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Abstract Palla&um(O)-catalyzed allylauon of uracils m DMSO takes place at N-l and at N-3. In 
sharp contrast, regmspecific allylauon at N- 1 is achieved m an organic-aqueous medmtn in the presence 
of palladium(l1) acetatc and the w&x-soluble sulfonated triphcnylphosphme P(Cd-lqm-SO3Na)3 
(tppts). Similar react~oas with 2-tbiouracils are also drastically dependent on the solvent, taking place 
at N-l and N-3 (In dioxane) or at sulfur (orgamc-aqueous m&urn). F’mbably reacuons in the organic- 
aqueous medutm are kmetically controlled whereas allytatlons in DMSO or refluxing dioxane are 
thermodynamically controlled. 

Palladium(O)-catalyzed allylation of nucleophiles is a powerful synthetic method’ and control of the 
selectivities is a topic of great interest. * Thus, regioselective allylation of purines at N-9 in the imidazole ring 
has been used in the preparation of carbanucleosides’ and nucleosides.4 Pyrimidine derivatives are also 
allylated under palladium(O) catalysis; some of them give clear regioselective reactions: pyrimidin-Zones at 
N,3a&5 2-mercaptopyrimidine at $6-7 cytosine3fJk and 5-methylcytosine3k at N-l. However some 
regioselectivity problems arise when two amide groups are present in the molecule, i.e. in the uracil family. 
Thus, uracil has been reported to react at N- 13f.4 and at N1+N3,7 and a similar behaviour has been described 
for S-methyluracil (thymine): reaction at N1,x and at N-l+N-3. 3 .3h+3k.7 On the other hand, Gmethyluracil g 
and 6-methyl-2-thiouracil react only at N-3 under palladium(O) catalysis,7 although steric effects can militate 
against allylation at N-I. finally 2-thiobarbituric acid allylates at C-5, and only when this position has been 
allylated twice, N-l receives the third radical.7 

ln summary, more investigation to control the regioselectivity in the uracil and 2-thiouracil families was 
required. Moreover, uracils are scarcely soluble in organic media and highly polar solvents at high 
temperatures are required.’ We knew from previous work that palladium(O)-catalyzed allylations can be 
thermodynamically controlled to afford products isomeric to those obtained under the usual alkylation 
conditions (alkyl halides and a base, kinetic control),9 and that allylations can be driven in water using 
palladium associated with the trisodium salt of the tris(m-sulfophenylphosphine) P(C&+-m-S03Na)3 (or 
tppts).lOJ 

The logical outcome was to study the allylation of uracil 1 and thymine 2 in an organic-aqueous medium. 
Our allylation results are summarized in Scheme 1 and in the table. Palladium(O)-catalyzed reaction 
IPd(OAc)z/tppts)l of uracil 1 with cinnamyl acetate 23b in water/acetonitrile in the presence of 
diazabicycloundecene (DBU) affords regioselectively 1-cinnamyluracil6 in high yields (runs 2 and 3). It is 
remarkable that use of a large excess of 23b results only in an improvement of the yield (compare runs 2 and 
3), but not in diallylation. In sharp contrast, all N-allylation products 6-8 were isolated in the reaction of 1 
with cinnamyl ethyl carbonate 23e in hot DMSO (run 1).7 Similar results were obtained with thymine 2 
(compare runs 5 and 6). 
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Next, we studied the 2-thiouracil family. 2-Thiouracil3 gave all possible N-allylation products 1214 
when treated with carbonate 23a under Pd(Wl& catalysis in refluxing dioxane. In the first experiment (run 
7) large amounts of 3 were recovered and excess 23a was required for a complete conversion of 3 (run 8) 
Again, the combination water-acetonitrile/cinnamyl acetateIDBU/Pd(OAc)2/tppts permitted the isolation of a 
single compound, 2-cinnamylthiopyrimidin-4(4)-one 15 (run 9). Similar results were obtained with 2- 
thiothymine 4 (corn- runs 10 and 11). 6-Methyl-2-thiouracil5 affords 3-cinnamyl&methyl-2-thiouracil20 
albeit in low yield, as the only identified product of allylation under non-aqueous conditions (run l2).7 Steric 
hindrance was invoked to explain the absence of attack at N- 1. However, the organic-aqueous experimental 
conditions led to more than 90% yield of sulfide 21 (run 13). 

To explain these results we performed some complementary experiments (Scheme 2). Thus. sulfide 15, 
independently prepared, was isomerized to a mixture of 12-14 (ratio determined by 1H-NMR) under 
experimental conditions similar to those of runs 7 and 8, whereas 13 remained unaltered under the same 
conditions. From this the hypothesis emerges that sulfide 15 (and for that matter 19 and 21) is the product of 
kinetic control whereas N-allylated 12-14 are due to the thermodynamic control (isomerization from S- to N-) 
although kinetic control operates within the set of N-allylated products (no isomerization from N- to N-). The 
interpretation of the results in the uracil series is not so clear, but two points are remakable in runs 2 and 3: a) 
the monoreaction, even in the presence of a four-fold excess of allylating agent, can be related to the 
Precipitation of 6 in the reaction media: and b) the regioselectivity, more difficult to explain. It might be that 
water favours the more compact transition state in which the ordered structure of the solvent is minimally 
disturbed. 
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Table.- Reaction of Uracils and Thiouracils with Cinnamvl Derivatives 23 under Palladium(O) Catalvsis 
Run l-5 23 Pd/phosphine Solvent Temp Time Productst2 

(mmol) (mmol) (mm01 Pd)a (mL) (“C) (h) W) 
lb 1 (9.0) 23a (9.0) B (0.4) DMSO (20) IO5 5.5 W38). 7(7), %(9) 
2 1 (2.23) 23b (6.69)c A (0.08) H20IMeCN (17/2) 60 24 6(65) 

: 
1 (2.23) 23b (8.92)’ A (0.0s) H~O/MeCN (17/2) 60 24 
1 (2.23) 23~ (2.48) A (0.08) HzO/MeCN (6CU2) 60 24 

5b 2 (4.0) 23a (4.0) B (0.2) DMSO (20) 105 45 9(30), lot 14), ll(7) 
6 

ii 

2 (1.98) 23b (7.92)C ; $.z) 
3 (8.0) 23a (8.0) 
3 (6.0) 23a (12.0) B (013) 

l-f.QMeCN ( 1712) Rf%fl E 9(53) 
Dioxane (20) YW, 12(48), 13(14), W9) 
Dioxane (20) Refl: 20 12(u)), 13(23), 14(40) 

9 3 (1.6) z3 $.C$ A (0.05) &OIMeCN (17/2) Ryfl g 15(43) 
10 4 (5.0) B (0.25) 
1 I 4 (0.9) 23b (i4y: A (0.03) 

Dioxane (20) 16(23), 17(17), 18(4), 19(6) 
H?_OIMeCN( 1712) 60 ’ 24 19(55) 

12b 5 (8.0) 23a (9.6) c (0.4) Dioxane (20) Refl. 144 20(30) 
13 5 (1.76) 23b (7.04)c A (0.07) HzO/MeCN (18’2) 60 24 21(92), 22t4) 
a A: Pd(OAc)&pts (W-10); B: Pd(PPlr&; C: Pd(acach/P& (l/4). b Ref. 7. c 1 equivalent DBU was used 
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12 Products 6-11 and 28 were known.7 Assignments of structures to isomers 12 and 13 and to 16 and 17 
were made by SDEFT-ID experiments. I3 Sulfides l&l9 and 21 were prepared independently as for 

15 (Scheme 2). They presented signals for the S-CH? group at 6 3.95-3.98 (H-NMR) and 32.2-32.3 
(13C-NMR) far away from the N-CH2 signals (z 4.95 and Z- 46.6). Mp’s (“C) 12: 225-6; 13: 180-l ; 
14: 91-Z; 15: 201-2: 16: 166-7: 17: 159-160: 18: 161-2: 19: 211-Z; 21: 164-5. New products 12, 14 
19 and 21 good elemental analyses. gave 
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