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This invention roiatta to the preparation of bensylamine
frox beasonitrile. {en §xanblo for aromatic nitrile grovp} by
a‘.otrclyiio reduotion using palladius dlack t&positci over -
grtphito cathodes, sither stationary or rotating,

Hitherte, it has been propossd to prepars benzylemine by

eatalytic Lydrogenation of benzonitrile, under high pressure.
The ocatalytic hydrogenation method for the preparation of
benzylamine 1s open to the followipg ohjsations: (1) the
benzoaitrile has to be dissolved iu absoluie mimm otbinal;
(2) the reduciion of the nitrile requirees high preasure
squipwents; (3) elaborate purificztion procedurs has to be
earried out for the reuse of the ecatalyst,

To *hese epds, the invention broadly congists first im
the lavbsition of palladinm bilsok over graphitg euthodes
using a bath containing palladium chloride and ammonium
ochloride in agqueous hydrochlorio aoid medium. The cnrrbnt'
dennity smployed for dopo@ition is very low and is eritioal,
Aqueous hydraochioric s0id contained im the perous pot is
uaeﬁ as tha uﬁolyte, the espnode being a graphite plate,
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‘fhe next siage consisis in reducing benzonitrile ia
‘aqueous ethanolic hydivchiorio acid medium usin:z deposi ced
palladium black oathode either under ntationary or rotating
conditions., A graphite plate is used as the apode and ig
kept inside s ceramie porous pot. The temperaturs of the
oatholsis in mainiained around 15-25°C. The cathoivie is
glven a vigorous motion using a glas; stirrer under stationary
ocnditions, A ourrent density of 3-8 A/dm° oan ba used for
the reduction for boih tae 1coteting and atationary systems,
At the end of the eleotrolysia, the nsihclyte was dictilied
under vaciunn to rocover the aloohosl completaly when a pale
yellow masz was obtained. This was cryeiaslliged to get &
highly pure and crysteliine benzylemine hydrochloride,

It was also observed that tbe same ocathode couid be reused

tor furtber efficient raduction of bvenzonitriléeé under the

above conditions.

The following are the typleel examples (o illustirate

the ivnventioni~
PART I

DREPOSITION OF PALLADIUM BLACK OVER GRAPH1IE PLATE

© Qathode es Graphite plate
Anode e+ Graphite plate placed inside a
di aphraga DXXENXIKEXITXEREX

Catholyte es A dilute solution of paliadium
- chloride {1 gpl) in aqueous HC1
(6%(w/v) containing around 0.4
to 0,68% ammonium chloride, The
solution was vigorously stirred
using a glass stirrer. Total
volume = 350 ml

Anolyte. es 6% Aquecus HCl(w/v); 75 ml
Catbode ourrent density 60 mA/du?
Anode ourrent density 75 mA/ dn®

Veoltage ' ' ’ 1,8 V

Temperature ' 30-35°C

The deposition was continued till the catholyte beocame
colourless, — 3~



'EEEUCTIQE OF BENZONITRILE USING STATIONARY CATHODE

Experiment No,i
Catholyte

anolyte
Cathode
Anogo-

Current passed
Cell voltage

Temperature of
catholyte

Bensonitrile added

Bensylamine hydro-
chloride igolated

Yield of efficienoy

Current efficiency
Buergy consumption

Bxperiment No.3
Catholyte

Anolyte
Cathoqge

Anode

Current passed
Cell voltage

Temperature of the
catholyte

Ppenzonitrile n;dod

Penzylamine hydro-
ohloride isolated

Yield erficiency
Current efficiency

Energy oonsumsption

S

o

o

*e

3N ethanolis hydrochloric acid
(350 ml)

‘3N aqueous hydrochloric scid

(76 m1)

Palladium black deposited over ,
graphite (effeotive area 0,5 am

Grapbite plate of 0,5 dlz ares,
placed inside a diaphragm

3 Anps
3.4V

16-25%C
6 gms”

6.3 gus

6%

40%

8,420 XwH/Kg

Agueous ethanolic hydrochlori
soid of 6% scid strength(w/v)
(350 m1)

64 aqueoas HCL (w/v) (78 ml)

The same cathode which was used
for the previous experiment

Graphite plate of area 0,5 dla
inside a diaphragnm

3 Amps
v

15-25°C
9 gms'

® gns
71%
39%

8.247 Xwh/Xg



Experjment No,3

Cathblyte o
Anolyte o
Cathode oo
Anode .
Current passed .s
Cell vol tage .
Temperature of the

ocatholyte e

Benzonitrile added *a

Benzylamine hydro-
chloride isolated s

Yield efficieney  ea
Current efficiency ..
Energy counsumption »a

Deposition of palladiuvm
graphite

SN methanolic bydrochlorid acid
(350 nl) :

3N aqueous hydrochloric acid(73 ml)

. The same cathode which was used fer

the experiment no,2

Graphite plate of srea 0,5
placed inside a diaphrags

3 Amps
3.4V

h’

15-28°C
‘ "' M

4.0 gms

T0%

35%

10.29 Kwh/Kg

black over rotating oyliinddrioal

Rotating oylindrical graphite

Graphite plate pleced inside @
disphragne

A dilute solution of palladium

" chloride of known weight in agusous

HC1 containing around 0,4 to 0,8%
ammonium ohloride. ‘

Aqueous EC1
50 ma/an?

100 wA/du?
1.6 V
30-35°C

The deposition wes continued till the catholyte became

Cathode ..
Anode . .
Cathulyte R
Anolyte X
Cathode current
density

Anode ourrent

donsity s
Voltage P
Temperature .
colourless,

Bxperiment No,4é
_Oatholyto e
Anolyte .
tathode e
Ano&. L ]
“Parrent pasped .

[

SN ethanolic hydrochlorio acid
SN aqueous hydrochlerio acid

Paliadiuk black dposited over
rotu::’g ocylindrioal graphite ' 3 4
005 aAred.

graphite plate placed inside »
diaphragm
4 Anmps

s



Cell voltage oe 4.8V
Tenperature of the

oatholyte 7 se 15-36%¢
Bengonitrile sdded s 4 gms”
Benzylamine hydro- :
¢chloxide isolated ce 4.2 gms
Yield sffiociency ¥e T5%
Current efficienocy s 36%

Biergy consumption e+ 18,18 EKwh/Kg

The following are among the main advantages of .the
inventioni-

1) The number of reuse of the thinly depesited
palladium black cathode ia the main asdvantage in
the reduction studiés. Under the above mentioned
experimental counditions, the mthode can be reused
for roughly 10 times,

a) This method aveids the use of high pressure
generating equipments,

8) Absolute ethanol which is used in the eatalytio
rednetion of bemsemitrile is avoided here,

i~ SN AT 7u%¢u.c£7u1hcf%
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his invention relates to the preparation of
bengylemine hydrochloride, a drug intermediate.
Bensylamine has been prepered by Qarioua chemical
routes. Catalytic reduction of benzonitrile seens
to be in vogue at present., Ome of the well~known
chemical methods is the treatment of ammonia with
benzyl chloride under high pressure. Reduction of
benzyl nitrile and that of benzonitrile using T1ADH
or Reney nickel are the other methods known. .  Thers-
is glso a report on the slectroreduction of benzo-
nitrile using lead cathode in sulphuric mcid medium.
But from our work, we find that this obserthioﬁ ie
11)-founded. And =0 there is no electrochemical
route known 80 far for the preparetion of henzylamine.
In the chemical methods employed, the inorgsnic
impurities affect the purity of the product snd the
yield also has been found to be only moderste,
Catelytic reduction tachhique 1nv01vés the use of
costly items like high pressure generating equipﬁent
and absolute alcohol, Moreover, the precious metal
catalyst has to be purified before every reuse,

‘The main object of the invention is to
rrepare pure benzylamine hydrochloride in high yield.
The first stege of the process is the deposition of
balladium black over graphite cathode using an
@qheous acid solution containing palladium chloride
and ammonium chloride. Themwe deposited palledium
hlaok oathodes were used for a few reduction experi-

ments with periodic replenishment of the deposit,
78’
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According %o the present invention, there is
provided a process for the nroduction of benzylamine
hydrochloride from benzonitrile in an ethanolic
hydrochloric acid supporting catholyte using deposited
palladium black over graphite cathode which consists of
the following steps:

(1) deposition of palladium black ever graphite
substrate using an aqueous solution of palladium
chloride in hydrochloric acid wmedium at a cathode
current density of 80 nA/dm2 and at a cell temperature
of 30-35°C,
(11) electroreduction of benzonitrile in ethanolic
hydrochloric acid medium using deposited palladium
black cathode at a catholyte temperature of 15-20°C,
the anolyte being aqueous hydrochlorie acid, and
(111) wvacuum concentration of the catholyte (ethanolic
hydrochloric acid containing benzylamine hydrochloride
which is the reduction product of benzonitrile) giving
benzylamine hydrochloride as the residue.

- -
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Thus, this eleotroreduction technigue involves

the use of only small amount of palladium, The
second atage of the process desls with the prepara-
tion of bengylemine hydrochloride from benzonitrile.
In this method, deposited palladium black over
graphite aots as the cathode. Benzonitrile in
equeous alcoholic hydrochloric acid solution is
electrolytically reduced.uaing the above said cathoda.‘
After the reaction is over, the catholyte is distilled
under reduced pressure when benzyl;ﬁﬁne hydrochloride
eratallisas out from the residue. The principle
involved in thie process can generally be applied

for the preparetion of any primery emine. This is

an electrocetnlytic reacticn and hence the deposited
palladium bleck acte as a caethode-cum-catalyst.
Moreover, thi? electroreduction technique involves

the use of —Wamountlof palladium and even this
can be reused for a few subsequent reduction experiments
without employing any purification procedures, 1In the
catelytic method, there is a loss of precious metal
catalyst during purification for reuse in addition

to the loss during the reduction processes,

_ The present invention first consistis of thin
deposition of palladium black over graphite cathode.
The second stage of the invention consists of a process
for the preparation of benzylemine hydrochloride; This
involves the electroreduction of benzonitrile using a
deposited palladium black cethode in an agueous
slcoholic acid medium.

— -
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The invention is a process for‘fhe production

of benzylamine hydrochloride ané the accompanying
drawing (Fig.1) is @ sobeme for the preparation of
the seme. In the diegram, the cell is made of a
graphite veagel deposited with pallasdium black whioh:
acts as the cathode. Ceramic porous pot acte as the
dlaphragm separating the catholyte from anolyte.
The catholyte is theh transferred to the glass-lined
distilletion unit for vecuum distillation to recover
the smine salt and ethanol sstureted with HCl. This
recovered ethanol cen be reused,

Deposition of palladium black over graphite cathode
(Stationary)

Cethode . $ Cylindricel graphite vessel,

‘ closed at one end
Anode t Graphite placed inside a diaphragm
Cetholyte t+ A dilute solution of palledium

chlorice (2.5 gms) in equeous

HC1 (6% w/v) pontaining around

0.4 to 0.8% smmonium chloride.

The solution was vigorously

stirred using e glass stirrer.
° Total volume = 1.5 litres.

Anolyte + 6% aqueons HC1l CW/V) Qoowk
Cathode ourrent densitys: 50 mA/dm2

Anode current density & 75 mA/dm°

Voltege t 1,5V

Temperﬁxure H 30-3550

4=
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Reduction of benzonitrile using stationery ceathode

Catholyte
Anolyte

Cathqdo

Anode

Current passed
Cell voltage

Temperature of the
catholyte

Benzonitrile added

3N ethanolic hydrochloric acid

3N aqueous hydrochloric acid
(800 ml)

Palledium black deposited in
the inner portion of the
cylindricel graphite vessel
closed at the bottom (effective
area = B8 8q.dm,)

$3Graphite (ares 6 dm2) placed

.~

Bengylamine hydrochloride

obtained
Yi$ld efficiency
Current efficiency

Energy consumption

inside a diaphragm
50 Amps
3.4 V

35%
8435 kwh/kg

‘Deposition of palladium black over rotating cylindrical
graphite in a PVC cell container

Cathode

Anode
Catholyte

Anolj%e :

Cathode current density
-Anode current density
Voitage

Temparatdre

8

Rotating cylindrical graphite
rod

Graphite placed inside a diaphreagm
A dilute solution of palladium
chloride (2.5 gms) in aqueous HCl
(6% w/v) contaeining around 0.4

to 0.8% asmmonium chloride. Total
volume = 1,5 litres,

6% aqueous HO1l (w/v) (800 ml)

50 mA/dm?

75 mA/am?

1.5 Vv

30 - 35°C

-r-"l.—“



Reduction of benzonitrile
cathode in @ PVC ueing rotsting oylindrical

Catholyte $ 3N ethanolic hydrochlorie

| : acid (1.4 litres)
Anolyte t 3N equeous hydrochloric acid(800 m1}
Cathode 3 Rotating cylindrical deposited

palladium black cathode({effective
aregs 8 8q.dm.)

Anode ‘ t Graphite (effective area 6 aq.dm.)
‘ rlaced inside a diaphragm

Current passed $ 50 Amps

Cell voltage t 3.8V

‘emperature of the

cetholyte $ 10 - 20°C

Bengonitrile added t 125 gms

Bengylamine hydrochloride

obtained t 110 gna

Yield efficlency t 63%

Current efficiency 2 31.5%

Energy consumption t 11.0 kwh/kg

Advantages of this invention are as follows:

(1) By using a proper ratio of palladium chloride and
ammonium chloride, a thin deponsit of palladium black
is obtained over graphite cathode and this cat)ode
can be reused for a few reduction experiments.

(11) There is no need for the purification of the cathode
surface and hence practically there is no loss of
precious metal. Then this is highly advantdgcoun
over the cetelytic method.

(311)This reduction technique is @ simple process and
does not involve the use of high pressure generating
equipment snd other fecilities for protecting the

nrecious metal catalyst.
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We clatms.

1.

A process for the production of benzylamine hydroehloride
from bengonitrile in an ethanoliec hydrochloric acid
supporting catholyte using deposited palladium black

over graphite cathode which consists of the following steps:
(1) deposition of palladium black over graphite
substrate using an aqueous solution of palladium chloride
in hydrochloric acid medium at a cathode current deasity

of 50 mA/dm® and at a cell temperature of 30-35°C,

(i1) electroreduction of benzonitrile in ethanolie
hydrochloric acid medium using deposited palladium black
catjode at a catholyte temperature of 15-20°C, the anolyte
being aqueous hydrochloric acid, and

(113) wvacuum concentration of the catholyte (ethanolie
hydrochlorie acid containing benzylamine hydrochloride
which is the reduction product of benzenitrile) giving
bengylamine hyﬁroéhiar&ds as the re:idqe"

Dated this 4th day of September, 1975.
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