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I. INTRODCCTIOU 
The Kolbe-Schmitt 1 extioil  hac beeii a standard prol.edure foi the preparation 

of aromatic hydroxy acid-, for over ninety years. In  general, substitution occur‘; 
ortho to  the phenolic hydroxyl group, but cases of para substitution are also 
known. Although niiiiierous scattered references appear in the journals, no 
comprehensive reviebv has hit herto been available. Henecka gives some account 
of the experimental a>pccts (98) and Daviec briefly Inentione. the reaction mech- 
anicm. proposed prior to 1928 ( 5 2 ) .  
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The purpose of t h s  review is to bring together the many isolated applications 
of the Kolbe-Schmitt reaction in the form of a general survey. Special emphasis 
is placed on reaction mechanisms and the various factors which influence the 
course of the reaction. A tabular summary of the phenols carbonated, together 
with experimental conditions and yields of hydroxy acids, is presented. An effort 
has been made to  review the literature through January 1956. 

11. HISTORICAL 
A .  KOLBE METHOD 

In 1860 Kolbe bucceeded in preparing salicylic acid by heating a mixture of 
phenol and sodium in the presence of carbon dioxide at atmospheric pressure 
(139, 140, 141). The sodium salicylate formed in this reaction was dissolved in 
water and the salicylic acid precipitated on acidification. Kolbe wished to  show 
that salicylic acid \vas monobasic by preparing it from its decomposition prod- 
ucts, phenol and carbon dioxide. The successful synthesis in 1860 was a climax 
to  many futile attempts t o  prepare salicylic acid in this way. Using this same 
procedure Kolbe also produced p-crecotinic acid and o-thymotinic acids from 
p-cresol and thymol, respectively (142). 

Some years later Kolbe found it  necessary to  prepare a large amount of sal- 
icylic acid. However, on attempting to reproduce the original synthesis, it was 
found that the yield of salicylic acid varied greatly under seemingly similar 
reaction conditions. During studies designed to  Lorrect this variation in yield, 
Kolbe found that not only were sodium salicylate and phenol produced in the 
reaction, but also sodium phenoxide and sodium carbonate. A puzzling feature 
was that one-half of the initial amount of the phenol was volatilized from the 
reaction mixture, despite absolutely dry conditions. Kolbe then found that by 
starting with previously prepared sodium phenoxide a very good yield of sal- 
icylic acid mas obtained. 

With these observations in mind Kolbe recommended a new procedure for the 
preparation of salicylic acid (137). Sodium phenoxide was prepared by evaporat- 
ing to  dryness an aqueous solution containing equivalent amounts of phenol and 
sodium hydroxide. The solid phenoxide, which is extremely hygroscopic, was 
powdered and protected from air until ready for use. The dried sodium phenoxide 
was heated in an iron retort to  180°C., and carbon dioxide was allowed to  pass 
slowly over the hot salt. The introduction of carbon dioxide caused a large 
amount of phenol t o  distil. The temperature was finally raised to  22O-25OoC., 
and the reaction was considered complete when no more phenol distilled. In  
this procedure the yield of salicylic acid never exceeded 50 per cent, since one- 
half of the starting phenol was lost by volatilization. 

B. SCH?dITT METHOD 

-1 modification of the Iiolbe reaction, in n-hich the carbonation was carried 
out under pressure and I\ hich resulted in greatly improved yields, was described 
in 1884 by Schmitt, who took out patents covering the preparation of salicylic 
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and homologous acids (202, 205) and hydroxynaphthoic acids (106, 203). These 
procedures were subsequently elaborated (204, 207). Thus, for example, dry 
sodium phenoxide is placed in a closed vessel and heated with carbon dioxide 
a t  120-130" C. for several hours under a pressure of 80 to 9-2 atm. Cnder these 
conditions no phenol is lost and an almost quantitative yield of salicylic acid is 
obtained. This modified procedure, known as the KolbeSchmitt reaction, 
remains the standard method for the preparation of a wide variety of aromatic 
hydroxy acids. 

C .  MARASSE METHOD 

A further and by far the most simple modification of the Kolbe-Schmitt 
reaction mas introduced in 1893 by llarasse (159, 160). In this procedure a 
mixture of the free phenol and excess anhydrous potassium carbonate is car- 
bonated under pressure and a t  elevated temperature to give the potassium salt 
of the aromatic hydroxy acid. Acidification gives the free acid in good yield. 
Recent work indicates that  the Marasse modification is fully as general as the 
KolbeSchmitt method and in many cases gives better yields (6, 36, 254). In 
addition it avoids the time-consuming preparation of the hygroscopic phenoxides. 

The excess potassium carbonate acts as an extender and prevents fusion of the 
mixture with consequent lower yield. Industrially the process would be expensive, 
since only potassium, rubidium, or cesium carbonates are known to be suitable, 
the cheaper sodium, magnesium, and calcium carbonates being inert in the 
reaction. To make the process economically cheaper hlarasse later proposed that 
only one part of potassium carbonate to  two parts of phenol be used, with addi- 
tion of kieselguhr as an extender (1). 

D. METHODS INVOLVING THE USE O F  SOLVENTS 

1. Carbonation i n  aqueous solutions 
While water will inhibit the carbonation of monohydric phenols, the more 

reactive di- and trihydric phenols-especially where the hydroxyl groups are 
meta to  one another-can be carbonated in alkaline solution. With phenols such 
as resorcinol, pyrogallol, and phloroglucinol monocarbonation is achieved, in 
good yield, by heating with fairly concentrated solutions of alkali bicarbonates 
in an open vessel, usually with passage of carbon dioxide at  atmospheric pressure 
(19, 240, 259). 

Thus 8-resorcylic acid can be prepared in 60 per cent yield by the carbonation 
of resorcinol in sodium bicarbonate solution (91, 172). Under similar conditions, 
but using carbon dioxide under a pressure of 100 atm., m-aminophenol may be 
converted to  p-aminosalicylic acid in 45 per cent yield (6). 

2.  Carbonation in organic solvents 
The use of toluene as a suspension medium in the carbonation of the metal 

salts of phloroglucinol and the naphthols pi th  successful results was reported 
in 1901 (173. 174). Later Brunner employed glycerol as a solvent for carbonations 



at atmospheric pressure. 'The phenol in glycerol solution is heated with alkali 
bicarbonate in a stream of carbon dioxide a t  130-210°C. (32). In  general this 
method does not give as satisfactory results as the KolbeSchmitt or Marasse 
procedures, but it can be used where pressure equipment is not available. 

Carbonation of metal aryloxides in dioxane, pyridine, and dialkyl ketones in 
good yields has been reported (33 ,  80, 152). The general method is to  dissolve the 
phenol in the solvent, add the calculated amount of solid sodium hydroxide, 
and, after reflusing, azeotropically distil the water formed. Carbonation can 
often be effected a t  atmospheric pressure. Owing to the high cost of organic 
3olvents this method has not been adopted by industry. 

,3. Carboilation in phenols (Wacker  process) 

Although it was shorn in 1923 that sodium or potassium haphthoxide  could 
be satisfa.ctorily carbonated in an excess of 2-naphthol ( I I ) ,  the general appli- 
cabilit'y of this method was only recognized later by Wacker (248). The procedure 
is to  dissolve one molecular proportiori of caustic soda in six molecular propor- 
tions of the phenol and distil the excess water a t  140"C., adding some xylene if 
necessary. Carbon dioxide is then passed into the solution at  1 atm. for several 
hours, a i d  the product is isolated in the usual way. Very pure ortho-carbonated 
products can he obtained by this method. 

- D h T  INDUSTRIAL PROCESSES 

'The general method of the manufacture of salicylic acid by the carbonation 
of dry sodium phenoxide with carbon dioside under pressure is essentially the 
same in all the major manufacturing countries and has been adequately described 
(Britain: 256) (Gerniany: 2 ,  16, 17, 15,49, 97) (U. S. X.: 85). The Wacker process 
is reported to have been used in France 1256). Briefly, the process consists in 
dissolving the phenol in slightly more than one equivalent of hot 50 per cent 
sodium hydroxide solution. 'l'hc solution is transferred to a main reactor, con- 
sisting of either a vertical closed autoclave equipped with stirrer and baffles 
or a closed rotary hall mill (67, 681, and is evaporated to  dryness by heating a t  
130°C. under gradual reduction of pressure. Heating is continued until the 
sodium phenoxide is in a completely dry, powdery form. Carbon dioside at  
about 5 atm. pressure is then charged into the reactor, the temperature being 
held around 100°C.; after absorption of approximately one mole of carbon dioxide, 
the t,emperature is raised and held at  15&1G0°C. for several hours. The carbona- 
tion product is cooled and dissolved in water; after treatment, with activated 
charcoal the solution is filtered off. The crude sodiiim salicylate can be purified 
hy crystallizat.ion as the hexahydrate a t  a temperature below 20°C. (89). Salicylic 
acid is obtained by acidification of the liquors, aiid is further purified by sub- 
limation. By-products of the reaction are 2- and .I-hydrosyieoplithalic acids, 
which are found in the "brown dust" residues from the sublimation chanibers 
(120, 12-1). p-Hydroxybenzoic acid is also a by-product of the reaction and is 
probably lost in  the acidification liquors (113j .  
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A sirmlar process is utilized in the manufacture of the three isomeric crem- 
tinic acids and 2-hydroxynaphthoic acid (17). In  the rase of p-hydroxybenzoic 
acid, pot'assium hydroxide is subst'ituted for sodium hydroxide, the carbonation 
of t'he dry potassium phenoxide being carried out a t  around 190°C. 

Because of the use of p-aminosalicylic acid (PAS) in the treathent of human 
tuberculosis, substantial quantit'ies are now produced by the carbonation of 
m-aminophenol (88, 117; see also Sect'ion VI). The general method consists in 
heating m-aminophenol with a solution of potassium bicarbonat'e under carbou 
dioxide (30 atm.) a t  85OC. in an autoclave for several hours (66, 226, 253). 
After unchanged material is filtered from the cold solution, addition of hydro- 
chloric acid until the solution is just acid to  Congo red precipitates p-amino- 
salicylic acid, xvhich can be further purified by solution in sodium bicarbonate 
and reprecipitation with acid. Treatment with aqueous sulfurous acid under 
pressure has also been suggest'ed as a method of separation from the diacid by- 
product (90). Addition of boric acid to  thecarbonation mixture has been reported 
to  give increased yields of p-aminosalicylic acid (180). 

111. F A C T O R S  I N F L U E K C I K G  THE KOLBE-SCHMITT REACTIOK 
.i. E F F E C T  O F  WATLR 

7 .  l h e  use of damp sodium phenoxide or moist carbon dioxide in the salicylic 
acid synthesis leads to  low yields of product; the same is true for the alkali metal 
salts of ot,her monohydric phenols (39, 137). These salt8s are hygroscopic and 
before carbonation are normally dried by heating under reduced pressure. .4 
similar adverse effect of water on yield has been reported in the case of the 
Marasse method (36, 60). The interesting observation has also been made that 
carbonation of disodium catechoxide, containing one mole of wat)er, at  134°C. 
leads to  the formation of 2,3-dihydroxybenzoic acid, while perfectly dry starting 
material yields 2,.?-dihydroxyterephthalic acid at  210°C. (30, 209). 

Chelation of water molecules with alkali metal ions is of importance in a 
number of organic reactions ( 2 3 ) ,  and it may well be that in the case of the 
Kolbe-Schmitt reaction the stronger chelating power of water with the alkali 
metal aryloxides will prevent the initial addition of carbon dioxide (92, 204). 
Hydrolysis of the metal salt t o  the phenol and sodium hydroxide may also occur. 
Introduction of the carbon dioxide under these conditions will lead only to  the 
formation of sodium bicarbonate. the phenol being unafferted. 

-1s has already been mentioned in this review (Section 11), di- and trihydric 
phenols can be carbonated in aqueous so1ut)ion in the presence of an alkali metal 
carbonate such as potassium carbonate, the ease of carhonatioii varying con- 
siderably with the compound employed. Thus catechol, rworciiiol, pyrogallol, 
and phloroglucinol can be carhonated under a stream of carbon dioxide in an 
open flask, ivhereas quinol, 2-methylqiiinol, and m-aminophenol must be heated 
in alkaline solut'ion with carbon dioxide under pressure (19, 114, 164, 240, 258, 
259). The greater ease of carbonat)ion of ihese compounds may arise from lower 
energies of activation a n d  taiitomerizatinn t,o highlv reactive keto forms. Re- 
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TABLE I 
Carbonation of phenol 

‘Temperature 

‘C. 

100 
150 
200 
250 

Salicylic Acid 1 p-Hydroxybenzoic .4cid ~ 4-Hydroxyisophthalic Acid 

l M  ; z z - E ! G -  
51 

18 20 
67 32 36 

* The symbols Na  and  K refer to the carbonation of sodium end potasaiurn phenoxides, and M refers to the 

t These values refer to the per cent composition of the total mixed acids isolated. The  total overall yields in 
Marasse modification. 

many of the carbonations amounted to as  much as  80 per cent based on the quantity of iiiixed acids isolated. 

sorcinol, for example, is carbonated in the presence of a zinc-copper-chromium 
oxide catalyst, no alkali being present (135). However, insufficient work has 
been carried out to  justify definite conclusions. 

B. E F F E C T  O F  P R E S S U R E  A N D  T E M P E R A T U R E  

At a given temperature, increase of the carbon dioxide pressure above a certain 
minimum value does not greatly affect the course of the carbonation reaction, 
However, in some cases an increase in the reaction rate may occur, with a conse- 
quent improvement in yield of product for a given reaction time. It has been 
found (6), for example, that carbonation of sodium or potassium phenoxide 
under the conditions specified by Kolbe and Schmitt or Marasse is little affected 
in total yield or relative amounts of the acids formed by variation of the pressure 
between 80 atm. and 130 atm. or of the time of heating between 4 and 24 hr. 
(table 1). The rearrangement of sodium 2-hydroxy-1-naphthoate to sodium 2- 
hydroxy-3-naphthoate during the carbonation of sodium 2-naphthoxide a t  145- 
160°C. is likewise unaffected by increaseof pressureup to  45 atm. (231). Increased 
pressure a t  high temperatures has been found to  lead to disubstitution in the 
ortho and para positions (128). 

The minimal pressure required for quantitative carbonation probably corre- 
sponds to  the dissociation pressure of the metal aryloxide-carbon dioxide com- 
plex at the temperature employed and possibly varies accorhng to the aryloxide 
used. Davies showed that  for the sodium phenoxide-carbon dioxide complex 
(prepared by heating sodium phenoxide a t  105°C. with carbon dioxide under 
pressure) the dissociation pressure a t  temperatures above 140°C. lay between 
3 and 4 atm. (52). The thermal decomposition of monosodium salicylate in an 
evacuated system was investigated by plotting the P ,  T curve. In this way the 
equilibrium temperature and pressure for the irreversible reaction 

HOCsH4C00Ka --+ C6H60Na + CO, 

was found to be approximately 150°C. and 74 mm. of mercury, while above 
150°C. the reversible reaction 

HOCaH4COONa + CeHbOl;a e NaOCsH4COO?Ja + CsHoOH 
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TABLE 2 
Carbonation o j  ( A )  p o t a s s i u m  phenox ide  arid ( B )  c e s i u m  phenor idc  

Temperature 

! 1 I Yield 
! Total Yield of ! ~~~~ 

Pressure ~ Mixed Acids , Salicylic 
acid 

- ~~ ___ -~ __ . .. ~- - 

I ~ per renl , per cenl 

42 60 
70 iG 

97 

i l  14O'C. 5 a t m .  
210°C 5 atrn I1 

180°C. 40 a t m .  ! .> 
240°C. ~ 5 a t in .  I 2 9  93 -. 

A 

_. - 
Hydroxy- t- enzoic acid 

per cenl 

40 
24 

5 
3 

140°C. 5 a t m .  31 31 ~ 66 
12 

I , 10 atrn.  63 
. ~ - 

{ I  210°C 

T h e  reaction mixture U-RS heated for 4 hr. a t  the  stated temperature. t he  preliea*in~ period being nboilt 1 5 h r .  
(254). 

TABLE 3 
Carbonatzon o j  ( A )  potassiutn phenox ide  and ( B )  ceszuni phenox:1.de at 1 atin. (264) 

I 

~ Total Yield of . .__~ ~~ 

Yield ~ Phenol Distilling 
l Over as Per Cent 

Mixed Acids Salicylic I -Hydroxy- of Theoretical i acid 1 tenzoic acid 1 
Temperature 

__ ____ - __ - 1 - 
~ 1 per cenl 1 per cent --/-- per-- 39 1 59 I i 

" i - 

- 41 I 140°C 
1W"C ~ 43 I ?li i o  1 

4fi 
I 210°C 48 l f i  

I: 
140°C 1 40 ' 22 1 7 8  

- 93 I l 7  ~- 
210 c 46 _ _  I_- - __ ~- 

was found to occur. At temperatures of 200°C. and above, it has been shown 
(52)  that decomposition of monosodium salicylate proceeds according to  the 
following equation : 

2HOCaH4COOSa -+ SaOC6H4COONa + CGHsOH + COS 

The extent to which this occurs a t  lower temperatures is a t  present uncertain. 
Temperature, in contrast to pressure, greatly influences the reactivity of the 

aryloxide as well as the position of substitution. Results illustrating the effect 
of variation in temperature and alkali metal used are shown in tables 1, 2, and 3. 

Although it was early reported that p-hydrosybeiizoic acid was exclusively 
obtained by the carbonation of potassium phenoxide (107), recent results 
(table 3) suggest that ortho substitution occurs initially, with subsequent re- 
arrangement a t  higher temperatures (128, 254). The rearrangement of sodium 
2-hydroxy-1-naphthoate appears to be analogous (231). Thus variation of the 
products with increasing temperatures may arise either from direct carbonation 
a t  different positions in the nucleus or by rearrangement. 

C. E F F E C T  O F  ALK.4LI h l E T A L  

The Kolbe3chmitt reaction is the classical example of a reaction in which 
the nature of the reaction product is greatly affected by the alkali metal used. 
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TABLE 4 
E j e c t  uf the: ulkaLL rilela1 on the  ~urbunalzuri prouuct 

Y'bcnol 

ryni-mSylcnoi  

(i l~ luo~opl ienol  

________ 
41kali T e m p  Cot i T h e  o 
Metal erature Pressure Heatine 

_ _  I- I -  - 
"C olm hours 

LL 2W 9 I b  
Na 200 ' Y 1 l b  
I< 200 b I 1 8  

..- 

Product> 

Salicylic acid (6.7Yb) 
Salicylic acid (30.50;: 
Salicylic acid (4 .2%) 
p-Hydroxybenzoic acid (40.6:;j 
3.5-Di11iethvl-4-hvdrosvbenzoic acid t24.2C,,) - _ -  
3,5-Diiiiethy1-4-hydroxybenzoic acid (32%) 

1 E 3,5. Diiiiethy1-4-hydtoxybenzoic acid (4.8%) 
18 ' 2,4-Diniethyl-6-hydrosybenzoic acid (6.4%,) 
18 , 2,4Dimethyl-6-hydroxybenzaic acid (35%) 

1 2.6-Diniethyl-4-hydroxybenzoic acid (lTc) 
6 3-I;luoro-"-hrdroxybenzoic acid (70%) 
I; 3-Fluoro-2-hydroxybenzoic acid (71%) 

3-Fluoro-4-hpdroxybenzoic acid (26%) 
ii I 3-Fluoro-2-h~droxybenzoic acid (25%) 

3-Fluoro-4-hydroxybrnzoic acid (755% i 
~ . ... .. ~ 

Reference 

'1151 

U 2 X i  

' '1281 

( 7 6 ,  76)  

Thus under comparable conditions carbonatioii of sodium phenoxide will give 
salicylic acid, while potassium phenoxide yields a mixture of salicylic and p-hy- 
droxybenzoic acids (6, 138, 176). Similarly, in the naphthol series sodium 2-naph- 
thoxide yields 2-hydroxy-3-naphthoic acid (the 2-hydroxy-l-naphthoic acid a t  
low temperatures), whereas potassium 2-naphthoxide yields a mixture of 2-hy- 
droxy-3-naphthoic acid and 2-hydroxy-6-naphthoic acid (3, 70). It has been 
shown that sodium G-quinolyloxide is not carbonated by being heated for 8 hr. 
a t  175°C. with carbon dioxide under pressure; the potassium derivative gives an 
almost quantitative yield of G-hydroxyquinoline-5-carboxylic acid (206). Seither 
the sodium nor the potassium derivative of carbostyril could be carbonated 
under the normal Kolbe-Schmitt or Marasse conditions (86, 129, 244). Some 
examples of these differences are given in t'able 4. 

The course of a number of organic reactions is greatly altered by varying the 
alkali metal used. It has been shown that the rate of hydrolysis of ethyl sulfate 
in 90 per cent aqueous methanol increased through the series XaOH < KOH < 
X(CH3) (CzE15)30H depending on the hydroxide employed (23). Similarly, the 
ratio of ortho to  para products in the Reimer--Tiemann reaction, using 15 N 
alkali solutions, fell through the series XaOH > KOH > CsOH > 
N(CH3) (C2HJ30H. It was suggested that the differences observed were associ- 
ated wit,h differences in the chelating strengths of the metals used, and it is 
known that, in the series of alkali and alkaline earth metals, the chelating 
strengths or stabilizing constants can be correlated with the C'/T values of the 
ions (see table 5) (162, 217). Studies of t'he rearrangement of mono- and dimet- 
alated salicylates suggests that C=O-+MO chelation has some influence on the 
course of this reaction (121, 122, 237). Support for this has been adduced from 
conductivity measurements of the metal salicylates in acetone, where it was 
found t8hat the ionization of potassium, rubidium, and cesium salicylates mas 



THE KOLBE-8CHMI'IT REhCTIOh'  59 1 

TABLE 5 

I I Stability. 

I ;. 
Ionic I Constant in 

Case of  EDTA 

Stabi!;ty 'I 

' Case of EDTA' I Constant  in Ion 
I Ionic ~ 2 1 

Ion Radius 

very much greater than that of lithium and sodium salicylates. On the assunip- 
tion that a close connection exists betn-een ionization and the chelation effect, i t  
follows that lithium and sodium salicylates, which cannot be rearranged to p-hy- 
droxybenzoate, are more strongly chelated than potassium, rubidium, and 
cesium salicylates, which are readily rearranged on heating. 

Some experimental evidence suggests that  the carbonation of potassiuni 
phenoxide occurs initially a t  the ortho position, the p-hydroxybenzoate arising 
by subsequent rearrangement (128). It is also known that the carbonation of 
sodium 2-naphthoxide leads initially to  2-hydroxy-l-naphthoic acid, which 
rearranges to  2-hydroxy-3-naphthoic acid (231). However, the possibility of 
intra- or intermolecular carbonation by an activated metal aryloxide-carbon 
dioxide complex cannot be disregarded (92). A weak chelation effect of 
)N+hiO has been suggested as a factor adversely affecting the carbonation of 
carbostyril (86). 

The failure of sodium, magnesium, and calcium carbonates and of sodium 
bicarbonate in the Marasse carbonation may arise from their insolubility and 
consequent unreactivity toward phenols, the formation of the metal aryloxide 
being a necessary prelude to  carbonation (36, 254). Potassium bicarbonate and 
potassium, rubidium, and cesium carbonates, however, readily react with phenols 
and carbonation then proceeds. 

I n  addition to  the differences in chelation strengths of the alkali metals, 
another factor whlch possibly influences orientation in the Kolbe-Schmitt 
reaction is a variation of the electromeric effect with the metal. In  dissociating 
solvents the phenoxy anion is knonii to  have powerful ortho-para-directing 
properties (126, 127). However, in the solid state or in nondissociating media 
the polarizability of the metal-oxygen bond will vary with the polarizability 
of the cation, and this suggests that  the electromeric effect will increase through 
the series S(CzH5)40 < LiO < KaO < KO < RhO < ('SO (166). Yo detailed 
study of this aspect has been made. 

D. EFFECT OF SOLVENT 

One of the practical difficulties associated with carbonating metal aryloxides 
in the solid state lies in the necessity for attaining absolutely anhydrous condi- 
tions. .i second difficiilty lies in the production and maintenance of the dry 
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2-Hydroxy-3- 
naphthoic acid 

naphthoic acid 
I-Hydroxy-2- 

Salicylic acid 
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- 

.4llnast quan- 
t i tat ive 

18.9 

TABLE 6 
Carbonatiov, in various solvents 

Compound 

Sodium phenoxide 

Sodium 2-naphthoxide 

Sodium 1-naphthoxide 

Sodium phenoxide 

Solvent 

Nethanol 
Ethanol 
1-Butanol 
Glycol 
Glycerol 
Xylene (suspen- 

sion) 
Dioxane 

Pyridine 

Diisobutyl ketone 

Dielec- 
tric 

Con- 
stant 

31.2 
25.8 
19.2 
41.2 
58.2  

2.6 

2.2 

12.5 

- 
__ 

Tem- 
pera- 
ture 

'C. 

140 
140 
I55 
140 
1 i o  
138 

260 

115 

150 

- 

'res. 
jure 

- 
zfm.  
22 
6 

10 
6 

10 
1 

8 

1 

1 
- 

Acid Product Yicld 

None 
None 
Salicylic acid 
None 
None 
Salicylic acid 

-I- 

i 

aryloxide in a finely divided state. Caking during carbonation or inefficient 
mixing results in low yields and may also lead to superheating, with formation 
of undesirable by-products. 

Use of an inert solvent or suspension medium obviates these difficulties, since 
azeotropic distillation of part of the solvent mill remove water and stirring can 
be efficiently conducted. Hydrocarbons, for example, can act as solvents for 
metal phenoxides with long-chain alkyl substituents, but generally the phen- 
oxides are insoluble in this type of solvent and the compound must be carbonated 
as a finely divided suspension (50, 173, 174, 181, 228). 

In  addition to the Wacker process, where excess phenol is utilized as solvent, 
glycerol (32), 1,4-dioxane and 1,3-dioxane (152), pyridine (33)) quinoline (33), 
and dialkyl ketones (80) have been proposed. 

Use of a solvent not only facilitates a homogeneous reaction mixture but in a 
number of cases enables the reaction to be carried out under milder conditions. 
Sodium 2-naphthoxide, for example, is reported to undergo carbonation readily 
in dioxane a t  50-60°C. and 1 atm. to  give 2-hydroxy-I-naphthoic acid (152). 
Sodium 1-naphthoxide in pyridine a t  115°C. under 1 atm. of carbon dioxide 
gives an almost quantitative yield of 1-hydroxy-2-naphthoic acid (33). Likewise, 
sodium p-benzylphenoxide was found to give 5-benzyl-2-hydroxybenzoic acid 
in good yield when carbonated in methyl isobutyl ketone solution a t  100°C. 
and 1 atm. (80). 

Iscmer has pointed out that carbonation proceeds most readily in solvents of 
low dielectric constant (128). Some supporting experimental results are given 
in table 6. 

IV. PROPOSED KEACTIOX MECHANSMS 
A .  M E T A L A T I O N  O F  A R O X k T I C  SUCLEUS 

Kolbe (137) found that for every two moles of sodium phenoxide heated in a 
stream of carbon dioxide, almost exactly one mole n-as liberated as phenol, the 
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other mole being converted into disodium salicylate. To accommodate these 
facts he postulated ortho metalation of one molecule of sodium phenoxide through 
sodium-hydrogen interchange with a second molecule, with formation of phenol; 
the metalated derivative was presumed to react directly with carbon dioxide to 
yield disodium salicylate. 

ONa Oh’a 

OKa 0 Na 8”;’ + coz + @ooh’a 

It has been shown that dimetallo derivatives of phenoxides are formed under 
certain conditions: for example, by refluxing lithium phenoxide with n-butyl- 
lithium in ether (87). Treatment with carbon dioxide gave salicylic acid in low 
yield. In  the absence of n-butyllithium no salicylic acid was obtained. Treatment 
of 2-naphthol with n-butyllithium in boiling benzene followed by subsequent 
carbonation gave 2-hydroxy-3-naphthoic acid in 7 per cent yield. On the basis 
of these results and the observations of other workers (82) that some metallic 
enolates react as true organometallic compounds towards carbon dioxide, it mas 
suggested that  a t  the temperature of the KolbeSchmitt reaction the phenoxide 
tautomerizes to  the ortho-metalated forms. These tautomers either react 
directly with carbon dioxide, as does phenyllithium for example, or react with 
nontautomerized phenoxide to produce ortho-metalated compounds which then 
react with carbon dioxide. Further evidence for the existence of di- and tri- 
metalated derivatives of alkali metal phenoxides arises from the presence of 
salicylic, 2-hydroxyisophthalic, and 2-hydroxyterephthalic acids upon the car- 
bonation of sodium or potassium phenoxide after treatment with n-amylsodium 
in boiling dodecane (166). 

ONa 0 0 €I 



594 .<. 8. LINDSE1 A I D  11. JESKEY 

The niechauisiii irivolvirig the formation of ortho-metalated tautomers has 
however been criticized (92) on the basis that sodium phenoxide at temperatures 
above 120°C. reacts with a n  alkyl halide to  give substantially the corresponding 
alkyl phenyl ether. Thus, treatment of sodium phenoxide a t  150°C. with n-hexyl 
bromide gives ?~-hrsyl phcnyl ether in 91 per cent yield. Xppreciable quantities 
of or-tho-sut)stitiitetl aikylphenol \:.ouid be expected to be formed if tautomerism 
of the type suggested ha(] occurred at this temperature. 

J 3 .  I h ~ T K I 1 1 \ 1 h ~ l ~ I A T ~ ~  FClRhL4TION O F  hlE'YALL AHPL C'AltBOXATE 

Although liolbe suggested iri 1860 (141) that  large quantities of sodium phenyl 
carl~oiiate were formed during the reaction of sodium with phenol in the pres- 
ence of carbon dioxide, he later concluded that sodium bicarbonate was the 
main Iiy-product, (13i) .  dchmitt (204), however, claimed that  sodium phenyl 
carbonate could be prepared by treating perfectly dry sodium phenoxide with 
dry carbon dioxide. After two to  four weeks almost exactly one mole of carbon 
dioxide \vas absorbed, increase iii volunie and development of heat being 
observed. The substance so formed was a \vhitc solid; it was very much less 
deliyuesceiit than sodium phenoxide arid 011 treatinelit with water evolved carbon 
dioxide with formation of phenol, sodium phenoxide, arid sodium bicarbonate. 

2CeI160C:OONa i 1I2O -+ CO:! + C,JI,OH + SaOCsH5 + S a H C 0 3  

Schrnitt criticized Kolbe's suggested mechaiiisni on the basis that  although 
carboii dioxide was absorbed by the sodium phenoxide a t  temperatures below 
100°C., phenol was not liberated until hgher temperatures (above 140°C.) were 
reached. Following an earlier suggestion (9) he postulated initial formation of 
sodium phenyl carbonate, which subsequentiy rearranged to  give the salt of 
salicylic acid. The following consecutive reactions were proposed : 

( i j  C6H60Xa + ('02 -+ CsH5UCOONa 

( 2 )  C6TI&COONa -+ HOC6H,COOXa 

(3) TTO(~eHrC'OOS:~ a C6HaOSa  --+ ('8HaUH + SaO('oH&OOXa 

Schinitt diCJ\Ved that w h u i  llis 1,reparat ioii 01 sodiiiiii pheiiyl carbonate was 
heated for 1 hr. at 120-130Y'. in n sealed tube  it n a s  quantitatively converted 
to  monosodium snlicylntr, kind that thc latter wlieri heated with a further mole 
of sodium phenoxidtl yielded phenol and disodiurn salicylate. 

The idea that . d i u r n  phriiyl carbonate was formed 8.: aii intermediate had 
also been advanced by Iicwtschr~l (YH'), who proposed  he following reaction 
steps : 

(1) CClz -4- CsH50Sii C ' 6 H 6 ( U ( ' O O S : t  

(2) C&bCl(."OOS:t -t ( ' 6 H 5 O S : L  - *  SLl( )C',H,CUC)KcL i CBfI50fi 

The  similar convorsioii of potassium phenyl sulfate t o  potausiuni p-pheriolsul- 
fonate ohservrd by Haunianii (9) lent support t o  thi.: idea. Hentschel also showed 



t h a t  ivhell ctliyl pheiiyl carbonate was hc:ited ~ v i t l i  dry .sotiiiiiii phenoxide. 
nioiiosuclium salic~ylatt: atid phenetole \vert' t h  orily p i ~ v l ~ r t ~ ,  Siriiil:irly3 socliiini 
salicylate and ani.wlc \ver(i obtained quarititati\.ely f i v i r i  dil)lreriyl carlmiate 
and sod iu 111 met h osidc . 

It i v w  I : ~ t ( ~ i ~  ,-iiggcsted ( 1  G5) that I was a11 iiitcriii(1cii:tte in the 1ioll)e-Schniitt 
i w c t i o i i ,  txiiig fortiit~I either t)y reaction of sodiuiii phcriositic \vith t l ie so!liurn 
pheiiyl c.art)orinto or hy reaction of two iiiules of .sotliurll phc~ i ios idc  ivith carbon 

tly. 1:re:klon.n of I rnay occ i i i '  fly eithrbr of the, roiitw sho\vr i .  So 
very conL~iiii~iirg tlvidc:rc*c iva,. advanced t o  ,support thi- t boor>.. 

OS:: IIOC',jFI:C'OOS:i + t c I I50S8  
I 7 

( '6 1.15 ( )- ~ ( " -  O ( ' 0  ll; 

OS2 ~ : l o ~ ~ ~ i l 4 ~ 0 o ~ - : i  t ( ' 5 H 5 0 1 1  

I 

Sluii PI' (231) found thtL: OIL hratiirg ciiphenyl cwbonatc. \ \ . i th two 1no1c.s OI 

,wdiuni hyclruxide, sodiiini rarhonate 2nd phenol \Yere f o r i n d  ; \\-ith oiie niole of 
 odium hydrosidc, phenol a i i d  phenyl sodiiiiii cnrboriute \i ere formctl. alpproxi- 
nintely 00 per cent of' the latter undertverit irriiiicdiatts dec.onipo+itioii, at I(i0"C'. 
and 1 atni., into carbon dioxide and sodium pherioxidc>, and 40 per cmit rmrraiiged 
t o  monosodium ,salicylate. These experiments were rlaimed to p r o i ~  that sodium 
phenyl carbonate could ac t  as an intermediate product i t i  the liolbc-Schrilitt 
reaction (242). 

navies (521, by measurement of the carbon diosidc cquilibriiitii pressure 
during the salicylic acid ,syiithesis, concluded that t ivo, not prtsi io,i+ly rccogriized 
"ester salts" were formed. At ahout 8 5 T .  the "ester salt, I" was fornicsd from 
+odium phenoxide and carhon dioxide, ivhich at 120-140"C'. iiiidenverit an intra- 
molecular conversion to "ester salt 11," Ivhich renrraiiged t o  form ,sodium sali- 
eyliite without any ticcrease in pressure occurring. 111 additioii the I' ,  ?' curve 
.showed an inflexioii at 190" and 4.15 atni., \\ hich Ilavics regartled as the qiiiii- 
tuple point of the folimving fi1.e phases: rnonosotliiini salicylate, disodium sali- 

phase). 1,ater Siiikoiv shoived (232)  that the "ester d t s  I aiid 11" \ \ tw  identical, 
and that t h e  results observed Ly I h v i w  aiid earlier workers (10) o1)eyed the 
Neriist and C'lau~i~is-(~lapeyror~ equations, indicating a hetu-ogeneoiis cquilib- 
riuiii. I t  was furthcr suggested that the  formation of I)-hydros?-heiizoate during 
the renctioii \ v o u l d  al.qo complicate the interpretatiori of ~ h c a  r (~ .~ t l l i i  (1  13). 

Later ivorkers ( 3 1 )  exanlined the  enr~~onntioir 0:' tiry wdiiini 2-iinphthosidr. 
and found that at low ternperatures i4(&60°C.) a rear1 ion uccurred; the product, 
Mhich they considered to  t ie sodium @-naphthyl carl,oiinte ( I I ) ,  disFocixtcd at 
higher temperature5 iiito i t +  c.ompoiitvit,<;. . i t  120°C. under pressure ivith carLon 
dioxide, I1 wnrraiiged to  give I-cnrtiosS-2-sorii~ini naphthoxide (111). Inter- 
action of this pi,oduct ivith itself a t  145-160°C. led to the formation of disodium 
2-oxy-1 -1iaphtho;itc i1V). ?-naphthol. a n d  carbon dioxide. Wheii the reaction 

rylate, sodium phenoxide, phenol (molten phase), and carbon tliosicle ( g i -  L >LOU5 
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mixture was heated a t  200°C. the rearrangement to disodium 2-oxy-3-naph- 
thoate (V) occurred. It was claimed, without experimental details, that the 
carbonation product (111) would readily absorb dry ammonia, thus confirming 
its structure. The intermediate carbonate (11) was considered to decompose to 
give (‘active carbon dioxide,” which then carbonated the sodium naphthoxide 
(cf. Section IV,C) .  A somewhat similar mechanism for the reaction was advanced 
by Gershzon (%), who claimed to have prepared CeHsC(=l\;CsHs)ONa by treat- 
ing the phenyl ester of phenylcarbamic acid with sodium in boiling xylene. The 

11 

145160’C. ~ coz + 03”” + 

I11 

IV v 
sodium compound in the reaction mixture was heated in a sealed tube a t  200°C. 
for 1 hr. and yielded about 20 per cent of salicylanilide. The l-naphthyl and 
2-naphthyl esters under similar treatment yielded the corresponding hydroxy- 

Salicylanilide 

naphthoic anilides. It was claimed that these experiments proved the inter- 
mediate formation of metal aryl carbonates in the K o l b d c h m i t t  reaction ; 
this claim was later shown to be without basis by Chelintsev, who found that 
the products arising by treatment of the phenyl ester of phenylcarbamic acid 
with sodium were diphenylurea and triphenyl isocyanurate (40). The triphenyl 
isocyanurate suggested the presence of phenyl isocyanate in the reaction mixture. 
It was shown that  salicylanilide was formed by heating phenyl isocyanate with 
sodium phenoxide. Gershzon’s “proof” of the mechanism is therefore invalid. 

The theory of intermediate formation of a metal aryl carbonate is not sup- 
ported by the observations of some recent workers (92), who consider that the 
initial reaction of carbon dioxide with the metal aryloxide at low temperatures 
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involves weak chelation of the gas with the metal to give an unstable complex 
Thus the ready dissociation of the complex into its components under a vacuum 
or at atmospheric pressure on heating would be explained. The evolution of 
carbon dioxide on treatment of the complex with dry acetone (165) and on 
treatment with water (204) probably arises from the stronger chelating power 
of these solvents, leading to  displacement of carbon dioside; in the case of water 
subsequent reaction occurs. Acetone has been shown to form an equimolecular 
complex with sodium phenoxide (221), the acetone being removable under 
vacuum; similarly, phenol xi11 chelate with sodium phenoside (84). 

The sodium phenoside-carbon dioxide comples was shown to give rise to  a 
carbonyl absorption band a t  1684 cm.-' in the infrared, uhereas sodium methyl 
carbonate, a stable recrystallizable solid, gave rise to carbonyl absorption a t  
1630 em.-' Similarly, the complex prepared from carbon dioxide and sodium 
2-cresoside possesses a carbonyl absorption a t  around 1670 cm.-' (154). Dnvies 
( 5 2 )  showed the dissociation pressure of this complex to  be around 4 atm. betvieen 
120°C. and 160°C.; hence it could well be the true intermediate in the carbona- 
tion process. 

C. D I R E C T  N U C L E A R  CARBOK.4TION 

In 1904 it was shown (155) that the compound prepared from sodium pheu- 
oxide and carbon dioxide by Schmitt would dissociate into its components at 
85"C., the vapor pressure then being about 1 atm. These workers considered 
that such an intermediate could not exist under the Kolbe conditions of car- 
bonation and was also unlikely under the Schmitt conditions. Carbonation must 
therefore occur by direct nuclear substitution. A carbonate intermediate was, 

VI 

however, not ruled out for the carbonation of other compounds such as sodium 
8-quinolyl oxide (208). Subsequently Tijmstra claimed t o  have proved this 
theory by mean? of the following experiments (241): (1) Only a slight increasc 
in weight could be detected after heating sodium phenoxide a t  110°C. with 
carbon dioxide at atmospheric pressure, indicating that no reaction had occurred. 
( 2 )  Heating the carbonation product-believed to  be sodium salicyloside (VI)- 
with methyl iodide yielded methyl salicylate. Since o-methoxybenzoic acid 
readily rearranges to  methyl salicylate under basic conditions this test was 
inconclusive. ( 3 )  The dissociation pressure of sodium salicyloxide at  180°C. 
after one day was found to  be approximately 1 atm. Sodium salicylate at 180°C. 
had a dissociation pressure of only 534 mm. after two days. The difference mas 
shown by introducing a small amount of the carbonation product into paraffin 
oil at 180°C.; a turbulent evolution of gas occurred. Sodium salicylate yielded 
no gas under similar condition.. ( 4 )  The carbonation product wa? found to  
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absorb dry ammonia, nht,rens sodium salicylate did not .  The carbonatioii prod- 
uct after being heated for 20 hr. rvith water and then evaporated to dryness 
would still absorb ammonia. Sodium salicylate heated at  248°C. for 2.5 hr. and 
washed with ether (traces of phenol) also abForbetl ammonia. I t  was considered 
that the rearrangement shown belon had taken place : 

Tijmstra’s evidence can be criticized on the grounds that the product prepared 
by carbonating sodium phenoxide with carboil dioxide under pressure always 
contains small amounts of phenol and sodium bicarbonate when moisture is 
not rigorously excluded from the autoclave (92). The presence of these by-prod- 
ucts would explain the observations listed under 3 and 4 aboye. Furthermore, 
monosodium salicylate heated a t  220°C. and above is convert’ed into a mixture 
of disodium salicylate, phenol, and carbon dioxide (123, 176). Tijmstra’s con- 
clusions are therefore doubt’ful. 

Similar doubtful conclusions have been reached in the case of the carbonation 
of sodium 2-naphthoxide (219), where direct nuclear carbonation is postulated. 
The sodium hydroxynaphthoate first, formed is considered t’o decompose into 
its components a t  higher temperatures (280°C.) with recarbonation of the nu- 
cleus to  give sodium 2-hydroxy-3-naphthoate, the latter then undergoing reaction 
with a further molecule of sodium 2-naphthoxide to  yield disodium 2-0xy-3- 
naphthoate and free 2-naphthol. This mechanism appears unlikely, since it has 
been shown that  quantitative conversion of disodium 2-oxy-l-naphthoate to  the 
2-oxy-3-naphthoate occurs a t  300°C. (113). 

Tijmstra’s formulation of the carbonation product in the phenol series as 
sodium salicyloxide (VI) has been shown (92) to be untenable on the basis of 
its infrared spectrum. This, however, does not rule out the possibility that the 
original hypothesis of direct nuclear carbonation may represent the first step 
in the reaction, and that subsequent interchange of hydrogen and sodium ions 
(or atoms) occurs, giving sodium salicylate as the h a 1  product. 

D. TAUTOMERIC RE iRKASGEMENT 

By analogy with the reaction of carbon dioxide with the metal enolates of 
some ketones (29) to give @keto acids, Huckel suggested (118) that the Kdbe- 
Schmitt reaction proceeded by the addition of carbon dioxide to  the mesomeric 
phenoxy or naphthoxy anion, the predonziriance of the mesomeric form being 
governed hy the alkali metal used. 

a m - - ( )  0 - o e  - - p = o  + H/\ d- 
H 

p-Quinolide form ( 1  -Q 1 i no1 I de form 



THE KOLBE-SC'HMWITT RE.4CTIOS .? 9 9 

This idea has also been advuriced to explain the different carbonation product. 
of sodium 2-naphthouide at differeiit temperatures (1x2). I t  is considered that,  
11 ith increasing temperatures, one of the resonance forms of the naphthwide 
ion becomes more predominant than the others, thuc giving rise to the different 
products. 

06 0 

<110 c 

The postulated products for carbon dioxide addition are 
COOH 

S o  hrect  experimental evidence is a t  present available on which to judge the 
correctness of these 1 riews. ' 

E. C H E L A T E  FORMATION AND E L E C T R O P H I L I C  S U B S T I T C T I O A  

Johnson (131) found that benzylmagnesium chloride often reacted with 
various compounds to  give abnormally the o-tolyl derivatives, and by analogy 
suggested that  the Kolbe-Schnlitt reaction proceeded by the mechanism illus- 
trated in the sequence below-. The primary addition product was conaidered to  
be hound hy a coordinate linkage, the activated molecule then suhstituting at  

O S a  

the ortho position with stabilization of the transitioii stage by ring formation. 
Luttringhaus (158), on the basis of his results 011 rearrangement during the fifision 
of ethers by means of alkali metals, tentatively suggested that during the Iteimer- 
Tiemann aldehyde synthesis and the Kolbe-Schniitt salicylic acid synthmis a 
cvclic stage was involved, leading to  ortho ,substitution, viz: 

i 

0 
In the case oi potassium phenoxide under these conditions, owing to the limited 
degree of chemical stability and also to  the greater ionic 7-olume of potassiiini, 
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p-hydroxybenzoate will result. cyclic intermediate has also been postulated 
by other workers (198) during the carbonation of ester enolates. This reaction 
mechanism, shown below, involves the formation of a four-membered ring 
intermediate. 

CsH5 OCH, C,5H5 OCH, C,5H5 OCH, 

cc=o \ I  \ I  
C - c o x a  

\ /  
/ \  

c=c 
ONa --+ C6&/ I ~ -+ CaH5 ’~ C6H5 + I o=c-0 O=COKa o=c=o 

Now i t  is known that phenol will undergo carbonation under K o l b d c h m i t t  
conditions only in the form of the alkali metal phenoxide (135). In  the Marasse 
modification of the reaction (see Section 11, C above), where the free phenol is 
heated with anhydrous carbonate and carbon dioxide under pressure, it has been 
shown that phenoxide formation is a necessary prelude to  reaction (254). I t  
therefore seems likely that this type of Carbonation involves electrophilic attack 
on the ortho carbon atom (220). Presumably a similar process can operate when 
carbonation is carried out in phenol solution; here one of the phenol molecules 
of the sodium phenoxide-phenol solvate would be displaced by a molecule of 
carbon dioxide, with subsequent attack on the ortho position. 

A mechanism based on the preliminary association of sodium phenoxide with 
carbon dioxide under pressure to form a complex, and involving intramolecular 
reaction with displacement of the ortho hydrogen by electrophilic attack has 
been suggested (92). If the transition stage involves a a-complex, and the oxy- 
gen atom in solid sodium phenoxide is coplanar with the benzene ring so that its 
“lone pair” electrons can take part in a molecular a-electron orbital, then the 
proton displaced onto the a-electron system would migrate to the phenolic 
oxygen ( 5 5 ) .  

OKa 0 

0- 
A /  

OH 
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V. APPLICATION OF THE KOLBE-SCHMITT REACTION 

A .  SROMMATIC S E R I E S  

In general, as with other electrophilic reactions, the presence of alkyl groups 
in the aromatic nucleus promotes ortho carbonation in phenols with high yields 
of product. The effect is most marked with para-substituted and less so for ortho- 
substituted alkylphenols. The reactivity, however, is modified by a steric hin- 
drance factor. Where the hydroxyl is flanked by two ortho alkyl substituents 
only a low yield of the para-carbonated compound is obtained. Similarly, with 
two alkyl substituents both in the meta positions, only low yields of the ortho- 
carbonated product are realized. These results are exemplified in the case of the 
xylenols (6, 36, 179, 254). Where both the ortho and the para positions carry 
alkyl substituents no carbonation occurs (128). Phenyl groups ortho or para to 
the hydroxyl promote high yields of the ortho-carbonated product, while para- 
substituted aroyl groups have a deactivating effect with consequent reduced 
yields of the acid. Some differences arising from the use of different alkali metal 
derivatives of the alkylphenols have already been given in Section I11 , C. 

For other substituents in the phenolic nucleus it can be stated that, in general, 
electron-donating substituents facilitate the carbonation reaction, while elec- 
tron-withdrawing substituents retard or inhibit carbonation. Thus the presence 
of amino, methoxyl, or additional hydroxyl groups usually enables the reaction 
to be carried out a t  lower temperatures and with increased yields of products. 
The halogen-substituted phenols can be carbonated under both Kolbe-Schmitt 
and Marasse conditions, the o-, m-, and p-fluoro-, chloro-, and bromophenols 
giving satisfactory yields, whereas low yields are obtained from the o-, m-, and 
p-iodophenols (6, 254). In  the case of o-fluorophenols ortho and para carbona- 
tion occurs, the relative amounts depending on the alkali metal used (Section 
II1,C) (76). 

In  contrast, electron-withdrawing substituents such as nitro, nitrile, and car- 
boxylate ion retard carbonation. Thus m-nitrophenol gives only a 19 per cent 
yield of acid under Marasse conditions (254), while the o- and p-nitro- and o- 
cyanophenols are inert (128, 129). Carboxylate ions and acyl groups have a lower 
deactivating effect on the ring, however, and can often be carbonated a t  higher 
temperatures. 

B.  H E T E R O C Y C L I C  S E R I E S  

Carbonation of the heterocyclic aromatic nucleus has been less extensively 
studied than carbonation of the carbocyclic aromatic series, and the number of 
successful carbonations reported in the literature is relatively small. 

In  the pyridine series 2-, 3-, and 4-hydroxypyridines have been carbonated 
under Kolbe-Schmitt or Marasse conditions. In  the former instance para- 
substitution occurs exclusively (6, 244), while the second compound gives the 
ortho or para acid depending on the reaction conditions; the third compound 
gives only the ortho mono- or dicarboxylic acid (6, 21, 22). 
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Carl~oiiatioii of the heterocyclic. 11iic1~11s of ~iydroxycluinoliiies or hyciroxy- 
i,qoquinoliiies has not yet t x m i  rcported. Ho\vever, 6-hydroxy- and 8-hydroxy- 
quinoline (:ai1 lie succcssfdly carbonated i i i  the carbocyclic aromatic nucleus 
(206, 208). The liiio\.rm loner reactivity of quinoline compounds, as well as 
reduced mohiiitj- of the met ai thruugh chelatioil, has been suggested as a reasoil 
for the failure of carbonation experiments (Sti). 

Pyrrole is well known to behave analogously to phenol and it was early iouncl 
t’hat 2-pyrr.olecarboxylic acid \\--as formed by heating pyrrole with aqueous am- 
monium cartmnate in a sealed tube (46). The same product admixed with the 
5-carboxylic acid was also obtained hy heatiiig potassium pyrrole in a stream of 
carbon dioxide at 200-220°C. The potassium derivatives of 2- rmd hnethyi -  
pyrrole could similarly be carbonated (-11, 42, 13, 17, 48). J’otasduni carbazole 
carbonated by a similar process )vas initially thought t’o give the carbamic acid 
(VII),  but the product was later showii to  be 1-carbazolecarboxylic acid (YIII), 
identical with the substance obtaiiied hy treating the Grignard reagent wit’h 
carbon dioxide 126, 45). 

I i  

A iluniber 01 other niiscellztrieous hydroxy hetei ocyclic aromatic compounds 
have been carbonated by the KolbeSchmitt reaction, including ?-hydroxy- 
carbazole ancl tetrahydro-7-hydroxyiaphthylcarbazole, hut no systernntic study 
has been carried out. 

c‘. OTHEH. CO3fPOT7NIIS 

The carbonation of the metal enolates of cycalic and aliphatic ketones: bears 
some analogy to that of metal aryloxideh, and a postulated mechanism for the 
carbon dioxide addition has already been referred to (page 600). The earliest 
experiments along these lines were the preparation of camphorcarboxylic and 
cyclohexanonecarboxylic acids hy treatment of the ketone with sodium or 
sodium amide and carbon dioxide fP, 2-1, 25, 29, 30, 146). 

0 0 
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I I xn + co2 
XCH, CO 
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CHZ-CH-CHCOOKa 

~ TCH,  CO 
I I 

I 
CHz-CH-CH? 

12H 
CH~-CH-CHCOO€T 

I 
XCHa &HOT3 

I 

Ecgonine 

I 1  
CH?-CH----CH, 

-4 more extensive investigation of the possibility of carbonating cyclohex- 
anone and its derivatives was carried out in 1910, and the successful preparation 
of 2-cyclohexanonecarboxylic acid, l-methylcyclohexan-2-one-3-carboxylic 
acid, dl- and 1-1-methylcyclohexan-3-one-4-carboxylic acid, l-methylcyclohexan- 
4-one-3-carboxylic acid, and d-isomenthonedicarboxylic acid was reported (83). 
A recent attempt to  carbonate tropolone was unsuccessful (51, 86). 

An interesting extension of the carbonation reaction to the preparation of 
2-ketocarboxylic acids from dialkyl or alkyl aryl ketones has been recently 
reported (153). The sodium enolate was prepared by treatment of the ketone 
with sodium amide in liquid ammonia. A two-step mechanism involving addition 
of carbon dioxide to the ketonic anion was suggested: 

(1) 

(2) 

RCOCH, + ,?;asHz --+ (RCOCH2)-lja+ + NH8 

C02 + (RCOCHZ)-Sa+ --+ RCOCH2COO-NaT 

In general, carbonations of the type discussed are favored by anhydrous condi- 
tions and low temperatures, ether and ligroin being the preferred solvents. 

VI. TABUL.ITION OF COMPOUNDS CARBONATED 
Tables 7 to  12 present data on the following classes of compounds which have 

been carbonated : mononuclear monohydric phenols, mononuclear polyhydric 
phenols, dinuclear phenols, polynuclear phenols, heterocycles, and ketones. 

The information quoted in these tables is taken from the initial reference given; 
subsequent references give alternative methods of preparation or additional 
information. The range of conipouncls included is as extensive as possible, but 
no  c l a h  is made that the table. are complete. .\ number of Kolbe-Schmitt 
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carboiiatioii experiments are buried in papers dealing with other topics or in the 
patent literature. Under the heading “Conditions : Metal or Marasse,” Li, Na, 
K indicate that the salts of these metals were subjected to  the Kolbe-Schmitt 
reaction; 11 indicates that  the Marasse modification was used with potassium 
carbonate. The m e  of other carbonates is indicat’ed by the appropriate formulas. 

1’11. SEhlMARY 

-\ survey of the Kolhe-Schmitt reaction \vith iwious modificatioris for the 
carbonation of phenols, heterocylic hydroxy compounds, and certain ketones 
has been presented. The Kolbe-Schmitt procedure remains the standard com- 
mercial method for the preparation of aromatic hydroxy acids. The Marasse 
modification is more convenient for laboratory use. The course of the reaction 
is influenced by temperature, pressure, alkali metal, and the presence or absence 
of water. The mechanism of the reaction has not been rigorously established, 
but’ introduction of the carboxyl group by electrophilic substitution agrees with 
the known facw Tables shon-ing compounds carbonated, the experimental 
conditions, and the yields of the acids are given. 

The authors Mish to  thank Ur. J .  Idris Jones 101 vritically reading the manu- 
script and Dr. D.  D. l’ratt, C.B.E., Director of the Chemical Research Labora- 
tory, for permitting the participation of one of us (A.S.L.) in the preparation of 
this review. 
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