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The Kolbe-Schmitt reaction has been used for more than a century to produce industrially
important aromatic hydroxycarboxylic acids from phenols and COz at high temperatures. A
mixture of acids is formed in most of the reactions when the substrates contain more than one
reactive site. The type and the amount of the reaction products are strongly influenced by the
reaction conditions like temperature, pressure, time, the type of the alkaline cation, and solvent.
Only sodium and potassium have been used, but other alkali metals and alkaline earth metals
have not been scrutinized in details. Furthermore, its reaction mechanism and the structure of
the intermediate are still not clear. The aims of the research are (i) to find out the mechanism of
the Kolbe-Schmitt reaction as well as the structure of the intermediate complex, (ii) to find out
the effects of alkali and alkaline earth metals on the Kolbe-Schmitt reaction, and, (iii) to find out
reaction conditions for the regioselective carboxylation of phenols and naphthols with carbon
dioxide.

Among several postulations, the most plausible reaction mechanism accepted today is the
formation of a phenoxides* COz2 complex in the first stage of the reaction of phenoxide, followed by
producing salicylic acid (SA) at elevated temperature ca. 120 C, and p—hydroxybenzoic acid
(pHBA) is produced from dialkali metal salicylate at much higher temperatures over 200 C.
However, it was found in the present study that the carboxylation of alkali metal phenoxide with
COgq takes place even at room temperature and produces not only SA but also pHBA along with
the formation of the CO2 complex. An introduction of CO2 of 5 MPa of pressure to the freshly
prepared phenoxide* COz complex at 50 C did not give any carboxylation products, suggesting
that alkali metal phenoxide * CO2 complex is not an intermediate which gives the carboxylic acids,

and a direct carboxylation of phenoxide with CO:z takes place. Our experimental results



suggested a new carbonate—like structure for the CO2 complex.

Three kinds of alkaline earth metal phenoxides were subjected to carboxylation with carbon
dioxide. The carboxylation of magnesium, calcium, and barium phenoxides with COz at 260 C
exclusively produced SA in very high yields, reflecting the stability of chelates between SA and
the bivalent metal ion. The ratio of SA to pHBA was 10—40, which is very different from the
ratio of 2—7 in the case of potassium or sodium phenoxides. On the other hand, for rubidium
and cesium phenoxides, the ratio of SA to pHBA was 4/5 and 3/5, respectively. The increase of
selectivity of para —carboxylation is ascribable to their larger ionic radii, which interfere with a
direct attack of carbon dioxide at the ortho position.

As the orientation of the carboxylation products depends on the size of the cation in the
phenoxide, we selected the tetraalkylammonium ion as the cations which are much larger in size
than the alkali cations for the preparation of the carboxylic acids. Thus, the carboxylation of
tetraalkylammonium phenoxide at 125 “C under the CO2 pressure of 5.0 MPa in the presence of
K2COs3 gave pHBA in a maximum yield of 60% with the regioselectivity of 97—100%. Next, we
extended the research to the regioselective preparation of industrially wuseful
4—hydoxyanthranilic acid (4HAA) and 8 —amino— 4—hydroxy —1—naphthoic acid (SAHNA)
from m—aminophenol and 5—amino—1—naphthol, respectively. The cesium
m —aminophenoxide gave selectively 4HAA in a 51% yield but sodium or potassium gave only
p—aminosalicylic acid. This is the simplest one—pot reaction giving the best yield among a
number of synthetic methods for 4HAA. Upon carboxylating the cesium 5—amino—1—
naphthoxide, we obtained SAHNA in a good yield (44%), together with 5—amino— 1—hydroxy —2
—naphthoic acid (5AHNA) as a minor product (7%). On the other hand, the sodium and
potassium salts gave only 5SAHNA.
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