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SYNTHETIC COMMUNICATIONS, 27(2 i), 3729-3736 (1997) 

Solvent-Free Synthesis of Substituted Phenoxyacetic 
Acids under Microwave Irradiation 

Ciabriela NAGY, Sonn V. FILIP', Emanoil SURDUCAN, Vasile SURDUCAN 

Institute ojlsotopic and Molecular Technologv 
Donath 65-103, Cluj-Napoca, RO-3400, ROMANIA 

ABSTRACT 

A comparison of microwave-activated vs. classical organic synthesis is presented for a 
variety of growth-regulator compounds with a phenoxyacetic acid structure. Microwave-assisted 
nucleophilic substitutions are safely and conveniently camed out in an open vessel, without any 
solvent. Yields are very good, and reaction times are extremely short. 

Microwave-assisted heating treatment of liquid and solid samples has 

become a very helpful method for organic and inorganic synthesis as well as for 

extraction of organic compounds or trace metals from soils, sediments, oils and 

biobgical samples [ 1-41. The early experiments were carried out using domestic 

microwave ovens and rudimentary vessels. Now is possible to use the specially 

designed equipment that allows adequate control and monitoring of temperature 

and pressure for reactions performed in liquid media [5-71. 

* To whom the correspondence should be addressed 
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3730 NAGY ET AL. 

The microwave activation of organic reactions has attracted much 

attention. It is well known that a specific effect of microwaves takes place only in 

non-polar solvent media or in 'dry media' [31. 

The compounds presented here have an old history. They have been used 

since 1930 as growth regulators for plants or as weed killers 18-11]. The 

phenoxyalkylcarboxylic acids are synthetic auxins. The classical synthesis of 

these compounds involves the reaction of a phenol with monohalogenoacetic acid 

in alkaline media. The solution is refluxed for a few hours (see Table 2 )  and then 

it is acidulated. The phenoxyacetic acids result in good yields (45-70%). This 

method is sometimes tedious. We tried to change it by sorbing the reagents on an 

inorganic solid support and by replacing conventional heating with microwave 

irradiating as an activation procedure. The same treatment was done without the 

solid support, only for the mixture of reagents. The results are presented below. 

EXPERIMENl AL, 

Our treatment precinct is an original one, consist in a parallelipipedic 

microwave-cavity, H101 resonance mode. The reactions were perfbrmed in a 

quartz made open vessel and carried out in the NaOIUA1203 system, on K- 

zeolite, and without any inorganic support. The I(-zeolite is original from 

Mirsid(Romania) and it has the lbllowing composition (mass percentage): SiOr - 

69.86, AlzO3-11 45, Fcz01-1.16, CaO-0.58, MgO-0.31, K20-8.70, Na20-0 72. 

The products were identified by TLC on "MERCK" silicagel 60 F 254 plates 
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SUBSTITUTED PHENOXYACETIC ACIDS 373 1 

eluting with toluene: acetone mixture. The visualization was done using a 254 nm 

UV lamp. Melting points for the isolated products are presented in Table 2. 

General procedure for sample preparation: 

The NaOH/AlzO3 support was prepared by mixing a NaOH aqueous 

solution with solid alumina (Merck activ. 11-111 70-230 mesh) and drying at 

80 -100 "C. Both the substituted phenol (0.0125 mole) and the monochloroacetic 

acid (0.013 mole) were solved in acetone and sorbed on the inorganic support 

(0.0 I3 mole/lO g). The solvent was then evaporated at room temperature. 

In order to substitute the catalytic effect of sodium hydroxide we used a 

K-zeolite support, with the above mentioned composition. The sample was 

prepared by absorbing the acetonic solution of the reagents (molar ratio phenol: 

monochloroacetic acid = 1:l . l)  in the zeolite and drying at room temperature 

ovcmight. 

When the reactions were performed in 'dry media', without any support or 

solvent, the reagents were well mixed in the molar ratio phenol: monochloroacetic 

acid: NaOII 1 : I .  1:  1.2. 

In all these cases, afier the microwave treatment (700 W power input and 

2.45 Ghz, see Table 2), the reaction mixture was dissolved in water, the inorganic 

support (in case we used it) was separated by filtration. The aqueous solution was 

acidulated to pIi - 1.5+2 in order to precipitate the main product and thus was 

isolated by filtration, washed with water, dried and purified by recrystalisation. 
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RESULTS AND DISCUSSIONS 

NAGY ET AL. 

The preparation of microwave-assisted substituted phenoxyacetic acids 

was achieved according to the following scheme (see also Tablc 1): 

1 2 3 

When we used NaOWA1203 as solid support the products were isolated in very 

poor yields (2-4%), because of the strong and irreversible adsorption of the 

products on the inorganic support after microwave treatment. When zeolite 

support was used, no product was obtained. 

The best yields were found for reactions performed in 'dry media', without 

any inorganic solid support or solvent. 

In the case of phenols Ic and Id, both hydroxyl groups were active, thus 

we obtained 1,3- and 1,4-phenylen-dioxy-diacetic acids. The results of our 

experiments are shown in Table 2. 

Our data show that solvent-free preparation of phenoxyacetic acids under 

microwaves is very convenient from the practical viewpoint. The absence of 
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SUBSTITUTED PHENOXYACETIC ACIDS 3733 

TABLE 1. Phenols (1) and phenoxyacetic acids (3) 

Reagent RI R2 R3 R4 Rs 

la 
l h  
l c  
Id 
l e  
If 
Ig 
Ih 
l i  

H 
1-Bu 
H 
H 
1-Bu 
NO2 
CHJ 
CII3 
CHI 

H 

H 
OH 
€I 
H 
€I 
H 
CH3 

r i  
H 
t-Ru 
OH 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
i-Pr 

H 
rI 

H 
H 
H 
H 
H 
H 
H 
CH3 
H 

3a rI 

3c ri 
3b t-Bu 

3d H 
3e 1-Bu 
3f NO2 
3g CH3 
3h CH3 
3i CHI 

I I  H H H 
I1 1-Bu H H 
H O-CH2-COOH H H 

0-CH2-COOH €1 H H H 
H H H H 
H H H H 
H H i-Pr H 
H H H CH3 
CH3 H H H 

solvents coupled with the high yields and very short reaction times make this 

procedure for phenoxyacetic acids preparation very attractive and 

environmentally benign. Waste water problems are ‘ab ovo’ eliminated. 

CONCIAUSION 

Microwave-assisted synthesis of the above biological-active compounds 

demonstrate once more that a great simplification of procedure can be achieved 
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3734 NAGY ET AL. 

Mp.  

99- 
100 

("C) 

- 

251 

194 

145- 
146 

156 

149 

160 

TABLE 2. Phenoxyacetic acids prepared by microwave irradiation at 700W 

(2.45 Ghz). 
Phenol I Resulting I Microwaves I Convention a1 

Lit. 

12 

13 

14 

15 

16 

17 

18 

I8 

~ 

68- 
12 
62 
- 

~ 

- 

46 

53.8 

- 

60 

and, generally, the organic reactions take place more rapidly on this way, safely 

and in higher yields. The use of an inorganic solid support is not always the best 

choice, due to the sorption problems that occiirs. 
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