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Summary: Bromomagnesium ureide-carbon dioxide adducts, models of the carboxylated
biotin complex, undergo caboxylation of a variety of carbonyl compounds in good
vield.

Carboxylation of organic substances with carbon dioxide or bicarbonate ion
mediated by bictin-enzymes is one of the most interesting carbon-dioxide fix-
ation reactions found in biological systems.1 Acetyl Coa carboxylase2 and
pyruvate carboxylase3 are the typical enzymes which catalyze the carboxylation
of the corresponding methyl keto compounds. However, the detailed chemical
mechanism of these carboxylations remains uncertain,4 and little success has
been reported in attempts to transfer the carbon dioxide moiety from a carboxy-
biotin analogue to an appropriate acceptor.S We now wish to show a novel carbon
dioxide transfer from bromomagnesium ureide-carbon dioxide adducts (2) to a
variety of carbonyl compounds, to afford the corresponding a-carboxylated ketone
in high yields. The chemical structure of these carbon dioxide adducts contain-
ing a urea moiety resembles partly that of the biotin—coz—enzyme complexes which
are the intermediates formed in the first step of the carbon dioxide transfer
reaction catalyzed by biotin enzymes.

The bromomagnesium ureide-carbon dioxide adducts (3), prepared by the car-
boxylation of the reaction mixture from a cyclic urea Q%) and methylmagnesium
bromide with gaseous carbon dioxide in tetrahydrofuran, were isolated as white
solids.6 To a solution of 2 (15 mmol) dissolved in dry dimethylformamide (DMF)
(30 mL), a ketone (5 mmol) was added with a syringe under argon. The mixture
was stirred at 110°C for 3h, cooled with ice, and then poured dropwise onto a
stirred solution of 1N hydrochloric acid (40 mL) in ether (20 mL) with ice-
cooling. The ethereal layer was separated and the agqueocus layer was extracted
with ether (20 mL x 2). The combined ethereal solution was washed with cold 1N
hydrochloric acid (30 mL). The a-keto acid (4), without isolation, was ester-
ified with a small excess of diazomethane in ether. After evaporation of the
solvent, the residue was subjected to distillation yielding an a-methoxycar-
bonyl ketone gg). 4
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The products, which were usually pure enough to give correct analyses, were
characterized by GLC, NMR, and IR spectra. Yields of products are satisfactory
when more than two equivalents ofyg to the ketone were used. The results are
shown in Table 1.

Yields of the carboxylation of ketones with 2b derived from trimethylene
urea (%p) are generally better than those with‘ga from ethylene urea g&a). 1t
is noteworthy that with unsymmetrical ketones the site of the carboxylation is
directed by relative steric hindrance at the a-carbon of the ketone (run 2, 4,
and 5). On the other hand, in cases of mesityl oxide and isophorone (run 7 and
9), products (15 and 18) carboxylated at the vinylic carbon (spz) with‘%,were
obtained together with products (14 and 17) carboxylated at the a-methyl carbon
(sp3) of the ketones.

Although the detailed mechanism of the reaction is not clear, it is sug-
gested that a magnesium (II) metal ion plays an important role as an intermedi-
ate in the reaction. When an alkyl halide such as methyl iodide or allyl bro-
mide was added into the reaction mixture of %ﬂand cyclohexanone in DMF, a mix-
ture of cyclohexanones mono- and dialkylated at the o-carbon was obtained. This
shows participation of the magnesium chelate (2) in the reaction as suggested
also in the reaction of methylmagnesium carbonate (MMC) with ketone.7 Carboxy-
lation of other substrates together with mechanistic studies will be reported

later.
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Table 1. Carboxylation of ketones with magnesium ureide-carbon
dioxide adducts in DMF.
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a) Products after treatment with diazomethane. b) Isolated yvield based on the
starting carbonyl compound unless noted otherwise. c¢) 6h at 110°C. d) 3h at
110°C. e) Determined by NMR. f) Determined by GLC.
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