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Solid-Liquid Phase-Transfer Catalysis without Added
Solvent. A Simple. Efficient, and Inexpensive Synthesis
of Aromatic Carboxylic Esters by Alkylation of Potas-
sium Carboxylates

J. Barry, G. Bram® | (5. Drconts, A. Loupy, C. ORANGE**, A.
PrriT, J. SANSOULET

Laboratoire des Réactions Sélectives sur Supports, ERA 316 du
C'NRS, Universisé Paris-Sud Bat. 410, F-91405 Orsay Cedex, France

The preparation of carboxylic esters from the acids 's com-
monly performed by two methods:

- classical esterification with excess alcohol under acidic and
dehydrating conditions’; recent examples use chlorotrimeth-
ylsilane®® or supported sulfuric acid catalyst®, one-pot
methods via acyl chlorides® or carboxylic-carbonic anhy-
drides®, or methods employing polynitroaryl halides in
pyridine”-3-°.

- carboxylate salt alkylation by halides or sulfates. The
anion is either prepared in situ (by reaction of the acid witha
base) or preformec from an aqueous solution of acid and
base. Then. activation of the carboxylate salt is achieved': by
use of polar aprotic solvents' ! ''2 or of aprotic apclar sol-
vents under phase-transfer catalysis employing substituted
ammonium or sulfonium salts*>!*13 polymer con-
ditions!® 17, or crown ethers!®. This reaction has also been
performed with impregnated reagents'® or using alkyldi-
phenylsulfonium species as alkylating agents???1.

‘We have recently shown?? that potassium acetate can be al-
kylated in nearly quarntitative yield without the use cf a sol-
vent in the presence of catalytic amounts of a tetraalkylam-
monium salt. Performance of tais atkylation is easicr than
alkylation under classical phasc-transfer conditions.
Benzoate anion is far less reactive than acetate anion as can
e seen from the results obtained from the alkylation of these
anions with alkyldiphenylsulfonium salts*® under phase-
{ransfer conditions.
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Table2, G.L.C. Analysis of Produ:t Esters. Conditions: SE30, 15%  Table 2. (continued)
1 m/chromosorb WAWO020-(25 column, carrier N,, p =1.2Kg
Ester Oven Internal Standard Retention Ester Oven Internal Standard Retention
Tem- time [rin} Tem- time {min]
per- e per- —————
ature ester internal ature ester internal
(K| stand- [°C] stand-
ard ard
ethyl benzoate 120  diethyl diethylmalonate 1.6 4 benzyl 2-benzyloxy-
benzyl benzoate 210  ditutyl phthalate 1.5 25 benzoate 290  dioctyl terephthalate 14 23
octyl benzoate 220  ditutyl phthalate 13 22 diethyl phthalate 160  methyl 4-methoxybenzoate 2 0.9
cetyl benzoate 250  diethyl dibenzylmalonate 5.8 2.4 diallyl phthalate 180  dicthyl phthalate 24 14
1,2-dibenzoxyethane 280  dibutyl phthalate 06 1.6 dibenzyl phthalate 270  bis [2-ethylhexyl]
1.12-dibenzoxydodecane 295  cetyl 2-nitrobenzoate 55 3 phthalate 31 21
isopropyl benzoate 120  methyl benzoate 1.8 1 dioctyl phthalate 270  bis [2-ethylhexyl]
cyclohexyl benzoate 180  octyl benzoate 1.7 3 phthalate 32 21
2-octyl benzoate 220  dibutyl phthalate 09 19 bis [2-ethylhexyl]
ethyl 4-nitrobenzoate 210 dibutyl phthalate 08 25 phthalate) 270  dioctyl phthalate 21 32
benzyl 4-nitrobenzoate 240  dibutyl phthalate 2 1.2 diethyl isophthalate 180  diallyl phthalate 1.7 2
octyl 4-nitrobenzoate 240  ditutyl phthalate 13 12 dioctyl isophthalate 290  bis[2-ethylhexyl]
cetyl 4-nitrobenzoate 280  cetyl benzoate 54 23 phthalate 2 1.1
ethyl 2-nitrobenzoate 150 dicthyl butylmalonate 29 15 dimethyl terephthalate 170  diethyl phthalate 1.3 L&
benzyl 2-nitrobenzoate 240 ociyl benzoate 18 €8 diallyl terephthalate dibutyl phthaiate 14 2
octyl 2-nitrobenzoate 210  ditwty] phthalate 44 28 dibenzyl terephthalate 290  bis[2-ethylhexyl]
cetyl 2-nitrobenzoate 280  cetyl benzoate 53 23 phthalate 26 1.1
methyl 4-hydroxybenzoate 155  ethyl 4-ethoxybenzoate 12 28 dioctyl terephthalate 290  bis[2-ethylhexyl]
benzyl 4-hydroxybenzoate 270  bis[2-cthylhexyl] phthalate 0.7 2.1 phthalate 23 11
methyl 2-hydroxybenzoate 155  ettyl 4-ethoxybenzoate 09 35 ethyl 4-formylbenzoate 155  ethyl 4-ethoxybenzoate 14 28
benzyl 2-hydroxybenzoate 230  dicthyl phthalate 1.7 &7 octyl 4-formylbenzoate 240  dihexyl phthalate 1.2 235
methyl 4-methoxybenzoate 150  dicthyl diethylmalonate 18 12 cetyl 4-formylbenzoate 295  cetyl benzoate 19 1=z
octyl 4-methoxybenzoate 250  ociyl benzoate 14 67 ethyl 2-formylbenzoate 155  ethyl 4-ethoxybenzoate 13 28
ethyl 4-ethoxybenzoate 160  dicthyl diethylmalonate 28 1 actyl 2-formyibenzoate 240  dihexyl phthalate 115 2.5
benzyl 4-benzyloxybenzoate 295 didecyl phthalate 24 44 ethyl 2-furoate 120  ethyl benzoate 08 1.6
octyl 4-octyloxybenzoate 290 oc'yl benzoate 24 17 benzyl 2-furoate 200  dibuty! phthatate 12 36
methyl 2-methoxybenzoate 140  dicthyl diethylmalonate 1.8 14 octyl 2-furoate 220  dibutyl phthalate 09 22
ethyl 2-ethoxybenzoate 160 dicthyl diethylmalonate 1.8 1 cetyl 2-furoate 270  dizthyl dibenzylmalonate 2.5 1.6

Table 3. '"H-N.M.R. (90 MHz, Solvent/TMS;,)) Data of the New Esters

Ester

Solvent

J [ppm]

0
1]
©:C-O-C15H,3-n

CDCl, + DMSO-d,

NO,
i
n‘CaHrO—@- C—0-CgHyp-n acetone-dg
o]
Q
A\ 1
H,C—@-c—o—csn,, n cal,

0, _C—0-CigHyz~n
U 167133

acetone-dg + DMSO-d,,

cal,

acetone-d,

0.85 (m, CHa): 1.3 [m, (CHy);5]; 1.7 (m, CO—O—CH_~CH,);
4.27 (t, CO—0~—CH,); 7.5-8 (2m, 4H,,,,,)

0.9 (m, 2CH,); 1.35 [m, 2 (CH,),]; 1.6-2.0 (m, 2CH ,—CH,—O); 4
(t, CH,—O—Ar); 4.3 (CO—0--CH,); 6.85, 9.7 (2d, 2 x 2H, o0

0.9 (m, 3H); 1.25 [m, (CH,)s]; 1.75 (m, CO—0—CH,—C1l,); 4.
(t, CO—0O—CH,); 7.85, 8.1 (2d, 2 x 2H,,,); 10 (s, CHO)
0.9 (m, 3H); 1.25 [m,(CH,);3); 1.75(m, CO—O—CH,—CH,); 43
(t, CO—0—CH,); 7.85, 8.1 (2d, 2 X 2H,,00); 9.9 (s, CHO)

0.9 (m, CHy); 1.3 [m, (CH,)s): 1.7 (m, CO—O—CH,—Cl,); 4.3
(t, CO—O—CH,); 7.4-8.1 2m, 4H,,,p,); 9.5 (s, CHO)

0.9 (m, CHs); 1.3 [m, (CH,), 3); 1.75 (m, CO—O—CH,—CH,); 4.3
(L. CO—O—CH,); 6.65 (1, 1 Hyrom; 7.3 (M, 1 Hyor): 7.8 (m, 1 Horom)

We now report that our procedurc without solvent can be
extended to the case of different potassium arenecarboxy-
Jates. Among all the studied examples, the only failures are
those with cyclohexyl bromide and potassium benzoate (giv-
ing mainly elimination) and with dipotassium terephthalate

where ester yields < 30% are obtained with the different
alkylating reagents used. We have further studied the alkyl-
ation of o- and p-hydroxybenzoic acid salts; in the studied
examples, alkylation proceeded selectively at the COOK
group.

Downloaded by: University of lowa Libraries. Copyrighted material.
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R'-COOK + R2-X » RI—COORZ + KX

R
A
0.
U
“ J ¢r

R%=  alkyl

The reaction is either carried out with the separately pre-
pared potassium carboxylate (from the acid and potassium
hydroxide in water, followed by evaporation; Method A) or
from the potassium carboxylate in admixture with the am-
monium salt (prepared by heating a mixture of the acid, pot-
assium hydroxide, and the ammonium salt; Method B).
Whereas Method A affords better yields of the desired esters
and gives reproducible results even on a larger scale
(0.2 mol), Method B is easier to perform.

The method described here affords high yields of esters under
mild conditions, even with poorly reactive alkyl halides, sol-
vents or expensive reagents are not required, and work-up is
simple. In Table 1, the recently published results obtained
with reactive alkylating agents are given for comparison.

O-Alkylation of Potassium Carboxylates under Solid-Liquid Phase-
Transfer Conditions; General Procedures:

Method A: The potassium carboxylate is prepared by dissolving
the acid in the stoichiometric amount of aqueous potassium hydr-
oxide solution. Water is then evaporated at 60°C/0.1 torr (~ 6 h).
The dry potassium carboxylate is mechanically ground to a fine pow-
der. The ammonium catalyst (0.1 equiv/COOK group), the alkylat-
ing agent (ratio salt/electrophile given in Table 1), and the powdered
salt (11 mmol} are placed in a 60 ml flask. The mixture is shaken for
15 min, then left for an appropriate time and temperature; finally it is
diluted twice with ether (30 ml) (warm ethyl acetate for cetyl esters)
and the mixture is filtered through a short column of florisil (5 g).
The crude product is analyzed by G.1..C. with an internal standard
(see Table 2) and finally purified by chromatography on silica gel or
by recrystallization (for slighty soluble esters).

Method B: In a 60ml flask, a mixture of the crushed acid
(11 mmol), finely ground potassium hydroxide (1 equiv/COOH
group), and the ammonium salt (0.1 equiv/COOH group) is shaken
atroom temperature for 5 min and then heated at 140°C for 10 min.
The resultant cake is ground to a powder. Then, Method A is fol-
lowed for reaction with the alkylating agent and work-up.
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