i‘rom aloohol and mmnonia under high preasura, conditions ror tho ,yhg‘rdro'gonating
amination of ketonea ond aldehydea ware atudied., ; C ,

-Ths aldohydes required ror thie prooose 'viore obtained by dehydrogonation
-of»tlwwoorteaponding~firaotions~rrom—bm-—iaobutyl—-ou.eynﬂwuie..-&hia.pmooae.—mr_
mits.to. teparate .the. aldehydea comparatively purely which. 1o an advantage over ‘the'
tedious: oepamtion of ‘alcohols. ‘According 40 ‘the! German ‘patent 621629, hydrogom»-a
tion in the presence of ammonia io carried out ueing metallio nickel as oa.talyat.
8irice catalysts of this type are easily posoned and sincs, on the other hand, =
aldohydes contain impurities in the form of sulphur. oompoundo , the. lwdrogenaung
amination in the presence of sulphm'-resistant -catalysts:was attempted. ‘The fol«
lowing aldehydes and ketones were- ‘converted into the corresponding amines using a
sulphuwr-containing catalyst: ZIsobutyraldehyde, 1soanw1n1dahyde. 1sohoxylaldelwdo,
isohoptylaldohyde, acetone, methylethylketono, G-mthylootanone-z [(-*) kotone),
isobutyrone. - . _ .

NN N L T e e e

Catalyst 118 This catalyst was used almost exclusively for the hydrogenating
' amination of aldehydes and ketones end ropresents a nickel-
tungoton sulphide catalyst which had been obtainsd by wet pre-
oipitation; its composition iz 2Ni18.WSg, This: catalyst is
already fully aotive at 200°C. and gave a practical conversion
" of 100%,  Only at temperatures above 310 - 320°C. a small
amount - (2%) of -hydrocarbons was formed. : ‘Ite activity remained -
constant for deveral weeks. After romovol from the reaotor,
not the. slightect trace of a chemical or mechanical effect on
the catalyst was found. On the basis of. these extromaly favor="
ablé proporties, the experiments to convert aldehydes and - :
. kotones into amines were exolusively carried out: with this .
oatalyst.. Only for the hydrogenating mninaﬁon of 1sohutyra1de-
. hyde two_ oﬂmr oatalyote wero tested. . . ,

ca.talyat 68/2 Thie oatalyat has tho same. composition ag oatalyat 118 but haa
B been mrepared.in a difforent way. (mixing of dry WoOg and mcos
with eubsequent sulphurization). ' This catalyst gave £he sems -
, results as {118, except that at-lower’ tomperatm‘ao (220 =
- 280°C.) it gave. aomwhgt lmr yielda. IR RIS

S
I

<;nta;y+ 1630 ThiaEataliat laja copper-ohremiur-zdne o%talya* of ¢ oaij»

. sitipn 1 mple Cu{l mole ‘Cril mole Zpn. It 4s less eotive tha
the pulphu 1zzzjtokel tungsten cathlyst, L 1t only redots

‘temporaturés of §20° - §40°C, At those tenperatwres m oonva\m
. aldehydes to s only to sp;;. It aluo\ has leoss monhanioa‘l

'a’f;r ‘ogth ' eufi'erod ) vol deor 50 40% ﬂn the.

antiq; proouure oﬂr aoo s .940 nllg.) 1bho oomo iio»n of ino-
into inobuf:ylnmlﬂw wis puot ully complete at: anomhreo ‘abow o

experi‘ '

r
i




R | ,af‘.‘i’iér&e?aoﬁl"‘é oxper

£111ed with 46 cubic: inches of niokel«tungst

et o osstor of ' lo

abﬂ"tSfaotm [
lyst #118, With a

of & longth o
en gulphide- cata

fboaﬂ : léminé

LN

“temperature 340°C. (644%F.). ng bef
. obteined consisted of about 85% isoanylenine aud 157 diisoarylanine,

IéovheAﬂ» lamine -

apacs velocity varying Trom 06 - Led ond. Y
26 rang ing from 220
ing a product

1126, 1141 and 117 at temporatur:

conversion of 98 .« 99% was reached yield

8. mojar TR nldohyde-to-ammonia-of-
= 130090, (428%F, = 6447T%), .4
{aontadning about 70% mono- -

4

isobutylanine, 267 dilsobutylamine and. 5% highef boiling substamoss.

.~ " From the hoat of reaction whioh
oulated .that at a ratio of §0:co.
1iters .of ammonia, the reaction c
cold gas. Whén higher aldehydes or ke
be reduced corresponding to the higher

-i8-23,
‘formsldehyde 3 1, drogen a1 D!
an. be carried out without the necessity of adding.
tones sre reacted the quentities of gas-cen .
moleoular weight of .these compounds, Whoreas

9 k oal. por mole, 1t has been oal-
000 1iters of hydrogen and 1,000"

-

the quantities of ammonia and hydrogen required for the reaction of -nmr moleoular
_wolght o¢mpgg§da,, ©. ge, aootono, must be somowhat inoreased. - S '
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Jeoamylamine was prep

ared analogous

%o isobutylemine at the following

conditiong: 80 co. of niokel sulphide-tyngeton sulphide. oatalyst #118, 60 cos

isoanylaldehyde, 800 c0. Iiquid ammonis,

-300 liters
i Thepressure

. The space veloocity in thege. e:petm;nte

frosh anmonia gas per. hour,
The emines

wag the same ns before.

was’ vai'i_ea ‘a8 compared to those

- previously ostablished and 1t was. found that up to a space velooity of 2 volums -

- of reaction gas per volume of catalyst per hour,
The yleld in this case wag:94% of amine calculate
=further :‘iMrease?fin?ij&gp’:fspace'zvalocityeis;:;notz_;

\'\

* yield of primary amine increases.
_oandary amines are formed, wh
" -gecopdary amines

MEE"“\M .

'tHis réaotions pr
enizo. end 16.2% of -gec

quentity of heat of Teaction to te dissipated.
“be without effect on the ratio of .primary

controlled by the ammonie corcentration.
that found for isobutylamins, which means.

ereas
wore formed( . |

by

1:{_;1)9(1_’., At'3
| 1sohoptylan
yious xpor
o8 ‘¢nd at

_ Tio hylrogemating
pviously ‘des

'Fm?;'," f

- At 3400C.
at 200 (soo%.)'»-s?.z%

St e
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nation '4bf“1abho’1'1;rby1a1d hydef;\bqueé{ls analogous
2000, |(644°FF).

22000, (428°F.) €0} 4% B

the yield was still satisfactory.
d on the aldehyde charged.” A .
aconomicnl since. it inoreases the
" The throughput rate was found. to
to eocondary eminos which was solely -
Tho temperature effeot.was similar to -
‘that with inoreasing temperatures the .
(644F.) .78%. primary and 16.47% se-
prizary and 33.2%
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74,7% of primary isohoptyl
°;‘arve form oAthGr tﬂmp aturesd - UEel

nts, the retio shifts elightly toward
ary gnd 3646%
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Hanufecture

200 atm. (2,940 ‘psig.) over: the nilokel s
‘mwl_léﬁi’ﬁdéﬁc‘e;ofwnm“ onie-and ydl'Og,en,*an ;
and hydrogen = 1 ; 18 s 18, ‘it appeers as if 80 =
.been formed. ‘ et A A

- If the enalytical determinatlon of monoisopropy. amine ‘18 oarried out by
distillation instead of using the ‘method -of .Briner and:Goutillan,’ the ylelds are .
_coneiderably gmallér because condensetion reactions of unknown: nature ooour with
acstone in the method of B. and G, For the TAnUf AOGUra Of ~MONOIB0Pr Opylanine on &
gomewhat largor coals the Pollowing mothod s Voot sulteds " 60 liters of acebone;
200 liters of liquid ammonie and $00 cubic meters of hydrogen are passed at 320°C.
at 200 atm. over a nickel sulphide-tungaten-sulphide.»aétalyat with.a space velocity
of 1 caloulated on licuid feed product. The reaction product is liguefied by
cooling ‘and the pressure roduced to 10 atm. At ‘this pressure the excess ammonia .
is distilled off.  After removal of the ammonia fractiocriation is continued at at-
mosphierio pressure. The crude isopropylamine is further purified by distillation.
In this way,ly'{elds of ‘monoisopropylamine of nbout 607, based on tho acetone. row
eoted, are obtained. The remainder of the ncotone iec converted into higher boiling
basic products of rather complex nature, Because of these side-reaotions iso-
propylamine is comparatively expensive in spite of the eapily available and cheap

~atarting materialy e e . i e

e e d e

2-Aminobutane from Methylethylketone

This amine has been made 'by paseing 25 cc. of. me'bhylothﬁkotone with
300 co. of liquid ermonie and 300 liters of hydrogen per hour: over the nickel
sulphide-tungsten sulphide catelyst at 300°C. Co :

. ‘Undor these oonditions 70% of the product were-Z-aminobutane; the e~
maining 30% consisted.to 607 of higher boiling products. Interference by side~
reactions is loss than in .the case of acetone. o

" Glothyl-2-aminooctane from S-¥ethylootariome-2 = =~ "%

_..This amine was obtained by hydrogenating amination of the: subject ketone:

. under:the-follaving=conditi onss--80-0c.-catelyst #118, 26.00._of feed_per hour,

/300 6c. of ammonia, 300 liters of hydrogen at 300°C, ' The yield of distilled pri-

. mary amine.was- 80%.  The ketone seiving as raw material is obtained by dondensa~ -

~ tion of ‘isohexylaldehyde with acetone, followed by hydrogenation of the-olefine .
formpd, .-~ . PN SRR SRR

‘direqtly as/one of the pro- -
is pasged owsr nickel sulphide-
et 320° and| 200 atm, prossure,
mooth reaction, - The ‘ratio of |
mone, 400 1itbrs hydrogen and
Sy P R R

S S s
R PP

" 2,4-Diniethyl -3-sminopentane from isobutyrons o
S L ——

L . *| Isotmtiyrons |(dilsopropyl! tonq#‘isgo'l tainad

~duots of $he isgbutyl oil synthesip. If, this lmtone.

_ tunpeten oulphide,  togothor jvith-ammonia end hydrogen

2,4dimethyl-3-uminopentans is obtained in a rat

reagents vsed was 80 co. of patalyst, 40| cc.’ iso

fliq’u d emmondas |-
B

:300/ c05" 0
. Proboratitn of Seconddry Amdpes | [ L
SR R R FE RN &

5 " 8inco 1t da mot afble to control”¢he delydroganating enination of -
a vay: that| only tocondary ehisios are obtained and

“alptiydos e Itono |1neug
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.-.m.reaemn.praductwmmgemmmmmwntl:r oonwrted mtc. the

‘secondary base., Thsse reactions can l}ye_carried out oither
taneously. .

vaeparately or aimulw »

Socondary’ Aminaa by the 2-Stage ‘Process

The rollowi.ng aminos were prepared by this methods - Dneobutylamine,

di-n-propylemine, diisopropylamine, n-apropyl:lsobutylamine. R

Diisobutylamine

The condensation of isobutyraldehyde with isobutylamine to the
Schiff base tekes place by simple mixing of equi-molecular amounts of
““the two oompononts. Since the redction takes place’ ‘gpontaneously with---
strong heat formation, it is adventageous to drop. the sldehyde 4nto the
stirred amine and control the dropping speed.so that the temperature of -
the reaction mass does not exceed 60 ~ 70°C. The same results are ob-
tainod when amine is dropped into aluehydes. '

The water formed in the course of tha redotion separates out _
as.a lover layer. In order to keep t}me ‘solubility of water in the re-
action mass small, it is desirable t6 work with the lowest possible
excess of aldehyde or amine, The Schiff boee can be directly hydro-

- genated to diisohutylemine without further purifiostion. The nickel
tungsten-sulphide catalyst i118-is used for-the hydrogenation of the N
Schiff base, Hydrogenation 13 -carried out continuously at tempora.tux'ea
between 220 - 240°C, The hydrogenation of the base can be: ‘oarried out
‘with wide variations of. ‘ths‘ reaction conditions-without effeoting the .
ponversion. AL “temporatures-varying-between- 2209-81nd-2409C - and- prea-

* gures varying from 20 £0.200" atm. a.lways almoat complete hydrogenation
wasg o‘btained. , . ‘

v Tha heat of reaotion i‘or the hydrogenation was—found to 'bo
10 8 k .oal, per mole. It wag- calculatad that the- temperaturo rises:

. 21,7°C. ‘when 500 liters rogen are reacted with 38 grams of stchif!‘
base go that this ratic mo'bably éan be uged-in|. commeroial o.otic\
»'without ﬂm‘; nace. sity cf adding co] gas. Tr

',O"

") . 3
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Di-nr-propylamina

t wasvi'ound tho.t :fhe rea obion oonditFons wlF;ch m»re uajd in

T I

“the pre__v_'loLs ‘ox riments could not 'e aim&:ly applied the synth pia ‘

__»_ofj_-;'di_a-hfpropylam nee .l LT :
R N, Lﬁ: waa‘ found that 4Lhéh opylam‘ine is\ reaot d- witlk the cor-
reepwondin@ ‘aldeliyde, mhrl; onl};‘( the euxpected Sohi\l‘f 'basdb de fﬂbrmod. but

-\furtwher rch’don\ of. tw 1aomr»xeny1a+1dehyd\e with\ n-pro pylamiue tokes
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Inopropylamine was reaoted with aoetone 1n an autoolave ‘at,
160°c., and ‘the- ‘oondengation produot wag: aubaequently hydrogenuted at
200 atm, with catalyst #116 at 240°C. The reaction of acobons with
" fopropylemine con bo' carried out at room ‘temperature very easily in.
_contraat_tn.tha.mm.n..g_.i&.QMYIamine, which probably .can be oxr-

_plained by the docreased reactivity of - iaopropylamine beoauue ol‘ tm
ﬂeighboring methyl group. : ‘ )

n-!’ropylinobutylamine TR S ; ‘ N

‘l‘hia mixed secondary amine could be easily synthesized by
preparing-the Sohiff base from n~propylamine and iaobutylaldelwde and
}wdrogonating it at 22000. ’

Secondary Amines by the l=Stage . Process

The - experimonts vere oarried out in such & way the.t the condeneation to
the Sehiff vase and hydrogeratien were not carried-out- aeparately but-that - tha
ronction was caried out in the presence of hydrogen.

As an exemplo, €. §., 20 c0. of aldehyde were passed over the nickel
sulphide-tungsten sulphide catalyst topether with 60 co. of methylemine at a tom=
perature of 180°C. and a prossure of 200 atm. using 200 liters of armonie gas.
The yleld of seoondary amine was, on the average, 96%. The emtire water formed
.during the reaction io carried through the reactor and is separated by aubsequont

dehydration of the distillate.

condanaation of ketonee with methylemine in the presence of hydrogen
omn -bo carried out in the same way. .

, Tertiary Amines

““For the menufascture of tertiary mmes ths fonowing—pcssibiutiea are
avnnu‘ble: '

1. The reaction—of aloohola with dimethylamina B .
) z.3 The reaction of primary aminas “with dmethylether. '

L .
The :eaoti n oi‘ chlortn ted h_ ocalLbons with dirmtm_ :

. 'The yiolc\ls obtaLined hw reactiona 1 and, 2 are a’;ﬂeﬁactbf{
‘the high temwperatumres rec\[uired vhich result in the disp oportionatio\n of amino

alwa*\rs givew prima‘ry and secom\iary aminea 8 'by-;\rroduoto. -

. d_et\hpr an
: F 1 Tns third pothod s aieeionlt 'boo ee of tho’ xon-a"‘, 11abi

4 ity or‘-;mr_a., o
droo }'!1911,3 with Tre than 3 SN

'«:jﬁmi t'ed r
A w mothod !’qir e aynthe\nia of tert ry

‘the cow‘ureo‘o} ; he ‘l,_invaaltigationl. 4

a WJL. ,mlovar. | round wm




‘ ‘oompounde.
i- 1soemy1a1demde

—and that this reaction would proceed faatermthan the }wdrogenaﬂ.on of 1aoam'laldo-
hyde. - By replacement of the hydroxy grouj 1';the 1ntemediato compound by hydrogen‘
it was possible in this way to prepare dig@_thylisonmylamine. The-exporiments. were -
ocarried out at low. temperatures in order - avoid- disproportionation of dimethyl- .
amine into methylamine, trimethylamine an

monias - Catalyst #118 was again uged,
At 1809C, a ‘mikture of amines vas obtpinsd-which contained 90% of. the tertiary
amine, It is imperativo to work below 200°C; since at ‘higher’ temperatures the
formation of primary and seconda;y/ginines becomes too predominant. oo





