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INTRODUCTION.

S-carboxymethyl-I-cysteine is a very important phaceutical

product with mucolitic activity and is normally uséor the treatment
of bronchitis and colds.

Chemical synthesis of this product is normally iemrout by the

reduction of cystine to cysteine using the classinsrganic

reductants® as Zn, Sn and HSO followed by the reaction of the
cysteine with monochloroacetic acid, Figure 1.
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There are several drawbacks to all these chenedaictions because
they produce big quantities of hydrogen and metadlalts and
effluents with high salinity. The waste water coguiifrom this
synthesis is highly contaminating and its disposast meet with the



ever more stringent laws for industrial pollutioMoreover, the

guality of the cysteine obtained after the reducpoocess is not very
good and so the S-carboxymethyl-I-cysteine mugilédied to reach

the standards of pharmaceutical products; this eas®s the
complexity and the cost of the process.

Electrochemical synthesis.

The cathodic cleavage of disulphides is a verycieffit, useful and
very well documented method for obtaining pharm#cals such as
l-cysteine, homocysteine and their related produdthis cathodic
reduction proceeds with a very high material andent yields and
avoid the use of powder metal, eliminating the peois caused by the
presence of the metallic ions in the effluents doydthe strong
hydrogen evolution. Normally, |-cysteine is obtaln&s chlorhydrate
by reduction of cystine in HCI medium using metaltathodes of
high hydrogen overpotential such as Zn, Sn or Rbespecial
precautions are not taken the final product carlyelas contaminated
by metallic ions.

Once I-cysteine has been obtained two procedunesttaining S-
carboxymethyl-I-cysteine can be used, Figure 2.

1.- Separation of the chlorhydrate and posteraurpting with
monochloroacetate in basic medium.

2.- Neutralisation of the solution containing tblelorhydrate
and addition of the monochloroacetic acid.
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The separation and isolation of the chlorhydratdifBcult and the
final vyield is low whilst neutralisation and adodm of
monochloroacetic acid produces a solution with rsghnity making
difficult the isolation of the final product. Moreer, using these
metallic cathodes the reduction of the cystineastotal and a small
quantity of the initial product is always found degsing the quality
of the product i.e. a posterior step of purificatraust be introduced.

One step electrochemical synthesis.

The reduction of |-cystine to I-cysteine can beriedr out in a basic
medium in the presence of monochloroacetate artiwaisare added
during the electrolysis. This procedure avoids sspa, isolation and
neutralisation steps and if the reduction is cdraat using a modified
carbon felt cathode the contamination of the produc metallic

cations is avoided and at the same time the mhjaeid is increased.
These benefits permits the obtention of a finaldpat exempt of I-
cystine and without the need of a posterior puatfan step.

COOH

)\/ a COOH
NH2
S\S/Y +2e \\/COOH

NH2 > 2 S ~._~ COOH

cooH €lectrochem. reduction NH2
OH

s-carboxymethylcysteine
l-cystine

fig.3
Starting from a voltammetric study the processheen scale up to an
industrial process according with the followingpste

Laboratory and pre-pilot study.

After a voltammetric study of the electrochemipabcess in
which the global aspects of the electrodic mecmanisas been
dilucidated (reversibility, nature of the processtt controls the
current, type of electrode materials to be usetljegaof the current
density to be employed etc.) the electrochemicaith®sis of S-
carboxymethyl-I-cysteine at a laboratory scalelbeen carried out.
Initially, a laboratory electrolysis using a cydimcal glass cell with
electrodes of 3cfof area separated with a cationic membrane has
been used to identify the final product and to aetee several
parameters, that we will need during the pre-@loty, such as type



and nature of the electrodes anode and cathodeemae of the type
of membrane, possibility of using a normal sepayataaterial and
current yield of the synthesis, purity of the protu

Once this study was finished, we started a pregpjwothesis using a
dived filter press cell with electrodes of 200 “crtwo electrodes,
designed and built at the University of Alicantegufe 4 shows a
general description of the synthesis.
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This cell was used to carry out a preliminary stofifhe process in
which the material yield relative to the initialgoluct, the energetic
cost (kWh/kg) and the production (kdfaay) for a given current,
were optimised. The variables studied were:

Cathode and anode materials.

Type of separator

Influence of the initial concentration of |-cystiand pH
Current density

Temperature

Electrolysis was discontinued when the concentnatiof the
remaining I-cystine was lower than 0.5%.



The study permitted us to know the best conditifirselectrolysis
and the adequate program for the addition of moloocacetic acid
and the best value of pH for the coupling reaction.

The experimental conditions for electrolysis were:
Cathode: a carbon felt electrode modified to obtain a high
current efficiency.
Anode: A Dimensionally Stable Anode.
Catholite: I-cystine in aqueous NaOH. Initial concentratihB-
1.3M. pH between 8 and 13.5.
Anolite: aqueous N&O,,
Separator: Neosepta CMX, cationic membrane.
Current density:250-2000 A/m.
Temperature: 40-50°C.

|-cystine concentration in the final product wasva}s lower than
0.5%. Electrolysis was finished when the eleatharge passed was
115-125% of the theoretical charge of 2F/mol. Fos percentage of
charge the cystine content in the S-carboxymethyysteine was
lower than 0.5%. The rate of addition of monocbémetic acid
corresponds to the rate of formation of I-cysteine.

The economic parameters of the synthesis were:
Electric cost 1.0 kWh/kg.Production 190 kg/mi.day.

Industrial pilot Synthesis.

Once the pre-pilot study had demonstrated the igloif the process,

a scale up of the electrolysis plant to industliedensions was carried
out at the pilot plant of the University of Alicantvith the help and
collaboration of DSM Deretil . During this studyet best conditions
for long time electrolysis were determined togethih the procedure
for separation and crystallisation of the finalgwot.

Electrolysis was carried out in a batch mode usiffigger-press cell of
9x2500 crf cathodic area (bipolar mode) The number of batak
132 and the accumulated electrolysis time was 1Gtinso The
material yield was always very high and during final period of the
electrolysis very stable, see figure 5. Anodeh@dé and membrane
behaviour was very good. Minor modifications te #iectrolysis and



separation and crystallisation procedures wereethaut during these
10 months in order to improve the material yieldtlod process and
the purity of the product. The total amount obtditras been 14000
kg (before crystallisation) and the purity of thec&boxymethyl-I-

cysteine was >99.5%. Table | shows a represeptatialysis product
that indicates that the purity of the final produntets with the
requirements of European Pharmacopea.

Pilot plant results |
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From April 1996 the process has been implantedSiMDeretil

Contents >98,5%
Specific rotation -33,0 a -35,0 (c=10%,
pH=6,3)
Clarity clear

Residue on ignition <0,3%
Chloride contents <0,15%

Related substances <=0,5%

(Cys2/Cys)
Heavy metals <10 ppm
Table |

Conclusions.



The use of the electrochemical technology has thithe
developing of a new one step procedure for obtgina very
interesting pharmaceutical product as is S-CARBOXYMYL-L-
CYSTEINE avoiding the inconvenient of using meedluctants and
improving the purity of the final product.

We have demonstrate that is possible, starting faowoltammetric
study, to scale up an electrochemical processduosimnial level and to
carry on the synthesis of 14000 kg of a pharmacaiugroduct in an
University Laboratory with the help and collabooati of an
enterprise.
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