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Ihe photocheuical rcactious of uracil and its derivatlvee with hydroxylic solvents 

have beeu a subject of cousiderable interest auong researchers interested in the 

photoreactivity of nucleic acids. Most of the published work has dealt with the 

pbotoreactivity of uracil and its analogs touard water; the observed reaction of 

uracll Is addition of water across the 5,6-double bond to form an acid and heat 

reversible photohydrate, 6-bydroxy->bydrouracil. The soluble analog N,N-1,3- 

dieathyluracll (IMD) exhibits siuilar photocheuical behavior In aqueous solution (1). 

Considerably less work has been done on the photochemistry of uracil and its 

derivatives in alcoholic solution. The reported work on the behavior of uracil and 

DMD in priuary alcohols (methanol and ethanol) indicates that ether type adducts 

(I) are the products of photolysls (2). On the other hand, Elad and co-vorkers 

(3) have recently shouo that photolysis of DMI in ioopropauol, a secondary alcohol, 

leads to adducts with structure Ila. Thus the published literature indicates a 

large difference In photocheuical behavior between IRiD-priuary alcohol systeus and 

IMJ-secondary alcohol aystaw. 

We report here results fram studies on the I@lD-ethauol synteu. We find at 

concentrations of 7 X 10m3 M that a product of structure IIb Is produced aluost 

exclusively. (A trace of IPlD cyclobutane diusr (4) is produced, but there is no 

evidence for heat or acid reversible product.) Irradiations were conducted at 

X > 2600 A, wing a Coax filtered Banwia 450 Y medium pressure Eg 1-p. (Ihe 

wavelength cut off of the Corex filter vas checked on a Gary lb (51.1 Caupound 

IIb, vhich vas first isolated as au oil, was crystallized fra ethyl ether and bad 

a melting point of 96-97.C. Mass mpectraetry and CSN analysis ware used to establish 
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the mlecular weight and elemental compoeition of IIb: MW - 166; for Cglil4N203 

talc. C (51.60) ii (7.58) N (15.05), ohs. C (51.60) Ii (7.55) N (14.89). 

I IIa %R2,B3R4 - CR3 IIb Rl,R3,R4 = cH3,R2 - H 

Ifc RI -Czi15 R2-E,R3-R4-CR3 

Ifd Rl - NH2CRCOOli,R2R3 - H, R4 - Rlboae 

IR, RMR, and WV epectroecopy were used to establish the molecular etmcture of III. 

The IR epectruu ehmed a broad abaorptlon centered at 3360 cue', correapondiug to the 

-1 
OE stretch, and auide carbonyl absorption at 1660 and 1710 an . The W spectruu, run 

in dlotilled water on a Cary 14, showed a uaxiuuu at A - 2275 (a - 3820) and a minimum at 

A - 2015 (e - 2240). A region of weak tail absorption reached from 2600 A to 2850 A. 

The lack of a strong absorption peak in this region showed that the 5,6 double bond In 

the parent DHU had become saturated. The 60 Mc NMR spectrum, run In CDC13, Indicated 

a doublet at 6 - 1.22 (.I - 6.5, 3 protons) suggesting that the alcohol had added in the 

manner ehoun In structure IIb. A comlderably lees Intense doublet with 6 = 1.21 

(J - 6.5) could be resolved under very slow sweep conditions, indicating that both 

possible enantiomorphic palm were forued in the photoreaction. Other NMR peaks were 

aa follows: overlapping peaka in regioo between 6 - 3.0 and 3.5 (7 II), an lndietinct 

quintet centered at about I - 4.0 (1 ii) superimposed on a broad peak which disappeared 

when the sample was shaken with D20, and the AR part of an ABX pattern (a sharp peak at 

6 - 2.04 and a broad peak, possibly a doublet, at 2.76) (6). The point of attachment 

of the hydroxyethyl group to the pyriuidine ring was determined by reacting 5-d-DMD (7) 

with ethanol. 'fhe two proton pattern at 6 - 2.84 and 2.76 was replaced by half of an 

AX pattern containing one proton. 
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Irradiatiou of Dwu-n-propanol system (7 X lo-3 n) lead. to m adduct which haa 

an XW npectrcn consistent with 8tNcture IIc. It 18 posrible that reactlone ririlar 

to the photoinduced reaction of Wll with ethanol way hawe synthetic potential in aynthe- 

kiting 6-e-hydrozyalkyl-5-hydrouraclls. 

In view of the difference between our renulto and those previously reported on 

DBU-ethanol Wet-, VL al8o irradiated solutions of lX#l in l tb8nol and ieopropanol at 

lo-4n. In the IlMJ-ethanol apta vhcn 25% of the IMU wan photolyscd at X B 2600 A 

approxluately 40% of the reacted EMU could be reconverted to DMI in 0.5 HCl, as ewidenced 

by recovery of absorbance at the absorption uazimm of IMU. when the 10% EMU-isopropanol 

system vaa photolyzed until 40% of the inital abeorbmce had disappeared. about 20% of 

the lost absorbance could be recowered by acid treatuent. Presumably the relrtoration of 

absorbance results frou deconpoaition of coupound~ of structure I to form IUU and parent 

alcoilol. Gas Squid chromatography of concentrated irradiated solution on A SB - 30 

column at 230’ indicated the presence of IIb m well in the 10m4 DHU-ethmol reaction 

mixture. It thus appeerr the type and dletribution of photoproducts resulting frou irra- 

diation of DMU in alcoholic solution ir strongly dependent upon the concentration of I&El. 

In both the photolyzed 
-4 

10 M W&ethanol and IMU-isopropanol ryateuz W absorbance 

also appears, upon acid treatuent, in the region between 3000 A and 3500 A. Treatuent of 

IIC with 0.5 EC1 did not lead to appearance of absorbaux in this region. It is poaslble 

that other products, beaides the typea of coupoundr diacutzaed in thio paper, uay be pro- 

duced upon photolysia of DlLl in alcoholic solution at 10 
-4 

ll concentrations. 

The uechanisu of the reactlon of DW with ethanol to form III in probably radical In 

nature. Light Induced decorposition (A + 3000 A) of di-t-butyl perozide (10 ul) In 200 

ul of ethanol containing 400 ug of DMU leada to production of IIb and 2,3-butanediol. Thin 

reaultauggests that A radical chain uechanfm.with DW acting u a photoinitiator, way 

be oper8ting in the IS&ethanol sy6teu itself. 

There fo some evidence (8) tlut eerine, for which ethanol can be coruldered an analog. 

reacto with pbotoezcited uracil. The resulta reported here indicate tlut reaction to 

fore coupound IId uay occur. Porution of l uob adduce in biological ayateu could lead 

to pbotoinduced croralinking between ribouucletc acid and proteiru. e.g., ti the obaerred 

pbotoinduced croeslinking between tWAtyr d tyroeyl-tWA synthewe (9). 
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