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TI TLE Process for Preparation of

1- Al kyl - 3- Rgad Baegaigper i done-2 and 1- Al kyl - 5- PCT/US97/14223

net hyl pi peri done- 2 This is a continuation-in-part of
Application Serial No. 08/798,999, filed Septenber 6, 1996, now

pendi ng. This invention r to an inproved process 10 for

the preparation of 1-alkyl-3ptctéys pEperbrieparadtion of

1- al kyl - 5- met hyl pi p
BACKGROUND OF THE |§vé%%”g\|% %“Qﬂlp*p%’ji?ﬁt nyl u?' glr%rr#’tlﬁﬁe is a by

product in the hydr ocyanat i orethylkpiperideneodf orm adi ponitrile. The
adlponltrgke has many uses includi ng hydrogenation to . hexanet hyene
di am ne ich is one of the conponents of nyl on 6

2- thhylglutaronltrlleTha§ fiswai nentipnatiop- 1959§rtb9¢ Appldsatden shown

that 2- rTet hyl cﬁetitﬁlomarldequs oYRy, ¥ 16@ \seftRahbEr & balggs ,prasess into
1-al kyl - %ﬁ%ﬁélﬂ perldone 2 and 1- al kyl'- 5- et hyl pi peri done-2 by
reaction of t fR® ‘hylglutaronitrile, a primary al kyl am ne" havi ng
from1l to 18 carbon at this Wwaventiod 2e8lahedr tgerpn Amprovedepateess a

hydrogenat jon f&t? Eeoresﬁrﬁ]u@rkg %-@ﬂ@i-@-‘?ﬁl AR e ibrie 4 kttg 5-

met hyl pi peri done- as so 'vents;” each havi ng sol vent
properties S|rﬁiQ&kKlrﬁnmﬁﬁhmiaﬂﬂeﬂl dona-2nfrom The batch process
for conversi o Gfetdfdr1 iy onitrile into 1,3 and

1, 5-di al kyl pi peri done-2 was taught by Kosak in U.S. . Patent No.

5,449, 780. This process starts as a tmo chase reaction m xture, but
becones a single phase as ERQUND WK : 2ot ed. The Kosak
process i also 35 kno hectsi V|t %n t I S-

1, 5-(al k-y?‘am do) - 3- met\r?;/f»IE Sﬁ\#i ?&gtgﬁs}% |lnsc auby %ﬁ%fo%nt%fl ons of

ot her undesi r 3arér Qﬁiﬂﬁ%ﬁﬁQQHQ§ bﬁﬁ? iene o &ox® afdiponitrile
bi's-1, 5- (a|ky|i&&§5&xé&i&§fhééﬁﬁﬁﬁyﬁhSébéhncludlng hydrogenation to

hexamethyene diamine, which is one of the components of
nylon 6,6. 2-Methylglutaronitrile has few industrial
20 uses, but it has been shown that 2-methylglutaronitrile
may be converted by a batch process into l-alkyl-3-
methylpiperidone-2 and 1-alkyl-5-methylpiperidone-2 by
reaction of the 2-methylglutaronitrile, a primary .
alkylamine haviné from 1 to 18 carbon atoms, water and
25 hydrogen in the presence of a hydrogenation catalyst.
1-Alkyl-3-methylpiperidone-2 and 1l-alkyl-5-
methylpiperidone-2 are useful as solvents; each having
solvent properties similar to other N-alkyl lactams.
The batch prodess for conversion of
30 2-methylglutaronitrile into 1,3 and
1,5-dialkylpiperidone-2 was taught by Kosak in U.S.
Patent No. 5,449,780. This process starts as a two
phase reaction mixture, but becomes a single phase as
all the hydrogen is reacted. The Kosak process is also
35 known to have a high selectivity,'lz to 40%, to bis-
1,5- (alkylamido) -3-methylpentane and to also include
concentrations of other undesirable high boilers. The
presence of bis-1,5-(alkylamido) -3-methylpentane is a
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problemin the refining of product al kyl met hl ypi peridone-2, and it's
presence particularly a problemin the refining of

di et hyl B‘l}(?oerl 3one 2 since the bis-1,5-(nmethylamdo)-3- 5 P%%swlﬁgﬁ?ane S
thermally cyclized during the distillation process to form

1, 3- di net hypgbblam dndehe refIh&nbObEaptoﬂuQE 1, 3-di met hyl gl utarimi de not

I f | at by th
evol uti on’ oP HEKREAAYBLREK i 8082, ' Sal AR MR RERERER 157" V1 he pr oduct
di net hyl yl pppetid¢udar2ynak prgbilem J.n thet orelflipingpofsi bl e to easily produce

a di met ﬁ)ih@hﬁgﬁb@.%%iaoﬁéré e&a@u%h%t Eﬁ%ml b1 (lReh 9§§ﬁudolzl -gL hi gher
al kyl met hyl

t he I peri dope- 2
corresp&hdlﬁ&ggwépananf51S(égﬁfmé%ﬂﬁbfy§ B géﬂﬁaﬁéefron1the synt hesi s
reaction w Hh.staan:atl:lencplrbeep@nctlongohalﬂml-damethylg&hh;h:ghati&rI m de
during disti caus h t C spondi ng
Vol at e ol FFateanatitn 881, S RinecrPiS1tEaFintbe A0 BMETERT )

The conti nu@tﬁéemt@céib@ operasione ofntthe vacwuandistildasiprobyseheor the
preparat'oneQBlﬁtithBT the #e¥Ri1Y hﬁhﬁ?r&ﬂﬂﬁﬁtzlén@o dlstllled

1-al ryL%SZg%t ?‘éeerp%% ne- 2 w /dr ogen and a si.n ll(iﬁfhase fquuid
reacti lﬁ#‘x e e{rﬁ’@( P@ﬁ?ﬁx o] ion 0O a
primary al kamalenumipoe«sn&:éJmazd reasilyt @rb@uce acar bons, a honogeni zi ng
sol vent in Eﬁﬁmﬁiﬁﬁﬁﬁ%%r?hfie -2 §E¥$¥3£$ﬁ§&%y tQ@%ﬂJY&h CREP! Fybng t he

st eps of: cont ro enatlon catalyst in a 30
reaction veSfehigher aidkyvdmes he pjixture wherein

tﬂe wei ght laaﬁr@tmiyqpifpetﬂaone d}grmaemowmpwd\m@t blrsha \sag er solhutlon of
the pri e, met h tar i tr sed on the

t ot al \Aﬁ?ght(a&ﬂ‘yﬁrﬂy‘ﬂa‘lwﬁ “ﬁ*&g&'ﬁ g‘ﬁ‘ n%l'gasd.,se are within the
regi on of Fimpactibrbeuddeddsyn the ctdm‘elapmsim@ lBelkaﬂd3AC

(b) feeding ety 1! %Ha%%dcﬂ-ﬁ HBIHY A Aation FIE datdel %‘Hé streans

contai ning 2-neth ut ar -
d Iﬂi é&é% of the correspondlng volatile alkylamine.

20 SUMMARY OF INVENTION

_ The continuous process of the present
invention is a process for the preparation of 1-alkyl-
3-methylpiperidone-2 and l1l-alkyl-5-methylpiperidone-2
from hydrogen and a'single phase, ligquid reaction
25 mixture of 2-methylglutaronitrile, a water solution of
a primary alkylamine which contains from 1 to 18
"carbons, a homogenizing solvent in the presence of a
hydrogenation catalyst comprising the steps of:
(a) contacting the hydrogenation catalyst in a
- 30 reaction vessel with the single phase liquid reaction
mixture wherein the weight percents of the
homogenizing solvent, the water solution of the primary
alkylamine, and 2-methylglutaronitrile based on the
total weight of the single phase liquid reaction
35 . mixture are within the region of Figure 1 bounded by
the lines AB, BC, and AC;
{b) feeding into the reaction vessel one or
more reactant streams containing 2-methylglutar-
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onitrile, the water solution of the al kyl am ne and hydr ogen;

(c) heati ngo éspmgacti on mxture to a t enperature above Feaisebaeigrr]C
at a hydrogen pressure 5 above about 27 bars (400 psi); and

(d) wthdrawi ng a product streamfromthe reaction m xture containing
1,3- and 1, 5- gindrile, the Materpecludien? ofhithe atlkylansiane dridre
continuing topyarddgeiift iNto the reaction vessel the reactant streams of 10
step (b) in such a™way as to maintain the weight percent of the
honogeni zi ng sol vent, tifé W&aEingokhei & ﬁaCtloﬁfmﬂK§u§Fk§Pam ne, and

2- et hyl gl ut am;xa:dawﬂmamvm about! hsorat alt wegidroder raddifhes phase

liquid rquti%%qy 2@'@ n34%roggggLon %f Figure 1 bounded by the 15

|l i nes AB e pres selectivity less than 8%
to the formation of bl§d1 withdravihgyaaprddypcs- abrbampémbanthe

The honogeni Z'ﬁ&ﬂdfﬁﬁlﬁ%&eb%oﬁ'%ﬁﬂhbe L3~ and'VEGARYNE | 0 the
reaction enV|ronngF chis 20 mscib ma er I n which the

al kyl ani ne andet TRaMBAiLer F"Fetglee S§&%l§lle‘!‘et satdnuing $o
required in Fifgede ihto the reactlonThesBéQCth& QEab&%nQr%%EHadé“ﬁfnion may

al so S bat c 0gess bat ch .process run at
a pressure ongbgb éb)éyh Qu%? 7WBX}§S(EBOB§Pft§ﬁE'§%F tture of above
about 150percent dfe theobomogenizingpsedyenti, nihet wartear (aaldn&on

i mproved sel e‘btf' \tHeyY atmytllamﬂéodaahs zlm@b;hx:llg&utaron&%tﬂm'eo'b%%fédj -2 and

1-al kyl -5-meth p|p rldone 3 ovénent of present process
conprises ni xﬁ%& %% H%dttgﬁeﬁ&f‘ﬁéﬁ E’Q’F&Ieyé-t’-q‘%dsFﬁg’!C‘é'-lﬁihse | i qui d
m xture of 2 e iyl mmam thiel eegtiba Wit Flig&&éutu ddundedibyt fdepri nary

al kyl am qégegpggge%kglgg sgbven&Pe orads t %%c%%%t§€ncentrations of

each of these mponents as g percents i qui d phase
fall within tfeleskiydtar Ipsgutbar Bgukaeghsy fommatipns of bisB1,BC and AC.

3 (alkylamido) -3- -methylpentane.

The homogenizing solvent may be any solvent,
~ non-reactive in the reaction environment, which is

20 miscible with water and in which the alkylamine and
2-methylglutaronitrile are soluble to the limits
required in Figure 1.

The process of the present invention may also
be run as a batch process. .

25 As a batch process run at a pressure of above
about 27 bars (400psi) and a temperature of above about
150°C, the process of the present invention provides
improved selectivity to the products 1l-alkyl-3-
methylpiperidone-2 and 1-alkyl-S5-methylpiperidone-2.

30 The improvement of the present process comprises mixing
with the hydrogenation catalyst, a single phase liquid
mixture of 2-methylglutaronitrile, the water solution
of the primary alkylamine and a homogenizing solvent
such that the concentrations of each of these

35 components as weight percents of the total liquid phase
fall within the region of Figure 1 bounded by the lines
AB, BC and AC.
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The preferred primary al kylamne for this process i s nethyl am ne, "and
the preferr roducts are 1, 3-di met hyl pi peri done-2 an

1, 5- di met ¥ |’%"%é?u done-2. 5 BRI EF DESCR! PTI o%"af"ﬁﬂé‘%w NGS
Flgure 1 shows, the region of the single, phase liquid reaction

mxture, that is theghg ?Qfﬁfg?gﬁﬁggﬁ?rpya%ﬁ9léhﬂﬁé ggr Bﬁ}|nd AC, and the

concentrati ons of 2- neth tri on of the
primary al kPERFESE Afdme eyﬂaweeem the %&fﬁﬁﬁda@&&d@icﬁ@ 83t he

present i nvangi-dimethyaipdperidoneeR2C amids 1Qf5-Hiﬁneth§rab1w%IzﬁElbn%f~2t he single,
liquid phase of the reaction m xture. Figure 2 shows the
selectivities of 15 bis-1,5-(neth Ian1do - 3- et hyl pent ane in both
continuoBs stirred tanBRISETRESCRIPTION OF, THE DRANINGS bed operatlon
over 200 hours of opﬁaa&fenlaghé@' :hecee s68l 88StRE 90%y1
DETAI LED DESCRIPTICN ] used herein the ter serect|V|ty means
t he vei GR@ssr ligpid reactign W&G&'&F'dl‘:\ﬂa&e&%% FO3CR - wei ght
al | product $oundelde biyr @theClitlesca®, BC and AC, andnithed States Patent No.

5,449,780 t (K f t

2. met hyl gl u?aﬁ%%%‘f%%e%s%% Rt e BT T TR
processlof tsolatjsmef t@mmmmyofalkylam@er @a!d &lnes homogenizing
2-met hyl gl utg)Qrainyl idl 'c%or‘&ih%r 1toa'%he px@é@ﬁ@rﬂdﬁr&&@rﬁ 2B e tion

catalyst, is charged 30 intQ react,Or. The reactor .I's then urged and
pressuri zed RAHAE ngéﬁ‘e Mar:feéﬁeé@btto b s siagle, ldedid i ons for
reaction. phase of thd trdartirtivmitaireinder the reaction conditions

of Kosak that the | i%&an?%@uss 1S g@iéc&s&{%sﬁofh ssol ved byproduct

anmmonia, remain in su tWwo Separa phases throughout the
maj or i t $5r eduits-dn 5- (meﬁmo)%@mﬂm@m%rmlmﬁh e has only linted

sol ubi lity idbritignAREL YtS rFE & a3 UidgrR)anhd ntinuous trickle

4 . ;
bed operation over 200 hours of operation at MGN
conversions of 90%. '

20 DETAILED DESCRIPTIO

As used herein the term seleetivity means the
weight of the particular product divided by the total
weight all products in the product stréém.

United States Patent No. 5,449,780 to Kosak

25 (Kosak) taught a batch process for hydrogenating
2-methylglutaronitrile to 1,3 and 1,5-dialkylpiperi-
done-2. In the process of this patent, a mixture of
the reactants, 2-methylglutaronitrile, water, an

" alkylamine and a hydrogenation catalyst, is charged

30 into a reactor. The reactor is then purged and
pressurized with hydrogen, and heated to the proper
conditions for reaction.

It is known that under the reaction conditions
of Kosak that the liquid reactants, as well as the

35 dissolved byproduct ammonia, remain in substantially
two separate phases throughout the majority reaction
process. The 2-methylglutaronitrile has only limited
solubility in the agqueous amine solution and the
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concentration of the amne is predom nately distributed I n the water
phase. ThWO9%M¥Mhe Kosak reaction system there are prdEUSI7H142230| i d
cat al yst phase, the gas phase and two liquid phases. The Kosak process

S ponioor BabkBReRELERh ShL Yt il SHTBEbButhalh ) asoctbutha

bi s- 1, 5- (al kghathdojwa8emephabpent Zhes, | int bhe Kosakareaobioh net hyl ani ne
w th 2-nmethy ropi.trpl S CLLYl3y pr ss to

b s 1.5 10" PREEl;"EhkEe) Bxe prebpic EhECLY LI odka18s BAASSD, 268

During the r8REnPh3Spr aBdsEwot hiqupdppbages- (akhewKegak pregessynt hesis is
ciark r: eg- @it dw‘ubb a}gbnasnhﬁgheélaﬁamvity. ttc.'(et fnkafbRRatieh 8EPRRGHNT hiblgher
al kyl byproducts. o is_anal ggous.structure) .cauyses_seri ous probl ens
M0 Y5 “hPoduBpraes BYPFPRUGER oRREELeuAkLY  FRESkAET AR S £RERa B Enl NG Fons
‘t he byproducbfbbistl55¢Helikylamido) -3-methydpehghpent afim thead correspondi ng
hi gher al kyl d LN,k Y | sl yl - 3-

Tet hyl pi per d5aac s ian PEaPRePoLiRing Wibe 2YREERSIGIAaF ORI CERIEY ) i
cyclized accbhgi AglestiNity °frEHEt¥8ﬁaghBﬁﬁ°S§PoﬁP péery.5-
:Ji s- ﬁ 5-10vet fpkani/danidoes PMépg?lﬁéﬁtane1r3n§é§EEbb¥lgh.ﬁt 86l gpge 25

n the conti : . se_pr S, nesent

nventi ot BU2ERy, EhECwS s by pROReSel" BhE8 byorafihel TaRi Hhlh
continuous f&he synthesis igegaruaed, outcwitthngmipepi higher, thahows t he

reaction 30 mEEh?iEﬁiﬁE?CEoEBeQBSnaE.H | giGhay QlE{}QSBm?:?Qd{zEEF' &F in . a
| ow selectivity fowards high bolling Dy products, particularly
bi s- 1, 5- (al kyPafRi ABRLIIREENFFERATURE) CaUSER| SeTLAYFPERR4EMECABL i on seens
to be nus fprodabling a purified product. Under the distillation

conditions the byproduct bis-1,5- (methylamido)-3-
methylpentane (and corresponding higher alkyl compounds
formed in the synthesis of the 1i-alkyl-3-
methylpiperdone-2 or l-alkyl-S5-methylpiperdone-2

20 according to Kosak) is cyclized according to the

reaction shown below:

o o ' HyC |
Hy | 3 A
AN NM/CH _b4 G o,
H H
CH, '
' (o)
bis-1,5-(methylamido)-3-methylpentane 1,3-dimethylglutarimide

25
In the continuous, single liquid phase process
of the present invention, the continuous removal of
- product combined with the continuous feed of the
reactants, according to Figure 1, 3119ws the reaction
30 to take place in one single liquid phase and results in
a low selectivity towards high boiling by products,
particularly bis-1,5- (alkylamido) -3-methylpentane,.
This single phase reaction seems to be more favorable

5
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respect to equilibriumand kinetic considerations t han the teachings of
the prio The single liquid phase reacti $23

pr esent hr'r@éirf P& i s achi eved by the addition of a 5 honbgeni zing soI vent
to the mxture of the reactants and the catal yst. Throughout the

reaction, theith esespect tqoremaﬁs.hmnmi rared Rinetsi ot cons ideraobhamst r at i ons

of the e honogeni zi ng sol vent
and 2-net. hyf,\‘l?tlgﬁgaronlg[ré)‘fheq‘{gaérlsilf wei ght percenté@lo of the total wei ght of
the liquid phase rea@eofinglenligwid phase Feastigmypke thiase region -
that is thatﬁreseﬁ@gi&km% tatnméd awrmawgo@owts A, B, and

C of Figure The honpge ZJ n be,_any solvent, 15
non- r eacts vehPROIERLZ LG (VR i TR ’%ﬂf’éeﬁ ‘f‘{ tnd %?%%F?ﬂ’ Swith water
and in whi chahdethe kydtad yst andrhroughm hyhey| xracbhon s | the gpresentbl e to
the limts | di, ex

N- net hyl pyr rBf? %%%% é%%irgfé:é qﬁse‘f‘i“f ﬁﬂef%?g%%%ﬁg%ét%ﬁs 6§aétrqnéxt ure of
1,3 and 1, 5-WRKGF eyt ipn o dehe lef amine; Hehe NPABPESR1Bing| gher N al kyl
| act ans that sOPFERE, and!NaméBiayl Eﬂtﬁ'&@ﬁti’iﬁé Ohs\Rétghei psrbehtrsy and

l-ubi | | k | ut I
Pt 3k b o] ARLSE"e Sng. 1o qRIRYRSMECERREL BRS L)
N- et hyl pyr roaiktane) i githin priaé es:ngflasphdnee hveggeni zi hl;asoh.senhat
[N the presenlopiicesindedOdpoent 2 fes ¥ifibering pBiNALCA, BE BRAJUCE 1,3

and 1, 5-al ky | pI peri 2 1s soluble Ts preferred but not
required so FoR§ 4988 the product 1,3 and 1, 5-al kyl met hyl pi peri done-2 can

be dr awn off as The HomaYENlSz i iy nEgbrenti sngy doeicdngt sebvent, -
In the tinuous cesss it C tLon. m gure 1 may be
nmet by usPPﬂgr?%g |%§ Pﬁe gggsgﬁégrégg gﬁ?m?h£ %?ﬁgﬁ E er solution

of the 35 ahkybabiﬁewahb wanerhghgdl| inawbhchr the) adkylaméngr sudct

take-off to aem@EHQHQ%EEQrBEQEPEIQfaﬁeséaﬂhﬁlehééethe lifixkure as defined
in Figure 1. For exa accordi ng éh Lg%%gta go ?%ia%% shown in
Figure 1, wh&gauized in Figure 1. Preferre 6 P
N-methylpyrrolidone, 1,3 or 1,5- alkylmethylplperldone -2
20 or a mixture of 1,3 and 1,5-alkylmethylpiperidone-2 or
other N-methyl or higher N-alkyl lactams that posses
the required properties of water miscibility and
solubility for the alkylamine and 2-
methylglutaronitrile. 1In particﬁlar, a mixture of 1,3
25 and 1,5-dimethylpiperidone-2; or N-methylpyrrolidone is
preferred as the homogenizing solvent.
In the present process a homogenizing solvent
in which the product 1,3 and 1,5-alkylmethylpiperidone-
2 is soluble is preferred, but not required so long as
30 the product 1,3 and 1,5-alkylmethylpiperidone-2 can be
drawn off as a continuous, homogeneous product stream.
Iﬁ the continuous process, the concentration
limits of Figure 1 may be met by adjusting the ratios
of the reactant feed (the water solution of the
35 alkylamine and 2-methylglutaronitrile) and the product
take-off to be within the region of a single phase
mixture as defined in Figure 1. For example according
to the present process as shown in Figure 1, when the
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concentration of 2-nmethylglutaronitrile is 25% by wei ght then the
concent r at M(h88M94T he wat er sol uti on of t he al kyl anmi ne mPRQT/ARI7AGIA3DY
wei ght and t he concentration of the honpgenizing sol vent nust be 35% 5

> ot ol gi ut oy SReeRrFataphope 2 pachb i RharShtcrtle, 15,8887 BRL & The ©
concentr at i onweighhethen hbﬁogencenngaSananofnahebwaZerosolutlon of The
concentratlontgg Eﬂﬁyﬂéhﬁﬁ%ym ggybgn&g g &Q%gﬁF wajegpsol ution may be any

concentration of the am ne x wat er sol uble at the
reaction EBHGFPF6ﬁ§1°?hP§ 999u€°ﬂ?99n95F99mF? VEeRE PUFti bal 3%
al kyl am n& usby weighteaPigure fratsel indiecates thathutavepg, l1ohe

concent att oncbAcBELELESlle! 808 ABRNITDNCBLANLL 101 S Lo gRBLOXiMatel y

t he sol ubi | g | am n room T enpera nd nor nal
air pr esshigh ggncenéregheaﬁtpﬁtwgnenaphgecpnmentnatlon oFfi ghel y hi gher

as condltlonsnsﬁ.ogeﬁmsaﬁgugswaﬂt mayPb@SgEES, permt. 20 | The
presence of the hoanen|2|ng solvent’in fhe reaction mxture provi des

more advantages than TIhReSFORFSREFRCin \Rf Stip R¥imaRe abefamingci® batch
pro;:ezs (il ﬁ thetwaﬁeﬁSsblthﬂlsﬁ madrebensngt eonbast,ra8don offeHad t hat byCI

i ncl udi ng the [ n y tipn_ reactio roceeds

at a sllghtlya¥ﬁg?gﬁghé Qﬂl?ﬁ XS Eul%ﬁ wgéeg g%@?ﬁgguégr%é%erFﬂ g § 2and

1, 5- al kyl net hgPpdpeirasne- Ihsel Uaiueu wyl&nuaayd'ectbashe particubarf or mati on

of hi gh bO"'QDk?!QﬁQHHCﬁ§ed aspﬁriéﬁékﬂhtty Generally for

bi s-1, 5- (al kyl f; 3-meth K pent ane, greseg Il nyention allows for a

nor e favorabl@e£$¥ mings b GdGEPgePHEﬁthnté gRfeferyed bPibe 4P¥F. The

f avor abl assel egt weight of whhehpiesapprbﬁmatemy tRe soluBﬂBpeydeﬂt | of the

process bein t e electivity
e %@Xg ?n Eﬁhwggeé at, r&3f EQH§3§aEu88 ééawﬂﬁ af aff

is also 35 i of “cont rAUDUS react o used
to run the prE%%ﬁFUEFOCEBE the ConcentratCQﬂvGﬂYlbﬂalOWGnn@¥C|aI

hydr09€natlOnsrﬂéﬁtlﬁthlgheﬁrSsUééﬁahthanbthpEQﬁﬁéﬁa@ﬁréh@n&resent
I nvention. pressure permit.

20 .The presence of the homogenizing solvent in
the reaction mixture provides more advantages than
simply the conversion of a heretofore known batch
process to a continuous process. The inventor has also
found that by including the homogenizing solvent, the

25 hydrogenation reaction proceeds at a slightly faster
rate and with a surprising increase in 1,3 and
1l,5-alkylmethylpiperidone-2 selectivity and a decreaée
in the formation of high boiling byproducts

*particularity bis-l,s-(alkylamido)-3-methy1péntane.

30 The present invention allows for a more favorable mix
of products than is taught in the prior art. The
favorable selectivity of the present invention is
independent of the process being run as a batch or a
continuous process. This selectivity is also

35 independent of the type of continuous reactor which is
used to run the preéent prbcess.

Conventional commercial hydrogenation catalyst
are useful in the process of the present invention..
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catalysts are G oup VIII netals supported on substrates such as
graphite,“ﬁﬁﬁﬁﬁﬂ" al um na, strontium- or calciun1carbon

ki esel gur, titania or zirconia. Palladiumis the prefer éﬂ"@%ﬁfgg\/l I
metal 5 catalyst. The anount of catal yst enployed will vary with the

pﬁrtlcglar cguehythealpbes appl oyedp VhEI metﬁD@CQﬁﬁﬁait@a gﬁ the netal on
t he substrat an e reagtion condition

A pronot er s% EggabﬁatsHCh g%mé§$§%$£?1ngaﬁﬁﬂn ?ﬂfﬂ%nlﬁﬁ¥8?tlum
conblnat|onsOFhQaéGiumayabbonséd weibicae, klesalghysttlﬁhnlaoorentrat|on
of the prOmeercSﬁlabe PallEHQ{IinaPQUEhQ ?:feferféaussr&{gbmf'ﬂ@&aff the.

metal on the_cata i referred to carry out the
process at 1§at?éﬁﬁ5rat3 8saBBEDE @boGRta UfErFTE;ﬁMGda?lklpVésxure above

about 27 bar wi¢h0@hpsbhrticular catalytﬁdrﬁGEQlSéﬁyldyb@ pﬁﬁéent in the
reactor in onéEnE%?%EthSESERECﬂéegft6 ctﬁgnggéﬁt %Eﬁ thﬁEtrIC _ S

meant that tFRe amou r6gen presen ﬁaFYBﬁDunt
suf ficient t@fc€ﬁ§§FPrtﬁ§anb¢|reagﬁlon canditiengses and amoni a.

A continuous process acwsxdwgrt@émeas)rm&num, RE4Sh ONr{RY g run in
contlnuou Lhﬁgg bed reactor i nuoys stirred tank reactor in a

bubbl e eBgum, o2CcPubifiationf Fhereot may be used with the
EXAI\/PLES cBxalybe.l The concentrafhon EﬁaﬁhéEpsbﬁMBe:ﬁ ﬁ@gt beuous fixed

bed 30 hydr@QSﬂaB Bﬁtog g%nggh¥bghgogfoﬂ§t&ékghﬁooé éhg gﬁF?%non

1, 5- dlnethylglperl one according res
18.3 grans (EbecEptadystx 6 mash granul ar 296 by melght pal-l adi um on

car bon hydr ogenatlon zetﬁéyﬁfeﬁérré@&&f@dﬂ@ﬁ it e Iorddicdls (HL- 4 cm) X
0.75 inc g% Eb #% y.C I-Lacketed trickle bed
react or 6ﬁ88efﬁﬁ Sﬁtﬁﬁgg g ¢ ?ﬂé aLDHPSHRFSt 8ROBRoduct
-recycl e streabpgpradubaré 34andp51) _
Hydrogen should be present in the reactor in
at least the stoichiometric amount. By stoichiometric
is meant that the amount of hydrogen present is at
20 least that amount sufficient to convert the nltrlle to
alkylamlnes and ammonia.
A continuous process according to the present
invention may be run in continuous fixed bed reactor, a
continuous stirred tank reactor, 'in a bubble column or
25 an extermal loop reactor.

) LES
Ex e 1 ’
This Example shows a continuous fixed bed
30 hydrogenation of 2-methylglutaronitrile to 1,3 and
1,5-dimethylpiperidone-2 according to the present
invention.
18.3 grams (60 cc) of 4 x 6 mash granular 2%
by weight palladium on carbon hydrogenation catalyst
35 was charged into a 36 inch (91.4 cm) x 0.75 inch (1.9
cm) diameter Hastelloy C ocil-jacketed, trickle bed
reactor designed for continuous operation. The
hydrogenated product recycle stream {product 1,3 and
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1, 5-di net hyl pi peri done-2, other organics, a water solution of a primary
al kyl ami neWaH$0247ne) was used as the solvent diluent foPCTMIS87/HA2@Tess.
An aqueous met hyI am ne sol ution, 40% am ne by weight, was 5 initially
recycl ed over % dr.o natlondcat yst at a rate of 100 m per hour
at 180[err] C &h gtieipiper FRAIT Qrganics, a water Tug streans
were co-fed isebutienrefica printogy alkﬂmmmvaﬁhuﬂéylv@mtmmiiéi | e

99. 5% by wei r ndOo any,
( y wei ghd é&lv@f{cﬁeé énd TR 4§3}% &Eﬁ pany

Inc. WI m ngton, ot er was aq eous sol ution of
met hyl ami ne. MeRY peelplsion, 40% aml/rm I?Y)rwﬂﬁh?s MRSyl gl utaronitrile

and 8.2 nis/ hrifidrially thecypsled Usve it rﬁk&d f.brﬁaéétga Gad 40 1. 15
g J9En LB SR Fod SRl MBS MR O Rdbec L Raace 75 ons of a

wat er solution o |"am’ he, 2- uta nitrile and the
1,3 and 11‘1!331@9\@@ m’l‘q:ﬁw&done 2 hom)genl zi ng soI vent fell W thin

the wei ght percents reQy rs‘?:‘i-etcé)éu}sF Hef by %(& 1nto the rad¥Qict sid eam was

renoved at a rate of 15. rom-t ctor mxture and 8eht to a
2 liter s?%??ﬂ'%s‘éa%t?e‘éve?éﬂeﬁld%‘iﬁr%#ﬂ%l %39 BEBopHeIghtysi ) to
al | ow thaosemraanm@ffmrcm.em.amhmsﬁmruea Neénlrs arddecdugtugef - Hydrogen

and anmhonia t SEPAL t he Qroduct vented .to a nitrogen
exit purge ﬂ?és'treamﬁ%e oro u'cttl? al?etqb?’f %TJ%&%M rat es
wer e such thaquerus Brlutien iohmeithylaming . s@he ifged ratni vﬁaepr?nary

al kyl am ne, Zpyaidyé
1, 5- di et hyl plgl doﬂ%%ﬂ ?Jruoigééﬂr#}?igr?g& séoﬂf/helnt;trls%e c?a(ﬁ] fbnuze Faﬁ?rvvl thin

the wei ght perteAIIeRFidwpe. The mepyele ratio was 6. tfﬁe"ady state
oper at i oaSwasThee yehashém Pow raﬁ’é)lii’§ed was 498 cc/mﬁfte"rtﬂé hour s - of

conti nuous o chr, 1,0 a yS| s .of the product
showed t he %Ig%ér%as?%ﬁnéo%fz 41% Ilﬁar thorf Eﬁ & W8 hat 95%

sel ectivity tdkylamine.1 %-Jmmqumnm@eem the 1,3 and
1,5-dimethylpiperidone-2 homogenizing solvent fell

within the weight percents required by Figure 1.

The

20 A product stream was removed at a rate of 15.
cc/min from the reactor mixture and sent to a 2 liter
stainless steel separator and held at 0.34 bar (5 psi)
to allow the separation of hydrogen and ammonia from
the product. Hydrogen and ammonia that separated from

25 the product were vented to a nltrogen exit purge
stream. The product take-off and reactant feed rates
were such that the concentrations of a water solution
of a primary alkylamine, 2-methylglutaronitrile and the
1,3 and 1,5-dimethylpiperidone-2 homogenizing solvent

30 continued to fall within the wéight percents required
by Figure 1.

Steady state operation was achieved in 24
hours. _
After 45 hours of continuous operation, gas

35 chromatographic analysis of the product showed the
conversion of 2-methylglutaronitrile to be that 95%.
The selectivity to 1,3 and 1,5-dimethylpiperidone-2 was
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68% The byproduct selectivity to 1, 3-dinethyl - pi peridine;

bi s- 1, 5- @@ dsdeani do) - 3- net hyl pent ane; 3- and 5-net hyl picai g,ql,g‘&gsz and
ot her hi gh boilers was 12% 1% 2.2% and 11% respectively

Exampl e 2 'Thi s Exanpl e shows a continuous stirred tank

react or hydéSFenatThen kypredvathdediantdvimin tid e 1@ -dimethyland

1, 5- di met hylgdigeariqies »iacqorsdi ('?tﬁ:ﬂ}?llfahﬁdw 3%:%%%5}1;:%&%& j.on.
100 M of a40%b&/§/\e t SQ|U'[I&\#“I thlamr nd grans wet of a
50% by wei gt & “L%‘?‘&ilﬁﬁp e o t h&Qﬁ‘l g’&’ilt}mrénwéér bon

powder A2te diar e rind 2.1%Q0 mp@tcmweeg:s steel autoclave. 15- The
aut ocl ave was equi pped with a magadrive stirrer, a cooling coil, a

t her rmcouplg and ;a gi p tube for product renmoval . After charging the
aut ocl ave r was seal ed and purged with hydrogen three tines.

The seal ed, purged aghesl gxampae kaswedat eoagmﬁéﬁfseéﬁl&éadtgﬁﬁss“f' zed to

34 bars with Q Stlrrln was. t he tarted at 1000 rpns
A stream of ??y‘%?zgsw\ﬂg ey rlg utaropitrdle, g | able fromE

| . DuPont dé&,Neramg st Mlmett@dmi@qndbme ~ 2Welciorgiing, tBExheas fed into the
25 autpgla e%terfé"%.rf tnfq: fn 10 m /'"hour while a second stream of 40%
aqueous rret I'am ne ‘was |nto t he autoclave at a rate of 8.8

m / hour . The hol d- up1PPn@l of @aad40% hwuweighhesélutiof afidr ogen was 250

cc/ minute. methylam:.ne aﬁ@r@@i@rﬂsﬂvfe%a@f‘"’%s soliepydiawgnel beat the 30 rate
of 17.6 MI%% g: ent, to % iter %tal l.ess steel pot as descri bed

in Exanple é’ﬂﬁ‘lge weaght, 2 OfFs C8F &W\/&P¥F39§ol ution
of a pri maryere C&idmewrnmc 2 13O0 oy IstrtadmAeistsr slteeandutbeliur% and

1, 5-di nps hy hipleD @RitdRNGve AP LRRPHAE SAREA m'a%latdg‘gvé5s|§1§| Lial jreaction

mxturefell vmthlnthe wei ght percents re
St eady st at £ORG i b g@ﬁ@m\ml%@nd a gapr gube f°r PrOduCt

removal. After charging the autoclave, the reactor was
sealed and purged with hydrogen three times.
_ The sealed, purged autoclave was heated to
20 180°C and pressurized to 34 bars with hydrogen.
Stirring was then started at 1000 rpms.
A stream of 99.5% by wéight 2-methylglutaro-
nitrile (available from E. I. DuPont de Nemours and .
Company, Inc. Wilmington, DE) was fed into the
25 autoclave at the rate of 10 ml/hour while a second
stream of 40% aqueous methylamine was fed into the -
autoclave at a rate of 8.8 ml/hour. The hold-up time
was 5 hours. The flow of hydrogen was 250 cc/minute.
A product stream was then drawn off at the
30 rate of 17.6 ml/hour and sent to a 2 liter stainless
steel pot as described in Example 1. As in Example 1,
the concentrations of a water solution of a primary
alkylamine, 2-methylglutaronitrile and the 1,3 and
1,5-dimethylpiperidone-2 homogenizing solvent in the
35 initial reaction mixture fell within the weight
percents required by Figure 1.
Steady state operation was achieved in 40
hours.

10
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After 161 hours running tinme wth product take-of f, the pressure in
t he aut ocl WIS 3i sed to 54.4 bars (800 psi) . PCT/USY7/¥4323 n
Exanpl e 1, as product was taken- off t he rate of product take-off and

the rate of react ant ffféjer 167 E al a gﬁ so that t’&%h onc ntratlons of a

wat er sol ution of rlmary nitrile
and the 1,3 ahake- Qfﬁmgbﬁypmmx@oma the autmﬂ@eamamgranéu&ntocontl nued

to fall withigsthepdPs \(\@oghigspprcents required by Figure 1.
After 304 hours on stream as omat ogr aphi ¢ anal%@ls of the product
showed the conversion®t ’? Vg3 é’&(ﬂﬁ“ﬁq wag FaPent1rff otke The

sel ectivitsy rateoof,Braduct, Gakis-reffydmpd pehid destse ofaredfe e fdea 15

bypr oduct sel I
1yg (ml;t hyfamﬁﬁ Méié{n&%dl pe:%[ ane; lgg &%gﬁimﬂ hoﬁ pi p"é?tf%ne 2 and
ot her hi gh bo?‘P%\lgl‘?ﬁsO@ Zoprimary. @hY@M%,ncﬂ-legbm+ vely. 20

Exanpl e 3 nitrile andhtie EXHNLES £V é&’ﬂ gﬁ i on of
2-mathy|g|utﬁ%on|tr|leto lfv and 5'd|rret r- one-2 enpl oyi ng

a honpgeni zi NGCRBFTRhELDI =° WMWW? I"r‘ti 12’5‘-‘:1‘1“ 'the Into a 300
m stai ni®ss sveight gueocémve rexpuired dharRieshds8 1gr ans of

2-nmethyl glutaronitril of; eo0 e | ani ne sol.ution,
2.3 grans of wat er %f%% @gﬁ_ h':ﬂlhsl pyrro@l% orte%%r?d }‘ré rp pgx%
pal | adi um on analygis st c%tt%tlgrsqdl(at hawad|ghs qmmd:am on 30

2-met hyl gl ut ag ofétyl§lutaronitrile to BH SHEXIdYE foﬂf@% éggggg_eepous
sol uti on of Y %ee _o onsnt The reactor was “cl osed

and pur ged tV\'/I"‘?;e:E PRSP 1§87 Hr esBh® ed to 100
psig 35 1&it I‘ng-tbdlga‘l saelemitusmlm atmrae—d:.methylplpendﬂ”tfé i Was

heated to 180] efr m{cjl] :E’}fos)“r ars, (%90 I g) Wit h hydr ogen
and the agi tator e raﬁ‘é £ %&perﬁé& 3 q" B
methylpiperidone-2 and other high boilers was 9.5%,

3.5%, 9.0% and 13.3%, respectively.

20 Example 3
This examples shows a batch hydrogenation of
2-methylglutaronitrile to 1,3- and 1,5- dimethylpiper—
idone-2 employing a homogenlzlng solvent of
N-methylpyrrolidone.
25 Into a 300 ml stainless steel autoclave was
charged 38 grams of 2-methylglutaronitrile, 49 ml of a
40% aqueous methylamine solution, 2.3 grams of water,
60 g N-methylpyrrolidone and 1.5 g of a 5% palladium on
" carbon catalyst (4.0% catalyst loading based on
30 2-methylglutaronitrile).
This mixture formed a homogeneous solution of
the three components. -
The reactor was closed and purged twice with
nitrogen and hydrogen and then pressured to 100 psig
35 with hydrogen at room temperature.
The mass was heated to 180°C and pressured to
34 bars (500 psig) with hydrogen and the agitator
turned on to 1100 rpm.

11
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Hydr ogen upt ake was nonitored by a transducer connected to a recorder.

The redugibetyeseagui red 120 mnutes . After that tinme necagekeshgns!
hydr ogen upt ake was observed. 5 GC anal ysis of the reaction
mass showed conpl ete conversion of. 2-nethyl glutaronitrile. The
selectivity to 1, 3- Hydrégénduptéakel papemonbher@dway a tragsdaceihe

byproduct seledatiddy e 1m%cé,%wlraep%a tiohdira d 1
bi s-1, 5- (et hyl am do - 3- r?ethy pentane - ug 18 %ﬁﬁ?l pI perldone 2 and -

ot her hi gh BHNU&ES \was Afker thag E%Weln?%?gﬁétégnG&; hygspeeni vel y.

Exanpl e 4 uptake was 5Bye&veﬁanple shoms t he hydrogenatlon of 15
2-nethy|g|utaronitrlb

i 3= ang %h E X gh erhdone 2 in the
absence ®f a honogeni |ﬁ8a YPUENPE the redctidn T'3P3 B8 m stainless
st eel aut oclcomplete e:qmvmmd,on of @mthwgm@ronamgedeao Ghe

2-met hyl gl Ui, 302330 a9fa 3, %Zaﬁm offel-BY kA ne sol ution
and 4.8 g of a 5@6p§fﬁ%d|unlon e ¢ar ban ca?§?§§%g$ Q% cat al yst | oading

based on  S5€&7¥et hyiRf RYRXORUGE s@lectivity to 1rethylpipedont ai ned
two separ at ddimgy bis-1,Fa@thydamido) -3 -methydpettane; B8as atddosed and

pur ged i C& W I eQ and rogen: .and,t r u,ed to 100 psig
W th hy%&oggsn%a &ryc}'(?rﬁq%g%p St &r gn#\#gh%%sgu\%’s bﬁ)g'g{é %% 7g"’lSO[ err] C and
pressured t @.3%.bar 7Y 308 29 .§f% windspectiivediybgen and the agitator turned
on to 1100 rpm 30 FWdrogen upt ake was. nonitored by a transducer

connected t cor The reduction required 240 m nutes
after mhlchaa&gﬁg%rﬂe no additi onal hydr ogen upt ake was observed.

GC anal ysis of the r Oiils exampie showsdtie hgrrmbgeaacdmmebfi on of

2- met hyl gl ut.ar tIVI

1, 5-di &?hw%“g% jd"c#]ﬂkza%%ltrne% Ttr%l&t)yﬁr ogjg% sg I"ecti vi ty to

1, 3- di et hylpiperidonerd iin de mhsene (Qfet&lﬁmﬁmﬁmﬁ -ane;

Into a 300 ml stainless steel autoclave
equipped with a stirrer was charged 60 g '
2-methylglutaronitrile, 80.3 ml of a 37.8% aqueous

20 methylamine solution and 4.8 g of a 5% palladium on
carbon catalyst(4.0% catélyst loading based on
2-methylglutaronitrile).

This mixture contained two separate liquid -
phases. .

25 The reactor was closed and purged twice with
nitrogen and hydrogen and then pressured to 100 psig
with hydrogen at room temperature. The mass was heated
to 180°C and pressured to 34 bars (500 psig) with
hydrogen and the agitator turned on to 1100 rpm.

30 Hydrogen uptake was monitored by a transducer
connected to a recorder.

The reduction required 240 minutes after which
time no additional hydrogen uptake was observed.

GC analysis of the reaction mass showed

35 complete conversion of 2-methylglutaronitrile. The
selectivity to 1,3- and 1,5-dimethylpiperidone-2 was
43.5%. The byproduct selectivity to 1,3-dimethyl-
piperidine; bis-1,5- (methylamido) -3-methylpentane;

12
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3- and 5-net hyl E peridone-2 and ot her high boilers was 1.0% 42.1% 2.0%
and. 15% r 3P Bly. Tabl e | bel ow shows a conpexrfusewi14R3
selectivity of the prior art and the present inventfon 5 Reaction

conditions areg s Table The on condltlons of the
present i nvenfal onmq"\z,aapeg S R%H‘ a@qe high boilers was

1.0%, 42.1%, 2. 0% and 15%, respectlvely.
Table I below shows a comparison of _
selectivity of the prior art and the preéent invention.
5 Reaction conditions are shown in the Table. The
reaction conditions of the present invention are shown
in entries 9 to 12.

13
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Table 1 . Cat al yst W.% Tenp.,[err]C Press Sol vent mol.wt DPND No
psig WO 98/09947 172 ¥sel peymsom

sel B 40 180 500 none 32.1  Biospngms
59d/ C 0.5 180 500 none 42.1 43.5 2 4.5%°d/ 0. 5%
3.2 200 800 none 31.8Tabla’ls 3 Pt/ C 59d/ C 2.8
180 800 none 17.0 55.5 4 599d/ C 2.0 180 '
1500 none 30.5 52. 7 5 5%d/ C 4.0 180 1000 none
26.9 573—82—!5—50 Tewmp..5C Press) Solvent modget R Mg 2 -
54.6 7 4.5%°d/ 0. 5% 6. 4 200 psig - 800 name. 33gder 49.6 8

Pt/ C 599d/ C 3.2 180 . 500 M 1.f 54.7 9
4.5%°d/0.5% 4.3 190 500 MP 7.5 886 10 Pt/ C

4.5%/d/ 0. 5% £¥P4/C 2004.0 1800 SN ndné ‘B34 33.4 1Pt/ C
4.5%Pd/ 0. 5% 3ndasc 2005 s 18800 NP nfnd H 123.5 P/ C

4.5%p4/0.5% 3.2 200 800 none 31.8 43.6 3
re/C
sxPd/C 2.8 180 800 none 17.0 55.5 .4
5spd/C 2.0 180 1500 none 30.5 52.7 5
5%Pd/C 4.0 "180 1000 none. 26.9 57.3 6
s¥Pd/C 4.0 180 2000 " none  20.2 54.6 7
4.5%24/0.58¢ 6.4 200 BO0O - none 33.5 49.6 8
Pt/C
5¥pd/C 3.2 180 500 NMP 1.5 54.7 9
4.5%pas0.58 4.3 190 500 NMP 7.5 69.6 10
rr/C :
_4.svpds0o.58 4.7 200 800 - NMP ~ - 4.8 53.4 11
et/cC
4.5epa/0.58 3.2 200 800 NMP 6.7 58.5 12
pr/c | '
In the Table:

5 MGN conversions are > 95%; NMP stands for
- n-methylpyrrolidone; DMPD stands for
dimethylpiperidone-2;
mol wt 172 Stands for the byproduct bis-1,S5-
(methylamido) -3-methylpentane since this is the
10 molecular weight of the byproduct. '

Figure 2 shows selectivities of
bis-1,5- (methylamido) -3~-methylpentane in both
continuous stirred tank (CSTR) and continuous trickle
15 bed operation over 200 hours of operation at MGN
conversions of 90%. For the continuous processes which
are the process of the present invention, the
selectivity is low to bis-1,5- (methylamido)-3-

14



In the Table: 5 MAN conversions are > 95% NWP stands for
n- met hyl pyrrol i done; DWPD stands for di met hyl pi peri done- 2; nmol  wt
172 St ands WQ98/49%¢7 bypr oduct bi s-1, 5- (et hyl am do) - 3- rePoyhyseswiae
since this is the 10 nol ecular weight of the byproduct.

- met hyl pent ane

Figure 2 sho Lyities of Sy 1, 5 (nmethy| am do)-3
in both g%ﬁ?§%§§5?¥§PFr§88P?ﬁﬁﬁ FES?ﬂfcgnapEB%FFﬂﬁoﬂg ERecRFROXS  ped
oper ati on oveRr20Whichr reghivper noi bomageMixing sodwentsi ons of 90% For

t he conti nuous processes which are the process of the present
i nvention, the selectivity is low to bis-1,5-(nmethyl am do)- 3-
14 WD 98/ 09947 PCT/ US97/ 14223

met hyl pent ane conpared to batch operation of the prior art which requires
no honogeni zi ng sol vent. ' '

%

15
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VWHAT IS CLAI MED | S: 1. A continuous process for the - T

prepar ation of 1-al kyl - 3- net hyl pi peri done-2 and 1-al ky] :5- .
met hyl pi pRP%BOA72 from hydrogen and a single phase, 5 Iiékﬂﬁmﬁﬁgpron

m xture of 2-nethylglutaronitrile, a wat er solution of a primary
al kyl am ne W09 £OGAIMED I8:.

‘ 1. A continuous process for the preparation
of 1-alkyl-3-methylpiperidone-2 and l-alkyl-S5-
methylpiperidone-2 from hydrogen and a single phase,

5 1liquid reaction mixture of 2-methylglutaronitrile, a
water solution of a primary alkylamine which contains
from 1 to 18 carbons, a homogenizing solvent in the
presence of a hydrogenation catalyst wherein the
selectivity of the process to bis-1,5-(methylamido)-3- -

10 methylpentane is less than 8%, comprising the steps of:
(a) contacting the hydrogenation catalyst in a
reaction vessel with the single phase liguid reaction
mixture wherein the weight percents of the
hdmogenizing solvent, the water solution of the primary
15 alkylamine, and 2-methylglutaronitrile based on the
total weight of the single phase liquid reaction
mixture are within the region of Figure 1 bounded by
the lines AB, BC, and AC;
- (b) feeding into the reaction vessel one or
20 more reactant streams containing 2-methylglutar-
onitrile, the water solution of the alkylamine and
hydrogen;
(c) heating the reaction mixture to a
temperature above about 150°C at a hydrogen pressure
25 above about 27 bars (400 psi); and
(d) withdrawing a product stream from the
reaction mixture containing 1-alkyl-3-
methylpiperidone-2 and l1-alkyl-5-methylpiperidone-2
while at the same time continuing to feed into the
30 reaction vessel the reactant streams of step (b) in
such a way as to maintain the weight percent of the
homogenizing solvent, the water solution of the
alkylamine, and 2-methylglutaronitrile based on the
total weight of the single phase liquid reaction
35 mixture within the region of Figure 1 bounded by the
lines AB, BC, and AC. '

-_
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troh1; to 18 carbons, a honogeni zing solvent in the .presence of a
hydr ogenati on catal yst wherein the selectivity of the process to

bi s- 1, 5- ( nwigwglededrdo) - 3- 10 nethyl pentane is | ess than 8% perpssrassss t he
steps of: (a) contacting the hydrogenation catalyst in a
reaction vessel with the single phase liquid reaction m xture wherein
the wei ght percents of2theThe preeererfiekpimllahereinr thaer sol ution of

Ehf Prlnarﬁtlﬁ?m? Eﬁhaﬂh esodPene- ﬂBthlebﬂéérﬁﬂbﬁrthQ g?seg on theth .
otal wei 0 sin ase liqu r 0 m xture are within e
regi on onglgﬁPﬁsis 6ﬁﬁ38g paloxaneﬂe rPﬁgSyiEVrfﬁ}lgﬂ °nc;

(b) feeding im¢d- dhmethy&pnparmésaekZonk deﬂﬁethplplpenxﬂame -2f r@ans
contal Nl ngs 2 GELPULR e 3 ana®R) BLbechPfolBhelashbLy | aRaof | Ne

al kyl am ne an ting the reaction_mxture
to a t enpBraethy a95v§1€b§HtNIB@FBlr}GFE?mﬁ hyvingcPropesties o above

‘about 27 bar8wée89 ﬁibhlbimﬂty and solubilfi ﬁbfhﬂhéwanﬁyﬁaﬁiﬂQHCt stream

fromthe |on re_containing 1-a k met hyl pi peri done- 2
and 1-al kyl - 53Rt yWﬁFE%i?gBﬁﬂrﬁn grlé‘ﬁrle at the same time continuing to

feed into the 30 reaction vessel the reactant streans of step (b) in

such a vva_%/%as to nmaintgin he él‘ggéspgfc%lrngf tvlfl@eredn ng

sol vent e water soluiion of am ne
2-net hyl gl ut apdkyianisepiseueshylamine an@o%ﬁlth@@hFh@fP¥%@u%¢n§he phase

l'i quid reaCtlQn3351m€th?@b£p&kibbﬂetﬁ? ieQLeﬂmQEhfiﬂﬂﬁérid@@éﬂﬁEd by the
| i nes AB, BC, and Al

PCT/ US97/ 14223 2. The process of claim1l wherein the
honogeni zi ng sol vent i4. scAmcimprévedn bakeclyrmegpeess mndilst i ng of di oxane,

N- net hyl ro 3-dL LRL
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and N- et AHKY 75 hW@HbYlRPHPK}¢°P8C?aﬁ§°ﬁav|ng properties of wat er
m-scibility apdmethybglutirbaititedl Kylratenesoluti6idof a primary

EthL?YLgL;tarfﬂ§igﬁkgé wh%gh has from %'toTQg 8595833,O;nalﬁﬁg}égggereln

and in the presence of a hydrogenation catalyst at a

20 pressure of above about 27 bars (400psi) and a
temperature of above about 150°C, the improvement
comprising mixing with the hydrogenation catalyst a
single phase liquid mixture of 2-methylglutaronitrile,
the water solution of the primary alkylamine and a

25 homogenizing solvent such that the concentrations of
each of these components as weight percents of the
total liquid phase fall within the region of
Figure 1 bounded by the lines AB, BC and AC and wherein
the selectivity of the process to bis-1,5-

30 {methylamido)-3-methylpentane is less than 8%.

5. The process of claim 4 wherein the
homogenizing solvent is selected from the group
consisting of dioxane, N-methylpyrrolidone,

35 1,3-dimethylpiperidone-2, 1,5-dimethylpiperidone-2, a
- mixture of 1,3 and 1,5-dimethylpiperidone-2 and
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al kyl anmine is nmethylamine and in which the product are

1, 3-di net hyl pi peri done-2, 1, 5-di nethyl pi peri done-2. _ 4. *AT* °
i nproved R ocess for the 15 preparation of

1-al kyl - 3- néﬁﬁmpblperidone-Z and 1- aIkyI-5-nethyIpipe?ﬁﬂ@%@gﬁﬁpPom
2-methylglutaronitrile,- a water solution of a primary aIkyIanine whi ch

has from1 tg-%dt b%&ShlgﬁérhNd&Qﬂ?m 1act§ﬂ§ hQViHﬁ ?fgégggfgg(a€0p5|)

hydrogenatlon ca ressure o ve, abou
and a &Fﬁy§°3Pté88v8fa oBF113BE, a}ﬁggFﬂb?ﬁvEﬁéﬁ%bllltKonpr|S|ng
m Xi ng mjth Bnd ppdubddisyi dorcpramgsy alkylamingseapdiase |iquid mxture of

2- nethylglutgrﬁgh t ter solution of the primary al kyl am ne
and a 25 honogen?’ guég og%??g%%h that the concentrations of = each of

t hese coﬁionents as wei ght percents of t he total |iquid phase fal

W thin the region of . fheUprodedsloeosLilntDauhérem Athe G AlEAC and

wher ei n t el ectivit roce s.to
(met hyl ani dofﬁgy fft §ﬁ§ a‘l“é & fRdniRo Righ'eRe product sarehe
process of cﬂanﬂdeMQwépnpehédone -Ronbgbrdimaghgbbipatridonee ected from

the group consi sting of dioxane, N nethylpyrrolidone, 35

1, 3-di net hyl pi peri done-2, 1,5-dinethyl pi peridone-2, a m xture of 1,3
and 1, 5- dlnethylplperldone 2 and VO 98/ 09947

PCT/ US97/ 14223 N-net hyl or higher N-al kyl |actans having properties of
a water solution of a primary alkylamne mscibility and solubility for
primary al kyl am nes and 2-nmethylglutaronitrile. 5 6. The
process of claim4 wherein the primry al kyl am ne is nethylamne and in

whi ch the product are 1, 3- dlnethylplperldone 2,
-1, 5-di et hyl pi peri done- 2.
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