" DEFGe3e~~LL6DT*u PROCESS FOR PRODUCI NG DI AM NES BACKGROUND OF THE
I NVENTION 1. Field of the Invention The pres&nt invention re
process for producing diam nes fromthe correspondi ng di al de l’ m’m’m’l
di am nes produced by the process of the present invention are us.%ngL* as
starting materials for polyam des, polyurethanes and |ike polyners,;” as well
as starting materialBROCEGSH i oi® BRheRiRQMDU CIN @esdriAMIONES the Rel at ed
Art Various processes are known for producing diam nes by reacting a
di al dehyde wi th amoni a and hydrogen in the presence of a hydrogenation
catal yst, as exenplified below (1) USP2, 636,051 discloses a process which
conpri ses feeding a dialdehyde to a reaction vessel containing amoni a,
hydrogen and a hydrogenation catal yst, at a rate which does not exceed the
consunption rate of the di dxshyRieyNandFsAdRs IV ERIIMN e where a di am ne
was obtained in a yield of 60% wth use of a catalyst of Raney nickel and
a solvent lof Wa¢kd. of2rhdapanese iRat ent Applicati on Lai d-open No.
17413/ 1993 di scl oses a process which conprises feeding an al coholic
sol uti on of aTdiealpdedpede: tinBefieaohi @r lzares contai mr 6ge as hyfdrogerati @ing
catal yst, a solvent, hydrogen and ammoni a, and shows, in its exanples that
a di am ne dnzemObé 8 fFedn Nclde Yicelrd «Gfp Bfd Ond 0494 16%h yidsh usehef dca xmidd yst
of Raney ni ckel and a solvent of methanol or ethanol, and that no use of
such an produced by the process of the present invention are useful as
starting materials for polyamides, polyurethanes and 1like
polymers, as well as starting materials for various chemicals.
2. Description of the Related Art
Various processes are known for producing diamines by
reacting a dialdehyde with ammonia and hydrogen in the presence
of a hydrogenation catalyst, as exemplified below.
(1) USP2,636,051 discloses a process which comprises feeding
a dialdehyde to a reaction vessel containing ammonia, hydrogen
and a hydrogenation catalyst, at a rate which does not exceed
the consumption rate of the dialdehyde, and shows an example
where a diamine was obtained in a yield of 60%, with use of a
catalyst of Raney nickel and a solvent of water,.
{(2) Japanese Patent Application Laid-open No. 17413/1993
discloses a process which comprises feeding an alcoholic
solution of a dialdehyde to a reaction zone containing a
hydrogenation catalyst, a solvent, hydrogen and ammonia, and
shows, in its examples that a diamine was obtained in a yield

of 86.9 to 81.6%, with use of a catalyst of Raney nickel and

a solvent of methanol or ethanol, and that no use of such an
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‘al cohol caused the reaction liquid to polynerize, thus yielding no desired
product at all. (3) Japanese Patent Application Laid-open No. 69999/ 1995
(USP5, 475,191 and EP 0 628 535Al1) discloses a process which conprises
preparing a m xture of a dialdehyde and a diluting agent such as an al cohol
while adjusting the mXing tenperature at S[err] or below, thereby

suppr essi rfgt SV IhtGEE St t%@nfaeé{capn hhaui Aehe PeddinRy ¥ her rﬁ@(‘t%ryelecldhd’g
reductive am nation vessel. In the exanples, 1, 8-octanedi am ne was obt ai ned
froma di dldetfaier o nr 8dpetantii al dehyde with a catal yst of nickel
supported on silica/alumna and a diluting agent of nethanol, toluene or
met hyl t-bithyFaethmerse i ka4 eyitel refl 195%1 90. 1%isr FRBIP - eséé@t%%/dl%ﬁ5 (4)
Japanese Patent Application Laid-open No. 196586/ 1995 di scl oses a process
whi ch conpiri Ss&fs, 489 nh4 Asaadhdr cgehdl | BAS8aD aldyistc 1o g8 Tkl Psappsst edhighh an
i norganic oxide. In the exanples, a mxture of 1,9-nonanedial and

2- met hyl - k&rioct smedp aépasidgakdabiydes eyicel dediiad ddhyde ehda acatidluisin of

ni ckel supported on Kiesel guhr and a sol vent of 1-butanol, nethanol,

2- pr opanolageret salmyde of am sl orh d] 9+di lox @rve), u st in X ttdree mafk 1h, O tieowarredi wd ne
and 2-nethyl -1, 8-octanediamne in a yield of 92.6% 93.5% 89.0% 92.1% or
91. 2% resectCvekybe(b),Japanessy Raipgte Sfpphychbsiwatiandodpermiacetal,
130210/ 199B di scl oses a process which conprises dissolving a dialdehyde in
a | ower alaoghalhdm fidesd joresencenof tane abd ne v¢ tect f hanamdmentiieon vess elnount
of not nore than 4 nole % based on the noles of 2 the dial dehyde and then
subj ecti ngt hersol wixaop ltas r educt + vet anedakimdme | watshe obxanpl s, fmoat uraes
of 1,9-nonanedial and 2-nethyl -1, 8-octanedi al as di al dehydes yi el ded, with
use of a dialdehyde of 1,8-octanedialdehyde with a catalyst of nickel

supported on silica/alumina and a diluting agent of methanol,
toluene or methyl t-buthyl ether, in a yield of 95%, 90.1% or
87.8%, respectively.

(4) Japanese Patent Application Laid-open No. 196586/1995
discloses a process which comprises using as a hydrogenation
catalyst a nickel supported on an inorganic oxide. In the
examples, a mixture of 1,9-nonanedial and
2-methyl-1,8-octanedial as dialdehydes yielded, with use of a
catalyst of nickel supported on Kieselguhr and a solvent of
l1-butanol, methanol, 2-propanol, tetrahydrofuran or
l,4-dioxane, a mixture of l,%-nonanediamine and
2-methyl-1,8-octanediamine in a yield of 92.6%, 93.5%, 89.0%,
92.1% or 91.2%, respectively.

{5) Japanese Patent Application Laid-open No. 130210/1998
discloses a process which comprises dissolving a dialdehyde in
a lower alcohol in the presence of an amine other than ammonia

in an amount of not more than 4 mole % based on the moles of



‘catal yst of Raney nickel and a solvent of nethanol, by addition of an am ne

such as triethylamne, m xtures of 1, 9-nonanedi am ne and

2-methyl -1, 8-octanediamne in a maxi mumyield of 95% (6) Japanese Patent

Application Laid-open No. 310559/1998 di scl oses a process which conprises

carrying out reductive amnation with use of a solvent of an al cohol having
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2-met hyl -1, 8-oct anedi al as di al dehydes using a catal yst of Raney nickel

yi el ded, vdAmriraseonf ansdihenexefradelsut aniotturedpedpyl . df condnedi ad- gotd|

al cohol, a mxture of 1,9-nonanedi am ne and 2-methyl -1, 8-octanedi am ne at a

yield of F0:@ahpD- DS opclB BB alegedtiiadelghydar anicthied exahpheuse hef e

were used the sanme starting nmaterial, a catalyst of nickel supported on

Ki esel guhrcaall vs ol & @amn eqf nachhgtlanold, atooyvehtd af metthareo bf by addition

1, 9- nonanedi am ne and 2-nethyl -1, 8-octanediamne at a yield of 97% Still

anot her exdihnpheamsime tsedhf f orhral e lay Yehyde, afixtures of 1, 9-nonanediamine

3(9),8(9)-tricyclo[5.2.1. 0] decanedi carb al dehyde with use of Raney nickel

cat al yst ad a2 so¢ venl - bf 8r-olottaareal i argivde obt ad nedximum yield of 95%.

tricycl odecanedi rethanamne in a yield of 91.6g. (7) Japanese Patent

Appl i cati ore )Laivdpapers eNorPa 28539/ A99Di ¢ EPbn 9733 Pd8opad BR 0 318 54087 18198

di scl oses a process which conprises carrying out the reaction, with use of

a sol vent dfs@loa¢ coholpraddd € adjiast idgnghes swdt ek regricentsati ardut tiihe 3
amination with use of a solvent of an alcohol having 3 to 10
carbon atoms. In the examples, a mixture of 1,9%-nonanedial and
2-methyl-1,8-octanedial as dialdehydes using a catalyst of
Raney nickel yielded, with use of a solvent of n-butanol,
isopropyl alcohol or n-octyl alcohol, a mixture of
l,9-nonanediamine and 2-methyl-1,8-octanediamine at a yield of
90.5%, 92.0% or 90.8%, respectively. In another example, there
were used the same starting material, a catalyst of nickel
supported on Kieselguhr and a solvent of n-butanol, to yield
a mixture of 1,9-nonanediamine and 2-methyl-1,8-octanediamine
at a yield of 97%. Still another example started from a
dialdehyde of 3(4),8(9)-tricyclo[5.2.1.0]decanedicarb-
aldehyde with use of Raney nickel catalyst and a solvent of
n-butanol, and obtained tricyclodecanedimethanamine in a yield
of 91.6%.
(7) Japanese Patent Application Laid-open No. 28534/1999
(USP5,973,208 and EP 0 878 462 Bl) discloses a process which

comprises carrying out the reaction, with use of a solvent of

an alcohol, while adjusting the water concentration in the



lTiquid phase in the reaction vessel within the range of 5 to 15% by wei ght.
In the exanples, a mxture of 1, 9-nonanedial and 2-nethyl -1, 8-oct anedi al
.as di al dehydes using a catal yst of Raney nickel yielded, with use of a
sol vent of n-butanol, nethanol or isoanyl alcohol, a m xture of 1,
9- nonanedi am ne and 2- net h){ -1,8-octanediamne in a yield of 96% 95% or
95% respett¥VvefyPhARBt ABY é)‘?ar’?ﬁlaétslt%t‘é?ff’r?bn‘ﬂbtﬂ?al d8Rydénsre of 5 to
3(4),8(9)-tricyclo[5.2.1.0] decanedi car bal dehyde wi th use of a sol vent of
n- but anol , ! ahdYobediohdad £ Ehel dvreRhedr netHatahd fef - é'woé}ﬂ‘%‘flgk%nq'he
above process (1) which uses water as solvent has the problemof |ow yield
of the des?rreitdyantn-oTFhengisided ptdcdisddedahr vagho(® saggeys tt haf,
in order to obtain a diamne at a high yield, it is suitable to use as
sol vent amRatevholickely.yiheladel vidtthanwek, oZ- pz ogadalentl- ht andlut dsohnyl
al cohol and n-octyl al cohol; an aromatic hydrocarbon, e.g. toluene; or an
et her, e.grepahgl ar Bspmydt hécohodt r amyidttof ue anf and - opadi okbdmei nFhend
present inventors studied on the relationship between the sol vent used and
the reactiomeesuyltlafdotbansditratinsseiof aa sbevdntoof 98k, alk&hobrhads hg at
| east 3 carbon atons, an aromatic hydrocarbon such as toluene or an ether
such as netéespectbueyl.et Repthteat reedardy bé us BArOE dl, Drah oxadéa lds hylsieawe f n
3(4),8(9)~-tricyclo[5.2.1.0]decanedicarbaldehyde with use of a
scolvent of n-butanol, and obtained tricyclodecanedimethanamine
in a yield of 96%.
The above process (1) which uses water as solvent has the
problem of low yield of the desired diamine. The above processes
(2) through (7)) suggest that, in order to obtain a diamine at
a high yield, it is suitable to use as solvent an alcohol, e.qg.
methanol, ethanol, 2-propanocl, l-butanol, iscamyl alcohol and
n-octyl alcohol; an aromatic hydrocarbon, e.g. toluene; or an
ether, e.g. methyl t-butyl ether, tetrahydrofuran and
l1,4-dioxane,
The present inventors studied on the relationship between
the solvent used and the reaction result and found that use of
a solvent of an alkanol having at least 3 carbon atoms, an
aromatic hydrocarbon such as toluene or an ether such as methyl
t-butyl ether, tetrahydrofuran or 1,4-dioxane, as shown in
Reference Example 1 of the present specification, leads to lower
productivity and lower yields of the desired products, in

comparisonwith reaction using a solvent of methanol or ethanol.

This shows that it is most suitable, in order to produce diamines



Reference Exanple 1 of the present specification, |eads to | ower
productivity and |l ower yields of the desired products, in conparison with
reaction using a solvent of nethanol or ethanol . This shows that it is
nost suitable, in order to produce diamnes 4 in high yield and
productivity and conmmercially advantageously, to use methanol or ethanol as
a sol vent .1 Thd gy B3eA8 dmd @mcsiuc theht ¥ @mhepmngreddiied Hhoadié NprastRRes 1Y
diam nes with use of a solvent of nethanol or ethanol and, as a result,
found t hatto unglermeéheniodn cgoreditdrons 4orasyntlesitzi ng di am nes, the
sol vent of methanol or ethanol gives rise to by production of a small
amount of the cBheespemdnnginmethygbranthenofuvethgl abhiidégdwhieht ¢ PrEopucemry
am ne having nmethyl or ethyl group. It was further found that these prinmary
am nes by qradices wntsmabk afoantslwehk gifadealhlayndcoumetataendn 4ihe, as
al cohol recovered in a recovery process such as distillation separation,
whi ch is gemeralllty eaphayedst uponrieust agcsuioh asndk edhalsi Lo selwerttes oing o
di spose it after one use in view of econony and reduction of environnmental
| oad. Theskiaccnes| at@ed prdImasyt apifnes vreacd 1 wotth sitherstlar § i mg smatierd ato
di al dehyde to form diam nes with the hydrogen atons of the am no groups
byproduction of a small amount of the corresponding methylamine
or ethylamine, which is a primary amine having methyl or ethyl
group. It was further found that these primary amines
byproduced in small amounts will gradually accumulate in the
alcohol recovered in a recovery process such as distillation
separation, which is generally employed, upon using such an
alcoholic solvent, not to dispose it after one use in view of
economy and reduction of environmental load. These accumulated
primary amines react with the starting material dialdehyde to
form diamines with the hydrogen atoms of the amino groups
replaced by methyl group or ethyl group. The resultant N-methyl
or N-ethyl substituted diamines have properties such as boiling
point similar to those of the desired diamine and hence can
hardly be separated by distillation or like separation processes,
thereby becoming impurities contained in the desired diamines.
As a result, the obtained diamines will, when used as starting
materials for polymers or chemicals, deteriorate the properties
of the end products.
The above processes (2) through (5) and (7) never mention

about the byproduction of primary amines from the alcoholic

solvents used, accumulation of the primary amines in the



repl aced by nethyl group or ethyl group. The resultant N-nmethyl or N-ethyl
substituted di am nes have properties such as boiling point simlar to those
of the desired diam ne and hence can hardly be separated by distillation or
| i ke separation processes, thereby becomng inpurities contained in the
desired diamnes. As a result, the obtained diamnes wll, when used as
starting riatePPalict 8PLEEMFmEMs tHe CREMSCarE, TdtodE ot ¢ thfr hF Hpf t TR of

the end products. The above processes ( 2 ) through é 5 % and 7 ) never
mention abd¥tVeRE BY PPEIAECIOAP GTY iPtd et 5P &t AlsOf r¥nft éléﬁ&%ﬁﬂ¥?ﬁted
sol vents used, accunul ation of the primary amnes in the 5 al coholic
sol vent irdiaBigsar sengf t&eEo ey \F ottt I AE HE St A8 5B FefU oy tirubles.
acconpanyi ng formati on of N-al kyl -substituted diam nes, and take no
count er reabug es adpdinst PEack stsr oubf bs. TP cdboveepitdeass (Byrmafiien of
mentions formation of N-al kyl -substituted diam nes originating fromthe
al cohol i c %ok Vkni ssubed itthidiagh, d havere deseivbas tHoout £ s@h ethieors lgfolaml ic
opti mum sol vent of nethanol or ethanol in view of yield and productivity as
shown in RefEvente Esamplterduai, t hevpredenstrspec fakkant onelerc tdlvauto angn
means for suppressing the formation
optimum solvent of methanol or ethanol in view of yield and
productivity as shown in Reference Example 1 of the present
specification, or about any means for suppressing the formation
of N-alkyl-substituted diamines originating from these

alcoholic solvents.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a process
for producing diamines from dialdehydes in high yields and
commercially advantageously, while using an alcohol as solvent
and re-using it by recovery and minimizing formation of diamine
impurities originating from the alcohol.

As a result of an intensive study how to suppress formation
of N-alkyl-substituted diamines, which occurs during reductive
amination of dialdehydes in a solvent of methanol or ethancl,
from the primary amines originating from the alcohol, the
present inventors have found, surprisingly, that the formation
of the N-alkyl-substituted diamines can be suppressed by
maintaining the molar ratio between ammonia and the primary
amine at not less than a constant level, and completed the

invention.



of N-al kyl -substituted diam nes originating fromthese al coholic sol vents.
SUWARY OF THE | NVENTI ON An object of the present invention is to provide a
process for producing diam nes from di al dehydes in high yields and
commerci al | y advant ageously, while using an al cohol as solvent and re-using
it by recovery and mnimzing formation of diamne inpurities originating
fromthe al cohofPUAs atP&suPEedfn&n tAYEASIPE sPLAYLIRGW t8 sRppFess for
formation of N-al kyl -substituted di am nes, which occurs during reductive
am nat i on RYCHFal HEhYdes ing sa gol GentoBP X AELKantde GrteRhahbl, fromthe
primary amines originating fromthe alcohol, the present inventors have
found, surp¥lsiraglcfinghaa €helfiehiydE onli ot ehroRial lgd shbdrpogred rdi bt nes
can be suppressed by maintaining the nolar rati o between anmonia and the
primary arenesabcrobfl @gs ahavhal coaptrantenteelhy anlde cdnpletwvdch & heeneral
invention. 6 Thus, the present invention provides a process for producing
di am nes whechutenpiZises the steps of: ( 1 ) reacting a dialdehyde with
anmoni a and hydrogen in the presence of an al cohol represented by the
foll owi ng Ryedéral fornmula (F) R OH (1)

wherein R represents methyl group or ethyl group (hereinafter

referred to as “alcohol (I)”) and a hydrogenation catalyst, to

synthesize the corresponding diamine;

(2) separating and recovering the alcohol (I) by distilling the

reaction mixture obtained in the step (1);

(3) separating the diamine by purifying the distillation residue

obtained in the step (2); and

(4) feeding at least part of the alcohol (I) recovered in the

step (2) to step (1):

said step (1) comprising maintaining the amount of ammonia at

a level of at least 200 moles per mole of the primary amine

represented by the following general formula (II)

R-NH, (I1)

wherein R is as defined above (hereinafter referred to as

“primary amine (II)”) that has formed in the step (1) and

accumulated in the reaction vessel for step (1).

DETAILED DESCRIPTION OF THE INVENTION
Examples of starting material dialdehydes are linear
aliphatic dialdehydes, e.g. butanedial, hexanedial, octanedial,

nonanedial, decanedial, undecanedial, dodecanedial,



wherein R represents nmethyl group or ethyl group (hereinafter referred to
as "alcohol (I ) ") and a hydrogenation catalyst, to synthesize the
corresponding diamne; ( 2 ) separating and recovering the alcohol ( I ) by
distilling the reaction m xture obtained in the step (1)~ (3) separating
the diamne by purifying the distillation residue obtained in the step (2)7
and (4) feetltAgdarapredsttipart dfeXae @@ edRdRrl(l) recsvéecdniafihke stepnf2)
to step (1); said step (1) conprising maintaining the amount of ammonia at
a level ofentcrensdizd0 nolksapehefol e dfirhetpfi mardt ahdalkydepr esent ed- by
the follow ng general formula (11) RNHZ (11) wherein Ris as defined above
(herei naf termeehlped ameddg I prdme yhahharaper)a)l ehat Zhas dbretdyilacthe
step (1) and accunulated in the reaction vessel for step (1). DETAILED
DESCRI PTI ChNh&F1iTHE 4 NVENTL Obl dExabpl es. of sitareynhomakenedl caird adetpitede ar e
| i near aliphatic dialdehydes, e.g. butanedi al, hexanedial, octanedial,
nonanedi al ], decpnédhakanendecartedi ddh ydeodesanédBdls,) - ridwt Yadecanadioal-
hexadecanedi al , octadecanedi al and ei cosanedi al ; branched aliphatic
di al dehydesecengdiZamphhyledgtdEnedial 2 (2} netldyFhoraradi(@. 2and) heptanedi-
2, 7-di methyl oct anedial; alicyclic dials, e.g.
1, 3-cycl ohexametideaybal;:dehydendl, 4- cyt @hexanedi cad babdehydies, e.g.
3(9),B(9)-tricyclo[5.2.1. 0] decanedi car bal dehyde and
2(3),5(6)-béecyphohaildltehgptcanediisophthalaldehyde. These aldehydes are
known and can readily be synthesized by, for example
hydroformylation of unsaturated aldehydes having carbon atoms
in a number smaller by one than that of the desired dialdehydes
or diclefins having carbon atoms in a number smaller by 2 than
that of the desired dialdehydes. The dialdehydes may also be
obtained by reduction of ozone decomposition followed by
reduction of cyclic olefins having the same number of carbon
atoms, or by reduction of dicarboxylic acids having the same
number of carbon atoms.

The concentration of the dialdehyde used is not particularly
limited, but it is desirably in a range of 5 to 30% by weight
based on the total weight of the liquid phase in the reaction
vessel. If the concentration is less than 5% by weight, which
lowers the volume efficiency of reaction and thus leads to low
productivity, the amounts of ammonia and solvent recovered in
the separation and purification processes of the obtained
diamine will tend to increase, thus increasing load to equipment.

As a result, the commercial merit will tend to be reduced. On

the other hand, if the concentration exceeds 30% by weight, the



car bal dehyde; and aromatic di al dehydes, e.g. terephthal al dehyde and
i sopht hal al dehyde. These al dehydes are known and can readily be synthesized
by, for exanple hydroformnylation of unsaturated al dehydes havi ng carbon
atons in a nunber smaller by one than that of the desired dial dehydes or
di ol efins having carbon atons in a nunber smaller by 2 than that of the
desired didtehyaest PYRE odiugltie A diese e Gl iSOt Bid *SHtti néd Chya f SRt T ®hS of
ozone deconposition followed by reduction of cyclic olefins having the sane
nurber of el bdrt T &ifs 1 6 By GredEEHSHY Of CdiccH Tk POt &dicdg ikadi A§ the
same nunber of carbon atons. The concentration of the dial dehyde used is
not particidapiye| ppft eHe Bt il by desiradtydraganpinge 62153 B0 ®Y -
wei ght based on the total weight of the liquid phase in the reaction
vessel . |If th&8hcorcemhrati 6R)i yskeds$ st Heml B8 byl fei ghncrafyiedty | ovicrsanhe
vol une efficiency of reaction and thus |eads to | ow productivity, the
amount s ofcamnéac and Mot sentokeenver dyi ket he esepar atnivorrmemohpurithcadi on
processes of the obtained dianmine will tend to increase, thus increasing
| oad to eqeprehic Asshriesdbns bhe demieradilal imerant awidunt erghdionpefrom
reduced. On the other hand, if the concentration exceeds 30 o by weight,
the 8 anmbunt $ cof 5 Oy priodkect $hien vhkgheactf onhe xtleédedycle asspdl ymeose
will tend to increase, thereby decreasing both the yield of the diam ne and
the activigyeDéréheyhydr egenateont catfald/stousedtiftes afltohvskighk uskedtias
solvent is, concretely, nethanol or ethanol. These solvents may be used in
any anountdimtdenpdgpecific restrictions but desirably in an anount rangi ng
fromO0.5 to 50 tines the weight of the dial dehyde used, nore

Examples of usable hydrogenation catalysts are Raney

catalysts, e.g. Raney nickel, Raney cobalt and Raney copper;
and supported catalysts comprising a metal having hydrogenation
activity such as nickel, cobalt, platinum, palladium, rhodium,
ruthenium or copper on a support such as Kieselguhr, silica,
alumina, silica-alumina, clay, titania, zirconia, magnesia,
calcia, lanthanum oxide, niobium oxide or carbon. These
hydrogenation catalysts may have any shape such as powder,
grains or pellets. The amount of the hydrogenation catalyst
used may vary according to the desired reaction rate, but it
is desirably in a range of 0.01 to 30% by weight based on the
weight of the reaction mixture, more preferably in a range of
0.1 to 10% by weight on the same basis. The hydrogenation
catalyst may be used in the form of suspension or as a fixed
bed. The hydrogenation catalyst may be used after being
subjected to activation treatment with hydrogen before the
reaction.

It is necessary that ammonia be used in an amount of at least



preferably in an anmbunt of 2 to 10 tines the weight of the dial dehyde.
Exanpl es of usabl e hydrogenation catal ysts are Raney catal ysts, e.g. Raney
ni ckel , Raney cobalt and Raney copper; and supported catal ysts conprising a
nmet al havi ng hydrogenation activity such as nickel, cobalt, platinum
pal I adi um rhodi um rutheniumor copper on a support such as Kiesel guhr,
silica, aldM moles|pea-mbdsi o4, tdleapringmni anizer A atbidgriesi L£oenedi a,
| ant hanum oxi de, ni obi um oxi de or carbon. These hydrogenation catal ysts may
have any sthape shehe bsopohderesgrai A% dhepekpetts.onThve s@arlurfobfs e (1) .
hydr ogenati on catal yst used may vary according to the desired reaction
rate, but This sadesintabian i pudfignge tdfy Os @dptes30%dyymatei gt clfashicerohn¢ he
wei ght of the reaction mxture, nore preferably in a range of 0.1 to 10% by
wei ght on inyen satkee bast sgidaeihydf ogendtds el coatal ystThraymbentsef anmdhia
form of suspension or as a fixed bed. The hydrogenation catal yst nmay be
used afterudxed ig pulkjfectsed ¢ anasttamy & onf Lr eat Iedtmad ¢ &, marogere fixefarkyt he
reaction. It is necessary that ammoni a be used in an anmount of at |east 9
200 nol es jpera nd g ©fof e Psi 1RO ymabkene fibkt phatf ehrad forived frang ¢ hef 5
al cohol present in the reaction vessel for step (1) . This anpbunt can
sufficientdy ssupprless permabilenodf tdieadiAtdehyde used. If the amount of
ammonia is less than 2 moles per mole of the dialdehyde, the
yield of the desired diamine will tend to decrease; and if the
amount exceeds 300 moles per mole of the dialdehyde, too large
an apparatus will become necessary for recovering unreacted
ammonia, thus leading to a disadvantage in practice.

The reaction temperature is desirably in a range of 40 to
200C, more preferably in a range of 100 to 180T . If the
reaction temperature is lower than 40C, the reaction will tend
to proceed very slowly; and if the temperature is higher than
200C, the amounts of polymers and like byproducts will tend
to increase, thereby decreasing the yield.

The reaction pressure is, not specifically limited though,
desirably in a range of 0.1 to 20 MPa in terms of hydrogen partial
pressure, more preferably in a range of 0.5 to 15 MPa in the
same terms. The hydrogen may either be added to make up for the
consumption during the reaction or continuously circulated
through the reaction zone.

The reaction can be <carried out either batchwise or

continuocusly. In either case, it is recommended to feed the

dialdehyde used at a rate lower than the hydrogenation rate,
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inmpurities originating fromthe al cohol. The anobunt of ammoni a used is
preferably in a range of 2 to 300 noles, nore preferably in a range of 5 to
100 nol es, nost preferably in a range of 5 to 50 noles, per nole of the

di al dehyde used. If the anount of ammonia is |less than 2 noles per nole of
t he di al dehyde, the yield of the desired diamne wll tend to decrease; and
if the andut- exdeedscBO® nokds pehafiplas D refe ndi ardehpdd attign | afget hf
apparatus wi |l becone necessary for recovering unreacted anmonia, thus

| eadi ng t olim dishndam ageed ot practi ternghdatescefonrrénget attupe Jeaction
desirably in a range of 40 to 2000C, nore preferably in a range of 100 to
180" C . | fvasweet eadthwon woepez dtatrad 1ty powera athren 140034, tilvel s abrotd O he| |
tend to proceed very slowy; and if the tenperature is higher than 200g,

t he anmountto ofe ol yoerse antibnkeh byprivdeti sgw BE alered vide pmci easey 1l theorby
decreasing the yield. The reaction pressure is, not specifically limted

t hough, deisi rabdylventa tanger ©fcOidnt 0e26elMPA1ilN etldemns hofa hydragesm pat dnal
pressure, nore preferably in a range of 0.5 to 15 MPa in the sane terns.
The hydr ogedt amay's € tdharo lbee raddethnian ke i yidro ddre, canauapt eONodelki tigat he
reaction or continuously circulated through the reaction zone. The reaction
can be cartied puiraidhetibat chatse orwaenti Auattslyinbouei thesreasen iisi s
reconmended to feed the dial dehyde used at a rate | ower than the

hydr ogenatgext s ahed, 18t is desirable, for example, to effect reaction

while feeding a dialdehyde or its solution in a sclvent together
with ammonia to a reaction vessel filled with a hydrogenation
catalyst, a solvent and hydrogen, at a rate lower than the
hydrogenation rate. In this case, the dialdehyde or its
solution in a solvent may be fed to the reaction vessel either
continucusly at a constant rate or intermittently.

The above reaction gives a diamine corresponding to the
dialdehyde used. Examples of the diamine are linear aliphatic
diamines, e.g. butanediamine, hexanediamine, octanediamine,
nonanediamine, decanediamine, undecanediamine,
dodecanediamine, tetradecanediamine, hexadecanediamine,
octadecanediamine and eicosanediamine; branched aliphatic

diamines, e.g. 2-methyloctanediamine, 2-methylnonanediamine

and 2,7-dimethyloctanediamine; alicylic diamines, e.g.
l,3-cyclohexanedimethanamine, 1,4-cyclohexanedimethanamine,
3(4),8(8)-tricyclo[5.2.1.0)decanedimethanamine and
2(3),5(6)-bicyclo[2.2.1llheptanedimethanamine; and aromatic

diamines, e.g. p-xylylenediamine and m-xylylenediamine.

Distillation of the reaction mixture obtained in step (1)

11



i.e. at such a rate that assures no accunul ati on of the dial dehyde or
reaction intermedi ates occurring in the reaction vessel. Thus, when a
.batch-type reactor is used, it is desirable to carry out reaction while
feeding a dial dehyde or its solution in a solvent to a reaction vessel
filled wth a hydrogenation catal yst, a solvent, ammonia and hydrogen, at a
rate | owersehanatié hpdr sgendtirsnamacai aNgenfaresnenduduenopepraripdgsi gnd
performed, it is desirable, for exanple, to effect reaction while feeding a
di al dehydereforvegssdihr i eaciomod soOF vemts eidoges hee lwietnty ahhbePa (t20 la- r edbei on
vessel filled with a hydrogenation catal yst, a solvent and hydrogen, at a
rate | owerdthanlthéileydr ogenation gistes, | mihés desengt heukjakFdelydécoraits
solution in a solvent may be fed to the reaction vessel either continuously
at a constanatifaretdron nt ermidaent | ysudhe abdve Figert i ohl g vesanidinan ne
correspondi ng to the dial dehyde used. Exanples of the diamne are |inear

al i phati c deanyse¢sllé.zgtinn anelde adi aeinkexdanddirdimmmeuoct anédcam nea,) ] .
nonanedi am ne, decanedi am ne, undecanedi am ne, dodecanedi am ne,

t etradecansdi dm aet hexadecahetlhamaec obct Adedaneth apiime @dndn step (2)

ei cosanedi am ne; branched aliphatic diam nes, e.g. 2-nethyl octanedi am ne,

2- met hyl nohaneth antwre andp2, (7t di agthwyhodqtsanedi ani ne; alnicyhis@ di asirnesh e
e.g. 1, 3-cycl ohexanedi nmet hanam ne, 1, 4-cycl ohexanedi net hanam ne,

3(9), 8(9) -teiacyci 6p5i 2. 4t@pdeaanedi ort banasmonec a8l on, it is necessary,
2(3),5(6)-bicycl o[ 2. 2. 1] hept anedi met hanam ne; and aromati c di am nes, e.qg.

p- xyl yl enedsand ae canidb axxyd yberedi ard nad i sti |4 Béi am ot nttheofeagim@m i a

m xture obtained in step ( 1) 11 separates and recovers amonia at first
and then spparsdes amd vieeoversct bhe mleobele 1 joused as salyvent astep €2)].
The distillation residue gives, after being subjected to a purification
process such as fiigres di 800 Imatl o8 pre o ecs yst alfl taat ipani mlrey H mirinre (@ 1 h
high purity [step (3)]. At least part of the alcohol (1) obtained in step
(2) is fedthatstieps( ¥)o agaidn {sbep (He] alanclhused( fpr cthet ained in the

reaction vessel. This adjustment can suppress
formation of N-alkyl-substituted diamine which would
become impurity of the desired diamine. The adjustment
of the molar ratio between ammonia and the primary
diamine (II) present in the reaction vessel for step (1)
méy be carried out as follows. On distillation and
recovery of the alcohol (I) in step (2), at least part
of the primary amine (II) is removed from the alcohol
(I) by further distillation and purification, and then
the thus obtained purer alcohol (I) is fed to step (1)
so that the ratio between ammonia and the primary amine
(II) present in the reaction vessel for step (1) can be
maintained within the above range. Or, alternatively,
at first the content of the primary diamine (II) in the

alcohol (I) recovered in step (2) is determined, and then
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reaction in step ( 1) . On this occasion, it is necessary, as described
above, to adjust the anobunt of ammonia present in the reaction vessel for
Step (1) at a level of at |east 200 noles per nole of the prinmary am ne
(I'') that has formed fromthe al cohol (I) contained in the reaction vessel.
Thi s adjustnment can suppress formation of N-al kyl -substituted diam ne which
woul d becdnei AEGAUS* 6F eRE WesSitr é4 dicdnitife s tthe &dj usbrient of €t BB ot ar
rati o between anmmonia and the primary diamine (l11) present in the reaction
vessel forobtemyayipgayp pedcdm iededut (s fidl | ods.w Thedi sty Fhatbibatard e
recovery of the alcohol (I) in step (2), at least part of the primry am ne
(11) is renovec fpetmvwterenaltdohokmman) abya fdr tthee disinplati spiane (II)
purification, and then the thus obtained purer alcohol (I) is fed to step
(1) so thatrelBeratio beeween cthioni aeandefihéoprisrreey Al néa(l I s|vw) thriesent
in the reaction vessel for step ( 1) can be maintained within the above
range. O ,takterinatevelamgat first the content of the primary diamne ( I
) in the alcohol ( I ) recovered in step ( 2 ) is determ ned, and then 12
t he recovered al Bokolrd sniged ¢ ot bteefp f e & e)n whi he etrhiei ampund i efm iameenicaa nused
in step (1) is adjusted such that the ratio between the amonia and the
primary amm&e pldgdpeesentt ramt hel ¥ eddtelopdeassel nf ohisgtlep (l)e ¥dkl s amdhin
t he above range. According to the present invention, diam nes can be
produced fa @mmudiat dehydesa dmah gagyicl 3 yandy commer e alolfy adsaritagesusd ¥,
wi th use of a solvent of an alcohol, which is recovered and re-used, the
obt ai ned i am he® hwmaVj nghbictht lies di eadrb Re-dS edn dnper-ius ed ,ortihgd retb t ag nfaedm
the re-used al cohol. A further understanding of this invention can be
obt ai ned hyisefietrence havipesi firiexdan®l esd wWhimthn ar® gpr ©di ded mhyer ei nlkied ow
for purposes of illustration only and are not intended to be limtative of
this invendtor.idatthe Bxagpl esh and Coaparcat & ve ofxanpl es that foll ow, the
guantitative anal yses of the product diam nes, amonia, or by produced
primary am nes (Al fuart Neal kil d sulsstd b atiedy dod amitneiss wemer €akiicad cah bye t he
foll owi ng nethods. (1) Determ nation of diam nes or N alkyl-substituted
di am nes D lamanease ant yN- aklfy = stlast | t ot extb dicdnd ihes ecoah pilreed Wih iac or wdee
reaction mxture or distillation bottonms after solvent recovery were
det er m ned by vgase ¢ hh enrat ogb aphoyw afalry pivsr pnders thg fallwsk mg tcoadi tirdns.
[ Anal ysi s conditions]

and are not intended to be limitative of this invention.

In the Examples and Comparative Examples that
follow, the gquantitative analyses of the product
diamines, ammonia, or byproduced primary amines (II) or
N-alkyl-substituted diamines were carried out by the
following methods.

(1) Determination of diamines or N-alkyl-substituted
diamines

Diamines and N-alkyl-substituted diamines
contained in a crude reaction mixture or distillation
bottoms after solvent recovery were determined by gas
chromatography analysis under the following conditions.

[Analysis conditions]
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13 Col um: G 205 nmade by Chem cal s Eval uati on and Research Institute,
Japan; length: 20 m filmthickness: 2.0[err] m dianeter: 1.2 mm
.Tenperature of injection and detection: 280 Tenperature el evation

condi tions programred: 140C maintained for 8 mnutes) --> 10 C /mnute -7
280 C (maintained for 15 mnutes) (2) Determ nation of ammonia Quantitative
anal ysi s 6¥° hmoni £ t RA Perme ned Fh athiec pdgcEivohl védske? Naffer ROMpPREtdton
of reaction was carried out according to the nethod using aqueous sulfuric
acid, as flotbous.ufThe gbsppmesehenigth he 2dutroc| dviel mas hpasked £hrodghd & 20%
by wei ght aqueous sulfuric acid solution to trap the remai ning anmoni a.

Ni trogen was themeassed thR2ough the crude reaction mxture in the

autocl ave to purge the ammonia remaining in the crude reaction m xture,

whi ch anmuné mpwasa t nappedf i 4 nthecaqueous nsuld etiec tatbd :sot a0i®n. The
content of sulfuric acid in the solution after the trapping was determ ned
by al kal i Téhpatd ®tu rBhe eabé abnredo sontemtd vak va swasp & berr smmbedact eda 6 r'Em
the initial sulfuric acid content, to give the anount of sulfuric acid
consuned f@ratihe aawead a £4 appisng,m f ramenj ch t he @nounti of t anweniza ¢ r'épped
was cal cul ated and taken as the anount of the remaining ammonia. (3)

Quant i t at i wea dettes thieat | Do rofl PrAaryt asiynes Quantitati ve anal ysis of
primary am nes that 14 remai ned in the reaction vessel after conpletion
of reacti ome wad e Eineth Dt oas 6 6l laawsonThe aqueous sul furic acid sol ution
used for the determ nation of ammobnia was treated wth an excess of sodium
hydr oxi de and thesnsubt eetiede t #ndilsy s ki lsatd Ona h @l 15048 vemta t eceweriyn edhe n
obtai ned distillates was conbined with another distillates from

distill atitonef are sokvem recovely f t eeacd o map 1nd Xi bme. o The obtaiined miaxt ure
was subjected to gas chromatography under the follow ng conditions.

[ Anal ysi s condiitd dnsdu €0l aprio £@pinld artyo cad wem AMhmde by ih&N Scd erloidd

I ncorporated; length: 30 m filmthickness: 0.25 u m dianeter: 0.25 mm
Tenper at ursau DE widy €ctd ®Ddandadet eotliodw s40[ ermle Temper i tig € edl tevatd Ot he
conditions programed: 35 C (constant) EXAMPLE 1 (The first run of repeated
reacti on raunsp cA 3P0- Ma aUbecd a¥a efiirpREfh Wat e @B @) eculcainpgnetd guselbiuy er
was charged with 63 g of nethanol and 1. 15 g of a nickel catalyst
support ed sonl Kivesiet gulari d ns ekel t comt end : t 2% . t higdrogen iwasn gntamatdoeead J nt o
the autoclave to a hydrogen partial pressure of 6 MPa and then the inside
was heat edi 1 ora demperas urteh ©oh Ipldsselkhettatab yat wase subjuetd ed ddction
reduction treatnment at this tenperature for 2 hours. After the autoclave
had been bhbixture in the autoclave to purge the ammonia remaining

in the crude reaction mixture, which ammonia was trapped
in the aqueous sulfuric acid solution. The content of
sulfuric acid in the solution after the trapping was
determined by alkali titration. The obtained content
value was then subtracted from the initial sulfuric acid
content, to give the amount of sulfuric acid consumed
for the ammonia trapping, from which the amount of
ammonia trapped was calculated and taken as the amount
of the remaining ammonia.

(3) Quantitative determination of primary amines

Quantitative analysis of primary amines that
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allowed to cool to roomtenperature, the hydrogen pressure was rel eased.
The autocl ave was then charged with 30.6 g of anmmonia and, while a hydrogen
partial pressure of 3 MPa was applied, heated to a tenperature of 190C
Hydrogen was further introduced to a total pressure of 8.5 MPa. Thereafter,
whi | e hydrogen was being flown at a rate of 20 1/hour, 75 g of a nethanolic
sol uti on obtaprade by idi ssdli wg At iy gfe sis e d- nphLsedi glommdes ix gy of f
2-methyl -1, 8-octanedial in 56.3 g of nmethanol was fed through a

hi gh- pressue ecregiteni ngapunp atror t A6 agtudcl ae dvet 1t vwour afd €0 ad netoass
After conpletion of the feeding, hydrogen was further introduced with
stirring fowliuvhoue atcildOColWttiern cospldet Eorr of htehed e é@ctn Dna ttihenambni a
remai ning in the autoclave was trapped with the aqueous sulfuric acid

sol uti on awimpihsi anmpant twasa detderwid hed atro dec26.83 gf Fhel cvudée reackiiche

m xture was taken out and separated fromthe catalyst by filtration.

Anal ysi s aofntihehelt aiuhede crtede treeddts bh 1t Upe detrestoddvaott racookry.

N- net hyl - substituted conpounds that woul d have been derived by introduction
of net hyl T eupobnrtad o@e o# itshei hibriogen vad ensc 6t bli e donanadi ard me tore r
2-met hyl - 1, 8- oct anedi am ne. Methanol distillates were recovered fromthe
crude reacdiieomili Xiduee Wibma di stiilll b4 t a® mppatatusl equitpped cwitdirg of
rectification colum. The aqueous sul furic acid solution having trapped
anmoni a wase pkaceshn i mid th ski.l | ath en cappat ateus A6 x t gyl ppes widdy acted
rectification colum, fromwhich amonia and a small amount of nethyl am ne
wer e separdd e afs” odh sWinfdit b6§ racs Ky by radldict itQie OF o €% €SS ©b nsidt UBIn s .
hydr oxi de. The net hanol containing the nethylam ne was then recovered by
distillatiponalThes1ecewetedtdishbshl ates wei ghed 116.0 g. Analysis of this
met hanol revealed that it contained 0.09 g of nethylam ne. By anal ysis of

t he bottonso atimar: t ke Wi stiald @t icy uimtn Waa M onBd & haty 12s% gsefielptific

9- nonanedi am ne (yield: 93% and 4.9 g of 2-nethyl-1, 8-octanedi am ne
(yield: 93% cbag been abt airadythn thos ofi rsti rmncofi ¢ R £d EaLtiOm ;
runs, the autoclave contained 30. 6 g of ammoni a and no net hyl am ne at the
time of stafbimrRg deacti.ons Aer the reaction, the autoclave contained 0.09
g of nmethylam ne and 26.3 g of anmonia (533 noles per nole of methylam ne).

(The secontekyr :of t the repeatrede E@aA A OB nfduN$ t ENe: $860Nd4 HEM Was carried
out in the sane manner as in the first run except that the nethanol

recovered idmbhe £t igle r W WaS tiSed, @S d @khkawsn s TO plieg EaGaveaed g hignol
distillates, new nmethanol was added in an anount just to supplenent the

| oss havi ngc generated during distillation and other treatnments, to a total
anount of 119.3 g. The nethanol was then divided into 63 g and 56. 3 g,

whi ch were used for the initial feeding to the autoclave and for dissolving
the starting material to be fed to the autoclave, respectively. After

conpl etion 17 of the reaction, thexaamenica Yenmai ning in the autocl ave was
trapped with the aqueous sulfuric acid solution and its anmount was

determ ned toebe& 26s2 g.udhe fcruee eracaeti are it xtiwre was £ aken out and
separated fromthe catalyst by filtration. Analysis of the obtained crude
reacti on m xturze Je0 eatled utoo tlaces af g i petdy|w Stbstint etied conpaunds ttihat

m ght have been formed by introduction of nethyl group into one of the
nitrogen atoie rafr 1y &snomamedeadmwiet br 63- metdy | m & t&-a0cd anedicam nés5 Bhe £

sol vent was recovered, in the sane manner as in the first run, fromthe
crude reacti oni oketlur e and liyhet agsiepyse stlefaur icon ack tlesa Ly udrr hava hgkel
trapped amoni a, each with a distillation apparatus equipped with a
rectificatdontesltumm. 5As )a. resH{dbodleg ofarset hanolr odi stkeld atiest eonttad é1i ng
O . 08 g of nethylam ne and 112.3 g of nethanol distillates containing 0.11
g of net hydatbrea avee e troecoverelk o Anal yisa 8 tdfal he rleod § o adfer tMhEa and
distillation showed that the yields of 1,9-nonanedi am ne and

2-met hyl 1,5y o6t anedi amisned Were 928 caltle 82%,0 r£SpeGip¥elat u ke tdf s13econd
run of repeated reaction runs, the autoclave contained 0. 09 g of

met hyl am neh anda 8@.1 y6s ¢ wof s amBhiea 630t 80t €8 upet i Bl erefa eyl ard ne)i at
the tinme of starting reaction. After the reaction, the autoclave contained
0.19 g of vehpylradt fe ealfth 2622h@ Of s AN Be 2% 0 @S LT 2R 1 HE been
met hylam ne). (The third run of the repeated reaction runs) 18 The third
run was carried out in the sane manner as in the first run except that
112.3 g of the nethanol containing 0.11 %’nOf met hyl am ne and recovered in
the second run was used, as follows. To e recovered



met hanol distillates, new nethanol was added in an amount just to
suppl enent the loss, to a total anount of 119.3 g. The nethanol was then
divided into 63 g and 56.3 g, which were used for the initial feeding to
the autoclave and for dissolving the starting material to be fed to the
aut ocl ave, respectively. After conpletion of the reaction, the amonia
remai ni ng & hleve dutoel ave ovas & T appredmw £8 ther aduebtis stibfeur ity agicgen
solution and its amobunt was determned to be 26.5 g. The sol vent was
recover ed B heshve sane afariet eass ¢ ¢- t h&8 b4 rap touml a Akalvyasy st bfe nt heh pgtdradol
recovered revealed that it contained 0.24 g of nethylam ne. The yields of
t he obt ai nedth, B hohanedpdm awmamd 2- getdy| wh Bl ectaankydirzand @8 wea & t32204 and
91% respectively. No trace of N-methyl-substituted conpounds that m ght
have been doesesdiby bt rlodueti @ 0fa peflhyd d gr dige t atio tene of emipee nittrogen
atons of 1, 9-nonanedi am ne or 2-nethyl-1, 8-octanedi am ne was detected. In
this third fun 4of Cr epeatyerk ¢ gact i wasr Unsy thher atlhacd ey e ceant aoned @0 tldl g
of nethylam ne and 30. 6 g of ammonia (507 nol es per nole of nethyl am ne)
at the tinereksatmetiofy Bedcten.. After tdefreacti ohil be pdoclpwve was
contained 0.29 g of nmethylam ne and 26.5 g of anmmpnia 19 (201 nol es per
nol e of et &y hamine) v nCaOWPARATE V& &EXARPRLE /lhour, 75 g of a methanolic
solution obtained by dissolving 13.5 g of 1,9~-nonanedial
and 5.2 g of 2-methyl-1,8-0ctanedial in 56.3 g of
methanol was fed through a high-pressure metering pump
to the autoclave over 1 hour and 30 minutes. After
completion of the feeding, hydrogen was further
introduced with stirring for 1 hour at 140%TC.

After completion of the reaction, the ammonia
remaining in the autoclave was trapped with the agueous
sulfuric acid solution and its amount was determined to
be 26.3 g. The crude reaction mixture was taken out and
separated from the catalyst by filtration. Analysis of
the obtained crude reaction mixture detected no trace
of N-methyl-substituted compounds that would have been
derived by introduction of methyl group into one of the
nitrogen atoms of l1,9-nonanediamine or
2-methyl-1,8-octanediamine. Methanol distillates were
recovered from the <crude reaction mixture with a
distillation apparatus equipped with a rectification

column, The aqueous sulfuric acid solution having

trapped ammonia was placed in a distillation apparatus
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The first and second runs including solvent recovery were carried out in
the same manner as in the first and second runs in Exanple 1 . The third
run was also carried out in the same nmanner as in the first run except that
the nethanol distillates recovered in the second run and containing a | arge
amount of nethyl am ne and those containing a small anount of nethyl am ne
were conbi h8d ighRie dsed 't had FeICtohSE 1 CR 197, ©0d Wt t hEr @8nitnet nek Aot @
distillates containing 0.19 g of nethylam ne, new net hanol was added in an
amount j ust o SupPPerent PR t 084, Mot A VtIGBL PETOURE Sofs N8I e dTHe om
met hanol was then divided into 63 g and 56. 3 g, which were used for the
initial feedildgixbdcthecdud odt aveadnd ¥ bpndi ool ithg e heestsaartd hg aatceryal
to be fed to the autoclave, respectively. After conpletion of the reaction,
t he anmonilayderat hideg i T hematithooh avecwast & £ apped t ¢ me héd vagaimduse was
sul furic acid solution and its anount was determned to be 26.9 g. Sol vent
recovery wabeperf oerenvean@ d hebryet hdiait ¥ édevered .was affidle/zed € oo gleove dhat
it contained 0.32 g of nethylam ne. The yields of the obtained

1, 9- nonanedli artiinkl amae L-weet bple-dl, 181 6¢ct0agedi aAm pé yweir & 2% arics POt hanol
respectively. On this occasion, N-nethyl-substituted conpounds that had
been for nmedelne d he doducd t on tof c oetthyl ngdoup. 08t @ omé ofe the lran £ ogen ai pns
of 1, 9-nonanedi am ne 20 or 2-nethyl -1, 8-octanedi ami ne was detected in an
anount of #n@2 ywie %Wibaseed bp tithemisotadl t vl eh 0fdi ke ipr Ddtidio W awitnesas| n
this third run of repeated reaction runs, the autoclave contained 0. 19 g
of nethyl ahbnedancth 360. 1@ .07 of afmbpida (294 nred £smp@ere noy & edfd Nep ARl) am de)
at the time of starting reaction. After the reaction, the autoclave

contai ned .32 @ off n2thyltamy he 1angl- 2@.t% gedfi amimori a( ¢ 180 4ol @3 per molie
of nmet hyl am ne). EXAMPLE 2 Repeated runs of reaction were carried out in
the sane nmaerer @stirn fxdnple 1 except that ethanol was used as solvent. In
t he sol vent recovery step of the second run, 4.5 g of ethanol distillates
containing 0.12 gnoftlet hylfam sie anch 148. @ ep of ttdhbseeea@ti ad ni N Os17 toh of

et hyl am ne were recovered. This 113.0 g of ethanol containing 0.17 g of

et hyl am nea and dcegoeered 4 y1i hleel SECOAdy rdaifnl avas ousicsl £ 108 b hemtkhin gl amine
After conpletion of the third run, the ammonia remai ning in the autoclave
was trappedtwtthte tthemaquebust setltfin jc raa dt $olnut | oRfard | t5eanaunt twasn ,
determned to be 26. 8 g. Solvent recovery was perfornmed and the ethanol
recovered was anal yzéd o showd haked t0 coat gi red Me 8b yJl oh ietehyd am e . The
yi el ds of the obtained 1, 9-nonanedi am ne and 2-net hyl -1, 8- oct anedi am ne
were 910 andoF0% meopecd | VEI33 @n ltehs speccaspdr, M meackeydfemine) .

N- et hyl - substituted conpounds that m ght have been 21 formed by

i ntroducti Ohhef ¢ hyhdqgroup ik otdrre DE ptelret adt rrogen tdtaomsrafn s )

1, 9- nonanedi ani ne or 2-nethyl -1, 8-octanedi am ne was detected. In this third
run of repeatedTheact¢onndunsynt we auteclavedconttai hed thd7sgrod melyl eam ne
and 30.6 g of ammonia (476 noles per nole of ethylamne) at the tine of
starting reactinor.héf fér sther neacts oap tt heh aut adl avee cdretae hed €c o 8% e of

et hyl am ne and 26.8 g of ammonia (203 nol es per nole of ethylam ne).
COVPARATI iEn EXARPEE 2s Theuhi pats ange decersd frunsowere Chprtéd@ o c pmetrihed
same nmanner as in the first and second runs in Exanple 2. The third run was
also carriceltdan o h d hetsanka hgrmemew methanol was added in an amount

just to supplement the loss having generated during
distillation and other treatments, to a total amount of
119.3 g. The methanol was then divided into 63 g and
56.3 g, which were used for the initial feeding to the
autoclave and for dissolving the starting material to

be fed to the autoclave, respectively. After completion
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as in the first run except that the ethanol distillates recovered in the
second run and containing a | arge anount of ethylam ne and those contai ning
a small amount of ethyl am ne were conbined and used, as follows . To 117 .
0 g of the conbined ethanol distillates containing 0.29 g of ethylam ne,
new et hanol was added in an anobunt just to supplenent the |loss, to a total
amount of af9t3 ey r e £&d Conpt Bei M P nillfe Temedinodm It he amford &t PErted P Nng
in the autoclave was trapped with the aqueous sulfuric acid solution and
its anpuntvaas tdetepridned th bb e26.90 ¢o uSolarehf urdcovet ¥ dwse petfiermesin dnd
t he et hanol recovered was anal yzed to show that it contained 0.46 g of
et hyl am nei t$heayioginds ofas$ hald ®beaimeded, 9tnonared? Ani2negand The crude
2-met hyl - 1, B- oct anedi am ne were 22 91% and 91% respectively. On this
occasi on, Neetdtyl esubsi x t utred €erpaunkls nt hat t hach deen pfeor ak@ cbyf rom the
i ntroduction of ethyl group into one of the nitrogen atons of
1, 9- nonanede ar Ings or b2- Metlhyt at, i8> wct amedd agisnes wef et et ebttedi nr dar randent
of 0. 03 nole % based on the total noles of the product diamnes. In this
third run oéarcepeahed readtstonreuns, tdeet adtteod ave cont ai netr@ 29 g ofof
et hylam ne and 30.6 g of amonia (279 noles per nole of ethylam ne) at the
time of stmrmietghyeaciupat iAfdeedt heomgactine@s thes Autnoch avte aantal rede 6. 96
g of ethylam ne and 26.9 g of ammoni a (155 nol es per nole of ethylam ne).
EXAMPLE 3 Fbenfd d Shyand sseeanct t UB% el wditngy 5obvenip reaaveryneeoe cakei ed
out in the sanme manner as in the first and second runs in Exanple 1 . For
the third sum ddgeret hanod tdinsd i | | at @ r ecover,eo- h B ntahee s€@ANTOneUN ando r
containing a |l arge anmobunt of nethylam ne and those containing a small
amount of el RELRE Were caodiheraac ane eusedr has sfol + Ons. wke kldc b va ©é dt, he
conmbi ned net hanol distillates containing 0.18 g of nethylam ne, new
nmet hanol was a&ddeds amearn @anBeM 4§ §ISH nt & IsEpplienent rube, | D89 m ttOha catwlie
anount of 119.3 g. The nethanol was then divided into 63 g and 56. 3 g,
whi ch wererdaed £fon hhe i wkki aln f egdé ngqiue d he sautdol ave ard d os o diussod i ng
the starting material to be fed to the autoclave, respectively. The third
run was theavdargi edradppeaut anmbdbhea ssaneedmmerwas hi n 4 hedfisrtsi 1 Ldn: exsept
that anmmonia was fed in an anount of 38.5 g. After conpletion of the
reacti on, ipe aanaolisa ¢ @UAipH g Wil dheaaw ©ckave yas itdmpped whbh thes a
aqueous sul furic acid solution and

result 5.0 g of methanol distillates containing 0.08 g

of methylamine and 112.3 g of methanol distillates
containing 0.11 g of methylamine were recovered.
Analysis of the bottoms after the distillation showed
that the yields of 1,9-nonanediamine and 2-methyl-
l1,8~o0ctanediamine were 92% and 92%, respectively.

In this second run of repeated reaction runs, the
autoclave contained 0.09 g of methylamine and 30.6 g of
ammonia (620 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.18 g of methylamine and 26.2 g of ammonia
{251 moles per mole of methylamine).

({The third run of the repeated reaction runs)
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its anbunt was determned to be 34.8 g. Solvent recovery was perfornmed and
t he nmet hanol recovered was anal yzed to show that it contained 0.31 g of
met hyl am ne. The yields of the obtained 1, 9- nonanedi am ne and

2-met hyl - 1, 8- oct anedi am ne were 92% and 92% respectively. On this
occasion, no trace of N-nethyl-substituted conpounds that m ght have been
formed by intro@betitdni ol metrhya groay dned ome dfn tthikenpemeyana anems »f
1, 9- nonanedi ani ne or 2-nethyl -1, 8-octanedi am ne was detected. In this third
run of repeatedeeddty oh o, etdree ptit dch ave Icbat di niedo@. WBegméthanol
met hylam ne and 38 . 5 g of ammonia ( 390 noles per nole of nethyl am ne )
at the tineooftastaitionglrédctg onf Afdehytllwen i eactdon, releo aatresd ave the
contained 0.31 g of methylam ne and 39.8 g of ammonia (205 nol es per nole
of net hyl asrere)n d COMPARATd ¥E ([=XANRLEa3 The fi 68k .and Tsecamd: r usc b nel weld ng
solvent recovery were carried out in the same manner as in the first and
second runseith &&xanpd €sk.i FD& ttehe, trhé wdn ¢ tA atrhel med Handl edi sthi bhatRS unt
recovered in the second run and containing a | arge anmount of nethylam ne
and those ganttaivy Ngua pIrah & nanauné Db sreet hyd agi Be tvwer ea sorl hedf24 1 9 and
used, as follows. To 116.5 g of the conbi ned nethanol distillates

cont ai ni ngg 0. 1§ hx af e BRIV ANMvAS, dR¥nNMEtiRANGE dvdsh Bilded igh aand aBBUd ¢ pst
to supplenent the loss, to a total amount of 119.3 g. The methanol was then
divided i itpi&ch qrand 563 Fomhigb ware Lsedreerdihg tbBi thal sheedengde
the autoclave and for dissolving the starting material to be fed to the
autocl ave,ahaspesti valgsoThe ddi Edh & Ut Was £ RGN mCAt & k €G 10Ut oi 1B d heeTANES
manner as in the first run except that amonia was fed in an anount of 19.
3 g. Aftertgenpletben Hfef he d £petdtoiv eliRe. aNNPRiek I €BRIPN S1Pilch tHE the
aut ocl ave was trapped with the aqueous sulfuric acid solution and its
amount wasr detarin Aed tebainl®od itk SRInvenh imecovear t Mas spef bennede ands & he
met hanol recovered was anal yzed to show that it contained 0.30 g of

met hyl am ner aPhiee ¥i €hds afh & heqakich pedul, S noRanedi @nd H€uadndon and its
2-nmet hyl - 1, 8- oct anedi am ne were 90% and 90%, respectively. On this

occasi on, aAmpwRiry| wabstietl 06 apourdse & hate had gheenrher ned1ibyent was

i ntroduction of nethyl group into one of the nitrogen atons of 1,

9- nonanedi agtre; Of 2dret Ayl t k,e8- ecimsedh apnre were def eatredl 191 a8 tanpuwid . of
0. 10 nole % based on the total noles of the product diamnes. In this
third run »hanepented f ead ¢ O d IAS,n d he radit o6leaved card @b aack . thba g of t
met hylam ne and 19 . 3 g of ammnia ( 196 noles per nole of nmethyl am ne )
at the tineoaf sStmeui ng. e@acyi s ANd€rytihen I gacti odhet hgiadui 6l ave the

obtained 1,%-nonanediamine and 2-methyl-1,8-octane-
diamine were 92% and 91%, respectively. No trace of
N-methyl-substituted compounds that might have been
formed by introduction of methyl group into one of the
nitrogen atoms of l,9-nonanediamine or
2-methyl-1,8-octanediamine was detected.

In this third run of repeated reaction runs, the
autoclave contained 0.11 g of methylamine and 30.6 g of
ammonia (507 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave

contained 0.24 g of methylamine and 26.5 g of ammonia
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25 contained 0.30 g of nmethylam ne and 15.3 g of ammonia (93 nol es per
nol e of nethylam ne). EXAMPLE 4 Repeated runs of reaction were carried out
in the same manner as in Exanple 1 except that 2.3 g of Raney nickel was
used as catalyst. In the solvent recovery step of the second run, 5.0 g of
met hanol distillates containing 0. 10 g of nethylamne and 112 . 0 g of

met hanol di 801l [ra¢ ée scane ai mape 0012 myedth nke hyilreari ne were recovered. This
112.0 g of nethanol containing 0.12 g of methylanm ne and recovered in the
second run was used for the tCAMBARRAT IAEt EFXB8YRFIRtion of the third run,
the ammonia remaining in the autoclave was trapped with the aqueous

sul furic acid sofbte orf andti t 2 rediounte ovasddetrerms neidncd bei2@ 6 gl veol vent
recovery was performed and the net hanol recovered was anal yzed to show t hat
it contai nedco@.2lr g efe met bylran eme. oThte yhekds of amke robt aienrechs in the

1, 9- nonanedi am ne and 2-net hyl -1, 8-oct anedi am ne were 92% and 92%

respecti vet ¥r s@ 4 hits seccasbior,ume tmaeex ofpN-aret hyl st htHedr canpaunds
that m ght have been forned by introduction of methyl group into one of the
nitrogen ad 0e® @fadyi@-dananednaning 9&m2- e hykrl a8 oCh anad a1\ A6 tWaSun
detected. In this third run of repeated reaction runs, the autoclave

contai ned dxctdtg oharetdiybamdrenamed B80d i s& 01 0f taddORlea d v 46% 4101 @S thes
nole of methylamne ) at the tine of starting reaction. After the reaction,
the autoclaweozbd reanhaidned Ot 29 rgi O ARl R PdN AR catk 25f 6m g +0f y BARAAM &
(202 nmol es per nole of nethylam ne). COVPARATI VE EXAMPLE 4 The first and
second runsninehltd @gc sak\went 1 heCQVaiya Mar @ nCal h ked forte 4 Myl hen SARE wERNOIEr
as in the first and second runs in Exanple 4. The third run was carried out
in the saneofBineédasahd theefd rstag ure €xeepts t hat rbhermethang distidd ates
recovered in the second run and containing a | arge anmount of nethyl am ne
and those €onbainé 80 e $Madd o anoyats tof 1 Matdws ang o8 twerei agnbioneds angd used.
That is, to 117. 0 g of the conbined nethanol distillates containing 0.22 g
of net hyl and 8,y Newimet hanel westaddeslli waa ag@wd j UStad Oa flbRPE ENMBRLs £ he
loss, to a total anpunt of 119. 3 g. After conpletion of the reaction, the
amoni a r ed&i Biuidp 1 Bmlehitr aUhec! pye swast br appeslt wiit ha h Ba ragueeust sl Burd ¢
acid solution and its anount was deternmined to be 26. 5 g. Solvent recovery
was performnged asd Hdweo ek hanelh & eCOVerate dasn araleyyzgdain@ SoWst hat whti ch
contained 0.34 g of nethylam ne. The yields of the obtained

1, 9- nonanegdé ae Res @@dr3-nred iyl 1 1, 18 ogtianed: aginne ver en®l% @nd Adve ana
respectively. On this occasion, N-nethyl-substituted conpounds that had
been for mego by diind § edwGin §ntdfe NBERAW t ghQUM 4 BEQ i0NE @ e Bield Ogen tatoONs
of 1, 9-nonanedi am ne or2-nethyl -1, 8-octanedi am ne were detected in an
anmount of HutdxT ol e,% hasepeean iheltyot al md €8 rof ctoiep peaduct db&m nase 27
In this third run of repeated reaction runs, the autoclave contained 0. 22
g of et hyd @aaicnel @angd 3he 6 agnmd narmDpkea A 254 np| £8 pH e Mzhet 6t Lt diylwa s
amne) at the time of starting reaction. After the reaction, the autoclave
cont ai ned {0r 34 p3 Ofw rethhylhasm nieuard: 26s 6 1F wf i anaeiia {d93 tndd #Sa per ind e
of nethylam ne). EXAMPLE 5 Repeated runs of reaction were carried out in
the sane mansemtaswaB bxatplke iln excaps bkat2 &. 45 J. of sBilckeh tCcatat ystery
supported on Ki esel guhr was used and that the reaction tenperature was set
at 100C . Wast pe sSDbve@rdd r ea@ves yeStmapt bh ntdie secande Fer, Wwa® G roé 1 patdanol
distillates containing 0.07 g of methylam ne and 112.0 g of nethanol

di still at eso cemtar nitmg ). 1@ gc 6h tret hgldand ne 2wey e orfeco¥ @madl a mhirse 11210 g
of met hanol containing 0.10 g of nethylam ne and recovered in the second
run was usedefiars theothirden. Aftesieeml etiom-ofiohlhae ddivchirne, thed
anmonia renmai ning in the autoclave was trapped with the aqueous sulfuric
acid sol utd-oneandy1ts ,a@vobot avesddeatrer flened e e 26.9 83 9. Sohdent vewovery
was performed and the nethanol recovered was anal yzed to show that it

cont ai ned 10s 23 et ©0f vartyhyl aghne.h Tbe oyd €hds of , t ke obt aiynedsubstituted

1, 9- nonanedi anm ne and 2-net hyl -1, 8- oct anedi ani ne were 90% and 908$,

respecti ved ¢mp@u f 8k St REEASIAGN b N1@nt F3Ge OF Ny NEh Y o SWbstii d Mt ed gerpauNnds
that m ght have been fornmed by introduction of nmethyl group into one of the

28 group intoone of the nitrogenatoms of 1,9-nonanediamine
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nitrogen atons of 1, 9-nonanedi am ne or 2-nethyl -1, 8-octanedi am ne was
detected. In this third run of repeated reaction runs, the autoclave
.contained 0. 10 g of nethyl am ne and 30. 6 g of amonia (558 nol es per
nol e of methylamne) at the tine of starting reaction. After the reaction,
the autocl ave contained 0.22 g of nethylanm ne and 26.3 g of ammonia (218
mol es per l%~ BR tleY hyllarf nef.t ACORVPARAT VE EXAVPIEE §CTiRe i sin ahB o ddcond
runs including solvent recovery were carried out in the same manner as in
the first @hdlsécomotgns ine Egghpe 5heTHeC tRilr d* 9 LA swest chbei ok 8 Gt
the sane manner as in the first run except that the nethanol distillates
recover ed dhamien second run and containing a | arge amount of nethyl am ne
and those containing a small anount of nethyl am ne were conbi ned and used.
That is, to 117.19 ghdfsthé icohbrned okt hapot a tiest it ¢ acdst contraim$ ngthel7 g
of net hyl am ne, new nmet hanol was added in an anmount just to supplenent the
| 0ss, to adbball anpunbnafa1h@.d D gl 9AHt erf conphetlieoni ok talred re@ctéi gn,o £ he
anmonia remai ning in the autoclave was trapped with the aqueous sulfuric
aci d sol utdromoands i t 59anmuwnt e wap edetrer e ned e thiey 26161 ge )Saltventt er edanveer y
was performed and the nethanol recovered was anal yzed to show that it

cont ai ned df 3x grofi mettwé atiinen . The fi et dshefr éhe wobbai,netielautoclave

9- nonanedi am ne and 2-net hyl 1, 8- oct anedi am ne were 92a and 92s,
respectivedynt@i29d 0t.i3s gcwasi om,t H\: reimhiyd e salast i 2 6t @d ¢ oniolamos otnhiat
had been fornmed by introduction of nethyl group into one of the nitrogen
atons of 1(9s nonanedsam e ar e netthy e £ h§-10ch amedi am ne were detected in
an amount of 0. 03 nole % based on the total noles of the product diam nes.
In this third run of repeated react exrMeEng 2he autoclave contained 0. 17
g of nmethylam ne and 30. 6 g of ammoni a (328 nol es per nole of nethyl am ne)
at the time of skapteiatge deaatn Ono fAklearc t he nr eact koR,a t heeautcoct ave the
contained 0.30 g of methylam ne and 26.5 g of ammonia (161 nol es per nole
of net hyl amdne) mabDAMPLESG1 Repeatieplfeuns eofc ¢ pactihant wet B acar Y iwasouts ddn
the sane manner as in Exanple 1 except that 0. 35 g of nickel catalyst
supported aon Koesedguhr was tuseds andr 4 hat riehe v eagt isone p enercatair ee nas set
at 180 C. In the solvent recovery step of the second run, 5.0 g of nethanol
di still at esucontdai Nigigo @. BG 1ga 0o et hylkdn natarsd dd2t@ ign bh gnet hakolg of
distillates containing 0.13 g of nethylam ne were recovered. This 112.0 ¢
of nmet hanatkentam hhag &dh d3 1g Df onef hylfand me s@andc pecavenec g N0t e secamd
run was used for the third run. After conpletion of the third run, the
anmoni a r emh pilrgei net hee awvt ockaver ®vae d r apmadi wi thl 8he aguenfls etuh hurdlc
acid solution and its anount was determned to be 26. 8 g. Solvent recovery
was perforaredtanch ihe methana pécovehed awasnanad yzedr 860ovdneghownt hdte it
contained 0.24 g of methylam ne. The yields of the obtained

1, 9- nonanetk aninre rand wWa set bgld- X8 och anediiam meaner e AX196 ando®hetion
respectively. On this occasion, no trace of N-nmethyl-substituted conpounds
t hat m ghto havieebeen fdoramed, by hientemodestiizon eof a drdtibyd Droup e ptud ©né aofe t he
nitrogen atons of 1, 9-nonanedi am ne or 2-nethyl -1, 8-octanedi am ne was
detected. Wasthirs prhe ddwirh ofh € epeatestiu Feactlifonr igns,c i fies adtwoc! ave and
contained 0. 13 g of nethylam ne and 30. 6 g of ammonia (429 nol es per nole
of nethyl am sgmatintthe atd e ¢ rotiare dngorleacd $ ol. gAf t 6o 1 e wreactd ome the
aut ocl ave contained 0.24 g of nethylam ne and 26.8 g of ammonia (204 nol es
per nol e ofa srep hylfantme)l. aCRAVRARATE VB £EXAVPLEe ©o The €d reé sanch sskererd rums
were carried out in the sane manner as in the first and second runs in
Exanpl e 6.shlhe thiatd ¥uncwas caneided oub pnotfthe tslape amaimer. dh e ny 1 bé s r st
run except that the nethanol distillates recovered in the second run and
contai ni ng fa | arget maount obbnethykan ne and I hose xwaddiamhgea snal land
amount of nmethyl am ne were conbi ned and used. That is, to 117.0 g of the
conbi ned reetthanaly d+ st i8l4 at es rcoat ainni mg 0. 28eg eof MSthyl am aed newd 0%,

met hanol was added in an anpunt just to supplenent the loss, to a total
amount of rl€l®p3d o i Aktler. conpl ehi ont afi & he aeaektiiam , t hen anmodhik a geemaiati ng
in the autoclave was trapped with the aqueous 31 sul furic acid solution
and its anouat hwas- seberdid ted dd beo A®.dou gd sSokvwent recowner y hasepebfeammed
and the
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met hanol recovered was anal yzed to show that it contained 0.34 g of
nmet hyl am ne. The yi el ds of the obtained 1, 9-nonanedi am ne and
2-net hyl - 1, 8- oct anedi am ne were 91% and 913$, respectively. On this
occasi on, N nethyl-substituted conmpounds that had been forned by
introduction of methyl group into one of the nitrogen atons of
1, 9- nonanell? &fisfe BY ZmetiAudtdodet ahe odifantnd WRF R det BBt @' § n°dn WhBunt
of 0. 03 nole % based on the total noles of the product diamnes. In this
third run ®f tEepeafed rea®tiPdYf runs, °tthe aut del’aveesditaf Aéd HR 23 g of°r
met hyl am ne and 30. 6 g of ammonia (243 noles per nole of nethylam ne) at
the time of ~Bedrtyhg krebcricon n Altlarm § he readt idmt e £ dut ocl ave cont ai ned
0.34 g of nethylam ne and 26.5 g of anmonia (192 nol es per nole of
met hyl anmi ne) . EXARPLE: ¥ sRdégeqr éd rumse 6§f remetited weee clak pinedr oot /i itk de
same manner as in Exanple 1 except that the total pressure in the autoclave
was set ata®t®dWPavien adetsdlnvedt Ordcbver y fstegph pt atthien seeavl 3 0n,6 53 0§ of
met hanol distillates containing 0.08 g of nethyl amne and 112 . 0 g of
nmet hanol dashiold aé es 4Cohtmbdiernsy Pe t1mg ¢ nEt kyd lapilne weee reecovbBeed.inéi s
112.0 g of nethanol containing 0.11 g of nethylam ne and recovered in the
second rumc fastasadi igrrebethond rt t Akt ehecorpE et iom ,32hecfuthe ltdived
run, the amonia remaining in the autoclave was trapped with the aqueous
sul furic acddtsol neidond .a&fl g of ethylamine and 26.8 g of ammonia (203
moles per mole of ethylamine).
COMPARATIVE EXAMPLE 2
The first and second runs were carried out in the
same manner as in the first and second runs in Example
2. The third run was also carried out in the same manner
as in the first run except that the ethanol distillates
recovered in the second run and containing a large amount
of ethylamine and those containing a small amcunt of
ethylamine were combined and used, as follows. To 117.0
g of the combined ethanol distillates containing 0.29
g of ethylamine, new ethanol was added in an amount just
to supplement the loss, to a total amount of 118.3 g.
After completion of the reaction, the ammonia remaining
in the autoclave was trapped with the agueous sulfuric
acid solution and its amount was determined to be 26.9
g. Solvent recovery was performed and the ethanol
recocvered was analyzed to show that it contained 0.46

g of ethylamine. The yields of the obtained

l1,9-nonanediamine and 2-methyl-1,8-0octanediamine were
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its amount was determned to be 26.7 g. Solvent recovery was performed and
t he nmet hanol recovered was anal yzed to show that it contained 0.24 g of
et hyl am ne. The yields of the obtained 1, 9-nonanedi am ne and
2-met hyl - 1, 8- oct anedi am ne were 90% and 90% respectively. On this
occasion, no trace of N-nethyl-substituted conpounds that m ght have been
formed by 3hErodte®i on® bF rnet A§IS R Bp Vit B-one of Bt het AittT 0g&F &t 8 "of
1, 9-nonanedi am ne or 2-nethyl -1, 8 octanedi anmi ne was detected. In this third
run of repeaté&d reatctibont i tns e dhecar oePSe EBAttaihed ®eqr §pfmed by
met hyl ami ne and 30. 6 g of ammonia (507 noles per nole of nethyl am ne) at
the time dfnstrardy agiodaceifore t Atler 9 £18al B e&A®tH Dno PteheC Auttor Fave! B8R hed
0.24 g of nethylam ne and 26.7 g of anmonia (203 nol es per nole of
met hyl ami réed) o mGOMPARATIVEN EXANVPE Ei2 The ef o5t 2 amde sREdmd r B SWeré Scarri ed
out in the sane manner as in the first and second runs in Exanple 7 . The
third run dvasmdare ieereutd § heche dahe aanmerowsti @ & He ¢ Br oo Fen® eRéeptd
that the nmethanol distillates recovered in the second run and containing a
| arge anmoum oh eret hylaalni me land tHoseh eomtrad dibed ad Sewldn @fpunt of
met hyl am ne were conbi ned and used. That is, to 117.0 g of the conbi ned
met hanol distillahes hciost aihning Ounl% 83 reme at enkt hykart hep mew set Harol
was added in an anount just to supplenent the loss, to a total anount of
119. 3 autoclave contained 0.29 g of ethylamine and 30.6 g of
ammonia (279 moles per mole of ethylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.46 g of ethylamine and 26.9 g of ammonia (155
moles per mole of ethylamine).
EXAMPLE 3
The first and second runs including solvent
recovery were carried out in the same manner as in the
first and second runs in Example 1. For the third run
the methanol distillates recovered in the second run and
containing a large amount of methylamine and those
containing a small amount of methylamine were combined
and used, as follows. To 116.5 g of the combined
methanol distillates containing 0.18 g of methylamine,
new methanol was added in an amount just to supplement
the loss, to a total amount of 118.3 g. The methanol
was then divided into 63 g and 56.3 g, which were used
for the 4initial feeding to the autoclave and for

dissolving the starting material to be fed to the

autoclave, respectively. The third run was then carried
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g. After conpletion of the reaction, the ammonia remaining in the autocl ave
was trapped with the aqueous sulfuric acid solution and its anount was
determned to be 26.3 g. Solvent recovery was performed and t he net hanol
recovered was anal yzed to show that it contained 0.32 g of methylam ne. The
yi el ds of the obtained 1,9-nonanedi am ne and 2-nethyl -1, 8-oct anedi am ne
were 91% afd toly kbspescat geMmpn ATt s becadicont 1 Nsifethyh- subse ptuttdua t
conpounds that had been formed by introduction of nethyl group into one of
t he nitrogennstrohs b s1f9dnamanedipam me top £23 fetdhyl.- 1, BE dEtrame p Awitriec ner e
detected in an amount of 0.02 nole % based on the total noles of the
product di@af hée deathiion hi ttder @amod niepesredingacyi bn chres,atheclave
aut ocl ave contained 0. 19 g of nmethylanmine and 30 . 6 g of anmonia (299

nol es per wmlse tafa prpehly lwant me} hat atchee burse sof 1 Stharitd rge £ dactd but iAft erndhe
reaction, the autoclave contained 0.32 g of nethylam ne and 26.3 g of
ammoni a ( 150 snehes: perw aml ke 6fe 1t hgldamionek. 3 EXAVBLE 8s Kepeat edr ¢ uns eof y
reaction were carried out in the sane manner as in Exanple 1 except that
the total peessgefionrnde aumdctave mashsaioat rk& dWardd vhe sohuantized
recovery step of the second run, 5.0 g of nethanol distillates containing
0. 10 g oftsetdybwaninet abd 1d2nt i B4d @. ®L @etdhanale wh gtialnl 8hes The
containing 0.13 g of nethylam ne were recovered. This 112.0 g of nethanol

yields of the obtained l,9-nonanediamine and
2-methyl-1,8-octanediamine were 92% and 92%,
respectively. On this occasion, no trace of

N-methyl-substituted compounds that might have been
formed by introduction of methyl group into one of the
nitrogen atoms of l,9-nonanediamine or
2-methyl-1,8-octanediamine was detected.

In this third run of repeated reaction runs, the
autoclave contained 0.18 g of methylamine and 38.5 g of
ammonia (390 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.31 g of methylamine and 34.8 g of ammonia
(205 moles per mole of methylamine).

COMPARATIVE EXAMPLE 3

The first and second runs including solvent
recovery were carried out in the same manner as in the
first and second runs in Example 1. For the third run
the methanol distillates recovered in the second run and
containing a large amount of methylamine and those

containing a small amount of methylamine were combined
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‘containing 0.13 g of nethylam ne and recovered in the second run was used
for the third run. After conpletion of the third run, the anmonia renaining
in the autoclave was trapped with the aqueous sulfuric acid solution and
its anobunt was determned to be 26. 9 g. Solvent recovery was performed and
t he met hanol recovered was anal yzed to show that it contained 0.29 g of

met hyl ami reen dThesgidel d2 of fthelobtsi nedT ¢, 91 Aénahedi agifnetdrRl combined
2-met hyl - 1, 8- oct anedi am ne were 90% and 90% respectively. On this

occasi on, methracel of il by tsebsintua &d iconpduhds o vat e gty havd een
formed by introduction of nethyl group into one of the nitrogen atons of

1, 9- nonanedé anmree: oz n2-Ivet oyl 2ld Be dctianedi aainwe: was ] dettect eds ulpp L Rime i r d
run of repeated reaction runs, the autoclave contained 0. 13 g of

met hyl am nehand 39s , 6 tgp ok ammoaila (md28 tnod £s 1e¥ . Aolge of T et lnyd aiamec )  at
the time of starting reaction. After the reaction, the autoclave contained
0.24 g of wethylham ne ianidd 6. 9 rgt of 68mmpna ad( 300O. Bokbes wiet cholwee 0B used
met hyl am ne). COVPARATI VE EXAMPLE 8 The first and second runs were carried
out in thefsanetmeRNNarn A8 iiagl t heetidrist g antoseeanrd ransoicn &xanpke 8. flhe
third run was carried out in the same manner as in the first run except
that the rnetbaravdhngtiklned ess 85rtiregoves €ed dinalhectsecosd Eem arth the
containing a | arge anmount of nethylam ne and those containing a small

amount of aetby v e wersp eorllivnedyand used h That riuh wiats ke ) carried

out in the same manner as in the first run except that
ammonia was fed in an amount of 19.3 g. After completion
of the reaction, the ammonia remaining in the autoclave
was trapped with the aqueous sulfuric acid solution and
its amount was determined to be 15.3 g. Solvent recovery
was performed and the methanol recovered was analyzed

to show that it contained 0.30 g of methylamine. The

yields of the obtained l,9-nonanediamine and
2-methyl-1,8-octanediamine were 90% and 90%,
respectively. On this occasion, N-methyl-substituted

compounds that had been formed by introduction of methyl
group into one of the nitrogen atoms of 1, 9-nonanediamine
or 2-methyl~1,8-0octanediamine were detected in an amount
of 0.10 mole % based on the total moles of the product
diamines.

In this third run of repeated reaction runs, the
autoclave contained 0.18 g of methylamine and 19.3 g of
ammonia (196 moles per mole of methylamine) at the time

of starting reaction. After the reaction, the autoclave
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g of the conbined nethanol distillates containing 0.23 g of nethyl am ne,
new net hanol was added in an anpunt just to supplenent the loss, to a total
anount of 119. 3 g. After conpletion of the reaction, the amonia remai ning
in the autoclave was trapped with the aqueous sulfuric acid solution and
its amount was determined to be 26.4 g. Solvent recovery was perforned and
t he met harfp® *ftédovefed wal dnat §za¢ thhyshow rhatt1d édnthi e 0. BBMPp i a
met hyl am ne. The yields of the obtained 1, 9-nonanedi am ne and
2- met hyl - 1{ 83 odtahedi &t hemwere 9Z% et ha2bg miaspeeti vely. On this
occasion, N nethyl-substituted conmpounds that had been forned by
i ntroduction of nethyl group into ofXbHPE Aitrogen atons of
1, 9- nonanedi anmi ne or 2-nethyl -1, 8-octane dianmine were detected in an anount
of 0. 03 nol e %bapectk badt ket ot alf ned st afo it hee prodiect rdieaimianes. ilm tines
third run of repeated reaction runs, the autoclave contained 0.23 g of
met hyl amsemancd 30n e ¢ of iamiomeap(l243l nekes per tim € 2f 3net hyf armmey at
the tinme of starting reaction. After the reaction, the autoclave contained
0.34 g of methellanvae angled6.ads gcaft alpeni.a (142 trod es ofdere nol e ®tovery
met hyl am ne). EXAMPLE 9 Repeated runs of reaction were carried out in the
36 step of the second run, 5.0 g of methanol distillates
containing 0.10 g of methylamine and 112.0 g of methanol
distillates containing 0,12 g of methylamine were
recovered. This 112.0 g of methanol containing 0.12 g
of methylamine and recovered in the second run was used
for the third run. After completion of the third run,
the ammonia remaining in the autoclave was trapped with
the aqueous sulfuric acid solution and its amount was
determined to be 26.6 g. Solvent recovery was performed
and the methanol recovered was analyzed to show that it
contained 0.24 g of methylamine. The yields of the
obtained 1,9-nonanediamine and 2-methyl-1,8-o0ctane-
diamine were 92% and 92%, respectively. On this
occasion, no trace of N-methyl-substituted compounds
that might have been formed by introduction of methyl
group into one of the nitrogen atoms of 1,9-nonanediamine
or 2-methyl-1,8-octanediamine was detected.
In this third run of repeated reaction runs, the
autoclave contained 0.12 g of methylamine and 30.6 g of

ammonia (465 moles per mole of methylamine) at the time

of starting reaction. After the reaction, the autoclave
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same manner as in Exanple 1 except that the starting material fed to the
reaction vessel was changed to 13.7 g of 1,6-hexanedial. In the sol vent
recovery step of the second run, 5. 0 g of methanol distillates containing
0. 09 g of nmethylamine and 112 . 0 g of nethanol distillates containing
0.13 g of nethylam ne were recovered. This 112. 0 g of nethanol containing
0. 13 g of° RERYINHTnE -andl ﬁeéoﬂ/e‘i“é&mhl?ﬁ‘é’h%céﬁdi rif - Ras? uséd FBF OfHed
third run. After conpletion of the third run, the ammonia remaining in the
aut ocl ave \we&2t Ffpped Weh PRE agddouse §BIYFLAT & €0 d sol ution and its
anount was determned to be 26.5 g. Solvent recovery was perfornmed and the
met hanol recovered was anal yZO# &R BHRAFW Eh&X A M Pédnt 4i ned 0.23 g of

met hyl am ne. The yield of the obtained 1, 6-hexanedi am ne was 92% On this
occasi on, no trdtlkeeof IN-methyknslbst ecwtred compoundt rhatudd glat vk viseen
formed by introduction of nethyl group into one of the nitrogen atons of

1, 6- hexaned anvee Nasedet exa ed.idd ohits ithi rder pre nepeaceed aeathi Gie
runs, the autoclave contained 0. 13 g of nmethylanmine and 30 . 6 g of

ammoni a ( $29 sbl @31 pes emred of umet hiha®ixeppate the tTie ofhstrartfwmyg was
reaction. After the reaction, the autoclave contained 0.23 g of nethylam ne
and 26.5 @ zof rarmomiwt (2410t el es mpEpem amh e rofa sretrhyt faen fhie) s tEXAMPLEX E@ P T
Repeated runs of reaction were carried out in the same nanner as in Exanple
1 except tthedtthé estmettimgndT distillates recovered in the second

run and containing a large amount of methylamine and
those containing a small amount of methylamine were
combined and used. That is, to 117.0 g of the combined
methanol distillates containing 0.22 g of methylamine,
new methanol was added in an amount just to supplement
the loss, to a total amount of 119.3 g. After completion
of the reaction, the ammonia remaining in the autoclave
was trapped with the aqueous sulfuric acid solution and
its amount was determined to be 26.5 g. Solvent recovery
was performed and the methanol recovered was analyzed

to show that it contained 0.34 g of methylamine. The

yields of the obtained l1,9-nonanediamine and
2-methyl-1,8-octanediamine were 91% and 91%,
respectively. On this occasion, N-methyl-substituted

compounds that had been formed by introduction of methyl
group into one of the nitrogen atoms of 1, 9-nonanediamine
or 2-methyl-1,8-o0octanediamine were detected in an amount
of 0.05 mole % based on the total moles of the product

diamines.
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material fed to the reaction vessel was changed to 23.0 g of
3(9),8(9)-tricyclo[5.2.1.0] decanedi car bal dehyde. In the solvent recovery
step of the second run, 5.0 g of nmethanol distillates containing 0. 08 g of
met hyl am ne and 112.0 g of nethanol distillates containing 0.11 g of

met hyl am ne were recovered. This 112. 0 g of nethanol containing 0.11 g of
met hyl ami ne and ¥ecéberedt Pd ther $8cohfl F@P amEedsete # 6 the EMT . r e
After conpletion of the third run, the ammonia renmaining in the autoclave
was trappewPeH ahe agqidcusnsd furté dced §dl ub v whdei 89 Gndbbintt WaP £
determned to be 26.7 g. Solvent recovery was perfornmed and t he net hanol
recover ed amBoariad yred 4t 8 oshow pRat Miql eontfaieeoh Pl2axm igneff @t Hyh e afilme
The yield of the obtained 3(4),8(9)-tricyclo[5.2.1.0]decane di met hanam ne
was 90% f tshi arddoesizang chd ar acerdft Ak nelt Ay ¢ s gist ¢ b ut Bd ecompound atvrat
m ght have been formed by introduction of nethyl group into one of the

ni trogen atontadfn 8€4P,.BH(P) 9t miftymked[tty Rath.i0]edesamed fretthahanifne@emasenia
detected. In this third run of repeated reaction runs, the autoclave

cont ai ned (1 421 mpp bé snetehy | amilne add 8Ot h& lge i n@moni a ( 507 nol es per
nol e of methylamne ) at the tinme of starting reaction. After the reaction,
t he autocl ave contained 0.22 g of meEXtAMamEneS and 26.7 g of ammoni a (221
nol es per nole of nethylam ne). REFERENCE EXAMPLE 1 An aut ocl ave equi pped
with a sanpling Rebeahawéingu3® of reaction were carried out in the

same manner as in Example 1 except that 5.5 g of nickel
catalyst supported on Kieselguhr was used and that the
reaction temperature was set at 1007C ., In the solvent
recovery step of the second run, 5.0 g of methanol
distillates containing 0.07 g of methylamine and 112.0
g of methanol distillates containing 0.10 g of
methylamine were recovered. This 112.0 g of methanol
containing 0.10 g of methylamine and recovered in the
second run was used for the third run. After completion
of the third run, the ammonia remaining in the autoclave
was trapped with the aqueous sulfuric acid solution and
its amount was determined to be 26.3 g. Solvent recovery
was performed and the methanol recovered was analyzed

to show that it contained 0.22 g of methylamine. The

yields of the obtained l,9-nonanediamine and
2-methyl-~1,8-0octanediamine were 90% and 90%,
respectively. On this occasion, no trace of

N-methyl-substituted compounds that might have been

formed by introduction of methyl group into one of the
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a filter was used and the first run of Exanple 1 was repeated with sol vents

as shown in Table 1. Sanples were taken fromthe reaction m xtures just

after the feeding of starting materials and after further reaction at 140i

for one hour after the feeding and checked for the yield of the desired

products . The results are also shown in Table 1. Table 1 Solvent Yield (%
or

Just after¥EEATY 1 hourd ¥ alér Met hdhol 90 HB3EthaRsngbigmnine

1- Propanol 73811- But anol 65861 soanyl '

al cohol 5685nt@tttanbr 4483 TeF iene89840ket Rl wa Hubylt @ERErS183 Tet r ahydr of ur an

45 85 1, 4-Di oxane 47 86 Cbviously, nunerous nodifications and variations of

the present invehti ¢ iafetpdssdbkan nofi giste & telfe npovd t eachkivmys, Ithés

therefore to be understood that within the scope of the appended cl ai ns,

t he i nventd whomralya be practited dthel @i geotthare bb ydpeei hiecalny s idbedf

herein. 39 Wiat is claimed is: 1. A process for producing diam nes which

conpri ses amepostieps( b8 MP 1 eearttimgr @l di alfdetpdeyiiami aprorita thd Mydrogen

in the presence of an al cohol represented by the foll owi ng general formula

(1) ROH (dF siherdiim Rrepréasents métfitd rgrlvapree cethgh gk bigpa vandcd ave

hydr ogenati on catal yst, to synthesize the correspondi ng di am ne; (2)

separ at i ngc @and arieceoderdi .nYy2 sgi o Al seldly bymdirse i klnidhg2 6he reactti cammioxtia e

obtained in the step (1); (3) separating the diamne by purifying the

distillatiohlBesiadlesoldarned ia bife s¢ep y(129 miared .

COMPARATIVE EXAMPLE 5
The first and second runs including solvent

recovery were carried out in the same manner as 1in the
first and second runs in Example 5. The third run was
carried out in the same manner as in the first run except
that the methanol distillates recovered in the second
run and containing a large amount of methylamine and
those containing a small amount of methylamine were
combined and used. That is, to 117.0 g of the combined
methanol distillates containing 0.17 g of methylamine,
new methanol was added in an amount just to supplement
the loss, to a total amount of 119.3 g. After completion
of the reaction, the ammonia remaining in the autoclave
was trapped with the aqueous sulfuric acid solution and
its amount was determined to be 26.5 g. Solvent recovery
was performed and the methanol recovered was analyzed
to show that it contained 0.30 g of methylamine. The

yields of the obtained 1,9-nonanediamine and 2-methyl-

l,8-octanediamine were 92% and 92%, respectively. On

29



(9) feeding at least part of said al cohol recovered in the step (2) to
the step (1); said step (1) conprising maintaining the anount of ammoni a at
a level of at |east 200 noles per nole of the primary am ne represented by
the foll owi ng general forrrula (I'')y RNH2 (Il) wherein Ris as defined above
that has forped in the step (1) and_accunulated in the reaction vessel for
step (1). 22 Fh8 FrdeeSL radtoP Gty 16 5E 3T it £ U WhEr &0 RAPA 4 Fekyde s a
| i near aliphatic al dehyde, a branched aliphatic dial dehyde, an alicyclic

di al dehydé’ %% "afh °§rrb?rﬁt Py dinat HeRytet 181 Pre Bt bBeds %’E:EBrpdllrfbtPoo@eal‘?ﬁ 2,
wherein said |inear aliphatic dialdehyde is butanedial, hexanedial,

octanedi alth &0 MeA&REERl , de&&detli al ,© findedanddifdn 2 A6dccaRédiaal , ©F

t etradecanedi al , hexadecanedlal, oct adecanedi al or eicosanedial; said

br anched él'ilbﬁéthi X1 dilal teppde 1 8d2-amt iyl vctadedied ¢ c 2etet hyl adnadedivdl t or
2, 7-di net hyl octanedi al ; said alicyclic dial dehyde is

1, 3-cycl ok abedi ar paledehydles e R rythehexahedi aae balsdehf/dehe product
3(4),8(9)-tricyclo[5.2.1. 0] decanedi car bal dehyde or

2(3),5(6) dizpéingf 2: 2. 1] hept anedi car bal dehyde;, and said aromatic

di al dehyde i s terephthal al dehyde or isophthal al dehyde. 4. The process
according to C alm rhivhetdiir sardndiaf deleydea t ¢ da me gictrieco of rann $ pedrhe

al i phati c di al dehyde and a branched aliphatic dial dehyde. 5. The process
accor di ng atwt Gcdiaw 4, cwhierael neghild. 1 7neap falmphavile i aledemde3 Ps 6 g of

1, 9-nonanedi al and said branched aliphatic dial dehyde is

2- met hyl - B 8n goticnedd ai8. m®. 1 §hepproceskeaccomd gytlanCl aerh Bt whieeeitrd nide
concentration of said dialdehyde is in a range of 5 to 30% by wei ght based
on the toteal siedghti rof tdectiiqpn d phddee it hher eeadti on,vedsebutiocThere
process according to Caim1l, wherein the amount of said al cohol used is in
a range ofcnBatim&0 t0i."e¢ by odei ghtt Hpabed ioret he dwe? GhtS of sd&i emmonia

di al dehyde. 8. The process according to Claim?7, wherein the anount of said
al cohol usddéismal asrage ofo e toflln¢tirest dyiweilght based on the wei ght
of said dialdehyde. 9. The process according to aim1l, wherein said

hydr ogenation catal yst is a Raney caXaA¥BLEoréa supported catal yst
conprising 41 a nmetal having hydrogenation activity on a support. 10. The
process accordi Reread aftnedn whef ek asat doRameyre carried out in the

same manner as in Example 1 except that 0.35 g of nickel
catalyst supported on Kieselguhr was used and that the
reaction temperature was set at 180T . In the solvent
recovery step of the second run, 5.0 g of methanol
distillates containing 0.10 g of methylamine and 112.0
g of methanol distillates containing 0.13 g of
methylamine were recovered. This 112.0 g of methanol
containing 0.13 g of methylamine and recovered in the
second run was used for the third run. After completion
of the third run, the ammonia remaining in the autoclave
was trapped with the aqueous sulfuric acid solution and
its amount was determined to be 26.8 g. Sclvent recovery

was performed and the methanol recovered was analyzed
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catal yst is Raney nickel, Raney cobalt or Raney copper, and said supported
catalyst is nickel, cobalt, platinum palladium rhodium ruthenium or
.copper supported on Kieselguhr, silica, alum na, silica-alumna, clay,
titania, zirconia, magnesia, calcia, |anthanum oxide, niobium oxide or
carbon. 11. The process according to Claim1l, wherein the anount of said
hydr ogenathi OnSédt al 2 ¥ s iith gop ngd 000% 4% f 30% by Wbighe "Bdsed It he
total weight of the |iquid phase in the reaction vessel. 12. The process
accordi ng 2o &ddi m 12 wherlern t RE adbdaftd of $aiPd hYARGFEhARING" Bat aldys? is
inarange of 0.1 to 10% by wei ght based on the total weight of the liquid
phase in tarempédett od VEes8Elt.angdipiel procesyeactor ditvgtt o G adm 1, Sdfer ei n
the amount of ammonia is in a range of 2 to 300 noles per nole of said
di al dehyde.edre cthevgrlatess ac@ordi g it Cleteprsd omheret o t hera&mnt of
ammonia is in arange of 5 to 100 noles per nole of said dial dehyde. 15.
The process metdrl ng ulos Cligium 44, wbara wntise hhdunt nofg mmonka § sbier ™
range of 5 to 50 nol es per nole of said dialdehyde. 16. The process
accordi ng fiorGead 1, iwtaredp ctthieo neadt iroat heriper abwre i st pn o ¢ apnde tdfe 40
to 200.

nitrogen atoms of l,9-nonanediamine or

2-methyl-1,8-octanediamine was detected.

In this third run of repeated reaction runs, the
autoclave contained 0.13 g of methylamine and 30.6 g of
ammonia (429 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.24 g of methylamine and 26.8 g of ammonia
(204 moles per mole of methylamine).

COMPARATIVE EXAMPLE 6

The first and second runs were carried out in the
same manner as in the first and second runs in Example
6. The third run was carried out in the same manner as
in the first run except that the methanol distillates
recovered in the second run and containing a large amount
of methylamine and those containing a small amount of
methylamine were combined and used. That is, to 117.0
g of the combined methanol distillates containing 0.23
g of methylamine, new methanol was added in an amount
just to supplement the loss, to a total amount of 119.3

g. After completion of the reaction, the ammonia

remaining in the autoclave was trapped with the agqueous
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17. The process according to Caim 16, wherein the reaction tenperature is

in a range of 100 to 180g. 42 18. The process according to Claiml,

wherein the reaction pressure is 0.1 to 20 MPa in ternms of hydrogen parti al

pressure. 19. The process according to Caim 18, wherein the reaction

pressure is 0.5 to 15 MPa in terns of hydrogen partial pressure. 43

. A3. A3n. AS%FPA&‘A&?A@. AP, NBH1AFH, 3BH. AYS. AZ[oywnt was determined to

n. A3[ . AF[ . AF5. A3. A3[. A3[.A n. A3[. A n. A3[. A3[. ASH. An. A n. A

[.A.A . AP . AN A h: A3[SAZ[V.em 5. ASSICAN.AB%. AR2s performed and the

<V#$45BLVWYCM xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]calc

a] ca] ca] cal<cahealchlrcad cdecd ¢ za]xapday|rad ctfa!sNNSY 6] RYKLEt contained

} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] ca] ca] ca] ca]ca] ca]ca

] ca] ca] calocal ¢a] ga]cd] cacalxchiwdlne! Yrhe\l yieldods of the obtained
l1,9-nonanediamine and 2-methyl-1,8-octanediamine were
91% and 91%, respectively. On this occasion,
N-methyl-substituted compounds that had been formed by
introduction of methyl group into one of the nitrogen
atoms of 1,89-nonanediamine or 2-methyl-1,8-o0octane-
diamine were detected in an amount of 0.03 mole % based
on the total moles of the product diamines.

In this third run of repeated reaction runs, the
autoclave contained 0.23 g of methylamine and 30.6 g of
ammonia (243 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.34 g of methylamine and 26.5 g of ammonia
(142 moles per mole of methylamine).

EXAMPLE 7

Repeated runs of reaction were carried out in the
same manner as 1n Example 1 except that the total pressure
in the autoclave was set at 5.5 MPa. In the soclvent
recovery step of the second run, 5.0 g of methanol
distillates containing 0.08 g of methylamine and 112.0
g of methanol distillates containing 0.11 g of
methylamine were recovered, This 112.0 g of methanol

containing 0.11 g of methylamine and recovered in the

second run was used for the third run. After completion
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16<=swx, n}xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca]ca]ca] ca]ca]ca] ca]ca]ca]ca]calca]cal!"ZB' FG j}xsnid_Z]ca]ca]ca] ca]ca]
caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca! Y "QeyzGHP;

xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
ia] ca]l ca} c’ca% C%%‘Ea]:%}&}rc%}%‘&%lca¥@aél agl]Bm]nl.a! re]ma]lnl]ng]ln]t ]e a]utc]ncl]ave]: ]
}% (c! a} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca]'taf cAFedRafcufddl] cta‘}lea]i@a’]?:%u RCA¥L furig acid solution and
JVL!M '} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca) cal ca]ca]ca]caJca]c
a] ca] ca] cd ta)xaped]tca]cnldcal eafcal ed] eal b el2 6 2ng " 4 S ¥ RIS S S B $S$
$$$$9%80 %884 xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca
] ca] ca] ca]wa§ crleca] eafca] cahcal thpcalchlh s alBVRMEYY ERELHEKH as analyzed

"GPt d((()))*B*s******1xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cad ca]hcat] capcef cajrcad cajtead saldcal c@ficad cajfcal eahqal & mire &+ Fier+++

, +9+: +B+G+O+P+_+" +k+| ++++++++++} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] cal ca] ca]xc:a]éal]sca] cafca] ¢d]e€a] cajcad talech] cal c@]-cad sahea] tamdal +T, &,rfqd g,

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]cal]ca]ca]ca]ca]cal....//
[slt]l]]:0x024pexAtlilt26823022233" Gh3_3tBiix333joxsna d ifrca] caj ca] cakea«a] caf cal
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]cal
333333334 M4 4 444AUA4 4 43R5 566007¢ dni/e IR P48} xeni dt Flaaa] ed]|glat calj ealecabeaca]
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]cal#
8$8) 8h888&4BNWecOIDy : i Rtirroduction of methyl group into one of the

;, < <a<i <<<<' =(=3=0=qg=r ===} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] calicaloag|ca] ealcoad calfcal cal-oad cahea] cahcalcap ca]xah sxtm) D358 277@/

Al Al Av Ax AppAARNAALANAMAL SN Wl ad] caig c&|cctag da] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal AAAAAAAA
BBBBB9B: BUBVBBBBBS Ct GsiGCCCh DRRDDBR} xshi d ef]cat ed] cag eajtciad safeal €a] cajea)
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! =EsEESF
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dEdV7F 3"37"109%&' () -

31"10%& ()-31"109% & ()-3/"10%& ()-3"10% ()-13"10% () -

-13456sbCF' 33" 10% & ()-3"10% & ()-3"10% & ()- 10 10

10s="109%& ()-39"10%& ()-, nZdEbCF 33" 10% & ()-3"10% & ()-Y"10% & ()-39!10% &
"()-3"10% & ()-3"10% & () -ZBAELCF 33! " 10% & () -3"10% & ()-3"10% & ()-3" 10%
& ()-3"10% & % ) RBLIONg &MDHN e ;| AEPCFM 3RS A09¢& Y § SF3ADSE &M - 2 P11 P)E-
["10% & ()- -"10% & ()- #"10% & ()-Y[\]"bCF 3Y"10%& ()-Y"109%& () - 105 10(
10(" =s10%& Y-t 9" SO ¢pent the loss, to a total amount of 119.3
7"10% & () - QEdELCF 3Y"10%&' ()-F"10%& ()-F"'109& ()-F"10%& ()-Y"10%&' ()-Y"10%
& () - EPAERGF 3RR10%& ()compd® {()op" 109k ChF MERCE)L-PF the ammonia
10%&' () - F"109%& ()- BOJEbCF 3F+"10%&' ()-F

) 10%&' () - F'eI08&n(E)n--94 1. 08@&e( p-uls ¢0RRY ¢ )w 35" 1A% P pdCw,ith the aqueous
dEbCF' 3F7" 10%&' ()-35"109%&' ()-33"109%& ()-31"10%&' ()-F/ "10%& ()-3-"109%& ()-;
} % CF 3Y sullDf@r(i)c R@DERS PL-Wt 10%R'a(d 1§sl@mount was determined to

10" =s109&’ ()-39"10%& ()- %' adEbCF 3F "10%& ()-F,"109%& ()-F& 10%& ()-F

"109& ()-Be 10% ) gR&" 100K ¢)e-rNdELGR: 831€'P%& { §- performed and the
"109%&' ()-F'109%& ()-F"109% ()-F"10%&' ()-3&"10%& ()- CAdEbCF 33-"10%& ()-3+S#1
0%&' () - 3) hEOYRA f)o-13'r'el0IRE fr)e- FWO%UR § L yRFE AU 's(HewTthat it contained
dEbCF' 339" 10%&' ()-37"10%& ()-F 5109& ()-3310%& ()-31"109& ()-3/"10%& () -
FINTTOCF BY"ADYES (o &y MD&BN ()1 A 100K, ()EYe 109&e(l)ds 10 the obtained
103="109%& ()-!!2"n"""! #dELCF 3Y" 10%& ()- Y"10%&' ()-F"109& ()- Y"10%& ()- Y"10%

& ()-F 1,9-nonanediamine and 2-methyl-1,8-octanediamine were
91% and 91%, respectively. On this occasion,
N-methyl-substituted compounds that had been formed by
introduction of methyl group into one of the nitrogen
atoms o0f 1,9-nonanediamine or 2-methyl-1,8-octane-
diamine were detected in an amount of 0.02 mole % based
on the total moles of the product diamines.

In this third run of repeated reaction runs, the
autoclave contained 0.19 g of methylamine and 30.6 g of
ammonia (294 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.32 g of methylamine and 26.3 g of ammonia
(150 moles per mole of methylamine).

EXAMPLE 8

Repeated runs of reaction were carried out in the
same manner as in Example 1 except that the total pressure
in the autoclave was set at 18 MPa. In the solvent

recovery step of the second run, 5.0 g of methanol

distillates containing 0.10 g of methylamine and 112.0
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10s<s10%&' () - F9109%&' ( g &'G P""dEbCF 3F"109%s& ()-Y"10%&' ()-F"10%&' () -

109%& () - Y'ALOORE() = §ORE@ 3 -+ &k § § 1) idEDERS3FAC 200 ¥ 1 p19109R B3 190/&'%15 F1

0%&' ()-"10%& () - F"lO%&'() )) *B*s***dEbCF' 3Y 510%&f(2

3109%& () - mqﬁ@&%gmpneuﬂ%ge)qﬁcgmﬂgﬁy This 0 g of methanol
F#"10%& () - * +B+D+E+F+G+++bCF 31 m' 109%&' () -1 "10% ()- 10 10

10= 10%&(gogg@ym@pquWgﬁlgmp()mgthylamlne and recovered in the

-?-}-r..dEbCF 3Y!"109& ()-Y"109%& ()-Y"10%& ()-Y"10%& ()-Y"109%& ()-Y"10%& ()
S / : OX()361€E§13€>3Fi'<1’3Iili'rILW’/&s (ysEQ EPR Y eFhifWR (Yn! IFATIOOR ¢pmEBetion

109 () - Y#" 109 ()-x021slulviwlx111bCF 3F"10%& ()-F"10%& ()- 10 10

10=s10%&' (9* ROt ¢ O¥&1(r)d RISHL0YR e p-mi6R0222'r3 8e EDCRi @' 1 08/&'e( puR'dAOYR' (9 - Y

109%&' ()-F"109% ()-s

109 () - F'WID9KRE € pr|B3s @384 ZMAHhErFa §R'elDIE’ § n-1F A 0UR () 199@E WY+ B'hl1@X& () -

109& () - FEUOYEA 1f d uhAS RBEE GEEHCE I+ 4006, K § -B5 " POFE ()S-dFL ¥ £0UR'T(S ¢ BRI’ (
) - F#" 109%&' ()-F! " 10%&' () -66%/ 7n7o7p7q7r 7dYNCF' 3 10 10

was performed and the methanol recovered was analyzed

to show that it contained 0.24 g of methylamine. The

yields of the ocbtained l,9-nonanediamine and
2-methyl-1,8-octanediamine were 90% and 950%,
respectively. On this occasion, no trace of

N-methyl-substituted compounds that might have been
formed by introduction of methyl group into one of the
nitrogen atoms of 1, 9-nonanediamine or 2-methyl-1,8-
octanediamine was detected.

In this third run of repeated reaction runs, the
autoclave contained 0.13 g of methylamine and 30.6 g of
ammonia (429 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.24 g of methylamine and 26.9 g of ammonia
(204 moles per mole of methylamine).

COMPARATIVE EXAMPLE 8

The first and second runs were carried out in the
same manner as in the first and second runs in Example
8. The third run was carried out in the same manner as

in the first run except that the methanocl distillates
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"109&' ()-F"10%& ()-F"109%& ()-F

"109%& () - F" 109 ()-F"109%&' ()-8&9c999: R dEYNCF' 3
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©, <i <<dEYNCF' 3 Y/ " 10%& ()-F-"10%& ()-F+"109%& ()-s) 10%&' ()-F"10%& ()-"

1098 () - <<Bepyeredi h 4helot colDIR ¢ h-¥0U109R Y i ¥ nKOFR1 (@)L $S amount

109& () - Y3109%& () - Y1"109%& () - ===)>j >>> ?2xY: /

10F3" 1098/ - Be"t0p&a f)i-FE" 209’ { ho3 #100@'t(d 1 FLIORA ( prR' LDYENJunt of

10" ?7@/@AvAAaB: /| 10F% 109%&' ()-!#F!'"10%& ()-F 109& ()-F

"109%& () - B aDYR {1 i Fe" 09RE ( -oAB5 CEECCCOUYNG s10d 10 I( &l 8s10%80 (3 1V . 0

910%& () - F5" 109%& () - F+"109%& ()-F)" 10%& () - C) DD=ESEESFAEYNC 10

| " 109&' () d "dDYBh(E) -d R BAYR ¢ ) m ¥LI0URS () <li"LOVE (S & b's 10%R ¢ » 1 BRERFY GBERIEYNC

10

1)" 1098 ()o | &6 E100%RE K yAlatt 10K (1) e br! 'MeDVBa h)o-1 "2BHR { J de'd10PR' @) Gukbidin 4 dEY

NC 10

9" 10%& () -jlbs t0YUR' (5)u 3P LOURS f - ThEOURS 6 - | /"L OVRE 6 kol 1+"ab@'n(Y) -d £ 1 1 b IKLIVH

10! 3"109%& ()-4! 3"109%&k ()-4! 3"10%&k ()-43"10%& ()-4
g. After completion of the reaction, the ammonia
remaining in the autoclave was trapped with the aqueous
sulfuric acid solution and its amount was determined to
be 26.4 g. Solvent recovery was performed and the
methanol recovered was analyzed to show that it contained
0.34 g of methylamine. The yields of the obtained
l1,9-nonanediamine and 2-methyl-1,8-o0octanediamine were
92% and 92%, respectively. Oon this occasion,
N-methyl-substituted compounds that had been formed by
introduction of methyl group into one of the nitrogen
atoms of 1,9-nonanediamine or 2-methyl-1,8-octane-
diamine were detected in an amount of 0.03 mole % based
on the total moles of the product diamines.

In this third run of repeated reaction runs, the
autoclave contained 0.23 g of methylamine and 30.6 g of
ammonia (243 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.34 g of methylamine and 26.4 g of ammonia
(142 moles per mole of methylamine).

EXAMPLE 9

Repeated runs of reaction were carried out in the
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10 10 10 =10%& ()- MVNNNNNNBO~_@ 10! 3"10% & ()-3"10% & ()- 10 10 10
=10%& ()-! 3"109%&' ()-4 3"10%& ()-4BOOOP~SSSS}[<1@ 10(L =10% & ()-!5
"10%\ & ()-.! "109% (& ()-. "10%& ()-.! "109% (& ()-. "109%& ()-.SSSTUU
VRWMV F"10%&' ()-F "10%& ()- F& 10%& ()-F& 109%& ()-F "109%& ()-F"109%& () -
10( lO(VVVXXXXXP[uj_@F"lOF"lQ%&f()-4 10 10 10L =109 ()-!
3) " 10%& ()S38yel0v6 BN(OL ' 26%&L ) EP[ampAR 3D 4% epr\lt: RthE#100Re()s@arting
F#109&' () - 4F#109%& ()-4 10 10 10L =10%&' ()-!F"109%& ()-4cccccgh+i.i/i~ @ 10s
=109&' ()- "y#E0vULa L) £41d HH10ME' ¢r-USYyHOOVR §s411F a9 changed to 13.7
10" =10%& ()-/iOi lieiiij<jjmVY "10% ()-F"10%& ()- Y& 109%& ()-Y
"10%&()Jﬁlg%&KQGFhexanedial. In the solvent recovery step of
the second run, 5.0 g of methanol distillates containing
0.09 gof methylamine and 112.0 g of methanol distillates
containing 0.13 g of methylamine were recovered. This
112.0 g of methanol containing 0.13 g of methylamine and
recovered in the second run was used for the third run.
After completion of the third run, the ammonia remaining
in the autoclave was trapped with the agqueous sulfuric
acid solution and its amount was determined to be 26.5
g. Solvent recovery was performed and the methanol
recovered was analyzed to show that it contained 0.23
g of methylamine. The yield of the obtained
l,6-hexanediamine was 92%. On this occasion, no trace
of N-methyl-substituted compound that might have been
formed by introduction of methyl group into one of the
nitrogen atoms of 1l,6-hexanediamine was detected.

In this third run of repeated reaction runs, the
autoclave contained 0.13 g of methylamine and 30.6 g of
ammonia (429 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.23 g of methylamine and 26.5 g of ammonia
{210 moles per mole of methylamine).

EXAMPLE 10

Repeated runs of reaction were carried out in the

same manner as in Example 1 except that the starting
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109 ()- 10 10jj KOKkKkdENMN Y "109%" 10%&' () - F"109%& ()-Y"10% ()-VY"10%& ()-Y
"109& ()-F"10%& ()-k"IVIII|ndEmV Y
"1098) " 109%&' ()-F "109%&' ()- F% 109%&' ()- F#" 109%&' ()-3!"10%&' ()- F"10%& () - nmmPnn
nnnndE: / 10 10" =10%& ()-39"10%& ()-37"10%& ()- 35" 10%& ()- 33" 10%& () -
1Z10%&' () - nnn+o00lt 4t 5t 6t 7t UVK@ 10 10 10L =109%&' ()-33"109& ()- *Y&" 10%& ()-
310%&' () - I™ve LORERE (F £ AR tYRRYAPADY§9F] PEE 5583 YRS 107 20H 9 =109%¢& (§ - |
"109% (& ()-.! "10%{& ()-.! "10% (& ()-.3"10% & ()-qyyy(z_zz{dEPE: 5 10
10( F'109%&' Q) F" BOAR ( B-IPhot&i9yclol5.2.1.0]decanedicarbaldehyde.
3109&' ()- F@O%& ()-F'10%& ()-{>{p{{{| R aBPE: 5 10
10F! " 109%& {1 - FhE0URL L) L 0% ¢ § vE'XI09Rt @) G0k g )second run, 5.0 g
of methanol distillates containing 0.08 g of methylamine
and 112.0 g of methanol distillates containing 0.11 g
of methylamine were recovered. This 112.0 g of methanol
containing 0.11 g of methylamine and recovered in the
second run was used for the third run. After completion
of the third run, the ammonia remaining in the autoclave
was trapped with the aqueous sulfuric acid solution and
its amount was determined to be 26.7 g. Solvent recovery
was performed and the methanol recovered was analyzed
to show that it contained 0.22 g of methylamine. The yield
of the obtained 3(4),8(%)-tricyclo[5.2.1.0]decane-
dimethanamine was 90%. On this occasion, no trace of
N-methyl-substituted compound that might have been
formed by introduction of methyl group into one of the
nitrogen atoms of 3(4),8(9)-tricyclo[5.2.1.0]decane-
dimethanamine was detected.

In this third run of repeated reaction runs, the
autoclave contained 0.11 g of methylamine and 30.6 g of
ammonia (507 moles per mole of methylamine) at the time
of starting reaction. After the reaction, the autoclave
contained 0.22 g of methylamine and 26.7 g of ammonia
(221 moles per mole of methylamine) .

REFERENCE EXAMPLE 1

An autoclave equipped with a sampling tube having
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A3MLO%s& ()-R| || h} ~@v~dEPE: 5 10
1035"10%&' ()-33"10%& ()-3-"109%& ()-3)"109%& ()-3% 109%&' ()- F#"109%& () -v~~~~~~
~ =b@ 10 10! "10% (& ()-4 "10% & ()-4 10 10

10L=109%&' ()-F9"10%& ()-37"10%& ()-=G+./01h{\=5 10 1Y"109%& ()-Y"10%& ()- 10(
10( 10(L=10% & ()-! "10% (& ()-4! "10%& ()-4JodE{\=5 10 1F

"109%& () - =& 100 €¥- Pva'aowe(q - IEET'QI.O%&'e( ) £ YF'SFOO/&'“@) -E8&" fgo,@gnp)l_e OFr s =5
10 1 /G0%& ()-- 109 ()-1+gl0%& ()-F "109%&' ()-F$"10%&' ()- !'310%& ()-rKdE:/
10 repeated with solvents as shown in Table 1. Samples were
10L3=10%&' ()-39"10%& ()-37"10%& ()-F5"10%& ()-F3"10%& ()-F1"109%& () -\ OuVK®

taken from the reaction mixtures just after the feeding

of starting materials and after further reaction at 140%TC

for one hour after the feeding and checked for the yield

of the desired products. The results are also shown in
Table 1.
Table 1

Solvent Yield (%)

Just after feeding 1l hour later
Methanol 90 93
Ethanol 89 91
l1-Propanol 73 81
l1-Butanol 65 86
Iscamyl alcohol 56 85
n-Octanol 44 83
Toluene 34 8 4
Methyl t-butyl ether 51 83
Tetrahydrofuran 45 85
l1,4-Dioxane 47 8 6

Obviously, numerous modifications and variations of
the present invention are possible in light of the above
teachings. It is therefore to be understood that within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described

herein.
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10 10 10L =10%&' ()-!F3"10%&' ()-33"10%& ()-3"3"10%& ()-3"10%& () -
100yLz[ <1K@ 109 =10%& ()-39"10%& ()-! 3#109%&' ()-2! 3#10%&' ()- 2!
3#10%9& () - 23#10%' () - 29\ QF10 10< 10< 10<&=10%& ()-! #10%<& ()-Zz4!
#109&' () - ZA#10%<& ()-Z4 10 10&BEFGHzodY: F10 #10% & ()-4 10( 10(
10(9=10% & ()-!  "10% (& ()-s*! "10%9qqq& ()-s*!3"10% (& ()-zodY: F10
#109%<& ()-"hag( 19 LA RREGURE ¢) -1  #10% (& ()-4!  #109%& () - 4!
#10% (& ()-4 zodY: FI0#109%<& ()-4 10< 10< 10<&=10%& ()-! #10%<& ()-1 (!
#109&' () - | ¥} #20D&R&EE)- EOX[ PFO2UEENE1 @3 eIgnEe Which comprises the steps
of:
(1) reacting a dialdehyde with ammonia and hydrogen in the
presence of an alcohol represented by the following general
formula (I)
R-OH (I)
wherein R represents methyl group or ethyl group, and a
hydrogenation <catalyst, to synthesize the <corresponding
diamine;
{2) separating and recovering said alcohol by distilling the
reaction mixture obtained in the step (1);
(3) separating the diamine by purifying the distillation residue
obtained in the step (2); and
{4) feeding at least part of said alcohol recovered in the step
(2) to the step (1);
said step (1) comprising maintaining the amount of ammonia at
a level of at least 200 moles per mole of the primary amine
represented by the following general formula (II)
R-NH; (II)
wherein R is as defined above that has formed in the step (1)
and accumulated in the reaction vessel for step (1).
2. The process according to Claim 1, wherein said dialdehyde
isalinear aliphatic aldehyde, a branched aliphatic dialdehyde,
an alicyclic dialdehyde or an aromatic dialdehyde.

3. The process according to Claim 2, wherein said linear

aliphatic dialdehyde is butanedial, hexanedial, octanedial,
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["10%<& ()-.bCF10 "10%& ()-"10%08& ()-"10%0& ()-"10%& ()- 10< 10<
10<&=10%<&2 t he th3dEBleCRIGEAIODAL () - " 10%0Z (e t'HPRON f hed1@UO () - or
10908 ()-"10%& () - 3E taBbCF10
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"10%<& ()- "109%<& ()-2i dEYNCF109"109%<& ()- 7"10%& ()- 5"10%& () -

2(3),5(6)-bicyclo[2.2.11heptanedicarbaldehyde;, and said
aromatic dialdehyde is terephthalaldehyde or
isophthalaldehyde.

4. The process according to Claim 1, wherein said dialdehyde
is a mixture of a linear aliphatic dialdehyde and a branched
aliphatic dialdehyde.

5. The process according to Claim 4, wherein said linear
aliphatic dialdehyde is 1,9-nonanedial and said branched
aliphatic dialdehyde is 2-methyl-1,8-octanedial.

6. The process according to Claim 1, wherein the concentration
of said dialdehyde is in a range of 5 to 30% by weight based
on the total weight of the liquid phase in the reaction vessel.
7. The process according to Claim 1, wherein the amount of said
alcohol used is in a range of 0.5 to 50 times by weight based
on the weight of said dialdehyde.

8. The process according to Claim 7, wherein the amount of said
alcohol used is in a range of 2 to 10 times by weight based on
the weight of said dialdehyde.

9. The process according to Claim 1, wherein said hydrogenation

catalyst is a Raney catalyst or a supported catalyst comprising
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dEbCF103 M@b%&-@ qﬂgxﬂ@pfy pqﬁg&§¥ggpto Claim 9, wherein said Raney
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"109& () -
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11. The process according to Claim 1, wherein the amount of said
hydrogenation catalyst is in a range of 0.01 to 30% by weight
based on the total weight of the ligquid phase in the reaction
vessel.
12. The process according to Claim 11, wherein the amount of
said hydrogenation catalyst is in a range of 0.1 to 10% by weight
based on the total weight of the liguid phase in the reaction
vessel.
13. The process according to Claim 1, wherein the amount of
ammonia is in a range of 2 to 300 moles per mole of said
dialdehyde.
14. The process according to Claim 13, wherein the amount of
ammonia is in a range of 5 to 100 moles per mole of said
dialdehyde.
15. The process according to Claim 14, wherein the amount of
ammonia is in a range of 5 to 50 moles per mole of said dialdehyde.

16. The process according to Claim 1, wherein the reaction

temperature is in a range of 40 to 200T.

17. The process according to Claim 16, wherein the reaction

temperature is in a range of 100 to 180%C.
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