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This is en lnvention by Handady Venkatakrlshna Udppa, Director,
Venkatasubramanian Krishnan, Seientist,and Arunachalam Muthukumaran
and Kanaszasabapathy Pagtnpathy, Junior Selentific Assistants. Aaay
are Indian nationals, emp'cyed in the #entra' Evectrochemical
Recearch Institute,Karalkudl, Tamil Nadu,
This iavention telates to the electrohemical preparation of
benzylanine and beta-Pheny"ethy"am“ina from bengzonitrive and
benzy"c; anide respective"y by eTectroreduction using deposited grey
nicke'! cathode over graphite or copper base, under stationary
conditicns. | |
'H:ltherta,..tm gbova:g?nméa have been prepared by catalytie ﬁydrogena-
tion of the nitriles undcr high Pressure, \An alectrochemical method for
the Preparation of the above two amines was then developed by the
above authiors using .deposited palladium bldck cathodes. But this
electrochemical :ziethod wag fougld to be costly due to very high price
of Palladium salts. Hence, a simu'ltanebus devevopment of the Present
invention,
To these *ﬁ;:endé, the invention broadly consists first in the deposition
of grey nickel over graphite or copper base using a solution of nickel’
chlo ride, nickel suﬁphate and ammonjum sulphate in appropriate
concentralions. Aqueous sulphuric te.td was used as ‘the anolyte in a

ceramic porous pot. a Tead strip wag



nsed as the mode, The ourreat denesity employsd for
the deporition was oritiocal.

The next stoge consiste in reducing the nitriles
in sthanolie nulphurio ascid medium ﬁping dopooitod; gray
niokel ocathofie, A ceramic porous pot containing aqueous
aulphnrio‘aéid as aﬁoiyto was used as the alaphragm into
whigh s lead strip was placed as the anode The temperature
of the catholyte was maintalned around 30°C, A current |
density 61 $ superes per sg,.dm, was roundnto be the most
advantageous ourrent density taking into nco&ugt variené
tactors of electrolysis. A4s the theoretical charge was.
foand to be insufficient extra current wa; passed to
obtain a maximum yleld, At the end of the electrolysis,
the catholyte was distilled to recover aloohol and then
the resotion mixture was diluted with water mad oxtra;tea
with benzene to remove the unresacted and othér side~produotsag
The aqueouns portien‘vaa then neutralised with alkall to
1iberate the free base, which was then extracted with
benzens, The beasene portioa was distilled to recover
benzene and'tho remsalning viscous browmn liquid was distilled
to collect iniit. at their appropriate boiling pointsy T
amines thus obtainod were very pure as confirmed by apootful
methodsd |

The roliowing are the typical e:anpleé:

Deposition of Grey niockel

dathalyto = 4 litres of water containing 40 g
nickel chloride, 80 g nickel sulphate
and 80 g ammonium sulphate.

Cathode = Graphits or copper base
Anolyte = 10% Agueous sulphuric aocid {200 ml)
Anode = Lead strip of area 0.77 &’

Current density employed for deposition: § a/as® to 156 A/ca’
Durayion of deposition = Approximately an hour
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Preparation of benzylamine

Experiment No.l

Qafholyw = Ethanol (530 ml) and oono.Hy 80, (80 ml)
Anolyte = 10% Aqueous sulpburioc scid (175 ml)
Oathode = Deposited grey mickel of ares 1.2 #q.dm.
Anode = Lead strip of area 0.84 gl-z

Ourrent density 2

employed w8 A/dm

Current passed = 6 amps
Cell voltage = 6.5V
Temperature = Around 20°C
Beamsonitirile takn_x = 70 ml

Pure Benzylamine = 51i ml
ebtained

Yield efficiency = T9%
Current efficiency = 86.5%
Enexgy oonsumption = 17,84 Xwh/kg

Rxperiment No,2

' Gathode = The deposited grey nickel from the
' above experiment was reused

All the conditions are same as 8bove
‘Bensenitrile teken = 75 ml

Current passed = 6 exps

Cell voltage = 6.5V

Pure bensylamine obtained « 45 ml
Yield sfficiency = 60% |

Current efficiency = 30%

Energy comsumption = 21,71 Xwh/kg

-



Prepoaration of Peva~phenylethylagpise
Experiment No,1

Catherlyie = B50 ml ethanol ¢ 68 wml oonc, naso‘
Anoivte = 10% aqueocus sulphuric aeid (175 ml)
Cathode = Deposited grey nickel of ares 1.3 ﬁl?
Anods = Lead strip of ares 0.84 dnz placed

inside a ceramio porous pot,

Curront density employed = & A/ﬂla

Current passed = 6 amps
Cell voltage = 6,87V
Temporature = Around 20°C

Benzyloysnide txen = 100 ni

Pure Beta~phenylethylamine isolated = 56,8 ml
Yield effiociency = 70.00%

Current effiociency = 28./0%

Energy »n-u-pu&n = 12,68 Xwh/kg

e nt
Catholyte = 550 ml of ethanol + 58 ml of oonoiH,80,
Anolyte = 104 aqueous oulﬁhurio aocid (1785 ml)
Cathode = Deposited grey nickel (Reuse :ron the
: gbove) of area 1.2 sq.dm.
Anode " ¢ Lead strip of ares 0.84 sqidmi placed

inside a ceramio porous pot
Ourrent density employed = 8 a/sqidmy
Current passed = 6 Aumps
Oell voltage -1V
Temperature - Around 20°C
Benayl oyemide taken = 70 ml
Pure Beta~phenylethylamine isolated = 40 ml
Yield efficiency = 87.1%
Current efficiency= 28.%%

" Buergy consumptions XXXIEX 21,76 Xvh/kg
S5



The following sr+ the advantages of the inventicn:

(1)  3small smounts of nickel 1s suffiolent to carry out
~ the reduction of mitrile and moreover nickel salts

are very cheap oompared to palladium salts., This
aivantage has brought down the producvion cost of

amines oonglderably.

(11) Copper also ocould be used ss a base for grey nickel
deposition; wherees in the case of palladium dbleck

deposition, only graphite ocould be uzed to get an

‘adherant Q@eposit.

pated this 4th day of Sept.'75

: %33 P o Director, CECRI
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2. R R N Scientist, CLCRI
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THE PATENTS ACY. 1976

COMPLETE SPECIFICATION
{ Sectiqn- 10)

PROCESS FOR THE EV.ECTROCHEMICAL PREPARATION OF
" AR¥U ALKYGAMINES SUCH AS BENZYTUAMINE AND BETA ~PHENYLETHYTAMINE

COUNCIL OF SCIENTIFI C & INDUSTRIAL RESEARCH,
Rafl Marg, New Delhi-1, India, an INdian registered body
1n¢urp0ra€ed under the Registration of Socleties Act

(Act X¥1 of 1860)

The fo'!low,in%_specifxcation particu]arl{ descihlbes and
ascertaing the pature of this invention and the manner in which

is t,o be performed.

This is en invention by Handddy Venkatakrishna Udupa, Director,
Venkatasubremanian Krishnan, Scientist; Arunac:ha;am Muthukumaran,
Junior Sctlentiric Agsistant and Kana}cagabe»patby Regupathy,Junior
Scientific Assistant, all of  the Central Electrochem1¢a1
Resesrch Institute, Karaikudl,6, Tamil Nadu, India, all Indian

citizen,



This invention relates to the electrochemical praparation of

aryl alkylamlines such aa banzylimine end bstawphenylathylamire from
benzonitrile and benzylcyanide reapectiv.l&.. The above amines can
alsw’Be prepared by reﬁucing the nitriles with lithium aluminium

41ide or sodium and ethanol and also by catalytic hydrogenation of
n}ﬁrlloa in presence of prucioua‘metal'oxidos. The yields in the
chumleal reduction processss ere less satisfactory, The catalytic
method involues the use of costly squipments and chemicals,
Benzy lamine is Jaed in the manufacture of powerful eprOsivss and also
as a corrosion inhibitor, It also finds use as an efficlent

corrnsion inhibitors.

The main object uf the invepdtion is to prepare benzylamina and
hete-phenylethylamine using nickel black cathode, by an elsctrochenical
routa, ‘Both these ars aryl atkx alkylamines of = hOMOlogds ssries
end this invention ig a single proceas which can be exploited for the
preparation of any aryl alkylamines = such as benzylamine and bsta=
phenylethylamine.  Moreover thie 1s the first time tha£ such
deposited nickel bleck cathode has been prspared and chcess?ully

employed for the electro reduction of nitriles.

This invention coneists of threr stciec. in tne first stage
nickel biack is deposited over graphite plate; In the secgndvstagc
the aiectro.rmduction of nitrilee is carried out with nickel black
depusited over graphits plate as cathode qithcr in ammoniacal or
scid medium, In the third stagé, amines are isolatsd from the

elec trolyte,

In the first stags, nickel black is deposi;sd over graphite or
coppe hlafo by elsctrodeposition from a bath containing nickel sulphate,
rdckel chlorids and ammonium sulphate, The nickel black deposited‘

graphite slectrodes have been u;ed for 10‘timos in ammoniacal medium
 uithout much loss in yield afficiency and current efficieﬁcy of the
product.  In acid medium, the nickel dissolves slowly during

’

electrolyals and thus restrictino its use to thres times only,
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1.2 the escond etage, the reductions of nitriles havs been

carries out with nickel black deposited over grephite plate which

1s hitharto unknown.

In the semoniecal medium experimente, ths

cathoiy ta contains smmonium sulphate dissolved in ethanolewater-

ammonis mixture,

Used ay the catholyte,

In acld medium experiments, othanolic sulphuric soid ie

In both these medie, aguedtus oulphiitio

acid taicen in & ceremic porous pot, 1s used as the anclyte, More

than the theoretical current required is passed for effecting

maximus corweraion of the reectants.

3in the third stege, the amine is ¢ isclated from the catholyte

ss followes In the smmoniacal medium sxperimenta, after the

electrolysis ie over, the catholyte is distilled to rpoover aiconoa

The residus cbtained after the remgval of slcohol Ls allowsd to cool

orid 1 then extrected with bsnzens to remcve eny unrsduced nitrile

pressnt in the cetholyte,

After the removel of unreduced nitrile

from the residue, ‘i't is neutralised uith excass of sodium hydroxide

to liberate the amine.

In the acid medium expaeriment, the slcohol ia removed from he

cetholyte after slectrolysis is over, The residue is then neutraliesd

with excess of sodium hydroxide to liberate the emine, The exaiiples

of the experisents of the reductione of benzonitrile and benzylocyanide

are given below,

In the cass of banzonitrile, it undergoes

reduction only in the scid medium. Tha reduction efficiency of

benzonitrile in smmoniscal medium ia very poor. In the cass of

benzyloyanide it undergoes reduction both in the s0id and mmannkemi

smmoniacal media most efficiently,

EXANPLE 3

Te ,Emtmhcﬁdd.muon of benzonitrile in acid medium

.Cathode

Anode
Catholyte
-Anolyte

Bleck nickel deposited over 2 sq.dm area
of the graphite plate

Lesad plate pleced inaide oorous Dote
1.1 1itre of 10£ ethsnolic sulphuric aoid
600 al of 30X aquecus sulphuric asid
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Cur :ont pesgpod

Cei. woltage
Terosraturs of the osll
‘Benronitrile taken

Ber oy lamine ot

i ant pew;m:l

Yietd eftiefanny

Cur rant ef fluisngy

Erecgy cunsumption

10 ampe

6.8 to TV

Around 25%C

40 gme

22,5 om

14 times the thaoretical current
56.5%

37.5%

2. “lsctrochemical reduotion of benzonitrile in ecid medium

—

Cetode

Riola |

Cetrolyte

Arclyte

Currant pausad

Coll voltage
Tm%wz;yerat‘urs of the cell
Bioronitrile teken
Buryylamine cot
Cuzrent passed

¥ivld afficiaoncy
Current efficiasmcy

Energy consumption

3

Bleck nickel deposited wuver 2 sgedm
araea of the graphite plate

Lead plats placed inside porous pots

1.9 litre of 10% sthanolic sulphurioc
acid :

600 ml of 30X squeous -ulpt{uric acid
10 amps

wn

Around 25°C

SO gm

28 gm

1% times the theorstical currant
56%

38%

19.0 Keh/kg

3. ELlactrochomical reduction of benzyllcymida in acid medium

wam e

Cathode

Ancide

Catholyts

Anclyte
Carrent pasusd
‘Cail veltage

Tonperature of the ocell

Black nickel deposited over 2 sge.dm
arsa of the graphite plate

Lead plate placed inside porous pots

1.1 litre of 10% ethanolic sulphurio
scfid

600 ml1 of 30X squecus sulphurioc soid

‘10 anps

wn

- 20 to 25%C
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Berzyloyanide teken ] 80 om

Bota-phanylathyhnlm got ¢ 32 gms

Currant passed ] Two times the theorstical current
Yisld efficiency s 64%

Currsnt efficiency ] 324

Energy consumption ] 11,2 kith/kg

4, Elsctrichemioal reduction of benzylcyenide in emmoniscal medium

Cathode ] B8lack nickel deposited over S5 sqg.dm
,area of the grephite plate

Anoda s Load plate pleced ineide porous pots

Catholyte ] (NH‘)z‘SO dissolved in (131) alcohol=

watar xture containing aquecus
ammonia (Total volume = 3 litres,

6% (NH4)2504

Anolyte ] 10X aqueous sulphuric acid
Current pacsed ’ 26 amps

Cell voltage ] 9 to 12 V

Temparature of the cell ] 20 to 259C

Berzy loyanide taken s 200 gme

Beta-pheny lethylamine got . 3 104 gme

Nitrile recovered ] 18 gme

Dipheny lethy lamire ol t 34,5 gme

Ourrent passad 1 1% times the theorsticsl current
Yiell efficiancy i 57.1%

Qurrent efficispcy 34,6%

Ensrgy. consumption o 31,1 kil/kg

[ ]
The main advantages of tha inventions

1)  ‘The use of the deposited nickel bleck cathode ie sxpected to
bring down the cost of produotion of benzylamine end bate-pheny l=

sthy lemine.

' 2) The deposited nickel black cathode has besn reveed atlesst thres
times in sthanolic sulphuric aoid medium and 10 times in aguecus
ethanolie sswonium sulphate mediua.
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' In an ethanolic sulphuric acid medium, both-belzsrftide and
benzyluyanide have been reduned using’% deposited nickel black
cathode. The amines benzylamine and beta~phenylamine are isolated
from the reaction solution by neutralisation and;extfactigﬁ with
benzene |
Benzylcyanide was also reduced in agueous ethanolic ammonium
sulﬁhate medium using denoslted nickel black cathode. The product
hamily beta-phenylethlamine was isolated from the reécfion sqlﬁtion
by neutralisation and extraction with benzene.

The novelty of the proéess is the prepardtion'and.uoe of depostted
ntckol black cathode for . the first time in electrochemical
preparation of amines¢mentionad,above. The use of such cathodes
bring down_the cost of production of amines, This technigue can
be emploved for the preparatibn‘6f other arylakylamines.

ME CLAIM: | |
1. Process for the electrochemical preparation of arylakylamines
such as benzylémine and betanhenylethylémine by electrolytic
reduction of nitriies like benzénitrile‘and benzylcyanidé in
‘;ﬁhanolim sulphuric acid mediu@ characterised 1n'uéiﬁg”g erositéd'
nickel black cathode,

‘2. Proceﬂs as claimed in claims 1 sux=2 wherein the deposited
niokel black cathode 1s preparad by electrodenosition of nickel
‘black on a graphite baqe plate in 2§ bath containing nickel
su.‘l.pha.iwa‘l nickel chlnride and ammonium sulphate.

3 Process as claimed in claim 1 wherein the klectrolytie reduction
nay be ﬂ&rried out in an agqueous ethanollic ammonium sulphdte medium,
. The process as claimed in- claim 3 wherein the electrodeposition,
of nickel black is effeo»ed on a copper base plate.

5. The process as claimed in any of the preceding elaims. wherein

gqueous sulphuric acid in a ceramic pot 1s used us anolyte.
. = ,,‘2/ -
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0) The provees es Claimed in any of the preceding claeiwe uhor-h"%
the catholyte obtained is distilled to recover aloohol, ceoled end
then o4 extrected with benzene to remove any unreduced Mtrti-. the
residus 1o bhen neutreliesd with swcess of alkali to liberste the

anines,

Detad thie 22nd day of o-oqubn 197
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