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1
a: > PROCESS FOR-THE PREPARATION OF
SAL!GENOL o R

The present mventlon relates to a process for: the
preparatlon of saligenol (2-hydroxy-benzyi alcohol) by
electro-chemical reductton of sahcyhc acid (2-
hydroxy -benzoic acid). - :

It is known that some ]uxtanuclear aromatlc aclds
can be reduced to the.corresponding alcohols by elec-
tro-chemical reduction [C. METTLER Ber -38,
1745-1753 (1905) : Ber 39, 2933-2942 (1906) ; Ger-
man Pat. Specification No. 177,490 and Friedlander
§,148-1501. The techniques described in these. various

docu;® = "essentially involved carrying out an elec-
trolysis:v--:7 a-catholyte 'which was.a mixture of ethyl -
alcohol, utphurlc acld and the carboxyhc acid to- be
reduced ’

~When such methods were used for the preparation of
sallgenol by- electro-chemical reduction of salicylic
acid; METTL:ER indicates (Ber 38, 1748) that the re-
action’lacks speed-arid (Ber-39,2935) that it presents
difficiilties; ‘These’ facts are confirmed by F. SOMLO
[Zeitsch. -Elektrochem 35 (10) 773 (1929) 1 who,
undefthé general conditions described by METTLER,
only:obtained saligenol in electrical yields of less than
6.3 percent, these yields even falling to zero in certain
cases (m whlch ‘case the electro-chemlcal reductron
stops)"‘ Wy :

Accordmg to the present invention, a new process is
provided for the preparation of ‘saligenol by electro-
chemical redaction:of salicylic acid which does not'suf-
fer from the disadvantages of the known processes.

The process according to the invention -consists’ of
carrying out the electrolysis in a‘cell having an anode
compartment drid:d’ ¢athode ‘Compartment separated
fréim onéanotherbya cation exchange membrane, and
theicatholyte; ifitially consisting essentially of sahcyhc
acld“évater osolvent and ‘a quartérnary aminonium
silt - Orice the: ‘electrolysis has commenced, part 'of the
sahcylfc ‘acid “will- be’ converted to saligenol -and the

tyté-will then, of course, contain saligenol in addi-
y*the otheér: components mentioned previously. -
~uThe‘riatuie of the cation exchange membrane, which
sepératea’the catholyte from-the anolyte is not critical
to'theé ivention: It is possnble to use any known cation
ekdhiange’membrane and, in particular, homogeneous-
type membranes or heterogeneous-type membranes
whichif:desired; can be reinforced by a screen. In order
to be able to carry out electrolysis operations of long
duration, it i§ preferred to use membranes which do not
swelland aré‘stable 'undér-the influence of the various
conistituients of the catholyte and of ‘the anolyte, espe-
cially the cosolvent. Membranes which can be used, in-
clude those desc’nbed in the followmg patent specnﬁca-
tions:®

U.S. Pat. No 2,681 320

“France"Pat: Nos. 1,568,994, 1 575 ,782,1 578 019
1,583,089;17584,187 and 2,040,950.

“Thé c’atholyte ¢an contain one or two liquid phases.
If it contains two liquid phases, it is preferred to carry
olit fhe’process in'such a way that the catholyte is in the
fori-of dh- emuls1on for example by stlrnng or by cir-
culating'the liquid. -

‘Thé‘cosolvent contained in the catholyte is a solvent
for:salicylic’ acid; which is preferably chemically inert

towards: saheyhc acid under the reaction conditions, is’
eléctrotchemically-inért at potentials between 0 and-
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—2.5-volts relative.to the saturated calomel electrode,
and has a dielectric constant of less than 50. Cosolvents
which:can be used include. alcohols, ethers nitriles, ali-
phatic.amides and aliphatic esters. The cosolvent pref-
erably. contains one to 10 carbon atoms. Cosolvents
which.can be used in a one liquid phase catholyte;, Jdn-
clude methanol, ethanol, n-propanol, isopropanol, ace-
tonitrile, 1-methoxy-ethanol-2, .1,2-dimethoxy- -ethane,
glycol, .1-ethoxy-ethanol-2, :1,2-diethoxy-ethane, - tet-
rahydrofurane, dioxane,.1 2-ethanedlol diacetate and
dimethylformamide. it

.. The: proportton of cosolvent;in the water-cosolvent
mlxture present.in. the catholyte depends on the ability
of the cosolvent to dissolve salicylic acid. The propor-
tion is usually between .10 and 90 percent by weight,
preferably between 45 and 80 percent by weight.
. The concentration of sahcyhc acid in the catholyte is
advantageously above 35 g/litre and below the satura-
tion value in the water/cosolvent/quartemary ammo-
nium salt mixture. in question ; these limiting values
apply to the initial acid concentration in discontinuous
processes, and to the mstantaneous acid. concentratlon
in continuous processes.

The quarternary ammonium salts used in the catho-
lyte are essentially salts. of the general formula

. @

3 and R. represent 1dent|cal
or different’ hydrocarbo '1cals' each havmg from 1
to 20 carbon atoms i hain, or in which two of
the R, radlcals together form a smgle divalent radtcal
and together with the mtrogen atom to which they are
attached, form a heterocychc nng .

The radlcals Ry, R, Ry, R, can represent linear or
branched alkyl radicals, such as methyl, ethyl, propyl,
isopropyl, butyl, pentyl hexyl heptyl, octyl, 2-ethyl-
hexyl or dodecyl, cycloalkyl or alkyl-cycloalkyl radicals
such as cyclohexyl, or aryl radrcals such as phenyl tolyl
or xylyl.

Examples of cations which may be derived from salts
of formula (I) are tetramethylammomum tnmethyle-'
thylammomum methyltnethyl-ammomum, tetraethyl-
ammonium, "~ tetra(n- propyl)ammomum tetra(n-
butyl)arnmomum ‘tetra(n- pentyl)ammomum, triethyl-
butylammomum tnethylhexylammomum -triethyl(2-
ethyl-hexyl)ammomum trtethyl(n-octyl)ammomum,'
tnethyl(n-dodecyl)ammomum, ;-‘ and tnbutyl( n:
dodecyl)ammomum ions. -

* The nature 'of the anion A ~of the salts of the formula
(I) ‘is not ‘critical since ‘the ‘anion cannot be reduced
electrochemically under the reaction conditions. Pref-
erably, anionsare used such that the acid AH has a pK
less than or equal to the pK ‘of the aromatic carboxylic:
acid to be reduced ; anions A ~ such that AH has a pK
above the pK of saltcyllc acid can also be used, espe-
cially if the amount of ammonium salt is such that there
still remains sahcyhc acid in the undnssocrated -acid-
form.

The anion A ~ can be-such that AH is an morgamc
acid or an’organic acid.-Examples of such inorganic’

m whlch each of Ry, R,,_\




3 .
acids AH include sulphuric, phosphoric, pyrophos-
phoric, hydrochloric, hydrobromic, hydriodic, perchlo-
ric, boric and fluoboric acids. Examples of such organic
acids AH include formic, malonic, methanesulphonic,
ethanesulphonic, © benzene-sulphonic,  toluenesul-
phonic, methylsulphuric, ethylsulphuric acid, and sali-
cylic acid.

Specific quarternary ammonium salts of formula: (I)
which may be used are tetramethylammonium, tetra-
ethylammonium, tetra(n-butyl)Jammonium,
tetra(n-pentyl)ammonium, triethyl(n-hexyl)am-
monium, triethyl(n-octyl)ammonium, triethyl(2-ethyl-
hexyl) ammonium, and triethyl(n-dodecyl)-ammonium
sulphates, phosphates and halides.

Apart from the various constituents of the catholyte
which have been specified above, the catholyte can
contain other products, especially products which are
inert under the operating conditions and by-products of
the ‘electrochemical reduction.

The cathode in the cell utilised in the process of the °

invention can be a metal, especially mercury or a solid
amalgam of mercury.
An aqueous acid solution is preferably used as the an-

olyte. The precise nature of this anolyte is not critical.

because the anolyte merely serves the purpose of com-
pleting the electrically conducting pathway between
the two. electrodes. Usually, aqueous solutions of sul-
phuric, phosphoric, nitric, hydrochloric, boric or
fluoboric acid are used. The concentration of these so-
lutions is -generally between 0.1 and 5 mols/litre and
preferably between 0.5 and 2 mols/litre.

The anode of the cell used in the practice of the in-
vention may be any material which conducts electricity
and is electrochemically stable in the anolyte under the
working conditions in question. Suitable materials in-

-clude metals and metalloids such as lead and its alloys,
platinum, platinised titanium and graphlte '

- The cufrent density at the cathode is generally 1 to
25 A/dm3, preferably § to 15 A/dm?.

The temperature at which the electrolysis is carried

3,755,101
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. Cation exchange membrane :
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out is generally 5° to 60° C and preferably 25°to 45°C.

" At the end of the electrolysis (when operated discon-
tinuously) or during electrolysis (if operated continu-
_ ously), the saligenol is isolated from the catholyte by
‘any of the'known methods, for example by solvent ex-
traction. According to a preferred procedure, the co-
. solvent is first removed, for example by distillation,
which causes precipitation of any unreduced salicylic
acid which may be present ; this acid is filtered off and
the filtrate is then extracted with ether or with another
saligenol solvent which is immiscible with water ; on
evaporating the latter solvent, saligenol is obtained.
Where the precipitation of the salicylic acid during the
removal of the cosolvent has only been partial, the re-
sidual salicylic acid in solution can be converted into a
salt which prevenu it being extracted with the salige-
nol..

" To avoid deformationl of the cation exchange mem-
brane and to avoid contact of this membrane with the
electrodes, spacers can be used, placed between the
membrane and the electrodes. These spacers, which
are well known in electro-chemistry, generally consist
of interlaced or crossed plastic filaments, or of aper-
tured or grooved sheets.

The electrical cell in which the process of thc inven-
tion is carried out can be grouped in series in accor-
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dance with any known techniques, for example, in de-
vices such as filter-press systems.

The process according to the invention can be car-
ried out continuously or discontinuously. The process
allows saligenol to be obtained in good electrical yields
and chemical yields in a process where the electrodes,
especially the cathode, are not chemically degraged by
the electrolyte

Sahgenol is a starting material used in the synthesis
of coumarine.

EXAMPLE 1

The electrical cell used is that shown in the FIGURE -
of the accompanying drawing. The cell comprises a
‘main trough 1 having an outer jacket 2 through which
liquid at a controlled predetermined temperature may
be circulated. Main trough 1 is divided up into a cath-
ode compartment. containing .catholyte 4 and cathode
3 and an anode compartment containing anolyte 7 and
anode 6. Catholyte 4 and anolyte 7 are separated from
one another by cation exchange membrane 5 and inter-
nal cell divider 9. The cathode compartment is pro-
vided with a magnetic stirrer 8, thermometer 10 and a
gas outlet 12 to remove gas evolved from the cathode
compartment. Outlet 12 leads to a gas flow rate mea-
sunng device (not shown). :

‘The electrolysis conditions are as follows: -

Cathode : lead amalgam disc of surface area 0.6 dm?

(prepared by immersing a disc of lead in a blth of
mercury for 10 hours):

Catholyte : initially a mixture consmlng of

250 cm? of isopropanol -

80 cm? of water .

45 g of salicylic acid and

-30 g of tetracthylammonium bromide.

Cathode - cation exchange membrane distance : 2 cm.
heterogeneous-type
membrane having a matrix of polyvinylidene fluoride ;
the cation exchange resin is a sulphonic resin based on
polystyrene crosslinked with divinylbenzene ; the ex-
change capacity of the membrane is 1.05 meg/g ; its
substitution resistance is 9.6 { cm? in'an 0.1 N aqueous -
solution of NaCl and 4.8 {} cm? in a normal aqueous so-
lution of NaCl ; the permeation selectivity of the mem-.
brane, measured between two aqueous NaCl solutions

. which are respectively normal and half-normal, is 96.2
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percent. -

Ar:olyte 10% by weight aqueous solution of sulphuric
acid : .
Anode: lead disc of surface area 0.125 dm?
Anode/cation exchange membrane distance : 1 cm
Temperature: between 30° and 35° C, which ensures
that the medium is homogeneous.

Current density ' at the cathode: 6.66 A/dm® until

61,910 coulombs have been passed ; therenﬁer 7.5

A/dm?,

The electrolysis is stopped after 80,000 eoulombt
have passed. 3350 cm® of hydrogen (measured at 0° C
under a pressure of 760 mm Hg) are collected from
outlet (12).

The catholyte is dmllled under a reduced pressure of
20 mm of mercury, which allows the isopropanol to be
removed and causes a precipitate to form. The precipi-
tate is filtered off and washed with water, and the fil-
trate and the wash waters are combined and neutralised
(pH = 7) with sodium bicarbonate. The mixtun is ox-
tracted with ether, the ether phase dried by means of.
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sodium sulphate and concentrated to dryness ; 14.8 g
of saligenol are obtained.

The yield of saligenol based on the acid converted is
66.6 percent while the electrical yield is 57.6 percent.

EXAMPLE 2

Example 1 is repeated, replacing the isopropanol by
methanol and using a constant current density of 6.66
A/dm?. at the cathode. After passing 84,500 coulombs
and treating the catholyte as described in Example 1,
11.1 g of saligenol are obtained.

This corresponds to a yield based on acid converted
of 48.7 percent and an electrical yield of 41 percent.

EXAMPLE 3

Example 1 is repeated with the following modifica-
tions:

Composition of the catholyte:

250 cm?® of water

250 cm? is isopropanol

45 g of salicylic acid

40 g of tetraethylammonium bromide.

The current density at the cathode is constant and
equal to 10 A/dm?, After passing 49,720 coulombs and
treating the catholyte as described in Example 1,7.2 g
of saligenol are obtained. This corresponds to a yield
based on acid converted of 79 percent and an electrical
yield of 45 percent.

I claim:

1. Process for the preparation of saligenol by electro-
chemical reduction of salicyclic acid in an electrolysis
cell having a cathode compartment and an anode com-
partment, separated from one another by a cation ex-
change membrane and a catholyte initially consisting
essentially of salicylic acid, water, a cosolvent and a
quaternary ammonium salt of the general formula:
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in which each of R,, Ry, R; and R, represent identical
or different hydrocarbon radicals, each having from 1
to 20 carbon atoms in their chain, or in which two of
the R radicals together form a single divalent radiacal
and together with the nitrogen atom to which they are
attached, form a heterocyclic ring and A ~ represents
an anion. ‘

2. Process according to claim 1, wherein the cosol-
vent is present in proportions by weight of 10 to 90 per-
cent in the water-cosolvent mixture contained in the
catholyte.

3. Process according to claim 1, wherein the cosol-
vent is chemically inert under the reaction conditions
towards the acid to be reduced, which is electrochemi-
cally inert at potentials of between 0 and —2.5 volts rel-
ative to the saturated calomel eléctrode, and which has
a dielectric constant of less than 30.

4. Process according to claim 3, wherein the cosol-
vent is selected from the group consisting of an alcohol,
an ether, a nitrile and an aliphatic acid.

5. Process according to claim 1, wherein the current
density at the cathode is 1 to 25 A/dm?.

6. Process according to claim 1, wherein the anolyte
consists essentially of an aqueous acid solution.

7. Process according to claim 1, wherein the quater-
nary ammonium salt is a tetra-alkylammonium sul-
phate, phosphate or halide in which each alky! group
contains 1-20 carbon atoms.

8. Process according to claim 1, wherein the anolyte
is. aqueous sulphuric acid, the catholyte initially con-
sists essentially tetra-alkyl-ammonium salicylic acid,
water, methanol or isopropanol and a tetra-alkaly-
ammonium bromide and electrolysis is carried out at a

current density at the cathode of 5-15 A/dm?.
* * * * *



