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R io a&ZZ w?wm et ?neeg conceri: | |
- "BeitknownthatI, MAX BUCHNER, a citizen
: :_ __ofthe Gérman Empue remdmwatManuhelm |
- Germany, (whose post-office address is [‘med-—
-5 richsring 46,) have invented a certain new
. and useful Improvement in the Reduction of
- Aromatic Nitro Compounds; and I do hereby
~ declare the following to be a full, clear, and
 exactdescription of the invention, such as will
enable others skilled in the art to Whlch 1% ﬂp-
N perta,ms to make and use the same.

“This invention relates: to the art of 1edue—

-jlng nitro compounds, its object being the re-
‘duction of such bodies to the coueepondmﬂ |
- In this art it has hitherto been pos- |
- sible as a general thing to effect such reduc-
~ tion-only when the 1111:10 body to be reduced |
- was suspended in an acid-bath.
- special instances where such reduction phase
| was aided by apparently constitutional ‘con-
- ditions had it been possible to reduce 4 nitro
- body eleetrolytma,lly to the eoueepondmw |
' amin inan aleoholicalkaline solution. . |
- Zeuschrift fiir Electro- Chemie » V., P 113 and-|

' iRhode, 10ed, VII, pp. 328, 338. )

Only in some

"No gener al preetwelly avm]able process 1s,

]IOWGVGI known at the present time wher eby
oany mtro compound can be converted ] in suffi- |
o lelent qlmntlty into the corr esponding amin
from an aqueous alkaline bath, which Inay be

. a-solution or a suspension and 111,e.5pec131v

~ . bereduced.
" inthis

7 ofthe constltutwn of the starting material to.
-1 have found in my researches
eld that nitro bodies dissolved or sus-
- pended in alkaline baths or baths containing
~ asalt, oxid, or other compound of an alkali

i

© may be redueed to the corresponding amins

if a cathode, preferably one of coppel 18 em-
. ployed, together with powdered copper.

process conducted onthese lines, I find, willef-

. fectthedesired reduetwn with e,ll nitro bodies

- |  thus far examined. As an example I may
. state that with the aid of the same I have been

. enabled to readily reduce meta-nitraniline to
45 meta-phenylene-diamin, although Elbs and
. Kopp were not ablé to obtaln any diamin
~from the same according to their method
f;'_:'(Zeetschmft Jfinr Electro- Ohemee V, p. 108.)

. Under my process the curlent energy is as |

a general thing almost entlrely utlllzed 1n the

o WOI‘k of r edu ctmn the yleld n the COrT eepend

siderable 1oss of energy.
| pmtwulaely those existing in a liquid f{)rm

seription.

(Elbs |

The

- Ing amin bemu slightly less ‘Lhan qua,ntlta-
twe Only Whele the amin formed is chem-
1eally ehan ged by the alkali is there any con- =
‘The bases formed, 55 o

are isolated by very sunple methods, whmh B

are so well known as to need no detailed de- -
"The reaction takes place in the |
same manner if the solution or mixture of the 6¢
nitro compound in the cathode-bath is facili- -~

tated bythe addition of an indifferent organic
‘solvent, such as alcohol.

Moreover, the 0X1dS |
or salts of the alkalies may be repldeed by the

“corrésponding compounds of the earthy alka- 65 ]

lies, and these are therefore the eqmvalents -

of the former. |
The electrolytic reduction of the nitro

bodles aboveset forth out of baths containing

‘salts or compounds of alkalies or ear thy e,]ka,- 70
“lies may be combined with the production of
“alkalies or earthy alkalies and chlori in, which

involves a ver y considerable advanta,we over

the reducing methods from acid solutmns or
baths as hlthel to practiced.
found that the employment of a copper cath-
|. ode, though preferable, is not indispensable
in carrying out my process, but that instead

I have further 75

cathodes of other cathode mateucﬂe may be

.employed if copper or one of its salts or com- 8o
pounds be added to the electrolyte.
code materials which I have thus far investis
‘gated in connection with this process have
‘answered and led to the reduction of the nitro
“bodies. |
Jinvention, broadly considered, involves the -
use of an alkaline bath for 1educmﬂ nitro

-compounds to the corresponding amin in com-

‘bination with copper or a

All cath-
It is therefore to be noted that my 85

elt or eompound
of copper added to the electrolyte. |

By the term ‘‘alkaline bath” when em-
ployed in the claims I desire to cover either

o

‘& bath of alkali or earthy alkali proper or a -
‘bath containing & salt or other compound of

an alkali or eaethy alkali or amixtureof such g5
baths. Myinvention,moreover ,involves such
other steps, features, and m ethods as will be

hereinatter set for th and pointed out in the

¢laims. - :
In order to enable others to fully under- 100

stand my invention, I will now give a detailed

de‘ecl 1pt1 on of the same Wlﬂl the aid of anum- .
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ber of examples embodying what I consider
the plefelred method of carrying the same

1into effect.

I. Reduction of Nitrobenzene (C;H,. NO,) to
Analin (G, NI,). _

(a) Employment of a copper cathode wn
aqueous suspension.—An electrolytic cell is

separated into an anode and a cathode cham-

ber by a diaphragm. Into the former I pour
a concentrated solution of salt, (sodium chlo-
rid,) ordinary cooking-salt being advanta-

- geously-employed, and use in connection with

20

25

18 one of copper.

- 30

35

- the cell.

40

45

§O

- tie soda.

ent material.

the apparatus described. under .
1scharged with one thousand parts, by weight,.

j (NaHO)

the sanie an anode of carbon or other indiffer-
The cathode-chamber is pro-
vided with a good stirring device and a colled

pipe, which may serve both for cooling or heat-

ing the cathode-bath, according toneed. Into
the cathode-chamber thus equipped I intro-
duce the cathode-bath, as follows: I pour one
thousand four hundred and forty parts, by

weight, of a concentrated solution of sodium

eh101 1d fifty to one hundred parts, by weight,
of powdeled copper, and one hundred and
twenty-three parts, by weight, of nitroben-
zene. The latter is prefembly added oradu-
ally. "The cathode employed in this example
When all the materials are
added, the reduction is preferably carried out
with a current density of about fifteen hun-
dred amperes per square meter and a temper-
ature of about 80° to 100° centigrade.
cathode-bath is stirred, 8o as to keep the In-
oredients well mixed.
will under those conditions amount to about
five volts. The process 1s discontinued after

the amount of current calculated for the com-

plete reduction to-anilin has passed through
T'’he greater portion of the anilin thus

obtdined may be directly drawn off, while the |

rest may be isolated by well- known methods.

(b) HEmployment of a copper cathode in
alcoholic solution.—The cathode-chamber of
Example I*
of a fom -per-cent. solution of caustic soda
two hundred and fifty parts, by
welght, of aleohol, and one hundred parts,
by Weight, of copper powder, and the anode-
space with a twelve-per-cent. solution of caus-
To the cathode-bath so prepared

- there are added gradually one hundred and

55

twenty-three parts, by weight, of nitroben-

zene. The current density employed for the
electrolysis 18 fifteen hundred amperes per

square meter, and the temperature of the bath
-is from 80° to S6° centigrade.

A copper cath-

- ode is employed.

60

(¢) Employment of a barium-chlorid bath.—
‘I'he cathode-chamberis charged with one hun-
dred and twenty-three parts, by welght, of ni-

trobenzene, one thousand parts, by weight, of
a thirty-per-cent. aqueous solution of barium
chlorid, and one hundred parts, by weight, of

powdered copper,and the anode-space with a
thirty-per-cent. solution of barium chlorid.

The

The tension of the bath -

736,206

dred amperes to the square meter.
conditions ot the process are the same as 1n

Example I

(d) Employment of o platinum cathode

presence of powdered copper.—The electro-

| Iytie cell is again subdivided into an anode

and a ca,thode space by meansof a diaphragm.

Into the former, which is provided with a car-
bon or other indifferent electrode, a saturated
solution of common salt (NaCl)is introdueed.
Into the cathode-space, which is equipped
with a platinum electrode, an effective stir-
ring deviece, and a platinum coiled pipe for

cooling or heating the bath, there are intro-

duced one thousand four hundred and forty
parts, by weight, of saturated salt solution
(NaCl), and about one hundred parts, by
weight, of finely-divided copper powder. A
current of a density of fifteen hundred to two
thousand amperes per square meter of cath-
ode-surface is now passed through the cell,
and one hundred and twenty- ‘three parts, by

| weight, of nitrobenzene are gradually intro-

duced 111130 the reduction-chamber. The elec-

-The other .

:

80

Qo

trolysisis preferably carried out at a tempera-

ture of from 80° to 100° centigrade, and the
current is cut off after the quantlty of current
calculated to be required for the complete re-
duction has passed through the cell. The ani-
lin thus obtained is then 1sol&ted and purified
according to known methods The ylel_d 18
very good

(e) Employment of a lin cathode in pr os-

ence of divided copper.—The appa,latus and

| conditions of process and proportions are the

same as under the foregoing example, with
the exception that 1115136&(1 of a platinum
cathode one of tin is employed Theyield of
anilin 1s very good.

(f) Employment of a copper cathode in the
presence of euprous chlorid.—The apparatus
and conditions of process are the same as un-
der Example I*, with the exception that in-
stead of the copper powder about one hun-

dred parts, by weight, of cupr 0Ous chlorid are

added to the cathode bath

(g) Employment of a nickel cathode in the

presenceof copper sulfate. —The cathode-space
is charged with one thousand four hundred
and fmty parts, by weight, of concentrated
solution of common salt (\Ta,Ol) and one hun-
dred parts, by weight, of sulfate of copper
(blue vitriol) and eqmpped with a nickel cath-
ode. In other respects the conditions of the
process are the same as under Example I*.

I1. Reduczﬁmnof O?“thomzfrr‘ioluene(C{,H CH,.-
- NO,) to Orz‘hofolmdm (C . CH,. NH,).

The apparatus for carrying out the Process
for this reduction is arranged as in the first
example or Example 1%,
space one thousand four hundred and forty
parts, by weight, of saturated solution of or-

dinary salt, (Sodtum chlorid,) together with

from fifty to one hundred p:;uts by welght,

of powdered copper and one hundred and

The current density employed is fifteen hun- | thuty-seven parts, by Wewht of orthonitro-

05

IO

IC5

ITO -

115

[25

Into the cathode-

I3




o toluene ale mtroduced

78 5_;206-

- . the process is the same as under Example I°.

T

- Theresultant 0-13011116[111 is 1solated by known-
B ,jl','j*?.:methods BRI o

;j.-,:'IIT Reduczf@on of

NO,NH,) to- Zl[etaf - PhenyZeﬂe D?,cmmz
(O H, 2NH2)

_The apparatus @mployed and steps and con-
R ;jdltmns of the process under this example are
. thesameasunder the first example—viz., 1°—
. with the exceptlon that the cathode- bath 18 to |

. counsist of one thousand four hundred and

. forty parts, by weight, of a concentrated so-
lution of .ordinary balt fifty to one hundred

ﬁ - parts,; by weight, of comminuted copper, and

- onehundred and thirty-eight parts, by weight,

'j"*-f:*"of meta-nitranilin. The resulting meta- phen-—

- ylene-diamin after completlon. of the elec-
“ trolysis will be found to be partially dissolved
e and partlally suspended in the alkaline elec-
R It may be separated from such so-
2w lution or suspension according to well-known -
. methods.
Lo 28

R

o ,];:';,131 olyte.

‘The yield is about ewhty per cent,

.. of the amin is obtained according to my

3"5

-;'j'imethod which is contrary to theoretlcalwews
.. andtheexperiments made by Ebbsand Rhode,

- (Zeatschrift ﬁorE’Zecz‘m Chemae, XXII, p. 840,
1390,) which I'esulted in the formatlon of the

S o azo (30]]11)011]'_1(1

IV Reduction of

AZ ?m - N uﬁmnaphihcdm
(CpHLNO,)
(CIGH..-NH ).

?fo

Here again I p1 oeeed as undel Example I*‘* :

111t10due1nﬂ' into the cathode-compartment a
S mixture of one thousand four hundred and

- forty parts, by weight, of concentrated
. 40
. hundred parts, by weight, of powdered cop-
~ per; and onehundred and seve11ty~t111 ee parts,
- byweight, of alpha- mtronaphtha,hn There- |
- sultant: alpha- na,phthylamm 18 1%01ated ac-
43 cording to. known methods.
. It will be understood, of eomse, that in the-
o above examples one. cell or any desirable or
© ° suitable number of cells in a battery m
. employed at one time and that any conven- |
ient and suitable electrolizing apparatus may
. Dbe used, it being manifest that the process |
.. claimed. by me is not eonﬁn.ed to fmy pm ticu-
- ]’r{fifr“-;lfu form of apparatus. .

50.

' saltorcompound.

salt
(sodium- chlorid) 80111111011 from fifty to one

may be

1t will be noted thatin all cases | use a bath

_conmmmﬂ copper, either free in the form of !
SR _.'eommmuted eoppel or combined as a copper
IR Inall cases, therefore, the
'+ electric current is passed thloumh the b&th |
~ which may be a solution or a suspension in the |

??"é',";i?_G;':'i}__pleseIlGe of copper.

The bath is in'all cases

" an alkaline bath—that is to say, it contains a

-salt or a compound of an alkali metalor of & |
.. metal of the alkaline-earth series.

- kaline-earth metals.are for the purpose of this
:_-_mventmn the full equivalents of the alkali
ﬂct t]mt t]1e eleotl 01}Tt6~bﬂ;ﬂl

The

ﬂ/[eta - N afwmalm (b II -

As seen from this example, a very good yield

Atha - Waphzﬁhylfm?m.

These al-

L

mind in construing the claims forming part of
this specification.

ried out in some instances when the ingredi-

-ents of the cathode-bath are in solution and

in others when they are partly suspended in
the bath.
bath T express generically in the claims by

statmo that the substance. to be 1educed 1S

“mixed with the electrolyte.”

In the accompanying drawing I have 1ep—:'
resented one out of the many poss1ble forms

of apparatus and electrolytic cells for carry-
ing out the processinvolved in my invention.
| In the drawing, A represents the anode-

chamber containingtheanodeelectrolyte,and
a the anode C, the cathode chamber, contain-
ing the cathode electrolyte, and ¢ the cathode,
while d represents a diaphragm of any Suit-

ablie material for the qepala_mon of the two
electrolytes, according to the usual manner.

- S represents a smtable stirrer arranged’

te

These different conditions of the

In other 1espects ‘may contain either a compound of an alkali
‘metal or of an alkaline-earth metal for the
purposes of this invention is to be borne in

It 18 to be noted also that
the process embodying my invention is car-

75

8o

QO

within the cathode electrolyte, the spmdle or

B P, as shown, or in any preferred wayv.

| The 00011110 of the L.:Lthode-compartimeht.

Sh&ft S 0:[ Whl{}h may be connected 15,V1t11 any o
suitable source of power by a belt and pulley

95

may be effeeted by a cooling-coil T, arranged

| within the said cathode - eompa,rtment as
sald coil serving for the circulation of
| any (30011110‘ fluid, such as cold Watel |

shown,

1 clmm——- |

- I00

1. The process of reduction which consists

in passingan electric currentthrough thesub-
stance to bereduced in an eleetrolyte contain-
‘ing a compound of ‘an alkali metal or of an
_allmlme earthmetal,in the presence of copper.
. The process of reduction which consists

in passmn an electric current through a nitro

compound contained in an electr 01}’56 con-

taining a compound of an alkali metal or of

copper.

- 3. rJ‘he pwcess of reduction which LOHSIStS‘
in passing an electric current through the sub-
stance to be reduced in an &11{&]111@ eleetl O-
lyte in the presence of copper. .
4. The process of reduction which 0011515138_

in passing an electric current through a nitro

compound 1n an alkaline electlolyte in the

p1esenee of conper.

. The process of reduction which eous]sts«

1n. passma an electric current through a nitro

compound of the aromatic series conmnwd mn

an electrolyte containing a compound of an
alkali metal or of an allmlme—earth metal, 1n

the presence of copper, until the cou'espond-

1ing amin 18 produced.

| 6 The process of reduction whwh consists
in mixing the substance to be reduced with
an al]leme electrolyte containing copper, and
passing the electric current th.rcmgh the same.

7. T'he process of reduction which consists

105._.“ o

I10 .

| an alkaline-earth metal, in the. 1:)re<:enee of'

115
120

125

130 B
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=k

in mixing a nitro compound with an electro-

lyte containing a compound of an alkali metal

orof an a,lka,]me earth metal, and copper, and
passing the electric current therethrouc:fh

8. The process of reduction which eonsmts
in mixing a nitro compound of the aromafic
series Wlth an electrolyte containing a com-
pound of an alkali metal or of an elkeline-

- earthmetal, and copper, and passing the elec-

10

tric eurrent therethrough.

9. The process of reduction which consists |

-~ .In mixing a nitro compound of the aromatic

20

series with an alkaline electrolyte containing
copper, and passing the electric current there-

through.

10. The proeese of reduction which 0011515133
in mixing a nitro compound with cathode-
bath, containing a compound of an alkali
metal or of an alkaline-earth metal, and pass-
ing an electric current therethro uu*h in the

- presence of a copper cathode.

25

30

35

11. The process of reduction which consists
in mixing a nitro compound with analkaline
cathode-bath and passing an electric current
therethrough in the presence of a copper
cathode.

12. The proeess of reduction which consists

1in mixing the compound to bereduced with an
electrolyte containing a compound of an al-

kali metal or of an alkaline-earth metal, and

copper and passing an electme current there-
through.
13. The process of reduction which consists

in mixing the compound to be reduced with an

alkaline electrolyte containing copper, and
passing an electric current therethrough.
14. The processof reduction which consists

“inmixing the compound to be reduced with an

.40

/0

electrolyte containing a compound of an al-
kali metal or of an alkaline-earth metal, and
finely-divided metallic copper, and passing
an electric current therethrough.

15. The process of reduction which consists

In mixing the compound to be reduced with a
cathode-bath containing a compound of an al-
kali metal or of an alkaline-earth metal and
copper, and passing the electric current there-
through inthe presence of a copper cathode.

'16. The process of reduction which consists
1n mixing the compound to be reduced with a

cathode- ba«uth containing a compound of an al-
kali metal or of an alkehne earth metal, and

ﬁnely-dwlded metelhe 00pper and passing-

736,206

an electric current therethrough i in the pres-
ence of a copper cathode.

17. The process of reduction W]neh ecmsmts
in mixing a nitro compound with an electro-
lyte (301113&1111110 an alkali compound and cop-
per, and pa;s'sing an electric current there-
through.

18. The proeess of reduction which consists
1n mixing a nitro compound with an electro-

lyte eonteining a compound of an alkalimetal

or of an alkaline-earth metal, and finely-di-
vided metallic copper, and passing an electric
current therethrough.

19. The process of reduction which eonmsts
in mixing a nitro compound with a cathode-
bath eontemmﬂ* acompound of an alkali metal
or of an a,llmline-eerth metal, and copper, and
passing the electric current therethrough in
the presence of a copper cathode.

20. T'he process of reduction which consists
In mixing a nitro compound with a cathode-
bath eontemmg acompound of an alkalimetal
or of an alkaline-carth metal, and finely-di-
vided metallic copper, and passing an electric
currenttherethrough in the pre sence of a cop-
per cathode.

21. The process of 1'eduet10n which consists

in mixing a nitro compound of the aromatic

series with an electrolyte containing a com-

55

6o

79

75

30

pound of an alkali metal or of an alkaline- -

earth metal, and finely-divided metallic cop-
per, and passing an eleetmc current there-
through.

- 22, The process of 1*educt1on which consists
in mixing a nitro compound of the aromatic
series with a cathode-bath confaining a com-

pound of an alkali metal or of an alkaline-

ecarth metal, and copper, and passing the elec-
tric current therethrough in the presence of
a copper cathode. |

e

23. The process of reduction which ‘consists

in mixing a nitro compound of the aromatic
series with a cathode-bath containing a com-

pound of an alkali metal or of an a,lkehne-'
earth metal, and finely-divided metallic cop-
per, and passing an electric current there-
‘through in the presence of a copper cathode.

In teetlmony whereof I affix my signature

in presence of two witnesses.
MAX BU(JII\TER

o
.Ht"::

Witnesses: o |
- EDWARD KOBNER,
JACOB APRIAN.
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