WD 20041108655 PCTI US2004/ 007761 TI TLE Low Pressure
Process for the Manufacture of 2-(am nonethyi)-1-

clo ent | amne 5 FIELD OF THE | NVENTI ON Descri bed

?6? 1 PS:‘? the selective, |ow pressure hydr ogerRAT 04007761
1-am no- 2-cyano-1l-cycl opentene (CPl) to
2- (am nonet hyi ) - 1- cycl opentyl am ne (AMC) by a
conmbi ned catal yst system conpmiEIENg ni ckel in

conbi nati o adi_u car.b a_sin

pal | adi um o‘%ﬁgp g%ﬁg mﬁeﬁﬁg‘;rgﬁ WMpOrfRC %'“'T(S’P Eﬂ@@"ﬁz
THE | NVENTI ON  2- ( am nonetdygibperitylamink opent yl am ne
(AMC) was first reported by Lazier and Howk,

described in US 2292949, who prepared the di am ne by
hydr ogenati on of CPl aEIERDODFE THEINMENTIGN 120 C using

either a m&&%ed%réirﬁs%éjﬂléﬁv rIO\I! F}fé?%})l" Y&b&%t:on of 1-amino-

unsupported cobalt catal yst
36% aﬁwaggr Toy QPW@JCPH tﬂ?daw@megw-1w@9mnﬁéarameéw0) by
| easta d&%ﬁﬁa@!&%ﬁsﬁ%ﬂcerﬁﬂfssdd?ﬂck@ﬁﬁ%h@ﬁa&dﬁ vhl?xepalladu%rg on

presenge of a netal catalyst, In

Chab SPRC Y TR PR BE Rt Py HRo LabPy L

hpdr ogenati on of CPl in the presence of a powdlered
0.2-1.8%chrom um ~t-—5- ' nce being
al um num 2r(@minomiethyir adyciopgniylamineSAMThwapfirstrepsriedsby Lazier
in a and a
nyclr ora g RELATR U 25008 ARG pflodfdhe hugtg vy, A\

i s Sdydrogenatini ol at20eR:3600 ant!n.riaD *Glsiay ga‘mra nickel on
- @BenMgfintiva or(f'%@@@wde@%ns%ﬂ £t Balt ﬁéalgétsﬁlé’ 2 @ld%fsmﬁtl\h Qs

for the red uoélon nitriles int
{1

Boc- pPAE B USiRY fres ASWIdryen 8AB Pieasure aatdeash i 200psi was used
Wi t hfgrahd @dbiomiohe pRédente omeGﬁaubeuPﬁﬁmsatal?ﬁeS not

di.scl tal yst mhi t
feduce. 5 ITERI37ETb CoabST 4 HiBre = prrrespuneFAgyLc
di amhpdregerration diCR in the giresehos 6f 4 hevdefl Rdne-taR) dabdlystm

S50 TR 188, GUEIT 6 45y Sl B

f.or mheing atb!mlmfm aplirgiderdalimpyritiag.e Mhs proocesspouyin etlspoe sodium
cros
ot A AR o BRI AR i R T o e

beenyigld fsPA®%m CPI by various catalytic
hydr Ogenaklbﬁlfé ARLBPER; Jc.M%%Il oPérrgEhﬁ%ﬁleﬁﬁs'trﬁ ﬁzﬁﬁ‘g @@tzll@é*%ztas
require pressures ogen, l's

&or r gisFose %%&tmﬁqfq# '@sév%t@n pitrfigasin lthespre%ce qf B@ﬁnpmmted
pur i &iyines déing cbfhlﬁhéilons of nickel with palladium on carbon. This reference

does not disclose the usé of these catalyst combinations to reduce 2-iminonitriles
to their corresponding diamines, nor does it disciose the use of a palladium-
doped Raney-type nickel for such a conversion.

30 AMC is a valuable molecule that is useful in the formulation of epoxy-
curing agenis for polyurethane cross-linkers, for polyamide modifiers, for metal
chelating agents and a host of other uses. AMC has bsen produced from CPl by
various catalytic hydrogenation methods. Most of these prior art methods require
high pressures of hydrogen, high ievels of corrosive sodium hydroxide, or results-

35  inlow AMC purity and/or yield.

Itis the object of the present invention to provide a process for the high
yield manufacture of AMC which is economical and which uses relatively low
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It is the object of the present invention to provide a
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- preseures of 50010 1500 psi. (3447 ta 10342 kPa) Hz, temperaturﬂs ;

of 60 °C 19150 °C, with added ammonia and inorganic aqueous
base 1 to:12 Hours. :

The catalysts used herein are slumy-type particles and must be pre-
activated in a suitable solvent system at a pressure of 50 to 6@0 psi

| {344 10.3447 kPa) Ha, from 25 te 50 °C for 1 to.4 hours. prior

to charging the CP1 to the process. The stading 2-iminonitrile, which is f-amino-
2-cyano-1 -cyclopentene (CP1), is produced by the base cataig__rzed cydclization of




35 to charging the CPI to the process. The starting
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Is disclosed in Thonpson, QE ; J. Am Chem Soc.

(1958), 80. 5483-5487. Treatnent of adiponitrile with

a st eddigpalttity. Thi GeBsH Rafflosells thaspAdhyE §. Ak?llx't(ﬁ?&'n{j%oc
(1:1 qgéﬁﬁ ﬁgﬁéﬂg ).in a non-polar aromatic sol vent

such @& balieatrnessel pirapisleoxitrasterisally tindered base,
yi el csuaimds gmdimh ebutdxie (s: 1%&fem¢fuivbbént) b h&hb@lar aromatlc salvent

i Gy B loflenb GrouRAsREFTR Spre Ry 2 pigoroeter than
‘cat al 9k puril.ef er abl y unsupported netallic nickel or

N 2500) it cblrTETE Sy ppERiE e Roett oo fude the

car bsambinalioresiznpitiest-cottalning calalystk@2ReatiDanqupbbiet matallic

ggl |C giécfﬁgrﬁtzr é,gélgéx §|HEE '(SNQ%%SB@}@%,%% 3. Raney NigBo0) with
catal§® 10 pf’fé?"@?‘f"@ﬂ supppred op prrbertfos examplesy st em of
npck eHerz!ué’llts m‘gs ﬁ@%‘ @a&hmrpéérbg@n ; a?’%le(:%tglg& sS%BHlS G%d

t he | oad] al 'adi um on- car
rel aPF'&é’ ‘{"g RaRgydii 2000q| Ve Pd\ﬂﬁl"%ﬁﬁ?@)ﬁé‘éfmawsémpreferred
to. 0.25- Wﬁ&h the E’ﬂal}a dyeledth bl Qickeid iﬁomdlﬁhgbn%tﬁ'pgmcﬁlm on
cat al %t's:ﬁy g chls&allalum ope
n| cKEDoR R J*éer'oa#mggf Paliadum-aasergn ciatals@tﬁszp v.%

. Yrelativalth W rlickel BRANCHAICh iS ORGIRM Nt 1o h&zgwﬁ . %
l??l gﬂﬁrefere Slurry catal ysts may in the form

e to bt JpdhegnalgicatiiyRt sYstemaphive rs_\,paﬁa@mm«ioped Raney

par t hickedsthalidvieBof pallxdidmbRipingCia babYIT ¥ % PIRVOS thS RlkdS
tabl ets, spheres, etc.

| ar ger ext r udat es, -
Tot aPoEHt, i‘}&? 5 Wb heingdireiged| STt isERY hedn thegorm
~ cat abﬁlwi‘#cﬂaﬁ qyartids, oﬁbﬁ]bﬂwﬁhvﬁlyglh@rpah@&ﬂ itle Eﬁé(d-ﬁé‘d catalysts
SI on, For

requ ased rate
catal y g s )g/é? & Far%rﬁmnué%ﬁ' flx%g?a% "?t? \f&P%‘&Sp‘?tFo Fo%mtatyst
e E’?d'OQ ndiativiertg CHI is: Vg tfaiyeitieg Cmraltmﬁh]gﬁer peliny

Or gaRhaf va Qéc)(ﬁ@& for%&@égﬁ'c £ n‘tj cSr)]f';ct 6ers I:gr;t?dgle f;%tayaﬁ salftems the

organi ¢ solvents, or
or gafftalysles adiveted mionlatuse, byprcmﬂlama@itwta ety ambiprotiepelar

of . dbigXain Satberda g&h@lﬂhﬁtﬁﬂ&\aﬁpﬁ'&lé ﬁ’cf!:;r RABAN écﬁvetnl?s o{ a gombination

reac%g on vesse] . such as an aut ave, ralsin
i errp o%rcoggl% gpg,\n@ger@rp(grm z(;solmnt@iqmg of dioxane /'

28 t rueaommj watBis(f vib¥an tHehesctiodl B8, AFEOSeR bR,
“pressure of 50 p i (344 kPa) to 500 psi: (3447 kPa)'.

The S&SIG B arepcatyredopppipiately. 26 Koers, *Coptaging wilh 'é
* the RRIMdYSINS WinOaBdinghydrddiin B ¥ ésgﬁ@& R el aﬁ | (38 )

catal yst systemthe | ow pressure roogen
car r bl peifB44i kRay. Ghete omditiessab hebeoraransance of

hyd bet ' 500 3447 kPa) to
 DLGTRAER B o 500 P (3447 kPe) 1o

After. achvaﬂon of tha catalyst system the law—pressure

hydrogenation is cairied outin a reaction vessel the presence of hydrogen,

typicalty between 500 psi (3447 kPa) t6 1500 psi {10342 kPa).

Nitrogen or argan is initially used to remove air from the reaction vessel and can

‘be added during the reaction to minimize the effects of trace: oxygen on the nickel

- 35 ca{a|ys_t.- The catalyst is contacted with CP, at least an equimolar portion of
anhydrous ammonia (a 51 mole ratio NH3/CP! is preferred), and a ‘




Nitrogen or argon is initially used to renove air from
the reaction vessel and can be added during the
reaction to mnimze the effgects of trace oxygen on
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Purification of AMC may be camed out, and is aocompllshed by
separation of the reaction mixture from the catalyst by vacuum fi Itration under an

inert gas such as Ny or argon, followed by vacuum distillation. AMC is a useful

35 molecule, for example, in the formulation.of epoxy curing agents, for




di ssol ved i n di oxane/ water solution. Purification of
AMC may be carried out, and is acconplished by
separation of the reaction mxture fromthe catal yst
by vacuum filtration under an inert gas such as N2 or
argon, followed by vacuumdistillation. AMCis a
useful 35 nolecule, for exanple, in the fornulation of
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The same pre—treatment of catalyst was done as in Example 1, with the
exceptton that the catalyst was 0.5 wt. % palladium-promoted Raney Ni'2000.
One. gram of catalyst plus 10 grams of starting CP! was heated and stirred 6 hr at
30 150.°C with1500 psi -10342 KPa) H; (with. re—pressure) and excess NH;. Gas
o chromatography showed 100% conversion and > 95% selecttwty fo AMC.

‘Comparative‘- Example 1: Hydrogenation CPLto AMC with 5% Pd/C to show the
effect of nat adding Ni
35 ' . '

50 ml. of dioxane, 15 mL of Dl water and 2 grams of 5% Heraeus K0203
Pd/C were charged to a 100 cc autoclave. The mixture was pressurized to 300




Conparative Exanple 1: Hydrogenation CPlI. to AMC with
5% Pd/ C to show the effect of not adding NN 35 50 nL
of dioxane, 15 nL of DI wateg and 2 granms of 5%
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and suctigned out of the autoclave. Gas chromat ography

of the proutBMsH R wvesn chpraed toae FQUcOMItoCIBE: with 25 L. of
25 methanol, 1 g of NH; and 1 g of Heraeus, K0227 5% Pd/C catalyst. The

autocIaVe was purged 3X with N,, then heated t0.60.°C and w:th 300 psi (2068

kPa) H, for 6 hours., -The reaction mixure was cooled to room temparature ‘

‘purged 3X with. Nz and suctmnecl out of the autoclave Gas chromatraphy of

the product showed 99'% unreacted CPY. | o
.3

Comparatwe Example 4. Hydrogenatsan of CPlto AMC mth Ni to show the

effect ef not addmg Pd, changmg the solvent mixture to methano! !owenng the
pressure

35 " The same procedure and equ:pment were used as in comparative

| example 3 with § gCPlL 02gof Degussa-Huls B111W nickel siurry, 150 °C,
1000 psi (6895 kPa) Hs, and 1 g of NH; in 50 mL of methanol for 1 hour. Gas
chromatography shows predominately unreacted CcPl with no ewdenoe of AMC.




Conparative Exanple 4:. Hydrogenation of CPlI to AMC
wth NN to show the effect of not addi ng Pd changi ng
the solvent m xture to nmethanol, |owering.the

pressure 35 The sane procedure and equi pnent were used
as in conparative exanple 3 wwith 5 g CPlI, 0.2 g.of
Degussa- Huts B111Wni ckel slurg 0C, 1000 psi 6895
kPa Hyaidr & in 50 nL hanol for 1 hour
Gas chronmat ography homs predon1nate|y unreacted CP
with no evidence of AMC. 7 CLAIMS WHAT IS CLAIMED | S:

1. A proceﬁs f OA process fo . .
DY £D 3o Aks2:0f, A am r? 0 rrets Ayl P P200d SHaminArstiiet-cxdorentyamine, said

process conpr -: (1) preparing an activated

atal yet Eisfimr‘bl 2' ?;%;’?‘@ *fﬁ“‘ga‘eﬁ%ﬁ’%‘ 7 Epfipipo gsuaie
pressurized with hydro Gbsiﬁéﬁmf" Bugss8lplirged with an’

kPa) at a tenperaturige Qa?$’f®ﬂlﬂzﬁcb/vtﬁﬂhﬁrogﬁﬂﬁﬁejo[s(ﬁ%ﬂ
catal yst system co B4$~Q$4}ekl5 & b8t f

pel | adi um wherein g: adiumis su %P%%%‘H

carbon; or pal I'adi um- og'gﬁf%ﬂ?ci’WBétwstﬂneborﬁMmseuhermcke[

contacting said act |andtpelﬂadnahahrlyérém\/§atd1pallad:um is su

1-amino- 2-cyano-1 gy a t an eqw%ﬂed""
‘portion of anhmsirous %Hpmﬁﬁgm"%%gs @SYEMPPG\'PRG!‘ o

aqueous i nor gal?c b5§eUadtingsaidartivaterhcatalysywith p—ammo-z—cyano.1 -

consi sting of sodi unydh;uéhcaﬁedﬁt,ieaét'ah@ Hﬂi‘uﬁ%rgf giogsozlan&pmus

pot assi um hydr oxi de ressurizing t
rai sing the tenper azti?}sdemg% af'ﬁg %3@8 f 2 gaygous inorganic base

tenperature of 50 CCHlgrlaghiom thegamp angsRREHBdRM hydroxide,
hydr ogen of from 508t i aréFgthad et ROG.BSL
a

110342kPal [ id tenper
pr essure for ad({[i:jmrre nﬁs{%@l ?’gﬁ © Y?fsﬁb'i’ih\'al'ﬁ'“gdha &rmperature of the
% (gm go?et hyl’) - tlhﬁﬁjf@ﬁg?mﬁameo( soycm@gu n?
rude anm none fe¥ENrE RE oduc
cj @i c?arrﬁ"h% his

and opti.onaly; Cr
ST ! eyl {%";ﬁ’g (3934 PR} sk melntaping i

- cycl opentyl am ne t
cycl opentyl ani ne. temperature and pressure fora time. sufficient to obtain

L crude 2~(ammomethy!}—1-cyclopentylamme
(iv)'{: : separatmg crude 2—(ammomethyl)-‘l -cyclopentylamine
S 'product, and
- (v) 'opteonaliy, punfytng crude 2-(aminomethyf)-1-
' : cyclopenty!amme to obtain purer 2-(aminomethyl)-1-
o cyclopentylamme

25

30 2 "!he process of 1 wherem said 1
. s:ep {ii) is obtamed by contactmg adlponrtnle with.a: molarequwalent amount of a
s encally h:ndered based ina non—polar aromatic solvent to p

-ammo~2-cyano-1 -cyclopentene af

33

3. The process of claim 2 wherem the 1 —amlno-?-cyan0~1—
cyclopentene of step (i) is dussoived in dioxane/water selvent.




30 2_ The process off wherein said 1-amno-2-c ano-1y

-cydopentene of step (ii) is obtained by contacting
*’ Le with a nol arequival ent anount of a

sterl ca y hi ndered based in_a non-pol ar, aronB¢/E52004/007761

sol vent to produce d-am no-2- cyano- I-cydapentene, and

i solating the 1-am no-2-cyano-|-cycl opentene product

of step. 3:5 3. ﬁ[é r&,feggsrzch ifif1 \ﬁljle?élms c?c@e%ﬁr&r?i%abatch

1-am no ano ene 0
di ssol"Pe8 aP‘%WB?TS%aFﬁ@/Rﬁ%ﬁe& fugtbwmpw estaro@end before step
PCTI USREAA4IAG FéGdmpdatire ahagréds0~as antbiert béidMoas Wher ei n
said process is run in a batch node and wherein said
process further conprises, after step (i) and before
step (ii)5redidempoesraccordigraciains dod3 phesihe 24 0

anbi e@t‘nlmﬁlﬂgﬂ}ﬂ&&mpéﬂ?an\m% Plirfied B aRGfbA! N9 to

clains 1 or wher ei n

(am nonet hyl ) - 1-cycl opentylanmine is purified by

di stillatifn, @hePheessdekiss Oand Batherein ssith Suikblelzeventis
sai d \eated Qﬁbﬁroﬁ@béﬁ%gr%n?c sdf\'%h? by c]p%u%ﬂ?r%i’ag) (Fl% Ip%far organic

ganl sol vent | nat
of0 %a rﬁ°§ve“*fo°fs%?%*nf§'0" Bk apsplic JRisT ﬁm@rﬁobfpnfzﬁm e

pol ar organi c solvent and water. 7. The process of

claim®6 rei ent. .i s .
di oxapel %er 28?@#0%&%%@% 6“%%!"\/\?%? gglgaﬁlaesogfegtd%gs
for thxaneWatesseiuion. of 2- (ami nomet hyl) - 1:

cycl opentyl am ne ABSTRACT Di scl osed herein is a
process for the manufacture of 2-(am nonethyl)-1-

cycl opentyl ami ne by | ow pressure hydrogenation of
1- am no- 2-cyano- 1- cycl opentene using a conbi nation

‘catal yst systemof nickel with palladiumon carbon,

or a single palladi umdoped Raney-type catal yst.






