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Speciﬁcaiion No. 52631, 27th August 1954, (Accepted 3rd February 1955.)

A PROCESS FOR THE ELECTROLYTIC PREPARATION OF SALICYLALDEHYDE.

COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, Onp Min. Roap, New DerHI-l, INDIA, AN INDIAN REGISTERED
BODY INCORPORATED UNDER THE REGISTRATION oF Socimmns Acr (Acr XXI or 1860).°

The following specification particularly describes and ascertains the nature of this invention and the manner
in whick it is to be performed.

This is an invention by HANDADY VENKATAKRISHNA
UDUPA AND BIMAN BIHARL DEY, both of the Central Eleclro-
Chemical Research Institute, Karaikudi, India, both Indian.

This invention relates to the electrolytic preparation of salicy-
laidehyde. :

Electrolytic reduction of salicylic acid to salicylaldehyde was
deseribed by Hugo Weil in 1908 and two years later by Carl Mettler.
‘Tesh and Lowy uudartook an extensive study of this problem and
sugygested the use of solium hisulphite to combine with the aldebyde
formed and protect it from fucther reduction to alcohol. Using
sodium sulphate as electrolyte in the presenco of boric acid, they
claimed a 55 %er cent vield of salicylaldehyde. The results were
disputed by & number of workers and recently May and Kobe rein.
vestigated the problem and obtained a 30 per cent conversion,
following their procedure. Thoy also showed that the r.p.m. of
she stirrer employod has a definite iniduence on the conversion of
salicylic acid to salicylaldeayde.

As a result of the mvestigation earried out in the Central Elec-
tro Chezmical Research L[nsfftute the following observations have
been made which are improvements over the prior procedurcs for
obtaining salicylaldehyds. While realizing the need for novie
acid in the catholyte, it has now beon observed that therc is a definite
necessity for moaintaining a critical pH range (54 to 6-¢ and not
exceding 7) for the process.

Tae pracedurs adopted by Tesh and lowy of using sodium
suiphats (15g) and boric acid {13g) as electrolyte gives only about
28 per cont yield vt sulicylaldehyde when 10per cent sodium sulphate
solution is used as anolyte. It has however been observed by us
that the vield can be increased to 35 per cent if only 10g of sodium
sulphate and 30g boric acid are ased in catholyte while using 10
per cent sodium sulphate solution as anolyte. The excess borie
acid helps to maintain the critical pH range (5-4 to 6-4).

It bas further buen shown that it is necessary to add sodium
salicylate solurion in stages and not all of it in hulk, the sodium
bisulphite baing of course added in stages also. Yurther, when
14y of salicylic avid is reduced, it is found that only 12g of sodium
bisulphite is sufficient and not 20g as was used by Tesh and Lowy.

It was also noted that 10 per cent sulphuric acid canrepince sodium
sulphate solution as anolyte in which case the borie nind cornient
of catholyte carn be reduced. The sulphuric acid of the anolyte
helps bo maintain the critical pH range.

Nodium chloride can replace sodium sulphate as electrolyte
in which case chlorine is obtained as a by-produet at the anode.
Here again when 10 per cent sodium chloride solution is uscd as
anolyts the boric acid content has to be morve to maintain the acidity
in the catholvte. When however 10 per cent hydrochlorie acid
is used as anolyse, the boric acid content of catholgte can be
decreased. .

There are decidedly certain advantages in replacing sudium
sulphate by sodium chloride as electrolyte and in replacing neuntral
salt solutions by corresponding acids, as anolyte. When a current
density of approximately 12 amps/dm?® was employed the roll voltage
was above 20 volts for the sodium sulphate catholyte—sodinm
sulphate anolyte system. It was nearly 145 volts for sodium
sulphate elevirslyte—sulphur ¢ acid anolyte system. Iu the case
of sodium chloride snolyte —sodium chioride catholvte system
the voitage was still less.” The sodium chloride catholyle—hydrs-
chloric acid system had the lowest cell—voltage making it commer-
cially a more suitable and econumical procedure to fcllow. Also
in this last case the vield was always 55 per cent whereas in the
other cases the yield fuctuated between 50 to 55 per cent,

Amalgamated copper cathode is reported to give only traces
of aldehyde. 10 per cent yield of saficylaldebyde way obtained
by using a stationary amalgamated copper cathode When a
rotating amalgamated copper or brass dise-type cathode (ustrated
in Fig. 2, E of the accompanying drawings) was used 40 tuv 45 per
cent vield of salivylaldehyde has been obtained.

1£ has been found further that sodium sulphite can replace sodium
bisulphite for fixing the aldenyde. However the vatholyte ])eco!xles
alkaline during the course of eleetrolysis and only 29 per cent yield
of aldehyde is obtained. If in the other hand acid is added during
eleetrolysis to neutraliZe the alkali the critical pH range is main
tuined and the usual vicld of salicylaldehyde is obtained.

: Exanvnr 1. (Fig. 1.)

10g sodium sulphate and 30 g boric acid are added into 120 cc
water. A layer (A) of mercury (2 hs.) at the bottom of u 600 cc
beaker (B) served as cathode. 14 g of salieylic acid neutml,lseg
with equivalent volume of 3N sodium hydroxide was added in 5
ce lots every 5 minutes. A total of 12 g sodium hisulphite was
added in one gram iot every 5 minutes, two grams added in the
tirst five minutes period. .

Contact with mercury was effected by means of a small platinum
wire fused to onc end of a glass tube (C). This tube is filled with
saeroury and the cathode terminal is ingerted into the same. A
small porous pot (D) resting on a glass tripod kept inside the beaker
wrved as anode chamber. 10 per eent sodium sulphate solution
was used as anolyte. A current of 6 mmps. was passed (c.d: 12
amps;dm?) for the theoretical period of time (56 minutes). Tem-
perature was maintained at 15°—18°C, Cell voltage was 20 to
12 volts and at times more,

lsolation of Product.—Catholyte was stirred for half an hour
after clectrolysie and then separated from mercury. It was then
nentralized with 20 ce of concentrated sulphuric acid diluted to
100 cc and stcam-distilled in a one-litre flask. The oil from the
distillate was cther excracted and the extract washed with sodium
bicarbonate solution, dried over anhydrous sodium sulphate and
the ether distilled off.  Yield of salivylaldehyde varied from 53 to
55 per ceut.

ExaMrLE 2.
15 g of sodium sulphate and 15 g boric acid in 120 ec watér

served as catholyte.  Sodium salicylate solution and sodium
bisulphiswe are added in stages at 5 minute intervals as before. 50 ce
of 100 per cent sulphuric acid as anolyte with lead as anode. Tein-

peratuve was 12°--16°C. 6 amp. current was passed for theoretieal
time (34 mins.) . Cell voltage was 14 to 14-5 volts.

Yield of salicylaldehyde=53 per cent.

This example shows that 10 per cent sulphuric acid vau replace
10 per cent sodinm sulphate solution as anolyte in which case the
borie acid content of catholyte can be reduced. 'The sulphuric
acid of the anolyte helps to maintain the eritical pH of eatholyte.
Cell voltage slsu is reduced by this.

Examere 3.
Use of Sedium Chloride as Electrolyte.

The following example illustrates the replacement of sodium
sulphute hy sodium chloride as electrolyte in which case chlorine
is obtained as a by-product at the anode. Here again, it will be
geen from the amounts specified © below, that when 10 per cent
sudium chloride solution s used as anolyte, boric avid content of
catholyte has to be more to mainfain the acidity.

10 g sodium chloride and 30 g borie acid in 120 cc waler was
eatholyte.
added stagewise as before.  Graphite anode was used and 10 per-
cent sodium chioride solution as anolyte. Chlorine was removed
by suction. 6 amps. current was passed for theoretical time (54
mins.) at 15°—18°C.  Yield of salicylaldehyde was 53-55 per ceni.

ExaMpPLE 4.

The following example illustrates the replacement by 10 per
cent: hydrochloric acid of 10 per cent solution of sodium chloride
as anolyte while using sodium ehloride as electrolyte in the reduc-
tion of salicylic acid.

15 g sodium chloride and 15 g boric acid in 120 cc water served
as catholyre. 14 g salicylic acid neutralised with 3N alkuli and
12 g sodium bisulphite were added stagewise. 50 cc of 10 per cent
bydrochloric acid was anoiyte anc graphite was anode, Cell arrange-
mené and working up of the product was carried out as in example 1.
6 amps. current was passed for theoretical time at 10°—-14°C.  Cell
voltage was from 7-5 volts to 95 volts. Yield of salicylaldehyds
was 36 per cent or more.

As will be seen, the cell voltage is very low because of this and
the boric acid content can he reduced also. The cell can be readily
maintained at a low temperature and the process becomes economi-
cal for practical scale production.

Examrre § (Fg. 2).
Use of Rotating Amaly ted Cathod:

Amalgamated copper is reported to give only traces of aldehyde
and on reinvestigating a 10 per vent yield was obtained when the
cathode was at rest. When a rotating amalgamated copper or
brass rise-type cathode (Fig. 2, E} was used 40 to 46 per cent yield
of galicyladehyde was obtained follawing any of the above experi-
meuntal conditions.

ExamrLe 6.

Use of Sodium sulplite instead of Sudiwm Bisulphite for flzing
the Aldehyde. )

15 g sodium sulphate and 15 g borie acid in 120 cc water was
the catholvte. 14g salicylic acid neutralized with 3N sodium
bydrovide was added in See lots every 5 minutes 9 g of sodium
sﬁlphite was added in 1-5 g lotr every 5 minutes, 2 lots being a.ddgd
in the first five minute period. Later another 6 g sodium sulphite
was added in one gram lot every b minutes. Thus 15g sodium
sulphite was ad@ed in all. 2 oc of 6N sulphuric acid was added
every 5 minutes during the course of electrolysis. 10 per cent
sulphuric acid was used a8 anolyte. 6 amps current was passed
for theoretical timo at 14°--18°C.

Yield of salicylaldehyde was 55 per cent.

This example shows that sodium sulphite_can equally replace
sodium bisuipbite for fixing the aldehyde. Tt is found that the
tholute saon becomes alkaline during the course of electroly-
sis and reduction of salicylic acid is stopped. The yield is only 29
per cent. 1f, on the other hand, sufficient acid is added during the
electrolysis to neutralize the alkali and meintain the critical pH,
then the usual yield is abtainsd.

Examrre 7. X

Using sodium chloride as electrolys® and 10 per cent hydrochlorie
acid as anolyte, 2 cc of 6N hydrochloric acid was added at inter.
vals, all other conditions being same 88 above. G55 per cent sali-
cylaldehyde has been obtained.
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We claim : :

1. A process for the preparation of salicylaldehyde which con-
sists in the electralytic reduction of salicylic .acid, using sodium
sulpbate ag electrolyte in the presence of boric acid, and wherein
a critical pH range, 5-4 to 6-4 and not exceeding 7, is maintained.

2. A process. as olaimed in Claim I wherein for reducing 14 g
of salicylic acid, 10 g of sodium sulphate and 30 g boric acid are
used in catholyte while using 10 per cent sodium sulphate solution
as anolyte.

3. A process as claimed in Claim 2 wherein sodium bisulphite
in added to fix the aldehyde formed.

4. A process as olaimed in any of the preceding claims wherein
10 per cent sulphuric acid is used instead of sodium sulphate solu.
tion as anolyte amd the boric adid content of the catholyte is re-
duced to maintain the aforesaid critical pH range.

5. A process ag claimed in Claim 1 wherein sodium chloride is
used instead of sodium sulphate as electrolyte, resulting in chlorine
as a bysproduct at the anode.

6. A process as olaimed in Claim 5 wherein 10 per cent hydro-
chlorio acid is used a3 anolyte and the boric acid content of catholyte

- is decreased to maintain the aforesaid critical pH range.
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7. A protess as claimed in any of the preceding claims wherein
a current density of approximately 12 amps/dm? is employed.

8. A process as claimed in any of the preceding claims whercin
a stationary amalgamated copper cathode is employed.

9. A process as claimed in any of the preceding Claims 1 to &
whereén a rotating amaigamated copper or brass disc-type cathode
is used.

10. A process as claimed in (laim 3 wherein sodium sulphite
i# used instead of sodium bisulphite.

1. A process as claimed in Claim 10 wherein acid is added
during electrolysis to neutralize the alkali and maintain the afore.
said eritical pH. range,

R. BHASKAR Pal,
Officer,

Council of Sctentific & ludustrinl Riszear-h,

Patents

Dated this 25th day of Augual 1954,
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