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Abstract 

A method is described fl~r the production of an alkali alkoxide from an alcohol and a salt by way of electrodialysis. The 
principle involves the double decomposition of a salt and an alcohol. In effect, an alcohol is split into protons and alkoxide ions, 
the latter forming the alkoxide with the metal ions of the salt. This finding opens new x enues of application and offers opportunities 
for new chemical processes. 
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1. Introduction 

Alkoxides are important chemical reagents, predom- 
inantly being used as condensation agents in organic 
syntheses and to introduce the alkoxyl group into other 
compounds [ 1]. 

The conventional method of preparation of an alkox- 

ide is to allow the alcohol to react with a metal or its 
compounds. For instance, sodium alkoxide can be pre- 
pared either by reaction of elementary sodium or of 

sodium hydroxide with alcohol. In the former case, the 
costs are high due to the high price of the element. In 

the process also the alcohol will be unnecessarily 
removed if it is lower boiling or forms a minimum 

boiling azeotrope with water. Another method is the 
amalgam process, which is analogous to the alkali chlo- 
ride electrolysis but is carried out in an alcoholic 
medium. A further electrolytic method [2] foregoes 
the use of mercury and employs a cation exchange 
membrane for the transfer of sodium as ions from the 
anode chamber to the cathode chamber. In the case of 
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an acetate suggested as the source lk~r the alkali ion, the 
anode reaction at the high current densities applied 
would lead to the formation of ethane and carbon diox- 
ide ( Kolbe reaction ). 

2CH3COO - C:H,, + 2CO, + 2e I I ) 

while hydrogen is released at the cathode. 

2. The principle of the process by electrodialysis 

In an electrolytic process a pair of electrodes is 
needed for each cell. In electrodialysis (ED) a multi- 
tude of membranes can be introduced thereby creating 
an array of cells between the two electrodes. 

Moreover, in the electrolytic process mentioned 
above, the salt used as a source fl)r the alkali ion is 
converted at the anode into waste gases, viz. ethane and 
carbon dioxide. This amounts to a constant consump- 
tion of the salt. With the help of ED an attempt was 
made to device a method to conserve the anion of the 
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alkali salt by way of double decomposit ion in all the 
intermediate ceils, allowing for any losses only in the 
single anode chamber of the ED stack. Therefore, for 
a large number of cells in a stack the minimal con- 
sumption of  reactants and production of gases due to 
electrolysis can be ignored. 

The overall reaction for a cell in an ED stack would 
be: 

CH3COONa + CH~OH 

alkoxide compartment.  As a bipolar membrane repre- 
sents in principle a membrane pair, after runs 1 and 2 
the latter was replaced by a bipolar membrane for sub- 
sequent runs. 

In this set up the three intermediate compartments 
between the electrode chambers can be considered as 
a functional cell, needed to produce the acid and the 
alkoxide. An array of  such cells can be introduced 
between the electrodes as already mentioned. 

--* CH+~ONa + CH3COOH (2) 

The acetate ion is recovered as acetic acid and can be 
reconverted to the salt. 

A methanolic solution of  sodium acetate ( "d i lu -  
a te"  ) is circulated through the anode chamber; the salt 
releases the Na + ions (Fig. 1 ). The latter pass through 
a cation exchange membrane to enter the adjacent com- 
partment being circulated with methanol ( "concen-  
t rate" in the "a lkoxide  cyc le"  or "a lkoxide  l o o p " ) .  
This chamber is bordered by the membrane and a fur- 
ther pair of  anion and cation exchange membranes as 
shown in the figure. The Na + ions form the alkoxide 
with the methanol present. The protons produced in the 
reaction pass through the latter barrier entering the next 
"ac id  chamber"  or "ac id  cyc le"  or " l o o p "  bordered 
by the membrane pair and an anion exchange 
membrane. Sodium acetate solution is introduced in 
the adjacent compartment ( " d i l u a t e "  or "sa l t  cyc le"  
or "sa l t  l o o p " ) ,  so that the acetate ions, migrating 
towards the anode, enter the acid chamber containing 
the protons to form acetic acid. The Na + ions of  the 
salt migrate from the salt compartment towards the 
cathode and through the next cation exchange 
membrane to enter the cathode chamber which is fed 
with the concentrate. Here again the alkoxide is formed 
but hydrogen is released as such at the cathode. 

A common shortcoming of an anion exchange 
membrane is the fact that it does not efficiently prevent 
the passage of  protons. Due to the proton leakage such 
a membrane would offer a relative barrier to Na + ions 
only, acting as a filter and allowing the passage of  
protons as desired. A typical demerit of an anion 
exchange membrane is thus used to advantage. The 
cation exchange membrane of  the membrane pair 
serves in turn as a barrier for the acetate ions. Other- 
wise, they would migrate towards the anode to pass 
through the anion exchange membrane and enter the 

3. Experimental 

3.1. Special considerations and precautions 

Before beginning the investigation, certain uncer- 
tainties had to be faced. As the ion exchange mem- 
branes have been developed for applications in aqueous 
solutions, no information was available on the com- 
patibility of the membranes employed in alcohol. Like- 
wise, no literature was available on electrodialysis in 
absolutely non-aqueous media. 

The stack had been conceived by the manufacturer 
only for investigations in aqueous media. As a result, 
also the gaskets, spacers, tubing, etc. had to be replaced 
by special elements suited to the new medium. 

3.2. Experimental set-up and conditions 

The salient features of the ED stack are given in 
Table 1. The fresh membranes were laid in methanol 
for 24 h at normal temperature before they were 
mounted into the stack. The membranes ACLE-5P and 
C66-1 OF were chosen despite their thickness (0.2-0.35 
mm) ,  as they could be expected to be especially resis- 
tant in organic media. 

The diluate consisted of  an 11 wt% sodium acetate 
solution in methanol. Pure methanol could be used as 
the concentrate (alkoxide cycle) .  But to ensure some 
conductivity in the liquid at the start up of a run, a 
methanolic solution of  0.5-1.5 wt% sodium acetate (in 
runs 1 to 3) or sodium methoxide (in run 4) was used. 
Likewise, for start up, a solution of  1 wt% acetic acid 
in methanol was employed in the acid chamber of  run 
1. 

In all the runs the EMF across the stack was main- 
tained constant. The temperatures, specific conductiv- 
ities (in the range 0.2-40 m S / c m ) ,  the volume flows 



S. Sridhar / Journal of Membrane Science 113(1996) 73-79 75 

i . . . . . . . .  NaAc~2I-~ OH 

v i : - . . . .  ., ox 2",oop 
CI~ OH'~- i T CI~ ONa/CI~OH 

salt loop 
HAe./C~OH 

acid loop 
Fig. I. Electrodialysis cell illustrating the principle of the process: K, cation exchange membrane: A. anion exchange membrane. 

in the various loops as well as the varying current 
strength were observed constantly and registered. The 
current strength increased with time from around 0.2 

to 2-4 A: the values for the current densities given 
(Table 3 ) are mean values over the time for the par- 

ticular run, derived from the total amount of current in 
A h. calculated for each run. 

3.3. ,4 n(;/vsis 

Samples for analysis were taken at the beginning 
immediately after application of the electric field and 
again at the end of the run. The contents of NaOH, 
acetic acid, water and the methoxide were determined 
potentiometrically. Further, an elementary analysis of 

sodium and a separate quantitative determination of the 
acetate by HPLC were carried out. The gas production 
in the electrodes were not considered to be of vital 
interest at this stage of the study and were not evaluated. 

4. R e s u l t s  a n d  d i s c u s s i o n  

4.1. Run 1 with a separate acM cycle ( Fi~. I) 

For the sake of simplicity of operation the number 

of cycles ( pumps, reservoirs, fittings, etc. ) was reduced 
to a minimum. The diluate was fed from the same 
reservoir into the anode chamber and the salt chamber. 
Both the cathode chamber and the alkoxide chambers 
were fed from the same concentrate reservoir. Only the 
acid loop had a separate reservoir. The solutions were 
pumped to the stack and circulated via the reservoirs 
during the whole run. 

In the first run the temperature was maintained at 
323 K. An EMF of 100 V was applied arbitrarily, which 
led to an average current strength of abottt 2 A. After 
71 h I mole of the alkoxide was produced in the cor- 

responding cycle ( Table 2). There was no build-up of 
acetic acid in the acid loop. On the contrary, a depletion 
was observed, with the net amount of acid t 0.85 mole ) 

Table I 
Fechnical features of the electrodialysis stack 

Anode 
Cathode 
Membranes 

Efleclive cross-sectional area of membrane 

PT/Ti 
stainless steel 1.4571 
cation exchange: C66-1 OF of Tokuyama Corp. 
anion exchange: ACLE-5P of Tokuyama Corp. 
bipolar: Fraunhofer lnstitut ftir GrenTflfichen- und Bioverfahrenstechnik, Stuttgart 
1 O0 cm 2 
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Table 2 
Experimental results illustrating the production of alkoxide and acetic acid 

Run Temperature (K) EMF (V)  Duration (h) Methoxide produced in 
alkoxide cycle (mol) 

Acetic acid produced (tool) 

in acid cycle in salt cycle in salt/acid cycle in anode cycle 

l 323 100 71 1.06 
2 323 100 25 0.59 
3 323 40 6 0.37 
4 292 40 5.83 0.19 

0.39 1.24 
(}.58 
0.43 
0.11 0.17 

being formed or being accumulated in the salt loop. 
This is due to a fast flux of  protons through the anion 

exchange membrane separating the acid and salt com- 
partments (Fig. 1 ), so that they reach the acetate ions 
in the salt compartment before the latter could migrate 
into the acid chamber, thus forming the acetic acid in 
the salt loop itself. 

next runs, 3 and 4, were carried out under these 
improved conditions. Run 3 could be operated under a 
mean current strength of 1.3 A. In run 4, a separate 
cycle was installed for the anode compartment, so as 
to distinguish between the diluate and the anode cycles. 

4.3. Production rate 

4.2. Runs 2 to 4 with a combined salt~acid cycle 

(Fig. 2) 

As the results indicated that the acid cycle is super- 
fluous, the salt and acid loops were united to a single 
loop by removing the anion exchange membrane 
between them. The acid formed from the salt by pro- 
tonation was retained in the same loop (run 2). 

In the meantime, a special stack was constructed 
which had the same dimensions but with the width of 
the compartment reduced from 4.6 to 0.8 ram. The 
bipolar membrane replaced the membrane pair. The 

c2n,/co -.  

+ 

C~OH 

Na + 

t 

Ill" 

In the process each time the Na + ions cross a cation 
exchange membrane and enter a compartment, a con- 
version of  methanol to the alkoxide is to be expected. 
This holds good for the cathode compartment as well 
as the concentrate compartment. The production rate 
of the alkoxide may be derived as an average over the 
total duration of ED and for the total membrane area 
offered for the crossing of the Na + ions. The rate was 
of  the order of  0.8-3 mol /m 2 h methoxide. 

The quantity of the acid produced is of the same 
order or nearly equal to that of the alkoxide in each run 
(Table 2); the molar ratio of alkoxide: acid lies in the 

NaAc,CI-I~ OH 

i CH30 H 

K ~ H 2  

- -  

alkoxid. • loop 
CI-~ ONa/CI~ ~VH 

---'- HA~C}~OH 
salt/acid loop 

Fig. 2. Simplified electrodialysis cell between the electrode chambers: K, cation exchange membrane; B, bipolar membrane. 
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range of 0.8 to 1.2. If the Kolbe reaction is assumed, 
the acetate ions in the anode chamber would be con- 
verted to gases. Thus, only the salt or sa l t /acid  com- 
partment could be expected to accumulate the acid 
produced. But for the alkoxide build-up both the cath- 
ode compartment as well as the concentrate compart- 
ment were available. For this reason, for each mole of 
alkoxide produced, only half a mole of  the acid is to be 
expected. However,  the fact that roughly equimolar 
amounts of acid are produced, suggests that the acid is 
being produced also in the anode compartment.  The 
separation of  the anode compartment in run 4 gave 
proof of this view: for 0.19 mole of alkoxide produced, 
0.11 mole of acid was produced in the sa l t /acid  com- 
partment and 0.17 mole in the anode compartment ( see 
Table 2). 

Indeed, at these low current densities the Kolbe reac- 
tion is not likely to occur at the anode to any significant 
extent. As also a certain depletion of the acetate ions 
was to be noted, some other anode reaction involving 
the consumption of the same as in the Hofer-Moest  [ 3] 
reaction can be presumed besides an anodic oxidation 
of  the alcohol itself [4] .  The protons thus released 
would form the acid with the acetate ions present. How- 
ever, it is too early to discuss this aspect at this stage 
of the investigation, the principal goal of this study 
being to ascertain whether the production of an alkox- 
ide by way of ED is possible at all. 

4.4. Current yield and ion leakage 

In general, all other effects being equal, the current 
yield can be considered to be a measure of  the undesir- 
able migration of ions ( " l e akage"  ) through the mem- 
branes. These migrations are illustrated in Fig. 3 (wavy 
arrows) for a three-compartment cell, which can also 
be projected for a two-compartment cell (runs 2 to 4).  
Only in the latter case the migration across the single 
anion exchange membrane is to be ignored as such a 
membrane is absent. 

The results of the runs can be broadly interpreted 
with the help of  these undesirable ion migrations; how- 
ever, it must be borne in mind that a rigorous compar- 
ison of  the runs is not possible, for the conditions 
(duration, membranes,  etc.) were not identical. The 
difference in current yield between runs 3 and 4 
(Table 3) is apparently due to the difference in the 
nature of the bipolar membranes. A separate systematic 

study under identical conditions will be needed to arrive 
at a final view on the factors leading to a high current 
yield. 

To the extent the acid is dissociated, a corresponding 
flux of the free protons through the cation exchange 
membranes is to be expected, with free passage of pro- 
tons from the acid compartment all the way to the 
cathode chamber. Likewise, the protons entering or 
being liberated in the anode compartment would 
migrate to the alkoxide chamber: here alcohol is being 
split to form the alkoxide ions. Therefore, the presence 
of the protons would lead to a recombination with the 
alkoxide ions to form alcohol instead of the alkoxide, 
thus reducing the current yield. Virtually, a passage of 
protons through all the membranes ( proton leakage in 
anion exchange membranes ) can be presumed, which 
could be of significance at high current densities. 

The acetate ions are not totally blocked by the cation 
exchange membrane of  the membrane pair or by the 
bipolar membrane. They do migrate towards the anode 
and enter the alkoxide compartment reappearing as 
sodium acetate. They may also further cross the cation 
exchange membrane and reach the anode compartment. 

A quantitative measure of the leakage of the acetate 
ions would be the total amount in moles of sodium 
acetate produced in the alkoxide cycle per mole of 
alkoxide produced. This amounts to the reduction of 
the alkoxide ) ie ld  as the acetate ions compete with the 
alkoxide ions for combination with the sodium ions ( a 
further leakage of the N a '  ions to the salt loop is 
ignored).  These values are given in Table 3. The ratios 
decreased from 1.67 to 0.23 from runs I to 2. In other 
words, the gravity of  the leakage of acetate ions was 
reduced. From run 2 onwards, for lower ratios the cur- 
rent yield for alkoxide attains values over 50%. In the 
last two shot! runs of 6 h no appreciable acetate ion 
leakage into the alkoxide loop was found Only longer 
runs make the leakage evident. 

The Na ~ ions will not be totally retained by the 
bipolar or anion exchange membranes. The ions do 
migrate towards the cathode, cross the double 
membrane or the bipolar membrane and reach the acid 
loop. This leads to a salt formation with the acetate ions 
of the acid. 

A measure of the sodium ion leakage would be the 
amount in moles of sodium acetate, per mole acid pro- 
duced, to be found in the acid cycle (run 1). This 
leakage again amounts to the reduction of the current 
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+ 

CHsOH~..~ 
salt loop 

NaAe,CH~ OH 

• OH 

I 
T 

alkoxide loop 

acid loop 
- - ~  HA~CI~OH 

Fig. 3. Ion leakages during electrodialysis: K, cation exchange membrane; A, anion exchange membrane. 

Table 3 
Dependence of current yield and ion leakage 

Run Mean current density (A/m 2 ) Duration (h) Current yield ( % ) Ion leakage ratios (mol/mol) 

NaOCH3 Acid Acetate in alkoxide cycle/ Acetate in acid cycle/ 
Alkoxide Acid 

1 192 71 
2 57 25 
3 130 6.0 
4 99 5.8 

l0 8 1.67 
55 55 0.23 
63 74 0.08 
44 40 0 

5.06 

yield of  the acid, as the sodium ions compete with the 
protons for combination with the acetate ions. The ratio 
was 5.1. The values for further runs cannot be given as 
the acid and salt loops were combined and the acetate 
formed by the entry of Na + ions cannot be separately 
estimated. 

5 .  C o n c l u s i o n  

The method of  electrodialysis (ED)  is usually con- 
sidered as a desalination process to be applied to saline 
solutions. The wider scope of  this unit operation has 
been only gradually realized in the recent past. Fur- 
thermore, attention has been given only to applications 
in aqueous media. Accordingly,  the membranes and 
equipment are conventionally made only for desalina- 
tion of  aqueous systems; in our opinion there is no 

justification for such a myopic view. For a wide appli- 
cation in chemical processes also ED in non-aqueous 
media must be given equal attention. One such instance 
has been considered in this paper. 

The purpose of the investigation was to verify 
whether the production of  an alkoxide starting from an 
alcohol can be carried out by way of  ED. The results 
have shown beyond any doubt that it is possible. In 
fact, this is just an extension of  the known effects of 
salt splitting and water splitting carried out in aqueous 
media with the help of  mono- and bi-polar membranes, 
respectively: the ions of a salt MX are separated by 
way of  conventional ED with monopolar  membranes 
and water is split with the help of bipolar membranes 
in the same stack. This leads to the formation of the 
corresponding acid HX and base MOH. 

MX + H20 ~ MOH + HX (3)  
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In our case a similar double decomposit ion was car- 
ried out with an alcohol as in Eq. (2)  or in general, 
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Abstract 

Alkoxide is used as an agent and consumed in condensation reactions, e.g., in the production of acetoacetic ester. 
Working in an alcoholic medium and starting from a salt, it is possible to produce an alkoxide by means of electrodialysis. 
This principle was applied successfully for the production of acetoacetic ester and the recovery of the alkoxide in a single 
step. Such a process would offer self-sufficiency; the alkoxide could be recovered, thus foregoing the use of mineral acids 
and the consequent production of a salt as a waste. The merits can be seen in an economical as well as in an ecological 
context. 

Keywords: Electrodialysis; Non-aqueous medium; Alkoxide; Acetoacetic ester; Claisen condensation 

1. Introduction 

Alkal i  alkoxides are effective agents in various 
syntheses such as the Claisen condensation and the 
intramolecular Dieckmann condensation. They can 
be best illustrated by the production of  acetoacetic 
ester which itself is a very important starting sub- 
stance for various further syntheses. Starting with an 
acetic ester, the synthesis is carried out in two steps 
in conventional reactors [1,2]. The first step of  con- 
densation employing an alkoxide produces the ace- 
toacetic ester in its enolate form. The free ester can 
then be recovered from the enolate by a further 

reaction with an acid, e.g., sulphuric acid; this step is 
called protonation. 

(1) Condensation 

2 CH3COOCH 3 + CH3ONa ..... > CH~ff=CHCOOCH3 + 2 CH3OH 
O" Na + 

Methylacetate Alkoxide Enolate of Methanol 
aceto acetic ester 

(1) 

(2) Protonation 

CH3~=CHCOOCH~ + 1/2 HzSO 4 -----> CH3COCH2COOCH3 + 1/2 Na2SO4 (2) 
O Na + " 

2 CH3COOCH3 + CH~ONa + 1/2 H2SO 4 --> CH3COCH2COOCH 3 

+ 1/2 Na2SO 4 + 2 CH3OH (3) 

* Corresponding author. Present address: Lehmbecker  Pfad 52, 

D-45770 Marl, Germany.  

Such a synthesis involves the consumption of  the 
valuable alkoxide in quantities equivalent to the 
product. Furthermore, equivalent quantities of  an 

0 3 7 6 - 7 3 8 8 / 9 7 / $ 1 7 . 0 0  Copyright © 1997 Elsevier Science B.V. All rights reserved. 
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extraneous acid must be employed [sum Eq. (3)]. 
Also the production of superfluous methanol as well 
as sodium sulphate (pollution) must be borne in 
mind. 

At present, the technical production of the ace- 
toacetic ester relies on the production of ketene and 
diketene as intermediate products formed by dehy- 
dration of acetic acid. Both the compounds are toxic 
and hazardous [3]. Ketene is an extremely toxic gas 
ranking with phosgene; diketene is a flammable liq- 
uid and must be stored cold and under nitrogen. 
Otherwise, it is given to exothermic polymerisation 
which could lead to explosions. Yet, such a route is 
preferred although the route of Claisen condensation 
offers a simple and harmless alternative. The reason 
is probably the consumption of the alkoxide in the 
latter case which makes the process uneconomical. 
Furthermore, the salt production would also make 
the process environmentally prohibitive. The method 
described here offers an improvement of the synthe- 
sis based on the safe Claisen condensation and stands 
out as an alternative to the hazardous ketene/di- 
ketene route. 

2. Principle of the electrodialytic method with 
bipolar membranes 

In a previous paper [4], a similar method was 
described to produce an alkoxide starting from an 
alkali salt employing the method of electrodialysis 
with bipolar membranes. Working in methanoic solu- 
tions and starting with a salt as the source for 
sodium, the corresponding acid and the sodium 
alkoxide could be produced with the sum equation: 

CH3COONa + CH3OH . . . . .  > CH3COOH + CH3ONa (4) 

This finding offers not only a new method of 
production of the alkoxide: if the sodium enolate of 
the acetoacetic ester produced by condensation is to 
be used as the sodium source in lieu of the acetate, 
Eq. (4) can be re-written as 

CH3~=CHCOOCH3 + CH3OH . . . . .  > CH3COCH2COOCH 3 + CH3ONa (5) 
O NB + 

with the formation of the free ester. In this step 

methanol replaces the sulphuric acid for protonation 
[cf. Eq. (2)]. 

Basically, the Eqs. (1) and (5) would form the 
principle of such a new process: 

(1) Condensation 

2 CH~COOCH3 + CH3ONa-----> CH3~=CHCOOCH 3 + 2 CH;OH (1) 
O Na' 

(2) protonation: 

CH3C=CHCOOCH3 + CH3OH . . . . .  > CH3COCH2COOCH s + CH3ONa (5) 
6- Na + 

2 CH3COOCH 3 . . . . .  > CH~COCH2COOCH; + CH30H (6) 

The protonation would be carried out with the 
very alcohol that is being produced in condensation, 
the latter serving as the 'acid'. The amount of 
methanol formed is thus reduced by half [cf. Eq. (6) 
with Eq. (3). No salt would be formed. 

3. Experimental 

The electrodialysis stack (see Fig. 1 and cf. [4]) 
consisted of the electrodes, two cation exchange 
membranes (cem) and a bipolar membrane (bpm). 
The sodium enolate was introduced here into the 
diluate chamber as a methanoic solution for protona- 

NaA¢/CH30H 
NaAEE/CH30H 

CH3OH alkoxtde loop C HsON a/CH30 H 

AEE/CH3OH 
ester loop 

Fig. 1. I~otonadon to produce acetoacetic ester. Abbreviations: 
cem: cation exchange membrane, bpm: bipolar membrane, N~L~C: 
sodium acetate, AEE: acetoacefic ester, N~dEE: enolate of ace- 
toacefic ester. 
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tion. The experiments [5] were conducted starting 
with the following solutions: 
Anolyte: 12 wt% sodium acetate in methanol, 

1.2-1.5 kg. 
Concentrate: Methanol with 1.2 wt% sodium 

methoxide (added to ensure conductiv- 
ity at the beginning of the run), 1.4- 
1.45 kg. 

Diluate: 8.5-9.6 wt% sodium enolate of ace- 
toacetic ester in methanol, 1.2-1.6 kg. 

Catholyte: The same solution as concentrate, 
1.2-1.43 kg. 

The enolate was furnished by the company Fluka 
and had a purity of > 95%. The alkoxide ( >  99% 
pure) was of Hills AG. 

The temperature was maintained at 20 to 22°C by 
cooling each circuit with the help of thermostats. The 
current densities were varied from one run to the 
other (Table 1). In runs 1, 4 and 5, a constant current 
strength was maintained by constantly increasing the 
voltage from about 20 to 80 V towards the end. In 
runs 2 and 3, a constant voltage of 40 V was applied 
with the current strength dropping with time. The 
specific conductivities of the streams which were 
measured on-line were in the range of 1 to 20 
mS/cm.  

Various analytical methods were applied to sam- 
ples taken from the solutions. The methods included 
elementary analysis, potentiometry and gas chro- 
matography [5]. 

4. Results and discussion 

4.1. The production of alkoxide 

The alkoxide is produced from two different 
sources: on the one hand, in the concentrate compart- 

ment b with the sodium acetate in the anolyte as the 
source for the sodium ions. On the other hand, also 
the enolate in the diluate compartment d contributes 
to sodium ions leading to alkoxide formation in the 
catholyte compartment c. These individual contribu- 
tions which were of the same order, have been 
summed up and given in Table 1 as the total produc- 
tion of alkoxide. The effectiveness of the formation 
of alkoxide by the sodium ions released by the 
protonation of the enolate can be assessed by the 
selectivity: 

moles of akloxide produced in the catholyte 
SA1 k 

moles of Na-enolate consumed 
(7) 

The values for the enolate consumed and alkoxide 
produced match well (cf. Table 2) with the selectiv- 
ity at > 90%, showing the reappearance of almost 
all of the sodium as alkoxide. No other sodium 
compounds were found in the catholyte. The current 
yield was in the range of 70-75%. 

4.2. The production of acetoacetic ester 

The ester is produced in the diluate loop by the 
protonation of the enolate. A measure of the amount 
of free ester being formed from the enolate is the 
selectivity 

moles of ester formed in the diluate 
SAE E 

moles of enolate disappearing in the diluate 

(8) 
The values (Table 3) are not as high as in the case 

of the alkoxide, indicating the fact that the enolate 
being protonated is not yielding only the free ester. 
However, further work is needed to identify all the 
other compounds being formed. Also, the experimen- 
tal conditions hitherto chosen arbitrarily must be 

Table 1 
Enolate consumption and production of alkoxide 

Run Duration density (h) Current of enolate ( m A / c m  2) Consumption produced 

(mol) (%) 

Total alkoxide (mol) 

1 24 4.9 
2 24 8.8 a 
3 24 13.8 a 
4 25.5 9.9 
5 43.25 6.0 

0.40 38.0 0.62 
0.587 58.7 1.12 
0.865 96.6 1.76 
0.77 92.2 1.29 
0.76 93.8 1.41 

a Mean values. 
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Table 2 
The production of alkoxide 

Run All(oxide Alkoxide Selectivity, Current 
produced produced Sgl k (%) yield, # 
in concentrate in catholyte (%) 
(mol) (mol) 

1 0.26 0.36 90.0 70.7 
2 0.56 0.56 95.4 71.2 
3 0.86 0.90 100 72.5 
4 0.58 0.71 92.2 72.5 
5 0.67 0.74 97.4 75.2 

altered in order to maximize the selectivity and the 
current yield for the ester. 

4.3. Simultaneous condensation and protonation in 
the electrodialysis stack 

Instead of recovering the alkoxide in the electro- 
dialysis step and returning it to a prior condensation 
step, one can think of carrying out the condensation 
in the concentration chamber itself. Here the alkox- 
ide produced by the reaction of the Na+-ions with 
the methanol solvent can be used up in situ to form 
the enolate of acetoacetic ester from the acetic ester 
[Eq. (1)]. After attaining a chosen degree of conver- 
sion, the concentrate containing the enolate is fed to 
the adjacent diluate chamber for protonation (Fig. 2). 
The anolyte can be any sodium source such as 
sodium acetate as shown in the figure or sodium 
methoxide as in the run described below. The 
catholyte c and diluate d are the same as in the case 
already discussed (cf. Fig. I). In case the condensa- 
tion reaction turns out to be the limiting step, the 
concentrate chamber could be passed through an 
external heated reactor to accelerate the condensation 
and then cooled before its return to the stack. 

A trial run was made at room temperature and 
under the same electrical conditions as in the previ- 

Table 3 
The production of acetoacetic ester 

Run Acetoacetic ester Selectivity, Current 
produced in diluate SAE E yield, # 
(mol) (%) (%) 

1 0.15 37.5 34.5 
2 0.38 64.7 48.3 
3 0.57 65.9 46.1 
4 0.35 45.5 35,3 
5 0.49 64.5 50,6 

NaAc/ CHsCOOCH 3 / 
CH3QH CH30H NaAEE/CH30 H 

/ 
Gem bpm i cem 

- -  CH30H 

ll- 
CH3ONa / 
CHsOH 

CH30H 

NaAEE / AEE/CHgOH 
CH30H ester loop 

enolate loop 

Fig. 2. Condensation and protonation in a single step. Abbrevia- 
tions: see Fig. 1. 

ous runs but with the concentrate chamber at 50°C. 
The solutions employed were: 

Anolyte: 5.7 wt% sodium methoxide in 
methanol. 

Concentrate: 70 wt% methyl acetate + 29.0 wt% 
methanol with 1 wt% sodium methox- 
ide (added to ensure conductivity at 
the beginning of the run). 

Diluate: as in the previous runs. 
Catholyte: 1.2 wt% sodium methoxide in 

methanol. 

The circuits were kept separate during the whole 
run of 22.6 h. 19.2 g (0.14 mol) of the sodium salt of 
the ester (i.e., acetoacetic ester in the enolate form) 
were produced in the concentrate chamber, with a 
corresponding protonation in the diluate chamber. 
This initial run must be followed by further runs 
under improved conditions as the current yield for 
the ester was only of the order of 23%. 

4.4. Transesterification 

An interesting observation was made in one of the 
initial runs: in this run the enolate employed was the 
ethyl derivative of the acetoacetic ester: 

C~.: C = CH - 
Na+0:.1 CD-~OC2H ~ 
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dissolved in methanol. The solution had a concentra- 
tion of 7.5 wt% ester. The electrodialysis proceeded 
at room temperature and for 28 h. The analysis was 
carried out along the same lines as already described 
in Section 3. On analysis of the diluate it was found 
that along with the protonation also a transesterifica- 
tion had taken place yielding the methyl derivative 
(given below in the enolic form) 

CHA..:. C = CH - CO 
HO -- ' "  "~  OCH3 

97% of the free ester found was the methyl ester, 
with only 3% ethyl ester. The enolate had been 
attacked at both ends by the methanol, viz. at the 
enolic group (protonation) and at the carbonic acid 
group of the enolate (transesterification) as well. 

A methanolic solution of the ethyl ester of the 
same molar concentrate as of the enolate in the 
previous electrodialysis run, was placed in two glass 
vessels and stirred under identical conditions and for 
the same duration as in the run. In one of the vessels, 
samples of the cation exchange as well as bipolar 
membranes were also placed, with the same ratio of 
the membrane area to the sample volume as in the 
electrodialysis run. The membranes had been condi- 
tioned as in the case of the various runs (Section 3). 
Only the electrical field was absent. Also here a 
transesterification took place but the conversion was 
only in the range of 25-30%. According to these 
results the protonation in an electrical field appears 
to play a significant role in the transesterification 
process. 

However, even at this stage the following merits 
of the process may be mentioned as the highlights: 

(1) The process becomes self-sufficient with re- 
spect to the alkoxide. This would give the process a 
major cost advantage. 

(2) The production of methanol is reduced by half 
(cf. Section 2), with the amount having its source in 
the alkoxide being retained in the system. Only the 
part originating from the ester used for acetylation 
has to be removed. 

(3) There is no need to use an extraneous acid like 
sulphuric acid for protonation. 

(4) Both the steps of condensation and protona- 
tion could be even carried out in a single step of 
electrodialysis, with the alkoxide produced being 
immediately consumed to produce the enolate in the 
same chamber (cf. Section 4.3). 

(5) The introduction of sodium in the form of 
valuable alkoxide in equivalent amounts, and its 
discharge as a worthless salt is avoided. Sodium is 
recycled and maintained within the system. This 
amounts to a clean production with an economical 
and an important ecological merit. 

Along these lines, also new possibilities for other 
conventional reactions could be envisaged making 
them economically and ecologically attractive. 
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5. Conclusion 

The preliminary results presented here show that a 
process based on the principle of alkoxide recovery 
by way of protonation is fundamentally feasible. It 
must be borne in mind that the optimal conditions 
for the process have yet to be found. Moreover, also 
sufficient improvement can be expected by choice or 
development of the membranes for such non-aque- 
ous media. 
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