, the rate of dehydration of isomer I 

is not only much slower, but the reaction proceeds via an intermediate with 

en absorption maximum at 290 rnp which is, in turn, transformed to dU. This 

is shovm in Fig. 2, at a pH of 11 to slow down the reaction sequence. 
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Furthermore, the alkali-catalyzed dehydration of isomer I is quantitative 

0121~ in the presence of NH +, 
4 but not Na+ or K+, ions (cf. Filcus and Shugar, 

1966). 

T? 2: Course of alkali-catalyzed dehydration of isomer I of dU*H2@ 
in O.OOlN >TaOl! at 22': 
at neutral pii; 

(a) absorption spectrum of dU=H20 
(b) to (i) ere spectra after eqosure to alkali 

for 0.5, 2, 3, 4, 5, 8, 15, 30 mins., renpectivcly; curve (i) is 
the alkal-ine absorption spectrum of fully regenerated dU which, 
on neutralization, gives curve (j), the neutral absorption 
spectra of CF. 

In acid aeciim (1 $1 IICl) at room temperature (22O), isomer I 

nppemo to xaevert dircctl, -7 to dU with a first-order rate constant of 

7,0~10-~ sec’l (i%g . 3). The reaction is readily followed by neasurti~ 

the rate of appcarercc o:C the dU absorption me.xim~m at 262 my. By contraA, 

isor;?er II exhibit:x a pronounced initial la@ under the scjno conditions, the 
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rate of dehydration gradually increasing until it approximates the value 

for isomer I (Fig. 3). 
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Fe. ,?: Acid-catalyzed gehydration of M*H20 diastereoisomers I and II 
jn II? XC1 at 22 . CoLlrse of reaction followed by rate of 
appearance of 262 rap absorption ~~.~imum of regenerated dU. 

1 ' reasonable interpretation of the forego- is that isomer II 

iS uxable to elLxin$e the water a%uct :?irectly, and that the In,- period 

is c1v.e to itn isonterization to I, ~which then dehydrates directly. The 

following; experiment supports such an interpret&Son. An aqueous neutral 

solution of isomer II alas acidified to pE 0 and kept at this pH for 10 

mine. at room temp.; during this period only about 10-155 reverts to dU 

(see :?iz. 3). 3e r;olufior_ was then brought rapidly to pII 12, and the 

coturse ol Clh2li2~e <chy.iration exarlined. This was now found to correspond 

to the behZvioLlL* of a mi-rture of the ~VO ir.oxers of dU*I120: about 60;; of 

the p!mtol&t~.te xvertc6 very rapiG.1;: to CT; the -emaiq* 4(7; was 

initially -tr??nclorl;leri to the intermediate x:ith c~ absorption maximum ai- 

2?C: ry!, :Collonti~~ v?nFch the latter T'F.S r;lowly converted to dU, i.c. 4C[: 
,. 

Oi LC13.k ?72? tiL.i;i31Pol iSOnE> I9 ~l~i‘i bel?ave(l. in alkali lS,e isomer I. 
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1Furthermore, it has been shonn that the formation of isomeric 

photoh$rates is by no means confined to dU, but is the rule smongst uracil 

Percentages of diastereoisomeric photohydrates I and II of uracil 

glycosides formed by irradiation in aqueous neutral medium at 254 qu, or at 

wavelengths to red of 265 mp. 

Isomer 

I 

II 

Uridine 

65 

35 

U-methyluridine 

25 

75 

o(-dU .-dU 
B 

45 70 

55 30 

glycosides. This is illustrated in Table I. Iiote, in pCerticular that, 

whereas there is little difference in the proportion of the two isomers 

between uridine and deodyuridine, the ratio is appreciably modified on 

K-methyl&ion of the aglycon or by a change in the anomeric configuration 

from 
P 

toti. The o(-dU in 'Table I was not obtained by direct synthesis, 

but by photochemical de-ethylation (Pietrzykowska and L:huC;ar, 1968) of 

C(-5-ethyldeoq~&I.ine (&ier!:o~!ri snd ::'nwar, 1969). 

It is clear from the foregoing that photoh:rdrate isomers nil1 

aLmost certainly be formed on irradiation of cytosine ~;lycosides. Put these 

mill be considerably more c'.if:iicult to identify, and even more so to 

isolate, because of their lorver stability, i.e. their tendency to rapidly 

dehydrate. In this instance, however, resort may be had to allrylaminocyto- 

sine E;lycosides, the photohylratcs of which are enormously more stable 

(~ihm et al., 1962). 

It remains to establish which of the two isomeric dU photohydrates 

is I; end which is II. Attempt s exe therefore under way to isolate the 

latter on a preparative scale. On the basis of the observed behaviour of 

231 



Vol. 37, No. 2, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

the isomeric dU photohydrates in alkaline medium, in particular as regsrds 

the absence of quantitative dehydration of the isomer we refer to as I in 

the presence of Na+ or K+ (cf. Fikus and Shu~ar, 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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