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The reaction between potassium (or sodium)
phenoxide and carbon dioxide at room tempera-
ture forms salicylic acid and p-hydroxybenzoic
acid at the same time besides the complex, [alkali
metal phenoxide�CO2]. The complex had been
thought an intermediate of the Kolbe–Schmitt
reaction but is found inactive to the carboxy-
lation at terrestrial temperatures. Copyright #
2000 John Wiley & Sons, Ltd.
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INTRODUCTION

Aspirin, the king of medicine, was commercialized
in Germany just 100 years ago. Since then, the
Kolbe–Schmitt reaction1 has been used in the
chemical industry. The reaction is important for
the production of aromatic hydroxycarboxylic
acids. Besides aspirin (acetylsalicylic acid), PAS
(p-aminosalicylic acid), Paraben (alkylp-hydroxy-
benzoates) and one of the best engineering plastics
(total aromatic liquid crystal polymer) are some of
the representative applications of the reaction used
today. More than 100 patents for the practical
process have appeared to claim better techniques.

In the Kolbe–Schmitt reaction, however, the
preparation of very hygroscopic alkali phenoxides,
the carboxylation with pressurized carbon dioxide
at high temperatures (120–300°C) and normally
longer reaction times are required. These adver-
sities make the reaction mechanism ambiguous. In
the present study, the carboxylation of phenol has
been scrutinized, and a very simple process for the
carboxylation with CO2 has been found.

RESULTS AND DISCUSSION

The CO2 complex2 was prepared with a rapid
introduction of CO2 at a pressure of 6.5 MPa over
finely powdered potassium phenoxide at room
temperature. After work-up with acidification, the
resulting white solid was dissolved in dimethyl-
formamide for NMR measurements. The spectra
showed unexpected small peaks of salicylic acid
(SA) andp-hydroxybenzoic acid (pHBA).

There has been no report that the carboxylation
occurs in the Kolbe–Schmitt reaction at tempera-
tures as low as room temperature.3 The yield of the
carboxylic acids increased only slightly with
prolonged process time, but was affected signifi-
cantly by the pressure of the CO2 introduced. The
carboxylation did not occur when CO2 at atmos-
pheric pressure (0.1 MPa) was applied.

The most probable mechanism accepted to date
is as follows: the first step of the reaction is the
formation of CO2 complex, [alkali metal phenox-
ide�CO2] at temperatures lower than 100°C. Upon
heating of the CO2 complex, carboxylations at the
ortho occur to give such as SA from phenol at
140°C, p-cresotic acid fromp-cresol at 175°C, or
3-hydroxy-2-naphthoic acid from naphthol at
240°C. Further heating of the dipotassium salts of
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Table 1 Carboxylationof potassiumphenoxideat 30°C

CO2 pressure Reactiontime
Yield (%) of carboxylicacids

Runno. (MPa) (min) SA pHBA Total

1 6.5 0 7.9 5.1 13.0
2 6.5 0.5 6.6 4.4 11.0
3 6.5 1 9.3 5.9 15.2
4 6.5 10 8.8 6.5 15.3
5 0.1 10 0.0 0.0 0.0
6 1.0 10 4.5 2.6 7.1
7 4.0 10 6.7 4.1 10.8
8 7.2 10 11.4 7.2 18.6
9 (complex)a 6.5 60 0.0 0.0 0.0

10 (complex)a 6.5 10 0.0 0.0 0.0

a [Potassiumphenoxide�CO2] complexinsteadof potassiumphenoxidewasused.

Scheme1.
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the ortho-carboxylatedphenolscausesrearrange-
ment to the correspondingpara-carboxylic acids
such as pHBA from SA,4 and 6-hydroxy-2-
naphthoicacid from 3-hydroxy-2-naphthoicacid.1c

Contrary to these known mechanisms, the
presentresults indicate that the carboxylation is
very fast even at room temperature and is
competitivewith the formation of the CO2 com-
plex. A slow introduction of CO2 of a lower
pressureis favorableto the formation of the CO2
complex.Thus ‘pure CO2 complex’ wasprepared
with CO2 of 0.1MPa. When this complex was
subjectedto CO2 of ahighpressure(6.5MPa)for a
longertime (10–60min) at 30°C, only phenolwas
recoveredin 100%afterwork-up(run nos9 and10
in Table1). This fact clearlyshowsthecomplexis
not an intermediateof thecarboxylationreaction.

Thedirectcarboxylation,is not via thecomplex,
occursontheorthoandparapositionsof phenoxide
with theattackof CO2, which is probablyactivated
with alkali metal ion in the system.On the other
hand,the coordinationof alkali metal ions to the
CO2 moleculein the complexmakesthe aromatic
ring less nucleophilic towards the reactive CO2.
This assumption is further confirmed by the
following experiments.

OncetheCO2 complexforms,thecarboxylation
doesnot proceedfurther. Therefore,the complex
wasdecomposedto phenoxideby heatingat150°C
under nitrogen atmosphere.Then CO2 of a high
pressurewas introducedto the cooledmixture in
the autoclave.The competitivereactionsbetween
carboxylation and reformation of the complex
startedagain. The yield of carboxylic acids was
doubledafter thesecondcarboxylation,andalmost
tripled with anotherrepetitionof the combination
process of decomposition–carboxylation. This
methodcan be applied not only to potassiumor
sodiumphenoxidebut alsoto ‘pure CO2 complex’

(seerun no. 16 in Table2). Thepresentresultsare
summarizedin Scheme1.

EXPERIMENTAL

Potassiumand sodiumphenoxideswere prepared
with phenol and the correspondingmetal hydro-
xides. Then 2.5g of the preparedfine powdered
phenoxidewas placedin a 200ml autoclave,and
purgedwith N2 gasprior to theintroductionof CO2.
Thereactionmixturewasacidifiedandanalyzedby
high performanceliquid chromatography.In the
repetitive carboxylation, the CO2 pressurewas
releasedandN2 gaswasusedto fill up thereactor,
which wasthenheatedat 150°C for 1 hr. After the
decomposition,the autoclavewas cooled for the
next carboxylation.
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Table 2 Repeatedcarboxylationsat terrestrialtemperature

CO2

Reaction
temp. Carboxylation

Decomposition Yield (%)

Runno. Substrate (MPa) (°C) (no. of times) Temp.(°C) No. of times SA pHBA Total

11 PhOK 6.9 30 1 — 0 11.4 6.4 17.8
12 PhOK 7.2 60 2 150 1 22.0 16.9 38.9
13 PhOK 7.1 30 3 150 2 28.4 19.2 47.6
14 PhONa 5.2 30 1 — 0 17.7 2.7 20.4
15 PhONa 5.4 30 2 150 1 35.1 4.0 39.1
16 Complexa 7.2 30 1 150 1 8.4 7.0 15.4

a [Potassium phenoxide�CO2] complexinsteadof potassiumphenoxidewasused,anddecomposedin N2 first, thenthecarboxylation
wasconductedfor 10 min.

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 841–843(2000)

CARBOXYLATION OF ALKALI METAL PHENOXIDE 843


