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CARBOXYLATION OF 1,3-DIMETHYLURACIL AND THIOPHENES WITH
CARBON MONOXIDE AND PALLADIUM(II) ACETATE IN THE PRESENCE
OF SODIUM PEROXODISULFATE

Toshio ITAHARA
Institute of Chemistry, College of Liberal Arts,
Kagoshima University, Korimoto, Kagoshima 890

Treatments of 1,3-dimethyluracil and of thiophenes with
palladium(II) acetate and sodium peroxodisulfate under a carbon
monoxide atmosphere gave 1,3-dimethyluracil-5-carboxylic acid and
the corresponding thiophene-2-carboxylic acids, respectively.

Previously we reported the carboxylation of l-acylindoles with carbon monoxide
and palladium(II) acetate in the presence of sodium peroxodisulfate.l) In a course
of further investigation, it was found that the treatment of 1,3-dimethyluracil (1)
and of thiophenes (3a-d) gave 1,3-dimethyluracil-5-carboxylic acid (2) and the
corresponding thiophene-2-carboxylic acids (4a-d), respectively.
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In recent years increasing interest is being shown in chemical reactions of
nucleic acid-bases. Furthermore, uracil-5-carboxylic acids are of interest in
connection with the existence of nucleoside antibiotics such as polyoxinsz) and
octosyl acidss). Previously two types of reactions of S5-uracilylmercury(II) salts
with palladium(II) salts have been reported, that is, dimerization4) and coupling
with olefinss). We found the carboxylation of 1 with palladium(II) acetate and
carbon monoxide. This will be the first report concerning carboxylation of
uracils.,

Carbon monoxide was bubbled for 7h at reflux temperature through a solution of
of 1 (2 mmol), palladium(II) acetate (1 mmol), and sodium peroxodisulfate (3 mmol)
in acetic acid (40 ml). The reaction mixture was evaporated to give a yellow
semicrystalline residue which was triturated with ethyl acetate to give 2: mp. 193-
194 °C (1it.%) 193.5-194 °C; cf. 1,3-dimethyluracil-6-carboxylic acid: mp.’) 150-
151 °C), in 61% yield based on 1 consumed (Conv. 26%).

In an effort to determine the effects of substituents on the carboxylation of
aromatic heterocycles, the reaction of thiophenes was further studied. The treat-
ment of thiophene (3a) and 2-substituted thiophenes (3b-d) with palladium(II)
acetate and sodium peroxodisulfate under a carbon monoxide atmosphere resulted in
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clean carboxylation to yield 4a and the corresponding 5-substituted thiophene-2-
carboxylic acids (4b-d), respectively. Under similar conditions, the treatment

of 3-methylthiophene (5) gave a mixture of 6e and 6f. On the other hand, the
reaction of 2,5-dichlorothiophene (7) gave a small amount of 8 together with a
complex reaction mixture. These results suggest that the treatment of thiophenes
with palladium(II) acetate and sodium peroxodisulfate under carbon monoxide
preferentially results in carboxylation at the 2- or 5-position. Carboxylation of
thiophenes with palladium black instead of palladium(II) acetate was also investi-
gated. These results are summarized in Table.

It is well known that the treatment of bromobenzene with carbon monoxide and
palladium complexes in alcohols yields alkyl benzoate.s) In the contrast to the
fact, it is interesting that the treatment of 2-bromothiophene (3d) with carbon
monoxide, palladium(II) acetate, and sodium peroxodisulfate gave 5-bromothiophene-
2-carboxylic acid (4d) in good yield but not 4a, although the treatment of 3d with
palladium black gave a mixture of 4a and 4d.

CH Table. Carboxylation of thiophenesa)
/ '\ 3 Thiophenes Pd Products (% yieldb); % yieldc))
R4 S R3 3a Pd (OAc), 4a (21.2; 106)
5 - R3=H, RA- 3b Pd(OAc)2 4b (22.0; 110)
= 3 3c Pd(OAc)2 4c (19.6; 98)
Ge: R"=COOH, R"= 3d Pd(OAc), 4d (23.6; 118)
6f: R3=H, R “=COOH 3d Pd blackd) 4a ( 4.4; 22), 4d ( 8.8; 44)
- 5 Pd(OAc)zd 6e (13.0; 65), 6f ( 9.6; 48)
R 5 Pd black®) e ( 9.6; 48), 6f ( 4.8; 24)
/ \ 7 Pd(OAc), 8 ( l.s; 8)
Cl S Cl a) Conditions used: thiophenes (5 mmol), Pd(OAc)2 or
Pd black (1 mmol), NaZSZOS (3 mmol), AcOH (40 ml),
1_: R=H at reflux temperature except for the reaction of 3a
8: R=COOH (70-80 °C), 7h reaction. b) Yield based on
- thiophenes used. c¢) Yield based on Pd(OAc)2 or Pd
black used. d) Adding of NaOAc (3 mmol).
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