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WD 2004/ 060853 PCT/ US2003/ 039447 -1 LOW PRESSURE
PROCESS FOR MANUFACTURE OF 3- DI METHYLAM NOPROPYLAM NE
W@ DvRPBAYSsE 0001] This application is a PCT/US2003/039447
continuation-in-part of and clains priority from
application serial nunber 10/327,765, filed Decenber
23, 2002. 5 FIELD OF THE | NVENTI ON [ 0002] Thi s
invention is generally related to the manufacture of
di net hyl ami nopropyl ami ne (DOMAPA) from
di met hyl am nopropionitrile (DVAPN) using a
hydr ogenati on process. Mdire specifically, the
I nvent ifayw PRESKURE PROCEHSS FOR MANUFAE PURTSOFSS-
di am ne hydr OEMTIQYLM@H%PRGWLAMNE ERLBAPN Of
di met hyl am nopr opyl am ne from
[0001]dl R, V%}ﬁﬁﬁ‘c&‘i’&f %Ohod%jélﬁﬁdti%n%-‘part' & S E REhONRIoYy I’ﬁ‘o&h application
sel ecti Vi'ty using a sponge (Raney(r)) type catal’yst
serial nainttler A0v3aV K a5, filakDatembey @803102e sol ution. In
particul ar, | ow pressure hydrogenation of DVMAPN to

DVAPA using a sp nd a 50% 50% by
~ wei ght m xture of gg‘P W@Fgﬁt‘@ﬁ‘aﬁpot assi um
hydroxi de at | ow tenperature is disclosed. BACKGROUND

[0002]0: This ihDMEAiENedRallPRAREd to the manufacture of dimethylaminopropylamine
N, N- di met hyl am nopr opyl am ne _( DMVAPA,

(DMANAmeMmgﬂhy@mnqﬁrgmpw@ﬁ (( N@.usmg a hydrogenation process. More
spemﬁf::?.}glt? #éey i:l’l?%nlbtn SRk 9@&63 % gmuez: yse zbrt]‘ %rlP{vgB%%sh?e”&?ﬁﬂIe%{ﬁ?éjgeﬂh‘?on process

SCale pro

for thbngicbj‘abfaltlah pf odigfeHsgaminopropylaniee, ﬁm%etbylammoproplommle with

nportant internediate as a gsurfactant for
exceptmn@un duglyselsetiabt Using #hspened Staner®pt mee@lysfagvﬂéln an alkali metal

hydropllﬁlé %lﬂﬁgﬂ 3}1? t’lﬁful{%rh fow- ?{169{"1‘1’ kg@g&flatf%ﬁt(ﬁ'mg? [n:ININ using a

am ne oxi ropylamne 1S
spongelsiellelastal¥st and taa$ Q%ﬁ@"/cpby) shetght inmx tuhe op sadlumt h}(dmmde and potassium

f.l occul ati ng agent by.conversion to nethacryl anm de),
hydroxide#f I@y IRPPFaEg 1t S;cgogﬁ% pol yur et hanes. DVAPA has al so
been shown to inhibit corrosion in boiler water

treatnent, andph&KREGROVNDGHETHE INVENEEYI ne and
notor oil additives. OMmng to DVAPA s wide utility,

and the fact that the products it is_associated wth
[0003]ar e NoNotimethylaminpprepylaming (RMAP SN Mdbdiangted- lyd-diaminopropane, 3-

dlmetlw?vel gpllgpﬁeaﬁhﬁeﬁ Ishzﬁu it @cﬁ%@?gnﬁﬁﬂédlﬁﬁ 95 tthg lg{g%dsléﬁlg Isgaﬁuctlon of a

am nopr amne n
varietyd %&‘Qﬁ&ms«mdlyprodmest 0 Hdneeﬁan@ne C]DMASPI&SISO&T] ahpeltant tintermediate as a

surfactan{J rfc())rd :‘.Jlfet pfo%rll}:t?org r(])fa‘tslo%)tnsoaps and other products, as an intermediate for the
production of betaines and fatty amine oxides. N,N-dimethylamino-propylamine is also used as
a starting product in the production of flocculating agents (by conversion to methacrylamide),
road marking paints, and polyurethanes. DMAPA has also been shown to inhibit corrosion in
boiler water treatment, and is an intermediate for gasoline and motor oil additives. Owing to
DMAPA’s wide utility, and the fact that the products it is associated with are produced at the
multi-million pound per year level, there is the constant challenge to produce the N,N-

dimethylaminopropylamine in high yield and selectivity, due to the high costs associated with

byproduct contamination.

[0004] One of the more common methods used for the commercial production of aliphatic

amines such as dimethylaminopropylamine has been the catalytic hydrogenation of aliphatic
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[0004] One of the nore comon nethods used for the
comrerci al production of aliphatic am nes such as
wa@lesenbngsan nopr opyl ami ne has been the cat al ytPCT/US2003/039447
hydr ogenati on of aliphatic W 2004/ 060853
PCT/ US2003/ 039447 -2 nitriles using either batch or
trickl e-bed hydrogenati on techniques with the use of
amonia to inhibit secondary am ne formation.
However, significant amounts of anmonia are needed to
carry out the reaction, and industrial handling of
anmmoni a i s expensive and i s associated wth
nitriles &3Migf SIMEEBALSh o t@EN1€BEd h{eperdaien tertiniques &M@y thk use of ammonia to
approaches attenpted to identify optinmum 5 technol ogy
inhibit segondsry gamind fermasionof Howpyss, signitigs)t apneyntgf apynqygp are’needed to

3, 821 d ' ) ' i i h : .
cary of RS RS FAOETGE BSOSk B BE8A8 L ek isociaed with
envirodn@earpbbless. bevsetn warsanevetflOapgproachehettgnpsé e adadtifa optimum

finely divided Ranel%w catal yst and a caustic al kali
technolggy éor thgproguetion APV Fdescri bed therein, hydrogen and

the nitrile are fed into a liquid medium consisting of

HVEY, NoC Ul 3958 ds@iles 10 BA pR et @l 8 tiquid phase at
[Ooos]mwggé%'\r?aﬁeﬁgl\%oé%%fﬁgf the eggseﬂfiiégainﬁ thg rcange. of Hame phase
pressurds 0800450 atnogpherasmné tafiperstauesttietweenk@)°i and[ POCE] in #he presence of a

. S, ,Patent No. 4,739,120,.7 erman descrihes.a . .
finely (iiledoRenea PHEVELEH §ropesicnhrto Gara Fon TBP R Agigrioed thercin,
hydrogth bhd e Q% Rrel 8d $ntB'al 1FEREY n@&i‘uﬁﬁ‘cdiﬁisﬁﬁ% af HMIOAURater, caustic alkali

catal yst and an inorganic or organic base having a pH

base, anfl a@atatysyrdatrein. tha hentegadthobaseds detherprgedolat 1 B medes per mole of
.run_in a 15 two-phase sol vent system conprising an

causucialﬂ?ﬁhsci bl e organic solvent and water. [0007] U.S.

Pat ent No. 4, 885, 391 describes a process for the
[00061hy dio@eSarhenat 0fo. G739 110, 2Zudketniddl dssouibeng prdeasseftr the catalytic

cobalt catalyst pronmoted with_chrom umin which. the
hydrogenatiginyaft anaengpiie mjtrile STavR; 1A EPTHEAF YRR SHgH thodinp catalyst and an
. r‘ I u . 0 . .
inorganlfbfbregf3pald GEERER b IR FA: Tidhe R A TR EE Ao Byne run na
two-phabdsd st gystenn tdrapiisihgen insmisoibleaogatiasslvent dpd seder. 20

[0008] U.S. Patent No. 4,967,006 describes the use of

o007 RS A 2hhs Rl SRS o B BBy . o
nitrilesg&sﬁgwkaﬂe’g@ bshaR'cablRipionfoted With ichrdb@imSiAliEER daRlyst activity is
|

fficult "to remove "and recycl e dependi ng upon the .
maintaizieddiyche additlon afiwvater. Thepracessus cairied ok aff aicmmeraire of about 80° to

undesirabl e byprodu [ he reactign. .
150 Cogpe Rt PR dp 2300 B, R Ayt B B e bass.
primary am nes by hydrogenati on
[0008]  U.S. Patent No. 4,967,006 describes the use of ammonia in alcohol instead of caustic

base in order to have lower reaction pressures. However, the use of alcohol can be problematic,
as it can sometimes be difficult to remove and recycle depending upon the alcohol used, and it

can result in the formation of undesirable byproducts in the reaction.

[0009]  Borninkhof et al. describe a process for preparing primary amines by hydrogenation
of mono and/or dinitriles in U.S. Patent No. 5,571,943. As discussed therein, nitriles are
hydrogenated in the presence of a nickel and/or cobalt catalyst system on a support, optionally in
combination with a solid, reaction medium-insoluble co-catalyst, wherein the catalyst (and the

co-catalyst) are non-acids.
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25 of nmono and/or dinitriles in U S. Patent No.
5,571,943. As discussed therein, nitriles are
whyanogsant ed in the presence of a nickel and/PeT/Usivas/039447
catal yst systemon a support, optionally in
conmbination with a solid, reaction nmedi uminsol uble
co-catal yst, wherein the catalyst (and the
co-catal yst) are non-acids. WO 2004/ 060853
PCT/ US2003/ 039447 -3 [0010i34U.S. Patent No. 5,789, 621
to Schnurr, et al. describes a process for preparing
am ne- contai ning conpounds by hydrogenati on of
[0010]Ni t UL, S%atdh$ INOD SFR9@D RS SAMAIQler bl @BscRibBS BipfdceSs for preparing amine-
catalyst at an elevated (150 to 400 C) tenperature .
containgpgicompeundy &y byjdiogenasionof ayslps aisingigebalt apd/er irgn-gentaining catalyst
a. .0 i,s f SCk | [ | e
ot an e 1 FREooRBST ittt bnd FPE AR N E A ERREASE 0.1 10 30
MPa. eilichgroc&atic Miitlse dukcrisedt dsnbeinis lcyrried @ut fin xBel phsence or absence of a
reactor using either a downflow or_ upflow proceis.
solvent, gnd eithgrrbatahwise qragaatinuowsly m g higedred reagiopuging sithgy a downflow or
Lbe the use of a specially doped Raney(r) nickel
uPﬂ°W3§§§%§st and a process of hydrogenating nitriles to
am nes using this doped catalyst. A further
[0011]enbadin®nPatedt Whes5,p4®e% Cordeer ce wérddsebe therwsemf a specially doped
he use of a rtially 1Q . aqueous.|iquid react.ion . .
Raneyfhoickioh AR Pided ARoRSEH SEIOTOCEHB B 6 6 Bt Gpsing this doped
catalyslf’.e'ﬁ‘ Ginth? UV mSH T thé‘?r&‘és@,'a%%@éri&ﬁ tAéreTidl@he use of a partially
0012] U. S. Patent No. 5,869,653 to Johnson descri bes
aqueous limuitt feactoursmediome withftiy rentayrtieo gEthatreavgon imediune being @rsolvent such
Eﬁgefé{%%éﬁggalt catal ysts in the absence of ammoni a,
as an ageqo 1%r esence of catalytic anounts of [ithium
hydr oxi de and water. The reduction of nitriles to 15
[0012]aM UES. iPaten@l Noeds,068,6580@r Jahikpdr dgsfibpy € Seonginadusl process for
to 300 bars, and at tenperatures of 60 to 160 C . .
hydrogspaiEnednivgtes o venh &apex® rqopeli satalstielr: heatipsnce; of apmegja, and in the
t d,.wi | it 3 - > [ r - o
presenl, 87 chERKECabbitle of MMM RYSHERHE AR, Rutch! e Jeuction of nitiles to
amined & caaigd @d vadér ahydrogdiepiesdube ofrl td1$00 baisdendoatesmperatunes of 60° to

the reactio diumitself. [0013] In U S, _.Patepnt.No oy
160 °G, Bocprns © eclzsetiopedecribbt Er?lﬁ]hﬁ‘a%ttﬁaﬁd Bk ﬂﬁl}um hydroxide in
order %%g QGfs» fRr adsited é&&ﬁ%déﬁ&%n&t bRkt RS aﬁaérﬁe@'oltu'f iWi8S the lithium

primary amnes, using an aqueous alkali neta
hydroxigaipresdnt & thatreactiemstedomeitiRdfey(r) catal yst, water, and
hydr ogen at tenperatures between 150 and 220 C and at

[0013]th gd{[ﬁgf@i g%%gﬁé?%?ﬁ% %&ag%g I%%E(ild'lbtze% %8 ig(flistria'f‘ % clhdﬂrggess for the

hydrogenation of organic nitrites to primary amines, using an aqueous alkali metal hydroxide, at

least one Raney® catalyst, water, and hydrogen at temperatures between 150° and 220 °C and at
hydrogen pressures between 250 and 2500 psi. According to the disclosure, the improvement to
the process comprises eliminating the steps of drying the charge and adding water, and reducing

the required water in the system to about 0.2%.

[0014]  European Patent No. EP 0316,761to Kiel and Bauer teaches that DMAPA can be
made essentially free of the 1,3-propanediamine (PDA) by-product by using a sponge cobalt or
nickel catalyst and a small amount of either calcium or magnesium oxide and ammonia in order

to control the selectivity of the reaction in favor of the desired primary amine. This patent also
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the process conprises elimnating the steps of drying
t he charge and addi ng water, and reducing the
WO e@puioese3 wat er in the systemto about 0.2% 2BCT/082043/039447

Eur opean Patent No. EP 0316, 761to Ki el and Bauer

teaches that DVAPA can be nmade essentially free of

the 1, 3- propanedi am ne (PDA) by-product by using a

sponge cobalt or nickel catalyst and a snall anount

of either cal ciumor magnesidim oxi de and ammonia in

order to control the selectivity of the reaction in

favor of the desired primary am ne. This patent also
suggesiih 2004 HRREEIn Be TakiRONB 2D B fatured bEMEER 156 °Chall 1BDEC at 2200

process can be carried out at tenperatures between 160
psig with haich p8GeBig 2200 psig with batch processing.

[0015] U. S. Patent 'No. 6,281,388 to Goodwin, et al.

oo SEE g TR SO L0 AT oo
aminesS QRS niHfileb ARt BydOEEnation Ny Uhe @sthé thodudeks ttheé |seeps dfofeading both

reactor containing a catalyst, water, and an_inorganic
hydrogsased aapigrile: igiong reaséor eoattinips aneaitliivh M@lesr & A ppreanic base, and
mixin uﬁllefrgécwog%gdiﬁrgnt%e bURL if¥rm ik | oficdnfraftbn bR ARi1eMCat least one
I'rection across the reactor 1n order to mnimze
directib® a@b@yrthy 0¢ddter .in dider de stninkiec rqactoe esbineanTixedescrbad @dcess can be

_out at pressures of 20-50 at pheres and 60-120 C
carried (3t AEPTESSREGI & @p)SQﬂt@reénheee&taaH@t ﬁﬁn(@: USHS ?2%?1@55 jyckel catalyst and
. es 10 [0016] In U S. Patent No. 6,469,211, Ansmann
anmo%?ﬁlglb?éedescri be a process for the continuous
hydrogenation of nitrites and nitriles to primary '
[0016]ami bed.D\RaterdMNa &, 469:2 1dd ARsmew( ) ak dessinps ta fiyasessl forothe continuous

an alloy.of alum.nym and. at | east one transjtigpon
hydrogBptign obpfFtes A GUFRPIGHY aRD%S oVE" a} afFled fier® catalyst based
on an @AY i@hi@Hinub ahd @t ASEBEE t@hsiBsMRRdtA. anthibasidfogahdt®nl process is
metal conpounds or al kaline earth nmetal conpounds. 15 .
reportqdiy eatiedsutPar tha tabggnee o€ ammeniautsl basi allsei mstal compounds or alkaline
2/ 00588(%1 to Ansmann, et al. describes the
i VAPPORand use of a speci al macroporous, shaped
Raney(g) catal yst based on an al pha- A1203 al |l oy of
[0017]al utihParenAppsiication Pubhcutionem sIG2M058B4lato Aasmarse ef nl. describes

t.he hydrogenation of nitriles fo primary amnes.
the achestion| g Yetict PectaldNIFTRRATPUS, ﬁwﬁd%wéowtalgstiﬁ@s &g an alpha-
A0, o R & 5 PUE sl V0l BBy Bosaionof i
to pritharyesmsihes. e Akatetailed dheteimg tiebeittilagrydomgehaont is datréed out in an organic

solven% %’&ﬂﬁ)’ﬁ}r %{’ N%Efa\ a pressure of 10 to 300 bar.

[0018] The journal literature has also described approaches to the synthesis of DMAPA

earth nie #

using hydrogenation techniques. For example, Krupka et al. in Coll. Czech. Chem. Commun.
2000, Vol. 65 (11), 1805-1819 describe studies of the hydrogenation of 3-
(dimethylamino)propionitrile over palladium catalysts. Effects of reaction conditions, types of
catalyst, and the addition of ammonia or an amine into the charge on the hydrogenation
selectivity are reported. According to the results, these studies indicated that the preferred
catalyst is a Pd/Si0,-Al,O3 catalyst, and the formation of secondary and tertiary amines is

preferred in the hydrogenation of 3-(dimethylamino)propionitrile over palladium.
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usi ng hydrogenation techni ques. For exanple, Krupka et

al. in Coll. Czech. Chem Conmmun. 2000, Vol. 65 (11),
wad3/0dBiP descri be studi es of the hydrogenat i BOT/U§2083/039447

(di met hyl am no) propionitrile over palladi um catal ysts.

Effects of reaction conditions, types of catalyst,

and the addition of ammonia or an amne into the

charge on the hydrogenation 25 selectivity are

reported. According to the t®sults, these studies

i ndicated that the preferred catalyst is a

Pd/ Si O2- A1203 catal yst, and the formation of secondary

[0019]61n d J(‘i}ﬁfs&h a Yil. 3T CRRSysisSof Q@i Reaetidns, VBE shyzionyadtadrites the use of
3-(di met hyl ami no) propionitrile over palladium WO

hthlunm@nmoe@ 881311 FdRbusZGE P9t zontrel it pimawamisn seleqtivity in batch

vt e BB S PR o BRGSO Ry amin

selectiPiBP B ot ¥ AeyconFersdh oFRild3! to Prinidi apfind¥pbit 1Eph (E50 psig) pressures
selectivity in batch nitrile hydrogenations. The Li CH

were naestéilfte effeeimisectédbal t catal yst used gave high prinary
am ne selectivity control in the conversion of

[0020]“I t ﬁolvfé%lt Qﬁ Ratied }ﬁeaﬁé}a&e?f ’Ff]%)d?'aggﬁ (e PorPRl Pynthesis of DMAPA,

pressures wer e nee ect t e reactio
most afe(hﬁlﬂ@hlt&ﬂﬂ&\/ﬁjt&rse irethe I&omﬁetmalhﬁamlfatcﬁme@ff tlmatdsm;irmnd Many of the uses
avaj |l abl.e for the synt eS| 0 nost. are

of DMARA gpuirerthpt the Sompowde g AL h OB BTRer i y-producs.
The mg%%&ki%gs dg@ﬁ Bb(?]\}%ewﬂﬁg enéi’!itlr@%@%oﬁﬁgwﬂ 501 §y‘ﬂ§ﬂet1€aﬂ]5‘y acceptable

purity and free of "a nunb
yields,bfail po qda:uttthe stnﬁgaltrreqmmtmnbgf dw thdusiry, leegl m@b\w}g Mnrc}@ct in high

ner onpound in synthetically acceptable io
3“ddsa1 abisgz’” anF?o Byﬁgg?the stringent requirenent of the
|ndustry e.g. producing a product in high vyields

[00211 halGivé h@ferbisee d@ﬁlam fRRghIo hare DROLBA vkl Sinibdae (<3oo ppm) by-
i ncreased demand for highly pure DVAPA with nininmal

produgt <z0ntapyrgtioby - thereo d@@:ﬂs cd mna@ﬁ n&i dn, meted e ofx mpnyfagturing  N,N-
dlmethg?ed%l%@ﬁ%gﬁ]aﬁﬁéq&%c%ﬁ sl e é’ljggélg:? Vh!ygg%lerally free of side products), in

Ropr opy!

high pluedr Midsyin(tggingieRls] andfwigtea phirity gleat@f thalue9%) , | n 15
hi gh production rates, in high yields, and with a

purity greater than 99% ENTI ON
[ 0022] The pr eséﬁwsgmﬁa{%@ﬁg 0 an
i nproved process for the | ow pressure hydrogenation

[OOZZganWh%C%ﬂéE&t Cﬁvéﬂtﬁﬁt QYH@éEté?PI% %ﬂrﬁﬁi‘o‘l}é‘d for6d¥ss for the low-pressure
| 'am no) propionitril a sélectivity

hydrog,anemre manhﬁtntu% 05 Gindethylamimopropl/ utingl fiomb dddimsthylamine)propionitrile
with a s%[sectle / gr%gtsefc’ th%g%rSIOS"/e In a preferred embodiment, the basic process comprises
contacting the nitrile with hydrogen in the presence of a sponge nickel catalyst under conditions
suitable to effect conversion of the nitrile group to a primary amine. The improvement in the
hydrogenation process resides in effecting the hydrogenation in the presence of a sponge nickel
catalyst incorporating inexpensive caustic hydroxide at low pressures (45-500 psig) and
temperatures (70 - 100 °C). To achieve a catalytic amount of caustic hydroxide in the sponge
nickel, the reaction can be carried out with the caustic hydroxide dissolved in water and

dispersed in the reaction medium.
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20 contacting the nitrile wth hydrogen in the
presence of a sponge ni ckel catalyst under conditions
waonabises t o ef fect conversion of the nitril e PCDURIDB039447

a primary am ne. The inprovenent in the hydrogenation

process resides in effecting the hydrogenation in the

presence of a sponge nickel catalyst incorporating

i nexpensi ve caustic hydroxide at | ow pressures (45-500

psig) and tenperatures (70-6-100 C). To achieve a

catal ytic anount of caustic hydroxide in the sponge 25

ni ckel, the reaction can be carried out with the

causti ¢ hysitpXyEDIDESCRIPTION ORIEMEINVENTEQRr sed i n

the reaction nmedium WO 2004/ 060853 PCT/ US2003/ 039447

-6 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0023] The
[0023]us e ThE uae khalkabing sbstancsed the prREnEe o8 Saflystssn order to enhance the

.cat a ts in. r 1. eVt
s T %t et B SOABROS SRRSO 18 kpe e o
Depenfingron! tBs ciglgstl and ghbesditksieymitrileDepdrdiangfonmed ir#o primary, secondary
catal yst and the conditions, nitriles can.b

or tertﬁr‘férﬁ‘gfi’éﬁsnéﬂd iTRAsh oé’yepnaapy),ctugeeeg ﬁ’a"al}eyp@dﬂ?ts t%&?‘i'r%erdy F?r commercial
reason?,o'u@rrﬁz 31.16 @%e@ﬁ#&ﬁ&g ?{th@ dakitdd 1r‘3d19:f’c1 %f@otggicgﬂQ dHG He bﬁmarx amine

or co rcra reasons, on of " thése
is the phiddwEirgerest, t he desired product, and typically only
the primary amne is the amne of interest. [0024]

O S EANREER iy e RN T T E—
ofa ngltﬂ[?%ld’ strdMPirhibiD el BFARIINVT s8ondBEOARIREY, ap@IONRE by-products. In

nd other by-products. In io the course of such i
the costsedf sxh spididsspathsiindivatingthe peoqgssoios tie Hyglrogenation of nitriles to amines

hydr ogenation.of ,nitriles t m _ne as
v QR SBSEE R0 AR e ATRRe el BERES o ot o
surfack SolPWIniryanide (13 i) epdtsns f@meddnnng Merteyd¢dgenatioregf the nitrile
species is formed during the hydrogenation of th
DMARNt rThie spepivamrn berattackedoby aprisaany ganng £1acqe@e}eb§,u6§ as DMAPA, and
ri,m . .. 0 st
v B BEHGHILA,Fe SIS ML 05 PUARA, o0 ey mive 2 min)
Hydrdgetidtidhi @rthe D thmesgmoratiara/ 29 amire, 83’ iminvdjs(NE -dimethylpropylamine

(di-(3 }rggﬁgm&yﬂaﬁig i ?@#%H}S@t%%&%ﬁ% 2‘231%112(3 ig%rnrﬁl’ practical purposes
identiéaﬁ iéé g}%’ QhiRL Y Hiltﬂgﬂipﬁy hihanyaee) AlsbhRork® hmiiﬁdée nthff the presence of

amne is for practi‘cal purposes identical
trace dmouniteofiimpurities/Eomrihastarting nifiledpMaARN Fopdle as dimpthylaming (DMA) and

R S Byl HGPoREA o A
can g%{reg%n{e %Ab@é}hﬁﬁ: LAy rrigie Ito BhoWeOm-brodhéts (sH8f as FENING-tetramethyl-

e reverse Mchael addition of DVAPN to DVA and
1,3-pré@idediamine (TMPDA). A variety of other byproducts are also possible, such as n-

propylamine, resulting from excess water in the reaction medium.

[0025] Of all of the byproducts which can potentially form in the catalytic hydrogenation of
DMAPN to DMAPA, none are more detrimental to commercial product formation than the
formation of TMPDA or the 2° amine. Both of these products are difficult to remove, and
TMPDA is inseparable from DMAPA by distillation techniques. These byproducts can form
additional byproducts when the contaminated DMAPA is used as an intermediate, and impart
undesirable properties to the target products. Most recently, a large new DMAPA market has
developed which requires DMAPA as an intermediate containing less than 300 ppm TMPDA.
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20 can generate problematic and difficult to renove
by-products such as N N,N ,N -tetranethyl -
wa2@4pewspanedi am ne (TMPDA). A variety of ot hePCT/US2003/039447
byproducts are al so possible, such as n- propyl am ne,
resulting fromexcess water in the reaction nedi um
[0025] O all of the byproducts which can potentially
formin the catal ytic hydrogenati on of DMAPN to
DMAPA, none are nore detrimehtal to conmercial product
formation than the 25 formation of TMPDA or the 2
am ne. Both of these products are difficult to renove,
[00261and SEMRIHe prodidt R aPinterbdt 081y DVARAInIh ¥ siriobtcblydine, is typically
techni ques. These byproducts can form additiona
produdeg pt theunels-hiltien poied peritcanienel Enlusieahaliengs éstoggodiee the product
. .. dnternedi ate,. and i npar ' p ertd
in nig iS0 FG B gl Bl (BB PRERsPERICE o phfpgt @ percent
represéTRé ke sidhafcantl @yplodped rahbedl 4Rl dishesal DMBBRnAS Bfom an economical

i nternmedi ate containing |ess than 300 ppm TMPDA. VO i
standpopo4hers by dpcts cushepiUgaaAgeable {t@mﬁy & fisposepd unless there is a

Q 1, N6 i nfer . . )

commBERF 355 FEUPIPIRdPD! FEheoaliofi, i Pensfif! 1 doyplop frproved and

optimidéd tdtnsloLy ifob codticdling chensklemivityead Yieldebsf tHenphtimitryy amine product
| enge is produce the product. in high yield and

chal to (
duringdhe Bydrpgenajion abNiN-dimethy Rpdee e AfidPunes, even a few

tenths of a percent represents a significant

[00271Y PTOBMChech SBRYA! as AMciHAnRs &, BIa® MeEMoolpbRMbAMS a Group A alkali
econom cal 5 st angpm nt, these byproducts can becone

metal hydraxidgeabhiatue thecad} inyaddiioni te powengs nigktl egialyishelewss dor increased

0 rci.al e, for the bypr t seguent | it .
controf of {@ErP Y& “HiF WeGrBhEPabRBOY RIRMARAY | 1S Bigolss cab be camied
out at Y&% Wﬁﬁo%gﬂaﬁfoﬁrpr&@ﬁﬁeﬁ @hd kdfpdriRreetRedbly ihérastitibothahél yield and the

of the primary am ne product during the hydrogenation
selectinity Ny Rever abtheydesinedprimaryi mmpﬂﬁdénet[glﬂ_@@momqpmn&ée rps high as at
st PP IBEL AR U Sork 03 0554 OGIHEEEL alin s

about B0@HPRf of diffi@ddiot efidvt Gyprosipo gacnbe KMPIBAtmdythe 2° amine. Further
) allows for increased control of the selectivjty whi Ig
improyspapnbyessetinteg Vitbapescnbipysation elysie dewetoneEing gosts, reduced waste

genera;fl%ﬁr 68 re@HéedaFil's]féc?s\g% hYd" QofRRh 95‘%%{3%&)} &P vAf such  hydrogenation

enperatures, y I ncreasing e yield and
processé®® selectivity in favor of the desired prinary
am ne, 3-di nmet hyl am nopropyl am ne, to as high as at

e 1 I M M SRT R W
eSO 1 kg RSy B i s st
amineaswdctheir elgrivativess ushpaseberamathylens dominegiropid amaipes, butyl amines, -
benzyf)gtrellrn%g,itgll(iJO\g g?n‘ir?e’s, ertﬁy ua(fl%ges,V\%‘fc’ct.,eproduced from a nitrile including aliphatic and
aromatic nitrites and their derivatives such as proprionitrile, butyronitriles, tallow nitrites,
acetonitriles, benzyl nitrites, etc., in which finely divided catalyst is suspended in the liquid

reaction mediuvm.

[0029] Specifically, a process for production of 3-dimethylaminopropylamine in high yield
and selectivity may be carried out at pressures of 45-500 psig, preferably 45-150 psig, and at
temperatures of 70° to 100° C, by feeding hydrogen and nitrile into a liquid reaction medium

containing, along with the amine produced, water, inorganic base and a finely divided nickel or
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for thenq‘»attalwt an ﬂ?ﬁ Feagtiqr laeqhamr todergr

generation, and reduced di sposal and treatnment costs
associ ated with such hydrogenation processes. [0028]
waBokeeshe i nvention is directed to the procesBCT/US20081@39447
production of 3- 20 di net hyl am nopropylamne, it is
applicable to any am ne including aliphatic and
aromatic amnes and their derivatives, such as
hexamet hyl ene di am ne, propyl anines, butyl am nes,
benzyl amines, tallow amines8-ethyl amines, etc.,
produced froma nitrile includi ng aliphatic and
aromatic nitrites and their derivatives such as
cobalt Ra@Pst idbériséd & tHRUlQMiPBbrhpdrleats, oft tAb lreudtibh tniddingh., The catalyst, which
acetonitriles, benzyl nitrites, etc., in which finely
preferahly n&iwngat(agyBﬁnﬁ@)Qu@lﬁérW@@i of withqut progiter metgls such as chromium

di f
andion R T S 5 T R AR ISR ne”i i gh 31 el d

and selectivity nmay be carried out at pressures of

[0030]45 Mnflﬁt@l a @?@g gﬁfv?bbﬁl’%agfﬂ}éﬁ@&tlpfﬂy g\gt}ﬁ\m dlﬁaigtalytlc mass, it is necessary
eratures o 0
i 643—‘%3?%}’1'%29 Qs[ac?e,gqglgtge%%y Cutchens, et

i SEH N 120351008 BEHE S8R0 BRGLE. RS Regnrain's

effectdﬁ%&tﬁ@&&'ﬂglﬂg 94 4qhanti§ oblrardtionatelivet whishecomédns matahst into the
quid c? nents of hereat|on nedi um The

regenqggt% \Fste VY:‘Hg thercatadysh i §Pt§ % @ﬁ%’é‘@ tﬁ% OPARARESY Kayﬁf back to the

react1(ﬂﬁ1§ 6641, atd Wislﬁﬁ% el %ﬂ&s‘c%ﬂﬁ%@é& 158EAbve SMilnBRnts from the catalyst

romum and Iron, | oses sonme of its act|V|ty

beforeditiris mecyleiedr tmgthnaltea@nr 'l[more@yolacb catalyst siay cpnglst/ efi 2l nav@mre of fresh

of catalytic act t he ata
ctaly eGP AL A PR AL P AP Bl e
1ncrea§@th@%aﬁfy§ﬂé@ﬂvﬁty115%@‘8@%@{ ed as deSC“ bed by Cutchens,

. in U S’ Patent No. 4,429,159, which is

| ncor orated herein by reference. This regeneration is
[0031kf f e%;t?(eﬁ tpiheqifiesamgrnef te é@»ﬁmswedﬁam@ﬁgwﬂmeﬁﬁwmwcess of the
presen\f\k}}v%ﬁtlgﬁ) i é Hﬁo&%ﬁﬁio}ﬂ%tf ghgef?%tf%%mcffeuglgﬁflﬁ{n gxte{qﬁe sféfr%%ﬁl?sltm hydroxide
in theUfi@ke |1ﬁ¢/1&11 daa@@t tte® cnhencer thacdelctivitgsfehe ramdionas mhdﬂ thydroxide is

the catalyst with water renove, contam nants fr
preferify aclaxdapyéﬁ o CHAPoke (ga?k%hsmﬁ@fm?@ae%o tie PPEQGE drble, selected

y t s Si a e
T
thereodif Mo&mmieferaiﬁp,uthb aafistfcr zdk:kh ot ysirodide isespdiuredydwxide, potassium

i.lacrease Bﬁig cat al yst. act|V|t3/ in the reactor. [0031]
hydrogdg.sesipg hyfEoxfe. gl MiENEShgrok he | ow pressure diani ne

hydr ogenati on process of the
[0032]  The catalyst suitable for use in the present invention is a Raney® type catalyst, also

known as “skeletal” or “sponge-type” metal catalysts. While both nickel and cobalt sponge
catalysts are acceptable for use, it is preferred to use a Raney® nickel catalyst with the present

invention due to the higher cost associated with the use of cobalt sponge catalysts.

[0033] The nickel catalyst used in the low-pressure hydrogenation process of the present
invention is sponge nickel, or as it is often referred to, Raney® nickel. The catalyst is
commercially available from a number of sources (W.R. Grace and Co.; Degussa; Activated
Metals), or it may be manufactured using any number of methods described in the literature, for
instance by Mozingo in Organic Syntheses Collected Volume 3, p. 181; and Fieser and Fieser,
Reagents for Organic Synthesis, Vol. 1, pp. 723-731 and references cited therein.
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present invention is the incorporation of an effective
anount of an inexpensive caustic hydroxide 15 in the
wGepmagersss ckel catal yst to enhance the sel ectiRCT/YSID3/039447
the reaction. The hydroxide is preferably a hydroxide
of a Goup IA ("alkali nmetal") elenent of the periodic
table, selected fromthe group consisting of lithium
sodi um potassium rubidium cesium and m xtures
thereof. More preferably, th®-caustic alkali netal
hydr oxi de i s sodi um hydroxi de, potassium hydroxide,
cesi um hydr oxi de, and m xtures thereof. 20 [0032] The
[0034]cat Ay SlkerfitivieadiBydt Okhidh Endynbé hgedMeGEHe prove@mtihemtivs is a cobalt
a Raney(r) type catalyst, also known as "skeletal" or
catalyst.sPushoe col)w; catplystaised 4B AN Kve Progpite dyBroganatiogidapcesn oI the present

cobalt s al e
1nvent18p S eShon et %E%Its’eqa %135\'?1(?% %‘t}glpc ?lt ’i’ﬁ% cgtafyst 1%1 alsd available
comm&ERESMromi AMuBRiHed ofdbirtes, tah& g ter obﬂaﬁiedas_,&dmtlaﬁlﬂsd using routes
with the use of cobalt sponge catal ysts. [0033] The
describfddréhe laraiirgst used in the | ow pressure hydrogenation
process of the present 25 invention is sponge nickel,
[0035]Or n{f%ntioﬁalog}&ﬂotéﬁf ﬁ‘{ ?eﬁje tu‘fborﬁﬁ%ﬂlmo Rk G lhided hﬁth the sponge
ca ommerci alty aval froma nunber of
catalyﬁmuc@%nﬁMdaRanﬁmts d&nawd t@tho;se DEgiil smthesgt. | Bxeanaples of such promoters

st E i SO e SR S o o R Bl such o
Chromli@i nflﬁlogi Q, @é&ﬁﬁlaqldsl,{@ma@ses Col | ected Vol une 3, p.

i eser and Fieser, Reagents for Organic
Synthesis, Vol. 1, pp. 723-731 and references cited
[0036} he &N Nv@mﬂw&mmamsm@ulq@idé@m 3ducjris used gsihg farting material

(s, B 55t S TR B 78 S, My o s

(Acro$ HlatiNsChetardl C6.)t PetehRivEly EBSMARN h‘,}ml be @Bfmmdd(};lynthetlcally by any of
process of the present _invention is_sponge.co

the progestss knowh i giorth 8Y¢tt 3s Eomdhe reagtien e%%caﬂyglttﬂkesan%dé@ethylamme A
proces% o t%l@l?%(gef n&ﬁggethg 'rr]?:Jh %fn ?ﬁ;&hﬂ%‘iﬂﬁe‘f a%rﬁt?ﬁe i 8low column

ained s using routes
reactof.ieis dedchbibed im Gehﬁaﬂ Patenta$pecificafion 3] 2CANHit | Blreﬁ&rably, for use in the

pronot.ers be incorporated into or. included
preser B e3fiogle DIMAENYS oA B SOSRBACiah SRS Rbitrpigificantly froe

) éax?tﬂlh 4 r}hﬁ art Exanpl es of such pronoters
ofn pfcﬁ)?'. ﬁ P Jlnrlw r ation into the catalyst include
Goup Vla and Group VIII netals such as chrom um
[0037] r oriEhenby@ngbaaucm oarﬂMﬂﬂ?éJ te BVIAPA p@@gla]lg Todhe present invention is

condu'g\tfd t‘lﬁé nec%ogﬁljln?)rn% nw&r tgg 3|/tarn|11|n1?n amoun ofl\@!clt%pls r%qﬁi?e%dfor use within

the reactor. The liquid portion of the reaction medium comprises two phases: an aqueous

solution of inorganic base, and an aqueous solution of the catalyst. The amount of water suitable
for use with the reduction process is between about 0.1 wt. % and about 10 wt. % of the weight
of the reaction mixture, preferably about 2 wt. % of the reaction mixture. With respect to the
ratio of water to inorganic base, the preferred range ratio is 0.5 to 10 moles of water to 1 mole of

caustic alkali.

[0038]  The reduction of the nitrile to the amine can be carried out under hydrogen pressures
from as low as about 45 psig to as high as about 500 psig. However, the hydrogenation of
DMAPN to DMAPA is preferably carried out under a hydrogen pressure of from 45 to 300 psig,
more preferably at a pressure from 45 to 150 psig or at a pressure from 45 to 110 psig. The
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(feedstock) in the present invention can be obtained

comercially froma variety of sources (Acros;
w@\b@noelssChem cal Co.). Alternatively, DVMAPN cCBOI/D82003/039447

obt ai ned synthetically by any of the processes known

in the art, such as fromthe reaction of acrylonitrile

and di nethylamne. A process of this type, nanely the

reaction of dinethylamne with acrylonitrile in a bl ow

colum 15 reactor, is descril¥ed in German Patent

Speci fication No. 27 09 966. Preferably, for use in

the present invention, the DVMAPN is obtained froma

reductiofBTBiChigtle So/hel dnfihe AflefefubSy @itiéd o@tt kempdr@@res@ff between about 70
| am ne and di am nopropane, [0037] The

°Cto ;1305; g&in@u more PECOVAPR teorpertyees heltsrairbytiss “Chie about 100 °C, and
still m {?esgfng%ﬁbbrna\léﬁm ?rﬁ%llfess be%g&gx%t @mﬁrﬁ?*ccﬂagi JISIJef%gasofI% lrfﬁg]reduction of

amount” of water is re re

DMARS €0 DM APA is 2Rriedeutr 2 abéd12r100 Phig ahil gbowt 99 i on of t he
reacti on nedi um conpri ses two phases: an aqueous

sol uti on of inorganic base, and ag.aque us sol ution of
[0039} he Aseleagringd beneia thnprghturos mgapwed &ptig fpqunds per squgre nch, gauge),

| he § GAuSH i WRAD, MRAE Wihe Hitrile to th
whereigfnyﬁg outor'q(% %tvt{rl 9&@8?@; E%Iij'\/\/e(?ogrﬁt@(i oﬁy’t ﬁle r e%c?ito lillon o Tite fo the
amine Ricedrding, to phepresal iyveabionts @eftrablycardriet lvat nedarta lgrlrogen pressure of

mxture. Wth,r ect tothe ratio of water to
ﬁDnl@HEP@éﬁW%“ﬁ%@@fﬁiﬁénBTeferred range ratio is 0.5 to 10
nol es of water to 1 nole of 25 caustic alkali. [0038]

[oo4ojrhe TeducirbQis of qbfginBit rinkRid 0 e amkne nGamghation of N,N-
carried out under hydrogen pressures fromas |ow as

dimetlgaoinop®pipsitgle ¢o N, Naitigetizndamipontorsbonipsihgs thevibylely, to effect the

t he hydrogenation of, DMAPN tQ. PA I.S.: f o .
comvelsify PR RSP B hy 8o L L b dyRiF e Bufesviy and yiel
while 39QirRiSing, or BRIiinpr RE&IdAB) ymide ByRbEsEUoembtiaimodd the course of the

150 psig or at a pressure from45 to 110 $SL%; The WO
reactiqrp 04 psaeBEly P rusdet 3noen AMAPALds persliced Hithar selgrivity of greater

I ddo) | i pe, i ref er I u :
oan D964 d B ORI B el B PSR Pyt DA
describ@l Berpihefetcaivity raferd nghe matountes DM ARA rfoabalfro®IDMARN, including

about 100 C, an still nore preferably at ) :
the fom&wepégup@éu%f g1 semorind e D plsRidheFegplign. Specifically,

b f&?@kg jrian RGN Dt Qg@ﬁiﬁﬁ £ REILOFOUE afleast 99.60 % of
thel)ag%at 1 3&%§?B éﬁﬁ a og% 98 . 5 fOQBQ]eAs 3§scribed °

DMARNTteiDMAPHe more gsefemblysexiviitsua sdedtivitygifgt (@eudiz0 fepf DMAPN to

uare j.jpch, gauge erein si.g = 0..06 or
oMARRGHT sl o R ERYES RosclsHYRT o0 AT JFoSt RE M (o 7§ PMAPN to
DMAPR. 11 vidld SEDREAPA JirHdlickd® abEfdREasané phdd¥@inbélionSis preferably at
preferably carried out under a hydrogen pressure of

least 99 % based on starting DMAPN, and can be about 99.1 %, about 99.2 %, about 99.3 %,
about 99.4 %, about 99.5 %, about 99.6 %, about 99.7 %, about 99.8 %, and about 99.9 % based
on the starting nitrile. Most preferably, the process of the present invention exhibits a selectivity

of at least 99.98% and in a yield of at least 99% from N,N-dimethylaminopropionitrile.

[0041]  The hydrogenation can be conducted in any conventional hydrogenation equipment
suitable to effect the conversion. For example, suitable equipment includes, but is not limited to,
a stirred tank or loop reactor, a continuous stirred tank reactor, a continuous gas lift reactor, a

fixed-bed reactor, a trickle-bed reactor, a bubble-column reactor, or a sieve-tray reactor.
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fromabout 3.0 atmto about 10.2 atm [0040] The
process descri bed herein for the hydrogenation of N N
WO eoodioensshy| am nopropionitrile to PCT/US2003/039447

N, N- di et hyl ami nopropyl ani ne has the ability to effect

the conversion of the nitrile group to the primary

amne in surprisingly high selectivity and yield

while mnimzing or avoi ding secondary am ne byproduct

formati on over the course oflthe reaction.

Consequently, the product am ne, DVAPA, is produced

with a selectivity of greater than 99.90% and is
PrefelPécpﬁll'dﬁl@ﬂs bﬂo i fheRldeahodetRSeritRA%n (P8sPatefNG! 081,388, which is

. described herein, selectivity refers t'o

nmoqmnﬁab @Mﬂnﬁ$eEWﬁBA formed from DVAPN, including the

formati on of byproducts that can be generated duri ng

[00423) 'ﬁi%uél%gen?fl Q’SIO{:I Cetléoo gfm?er adbftd %8 #}X)Bc%blg %o R tl?e%el’?y%rogenation

resen I nven 1 on

proces3€$ eglidhviypicalll st ngﬁpfesa&esﬁanc%@ﬁperml\dnﬂcspwlbr Raney® -type
nore preferably exhibits a selectivity of at |east
catalysis. ﬁ@e%‘iefexwi%mot suchrmeossesapich arg pvigpRedpiodtceanpbicgble are those

e A RS S D SR B i e

Such proessead wonletd expected t@ tyidflé ltmbioyeménts lseadar t@&h%ebdi:satbed herein for

the lop-pisBE DGreReogiom G RNEG 9; DRESLR. 5105 TRy ffc Tow-pressure
hydroggnaﬁm@of itAf o f{%xaﬁlf@wler%gla%m{@ vt aRau %e&gd 9?] é‘ield similarly

ased on the starting nitrile. Mst preferabl
impropedmesglts. of the present invention exhibits a
selectivity of at | east 99.98% and in a yield of at

N-di-net.h t [ #rrgﬂfmbodiments of the

99% from N ] O
[0043] Go.atHe PRV HRFPHERIE ForimuatibE RoRes
invenG&H) VE BhduddBE apprekiNge BRihdB of gltillﬁﬂﬁ{bt art ﬁi‘dt ﬂh@ éBnig@es disclosed in the
effect the conversion., For exanple, suitable equipnent
examplgg whu:bgfoll@\mreprgsqnbtechmqp@se@scheredd)ystbﬁ ApeRtars ik fupetion well in the
e a C N t
practl%:eo?]) Itfé]% %:T}ISC%{IOH ?nd? pttur eéa%]gltj%er %Blllgi&e??(%( té(g[&ég%ﬁ?té a}gljt’egepj%damodes for its
practitd. i EIK{Vevéiﬁﬂloﬁceaﬂﬂﬁn in thebatbloRrd; ah light 6fhe tpdsentodisdosure, appreciate
sieve-tray reactor, WO 2004/ 060853 PCT/ US2003/.039447
that many chenges F3Tebe Mafh By specfierabodiments Whith aterflisclosed and still obtain
t |
o ke B SEHIoE Ry it BB ER AR rep B and S R nion.
present invention is also envisioned to be applicable
to other hydrogenati on BEXodMPEFS which typically use
hi gh pressures and tenperatures and sponge, or
Raney(r) -type 5 catalysts. Specific exanples of such
Exampledc @sepastishiof Kasste. envi si oned to be applicable are
t hose

[0044] Caustic preparation begins with obtaining distilled water that has been boiled to
remove dissolved carbon dioxide. Caustic solutions are prepared in about 25 wt. % in 100 gram
batches by weight. The caustic (KOH, NaOH, etc.) is added to the degassed water (~ 60 mL)
with stirring. After complete dissolution of the caustic, additional water is added to bring the
weight of the solution to a total weight of 100 grams. The solution is filtered, and stored in a

closed container until use in order to minimize adsorption of CO; from the air.

Example 2: Hydrogenation procedure.
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processes which utilize a m xture containing Raney(r)
ni ckel catalyst and a strong caustic base. Such
wEe@enesss woul d be expected to yield i nprovene/FS2003/039447
simlar to those described herein for the
| ow pressure hydrogenati on of DMAPN to DVAPA. For
exanpl e, the | ow pressure hydrogenation of
adi ponitrile to hexanet hyl enedi am ne woul d be expected
tovyield sinilarly io inproVed results. [0043] The
foll owi ng exanples are included to denonstrate
preferred enbodi nents of the invention. It should be
[0045appreonalitd dyoddveseaddr &juippediwith deutds turbiatblade, dispersimax-type
. .techni gues djsclosed in the exanples which follow
agitatqre & gQig ctandingniog thes beftass JoefiEdUay the dransfes flwd sfrerg a temperature

contro{ll}%ﬂ] ShinORr Yhdertlire! A rﬁter%f,) %xgt‘f bieRed stidlEss! AP H’Ieitag @an%gfeég)ort below the

\ us can be “consi constr'tute preterre
liquid flevrel istwsed © wactdiyingen Wotkedelimethlyseno)prapioditrile.nHy#@gen is fed from
.art should, .in light of the present disclosure,
a cylngh‘) cdpRed Wit pre Fﬁ/g@fgﬁﬁ&g§ regplajox toadd hydroge to the reactor when
g : o ; ool .
e BRSBTS RAEDA0 il v s T
3-(dinfetipramive)mppionitriand.csesd pe pofmped do itiey emblave WEEKANWPIES Model 500D

. Exanpl e 1. .Preparation of ic. 20 0044 ustic
syringS T8 R0 e B e i3, BB o286 f T0BE WRKET et (Degussa
MC5023Svifle @0n bel! @fothfim L8RV & Picheqt YBE h‘}&rog%ﬁﬁ@hqéh(ﬁﬁm (the catalyst

Caustic solutions are prepared in abolt
containgabayt §aYo mekedhdSo biymimingtR% citfpenivenisd 2%(iK@), ThaOHalyst is washed

i T SRR B e et v
ppm EMEDA BNEC wail@is)) SacBAERH cbBsiftiighef hb@d cuilyghbndPatdil in a 100 L

solutjon to a total weight of 100 grams. The solution
gradugted cylindereeettlingdhe tegtabst.i andadecpnting dacetppc Shtmal drclear liquid. The

nt i i . i i ITi.ze ' f from
catalyfhlrbler, £58 3 daRhi R B b PRSI B85 BRI @ SO akd BB chargea to

the auRlAE0 A8hGorAY/ 265201034 0BHA4 B-dimbihyl£0iabpropylaiend dddeé mL of 25%
aut ocl ave reactor . equi pped wi th doubl e turbine bl ades,

(W) RSt TR Yier isgdpisstlorIheLaugiq selyiaamis nblend conaining 50 wt. %
sodiur{?gﬁn%l?&i@@ afhd 'SulAt €, P@ﬁssiiﬁrﬁrlﬂfd%xiflé.u'ﬁlef 5%%& is tumeld on, and the

erature controllied bathfor tenperatture contro .
autoclavedhentéd fot 6@dC. sThe miteclavesisethbn petgeld theepireespwith didbgen, and then

the ljquid |evel is used to.reac drogen W th
three g b AU 517 BEPERTEPRIAd thyd0Sgen 1l FeiogenbrTts autoclave
is therPheaMdith 98 PCESM BB EQ:SMEJ‘ clecREE SR SinBAMASTAH thifutes.

regul ator to add hydrogen to the reactor when

[0046] The feed of 3-(dimethylamino)propionitrile containing 0.04 wt. % water is then
started to the autoclave at a rate of 5 mL/minute using the syringe pump. Pressure and
temperature are maintained at 7.805 atm and 90 °C, respectively, during the entirety of the run.
After 27 minutes, the feed is stopped, and a 150 g sample is withdrawn from the autoclave for
analysis. The feed is then resumed under the same conditions as before. This procedure is then

repeated for a total of 7 cycles.

[0047]  The reaction mixture was sampled after each cycle and analyzed for purity, reaction
progress, and the presence and amount of by-products (if any) formed. Analysis was by gas

chromatography (HP 5890 Series II; Phenomenex Zebron ZB-1 capillary column, Phenomenex



10

the pressure drops bel ow the set pressure.

hydr ogen fl ows though a nass flow neter.

w@2qodioesshy| anmi no) propionitrile (Acros)
the autoclave with an Isco Mde

The
The

To the autoclave is charged 37.5 grans of sponge

ni ckel

cat al yst (Degussa

MC502) with iron and

I S pPUNPEHUSI03/039447
500D syringe punp.

chrom um added to pronote the hydrogenation reaction

(the

al um num 2% chrom um and 2%iron).

cat al yst

i 0 contains abblt 85% ni cke
The catalyst

10%

washed 3 tines with water and 3 tines wth

Cat. M. dTPmIétG’Qﬂla}ﬁ)nwnh qwﬂlamnmu@mrmnoﬁ ditordérniat @ehniy fhe by-product
impurise 33

cyli

pm TMPDA

nder,

by GC an
alypigiof the Syl aad
settllng the cat al yst,
cat al yst,

Tab1e510 P}bd@‘t aﬁéﬁﬁﬁ ]
|nethylan1n propy anrne slurry anDuntlng to 50 mL

The

is

each wash consisting of

ysi s),
are.pardqcrr ate gy ip Tajleald
and decanting the top
wat er,

and

uat ed

are
265

2L QL
e J /U

WAL S

uof: o onl ||+| OHJ n \Anf er

AR

I C

char-ged-.

I Ullal IT
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tlcn@alut
um hydr ox
at oPPls ¢
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cyclles. [0047%] The reaction nmkture was| sanpl ed |after

rdpeated fOr a

n-pa =gaptopghalite and anal yzed for purity, reaction

dap = ppafiseB®propage t he presence and amount of by-products
dmapr(+ Hinddilylath@lopRSbioni#Ae YSi s was by gas chromat ography
tnmda@H&P5ﬁ9@I$@£hﬁéthz ngebron ZB-1 capillary

20 aml‘ﬁgstﬁgg g@{g&%@%%%ﬁ 3 PCT/ US2003/ 039447

| ame ionization
detectlon in order to quantify the by-product

inmpurjtie ysis of the cyc¢les and the product are
[004], P E ooty d

he amount of secondary amine remains generally at or below 300
ppm over the course of the entire reaction when DMAPN was hydrogenated utilizing a sponge

=) =1

nickel catalyst and a Group IA alkali metal hydroxide according to the process of the present

invention. The amount of TMPDA formed, stemming from impurities found in the feed

DMAPA used to prepare the catalyst slurry, decreased over the course of the reaction, resulting

in the final product being free of this common and difficult to remove by-product.

[0049] As is evident from the data shown in Table 1, the 3-

(dimethylamino)propylamine results in a molar yield of 99.98 % with a purity of >99 % and no

product
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Tabl e 1: Product analysis, per cycle. Anpunts of
Byproducts Using External Standard Calibration, ppm
wWEymkte6asspa dap dmapn tnpda 2 anmi ne water ppnPEPISIPI039447
ppm ppmppm 1 89 0 0 43 200 7.26 2 123 0 0 29 267
4.72 3 143 0 0 17 284 3.47 4 174 0 0 14 308 2.65 5
190 0 0 7 265 2.11 6 209 0 0 5236 1.71 7 223000
214 1.37 n-pa = n-propylamne 5 dap =
1, 3-di ami nopr opane dmapn = di4ret hyl ami nopropionitrile
tnpda = NN, N ,N -tetranet hyl -1, 3- propanedi am ne 2
amne = 3,3 -imnobis(N, N-di methyl propylamne) io
TMPID AGA8dthdraédcendar Rgvie tiiptirifyNgnda s Man03 005 BERANERINE secondary amine
am ne remains generally at or below 300 ppmover the
preserd ¢y thedlingt productent i re reacti on when DVAPN was
hydr ogenated utilizing a sponge nickel catalyst and a
Exoit fé’:‘ AHecir Qérfaugl'l:’ Bf‘bM‘XPN %Ef@p(ﬂ&g ﬁlgﬂeﬁ] gv1ﬁ1°d1ft§1%nt..z,&v*5§h Metal
process ol e prescerit I TIVETIU T OT1. I'me aimouTtit— Ol
formed, stenmm ng from iHgpustidésesddedund in the feed
DVAPA used to prepare the catal yst slurry, decreased
[0050¥>VefAtsléﬁe§ QENE® Qfas tdafiddeaet to0detefifind| the NGfeci Sf VAribIE alkali metal
I nal product being free of this comon and difficult
hydromde rdditiors t9ye frosaedicke] Gurdeyt fasthe hydipgdestionfusing thhsame procedures

t a sh n_Tabl e o] t 3
detaﬂ? it ef‘?igmsmlno cglraopy gnrgldqne T g‘g u%’s | %ly‘goi%ilea@ ?%I“& o potassium
hydroﬁﬁe Q&J&fc\smhﬁo@ spedifiddyin @&arﬁﬁl% 2% a3 slb Steruda® wA 04 Qﬁl@&ﬁﬁsolu‘uon of the
PCT/ US2003/ 039447 -14 or other secondary am ne
alkali jraggal hrdgosdde) af ﬁF}sleYﬁdﬁd@@f@d aprhable 2.heAfiw b deaciionmupber of cycles

1ndlcaPJdQﬁefhtblé ) at Jaﬁlpié QQA re%o%& For gc analysis. The amount of DMAPN remaining

and the amount of various secondary amine side products generated was recorded. The

conditions and results are clearly shown in Table 2.



Exanpl e 3: Hydrogenati on of DVMAPN over Sponge Ni ckel

wth different Alkali
WO2®e0608S3 Of
effect of various alkali
a sponge ni ckel
t he sane procedures

50 wt.

Met al

met al

Hydr oxi des Added 5 [0050]
runs was carried out to determ nePCTIBS2003/039447
hydr oxi de additions to
catal yst for the hydrogenation using
detailed in exanples 1 and 2. The

% sodi um hydr oxi de and 50 wt. % potassi um

hydr oxi de caustic solution sbecified in exanple 2 was
substituted with an aqueous sol ution of the

met al

hydr oxi de at the |evel

al kal i

i ndicated in Table 2.

TableAf tFEffeck 6€ AlRACM ef4l HyHF3RIde®n A¥tViBSandSéleetiviat ed in
Table 2, a sanple was removed for gc analysis. The

anount jof DVRAN Tenai i jig__and { ne pnount of [vari ous
Run (dyhddr yAmhi reAlsiloMetsl pductMetgdener piemp(aess  dbotbded DMAPN | 2°
The cgnditelysns Badwgxdespl t Hydpxade| eqrl y .shown i of TapRemaining | amine
2. 15 2004/|060853 PCT/ USR03t 03944 7C/psies Tabyades2| (ppm) | (ppm)
- Kl KAl | 1 oI A TAL dTll
1 Nl—g\/elpgg%i \?§|7ty Ryn %a}ryst Qf%?k}gl W(gllo me aIL{5 163 1440
Tenp. / BHress Nynber DVAPN il %ﬁéﬂ@st Hydr oxi de
_Hydroxilde of Renaining am na unt C/psig QCycles
2 | NitYea92 (jpbi 21 |Ni -KRB02 BoBLPIRAGkH B MO0 25 %60/ 110 0 9
6 163 1440 (vt) aqueous (NADRucPuini | MC502 37.|5 g KOH 6
mL of 25 % 90/]100 6 0 9| (wiOHqueous KOH 3|{Ni - MC5D2
3 | NidMC50% 7 "L ROORS POo7981. 19056840 1463100( W) auepus 0 1463
RbOH 4 N -MC902 37.5 g Geihadhedhs Of 25 % 90/500 6 D
15 (w]) aquedus RbOH
4 |[Ni-MC502 |375¢ CsOH 8 mL of 25 % 90/500 6 0 15
(wt) aqueous
CsOH
5 Ni-MC502 |375¢ LiOH 80 mL of 10 % 90/500 6 0 2567
(wt) aqueous
LiOH
6 |Ni-MC502 {37.5g | KOH/NaO | 6 mL of25 % 90/100 6 0 9
H (wt) aqueous
50/50
NaOH/KOH

[0051]

See Table 1 for the identification of acronyms.

Tables 1 and 2 clearly show that the use of such alkali metal hydroxides as KOH,
CsOH, and mixtures of KOH/NaOH allowed the reaction to proceed to a high DMAPN

conversion, e.g., a low DMAPN concentration remained in the product DMAPA within a

reasonable time and also maintaining a high selectivity for the primary amine. The use of LiOH

10

[0052]

executed without undue experimentation in light of the present disclosure. While the methods of

mixtures of KOH/NaOH are most effective as alkali metal hydroxides.

(run 5) showed a poor improvement in the amount of side-product formation using the same
catalyst as in the other tests. From these results, to maintain a high rate of selectivity in the

hydrogenation of dimethylaminopropionitrile to dimethylaminopropylamine, KOH, CsOH, and

All of the methods and processes disclosed and claimed herein can be made and

this invention have been described in terms of preferred embodiments, it will be apparent to




CsOH 5 Ni-M2B02 37.5 g LiOH 80 nL of 10 % 90/500 6 O

2567 (wt) aqueous LIiOH 6 N -MZ502 37.5 g KOH NaO 6
WOork00806@53 % 90/ 100 6 0 9 H (w) aqueous 50/ 50PCT/US2003/039447

NaOH KOH See Table 1 for the identification of

acronyns. [0051] Tables 1 and 2 clearly show that the

use of such alkali netal hydroxides as KOH, 5 CsOH,

and m xtures of KOH NaCH all owed the reaction to

proceed to a high DMAPN con¥ersion, e.g., a | ow DVAPN

concentration remained in the product DVAPA within a

reasonable tine and al so mai ntaining a high

those B£5161L tink thietayt thet vdri€ions mamby ap;ﬁllerdleto tHdmettods ahd/bt fdcesses and in the
(run_5) showed a poor inprovenent in the anount of

steps gf Hbﬂ}ﬁr%?ﬂﬁ@%cef@rsﬁﬁtsl ofrthg gnstbodsrieseraipd hesginawifequt gleparting from the
se
conce#lj gﬁﬂrt ;&?g s%?ﬁs gg{ ?13?"13 t)t})%l nl\/{oﬁec‘ Q#)éc catl ggxhg{ ?% %p;gatrent that certain
agentdiwhieh layd eirenricgityoelaed nay be sitstituted for the agents described herein while the
| am ne, KOH . CsCH m xt ures

same Wr&ﬁ%ﬁ{ergnp]gso ,%gﬁ’&' det zg;gtqv% aéll aun]éﬁlmH@‘t gybstitutes and ];nodlﬁcanons
appar%%f 4 Brosd lleli e % a g{e Menteli%o %@R@gﬂ%@; éﬁ% QE@Zﬁtcggcept of the

I scl ose and cl ai med herein can

invent@it. hout undue experinmentation in light of the present
di scl osure. Wiile the methods of this invention have
been described in ternms of preferred enbodi nents, it
will be apparent to WO 2004/ 060853 PCT/ US2003/ 039447
-16 those of skill in the art that variations may be
applied to the nmethods and/ or processes and in the
steps or in the sequence of steps of the nethods
descri bed herein without departing fromthe concept,
spirit and scope of the invention. Mre specifically,
it wll be apparent that certain agents which are
chemcally related may be substituted for the agents
descri bed herein while the 5 same or simlar results
woul d be achieved. Al such simlar substitutes and
nodi fications apparent to those skilled in the art
are deened to be within the spirit, scope and concept
of the
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i nvention. W 2004/ 060853 PCT/ US2003/ 039447 -17-
CLAIMS: 1. A process for the production of

WOR4/d60883 hyl am nopropyl am ne from N, N- PCT/US2003/039447

di met hyl am nopropionitrile by | ow pressure

hydr ogenati on conprising: feeding hydrogen and

N, N- di met hyl am nopropionitrile into a | ow pressure
reactor 5 containing a sponge nickel catalyst, at

| east one Group | A alkali neldt hydroxide, and water
to forma reaction nedium heating the reaction nedi um
to a tenperature of about 70 C to about 100 C

CLAIMSSsuri zing the reactor to a pressure of about 45

10.

prig to about 500 psig; and hydrogenating the nitrile

to form N, N-di net hyl am _nopropyl am ne, io 2. The
pluees: G e BRORRRO IO S ni o SE PeBraplaing flom NN-

NREGRAERPAREARIEBY A bicshife hilragonation pompriging
Q%eﬁﬁlg%ydﬁa gefland NN&ﬁmsthyIanﬁhapmplbthl&eﬁt@I d‘lot)vhlﬁessure reactor
selectjvi.ty of N, N-.dj Iam opropionitrile t
N, N-SRRHERIR |aaSHPﬂ%f‘p?16%§je ¥k arﬂe %@@sﬁﬂpun %ﬁlkabéraﬁtal hydroxide,

99. %d@at&tomﬁwf&eﬁéénﬁmuﬂ aim1, wherein the G oup
I A alkali netal hydroxide is 'sel ected fromthe 15

gh@ajmgGMma@tqnngecbﬁmstomtmlpmmmaf abent m)f(a:scsabjmt 100 °C;
dr oxi de, .. r ubi di FOXI de and

b e R r kPR pE S I8 poig o it Sih esia

t Redrcb@idBng hedlitiaé to fHRLAT I\ﬁ(‘ll?de@ﬁ&'lﬁﬁmbﬁro@?faﬁﬁﬁé um

hydroxi de. 6. The process of claim 1 whérein the G oup

I A al kali nmetal hydroxide is sodium 20 hydroxide. 7.
TH&e prosesss clsimd), ihgvein theselsrtivithef Nohodipnetylathivapropionitrile to

R g e e N i

1 wherein the tenperature is between 85 C and 95 C
9 Thd pecpssadeksmdf whesimtht seleetiwiyroNBI-@ilegisdardinopropionitrile to

en 45 psi 300 25 10, The process of
rﬂ“?l}e%ﬁ]ég’é‘i“?%r?w aIBFlgggglfe tef thap abgieté9- 92?5°°p5| g and
150 psi g.

The process of claim 1, wherein the Group IA alkali metal hydroxide is selected fiom the

group consisting of sodium hydroxide, potassium hydroxide, rubidium hydroxide, cesium

hydroxide and mixtures thereof.

The process of claim 1 wherein the Group IA alkali metal hydroxide is potassium

hydroxide.

The process of claim 1 wherein the Group IA alkali metal hydroxide is sodium

hydroxide.

The process of claim 1 wherein the Group IA alkali metal hydroxide is a mixture of

sodium hydroxide and potassium hydroxide.
The process according to claim 1 wherein the temperature is between 85 °C and 95 °C.
The process of claim 1 wherein the pressure is between 45 psig and 300 psig

The process of claim 1 wherein the pressure is between 45 psig and 150 psig.



WD 2004/ 060853 PCT/ US2003/ 039447 -18 11. The process
of claim1l wherein the pressure i s between 45 psig and
wail@4pei8es 12. The process of claim1l wherein PEBEUS2003/039447
amount of water is about 0.1 w. %to about 10 wt. %
of the reaction nedium 13. A process for the
production of N, N-di net hyl am nopropylam ne fromN N 5
di met hyl am nopropionitrile by | ow pressure
hydr ogenati on conpri sing: fe&ding hydrogen and
N, N- di met hyl am nopropionitrile into a | ow pressure
reactor containing a catalyst, at |east one Goup I A
11. aTkeptocestalcldyidrOkéreia, thep@sstad Brbetwednarpsi@arddERG gt
medi um heating the reaction nediumto a tenperature
of ., about 70 C.to about 100 C, 10 pressurizing the
12.  Ehe processoiglaypdsuherandhe apeynt of svalaiigahayt ovk Yammbout 10 wt. %
DSt {6 enating the nitrile to form
N?@gfﬁégﬁ?%%@%propyl am ne. 14. The process of claim
13, wherein the catalyst is a sponge nickel catalyst.
13. 1A pra¢ess fordbepwdodtion dfiNiNidmetthydaneinoptopglanahafryatN,Ns  a

5 ¢ itr)rijle!t}tlylglg}n%lp}/o%gdnit}‘ﬁe by low pressure hydrogenation comprising:

feeding hydrogen and N,N-dimethylaminopropionitrile into a low-pressure reactor
containing a catalyst, at least one Group IA alkali metal hydroxide, and water to form

a reaction medium; -
heating the reaction medium to a temperature of about 70 °C to about 100 °C;
10 pressurizing the reactor to a pressure of about 45 psig to about 150 psig; and

hydrogenating the nitrile to form N,N-dimethylaminopropylamine.
14. The process of claim 13, wherein the catalyst is a sponge nickel catalyst.

15. The process of claim 13, wherein the catalyst is a cobalt catalyst.
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