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Abstract : Protection of aldehydes and ketones as aoetals or dioxolanes ¢aitalysod by PTSA or KSF clay 
was readily afhieved from orthoformates, 1,2-ethanediol or 2,2-dimethyl-l,3-dioxolane without solvent 
under microwave irradiation. © 1997 Elsevier Science Ltd. 

Acetal formation is the most widely used protecting method for aldehydes and ketones 1. This 

transformation is usually catalysed by Br6nsted acids 2. Nevertheless, some transition metal complexes have 

been used as Lewis acid catalysts 3 and a significant number of papers reports the efficiency of  clays as acidic 

solid supports 4. Some other methods use silyl reagents 5 or inorganic catalysts (FeC13, TiCh) 6. Five main types 

of  reagent have been used to protect aldehydes and ketones: alcohols 7, diols 8, orthoesters 9 even acetals 1° and 

scarcely oxiranes 11. Owing to our current work on synthesis in dry media with microwave activation 12, we 

decided to study the protection of  various aldehydes and ketones by reacting orthoesters, 1,2-ethanediol and 

2,2-dimethyl-1,3-dioxolane without solvent in the presence of  acid catalysts under microwave irradiation. The 

Prolabo (Synthewave ® 402) 13 microwave oven allows to irradiate under two modes : either an assigned power 

with continuous measure of the resulting temperature (by an IR captor) or an assigned temperature with 

continuous adjustment of  the irradiation power. The general procedure is as follow : the carbonyl compound 

(10 mmol.) was introduced in the reactor of a Synthewave ® 402 single mode apparatus followed by the acidic 

catalyst, paraotoluene sulfonic acid (PTSA) 10% or montmorillonite clay KSF lg (10 mmol.) and the reagent 

(methyl or ethyl orthoformate, 2 eq., 1,2-ethanedioi, 2 eq., or 2,2-dimethyl-l,3-dioxolane, 3eq ) ARer 

irradiation, the product is filtered or washed by a solution of  NaI-ICO3 to remove the catalyst and the product is 

purified by distillation or recristalization. The results obtained with these various reagents are summarized in 

the following tables. 
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RI ~ KSF 
C- -O + HC(OR)3 

R : /  1 MW 

R' X /OR 2a-f,i R = Et 
= C 2g, h,j,k R= Me 

R2/ OR 

la:  R I= C6Hs(CI-I,z)2, R 2= H 

lb: R I= nC.3HT, R 2= H 

1¢: R I= C6HsCH=CH, R 2= H 

ld: R 1= C6I-I~; R 2= H 
le:  R l= 4-NO2C6Hs, R 2= H 
If: R I= 3,4-methylenedioxyphenyl; R 2= H 

lg: R 1= C6H5, R 2= CH 3 

lh: R I= C6H5, R 2= C6I" ~ 
li: R1,R 2= cyclohexyl 
lj :  R I= C6HsCH=CH; R 2= CH 3 

lk: R I= isobutyl; R 2-- CH 3 

Scheme 1 

Table 1: Acetal Synthesis from Orthoesters. 

Product 2a 2b 2c 2d 2e 2f  2g 2h 2i 2j 2k 

Temp. (°c)a 80 65 75 60 90 b 70 70 b 135 75 70 b 70 b 

Time (min.) 2 2 1 2 2 2 10 1,5 2 10 10 

% completion c 100 100 100 100 100 100 90 0 100 0 90 

% Yield d 93 91 74 86 97 95 82 0 91 0 73 
a temperature reached at a power of 150 W. b temperature assigned for the experiment and monitored by the computer. 

c completion estirnaAed by ~H NMR. d isolated product, purified by distillation or recrystallization. 

Some of  these acetals have been already prepared with a large excess of  orthoformate over KI0  3d or with 

a mixture o f  orthoformate and alcohol over KSF 4a, 

Then we studied the formation ofdioxolanes directly from 1,2-ethanediol catalysed by PTSA. 

PTSA R k O-,,,,1 
R~N~C--O + HO(CH2)2OH Dr C 

g /  Mw 'o.- -J 
1 (a-k) 3 (a-k) 

Scheme 2 

Table 2: Synthesis o f  Dioxolanes from 1,2-ethanediol. 

Product 3a 3b 3¢ 3d 3e 3f  3g 3h 3i 3j 3k 

Temp. (°c)a 110 100 100 120 b 120 120 120 120 120 120 100 

Time (min.) 30 10 10 30 30 30 30 30 30 30 30 

% completion 100 0 30 63 100 75 20 0 85 22 15 

% Yield 78 0 c 23 c 51 93 59 13 0 72 17 c 9 
a unless otherwise stated the tem~rature is monitored with a maximum emitted power of 120 W. b maximum power 150 
W. 
c polymerization of the mixture. 
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In this case we can see that, depending on the car~nyl compound, the yields may be good ( I t ,  le, li) or 

poor for less reactive or polymedzable compounds (lb,  le, l j, lk). 

Then we studied the protection by dioxolane exchange with 2,2-dimethyl-l,3-dioxolane (DMD). 

M e \  O - , ~  
/ 7  KSF \ / 

R, Mw R /  'o 
1 (a-k) (DMD) 3 (a-k) 

-[- Me, CO 

Scheme 3 
As may be seen in Table 3 this procedure is the best one to prepare dioxolanes in good yields and very 

short time (10 to 30 minutes), the best catalyst being montmorillonite clay KSF. 

Table 3: Dioxolane Exchange. 

Product 3a 3b 3c 3d 3e 3f 3g 3h 
Temp.(°C) a 80b 105 120 b 135 120 b 120 b 120 b 120 b 

Time (rain.) 10 15 15 15 10 15 15 30 

% completion 100 100 10O 10O 100 100 95 45 
% Yield 82 88 85 88 95 93 87 38 
a unless otherwise stated the maximum power is 120 W. b monitored temperature. 

ai 3j ak 
110 110 110 

15 30 30 
100 90 100 
92 82 93 

It is noteworthy that in this case even benzophenone lh which is known to be unreaetive3C, 9a may be 

protected. 

Finally we choose some examples to compare classical heating in an oil bath (OB) previously set at the 

temperature monitored in the microwave oven (MW). The results are summarized in Table 4. 

Table 4: Classical or Microwave Heating with DMD (3 ¢q.). 

Product 

ld  
lg  
lh 

MW Oil Bath 3 
Temp (°C) Temp. (°C) % completion % Yield 

MW/OB 
Time (rain.) Time (rain.) MW / OB 

135 a / 15 130 b / 15 100 / 90 88 / 77 
120 c /15  130/15 95 / 35 95 / 31 
120 c / 30 130 / 30 47 / 35 38 / 29 

a temperature for 120 W emitted power, b temperature of the oil bath. ¢ monitored temperature. 

It may be concluded that the best way to prepare dioxolanes is the exchange method and the best 

activation process is microwave irradiation. 
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