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“ﬁND-Ferr]-SAPRChACTAM PRECURSORS 5 The invention relales to
a process for the preparation of [err]-caprolactam and

-frerr] - caprol act am precursors, startiﬁglf?on15-fornylvm(ﬁ%ﬂ%p%%ter
ammoni a and hydrogen 10 in the presence of a hydrogenation catal yst.

e- Caprol actam precursors are here defined as 6- am nocaproate ester

6- am nocaproic acid and 6- am nocapr oam de. Such a

process is known from US-A-4730040. 15 According to US-A-4730040, a
m xture of [err]-caprolactam an 6- am nocaproate este g Nprepared by
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are forned decreasing the yield of 6-am nocaproate ester and [err]-
caprol act am By- products are for exanpl e 6-hydroxycaproate
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conditions and in a secerdaprolactam precursors are here defined as 6-
aminocaproate ester, 6—aminocaproic acid and 6-
aminocaproamide.

Such a process is known from US-A-4730040.

15 Accordihg to US-A-4730040, a mixture of e-caprolactam and

| 6—aminocaproate esters are prepared by contactihg
5-formylvalerate esters with ammonia, hydrogen a
hydrogenation cétalyst and methanol as solvent.

A drawback of this known process is that a

20 relatively large amount of by-products are formed,
decreasing the yield of 6-aminocaproate ester and &-
caprolactam. | _

By-products are for example 6-hydroxycaproate
esters, secondary amines, tertiary amines and Schiff

25 Dbases.

The aim of the present invéntion is to provide a
process wherein less of these by-products are formed and
wherein a higher yield of g-caprolactam and g-caprolactam
precursors is achieved. '

30 The object of this invention is achieved in that
in a first step 5-formylvalerate ester is reacted with
ammonia under non-hydrogenating conditions and in a second
step the reaction product obtained in the first step is
converted to g-caprolactam and e-caprolactam precursors

35 under hydrogenating conditions in the presence of ammonia.

It has been found that if the process is
performed according to the invention, less by-products are



step the reaction product obtained in the first step is converted to
[err]-caprolactam and [err]-caprolactam precursors 35 under hydrogenating
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under st 00 th i pvention t % reaction conditions are such
that, no 0%% PEIRY IBAFL2 8Fm?*ahydrogen is present, the

5-forny|va|erate esters or - a reaction product of it is not or virtually
not reduced H_f_(CH2)4_ﬁ_O_R | (1)
o 0 |
15

where R comprises a (cyclo)alkyl, an aryl or an aralkyl
with 1 to 20 carbon atoms. Examples of such groups are:
methyl, ethyl, propyl, isopropyl, n-butyl, tert-butyl,

isobutyl, cyclohexyl, benzyl and phenyl. By preference,

20 methyl or ethyl ére used.

The first step is carried out under
non-hydrogenating conditions. By ’'non-hydrogenating
conditions’ it is understood in this invention that the
reaction conditions are such that, no hydrogen is present

25 or if hydrogen is present, the 5-formylvalerate esters or
a reaction product of it is not or virtually not reduced
by the hydrogen. In general, non-hydrogenating conditions
are achieved by carrying out the first step in the absence
of a hydrogenation catalyst.

30 In one such an embodiment of the process the
hydrogen can already be present in the first step. If the
hydrogenation catalyst is already present in the first
step, a situation of non-hydrogenating conditions can also
be realized by not adding hydrogen to the reaction mixture

35 until after completing the first steﬁ.

_ It has been found that the best results with
. regard to yield to 6-aminocaproate ester are achieved when
the conversion of 5-formylvalerate ester in the first step



by the hydrogen. In general, non-hydrogenating conditions are achi eved
by carrying out the first step in the absence of a hydrogenation

catal yst. 30 I n one such an enbgqdi nent of the proges gfe
Bydrogen can al ready be present in the first step. If the hé%rogenatlon
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conti nuously oper e reactor t tenp ture for
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above 10°C and more preferably above 20°C, because then no
excessive cooling will be required. When the first step is
performed in a continuously operated tube reactor the feed
temperature may be for example, around 10°C. Because of

20 the heat of the exothermic reaction the temperature of the
reaction mixture may rise so that at the end of the
reactor a higher outlet temperature is achieved.

As explained above a too low contact or

residence time and a too high contact or residence time in

25 the first step will result in by-product formation. The
optimal residence or contact time at which the conversion
of 5-formylvalerate ester is virtually completed will
depend on the reaction conditions, for example
temperature, concentration of reactanfs and method of

30 mixing. The optimal residence time or contact time can be
easily determined by the man skilled in the art. Starting
from the temperature and concentration range here
described the residence or contact time will under normal
mixing condition normally be between several seconds and 2

35 minutes. Preferably the contact or residence time is
higher than 5 seconds.

The first step is carried out in the presence of



20 the heat of the exotherm c reaction the tenperature of the reaction

m xture may rise so that at the end of the reactor a higher outl et
tenperature i s achi eved. As expl ai ned above a_to
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exanpl e aESaCIéLﬂég}é?%%?%g % Egrégaégiététe ester in the flrst step
also proceeds favorably in the absence of a catalyst.
Because the overall yield to 6-aminocaproate ester is not
greatly influenced by the pfesence of a catalyst in the
first step, such a catalyst is generally not used.

20 The reaction product obtained in the first step
is converted in the second step, completely or partly to
g-caprolactam and e-caprolactam precursors, under
hydrogenating conditions in the presence of ammonia. By
preferenee the second step is carried out in the presence

25 of an excess of ammonia such that the molar ratio ammonia
and 5-formylvalerate ester is between 500:1 and about 1:1
calculated from the starting amount of S5-formylvalerate
ester (used in the first step).

The term 'hydrogenating conditions’ means that

30 the reaction conditions are such that the reaction
product(s) obtained in the first step can be reduced by
hydrogen. In general hydrogenation conditions are achieved
when hydrogen and a hydrogenation catalyst are present.

The molar quantity of hydrogen that is needed

35 for the second step is at least equal to the molar
quantity of the 5-formylvalerate ester which was started
from in the first step. By preference, however, a 1.01 to



nmetal oxide catalyst, for exanple alumna or Ti Q2. The 15 conversion of
5-fornylvalerate ester in the first step al so proceeds favorably in the
absence of a catal yst. Because t he ovegall yield to 6-anj oate
ester is not greatly influenced by the®presence of a cagg?y n the
first step, such a catalyst is generally not used. 20 The
reaction product obtained in the first step 'i's converted in the second
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15 Suitable solvents are water, tertiary amines, ethers,
alcohols with 1-6 carbon atoms, ethers with 2 to 10 carbon
afoms, for example methyl-tertiary butyl ether and
tertiary amylmethyl ether or high boiling organic
sovlents, for example a high boiling paraffin solvent.

20 Preferably, an alcohol, an ether or water is used as the
additional solvent. From the alcohols the one
corresponding to the R-group (formula (1)) of the 5-
formylvalerate ester is preferred. Water and the
corresponding alcohol are preferred solvents because these

25 compounds are also formed as a reaction product in the
process accdrding to the invention. Examples of these are
methanol, ethanol, propyl alcochol, isopropyl alcohol,
n-butyl alcohol, tert-butyl alcohol, isobutyl alcohol,
cyclohexyl alcohol, benzyl alcohol and phenol or mixtures

30 thereof. Most preference is given to methanol and ethanol.
Mixtures of additional solvents may also be used in the
process according to the invention. Examples of such
mixtures are water—-methanol, water—ethanol or methyl-
ethanol.

35 Most preferably water or water—corresponding
alcohol mixtures are used as solvent in both steps. These
water—corresponding alcohol mixtures are advantageous



set of experinments. In the process according to the
invention, at 10 |east one step nay be carried out in the presence of an
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addi tional solvent. 15 Suitable solvents are water, tertiary am nes,

et hers, ahmdanse\Mhé1Erﬁbmmwlxaienahﬂ;esﬁeﬂﬂhaﬂM#n¢§§&ﬂ? molahiddty
atons, for SXAledid Wizt dd Ucndhiod € NAlx @Mhrer. Wfddrarae amy| et hyl

et her or high ani c for exa a h| 0|I|ng
paraffin sol veﬁﬂvawg@%? dregpyse ot aqq,‘blﬁﬂso 3 & shufed as

: Eg . addi t 'd}ft?‘illﬁé]lil/??tstfﬁ? %151"&:‘&@0&19& Sﬁﬁd&smeaccordmrg apdmdi ng to
- grou or mul a 0 e 5- ester J ferred.

Water and Bh m"e’b%’r‘$%'sp{)‘ho‘? a?c%lzﬁter%'f soﬁ VERY ctgaﬁrge

t hese 25 corrmwls:s?asxes ase donverted o remapmiqmtmuat |eiemaé:ed

process accor dj i 0 f%?ﬁ - ha

et hanol , pr op%&% Elpe |£%e€%% &a@ é‘écf){bén&';%t? Tg-?f c304h805{§32t]i ep\?{ but yl

al cohol , |sobu1§/inml‘€®w as 8o %mfahretxythemmﬁ#ss @&deQM| héhd

phenol or m Xt ikeent3Pon t £1ké ePbactPeh MiLfeF&6iStd Bndtl din tise NEidwdylly and
et hanol . M xtures of additiopal spolvents may al so be used in the

process a&for di#RA t HP 1 BRCR R e FHHE2 Bl es of such m xtures are
wat er - met hanol , mater-etﬂnaoee@mndestgﬁ is camtimdiobut It a temperatummst

pr et er ably vt IR! §ha6PA1 CERODELIGen 40 ERNMOIE XInURS P Sr Sisifh S
sol vent in both STeps. er-correspon al n1xtures are
advant ageous between 70 and 180°C and most preferab between 80 and Ap
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15 The residence or contact time in the second step

should be high enough to reduce virtually all the
intermediate products formed in the first step. Higher
residence time or a longer contact time will result in
that more e-caprolactam is formed. The residence or

20 contact time is preferably between around a half minute to
a couple of hours. When the process is carried out batch
wise or in a continuously operated slurry reactor the
contact or residence time respectively will generally be
higher than the residence time when a continuously

25 operated tube reactor is used.

| The hydrogenation catalyst comprises at least
one of the metals choosen from the metals of Groups 8-10
of the Periodic System of the Elements (Handbook of
Chemistry and Physics, 70th edition, CRC Press, 1989-

30 1990). Preference is given to Ru—} Ni- or Co-containing
catalysts. In addition to Ru, Co and/or Ni the catalysts
can also contain other metals for example Cu, Fe and/or
Cr. The catalytically active metals may be applied onto a
carrier or not. Suitable carriers are for example'

35 aluminium oxide, silica, titanium oxide, magnesium oxide,
zirconium oxide and carbon. Non—-carried metals can be used
for example in the form of a finely dispersed suspension



I.;n these m xtures conpared to pure water. Water is advant ageous because
It can al so be used as solvent in a cyclization step follow ng the
process according to the 5 invention. In such a cyclization step_ the
[err]-caprol act am precursors are convert&d to E—caprolac@gnggﬁlelevated
tenperature as for exanple described in US-A-3485821. \Wen usi ng water
as solvent in the process according to the I nvention the reaction
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continuously. For the first step, it is important that the
reactants are sufficiently contacted at a certain
temperature during a specified period of time as described

20 above. Any manner of contacting will usually suffice. For
example a tube reactor with or without, for example,
internal baffling or packing or a static mixer is a |
possible contacting unit for the first step. To control
the temperature in the first step it may be advantageous

25 to use cooling devices, for example cooled walls or a
cooling spiral placed in the contacting unit.

The second step may be performed in a fixed bed
reactor in which for example the heterogeneous
hydrogenation catalyst is present. An advantage of this

30 reactor is that the reactants are easily separated from
the hydrogenation catalyst. Another manner of operating
the second step is by way of one or more continuously well
mixed contactors in series in which the hydrogenation
catalyst is present as a slurry (slurry reactor). This

35 manner of operation has the advanfage that the heat of
reaction can be easily controlled by for example a cooled
feed or by way of internally placed cooling devices. An
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Preferred Ni - and Co-containing catal ysts are Raney nickel and Raney
cobal t optionally in combination mnth %nall amount s of gﬁtpgé
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reactor). Thi Ex3mplearher of operation has the advantage that the heat of

reaction can be easily GULQldEbPY%f HetRA™ -2t feRAptbate and e-
caprolactam from methyl 5-formylvalerate (MSFV) without
using an additional solvent.

20 Two tubular reactors were arfanged in series.
The first reactor consisted of a 150 mm long tube with a
diameter of 3.2 mm. Ammonia and MS5FV were fed at room
temperature. The ammonia/M5FV molar ratio was 28:1. MSFV
was supplied at a rate of 40 1/h (ammonia: 132 g/h). The

25 residence time in this reactor was 17 seconds (sec.). The
feed streams of the first reactor have a temperature of
20°C. No measures were taken to control the temperature in
the first reactor. The outlet temperature was 77°C.

The second reactor consisted of a 430 mm long

30 vertical tube with a diameter of 8 mm. The reactants were
pumped upward through the reactor. This reactor was heated
over its full length. The second reactor was filled with
10 g of an activated catalyst comprising 1 wt.% Ru on
aluminum oxide. The empty volume above the catalyst bed

35 was filled with glass beads. The total pressure was 9.6
MPa. The hydrogen flux was 35 normal 1/h. The inlet
teperature of the second reactor was 77°C and the outlet



feed or by way of internally placed cooling devices. An

- 8- AE 8051 exanpl e of a specific and suitable slurry
reactor is a one or nmultiple staged bubple colum or a g%s lift-1oop
eact or . The concentration of° 5-formyl val erate &s88rland 5
the products of the process ([err]-caprolactamand [err]- caprol act am
precursors) in the reaction mxture in both steps is preferably between

1 and 50 wt.%teRPertare iprthersggondateaator Wamd 2?0 ™e liquid
The invention rvédméiﬁ:é Llfitrﬁ“é‘rwéaé ur it by THd di?p?émgntt Read qiqnpg 2

non-limting | e leld in the Examples -V mere ca

nol produ r% a0 Jdrich rﬁ?gsx’aﬁ q%g‘%‘“’f’dﬁﬂll"\%%"e uring this

practical ly 1@¥picmhwersi on of 5-fornylval erate was aChLeYed in all

Exanpl es reparatlo nmet hy

6- agpnocaproate amrggr Sﬁlelds dcetp%ré?laﬁ:e[% % MR et a‘5s formyl val erate

(MBFV) Wi t houtChromatngraphy el S iSpedt romata . (GZB-MS) » were 85Wwoft ubul ar

reactors vere pe A0 dnfl ifid gioate an‘@q;j |g§tsJ&§crtoq(r?%| sted of a 150
an

mm | ong tube with™a di ameter of 3.2 nmm Ammoni were fed at
room tenperature. The annDnla/NBFV mol ar ratio was 28:1. MbFV ~ was
supplied at aBxsmple ¥I0 1/ h (ammonia: 132 g/h). The 25 residence tine in

et or FhE % enper o AP ing Kioaardf S5, SEA0%, hdobh BY Horo
control the t&@edavtdan «20% by weghtt MSFV dac tmethafiod )oatt! at rad:mpelfaizur()e
was 77[err]C. m) /h and 96 gr /M nﬁlﬁﬁg&d vfa‘asacﬁi.ﬁfge%o@%g%tt‘fl%rotvﬂhéﬁo sTPcag"Y
30 wvertical tube wth a di aneter ttant's
of hydrogen at a rate of 20 standard 1l/h through the two
reactors. The total pressure was 9.2 MPa.

15 The first reactor was kept at 20°C by using a
cooling coil. The temperature in the second reactor was
maintained at 129°C.

The fesidence time in the first reactor was 12
seconds and in the second reactor 130 seconds.

20 The molar yields based on MS5FV turned out to be 96.5% by

- weight methyl 6-aminocaproate and 3.4% by weight &-
caprolactam. The experiment was run for 4 hours in which
the above results remained constant during this period.

25 Example IIT
' Example II was repeated in which 18% by weight

solution of MSFV in methanol was used.

The solution of MS5FV in methanol was fed at a rate of 210

ml/h into the first one of the two reactors together with
30 ammonia at a rate of 65 gr/h. Both liquids were fed at

room temperature.

The yield based on MS5FV turned out to be 97.5% methyl 6-

aminocaproate and 2.5% &—-caprolactam.

35 Comparative experiment A
Preparation of methyl 6-aminocaproate from MSFV

without the first reactor using methanol as solvent.



punped upward through the reactor. This reactor was heated over its
full length. The second reactor was filled with 10 g of an activated
cat al yst conprising 1 wt.% Ru on al um num oxi de. The enp é@%rne above
the catalyst bed 35 was filled with glas eads. The total e e was
9.6 MPa. The hydrogen flux was 35 normal 1/h. The inlet teperature

of the second reactor was 77[err]C and the outl et
- O- AE dgmpnia, a lbe@partafeumdxitpnrenofs Y5END inemetbannds

127[err]C. Thﬁnh'%&ﬁ@ogen ﬁé%% @Q&%@tﬁg”%ﬁgﬁgfﬁggbgg%g?gﬁ:BQU?P%SEEEFEE was

run for 2 hours in the vie
period. 5 Th&SRGtSr fllé'l\ﬁgg ity 5&1 R ReyAdnyp gxdde (Johnson
Chr onat ogr aphytataheySpect ronet ry (C{>NED wer e 85% of met hyl

10
Bcanpl o | hao 108 bpo S Ml ol RalicdMage 13.5:1° BYBrBosh $38u, by
wei ght MoFV i pumpeidartdirough ahﬁamea@k021at a rafie/ bfadd 3Fhgr/ hambobad was

punped  t 0get Ngir o A vals! 4Tpa . 1o %ﬁg@qs@u% Sab?580ht29,8080dard 1/h

t hrough t he reactors. ressure
The first rea@P@rY%&@dﬁeppaéﬁdQ@PeﬁPFC°§@VG§¢ﬁ§ M5FV tussppnguéotp. b¥he
tenperature IBB%hﬁte&mQ%—l’aﬁﬂQfo@l’ap\b%ﬁte, 2@'6“%&'1%6@a§§:01395ﬂ&Ei]acand 2%

h t d
second 1 et of “EBTEIEEHAT- The HRETFAANGEELED BELEE dnbRBRVRH HeR-out
to be 96.5%)b¢he cowweghuomeaﬁ¢br62ambmmsapasaﬂe%aaddSaﬁtbby3mhbghb [err]-
capr ol act am g vOARE TR SMARCIDALY, $nl0¥ba1"aHBUER of 6LNC DOV

results remai ned constant du
aminocaproic am1de, —caprolactam and methyl 6-

aminocaproate with respect to the total amount of
15 converted MS5FV went down from 87% after 1 hour to 35%
after 3 hours.

Example IV
A vertically placed fixed-bed reactor (diameter
20 = 8 mm, total length = 43 cm and £ill height = 30 cm) with

electrical heating was filled with 10.3 g of an activated
catalyst consisting of ruthenium on an alumina carrier (3
wt.% ruthenium; diameter of catalyst particles was 1 mm).
An hourly supply of 20 N1 hydrogen (0.8 mol), 140 ml of a

25 9 wt.% solution of methyl 5-formylvalerate in methyl tert-
butyl ether and 116 ml (4 mol) of liquid ammonia was fed
to this reactor. Prior to feeding the reactants to the
fixed bed reactor the reactants were continuously mixed in
a first step at 20°C and 9.6 MPa in a volume of

30 approximately 7 ml (residence time of approximately 100
seconds). The resulting mixture was passed over the
catalyst from bottom to top at a temperature of 130°C and
a pressure of 9.6 MPa (residence time approximately 1.5
minutes). The reaction mixture was discharged from the top

35 of the fixed-bed reactor and after cooling the over-
pressure was let off. From quantitative High Pressure
Liquid Chromatography (HPLC) analysis it appeared that all



25 Exanple Il Example Il was repeated in which 18% by

wei ght solution of MbFV in methanol was used. The sol ution of MFV
in methanol was fed at a rate of 210 m/h into the first_gne of the two
keactors.together with 30 anmonia at a Tatke of 65 gr/h. BotREI¥%etds were
fed at room t enper at ure. The yield based on MbFV turned out to be
97. 5% net hyl 6- am nocaproate and 2.5% [err]-caprol actam 35
Conparative exm&r imeMty 1A S—formylvaleratier dagk deiemn convestied and that

Soﬁcngcaproa%% TP e1a 3@1HE¥HYf'gigﬂfﬁﬂEa%g%%E%rwﬂ§'@@%ﬁe%ﬂﬁﬂ%|8ggl

Ammoni a, a 16.themyimld xafure-cspovERetian washd3, relagdyen@r $§€n were
directly fed tf éﬂ}%ﬁp%ﬁ?@ﬁﬁrﬁﬁﬁ; Wﬁﬂ 5-fJr@}AvAl erlaltleed ¢ tthel% Ru on

aIun1nun1OX|de nson 5 The annnnlﬁ!NBFV nmol ar_r

13.5:1. Hy®r ofombine ‘Qﬁ#é’ (P nosaRraats and &t’é’a@@gé"%aﬁ‘r.
The tot al ﬂﬁgﬁﬁhﬂﬁawﬁksgﬁwaPa The tenperature was set at 129[err]C.
The yields, based on the converted MbFV turned out to be 83%

met hyl - 6- am nocapr oate, 2% 6-am nocaproi ¢ am de and 2% 10 E-caprol actam
The total conBxample After 1 hour was 92% The conversion after 2 hours

was 70% and after 3 hourggamp e 1{%}/ WHEOr et 1] 9G whilch thee saficalyoammient

of 6- am nocaproi c. am

err rolacta d
ami nocapr @t e 9fi tiH quidh Anmania H@% rgopr}lgln%é:ﬁré‘d'%ﬁ\} went
down fr0”187%@ﬁﬁé¥.3EH§My1élﬁiﬁf@methyl 6-aminocaproate and &-

caprolactam was 94%. All of the methyl 5-fofmy1valerate
had been converted.

15 Example VI
At a pressure of 5.0 MPa, 45 g/hr of methyl-5-

formylvalerate, 495 g/hr of water and 360 g/hr of ammonia
was pumped through a tube which was cooled by a water bath
so that a constant temperature of 35°C was maintained in
20 the tube. Almost_no back mixing occurred and the (liquid)
residence time was 15 seconds. The resulting mixture
leaving the tube (first step) was fed to a continuously
stirred tank reactor (CSTR), a Hastelloy C autoclave of 1
liter liquid volume. The reactor was stirred at 1250 rpm.
25 The residence time was 60 minutes and the temperature was
kept at 100°C. To the reactor 10 g/hr of hydrogen was fed.
The reactor was filled with 50 g of an unpromoted Raney
Nickel catalyst (93 wt.% nickel and 7 wt.% aluminum,
average particle size: 30 pym from Activated Metals Company
30 (A5000)).
The effluent was analyzed by HPLC after 3 and 6
hours of operation. The results are summarized in Table 1.
The yields after 3 and 6 hours of operation were
comparable and within their respective error range. The
35 conversion of methyl 5-formylvalerate was 100%.



after 3 hours. Exanmple 1V A vertically placed fixed-bed

reactor (dianeter 20 = 8 mm total length = 43 cmand fill height = 30 cm
W th el ectrical heating was filled wﬁhﬂglo.S g of an actgﬁa Sg

cat al yst consisting of rutheniumon an al na carrier (3 m% A&

rut henium dianeter of catalyst particles was 1 m). An hourly supply
of 20 NI hydrogen (0.8 nol), 140 ml of a 25 9 wt.% solution of nethyl

5-fornyl val er BABLEY Iret hyl tert- butyl ether and 116 m (4 nol) of

| i qui d amoni g=w Bttty TSt O T T T Ot O 1 CCq gt [TE T Catt

to the fi
first step at

(residence ti °560dsX1)The re

was passed oVl catal VIS B A-t-o—t-op—at

130[err] C and —alﬁlﬁé@éﬁﬂéﬁcoécﬂdﬁ MPa (rbgBadence tine AgE.Bi mately
m nutes). The leeaction mxture vwas-—di-scharbed—f-rom-t-he—tdi—abs of 4 Lo

oo N 4 ad A" A CITC

fi xed-bed geac tﬂét%fﬂ—éiéﬁinééﬂbtaﬂté he overo.4 pressufe ovs et of f.
From quant|tat|\/p Pressiire Li n||| d f‘hfnna-t-gg-pa-p-h-)

AE gggiared t nag - éﬁbrolactam 17.0

had _been convou
the nol ar yi el (L bfResuliys mmmam@mglmes% whi | e the yield of
[err]-caprolactamwas 10% relative to the guantity of starting nethyl

5-fornylvalerate. So the 5 conbined yie]ld of hyl 6-am nocagpr.oate and
[err]-caprol ack&nis Cl?%e@h@i‘ Taklegh,high Yle@ésy up to a total of

10 100%, are obtained of g—caprolactam and e-caprolactam.

u C oo ot ot \, \oa

Example VII _
Example VI was repated for 50 hours at a

pressure of 3 MPa, in which 81.7 g/hr of methyl-5-

15 formylvalerate (M5FV), 203 g/hr ammonia and 526 g/hr water
was pumped through the tube at a temperature of 35°C.
Almost no back-mixing ocurred in the tube and the liquid
residence time in the tube was 15 seconds. The reaction
mixture leaving the tube contained no MSFV.

20 The mixture leaving the tube was fed to the
continuously stirred tank reactor (CSTR) in which a liquid
hold-up of 1 liter of liquid was maintained. The catalyst
in the CSTR was a 5wt% ruthenium on Al,0, catalyst
(Engelhard: ESCAT ‘44) and the catalyst concentration was

25 maintained at 103 g/l. The CSTR was stirred at 1260 rpm.
The pressure in the CSTR was kept constant at 3 MPa and
the temperature at 120°C. The residence time was 60
minutes. To the reactor a net amount of 5.0 g/hr of

- hydrogen was fed.

30 The effluent of the CSTR was analyzed by High
Pressure Liquid Chromotography (HPLC) every 4 hours. The
composition of the effluent did not vary significantly
during the 50 hours of operation. The average composition
of the effluent in the last 28 hours was 28 mol% 6-—



Exanmple V ' Exanple 1V was repeated i-n which the sane vol une 10

of liquid amoni a was used instead of nethyl tert-butyl et her. The

vi el d of nmethyl 6-am nocaproate and E- aprol act am was 94% AII of the
wet hyl 5-fornylval erate had been conve?"ig 15 Exanpl AE\BOS

At a pressure of 5.0 MPa, 45 g/hr of nethyl- formyl val erate, 495 g/ hr
of water and 360 g/ hr of ammonia was purrped t hrough a tube which was

cool ed by a wamdnggaproic amid hAAGA oorkt.ehmalémseraatinoeapi oif @cildC was
mai nt ai ned i n s#fiad hgsprcm@ A 40P ndi%, haddaghotdidatf eapyd 916 wWedall | aul d)

residence tine mq¥ seconds. The resul tjn ng m xture % the t ube
(first step) \Mfst G- AL NQGARGARNR | (MO6AC) s{Thuse@ ik moéascme AC$PRE- a

Hastel | oy C awapdoleteim land s-lddpolldctant précufdorEa g @dthined@s stirred
at 1250 rpgl 25 The residence tine was 60 m nutes and the tenperature was
[e

kept at 10 rr]C. To the reactor 10 g/ hr of hydrogen was fed. The
reactor was f Example@ (MITID g of an unpronoted Raney Ni ckel catal yst (93

e er s cor e g Wy e’ YA P 22 nbir sl A A

Act i vated Metal s Conpan
anal yzed by Hibe &ﬁﬁ@ﬂ:ﬁ%ﬁﬂjW§s reH%ﬁﬂQﬂ(ﬂY Gp&ixtiuge. ofhyatesuknd are

summari zed | nm’é&b:la@xoh (15 wb¥ nétfadn1a .t @hed A @ateUbE 2hidPRIiZLLER Vere
corrparabl and WI t eir res E{‘:CtIV% error, rrange. The 35 conversion of
met hyl 5- |a\§a| Aﬁ%ﬁ ack—mlxlng ocurred in the tube -12
- andAI‘i'b&OE.JLquld reBAflenck time in the tube was 15 seconds.

The reaction mixture leaving the tube contained

practically no methyl-5-formylvalerate.

- The catalyst concentration in the CSTR was 96.0

W

1s g/1.

The composition of the efflueﬁt did not vary
significantly during the 22 hours of operation. The
average composition of all the products formed in the last
12 hours was 22.5 mol% 6ACA, 48.0 mol% 6ACAM, 27.4 mol% &—

20 caprolactam, 2.1 mol% methyl 6-aminocaproate. Thus a 100
- mol% yield to e-caprolactam and t-caprolactam precursors
is obtained.



-3 hours 6 hours 6- am nocapr oam de 58.7 (1) 59.8
6 an1nocaprurL actd: 23.9. 25.3 5 nmet hyl - 6- am nocapr oat e

Ll) Results i !\mmlj}“ﬁlmm -caprol act agé4| s clear f1r7021 TaﬁFeegsi"ﬁl éﬁ °

yields, up to 30 100% are obtained of [err]-caprol actam and
[err] - caprol actam - Exanpl e VI Exanpl e VI was repated
for 50 hours at a pressure of 3 ML iAn Ty Sn 81.7 g/ hr of nethyl-5- 15
formyl val erate (M6FV), 203 g/ hr amroni a and 526 g/ hr wat er was punped
through the tube at a tenperature of 35[err] Al most. ngo back-m xi ng

ocurred in theé<¢ub®PERRPIHEMT Fh Preparr(?s‘i’cﬂéh&f t§ 7R AR lard am R Es 1
seconds. The reactiqdproladiaii Wredwemsorny, tdmdiimy Gudmitied no MGFV. 20

Th t I ' t he tub t ank
regctmo)r( UCETR)anInn cfrrﬁesaéjcfne%f% g%%"&ldgeleraft CL{H‘JT er' O |I§tl?: t?n%d o
mai nt ai ned. The cathydmagen in rthehepmwaspfa aé\h%@ﬂﬁ@ﬁm setadwst,
cat al yst (EngeIJ‘félcErJhﬂESﬁf\T ﬂrs}pcggép ,?sltvaq(gmg St (s 25

mai nt ai ned at 103 e CSTR was stirred at The pressure
in the CSTR was kepﬁe"&#\%‘i Jhitthramuopp Jpder nqnhy tiNg at

120[err] C. The residsngee o, ¥rsd 6th a setond estepl cHda darAion prdtkict
anount of _5.0 g/ hr The effluent of

foo, ydr ogen s fed. 30
the CSTR W&s anal yz‘gbt%vl?—%]g’rf’ the F#\ﬁrs%‘hr%?ﬁqlﬁ FEHREDFAFyY (HPLO)
every 4 hours. The capralhagpism tamd tdie t ¢recaghrfdlsaritandipr ewirscr(ys) under
significantly ' £ tdqn. r YRGS tion
of the effluent i n%%{%%%@&;@:?%gﬁ%éﬁéo%efﬁgl%%_pr@?er?é@ B .
2. “Process according to claim 1, wherein 5-formyl- -

valerate ester is represented by the following
15 general formula

I

0 o

20
where R comprises a (cyclo)alkyl, an aryl or an
aralkyl with 1 to 20 carbon atoms.

3. Process according to any one of claims 1-2,
characterized in that the process is carried out in

25 the presence of an ether with 2 to 10 carbon atoms.

4. Process according to claim 3, characterized in that

( methyl-tertiary butyl ether is used.

5. Process according to claim 2, wherein R is methyl or
ethyl.

30 6. Process according to claim 2 or 5, characterized in
that the first and second step are performed in the
presence of an additional solvent, wherein the
solvent is a mixture of water and an alcohol
according to ROH.

35 7. Process according to any one of claims 1-6, wherein
in the first step is carried out in the absence of a
hydrogenation catalyst.



13- am nocaproic acid (6ACA), 47.2 nmol %

6- am nocapr i de (6ACAM, 24.2 nmol % [err]-caprol actam ( CAP),
0.6 nol % ﬂ II Wﬂmcaproate (MBAC). Thus a 100 nol %él eld to
[err] - Lahe [ err]-caprol actanTprecursors is BBt 8PRdd. 5

Exanpl e VI'11 Exanple VI1 was repeated for 22 hours, in which
the water feed was replaced by a m xture of water and nmet hanol (15 wt %
met hanol ). The.f eecl?rrmess;factctmsﬂmg(tm amd onmoh kil agis . 1-A ,noditemedn
back-m xi ng ocur dud fp id Wt of Kl dliodryilya draridi R s 0 the

S.

t ube was 15 second e reaction mxturel eaving the tube contained
practically no met [RANVREEAGAR dhe first step. The cat al yst

C?ncﬁnt r?]'E i on 9.nd_t ey dSTd% Vﬁ@c&ﬁiihd-&?c Gy one dof claims 12'2§1ﬁ vﬂ@ﬂﬁ]:'ﬂ tion
of the effluent did .not, var ni f.ic rin e 0

oper ation. °The q'?ﬂﬁe %'cﬁﬁ}b% aﬁqgtt rﬁLe{: %‘@JB{? (ﬁ‘“rrg)d'iog) “Gre

| ast 12 hdlbs Vm@é m%m tal&hxiy rmié%deWut&? 14 9vo vherexim -a 20

caprolactam 2.1 mgiggpt fo gPULR 490 tne £MSH WY d tO
. [err]-caprol actam an capro actam pr ecur%ors | S obtal ned.
CLAI MS second step.

11. Process according to any one 6f claims 1-10, wherein

10 the second step is carried out at a temperature
between 70 and 180°C.
12. Process according to any one of claims 1-11, wherein
the second step is carried out in the presence of a
hydrogenation catalyst comprising at least one metal .
15 selected from Groups 8-10 of the Periodic System of
' the Elements.
13. Process according to claim 12, wherein the catalyst
comprises at least one of the metals Ni, Co or Ru.
14, Process according to any one of claims 1-13, wherein
20 the first and the second step are performed
continuously.



1  Process for the preparatlon of [err]-caprolactamand [err]-

caprol actam precursors, starting fromthe 5 ~corresponding
5-fornyl val erate ester, anmonia and 6 hydrogen in the % ﬁgnce of a
fydr ogenati on catalyst, wherein~ ih a first step 5- 8 ng Al erate
ester is reacted with ammoni a under non-hydrogenati ng

conditions, and in a second step the reaction product 1€

the first step is converted to [err R B S T R A €l ol
[err]-caprol actam precursor(s) under hydr oge =

t he presence of anmoni a. 2. Process according to

5-fornyl - val erate ester is represented by the follomtng 15
general fornula Prodéﬁs]foriﬂhe preparaﬂMﬁﬂ*bﬂ?duaﬂﬁﬂdiﬂiﬁ%m and

(cyclo)al kyl, carbon atqns.

V. W th 1t :
3. Process accorqjcf 2 Q{ta%(‘ F e &S re } tfn? tron e’ catZesPendingy
that the pr océs*;qrénmaﬂi%@t@teﬂtrer% ammomat lndh hysirogenofinarkhet her with 2

to 10 carbon @;tr(ygénce off a hydr¥detn A 'dhitad ClLay ara rdezed in
t hat 3@2 ertlar i}%{out | et her JS usytsg: engiin 1 %E%slt

according to (,sl 95ate RALRA i reacted Wlé‘t’h?lmm@(}a g.nder

Pr gcess accordlmhytdr(dgnnatzrrg conditdionsd,crangedn A secofnd st dtthbhe }‘l rst
and seco er an addi tiona

sol vent , erggr?%ttﬁ& prddiet O&t\?re}ﬁeq dn, trﬁexﬁhxé eé\ﬁét’téfrs SRGVERtRGconol
according to REHE-g@pPrplactamedss fdmcm'-d:amgctlaca:am_ precaof solcgis)s uhder

wher ei n h drdg‘bntal?ﬁxfd rc%nﬁtlﬁ%dss 1Tt Hradencd LEeatlisa1se of 2

hydr ogenat i on cat al’yst

This Sheet Has Been Replaced
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- 1*5 - ' AE 8051 8. -Process according to any one of clains

1-7,-wherein nore than 90%of the 5-fornylval erate_ester _is
converted in the first step. : Proce%ss according t T SHER
1-8, wherein 5 . theterrperature int eflrst step JDei-weeh
0-100[err] C. PROCH$S FRR)ABHES : a&&g, V\Ij“l reip
nol ar excess Of _15yY HSRRdoRd he f| rst and : NV 156e p|
11. Process ac%m%)q%m%ral ns 1-10, whereinjl1{ the
second step is carried out at a tenperature bet yeen 70 and
180[err] C. ABBXRACA ocess according to any one of cl ai -

the second step is carried out in the presence of a hydr ogenat i on

catal yst conprising at [Peastesenarettdie Freparating afi e-dapmmlacham andl0
of the Per odigC ¢ 3 {Qhe am precurs&ﬂle Hemihy from khe B0 tﬁ?ﬁﬁj;]d' ng

toclaim1l V\/ner catal yst conprjses_ at Ieast qQne o
metals Ni, CoSofomylvalerate [msi&fys aHHA fPd P¥ARPIR G % ns 1-13,

wherein 20 preseind idfsta anydiddyemanion citel wste, paidrgitedin a first

continuously. step 5-formylvalerate ester is reacted with ammonia under .

non-hydrogenating conditions, and in a second step the

iO reaction product obtained in the first step is converted
to eg-caprolactam and the e-caprolactam precursor:(s) under

hydrogenating conditions in the presence of ammonia.



