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reaction in form of sodium or other salts and they shall be continuously generated from the 
appropriate precursors. In the former case the inorganic liquid or solid phases consist of aqueous 
solution of salts of desired anions or the salts in solid state being reservoirs of the reacting 
anions. In the latter case the liquid or solid phases contain basic agents that convert precursors 
into anionic species that via ion-exchange with the catalyst form lipophilic ion pairs entering the 
organic phase. 
 Specific features of PTC are conveniently discussed using reactions of alkyl halides RX 
with inorganic anions Y– catalyzed by TAA salts Q+X– as a model process. The process proceeds 
according to Scheme 1. 
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 The key factor deciding on feasibility of the catalytic process is the position of the ion-
exchange equilibrium 1a that governs the concentration of the reacting anions in the organic 
phase. This equilibrium is in turn governed by the energy of hydration of the anions X– and Y–. 
In the row OH–, SO4

2–, F–, Cl–, CN–, Br–, I–, ClO4
–, SCN– etc. always right partner will be 

preferentially located in the organic phase. Thus a substantial limitation of the PTC is that 
hydroxide and fluoride anions cannot be efficiently transferred into the organic phase when 
other, more lipophilic, anions are present in the system. 
 
Co-catalysis. Many catalysts exhibit the desired action or act more efficiently only in the 
presence of an additional component. Such additional components that make the catalytic 
process possible, activate the catalyst or modify its action are known as co-catalysts. Co-catalytic 
processes are widely used in laboratory practice and industrial applications. This phenomenon is 
frequently observed in the nature, many natural catalysts – enzymes require cocatalysts – 
coenzymes – for proper action. 
 The phenomenon of cocatalysis in PT catalyzed reactions can be of various nature. The 
first category of PTC cocatalysis is applicable for reactions of hydrophilic anions, that due to 
unfavourable ion exchange equilibrium cannot operate efficiently in simple PT catalyzed 
systems. This category embraces reactions of inorganic anions of low lipophilicity mostly 
hydroxide and fluoride anions.  
 There are many examples of reactions catalyzed by transition metals that are carried out in 
two-phase systems in the presence of PT catalyst. Such reactions catalyzed by transition metals 
can often proceed independently of PTC in homogeneous or heterogeneous media, however 
application of PTC to such processes offers substantial advantages. In these processes both 
catalysts act independently, however when applied together the processes are more efficient. 
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32 NaOH   +   11 Co2(CO)8 20 Na+Co(CO)4–   +   6 Na2CO3   +   16 H2O   +   2 CoCO3

Na+Co(CO)4–
aq   +   Q+X–

org Q+Co(CO)4–
org   +   NaX aq

Q+Co(CO)4–
org   +   RX org RCo(CO)4 org   +   Q+X–

org

RCo(CO)4 org   +   CO org RCOCo(CO)4 org

RCOCo(CO)4 org   +   NaOH aq RCOOH aq   +   NaCo(CO)4 aq

NaOH Q+X–

RCO2Na aq Q+Co(CO)4–
aq

(8)

 
 

 Carbonylation of benzyl halides catalyzed by cobalt carbonyls in PTC systems gave 
phenylacetic acid.15 

 

Ph Br     +     CO Ph CO2H
Co2(CO)8, PhCH2(Et)3N+Cl–

5N NaOH aq, benzene
r.t., 1 atm 85%

(9)

 
 

 Migration of the produced carboxylic acids to the aqueous phase facilitates the 
carbonylation process and allows to perform selective monocarbonylation of dihalides, e.g. 
conversion of 1,4-dibromobenzene into 4-bromobenzoic acid.16 

 

Br Br     +     CO Br CO2H
Pd(PPh3)2Cl2, PPh3, Bu4N+I–

30% NaOH aq, xylene
95°C, 5 atm.

90%

(10)

 
 

 Allyl halides are efficiently carbonylated in the presence of nickel cyanide and TAA salt.17 

 

Ph Cl     +     CO Ph COOH
Ni(CN)2, Bu4N+HSO4

–

5M NaOH aq, 4-methyl-2-pentanone
r.t., 1 atm 84%

(11)

 
 

 The carbonylation of acetylenes proceeds in a similar way. For example, the reaction of 
acetylenes with CO co-catalyzed by nickel cyanide and hexadecyltrimethylammonium bromide 
in the two-phase system: toluene – aqueous NaOH gave unsaturated carboxylic acids.18 

 

HC C(CH2)4C CH     +     CO

CO2H

CO2H
Ni(CN)2, C16H33(CH3)3N+Br–

5N NaOH aq, toluene
90°C, 1 atm

68%

(12)
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 PTC has become an efficient methodology for the Heck reaction – Pd catalyzed 
alkenylation of aryl halides with alkenes.19 It was shown in many reports that this reaction 
proceeds the most efficiently when carried out in the presence of aqueous solution of sodium 
carbonate or hydroxide and catalytic amount of PT catalyst.20,21  
 

X

Y

+     Ph

Y

Ph

60–71%

PdCl2[P(o-Tol)3]2 (1% mol), P(o-Tol)3 (2% mol)
Bu4N+Br– (5% mol)

K2CO3, H2O (13)

 
 

 So far there has been a limited number of papers considering mechanistic rationalization of 
the action of PT catalyst; in our opinion suggestions that the transfer of hydroxide anions into the 
organic phase takes place 21 is not convincing. 
 This methodology was extended to the Suzuki coupling of aryl bromides with arylboronic 
acids, however molar amounts of TAA salts are necessary to obtain high conversions.22 Recently 
described microwave assisted intramolecular reaction of this type, carried out under PTC 
conditions with catalytic amount of TAA salt, seems to be very promising.23 

 Of great importance are hydrogenation and reduction reactions, mediated by PT catalysts 
and metal carbonyls or complexes. In these two-phase reactions the TAA salt assists in the 
bringing together of the hydrogenation catalyst and the organic substrate. This method is 
particularly valuable for the hydrogenation of arenes, for which high pressures and temperatures 
are usually required.24 

 
O O

cis, 92%

[Rh(1,5-hexadiene)Cl]2, Bu4N+HSO4
–

n-hexane
aq buffer (pH = 7.6)

r.t., 1 atm

+   H2 (14)

 
 
 Perhaps the most important and general application of cocatalysis in PT catalyzed reactions 
promoted by metal derived catalysts is the oxidation of organic compounds with hydrogen 
peroxide.25 Combination of RuCl3 and PT catalyst serves as an excellent cocatalytic system for 
oxidation of alkenes and alcohols to carbonyl compounds and carboxylic acids. For instance 
secondary alcohols are oxidized to ketones in the presence of RuCl3 and lipophilic TAA salts in 
two-phase system toluene – 30% H2O2.26 The PT catalyst not only transfers RuCl3 · H2O2 into 
the organic phase but also prevents precipitation of reduced Ru. 
 

OH
RuCl3 · H2O cat., (C10H23)2(CH3)2N+Br– cat.

30% H2O2, CH2Cl2

80°C, 90 min

O

90%

(15)

 






