14 PROCEEYIPERZBIAOUY K7 %N 1B BRKEROND OF THE | NVERI GROFPEFEG T84 t h
Invention The present invention relates to a pr 2

diam nes which are wuseful as starting materiali$FfQuim(gri oys pol e ,gl&gd »
and pol yurethanes. Description of the Prior Art Kndyl) IRGRG86$ESasdOr 10 aged
produci ng diam nes conprise feeding a solution obtja [ WY

i i WI]‘QM di 5%§@dviﬂn.gi.(9pagcd 31
o vent - ammoni a anh R AGEBECR OB EREDTELIS

cat &l ?/st_, 3 W0 paged L
/ subjecting thergy ¢ —

di al dehyde to reductive anmnation to obtain the corresponding

dianmine. These processes include: (1) one which conprises introduffaddeRt —)

di al dehyde into a reactor r.r ctive aninatj rate which is
substantially not hi gheﬁAt‘{gﬁqﬁg’u@%% ﬂlﬁ}ﬁfﬂ di al dehyde (see
USP 2, 636, 051) ; (2} one whi ch conprises hem acetalizing a dialdehyde by
di ssol vi ng Figldoof the lngemtiono| vent and introduci ng the obtained
solution into a _reactor for reductive am nation (see Japanese Patent

Appl i cation Lai @h@per® nec e nit741iyvionBion gnte {BYe pneamhixch ot Sesfafi xi ng a
di al dehyde with a diluting agent such as an al cohol while maintaining the
m xi ng tenperadreing nddampreet haWisickr] ace t herebyl suppr estiard if@ mati on
of hem acetal, and then feeding the obtained - 2 - mxture to a
reactor fomatetiehs fer narhawpanolysmddes and polyurethanes.

Description of the Prior Art

Known processes for producing diamines comprise
" feeding a solution obtained by dissolving 2 dialdehyde in
a solvent to a reactor where a hydrogenation catalyst, the
solvent, ammonia and hydrogen are present.. and
subjecting the dialdehyde to reductive amination to
obtain the correspondling diamine. These processes
include: (1) one which comprises introducing a dialdehyde
into a reactor for reductive.amination at a rate which is
substantially not higher than the consumption rate of the
dialdehyde (see USP 2,63836,051); (2) one which comprises
hemiacetalizing-a dialdehyde by dissolving it in anmn
alcoholic solvent and introducing the obtained solution
into a reactor for reductive amiﬁation (see Japanese
Patent.Applic'ation Laid-open No. 17413/1998); and (8)
one which comprises mixing a dialdehyde with a dilﬁting
agent such as an alcohol while maintainiﬁg the mixing
temperature at not more than 5° C, thereby supﬁressing

formation of hemiacetal, and then feeding the obtained
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JapanesePfent S Tt n A 8B R67 69999/ 1995). Besi des, one of} he
present inventors has found (4) a process which conprises, in the reductive
am nation of a dialdehyde effected by feeding a solution obtained by

di ssol ving the dial dehyde in a solvent to a reactor where a hydrogenation
cat al yst, a solvent, ammonia and hydrogen are present, using a nickel
catal yst carr,jed on ?‘2 | nor gani ¢, oxi dg as th‘?ug};drogenat_i on .catalyst. This

process makBdXONT bItR re? uskeBFtPhe 3% aldl W € an® B ide i ffisfes at
one step ang at a hi glp gi el d and | ow cost. . .See Japanese Pat ent plication
Lai d-open NO2PPIeSsE/Hasenthapdisaéipprokaid-eny ngNa 8389 Hlddt ks where
wat er and Raney_ni ckel are used as the solvent and catal yst, respectively.
This process, hB&evdes,pynanpénthpePyprapatotnyestiore beasadornd & nore
than 40% cannot be a commercial process in view of econony. The above
process (2)Pdio$eIsGs &k rh exammp d seiter bn nkk hanof ustige hamoin ahie Rafey ni ckel
are used as the solvent and catal yst, respectively, and can produce a
diamine at diblgdkhyidd dedfeapodit b30%feeidimeera aoduotilomg alt=ined | & up
test conducted by the present inventors (Conparative Exanple 7 of the
present spedissobtving)thehdiRbhdehynieckal ausedviemtt e neneakcbor nuhlead y
decreases its catalytic activity, thereby causing problens when the -2-
m xture toa ahydoacgomation cetalysve tde nabileent,Seemimpaiaseahat ent
Application Laid-open No. 69999/ 1995).

hydrogen are present, using a nickel catalyst carried on

an inorganic oxide as the hydrogenation catalyst. This

process makes possible re;use of the catalyst and can

produce diamines at one step and at a high yield and low

cost. See Japanese Patent Application Laid-open No.

196586/1995.

The above process (1) discloses Examples where water

and Raney nickel are used as the solvent and catalyst,

respectively. This process, however, by which the yield

of diamine is as low as not more than 40%, cannot be =

commercial process in view of economy.

The above procesé (2)"disclo'ses an example where

methanol or ethanol and Raney nickel are used as the

solvent and catalyst, respectively, and can produce a

-diamine at a high yield of about 90%. However, according

to a follow-up test conducted by the present inventors

(Comparative Example 7 of the preﬁent specification), the

Raney nickel used in the reaction markedly decreases its

~catalytic activity, thereby causing problems when the
_ s Wwhen 8
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TSNS &Lidl 73l FFETTAPON ~ . :
Besi des, one of the p?esént |Jnvean 50?%5-@%7 found (4) a process which P.8

conprises, in the reductive am nation of a dialdehyde effected by feeding a
sol ution obtained by dissolving the dialdehyde in a solvent to a reactor
where a hydrogenation catalyst, the solvent, ammonia and hydrogen are
present, using a nickel catalyst carried on an inorganic oxide as the
hydrogenat i félc 69k abMSkatallst PEOFESFe TRECT s PRSS! ‘Ell'ﬁ,sr pryze A chfyg, gt al yst
and can produce diam nes at one step and at a high yie é ang | ow cost. See
Japanese Pgtetq AR iCAl iANvil@l 950 86/1995. The above process
(1) discloses Ex%nplég mherevaaterféﬁﬁﬂﬁgﬁg§%%?§k6I are used as the sol vent
and catal yst, r egtiivel Yo o LN rocess,. however. by which the yield of
B bioV® oWl () 0ER Tt A EY Bn e P cFop Ao S

diamine is as | ow as not ret cannot be cess in

vi ew of eco e ve, .nr.oc (2).disclos exanpl.e where net hanol
or et hanol %gg}gﬁg-r%gyfﬁlp&aeﬁmanr eoettséeednggcfﬁéksoﬁ%@%dy&a}f o vt ‘,31“”
respectivel nd can _produce a di am ne, at high yield of about 90%
However , ac%%?gllgg chl’?%l | BRE B EELL E%ndﬁ}b’t%d °d%//ét he’ Pre8ent® i Mt ors
(Conparativ, ;ga he 7 of the.g esent specification), the Raney nickel used
in the react]oh® MRrketh P RBEFEAEYs its catalytic activity, thereby causing:
pr obl ens when ng processes. Reductive amnation generally byproduces.
wat er, which mednkPthdte¥REer | $9prekRpt idbene remtesohe zokd) ) Andhg t he

above prior art |iterature, only (3) Japanese
specification discloses in its Example 10 the reaction

results when the catalyst was re-used. However, there
the catalyst was re-used only once. The specification
.does not describe about the reaction results when the
catalyst was repeatediy. re-used or used continuously.
The present inventors have studied repeated re-use of the
catalyst in the process (4) (Comparative Example 1 of the
instant specification). As the result, the diamine yield
decreased from 92% on the first use and 91% on the
second use to as low as 82% on the fifth use. Accordingly,
with this process (4) the diamine yield decr.eaes on
repeated re-use of the catalyst, which means that the
process .ha.s a yroblem when used in a commercial
production of diamines where the c;talyst is continuously
used.

Accordingly, an o'bjeét of the present invention is to
provide a process for producing diamihes from the
corresponding dialde.h'ydels at one step and at a high yield

and a cost lower_ than that with the conventional
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Pat ént ApRTIERT B2 27 FEHEATD. PB09BHTIHo5 refers to this byproduced P.7

wat er . Even this literature gives only the description inits Exanple 1
the reaction water that formed is distilled" on work-up procedure
after the reaction. Wth this type of description, it cannot be
considered that water is recognized as having any influence on the
reaction sy | ts. Al t hough the very specification gives no '
descri ptio aﬁoutse the concentration of water during the reaction, the
concentration :3% ?Stl mated to, be 3.3% by wei glt at. maxi mum from reaction
conditions giv I’fé’rtéveUSIg’”E‘BSBlBSl (Sle"ee”(ﬂ)y) by pr ed 4EsFes A twhi ch use
wat er as sol é‘e natural |y gives no_description about byproduced water.
Wth (2) Jaﬁg’ﬂé PEA&H tARt i RAtPENiEaPHSSEAt IR0 LhETFEF 9D zomRe
anount of byproduced water is, fromthe reaction conditions described in
its Exanpl eXPW‘SuﬁBeb;F‘b‘hY BUPAEPBNATS biter awsny, wenbnt (3)Wd apaps)se
Japanese Patent £I I cation Laid-open No. 196586/1995, the anount of
byproduced Ratenti sApplbaatienr dextd orp eandVei 069 SRDB/IrI Dod riederss texanpl e
1, found by cal cul atlon to be 2.30% by weight. Accordingly, it is clear
that none ofhithebubovdyndédrwaters- &Evenl ithdsatliteratpay gdveentindy to
the influence of byproduced water on reductive amnation, or refer to
control of the deencitmtiwmtiion itef Encdmp lpr asenh ei B e alcht@o he st tiean thanre.-
SUMVARY OF THE | NVENTION As the result of an intensive study on the
influence formed  is distilled" on work-up procedure after the

reaction. With this type of description, it cannot be
co_esidered that water is recognized as having any
'influence on the reaction results. Although the ver)-'
specification gives no - description about the water
concentration during the react.ion, the conccntration is
estimated to be 3.3% by weight at maximum from reaction
conditions éiven there,

USP 2,686,051 (i.e. (1)), all Examples of which use
water aas solvent, naturally gives no description about
byproduced water. With (2) Japanese Patent Appiication
Laid-open No. 17413/1993, the amount.of byproduced
water is, from the reaction conditions descnbed in its
Example 1, found by calculation to be 3.4% by weight.
With (4) Japanese Patent Application Laid-ope_n No.
196586/1995, the amount of byproduced water is, from the
reaction conditions described in its Example 1, found by

calculation to be 2.30% by weight.

Accordingly, it is clear that none of the above pridr-
: SR diltics N
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on‘the ¥aH1ZEeE 88 M ST PHE BBRTEEMTAEE i on of waterin the reductive™8

.am nation reaction m xture, the present inventors have found a
‘process for producing di am nes by feeding a dial dehyde or a sol ution
obtai ned by dissolving the dialdehyde in a solvent to a reactor
where a hydrogenation catal yst, a solvent, amonia and hydrogen

are present, pnd pubj ool ng the fialdepyde,fo nedugiye painalhan reaction
| cess

to obtain the correspondl ng mne, said “pro conprising using an

al cohol i ¢ sp|vent, as the splvent and,effecting the reaction whi
naintaining€¥ g°€6ﬁ?@%t?ﬁ??%ﬁ 85‘méfgfcﬁﬁvfhég?égfffgﬁ’ni&ﬁu?%k%? 2%0 15%
by weight; to gch{ eve the above obgec . Acc d‘i"'nq to thg Fg(gce.lsns Q,Let he

present i nvERPEBRT Wi cH® Rart WS KRET 3 ¥ WD pridssV deéreal e &F Pthet et Vi ty of

the catal yst durjng reductive am nation, diam nes can be produced at a | ow
cost . That'?ﬁét’(&’g IR 8&n al coholic solvent and the mai ntenance of the
concentrationofwater in the Treaction nixture at 5to 15% by weight
can art literature pay attention to the influence of byproduced
wat er on reductive amnation, or refer to control of the concentration of

water present in the readtV¥MARY OSUNRAR ISV ERETEQMENTI ON As the resul t

of an intensive study on the influence on the . reaction results of the water

concentration ifhsthker s@geditvef am datiegysiveeptiidn oni kherdanflppacepresent

i nventors have found a process for producing diam nes by
on the reaction results of the water concentration in the
lreductive amination reaction mixture, the present
inventors have found a pi‘dcess for producing diamines by
feeding a dialdehyde or a solution obtaine§ by dissolving
the dialdehyde in a solvent to a reactor where a
hydrogenation catalysf, the solvent, ammonia and
hydrogen are present and subjecting the dialdehyde to
reductive amination reaction to obtain the corresponding
diamine, gaid process comprising uwsing an alcoholic
solvent as the solvent and effecting the reaction while
maintaining the water concentration in the reaction
mixture at 5 to 15% by weight; to achieve the above
object. | |

According to the process of the present invenation,

‘which can markedly suppress decrease of the activity of
the catalyst during reductive amination, diamines can be
produced at a low cost. That the use of an alcoholic

solvent and the maintenance of the water concentration

in the reaction mixture at § to 15% by weight can
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feedi ng A d aradhyare 78 *AF 58T I B8 Zed by dissol ving the di al delfrde
kn a solvent to a reactor where a hydrogenation catalyst, the

solvent, ammonia and hydrogen are present and subjecting the dial dehyde
to reductive amnation reaction to obtain the correspondi ng di am ne, said
process conprising using an alcoholic solvent as the sol vent and
effecting tge reactlo whi | e msu\%e bElng the water , concentration in the

reaction mXtBPESAE 5 t(§ TSRy © BELOH by @ SRS BhoVE oBj cBEV
Accordi ng tg g E qcess of the sent invention, which can markedly
suppress detreab®eo TY]b“ECt'WYF eqhe descniped iR P g cBEAPFvETE
am nation, dlanlnes can ge produced at a low cost. That the use of an
al cohol i ¢ sUIWPERE LR ahe mararchanacagtichragader WonBentPROFOAS i FP R he
reaction nlxture at 5 to 15% by wei ght can - 7 - hexadecanedi al ,
oct adecanedp BP 4 U Cizgd e X p e £bserikic mi n efsr amclieet! v dlidodats do dieaireasee. g.
2- et hyl oct anedi al, 2- nethyl nonanedi al and 2, 7-di net hyl oct anedi al ;
alicyclic defltshe caéagyst a01}81twctohe«aneﬁacaebahdhhydee on ﬂhdhp
cycl ohexanedi car bal dehyde, 3 (4. 8 (9 -
tricycl o[ 5.2rdd@jctdeanedistar balkdddleytd@ioradnd the2{3pbeoriab valuy wfl o |
2 . 2 heptanedi carbal dehyde; a n d aromati c di al dehydes, e.g.
t er epht hal atdehypeccess. dhdreRephi sind al dehyide. a These: @4 slehgedes than be
readily and at a |low cost synthesized by conducting oxo reaction of
unsat ur at ede @h dbitydes haye dgceas Bok fatdibmifed, NEFPQaent renewal of
the catalyst used necessitated by the decrease of the
catalyst activity requi_res'a complex procedure, thereby
decreasing the commercial value of the process. The
process of the present invention, which can suppress
decrease of the catalyst activity, can solve these
problems on commercial production and_ thus far better

than the conventional processes.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
Examples of the dialdehydes u.se'd in the present
invention include dialdehydes having skeletons of linear
and branched aliphatic hydrocarbons, alicyclie
hydrocarbons and .atomatic hydrocarbons having 4 to 20,
preferably 6 to 16, more preferably 8 to 12 carbon atoms,
Concrete examples are linear aliphatic dialdehydes, e.g.
butanedial, hexanediai, octanedial, rnonanedial,

decanedial, undecanedial, dodecane-dial',. tetradecanedial,.
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'“ A




sndl | er ‘BY 4o 24icd) Bt HETHEYT n 8 4FBT®4t ons in a nunber smaller by B:18
They can al so be obtained from cyclic olefins having the sane nunber of
carbon atons by ozonol ysis and the succeedi ng reduction, fromaronatic

hydr ocar bons having the same nunber of carbon atons by oxidation and from
di carboxylic acids having the sane nunber of carbon atons by reduction. It
Is desirable that the reactions be effected with the dial dehyde _seld havi ng
a concent r a8 £ 8A 351 ap ¢ i oho4 py ofeA g8 Arebip on t AR dei gﬁt‘cﬂﬁaﬂ’cﬁg‘la reaction
liquid. Wth the concentration being not nore than 5% by weight, |arge
amounts of Phengmechi &IAH&%"GI“-veHEag?e reesove?eeqtrhvltf’rféa%eegh?%tian and
purification processes of the obtained diamne, so that the process
beconmes of Bfdhylapmereiddrl vande. 2.7-&hm ethy locgameardialangaligreliche

-8 - concentration exceeds 25% by weight, there wll be forned a |arge
amount of pdighers, wii-€h decrbabeyelivhexepdionrbaddgibatde and 1.4-
deteriorates the catal yst used. Fromthe above starting materi al

di al dehydes¢y ¢ heh exand iglstrdialad hxder espondi ngly, |inear alBphht§@)-

di am nes, e.g. Dbutanedi am ne, hexanedi am ne, oct anedi am ne,

nonanedi anmi teleyclo[5d@chneld acanedicarbaldedopdedi andméd, dodédpfed)am ne,

t et radecanedi am ne, hexadecanedi am ne, ' oct adecanedi am ne

and ei cosaneikpeid{.2hnjbepatndédpbaibalddbaydaes, amd 2- aromatic

nmet hyl oct anedi am ne, 2-net hyl nonanedi amine and 2,7-

di met hyl oct &b£ld ebyde;s, alicyad.gc di amteasphehglaldeRyde and

isophthalaldehyde. These aldehydes can be.readily and at
a low cost synthesized by conducting oxo reaction of
unsaturated aldehydes having carbon atoms in a number
smaller by 1 or diolefins having carbon atoms in a number
smaller by 2. They .can aisc be .obtained from cyclic
olefins having the same number of carb.on atoms by
ozonolysis and the succeeding reduction, from aromatic
hydrocarbons havin'g the ;ame nur;tb-e: of carbon atoms by
oxidation and from dicarboxylic acids having the same
numher of carbon atoms by reduction.

It is desirable that the reactions be effected with the
dialdehyde used having a2 concentration of 5 to 25% by
weight based on the weight of total reaction liquid. With
the concentration being not more than 5% l;y weight,

" lasrge amounts of the ammonia and solvent are reéqvef;d
in the separatioh and puri.fication processes - of the
obtaiqed diamine, so i:hat. the proéess becomes of small
commercial value.. On the other hand, if the

o
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cycl oheXBRARR R G Ay (FEHY 1977 886-425-T36T | 4 (cycl ohexanedi met hanafi e,
3 (4), 8 (9) - tricyclo[5.2.1.0] decanedi net hanam ne and 2(3),5(6)-

bi cycl o[ 2. 2. 1] hept anedi et hanam ne; and aromatic di am nes, e.g.
p. xyl yl enedi am ne and m xyl yl enedi am ne. The al coholic solvent used in the
invention includes alcohols, diols and polyols. The al cohol s

i ncl ude al i ha"gelztl:Er Ll CX?L%% %gqéar ggr% » oﬁl;cogglﬁﬁt Tt‘g:*h got\glhc %gl vent

pref erabl y has™ ho car Créte exarrpl es

| i phat i hol.s thanol, egh hal |
2l conal . e OF A ?&%aemam'%ﬁ?w o Conbyin ez aﬁ%ha?egﬁs?"fer*pﬁﬁf%

al cohol, n-amyl_  alco anyl al cohol sec anyl al cohol, tert
al cohol , n- Wéﬂ&lf t ehéb‘!ﬁ'ﬁd’le ’rF%cf’t%lerﬂm"r?tes t(!‘c?nféﬁtallétsl oﬁsegxceeds
25% by weight, there wll fornmed a | arge anount of ymers, Whl ch

decreases the JWiidm &he pebaranies@rahaedar atpsial ediz béﬁdélsyst‘ §3&d. From
the above starting material dial dehydes, there are obtained,
correspondisng yobFahead.arpphaspe mhbsheegr adip haddraflipgines.

hexanedi am ne, oct anedi am ne, nonanedi am ne, g decanedi am ne,
undecanedi afrghe, M&aﬂédhmﬁm., hexanediamine, qetamedéamddian ne,
hexadecanedi am ne, oct adecanedi am ne and ei cosanedi am ne;

branched atophatddiamdiaw.nes, deg.ankdienlinleoct anedinahdgepnediamine,

2- et hyl nonanedi am ne and 2,7- dinethyl octanedi am ne; alicyclic

di ami nes, &odecaheRiaamdihehexanedi met hanam ne, tetradecanediamine,

1, 4- cycl ohexanedi net hanam ne, 3(4),8 (9) -
hexadecanediamine, cctadecanediamine and

eicosanediamine; branched aliphatic diamines, e.g. 2-

methyloctanediamine, 2-methylnonanediamine and 2,7-

dimethyloctanediamine; alicyclic diamines, e.g. 1,3-
cyclohexanedimethanamine, o 1,4-
cyclohexanedimethanamine, .. 3(4),8(9)-
tricyclof[5.2.1.0]decanedimethanamie and 2(3),5(6)-
bicyclo{2.2.1]Jheptanedimethanamine; and " aromatic

diamines, e.g. psxylylenediamine and m-x'ylyle:iédia"mi:'ne.

The alcoholic solvent used in the invention includes
~alcohols, diols and polyols. : The #lcohols include
aliphatic, alicyclic and aromatic alcohols. The alcoholic
solvent preferably has_ not more than -10. carbon atoms.
Concrete examples are aliphatic‘alcoholé, e.g. methanol,
ethanol, n-propyl alecohol, i-propyl al.cohol, n-butyl
alcohol, i-Eutyl ﬁlcdhol, sec-b'utyl alcohﬁl. téxt-butyl
alcohol, n-amy!l alcohol, i~a'my1 alcohol, Qec-amyl alcohol,

tert-amyl alcohol, n-hexanol, n-heptanol, n-octanol, n-
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' RN




tricycl 0 P93 Bj25GetalBt EPhAREME"3%and  2(3),5 (6)- P.12

bi cycl o[ 2. 2. 1] hept anedi et hanam ne,; and aromati c di am nes, e.g.
p- xyl yl enedi am ne and m xyl yl enedi am ne. The al coholic sol vent used in the
i nventi-on ‘i ncl udes al cohols, diols and polyols. The al cohol s

i ncl ude aliphatic, alicyclic and aromatic al cohols. The al coholic sol vent
preferably has _not, npfe thafhlo carbon at ons. Cbncrete exanpl es are

al i phatic a 583 B%d: P rhethargmelet 2atntanelor 8pgftanedonhdilicyelif opyl

al cohol , M al cohol i butyl al cohol sec-butyl al cohol tert butyI
al cohol , n- 3 ?Ra1%0hol® - & - arfl S LAk ORBR O Lsec ‘-'é(r?;ll"hél"dﬂﬁbﬁ garal. amd-

al cohol , n-hexanpl n he tanol, n-octanol :anpunt of the

al cohol i c s‘bﬂ'ﬂg hexylg géd\/‘alntaa’géo&s°Wr‘ilﬁp‘&(’,‘tylééh|3rﬂ?/l’ev91!)4 asedvRtit and

re-use of the solyent, while too small an amount thereof |eads to decreased
yield of #heobolgsgtgndenayhnrheoholnand @-pdeenslisthenmliodaslon of
the catal yst used. In the present invention, the concentration of water
present in the r eddilem ¢ orsd view lnmi ht2i meap an ed ivd, 150p3\p vwep gyt dbbaded on
the total weight of the reaction mxture, preferably at 7 to 12% by wei ght
on the sanelbdishstanediolkn@wm et lagl- désorrioyatn e dbole, 1, 4 taitankdhol,
conventional processes of producing diam nes by reductive am nation of a
di al dehyde, 2 up ettdh yalbdu 4 - B.uwA%sheyd il ,ghtl , G- poaitarn § &1 65, a3-aneehylil -
condensation of the dialdehyde wth anmonia. On the other hand,
accordi ng tpenitanmdixdnt 1@dnékandilble andcodcethydthen giyvel.erand i N
the reductive _

polyols, e.g. glycerine and pentaerythritol. Among these

alcoholic solvents having not more than 10 carbon atoms,

aliphatic alcohols having not more than § carbon atoms

are particularly preferred, since they have ©good

distillation-separability from the diamines that formed.

These alcoholic solvents may be used singly or in

appropriate admixtures of 2 or more.

If an alcoholic solvent having not less than 11 carbon

atoms is used, the solubility in the solvent itself of water

and ammonia will_ become low, so that the reactions

cannot be effected in a homogeneous phase. Besides, such

an alcohol is expensive, so that the process decreases its

commercial value,

There are no particular restrictions with respect to
the amount of the alcoholic solvent uséd., The solvent is
generally used in an amount of 0.5 to 20 parts by weight

based on the weighi: of the dialdehyde used, preferably 1

to 10 parts by weight on the same basis. Too large an
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anmi‘nat i o8 FEARROTR AT PaFE 7 PFeAeE&ary by addition of water fronf'3

outside the reaction zone, nalntalned within a range of 5to 15% If the

concentration of water is less than 5% by weight, there wll be

produced no appreciable effect of suppressing adhesion of high boiling

conponents onto the surface of the catalyst used, which adhesion

deteriorates the cat ! acL tti he ther ?and
15’% *By”

concent r at i*oR° (')"fnvva? xc% |gh‘ts hsa%\T'ae‘ﬁ?cfeog“r%ups of the
starting materi al dlaldeg% gartlall hydrogegahﬁ B unt of
the byprod®&&® s *Hrb 8ed’ '\/ﬁ‘ﬂ" ThefAnd et bt ° eh@r?
anount of the Icohollc S kvent I S dlsadv§gtaq%§3f pract ce in VIeM/Of
recovery arfibile ytaoorsadl s eftim o Bat 1“% ternefeds | eads
to decreased y|eId of the~ resulting . :diamne " ‘and to 'ser’i, gus
deteriorat Yol tRE cathd ystraseking t Héaghionent a|"h‘3/ent"|°on sggious
concentration of water present in the reaction zone is mai ntained at 5 to
15% by wei ittt i tge x iod theatahelymt wiedhe reaction mixture, preferably
at 7 to 12% by weight on the sanme basis. It is known, as described
above, that -Wint #heanvenerbnahvemidessedhaf cpmtmttﬁtamﬁe‘saﬁyr
reductive am nation of a dialdehyde, up to about 3.4% by wei ght of water
forns as a Feswntofn chredasatiion 2ne¢ his mia bh tiehyeld ati § tarkfhi by On
the other hand, according to the present invention, the water
concentratiwaighh balhed pnadudie \te tarh watiigdit refachieonegicti anemixturfe,
necessary by addition of water- from outside the reaction zone, maintained
within a _preferably at 7 to 12% by weight on the same basis. It is

known, as described above, that with conventional

processes of producing diamines by reductive amination of

a dialdehyde, up to about 3.4% by weight of water forms

as a result of condensation of the dialdehyde with

ammonia. On the'othe.r ha.nd,.ac'cotding to the present

invention, the water concentration in the reductive

amination reaction mixture is, if necessary By'addition of

water from outside the reaction zone, maintained within a

iange of 5_éo 15%. If the water concentration is less than

5% by weight, there will be produced no appreciable

effect of suppressing adhesion of high boiling components

onto the surface of the catalyst used, which adhesion

deteriorates the catalyét acﬁivity. On the other hand, if

the water concentration exceeds 15% by weight, the

aldehyde groups of the starting material dialdehyde will

be partially hydrogenated, The amount of the b&products

thus produced will then increase and hence the
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range of 9858431278 1L (FREN Y S BB1EETPPGti on is | ess than 5% by wei Bht?
there wll be produced no appreciable ef.fect -of- suppressi ng- adhesi-on of
hi gh boiling conponents onto the surface of the catal yst used, which _
adhesion deteriorates the catal yst activity. On.-the-other-hand,“if -the

wat er concentration exceeds 15% by weight, the al dehyde groups of the

tarti terial diald d i1l b ti,ally hyd ted., Th t of
The byprogdti1e SIS o pradhokntrames. [Renidets BhEc HaRAS hdn AR oY |

-11- selectiyity will decrease., Besides, the increased nt of, the
eoul t1ng MG HbI T8 h8 EBoRLRBS BAMEAHeA0R BARE Aile MG RFACHITEN al so
| eads to a decrease in the yield. The ammpnia for the reductive ?m nation
i s general IYP SRty ot Whish droakmBAcate @ (4R ToRRY iidh thiegdialds 5 to
50 nol ar equi val ents based on the noles of the starting material
di al dehyde, prifapmmenigofop Hbpeare daistidreAmsi it ko $aHe AT HY Too
smal | an anount of ammoni a decreases the yield, while too | arge an anmount
thereof is Wseddimntngasusundrofrasmealiapinpbbesresnsiondlicyik afriSnation
t hat produces diam nes fromthe correspondi ng di al dehydes can be carried
out by the twudi0 pmoeksses qEknabt sssofbahedcatal yee usablesf orf t Hbe
purpose are Raney catal ysts, e.g. Raney nickel, Raney cobalt and Raney
copper; andstcartingl mattaniatls ddatdrelsy dg, nptafsr fvy nd Ohytar e nmtdlar
activity, e.g. nickel, cobalt, platinum palladium rhodium ruthenium and
copper, carégedvadeateabh ehe S eash £ls B .ONEEOUSMadlt B.a dmioant of
ammonia decreases the yield. while too large an amount
thereof is disadvantageous for practical purposes.
The reductive amination that'produces diamines from
the corresponding dialdehydes can be carried out by the
usual processes. Examples of the catalyst usable for this
purpose are Raney catalysts, e.g. Rane}; nickel, Raney
cobalt and Raney copper; and carried catalysts comprising
metals having hydro'ge'nation activity, e.g. nickel,--cobalt,
platinum, palladium. rho-dium. r.utheni_um and copper,
carried om a carrier, such as diatomaceous earth, silica,
alumina, silica alumina, clay, titania, zirconia, magnesia,
calcia, lanthanum oxide, niobium oxide or 'carbon.. Among
these, nickel catalysts such as those carried on inorganic
oxides and Raney nickel are preferred. .Here, the carriers
used may contain alkali metals, alkali earth metals,
oxides of phosphi.ne or wmixtures of the foregoing.

Although preferred catalysts principally compriée mickel,

they may contain nickel alone or may be modified with
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al uni na, X6PHC2PR A h ™ 81 dy7 BPY4RT 452 rconi a, magnesia, calcia, P15
I ant hanum oxi de, ni obi um oxi de or carbon. Anong these, nickel catalysts

such as those carried on inorganic oxides and Raney nickel are preferred.
Here, the carriers used nmay contain alkali netals, alkali earth netals,
oxi des of phosphine or mxtures of the foregoing. Al though preferred

catal ysts principall onprise _nickel, they may .contai n.niekel al or may
be nodifie W"Sh" %’Af%a_ i 5 u?eedt,a f‘s‘cges’i‘srat‘):lo@a]?o léfﬁéctcoﬁépg’
reaction V\hf'llg f.eedi ng_ a di al-dehyde . or-~a sol i-o‘g -g)lf thel; igll.g%yde
di ssol ved i FRPECBHRRBnt FAPEARERt orf T RFed MW BAEREM yst T BERAGHent
anmoni a and hﬁir en; .at. a- ,ate-.s.l.omer-.ﬁt-ha,net.he.. hycfro enat.i.en rate Wth a
cont i nuous B% %g‘?“f”t' i & Y40 T BEREPHIAE  AF G oLV UP YR 1 e £ E8E ng
ammoni a, a solvent and dial de yse to a reactor filled with a cgtalyst, a
sol vent and®PatBhehf tihe Bithelstatabiebaheod FRALZAEA Yo ShTHIRRN Ty t he
reaction mxture alone, by filtration, centrifugal separation or
like methotlse 8espyednrepdtiopngateneapdadei €8 afivaldresednthefi A Bhe.
catal yst. fromthe reactor, then separating the catalyst by the same nethod
and then rethenragee o6 PrB1rdactih% e Wiedmhite kaisd obRaithed tath? be
purified to a high purity by the usual purification procedure conprising
distilling wfefigdrtnori ar emeltisob viiguidonprafereblyi énom xtheerhng@a whi ch t he
catal yst has been separated and subjecting the residue to distillation or
recrystalli@alitm-L0% by weight on the same basis. The catalyst may

be dispersed in the reaction liquid phase or used as a

fixed bed.

The reductive amination is effected generally at a
temperature of 40 to 200 C, preferably 80 to 180° C, more
preferably 100 to-140' C. If the reaction temperature is
lower than 40 ° C, the reactions will not proceed at a
commercially satisfactory rate. 1f the reaction’
temperature exceeds 200° C, byproducts will form in large
amo,u.nts". thereby decreasing the yield,

The reaction pressure, to which no specific limitation
is placed, is generally in a range of 40 to 200 atm.
Hydrogen may be addéd to make up the amount consumed
during the reaction, or it may be constantly circulated
during the reaction.

The reaction can be carried out by bateh or
continuous system. It is recommended to feed the

dialdehyde used to the reactor at a rate lower than the

hydrogenation rate. That is, where a batch-type reactor
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Q her fearltes &F ¥hé% ATERTT4h %E'I'f‘zsog%%rre apparent in the course of PHé

f.ol l ow ng descriptions of exenplary enbodi nents which are given for
illustration of the invention and are not intending to be limting
thereof . Exanple 1 A 500-m autoclave equi pped with an el ectromagnetic
stirrer was charged with 1.5 g of a nickel catalyst and -14 - 70.0 g of

n- but anol . .The he aut ocl ave vag t he I drogen under a
hydr ogen prlesssbl%e of ﬁ I%g/c %rrﬂb“th e ff]frfe”p ?ﬁ’ﬁer'é%/?fée/ g g

ammoni a was,; added and dr, s added t pressyre of rr] and
the autocl ave® SEREheht gé’t"g%} ‘Eﬁpé’r’atﬁre"’@f a'ﬂ?d’[ eP?] Ehey géf‘lfgﬁg;idg’t al

I nsi de pressure had, been T‘)usted by hydr ogen ig 00 kg/cn errl] a m xed
sol ution cohtsfhihgydm R godieRtggprobh By'%Fé%rnﬁ B V4tF a2 ofate yst,

1, 9-nonanedi al and 2-nmethyl -1, 8-octanedial, 70.0 g of n-butanol and 10.0 g
of water washtetobyepts #BURonda p@hhvdFagen.afnd RedatPohoWes &hem ed

out for 2 hours. During the reaction, hydrogen was successively.

suppl i ed suthetha[tdl‘twllaﬁwnpreSsurewllthsmdeDlthel‘-aﬁmac#avéemast is

mai ntai ned at 100 kg/cnferr]. The concentration of water in the reaction
m xture, whiehirgabhtet he edfiectothehe amattdo of owddle bfe edndensanimmndé. t he

di al dehydes and amoni a and the water added from outside, was 7.5% by

wei ght. Aftelvenmpistli dhaddehlysle aachai practbe filled siehnascakhdyed, t o -
cool and unreacted ammoni a was rel eased. The contents were then separated
fromthe caialweistbynfli hiydatdgem. t 0

The catalyst used can be re-used by withdrawing the
reaction mixture alone, by filtration, centrifugal
separation or like methods, or by withdrawing the
reaction mixture containing the catalyst from the reactor,
then separating the catalyst by the same method and then
returning it to the reactor.

The diamine thus obtained can be purified to a high
purity by the usual purification procedure compriéing
distilling off ammonia and solvent from the reaction
mixture from which the catalyst has been separated and
subjecting the residue to distillation or recrystallization.

Other features of the inventio.n will become sapparent
in the course of the following descriptionz of exemplary
embodiments which are given for illustration of the
invention and are not intending to be limiting thereof.
Example 1

A 500-m! autoclave equipped with an electromagnetic

stirrer was charged with 1.5 g of a nickel! catalyst and
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gi ve 136795t 28R B0 BBRFSCGHl ai ni ng. di amines. Gas P.17

chromat ogr aphy of the reaction m Xture reveal ed that” there was obt ai ned
36.5 g of a 80/20 (by noles) mxture of 1,9-nonanediam ne and S

1, 8- oct anedi ani ne and 0.2 ¢ of byproduced "ani hes havi'rig” hydroxyl group on
one end thereof. The y| eI d of the diam nes based on the di al dehydes fed

was found b g xgopf anhggrggglnlﬁreﬁe duid eka tocltziv

t hen repl aceg %yghy rogen fi s ssure o1 cr‘r{ err three
times. Ther eafter

anmoni a, was ydro en_was dtoa
pressure of *&B ﬁ(ﬁfg rf‘ggrfd’qen‘e AR T a?eqh%l‘g ﬁﬁﬁf‘eopf% B2F & nSdr cajj'[d[ﬁre of
140[err] C. Aftergthe total inside,gressure had been adj ust ed by hydr ogen
to 100 kg/ c}‘rféﬂ“] tarps dd et ut | P TRR HITE g 237, 5 §or ™™ 88130 nol es -
m xed |iquid nanedi al and 2-pethyl -1, 8-octanedial, 7
n- but anol d%fdl G"g‘pgﬂ@\éf’ér"-%ﬂeﬁggeérti ﬁdli‘reﬁ)“’fhe"ér.?t og‘lga{\‘ig' and
reaction vvas carried out for 2 hours. Durin the reactian, hydrogen
was successA®d ?hsﬂjr?diﬁ‘eﬁi%%hwﬁﬁaﬁ‘et’rfé*dt%la eaRRAF @t urgsiodel ¢
autoclave was maintained at 100 kg/cnierr]. The concentratlon of wat er
in the reacBiféarnid&ar 8otahi dmeide t heesamreofhade hasar 2diwstiedy by
condensati on of the dial dehydes and ammoni a and the water added from
out si de, wabyArogewytondiQhik e/ cxh fer conpred ool vfiahe arbeiiong 3 hed
aut ocl ave was allowed to cool and unreacted amoni a was rel eased. The
contents wegeofhend9épar hiyean 6loam mliredalaguitl b 1i9imaniagedial gindk 136. 2
g of the reaction m xture containing di am nes.
2-methyl-1,8-0ctanedial, 70.0 ¢ of n-butanol and 10.0 g of
water was fed over 1 hour to the autoclave, and reaction.
was carried out for 2 hours. During the reaction,
hydrogen was successively supplied such that the total
pressure inside the autoclave was maintained at 100
kg/cm? . The concentration of water in the reaction
mixture, which was the sum of the water formed by
condensation of the dialdehydes and ammonia and the
water added from outside, was 7.5% by weight. After
completion o_f the reaction, the autoclave was allowed to
cool and unreacted ammonia was released. The contents
were then separated from the catalyst by filtration, to
give 136.2 g of the reaction mixture containing diamines.
Gas chromatography of the reaction mixture reveeled that
36.5 g of a 80/20 (by moles) mixture of 1,9-nonanediamine
and 1,8-octanediamine and 0.2 g of byproduced amines

having hydroxyl gro.up on one end thereof. The yield of

the diamines based on the dialdehydes fed was found by

e
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Gas chr OTPAGRRHFL A7Vt HEV a2t (@8R 7P54%6F e reveal ed that 36.5 g of a 80

(by noles) mxture of 1,9-nonanedi am ne and 1, 8-octanedi am ne and 0.2 g of
byproduced am nes havi ng hydroxyl group on one end thereof. The yield of
t he di am nes based on the dial dehydes fed was found by - 16 - autocl ave
was allowed to cool down to room tenperature and the hydrogen rel eased.

Next, 30.6 f i qd, and the tenperature was raised to 160[err]C
under a hy(f%()lge‘lnlaaprgrggxsgro\gggf §§d{' atm A solution of 18.72 g of a mixture of

1, 9-nonanedi al xang ZyRIivL: 48 96L2negl 8l i o0 00 9 U 0e! RS

whi | e hydrogen"was Streaned at a rate of 2 our,
hi gh- pressure tering pu ver 4Q m nu .. After conpletion of jhe
f eedi ng, hfuarto{)%rﬁ/vasig?gﬁégegtrea d a%ﬁ%é'ﬁ[”élof‘]c fa(r)q)oﬁehour wi th °
stirring. The concentratjon Qqf ter in_ ther.eact i on mxture
becane 2.3% %@i"dﬂﬁr,‘%gycﬁﬁst'mut'écfw%%eméﬁﬁaéﬁsécft\ﬁét &F PS4 Han
di al dehydes and ammoni a. The concentration of the dialdehydes,fed in the
total reactifonth®graahEet109vine heet ghrat afher vdeddpafe tdte t hba Ridedyen
flow, the autoclave was allowed to cool and the pressure released to
at nospheri cdapedsenrthe diehdohydesf fedew antdA%st by filtration and
condensation of the filtrate gave 18.8 g of a crude product. Gas
chr omat ogr aphy Imevtdet etr @ ecrmda e odudte com atinmg weresrgpsfated foat ure
of 1,9- nonanediam ne and 2 -methyl-1, 8-catanediam ne, which

the 8rd, 4th and 5th times. The corresponding yields of

the diamines were 94%, 92% and 91%

In fhe 5 repeéted reactions, the decrease of the
diamine vyield wasﬂonly 5%, which proves a very low
degree of deterioration of the catalyst.

Comparative Example 1

A test for using a catalyst repeatedly was carried out
follow.ing the procedure be_low, while rcference was made
to Example ;1 of the Japanese Patent Application Laid-
open No. 196586/1995. |

A 300-ml autoclave equipped with an electromagnetic
stirrer was charged with 1.15 ¢ of a nickel catalyst
(nickel content: 52%) carried on diatomaceous earth
having a porosity-of 0.19 ml/g with pores having a
diameter of about 10 to about 100 nm and 63.0 g of n-
butanol. Hydrogen was then introduced under a pressure
of 60 atm. Thereafter,.the contents were heated to a
temperature of 160°' C and reduction was effected with the

catalyst at this temperature for 20 minutes. The
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I ndi cat essst 4aF3t2ﬁé3% 3?[&I”§/| é?ff o AT G i nes was 92.3% The above P-19
procedure was repeated 5 tinmes with use of the catal yst separated by
filtration above and the change of the diam ne yield was studied. The
results of the 5 -17 - repeated reactions are shown bel ow. 1st reaction:

Diamine yield 92% 2nd reaction: ditto 91% 3rd reaction:
86% 5t h reaction: ditto

ditto % 4t h reacti on; ditto. -
82% I n theaqéocﬁég’eeat% ® r’i‘g%\?:fvieodhs"‘,o Y %R 18 OISt dt BBA LSRN r om
92% of the fai rdst”}i ni? éo 82% f or, the*as%{ﬁi .e. decreased by 10% thus
proving a hidiert Hegl L8788 ¢ Rer&liedssd on N thd bt & Pdt 2D OSIFareiE wi t h
that in Exapple 1.dExgrrpIe 2 Exanple 1 was repeated except that 70.0
g of nethahof BRIUERE itiSPBETASM TR, Bag draimeslt Bhol 80ed G odatdirar it h
the cat al ys;1 adzrgothat 70.0 g of nmethanol was used instead of 70.0 g of
n- but anol ~ o YL §F XeBTE8FUTeoR ff 8. atia- cohcemtybiamnobildatrei of the
reaction m xture, which was the sumof the water formed by condensation of
the di al dehWiest Wi Sfmbfl -2 ameineldd alaperd didedthydrl . dwestalwedwal im 5% by
wei ght. The results of the 5 repeated reactions are shown below. In the
5 repeat ed 7Pef8c®i 6fsn-bMéangelcrvesse wbfile hbydiragiere wael dtnasmoad ya 6%
whi ch proves a very | ow
a rate of 20 l/hour, fed with a high-pressure ‘metering
Pump over 40 minutes. After completion of the i"eeding,
hydrogen was further streamed at 160° C for 1 hour with
stirring.

The water concentration in the reaction mixture
became 2.3% by weight, as constituted by the condensed
water of the dialdehydes and athonia. The concentration
of the dialdehydes fed in the total reaction liquid was
10% by weight.

After stoppage of the hydrogen _flow, the autoclave
was allowed to cool "and the pressure released to
atmospheric pressure. Removal of the catalyst by
filtration and condensation of the filtrate gave 18.8 g of
a crude product. Gas chromatography revealed that the
crude product containing 17.5 2 of 2 mixture of 1,9-
nonanediamine and 2-methy1-_1,8--,9:‘.Zaned.ia__m.i_ne,. which
indicates that the total yield of the diamines was 92.3%.

The above procedure was repeated 5 times with use of

the catalyst separated by filtration above and the change

of the diamine yield was studied. The results of the 5
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degr ee ofS H&R 7B P8 of ‘t’HT 83?“??/ ?t367 1st, reactjon:. ...Di am ne yiel 8?2295%'

2nd reaction: di tto 94% - 17- repeated reactions are shown
bel ow. 1st reacti.on: D am ne yield 92%2nd reaction, . . ditto 91%
3rd reaction: ditto 89% 4t h reactlon “diftto” - 86% 5th
reaction: ditto 82% I n the repeated reactions, the diam ne

yield decrgséqgattm@a%wt Ehﬁzg'a{ﬁ{g‘wtd & 1lQ 82% for the last, i.e.

decr eased 0% thus proving a |'ow degree of deteri oration of the

catal yst as co h that le 2 Exanple 1 was
RS VXI‘}B° Eﬁ%’?a’?‘ oid, 4EE

repeat ed excep was used instead of 70.0 g of
n- but anol fed té)g'gt herc th the catdal st and tggt% 70.0 g of nmethanol was
used instead of of°™: but anol 8 t he m x solution fed. The
concentration g ter i.n the react,i, F m xture %lch was the sum of the
wat er for med byg’i:%,arfoee’n%'&t"i”on of thé g % dehyde®®&hd ammonia and the water
added from outside, was 7.5% by vve| The results of the 5 repeated
reactions are shfuf $RIHBR2In the t](":,‘epeat ed $8&tions, the decrease of
the diamne yield was only 5% which proves a verAy | ow degree of
deterioration ofth e xetiginist ditto

In the § repegted reactiqns, the diamine yield'
decreased from 92% of the first time to 82% .f'or_the last,
i.e. decreased by 10%, thus proving a higher low degree of
deterioration of the catalyst as compared with that in
Example 1.

Exa le

Example 1 was repeated except that 70.0 g of
methanol was used instead of 70.0 g of n-butanol fed
together with the catalyst and that 70.0 g of methanol:
was used instead of 70.0 g of n-butanol of the mixed
solution fed. The concentration of water in the reaction
mixture, which was the sum of the water formed by
condensation of the dialdehydes and ammonia 'a"tifd the
water added from outside, was 7.5% by weight. The
results of the 6 repeated reactions are shown below.

In the 5 repeated reactions, the decrease of the
diamine yield was only 5%, which_proves a very low
degree of det_etioration' of the catal'yst..

“1st reaction: Diamine yield 95%

2nd reaction: ditto  94%
: aced

—
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1st reaclrdh® Zvagrnd T dr4 o8 97T P¥act i on: ditto 94% "%s.
3rd reaction: ditto 92% 4t h reaction: ditto 92% 5t h
reaction: ditto 90% Exanpl e 3 Exanple 1 was repeated except that
70.0 g of i-anyl alcohol was used instead of 70.0 g of n-butanol fed
together with the catalyst and that 70.0 g of i-anyl alcohol was used

instead of 70.9,q efaRthbhanol of §hgdr xéd sajaigion fed. The
concentrati on 01? water in the reaction m xture, which was the sum of the

wat er formed by,.gopden on of thg; diAl dehydeyszﬁnd ammoni a and the water
added from out st:ﬁdggnggk? 5% by wle‘iddght The results of the 5 repeated

reacti ons are | In the eat ed %ct ions, the decrease of
t he di am ne yi é:ﬁ%"‘@wglsg%gmévn 4% vvhl(g tg’?oves a 5{/(gry | ow degree of

det eri or at |£’anf i § cat aI yst.” 1st reaction: D am ne yield 95% 2nd
reaction: 95% 3rd reaction: di tto 93% 4t h

reaction: ditto 92% 5t h reacjion 1/oExa le 4
Exanpl e 1 was FeheBFE McBpe FRAE YR edta’n’bﬁﬁ?g B}Faﬁ tTBUPaﬁoI %anda vvé’ter of

h I f h f 7 f
(heomxed solunlon (e YIS M09 OT Po% § 0 Rl ah chiom

together with the catalyst and that 70.0 g of i-amyl
alcohol was used instead of 70.0 g of n-butanocl of the
mixed solution fed. The conc.e.nfration of water in the
reaction mixture, which was the_ sum of the water formed
by conden_sation of t..h.e d_ialdehydee__apd ammonia and the
water added froﬁ outside, was 7.5% by weight. The
results of the 5 repeated reactions are shown below.

In the 5 repeated reactions, the decrease of the.

diamine yield was only 4%, which proves a very low

degree of deterioration of the catalyst.

lst reaction: Diamine yield 95%

2nd reaction: ditto . 95%

3rd reaction: - ditto . -93%

" 4th reaction: ditto - 92%

5th reaction: ditto 91%
Example 4

Example 1 was repeated except that the amounts of n-
butanol and water of the mixed solution fed were-changed
from 70.0 g to 60.0 g and from 10.0 g to 20.0 g,

respectively. The concentration of water in the reaction
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r espect | PPy B TR AL ST YOS *Rat’@% i n t he reaction - 19 - mi e,
whi ch was the sumof the water forned by condensation of the dial dehydes
and anmoni a and the water added from outside, was 11.5% by weight. The
results of the 5 repeated reactions are shown below. In the 5 repeated
reactions, the decrease of the diamne yield was only 6% which proves a
very | ow degtee of deterigratiaon of the catalyst. 1st .reac}j.on: L.am ne
yield 94% éﬁax?‘e‘%{gti 0\$n:ﬁ;cﬁ Waistté(;he SuMg3%% 3? °r egcattie%n:“'%eddi H'o

92% 4t h reaction: , ditjo . 90% 5t h reaction: .ditto 88%
Conpar ativec°l“:'3<§ﬁﬁlsét2°l’:‘xa | &bg V\‘)’a"saglrdeeplé‘é &8 ARLpr PRE ™ A & el Sot
added to the m xed IHtion fed and that the amunt of n- butanol of the

m xed sol utY8fiefed dhedcHanged omvtehdre. Pastd 183 &Y ¥rds ncen?gé’ttion of
water in the reactign mxture, as foried by condensation of the dial dehydes
and ammoni £e ki3 ofo4hpyS Rapmetedheepctin®e oFe (Fe ¥ 88d4Fed reactions
are shown below. In the 5 repeated reactions, the decrease of the
diamine yield s 88 HnhitePreabed xmrgtiomdegibe ofcaetasPorati SR%of the
catal yst as conpared with the case wheré water was added. |st reaction:

Di ani ne yi dirBémentiekhctan: only @ towhich ppoyes a very low

degree of deterioration of the catalyst.

1st reaction: .Diamine yield 94%

2nd reaction: ditto 93%

3rd reaction: ditto 92%

4th re.act'ion':” -' ditto 90%

5th reaction: - ditto - 88%
Com tive a le 2

Example 1 was'repeated_..excep_t that water was not
added to the mixed solution fed and that the amount .of a-
butanol of the mixed solution fed was changed from 70.0 g
to 80.0 g. The concentratioh of water in the reaction
mixture, as formed by condensation of the dialdehydes
aqd ammonia, was .3.5% by weight. The results of the 5
repeated réactions are shown below.

In th-e 6§ repeated reactions, the decreas-'e of the
diamine yield was 11%, which shows a higher degree of
deterioration of the catalyst as compared with the case
where water was added.

lst reaction: Diamine yield 96%

2nd reaction: ditto 92%
: eptaced

’ "



-20- 3r PFREEE fRi3B 77 FEPi1%7 0868398 h reacti on: ditto £8%3
5th reaction: ditto 85% Conpar ative Exanple 3 Exanple 1 was
repeated except that the anount of n- butanol initially fed was changed
from70.0 g to 50.0 g and that the anounts of n- but anol” and water of the

m xed solution fed were changed from70.0 g to 60.0 g and from10.0 g to
20.0 g, respectqd Vel goncentr of watggei n the reaction mxture,
whi ch was the séurrf‘]ag%éaﬁée]%mter for%gp y condeﬁgatlon of the dial dehydes
and anmmoni a anq,gt r a,dded frgrqput& de, % 19.5% by weight. The
results of the rep 3 FeactionS ar® shown Dbelow. During the 5 repeated
reactions, the .,%I ani ne | eld decre? gﬂ to a | aég% extent and white pol yners
generated. The ekbr'é’eao %FEterioraf't of the al yst was hi gher than that

in the case . where water s ad edsl n a smaller amount. 1st reaction:
Di ami ne vyi M—Mf ditto 76% 3rd reaction:

ditto 62% 4t h ction: . itto 48% 5t h reaction: ditto
23% Conpar at i veEEi ?e h Ef&nﬁleé’eal"e\/gasex"r%lb%a‘t}bﬂt tthe b ot o g of

tetrahydrofuran was used instead of 70.0 g of n-butanol
butanol uut:ally fed was changed from 70.0 ¢ to 50.0 g

and that the amount_s of n-butan_ol and water of the mixed
solution fed were changed from 70.0 g to .60.0 g and frqm
10.0 g to 20.0 g, respectively. The concentration of water
in the reaction mixture, which was the sum of the water
formed by cc;nde-nsation of the d.ialde‘hydes and ammonia
and the water added from outsiae, was 19.5% by weight.
The results of the 5 repeated reactions are shown below.
During the 5 repeated reactions, the diaming yield
decreased to a iarge exteﬁt énd wﬁite p-olyxlnets génerated.
The degree of det.eltior.ati'o:: of t.he cat'élyst ;va; higher

-than that in the case wh.ere wate-rf vw'r'as édded in a siéller

amount.
-1st reaction: Diamine yield 84%
2nd téaction: ditto S 8%
3rd reaction: ditto 62%
4th reaction: ditto ' 48%
5th reaction: . ditto 23%

Comparative Example 4
Example 1 was repeated exé_ept that 70.0 g of

tetrahydrofuran was used instead of 70.0 g of n-butanol
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21 . fed o toget Rers W Wi a7 B8F=%5t®2nd that 70.0 g of P.24
t et rahydrof uran was used instead of 70.0 g of n-butanol of the m xed
solution fed. The concentration of water in the reaction m xture, which
was the sum of the water fornmed by condensation of the dial dehydes and
ammoni a and the water added from outside, was 7.5% by weight. The results
of the 5 refeptad g&€ACtONg;18Le FREWN Duying 5 pgat ed
reactions, the di agm' ne vyi el d éecrggseaw%?%&l(’/ﬁh\?\hi E’:Egtshéﬁsst h&t ?Fle
degree of detelioaat! f .3l taj yst s hi gher, than that .in the case
y %599&; CEe L “PS%A@?FOH? %Dbaﬁi o& A&t 948l ond

wher e but anol was” used as solvent. 1Ist"Teac

reaction: ditto 90% 3rd. reacti.on:, . ditto . 85% 4t.h
reaction: of tl-‘cﬁt (E)xed sol§%1%n5gﬁdrea eofioncentrption of wa %iEkarrpIe
5 Exanpl e was .repeated. except that, 37.5 - of

3(4), 8(9)-tr|?:yéleg[cggﬂf‘l.'ﬁ]‘ﬁgﬁéﬁedi“’clé’rblél d’eﬁdghemg“ﬁse%‘ iRt edP AT 37.5 g

of the m xture of (])!%9- nongnedi al, and 1, 8-octanedi al (80/20 nolar ratio).
The concent ¥t P84 St v BAemP atien eabition Aialde by dusi an dasd = Mo B of
the water for HEd by condensation of the dial dehydes and anmoni a and the
wat er added® R fofhSut¥rgar weded gdsom eryhide. THasr SsB1% sbof wabght.

r epeat ed r,lgactions are shown bel ow.
he results of the 5 repeated reactions are shown below.

During the 5 repeated reactions, the diamine yield
decreased by 21%, which shows that the degree of
deterioration of the catal'y;t was higher than that in the
case Where .b\ita'n.ol was used as solvent. |

lst reaction: Diamine yield 9'4%

2nd reaction: ditto . 90%

3rd reaction: ditto 856%

4th reaction: ditto 81%

5th reaction: ditto 73%
Ex e 5

Example 1 was repeated except that 37.5 g Bf
3(4).8(9)-tricyclo[5.2.1.0]decanedicarbaldehyde was used
instead of 37.5 g qf'.the mi.xtu;e of 1,9-nonanedial and
1,8-0ctanedial (80/20 molar ratio_). The concentratio;a of
water in the reaction mixture, which was the sum of the
water formed by condensation of the dialdehydes and

ammonia and the water added from cutside, was '6.8% by

weight. The results of the 5 repeated reactions are
shown below. | |
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23 - fiTTETSI TR A R Tt or ¥R he reaction liquid in the rehcTor

at a volurme of 50 M. The concentration of water in the reaction m xture,
whi ch was the sum of the water formed by condensation of the dial dehydes
and anmoni a and the water added initially and fed from outside, was 10. 0%
by wei ght. Every one hour, portions of the withdrawn reaction m xture were,
after renmoval ef apReni § e LYRAPO§ atd Ofle+ iU ECLEE 1 Pe ORSa 60T QAL pHlaPNY.
The diam ne yield was foundlféc/) change as ‘fgﬁows. Afteer 2?) hours, the yield
was, althoygh wehR A HELT GASE I nggi negy ;3 geQd ;| g4&ly Jowlhe

t ot al produc?l on of yt/%e di gfnasnes?ng?t i's Z‘g-hﬁgur IEII(;,*:';ctionas was Y161°.‘§ g, and
the average; vi 00 i S a at al yst consunption per 1
kg of di arn'dn%él\ﬁ/avéassj %Pgle%.]eIQAfOPe;rﬁfEﬁggrt:ﬁQD%%{ngeesctYi eld 94% After 2 hours:
ditto 96% After 3.hours: «. ditta 3% After 4 hours:

ditto 939 Af g?cglﬁgms: Diamipg gdeld 96% 0 After 10 hours:

ditto 92% After 15 hours: ditto 90% After 20 hours:

ditto % FEA SO Exanpl 8155 &xampl e ¥ ®as repeat ed except that

t he amount of n- butanol, fed together with the catalyst was changed from
21.0 to 24.5 g3%hItAfF 188 er was AU initial?P, that the

4th reaction: ditto 93%
Sth reaction: ditto 939%
a le 6

A 100-m]l autoclave equipped with an electromagnetic
stirrer was charged with 1.44 g of a nickel catalyst, 21.0
4 o_f n-butanol anld 3.5 g of water. -_The air in the
autocllave was then 1replaced by hydrogen under a
hydrogen pressure of 10 kg/ecm?2 three times. Thereafter,
10.5 g of ammonia was added and hydrogen was added to a
pressure of 50 kg/cmZ , and the autoclave was heated to a
temperature of 140° C. After the total inside pressure
had been adjusted by hydrogea to 100 kglt:m2 , & mixed
solution containing 8.75 parts by fveight of a 80/20 by
moles mixed liquid of 1,9-nonznedial and 2-methyl-1,8.
octanedial, 19.52 parts by weight of n-butanol and 2.36
parts by weight of water was fed to the reactor at a rate
of 30.63 g/hr. At the same time, ammonia and hydrogen
were also fed at rates of 183.13 g/hr.-and 10 1/hr,
respectively. Co.ntinﬁou reaction wag effected, while the

reaction mixture was withdrawn through a sampling port
/
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- 23 - (M PERWRRR R T T e PR3 Rd3F the reaction liquid in the rBstt or
at a volunme of 50 m. The concentration of water in the reaction m xture,
whi ch was the sum of the water formed by condensation of the dial dehydes
and ammonia and the water added initially and fed from outside, was
10.0% by weight. Every one hou’r, portions of the withdrawn reaction

m xture wergq @it evhtg?”PVﬂ 1] 3cobyk§é’€p9£@t Qe t3b R %I;%qldt Qngas

chromat ography. The dianine yreld was found to change as follows. After 20

hours, the wiegl p'e%?u hENQUGR NG 630 48CTPRSE. %hgahmfgﬁqat%n g ¢ good

| evel . e tota uction o i am nes hour reactions

vas 1613 dy 304, (0 tﬁ;;er%qectxl 5| ey 24 7ou TR ﬁowm LN 0343l Yt

consunpti on iamine was am ne yield

0, 0, (y
g\?t/oe'rb\f ZeLoﬁrgqurs f“dmtto 'B5° °°%é%“%fgté)é?ﬂ’geélgﬁdgour§ialdelt‘lyql ttO“534% o3%
After 10 hours: 92% Aft 5 hag 90%
After 20 holg@onia ﬁf‘f"t othe e %Cd'n%éféu'\ﬂs‘ E)?&H)I é”SgE){a%)l b 5™as
r epeat ed excegﬁ%hat t he ampunt, of n- hut an%‘tfed toget her with the

catal yst wa%% Sed¥Porh®LP % b¥ Feight. ( R¥ety QAfch oM RAJddons

initially, that the - 24-
of the withdrawn reaction mixture were, after removal of

ammonia by evaporation, subjected to gas chromatography.
The diamine yield was found to changd as follows,

After 20 hours, the yield was, although with 7%
decrease, maintained .at a good level. The total
production of the diamines by this 20-hour reactions was
161.3 g, and the average yield ﬁds 91%. This means that

the catalyst consumption per 1 kg of diamine was 8.9 g.

After ) hour : Diamine yvield 954%
After 2 hours: .  ditto . &%
Aftexr 3 hours: ditso 93%
After 4 hours: ditto 93%
After 5 hours: ditto 94%
After 10 hours:’ ditto ' 92%
After 15 hours: ditto 90%
After 20 hours: ~  ditto 87%
Co rative Exa e 5 |

Example 6 was repeated exéept -that the amount of n-

butanol fed.tog”ether with the catal.y.s.il: was changed from

RN RS

21.0 to 24.5 g that no water wad added initially, that the
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amount ofP BT &gt TF TR e §B% SR 8h fed to the reactor was changé%f
from19.52 parts by weight to 26.58 parts by weight and that no water was
added to the m xed solution, to effect continuous reactions. The solution
was fed at the sane feed rate of 30.63 g/hr as that in Exanple 6. The
concentration of water in the reaction mxture, which originated only

from the paLSln,’QeMaly bya £8NIGHSAN PN oal, dd1e dhakdehyden apg amoni a

was 4.0% by weight. The results o our reactions are shown bel ow.

Ater 20 hoursddie whs! dulSer easede Y ks GPIPA 3 Ve JEERTPLE Getxaml e 6

was repeat except at t nounts anol wat er

together with_the catalyst wer,e.changed from21.0 te,18. f. 3.54¢
to 5.86 g, praelé%)seglf’fv‘éfﬁgﬁgnantdhéﬁat%hgoa%%% st ﬂang gta}ﬂ%d?/\lé%grm of the
m xed solution fed to th? react or, were changed from '%?. 52 Eagtos bxavgei ght
to 16.02 patTHP Reitgnt FERRF £ORRIS BB pFTES B Wi gh St 5057 85° BaP &€ by

wei ght, respectively, to effect continuqus reacggons. The ,soh&tion was fed
at the samd¥bef thice s8m gofend gite &F BRaf 3 B/ hxatp o dt inpfixample
concentration of water in the reaction mxture, inclusive of the water
formed by cdndehd&t P HFnthRt iR Rl BENYHRES farid® ahibnF 48 chadD 18 IR YRR mei ght .
The yield after 18 hours was 51% thus showi ng 43% decrease in 18 hours.
Tabl e 1 sunt@iches qtigimasidds opil¥i ndd oim Eﬁgﬁpl ewgter . d@rmedydy was

charged with 75 g of nethanol, 7.5 ? of Raney
condensation of the dialdehydes and ammonia, was 4.0%

by weight. The results of the 20-hour reactions are
shown below. After. 20 hours the yield decreased by 23%.
arative Exa le 6

Example 6 was repeated except that the amounts of
the n-butanol -and water fed together with the catalyst
were changed from 21.0 to 18.2 g and from 3.5 g to 5.86 g,
respectively, and that the amounts of n-bu':.anol and water
of_the mixed solution féd to the reactor were changed
fro-zﬁ 19.52 pﬁrts by weight to 16.02 parts by weight and
from 2.36 parts by weight to 5.86 psarts by weight,
respectively, to effect continuous reactions. The solution
was fed at the same feed rate of 30.63 g/hr as that in
Example 6. The cv-)ncentration of'water in the reaction
mixture, inclusive of the water formed by condensation of
the dialdehydes and aﬁmonia, was 18.0% by weight. The
yield after 18 ho.urs was 51%, thus showing 43% decrease

in 18 hours.

Table 1 summarizes the results obtained in Example 6

24
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ni ckel ang B9-5 %G B 72mibH 47Ty 79ds i ntroduced to a pressure of P28
lkg/cnferr] and the autoclave was heated. After the inside tenperature of

. the autoclave had reached 120[err] C, hydrogen was further introduced to an
i nside pressure of 40 kg/cnferr] . Thereafter, 119 g of a nethanolic

sol ution obtained by dissolving 27.3 g of 1,9-nonanedial and 11.7 g of

2- et hyl - 1, clcylg of .met ol was fed into the autocl ave
with a hi gh§prqessur§ rreate&eng‘oxpﬁﬁfqove "{g@rs During the feeding of the
met hanol i ¢ solution, the inside of the autoclave was kept at a tenperature
of 120 [err] C. Si rrultaneously with the stoppage of feeding the

met hanolic solution, the condslabléon of hydrogen stopped and the
reaction term nated. The reaction m xture was allowed to cooI and t hen

the catal ystf was separated by ffiltration. S chronat ogrfa reve51_d T hat
t here was o Bixtmpke 6f gag“hﬁ | ‘B?ar g tive
2-met hyl - 1, yield of amp ?npd dila "n‘}a‘Ep 284 op

t he total d|

;tﬁ/ calfculation to be{90% The sane
t retdred by filtrk8i®f was

aldeararnd  faor f bt IhAr /Ifurmc nd
T r\vapu UT T UTTreT T Iy 2y

d. The resultg are shown bel op.

procedure ag 4l ys
used i nst ead

t he change df

-26 - stirrdr |washeharged witly 75 @4% nethanol ,95% g off Raney sickel ajpd
59.5 g of arnnuma, —Hydrogemwgs—Ttroghice

2 hours ~96% 95% | 93%

8 hours 93% 93% 92%

5 hours 94% 91% 90%

10 hours ' 92% 86% 83%

15 hours 90% . 80% 64%

20 hours 87% 72% Reaction could

' noet be’
continued.

Decreas.e of ) _
yield from 7% 23% >43%
1-hour value

Average yield 91% 85% 76%
Amt. of di-
amines produced 161.3 g 130.1 ¢ 134.7 g

Catalyst con-
sumption/kg 8.9 ¢ 11.1 ¢ .10"7 g

Comparative E;am.pule.7

A test for using a catalyst repeatedly was c?rned out
following the procedure below, in accordance' with
Example_l of the Japanese Patent Application L.aid-open _

No. 196586/1995.

A 500-ml autoclave equipped with an electromagnetic
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to a preSSeRRRTES Y EM%I 17 W6a%9n&ut ocl ave was heated. After tH&29
Insi de tenperature of the autoclave had reached 120 [err] C, hydrogen was
further introduced to an inside pressure of 40 kg/cnferr] . Thereafter, 119
g of a methanolic solution obtained by dissolving 27.3 of 1,9-nonanedi al
and 11.7 g of 2-nethyl-1,8-octanedial in 80.0 g of nethanol was fed

into the auipclave with hi gh- pr.ess nmeterin unp r 3 hoyrs. During
the feedi ngéglf"t%re et h%ﬁﬁf?gqsé"[’lftﬁﬁ l(U)Jlrnse & 1o F’rﬁs’%ﬂgng}? %g’ zful"gc#é‘\}’e”(/vas
kept at a te ratur f 120[ery] C.  Sinultgneously with the stoppage of
f eedi ng th@gpﬁﬁ*?hﬁﬂgl |q°'c9 jssé g @rﬁ‘m?ﬁéacon@éiﬁﬁﬂgcﬁf‘ Bﬁshﬁﬂﬁégéﬁlc%‘gopped |
and the reaction term naéed. The %eaction m xture was. al |l owed to_cool,
and then tht° chtBI 312 hase spleg Bm By * PPt thei amto cdad ecmamdt vdfaphy
reveal ed that there was obtained 35.6 g of a mxture of 1,9-nonanedi am ne
and 2- met hyftersthodnsicty deimacerptang efgthe 2ndoghesenba ddramiched based
on the total dial deh¥des fed was found by cal culation to be 90% The sane
procedure ab28bove. ehodrogdmt whe dardihest ietoveneddbytd i hir giti gl enas
used instead of 7.5 g of Raney nickel was followed for further 4 tines, and
the change pfeshurdi afi 4 Yzééw dvas BhadeedterTHel 9 esulft a8 aretlshonhi del ow.
-28- What is clained is: 1. A process for producing diam nes by
feeding a @¢kktidydobtarine dobyt | dissobtiaiped 7.8y ofli 450+ iompan é dial

and 11.7 g of 2.methyl-1,8-octanedial in 80.0 g .of

methanol was fed into the autoclave with a high-pressure

metering pump over 3 hours. During the feeding of the

me;hanolic solution, the inside of the. autoclave was kept

at a temperature of 120 ° C. Simultaneously with the

stoppage of feeding the m;thanolic solution, the

‘consumption of hydrogen stopped and the reaction

terminated. The reaction mixture was allowed to cool,

and then the catalyst was separated by filtration. Gas

chromatography revealed that there was obtained 35.6 g

of a mixture of 1,9-nonanediamine and 2-methyl-1,8-

octanediamine. The yield of the obtained diamines based

on the total dialdehydes fed was found by calculation to

be 90%.

The same procedure as above except that the catalyst
recovered by filtration was used instead of 7.5 g of Raney

nickel was followed for further 4 times, and the change .of

the diamine yield was studied. The results are shown

below, . |
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di al dehyd® 247 255 Lt JBHT 1747 9865925788t or where a hydrogenation P-32
catal yst, a solvent, ammonia and hydrogen are present and subjecting
t he di al dehyde to reductive am nation reaction to obtain the corresponding
diam ne, said process conprising using an alcoholic solvent as the
solvent and effecting the reaction. while maintaining the concentration
of water in t r t.ion m xture at 5 to J15% wei ght. 2. The
process for pro ucirr?gaa%lé’%'nes g@@d‘?ﬁ?ﬁg’fﬂ% éio%l, wherein said al coholic

solvent is an Zﬂllt}:lghol a&?i ol . or pol ygl process for producing

. 3.
di am nes accor g 16 EF 5 I 1, wher 3tk °sai-d alagvgﬁ%l ic solvent is an
aliphatic al cog,{)l havi ngieno.t nore than 5 carbop atons. 4. The process
for producing df TR HERY ding t 1449 one of 78%ims 1 through 3, wherein
sai d di al dehyde, i s nonanedial, 2-nethyloctanedial or mxtures of the

fore going. 4uiy reqgthon’s | ai nddtEe: 1. €58 process for producing

di am nes by feeding a dialdehyde or a solution obtained by dissolving
the di al dehyde St{hTeactigfivent tditho reacto#8%here  a hydrogenation
catalyst, the solvent, ammonia and hydrogen are present and subjecting
the di al dehyde ¥ régucrevesani teet onfr etdet i ae ctor ot di IR ¢ heycoxidspbndi ng
diamine, said process conprising using an alcoholic solvent.as the
sol vent andetabesting the reativity whafeer the reaction decreased

markedly.
Obviously, numerous modifications and variations of

the invention are possible in light of the above teachings.

the appended claims, the invention may be practiced

otherwise than as specifically described herein.
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mai nt ai nigﬁg84 %?1(322%\5@ & ITENEET BT ETTH the reaction mixtu t 5 fgl
15% by wei ght. 2. The process for produci ng—d—i—a-ﬁﬁﬂmﬁﬁ to Caim
1, wherein said alcoholic solvent is an al cohol, dj h ‘\ (\ﬂ“\S The
process for producing diam nes according to C ai mma‘ma‘\ﬁ \‘ d

al coholic solvent is an aliphatic al cohol having" ¢ e hd&n 5 carbon

atoms. 4. whdPgaPe? r..produci ng di am nes according to any one of
Clainms 1 through 3?, V\Eg?l}linqsséi d di al dehyde i s nonanedi al,

2- met hyl Oth!'edi aleﬁrogLégurfeosr gi-odtuhc%nfgorsiggxiiqxgés by feeding a
dialdehyde or a solution obtained by dissolving the
dialdehyde in a solvent to a reactor where a
hydrogenation catalyst, the solvent, ammonia and
hydrogen are present and subjecting the dialdehyde to
reductive amination reaction to obtain the corresponding
diamine, said process comprising using an alcoholie
solvent as the solvent and effecting the reaction while
maintaining the water concentration in the reaction
mixture at 5 to 15% by weight.

2. The process for producing diam_ines according to
Claim 1, wherein said alcoholic solvent is an alecohol, diol
or polyol.

3. The process for producing diamines according to
Claim 1, wherein said alcoholic solvent is an aliphatic
alcohol having not more than 5 carbon atome.

4. The process for producing diamines according to
any one of Claims 1 through 3, wherein said dialdehyde is.
nonanedial,. 2-methyloctanedial or mixtures t;f the

foregoing.
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