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Unprotected uracil nucleotides and nucleosides are converted into 5-formyluracil derivatives using a palladium(ti) 
coupling reaction followed by oxidation of the intermediate styryl derivative. 

Recently Reese and Sanghvill reported a convenient proce- 
dure for the conversion of 2'-deoxyuridine into thymidine 
using formaldehyde as the carbon source for the 5-methyl 
group. We report an alternative method starting with formal- 
dehyde, that has the advantages of (i) selective introduction of 
carbon and/or hydrogen isotopes, (ii) generation of reactive 
5-aldehyde and 5-hydroxymethyl intermediates, which are 
useful for further chemical modification, and (iii) application 
to nucleotides and polynucleotides. 

The labelled styrenes (1) were prepared by the addition of a 
saturated aqueous solution of sodium carbonate (2 equiv.) to 
an aqueous solution containing either [W]-  or [14C]- 
formaldehyde (1 equiv.) and the Wittig reagent (2 equiv.) 
prepared from either benzyl chloride or 3-nitrobenzyl chloride 
and triphenylphosphine.2 After stirring for 3 h at 25°C and 
filtration, a 60% yield of the styrenes (la) or (lb) was isolated 
by extraction of the aqueous mixture three times with equal 
volumes of heptane. The dried heptane extract was evapor- 
ated carefully, and the residue of (1) was used without further 
purification. 

An analytically pure? sample of the [Wlstyryl nucleotide 
(3b) was obtained in 30% yield using the following general 
procedure [(3a) was formed in 50% yield]. An aqueous 
solution (15 ml) containing the disodium salt of 2'-deoxyuri- 
dine 5'-phosphate (2.5 mmol) and mercury(I1) acetate (4.4 
mmol) was heated to 55°C for 5 h.3 The styrene (la) or (lb) 
(3.2 mmol) in tetrahydrofuran (10 ml) and a 0.1 M solution of 
lithium tetrachloropalladate in methanol (28 ml) was added to 
the aqueous solution containing the 5-mercurioacetate deriva- 
tive (2), and the mixture was heated overnight at 50 "C under 
an inert atmo~phere.~95 The product (3a) or (3b) was isolated 
by resolution on DEAE-cellulose.5 

Oxidation of the styryl derivatives (3) to the 5-formyl- 
nucleotides (4) was accomplished by stirring a mixture of (3) 
(1 equiv.), osmium tetroxide (1.5 mol. equiv.), sulphuric acid 
(14 mol. equiv.), and sodium metaperiodate (4 mol. equiv.) in 
80% acetone-water for 4 h at 0 "C. After neutralization of the 
acid, concentration, and extraction with diethyl ether the 
aqueous solution was resolved on DEAE-cellulose to give 
either (4a) or (4b) in 75% yield.6*7 

The introduction of hydrogen isotopes on the 5-substituent 
is illustrated by the following method. 5-Formyl-2'- 
deoxyuridine [(5) 0.08 mmol] in 5 mM phosphate buffer (pH 7) 
(1.5 ml) and low specific activity sodium [3H]borohydride (0.1 
mmol) was stirred for 1 h at 25°C. After acidification with 
acetic acid, 5-[3H]hydroxymethyl-2'-deoxyuridine7~~ (6) was 
purified by paper chromatography. Reoxidation of (6) to give 
the [3H]aldehyde (7) was accomplished by the method of Imai 
and Honjo;9 oxygen was bubbled through a 50% acetic acid 
solution of (6) and freshly prepared platinum oxide for 72 h. 
The product (7) was isolated using either silica gel or paper 
chromatography. 

t Spectral properties (u.v., n.m.r.), h.p.l.c., and C ,  H, and N analysis 
[(3a), (3b), (4a)l confirmed the structures of the products in this 
report. 
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(4) a; * = f 4 C  1, R2 =P0,H2 
b;*=['3Cl,R2=P03H2 

(6 )  +t z [ ~ H ] ,  R2=H 

( 5 ) ; * =  [ 'H] ,R2=H 
( 7 ) ; * =  [3H],R2=H 

The procedures described in this report are useful for the 
introduction of carbon and hydrogen isotopes on a one carbon 
unit substituted on C-5 of uracil nucleosides and nucleotides. 
As the available literature reports that the reduction of the 
hydroxymethyl derivative (6) to the corresponding thymine 
derivativelo and the oxidation of the formyl compounds (4a) 
and (4b) to the corresponding carboxyuracil derivatives are 
reasonable,g the synthesis of uracil derivatives substituted at 
C-5 with a one carbon unit at any of the four oxidation states is 
readily achieved. Furthermore, it has been shown that the 
primary coupling reaction works well with ribonucleotides5 
and with polyribonucleotides.2 
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