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In a recent communication from our laboratories, the advantageous use of 

a polymer protected reagent, polymer protected anhydrous aluminum chloride 

( @-AlC19) was reported.3'4 This polymer protected reagent, a tightly bound 

complex between anhydrous aluminum chloride and polystyrene-divinylbenzene copo- 

lymer beads, was described as a polymer protected dehydrating agent which could 

be released from the polymer by placing it in appropriate swelling solvents. 

As part of a general program designed to investigate reactions of polymer 

protected anhydrous reagents, we report studies of P -A1C135 0 as a mild catalyst 

for esterification. 0 P -A1C13 combines the advantages of being both a Lewis acid 

and a dehydrating agent and therefore is ideal for condensation reactions in which 

very mild conditions are required. 

As an example, n-butyl propionate was prepared from propionic acid (0.02 mole) 

and n-butanol (0.04 mole) by stirring the reagents at room temperature for 46 hrs. 

with 0.5 g of @-AlCl, in 2.0 ml benzene. After filtering the polymer and remov- 

al of the benzene and c-butyl alcohol, ;-butyl propionate6 was isolated in 96.8% 

yield. A similar experiment carried out with all reagents but @-AlCl, produced 

only 5.6% of n-butyl propionate under identical conditions. 

Similar reactions with various acids and alcohols using P -A1C13 as a cata- 0 
lyst are compared with uncatalyzed reactions in Table I. From these results it is 

clear that the more sterically hindered alcohols react slowly and electron with- 

drawing groups at the a-position of carboxylic acids enhance esterification, Table 
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Table I 

Product Yields - Esterification Reactions 

Mole Ratio 
Alcohol (Acid/alcohol) 

1-butanol 1:2 

,I II 1:2 

II I, 1:2 

2-butanol 1:2 

II " 1:2 

2-methyl- 1:2 
2-propanol 

trans-rl-t- 1:2 
butymohexanol 

Cyclopropane 
carboxylic 

Benzoic 
II II 

E-Nitrobenzoic 

a Yields 

Acid 

Acetic 

Adipic 

T(C”) 
Time 
(hr.1 

95 1 

95 2 

25 46 

95 2 

25 70 

95 41 

95 26 17.0 35.1 

II II II 1:2 95 

cholesterol 1:l 95 

1-butanol 1:l 95 

" II 1:l.l 95 
,t II 1:l.l 95 
II II 1:l.l 95 

53 38.7 52.5 

68 3.8 58.0 

18 9.5 56.1 

5 0.5 22.9 

46 6.4 44.3 

42 0 5.5 

Yield(% a 
No Catalyst P A1C13 

h 

5.5 56.8 

11.1 70.0 

5.6 96.8 

0 36.0 

0 16.2 

0 0 

determined by g.1.c. with an added internal standard 

Table IIa 

Yield, no catalystb (&AlC13 

0.0 30% 

0.0 67%c 

a All reactions at 2S" for 24 hours with 1-butanol in benzene 
b Ratio of product (ester) to a specific internal standard by g.1.c. 
c Combined total of mono- and diester at 25O 

The stereochemistry of the 
0 
P AK13 reactions was shown by use of trans-4-t- 

butylcyclohexanol as well as with cholesterol to occur with retention of con- 

figuration. Thus, only trans-4-&-butylcyclohexyl acetate was produced from 

reaction of trans-4-$-butylcyclohexanol with acetic acid using AlC13 and 



cholesteryl acetate was the only observed product from the reaction of choles- 

terol with acetic acid catalyzed by @-AlC13. Other products could not be 

detected either by gas-liquid chromatography or nuclear magnetic resonance exper- 

iments. This information suggests that the carbon oxygen bond in the alcohol 

is not broken during the esterification process and that the acid catalyst 

complexes with the carboxylic acid only. The transition state below seems likely 

from these experiments. 

All substituted benzoic acids which were examined in competitive esterifi- 

cation rate studies reacted less rapidly than did benzoic acid itself under iden- 

tical conditions. We believe this results from complexation between the subs- 

tituent and the 0 P -AlC13 and are currently investigating substituted benzoic 

acids with substituent groups which are not able to complex. Relative esteri- 

fication rates for substituted benzoic acids are also given in Table III. 

Table III 
Relative Rates - Substituted Benzoic Acidsa 

Substituent Rates, 
k 
x/kH 

H 1.00 

e-Cl 0.57 

m-Cl 0.65 

p-Br 0.52 

E-OEt 0.33 

a. At 65O with 1-butanol, 2O:l excess over the total acids. 

Greater reactivity was noted in reactions run in benzene solutions than in 

carbon disulfide. This effect is due to the swelling of the polymer in benzene 

which is greater than the comparable swelling possible in carbon disulfide as 

well as to the higher maximum temperature possible in the former solvent. 
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The polymer protected aluminum chloride was also shown to be an effective 

catalyst for transesterification. Treatment of n-butyl propionate with l-hexanol 

and P 
0 

AlC13 for 43 hours at 95O gave n-hexyl propionate in 57% yield. The 

non-catalyzed reaction under identical conditions produced only 8% yield of the 

;-hexyl ester. 

Investigations are in progress concerning other applications of 

and its derivatives in synthetic transformations. 
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